2 4 JUL 2006 1 DESCRIPTION GRAFT COPOLYMERS AND INPACT-RESéﬁ[ﬁﬂF 0
FLAME- RETARDANT RESI N COVPCSI TI ONS CONTAI Nl NG SAME 5 TECHNI EL%
The present invention relates to polyorganosil oxane-containing graft
copolynmers and inpact-resistant, flanme-retardant resin conpositions 10
contai ning the same. BACKGROUND ART O/vi]hg totheir good inpact

resi stance, heat resistance and electric characteristics, anong others,

thernopl astic 15 resins, in partigad@agrPptygar bonate resins, are wdely
used as materials of electric and electronic parts, QA (office
aut omati on) apparatus and instrunents, and household utensils, or as

buildidng et @opoIRMRREA m_lmwaMeAcesmsISEMEth%%EeRE_TARDANanRESIN_ .
ret ardancy c t e and ot her resins, are require
to be higﬁ§§EQéEEE§i§é&%%ﬂ%ﬁﬁh%%é%®ﬁguIar in such fields as electric
and el &ctronic parts, QA apparatus and instrunents and the |ike and,

therefore, attenpts have been nﬁﬂﬁ?ﬁ | their flame retardancy by
addi ng' various flane Q retardants. ﬁ%éﬂp%@ﬁﬁ%stance, t he addition of

organohal ogen ZBic@merands igrvertjaropheosgies use conpounds has so far been
in wde Fﬁ&%?dé?%ﬂ VEY£Ln e OF GROONRA DG &PPP@ﬁggfyﬁQPs grganophosphor us

conmpounds “have oblemfromthe toxiCTity viewpoint. In particular, it
is a drawbdRedi— i yareral ogbhenevrpburdant haeSthe§ORePet Bt @A corrosi ve
gas upon Cesrusini Oty 36hd hesgef. Thus, the demand for hal ogen-free and
phosphorus-free flanme retardants has been increasing in recent years.

E@% utilization of polyorganosil oxane conpounds (also called silicones)
as~hal ogen-free and phosphorus-f BAeKGRaWD 3RT et ardants has been

proposed. For e%ﬁﬂﬂhfﬁxgQB%9§§%O%%k§%p%p% %ggiégggce, heat resistance
and electric characteristics, among others, thermoplastic

15 resins, in.particular‘polycarbonate resins, are widely used as
materials of electric and electronic parts, OA (office
automation) apparatus and instruments, and household utensils,
or as building materials. Polycarbonate resins, though higher
in flame retardancy as compared with polystyrene and other

20 resins, are required to be highly flame retardant in particular
in such fields as electric and electronic parts, OA apparatus
and instruments and the like and, therefore, attempts have been
made to improve their flame retardancy by adding various flame
retardants.. Thus, for instance, the addition.of(organohaiogen

25 compounds or organophosphorus compounds has so far been in wide
practice. However, organohalogen compounds and
organophosphorus compounds have a problem from the toxicity
viewpoint. In particular, it is a drawback of organohalogen
compounds that they generate a corrosive gas upon combustion

30 thereof. Thus, the demand for halogen-free and
phosphorus-free flame retardants has been increasing in recent
years.

The utilization of polyorganosiloxane compounds (also
called silicones) as halogen-free and phosphorus-free flame

35 retardants has been proposed. For example, Japanese Kokail



2 bubl i cati on Sho-54-36365 describes that kneading of a

monoor ganopol ysi | oxane-based silicone resin with a non-silicdhelpdifner
gives a flame retardant resin. Japanese Kohyo Publication Hei-3-48947
describes that a 5 mxture of a silicone resin and a salt of a netal of
the group |1 A provides thernoplastic r&sins with flane retardancy.
Japanese Kokai Publication Hei-8-113712 describes a nethod of producing
flanme ret nt resin go i 1] ich.. conprises dispersing a silicone
resin pr eggé‘ﬁ%]dlwlbqré qrgé)i—o%éggssp‘g‘%%rb}?e%%%f %@e 3%%%8?9%09 | oxane
with 10 t oncis® mpearicpo lbys WeixHrie dfasedisithcdhd | eesin vhehnmopl astic
resins. . yanese, Kokaj P j catld L+ 10-1 CL] that flane
r et ar dant I?%E?%%&n%‘o%%?%ﬁ@%r \%)% a%_ﬁ%%‘%g?/ g‘%@?ﬁ%grg?‘ %%nght-sol ubl e
silicone resin Waprangse Wehght Pabéiageles el et 894 helginr diendhdtess
than 16, 0G0 byt 1ol EDES11BaRe 2405 Q0Mhd & 8B12r OFBL e {4110 C2REALDL0Z
non-silicone resin. However, the silicone resins described in the :
above- ci t edlfpubTq Eeds i ereer Fielelc ef ¢ekes velth prevpdragarfaney -

retardancy but jheidef fiepds ang stdddidnsadi-sdact o7y2 Ybepribesaddition
20 level is |ncrea%ed to fill up the shortage, probl em ari ses tga%ht he

a,

i npact r e ISR € oP RO GG (f SSTAreR Ereé&§e§9mpﬁﬁl%itﬁ§nistw 1
]9: fficult ctadznpmisaémé:n‘ils@msrieigaac@iuids@sé T eGANPpsebheRd mlbeﬂl raeii et ween

ame .r.et ar danc nd .i ct-. resi stance. Japanese Kakai .Publi i on
000 120 PARet Dt 1T e, e Rl R et dRRPENR A g Zg 13Y Bhres
retardant lpy otkicst byf gr afilipol Jhklérzatnobhefmaplaaglicnoaeaes.onto a
c0jrposi te rubber f; ' and | kyl
; %au@b eggésr edxaf @u}Q?iMQ%Q?ﬁ%ﬁ}in‘ﬁéé‘@?%e @es‘)]@?%%

(fret h) acré/l ate IS incorporated It ernopl astic resins, _flane
retardant e orpedint ofes FAncorrebi biped. 286 Jhpasrsd kykarding a

Publ i cati %M@t%@&ﬂ%ﬁ’l@%ﬁl%@@ﬁetB@éinfﬂmEﬁtﬁEnthaVJGﬁﬁhtr §$ie_@|age based
conpogi_tl ons; ca e 0 I he I ncorporati (0} rganosi | ox e-pase
F ¥ e Lot AL B SN By et 1 ege nCuayF SnBABnEl Bofloh Borpoctea
particles 2tonet6etinganfaronat doaticggeonpatnnhgi nbngspaliyongamesiinoxane
35 and a vinyl polyarl, | apkhernoplasthbe heSidS rived in the above-cited

publications are indeed effective in providing flame retardancy

but their effects are still unsatisfactory. When the addition
20 level is increased to fill up the shortage, a problem arises
that the impact resistance of the resin composition decreases,
ma_king itdifficult to obtain flame retardant resin composition -
balanced between flame retardancy and impact resistance.
Japanese Kokai Publication 2000-17029 describes that

25 when a composite rubber-based flame retardant produced by graft

polymerization of a vinyl monomer onto a composite rubber
composed of a polyorganosiloxane rubber and a polyalkyl
(meth)acrylate rubber is incorporated in thermoplastic resins,
flame retardant resin compositions can be obtained.

30 Japanese Kokai Publication 2000-226420 describes that
flame retardant resin compositions can be obtained by |
incorporating a polyorganosiloxane-based flame retardant
produced by grafting a vinyl monomer onto composite particles
consisting of an aromatic group-containing polyorganosiloxane

35 and a vinyl polymer in thermoplastic resins.



2 4 JUL 2006 3 Japanese Kokai Publication 2000-264935 descri bes that

fl ame retardant resin conpositions can be obtained by incorpbr/dtilfi§g, in
t hernopl astic resins, a polyorganosil oxane-contai ning graft copol yner
prepared by 5 graft copol ynerization of_a vinyl nononmer onto

pol yor ganosi 'oxane particles hot larger"than 0.2 ~imin size. The flane
retardant resin conpositions described in the above-cited Japanese Kokai
Publ i cation 200Qrbi0R%e Janainesain Kakai 1 Rub d ot o 2000 2264205 anch ¢
Japanese ﬁfkal PUb|IC tion 10 2000-264935 all indeed shOM/gatlsfactory
| evel s of T ARRITF AT GRMEE DR OB UREEPRT acdbrie i P Fr R Y ar dancy.

Thus, theyndeveoratpied) eih thiadridiel dst Beerd ©i@g dancy- i npact resi stance
bal ance is poor. is SUMVARY OF THE. | NVENTI ect of . the

reaent | IRAMTHHATRR T O GOT POty o Gt F (SoeL BBss P Ee Rt or Y
copol yfer gﬂaﬂtzedp@ﬂymezuzitﬂmmnmﬁfaeE1myﬂ phospdoroistd ree 1 anme

t ar dant f
e ou: ng RBEAL S, A LR A, WD ool e
excel lent in flditee flemgr daheydant ¥Fepaetcoms)sitbdmges Wsisay ittesl gnathe

- copol yner .l .ionedy aﬁ@ﬁ&eg@%&ﬁ§§e@ﬁblﬂé’§ﬂ8ﬁ526@@'31*7@&9”55%{ anese

i nvestigations, concerning the above subject and, as a result ound t hat

a 25 spedf¥fal FoRiciRncE 1ZOPE2EhAkiemchdagrare ecEpERFnBIPL sCa%ERRI ent
in flage reteo-daacysangdl i Wﬂﬁ@éecﬂe§h§wba@@’@léf@é@&t?gleﬁéi§cé§ @Iﬂﬁa&hat a
fl ame-retar dant re5|n1§én205|t|og cel | ent éL ane re%grdancyTg
i (act rest ST HACE TP We 266t 4iHid lﬁ?ac REr Poratdtey tefgrdancy usy
potyor ganosié phave- £ prbhileingh gt afte S8Damepeltpretaniay-ddeertmopkastance
resin. Basg éﬁhéuf§é§6@9'ngs t he present invention has now been

in

conpl et ed. cordance with a first aspect thereof, the present
invention relates to: a pol yorganosi | oxane-contai ni ng graft copol ynmer 35

whi ch1iss obt ai nabl e by pol yeeivairRg d T adeNaads (parts

It is an object of the present invention to provide a

polyorganosiloxane-containing graft copolymer utilizable as a
halogen-free and phosphorus-free flame retardant and excellent
in flame retardancy and impact resistance improving effects as
20 well as a flame-retardant resin composition excellent in flame
retardancy and impact resistance using the graft copolymer
mentioned above. ‘
The present inventors made intensive investigations
concerning the above subject and, as a result, found that a
25 specific polyorganosiloxane-containing graft copolymer is
excellent in flame retardancy and impact resistance improving
effects and that a flame-retardant resin composition excellent
in flame retardancy and impact resistance can be obtained by
incorporating the polyorganosiloxane-containing graft
30 copolymer in a thermoplastic resin. Based on such findings,
the present invention has now been completed.
Thus, in accordance with a first aspect thereof, the
present invention relates to:
a polyorganosiloxane-containing graft copolymer

35 ‘ which is obtainable by polymerizing 0.5 to 10 parts (parts



*

2 4 JUL 2006 4 by weight; hereinafter the sane shall apply) (g El myl
nononmer (B) conprising 100 to 50% (% by wei ght; herei naft erZ H«LJ 52

shal | apply) of a polyfunctional nononmer (b-1) containing two nor e
pol yneri zabl e unsaturated bonds and 0 tg 50% of another 5 copolyrrerl zabl e
nmononer (b-2), in the presence of 40 to 90 parts of pol yorganosil oxane
particles (Al), followed by further polynerization of 5 to 50 parts of a
Vi nyl m)nobgrwéﬁjhttx e reimaoft Ak he, s¢i saed I Eppbei) ngf BOOipgl trsjnonf€t ai m
1); 10 the .o eoal t. .copo o) n

O aim i, vhe oo s ERaSIb) SPOREEor B pare e o Hhat S6E LEL ke
aver age pashadlleaplpé]?rbt@f a)poayf@@@ttmrml B.oprmel ébwi?)comhelnlng two

pol yor ganogi| of or
D wher ol nofHe ey B %%&%%%%%&%2%%&%%? AREPSH %haé.f%%%%
sol ubi |5tycg§péa‘meér12@bl@ nmenepen 0o )(.chn/tdimpresence@athmd) S0iprrts

pol yor ganogjsl %@L%‘r@%&‘b@ﬂb&%n@ @Ja@rtq%chgn@[l 20 according to any of
Clains 1 to 3, anosi | oxane particles (AI% are in a
latex form (d ai ﬁP&)lowteﬁlebpfof%FagﬁoePngﬁéze nPRi Afng BPaP? RBPLF yrEr
accordi ng TaOvﬂlilyl aonCn@irTsC )1 [tBedsumr o PIMIEET Bj NBY hendi(ay | beDnemen K& ts]
conpri ses %: %hIL)L one nononer selected fromthe group consisting of
aronmati c vi } r)ldmars vi nyl cyani de nonomers, (neth)acrylate ester
nononet@® and car thdmypogryourgawmiaiopsim-\dqngﬂamﬁnm&ﬂtdcau'pnlygr)er; 30 a
flanme retargdan SWH I%Oc a pol yorganosi | oxane-cont ai ni ng gr aft
gopol ymer accor I n&c (CI aime6); a flame retardant resin

corfposi tion whi ch’héé‘ﬁﬁi’ll §é’§ @oﬂmg@@o&arltogearmrpm%q s(Zgf) ghave a

volume average particle diameter of 0.008 to 0.6 pm (Claim 2);

the polyorganosiloxane-containing graft copolymer
15 according to Claim 1 or 2, .
wherein the vinyl monomer (C) gives a polymer thereof
having a solubility parameter of 9.15 to 10.15 (cal/cm?) /2
(Claim 3);
the polyorganosiloxane-containing graft copolymer
20 according to any of Claims 1 to 3, ’
wherein the polyorganosiloxane particles (Al) are in a
latex form (Claim 4);
the polyorganosiloxane-containing graft copolymer

according to any of Claims 1 to 4,

25 wherein the vinyl monomer (C) comprises at least one
monomer selected from the group consisting of aromatic vinyl
monomers, vinyl cyanide monomers, (meth)acrylate ester
monomers and carboxyl group-containing vinyl monomers (Claim
5);

30 a flame retardant

which comprises a polyorganosiloxane-containing graft
copolymer according to Claim 1 (Claim 6);

a flame retardant resin composition

which comprises 0.1 to 30 parts, per 100 parts of a

35 thermoplastic resin, of a flame retardant according to Claim



35 thernoplastic resin, of a flane retardant according to aim2 4 JUL
2006 5 6 as incorporated in the thernoplastic resin (d ai WK t he
flame retardant resin conposition according to Claim 7, wherein the
thernoplastic resin is a polycarbonate resin 5 (claim8). In accordance
with a second aspect thereof, the invention relates to: a

pol yorganosi | oxane-contai ning graft copol ynmer which i-s obtai nabl e by

pol ymer i zi ggad 43 cEQpBREEEDY neh@hthekho@h a3 thich e STNAMG 6B)7) ; and
conprising 100 to 50% by wei ght of a polyfunctjonal nononer (b-1) .
contai ning two ofPRofEN$ESFRErRFEbl 85 R SERAUT Ed BbRFSOZAG TS t9 Sdvhby
wei ght of 7another copol ynerizabl e nononmer (b-2), in the presence of 30
to 95 parts by wejght . solid content,) of a pol yorganosi| oxape 15 (A2)
b a1 htex for m DBEAPHORRS By TEER el P AT h S hgCaTBe A S p i1
pol ymer5 a (koyddaplsil.i c pol yner capable of swelling in the corresponding
or ganosi | oxane, %| | oned. b Cf ur.ther polo¥1 ri z(iag,g t?:éro O7$ arts ‘p 13_/\ei1$1ht
of a vinyl nononer a(rtﬁoﬁcﬁle Sdm-of Ef),'ré(eﬁfpan eoe"ng fod* Jp% t s]
(daim)9); reletpsl yor:ganosi | oxane-cont ai ning graft copol ymer according

o Al 9, het 8! BolJ8:32h0-RALYARL-aR UGG deaee SodYapni || ci ty
that the extraction rate”of water-sol uble 5> corponents in-dry seed
pol yner is 10 towhdoh byoREpghablady ratyeehiaédgdf Eerl Oaprit by bwaiekghtn

an amoupt off 20 welahtdndRs (Falcciprting repad PHY MYy iy aydightSt@f ea to
the dry seed pold%/rrer‘, foll owed by stirring at 23 OC for 1 hour and
v@ei n t h®oded W g eductpd )d BT iRf ™S n the
organosi | oxangmidhdtzaile natsn tofrawel ldargidhyandluns &0% det evetigted §£ om
the ratio belween th o'l?;l‘gn%x i%%ﬁotl'e,c'mgn%h%@?g%r—zt) af ggrgﬁé' 3 $§né‘é‘do£h§o
| atex particle diameter “before stirring 1s 3716 I aftéer addi ng
t he or ganogid dxaeetd ny aveimhdunes solid content) of a polyorganosiloxane
15 (A2) in a latex form obtainable by seed polymerization using,
as a seed polymer, a hydrophilic polymer capable of swelling
in the corresponding organosiloxane,
followed by further polymerizing 5 to 70 parts by weight
of a vinyl monomer (C) [the sum of (A2), (B) and (C) being 100
20 parts] (Claim 9); ‘
the polyorganosiloxane-containing graft copolymer
according to Claim 9,
wherein the seed polymer has such a degree of

- hydrophilicity that the extraction rate of water-soluble

25 components in dry seed polymer is 10 to 100% by weight, as .
determined after adding water, in an amount of 20 weight-times
that of the seed polymer in a dry state, to the dry seed polymer,
followed by stirring at 23 °C for 1 hour and

wherein the seed polymer shows such a degree of swelling

30 in the organosiloxane that the rate of swelling by volume as
determined from the ratio between the latex particle diameter
after stirring and the latex particle diameter before stirring
is 3 to 50 times after adding the organosiloxane, in an amount
50 times by weight that of the dry seed polymer, to the seed

35 polymer latex, followed by stirring at 23 °C for 1 hour (Claim



50 tinmes by weight that of the dry seed polyner, to the seed 35 pol yner
~latex, followed by stirring at 23 'C for 1 hour (Caim2 4 Jgk éPQ@E 6
10) the pol yorganosi |l oxane-contai ning graft copolynmer accor H Claim
9, wherein the seed polynmer has such a degree of 5 hydrophilicity that
the extraction rate of water-soluble conponents in dry seed polymer is
50 to 10.0% by weight, as determ ned after adding water, in an anount of
20 wei ght -tiioyes that of the seed polyner in a dry state to the dry seed
pol ymer, fO”OW\%gl b\é ﬁf’[ll‘l‘ln at123 C for hour, 10 wherein the
seed pol ymer sho Crr YR TIEGPES W%\ﬁé’qur’rﬁ‘quQ%r GarRT 1 ¥%&he t hat
the rate ohcmmﬁduquHQ/OMHHMWQﬁw determned fromthe ratio between the
latex particle di t ter sti d the Iatex artlc di anet er
before stirring td?isl“eﬂi E‘\Lgno %&e 55 rredfspéjf]ter fa th'e aor %03| I(%)]gane in an
anount 55 Mdmpgmlltqutas theett tWife tdwetmqftmdr@béymrérwaterthelwéd

pol ymer i of .1 r 1) The
pol yorgan05| O&ﬁgécsg;iﬁgl%n%é%%fé&c%%eﬁzilnseﬁgc%%r%j(:%?%l b%%é‘i # 8i ms
9 to 11, weatannined giffer @mrw%@rcd@pﬁps@gola@tl 20 ‘dﬁeghQOtmﬁérrer

sel ected f rerad be tgt@eeeaowmtéflgnoé BpogBhke, vwxelhe apg%r&r&poyyﬂgt
cyan| de nononers, eﬁf)met acr | at e est er, . npnoners and car gr oup-

contalnlngﬁﬂ Qﬂrﬁtj%ﬁ "G ¥9hnk RRWEr dARE 25 which

conpri ses the pow@rr@amosttbog@@@ ;nﬁrymeemlsm@uw alith aCd)sm:ﬁe/errerf awe0ldhgg
to daim9 (nCI im 1% r,esin c ion xcel I ent act 8|ELeS| st ance

7y flame ¥ dgn OSllﬁxfgﬁbrlges tﬁgrﬁbﬁla§WF& |n Yad-the fPane
307 retar dardeta&mujnmdtgrtom Chei nattBo asetmeen pﬁtatlectwh@raeltncule dhamatreunt

of 0.1 to 30par E%1Q¥l%l Qrti'& SR’FH 11@QxPREEE1 BY VB M+ OFf pdfiSe stirring
t her nopl astl c resin (d
s 3 to 15 tlmes after adding the organosiloxane, in an amount

15 50we1ght—t1mesthatoftjmadryseedpolymer,1x>theseedpolymer
latex, followed by stirring at 23 °C for 1 hour (Claim 11);
The polyorganosiloxane—containing(graft copolymer
according to any of Claims 9 to 11,
wherein the vinyl monomer (C) comprises at least one
20 monomer seiected from the group consisting of aromatic vinyl
. monomers, vinyl cyanide monomers, (meth)acrylate ester
monomers and carboxyl group-containing vinyl monomers (Claim
12) ; _ ,

a flame retardant

25 which comprises the polyorganosiloxane-containing graft
.copolymer according to Claim 2 (Claim 13);
a resin composition excellent in impact resistance and
flame retardancy
which comprises a thermoplastic resin and the flame
30 retardant according to Claim 13 as incorporated therein in an
amount of 0.1 to 30 parts by weight per 100 parts by weight of
the thermoplastic resin (Claim 14);
The resin composition according to Claim 14,
wherein the thermoplastic resin is a polycarbonate resin
35 (Claim 15).



The resin conposition according to Caim 14, wherein the thernoplastic
‘resin is a polycarbonate resin 35 (Caim15). 2 4 JUL 2006 7, DTAEED
DI SCLOSURE OF THE | NVENTION First Aspect of the Invention The

pol yor ganosi | oxane-cont ai ni ng graft copo}yner 5 according to the first
aspect of the invention is one obtainable by polynerizing 0.5 to 10
parts of a vinyl nononmer (B) (hereinafter also referred to as "vinyl.
nmononer B"), which conprises 100 to 50% of a pol yfunctional nonomner
(b-1) (hereinafter also referred to as "polyfunctional nononer 10 (b-1)
") containing two or nBEERPSEYMEIPEEBPERENSAT dFAt NVENRESN and 0 to 50%
of anot her miopa Wedzakd e trnamefer{thrad) (hereinafter also referred to
as "copol yneri zaQl e nononer bnﬁéigé%éln t he presence . of 40 to 90 parts
(as solid content)® &° &3%%%?5% AN HeITEHY CI IR by
furt her 515 quaiomerigaditre 6frSttasfdrtpartthofnaenitniph t®ooresbt L namiéh
the sum of (Al . untd 10 arts., The

pol yor ganosbl(&f d%(dalﬂﬂer@pral%ﬁ‘@( e(as' ?AC} nlpdr g?ae%gsoloylphﬁv‘élr};{yl VO Ih?rr%e%vg? E\ge
particle diGmstamaftantalsssrefenrdd 00&pmMvimy e ngrehier abl y, nehitkss
than 0.01 : I'dA o | A ﬁg@{ I of, &} ectron
m cr oscopi 2{80 se_rs\(j%‘;t ?Loo;p n@g; ﬁcé d%ﬁ]eeg%{an , %deeééaggpre.%{r?gﬁl Sb n%) | ar ger
than 0.6 pnhaufidaffiet abin ywHRTTeE @ aharrol iwrs tieRal prererabl vy not
| ar ger 10t happh01)k5 cbitakhihgneso bavas e P fyrtdtt £ yad 0o OBt rRdidd BbE8s 10
smaller in vo %£e aggﬁgge particle di angeter Ihqgho . 008 n1?892 25 when
saoh di amet® k& 0.0% M Thee FORUEGEL 23R BRI o2

deteri or at e(hehel roBfdr cilsd 0d femaréditioms N ddyso patié i £t sbte anehemner

di stributiop. (100 X .st a i.atjian ver, artkcle i er)
(%9 of the Q%ﬁéo%daﬁ%%?ﬁgxgggg%éF?ié?eéaﬁ%yggggFggﬁgqég gé%?POFP§E@§§5
that it mayameiifoprartesbldxaned O tichanyAhbr efoplefed abyyfusthert o
60% sim/ce ghepndhe, 0l g nos Predueed iram, £t ey 851 "mEABRAS! {EPN with

cont ai ning ‘the graft coi)ol ymer accordi ng ,
the sum of (Al), (B) and (C) "amounting to 100 parts.

The polyorganosiloxane particles (Al) preferably have a
volume average particle diameter of not less than 0.008 pm, more
preferably not less than 0.01 pm, as determined by light

20 scattering method or electron microscopic observation. On the
other hand, it is preferablry not larger than 0.6 pum, more
preferably not larger than 0.2 pm, most preferably not larger
than 0.15 pym. It tends toward difficulty to obtain particles

smaller in volume average particle diameter than 0.008 um and,

25 when such diameter exceeds 0.6 pm, the flame retardancy tends
to deteriorate. '

The coefficient of variation in the particle diameter
distribution (100 x standard deviation/volume average particle
diameter) (%) of the polyorganosiloxane particles is desirably

30  controlled so that it may amount preferably to 10 to 100%, more
preferably to 20 to 60%, since then the moldings produced from
the resin composition containing the graft copolymer according
to the first aspect of the invention can have a good surface
appearance.

35 From the flame retardancy and impact resistance viewpoint,



to the first aspect of the invention can have a good surface appearance.
35 Fromthe flanme retardancy and inpact resistance viewpoint

2006 the pol yorganosil oxane particles (Al) preferably has al b JUL 2006

t ol uene-insol uble matter content (as de%Frnined by imrersing 0. 5 g of
the particles in 80 m of toluene at 237 C for 24 hours) of not nore
than 95% nore preferably not nore than 50% nost 5 preferably not nbre

than 20% ltﬂet %ﬂyloz?tan@%a%txa%‘e tpiaerﬂlrb\aee@tl@m the rAOf ganosd | oxane
particles i nclu he neanln% ét ereof not only particles

made of a 8 V&P&aﬁé‘élol Lokdfefie) tex 6RBEENE 4PSodAbAFRiRAD DY immersing
pol yor ganogi.lsogatetharpa et £8149 1¢DBDQhIlloffgtBQheH€r£t vhanhc Fbhrop4anmiher or

ot her (co I us pol yor ganosi | axane particl es ma
ontalg nég% ﬁggem?ﬁﬁnp%@h g%blw%ﬁﬁ g%%ﬁéﬁﬂéi §pﬁﬁfflkﬁép§éé mdst
styrene5 copelferablgndicdr rMdre |dhHen tA0F.ein. As speC|f|c exanpl es of t he
polyorgan05|loxaﬁg Qﬁrtkﬁ les %e%%l%f’ Gfre JEBY. be nqﬂ}loned

pne

pol ydi met hyl si | oxane partlcles f1dx e particles, and
di et hyl si [p@img@mmd;dxsaneopamélcépel yhiar melwctéesuthﬂmesbepmamm@

speci es na d r f

cgrrblnatlo)r{%h'l%%‘@e[d)sfﬁen%ltp%I apﬁb 5?5?2“%?#?. es (A$?y %?hégfﬂ%talned
for exanpl &lopy Mtyr@éﬁ%m@gil(fll)edarpqirmqw%meaw Xartigieminct i onal
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t ot al nunber of two of a hydroxyl group (s) and or hydr ol yzabl e group

(s) each béﬁﬂdmﬁﬁh¥¥ﬂh9W%%§%ﬁQﬁﬁneﬂﬂﬁm%&c ustand

dimethylsiloxane-diphenylsiloxane copolymer particles.
These particle species may be used singly or two or more of them
may be used in combination.

20 The polyorganosiloxane particles (Al) can be obtained,
for example, by polymerizing (1) an organosiloxane, (2) a
bifunctional silane compound, (3) an organosiloxane and a
bifunctional silane compound, (4) an organosiloxane and a

vinylic polymerizable group-containing silane compound, (5) a

25 bifunctional silane compound and a vinylic polymerizable
group-containing silane compound or (6) an organosiloxane, a
bifunctional silane compound and a vinylic polymerizable
'group—con{:aining silane compound, and the like, and optionally
further with an at least trifunctional silane compound(s). The

30 “bifunctional silane compound” is a silane compound having a
total number of two of a hydroxyl group (s) and/or a hydrolyzable
group (s) each bound to a silicon atom. The “at least
frifunctional silane compound” means a silane compound having
a total number of at least three of a hydroxyl group(s) and/or

35 a hydrolyzable group(s) each bound to a silicon atom.



trifunctional silane conmpound” neans a silane conpound having a total
‘nunber of at least three of a hydroxyl group (s) and/or 35 a hydrol yzabl e
group(s) each bound to a silicon atom 2 4 JUL 2006 The abgﬁenﬁembgoned
or ganosi | oxane and bi functional silane gonpound are conponert’s
constituting the main skeleton of the pol yorgalLnosil oxane chain. As
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copol ymer by “copol'ynerization wt bove-nen of ganosi | oxane,
bi f unct i onal-FHlrerraRpaaidy B rathesstikandunct i onal silane conpound
and/ or 1the Jd4a8yc itk by B 16 Red dHBBE | Zabd g group serves as an
active site for gr%;thgcin ChEﬁlC%!,bln ing wwth a vinyl (co)polyner
f or med eptadecafluorodecylmethyldimethoxXysilane,

trifluoropropylmethyldimethoxysilane,

octadecylmethyldimethoxysilane, and the like. From the
viewpoint of economical efficacy and flame retardancy, silane

20 compounds ormixtures thereof comprising 70 to 100%, preferably
80 to 100%, of D4 or a mixture of D3 to D7 or a mixture of D3
to D8 and, as the rest, 0 to 30%, preferably 0 to 20% of
diphenyldimethoxysilane, diphenyldiethoxysilane and/or the
like are preferred among others. |

25 The above-mentioned vinylic polymefizablé
group-containing silane compound is component for introducing
avinylicpolymerizable group into side chains and/or a terminus
or termini of the copolymer by copolymerization with the
above-mentioned organosiloxane, bifunctional silane compound,

30 at least trifunctional silane compound and/or the like, and such
vinylic polymerizable grbup serves as an active site for
grafting in chemical binding with a vinyl (co)polymer formed
from the vinyl monomer (B) or vinyl monomer (C) mentioned later
herein. Furthermore, it is a component capable of forming a

35 crosslink between such active sites for grafting in the manner



fromthe vinyl nononer (B) or vinyl nmonomer (C) nentioned |ater herein.

“Furthernore, it is a conponent capable of formng a 35 crosslink between
such active sites for grafting in the manner 2 4 JUL 2006 1d Wt 2%di cal
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ﬁﬁcaptopréb ?qhqﬁﬁ¥5& ¥¥ﬁﬁPpY%£Fg 5&¥% VY ﬁ% 8%y et hyl si |l ane and
|

e nercxum{méﬁhgﬁmymbyldxypfbpwrmmSméam@xpgﬂp@w@ds Anmong t hese,

(neth)acryl - | ounds, vinyl
gr oup- cont a n|ng % éﬁé&%éggﬁgﬁ%gﬂ%%%eﬁ%rcgggPaHgfoup cont ai ni ng sil ane

conpoundsaMTmﬁﬁhﬁQﬁYkﬂwquNﬁI¢Ewl@t©thXE®$thylemb@nﬁt 30 In cases

where the ahoy, éf;snmhixﬁe@@&wﬁétﬁg?gﬂaﬂéour) containi ng silane

conmpound i s of t |a koxXy S|Iane
y—acryloyloxypropyltrlmethoxys1lane and like

(meth) acryloyloxy group-containing silane compounds,
p-vinylphenyldimethoxymethylsilane,
p-vinylphenyltrimethoxysilane and like vinylphenyl

20 ' group-containing silane compounds,
vinylmethyldimethoxysilane, vinyltrimethoxysilane,
vinyltriethoxysilane and like vinyl group-containing silane
compounds, mercaptopropyltrimethoxysilane, '
mercaptopropyldimethoxymethylsilane and like mercapto

25 group-containing silane compounds. Among these,
(meth)acryloyloxy group—containing silane compounds, vinyl
group-containing silane compounds and mercapto
group-containing silane compounds are preferred from the
econonical viewpoint.

30 In cases where the above-mentioned vinylic polymerizable

group-containing silane compound is of the trialkoxysilane type,

it serves also as the at least trifunctional silane compound
mentioned below.
The at least trifunctional silane compound is used as a

35 component for introducing a crosslinked structure into the



it serves also as the at |east trifunctional silane conpound nentioned
‘below. The at least trifunctional silane conpound is used as a 35
conponent for introducing a crosslinked structure into the 224 JUUL202006
pol yor ganosi | oxane and providing the sag¥ wi th rubber elasticity as a
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or ganosi | oxane, bi functional silane conpound and/or vinylic
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conpound vinyl'ic _pol ynmerizabl e group-contai ni ng sil ane conpound, and at
| east tri fArvdticoRax Y& ome Yarlelafedveral Iy used in proportions 20

such that theter@aREidorene yand/ odetidupctiong) silane corrpound (the
rati o bet n t.he organo ona and .hi function
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used in an anount:Tof-PFoPd Ligat1og fhereot, the above-mentione
organosiloxane, bifunctional silane compound, vinylic

polymerizable group-containing silane compound, and at least
trifunctional silane compound are generally used in proportions
20 such that the organosiloxane and/or bifunctional silane
compound (the ratio between the organosiloxane and bifunctional
silane compound generally being 100/0 to 0/100 by weight,
preferably 100/0 to 70/30 by weight) amounts to 50 to 99.9%,
preferably 60 to 99.5%, the vinylic polymerizable

25 group-containing silane compound to 0 to 40%, preferably 0.5
to 30%, and the at least trifunctional silane compound to 0 to
50%, preferably 0 to 39%. The vinylic polymerizable
group-containing silane compound and at least trifunctional
silane compound do not simultaneously amount to 0%, and at least

30 one of them is preferably used in an amount of not less than
0.1%.

When the proportion of the above-mentioned

organosiloxane and/or bifunctional silane compound is too small,
the resin compositions obtained by incorporating the resulting

35 copdlymer therein tend to become brittle. When the proportion



1.

‘Wien the proportion of the above-nentioned organosiloxane and/ or

‘bi functional silane conpound is too snall, the resin conpositiaons
obtai ned by incorporating the resulting 35 copol yner therein ¢ kbl 206
beconme brittle. Wen the proportion 2 4 _JUL 2006 12 is excessive, the
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added according to need.

The above-mentioned emulsion polymerization may be

carried out by emulsifying and dispersing the above

20 polyorganosiloxane-forming components in water in the presence
of an emulsifier by means of mechanical shearing and making the
system acidic. When, in this case, emulsion droplets not
smaller than several micrometers are prepared by means of

mechanical shearing, the volume average particle diameter of

25 the polyorganosiloxane particles (Al) obtained after
polymerization can be controlled within the range of 0.02 to
0.6 um by varying the amount of the emulsifier used. As for
the coefficient of variation in particle diameter distribution
(100)<standarddeviation/volumeaverageparticlediameter)(%),

30 a value of 20 to 70% can be obtained. .

For producing polyorganosiloxane particles not larger
than 0.1 uym with a narrow particle diameter distribution, the
polymerization is preferably carried out in amultistage manner.
For example, a 1 to 20% portion of an emulsion composed of

35 emulsion droplets not smaller than several micrometers as



For produci ng pol yorganosil oxane particles not larger than 0. 1 pmwth
‘a narrow particle diameter distribution, the polynerizationthRLzmﬁ
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portion of an emul sion conposed of 35 egglsion droplets not snaller than
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Honom xer. | n "t.he above-nenti oned enuIS|on nerization, an enulsifier
which will %ﬁﬁYH%E%!|%%FQMﬁn%ﬁqRﬂ9Ey%&ﬁ¢h¢ymﬁHH%rlsé%¥%]cu%%%d?¥|ﬁ%% is
used. As speRgiddiorexaMymeatd eyem@yi fHecion mentioned later herein, in

lieu of the polyorganosiloxane particles serving as seeds,

whereby it is possible to control, by adjusting the emulsifier
20 amount, in a manner such that the polyorganosiloxane (modified
polyorganosiloxane) particles obtained may have a volume
average particle diameter of 0.008 to 0.1 pm with a coefficient
of variation in particle diameter distribution of 10 to 50%.

The above-mentioned emulsion droplets not smaller than several

25 micrometers can be prepared by using a high-speed stirrer, for
example a Homomixer. ,

In the above-mentioned emulsion polymerization, an
emulsifier which will not lose its emulsifying ability under
acidic conditions is used. As specific example, there may be

30 mentioned alkylbenzenesulfonic acids, sodium
alkylbenzenesulfonates, alkylsulfonic acids, sodium
alkylsulfonates, sodium (di)alkyl sulfosuccinates, sodium
polyoxyethylene nonylphenyl ether sulfonates, sodium
alkylsulfates, and the like. These may be used singly or a

35 combination of two or more may also be used. Among them,



30 nentioned al kyl benzenesul foni ¢ acids, sodium al kyl benzenesul f onat es,
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sul f osucci nat es, sodi um pol yoxyet hyl ene nonyl phenyl ether sglif fihakléss,
sodi um al kyl sul fates, and the like. These may be used singly or a 35
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to 120°C, more preferably 70 to 100°C.

Under such an acidic condition, the Si-0-Si bonds forming

the polyorganosiloxane skeleton are in a state of equilibrium
20 Dbetween cleavage and formation, and this equilibrium varies
depending on the temperature. Therefore, for stabilizing the
polyorganosiloxane chain, the system is preferably neutralized
with an agueous solution of an alkali, such as sodium hydroxide,

potassium hydroxide or sodiUm.carbonate. Furthermore, as the

25 temperature lowers, the above equilibrium shifts to the
formation side, facilitating the formation of products with a
high—molecularweightandeahighdegreeofczosslinkiﬁg,sothat,
for obtaining polymer having high-molecular weight or high
degree of crosslinking, the system after carrying out the

30 polymerization of the polyorganosiloxane-forming components
at 60°C or above is preferably cooled to room temperature or
below and, after about 5 to 100 hours of standing, it is
neutralized.

The thus-obtained polyorganosiloxane partictes (Al),

35 when formed, for example, by polymerization of the



degree of crosslinking, the systemafter carrying out the 30

‘pol yneri zation of the pol yorganosil oxane-form ng conponents at 600C or
above is preferably cooled to roomtenperature or bel ow and,? @fegjmbout
S to 100 hours of standing, it is neutralized. The thus-obtal ned

pol yor ganosi | oxane particles (Al), 35 ®wben forned, for exanple, by

pol yneri zation of the 2 4 JUL 20H organosil oxane and/or bifunctional
silane compound, wi.ith or .wthout further addition of the vinyljc

pol ymer i zaBF@a&Pél}&PééﬁteaPﬁ‘idr{@rsh%ﬁ%‘%ﬁﬁ’@dﬂ&}@é&rcoé@%ll%mw)r@ or

pol yner i zahhehgueuguethkal BidAd tR@nY B tgeNerialylyi d esdil i zd&b f¢ om random
copol yneri zation. In _cases where the at | %fast'tri,functi onal silane .
conpound i $TIEET PR PHE LGS FAESHRC 1 198 B 5 1% -

cr ossl i nkeg@oigtnearik abtleu gtriong - Adinera 1 rdmas fd Inkiary denefd ot ede dbet e

Vi vl co polyyter izabl e 9@uRSydn Ahe Jmnner, af radi gl feqgl ion s

such a Tadicar 1@ pol'ymerizationinitratolr as 0séd on the occasi'on 0
graft pol ymérfurattiioma lwbi tane compiimmhéd hee@rirheheianpehengr braictonhas
a crossinked sihugiiree kesd U R JJom.aaem sl dandng,c hetaeeqmddy! i c
pol ynmeri zabl e groups, w t art of the vinylic polymerizable groups
remai ni ng GFoSEdtekingsleaffepbrymativean ganstl icheokvRgr iABRéfReg P BPS and
Vi Inyl ”DnQ.!ﬁFrth(eC}na@l@lte? e r&@ﬂ@h}[]?%&%ﬂli%%iﬁﬁjtéhﬁﬁsal(fﬂi:’!c_:egl;/_es t]be
pol yor ganosi |_.oxane-cont ai ni ng .graft copol yper. In e ol ymeri zation o
Phe vi QI REHORBE S(B) BRU N R GHBriqaS OF i e G 250 e0 b SEREL
pﬁgor ganf)spiolldqmmaf ‘z;aa:rjlldml e&,ic&m&rsemaheiaﬂelau $at§|roﬂu@edln,aShbyproductfs,

t ke/ so-cal .l e ree , r e es resul.tin rom po rizat|

t he branch h“’lcsor‘?pocneon Sg‘l r%rdeisnwﬁloqc%/ﬂ%% sreosfulﬁt%lengi En]§/ = rr(%rll%lﬁr{er(‘r:aaj( B}?o%ﬁgn8
vinyl nondedweed) Yinvohe e lyroer izdel e graftd nyicht parhe Sttdve vEpmpdaent
(herein the polyariganpsi | QAR Radid 6l (Bliede. 25 product is thus

obtained as a mxture of the graft copolynmer and free polyner nol ecul es.
I n accébPdance w CFafhePPilyBeragpéderr of the ViRehfagwmahdss BBEhVEPELI es

are col | ectriorRiner gicgr badlo tReafot herghabkitorRah¥MBhrticles (Al) gives
the pblyorganosiloxane—containing graft éopolymer. In the
polymerization of the vinyl monomer (B) and vinyl monomer (C)
in the presence of the polyorgdnosiloxane particles, there are
20 also producéd, as byproducts, the so-called free polymer
molecules resulting from polymerization of the branch
components (herein polymers of the vinyl monomer (B) and vinyl

monomer (C)) alone without their grafting onto the stem

component (herein the polyorganosiloxane particles (Al)). The
25 product is thus obtained as a mixture of the graft copolymer
and free polymer molecules. Inaccordancewith the first aspect
of the invention, these both species are collectively referred
to as the graft copolymer.

The above-mentioned graft copolymer structurally results

30 from grafting of the vinyl monomer (B) onto the
polyorganosiloxane particles (Al) and grafting of the vinyl
monomer (C) not only onto the polyorganosiloxane particles (Al)
but also onto the polymer molecules formed by the vinyl monomer

{(B), hence the free polymer content is low. '

35 The graft copolymer preferably has an acetone-insoluble



The above-nentioned graft copol yner structurally results 30 from
‘grafting of the vinyl nonormer (B) onto the pol yorganosil oxarg, par gl es
(Al') and grafting of the vinyl nononer (C) not only onto the

pol yor ganosi | oxane particles (A) but fis}o onto the pol yner nol ecul es
formed by the vinyl nononmer (B), hence the free polyner content is |ow
35 The graft copol yner preferably has an acetone-insoluble 2 4 JUL 2006
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bref er ably HOPOHEEET T bath A SHORR Gt QdodCr Tamel® A TartE Stedee®
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100 to 90% of a Potysboreroaatiopadneinghb- mynoment dBhi hg twedorfomor e
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when the cppek¥pBhilgabbe 'EB”QU%V bl- 3) pb3yexeessbnal hbeoaal t(reapol ymer
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ectlve In inprovin 15 he
i npact resi SPRARLRIRACTYBI 9F UPRET SR Yinbrak 1§ Bingat %t%%gﬁﬁﬁﬂﬁ and 0 .
cont ai niing tbv&D%),r ppreferpblynetbzain £monead tk B efb bpndso il ¢, het mplcatidre.

As speC|f|c e hereof ., there may,be nti pned aII t hacryl ate,
tamal |yl cyaﬁé T?m %E‘%l §ﬁﬁypbpggg§a4§?ét}é, ‘ge 1L“:)]ii‘?y]f’ plﬁ%{ﬁaf‘nﬁ o2 f%}yl ene
gly/col di mephémfyhateonal 8obongkeib-dl ydel tdpnemlaédr,yloaft &lh%ﬁncthe
~divinyl benz@BEolﬁQ?‘i%aE@% npﬁ'l&ftﬁ.ﬁfi (EngllyS QL l@é £q 9£ftc etie

used in nbi na Armng he Use of alTyl net acry ate

particul ar, fiBapler epEagne OF@WI%% %%d?]%cﬁﬁ’f&%tll%?ﬁ oFfe Teicke 175 J%Pél\?d@r’iﬁ
As s_peqia‘i Ctﬁé&ﬁ[ﬁbg&tOEeEﬂgtﬁﬁ@@ yrrerl zabl e nmononer (b-2), there may be
g?g;;ﬁ;?giy?gggg ﬁgher ; q%f%%ﬁY%a omer %yersls%yggmggugé oA}alnlng

two or more polymerlzable unsaturated bonds in the molecule.

As specific examples thereof, there may be mentioned allyl
methacrylate, triallyl cyanurate, triallyl isocyanurate,

20 diallyl-phthalate, ethylene glycol dimethacrylate,
1,3-butylene glycol dimethacrylate, and divinylbenzene.
These may be used singly or two or more of them may be used in
combination. Among them, the use of allyl methacrylate, in

particular, is preferred from the economical and efficacy

25 viewpoint.

As specific examples of the copolymerizable monomer (b-2),
there may be mentioned, among others, aromatic vinyl monomers
such as styrene, a-methylstyrene, paramethylstyrene and
parabutylstyrene, vinyl cyanide monomers such as acrylonitrile

30 and methacrylonitrile, (meth)acrylate ester monomers such as
methyl acrylate, ethyl acrylate, propyl acrylate, butyl
acrylate, 2-ethylhexyl acrylate, glycidyl acrylate,
hydroxyethyl acrylate, hydoxybutyl acrylate, methyl
methacrylate, ethyl methacrylate, butyl methacrylate, lauryl

35 methacrylate, glycidyl methacrylate and hydroxyethyl



par abut yl styrene, vinyl cyani de nononers such as acrylonitrile 30 and
‘met hacrylonitrile, (nmeth)acrylate ester nononers such as nethy

acryl ate, ethyl acrylate, propyl acrylate, butyl acrylate, ZQJHtHWWhexyI
acrylate, glycidyl acrylate, hydroxyeth% acryl ate, hydoxybutyl
acrylate, nethyl nmethacrylate, ethyl hacrylate butyl nethacryl ate,
| auryl 35 nethacrylate glycidyl met hacryl at e and hydroxyethyl 2 4 JUL
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preferably, ected so that t sol ubi araneter in question
r@ be not rrﬁﬁaer%mw 13nd 5impaal / eas JFtanee msréngqaépéraﬁllpgnﬁberr@ﬁféftthan
1

0 (cal /&fzﬁéﬁ) 2,i20csd i the FRES1 RE L1 8T 2B Yn NOtTHEF £F 4 han ﬂleeoémyl
(cal/cnmB) 1/

t he sol ubi | i rane is outside the above ra

(calloms) 12 qnenc)the sbubLiLLy. parareter, e outst e, Lhe above,range.
are cal cul atetbmusi mgyt peefemabll ygiaup Ppacdmetiaris yapaontengrt of trie: greesp
contributio 5 h 1, i1ibed Po ndbo 4th editi on,
publ | Las b’{,h%%hn"@é ggag,e%g ¢ rﬁdcnre fb‘lg%f@ ufnads Jres%a‘%é%‘qesﬁzi)gss
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(cal/cm®) Y2, Also preferably, it is selected so that the

solubility parameter in question may be not more than 10.15

3,1/2 1/2
(cal/cm®) Y/ ‘2,

;, more preferably not more than 10.10 (cal/cm3)
20 still more preferably not more than 10.05 (cal/cm®)*?. When
the solubility parameter is outside the above range, the flame
retardancy tends to decrease. '
The solubility parameter values are calculated using the
small group parameters according to the group contribution
25 method described in “Polymer Handbook”, 4th edition, published
by John Wiley & Sons, Inc., 1999, Section VII, pages 682-685.

For example, the value for poly (methyl methacrylate) (regarding

the repeating unit molecular weight as 100 g/mole, and the
density as 1.19 g/cm®) is 9.25 [(cal/cm®)*/?], for poly (butyl
30 acrylate) (regarding the repeatingunit molecular weight as 128
g/mole, and the density as 1.06 g/cm®) 8.97 [(cal/cm®) *?], for
poly (butyl methacrylate) (regarding the repeating unit
molecular weight as 142 g/mole, and the density as 1.06 g/cm?)
9.47 [(cal/cm’®)*?], for polystyrene (regarding the repeating
35 unit molecular weight as 104, and the density as 1.05 g/cm’)



the repeating unit nolecular weight as 100 g/nole, and the density as
'1.19 g/cnmB) is 9.25 [(cal/cm 3) 112 for pol y(butyl 30 acryl ?éeﬁj
(regarding the repeating unit nol ecul ar weight as 128 g/ nofe, ér?&“fit he
density as 1.06 g / CMB) 8.97 [(Cal/Cw3)1/2], for poly(butyl
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in two of norgas tafe

n=m n=m
0c=20nWn/ZWn (1)
n=1 n=1
20
Thus, for example, the solubility parameter of a
copolymer composed of 75% of styrene and 25% of acrylonitrile
can be found to be 9.95 [(cal/cm®)'?] by using the solubility

parameter 9.03 [(cal/cm®) /2

] of polystyrene and the solubility
25 parameter 12.71 [(cal/cm®) 2] of polyacrylonitrile and using
the equation (1).

For the solubility parameter &8s of a vinyl polymer
obtained by carrying 6ut polymerization in two or more stages
" while varying the vinyl monomer species in each stage, it was
30 supposed that the additivity rulevcan,hold good with respect
to the values obtained by dividing the weights of the vinyl
polymers obtained in the respective stages by the whole weight

of the vinyl polymer finally obtained, namely the weight
fractions. Thus, the value &s of the polymer polymerized in

35 g stages can be calculated from the solubility parameter &i of



whil e varying the vinyl nononer species in each stage, it was 30 supposed
‘that the additivity rule can hold good with respect to the val ues

obtai ned by dividing the weights of the vinyl polyners obtavqeg“i Ughe
respective stages by the whole weight of the vinyl polyner f @
obt ai ned, nanely the weight fractions.1%hus, the value 5s of the pol yner
pol yneri zed in 35 q Stages can be calculated fromthe solubility

par anmet er 6i 006 .19 the ner ned in, ea
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pol yneri zation was carried out in tw stages and, in stage 1, 50 parts
of a copol yner conposed 10 of 7596of styrene and 25% of acrylonitrile
was obtained and, in §Té§ §ﬂf¥ a polyner of nethyl
nethacrylate ss=6bﬂal d1‘ﬁﬁ tly parameger of the pol yner

obtai ned by such twe-stage polynerlzatlon can be calculated as 9.60 |
(Cal/CM3) 1/2 by u5|ﬂg tﬁe solublllt§ aneter value 9.95 15 [(cal
/CMB) 1/2 for the 75% styrene- 25@6acry|on|trile copolyner and the

sol ubility parane%gr val ue 9.25 %(ca /fcm3) 1/2 % g éneth%

net hacryl ate) and™4Sirn théx@aﬁé v oW ED) POFHBELp 9§lﬁﬁn PBnEBT G R out :
nmonomer (ijiﬁwbuﬂe§gé@euﬁan&n stegeds, mmnpaenedoherebpabngraSompesedher

copol yneri zabl b-2 geferrin e.vin r.(B) ..
These ggy bnggédogln% or Wo %P n%rea8F9%88ﬁ1ﬁalebegﬁsngg fhred a%d
conpi nat i orin St@@ep@byéﬂq@aaiﬁloiahepobmmarnoﬁgmgth&t mepbhynﬁlate was
asor di ng B ddigdd, the §B@ﬁbl?fltgh§a£ XEBLL0D: Gl bR 10kt BEdaifKd b
pol ymeri zi ng 0 part ferably not ess part ye
pr ef er abl y Ststh IQ%%;%qﬂHﬁ %Fl%ﬁﬁl?ﬂeﬁ%ﬁé%@ycﬁb@uh%F%d 2haf-80part s,
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f 40 {p d content 42208 Ll
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nore than Eﬁmbaﬂns)sdﬁubimnﬁﬁ)p&mwmemmmtvmh@d poP §oi gaabsthdXahle for
particles (p%!l)y &rﬂedcﬁﬂ tI{betfhacrylate) and using the equation (2).
The above-mentioned vinyl monomer (C) includes the same
ones as mentioned hereinabove as the other copolymerizable
20 monomer (b-2) referring to the vinyl monomer (B). These may
be used singly or two or more of them may be used in combination.
The polyorganosiloxane-containing graft copolymer

according to the first aspect of the invention can be obtained

by polymerizing 0.5 to 10 parts (preferably not less than 1 part,

25 more preferably not less than 2 parts, but preferably not more
than 5 parts, more preferably not more than 4 parts) of the vinyl
monomer (B) in the presence of 40 to 90 parts (as solid content)
(preferably not less than 60 parts, but preferably not more than
80 parts, more preferably not more than 75 parts) of the

30 above-mentioned polyorganosiloxane particles (Al) and further
polymerizing 5 to 50 parts (preferably not less than 15 parts,
more preferably not less than 21 parts, but preferably not more
than 39 parts, more preferably not more than 38 parts) of the
vinyl monomer (C) so that the total amount may become 100 parts.

35 When the amount of the polyorganosiloxane particles (Al) is too



polymerizing 5 to 50 parts (preferably not |less than 15 parts, nore
‘preferably not |ess than 21 parts, but preferably not nore than 39
parts, nore preferably not nore than 36 parts) of the vinyl nononmer (C)
so that the total anount may becone 100 parts. 35 Wien the pmr:pwnygﬂpf t he
pol yor ganosi | oxane particles (Al) is tof°20 2 4 JUL 2906 snall or too

| arge, the flanme retardant effect tends to decrease in either. case.
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st ages. ove radical polymerization can~be carri

€0hod conmfs S WY aHadiq R hgRer ¥zl et 1potierrewien of

i ittiator tgy hierehe Sausarddedeacdi N (701) Prageethe adiicatihe met hod
conprising allowing the reaction,to ptg. ceed in a redoi( sgstem usangi a
reduci ng sﬁﬂ]é’rﬂerflgr’raﬁ% afc 81 SkiPRouF GrC pEP T FRUP A L PREERIRET BACT98 As
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v oporoxi HE bRsee . ChE b e P R Ao M %Ey%%)%fg?%%ﬁue%%%%%é{%,
di -tert-butdd thremodiveaJapest-ionafie pardiylas dfd,) -| alireyV1pgt oredene30
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or in two or more stages.

The above radical polymerization can be carried out by
20 the method comprising thermally decomposing a radical
polymerization initiator to thereby cause the reaction to
proceed, or by the method comprising allowing the reaction to

proceed in a redox system using a reducing system, for instance,

without any particular restriction.

25 As specific examples of the radical polymerization
initiator, there may be mentioned organic peroxides such as
cumene hydroperoxide, tert-butyl hydroperoxide,'bénzoyl
peroxide, tert-butyl peroxyisopropyl carbonate, di-tert-butyl
peroxide, tert-butyl peroxylaurate, lauroyl peroxide,

30 succinic acid peroxide, cyclohexanone peroxide, and
acetylacetone peroxide, inorganic peroxides such as potassium
persulfate and ammonium persulfate, and azo compounds such as
2,2 —azobisisobutyronitrile and
2,2’ —azobis-2,4-dimethylvaleronitrile, among others. Among

35 these, organic peroxides and inorganic peroxides are



acetyl acet one peroxi de, inorganic peroxides such as potassium persulfate
- and anmoni um persul fate, and azo conpounds such as

2,2' -azobi si sobutyronitrile and 2, 21-azobi s-2, 4- dlnethylvaZ%ﬁ%h2W5lle
anong others. Anong 35 these, organic EEFOXIdes and i norgani c peroxides
are 2 4 JUL 2006 21 particularly prefefted because of their high
reactivity. As the reducing agent to be used in the above-nentioned
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an opti onal onen IS use era y N an
amount of @h@p.tbegnpamm@cﬁ%ﬁhe radical polymerlzatlon 1n1t1ator is too

small, the rate of reaction is low and, accordingly, the

production efficiency tends to worsen. When it is excessive,
“the generation of heat during reaction tends to become intensive,
20 making it difficult to produce the desired graft copolymer.
A chain transfer agent may also be used where necessary
incarryingputtheradicalpolymerization” The chain transfer
agent may be any of those generally used in emulsion

polymerization, without any particular limitation.

25 As specific examples of the chain transfer agent, there
may be mentioned tert-dodecylmercaptan, n-octylmercaptan,
n-tetradecylmercaptan, and n-hexylmercaptan, amon§ others.

Although it is an optional component, the chain transfer
agent is used preferably in an amount of 0.01 to 5 parts per

30 100partéofthesum&ﬂfthevinylmonomer(B)and/orvinylmonomer
(C) employed. In multi-stage polymerization, it is used
preferably in an amount 0f:0.01 to 5 parts per 100 parts of the
monomer (s) used in each stage. Inmnmulti-stage polymerization,
the chain transfer agents and the addition levels thereof in

35 the respective steps may be the same or different. When the



30 100 parts of the sumof the vinyl nononer (B) and/or vinyl nmononmer (C)
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anount of 0. 01 to 5 parts per 100 parts of the nononer (g) ed i n each
stage. In nulti-stage polynerization, %he chain transfer agents and the
addition levels thereof in 35 the respe tive steps may be the sane or
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each bondedotlymersigaden Jaoe@s  Theg, VERELlvapPmaBnoRer ¢B)the occasion
pol ynef pzed topdiigdrasdtiiond thrdiced Hif ndIN afttes . rfurdder nore, when
the vinyl nononmer (C) is polynerized by a 20 radical polynerization ’
iaTht i at or , B YIS AR g IR t HE2G0! yBrighnds | Particles (A)
<Fi ke t he pdliyle MDRMIRY gtBhps obuthaabsd yeirganihe 1vxsatcupatredchesdsal)

occurring in the pal r ecules formed by the vinyl nonaner (3),-t0
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each bonded to a silicon atom. Then, the vinyl monomer (B) is
polymerized by the resulting radicals to form grafts.
Furthermore, when the vinyl monomer (C) is polymerized by a

20 radical polymerization initiator, it reacts not only with the
polyorganosiloxane particles (Al), like the vinyl monomer (B),
but also with the unsaturated bonds occurring in the polymer
molecules formed by the vinyl monomer (B) to give grafts

. resulting from the vinyl monomer (C).

25 The graft copolymer produced by emulsion polymerization
may be separated from the latex for use‘.thereof, or may be used
in the latex form. The method of recovering the polymer from
the latex may be any of conventional methods. For example,
mention may be made of the method comprising adding a metal salt,

30 such as calcium chloride, magnesium chloride or maghesium
sulfate, to the latex to cause the latex to coagulate, followed
by separation, washing with water, dehydrating and drying. The
spray drying method may also be used.

The thus-obtained graft copolymer is incorporated in

35 various thermoplastic resins to give flame-~retardant resin



mention may be nmade of the nethod conprising adding a netal salt, 30 such
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with water, dehydrating and drying. The _spray drying nethod may al so be
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the thernnplastlc n since ame refardanc
copolymer (ABS resin) blend resins,

polycarbonate/acrylonitrile-butadiene
rubber-a-methylstyrene copolymer blend resins,
polycarbonate/styrene-butadiene

20 rubber-acrylonitrile-N-phenylmaleimide copolymer blend
resins, and polycarbonate/acrylonitrile-acrylic
rubber-styrene copolymer (AAS resin)Ablend resins. Mixtures
of two or more blend resins may also be used.

The level of addition of the above-mentioned

25 polyorganosiloxane-containing graft copolymer to such a
thermoplastic resin is preferably 0.1 to 30 parts per 100 parts
of the thermoplastic resin since the flame retardancy, impact
resistance and economical efficacy can obtained are good. More
preferably, the addition level is not less than 0.5 parts, still

30 more preferably not less than 1 part. It is more preferably
not more than 15 parts, still more preferably not more than 5
parts.

The powder-form flame retardant comprising the
polyorganosiloxane-containing graft copolymer separated from

35 the latex canbe admixed with the thermoplastic resins by mixing
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butylldene—l,l—bis(2—methyl—4—hydroxy—5—tert—butylphenyl)
(e.g. ADEKA STAB A0-40, product of ASAHI DENKA) and
l,l,3—tris(2—methyl—4—hydroxy—5—tert—butylphenyl)butane
20 (e.g. Yoshinox 930, product of Yoshitomi Fine Chemicals),
phosphorus—-containing antioxidants such as
bis(2,6~-di-tert-butyl-4-methylphenyl) pentaerythritol
phosphite (e.g. ADEKA STAB PEP-36, product of ASAHI DENKA),
tris(2,4-di-tert-butylphenyl) phosphite (e.g. ADEKA STAB 2112,
25 product of ASAHTI DENKA) and
2,2-methylenebis (4, 6-di-tert- butylphenyl) octyl phosphite
(e.g. ADEKA ‘STAB HP-10, product of ASAHI DENKA), and
sulfur-containing antioxidants such as dilauryl
3,3’ -thio-dipropionate (Yoshinox DLTP, product of Yoshitomi
30 Fine Chemicals) and dimyristyl 3,3’-thio-dipropionate
(Yoshinox DMTP, product of Yoshitomi Fine Chemicals). Among
these, phosphorus-containing antioxidants are particularly
preferred since they provide improved flame retardancy.
As examples of the dripping-preventing agents, which are

35 preferred in view of their high dripping-preventing effect,
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in combination. As specific examples of the flame retardants

to be used in combination, which are preferred from the fact
that they are halogen-free and phosphorus-free, there may be
20 mentioned, among others, silicone compounds such as aromatic
group-containing polyorganosiloxanes, triazine compounds such
as cyanuric acid and melamine cyanurate, and boron compounds
such as boron oxide and zinc borate. The combined use with a
‘ phosphorus—-containing compound such as triphenyl phosphate,
25 condensed phosphate esters or stabilized red phosphorus is also
possible. In this case, the use of the
polyorganosiloxane—-containing graft copolymer according to
the first aspect of the invention in compositions containing
a phosphorus-containing flame retardant is advantageous in that
30 the amount of the phosphorus-containing flame retardant can be
reduced thereby. ‘
From the effect-cost balance viewpoint, the level of
addition of these additives is preferably 0.1 to 20 parts, more
preferably 0.2 to 10 parts, and most preferably 0.3 to 5 parts,
35 per 100 parts of each thermoplastic resin.



possible. In this case, the use of the polyorganosiloxane-containing
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S
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and flame retardancy.

Second aspect of the invention

20 The polyorganosiloxane-containing graft copolymer
according to the second aspect of the invention is obtainable
by polymerizing 0 to 10 parts of a vinyl monomer (B) comprising
100 to 50% of a polyfunctional monomer (b-1) containing two or

more polymerizable unsaturated bonds and 0 to 50% of another

25 copolymerizable monomer (b-2), in the presence of 30 to 95 parts
of a polyorganosiloxane (A2) in a latex form obtainable by seed
polymerization using, as a seed polymer, a hydrophilic polymer
capable of swelling in the corresponding organosiloxane (such
polyorganosiloxane is hereinafter referred to also as

30 “polyorganosiloxane (A2)”), followed by further
polymerization of 5 to 70 parts of a vinyl monomer (C) [the sum
of (A2), (B) and (C) being 100 parts].
| The seed polymer to be used in accordance with the second
aspect of invention can be obtained by ordinary emulsion

35 polymerization but the method of synthesis is not particularly
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For improving the ability of the seed polymer to swell
in the organosiloxane, it is first important that the polarity

20 or the like property of the seed polymer is adapted to the
organosiloxane. Secondly, it is effective to markedly reduce
the molecular weight of the seed polymer by selecting the use

of a chain transfer agent, applying a high polymerization
temperature and/or use of the initiator in a large amount. A

25 number average molecular weight of the seed polymer is
preferably not more than 10,000, more preferably 7,000. The
number average molecular weight may be determined by GPC
analysis (relative to polystyrene standard).

The "organosiloxane", associated with the swelling

30 capacity of the seed polymer, is an organosiloxane which is a
monomer component of a polyorganosiloxane (A2). For example,
when a polyorganosiloxane (A2) is produced from
octamethylcyclotetrasiloxane, the above "organosiloxane"
corresponds to octamethylcyclotetrasiloxane.

35 The hydrophilicity of the seed polymer can be determined
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higher than 50 times, more preferably not higher than 15 times.

Marked flame retardancy and impact resistance improving
effects can be obtained within the above-mentioned ranges.
20 The wvolume avérage particle diameter of the
polyorganosiloxane (A2) in a latex form can be determined by
light scattering method or electron microscopic observation,
and a preferred range is 0.008 to 0.6 um. More preferably, it
is not less than 0.01 pym. As for the upper limit, the diameter

25 1is more preferably not greater than 0.2 um. Those particles
smaller than 0.008 ym in volume average particle diameter tend
to become difficult to produce. When the particles are greater
than 0.6 pm, the flame retardancy and impact resistance tend
to decrease.

30 In accordance with the second aspect of the invention,
the polyorganosiloxane (A2) includes, within thé meaning
thereof, not only simple polyorganosiloxanes but also modified
polyorganosiloxanes containing not more than 5% of another or
other (co)polymers. Thus, the polyorganosiloxane (A2) may

35 -contain up to 5% of poly(butyl acrylate) and/or a butyl
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first aspect of t%e I nvention. ljﬁlg y%? aérllospﬁcP xéneﬁ? |§ preterably
produced bydroup- containing silane compound optionally further together

with an at least trifunctional silane compound. As these
compounds, those specific examples mentioned hereinabove
referring to the first aspect of the invention may be mentioned.
20 The proportions thereof are also the same as mentioned
hereinabove referring to the first aspect of the invention.
The polyorganosiloxane (A2) 1is preferably produced by
subjecting, to emulsion polymerization in the presence of the

above-mentioned seed polymer, a polyorganosiloxane-forming
25 composition comprising, for example, the organosiloxane,

bifunctional silane compound, vinylic polymerizable

group-containing silane compound and/or the like, optionally

together with the at least trifunctional silane compound. The

method of production is the same as mentioned above referring
30 to the first aspect of the invention.

The above-mentioned vinyl monomer (B) is used for
enhancing the flame retardant and impact resistance-improving
effects. It comprises 100 to 50%, preferably 100 to 80%, of
a polyfunctional monomer (b-1) containing two or more

35 polymerizable unsaturated bonds and 0 to 50%, preferably 0 to
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there may be mentioned the same ones as mentioned above as the
other copolymerizable monomers (b-2) included in the vinyl
monomer (B).

20 The polyorganosiloxane—containing graft copolymer
according to the second aspect of the invention can be obtained
by polymerizing 0 to 10 parts (preferably not less than 1 part,
more preferably not less than 2 parts, but preferably not more
than 5 parts, more preferably not more than 4 parts) of the vinyl

25 monomer (B) in the presence of 30 to 95 parts (as solid content)
(preferably not less than 60 parts, but preferably not more than
80 parts, more preferably not more than 75 parts) of the
above-mentioned polyorganosiloxane (A2) and further
polymerizing 5 to 70 parts (preferably not less than 15 parts,

30 more preferably not less than 21 parts, but preferably not more
than 39 parts, more preferably not more than 38 parts) of the
vinyl monomer (C) so that the total amount may become 100 parts.
When the amount of the polyorganosiloxane (A2) is too small or
too large, the flame retardant effect tends to decrease in

35 either case. When the amount of the vinyl monomer (B) is too
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various thermoplastic resins to give flame-retardant resin
compositions excellent in flame retardancy and impact
resistance. As examples of the thermoplastic resins, theremay
20 be mentioned the same ones as mentioned hereinabove referring
to the first aspect of the invention.

The level of addition of the above-mentioned

polyorganosiloxane-containing graft copolymer to such a

thermoplastic resin is preferably 0.1 to 30 parts per 100 parts

25 of the thermoplastic resin from the good flame retardancy and
impact resistance viewpoint. More preferably, the addition
level is not less than 0.5 parts, still more preferably not less
than 1 part. It is morepreferablynot more than 15 parts, still
more preferably not more than 5 parts.

30 The powder-form flame retardant comprising the
polyorganosiloxane—containing graft copolymer separated from
the latex can be admixed with the thermoplastic resins by mixing
using a Henschel mixer or ribbon blender, for instance, followed
by melting and kneading using a roll, extruder or kneader, for

35 instance.
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aspect of the invention are not particularly restricted but

include those fields mentioned hereinabove referring to the
first aspect of the invention.
The moldings obtained show excellent impact resistance
20 and flame retardancy.

BEST MODES FOR CARRYING OUT THE INVENTION
The following examples illustrate the invention more

specifically. They are, however, by no means limitative of the

25 scope of the invention. In the following examples and
compafative example, the measurements and tests were carried
out as fdllows.

[Degree of conversion in polymerization]
The latex was dried in a hot air drying chamber at 120

30 "C for 1 hour, the remaining solid matter was weighed, and the
degree of conversion was calculated according to the formula:
100 x solid matter weight/charged monomer weight (%).
[Toluene-insoluble matter content]

A 0.5-g portion of the polyorganosiloxane particles

35 recovered from the latex by drying was immersed in 80 ml of
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particle direirles i@fsdihd 1%e et el MnterROl por ganodd 1xanecfarticles and
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[ I npact regagqymmged each 1n a latex form USlng LEED & NORTHRUP
INSTRUMENTS’ MICROTRAC UPA as the measuring apparatus, the
15 +volume average particle diameter (pm) and the coefficient of
variation in particle diameter distribution (standard
deviation/volume average particle diameter (%)) were measured
by the light scattering method.
[Impact resistance]
20 The evaluation was made by carrying out the Izod type test
at =10 °C or 23 °C using notched 1/8 inch bars according to ASTM
D 256.
[Flame retardancy]
The evaluation was made by carrying out the test V
25 according to UL 94. '
[Hydrophilicity]

Latex of seed polymer was weighed out in a beaker in such

an amount that sblid content of the seed polymer was about 5

g. The latex was completely dried in a drier at 120 °C, and

30 was weighed precisely. A 100 g portion of water was added to
the dry seed polymer, stirred, with a stirrer, at 23 °C for 1
hour, and then filtered through filter paper. The filtrate was
dried in a drier at 120 °C to recover water-soluble matters,
andthenthevmter—solublenmtterswereweighedprecisely. The

35 extractionrateof thewater-solublematters indry seedpolymer
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The ragg Qfasvelild Qﬁé?yeﬁ’éilél%f’@%eca%&@@tb%ﬂbﬁtﬁdﬁmo'dﬁw ngneapatkon;
(The rate of swelling by val une (Particle diameter after swelling

nﬁur ed irPH éi’”é})lln(JF%Yt‘ﬁo&ué“ed%'éﬁé?tae]rab]é?ﬁ%bé’v@?|ﬂﬁ’gllr?é"&§19r ggupkion;
X)13-1 (g sﬁa*@@pﬁptsmllf@lmyemlme(Reference Exanpl e 1)

Pr oducti on oé% \Y anosi | oxane artic rruI sio s,
prepared by "{)%chﬁgeq APfeeBus* 5 %ﬂt‘f"%ifmé hedsafe§Hn®1 806
(Particle diameter before swelling measured in latex)}>® -1
15

First aspect of the invention

(Reference Example 1) Production of polyorganosiloxane
particles (S-1)
An emulsion was prepared by stirring an aqueous solution
20 composed of the following components at 10,000 rpm for 5 minutes
using a Homomixer.

Componeht Amount (parts)
' Pure water 251
Sodium dodecylbenzenesul fonate (SDBS) ‘ 1.0
25 Octamethylcyclotetrasiloxane (D4) 95
Mercaptopropyldimethoxymethylsilane (MPDS) 5

A 5-necked flask equipped with a stirrer, reflux
condenser, nitrogen inlet, ‘inlet for adding monomer and
thermometer was charged with the above emulsion all at once.

30 With stirring the system, a 10% aqueous solution of
dodecylbenzgnesulfonicacid(DBSA)(lpartassolidcontent)was
added, and the temperature was raised to 80 °C over about 40
minutes, and the reaction was allowed to proceed at 80 °C for
6 hours. Then, the mixture was cooled to 25 °C and, after 20

35 hours of standing, the pH of the system was returned to 6.5 with



20 conposed of the follow ng conponents at 10, 000 rpmfor 5 m nutes
-using a Honmomi xer. Conponent Amount (parts) Pure water 251 Bodyumigs
dodecyl benzenesul fonate (SDBS) 1.0 25 Cctanet hyl cycl otetrasil oxane (N) 95
Mer capt opr opy! di met hoxynet hyl sil ane (MPDS) 5 A 5-necked flask equi pped
with a stirrer, rdflux condenser, ni trdgen inl et, inlet for adding
nononmer and therrmrreter was charged with the above emul sion all at once.
30 Wth sti t AQUE

dodecyl benzsr'eande{slgﬂll f‘*?.lia%%‘?%‘t(‘%s%‘% pgg?higég%ﬁﬁrg%%%le%? was hdded,
and the temﬁm@%a@%mwwl%@xa@om@rth%m h@“lh‘ﬁ@l?e’éhuénd t he

reaction was,wedioved todrReet ff 8QnvedOion b HWMhe THSnd Neydradalre
was cooled to 25 OC and, aft'er 20 35 hours of standing, the pH of the

syst em was Rt FER Hiameteard 8o JWRnepsBso3BbLgdRaint ¢ FUXIE: ©f the

term nate thel potyass ZobkOMe pateXclEODiBER NWEr HOHYOE GANASHL OXBNe
particles (S 3 degree of conversion, and the

th bt Th
vol ume averay® 15%?%?%?%‘%%@2?%%% fol uene- insoluble matter content

of the 5 polyorganosil oxane particle |atex vvere det erm ned The results

ngyzrgxois{kgggﬁgn&%ar% Ign%% ?%r%l&]@ nec gpdjlﬁf)f %%%%lp)op%a Sith a

stirrer, repdukictendéhsar, nitrogen inlet, inlet for adding nononmer and

kj thenmpreter wgg @Wécﬂ@éhv‘fltébﬁ *E%B%Lﬁéa“ﬁﬂtﬁogp%%%ér, Cooppaent
Anmount (parts) Pure water 189 15 Then | e substituting the

s@ em at moSPREPRSHF t 1 bFegeReinlehe 1RAPEr APLr 8ddaBIr BPEERE 02RB0C and
aqueous tsetHbheNe£oNROSEiapied parh OhepPEHELYRLAE @Bﬁp@n@ﬁt@&rts of

pot assi um p@rsulfatg (KPS) was added. Then, a mxturﬁnc nPO?parts
' Pure water 189
15 SDBS 1.2
-Then, while substituting the system atmosphere with
nitrogen, the temperature was raised to 70°C and an aqueous
solution composed of 1 part of pure water and 0.02 parts of

potassium persulfate (KPS) was added. Then, amixture composed

20 of
Component Amount (parts)
Styrene (St) ' 0.7
Butyl methacrylate (BMA) 1.3

was added all at once, and the polymerization was driven to

25 completion by stirring for 1 hour to give an St-BMA copolymer
latex. The degree of conversion in polymerization was 99%.
The solid content of the latex obtained was 1.0%, and the volume
average particle diameter.was 0.01 pm. This time, the
coefficient of variafion was 38%. The solvent-insoluble

30 matter content of the St-BMA copolymer was 0%.

Separately, a mixture composed of the following
components was stirred with Homomixer at 10,000 rpm for 5
minutes to give an emulsion of the polyorganosiloxane-forming
components.

35 Component Amount (parts)



20 of Conponent Anmount (parts) Styrene (St) 0.7 Butyl nethacryl ate
(.BMA) 1.3 was added all at once, and the polynerization was d thbh 20
25 conpletion by stirring for 1 hour to give an St-BMA copol yner | atex.
The degree of conversion in polynerization was 99% The solid content of
the latex obtained was 1. 0% and the vol®une average particle. dianmeter
was 0.01 pm This tinme, the coefficient of variation was 38% The

sol vent - i nsqurl.g) St matter content of the St-BMA copol ynejg was 0%
Separ at el y, mxture conposed of the follow ng components was stirred
with HormmS&ErS at 10,000.rpmfor 5 ninutes to give an emul&i®dn of the
pol yor ganogis | oxane-form ng corrponents 35 Conponent Anounjs (parts) 2 4
JUL 2906 36 Pure water 70 SDBS 0.5

y- Met hacr yn@-m%aﬁpqlapwm%ﬁ(%&@%@h@%m@éﬁ@eﬁhsl%éﬁnet he 3St - BVA

Colool ymer - ?oBtBai MHGh | aitex smasammcm ?&oﬁ%ééﬁglﬂ%:@ﬁuﬁgﬂs ]
solution o arts a cont ent a stem the
enul si on ofmatlﬁ"e Jprb‘?‘ﬁj) grg)o?l 18 Ja(lﬁé FBHHY S \3@%&?&193 ﬁgﬁ%‘ Hode
was then asiﬁ]eoﬁaddn’aén*ohceaanaiddacﬂteo thbosystef, cahki amadsibinr bifnghelO

the system Vmcrgqo_% egs Q?mf‘%goéé“é%{;éﬁ ggngehgéo%gdhgﬁ %e was

Thereafter, ifum roxrde
term nate t&ieerp@ﬂyl@@lrakhtatoﬂncsﬁ drater LEent @ihdurp O§cﬂq1mlgmﬂf$srtoxam@g,

partiches (1§1@)s3)%'%%xrp@8§'é‘t?c¢le&'t&% S69Fef g ‘éfll%Q/'%\ﬂefé'sﬁt%dd‘for 20 hours.

poI ymeri zati on, he vol une average 15 particle dianeter and tol uene-
| ubl e rﬁﬁ@a%@ﬁen@%fpﬁ Heas ﬁéiwfg%cm |Coxane thasedde hydaexisice
d" ver m ned. tdhgerfifsat & staeepshomari pafabhe 1n Psrés eshitambigegfromthe

charge amunf o 200, 8018800 SOPVLLPLOMsLhP POLYNAANCS! OHANe yegree
of conversion in polymerization, and the volume average
15 particle diaheter and toluene-insoluble matter content of the
polyorganosiloxane particle latex were determined. The
results are shown in Table 1. As is estimable from the charge
amounts and degree of conversion, the polyorganosiloxane
particles in the polyorganosiloxane particlé latex is composed
20 of 98% of the polyorganosiloxane component and 2% of the St-BMA

copolymer component.

Table 1
, Reference Reference
25 ' Exampie 1 Example 2
Polyorganosiloxane particles S-1 S-2
Degree of conversion of
\ 87 87
polyorganosiloxane component (%)
Average particle diameter (um) 0.14 0.04
30 Coefficient of variation (%) 35 35
Toluene-insoluble matter content (%) 0 0

(Examples 1 to 5 and Comparative Examples 1 to 4)
A 5-necked flask equipped with a stirrer, reflux

35 condenser, nitrogen inlet, inlet for adding monomer and



particles in the polyorganosil oxane particle latex is conposed 20 of 98%
-of the pol yorganosi | oxane conponent and 2% of the St-BVA copz I 06
conponent. Table 1 Reference Reference 25 Exanple | Exanple 2

Pol yor ganosi | oxane particles S-1 S-2 Degree of conversion of 87 87

pol yor ganosi | oxane conmponent M Average pdrticle dianeter (,pm 0.14 0.04
30 Coefficient of variation M35 35 -Toluene-insoluble matter content O
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0.01 parts of .enedi al ni netetraacetic ac um sal ts (EDTA)
0.0025 par®aried 9f dxen (I Iduppafateanandraamiint paadiifded dnrdbiod €225
of the ol yof gaRosbh ¢¥2aanBaitlokkhes pAktidhike(st) Irimg thet is¥shemhkhe
tenperature was raised to 60 'Cin a nitrogen  atnpsphere. After arrival
at 60 'C, &SYFXeTnr etRF tHRPILHOME? ¥R TIBYeAnCr &di cal 1ot yReFF24ERon
initiator esohlospesidi edfiver Iabieal saa6b “ig) am iy ogpeed hibadmen (Fabl e
2 was added(g)ltl 10 at .once, & d the s}yjﬁemmag.séirred t 60 '.%.fﬁgr.l
hour. Then, e ]ﬁ%%cf‘aféﬁ %&%ﬂ‘%% h Tabt 222 haS*Gddd8c Gt ﬂ) séMover
3 hours andlalaf¢ e2 asmoripliet iaon apfourtie spediitiiien, ith&aWiel @ wast addedwasl
furthersti or h i Gopol } I X 15
The 1 atx v TIeH BITures Wi bars Betorchoa Sor crdron belmy, rhERy
J{g?/q a 10% Heyearrenr utGlorfrsiciddled dm dislbdie de wags2 agdetisdgspyaisiedover
cent e

nt) was nededandhearely comguteles o thé uddasi APt 8hBetho I Rixture
coagul at ed sl ur%_%/_ was heated o 60.0OC, then cooled to 50 'C,

y an .
dehydr at ed WS QRFQ(§RﬁRﬁ§ for 1 hour to give a graft copolymer in a
latex form.

15 The latex was then diluted with pure water to a solid
concentrationof 15%, a 10% aqueous solution of calcium chloride
(2 parts as solid.conteﬁt) was added, whereby coagulated slurry
was obtained. The coagulated slurry was heated to 80 °C, then
cooled to 50 °C, and dehydrated and dried to give a

20 polyorganosiloxane-based graft copolymer (any of SG-1 to SG-5
and SG’~1 to SG’-4) in a powder form. The degree of conversion
in polymerization, volume average particle diameter and
acetone-insoluble matter content for each copolymer are shown
in Table 2.

25 In‘Table 2, AIMA stands for allyl methacrylate, BA for
butyl acrylate, MMA for methyl methacrylate, AN for
acrylonitfile (they are all monomers), CHP for cumene

hydroperoxide (radical polymerization initiator), and Polymer
SP for solubility parameter of polymer of vinyl monomer (s) (C)
30 (as determined by the method described herein).



20 pol yorganosi | oxane- based graft copol yner (any of SG1 to SG5 and SG
-1to S -4) in a powder form The degree of conversion i 1

pol ymeri zation, volune average particle dianmeter and acetdne- '1 Wg% | ubl

e matter content for each copolyner are_shown in Table 2. 25 In Table 2,
Al MA stands for allyl methacrylate, BA $#%r butyl acrylate, MA for

met hyl nmethacrylate, AN for acrylonitrile (they are all nononers), CHP

for cunene apxgrgperoxide (radi cal polynerization initiator) , and
Pol ymer Sa or solubility paranmeter of polymer of vinyl nononmer (s) (O
30 (as det¢rmpngd by thelnethod described [herein). 2|4 JUiLﬂz’ 006 38 Table
2001 I 14l gmlm@?Ol) NSFd_'@g'LC‘;CDq.mn&) rhtwa N tilr>
EN N r‘h L oMt | el T
Q Njo Im 0PV |10 4, 7 1o mmte | |(~2¢ )Y mgd mLO mCD m
I Ol ~ N @y mto ONIQL Oa:immCO 15 colo Nt o Nmimm~C/7 tom
co ~-s50 NP mmmco ~ ™
Elo] © [l Siw | Sl { |lo ol o« |-
Q
2
T ol w0 ™
p ol —
el R |- gR 11§ T (38 8|y
3
10 —
© o 1
— o (=] o o~ (2] T -
= | I I = Sl | o < 8
— 0 5 o Ty) P
o ™~ o ol W [
ol el RS3] & |3 =21|G
15 .
o 0 S~ =4 o o o bl
3
— (a0}
= o — olo Sl Q& |lo o o 1
5“’ ~ ! | Sl P S o » D oo 8
} L
20
o
g [{} o |
o o~ ol o o~ D D L
Rl J | | Sl I S P o of| © ((;'JJ
— © o) T
— [e] o™ o ™~ o o~ an N (e o]
25
< al< ~ |~ ~
| T2 I 5 2 & 8 |z 9k
. 5 | 5<|2
~ ~ K=l 2§ N
é’: 2 E? 9: o |5 ED -
283 g~ 2~ sl z 13583
2285 | 57 52 5% | So|EE| 2
c 50 S 3 S a E O L 81
30 8.2 ag R gsa SO - 291
b \J__: ~—t St — o
2% 3| 3 3 sSig |8 |°
° ~ = = oY) Q
o > > 8 <

35



x 20 "' cD 47 N

I NI NI'I " mmcoC/ OOmtoU~n100NI 1T omm
mC/ 25V cn mUQ(=J Umo Ez myvxCLLnNn d3CE@yumd
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pav CC "~U>>dQ 3524 JUL 2006 39 (Exanples 6 to 11 and

Conparative Exanples 5 to 11) Renderi nﬁg pol ycar bonat e resins
flame-retardant A polycarbonate resin (PC 1. Toughl on FN 2200A, product

of IDEM TS E Ly 00, -PC2; l.an , 0 t 5 of
| DEM TSU Pg?ggégg\%gc%t%éa%& tned S(%)Jlrm g%%ﬁg%i Fggg%g‘- %g\sse og?!LaC)t copol yner
obt ai ned i Reatle réhIEp@ipIceFbPrEd &5 NeSEGNE tid age—3rtagidarie

pol yor ganosi | Oxaﬂg%gﬁg@&'rﬁéﬁéﬁe COpQ! 1y Meic-abt apgd 1R 8RY22 00 Caymaatt ve
Exanples 1 to 4 ( -1 to SG -4) were bl ended together according to the
for mul at i oR EsABRMIT AU FAGI RO HIE L1 0raBer evitauBn PEFYEL 8P QhdP T uGt

phosphog us wgonipMTITRY #RtTROCHIMICATADERY $HAB J3BRZ 1@a iy Nidista ridf - A H
DENKA) , and PIFE for gol )Et et.rafci uor oet h¥l ene (.Pol Xf I on !:A- 50%, I oguct
of DAIKINQQﬂHE??P%gym r obtained in any of Examples 1 to SG-1 to SG-5)

or the polyorganosiloxane-based graft copolymer obtained in any
of Comparative Examples 1 to 4 (SG’'-1 to SG’-4) were blended
together according to the formulation shown in Table 3. The

10 abbreviation PEP36 stands for a phosphorus-containing _
antioxidant (ADEKA STAB PEP36, product of ASAHI DENKA), and PTFE
for polytetrafluoroethylené (Polyflon FA-500, product of
DAIKIN Industries).

Pellets were produced by melting and kneading each
15 compound at 270°C on a twin-screw extruder (TEX 44 SS, product
of Japan Steel Works). The pellets obtained were molded into
1/8 inch test specimens for impact resistance evaluation and
1/16 inch specimens for flame retardancy evaluation using
FANUC’s FAS 100 B injection molding machine set at a cylinder
20 temperaturé of 280 °C. The test specimens obtained were
evaluated by the evaluation methods described hereinabove.
The results are shown in Table 3.

25

30

35



Pell ets were produced by nelting and kneadi ng each 15 conmpound at 270'C

‘on a twi n-screw extruder (TEX 44 SS, product of Japan Steel W)“;;QB The
pell ets obtained were nolded into 1/8 inch test specinens f @ U %t

resi stance evaluation and 1/16 inch specinens for flame retardancy

eval uation using FANUCI s FAS 100 B inf%ction mol di ng machi ne set at a
cylinder 20 tenperature of 280 OC. The test speci nens obtai ned were

eval uated bypfheseval uation methods described herei nabove. -The results
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c8 cc? LOQmMO u~0u~20m101 C) CNz LO C LQOC C c! z~0o 0C E
C~-u~C 0LO u c:>mc! I;r Zm 25C)mc|~u~CDOCD£A<j}{b§qn% CD
mIinLQCDC QCG4Lo ¢ 30NLuc7jj OLCLGQ@G WwoO EE
_u’7~ OE 2. 0350L.-A24JUL 2006 41 FromTable 3, it is seen
that the graft copol yner according to e first aspect of the invention
can highly inprove the f |anme retardancy-inpact resistance bal ance of

the pol ycarbonat &, £8L95e 32 ﬂf%i gl %ﬁa‘t‘”&lcg g J‘&ﬁ@:‘%&@érégn nd

13) Rendering a pol ycar%onat’e éoo?yetﬁ/l ene ter gﬁtﬁgcllé)te m xe 9
to the first aspect of the invention can highly improve the flame
retardancy-impact resistance balance of the polycarbonate

resins.

(Example 12 and Comparative Examples 12 and 13)
Rendering a polycarbonate/polyethylene terephthalafe mixed
resin flame-retardant
PC-1, a polyethylene terephthalate resin (PET: BELLPET
10 EFG-70, product of Kanebo Gohsen) and the

polyorganosiloxane-based graft copolymer (SG-1) obtained in

Example 1 or the polyorganosiloxane-based graft copolymer
(SG’-1) obtained in Comparative Example 1 were blended together
according to the formulation shown in Table 4.

15 Pellets were produced by melting and kneading each
compound at 270 °C on a twin-screw extruder (TEX 44 SS, product
of Japan Steel Works). The pellets obtained were molded into-
1/8 inch test specimens for impact resistance evaluation and
1/12 inch specimens for flame retardancy evaluation using

20 FANUC’s FAS 100 B injection molding machine set at a cylinder
temperature of 260°C. The test specimens obtained were
evaluated by the evaluation methods described hereinabove.

The results are shown in Table 4.
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resin flane-retardant PC-1, a polyethylene terephthal ate resin (PET:
‘BELLPET 10 EFG 70, product of Kanebo Gohsen) and the 24 U UB

pol yor ganosi | oxane-based graft copol ynmer (SG 1) obtained in éx &p % 1 or
t he pol yorganosi | oxane- based graft copolyner (SA -1) obtained in
Conparative Exanple 1 were bl ended togef‘% according to the formnul ation
shown in Table 4. 15 Pellets were produced by nelting and kneadi ng each
conpound atp,24@ @QC on a tw n-screw extruder (TEX 44 SS, product of Japan
Steel Works) . The pellets obtained were rml ded into 1/8 inch t est

speci nens for 1npact resistance eVjaluation é/ C¢ nch e,l mens for

fl ame retafdancy eval uation using |[ZRafAdg] @“ﬁﬁ ﬁ@pa i on nol di ng
machi ne selat_a cylinder tenperdture of %ﬁ@? S e‘|nens

obt ai ned we rl'ﬁerm% ,%M;;at ed byctihe eval uapi on rret Iggds descrggped her ei nabove.
The resalts$ in Table 4. 1 2S 30 B5 2 4 JUj 2006 42| Table 4
Exanpl e 12 Cbnparatlve ConpBfativd BEd8nple 1218xandl e 1 Thernopl astic
PC-1 90 90|90 resinf PET 4§10 10 Gaft SG1.4 - copalyney SG-1 - 4
- Antioxidgnt_PE®36 03 0.3 0.3 40 Dri ppihg preventlng PTFE .5 0.5 0.5
agent Total SSRH{EYi op 50 $B-190 |Flame tifre (skc) rletardancy|Dri pping No

No Yes Antioxidant PEP36 0.3 0.3 0.3
10 Dripping— ‘
preventing PTFE 0.5 0.5 0.5
agent ’
e Total busti :
e || w0 | ® | o
tard
retardancy Dripping No No Yes
15 Impact o 2
resistance 23°C (kd/m") 75 60 141

From Table 4, it is seen that the graft copolymer accordirig
to the invention can highly improve the flame retardancy-impact
20 resistance balance of the polycarbonate/polyethylene
terephthalate resin.

Second aspect of the invention
{(Examples 13 to 18)

25 Water (400 parts) and an amount (as solid content) given

in Table 5 of sodium dodecylbenzenesulfonate (SDBS) were mixed
up in a S-necked flask equipped with a stirrer, reflux'condenser,
nitrogen inlet, inlet for adding monomer and thermometer, then
the temperature was raised to 50 °C and, after arrival of the

30 liquid temperature at 50 °C, nitrogen substitution was effected.
Then, a mixture of 10 parts of butyl acrylate and 3 parts of
tert-dodecylmercaptan was added. After 30 minutes, 0.01 parts
(as solid content) of paramenthane hydroperoxide was added, and
the polymerization was allowed to proceed for 1 hour.

35 Thereafter, amixture of 90 parts of butyl acrylate and 27 parts



15 I npact resistance 23C (kJ/nR) 75 60 41 From Table 4, it is seen that
"the graft copolyner according to the invention can hi ghI y | gRrpyeggshe
flame retardancy-inpact 20 resistance bal ance of the

pol ycar bonat e/ pol yet hyl ene terephthal afe resin. Second aspect of the
invention (Exanples 13 to 18) 25 Water %400 parts) and an anmount (as
solid content) given in Table 5 of sodi um dodecyl benzenesul f onat e ( SDBS)

were n xedofUpet#-dode ORTKEHCAPBSK RHIPRRA Wohlt idushisniebreked Indurs .
inlet for ddlﬂ nonomer, and t her nonet er,

condenser, . nitrogen i

then the Faﬁp%?%?%?‘ée%é PR Of 0P8 me i Zekign POEP 3%t kR oK

l'i quid terrmeeaaunetat sB88dC4)ni tTl@gexMeS@Hastafrataga pastetiectedmetBign, a
m xt ure of 1%%5 of buté g Iate andeillparts fo% .
tert-dodecyl ﬁ R8s *H4a889TRFt &F WAt I DS PHASS 1T 4531 i d
cont enty ofieparameatihan’.éhélydeslpbt@xazde saswaddiedTaand 5Sthe poI yneri zation
was all owed to pjoge r parts
of butyl acryl at'}é gnggigga %QQE iqﬁ%ﬁgggogﬁ:& tlreprrié do%e %rcapt an
was added @@nﬁenaéﬁslyl@v@geg hodes, lmﬁ@tSlfl@S-’ean Irmmr@lofand <
post - pol yn%hb%ﬁbme@egwgsmglai @4 th( 888k d ptoq}ﬁ«eeelde sﬁ)eafm% mﬁ'@&sle

average particle dianeter, ydrophilicity and ree of |n%11ater
synt hesi s fet® 2% a&‘é’tué]rtm(ﬁédsoafh‘é ‘T'Cé%?ﬂ’rf%) a?rloee“slhfi-)lv/\ﬁl’\d|Jﬁ1 Téﬁllé g hen,

5-necked fkaskmeqyippedwpbh y@rs;tahbrsarloxraelfel—tmrnclq@eﬁﬁ@fonénﬁé agen

inlet, inlet for ardei ng_ nonomer a d__ther rmrre%er was_c W eed

By yier SpSEPPRBE oY BBt ok By, ST ahOa A RS UEH PamEaatans JoRRFT FEd

i1 Tabl e 60fThwerter100an paAwitsi dasofsopdiy aogdreedi)l adarfbFr rﬁS*ngaa:Dtm(mént S

as separag%ltgmgrt 2%]&?@ %e%Trlaléﬁllla ad e éngE,e% sed of 300 parts of
ol1i fe § éo arts of

wat er cont ent

oct anet hyI @%ﬂeébé’ ﬁl§§PWé>?&r3ré/lﬁ>ﬁ@P5(lﬁaﬁ%a@?YH@H@ mﬁ}wea{ch’w%oq rpm for
yl propys met haeiyrkat @siRgVA) minohi xR0 waRMafded 115 40 BH@s,. using a

Homomi xer was ad%ﬁgnélg f6 QQSEEous solution of dodecylbenzenesulfonic
acid (1 part as solid content) was added and, with stirring the
system, the temperature was raised to 80 °C in a nitrogen
atmosphere. After arrival at 80 °C, stirring was continued at

200 80 °C for 6 hours and, then, the mixture was cooled to 25 °C
and allowed to stand for 20 hours. Thereafter, the pH was
adjusted to 6.4 with sodium hydroxide to stop the polymerization.

_ Latex containing polyorganosiloxane particles was thus

obtained.

. 25 Then, a 5-necked flask equipped with a stirrer, reflux
condenser, nitrogen inlet, inlet for adding monomer and
thermometer was charged with 240 parts of pure water and 70 parts
(as solid content) of the above polyorganosiloxane particles.
With stirring the system, the temperature was raised to 40°C

30 in a nitrogen atmosphere. After arrival at 40°C, 0.2 parts of
sodium formaldehyde sulfoxyiate (SFS), 0.01 parts of
ethylenediaminetetraacetic acid disodium salt (EDTA) and
0.0025 partsof iron (II) sulfate were added and, then, amixture.
of 30 parts of methyl methacrylate (MMA) and 0.06 parts (as solid

35 content) of cumene hydroperoxide was added dropwise over 1.5



Then, a 10% aqueous sol uti on of dodecyl benzenesul fonic alLcid i @ﬁgt as

“solid content) was added and, with stirring the system the & lh-p ature
was raised to 80 "Cin a nitrogen atnosphere. After arrival at 80 'C,
stirring was continued at 20 80 *C for hours and, then, the m xture was
cooled to 25 'C and allowed to stand f8r 20 hours. Thereafter,. the pH
was adjusted to 6.4 with sodi umhydroxide to stop the polynerization.

Lat ex cont@hiidg ReL¥er 88RAIELQXANG PAHY Gl t4as,t 34S r.abipined. 25
Then, a 5-necked flask equipped with a stirrer, reflux condenser,

ni trogen iGPrdtinyed et flohoBddi My YFBiEnEPPahiie Hetrsnit e thnssobhatyed-
W'bth 240I e Sroqfqnlrwraeré/ﬁgeer t;ae&et_ | i7&1@%%%net§@§ §§I§1§bhv¢zoni@tnrabp§hshe
above pol yorgangsi | gxane particles. . stirrin e system e .

t enper ature vvas%?’ﬁ g@&etxowﬂf é%ﬁ? i 249 Mogeh pé&?oé’fﬁ?eélre.t%? oY val
at 40' €, Gochgeartirsatdfon s6diswn & @Swhdebyde sulhftion af ea(lSiS)n chlétigarts
of ethyl enedi am netetraacetic acid di sodi al EDTA). and 0. 0025
parts of i(ploﬁ) a(rl S) assulsfogjlle&m%ornetearﬂﬁed”aa%d?&%%h, Lrgl(eml%l’tu)lfr ébr})dcaojfn parts
of met hyl austchelertdditss (A )wasm dhe@ t @b toardtss °Cas thehi doo38dcbnt 8At §Cof

cunene hy | i SE: . 0Ve - 4 rs.
After conp nce&it)ﬁ)eg&o t%%éa%glgﬁﬁ)ﬁé,&% r }ﬁé{g %NaéO?%%ﬂ ?rgf%e-hg(?}ggn?[%%gga A
graft copdBafy daREWRE ihies R helornThe vol ume average particle

di ameger is showhdn) %apbeybardbiatat £Xs RS tdigshidid wivedovohh prbguwat er
to.a solid _5 concentration of 15% a 25% aqueous sol ution of calcium
¢Ayoride qfa PEMLISHS Kol hLiEoht @) 3RS HagedoO¥Re t hus- obt ai ned

coagul at edb sl wrganvesi headred-bas &5 G it ypaloadead inopb@dee, foandwere
dehydrate nd, dri.ed t ive | yor.gangsi |_.oxane- based raft._c mer
in.a pomdcei)rf%rbdre Weﬁ%ee%r, aé”%&iod;lgggr bonéC?lee F@glmhﬁ c%ﬁath%wENE?Zggg}X
product df. | DEM TSUPPETRODHEMeCALn areddrite wrsl evas :

pol yowan%m@&%m&po@mﬁe&@ppﬂ»aﬂ;ﬁlbﬂ PRVEEH T Or JuUEE €0 rhbaRes

t oget her according to the fornul ation Shown 1n Tabl e~ 6. The

dri ppi ng- prEtesity HRS agetid Uy Skabilizer used was a mixture of a

phosphorus~containing antioxidant (ADEKA STAB PEP36, product
of ASAHT DENKA) and a phenolic antioxidant (Topanol CA, product
of ICI Japan).

20 Pellets were produced by melting and kneading the
thus-obtained compound at 270 °C on a twin-screw extruder (TEX
44 5SS, product of Japan Steel Works). Thepellets obtained were
molded into 1/8 inch test specimens for impact resistance

evaluation and 1/16 inch specimens for flame retardancy

25 evaluation using FANUC’s FAS 100 B injection molding machine
set at a cylinder temperature of 280 °C. The test specimens
obtained were evaluated by the evaluation methods ‘described
hereinabove. The results of the impact resistance and flame

retardancy evaluations of the moldings are shown in Table 6.
30

(Examples 19 and 20)

A 5-necked flask equipped with a stirrer, reflux
condenser, nitrogen inlet, inlet for adding monomer and
thermometer was charged with a seed polymer specified in Table

35 6 in an amount (as solid content) specified in Table 6. Then,



15 pol ytetrafl uoroet hyl ene (Pol yfl on FA-500, product of DA'Z%'JHL 2006
“Industries), and the stabilizer used was a m xture of a

phosphor us- cont ai ni ng anti oxi dant ( ADEKA STAB PEP36, product of ASAHI
DENKA) and a phenolic anti oxi dant (TOp% CA, product of ICl Japan). 20
Pell ets were produced by nelting and kn€adi ng the thus-obtained conpound
at 270 OC on a tw n-screw extruder (TEX 44 SS, product of Japan Steel
vorks) . The gieliSich o ANRMHWEIR o TRLLE. | LPniAg EBEBohEREsSRECI MENS
for inpact resistance eval uatl on and 1/16 inch spécinmens_ for
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t he eval uation t hods de;crlbed er ei nabove.

obt ai ned were ev at

The resul t%‘:to?m?ﬂéyu}r %%?%Jtla?f&%n%n%ln‘?ngn%ar%ta dancy eval uations of
t he nolsdi m@dpt@rmwlmﬂwl@rﬁethﬁﬁyéfxml @ﬁ»ﬂIﬂdsa)ndtZV))o@\o&pme(fbed ,
fl ask eqwg)ped S L o cond(g g ? gogen inlet, inlet
for addi ng fono (?‘ a%l C-Eher r%IPJe)Fe%‘ga%h 5% éul 8&d - pol yrer
specified in Tabﬂl"eaIBS a6 li0k aquapownto(asisol pd dodeenfbespeciekiuddond c

Tabl e 6. Thepy az?lc"-a%@%@ld“éoﬁ‘g ﬁW'ﬁéQ%ﬁed’%}ﬁorﬁf‘Eﬁ?%él Os'gg';' f-qfm ng

conponent s  as arate rring a mxture co 300
parts of s\mmm, Otlze pb@rt\ee{e%u%@lwaswmemi)t@fBSDéS lgsapauif@omen

oct amgtohyl &’&’Iﬁ&é’él@éf@s' lxoane azkd vR1PF t$0 Olc,S5stirring was contlnued at

mer capt opr o yl met h i.met hoxysij | ane ( MPr. DIVB) at 7i m_f or m rg,ut es
Shng a Ho Rymaé Detret) 39 dt edhcé:herﬁéﬁtuéeld‘%satﬁ%@dﬁad f of

odecyl benzmﬂlesulcﬁmcto a@tﬁmﬂlf@ﬁri?oaﬁoﬁelsl d Itlwfemfﬁewasuaddﬁﬂ ﬁﬁé

WIthStII‘I‘II’l t stem . the Legperajure wa IS Hn a
nitrogen 107 ngg%hég 6 g}‘f%gha‘??l var %Ydﬁaxbi g?l? Fﬁlgn\?/ggogontl nued at
80 OC for Bohpuesiaationherdattdre arndtalirel vaspebyd eganes Rbox@neand al | owed

to stand fﬁér@?cf'&é”v%asTE'ﬁuEa%EEé’lm&Qe pH was adjusted to 6.4 with
sodi um hydr oxi de term nat . .
Then, a 5- necked flask equipped with a stirrer, reflux

condenser, nitrogen inlet, inlet for adding monomer and
thermometer was charged with 240 parts of pure water and 70 parts
(as solid content) of the above polyorganosiloxane particles.
20 With stirring the system, the temperature was raised to 40°C
in a nitrogen atmosphere. After arrival at 40 °C, 0.2 parts
of sodium formaldehyde sulfoxylate (SFS), 0.0l parts of
ethylenediaminetetraacetic acid disodium salt (EDTA) and
0.0025 parts of iron(II) sulfate were added and, then, amixture
25 of 3 parts of allyl methacrylate (ALMA) and 0.01 parts (as solid

content) of cumene hydroperoxide was added all at once, and
stirring was continued at 40 °C for 1 hour. Then, a mixture
of 30 parts of methyl methacrylate (MMA) and 0.06 parts (as solid
content) of cumene hydroperoxide was added dropwise over 1.5
30 hours. After completion of the addition, stirring was
continued for 1 hour. A graft copolymer latex was thus obtained.
The volume average particle diameter is shown in Table 6.
The latex was then diluted with pure water to a solid
concentrationof 15%, a 25% aqueous solutionof calcium chloride

35 (4 parts as solid content) was added. The thus-obtained



pol ynmeri zation. Latex containing polyorgan05|loxane 15 part| Lﬁﬁ ﬂﬁﬁ t hus
‘obtained. Then, a 5-necked flask equi pped with a stirrer, L
condenser, nitrogen inlet, inlet for addi ng nononmer and thernoneter was
charged with 240 parts of pure water a 70 parts (as solid content) of
t he above pol yorganosil oxane particles.” 20 Wth stirring the system the
tenperature was raised to 40'C in a nitrogen atnosphere. After arriva
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dropw se o etio i.0 tirring
was conti n%%%y%?arig’% f&'éé %ra%%g %%%TPJC éogf&fg@(e%vggl %%Sjs&ed:b?gr% gereTh
vol une avebagred@drm@ek@dr amterding stovith g rf orablle tg.on Fhewnatiex Twdd et hen
diluted wigh ﬁﬁﬁﬁ<¥F¥§Hlﬁéﬁf&é¥%dé&ﬁ&’ qgﬁga&ég 9i<15% a 25% aqueous

sol ution of cal cium chl ori as_so |d content) was_added.
The t hus- osb@lay%%ar@fhugmei@ole% éBa@mféPedFéréPPy RasdHest ed PSIEBSHC,
t hen q@ol ethdesPied . and dehydrated and dried to give a

ol yorganosilo raft owd for
Sy caebonat & r o TS To iR SrP R TSR0 Y roners §h51 knBeitad Ehe °
ETROCHEM OALS - ahdaihedadmm&murpcblay:oﬁ@anhmdroaan\elhasede\gr@mrudml (VIEXr | n

powdler | or W <o Bhendsd: sggennar acherdlag Lo, BesatmALLoR.slan, (1

Tabl e prng-preve tetr
(Pol yfl on ml@@@ lp’ﬁ@dﬂaéﬁ éaflCDAtKISN specipgust foas Lnppelt] sesindaace

producerd byvgehstngnandakneadi Rgchh8pecimens for flame retardancy

evaluation using FANUC’s FAS 100 B injection molding machine

set at a cylinder temperature of 280 °C. The test specimens
obtained were evaluated by the evaluation methods described
hereinabove. The results of the impact resistance and flame
20 retardancy evaluations of the moldings are shown in Table 6.

(Comparative Example'l4)
Formulation, molding and evaluations were carried out in
the same manner as in Examples 13 to 18 except that the
25 polyorganosiloxane-based graft copolymer was not added in
formulating the polycarbonate resin composition. The results

are shown in Table 6.

(Comparative Example 15)

30 Synthesis, coagulation, heat treatment,
dehydration/drying/powder formation, formulation, molding and
evaluations were carried out in the same manner as in Examples
13 to 18 except that no seed polymer was added in polymerizing
the latex containing polyorganosiloxane particles. The

35 results are shown in Table 6.



t hus- obt ai ned conmpound at 270 OC on a tw n-screw extruder (TEX 44 SS,
‘product of Japan Steel Wrks) The pellets obtained were 7pmpljgiedilonto
1/8 inch test specinmens for inpact resistance 15 evaluation and 1/16 inch
specimens for flanme retardancy evaluati,gn using FANUC s FAS 100 B
injection nolding machine set at a cylinder tenperature o f 280 OC. The
test specinens obtained were evaluated by the eval uati on net hods

descri bed hereinabove. The results of the inpact resistance and flane 20
ret ardancy al uati.ons ngs are shown in Table 6.
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eval uations were carried out 1n the same nmanner as in anpl e "i5°1B
except thata¥R SN pot yiaPlews- added in pol ynerizing the Iat ex

cont ai ni ng pol yorganosi | oxane particles. The 35 results are shown in
Tablée 6. 4 JUL 2096 ., 47 (Co ratflve Exanple 16) Fornmul ation, nolding and
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in fornula
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Exanmples 19 to 20 except that no seed mer was ad ¥mr| zing
the | atex cbital®Feg %W?%%@h%%s?%)(aﬁ@abaﬁ%F-@l‘é&le H’ﬁéthleS
15 results are shown in Table 6.
Table 5
Seed 1 | Seed2 | Seed3 | Seed4
Sodium dodecylbenzenesulfonate (phr) 8 4 2 1
20 Butyl acrylate (phr) 100 | 100 | 100 | 100
tert-Dodecylmercaptan (phr) 30 30 30 30
Average particle diarmeter (urm) 0.04 006 | 0.08 0.09 -
P Hydrophilicity (%) 80 80 80 80
25 Swelling capacity (times) 10 8 6 5
30

35
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INDUSTRIAL APPLICABILITY
The invention can provide a flame retardant capable of
giving thermoplastic resin compositions excellent in flame
retardancy-impact resistance balance when added to
5 thermoplastic resins. Furthermore, thermoplastic resin
compositions excellent in flame retardancy-impact resistance
can be provided when the flame retardant is incorporated in

thermoplastic resins.

10
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| NDUSTRI AL APPLI CABI LI TY The invention can provide a flame retiaddafib
capabl e of giving thernoplastic régiAIMDnpositions excellent in flane
ret ardancy-i npact resistance bal ance when added to 5 thernopl astic
resins. Furthernore, thernoplastic resin conpositions excellent in flane

retardancy- j ”pﬁ%nf#ﬁ’r?é%&‘aloﬁéﬂeb@oﬂf&\/ﬂ- %‘P@ﬁt theod 1 @nee r et ar dant
is incorporated in nopl astic resins 0 2 4 JUL 2006 CLAIM 1.

. A pol yor ganosht gkahe- @bh@amﬂbhg @Yaﬁ@li@@bi?h@@ Owhith 16 it fabl e by

| Polynerl UggygF5 tgt}g%ggogg uﬁ%flgg$ §g A Vi nyl nonomer ~B) conpri sing

100" t 0" 509 wef g a po y HoHoTer (b-1) containing two or .

..nore pobynesi zabliey wasahirar ed bondsunsal shapnamrmdib- 1h-1 peidigasaliagt ed
fromthe group consisting, of | nethacrylate, triallyl cyanur t%)

|
trial |w0.%c%ﬁura%vm%¥%mf pﬁ’f‘ﬁ%\?%‘f@ec StAYFenes Yt § dppnomer

(di met h@@w&agsleé%dhﬂéw@n@ ?LM&@' c&w?ém@éy&iat@lw P"tﬁ?et?dé’d lhenzene;
arid 0 to SO% by wei ght of anof her copol ynerlzab e nonhoner (b-2 in the

.. presentelollud eyanorpbet strhslipli dseordentstpy @k¢bh¥ld@hthalate,
A e S L S i St e R ﬁ%ﬂ“%%“n%@?l??\%)
, (B) and @Iylbgﬂhgpzéﬁi)parts by melght.

-.and 0 to 50% by weight cf ancther copoljmerlzamle”monomer'(b—2),
in the presence of 40 to 920 parts (as solid content} by weight: of
polyorgznosilcxzne particles (Al), A

- followed by further polymerizaticn of 5 to 50 parts by -

~weight of a vinyl monomer (C),

with the sum of (A1), (B) ahd (C) being 100 parts.by weight.

2. The polyorgancsiloxane-containing graft copolymer
according to Claim /1,

wherein the polyorganosiloxane particles {(Al) have a.

{
‘volume average particle dizmeter of 0.008 to 0.5 num.
3.. The polyorganosiloxane—containing graft copolymér
according to Claim 1 or 2, '
wherein the vinyil monbmer {C}) gives a pclymer thsrecf
having a solubility parameter of 9.15 to 10.15 (cal/cm’)?,
4. The polyorganosiloxgne—containing grait copolymer -
according to any of Claimsjijto_3,
wherein the polyorganosiloxane particles (Rl) are in a

latex form.

5. The polvorganocilo&ane—containing graft copolymer
according to any of Cldlmsil to 4,

wherein ‘the v1nyl monomer (C) comprises at leasi one
monomer selected from an grahp;consisting of aromatic vinyl - ¢

monomers, vinyl cyanideﬁmoncmers, (meth)acrylate ester

monomers and carboxyl c¢roup-containing vinyl monomers.



2. The pol yorganosi | oxane-containing graft copolyner according to aim
1, gherein the pol yorganosil oxane particles (A) have a, volune average
particle dianmeter of 0-008 to 0.6 pai. 3. The 24 JUL 2006

pol yor ganesi | oxan-contai ning graft copolyner according to daim1l or I,
| wherein the vinyl nmononer (C) giVvds a polyner thereof having a
solubility paraneter of 9.15 to 10.15 (cal/cnB) i/2. The

pol yor gari csi -1 oxane-contai ning graft copol ynmer according to any of
Clains 1 to 3, wherein the pol yorganosil oxane particles (P.1) are in a

| atex form5. The pol vorganosi |l oxane-contai ni ng graft copol yner

according to any of Clains 1 to 4, wherein the vi nyI m)norrer (C)

conprises at | @aSThQn§ol%BQE&ES&QEQ&h@chhQ@lhE@i vimfeg: Of
aromati c: Vi ny rTE oners, g oner s, alc:‘}il ate ester
mno@ersaﬁﬁa‘-’ééF‘Bo 9L35Y0%5 € ﬁi”éﬁn n °v$hy"f’ FoRbhe %e r;4y O 51

6. The -mpbm&gﬁw@s tmmamemrwwl@mgwfﬁh@aam mﬁetlsnammmmto -

any of cl t.o.5 n th i,nyl oner | ses 100 to 90%
by wei ght aﬁ t ABp %mﬁﬁ AR ko % %ﬂ Yht of

t he copol(gagii.zabl e nononer (b-2). 10 7. A fIarre r et ardant V\:hl ch

conpri ses the pol yorganosi| oxane- containing graft copolymer according
to daiml. 8. A flame retardant resin conposition 15 which conprises 0.1

to 3@ parts by7weAgfilamperetoddaatts by wei ght of a thernoplastic resin,
of the flane r@h%ﬂ%mpfﬁ%’% CHh@pB? gh%§i%xhﬂ‘éQEBﬂrtiE.ﬁan”gigft

t her nopl astic resin l'aner retar dant i ésin conposi tion - accor di ng
to 20 CFaPR-SMmefhaceoFdimeg t%rqﬁﬁill ic resin is a polycarbonate resin.
10. A pol yorganosi | oxane-cont ai ni ng graft copol yner

8. A flame retardant resin composition
15 which comprises 0.1 to 30 parts by weight, per 100 parts
by weight of a thermoplastic resin, of the flame retardant
according to Claim 7 as incorporated in the thermoplastic resin.

9. The flame retardant resin composition according to
20 Claim 8, ,
wherein the thermoplastic resin is apolycarbonate resin.

10. A polyorganosiloxane-containing graft copolymer
which is obtainablebypolymerizing O to 10 parts by weight
25 of a2 vinyl monomer (B) comprising 100 to 50% by weight of a
polyfunctional monemer (b-1) containing two or more
polymerizable unsaturated bonds and 0 to 50% by weight of
another copolymerizable monomer (b-2), in the presence of 30
to 95 parts by weight (as soclid conteﬁt') of a polyorganosiloxane
30 (A2) in a latex form obtainable by sléed polymerization using,
as a seed polymer, a hydrophilic porjly:uer capable of swelling
in the corresponding organosiloxané,
followed by further polymerizing 5to 70 parts by weight
of a vinyl monomer (C),

35 with the sumof (A2), (B) and (C) being 100 parts byweight.



whi ch is obtainable by polynerizing O to 10 parts by weight 25 of a vinyl
nmononmer (B) conprising 100 to 50% by wei ght of a polyfunctiﬁpgw nonomner
(b-1) containing two or nore polynerizable unsaturated bbhd: 8 O0to
50% by wei ght of another copol ynerizable nmononmer (b-2), in the presence
of 30 to 95 parts by weight (as sol i content) of a pol yorganosiloxans
30 (A2) in a latex form obtainable by | ead polynerization using, as a
seed polymer, a hydrophilic polyner capable of swelling in the

correspondi ng q siloxane, fol lLowed by f her . pol Lizin 70
parts by meighf{'g$83 B?§¥?rﬂﬁﬂ8ﬁéﬁ°¥é$?¥§8gk%?ﬁiPﬁeg%%?toF°P§?§¥%9(13)
and (C) decopgdifig par C3aby Wei,ght. 7 4 JUL ZOGG 52 11. The

pol-yor ganosi | - eQnLaj nj g p accardi Cl ai m 10,
therel n the setBonstinchensaddib 2 Rat Bhc Rl Been b3 1t et the
extr &t i bydrepbidficiayethasl ihiee exdagsiion sate ¢f wderpeilprde is 10 to
100% by | = ed e ne f i t i b igfRUNt f 26
wei g(iit ti\"'\gnﬂgggﬁtgﬁgts gip tgf%]g Eg‘ee S)gﬁ')y&ngr_ ?%démért\fgm%eﬂx gﬂ?tihe dr;s(s)eed
pol ymer, defgrmined afteriadding MatEP.c inAn EMWMt 8fd2 ovsdreiting® seed
oo of ’;ﬁ%’i?"ﬁgﬁgfg’?@‘%ﬁ %g?qh%@g%%‘*‘i‘?é?ﬁ ﬁiégfa*“ﬁ e e,

| at ex parPiiPWed B¥eS&irs ASE3 G dP Tl A 124 Ex particle diameter
bef dree sti (r)ri nghereild the Eibéc%]ms.‘}?rfetzﬁﬁhaddi sgch iwd@rgg@tosflmm]rﬁncjg an
a=unt 15, i [ e e Mgyl eed-

pol ymer f§t5§?n$%gg§ﬁ§ghggg§%i?bﬁﬁgt g Egﬁ%;ggrgﬂgﬁ%ﬁﬁﬁ R%.&hiéﬁéség

pol yor gadetermined foamathe wpghafheioipen yuner 1afegopdrhjcle dlametani 20
wherein ¢ eed; palk flg@?y blehcht he
extracti %?Eregt ggld?gi%%?gq{%ﬁ?;%eegoﬂp%g%% diln ) ry&gggsbﬁgl %?rielfﬁi%é 50 to
100% by $&i JHE0 2B tigeserfitRedaddins Bericrganasdlonanam amhinnembo

wei gig - t BoegimklRabyolveligBrsendtpolty tRe HRyazded SéaiRer! otbhehdryesged
p0|yner’polymer latex, followed by stirring at 23°C for 1 hour.

12. The polyorganosiloxane-containing graft copolymer
according to Claim 10,

20 wherein the seed polymer has such a degree of
‘hydrophilicity that the extraction rate of water-soluble
components in dry seed polymer is 50 to 100% by weight, as
determined after adding water, in an amount of 20 weight=-times
that of the seed polymer in a dry state, to the dry seed polymer,

25 followed by stirring at 23°C for 1 hour and

wherein the seed polymer shows such a degree of swelling
in the organosiloxane that the rate of swelling by volume as
determined from the ratio between the latex particle diameter
after stirring and the latex particle diameter before stirring

30 is 3 to 15 times after adding the organosiloxane, in an amount
50 weight~times that of the dry seed polymer, to the seed polymer
latex, followed by stirring at 23°C for 1 hour.

13. The polyorganosiloxane-containing graft copolymer
35 according to any of Claims 10 to 12,



25 followed by stirring at 230C for | hour and wherein the seed pol yner
shows such a degree of swelling in the organosiloxane that ) Uhé[ﬁate of
swel ling by volune as determined fromthe ratio between the | atex
particle diameter after stirring and the |atex particle dianeter before
stirring 30 is 3 to 15 tines after addi ng the organosil oxane, in an
amount 50 weight-tines that of the dry seed plyner to the seed pol yner

| at ex, foll omgebylstt ithei vgratl rorenest (C)haamprizsesTd least one

pol yOrg%BﬂBh'e%@@%e&‘% 'fg'bﬂxgtﬂéaf;f:o gpebxgﬁ_eaﬁé Cﬁ&h@ﬂﬂz%ﬁm of

Cl ai s 906, 53°whefeln e vin nononer (C) conprises
at | eastﬂoﬁﬁ@erﬁmndﬁﬁylsé%%lé%ﬁ RSHANSES gr Hﬁ%tlé)cﬁ@%}ei% *FL@F omati ¢

vinyl  gBRefRLS aﬂd‘)ﬂax‘b@mldﬂgm&taiﬂ@ﬁ@)@%ﬂ%&m&ﬁéﬁ nmonomer s
and carboxyl group- containing vinyl monomers. 5 14, The

pol y%r ganosi | oxane-cont ai ning graft copolyner accor d| ng to any of cI a| s
10 to 13, wherei,nThet @olgrd&gmmomgmomaim

ft P d th I 15. A
e 1 BEEPRRHEEs Ao FLBEBEnLO oyt AP § T °é§taﬁ%€29bgraft
copol yneeighdored rihd oriGlyl mdtonds (B) Dsresafit coopwmsetripedeinethent in
i npact i C f onprises a thernoplastic
rrergi n ar%?t%téﬁ% g’n%%}geerga?iggn{ge%%%? %QM%I %grmle as i ncorporgt ed

thet@in in an anount of 0.1 to 310 parts by wei ght per 100 parts by

wei ght of  201tshe at argmplasidadesin. 17. The resin corrposi tion
according to ¢ m 16P wherein the thernoplastic resin is
pol ycar bonat e &135 h,comprises the polyorganos:.loxane-containing graft

copolymer according to Claim 10.

15 16. A resin composition excellent in impact resistance
and flame retardancy
which comprises a thermoplastic resin and the flame
retardant according to Claim 15 as incorporated therein in an
amount of 0.1 to 30 parts by weight per 100 parts by weight of
20 the thermoplastic resin.

17. The resin composition according to Claim 16,
wherein the thermoplastic resin is apolycarbonate resin.



