DESCRI PTI ON  POLYORGANGCSI LOXANE- CONTAI NI NG GRAFT COPOLYMER COWVPCSI TI ON
Technical Field 5 The present invention relates to a pol yorganosi | oxane-
contai ning graft copol yner conposition, a flane retardant conposed of the
pol yor ganosi | oxane-cont ai ni ng graft copol ynmer conposition, and a
flame-retardant resin conposition containing the

pol yor ganosi | oxane-contai ning 10 graft copol ynmer conposition. Background
Art Pol ycarbonate resins have excel lent Tnpact resistance, high heat

resi stance, outstanding electric characteristics, 15 and the |ike, and
have thus been used in electrical and el ectronic conponents, office
automati on (QGA) equi prent, househoderipef®y and building materials. The
pol ycarbonate resins have high flame retardancy conpared with pol ystyrene

resins. Hmherofdmanes 1ebd:aRncyN tesy hee ncreori ¢eebl wEs arsvEss 1 ebs,
mainly electrical and electronic conponents; and OA equi pnent.
Accordinﬂ%ghni e, fl.aggyretardancy of the polycarbonate resins has been
i nproved by adding various flane retardants. For exanpl e, organohal ogen

conpgunds  andrh O G RNOSIRAIUS] &P MROLNESs hay & Been, ¥ el s ssth@s- 25

addi tives. However, nost of the organohal ogen conpounds and

or ganophosphei HEng 0gPRENdSopb Byhexi EomPobULibLl adf sadlyantegedastt he

generation of corrosive gases when burning the organohal ogen conpounds.

For theseomipasedseot thergobhavegaeceinlbyaheetogt 8vhiggdgrants for flane 5

ret ardancy achi eved by addi ng hal ogen- and/ or phosphorus- free flanme

r et ar dantspo Tyree nsecmopopit yongaandi & ok hawe coapandast (adsincal | ed
composition containing the polyorganosiloxane-containing

10 graft copolymer composition.

Background Art
Polycarbonate resins have excellent impact resistance,
high heat resistance, outstanding electric characteristics,
15 and the 1like, and have thus been used in electrical and
electronic components, office automation (OA} equipment,
household items, and building materials. The polycarbonate
resins have high flame retardancy compared with polystyrene
resins. Higher flame retardancy has been required for some
20 fields, mainly electrical and electronic components; and OA
equipment. Accordingly, the flame retardancy of the
polycarbonate resins has been improved by adding wvarious
flame retardants. For example, organochalogen compounds and
organophosphorus compounds have been widely used as

25 additives. However, most of the organohalogen compounds and



"silicone") as hal ogen- and phosphorus-free flane retardants is proposed.
For exanpl e, Japanese Unexam ned Patent 10 Application Publication No.

54- 36365 di scl oses a silicone resin conposed of pol ynonoorganosil oxane t hat
is mxed with non-silicone polynmer to produce a flane retardant resin.
Japanese Exam ned Patent Application Publication No. 3- 48947 discloses a
m xture of a silicone resin and an 15 al kaline-earth netal salt that
provides flane-retardancy to a thernodlastic resin. Japanese Unexam ned
Pat ent Application Publication No. 8-113712 discloses a nethod for
preparing a flame-retardant resin conposition by dispersing a silicone

resin InéeganaghéBﬁhayegaéghgoﬁﬁégnaréheo§hh'COﬂefﬁ§§h@rbelng produced by
m xi ng 100" parts by wei ght of polyorganosiloxane wth 10 to 150 parts by

vei ght ofii gagirhheagki kketneJgpaBeseibnesanipedobalentaep! iyaahi on
Publication No. 10-139964 discloses that a silicone resin, which is

sol ubl e b@bningatsel ¥eghnandilbasnacvrpebhdaver age anbg@ukaésw@sght of
10,000 to 270,000, is added to a non-silicone resin having aromatic rings

t o produtkenefhave- retandant beesi grovdnpodeihknts Howe¥eamet he silicone
resins disclosed in these Patent 5 Publications have an unsati sfactory

ef fect ofetapdancwgachliawedrbyaanddnoy helbbenresnd/oceonpbssphonas-Furt her
addition of the silicone resin to conpensate for this effect inpairs the
i npact réséstfheweoretaederrtalting resin  conposition. Hence, it is
difficult to produce a flanme 10 retardant resin conposition with a bal ance
bet ween the fTElse e@farpahESr AP ¢ heoxapaceompeysdaintel sJ apahksd

Unexami ned Pat ent Appllcatlon Publ i cati on No.
"silicone") as halogen- and phosphorus-free flame retardants

is proposed. For example, Japanese Unexamined Patent
10 Application Publication No. 54-36365 discloses a silicone
resin composed of polymonoorgandsiloxane that is mixed with
non-silicone polymer to produce a flame retardant resin.
Japanese Examined Patent Application Publication No. 3-
48947 discloses a mixture of a silicone resin and an
15 alkaline-earth metal salt that provides flame-retardancy to
a thermoplastic resin.
Japanese Unexamined Patent Application Publication No.
8-113712 discloses a method for preparing a flame-retardant
resin composition by dispersing a silicone resin into a
20 thermoplastic resin, the silicone resin being produced by
mixing 100 parts by weight of polyorganosiloxane with 10 to
150 parts by weight of a silica filler.
Japanese Unexamined Patent Application Publication No.
10-139964 discloses that a silicone resin, which is soluble

25 1in a solvent and has a welght average molecular weight of



2000- 17029 di scl oses that a conposite-rubber flanme retardant that is
prepared by graft-polynerizing a vinyl nononer to a 15 conposite rubber
conposed of pol yorganosil oxane rubber and poly(al kyl (nmeth)acryl ate) rubber
is conpounded to a thernoplastic resin to prepare a flanme-retardant resin
conposition. Japanese Unexam ned Patent Application Publication No. 20
2000- 226420 di scl oses that a pol yorganosil oxane flame retardant that is
prepared by graft-polymerizng a vinyr 3nonomer to conposite particles
conposed of a vinyl polynmer and pol yorganosil oxane having aronmati c groups
is conpounded to a thernoplastic resin to prepare a flanme-retardant resin
25 conposi} DOD. tdapaneseotnexanuaed Rat anhoApRllgabhan rBubhi gathag No.
2000- 264935 di scl oses that a pol yorganosi | oxane-contai ning graft “copol ynmer
that is prepated byngsatb- pebyeei ai fQate-YeRgkJABROFREiHO

pol yor ganosi | oxane particles having a 5 dianeter of 0.2 mor less is
conpoundedmposattibarnopl astic resin to prepare a flane-retardant resin
conposition. Al the flame-retardant resin conpositions disclosed in
Japanese Unex@eiweresr Patieat s Apptotat renlPabliisal osadNos. th2000rP4 7629,

2000- 226420, and 2000-264935 have sufficient 10 inpact resistance but
unsatd sf Bebéigatiane hevar danepsatisfestorieséfectpodi impasthage an

i mbal ance_between the flanme retardancy and the inpact resistance.

Di scl osufé2Bf FRverdpBAY1b0| thesraaisbicempost tihaspr eSenthenvention to
provi de a Eolyorganosionane-containing graft copol yner conposition which
can be uSEHL154°8 RE bhEnSiAAECBROEBRAFUSOS FEBPENERES feratBaRt eARECHNI ch

has i nproved,fla ret ar danc nd i npact
Al Impairs gﬁe gmpact rgsgstangg of the resulting resin

composition. Hence, it is difficult to produce a flame-
10 retardant resin composition with a balance between the flame
retardancy and the impact resistance.

Japanese Unexamined Patent Application Publication No.
2000-17029 discloses that a composite-rubber flame retardant
that is prepared by graft-polymerizing a vinyl monomer to a

15 composite rubber composed of polyorganosiloxane rubber and
poly(alkyl (meth)acrylate) rubber is compounded to a
thermoplastic resin to prepare a flame-retardant resin
composition.

Japanese Unexamined Patent Application Publication No.

720 2000-226420 discloses that a polyorgancosiloxane flame
retardant that is prepared by graft-polymerizng a vinyl
monomer to composite particles composed of a vinyl polymer
and polyorganosiloxane having aromatic groups is compounded
to a thermoplastic resin to prepare a flame-retardant resin

25 composition.



resi stance, and to provide a flanme-retardant resin 20 conposition conposed
of the graft copol ynmer conposition and having excellent flanme retardancy
and high inpact resistance. The inventors have conducted extensive studies
in order to solve the above-described problens, and found that a 25

speci fic pol yorganosi | oxane-contai ning graft copolynmer 5 conposition has

i nproved flame retardancy and inpact resistance and can be conpounded with
a thernoplastic resin to prepare a fléne-retardant resin conposition
having excellent flanme retardancy and hi gh inpact resistance. 5 These
findings have led to the conpletion of the present invention. That is,

according to Fapiisic asPeedmPled NBaPELEERbp 1 { BYEDNEH OPybRication No.
pol yor ganosi | oxane- cont ai ni ng graft copolyner conposition conprises a

pol yor gapoeotoganescantaiokeg ghatt alfotoBebyRBElAkaREOdUReH i RY ng
polymerizing 5 to 60 parts by weight of a vinyl nonomer (a-2) in'the

presencegpéfd0cbpodgmepathstbysweirgbhretl bol yenganpsikaxaneipar bi cles (a-1)
(the sumof (a--1) and (a-2) is 100 parts by weight); and an anti oxi dant
(B). 15 ntupidinogomeratsepohgoagprctidbxbhe paesépllesnyantihgna in the
pol yor ganosi | oxane-contai ning graft copolymer conposition according to the
firsto aspeencbert fé Prespntori heesat isngompeupdkyiotganoshkonapdapaiti cl es
(a-1) have a volune average particle size of 0.008 to 0.6 m 20 According
to a thiFasaspketpPoePake préieme-raventeon, repant pemposition.
pol yor ganosi | oxane-contai ning graft copolyner conposition according to the
first or sec&ﬁHLd§ﬁ%cﬁl%ﬂeT?ﬁ;ardant resin compositions disclosed in
Japanese Unexamined Patent Application Publication Nos.
2000-17029, 2000-226420, and 2000-264935 have sufficient
10 impact resistance but unsatisfactory flame retardancy.
Hence, these compositions have an imbalance between the

flame retardancy and the impact resistance.

Pisclosure of Invention

15 It is an object of the present invention to provide a
polyorganosiloxane—-containing graft copolymer composition
which can be used as a halogen- and phosphorus-free flame
retardant and which has improved flame retardancy and impact
resistance, and to provide a flame-retardant resin

20 composition composed of the graft copolymer composition and
having excellent flame retardancy and high impact
resistance.

The inventors have conducted extensive studies in order

to solve the above-described problems, and found that a

25 specific polyorganosiloxane-containing graft copolymer



present invention, a polyner prepared by polynerizing the vinyl nononer
(a-2) alone has a solubility paranmeter of 9.15 25 to 10.15 (cal/cnB) 1/2.
According to a fourth aspect of the present invention, in the

pol yor ganosi | oxane-cont ai ni ng graft copol yner conposition according to any
one of the first through third aspects of the present invention, the

pol yorganosi |l oxane 5 particles (a-1) are in the formof |atex. According to
a fifth aspect of the present inventioh,~ in the

pol yor ganosi | oxane-cont ai ni ng graft copol yner conposition according to any
one of the first through fourth aspects of the present invention, the

vinyl noaempbsiaidh hﬁslgmﬁkobéasklgﬁé sekaetiadchr amut hgpgteup consisting
of an aromatic vinyl nononer, an vinyl cyanide fononer, a (nmeth)acrylate

nonomer, rasdsaagaebaxyl cghovp- eenpalAbBE wiitRyhk &a@%@blaé%@z@r ¢eRgnto a
si xth aspect of the present invention, 15 in the

pol yor gahosplrepane- aOﬂﬂamekﬂgtgfaﬁhtcQEQhMﬁEbmp@@ﬂﬁQ&hth@ﬂia@cording to any
one of the first through fifth aspects of the present invention, the

ant i oxi darte{l Bentsfaamphosphodaschased amghoximgant @esdsmiextcere of at | east
two antioxidant conponents. 20 According to a seventh aspect of the
presént Fheeat fondinga hhwepdegotgahbsi boxphetdont aifnithg grakentopol ymer
conposi tion according to any one of the first through fifth aspects of the
present iRVeRti6A; the antioxidant (B) is a mixture of at |east two

ant i oxi dant conponents 25 According to an eighth aspect of the present

i nvention, in'k¥e bdl VIFGRUFR™ENY oxae- Ebrs i afhechraf t thepprysent

conposition according to the seventh aspect of the present
invention, a polyorganosiloxane-containing graft copolymer

composition comprises a polyorganosiloxane-containing graft

10 copolymer (A) produced by polymerizing 5 to 60 parts by
weight of a vinyl monomer (a-2) in the presence of 40 to 95'
parts by weight of polyorganosiloxane particles (a-1) (the
sum of {a-1l) and (a-2) is 100 parts by weight); and an
antioxidant (B).

15 According to a second aspect of the present invention,
in the polyorgancsiloxane~containing graft copolymer
composition according to the first aspect of the present
invention, the polyorganosiloxane particles (a-1) have a
volume average particle size of 0.008 to 0.6 um.

20 According to a third aspect of the present invention,
in the polyorganosiloxane-containing graft copolymer
composition according to the first or second aspect of the
present invention, a polymer prepared by polymerizing the
vinyl monomer (a-2) alone has a solubility parameter of 9.15

25  to 10.15 (cal/cm®) 2,



invention, the antioxidant (B) contains at |east one conpound having a
structure represented by the followng 5 chemcal fornmula (1) in nolecule:
0 11 O (1) According to a ninth aspect of the present invention, 10 in

t he pol yor ganosi | oxane-cont ai ni ng graft copol ymer conposition according to
the eighth aspect of the present invention, the antioxidant (B) further
contains a phenolic antioxidant. According to a tenth aspect of the
present invention, 15 in the pol yorganosil oxane-containing graft copol yner
conposition according to the eighth aspect of the present invention, the
antioxidant (B) further contains a sulfur- containing antioxidant.

According to @&l eMentdy, asnefird ddpdi &etthe 20-d ANt QR fbd he
pol yor ganosi | oxane-cont ai ni ng graft “copol ymer conposition according to the

first aspgctnéfpbigoPsLSEHM 1b0¥EELEOMEalNEngNg oKt daBho{Bhels such an
antioxidant that, when 0.5 parts by weight of the antioxidant is kneaded

W th 100cpapdsibyonesgbbrding tPodyyesne WoE Cthé SEPrepatRdotiyh pehyseri zi ng
only the vinyl 5 nmononer (a-2) (excluding a multifunctional nonomer) of the
pol yor gaagsétoxane- tloat prasagt gtaféntcope) yoee Hé)yobiar39Clokane3 m nut es
to prepare a resin conposition, this resin conposition exhibits a
deconposparonciespénat ureratih edse £&OnhoHhkatekan t he deconposition
tenperature of the polynmer 10 al one, the deconposition tenperatures being
det er m ned atherording to a fifth aspect of the present invention,
in the polyorganosiloxane-~containing graft copolymer
composition according to any one of the first through fourth
aspects of the present invention, the vinyl monomer (a-2) is
10 at least one selected from the group consisting of an
aromatic vinyl monomer, an vinyl cyanide monomer, a
(meth)acrylate monomer, and a carboxyl-group-containing
vinyl monomer.
According to a sixth aspect of the present invention,
15 1in the polyorgancsiloxane-containing graft copolymer
composition according to any one of the first through fifth
aspects of the present invention, the antioxidant (B) is a
phosphorus-based antioxidant or a mixture of at least two
antioxidant components.
20 According to a seventh aspect of the present invention,
in the polyorganosiloxane-containing graft copolymer
composition according to any one of the first through fifth
aspects of the present invention, the antioxidant (B) is a

mixture of at least two antioxidant components.

25 According to an eighth aspect of the present invention,



heating rate of 10C/ mn by differential thermal analysis. According to a
twel fth aspect of the present invention, a flanme retardant i s conposed of

t he pol yorganosi | oxane- containing graft copol ymer conposition according to
any one 15 of the first through el eventh aspects of the present

invention. According to a thirteenth aspect of the present invention, a
flame-retardant resin conposition is prepared by m xing 100 parts by

wei ght of thernoplastic resin with 20 0.1 to 30 parts by wei ght of the
flame retardant according to the twelfth aspect of the present invention.
The present invention will be described in detail below 25 Detailed

Di scl osuig ehet pe1l8¥gRhLEN1 AxRALYELHRAPRE hEXgRErE0RLBLM AL Or af t copol yner
conposition of the present invention conpriSesS a

pol yor gagespbexanencastarling gbatheCOROENERI abPechr 8dUERE pb¥spatyneri zing
5 to 60 parts by weight of a vinyl nononmer 5 (a-2) in the presence of 40 to
95 partsihyeneighi ehe potyorgaansi [Bxasenpathschesléast)ofithe sum of (a-1)
and (a- 2) is 100 parts by weight); and an antioxidant (B). The

pol yor ganospbuordnbapanyi gl esrfatlyeprepeecabhiyyetiabe thevébliewaugr age
particle size of at least 0.008 pm nore 10 preferably at |least 0.01 pm
and rost chesfepabforatlbheddt Onimplendlep to 0.6 [im nore preferably up to
0.38 ~tm and nost preferably up to 0.25 pm The vol une average particle
size is determned by a light scattering nethod or electron mcroscopic
observation. It tends to be difficpult to 15 produce pol yorganosi |l oxane
particles having a vol une averagergparticle size of less than 0.008 pm

Wen t he ()qu’ ~oF

1\1I l (1)

e NN
I
0

According to a ninth aspect of the present invention,
10 in the polyorgancosiloxane-containing graft copolymer
composition according to the eighth aspect of the present
invention, the antioxidant (B) further contains a phenolic
antioxidant.
According to a tenth aspect of the present invention,
15 in the polyorganosiloxane-containing graft copolymer
composition according to the eighth aspect of the present
invention, the antioxidant (B) further contains a sulfur-
containing antioxidant.
According to an eleventh aspect of the present
20 invention, in the polyorganosiloxane—-containing graft

copolymer composition according to the first aspect of the



pol yor ganosi | oxane particles have a volunme average particle size of nore
than 0.6 pm it tends to deteriorate flame retardancy. 20 The

"pol yorganosi | oxane particles (a-1)" according to the present invention

i nclude not only particles conposed of pol yorganosil oxane al one, but al so
particles conposed of nodified polyorganosil oxane containing up to 5
percent by weight of other (co)polyner(s). That is, the 25

pol yor ganosi | oxane particles may conta®n; for exanple, up to - 10 5
percent by wei ght of poly(butyl acrylate) and/or butyl acrylate-styrene
copolynmer in the polyorganosil oxane particles. Exanples of the

pol yor gapeskkaxangveatibal eshbaahtiorihpstuds) pekygdiagt §y! si | oxane
particles, polynethylphenylsiloxane particles, and dinmethyl sil oxane-

di phenyl ashtoxsanaaaepehyier wpant 0cbepartBebyprbygrganpsth@xane particles
(a-1) may be used alone or in conbination. 10 The pol yorganosi | oxane
particl eantdokjidean he Rnepdeddwiby pODypeEtZi by, wéOghexafphe, (1) an
organosi | oxane; (2) a bifunctional silane conpound; (3) an organosil oxane
and a bpbupoerenahishl aneproppoaddby(ddlameoigangsohbdbyabkeeantingl sil ane
conpound having a pol ynerizable vinyl group; (5) a 15 bifunctional silane
conpdundmandmarsilhade cenpodudidnbagi mylhifpotyaenakabbeoneénylofroop; or (6)
an organosil oxane, a_ bifunctional silane conpound, and a silane conpound
havi ng aPopBPyEeRrP2abPEaREngPnrdupRIATsREAnecrohpoend (Ahvi ag a30°C
functionality of three or nore may be further added. 20 The .
poIyorgaﬁ8§i%o%éﬁétﬁarFPcPé§P€§el? Efelprepepaplyyion, this resin

composition exhibits a decomposition temperature at least

5°C higher than the decomposition temperature of the polymer
16 alone, the decomposition temperatures being determined at a

heating rate of 10°C/min by differential thermal analysis.

According to a twelfth aspect of the present invention,
a flame retardant is composed of the polyorganosiloxane-
containing graft copolymer composition according to any one

15 of the first through eleventh aspects of the present
invention.

According to a thirteenth aspect of the present
invention, a flame-retardant resin composition is prepared
by mixing 100 parts by weight of thermoplastic resin with

20 0.1 to 30 parts by weight of the flame retardant according
to the twelfth aspect of the present invention.

The present invention will be described in detail

below.

25 Detailed DPisclosure of the Invention



prepared by emul sion pol ynerization of the conponents such as the

or ganosi | oxane, the bifunctional silane conpound, the silane conpound
havi ng the pol yneri zabl e vinyl group, and the optional silane conmpound
having a functionality of three 25 or nore. - 11 The enul sion

pol ynmeri zation can be perfornmed by enulsifying and dispersing the
conponents used to prepare polyorganosiloxane into water with an

emul sifier by nechanical shearing and?acidified. Wien the enulsified 5
dropl ets having a dianeter of several mcroneters or nore are produced
during mechani cal shearing, the volune average particle size of the

pol yor ganosi Iz@xmey@ﬁgéxh@éﬂﬁoﬁ@n@c@@@aim%%ﬁ@&I@gbcywrﬁ@ﬁ the range of
0.02 to 0.6 mdepending on the anount of the enulsifier used. 10 A

pol yor ganespbexatnencotit ahai pgegeatt iaopatysrr cOMprisespaepared by graft

pol ynmeri zation of a vinyl nononer (a-2) in the presence of the resulting
pol yor gapodivboganespapikieokesontait)ngl gralie popygihemezafApnpobdubedvi nyl
nononer (a-2) in the presence of the pol yorganosil oxane particles (a-1),
part 15 b¥ rhévheanchngohptnehf phrthebyrutigbopofyaevifvwhenenomebr anch
conponent neans polynmers generated fromthe vinyl nonomer (a-2)) is not
graf ted {8-Ehelpr Ghk eoapeneat of( ABI For §anpsirtoxbrevwpaght cbés (a-1)) of the
graft copolymer and_is present as a free polymer. Hence, a mxture of the
20 graf t PEPEEGARBPSARAXERE PRrEELIpSRYmMéR-is pEBEuUeed dfriaglt hendglaft
copolynerization, In the present invention, the "graft copolynmer” includes
bot h thezéréFt198pBP§ﬁ§rb§nHe%H€t)fr@@dePyﬁEF%o¥hgant (B) .

ol yor ganosi | oxane-cont ai ni n raft copo r (A
polyorg f%e po yorganosfﬁé&ane pa%&igqgg fa)1) preferably have

a volume average particle size of at least 0.008 ym, more

10 preferably at least 0.01 pm, and most preferably at least
0.1 ym and up to 0.6 pm, more preferably up to 0.38 pm, and
most preferably up to 0.25 pm. The volume average particle
size is determined by a light scattering method or electron
microscopic observation. It tends to be difficult to

15 produce polyorganosiloxane particles having a volume average
particle size of less than 0.008 pm. When the
polyorganosiloxane particles have a volume average particle
size of more than 0.6 um, it tends to deteriorate flame
retardancy.

20 The "polyorganosiloxane particles (a-1)" according to
the present invention include not only particles composed of
polyorganosiloxane alone, but also particles composed of
modified polyorgancsiloxane containing up to 5 percent by
weight of other {(co)polymer(s). That is, the

25 polyorganosiloxane particles may contain, for example, up to



25 is prepared by polynerizing at least 5, preferably at least - 12 15,
and nore preferably at |east 20 and up to 60, preferably up to 40, and
nore preferably up to 35 parts by weight of a vinyl nononer (a-2) in the
presence of at |east 40, preferably at |east 60, and nore preferably at

| east 65 and 5 up to 95, preferably up to 85, and nore preferably up to 80
parts by wei ght of polyorganosil oxane particles (a-1), providing that the
sumof (a-1) and (a-2) is 100 partsby0 weight. Wen the anmount of

pol yor ganosi | oxane particles (a- 1) is out of the range, it tends to
deteriorate flane 10 retardancy. Wen the anount of vinyl nmononer (a-2) is
out of thgekange, byt waightt 8RACLQ (bORRL abk3MBLERt 3RAAREYLULYNE Vi nyl
nmononer (a-2) is used for preparing the pol yorganosil oxane-containing graft
copol yneact#) aasdst§reabseopsegmter iaNsHEI pe1ybegeAPPalbhahety between the
graft 15 copolyner and a thernoplastic resin in order to uniformy

di sperseptheigiakt copolyner in the thernoplastic resin when the graft
copol ymer is conpounded with the thernoplastic resin to inprove flane
retardancy arEkampbes o£silse grnokyorganpedyhexamps gparteidclys ptdyineri zi ng t he
vi nyl nononer (a-2) 20 alone preferably has a solubility paraneter of at

| east> 9insluderpopydimenbyysalokenstrorticland nost preferably at | east
9.20 and up to 10.15, nore preferably up to 10.10, and nost preferably up
to 10.0599EﬁWﬁéhﬂ}&hQQyW%éhO$a@es@anbic'@9,pandn@@@ethsl@mlosan@he range,
it tends to inpair_ 25 flame retardancy. - 13 Exanples of the vinyl
nnnonersdfahéyyiﬁéiaﬁéFefEPPOéX@ﬁﬁIE?rgiﬁhﬁﬁic ¥hayl nonomers such as

styrene, a- ; \ .
polyorganosiloxane particles (a-1) may be used alone or in
combination.

10 The polyorganosiloxane particles (a-1) can be prepared

by polymerizing, for example, (1) an organosiloxane; (2) a
bifunctional silane compound; (3} an organosiloxane and a
bifunctional silane compound; (4) an organosiloxane and a
silane compound having a polymerizable vinyl group; (5) a

15 Dbifunctional silane compound and a silane compound having a
polymerizable vinyl group; or {6} an organosiloxane, a
bifunctional silane compound, and a silane compound having a
polymerizable vinyl group. A silane compound having a
functionality of three or more may be further added.

20 The polyorganosiloxane particles (a-1) are preferably
prepared by emulsion polymerization of the components such
as the organosiloxane, the bifunctional silane compound, the
silane compound having the polymerizable vinyl group, and
the optional silane compound having a functionality of three

25 oY more.



met hyl styrene, p-nethylstyrene, and p-butyl styrene; vinylcyani de nononers
such as acrylonitrile and 5 nethacrylonitrile; (nmeth)acrylic acid ester
nononers such as nethyl acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate, 2-ethyl hexyl acrylate, glycidyl acrylate, hydroxyethyl acrylate,
hydr oxybutyl acrylate, nethyl nethacrylate, ethyl nethacrylate, butyl

net hacryl ate, lauryl 10 nethacrylate, glycidyl nethacrylate, and

hydr oxyet hyl nethacryl ate; and carboiglfgroup-containing Vi nyl nononers
such as itaconic acid, (neth)acrylic acid, fumaric acid, and naleic acid.
The vinyl nononmer (a-2) may include a nmultifunctional nononer having at

| east two polyerdral ienl pdnsaitiratadbends Repdriaede by f necessary.
Exanpl es of the multifunctional nononers include allyl methacrylate,
triallylemybsiif@iey dnd addybe it sDey attus atempehaht y | usathal st epaws hyl ene

gl ycol dinmethacrylate, 1,3-butylene glycol dinethacrylate, and

di vi nyl bemkemegaiddel Yoxsghe 2Dnnoncanesr (wi) amyeriel sisetenallone or in

conbi nati on. A normal seeded enul sion polynerization can be applied to the
graft pohgeeenizeal ophemditammibed achdebeed by Waeh cilie gollsefied ng t he vinyl
nonomner éa-Zi in latex of the polyorganosiloxane particles (a-1). The

Vi nyp e a- ¥ viDEy mayd bengoty nef | sedeial ansérghetsteponrmaerg ough at

| east two - 14 steps. Wien the pol ynerization is perfornmed through at

| east tvRFStRPRIVEHE ToRbUEiteeanbEat heheasieps Hre wolume jayeeaand may
be the sane or different. In view of the conpatibility to a thernoplastic
resin, BRERER mAZeohbnEre (RRDYOTE2RRP LY NS RA EHates heashl At ity

par amet erge Oéoz%t?reo ](.)Fl:txn&?{tl'?{nepg’qeedrgr){ggocl)gng.ré%i ch 6h§ l,\tlnll ncyelpending
on the amount of the emulsifier used.

10 A polyorganosiloxane-containing graft copolymer (A) is
prepared by graft polymerization of a vinyl monomer ({(a-2) in
the presence of the resulting polyorganosiloxane particles
{a-1). 1In the polymerization of the vinyl monomer {(a-2) in
the presence of the polyorganosiloxaﬁe particles {(a-1), part

15 of the branch component of the graft copolymer (wherein
branch component means polymers generated from the vinyl
monomer (a-2}) 1is not grafted to the trunk component
(polyorganosiloxane particles (a-1)) of the graft copolymer
and is present as a free polymer. Hence, a mixture of the

20 graft copolymer and the free polymer is produced during the
graft copolymerization. 1In the present invention, the
"graft copolymer" includes both the graft copolymer and the
free polymer.

The polyorgancsiloxane-containing graft copolymer (A)

25 1is prepared by polymerizing at least 5, preferably at least



nmononer (a-2) is in the above-described range. The radical polynerization
is not limted and can enploy a nethod for proceeding a reaction by
thermal 10 deconposition of a radical-polynmerization initiator and a

met hod for using a reaction with a reducing agent in a redox system A
graft copol yner prepared by enul sion polynerization may be used in the
formof latex or nay be isolated fromthe 15 |atex and then used. A nethod
for isolating the polymer includes, fdZ exanple, the follow ng nornal
process: The |atex is coagulated by adding a nmetal salt, for exanple,

cal cium chl ori de, magnesi um chl ori de, or magnesium sulfate, and then the

Coagulanu5LSaﬁapﬂb@begreﬁggagdg dehydratedo and 48 €ei 6d, puekBenpRye, a
spray drying process can also be wused. In nolding a m xture produced by

conpoundiapgtbheo, pahyongasopirkexanpigonpaibi Bg phatt BOPREYGRE 6A)ato a
thernopl astic resin, the antioxidant (B) used in the present 25 invention
can supprésglt hennmbrdégraglathonhef prheepokyo€r at 1bastomsdjituting the
grafted conponent of the polyorganosil oxane-containing graft copol ymer and
can t husprelipprbsy atdéeestobfti andi mofkapeefetrabilgney dbaatf fhakndnol ded
product. 5 The antioxidant (B) of the present invention is not I|imted and
pref & abhy tacPbdepratphakprorpstpa8bd andtimoxedanefandbdy apniwrt8fe of at

| east two antioxidants in_view of flame retardancy. The phosphorus-based
ant i oxi dRAEES h¥ywpéghsetfapeh¥osganasEbabnnat Pant1vhen 4e-Least two 10

antioxi dants are used, a phosphorus-based antioxi dant may be
providing that the sum of (a-1) and (a-2) is 100 parts by

weight. When the amount of polyorganosiloxane particles (a-
1) is out of the range, it tends to deteriorate flame

10 retardancy. When the amount of vinyl monomer (a-2) is out
of the range, it also tends to impair flame retardancy.

The vinyl monomer (a-2) is used for preparing the
polyorganosiloxane-containing graft copolymer (A) and is
also used for ensuring the compatibility between the graft

15 copolymer and a thermoplastic resin in order to uniformly
disperse the graft copolymer in the thermoplastic resin when
the graft copolymer is compounded with the thermoplastic
resin to improve flame retardancy and impact resistance. A
polymer prepared by polymerizing the vinyl monomer (a-2)

20 alone preferably has a solubility parameter of at least
2.15, more preferably at least 9.17, and most preferably at
least 9.20 and up to 10.15, more preferably up te 10.10, and
most preferably up to 10.05 {(cal/cm®)??. When the
solubility parameter is out of the range, it tends to impair

25 flame retardancy.



used as at | east one conponent anong the antioxidants or need not. In the
present invention, for exanple, a phenolic antioxidant, a phosphorus-based
antioxidant, and a sul fur- 15 contai ning anti oxi dant can be used as the
anti oxi dants. Exanples of the phenolic antioxidants include 2,6-di-
tert-butyl-p-cresol, 4,4 -butylidenebis(6-tert-butyl-3- nethyl phenol),

2,2' -net hyl enebi s(4-net hyl -6-tert- butyl phenol),

2, 2' - et hyl enebi s(4- et hyl -6-tert-butyliphenol ), 20
2,6-di-tert-butyl-4-ethyl phenol, 1,1,3-tris(2-nethyl-4-

hydr oxy-5-tert-butyl phenyl)butane, n-octadecyl-3-(3,5-di-

tert-butyl-4- EXQIEI?X&Eh@ﬂyfﬂ@r@PhQD%&noﬁl@ié akh sprei iyl €ae; 3ror
(3,5-di-tert-butyl-4-hydroxyphenyl) propi onat e] met hane, triethylene glycol
bi s[ 3- ( 3eikanpllyt wrofahydr 0Xyyd AbnbRERYI phenybipeepienal ehr-
tris(3,5-di-tert-butyl-4 - 16 hydroxybenzyl) isocyanurate, and

but yl i demethylshiysede, npthyglkhdi By grexy,; Sahdr b-butyllpbenghy; Exanpl es of the
phosphor us- based anti oxi dants include cyclic

neopent aNengilcaphbide( RoBonersestichutyl adrylomthylipheayl) phosphite,
tris(2,4-di-tert-- butyl phenyl)phosphite, bis(2,6-di--tert-butyl-4-

met hy? phagfhpeanilaaifrhdets olmphbsphiryéicandig, estaet nphemebssédch as

6-di -tert-butyl phenyl)octyl phosphite. Exanples of the sul fur-containing
antioxid&ﬁ?@Y'néPﬁﬁiatfa Gtﬁa&r§prwﬁﬁéaippéppwﬁaﬁ@;yaﬁtﬁeabytyl

t hi odi propi onate, _dinyristyl thiodipropionate, and ditridecyl

t hi odi pr BFFZAATE! Aﬁen£akﬁﬁéyéfa&ﬁY&ﬁFPOXBéﬁﬁ#dﬁévﬁﬁQY%éFﬁrproperties of

t he phenglic ant i xadant nd the sul fur-containing
ydroxyethyl acrylate, hydroxybutyl acrylate, methyl

methacrylate, ethyl methacrylate, butyl methacrylate, lauryl

10 methacrylate, glycidyl methacrylate, and hydroxyethyl
méthacrylate; and carboxyl-group-containing vinyl monomers
such as itaconic acid, (meth)acrylic acid, fumaric acid, and
maleic acid. The vinyl monomer (a-2) may include a
multifunctional monomer having at least two polymerizable

15 unsaturated bonds per molecule, if necessary. Examples of
the multifunctional monomers include allyl methacrylate,
triallyl cyanurate, triallyl isocyanurate, diallyl
phthalate, ethylene glycecl dimethacrylate, 1,3-butylene
glycel dimethacrylate, and divinylbenzene. The vinyl

20 monomer {(a-2) may be used alone or in combination.

A normal seeded emulsion polymerization can be applied
to the graft polymerization and can be achieved by radical-
polymerizing the vinyl monomer (a-2) in latex of the
polyorganosiloxane particles (a-1). The vinyl monomer (a-2)

25 may be polymerized in a single step or through at least two



15 anti oxi dant includes, for exanple, 4,4'-thiobis(6-tert-

butyl - 3- et hyl phenol ). The use of a phosphorus-based anti oxi dant al one or
in conbination can achi eve excellent flanme retardancy. Wen an

anti oxi dant other than the phosphorus-based antioxidant is 20 used, the use
of the antioxidant alone |eads to an undesirable tendency to inpair flane
retardancy, while the wuse of the antioxidant in conbination can achieve
excellent flame retardancy. In particl ar, when a conmpound having a
structure 25 represented by the follow ng chemcal fornula (1) in - 17

nol ecul e i s used as one of the antioxidants, further o No (1) ii O

excel | enktkbane wekar daBcyoignehe zaghbaved. EBEBBEEHUEﬁrou?ﬁeBtthiS
antioxidant is used together with the phenolic antioxidanf and/or the

sul fur - coskaitnichg amrkbexi dast cobpbelithensodtstasdengtbbamareehatdancy can
be exhi bited. Exanples of conpounds having such structure in nol ecul e
i ncl ude, lfiod tedaapbematr be( 8hk- damkept- Hitfyer4nthydr oxybenzyl )
i socyanurate. 10 It is preferable to use the antioxidant that, when 0.5
part by wei ghinofi¢heofinthexcdapat {B)1{whetothetmamtmoplasintc tssbnm xture
of at least two antioxidant conponents, the sum of the antioxidant
conponentyei yioys pancmgy verght isAselbehetl $0chetbehnt thpr ebénhblytat | east
20 percent by weight 15 of antioxidant conponent relative to the total
anount oPafpmeter of the polymer prepared by polymerizing the vinyl
monomer (a-2) is in the above-described range.
The radical polymerization is not limited and can
employ a method for proceeding a reaction by thermal
10 decomposition of a radical-polymerization initiator and a
method for'using a reaction with a reducing agent in a redox
system.
A graft copolymer prepared by emulsion polymerization
may be used in the form of latex or may be isolated from the
15 latex and then used. A method for isoclating the polymer
includes, for example, the following normal process: The
latex is coagulated by adding a metal salt, for example,
calcium chloride, magnesium chloride, or magnesium sulfate,
and then the coagulant is separated, washed, dehydrated, and
20 dried. Furthermore, a spray drying process can also be
used.
In molding a mixture produced by compounding the
polyorganosiloxane—-containing graft copolymer (A) to a

thermoplastic resin, the antioxidant (B} used in the present

25 invention can suppress thermal degradation of the polymer



antioxidant is counted as one conponent) is kneaded with 100 parts by

wei ght of a polyner, which is prepared by polynerizing only the vinyl
nononer (a-2) (excluding a multifunctional nonomer) of the

pol yor ganosi | oxane - 18 containing graft copolymer (A), at 230C for 3
mnutes to prepare a resin conposition, this resin conposition exhibits a
deconposition tenperature at |east 5C, preferably at Ileast 7C, nore
preferably at |east 9C higher than thé>-deconposition tenperature of the
pol ymer al one, the deconposition tenperatures being determ ned at a
heating rate of 100 mn by differential thermal analysis. The use of an

ant i oxi daghst Nchhen§asBe Ofrar€eqospRsbhénn tenpgeature of at |east 5C
hi gher than that of "the polymer alone can 10 achi eve further excellent

flame repalgangyno¥hesxshe-¥onyhiniByogeaf{acdpol phethen@reparathon of the
pol yor ganosi | oxane- containing graft copolynmer (A) is polynerized through
at | eassuppoestepsdetbeianatdxsndant £i smeoppoandetdctooa & Ringe  of
pol ymers that are prepared by polynerizing only the vinyl 15 nononer (a-2)
in each soepedt heodugture being in the sane ratio of the polyners with the
pol yor ganosi | oxane-containing graft copolynmer (A). The antioxidant (B) is
usedSi n an arfthmtawfiexBlamt 30B) paf tthéywyedemt inventidn tis T0E parts by
wei ght of the 20 pol yorganosi | oxane-containing graft copolynmer (A). The
| over |ikimitedprefiecpadfyraney hocéupeeferpbpyrhopvupabeasedy wei ght. The
upper limt is preferably 20, nore preferably 15 parts by weight. Wen the
amount ofnhhe¥e%pAENENELeBedsMIERBrapPEr aFi Afastatupi anbéestdanEs chibusti on
of a nolded 25 _product to inpair the flame retardancy. Wen the anount of
view of flame retardancy. The phosphorus-based antioxidants
may be used alone or in combination. When at least two

10 antioxidants are used, a phosphorus-based antioxidant may be
used as at least one component among the antioxidants or
need not.

In the present invention, for example, a phenolic
antioxidant, a phosphorus-based antioxidant, and a sulfur-

15 containing antioxidant can be used as the antioxidants.

Examples of the phenolic antioxidants include 2, 6-di-
tert-butyl-p-cresol, 4,4'-butylidenebis({6-tert-butyl-3-
methylphenol), 2,2'-methylenebis(4-methyl-6-tert—
butylphencl), 2,2'-methylenebis{4-ethyl-6-tert-butylphenocl),

20 2,6-di-tert-butyl-4-ethylphenocl, 1,1,3-tris{2-methyl-4-
hydroxy-5-tert-butylphenyl)butane, n-octadecyl=-3-(3,5-di-
tert-butyl-4-hydroxyphenyl)propionate, tetrakis{methylene-3-
(3,5-di-tert-butyl-4-hydroxyphenyl)propiocnate]methane,
triethylene glycol bis[3-(3-tert-butyl-4-hydroxy-5-

25 methylphenyl)propionate], tris(3,5-di-tert-butyl-4-



- 19 antioxidant is less than the lower limt, the flane r
unsati sfactory. The antioxi dant and the pol yorganosil oxane-c
graft copol yner can be m xed by the follow ng various 5 neth
for mxing a powdered or liquid antioxidant into a powdered
pol yor ganosi | oxane-contai ning graft copolyner; in a step of
a powdered pol yorganosil oxane-containing graft copolyner, a

m xi ng a powdered, liquid, or erulsifiléd-antioxidant into a
pol yor ganosi | oxane-cont ai ni ng graft copolyner in the form of
met hod for m xing a powdered, liquid, or emulsified anti oxi

etardancy is
ont ai ni ng
ods: A et hod

manuf act uri ng
nmet hod f or
10
a slurry; a
dant into a

pol yor ganpgarbRy¥pagz¢oNt akBkhanugh8kl 6AROLYERIikBnkhe, fopmsep-l atex; and a

met hod for mXxing a powdered, liquid, or emulsified anti oxi
pol yor ganeshi;oxanrypackiycbeseta-bhtiyiphbayiorm of |atex or
system during polymeri zaion to prepare the polyorganosil oxa

dant into 15
into a reaction
ne- cont ai ni ng

graft copol yretampl ¢deof orime gbhos@it @xus Jhese@samit i dants include

pol yor ganosi | oxane-cont ai ni ng graft 20 copol ymer conposition
to vari ougctherneppastavetetesapdbio (Pr épdietekanbutel addant

conposi tions having excellent flane retardancy and high inp
Vari dus maehybphasylcphesphiteantbasdged-dA-tpokycarbonate r

i s conpounded
resin

act resistance.
esin having a

pol ycarbonate content of at 25 |least 50% preferably at |east 70%is

pr ef er abPytviselenyl) pRosphibar obiexéebrant terampuEslatdancy.
the polycarbonate resins include, for exanple, polycarbonat
parti cul Bethuipharye) penyearpbhaiEpl pbPyehibenagBApdt yBst er

methylenebis (4, 6-di-tert-butylphenyl)octylphosphite.

Exanpl es of
e (in

Exanples of the sulfur-centaining antloxidants include

10 dilauryl thiodipropionate, distearyl thiodipropionate,

dimyristyl thiodipropionate, and ditridecyl

thiodipropionate.

An example of an antioxidant having both properties of

the phenclic antioxidant and the sulfur-containing
15 antioxidant includes, for example, 4,4'-~thiobis(6-te
butyl-3-methylphenol) .
The use of a phosphorus-based antioxidant alone
combination can achieve excellent flame retardancy.
antioxidant other than the phosphorus-based antioxid

20 used, the use of the antioxidant alone leads to an

rt-

or in

When an

ant is

25

undesirable tendency to impair flame retardancy, while the
use of the antioxidant in combination can achieve excellent
flame retardancy.

In particular, when a compound having a structure

represented by the following chemical formula (1) in



bl ends such as a pol ycarbonat e/ pol y(ethyl ene terephthalate) 5 blend, and a
pol ycar bonat e/ pol y(butyl ene terephthalate) blend; a

pol ycarbonat e/ (acrylonitril e-styrene copolynmer) blend; a

pol ycar bonat e/ ( but adi ene-styrene copol yner) (high inpact polystyrene
(HIPS) resin) blend; a polycarbonate/(acrylonitrile--butadiene
rubber-styrene 10 copolyner) (ABS resin) blend; a

pol ycar bonat e/ (acryl oni tril e-but adi end’r ubber-a- met hyl styrene copol yner)
bl end; a pol ycarbonat e/ (styrene- butadi ene

rubber-acrylonitril e-N phenyl nal ei m de copolyner) blend; and a
p0|ycarb@@ﬁé@ﬁiéci¥|@Qéarhkeoﬁérﬁk'EhéUQH€£o§§d§h¥§en%uEQH@kynEr) (AAS
resin) blend, which are preferabl in view of econony and a satisfactory
bal ance betmeen flame retardancy and i npact resistance. The bl ends may be
used in conbination. The anpunt added of the flanme retardant conposed of
the 20 pol yorganosi | oxane- con alnlng graft copolynmer conpositionis 0.1
to 30 parts by wei ght toc&g@ég@rts Oy weight of the thernoplastic resin in
vi ew of econony and a sat t O "balance bet ween fl ane retardancy and

i npact resistance. The | owgr I| IS prg 1 any 0.5, nore preferably 1
parts by 25 weight. The g{dﬂ | |s preferably 15, nore preferably - 21
10, nost preferably 5 pa R§j t. A powdered flane retardant conposed

of the polyorganosil oxane-co alnlng graft copol yner conposition and a

t hernopl astic resin can be m xXed using, for exanple, a 5 Henschel m xer or

a ribbon bl ender and then kneaded using, for exanple, a roll mll, an

extruderexcelbeknefitlene Abthhdsntinmeant ppi sahiadddti vearthermexanpl e, an
when this antioxidant is used together with the phenolic
antioxidant and/or the sulfur-containing antioxidant,

5> further outstanding flame retardancy can be exhibited.

Examples of compounds having such structure in molecule
include, for example, tris(3,5-di-tert-butyl-4-
hydroxybenzyl) isocyanurate.

10 It is preferable to use the antioxidant that, when 0.5
part by weight of the antioxidant (B) (when the antioxidant
is a mixture of at least two antioxidant components, the sum
of the antioxidant components is 0.5 part by weight. At
least 10 percent, preferably at least 20 percent by weight

15 of antioxidant component relative to the total amount of the
antioxidant is counted as one component) is kneaded with 100
parts by weight of a polymer, which is prepared by
polymerizing only the vinyl monomer (a-2) (excluding a

multifunctional monomer) of the polyorganosiloxane-



antioxidant, an anti-dripping agent, a polyner processing aid, a flane
retardant, a flanme-retardant aid, an inpact 10 nodifier, a plasticizer, a
| ubricant, an ultraviolet absorber, a pignment, glass fiber, fillers, and a
pol ynmer |ubricant, can be conpounded. Exanples of the antioxidants include
the sane conpounds as the antioxidant (B). In this case, the anti oxi dant
15 conpounded can be nmainly used for preventing the thermal degradation of
a thernoplastic 1-esin. Exanples of tRA& anti-dripping agents include, for
exanpl e, fluorinated polyolefin resins such as pol ynonofl uoroethyl ene,

pol ydi f | uor oet hyl ene, 20 pol ytrifluoroethyl ene, polytetrafl uoroethyl ene,

tetrafl ugsees i egeshexafl Lygr0phby! €Ag, CQRObYRE . r@Rth PRIV NV b dene
fluoride, which are preferabl e because of their high anti-dripping effect.

An exanpbeephréhe PELYABLECRPOEEESHAY Bhilsi $e8iA5cBRbbBactYbAt xheB) PO ymer
such as nethyl nethacrylate-butyl - 22 acrylate copolynmer. Exanples of the

i npact maddécensoshtiddetehperaxanpl 8r laabut a8 enerdfbbast§ ype i npact
nodi fier (methyl nethacryl at e-but adi ene-styrene (MBS) resin), a butyl 5
acryl at eleabbe?V @, ypeorapacifemab iy eat bedmit y9°C adrgHeat ehsinl itdé@ne conposite-
rubber-containing inpact nodifier, an octyl acryl ate rubber-containing
i npaét @edefipesitannoteypengtytat efsihecpnéymempedihe, rthber- containi ng
i npact nodifier, a butyl acrylate/silicone co 10 coagul ated
r ubber - céataNPeRYC L apatempedatiees hadnoctgteradénptasé/ 8i hesbhrg
co- coagul at ed rubber-contai ni ng i npact
rate of 10°C/min by differential thermal analysis. The use
of an antioxidant in the case of a decomposition temperature
of at least 5°C higher than that of the polymer alone can
10 achieve further excellent flame retardancy. When the vinyl
monomer (a-2) for the preparation of the polyorganosiloxane-
containing graft copolymer (A) is polymerized through at
least two steps, the antioxidant is compounded to a mixture
of polymers that are prepared by polymerizing only the vinyl
15 monomer (a-2) in each step, the mixture being in the same
ratio of the polymers with the polyorganosiloxane—-containing
graft copolymer (A}).
The antioxidant (B) is used in an amount of 0.3 to 30
parts by weight in total to 100 parts by weight of the
20 polyorganosiloxane-containing graft copolymer (A). The
lower limit is preferably one, more preferably two parts by
weight. The upper limit is preferably 20, more preferably
15 parts by weight. When the amcunt of antioxidant exceeds

the upper limit, a drip occurs at combustion of a molded

25 product to impair the flame retardancy. When the amount of



nodifier. In addition, other flanme retardants nmay al so be used together.
Exanpl es of the flanme retardants include silicone 15 conpounds such as
aronmat i c- group-cont ai ni ng pol yorganosi | oxane; triazi ne conpounds such as
cyanuric acid and nel am ne cyanurate; boron conpounds such as boron oxide
and zinc borate, which are preferable as they are hal ogen- and
phosphorus-free flane retardants. Furthernore, 20 phosphorus conpounds such
as triphenyl phosphate, condensed phd&phate, and stabilized red phosphorus
may al so be used together. In this case, the use of a pol yorganosil oxane-
containing graft copol yner conposition of the present invention can

advant ageeusbyi 488t Ces t Nes PhosPROE S - Pased 2§mi£an€hée£%ﬂ@nt content in a
conposition. - 23 Exanples of the preferable flane-retardant aids include

met al satésapfawegans cusshf 0oFgceergs and netal salts of sulfuric esters,
for exanple, sodiumsalts, potassiumsalts, or calciumsalts of

met hanesul f oritee aniidoxeidianesild atie o lag ity a s Dpledesid £ @ tta B ity

but anesul foni ¢ acid, nethyl butanesul fonic acid, hexanesul fonic acid,

hept anesut#Hni copel ginenctandsel| hoxned lagi the peiidwdbnghestasesul foni c acid,
per fl uoroet hanesul fonic acid, perfluoropropanesul fonic acid,

per f Puoripdtihates vk foniltodcfor M« pegfd upcederas| but Ahesudif oni ¢ aci d,

per fl uorohexanesul fonic acid, perfluoroheptanesulfonic acid,

per f | uor @okianbdant ohneo @c@@wdﬁm@ypqhymamssbw@neccant@llnand

al kyl sul furic acid ester. Typical exanples of the flane-retardant aids
pr ef er ab¥y2§ bRl BB Und ot HanesR  briadeuf petassngng 1Bowdered

per f | uor obut anesul f pnat e, sodi um dodecyl benzenesul f onat e,
polyorganosiloxane-containing graft copolymer, a method for

mixing a powdered, ligquid, or emulsified antioxidant into a
10 polyorganosiloxane-containing graft copolymer in *the form of
a slurry; a method for mixing a powdered, liguid, or
emulsified antioxidant into a polyorganosiloxane-containing
graft copolymer in the form of latex; and a method for
mixing a powdered, liquid, or emulsified antioxidant into
15 polyorganosiloxane particles (a-1) in the form of latex or
into a reaction system during polymerizaion to prepare the
polyorganosiloxane-containing graft copolymer in the form of
latex.
The resulting polyorganosiloxane—-containing graft
20 copolymer composition is compounded to various thermoplastic
resins to prepare flame-retardant resin compositions having
excellent flame retardancy and high impact resistance.
Various thermoplastic resins can be used. A
polycarbonate resin having a polycarbonate content of at

25 least 50%, preferably at least 70% is preferably used in



and pot assi um dodecyl benzenesul fonate. The anmpbunts of these additives used
are preferably 0.1 to 20, nore preferably 0.2 to 10, nost preferably 0.3
to 5 parts by weight to 100 parts by weight of a thernoplastic 20 resin in
view of a bal ance between efficiency and cost. Methods for nolding the
resulting flanme-retardant resin conposition include nolding processes of
general thernoplastic resin conpositions, for exanple, injection nolding,
extrusion, blow nolding, and cal endarié¥g.~ 25 Applications of nol ded
products obtained by nmolding - 24 flane-retardant resin conpositions of
the present invention are not |limted and include, for exanple, various

constructien BEtektalisenvarions adtarBhh¥9.CORRARBNES, o&nNdheconmponent s of
housi ng and chassis for office automation 5 equi pnent such as desktop

conput er gplpebeboakteomputiasSinci owuel €OPPEkENBlepr pbleEarbandteopiars;
information equipnent such as facsimles, cellular phones, and personal
handyphopersystiéns, ( BHShathoupehpbdrbbaate) capoapphirbboase /putlhegser

tel evi sions and vi deocassette recorders, which 10 require flane retardancy.
The resubiliengsmsdbdapr edpelgchabenekeébbéptefhaiener eearganbylaBest Mode
for Carrying Qut the Invention 15 The present invention wll now be
descrﬁbeélﬁﬁddeﬁaﬁla baswdashorabhappesy (hotglene theephtbehttienvention is
not limted to these exanples. Unless otherw se specified, the term
"parts" Re&Rd/"paredvEpriRenahe’ (appisoréhehl s-ahdreast sopalmraipl es and

Conparatjve 20 Exanples were perforned as foll ows:
blend; a polycarbonate/(butadiene-styrene copolymer) (high

impact polystyrene (HIPS) resin) blend; a
polycarbonate/ (acrylonitrile-butadiene rubber-styrene

10 copolymer) (ABS resin) blend; a
polycarbonate/ (acrylonitrile-butadiene rubber—-a-—
methylstyrene copolymer) blend; a polycarbonate/{styrene-
butadiene rubber-acrylonitrile-N-phenylmaleimide copolymer)
blend; and a polycarbonate/ (acrylonitrile-acrylic rubber-

15 styrene copolymer) (AAS resin) blend, which are preferable
in view of economy and a satisfactory balance between flame
retardancy and impact resistance. The blends may be used in
combination.

The amount added of the flame retardant composed of the

20 polyorganosiloxane-containing graft copolymer composition is
0.1 to 30 parts by weight to 100 parts by weight of the
thermoplastic resin in view of economy and a satisfactory
balance between flame retardancy and impact resistance. The
lower limit is preferably 0.5, more preferably 1 parts by

25 weight. The upper limit is preferably 15, more preferably



[ POLYMERI ZATI ON CONVERSI ON] A latex was dried at 120C for an hour with a
hot-air dryer to determne the solid content. Polynerization conversion
was given by the follow ng equation: 100x(solid 25 content)/(amunt of fed
nmononer) (% . - 25 |[VOLUVE AVERAGE PARTI CLE SI ZE] The vol une average
particle sizes of polyorganosiloxane particles and a graft copolynmer were
nmeasured in the formof |atex. The volune average particle sizes (gm were
measured 5 by a light scattering netBdd-with a M crotrac UPA (nmanufactured
by Leeds & Northrup instruments). [IMPACT RESI STANCE] | npact resistance
was evaluated with a 1/8 inch bar wth a notch at a tenperature of -10C

accor di ngot%ﬂ%rggepgggy 5 FhAMES Aﬁ@f@i@m Fl ane retardancy was
e

eval uated according to a rtical Burning test of Underwiters Laboratory

94 (UL94V t e )powdd}FERENE Ale tTHERYAL B (DNd 15 A pol yner
prepared by polynerizing a vinyl nononer excluding a nultifunctional

mononer ) posedriancsheoxprepacatatning qrpdt yesgahesst oxamgosoniahni ng graft
copolymer or a mxture of 100 parts by weight of the polymer wth 0.5
parts byamgéi ghthefmeplastioxreaih ¢ahebe tthex@d aninoxi flant exaspae m xt ure of
at | east two antioxidant conponents, the sum of antioxi dant conponents was
0.5 partEenbgheki ghkre)y omsa kneed hte230C dmd Bhem nkmesdedithsangpl astm | .
Then, 10 ng of the resulting m xed resin was subjected to differential
thernal Bpnl 95ePhet haards81mpll, an extruder, or a kneader.

At this time, typical additives, for example, an
antioxidant, an anti-dripping agent, a polymer processing
aid, a flame retardant, a flame-retardant aid, an impact

10 modifier, a plasticizer, a lubricant, an ultraviolet
absorber, a pigment, glass fiber, fillers, and a polymer
lubricant, can be compounded.

Examples of the antioxidants include the same compounds
as the antioxidant (B). In this case, the antioxidant

15 compounded can be mainly used for preventing the thermal
degradation of a thermoplastic +ésin.

Examples of the anti-dripping agents include, for
example, fluorinated polyolefin resins such as
polymonofluoroethylene, polydifluorcethylene,

20 polytrifluorcethylene, polytetrafluocrocethylene,
tetrafluorocethylene/hexafluoroethylene copolymer, and
polyvinylidene fluoride, which are preferable because of
their high anti-dripping effect.

An example of the polymer processing aid is a

25 methacrylate (co)polymer such as methyl methacrylate-butyl



25 (manufactured by Rigaku Co.) under the follow ng conditions: - 26
heating rate of 10C/ mn; nitrogen flowrate of 30 mM/mn; and tenperature
range fromroomtenperature to 500C. (REFERENCE EXAMPLE 1) Preparation of
pol yor ganosi |l oxane 5 particles (S-1). An aqueous sol ution containing the
foll owi ng conponents was agitated at 10,000 rpmfor 5 mnutes wth a
Honmom xer to prepare an emnul sion. Conponent content (part) 10 Pure water
251 Sodi um dodecyl benzenesul f onat e ($8BBS) 1.0

Cct anmet hyl cycl otetrasi |l oxane (D4) 95 Mercapt opropyl di met hoxynet hyl si | ane
(MPDS) 5 The resulting emulsion was fed into a five-necked flask 15

equi ppedawk{yhagestbpbtmea.refl ux condenser, an inlet for introducing
nitrogen gas, an inlet for introducing additional nononers, and a

t her nonet er iExamsiaglef operatpont Wdilidie Motude, Wasr hetaigpld, rred,
one part (solid content) of 10% dodecyl benzenesul fonic acid (DBSA) 20
aqueous sobutadnemasradded-tThe ieppetanodefpért keethesul ting m xture was
i ncreased to 80C over a period of about 40 m nutes, and then the reaction
was per foehrbdcaylagochtivadbehoustyrdhe (¥BE) t ragim xtarkums cooled to 25C
and left for 20 hours. Then the pH of the reaction m xture 25 was adj usted
to 6.5 wRthyselfumhharokiyae iepeehphredéfiaeg, -a2putybl yneri zati on.
Consequently, a | atex containing, polyorganosiloxane particles (S-1) was
pr epar edaCXPRYFEFLEACPBR cORREFsFem BRBDaR-avREayRIBAr LFRRGtsi ze were

modifier, an octyl acrylate rubber-containing impact
modifier, an octyl acrylate/silicone composite-rubber-
containing impact modifier, a butyl acrylate/silicone co-

10 coagulated rubber-containing impact modifier, and octyl
acrylate/silicone co-coagulated rubber-containing impact
modifier.

In addition, other flame retardants may also be used
together. Examples of the flame retardants include silicone

15 compounds such as aromatic-group-containing
polyorganosiloxane; triazine compounds such as cyanuric acid
and melamine cyanurate; boron compounds such as boron oxide
and zinc borate, which are preferable as they are halogen-
and phosphorus-free flame retardants. Furthermore,

20 phosphorus compounds such as triphenyl phosphate, condensed
phosphate, and stabilized red phosphorus may alsc be used
together. 1In this case, the use of a polyorganosiloxane-
containing graft copolymer composition of the present
invention can advantageously reduce the phosphorus-based

25 flame retardant content in a composition.



measured. The results are shown in table 1. 5 (REFERENCE EXAMPLE 2)
Preparati on of polyorganosil oxane particles (S-2). To a five-necked flask
equi pped with a stirrer, a reflux condenser, an inlet for introducing
nitrogen gas, an 10 inlet for introducing additional nononers, and a
thernoneter were fed 189 parts of pure water and 0.4 parts of sodium
dodecyl benzenesul fonate (SDBS). Next, the reaction m xture was heated to
70C under a nitrogen purge. An aqueods sol ution containing one part of 15
pure water and 0.02 parts of potassiumpersulfate (KPS) was added to the
reaction m xture. Subsequently, a m xture containing 0.7 parts of styrene

(St) and 1.3 madhs1 &4 dbutide pRihaciylate LBRMA e vas Aadded 4o sthe Jgaction

m xture in a single operation, and then the resulting reaction m xture 20

was stirmetalosadbshesdrotgasoopsel ohhe pelyseahdahéonl s&ppsegeently, a
| at ex containing a styrene-butyl nethacrylate (St-BMA) copol yner was

pr epar edsulPok yoeesrzatspnfeonyesmspda, Wasd Q%o sdbesy esotasspuh asextbad a
solid content of 1.0% and an average particle size of 0.04 25 m - 28
Anot her arxtateigonsalhsngftihethahéswi igntonponeént sthvasesapismted at 10, 000
rpmfor 5 minutes with a Honomi xer to prepare an enul sion containing
conpdnengésidsedropapespafenipobygddgahosahesahéonbc Canpdnent content (part)
Pure water 70 Sodi um dodecyl benzenesul fonate (SDBS) 0.5
methylbutanesulfenic acid, hexanesulfonic acid,
heptanesulfonic acid, octanesulfonic acid,
perfluoromethanesulfonic acid, perfluorocethanesulfonic acid,
perfluocropropanesulfonic acid, perfluorobutanesulfonic acid,

10 perfluoromethylbutanesulfonic acid, perfluorochexanesulfonic
acid, perfluoroheptanesulfonic acid, perfluorooctanesulfonic
acid, {alkyl)aromatic sulfonic acid, and alkylsulfuric acid
ester. Typical examples of the flame-retardant aids
preferably include sodium ethanesulfonate, potassium

15 perfluorcbutanesulfonate, sodium dodecylbenzenesulfonate,
and potassium dodecylbenzenesulfonate.

The amounts of these additives used are preferably 0.1
to 20, more preferably 0.2 to 10, most preferably 0.3 to 5
parts by weight to 100 parts by weight of a thermoplastic

20 resin in view of a balance between efficiency and cost.

Methods for molding the resulting flame-retardant resin
composition include molding processes of general
thermoplastic resin compositions, for example, injection

molding, extrusion, blow molding, and calendaring.

25 Applications of molded products obtained by molding



Oct anmet hyl cycl ot etrasi | oxane (D4) 95

y- met hacr yl oyl oxypr opyl di met hoxynet hyl sil ane 3 10 Subsequently, the | atex
containing the St-BMA copolynmer was maintained at a tenperature of 80C,
and then one part (solid content) of 10% dodecyl benzenesul fonic acid
(DBSA) aqueous solution was added to the | atex. Next, the enul sion

contai ning the conponents used to prepare pol yorganosil oxane 15 was added
in a single operation. The resulting 24t ex was stirred for 6 hours, and
then cooled to 25C and left for 20 hours. After that, the pH of the |atex
was adjusted to 6.4 wth sodium hydroxide to conplete the polynerization.

Consequent bte-2etatk@Xn€0pLAak A eemﬁegyewﬁaow@ﬁénﬁrageﬁarih%ﬁ§l&§ 2) was
prepared. Polynerization conversion and an average particle size were

measur edaréhgotesthti §edr endshawnuia, t abkectamphe, pohyosganosi | oxane
particles in the |atex were conposed of 98% of polyorganosiloxane and 2%
of St-BdBnsopobyien. mdbherdcamppsirhirbdsunasutahotlatedompbhetibe, 25nfled
anounts and the polynerization conversion. - 29 Table 1 ReferenceReference
exanpl e tempopket2 BBl honsangsahdxahespast fokesB£18e2aRobyariorati on
conversi on of pol yorganosil oxane conponent 8787 Average particle size

(j Am0. 18QuipmeREFERENCES EXANRLES BoMNDt4)sPrephehodbncofputers,

pol yor ganosi | oxane-containing graft copolymer (SG1 AND SG 5 2). To a
five- neckeder| askpregarppeHrintAra, sehdr eppigrs; information

equipment such as facsimiles, cellular phones, and personal
handyphone systems (PHS); household electrical appliances
such as televisions and videocassette recorders, which
10 require flame retardancy.
The resulting molded products have excellent flame

retardancy.

Best Mode for Carrying OCut the Invention
15 The present invention will now be described in detail
based on examples, however, the present invention is not
limited to these examples. Unless otherwise specified, the
term "parts" means "parts by weight".
Measurements and tests in Examples and Comparative
20 Examples were performed as follows:
[POLYMERIZATION CONVERSICN]
A latex was dried at 120°C for an hour with a hot-air
dryer to determine the solid content. Polymerization
conversion was given by the following equation: 100x(solid

25 content)/ (amount of fed monomer) (%).



reflux condenser, an inlet for introducing nitrogen gas, an inlet for

i ntroduci ng additional nononers, and a thernoneter were fed 300 parts of
pure water (including water in the 10 | atex contai ni ng pol yorganosi | oxane
particles (S 1 OR S-2)), 0.2 parts of sodium fornmal dehyde sul f oxyl ate
(SFS), 0.01 parts of disodiumethyl enedi am netetraacetate (EDTA), 0.0025
parts of iron (Il) sulfate, and 75 parts (solid content) of the |atex
cont ai ni ng the pol yorganosi | oxane partdxles (S-1 15 or S-2). Wile the
resulting mxture was being stirred, the tenperature of the m xture was
increased to 60C under a nitrogen flow After the tenperature reached 60C,

a mxtureooiiva avnaner tcar2id)rapdzajradi cal polynmerization initiator
shown in Table 2 was added in an anount shown in 20 Table 2 in a single

operation. Thehé¢ essl firhd)ga e x4 g EpaetSicBé | 186k ad £ GO O gaiodiolxzarand t hen
a nononer (a-2-2) - 30 shown in Table 2 was further added dropw se over a
peri od oparthrcéesheundsa Abtét Eopbihmag wheedmepwisedaddi thenfotmeof
resulting mxture was stirred for an hour to prepare a graft-copol yner

| at ex. 51l8ubsequéhtl yplthe resubgengakbiekewaszdisl pmil wetd peasuredter to
adjust the solid content to 15% and then two parts (solid content) of 10%
cal cium bHl or Ldehbtgaeatusesongt mehhadswibldediichasreesUPing in a

coagul ated slurry. The resulting coagulated slurry was heated to 80C and
cool ed t émgpefacburet| belepgsdehYarabrvh AnatdrREAgS) thus resulting in a
powder ed pol yor ganosil oxane graft copolyner (SG1 or SG2). Table 2 shows
polyneriigMPéHTCBH§§§§FBﬁ§J In Table 2, the abbreviations "A MA', "MA",

and "CHP" represent an_allgl nmet hacry] ate nononer, a,nethyl
mpact resistance was evaluated with a 1/8 inch bar

with a notch at a temperature of -10°C according to ASTM
10 DZ256.
[FLAME RETARDANCY]
Flame retardancy was evaluated according to a Vertical
Burning test of Underwriters Laboratory 94 (UL9%4V test).
[DIFFERENTIAL THERMAL ANALYSIS (DTA}]

15 A polymer prepared by polymerizing a vinyl monomer
(excluding a multifunctional monomer) used for the
pPreparation of a polyorganosiloxane-containing graft
copolymer or a mixture of 100 parts by weight of the polymer
with 0.5 parts by weight of an antioxidant (when the

20 antioxidant was a mixture of at least two antioxidant
components, the sum of antioxidant components was 0.5 parts
by weight.) was kneaded at 230°C for 3 minutes with a
plastmil. Then, 10 mg of the resulting mixed resin was
subjected to differential thermal analysis with a TG8110

25 {manufactured by Rigaku Co.) under the following conditions:



15 net hacryl at e nononer, and cunene hydroperoxi de (radical polynerization
initiator), respectively. The term "polynmer SP" neans a solubility
paranmeter of a polynmer prepared by polynerizing a vinyl nononmer (a-2-2). -
31 Table 2 Reference Reference exanpl e 3exanpl e 4 Pol yorganosil oxaneS- 175-
particles (part)S-2-80 Vinyl nonomer Al MA3- (a-2-1) (part)0.01- Vinyl
nonomer MMA2220 (a-2-2) (part)0.040.04 Polyner SP 9.259.25 cal/cma 11z

Pol ymeri zati on conversi on999%99% G aft 2éopol ymer SG-' | SG- 2 ( REFERENCE
EXAMPLES 5 AND 6) Preparation of copolymer (SG- 1' and SG2'). 5 Polyners
were prepared for differential thermal analysis (DTA) as in Reference

ExanpleShéaemﬁg4raEécset1b¢@umlﬁ>Ehi%&&ée&ffﬁ&wlﬂ@%@qgﬁqmﬁQﬁﬂ%ﬁn@sulfonate
was used in each of Reference Exanples 3 and 4 instead of the

pol yor ganasi texpagaparti ehf§e( Brémavdom 2rmpapdthibe gBNopERrC.10 (a-2-1) was
not polymnerized. The polynmers were subjected to differential thernal

analysis (DTA) in the presence or absence of antioxidants. Results are
shown in tables 3 and
(REFERENCE EXAMPLE 1) Preparation of pclyorganocsiloxane
5 particles (S-1).
An aqueous solution containing the following components

was agitated at 10,000 rpm for 5 minutes with a Homomixer to

prepare an emulsion.

Component content (part)
10 Pure water 251
Scdium dodecylbenzenesulfonate (SDBS) 1.0
Octamethylcyclotetrasiloxane (D4) 95
Mercaptopropyldimethoxymethylsilane (MPDS) 5

The resulting emulsion was fed into a five-necked flask
15 eguipped with a stirrer, a reflux condenser, an inlet for
introducing nitrogen gas, an inlet for introducing
additional monomers, and a thermometer in a single
operation. While the mixture was being stirred, one part
(selid content) of 10% dodecylbenzenesulfonic acid (DBSA)
20 aqueous solution was added. The temperature of the
resulting mixture was increased to 80°C over a period of
about 40 minutes, and then the reaction was performed at
80°C for 6 hours. The resulting mixture was cooled to 25°C
and left for 20 hours. Then the pH of the reaction mixture

25 was adjusted to 6.5 with sodium hydroxide to complete the



4. 15 (EXAMPLES 1 TO 4 AND COVPARATI VE EXAMPLES 1 TO 4) Inparting flane
retardancy to polycarbonate resin. According to the conpositions shown in
Tabl e 3, each of the pol yorganosil oxane-containing graft copolynmer - 32
conpositions (SG1 and SG 2) prepared in Reference Exanples 3 and 4 and at
| east one antioxidant were m xed to produce a flanme retardant conposed of
t he pol yorganosi |l oxane contai ning graft copol ynmer conposition of the
present 5 invention. The term "PEP36%/ngans a phosphorus- based

ant i oxi dant (ADK STAB PEP36 (cyclic

neopent anetetrayl bi s(2, 6-di-tert--butyl-4- nethyl phenyl ) phosphite)

manuf act geegmby i ASAbn DENKAn 68uentID, ) 2 theckershtAth2Ag means a phenolic
anti oxi dant having 10 the structure represented by chem cal fornula (1)
(ADK STABol#OrdBnbbiilskand- ghrteclesbysyl) dwhydpoxsybesay! isocyanurate)
manuf actured by ASAHI DENKA CO., LTD.); the term"AO 30" neans a phenolic
ant i oxi danl yhAPKzSTABnACeB0ctiidn3atdi sf2average particle size were

nmet hyl - - 4- - hydr oxy- 5-tert - butyl phenyl ) but ane) nmanufactured by 15 ASAHI
DENKA COneabTbeyl; tHbet eesmulDETRYenehosnaigutélile tontai ni ng anti oxi dant
(DLTP Yoshitom (dilauryl thiodipropionate) manufactured by YOSH TOM FI NE
CHEMXCALS LTD.); and the term "PTFE" neans pol ytetrafl uoroethyl ene
(POLYFLON_FA-500 manufactured by DAIKIN I NDUSTRIES, LTD.). 20 According to
Tabl e 3, (RRERRBNCENEXPMBLEL #hg graﬁ@raFéParGﬁnP§1MQ§g@6%bhﬁ&éﬂewth a

pol ycarbonate resin PC-1 (TARFLON FN-2200A manufactured by Idem tsu

Pet r ocheRPELF-C1LeB0 (58l d.) and an antidrippi ng agent or conpounded with

PC-2 (TARFLQY, FNLODOA remyl gty sg by, Jdert b Pl rochem cal,

reflux condenser, an inlet for introducing nitrogen gas, an
10 inlet for introducing additional monomers, and a thermometer
were fed 189 parts of pure water and 0.4 parts of sodium
dodecvylbenzenesulfonate (SDBS).
Next, the reaction mixture was heated to 70°C under a
nitrogen purge. An aqueous solution containing one part of
15 pure water and 0.02 parts of potassium persulfate (KPS) was
added to the reaction mixture. Subsequently, a mixture
containing 0.7 parts of styrene (St) and 1.3 pérts of butyl
methacrylate (BMA) was added to the reaction mixture in a
single operation, and then the resulting reaction mixture
20 was stirred for an hour to complete the polymerization.
Consequently, a latex containing a styrene-butyl
methacrylate (St-BMA) copolymer was prepared.
Polymerization conversion was 99%. The resulting latex had
a solid content of 1.0% and an average particle size of 0.04

25  pm.



25 Co., Ltd.) and the antidripping agent. - 33 The resulting conpounds
were kneaded at 270C with a tw n-screw extruder (TEX44SS manufactured by
The Japan Steel Wirks, LTD.) to produce pellets. The resulting pellets
were nolded with an injection nolding nmachi ne (FAS100B 5 manuf actured by
FANUC LTD) at a cylinder tenperature of 280C to form1l/8-inch |Izod

speci nens and 1/16-inch specinens for evaluating flanme retardancy. The
produced specinmens were eval uated act@® ding to the evaluation criteria
descri bed above. 10 Results are shown in table 3. a) LOLr)N[~ CT O EO
W cccoCDLLBNL CO a) xrOd) .00

Another mixture containing the following components was
agitated at 10,000 rpm for 5 minutes with a Homomixer to
prepare an emulsion containing components used to prepare

polyorganosiloxane.

5 Component content (part)
Pure water 70
Sodium dodecylbenzenesulfonate {(SDBS) 0.5
Octamethylcyclotetrasiloxane (D4) 95

y-methacryloyloxypropyldimethoxymethylsilane 3

10 Subsequently, the latex containing the S$t-BMA copolymer
was maintained at a temperature of 80°, and then one part
(solid content) of 10% dodecylbenzenesulfonic acid (DBSA)
aqueous solution was added to the latex. Next, the emulsion
containing the components used to prepare polyorganosiloxane

15 was added in a single operation. The resulting latex was
stirred for 6 hours, and then cooled to 25°C and left for 20
hours. After that, the pH of the latex was adjusted to 6.4
with sodium hydroxide to complete the polymerization.
Consequently, a latex containing polyorganosiloxane

20 particles (S-2) was prepared. Polymerization conversion and
an average particle size were measured. The results are
shown in table 1. The polyorganosiloxane particles in the
latex were composed of 98% of polyorganosiloxane and 2% of
St-BMA copolymer. The composition was calculated with the

25 fed amounts and the polymerization conversion.
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Table 1

Reference Reference
example 1 example 2

Polyorganosiloxane particles S-1 S-2

Polymerization conversion of 87 87
H o,
polyorganosiloxane component (%)

Average particle size (um) 0.14 0.17

(REFERENCE EXAMPLES 3 AND 4) Preparation of
polyorganosiloxane-containing graft copolymer (SG-1 AND SG-
2).

To a five-necked flask equipped with a stirrer, a
reflux condenser, an inlet for introducing nitrogen gas, an
inlet for introducing additional monomers, and a thermometer
were fed 300 parts of pure water (including water in the
latex containing polyorganosiloxane particles (S-1 OR S$-2)),
0.2 parts of sodium formaldehyde sulfoxylate (SFS), 0.01
parts of disodium ethylenediaminetetraacetate (EDTA), 0.0025
parts of iron (II) sulfate, and 75 parts (solid content)} of
the latex containing the polyorganosiloxane particles (S-1
or 5-2). While the resulting mixture was being stirred, the
temperature of the mixture was increased to 60°C under a
nitrogen flow. After the temperature reached 60°C, a
mixture of a monomer (a-2-1) and a radical polymerization
initiator shown in Table 2 was added in an amount shown in
Table 2 in a single operation. The resulting mixture was

stirred at 60°C for an hour, and then a monomer (a-2-2)

Z
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shown in Table 2 was further added dropwise over a period of
three hours. After finishing the dropwise addition, the
resulting mixture was stirred for an hour to prepare a
graft-copclymer latex.

Subsequently, the resulting latex was diluted with pure
water to adjust the solid content to 15%, and then two parts
(solid content) of 10% calcium chloride aqueous solution was
added, thus resulting in a coagulated slurry. The resulting
coagulated slurry was heated to 80°C and cooled to 50°C,
followed by dehydration and drying, thus resulting in a
powdered polyorganosiloxane graft copolymexr (SG-1 or SG-2).
Table 2 shows polymerization conversions.

In Table 2, the abbreviations "AIMA", "MMA", and "CHP"
represent an allyl methacrylate monomer, a methyl
methacrylate monomer, and cumene hydroperoxide (radical
polymerization initiator), respectively. The term "polymer
SP" means a solubility parameter of a polymer prepared by

polymerizing a vinyl monomer (a—-2-2).
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Table 2
Reference Reference
example 3 example 4
Polyorganosiloxane S-1 75 -
particles (part) S-2 - 80
Vinyl monomer AIMA 3 -
(a-2-1) (part) CHP 0.01 -
Vinyl monomer MMA 22 20
(a-2-2) (part) CHP 0.04 0.04
532,’;2:1’;)%5) 9.25 9.25
Polymerization conversion 99% 99%
Graft copolymer SG-1 SG-2

10

15

(REFERENCE EXAMPLES 5 AND 6}

1* and SG-2'").

Polymers were prepared for differential thermal

analysis (DTA)

as in Reference Examples 3 and 4,

Preparation of copolymer

(SG~-

except that

0.5 parts of sodium dodecylbenzenesulfonate was used in each

of Reference Examples 3 and 4 instead of the

polyorganosiloxane particles

(a-2-1)

differential thermal analysis

absence of antioxidants.

4.

(EXAMPLES 1 TO 4 AND COMPARATIVE EXAMPLES 1 TO 4)

was not polymerized.

(DTA)

(S-1 and S5-2),

flame retardancy to polycarbonate resin.

According to the compositions shown in Table 3,

and the monomer

the polyorganosiloxane-containing graft copolymer

in the presence or

Results are shown in tables 3 and

The polymers were subjected to

Imparting

each of
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compositions (SG-1 and SG-2) prepared in Reference Examples
3 and 4 and at least one antioxidant were mixed to produce a
flame retardant composed of the polyorganosiloxane-
containing graft copolymer composition of the present
invention. The term "PEP36" means a phosphorus-based
antioxidant (ADK STAB PEP36 (cyclic
necpentanetetraylbis (2, 6-di-tert-butyl-4-
methylphenyl)phosphite) manufactured by ASAHI DENKA CO.,
ILTD.); the term "AO-20" means a phenolic antioxidant having
the structure represented by chemical formula (1) (ADK STAB
AO-20 (tris(3,5-di-tert-butyl-4-hydroxybenzyl isocyanurate)
manufactured by ASAHI DENKA CO., LTD.); the term "AO-30"
means a phenolic antioxidant ({(ADK STAB AC-30 (1,1,3-tris(2-
methyl-4-hydroxy~5-tert-butylphenyl)butane) manufactured by
ASAHI DENKA CO., LTD.}; the term "DLTP" means a sulfur-
containing antioxidant (DLTP Yoshitomi (dilauryl
thiodipropionate) manufactured by YOSHITOMI FINE CHEMICALS
LTD.); and the term "PTFE" means polytetrafluoroethylene
(POLYFLON FA-500 manufactured by DAIKIN INDUSTRIES, LTD.).
According to Table 3, each of the resulting flame
retardants was compounded with a polycarbonate resin PC-1
(TARFLON FN-2200A manufactured by Idemitsu Petrochemical,
Co., Ltd.) and an antidripping agent or compounded with PC-2
(TARFLON FN1900A manufactured by JIdemitsu Petrochemical,

Co., Ltd.) and the antidripping agent.



EL22 E LC~. coOOL)LOaE OLCO Mma) H- 35 Table 3 shows that
each of the graft copolynmer conpositions of the present invention
significantly inproves a balance between flane retardancy and i npact

resi stance of the correspondi ng pol ycarbonate resin. 5 (EXAMPLES 5 TO 8
AND COVPARATI VE EXAVMPLES 5 TO 7) Inparting flame retardancy to

pol ycar bonat e/ pol y(et hyl ene terephthal ate) m xed resin. According to
conposi ti ons shown in Table 4, each-of3the 10

pol yor ganosi | oxane-cont ai ni ng graft copol ynmer conpositions (SG 1 and SG 2)
prepared in Reference Exanples 3 and 4 and at |east one antioxi dant were
m xed to produge @dllaig compounds were kneaded at 270°C with a

twin-screw extruder {(TEX443S manufactured by The Japan Steel
Works, LTD.) to produce pellets. The resulting pellets were
molded with an injection molding machine (FAS100R

5 manufactured by FANUC LTD) at a cylinder temperature of
280°C to form 1/8-inch Izod specimens and 1/16-inch
specimens for evaluating flame retardancy. The produced
specimens were evaluated according to the evaluation
criteria described above.

10 Results are shown in table 3.



retardant conposed of the pol yorganosil oxane-containing graft copolyner

conposition of the present invention. 15 According to Table 4, each of the
resulting flane retardants—was—conpoyndeg—wthPS+—a—paby{ethyl ene
terephthal ate) (PET)| resin (BELLPET: BFG 70 manufactured hyg Kanebo Gohsen,
ltd.), and an antidr|i pging, agent. Each of [the rlesifti n$ccnﬁour}ds was
kneaded at 270C | 20 |w a twin-screw lextnuder ( TeX44S man@f actured by The
Japan Steel Works,| UTD. ] to produce pellets. The resulting opellets were
mol ded wi t h an i plegtH-ef—relding—rrachine {FASI00Bmanufactured—by FANUC
LTD) at a cylindgs| |tenmperatyre of 260C t¢ form 1/8-jnch ||z&l|speci nens and
25 1/12-inch spe:ﬁr@g, or, evallyating,|flare ret ar@n :y.gfl’he% 3§ pr oduced
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Table 3 shows that each of the graft copolymer
compositions of the present invention significantly improves
a balance between flame retardancy and impact resistance of

the corresponding polycarbonate resin.

(EXAMPLES 5 TO 8 AND COMPARATIVE EXAMPLES 5 TO 7) Imparting
flame retardancy to polycarbonate/poly{ethylene
terephthalate) mixed resin.

According to compositions shown in Table 4, each of the
polyorganosiloxane-containing graft copolymer compositions
(SG-1 and SG-2) prepared in Reference Examples 3 and 4 and
at least one antioxidant were mixed to produce a flame
retardant composed of the polyorganosiloxane-containing
graft copolymer composition of the present invention.

According to Table 4, each of the resulting flame
retardants was compounded with PC-1, a poly{ethylene
terephthalate) (PET) resin (BELLPET: EFG-70 manufactured by
Kanebo Gohsen, ltd.), and an antidripping agent.

Each of the resulting compounds was kneaded at 270°C
with a twin-screw extruder (TEX44SS manufactured by The
Japan Steel Works, LTD.) to produce pellets. The resulting
pellets were molded with an injection molding machine
(FAS100B manufactured by FANUC LTD) at a cylinder
temperature of 260°C to form 1/8-inch Izod specimens and

1/12-inch specimens for evaluating flame retardancy. The
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produced specimens were evaluated according to the
evaluation criteria.

Results are shown in table 4.
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Table 4 shows that each of the graft copolymer
compositions of the present invention significantly improves
a balance between flame retardancy and impact resistance of
the corresponding polycarbonate/poly(ethylene terephthalate)

5 resin.

Industrial Applicability
The present invention provides a flame retardant that

can be added to a thermoplastic resin composition with an
10 excellent balance between flame retardancy and impact

resistance. Furthermore, a flame-retardant resin

compesition containing the flame retardant and having an

excellent balance between flame retardancy and impact

resistance can be prepared.

15



conpositions of the present invention significantly inproves a bal ance
between flanme retardancy and inpact resistance of the corresponding

pol ycar bonat e/ pol y(et hyl ene terephthalate) 5 resin. Industrial
Applicability The present invention provides a flane retardant that can be
added to a thernoplastic resin conposition with an 10 excellent bal ance
between flanme retardancy and i npact resistance. Furthernore, a
flane-retardant resin conposition comPaining the flame retardant and
having an excell ent bal ance between fl ane retardancy and i npact

resi stance can be prepared. 15 - 39 CLAIMS 1. A

pol yor ganosi | oxane-cont ai ni ng graft cggpaelgyner conposition conprising: 5 a
pol yor ganosi | oxane-cont ai ni ng graft copolyner (A) prepared by pol ynerizing
5to 60 parts by weight of a vinyl nononer (a-2) in the presence of 40 to
95 parts by weight of polyorganosil oxane particles (a-1) (the sumof (a-1)
and (a- 2)1lis AOPopgrtrgabysneoghhp:-cantdadniagt gextftdantpOBymet0 2. The

pol yor ganosi | oxane-cont ai ni ng graft copol yner conposition according to

d ai m 1, cenppeiihithecoppkyeiganosi | oxane particles (a-1) have a vol une
average particle size of 0.008 to 0.6 m 15 3. The

pol yor ganosi | dxamkey o e s hex el corbpbl mergrebhposbelwrerctdr ding to
Claim1l or 2, wherein a polyner

prepared by polymerizing 5 to 60 parts by weight of a vinyl
monomer (a-2) in the presence of 40 to 95 parts by weight of
polyorganosiloxane particles (a-1) (the sum of (a-1) and (a-
2) 1is 100 parts by weight); and an antioxidant (B).
10
2. The polyorganosiloxane-containing graft copolymer
composition according to Claim 1, wherein the
polyorganosiloxane particles (a-1) have a volume average
particle size of 0.008 to 0.6 um.
15
3. The polyorganosiloxane-containing graft copolymer
composition according to Claim 1 or 2, wherein a polymer
prepared by polymerizing the vinyl monomer (a-2) alone has a
solubility parameter of 9.15 to 10.15 (cal/ecm®)/2.
20
4. The polyorganosiloxane-containing graft copolymer
composition according to any one of Claims 1 to 3, wherein
the polyorganosiloxane particles (a-1) are in the form of
latex.

25



prepared by polynerizing the vinyl nononmer (a-2) alone has a solubility
paraneter of 9.15 to 10.15 (cal/cnB)112. 20 4. The

pol yor ganosi | oxane-cont ai ni ng graft copol yner conposition according to any
one of Clainms 1 to 3, wherein the polyorganosil oxane particles (a-1) are
in the formof latex. 25 - 40 5. The pol yorganosi | oxane-contai ning graft
copol yner conposition according to any one of Clains 1 to 4, wherein the
vinyl nononer (a-2) is at |east one-sdlected fromthe group consisting of
an aromatic vinyl nonomer, an vinyl 5 cyanide nononer, a (neth)acrylate
nononer, and a carboxyl - group-containing vinyl nonomer. 6. The

p0|y0rgan0§l|Oxﬁ@epéQQBﬁthaglQbﬁéheceaﬁkﬁﬂﬁingceﬂﬁﬁﬁ'EbBBl gerding to any
one of Clainms 1 to wherein 10 the antioxidant "(B) is a phosphorus-based

ant|OX|daampaglaloﬁl5bubgd@ﬁgatolga§toh@00§ntuaxmdamtt@oaponﬁekéln7 The
pol yor ganosi | oxane-cont ai ni ng graft copol ynmer conposition according to any

one of Cthensitytombnomber ¢an2i5ishatanthaexi dast seBrctadarpbut uhe of at

| east two antioxidant conponents. 8. The pol yorganosi | oxane-cont ai ni ng
graft copobypeconebapdspgt bbnancevodangct oiftyai moAomaher ehnvihelant i oxi dant
20 (B) contains at |east one conpound having a structure represented by

t he fool | opngdehwaneonakri oamiinatilpcrplatel mouobmer, 4fd §lyarboxyl-

group-containing vinyl monomer.

6. The polyorganosiloxane-containing graft copolymer
composition according to any one of Claims 1 to 5, wherein
10 the antioxidant (B} is a phosphorus-based antioxidant or a

mixture of at least two antioxidant components.

7. The polyorganosiloxane-containing graft copolymer
composition according to any one of Claims 1 to 5, wherein
15 the antioxidant (B) is a mixture of at least two antioxidant

components.

8. The polyorganosiloxane-containing graft copolymer
composition according to Claim 7, wherein the antioxidant
20 (B) contains at least one compound having a structure
represented by the following chemical formula (1) in

molecule:



9. The pol yorganosi | oxane-contai ning graft copol yner conposition according
to daim8, wherein the antioxidant 5 (B) further contains a phenolic
antioxidant. 10. The pol yorganosi | oxane-cont ai ni ng graft copol yner
conposition according to Claim8, wherein the antioxidant (B) further
contains a sul fur-containing antioxidant. 10 11. The

pol yor ganosi | oxane-contai ning graft copol ynmer conposition according to
Caim1, wherein the antioxidant (B) 4ls-such an antioxi dant that, when 0.5
parts by weight of the antioxidant is kneade with 100 parts by weight of a
15 polyner, which is prepared by polynerizing only the vinyl nonomer (a-2)
(excluding a nultifunctional nononer) of the polyorganosil oxane-contai ni ng
graft copolyner (A), at 230 for mngyes to prepare a resin conposition,
this resin conposition exhibi¥jg~a tee@nposition tenperature at |east 20 5C
hi gher than the deconposition tenperature of t(ti? pol ymer al one, the
deconposition tenperatures bei det &NNm ned at - 42 heating rate of

10C/ mn by differential thermngl aﬁ@rysi\s. 12. A flane retardant conpri sing
t he pol yorganosi | oxane- contai nindlgraft copol yner conposition according to
any one 5 of Cains 1 to 11. 13. flame-retardant resin conposition
prepared by conpounding 100 parts by wei ght of thernoplastic resin and
0.1 to 30 parts by weight of the flane retardant according 10 to Claim 12.

8. The polyorganosiloxane-containing graft copolymer
composition according to Claim 8, wherein the antioxidant

5 (B) further contains a phenolic antioxidant.

10. The polyorganosiloxane-containing graft copolymer
composition according to Claim 8, wherein the antioxidant
(B} further contains a sulfur-containing antioxidant.
10
11. The polyorganosiloxane-containing graft copolymer
composition according to Claim 1, wherein the antioxidant
(B} is such an antioxidant that, when 0.5 parts by weight of
the antioxidant is kneade with 100 parts by weight of a
15 polymer, which is prepared by polymerizing only the wvinyl
monomer {(a-2) (excluding a multifunctional monomer) of the
polyorgancsiloxane~containing graft copolymer (A}, at 230°C
for 3 minutes to prepare a resin compcsition, this resin
composition exhibits a decomposition temperature at least
20 5°C higher than the decomposition temperature of the polymer

alone, the decomposition temperatures being determined at a
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heating rate of 10°C/min by differential thermal analysis.

12. A flame retardant comprising the polyorganosiloxane-
containing graft copolymer composition according to any one

of Claims 1 to 11.

13. A flame-retardant resin composition prepared by
compounding 100 parts by weight of thermoplastic resin and
0.1 to 30 parts by weight of the flame retardant according

to Claim 12.



