22 August 2006 - 1 DESCRIPTION POLYORGANOSI LOXANE- CONTAI NI NG GRAFT
COPOLYMER COMPOSI TION  Techni cal Field The present i nvent?2digugh 2908s to a
pol yor ganosi | oxane- containing graft copol ymer conposition, a flane
retardant conposed of the pol yorganosil oxane-containing graft copolyner
conposition, and a flame-retardant resin conposition containing the

pol yor ganosi | oxane-containing graft copol yner conposition. Background Art
Pol ycarbonat e resi ns have excel |l ent inpact resistance, high heat

resi stance, outstanding electric chardcferistics, and the like, and have

t hus been used in electrical and electronic conponents, office automation
(GA) equipnment, household itens, and building materials. The pol ycarbonate
resins have high flane retardancpEsorparednwi th pol ystyrene resins. Higher
flame retardancy has been required for sone fields, mainly electrical and
el ect r oni EOBYABEANAESLOXANEORONEZINDNENGRARE COOHONEMER threpdd areoy et ar dancy
of the polycarbonate resins has been inproved by adding various flane

r et ar damktshnfer1exagplje, or ganohal ogen conmpounds and or ganophosphorus
conpounds have been w dely used as additives. However, nost of the

or ganohal ogehhe oppeseds andeRPiduguslald96to 22 polyorganosiloxane-

containing graft copolymer composition, a flame retardant
composed of the polyorganosiloxane-containing graft
copolymer composition, and a flame-retardant resin
composition containing the polyorganosiloxane~containing

. graft copolymer composition.

Background Art
Polycarbonate resins have excellent impact resistance,
high heat resistance, outstanding electric characteristics,
... and the like, 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 flamerretardancy has been required for some
fields, mainly electrical and electronic components; and OA
equipment. Accerdingly, the flame retardancy of the
polycarbonate resins has been improved by adding wvarious
flame retardants. For example, organohalogen éompounds and
organophosphorus compounds have been widely used as

additives. However, most of the organohalogen compounds and




organophosphorus conpounds are toxic. A further disadvantage is the
generation of corrosive gases when burning the organohalZddegugid¥dbunds.
For these reasons, there have recently been grow ng denands for flane
retardancy achi eved by addi ng hal ogen- and/ or phosphorus- free flanme
retardants. The use of pol yorganosil oxane conpounds (al so called
"silicone") as hal ogen- and phosphorus-free flane retardants is proposed.
For exanpl e, Japanese Unexam ned Patent Application Publication No.

54- 36365 di scl oses a silicone resinr @orposed of pol ynonoor ganosil oxane
that is mxed with non-silicone polyner to produce a flane retardant
resin. Japanese Exam ned Patent Application Publication No. 3- 48947

di50'Os%ﬁg%n@bﬁdgﬁ%dguéiéﬂﬂédﬂﬂ&% Lesi [ 3N ?ggk%h§% %&ﬁ-earth metal salt

that provides flane-retar cy to a thernop icr Japanese

Lnexam aa@aBabanhoPpld ad onRiBlticAl ban Morodvhl 3iag digeloses a method
y al

for preparing a flame-retardant resin conposition spersing a silicone

resin i Bu@nangt REMURSIIHR 1R coliB8 udldlsl. CORS I 5.l .0ei oduced by
m xi ng 100 parts by wei ght of@%blggrgaﬁosfloxane %ﬁ%ﬁelggggOH%SO parts by

wei ght aheaeshhivea riiddrly barangsewingX agiaadPabent1ApR! i cation
Publ i cati on No. 10- 139964 di scloses that a silicone resin, which is

sol ubl ereitardasolyvenhisveédhay adagehghhadvgeade anBl/eeUbRbshRbSNE-of 22
August 2006 3

free flame retardants.

The use of polyorganosiloxane compounds (also called
"silicone™) as halogen- and phosphorus-free flame retardants
is proposed. For example, Japanese Unexamined Patent
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
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
.thermoplastic resin, the silicone resin being produced by
miging 100 parts by weight of polyorganosiloxane with 10 to
150 parts by weight of a silica filler.

Japanese Unexamined Patent Application Pubiication Ng.

10-139964 discloses that a silicone resin, which is scluble

in a solvent and has a weight average molecular weight of




10,000 to 270,000, is added to a non-silicone resin having aromatic rings
to produce a flame-retardant resin conposition. However 22tAugusti2006one
resins disclosed in these Patent Publications have an unsatisfactory
effect of inparting flanme retardancy to the resin conpositions. Further
addition of the silicone resin to conpensate for this effect inpairs the
i npact resistance of the resulting resin conposition. Hence, it is
difficult to produce a flanme- retardant resin conposition with a bal ance
between the flane retardancy and the3i mpact resistance. Japanese

Unexam ned Patent Application Publication No. 2000-17029 discloses that a
conposite-rubber flane retardant that is prepared by graft-polynerizing a

vinyl nmbApfBO to QTOCOHDQSﬁkeaauabetocaﬁaaﬁeéiQEcBHEYQégéﬂoﬁgbﬁﬁgne rubber
and poly(al kyl (nmeth)acrylate) rubber is conpounded to a thernopFastic

resin tarpmepaceranfjsanwe- pevdudant FeanB-re@RRPAShti pAsidapanese Unexani ned
Patent Application Publication No. 2000-226420 discloses that a
pol yor gapoePEokane.fl anme retardant that is prepared by graft-polynerizng a
vinyl nonomer to conposite particles conposed of a vinyl polyner and
pol yor ganosiHeoxerer hattiegs Briomaté crep tupsdisctosepundeathe 0 muitdrer nopl astic
resin to prepare a flane-retardant resin conposition. 22 August 2006 4
Publications have an unsatisfactory effect of imparting
flame retardancy to the resin compositions. Further
addition of the silicone resin to compensate for this effect
impairs the impact resistance of the resulting resin
composition. Hence, it is difficult to produce a flame-—
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
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.
2000-226420 discloses that a polyorganosiloxane 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

composition.




Japanese Unexam ned Patent Application Publication No. 2000-264935

di scl oses that a pol yorganosil oxane-containing graft copgdlAngest208at is
prepared by graft-polynerizing a vinyl nonomer to pol yorganosil oxane
particles having a 31 diameter of 0.2 pmor less is conpounded to a
thernoplastic resin to prepare a flame-retardant resin conposition. Al the
flame-retardant resin conpositions disclosed in Japanese Unexam ned Patent
Application Publication Nos. 2000-17029, 2000-226420, and 2000- 264935 have
sufficient inpact resistance but uﬁSétFSfactory flame retardancy- Hence,

t hese conpositions have an inbal ance between the flame retardancy and the
i npact resistance. Disclosure of Invention Disclosed hereinis a

pol yor ganosiJapanrse dinestanined geat éntopppyien te oRPOGLE i 03 tWi s ygan be
used as_a hal ogen- and phosphorus-free flane retardant and whi ch has

i mpr ovetP 091262938t di sahegeanthatipac polymirsfaaed 1 oadathd-@ Y fieng
flame-retardant resin conposition conposed of the graft copol yner
conposiFFdfE FRPAbReY thakl enprépamed: byagtarfty podytheltiigh igmact

resi stance.. The inventors have conducted extensive studies in order to
sol ve HO%hJWRNIRE T DRPIroryanesidotaheupdrtliaies hapdeid i

pol yor ganosi | oxane- cont ai ni ng graft copol ynmer 22 August 2006 conposition
has i n%ﬁf\?ﬁf‘?lf e ¢t d'F‘HeﬁTcgl%ﬁﬁ } apaerppysidstiahoeaahlecanpia ctapounded

W th aéegeirnmtpcl a;?rteizpcarreesa{ nflame—ret i iti
ardant resin composition.
All the flame-retardant resin compositions disclosed in
Japanese Unexamined Patent Application Publication Nos.
2000-17029, 2000-226420, and 2000-264935 have sufficient
impact resistance but unsatisfactory flame retardancy.

Hence, these compositions have an imbalance between the

flame retardancy and the impact resistance.

Disclosure of Invention

Disclosed herein is a polyorganosiloxaneucontaining
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 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, andrfound that ar

specific polyorganosiloxane-containing graft copolymer




to prepare a flame-retardant resin conposition having excellent flane
retardancy and hi gh i npact resistance. These findings hadeiugast 2080t he
conpletion of the present invention. That is, according to a first aspect
of the present invention, there is provided a
“pol yorganosi | oxane-containing graft copol yner conposition conprising a
pol yor ganosi | oxane- contai ning graft copolyner (A) prepared by polynerizing
5to 60 parts by weight of a vinyl ngﬂoner (a-2) in the presence of 40 to
95 parts by weight of polyorganosil oxahe particles (a-1) (the sumof (a-1)
and (a-2) is 100 parts by weight); and an antioxidant (B). According to
one enbodi nent, the polyorganosiloxane particles (a-1) may have a vol une
aver age CREPEISLE 08 hasofimpFodesl tfd aineb rraALGRfid1H i@t her enbodi nent ,
a polynmer prepared by polynerizing the vinyl nononer (a-2) alone may have
a sol uBPPrEYFapsranBreranf be. tompout@leth wWitdl /a he fiip]l 24 AUGMSE 112006 6
According to a further enbodi nent, the polyorganosiloxane particles (a-1)
may be Fg PREPPEEnRof lamgrestandeoitdines itno cpatpos ifturdrherawirhpdi ment, t he
vinyl nononer (a-2) nmay be at |east one selected fromthe group
consi st TRhgS01©8h Alema: Freterdsncioandehichn ivipagt cyaristandgmnoner, a

nmet h | at e, oner, and_a carboxyl - group-
( )afﬁgse §1g89ngs have led to thg c%mplgtion of the present

invention.

That is, according to a first aspect of the preseﬁt
invention, there is provided a polyorganosiloxane-containing
graft copolymer composition comprising a polyorganosiloxane-
containing graft copolymer (A) 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) is 100 parts by weight) ;
and an antioxidant (B).

According to one embodiment, the polyorganosiloxane
particles (a-1) may have a volume average particle size of
0.008 to 0.6 um.

According to another embodiment, a polymer prepared Qy
polymerizing the vinyl monomer (a-2) alone may have a

solubility parameter of 9.15 to 10.15 (cal/cm®) /2.




cont ai ni ng vinyl nmononer. According to an enbodi nent, the antioxi dant (B)
may be a phosphorus-based antioxidant or a mixture of at22lAusmst

ant i oxi dant conponents. Accordlng t o anot her enbodi nent, the anti oxi dant
(B) may be a mxture of at |east two anti oxi dant conponents. According to
yet anot her enbodi ment, 22 August 2006- 7 the antioxidant (B) may contain
at | east one conpound having a structure represented by the follow ng
chemcal formula (1) in nolecule: 0-~ "C~ NNc~-N N1 .0 According to a
further enb®AFPERINTthe AnfvskheEnep®imemy, fUreher contain a phenolic
ant|OX|dg¥ Accor et a further enbodinment, the antioxidant (B)

may coRt ﬂr%aﬁﬁ?} ?xgﬁﬁt% RHhglant (Bxt HaPryY DR chR dFig FRrTarf her

enbodi 22 August 2006 present invention, the antioxidant (B) can be
such an an¥|oxidant that, when 0.5 parts by meight of the antioxidant is

kneaded, e 00yt 30 DYoL Ol O e HOLYIBE,: WALED Lo pyopared b7
NONOMBgYn Shet Na-2) may be 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 an embodiment, the antioxidant (B) may be
a phosphorus-based antioxidant or a mixture of at least two
antioxidant components.
According to another embodiment, the antioxidant (B)

may be a mixture of at least two antioxidant components.

According to yet another embodiment,




poI yor ganosi | oxane-contai ning graft copolymer (A), at 230' C for 3 mnutes
to prepare a resin conposition, this resin conposition eXHiugusis2096
deconposition tenperature at |east .5*C higher than the deconposition
tenperature of the polyner alone, the deconposition tenperatures being
determned at a heating rate of X*T/+n by differential thermal analysis.
According to a second aspect of the present invention, -there is provided a
fl ame retardant conpr|3|ng t he pol yorganosil oxane-containing graft

copol Y1 aYmsosidanh 68 TeRy icritabovat Jedshnene ezemplimd rleayihng
conposi tion nay be prepared by m Xi nig 100 parts by weight of thernoplastic
resi n WTHHE TG orRor 361 e h P it @Jﬁl@wm@wu@hrmuh@ defined in
the first aspect. The present invention will be described in detail below.
Det ai | @d BTsAVLFEIDF the | nvention 22 August 2006 9 A

pol yor ganosi | oxane-cont ai ni ng graft copol yner conposition of the present

i nvention conprises a polyorganosil oxane-containing graft copol ynmer (A
produced by polymerizing 5 to 60} parts by weight of a vinyl nononmer (a-2)
in the presence of 40 to 95 art by ght of pol yorganosi | oxane
particles (a-1) (the sum of a@ﬁ is 100 parts by weight); and
an antioxidant (B). The polyorganosu oxane p?rtlcles (a-1) preferably have

-~ ‘13’
O

According to a further embodiment, the antioxidant (B)
- may further contain a phenolic antioxidant.
According to yet a further embodiment, the antioxidant
(B) may contain a sulfur-containing antioxidant.

According to another embodiment,




a volunme average particle size of at |least 0.008 pm nore lgreferably at
least 0.01 M and nost preferably at least 0.1 timand g AWM nore
preferably up to 0.38 pm and nost preferably up to 0.25 pm The vol une
average particle size is determned by a light scattering nethod or

el ectron mcroscopic observation. It tends to be difficult to produce

pol yor ganosi | oxane particles having a vol une average particle size of |ess
than 0.008 Wh. Wen the polyorganogj@o&ane particles have a vol une average
particle size of nore than 0.6 [un, it tends to deteriorate flane
retardancy. The "pol yorganosi | oxane particles (a-1)" according to the
present _inventiaqgn include not only particles conposed of

pol yor gBA6SFPGx dRTeRtdRE, Bhe ansdopddant] d8)carpoded saf=h medi fi ed

PoLYOr SSHOSLORNE SUNEI DLEA L0, 8 percent by el aht of other
e L R A A ]
o e T RS bt S BASED o e B e pngi ocons.
el yorcansal o hebart et QRO 1 HRES TG ESRAT mehand o othe o T
polyorganosiloxane—containing graft copolymer (A), at 230°C
for 3 minutes to prepare a resin composition, this resin
composition exhibits a decomposition temperature at least
-5°C higher than the decomposition temperature of the polymer
alone, the decomposition temperatures being determined at a
_heating rate of 10°C/min by differential thermal analysis.
According to a second aspect of the present invention,
there is provided a flame retardant comprising the
polyorganosiloxane—containing graft copolymer composition as
defined above.
A flame-retardant resin composition may be prepared by
mixing 100 parts by weight of thermoplastic resin with 0.1
to 30 parts by weight of the flame retardant as defined in

the first aspect.

The present invention will be described in detail

below.

Detailed Disclosure of the Invention




conbi nati on. The pol yorganosi |l oxane particles (a-1) can be prepared by

pol ynmerizing, for exanple, (1) an organosiloxane; (2) a %iAugveti08Aal

sil ane conmpound; (3) an organosiloxane and a bifunctional silane compound;
(4) an organosil oxane and a silane conmpound having a pol ynerizabl e vinyl
group; (5) a bifunctional silane conpound and a silane conpound having a
pol yneri zabl e vinyl group; or (6) an organosiloxane, a bifunctional silane
~conpound, and a silane conpound having a polynerizable vinyl group. A

sil ane compound having a functionalti ty of three or nore may be further
added. The pol yorganosi | oxane particles (a-1) are preferably prepared by
enul si on pol yneri zation of the conponents such as the organosil oxane, the

- bi functi onal AspbapergampeindxahBeconthaAe¢ng0§PREPd-HaYt fd-1-he pol yrmeri zabl e
vinyl group, and the optional silane conpdound having a tunctionality of

three oromparseti2d Afgutie 2006 enthd remtSiodn cBRbYBELZat i on can be
performed by emul sifying and di spersing the conponents used to prepare

poIyorgand@dngammsﬁMMXanﬁﬂmmnﬂ&ﬂhhn@ng&ﬁ&kaBE@&yﬁEr TR¢hgpbaakeghearing
and acidified. Wien the emulsified droplets having a dianeter of several
m cr ometdyr podymesrieingr & proodiic ed rdur biygweeghanbeahk Smﬁ?liﬂ@noﬁéﬁ vol urre
average particle size of the polyorganosiloxane particles (a-1) can be
~control {&d2k &R Aheheregegeeof0402tbo 96. papnsdbpendigat op the amount of
the enul sifier used.

. polyorganosiloxane particles {a-1) (the sum of (a-1) and (a-

2) is 100 parts by weight); and an antioxidant (B).

The polyorganosiloxane particles (a-1) preferably have

a volume average particle size of at least 0.008 jm, more
preferably at least 0.01 pm, and most preferably at least

0.1 pm 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

produce polyorganosiloxane particles having a volume average
particle size of less than 0.008 um. When the

polyorganosiloxane particles have a volume average particle

size of more than 0.6 pm, it tends to deteriorate flame
retardancy.

The "polyorganosiloxane particles {(a-1)" according to

the present invention include not only particles composed of
polyorganosiloxane alone, but also particles composed of
modified polyorganosiloxane containing up to 5 percent by

weight of other (co)polymer(s). That is, the

polyorganosiloxane particles may contain, for example, up to




A pol yorganosi | oxane-contai ning graft copolynmer (A) is prepared by graft
pol ynmeri zation of a vinyl nononer (a-2) in the presenceZ@f‘&ﬁ@iﬂﬁgulting
pol yor ganosi | oxane particles (a-1). In the polynerization of the vinyl
nmononmer (a-2) in the presence of the polyorganosil oxane particles (a-1),
part of the branch conponent of the graft copol yner (wherein branch
conponent neans pol yners generated fromthe vinyl nononer (a-2)) is not
grafted to the trunk conponent (polyorganosil oxane particles (a-1)) of the
graft copolynmer and is present as a ¥%ee polymer. Hence, a mixture of the
graft copolyner and the free polymer is produced during the graft

~copol ynerization. In the present invention, the "graft copolyner" includes
both thé graientopyl WaghaNGH i1 v (e yROLWIEN 2t EY€ and/or butyl

pol yor ganosi | oxane-cont ai ni ng graft copolyner (A) is prepareﬁ by

pol yner iazinyg ade -Iséysterfs, dupefiemabl ¥ nathkegsl y3¢qAnaust o28@6 12 15, and
nore preferably at |least 20 and up to 60, preferably up to 40, and nore

pr ef er apleytiples.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 andExappies9osf phef prabbygamos Dl @banangasoi el s eformbly up to 80
parts by weight of polyorganosiloxane particles (a-1), providing that the
sum of @aciypdgngofydijneithyleodlpaans pyrtielghi. Wien the amount of

pol yor ganosi | oxane particles (a- 1) is out of the range, it tends to

det eri oPgtlamethgprhenylsiloxane particles, and dimethylsiloxane-

diphenylsiloxane copolymer particles. The
polyorganosiloxane particles (a-1) may be used alone or in
combination.
The polyorganosiloxéne 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

. bifunctional 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.

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 functicnality of‘three

Oor more.




retardancy. Wen the anmount of vinyl nononmer (a-2) is out of the range, it
also tends to inpair flame retardancy. The vinyl nononmer 22aAuEusi200gsed for
preparing the polyorganosil oxane-containing graft copolymer (A and is

al so used for ensuring the conpatibility between the graft copolynmer and a
t hernopl astic resin in order to uniformy disperse the graft copolyner in
the thernoplastic resin when the graft copolynmer is conpounded with the
thernoplastic resin to inprove flanme_retardancy and inpact resistance. A
pol ymer prepared by polynerizing tﬁel@iﬁyl nononer (a-2) alone preferably
has a solubility paraneter of at least 9.15, nore preferably at |east

9.17, and nost preferably at least 9.20 and up to 10.15, nore preferably

up to 10. 10, Trendemurnsi orpres Byradd iz ati dio déh Qe (Sadfdrmadd bi2. Wen the
solubility paranmeter is out of the range, it tends to inpair flane

r et ar daemyl s 22y Augusthd 28D8pers 3y Bxlaapt @spohehbe Wéay | toOnmse (a- 2)

i nclude, for exanple, aromatic vinyl nononmers such as styrene, a-

met hyl segtemegaposbloyige yinne, wanelr pvbuit yhist gmehei £ien My cyani de nononer s
such as acrylonitrile and nethacrylonitrile; (nmeth)acrylic acid ester
nononerBecheniasl aeeayingcayd aelidifingd. acilydmtehe pnopdi ficrd/| at e, butyl
acrylate, 2-ethyl hexyl acrylate, glycidyl acrylate, hydroxyethyl acrylate,
hydr oxybiREl et rhpvieg setiymetemtdtfacigienal ridydmetsttmonyate; but yi

met hacryl at e, Iaurgl . .
are produced during mechanical shearing, the volume average

particle size of the polyorganosiloxane particles {(a-1) can
.be controlled within the range of 0.02 to 0.6 um depending
on the amount of the emulsifier used.

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). In the polymerization of the vinyl monomer (a-2) in
the presence of the polyorganosiloxaﬁe particles (a-1l), part
of the branch component of the graft copolymer (wherein
branch component means polymers generated from the vinyl
monomexr (a-2)) is 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
graft copolymer and the free ?olymer is produced during the
graft copolymerization. In the present invention, the
"graft copolymer" includes both the graft copolymer and the
free polymer.

The polyorganosiloxane-containing graft copolymer tA)

is prepared by polymerizing at least 5, preferably at least




met hacryl ate, glycidyl nethacrylate, and hydroxyethyl nethacrylate; and
car boxyl - gr oup- cont ai ni ng vinyl nmononers such as itaconi 2006
(meth)acrylic acid, fumaric acid, and nmaleic acid. The vinyl nonomer (a-2)
may include a nmultifunctional nononer having at | east two pol ynerizabl e
unsat urated bonds per nol ecule, if nece~ssary. Exanples of the

mul tifunctional nononers include allyl nethacrylate, triallyl cyanurate,
triallyl isocyanurate, diallyl phthalate, ethylene glycol dinethacrylate,
1, 3-butyl ene gl ycol dinethacrylate; Jhd divi nyl benzene. The vinyl nonomer
(a-2) may be used alone or in conbination. A nornmal seeded enul sion

pol ynmeri zation can be applied t-o the graft polynerization and can be

achi eved 5hy amadlinale pR@IFKIELLY AE 1 B8 SH BY 2ang r;o(é Qsz%&Sg of the
pol yor ganosi | oxane particles (a-1). The V|nyI oner 5¥ b4

pol ynmer upedtd @03 sindgherst ppeerhBnouab ab b@aghﬁc)@@bf%éyg 2006 14
steps. Wien the polynerization is performed through st tmn st eps,
‘the conpasiytli osicaiert fese) siapsharpreebncki Bt gd aadspaygbe the sane or
different. In view of the conpatibility to a thernoplastic resin, the

vi nyl npmeﬁemabdyZﬁtlieaete60edaﬁdchokbabréh@rﬁﬁlyba{|laaspaggngﬁgr of the
pol ymer prepared by polynerizing the vinyl nononmer (a-2) is in the

above- depckrbéd,r angéerahby radi tal 8pol smdr nzaei prefersioly | bpi tgdg@nd can

enploy a nethod for proceeding a reaction by therna
parts by weight of polyorganosiloxane particles (a-1},

‘providing that the sum of (a-1) and (a-2) is 100 parts by
weighf. When the amount of polyorganosiloxane particles (a-
1) is out of the range, it tends to deteriorate flame
retardancy. When the ambunt 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
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. 2

polymer prepared by polymerizing the vinyl monomer (a-2)
alone preferably has a solubility parameter of at least
9.15, more preferably at least 9.17, and most preferably at

least 9.20 and up to 10.15, more preferably up to 10.10, and

most preferably up to 10.05 (cal/cm®) 2. When the
solubility parameter is out of the range, it tends to impair

flame retardancy.




deconposition of a radical-polynerization initiator and a nethod for using
a reaction with a reducing agent in a redox system A grRafAugesid®0mer
prepared by emul sion polynerization may be used in the formof |atex or
may be isolated fromthe |[|atex and then used. A nethod for isolating the -
pol ymer includes, for exanple, the follow ng normal process: The latex is
coagul ated by adding a netal salt, for exanple, calciumchloride,
magnesi um chl ori de, or magnesium sulfate, and then the coagulant is
separ at ed, washed, dehydrated, and ~“dtfed. Furthernore, a spray drying
process can also be wused. In nolding a m xture produced by conmpoundi ng t he
pol yor ganosi | oxane-contai ning graft copolynmer (A) to a thernoplastic
resin, the aBkampledantf (Bheustdyl nmbhempresesnt2j MAeHth@d, CAG, SUPPr ess
t hermal degradati on of the polynmer 22 August 2006 15 constituting the
- graf t ed ezempdrenarofathie vpokyomgavesidsoxana- aensai,pkng, graft copol ymer and
can thus suppress a deterioration in flane retardancy of a final nolded
~pr oduct Methy lghyreredant meBhydbtyenp; esedt pirbueplsoprésepot  |imted and
preferably includes a phosphorus-based antioxidant and/or a m xture of at
| east t ¥éT¥ACY8Ridanienprergi suchbf asl anpeyletatdaheyandhe phosphor us- based
antioxidants may be used alone or in conbination. Wen at |east two

methacrylonitrile; (meth)acrylic acid.ester monomers such as

methyl acrylate, ethyl acrylate, propyl acrylate, butyl

acrylate, Z-ethylhexyl acrylate, glycidyl acrylate,

hydroxyethyl acrylate, hydroxybutyl acrylate, methyl

methacrylate, ethyl methacrylate, butyl methacrylate, lauryl

methacrylate, glycidyl methacrylate, and hydroxyethyl

methacrylate; and carboxyl-group-containing vinyl monomers

such as itaconic acid, (meth)acryiic acid, fumaric acid, and

maleic acid. The vinyl monomer (a-2) may include a

multifunctional monomer having at least two polymerizable

unsaturated bonds per molecule, if necessary. Examples of

the multifunctional monomers include allyl methacrylate,

triallyl cyanurate, triallyl isocyanurate, dialiyl

phthalate, ethylene glycol dimethacrylate, 1, 3-butylene

glycol dimethacrylate, and divinylbenzene. The vinyl

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—Z)

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




antioxi dants are used, a phosphorus-based anti oxi dant na% be wused as at
| east one conponent anong the antioxidants or need not. ?#UEH§289@sent
invention, for exanple, a phenolic antioxidant, a phosphorus-based
antioxidant, and a sul fur- containing antioxidant can be used as the
~anti oxi dants. Exanples of the phenolic antioxidants include 2,6-di-
tert-butyl-p-cresol, 4,4'-butylidenebis(Gtert-butyl-3- nethyl phenol),
2,2' -net hyl enebi s(4-net hyl -6-tert- butyl phenol),

2, 2" - met hyl enebi s(4- et hyl - 6-tert - but ylphenol ),
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 -

t er t - butsilepd-.hy thexy phenyolgmeiienation et pakicskBhh¥heBeyR- at
(3,5-di-tert-butyl -4-hydroxyphenyl ) propi onat el met hane, triethylene glycol
bi s[ 3- ( -<taertt thiot >sfte4>shyGt&my:o&rpdmtﬂibh@hanythéé@pheeggelare not
tris(3,5-di-tert-butyl-4 22 August 2006 - 16 hydroxybenzyl) isocyanurate,
and but ylindére: and- bay( e mbichywamé- lydlafyebehelt - but yl phenyl ). Exanpl es
of the phosphorus-based antioxidants include cyclic

neopent anet elRayiéws¢L, Bhei compatbuiyity-toret hytheahesyl 3 phios phid i,
tris(2,4-di-tert- butyl phenyl)phosphite, bis(2,6-di-tert-butyl-4-

net hyl pf&fy V}-paat Bepgihiri tek2phdsplsetlectadds@cR-that the solubility

met hyl enebi s(4, 6-di -te-rt-butyl phenyl)octyl phosphite. Exanples of the

sul f ur - PARERPRPRgCANENExPRANTIS L] Rekepdeed 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
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 isoclated from the
latex and then used. A method for isolating 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
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 éntioxidant (B) used in the pfeseﬁt

invention can suppress thermal degradation of the polymer




di l auryl thiodipropionate, distearyl thiodipropionate, dinyristyl

t hi odi propi onate, and ditridecyl thiodipropionate. An exX3npigestaf00an

ant i oxi dant having both properties of the phenolic antioxidant and the
sul fur-containing antioxidant includes, for exanple, 4,41-thiobis(Gtert-
but yl - 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 used, the use
of the antioxidant alone |eads to anllundesirable tendency to inpair flane
retardancy, while the use of the antioxidant in conbination can achieve
excellent flane retardancy. In particular, when a conpound having a

struct ueenstepuesapt edeby riebokbppbAgnehsm ¢ak formula (1) in 22 August
2006 17 molecule is used as one of the antioxidants, further 0 1l~c

excel | epblybgqanbeuabﬁan@yc@anaaaiaﬁhbeagé- coBb 1 PREFOL B cé(\ﬁ‘%‘}éi S
antioxidant is used together with the phenolic antioxidant and/or the

sul fur - soppaensng deteoibdastion fitr Ehencovtshangdheg &Fages{giardancy can be
exhi bi ted. Exanples of conpounds having such structure in nolecule
i ncl udemoidederpanyplief.tris(3,5-di-tert-butyl-4-

The antioxidant (B} of the present invention is not
limited and preferably includes a phosphorus-based
antioxidant and/or a mixture of at least two antioxidants in
view of flame retardancy. The phosphorus-based antioxidants
may be used alone or in combination. When at least two
antioxidants are used, a-phosphorus—based antioxidant may be
_used as at least one bomponent among the antioxidants or
need not.

In the present invention, for example, a phenolic
antioxidant, a phosphorus-based antioxidant, and a sulfur-
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-
l’)tltylphenol),r 2,2'—methylenebis(4—ethyl—6—tert—butylphenol),
2,6-di-tert-butyl-4-ethylphenol, 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)propionate]methane,
triethylene glycol 'bis[3-(3-tert-butyl-4-hydroxy-5- |

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




hydr oxybenzyl) isocyanurate. It is preferable to use the antioxidant that,
when 0.5 "part by weight of the antioxidant (B) (when theé2dhevehdl8ént is a
m xture of at |east two antioxidant conponents, the sum of the anti oxi dant
conponents is 0.5 part by weight. At |east 10 percent, preferably at |east
20 percent by weight of antioxidant conponent relative to the total anount
of the antioxidant is counted as one conponent) is kneaded with 100 parts
by wei ght of a polynmer, which is prepared by polynerizing only the vinyl
nononer (a-2) (excluding a mul ti f uhct% onal nononer) of the

pol yor ganosi | oxane 22 August 2006 18 containing graft copolyner (A), at
2300C for 3 mnutes to prepare a resin conposition, this resin conposition
exhi bi t dydacadgbenpedilt isoclyampenatyr anat buegst dehe-1pnehesably at | east
70C, nore preferably at | east 90C higher than the deconposition

t enper amgicbydf-4t-hydgokymer talrdrbutyiehedgtonposi ti on t enper at ures bei ng
determned at a heating rate of 10'C/ mn by differential thermal analysis.
The use of B¥amplésxedabieiphosphernse-bisad decoigosddnon 1wapedat ure of
at | east 50C higher than that of the polynmer alone can achieve further
excel | eR¥CiignBepEeaFaantgtradhisha, 6i-dyt tembnbukbyl€a-2) for the
preparation of the ?olyor anosi | oxane- containing graft copolymer (A) is
pol yner PERYLRP80YH) BhOSPRALE: t 515t @pd-dihéeanti oxi dant is conmpounded to a

m xture, of_pol rs. that are prepared b olymerizing only the vin
-butlehe g?)phosphite, isr()2,6-—di)—/tgrt-¥butyl—49 Y Y

-methylphenyl)pentaerythritol phosphite, and 2,2-
methylenebis (4, 6-di-tert-butylphenyl)octylphosphite.

Examples of the sulfur-containing antioxidants include
dilauryl thicdipropionate, distearyl thiodipropionate,
dimyristyl thiodipropionate, and ditridecyl
thiodipropionate.

An example of an antioxidant having both properties of
the phenolic antioxidant and the sulfur-containing
antioxidant includes, for example, 4,4'-thiobis(6-tert—
butyl-3-methylphenol}).

The use of a phosphorus-based antioxidant alone or in
combination can achieve excellent flame retardancy. When an
antioxidant other than the phosphorus-based antioxidant is
used; the use of the antioxidant alone leads to an
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




nononer (a-2) in each step, the mxture being in the sane ratio of the
pol ymers with the pol yorganosi| oxane-contai ning graft c@gdiughet200d). The
antioxidant (B) is used in an amobunt of 0.3 to 30 parts by weight in total
to 100 parts by weight of the polyorganosil oxane-containing graft

copolymer (A). The lower limt is preferably one, nore preferably two
parts by weight. The upper |limt is preferably 20, nore preferably 15
parts by weight. When the anount of antioxidant exceeds the upper limt, a
drip occurs at conbustion of a nol ded? product to inpair the flanme
retardancy. \Wien the anmount.of 22 August 2006 19 is less than the |ower
limt, the flame retaydancy is unsatisfactory. The antioxi dant and the

pol yor gadDsdh Dxae- €9t ah 81 8e 8Fathe CORPLYRBLaRAR, e PiXEd by the

foll owing various nethods: A nethod for mxing a pomﬂere or liquid
antioxidant into a powdered pol yorganosil oxane-containing graft copolyner;
in a step of manufacturing a powdered polyorganosil oxane-containing graft
copolymer, a nmethod for mixijhg a powdered, liquid, or enulsified
antioxidant into a pol@Qrga sitg@ane-containing graft copolyner in the
formof a slurry; a net “forQfxing a powdered, liquid, or enrulsified
antioxidant into a polyor nosiuoxane-cogi ining graft copolyner in the

- formof latex; and a net fq;blqixing gomdered, liquid, or enulsified
antioxi dant into \ﬁ%

excellent flame retardancy can be achieved. Furthermore,
when this antioxidant is used together with the phenolic
antioxidant and/or the sulfur-containing antioxidant,

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.

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 ﬁeight
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-




pol yor ganosi | oxane particles (a-1) in the formof latex or into a reaction
syst em duri ng pol ynerizaion to prepare the polyorganosi |28xEstcid®Rfai ni ng
graft copolymer in the formof |atex. The resulting

pol yor ganosi | oxane-contai ni ng graft copol ynmer conposition is conpounded to
various thernoplastic resins to prepare flanme-retardant resin conpositions
havi ng excellent flane retardancy and hi gh i npact resistance. Various

t hernopl astic resins can be used. A dEolycarbonate resin having a

pol ycarbonate content of at |east 500§ preferably at |east 70%is
preferably used in 22 August 2006 20 view of excellent flanme retardancy.
Exanpl es of the polycarbonate resins include, for exanple, polycarbonate

(in  parbnesliaingayesdti eopellymarbqngt ek @@ovéakaengtﬁéﬂagxg ter bl ends
such as a pol ycarbonat e/ pol y(et hyl ene terephthal ate) blen

poIycarbmaahebpalyebmhybempobetebhth%hﬁ%ekesahe@%ﬁp%31tlon exhibits
pol ycarbonate/ (acrylonitril e-styrene copol yner)

pol ycar bodatempbetiadpentespygranareopel 1eas) Ghcghprepastbpg! ystyrene (H PS)
resin) blend; a polycarbonate/(acrylonitrile-butadi ene rubber-styrene

copol ynéﬁéiS(iA'B@,r gsbrg teizirakal y pot yteabondl®/HiagHaer atdd idies but-adi ene
rubber-a- methyl styrene copol ymer) blend; a polycarbonate/(styrene-
butadleﬁ@c@ﬂhgéita@ﬁytgmperﬁterﬁ+pﬁehybnabéymedeadopelyﬁhe) bl end; and a

polycarbonate/(acrylonltrlIe acrylic rubber-
decomposition temperatures being determined at a heating

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
achieve further excellent flame retardancy. When the vinyl
monomer (a-2) for the preparation of the polyorgahosiloxane-
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
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
polyorganosiloxane-containing graft copolymer (A). The
lower limit is preferably one, more preferably twe parts by
weight. The upper limit is preferably 20, more preferably
15 parts by weight. When the amount of antioxidant exceeds
the upper limit, a drip occurs at combustion of a moldéd

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




styrene copol yner) (AAS resin) blend, which are preferable in view of
econony and a satisfactory bal ance between flanme retar d2ddypgasiddpact

resi stance. -The bl ends may be used in conbination. The anount added of the
flame retardant conposed of the polyorganosil oxane-containing graft

copol ymer conposition is 0.1 to 30 parts by weight to 100 parts by wei ght
of the thernoplastic resin in view of econony and a satisfactory bal ance
between flanme retardancy and i npact resistance. The lower limt is
preferably 0.5, nore preferably 1 partoss-by weight. The upper limt is
preferably 15, nore preferably 22 August 2006 21 10, nost preferably 5
parts by weight. A powdered flane retardant conposed of the

oLy or aanoebLexane £ont LD MG 4T Akl £ORRLY IEh COTPRST Lhop, and @

t hernoplastic resin can be m Xed using, Tor ex m xer or a

ri bbon F%@QQ@énéQdiéh@ﬂgﬁ@f@ﬁgét&f%gg, for exanple, a roll mll, an

extruder, or a kheader. At this ti typical additives, for exanple, an

‘anti oxi dant .71 AticAdLR HhAGeY ,p@r?gcg%/%ﬂ réglgag}sg_i%qﬁagiisrﬁnng | ame

retardant, a flame-retardant aid, an i nodi er, a

| ubri cagitafancebdI véol &in @@sm;a@a,%@ @ﬁ@@&ilo@iﬁ?svéif’&ﬂs fillers, and a
pol ymer lubricant, can be conpounded. Exanples of the antioxidants include
the sangettespousnettsod heoantioxidantpdRlerdd sHiBigGasg, the antioxidant
antioxidant into a powdered polyorganosiloxane-containing
graft copolymer; in a step of manufacturing a powdered
polyorganosiloxane-containing graft copolymer, a method for
mixing a powdered, liquid, or emulsified antioxidant into a
polyorganosiloxane-containing graft copolymer in the form of
a slurry; a method for mixing a powdered, ligquid, 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
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
copolymer composition is compounded to various thermoplastic
resins to prepare flame-retardant resin compositions having
excellent flame retardancy aﬁd high impact resistance.
Various thermoplastic resins can be used. A
polycarbonate resin having a polycarbonate content of at

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




conpounded can be mainly used for preventing the thermal degradation of a
t hernmopl astic resin. Exanpl es of the anti-dripping agent S2iAngusid®06f or |
exanpl e, fluorinated polyolefin resins such as pol ynonof | uoroet hyl ene,

pol ydi f | uoroet hyl ene, pol ytrifluoroethyl ene, polytetrafluoroethylene, and
pol yvi nyl i dene fluoride, which are preferable because of their high
anti-dripping effect. An exanple of the polyner processing aid is a

nmet hacryl ate (co)pol ymer such as net hyl nethacryl ate-butyl 22 August 2006
22 acryl ate copol yner. Exanples of tR#& impact nodifiers include, for
exanpl e, a butadi ene rubber-type inpact nodifier (nethyl

nmet hacr yl at e- but adi ene-styrene (MBS) resin), a butyl acrylate rubber-type

i npact e ber exaebubnt rashy! abehsihhegne BQERABLL €sf ! Hhler - cont ai ni ng
impact nodifier, an octyl acrylate rubber-containing 1npact nodifier, an

octyl apoyyahebshhteonestaspDstlgde)bheE- ccompakNi BE1yERASLHEREI figr, a
butyl acrylate/silicone co- coagul ated rubber-containing inpact nodifier,
and octyartacuyhaj edsohatboepcDycangohatell; r pohesa o6 2 &) YL EPEEE
nodifier. In addition, other flame retardants nay al so be used together.
Exanplgblemdsheuthaﬂg 4 epal yeatlsonate el i tkphene COSPOYINEISa BAES) as
aromati c- gr oup- cont ai ni ng

blend, and a polycarbonate/poly(butylene terephthalate)

blend; a polycarbonate/{acrylonitrile-styrene copolymer)

“blend; a polycarbonate/(butadiene-styrene copolymer) (high
impact polystyrene (HIPS) resin) blend; a
polycarbonate/{acrylonitrile~butadiene rubber-styrene
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-—
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
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

weight. The upper limit is preferably 15, more preferably




pol yor ganosi | oxane; triazine conpounds such as cyanuric acid and nmel am ne
cyanurate; boron conmpounds such as boron oxide and zinc 28d¥uue 208fi ch are
preferable as they are hal ogen- and phosphorus-free flane retardants.
Furthernore, phosphorus conpounds such as triphenyl phosphate, condensed
phosphate, and stabilized red phosphorus may al so be used together. In
this case, the use of a pol yorganosil oxane- containing graft copol yner
conposi tion of the present inventiompcan advantageously reduce the
phosphorus-based flame retardant content in a conposition. 22 August 2006
23 Exanples of the preferable flame-retardant aids include netal salts of

or gani ul LC_aclds d tal salts of sulfuric esters, for exanple,
sodiun$%§1té?g%095§§?ﬁﬁ$£%I$§ParB? b¥| veightal t s of methanesul fonic acid,
et hanesul f ory ' opanesul foni ¢ aci d, butanesul fonic acid,

met hyl but an%ﬁ?ﬁ%%d&glf?“%é%?e@hQBrﬁ%“%Qﬂ ofhdpeanesul foni ¢ aci d,
per f1 udr o et aae PLor B oA SR PF LGF St dplebane eenpes tt Lon

per fl ugppby angs | & ACI . perfl uoronet hyl but anesul foni c aci d,

per f | uor ohexanesﬁ%@rﬁ%ﬁ%cgﬁlgeﬁ? t}%‘? IRt AEE g oI fraple, a

Bkl SelTo e o, A b YRR S i, IPieaded atdieint ai ds

al kyl sul furic acid ester. Typical "exa _
UL R, S S BB e

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
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
compounded can be mainly used for preventing the thermal
degradation of a thermoplastic resin.

Examples of the anti-dripping agents include, for
example, fluorinated polyolefin resins such as
polymonofluorcethylene, polydifluoroethflene,
polytrifluoroethylene, polytefrafluoroethylene,
and polyvinylidene fluoride, which are preferable because of
their high anti-dripping effect.

An example of the polymer.processing aid is a

methacrylate (co)polymer such as methyl_methacrylate—bufyl




and pot assi um dodecyl benzenesul fonate. The ampbunts of these additives used
are Breferably 0.1 yto 20, nore preferably 0.2 to 10, nos® /ugubted08bly 0.3
to 5 parts by weight to 100 parts by weight of a thernoplastic resin in
view of a bal ance between efficiency and cost. Methods for molding the
resulting flame-retardant resin conposition include nolding processes of
general thernoplastic resin conpositions, for exanple, injection nolding,
extrusion, blow nolding, and cal endaring. Applications of nolded products
obt ai ned by nvol di ng 22 August 2006"Zﬁfﬁfane-r¢tardant resin conpositions
of the present invention are not limted and include, for exanple, various
construction materials, various autonotive conponents, and conponents of

housi ng aandr1chas Popd1Gimeaf.f i ce automation equi pnent such as desktop .
conput ers, noteboéﬁ)conputers, tower conputers, printers, and copiers;

i nformati on Eequppeenbfsyng aﬁpgagshaai§§er§eiﬁéd@@ephpgfsexgéﬁpggrsona
handyphone -systens (PHS); household el ectrical appliances su as

t el evi sicohs tand evied eobbesetlyper daphder foddhieh (negHiie flame retardancy.
The resulting nol ded products have excellent flanme Ttetardancy. Best Mde

for Car mgithgcQytl atkebunraeienen stiyeepeesEps) | A¥enh) Pnawbhiynow be descri bed
in detail based on exanples, however, the present invention is not
acrylate rubber-type impact modifier, a butyl
acrylate/silicone composite= rubber-containing impact
.modifier, an octyl acrylate rubber-containing impact
modifier, an octyl acrylate/silicone composite-rubber-
containing impact modifier, a butyl acrylate/silicone co-
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
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,
phosphorus compounds such as triphenyl phosphate, condensed
phosphate, and stabilized red phosphorus may also be used
together. 1In this case, the use of a polyorganosiloxane-
containing graft copolymer composition of the present
invention can.advantageously reduce the phosphorus—basea

flame retardant content in a composition.




limted to these exanples. Unless otherw se specified, the term "parts"
means "parts by weight". Measurenents and tests in Exanplddsdugist Z8fpar ati ve
Exanpl es were perforned as foll ows: [POLYMERI ZATI ON CONVERSI ON] A | at ex was
dried at 120'C for an hour with a hot-air dryer to determne the solid
content. Polynerization conversion was given by the follow ng equation:
100x(solid content)/(amount of fed nononer) 22 August 2006 25 [VOLUME

AVERAGE PARTI CLE SI ZEI The vol une average particle sizes of
Pol yor ganosi | oxane particles and a-gfaft copol ymer were neasured in the

formof |latex. The volune average particle sizes (un) were nmeasured by a
| ight scattering nmethod with a Mcrotrac UPA (manufactured by Leeds &

Nort hrup i nstExames) of EMMP@EEfB§§b§EA@§EﬁeLQg@ggd%§§i%gggfggggﬁagxgl?gted

with a 1/8 inch bar with a notch at a tenperature o

'ASTM D2&8-a] RaAMs RETARRANGY ﬁl%ﬂ&tﬁi@%m%}a%ﬁgt}s&ccor ding to

a Vertical Burning test of Underwiters Laboratory test).
( DI FFEREN AL TRHERNS r ANAOES| S (riPTA),] S daQdny 81 4, t%%gfi%mpglaﬁt{%ri zing a
or the '

vinyl nmononer (excluding a multifunctional nononer) use
or calcium salts of methanesulfonic acid, ethanesulfonic
» acid, propanesulfonic acid, butanesulfonic acid;
methylbutanesulfonic acid, hexanesulfonic acid,
heptanesulfonic acid, octanesulfonic acid,
perfluoromethanesulfonic acid, perfluoroethanesulfonic acid,
perfluoropropanesulfonic acid, perfluorobutanesulfonic acid,
perfluoromethylbutanesuifonic acid, perfluorohexanesulfonic
-acid, perfluoroheptanesulfonic acid, perfluorococtanesulfonic
acid, ({alkyl)aromatic sulfonic écid, and alkylsulfuric acid
lester. Typical examples of the flame-retardant aids
preferably include sodium ethanesulfonate, potassium
perfluorobutanesul fonate, sodium dodecylbenzenesul fonate,
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
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. |

Applications of molded products obtained by molding




ration of a polyorganosiloxane-contAining graft copolynmer or a
ﬁ‘irglsﬁre of 100 palrotsybygwei ght of the polyner with 0.5 partuguiiy20fiei ght of
an antioxidant (when the antioxidant was a mxture of at least two
antioxi dant conponents, the sum of antioxidant components was 0.5 partiO
- by weight.) was kneaded at 230'C for 3 minutes with a plastml. Thenl,
ng of the resulting mxed resin was subjected to differential thermal
analysis wth a TG110 (nenufactured by Rigaku Co.) under the foll ?)WI ng t
conditions: 22 Augast 2006 26 heatingdrate of 10 C/min; nitrogen flow rate
of 30 M/ mn; and tenperature range fromroomtenperature to 5000C.

(REFERENCE EXAMPLE 1) Preparation of polyorganosil oxane particles (S-1).

An aquedllsneol et I GAN rAANN & okl i @liloRd Y GoIP Qg%nﬁ éﬂupggyﬁﬁt ed at

10,000 rpmfor 5 mnutes with a Honom xer to preparé-a

Conponerirec avatte iti n(ipayd )az}dPuhe;m@@Fr férl exggl '15”1 dodegylLbenzenesul fonat e
SDBS) 1.0 Cctanethylcycl otetrasil oxane

I(\/Ercapt conspyhuditierh mateetiby ks bameoﬁwpﬁﬁkoﬁo{%er@éﬂé lgtgrmg%aon Was fed
~into a five-necked flask equipped with a stirrer ux tondeénser,

inl et fePmpomensducitngouistinggandgakasaisi bt oEek cbNhEOSHSE NG addltlona
nononers, and a thernoneter in a single

equ1pment such as desktop computers, notebook computers,

tower computers, printers, and copiers; information

equipment such as facsimiles, cellular phones, and personal

handyphone systems (PHS); household electrical appliances

such as televisions and videocassette recorders, which

require flame retardancy;

The resulting molded products have excellent flame

retardancy.

Best Mode for Carrying Out the Invention

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
Examples were performed as follows:
[POLYMERIZATION CONVERSION]

A latex was dried at 1206C for an hour with a hot-air
dryer to determine the solid content. Polymerization
conversion was given by the following equation: 100x(solid

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




operation. Wile the m xture was being stirred, one part (solid content)
of 10% dodecyl benzenesul fonic aci d (DBSA) aqueous sol uti2driungust 2886ed. The
tenperature of the resulting mxture was increased to 80*C over a period
of about 40 m nutes, and then the reaction was perforned at 800C for 6
hours. The resulting m xture was cooled to 25'C and left for 20 hours.
Then the pH of the reaction mxture was adjusted to 6.5 with sodi um
hydroxi de to conplete the 22 August 2006 27 polynerization. Consequently,
a latex containing polyorganosiloxangdSparticles (S-1) was prepared.

Pol ynmeri zati on conversion and an average particle size were neasured. The
results are shown in table 1. (REFERENCE EXAMPLE 2) Preparation of

pol yor gaqnagiuMex NVERARAT PARTET1ES-) .E]To a five-necked flask equi pped with a
stirrer, a reflux condenser, an inlet for introducing nitrogen gas, an

inlet for inwheduslﬂgeaﬁdékhgaa?aﬁﬁﬂeﬂﬁr§izéQdoﬂe%§$%§%§§58%%}¥§§é%Led 189

parts of pure water and 0.4 parts of sodium dod ne

(SDBS) . phiestticlidse andaal gea Ml Xopiol iRy eateloh8u FGCIINGRL §opf)l LECTEN

purge. An aqueous solution containing one part o pure water and

parts oﬂaﬁamassﬂmglpeﬁ&mbfab@r@@ﬁsbaWQiclédQQQeEO(Pﬂ? LERELL ngléqure.
Subsequently, a mxture containing 0.7 parts of styrene (St) and 1.3 parts
of butyby retlhgbtybenet¢BiAy washaddedthoat MecreaehE0ppRi Xture in a
(manufactured by Leeds & Northrup instruments).
fIMPACT RESISTANCE]
Impact resistance was evaluated with a 1/8 inch bar
with a notch at a temperature of -10°C according to ASTM
D256. |
[FLAME RETARDANCY]
Flame retardancy was evaluated according to a Vertical
- -Burning test of Underwriters Laboratory 94 (UL94V test).
[DIFFERENTIAL THERMAIL ANALYSIS (DTA} -
A polymer prepared by polymerizing a vinyl monomer
(excluding a multifunctional monomer) used for the
preparaticon of a polyorganosiloxane—containing gratt
copolymer or a mixture of 100 parts by weight of the polymer
with 0.5 parts by weight of an antioxidant {(when the
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 résin was-
subjected to differential fhermal analysis with a Té8116

(manufactured by Rigaku Co.) under the-followiﬁg conditions:




singl e operation, and then the resulting reaction mxture_ was stirred for
an hour to conplete the polynerization. Consequently, azﬂdFQ%“@@H§aining a
styrene-butyl nethacrylate (St-BMA) copol yner was prepared.

Pol yrmeri zation conversion was 99% The resulting |atex had a solid content
of 1.0% and an average particle size of 0.04 Pm_ 22 August 2006 28

Anot her m xture containing the foll owi ng conponents was agitated at 10, 000
rpmfor 5 mnutes with a Honmom xer to prepare an enul sion containing
conponents used. to prepare pol yorgatfost | oxane. Conponent content (part)
Pure water 70 Sodi um dodecyl benzenesul fonate (SDBS) 0.5

Cct anet hyl cycl ot etrasi | oxane (D4) 95

7- met hagreptaylgoxupeopy digveyhexy gt hybsk) ap equent | the | at ex
contai ning the St-BMA copol ynmer was &%inta?%gdﬁggéag?e%%é¥%?5F€ of 800C,

and { heanahe cppilrat(zel idngenieai) :8bnl Qhdadeerhengengpul f on c acid
(DBSA) aqueous solution was added to the lTatex. Next, the emul sion

cont ai ning the conponents used to prepare pol yorganosil oxane was added in
a single operation. The resulting latex was stirred for 6 hours, and then

cool ed t(BEZERENGRIEKBMPLEOR)20Prhpuiatidht 8F bBaGorfhRopth 8katde | atex was
adjusted to 6.4 wth sodium hydroxide to conplete the polynerization.
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)
Pure water 251
Sodium dodecylbenzenesulfonate {(SDBS) 1.0
‘Octamethylcyclotetrasiloxane (D4) a5
Mercaptopropyldimethoxymethylsilane (MPDS) 5

The resulting emulsion was fed into 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 in a single
operation. While the mixture was being stirred, one part
(solid content) of 10% dodecylbenzenesulfonic acid (DBSA)
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-mixfure

“was adjusted to 6.5 with sodium hydroxide to complete the




Consequently, a | atex containing polyorganosiloxane particles (S 2) was
prepared. Polynerization conversion and an average part i22lfag@itZ800er e
nmeasured. The results are shown in table 1. The pol yorganosi |l oxane
particles inthe |atex were conposed of 98% of pol yorganosil oxane and 2%
of St-BMA copol yner. The conposition was calculated with the ,fed anounts
and the polynerization conversion. 22 August 2006 - 29 Table 1 --keference
f~eference exanple 1 exanple 2 Polyorganosil oxane particles S 1 S-2

Pol yneri zati on conversion of 87 87 —-pbfyorganosi| oxane conponent Average:
particle size (Vm 0.14 0-17 (REFERENCE EXAMPLES 3 AND 4) Preparation of
pol yor ganosi | oxane-cont ai ni ng graft copolyner (SG1 AND SG 2). To a

fi ve- negladnfd 3sie & PPeg M jrrer, refl ux _condenser, an inlet
f or introd§§§ng ni trogen gasé@%?ﬁéi et 3F%Fhf§g§&&Pﬁ§gadditiona

NDNONET $ho 18R gl dXENIINIRL ha a8 L4 5340 %%t }rgfpagghe wat er (i ncluding

water in the 1atex containing polyorganosiloxane particles (S-1 OR S-2)),

0.2 par B 18fneadiatNdno Iohv@ayde SWd ony ke 2GSFShrtd t§e@L disodium
et hyl enedi am net etraacet ate (EDTA), 0.0035 a@é §hr o1t sRPE! Felh
measured. The results are shown in table 1.

(REFERENCE EXAMPLE 2) Preparation of polyorganosiloxane
particles (S-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 189 parts of pure water and 0.4 parts of sodium
dodecylbenzeﬁesulfonate {SDBS) .

Next, the reaction mixture was heated to 70°C under a
‘nitrogen purge. An aqueous solution containing one part of
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
was stirred for an hour to complete the polymerization.
Consequently, a latex containing a styrene-butyl |
methacrylate (St-BMa) copolyﬁer was prepared.
Polymerization conversion_ﬁas 99%. The resulting latex had

a solid content of 1.0% and an average particle size of 0.04

pm.




parts of iron (1l) sulfate, and 75 parts (solid content) of the |atex
cont ai ni ng the pol yorganosil oxane particles (S-1 or S-2)22 Ausie200he
resulting m xture was being stirred, the tenperature of the m xture was
increased to 60'C under a nitrogen flow. After the tenperature reached
60'C, a- m xture of a nonomer (a-2-1) and a radical polynerization _
initiator shown in Table 2 was added in an amobunt shown in Table 2 in a
single operation. The resulting mixture was stirred at 60*C for an hour,
and then a nononer (a-2-2) 22 August 22006 30 shown in Table 2 was further
added dropwi se over a period of three hours. After finishing the dropw se
addition, the resulting mxture was stirred for an hour to prepare a
graft - copol ynRothateni xSubs g8 i ' (¥\@§n [ luted wth
pure water to adjust the soIidﬂ%%ﬁ%%%Pg?%eﬁé%%ééﬁ%l ?%%ﬁj mo-%%r %S (solid
cont ent hogdfate® aal ¢DYOVChkphi deraguedHaLas! ¥iiRNa WBSnoAdded. + L hus
resulting in a coagul ated slurry. The resulting coagul ated sFurry was
heat ed pred@r€ andemadbédnt coh@alninfobbrpeslehls debydrabi 9pegagdr yi ng,
thus resulting in a powdered pol yorganosi|l oxane graft copolynmer (SG 1 or
SG 2). pPabbeganshdhexpokyneri zati on conversions. |In Table 2, the
abbreviations "A MA', "MVA", and "CHP" represent an allyl nethacrylate
mononer ComPABEAYI et hacryl ate nmononer, and cunene:dwer pperexi de (radi cal
pol ynmeri zation initiator), respectively. The term "pol yner

Pure water 70
Sodium dodecylbenzenesulfonate (SDBS) 0.5
Octamethylcyclotetrasiloxane (D4) 95

y-methacryloyloxypropyldimethoxymethylsilane 3
Subsequently, the latex containing the St-BMA copolymer
was maintained at a temperature of 80°C, 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
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
particles (S-2) was prepared. Polymerization conversion and
an average particle size were measured. The results are
shown in table 1.. The polyorganosiloxane particleé in the
latex were composed of 98% of polyorganosiloxane and 2% of
St-BMA copolymer. The composition was calculated with fhe

~fed amounts and the polymerization conversion.




SP" means a solubility paraneter of a polyner prepared by polynerizing a
vi nyl nononer (a-2- 2).y 22 August 2006 - 31 Table 2 Fi ef e2evgest-2006 ef er ence

[ - - [ S-2 80
exanpl e 3 exanple 4 Pol yorganosil oxane S-1 7-5 particles (part)
Vi n;r/TF nmonormer AIMA 3 - (a-2-1) (part) -C~HP 0-01 -- Vinyl nononer MVA 22 20

a-2-2 art) CHP 0.04 0.04 Polynmer SP ((cal/Cw3)112) 9.25 9.25
I(Dol yme%i ggt I on conversion - 99%990/0 G aft copolynmer SGA SG 2 (REFERENCE

EXAMPLES 5 AND 6) Preparation of copolyner (SG |' and SG2'). Polyners
were prepared for differential thervalg -analysis (DTA) as in Reference

Exanmpl es 3 and 4, except that

Table 1

Reference Reference
example 1 example 2
Polyorganosiloxane particles S-1 S-2
Polymerization conversion of 87 87
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 S5-2)),
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}




0.5 parts of sodi um dodecyl benzenesul fonate was used in each of Reference
Exanpl es 3 and 4 instead of the polyorganosiloxane parti22léeguftl006and
S-2), and the nononer (a-2-1) was not polynerized. The pol yners were
subjected to differential thermal analysis (DTA) in the presence or
absence of antioxidants. Results are shown in tables 3 and 4. (EXAVPLES 1
TO 4 AND COVPARATI VE EXAMPLES 1 TO 4) Inparting flame retardancy to

pol ycarbonate resin. According to the conpositions shown in Table 3, each .
of the pol yorganosil oxane-cont ai niag3graft copolynmer ----- ------- ------
- 22 August 2006 32 conpositions (SG 1 and SG 2) prepared in Reference
Exanples 3 and 4 and at | east one antioxidant were m xed to produce a

flame rejay th GYR t ol yorganpsi | oxane containing graft
copol yner (ﬁ?r{)iélsi t o(r%s(%j ﬁse %‘&ggqeerﬁ/ acﬁ%\fgr#ﬁomlsﬁé’vteé:r @ BSEPYS Afeans a
phosphordis-Rasemrant i@ e TAR PEP36 (.cyclic.. .

neopent anet et raylrbi s( f@ge%?rﬁlgﬁ%u%ﬁf %r?“ecﬁlnwg/ll ﬁnéaﬁﬁjjt&r%’s'pﬁihtee)

manuf ac tig=ed th ASAR PENKA LCQ+ . LHE 1L "AQ 20" nmeans a phenolic
ant i oxi dant havigﬁg t he struct t}rlerﬂregrf)eosrena[heélog{/rmécﬁ)e%%egarfeo?nuI a (1) (ADK
STAB AQraF ttcbips(Fmerdilaltesd - but yl - 4- hydr oxybenzyl isocyanur. ate)

manuf actured by ASAH DENKA CO., LTD.); the term"AO 30" neans a phenolic
antioxidant $iibKe SI&BE AP, 30hélrdsBitih§(2atex was diluted with pure
water to adjust the solid content to 15%, and then two parts
(solid content) of 10% calcium chloride agqueous solution was
addéd,mhhus 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 copolymer (SG-1 or 8G-2).
Table 2 shows polymerization conversions.
In Table 2, the abbreviations "A1IMA"™, "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).




met hyl - 4- hydr oxy- 5-tert-butyl phenyl ) but ane) manufactured by ASAH DENKA
CO., LTD.); the term"DLTP" means a sul fur- containi ng afZiAgustdd06( DLTP
Yoshitom (dilauryl thiodipropionate) manufactured by YOSH TOM FI NE
CHEM CALS LTD.); and the term "PTFE"' neans pol ytetrafl uoroethyl ene
(POLYFLON. FA- 500 manufactured by DAIKIN I NDUSTRIES, LTD.). According to
Tabl e 3, each of the resulting flame retardants was conpounded with a

pol ycarbonate resin PC-1 (TARFLON FN- 2200A nanufactured by Idemtsu
Petrochem cal, Co., Ltd.) and an ant3dr+ppi ng agent or conpounded with
PC-2 (TARFLON FN1900OA manufactured by Idemtsu Petrochemcal, Co., Ltd.)
and the antidripping agent. 22 August 2006 33 The resulting conpounds were
kneaded at 2¥Q@hfeWpth a tw n-screw extruder (TEX44SS manufactured by The
Japan Bteet—Wrks,—tTb)—toproducepellets— The resulting pellets were

nol ded|with an injection nolding machi EBG(%WQQ@OB Fefergnost uf ed by FANUC
LTD) a—a—?.]_i_n.d.e.p__(_-g;qgg_pnf ure of 280" €Xample&dm|1/exampa 4 zpd speci nens
and 1/ [l6- i myorggaesilexases or [evaBrbting f1 @6e redardancy. The produced

speci npns_ywePartisies (nardd accqrdi8@ to|the evaluagion ggriterja described
above. | Resul Vinyhroneheen i n tlabjaMA. 22 Augyst 2006 C) LOTp I~t C3 cli 04

(a-2-1) (part) CHP 0.01 -
Vinyl monomer MMA 22 20
(a-2-2) (part) CHP 0.04 0.04
Polymer SP '
| ((Callcm3)”2) 9.25 9.25
Polymerization conversion 99% 99%
Graft copolymer SG-1 SG-2

(REFERENCE EXAMPLES 5 ANb &) Preparation of copolymer {SG-
1' and 5G-2'). |

Polymers were prepared for differential thermal
analysis (DTA) as in Reference BExamples 3 and 4, except that
0.5 parts of sodium dodecylbenzenesulfonate was used in each
of Reference Examples 3 and 4 instead of the
polyorganosiloxane particles (S-1 and S-2), and the monomer
(a-2-1) was not polymerized. The polymers were subjected to
differential thermal analysis (DTA) in the presence or
absence of antioxidants. Results are shown in tables 3 and

4.

(EXAMPLES 1 TO 4 AND COMPARATIVE EXAMPLES 1 TO 4) Imparting
flame retardancy to polycarbonate resin.
According to the compositions shown in Table 3, each of -

the polyorganosiloxane-containing graft copolymer
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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
neopentanetetraylbis (2, 6-di-tert-butyl-4-
methylphenyl)phosphite) manufacfured by ASAHI DENKA CO.,
LTD.}; the term "AO-20" means a phenolic antioxidant having
the structure represented by chemical formula {1) (ADK STAB
“AO0-20 (tris(3,5—di—tertmbutyl—4~hydroxybenzyl'isocyanurate)
manufactured by ASAHI DENKA CO., LTD.); the term "A0O-30"
means a phenolic antioxidant (ADK STAB A0O-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 Idemitsu Petrochemical,

Co., Ltd.) and the antidripping agent.
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The resulting compounds were 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
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.

‘Results are shown in table 3.
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L ca E-2 cacaU a) 22 August 2006 35 Table 3 shows that each of
?hg)graft copol ymer conposi%ions of the present inventi @2 /siggstiZ0Deant |y
i nproves a bal ance between flane retardancy and inpact resistance of the
correspondi ng pol ycarbonate resin. (EXAMPLES 5 TO 8 AND COVPARATI VE
EXAMPLES 5 TO 7) Inparting flanme retardancy to polycarbonate/poly(ethylene
terephthal ate) m xed resin. According to conpositions shown in Table 4,
each of the polyorganosil oxane-containing graft copol ynmer conpositions
(SG1 and SG 2) prepared in Reference3zfxanples 3 and 4 and at |east one
antioxidant were m xed to produce a flanme retardant conposed of the

: , hal. i ¢
anosi | oxane-contai nin graft copolyner conposition of the presen
Pt : the r sultln flanme retardants

. ; h o

o compounded ut i BEES BaE s(ﬂgﬁﬁwfg%a; fee EhFHBP vepE(Pen) resin'
nebo sen, an

(SELL g ol e s kg g o

- twin- SCr£%aﬁ@ﬂd@%’et@n@4%§§lﬂ@%ft%%ﬂ5%9 B}{zd 1mpact 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—contéining 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, 1ltd.), and an antidripping agent.

Bach 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.l/B—iﬁch Izod specimens and

1/12~inch specimens for evaluating flame retardancy. The




Japan Steel Wrks, LTD.) to produce pellets. The resulting pellets were
nol.ded with an injection nolding machine (FAS100B manuf a2tAugest 2006 FANUC
LTD) at a cylinder tenperature of 260'C to form 1/8-inch |Izod speci nens
and 1/12-inch specinmens for evaluating flane retardancy. The 22 August
2006 - 36 produced specinens were eval uated according to the evaluation
criteria. Results are shown in table 4. 22 August 2006 VO )nv O mON
Nr 76 E0 x m-o mO00 C 00 03 comd) MOr VV ma O Er m U
))& CD~. vitj . . Mo U MO r-Ng -

produced specimens were evaluated according to the

evaluation criteria.

Results are shown in table 4.
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It he present
4 shows that each of the graft copolyner conpositions of t
I nvention significantly inproves a balance between flane retardancy and

i npact resistance of the corresponding pol ycarbonate/ pol y(ethyl ene
terephthal ate) resin. Industrial Appkgcability

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)

resin.

Industrial Applicability

The present invention pfovides a flame retardant that
can be added to a thermoplastic resin composition with an
excellent balance between flame retardancy and impact
resistance. Furthermore, a flame-retardant resin
composition containing the flame retardant and having an
excellent balance between flame retardancy and impact

resistance can be prepared.




The present invention provides a flane retardant that can be added to a

t hermopl astic resin conposition with an excellent bal an@2 Amust®icf | ame
retardancy and inpact resistance. Furthernore, a flane-retardant resin
conposition containing the flame retardant and having an excellent bal ance
between flame retardancy and inpact resistance can be prepared. 22 August
2006 39 CLAIMS 1. A polyorganosil oxane-containing graft copol yner
conposition conprising: a polyorganosil oxane-containing graft copolymer (A
prepared by polynerizing 5 to 60 partssby 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) is 100 parts by weight); and
an antioxidant (B). 2. The poIyorgagfgtﬁﬁxane-containing graft copol yner
conposition according to Claim1, erern the polyorganosil oxane particles
(a-1) have a volune average particle size of 0.008 to 0.6 pm 3. The

pol yor ganosi | oxane-contai ning graft copol ynmer conposition according to

Gaiml or.2, ARG @R BB andUERA84. 5 I rizi t he vinyl nonomner
(a-2) alone has a %{solg%bi ity paranet eraq'g‘fl%. %%at o TOPESYPEE /cnB) 1/2. 4.

The pol yamgasasiiloex aidapeantiaigy ng graft copol ymer conposition according to
any one of Claims | to 3, wherein
) a polyorganosiloxane—containing graft copolymer (A)
prepared by polymerizing 5 to 60 parts by weight of a vinyl
moncmer (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) is 100 parts by weight); and an antioxidant (B) .

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 pm.

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/cm®)/2.

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.




t he pol yorganosil oxane particles (a-1) are in the formof |atex. 22 August
2006 40 5. The pol yorganosi | oxane-contai ni ng graft copol2¢nfergusiédfiposi ti on
according to any one of Clainms | to 4, wherein the vinyl nononer (a-2) is
at | east one selected fromthe group consisting of an aromatic vinyl
nmononer, an vinyl cyanide nononer, a (meth)acrylate nononer, and a

car boxyl - group-containing vinyl nononer. 6. The

pol yor ganosi | oxane-contai ning graft copol yner conposition according to any
one of Claims 1 to 5 wherein the andpoxidant (B) is a phosphorus-based
‘antioxidant or a mxture of at |east two antioxidant conponents. 7. The
pol yor ganosi | oxane-cont ai ni ng graft copolyner conposition according to any

one of C & s g} antioxi.dant s a m xture of at |east
two anti oxi dant 4% co%pyon Nt S Squ EJ%% 3 (q §né’°‘é’8ﬁﬁ’5‘?ﬁ| ng graft
copol yngy; MRASIH IR ALEN I mg7,~wherein th i oxi.dant (B)
contalnschﬁF%ast one conpoépéﬂgg®&h§h% g?fc%ﬁhﬂ§ 1 éﬁrgseﬁ EUSBP the

fol | ow ngechamtaahdiiy Asb) 1B JAOLECeoR2 MQUsLa2008, A0 -2 O The

pol yor ganosi | oxane-contai ni ng graft
group consisting of an aromatlc v1nyl monomer, an vinyl

cyanide monomer, a (meth)acrylate monomer, and a carboxyl-

group-containing vinyl monomer.

6. The polyorganosiloxanencontaining graft copolymer
composition according to any one of Claims 1 to 5, wherein
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
the antioxidant (B) is a mixture of at least two éntioxidant

components.

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

molecule:




conposition according to Claim8, wherein the antioxidant (B) further
contains a phenolic antioxidant. 10. The pol yor ganosi | oxdRe\ugnsit280fi ng
graft copolyner conposition according to Caima8, wherein the antioxidant
(B) further contains a sulfur-containing antioxidant. 22 August 2006 42
11. The pol yorganosi | oxane-contai ning graft copol ynmer conposition
according to claiml1l, wherein the antioxidant (B) is an antioxi dant such
that the deconposition tenperature of a resin consisting of a polyner and
said antioxidant is at |east 5C high8f than the deconposition tenperature
of said polyner alone, wherein the deconposition tenperatures are
determined at a heating rate of 10C mn differential thermal analysis;
and wherein said resin is preparedq by kneading at 230C for 3 mnutes 0.5
parts by weight of said antig X|da mnt 100 parts by weight of a polyner
prepared by polynerizing onIy nmononer (a-2) (excluding the

mul tifunctional nononer) of tHe poI rgan05|£ ﬁane containing graft
polymer (A). 12. A flanme ret gﬂg{a risin he pol yor ganosi | oxane-
cont ai ning graft copol yner c osLiion ccording to any one of Clains 1 to
11. 13. A flane-retardant resin cfinposition prepared by conpoundi ng 100
parts by weight of thernoplastic ¥esin and

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

' (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.




0.1 to 30 parts by weight of the flanme retardant according to Caim12.
22 August 2006
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11. The polyorganosiloxanehcontaining graft copolymer
composition according to claim 1, wherein the antioxidant
(B) is an antioxidant such that the decomposition
temperature of a resin consisting of a polymer and said
antioxidant is at least 5°C higher than the decomposition
temperature of said polymer alone,

wherein the decomposition temperatqres are determined
at a heating rate of 10°C/min differential thermal analysis;
and

wherein said resin is prepared by kneading at 230°C for
3 minutes 0.5 parts by weight of said antioxidant with 100
parts by weight of a polymer prepared by polymerizing only
the vinyl monomer (a-2) (excluding the multifunctional
monomer) of the polyorganosiloxane-containing graft polymer

(A).

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.




