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I 1 DESCRI PTI ON GRAFT COPOLYMER, FLANME RETARDANT

COWPCSED OF GRAFT COPOLYMER, AND RESIN COMPCSI TI ON s
CONTAI Nl NG FLAME RETARDANT TECHNI CAL FI ELD The
present invention relates to a pol yorganosil oxane-
containing graft copolyner, a flame retardant conposed
of the 10 copolyner, and a resin conposition that is
prepared by conpounding the flane retardant with a
thernopl astic resin and {halcbgsy ellent flane
retardancy and inpact resistance. BACKGROUND ART 15
Pol ycarbonat e resi ns have excel |l ent inpact resistance,
heat resistance, electrical characteristics, and the

li ke, GRAFrRYEOPOIVMBEE FLAMEERETUSEOANT eb@ﬁpi(:)lg@b OF

and el ectroni c conponents, office autonmation

equi pnent GRAFFaPOPOIQMIER, /AND RESINI COMPOSITIES -
Pol ycar bonat e resi ns have higher flame retardancy

conpared with 2CONTAINYNGNELAREL REBARDANT | i ke. In

fields requiring high flame retardancy, for exanple,

el ectrical and el ectronic conponents and QA

equi pnent, the flanme retardancy of the pol ycarbonate
resins has been i nproMedHNIGRFAELYari ous f1 ame
retardants. The use of pol yorganosil oxane conpounds

(al so cal [T&¢ "Bigsenbnéaventien arpl@tegefe ar medyorganosiloxane-
phospharus-free flane retardant has been proposed.
WerhadEge @rafly GPPalyidRs, pRodladser getaridganiciongnposed of the
flame-retardgnt resin conpqQsitiQn  using such a .
GOPOOFY&Frodf o&z;ﬁélrhsaﬁaﬂﬁa?wno&wé:xlaﬁnﬁr@ar&dpbﬁ@ég@poundmg

for . . .
Be t%ame retardant with a thermoplastic resin and that has excellent

flame retardancy and impact resistance.

BACKGROUND ART
Polycarbonate resins have excellent impact resistance, heat
resistance, electrical characteristics, and the like, and have thus been
widely used in electrical and electronic components, office automation

(OA} equipment, household goods, and building materials.

Polycarbonate resins have higher flame retardancy compared with

polystyrene resins and the like. In fields requiring high flame

‘retardancy, for example, electrical and electronic components and OA

equipment, the flame retardancy of the polycarbonate resins has been
improved by adding various flame retardants. The use of
polyorganosiloxane compounds (also called "silicones") as a halogen- or
phosphorus-free flame retardant has been proposed. With respect to a
known process for producing a flame-retardant resin composition

using such a polyorganosiloxane compound, for example, a process for
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producing a flanme-retardant resin by kneading a

silicone resin conposed of a nonoor ganopol ysi | oxane

with a non-silicone polyner has been known (for

exanpl e, see Patent Docunment 1). The silicone resin

has an effect of inparting flape retardancy, but the

effect is 5 unsatisfactory. Further addition of the
silicone resin to conpensate for the unsatisfactory
rloRRicihAPal IBahkerdtARALEt | AT ekﬂéa&i'?% resuliiddit resin
resin cofposition. Therefore, there is a problemthat
idorhpogéd fdfcal indrborghAdBe s stiokhABBwWi@! A dRH-slIRYHE polymer
conmposi tion having both excellent flane retardancy -

didk dxeal kaown (bacxareplat sRcPatdit Pochni€sPag! tTBedsilicone
process for producing a flane-retardant resin

aesposids am ledleichgofl tppgpeirtings flahdncetarsiaigya but the effect is
pol yor ganosi | oxane conpound, for exanple, a process
funsgtisfdatrimyg Bufihemadditiandahthe sidisonecesposo tdonmpdrysate for
conpoundi ng a thernoplastic resin with specific
dhsuansasiagten gffect mhpabrsodichithpaet aesistance of the resulting
pol yor ganosi | oxane_ 15 containing graft copolynmer
pEEPhCOmRRpIgPES t Thereiveei thers B i psablempibatit i difficult to
pol yor ganosi | oxane particles having a particle size of
eroducky apflamerzetpidapde feRRoRAMIPQF tieRaMaving sketh excellent

Pat ent current%gzg. On..t he ot her hand, a process for
5%6855?%‘1&1?0& e%ﬁkl%“ﬁifﬁﬁaﬁﬁ%?b?éﬁ&i | oxane
L I bl BT P SR B retardant
' i . 1 nal | ect.ed f )
Roat g RiRY BB R s g Re 3541564 Py Bafpanosiloxane
t ' t.ent. of latil
SEphublie o' SR " BT SILSIonTs N H fraany
e 0 RO T W moplapyc rosin with specit
Rhepanesl with thh1std@hadok Fl)él’% haug lé’\"%oéj{'%%%cisﬁloxane-

retardancy and ~ deteri orated pear ance co
cbasLinfin@Mztd® copolymer prepared by graft-polymerizing a vinyl

monomer with polyorganosiloxane particles having a particle size of 0.2
um or less has been known (for example, see Patent Document 2).

On the other_ hand, a process for producing a latex
containing polyorganosiloxane particles has been known which is
prepared by emulsion polymerization of a linear or branched siloxane
having a terminal group selected from a hydroxyl group, an amino
group, or a hydrolyzable group, the latex having a reduced content of
volatile siloxane (for example, see Patent Document 3). However, a
final product from a polyorganosiloxane-containing graft copolymer
prepared with this latex tends to have lower flame retardancy and
deteriorated appearance compared with those from the

polyorganosiloxane-containing graft copolymer prepared by the process
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pol yor ganosi | oxane-cont ai ni ng graft copol yner prepared

by the process 3 disclosed in Patent Docunent 2.

Thus, it has been difficult to strike a bal ance
between the flane retardancy and reducing the

vol atil e sil oxane content using only the current
techni ques. 5 Patent Docunent 1: JP 54-36365 A Patent
Docunent 2: JP 2002-348453 A Patent Docunment 3: JP

%ﬁ | I NVENTI ON. 10 PROBLEM TO
é@gé[&%gééﬁ %Wﬁ&?lt is an object of the

present | L1 AMHEO B d¥8iclt to strike 2 balance ?etween the
pol yor ganosi | 6xane- cont ai ni ng graft copolymer tha

qRithai R%atBatcy aRRURdRfing thesidbale ¥abahhk ©otitbA¥A%ng only

causing a matérial loss and a 15 reduction in

rhedueiremt k¥clgidurg. t he producti on and has the
excellent effects of inproving flanme retardancy and

iPmant DRshgkande JR5AL36865 et ar dant conposed of the

- graft copolyner; and a resin conposition containing

tReteht De-umeat @anib 2002-3484 83 donposi tion havi ng
excellent flane retardancy, appearance, and i npact
rRegent Ameim2nt IEANB J00R -28B826CATHE PROBLEMS The
present inventors have conducted extensive studies on
the problens and found that a

pol yor ganosi | oxane- cont ai ni n raft copol yner
prepared by graft-fblcﬂ@h@smlg@ INVEBNTISNoner with a
25 pol yorganosiloxane in a latex form prepared by
emul si on

PROBLEM TO BE SOLVED BY THE INVENTION

It is an object of the present invention to provide a
polyorganosiloxane-containing graft copolymer ‘that contains less
amount of a residual volatile siloxane causing a material loss and a
reduction in productivity during the production and has the excellent
effects of improving flame retardancy and impact resistance; a flame
retardant composed of the graft copolymer; and a resin composition
containing the flame retardant, the resin composition having excellent -

flame retardancy, appearance, and impact resistance.

MEANS FOR SOLVING THE PROBLEMS

The present inventors have conducted extensive studies on

. the problems and found that a polyorganosiloxane-containing graft

copolymer prepared by graft-polymerizing a vinyl monomer with a

polyorganosiloxane in a latex form prepared by emulsion

- polymerization of a linear or branched siloxane having a terminal

group selected from a hydroxyl group, an amino group, or a
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pol ymeri zation of a linear or branched sil oxane havi ng
a termnal group selected froma hydroxyl group, an
am no group, or a hydrol yzabl e group has | ess anmpunt
of a volatile siloxane; the

pol yor ganosi | oxane-cont ai ni ng graft copol yner i s
useful as a flane retardant; and a thernopl astic
resin conposition containing the nane retardant has

SFECLRNE | BBupC R RRE BUaRAPTE] A7 Vol Silgifies the

aﬂrl}i Jé)llt BbsilR@hel Sonfalifi %Eﬁﬂt chY)%H'hlaPnisr @s@hﬂs a0 aﬂame

rganosi [ oxane- cont ali g graft “copol'ynmer prepare

B4 taRRIMTRE]F 'anﬂlé}nicﬁjlgigtl@%tsﬁl RYNEdGBbnOEoRealh the flame
mononer (D) conpri si 100 to 50 percent by weight of

FeptAditnE s 0Rale] 1FRR qlﬁhe(r%)tafdhﬁ%ﬂfaﬁdﬁ ifgadt IJeQ%‘Eénce The
two pol yneri zabl e unsaturated bonds and 0'to

Hatdiens Kyveridhs ted cangilegsn Qﬁﬂ:ﬁleypsi%rsbﬁa%eem@mner

(© in the presence of 30 to 95 parts by weight of a

pol yor gandhdtoxaite (Ahel n predeaitex froemtipreparekhitéy to a
enmul si on polynerization of a |inear or branched
gidlyorgeerdialoxageactreiaming  gigoafi sekepblunér ommrepared by
hydroxyl group, an 15 am no gro and a hydrol yzabl e
grodymmeriamdg futa AGrpash )hyeweahtg)fga vinylm@opamer (3) comprising
wei ght of a vinyl nononer (E) 1(the sumof (A, (D), .
alrQﬂJ( (B SBeinfgcend pHr tecight wel gat )polsaftmcvtfcmaclednonomer (B)
enbodj ment |.ates to the pol yorganosil oxane- '
é?@ﬁtt%%fﬁnagabf gt B HBerigabie Unsafuratesu hengs amd O to S0
Vi nyl noner D 0. 1to 10 rts by weig

REE ?fa TBeishi Rlr 3%?@% FeROBBB AR, TogREmeT ey in the

iR R YP' el s SRR Ressgnn o) in a
b | t t 5,9/ 100 2

?%‘%Eée bt prden b By Hnlvtn afmetiizetr Alatlged of Brdnched

siloxane having a terminal group selected from a hydroxyl group, an

amino group, and a hydrolyzable group; and further polymerizing 5 to

70 parts by weight of a vinyl monomer (E} (the sum of (A), (D), and (E)

being 100 parts by weight).

A preferred embodiment relates to the polyorganosiloxane-.
containing graft copolymer wherein the amount of the vinyl monomer
(D) is 0.1 to 10 parts by weight. |

According to another preferred | embodiment, the
p_olyorganosiloxanéucontaining graft copolymer is characterized in that
a radical initiator (F) having a solubﬂi'ty.to water of 0.5 g/ 100 g (20°C)
or more is used in polymerizing the (D) and/or the (E).

According to still another preferred erﬁbbdiment, the
polyorganosiloxane-containing graft copolymer is characterized in that

the vinyl monomer (E) is at least one monomer selected from the group
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25 According to still another preferred enbodi nent,
the polyorganosil oxane-containing graft copolyner is
characterized in that the vinyl nmonomer (E) is at

| east one nononer selected fromthe group 5

consi sting of an aromatic vinyl nononer, a vinyl
cyani de nononer, a (neth)acryl ate nononer, and a

car boxyl group-containing vinyl nonomer. The present
i nventj.on further relates to a flanme ret

dant. . b |
CHPTPURR P 1B FOMAIGLOd: FShamETonarR fiFg ponomer, a

R EEa BB EHR, Tt chego!, BB viny!
VBB?BQ%@J the flame retardant is conpounded with 100
arts

y ‘wei ght of a thernoplastic resin. 10 THE

P .
EFFECT OF e rﬂljeél%[@% #%Jﬁ&n?xﬁ%ﬁ@f rjeIh“cEFtﬂooﬁ fi8the retardant

reduce the co a residual volatile siloxane

IR bRy TRE ?ﬂ_’d}fépr od%%il@ﬂgn@—cfo‘?ﬁﬁﬁ{ih%rgﬂa@t copolymer.

productivity i ucing, and can provide a flanme
retardant that phaserithanebheiehs &l FARMHRYI REldttdNMo a resin
ret ardancy, appearance, and inpact resistance of a 15
thenpopitist it weRhNOCoIp ) paets bgndeiHt sihthd Ghaddl@stardant
resin . conposition, which has excellent flane
rietcurdpoaydedppiar BOC @artnby weighe of redicttaosiastic resin.

. prepared by conpounding the flame retardant with a

thernoplastic resin. 20 BEST MODE FOR CARRYI NG OQUT THE

I NVENTI ON A pol yor ganosi | oxane-cont ai ni ng graft

copol ymer of theTHErBEFRCT ARAHDANVENIEar ed by
polymerizing O to 10 parts by weight of a vinyl )
nmononer ( hhe ewpsent myeroon casorediaee phe wpniehgief aesidual
a _palyfunctional pononmer (B) containing at |east two | .
pElaHls slexare causing a material loss and a reduction in productivity
in producing, and can provide a flame retardant that has the effects of |
improving flame retardancy, appearance, and impact resistance of a
thermopl.astic resin composition; and a flame-retardant resin
composition, which has excellent flame retardancy, appearance, and
impact resistance, prepared by compounding the flame retardant with

‘a thermoplastic resin.

BEST MODE FOR CARRYING OUT THE INVENTION
A polyorganosiloxane-containing graft copolymer of the
present invention is prepared by polymerizing O to 10 parts by weight

of a vinyl monomer (D)} comprising 100 to 50 percent by weight of a

‘polyfunctional monomer (B) containing at least two polymerizable

unsaturated bonds and O to 50 percent by weight of another
copolymerizable monomer (C) in the presence of 30 to 95 parts by

weight of a polyorganosiloxane (A) in a latex form prepared by emulsion
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25 unsaturated bonds and O to 50 percent by weight of
anot her copol yneri zabl e nononer (C) in the presence
of 30 to 95 parts by weight of a pol yorganosil oxane
(A) in a latex form prepared by enul sion

pol ynmerization of a linear or hranched sil oxane having
a termnal group selected froma hydroxyl group, an
am no group, and a hydrolyzable group and further

%{51 frlrcgegr&zzdtﬁﬂv( ﬁﬁeas 31%(:0 %15 l?ﬁ’a(ﬂk?{ éﬁ%(agl%bga%ﬁ% a terminal
U Dyelectedl GRbth oI hByBRIHAT 32BAHI |Qﬁa@@nﬁ1‘2ﬁt@‘dﬁﬂ19 and a

graft copol ynmer is useful as a flanme retardant-

tHed A5k iggon1pS kR dCRITRRSH Fbg)}néﬂﬁi@ BitBF @ b@rtaf b?ﬁﬁelght of

retardant exhibits excellen | ame retardancy and

|anpaey] nicsdmeAER (the ROlnY A3fog) p$D) 0xad By Sieeinign 100eparts by

present invention can be 10 obt ai ned by a known

preighsls ditse lpodestganodRoR8NE-28826HNE, grbft Lhpol2Rbls useful
A, and the like. Enulsion polynerization of a

' pod g dlaganosidmbaarie A dhebmophestioresid asnpositimes containing the

water, a surfactant, and the |ike are added to a

(ﬂﬂ;'acf |r@@ardcantet6:§hlbdlsysaxcaﬂan@ Wained hekardancy and 1mpact

wei ght - aver age nol ecul ar 15 wei ght of, for exanple,

mgspdenge. | ess, preferably 5,000 or Iess and nore

preferably 3,000 or less, has a term nal group such as

a hydr oxyI pgalmﬁgangﬁl a%ens W%,@ﬂ armwtourwf@mc&l can be
rou

Siterid Pyt aquﬁltrgr?@)ééﬁls% 1R diaerb i Eiae A, ° op 11-
%%‘5’54” R BEEE The rosul ting mixt U?S"ITE” 0

s Sitaﬁ&%mui‘%ﬁ?f;‘%o&?' O S e e
EHLAO8 RTHIBAOD DA% SEERILRRT LA e iEE adPallfed t0 &

I'spersed 1n

JHidHEE) WAt APoH floxane which has a weight-average molecular

weight of, for example, 10,000 or less, preferably 5,000 or less, and
more preferably 3,000 or less, has a terminal group such as a hydroxyl
group, an amino group, or a hydrolyzable group such as an alkoxyl
group and, if necessary, is partially substituted with a
methacryloyloxypropyl group or the like, in the presence of a common
graft-linking agent. The resulting mixture is subjected to mechanically

forced emulsification with, for example, a high-pressure homogenizer

'so that the resulting emulsion has a desired particle size, to be

- emulsified and dispersed in water, and is then adjusted to an acidic

condition.
A graft-linking agent is used in polymerization of a
polyorganosiloxane used in the present invention. If necessary, a

crosslinking agent can also be used. -
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condition. 25 A graft-linking agent is used in

“pol yneri zation of a polyorganosil oxane used in the

present invention. |If necessary, a crosslinking agent
can al so be used. 7 A conmon graft-I|inking agent may
be used. Preferably, a bifunct}onal silane conpound
containing a polynerizable vinyl group is used. For
the use of a tri- or nore functional silane conpound

containing g hm%&&ﬁblhﬁkl‘{-{g“f&geﬂ{ ?lg%%eﬁe |2 'ﬂ‘lefje?‘gbly, a

product may ave [Pow 1 npac SI'S anpl és o

UhigulE@bhal itkhoQ dides : : .
y- met hacr?/l oy oxygfrgg(g/‘lﬁ%i' rrdgt ﬁ%ﬁ‘?ﬂ%fhkjfﬂgﬂlgﬁ%@le vinyl group is

NRSHRCT Fopy LIoX YREOPH & &FNOXY NBiohY | 8i@1enalY silane compound
acryl oyl oxypropyl di met hoxymet hyl sl ane, and 3- o
nesrtapiiepr appbRehMEableethigd ygicu)ea fIhgl ghslded {p'i*lﬁdﬁGt may
agent is used 10 in an anmount of preferably 0.1 to 10
preanee lowbynweightresistdigce. pr éi:eraples b5 the grpraahhg agent
by wei ght, and nost preferably I to 5 percent by
viechide based yemethacerioyiokypfopyldaneshboxarchyMiianet he  y-
anmount of ?raft-l i nki ng agent used exceeds 10 percent

y

bpetleaaytitoylexypiapgildiesthdedmetiorlstanaay have reduced v
flame retardancy and inpact 15 resistance. Wen the
Aoy rreavldimethoryneetbyislased i s bel ow @nd1 3-

percent by weight, noldability of a final nolded

PREtRARICRIYPY e thaddisrethysHases shirg graftdieksislg agenfgis used
i s PR @ pPas e byt 11n 10 2RtSep s HhikPhe more
SRR EbB 9, 90 Tt By Hiskil el Tnost OBreterabY 1 to 5
%%@&l‘l% 'i:r'yrrx%tepg%:yﬁélsea& S ?trl]éj amount of organosiloxane. When the
amount of graft-linking agent used exceeds 10 percent by weight, a
final molded product may have reduced flame retardancy and impact
resistance. When the amount of graft-linking agent used is below 0.1

percent by weight, moldability of a final molded product may be

reduced.

If necessary, a crosslinking agent may be added in
preparing a polyorganosiloxane (A) used in the present invention.
Examples of the crosslinking agent include trifunctional crosslinking
agents such as methyltrimethoxysilane, phenyltrimethoxysilane, and
ethyltriethoxysilane; and tetrafunctional crosslinking agents such as
tetraethoxysilane, 1,3-bis[2-(dimethoxymethylsilyllethyljbenzene, 1,4-
bis[2-(dimethoxymethylsilyl)ethyl]benzene, 1,3-bis|1-
(dimethoxymethylsilyl)ethyl]benzene, : 1,4-bis[1-
(dimethoxymethylsilyljethyl]benzene, 1-[1-(dimethoxymethylsilyljethyl]-

| 3-[2-(dimethoxymethylsilyl)ethyl]benzene, ‘and 1-[1-
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ethyltriethoxysilane; and tetrafunctional crosslinking
agents such as tetraethoxysilane, '

1, 3- bi s[ 2- (di net hoxynet hyl silyl)ethyl]benzene, 1, 4-

bi s[ 2- (di nmet hoxynet hyl silyl)ethyljbenzene, 1, 3-bis][l
25 (di met hoxymet hyl silyl)ethyld benzene, 1, 4-bis[l-

(di met hoxynet hyl si | yl') et hyl ] benzene,

1 [1-(di met hoxynet hyl silyl)ethyl]-

R s S s e

)’lq{ékbél LRARTEMSN s abRBSE P Dol ik Blordden ﬁu:&f&)(r@@oﬂﬁaﬁﬁmg at
alone. A m xture containing at least two agents may

aksét BRo UgRGhts -H‘]Q%Cdl@@ Yel Bk mﬂ;-eafosssuﬁéﬁgcbgdht iaMdded in
anmount of preferably 10 percent by weight or |ess,

i enpsehebilrgfdraBlp 10epessintyy weiight o@rlebssmorbqﬁeﬁerably
on the amount of pol yorganosil oxane (A). In the case
that pbecanoubly ofveigiet croessldsski rigasabentn | shabosmdifht of
percent by weight, a final nolded product may have
medyceghriogilachneddi) stlante chse thmtddteeaimmatt oitlof cidsslinking
flexibility of the polyorganosiloxane (A 10 In the
HESNd-ideorvendd rengesk iy peightera faeal onol product may have
emul sifier which does not lose its enmulsifying ability
uRdbcednimpael cesistmtiia fug tos datarioragpaeiof |téleeﬂ@htbulé@ of the
trlﬁreof i n¢l] ude aI kyI benzenesul foni c acid, sodium

{ e al kyl sul fonic acid, sodi um

al kyl sul fqnat e, so kyl sul f sucm nate, sodi.um
15 pol yox3é‘t hihene &Bﬁ%’aé? 8{ %@Flf oH, Igerlgﬁgon, _an
o O gz%pgisﬁiflﬂgr%@?ﬁ%mr an it
ﬁ%%gﬂegsﬁ'zéﬁtiﬁ{‘ﬁ%ﬁiféf OB, SR oohgppor nclude
kAR AN Fon 0 i AT i AL SHLLORBSSID Wiyt sutfonic
acid, sodium alkylsulfonate, sodium (di)alkylsulfosuccinate, sodium
polyoxyethylene nonylphenyl ether sulfonate, and sodium alkylsulfate.
These may be used alone or in combination of two or more species
thereof. Among these, alkylbenzenesulfonic acid, sodium
alkylbenzenesulfonate, alkylsulfonic acid, sodium alkylsulfonate, and
sodium (di)alkylsulfosuccinate are preferable due to relatively high
emulsion stability. Furthermore, alkylbenzenesulfonic acid and
alkylsulfonic acid each function as a polymerization catalyst for a
component for forming a polvorganosiloxane.

The reaction system is adjusted to an acidic condition by
adding an inorganic acid such as sulfuric acid or hydrochloric acid; or
an organic acid such as alkylbenzenesulfonic acid, alkylsulfonic acid,
or trifluoroacetic acid. The pH is adjusted to preferably 1 to 3, more

preferably 1.0 to 2.5, so that production equipment is not corroded and
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20 enul sion stability. Furthernore,

al | Wbenzenesul fonic acid and al kyl sul fonic acid each
function as a polynerization catalyst for a conponent
for form ng a pol yorganosil oxane. The reaction system
is adjusted to an acidic condifion by adding an

i norgani c acid such as sulfuri’c acid or hydrochloric
aC|d or 25 an organic acid such as :

tr| %bg%%lggg éfyglgérgz%’q raﬁ%l S adA E’gpée gi Sr e?(rar ably

1 to 3, BB%@l@%’ﬁMn ]tepncﬁé}a%td?e i %éE%?éber 0°C or higher,

productlon eq S not corro

O féi%&@blgﬁwf@wr ghep éﬁHean?,E‘ FggfeQQBEf' @s% ofigher, in

pol yneri zat | temperature I's prefe
Righerthat Mae %ﬁﬁf@ﬁ@ﬁe\/ ﬁéiy%@ﬁz@ﬂlgﬁerrat@n @aﬁosﬂbe obtained.
preferably 25 hi gher, in view that an

anpthprinete, Pk yHElyZaiiaion aeensernthees dbt préfeehbly 100°C or
Furthernore, the polynerization tenperature is

- poeter abdye HR6feCably 7105Gr hower, pasdenaldtyprdiefalsly S0°C or

| oner, and nost preferably 50" C or | ower.

Rowgner Pelymanzdténpeeatperasucds bedess than@T ttend to cause a

cause a reduction in productivity and are thus not

peatietiahl i pmdyqutz andraret dryre nat preterablerorRoly hearization

100" C tend to increase a volatile siloxane 10 and are

ltﬁlqgaqa@tulmsep@meeth@n n@0¥hdend to increase a volatile siloxane
pol yor ganosi | oxane-formng reaction is an equilibrium

@é%ﬁ%c/@?f‘o Hapdet nie ‘?i‘laé’ ®ondi tions, the siloxane chains

are pref -ably stabiljzed as foIIovvs After

conpl etio B?e pdt¥mePP SAEaROSABRRCARTHIRS c JisdrtidBns is  an

S U FBRHEPaPORET FaSh pBRa ot Do siABe ghains are
|

E’EE%F‘EEYWSE?P% RO Aﬁtssc??%lﬂ?lg@%le off plymerization

gﬁgg:i‘e&%éiﬁ?g cBiﬁd?ggﬁQ,glfaHe@eas%%%f’ ik ka sultig’ﬁ)é lﬁ)trloauc? is aged at

about room temperature for several hours or more to increase the
molecular weight of the polyorganosiloxane. Then, the reaction system
is neutralized by adding an aqueous alkali solution of sodium
hydroxide, potassium hydroxide, or sodium carbonate, so that the pH
of the system is adjusted to 5 to 8, to terminate the polymerization.

| The polyorganosiloxane (A) in a latex form has an average
particle size of preferably 0.008 to 0.6 wm, more preferably 0.01 to 0.4

um. It is often difficult to stably obtain a latex having an average

- particle size of less than 0.008 pm. A latex having an average particle

size of more than 0.6 wm may cause reductions in the flame retardancy
and impact resistance of a final molded product and is thus not
preferable.

The vinyl monomer (D} is composed of 100 to 50 percent by
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hydr oxi de, potassi um hydr oxi de, or sodi um carbonat e,
so that the pH of the systemis adjusted to 5 to 8,
to term nate the polynerization. 20 The

pol yor ganosi | oxane (A) in a |atex form has an average

particle size of preferably 0,008 to 0.6 Rm nore

preferably 0.01 to 0.4 [tm [t is often difficult to
stably obtain a | atex having an average particle size

QfeibRES gtrgﬁﬁla&)&g%m ?ﬂgﬁéﬁi&é{?p%ﬂ%ﬁ@nt&’cﬁ{ agﬁolyfunctional

par i Cl sl ze tause

RIHEIH NS ébﬂtﬁﬁziﬂglaé? 1é£§t%ﬂ§@g§xﬁérﬁgglé B&5turated bonds

resi stance 'of a fin nol ded pr ct and is thus not

cef Rbadhfle alte OVidBD pareene by Wridl, $RAReEBH; 0f o100 ¢
?% 50 percent by 10 i ght, B’Sef %agr abl(bg 100 gfo oS percen

psr sefghh)yovghgiter dpalyp@drifabletmenainerM@)oMBothBexcessively

contai ning at |east two polymerizabl e unsaturated

Bonalt anpeant®bé chit podyithrittionAGnpavessit (H)\arvkiegbessively large
preferably O to 20 percent by weight, of another _
copolunhe of Zéie eopolyonenizdlily. mBotdmex (@f seseltyind astmidency to
amounts of the pol yfunctional nononer (B) and

agrdusei thtyeffaciyeol amprovingf thdeflameolrgtardazatyt eand impact
monomer (C) result in a tendency to reduce the effect
Gesisipires i oigthe erafaverebimed diegllambtaimpettand are thus not

resi st gnce of the graft copolynmer finally obtained and
Hreferabie.not  preferable. 10 Specific exanples of the

pol yfunctional . nmononer, (B) jncluyd al lyl X
met hacr yl &RECHiq %@mlewﬁﬁhm y&nq%ne;hmonomer (B) include

TRE ROl it sllete alicor o
Sl BOVAEDE” JUERF. TRt oS ene ol
(5P aablHe, oAU S FBE L uocd atone or i
combination of two or more species thereof. Among these, allyl
methacrylate is particularly preferable due to economy and effect.

The vinyl monomer (D) is used in an amount of 0 to 10
parts by weight, preferably 0.1 to 10 parts by weight, and more
preferably 0.5 to 5 parts by weight. More than 10 parts by weight of
the vinyl monomer (D) result in a tendency to reduce the flame
retardancy and impact resistance and are thus not preferable.

Use of the vinyl monomer (D) is preferable from the

~ standpoint of the effects of improving flame retardancy and appeéra_nce.

When a linear siloxane having a high molecular weight is

~used as a raw material, since a graft-linking agent for forming reactive

sites to a vinyl monomer is not uniformly introduced into the molecules
of the siloxane, the amount of vinyl monomer (E) covering the

polyorganosiloxane particles (A) is reduced compared with the case in
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The vinyl nonomer (D) is used in an anount of 0 to 10
parts by weight, preferably 0.1 to 10 parts by wei ght,
and nore preferably 0.5 to 5 parts by weight. Mre

‘than 10 parts by weight of the vinyl nononer (D)

result in a tendency to reducg;the flame 20

retardancy and inpact resistance and are thus not
preferable. Use of the vinyl nononer (D) is preferable
f%RPH Q%c}rcﬁka%l%&lﬂg hgtfir{éé'ﬁ 1\8/\%; ﬁfbtlé(]tl?lfarl E,’B]\Eligglgédagg a raw
ret ardancy and appear ance: en a 1 near §iloxane

hawkalgal MA@ mRekagul araNal alfided PaRRIIAS of th@Wresulting graft
material, since a graft-linking agent for form ng

reasdlyver dimpblegledowatlyiadnyhermopRRtid Sedlfl tatid @6 Hawe low

introduced into the nolecules of the siloxane, the

dienuet redbrdanyy. naoeeeer,(Gie @ivigld Bhsilh@onomer (D) principally

pol yor ganosi | oxane particles (A) is reduced conpared

védrhpbbed cafe an pélyfimetioyal | mm@idraxanehdviongan lleast two

nmol ecul ar weight is used as a raw material. As a

rassaturated i hahdsolcdetbqusedast fmf ddfecieesutddatyegrsafas, thus

copol ymer conpounded with a thernoplastic resin tends

tinprpveng othe fllame reteaddnay yandorppearanse of at fimal molded

vinyl nmononmer (D) principally 5 conposed of a

rﬂﬂmﬁcti onal nononer having at |east two

unsat urat ed bgopnds conpensates for defjcient reactive

sites, thePeqihipr s5aRPleneof | Hhe Fepalyaaeidgablsg monomer (C)
roduct. Specific

RERAI et GraticvintangRBmT s EnBRGTEF G gty lstyrene, p-
R R e Pl RPRIRY Pl 58t MBS mers such as
BepylofiiBo, RO iP RO TRARIR S BHR lhyrarre such as
IRBAI" Bciyiilee Pl il pBSY. SR ! Cacrtare, 2-
WhyliS] gbyeidyt acqybphg  Redyexyet b ASHEdALe acrylate,

hydroxybutyl acrylate, methyl methacrylate, ethyl methacrylate, butyl

‘methacrylate, lauryl methacrylate, glycidyl methacrylate, and

hydroxyethyl methacrylate; and carbdxyl group-containing vinyl
monomers such as itaconic acid, (meth)acrylic acid, fumaric acid, and
maleic acid. These monomers may be used alone or in corﬁbination of
two or more species thereof.

The vinyl monomér (E) used in the present invention is a
component for ensuring compatibility between the graft copolymer and
the thermoplastic resin, thus uniformly dispersing the graft copolymer
into the thermoplastic resin. Specific examples of the monomer

include the same compounds as those used as another

- copolymerizable monomer (C) in the vinyl monomer (D). Specific

examples thereof include aromatic vinyl monomers such as styrene, o-
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15 hydroxybutyl acrylate, nmethyl nethacrylate, ethyl
nmet hacryl ate, butyl nethacrylate, |auryl

net hacryl ate, glycidyl nethacrylate, and hydroxyet hyl
nmet hacryl ate; and carboxyl group-containi-ng vinyl
nononers such as itaconic acjgz (meth)acrylic acid,
fumaric acid, and naleic aci These nononers may be
used al one or in conmbination of 20 two or nore

Srﬁ%ﬁ'leﬁ%tﬁl%%r eo%og{%%hﬁs@%len%ong r é fs%%rér?e t IQ/anyl cyanide

fvent Fon 1e a conmponen ns ring

%@h‘l?ﬂsl Lh¥hPEL eRaY c{:lrgﬁ”lﬁr Qi—l %?é%ﬂlg}é brdie. glgl%th)acrylate

ernnp astic resin, S uni ersi ng

_%6Ebn‘i&%0|s¥1%r asl ?ﬁ&hwea&?ﬁ{ e 25 | nc [ézg%ﬂ t,hprogzgd acrylate,

SpeC|f| c exanpl es of

Q}?rlaﬁe t Q%ﬂﬁ@@laﬁcgnatéﬂeggc@@ﬁo |a)6 ra'té abhRiroxyethyl
nononEr

in the vinyl nonomer Speci

exanpites t hgdeekybasiludecayRal i CnkdtAyl rfm@yms@h ethyl
as styrene, a 12 nethylstyrene, p-nethylstyrene, and

mabthadrsiytegnebunilinymetiacivdate, moRamgl s Sikehadlate, glycidyl
acrylonitrile and nethacrylonitrile; (neth)acrylate
montrerrylates hand  inytnykyathyy | atethaetigte;aanyl ateboxyl group-
propyl acrylate, butyl acrylate, 2-ethyl hexyl -
aenihiniag yinydi appinoseens atlelYl ay dtasorgthgtids (amtinl}anglic acid,
r%dr oxybutyl acrylate, nethyl nethacryl ate, 3@%/

mRIGE yRetde, apd yhaleie h%@dyl afbeseamay bethsest yalane, or in
gl ycj dyl met hacryl ate, and hydr oxyeth | methacryl ate;
&vaniiaging of dMsupr TRekR apering tergel. nbhenensl suemomer (E) is

hLﬁae%fﬂ% 261 AHRL O MO0 BSEEs KoMEEH RROLDIeicrably 5 to 45
e | %?gf?é VLR (S S RS S PO U8 T ferably
“ﬁée%hf@aa”d Bt (R eber AR s or of er abl y
Polymerlzatlon of the vinyl monomer (D} and vinyl monomer
(E) used in the present invention is preferably radical polymerization.
Furthermore, each of the vinyl monomer (D) and vinyl monomer (E)
may be polymerized in a single step or two or more steps.

The vinyl monomers are polymerized not only on the

- surfaces of the polyorganosiloxane particles, but also inside the

particles. To ensure compatibility with the thermoplastic resin with
minimum amounts of monomers, the monomers are preferably
polymerized on the surfaces of the particles. However, use of a radical
initiator having high hydrophobicity results in an increase in the ratio
of the amount of the {rinyl monomer polymerized inside the particles,
thus reducing ﬂame retardancy of the final molded product.

Accordingly, for use of the above-described graft-linking agent,

- selective use of a radical initiator having relatively high water solubility
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used in an anmount of 55 to 95 parts by weight.

Pol ynmeri zation of the vinyl nononer (D) and vinyl
nmononmer 15 (E) used in the present invention is
preferably radical polynerization. Furthernore, each
of the vinyl nononmer (D) and yinyl nononer (E) may be
polynerized in a single step of two or nore steps. The
vinyI nnnoners are polynerized not only on the

ML A8eSp0%a L Beaoler 9GB! ARG eheh i1 2hithomer

InSI par cl es 0O ensure conpatl

t | t { f
IR B ST BT By i o
fﬂtg?rﬁiérrfz%."‘tﬁﬁl Yn the BaFkhices est tﬁ'@"‘ﬁé{ﬁ‘icleé's%hﬁg ﬁ'nprovmg the

cal “initiator having high hydrophobicity results
IffhiBB refefRARS. 1N the ratio of the anount of the
vi nyl nononer “pol yrmeri zed inside the particles, 25
thus redugpaifit aRniglearsanty radichhenitizial (Fpitigldde organic
product . ccordlngly, for use of the above-described

gpeabkiddnksiung ageaumese! legpdiorerusleof tarttadyt dhydroperoxide,

‘initiator having relatively high water solubility 13

reesidolys  peraxidedutdri-drutiyh  pheoxyisomtomficadomate nydi-tert-butyl
nmononer polynerized in the particles and an increase
iperokide, attedt-batylpgleyoryleaataian lenroyle muokiles Smfccutme acid
particles, thus inproving the flame retardancy.

Spaokide exalgiezanemnet ecnoaitle aladetylacatase (plarqufétr,uoﬁend P-
organi c perOX|des such as cunene hydroper oxi_ de,

trappipagy | hygdae Bw@@,dénorm@owerp&dﬁa giich as potassium

tert-butyl roxyi sopropyl carhonate, di-tert-buty
ﬂf&rasaf ¢ aréftawwnﬁer sﬁw % eanﬁa%%wor%%sarﬂaesuch as

%épl né@ S g@ﬁ%ﬁﬁge an c! S%gxan%e ggézrﬁmeciﬁylvaleromtrﬂe

dr oper,oxi de; i norgani c_peroxides s C ot assi um
I}Q/mon% Jc’hese Ghe peroxide compounds suc Lthd organic peroxides

or inorganic peroxides are preferable because of high reactivity. In
particular, compounds having a water solubility equal to or more thén
that of p-menthane hydroperoxide and cumene hydroperoxide are more
preferable. |

A radical initiator {F} having a solubility to water of
preferably 0.5 g/100 g (20°C) or more and more preferably 1 to 16
g/ 100 g (20°C) 1s used. Compounding a copolymer obtained using
such an initiator with a thermoplastic resin results in a tendency to |
improve the flame retardancy of a final molded product.

Specific examples of the radical initiator (F) having a
solubility to water of 0.5 g/100 g (20°C) or more include p-menthane

hydroperoxide, tert-butyl hydroperoxide, potassium persulfate, cumene

“hydroperoxide, and tert-hexyl hydroperoxide. These may be used alone

or in combination of two or more species thereof.
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persul fate and amoni um persul fate; and azo conpounds
such as 2,2'-azobisisobutyronitrile and
2,2' -azobi s-2, 4-di net hyl val eronitrile. Anmong these,
t he peroxi de conpounds such as the organi c peroxides
or inorganic peroxides are py@ﬁqyable because of high
reactivity. In 15 particul ar, conpounds havi ng a water
solubility equal to or nore than that of p-nmenthane
hydr oper oxi,de e r 0| : e
preferablé&giﬁﬁggFgggFﬁﬁ?E%%F%?ﬁ?g%&ﬁgygégISQEzarangeknown
[ b i : r,.f preferably 0.5 g/100 g (20' QO
Ztg éljrrlggrsee galﬁn%é(?réﬁgh%raé erably 1 to 16 20 g/ 100 g

(200'C) is f‘cﬂm?%‘\'llﬂ‘? (105 B [ 3 ;
such an i rﬁét% I at olr ' tﬁ&gﬂ?ﬁiee? %g&g{s%&?? rr ggf)% éxsgﬁlﬁltsgﬂ&udmg
| fBryuiendeneNfie-sddighove thenfdiasmydet ar damgyxAht@ disodium
final nolded product. Specific exanples of the radical
igthi/icae@liafitheftavid@tate, S0l ubfdrrbist 0 WadEa®f ghicdsegédodium
100 g (20' Q) or nore include p-nenthane 25

hydophespkiads, bertfehiy butthopeodiirtde, ppadpiscipimte-sodium
persul fate, cunene hydroperoxi de, and tert-hexyl
Ipltrsyfertoxiatenl tsThaseompe then usfethalpoigmeorization even at lower
conmbi nation of two or nore species thereof. 14 The
arjymiteridatiometarapecaturerdnd & dhusgediergblen a range

known to those skilled in the art. Performng the

pol yneri zdt exaimplg eledaxrongss dar ilpelatigignghe fralyses from the
sul f at e- sodi um f or mal dehyde sul f oxyl at e-di sodi um 5 .
@rﬁ%—@@@@jygpﬁrnelﬁgﬁ aﬁm&&‘tﬁé’ Ber emydsion polymerization is as

su] f at e- gl ucose: sodi um pyr.Qphosphat e, or ferrous )
szhP‘éfﬁéTgSgﬁE‘ffﬁ by FepBidledFat addimea TGS 9ab SUds ap eglcium
I n.canpl etion of the polynerization even at, .l ower

SOIGHER] 2RREBRSTRp SRR MhdTAEReRNT, SHiARpPad then the
coagulated product is separated, washed, dehydrated, and dried.
Spray drying may also be used.

The graft éopdlymer thus prepared is useful as a flame

retardant. Flame-retardant resin compositions having excellent flame

retardancy and impact rcsistarice can be obtained by compounding the
graft copolymer with various thermoplastic resins.

A polycarbonate resin containing 50 percent by weight or
more of polycarbonate is preferably used as the above-described
thermoplastic resin from the standpoint of excellent flame retardancy.
Preferable examples of the polycarbonate resin include a
polycarbonate; polycarbonate/polyester mixed reéins such as a
polycarbonate/polyethylene terephthalate mixed resin and a

polycarbonate/ polybutylene terephthalate mixed resin;

- polycarbonate/ (acrylonitrile-styrene copolymer) mixed resins;

polycarbonate/(butadiene-styrene copolymer) (high-impact polystyrene
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An exanpl e of. a process for isolating the polynmer from
the 10 graft-copolyner |atex prepared by emnul sion
polynmeri zation is as follows: The latex is coagul ated
by adding a netal salt, such as calcium chloride,
magnesi um chl oride, or magnesiym sul fate and then the
coagul at ed product is separated, washed, dehydrated,
and dried. Spray drying nay al so be used. 10 The

Q{f—ﬁgﬁs&g ?&lr%n%ugﬁjs rgséla%?r ?)% é;éar%%%fa‘dé / @%gﬁlgﬁ'x{%ﬁ*ﬂ%butadiene

| ane-Tet ar n co

ne npa Si st can
el-}eﬁ{:l%ﬂb tal %Illl%y Cgﬂ%%ﬁ?rg@ﬂ %%rafﬁ%gg ol yn@gﬁ@v&th resins;
\éﬁél%'@éﬁ%éﬁﬁég%r?ﬁm&lfeeﬁhﬁdmﬁepo| ycar Ropajce- &—@ﬁéﬂhylstyrene

alning 5 cent by weight or 20 nore of

Rﬁﬁtﬁﬁh%?ﬁ%%(écﬁ REShST %lycm‘e&% /tdtorene-butadiene rubber-

above-descri bed thernbplastic resin fromthe

daptpdifle- Ntﬁﬁéﬁﬁlrhﬁl%ﬁmlﬂ@necbpb@rxﬂéﬂcy miefl efahe  and
exanpl es of the polycarbonate resin include a

asdlycardanake (adpolotiatilkonatydic pallyest-etyrehredcoedymer) (AAS
such as a polycarbonate/ polyethyl ene terephthal ate

mesay mésdchresidsa 25 pol ycar bonat e/ pol ybutyl ene .

~terephthal ate m xed resin; polycarbonate/

(acryl oni tWithe- rssm@net@ortbby rrem)ounlt(e@f r egdlsrganosiloxane-
pol ycar bonat e/ ( but adi ene- styrene copol yner)
(@erghinimgagtalpepyelyynenmadded Hppbe ﬁi@mgpimsta@d'eﬁw preferably

pol ycar bonate/ (acrylonitril e-butadi ene _rubber- st¥ren
ébéorﬂ@/n%o YPAABSPY e¥Fightniatsl e rarelensdily cardhdpat @/ parts by
(acryl oni t ri.l e-butadi ene rubber- cc-nethyl stgfr ene )
BHE mé?) f‘:hq(e@oﬁggrgﬁglosﬂoxane contammg graft copolymer is

pol ycarb te/ rene- byt adi £ ber

PORRHPR B LD i Py b cuh s &Bﬂ%%%ﬂc resin from

tggg‘ggw&%gg% RERgar oLl act ML oML 5 BH) Sreight of the
polyorganosiloxane-containing graft copolymer results in difficulty in
improving the flame retardancy of the final molded product and is thus
not preferable. More than 20 parts by weight of the
polyo'rganosiloxane—contaihing graft copolymer may cause a significant
reduction in moldability (particularly, fluidity) of the mixture resin for a
molded product and is thus not preferable.

The thermoplastic resin and a powdered flame retardant

composed of the polyorganosiloxane-containing graft copolymer

-prepared by coagulating, heat-treating, dehydrating, and drying from

the latex can be mixed with a Henschel mixer, a ribbon blender or the

like and then melt-kneaded with a roll mill, an éxtruder, or a kneader.
In this case, addi_tives that are usually used, for example, an

antioxidant, an antidripping agent, a polymer-processing aid, a flame

retardant, an impact modifier, a plasticizer, a lubricant, an ultraviolet
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resin) mxed resins. Wth respect to the anount of

pol yor ganosi | oxane- containing graft copol yner added
to the thernoplastic resin, preferably 10 0.1 to 20
parts by weight, and nore preferably 0.1 to 10 parts
by wei ght of the polyorganogiagxane-containing graft
copol ynmer is conpounded per 0O parts by wei ght of

the thernoplastic resin from the viewoint of flane

retardancy. .Less.th O [ .

SIPEE k53Re et DO, B Bl o, Mo cam
i | ff ty in 15 inproving the flane retardancy of
t(%gq#(ifﬂﬁg?g?rbl ded product and is thus not preferable.

More than 20 par b5, lgsWeightmaidibls® the flame-retardant resin
pol yor ganosi | oxane- cont ai ni ng graft copolyner may
CRESBoStRINAT b6Athon! PEYESIsOTol Nmidd@@bid ithérmoplastic resin
(particularly, fluidity) of the mxture resin for a

ndedsipioRduct.c andidjéctidws moldipief esaligiory0 Bldv molding,
t hernopl astic resin and a powdered fl ane retardant
cadpodedngf of ke pikey aagabe sipipdicdne- cont ai ni ng graft

copol ymer prepared by coagul ati ng, heat-treating,

dehydr at i Mhe amdsditingg rholuled t peotlatex lwn lbecellamid impact
with a Henschel m xer, a ribbon blender or the |ike
andisthpoe meld flanwadddrdandéy.a roll mill, an extruder,

‘or a kneader. 25 In this case, additives that are

usual |y used, for exanple, an antioxidant, an
otardant, an mpact modi FRAMPEES acti ciger. 4
e RS Tt PO based on
SO phe &L 0CSES Lo M0 e e of s avention
fﬁéaggll'e%glqtsaahﬁe{eg?g lirzi1 %)I(a{:mij‘fess! nd Comparative Examples were
perfofmed as follows.
[Polymerization conversion|

A latex was dried at 120°C for 1 hour in a hot-air dryer to
measure the solid content. VPolymerization conversion was calculated
by formula: 100 x (solid content)/(amount of monomers fed) (%).
[Volume-average particle size] |

Volume-average particle sizes of a seed polymer,
polyorganosiloxane particles, and a graft copolymer were measured in
the form of latex. The vohime-average particle size (um) was measured
by a light scattering method with Microtrac UPA (manufactlired by
Leed & Northrup Instruments).
[Volatile-siloxane content]

A volatile-siloxane content was determined by gas

chromatographic (GC} analysis. Methyl ethyl ketone was added to a
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5 conposition, i.e., injection nolding, extrusion,

bl ow nol di ng, calendaring, or the like, can be
applied. The resulting nol ded product has excell ent

I mpact resistance and flame retardancy. 10 EXAMPLES
The present invention will be,specifically described
based on Exanples. These Exafnples do not limt the
scope of the invention. Measurenents and tests in

I d [ I
ofb.& 1ol pIBFDbF e, KPn T B pLR e Ao Y, Berformed.
LB ATt heholliat 7 8L Al XEtphera, i cotumn
t : f X 0 ' _
JEScSahcHlal el eI, PGl st sheomieonthu 1600
F%?e[&ih@' £n $hiel 2AmYelUBE 324 Ahaled RAlddgtheoS828Swak dsed, and
seed polymer, polyorganosil oxane particles, and a

dhahbufapehydekerefeiBansd et at f8s fivmebtdgabpk. GC-14B
The vol une-average particle size ([m) was neasured

i enhisghtirsd atier iSkgnied A9d @bigbridtiondt rac THRA amounts of
(manufactured by Leed 8z; Northrup Instrunents). 25 :
[ocmbatdtheitsitaeyahsiloaahen(4)A dealaatié el sydlopentasiloxane (DS},
content was determ ned by gas chromat ographic (GO

amad yleidecaidthylcyeldlydx deglooma ewddd)awdet deteranitied by analysis.
| atex, a resin slurry, or a powder, and then )
ebha zatio af thestopel agrovest. of tresmeempourids (4 dneD@hto a resin
added as an internal standard. A columm (packed wth

sidlidcepratent-isstefirggl a8 aoyelptidrmstorRBLNIANEBD - 80)
[Impact resistance]

Impact resistance was evaluated by Izod test with a 1/8

“inch notched bar at 0°C according to ASTM D256.

[Flame retardancy]

Flame retardancy was evaluated according to UL94V test.

' [Appearance]

Appearance was examined based on the size of a rough area
generated at the gate portion of the molded product.
""" Good: a rough area of less than 1 cm?2.

Poor: a rough area of 1 cm?2 or more.

PRODUCTION EXAMPLE 1
A mixture containing 200 parts by weight of pure water, 1
part by weight of sodium dodecylbenzenesulfonate (SDBS), 1 part by
W.eight of dodecylbenzenesulfonic acid (DBSA), 100 parts by weight of a

- hydroxyl-terminated organopolysiloxane containing 0.7 percent by

weight of a cyclic, low-molecular weight siloxane having 10 or less
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having an inner dianeter of 3 nmand a length of 3 ra
was used, and 5 neasurenents were perfornmed with a gas
chromat ograph GC-14B (manuf actured by Shi madzu

Cor poration). The anmounts of

oct anet hyl tetracycl osi | oxane E&)

decanet hyl cycl opent asi |-oxane ), and

dodecanet hyl cycl ohexasi | oxane (D6) were determ ned by

L eSS Pl BB R 0 b i

L he olatile iy ox cant act ..
(rj%fsslu;t g%}@%?ﬁa\r{rpa?to"r e}itgt)anc%q%asgevg%tast Ee%y%f'ezlggt of -

B B ptp By PR BRRENE ol DOVBOR ALl Ockifred at
eMRbuR WW@%&t@sL%%Vat B8mom:ApPeAAAPLSIed through a

Appear anice was exam ned based on the size of a rough

HigR-paRReralRindbeher 4Bt PRhéd oMl 4 fReSBLELE! 500 bar to
product. Good: a rough area of less than | Cw. 20

Egﬁ ar@ o Siliba1dé @@n@lsidn CNPhiersiltxztie elfRIBIET AN immediately
LE 1 A mxture containing 200 parts by wei ght of

‘dad dnvatee fivelnegkecd flayk erjuibbedfwithdh weflux condenser, an inlet

dodecyl benzenesul fonate (SDBS), 1 part by 25 weight

dor dodegghbeny énies uof cad dingc & dnpebBBSA)r, add spahesmbyneter in a
wei ght of a hydroxyl-term nated organopol ysi |l oxane

cinglei operateny Jéreceysteby wakenlhwedf toareaat| 4tc30°C for 6 hours
| ow- nol ecul ar wei ght sil oxane having 10 or | ess :
sindefontiaiogatdEPPI®) tot33de Adim: %m,tmg system was left
manuf act ured by Shin- Etsu Chemi cal_ Co., Ltd.6) and 5 .
pagapglrgg, ingi gRt herarp, the pH was adjusted to 6.8 with sodium

Tethacty! oxypr opyl et byl di et hoxysi Lane (DSMY) was o
polyorganosiloxane particles (SR-1). With respect to the resulting
polyorganosiloxane latex, the polymerization conversion was 96 %, the
volatile-siloxane content was 4.4 %, and the volume-average particle

size was 0.28 pm.

PRODUCTION EXAMPLE 2
A latex containing polyorganosiloxane latex particles (SR-2)
was prepared in the same manner as in Production Example 1, except
that the  graft-linking agent'. was changed to
mercaptopropyldimethoxymethylsilane (MPrDMS). With respect to the
resulting polyorganosiloxane latex, the polymerization conversion was
96 %, the volatile-siloxane content wés 4.1 %, and the volume-average

particle size was 0.28 um.
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10,000 rpmfor 5 mnutes with a honom xer and passed

t hrough a 5 hi gh-pressure honogeni zer three tines
under a pressure of 500 bar to prepare a siloxane
emul sion. This siloxane enul sion was i nmedi ately fed
into a five-necked flask equipped with a reflux
condenser, an inlet for nitrogen, an inlet for adding
a nmononer, and a thernoneter in a single operation.

Inder stirring and QPaCTEOgERMIES Pl ® eoll b ng
System was, Ingi%ures {:ﬁﬂ%&%&éﬂ%@@ﬁaf@% Wé‘l&?i'é ?H W@ water, 0.5

adjusted t0 6.8 W o) hydroxi de to nat e

g:g%-r%g?gl %‘iét?ﬂ;;!oﬁh%h&' E!a?is iaSlD 1%1 Qﬂﬂi . .&gzenesulfonate

anos ane particle SR-1). Wth réspect to

{Besgsuldd ﬁ!ﬁrt@@gy@E%{O& b%%@@tﬂy@éjﬁdgo?éltgﬁsiloxanc (D4), and

pol ynmeri zati on cofversion was 96 % t

wol phbirte- Byl oy +C U e\llhé’tﬁécﬂyléx%/prz(gﬂflgirgtﬁgldimetho silane

vol une-average particle size was RODUCTI

ERAWPAF wad shigt@k ROPID0Irpgh P& BordANess vixane Hahermixer to
particles (SR-2) 20 was  prepared in the same nanner
gsrepar®r atuctdronldixanpl eThe ersseptingt haiflotdree emulsion was
graft-1linking agent was changed to

mexmagiadphyo pleiddiings hax ivet hgtledd afiesk VegDiped Watith a reflux
respect to the resulting polyorganosil oxane | atex,
tdeendewisgne pinziadébfprcoiivege,ominkt 06 addingea monomer, and a
vol ati |l e-siloxane content was 4.1 % and the
\bleumeragier dgea sprglpandaratiensi ze was 0.28 ~tm 19 -
PRODUCTI ON_ EXAMPLE 3 A m xture containin 00. parts by o
wei ght of Nkle vatRart % Wsight ptpmwesid PesisSolgiga "10 %

TS o AR TS BreS b e
arrégulfing mixture was heated to 80°C with stirring under nitrogen flow.
The stirring was continued at 80°C for 15 hours, and the mixture was
cooled to 25°C and then left standing for 30 hours. Then, the pH was
adjusted to 6.5 with sodium hydroxide to terminétte polymerization,
thus yielding a polyorganosiloxane latex {SR-3). With respect to the
resulting poljrorganosiloxane latex, the polymerization conversion was
85 %, the volatile-siloxane content was 15 %, and the volume-average

particle size was 0.20 pm.

PRODUCTION EXAMPLE 4
A latex containing polyorganosiloxane latex particles (SR-4)
was prepared in the same manner as in Productioh Example 3, except
that | the graft-linking . agent was changed to
mercaptopropyldimethoxymethylsilane (MPrDMS). With respect to the

resulting polyorganosiloxane latex, the polymerization conversion was
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5 5 parts by wei ght of

y- met hacryl oxypropyl net hyl di net hoxysi | ane (DSMA) was
stirred at 7,000 rpmfor 5 mnutes with a honmom xer to
prepare an enul sion. The resulting siloxane emnul sion
was immediately fed into a flge necked fl ask equi pped
wth a reflux condenser, an |nIet for nitrogen, an
|nIet for adding a nononer, and a 10 thernoneter in a

oA PR e RN B, I S ek S feoveraee
ﬁ%”#ﬁé&g %/%%a%d@lq% d t he resul ti ng m xture was
eat e

stirring under nitrogen flow. The
stirring was continued at 80" C for 15 hours, and the
m xture was 15 cooled to 25" C and then I eft standing

for 30EoMIPLERENo 1D %nl@"bWPA@l’M‘éﬂE? gXAMPLEIM 1B 6

sodi um hydroxi de to term nate pol ynerization, thus
yi el di ng aripst yor@anesigooxgags! asex ) (onWMlxd basis) of

respect to t he resul ti ng pol yorganosil oxane | at ex,

tzbl&lybﬁ%aamﬂcmm@npmtmw siontMasforBh Y thdatex obtained in

vol atil e-sil oxane content was 15 % and the

vietadrestiore FagenpRE pant4 eteresfedeintesa fiveddlad flask equipped

PRODUCTI ON EXAMPLE 4 A | atex contai ni ng

peithorgatiosir] @(&ﬂﬂukatcmdtpm&n, ciresinSRier niwagen, an inlet for

prepared in the same .manner as in Production Exanple

FBddinge st meBomen anhé gr dhermpnidtay agénheatsd dhafgEd with

t o _mer capt opropyl di net hoxynet hyl sil ane (MPrDMS). With _

%@ﬁ@ég urslearteitregesuflewngAger gf@mmlraéwa@]éea@fﬁ@i 60 C,0.13
pol ymeri zati on. conversi on was 86 %

vBﬂ‘féttPY éveéghlbse%ﬁ@dwﬁtfeﬁma;kﬂ%h&qe %Jlf&?falattﬁéSFS) 0.004 part by
;/‘gkle%g‘e aﬁ\ée art A Z]%g}l\lg’fc’ettga%getate (E ],ngdl 0.001

part by weight of ferrous sulfate were added. Allyl methacrylate
(ALMA) and a radical initiator (RY-O to RY-4) shown in Table 1 were
mixed in the amounts (parts by weight) shown in Table 2. This
mixture was added to the reaction system in a single operation, and
then the resulting reaction system was stirred at 60°C for 1 hour. Next,
30 or 20 parts by weight of methyl methacrylate (MMA) and the radical
initiator (RY-O to RY-4) shown in Table 1 in the amounts (parts by
weight) shown in Table 2 were mixed. The resulting mixture was
added dropwise to the reaction system. After the addition, stirring was
continued to yield a graft copolymer latex. The polymerization
conversion, the volatile-siloxane content, and the volume-average
particle size of the resulting graft copolymer latex are shown in Table 2,

Subsequently, the latex was diluted with pure water so that the solid

content was adjusted to 15 %, and then 4 parts by weight (on solid

basis) of a 2.5 % calcium chloride aqueous solution was added to form
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5 First, 70 or 80 parts by weight (on solid basis) of
pol yor ganosi | oxane particles in the formof a |atex
obtained in Production Exanples | to 4 were fed into
a five-necked flask equipped wth a stirrer, a reflux
condenser, an inlet for nitruoggn_, an inlet for adding
a nmononer, and a 'thernonmeter“and heated to 60'C with
10 stirring under nitrogen flow. After the tenperature

S EfaftavacT et oRyF aealal Wb dafeife T cooled
o S ey R O s, BT fifr o o
Y B RRAY n8 Gon bt g BB RThGRISOTL IS BT

amount s ( pafd %ﬂf‘% Ct bghh):r $houry sRodAbeCdmddYiative Examples

m xture was a t'he reaction systemin a single

0Pe6 A vite BRbarbBeiot BetH @SUhbhP B BATdHIY SUskeAEWasving a
stirred at 60"C for | hour. Next, 30 or 20 parts by

eghihaDErds Rylect®ed fasmnyh ahyeirb rai)sl dherhath ¢abup, and a

initiator (RY-0 to RY-4) shown in Table 1 in the .

domirolyzaltpargrouby RO weitght ¢yvdiwsilokandabltewdswened that the

m xed. The resulting mxture was added dropwi se to

tdreftr eguilynrerdgsitesnobdfirerd hhd adhi wdlatile-siloxanegowasnts.

continued to yield a graft copolyner |atex. The

pol yneri zation conversion, the volatil e-sil oxane

content, and the vol une-average article size of the
OdkPa

resul t EXQMPRES E3pel3hend @ TEVBWRXAMERBI ‘€ to 9

25 Subsequently, the latex was diluted with pure water
so that tHe Behicarbepatentesifis (Haidesteames Psndifeahd 225WX,

R B IFy P CB U TUeALa . DY e Sy s erade
R I TR T AT O
darni egn%igr%ip?rllgd gg@r?t\?dglr}dﬁthg powder of the polyorganosiloxane-
containing graft copolymer shown in Table 2 were compounded in the
amounts shown ih Table 3.

Each of the resulting mixtures was melt-kneaded at 270°C
with a twin-screw extruder (TEX44SS manufactured by The Japan
Steel Works, Ltd.) to produce pellets. The resulting pellets were
molded with an injection molding machine (FAS100B manufactured by
FANUC LTD.) at a cylinder temperature of 280°C to form 1/20-inch
specimens for evaluating flame retardancy and 1/8-inch specimens for
evaluatihg impact resistance. The produced specimens were evaluated
according to the above-described evaluation methods. Table 3 shows

the results of the flame retardancy and impact resistance of the molded

products.



pol yor ganosi | oxane-cont ai ni ng graft copolynmer (SG |
to SG 11). The graft copolyner |atices shown in
Conparative Exanples 5 1 to 6 were prepared not with
a linear or branched siloxane having a termnal group
sel ected froma hydroxyl groug, an amino group, and a
hydr ol yzabl e group, but with a“cyclic siloxane. It was
found that the graft copolyner |atices obtained had

hi gh vol atile- siloxane copl nth1 10 EXAMPLES 13 to 24
apd—COMRPARATIVE EXAMPLE 7 f o |l vearbonat-e r-esin

I rade nane: Panlite L1225\ . manpdelubilitgdtch yares .%le ular
hem cals Ltd.), polyt etraflé.pal Ot hatl 26F€ (trade naTe - C

(
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P[lYFL(]\I FA- 500, manuf act ur
L
p

Dpig)(1A0 Ignaarst | es| weight
HE- P o + o | £ 4+ L
e ane Ty At i bR N g088) 5 apd the—pomder —of It hg7y
KBTS SRR RO N3 & I DG X AN A T
Spmene hydreperoxider ool il R xt ures whd 152
scC rewOeQ'tzr uder 176
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tptep-BaEde pel lets. The regulRYHg pel | et & Q&re 20 204
nobereayiRpRIePEnempearbppatentl di ng maAchi ne (FAS 1001

manuf act ured by FANUC LTD. ) at a cyllnder tenperature
of 280'Cto form1/20-inch specinens for eval uating
flame retardancy and 1/8-inch specinens for

eval uating i npact resistance. The produced specinens
-were evaluated according to the above-described

eval uation nethods. Table 3 shows 25 the results of
the flame retardancy and i npact resistance of the

nol ded products. 22 - TABLE 1 Radical Solubility to
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INDUSTRIAL APPLICABILITY
Examples of applications of a molded product obtained from
a flame-retardant resin composition according to the present invention
include, but are not limited to, in particular, components or housings,
which require flame retardancy, for desktop computers, | laptop
computers, tower computers, server computers, printers, and copying

~machines.
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9: < 27 - INDUSTRI AL APPLI CABI LI TY Exanpl es of
applications of a nolded product obtained from a
flame-retardant resin conposition according to the
present invention .include, but are not |limted to, in
particul ar, conponents or houggngs, 5 which require
flame retardancy, for desktop conputers, |aptop
conputers, tower computers, server conputers,

printers, and copying machineg 28 - CLAIMS 1. A

pol yor ganosi | oxane-cont ai ning graft copol yner prepared
by polynerizing O to 10 parts by wei ght of a vinyl
nmononer 5 (D) conprising 100 to 50 percent by wei ght

of a pol yfunctaongl, d%ﬁﬁ%floﬁﬁe%ﬁttéirﬁhgg %raftea%opolymer
two pol yneri zabl e”urisatur at ed bonds and

AsepRiRrEd Yy WRilgherRin@MOth e pape Biewkra! 6f Q_’U&Hﬁmﬂfmonomer
(© in the presence of 30 to 95 parts by weight of a '

ND)y ebeanasidOXEp® () 501 Peﬁ:érﬁt &y fweipr epanehobyfunctional
ermul si on pol ynerization of a linear or 10 branche

snbeater (Blveogtaniey ot nedstgtves papietizatid nomaurated bonds
hydroxyl group, an am no group, and a hydrolyzable

carodi ), taa bl Ibq:mdelmerby w@ﬁghlmﬁ anothd tcapdl§npaizabibymonomer (C)
vei ght of .a vin nmononer (E) (the sumof (A), (D),
angtieEprosdmgs Q%I)GOpt@r 98 mmrtawdiygiveightisf 2. pdﬂbrerganosﬂoxane (A)
pol yor ganosi | oxane- contalnlng graft copol yner

dBcar bﬁtﬁg fcz;“n@ praparedwhEr einmlsiea pokpgstizetiorhel \a dinear or

rga is 0. 1 to 10 parts by vvelg1
ranc ed sﬂoxane having a terminal group sé ected from a hydroxyl

~ group, an amino group, and a hydrolyzable group; and further

polymerizing 5 to 70 parts by weight of a vinyl monomer (E) {the sum of

(A}, (D), and (E) being 100 parts by weight).

2. The polyorganosiloxane-containing graft copolymer
according to Claim 1, wherein the amount of the vinyl monomer (D) is

0.1 to 10 parts by weight.

3. The polyorganosiloxane-containing graft copolymer
according to Claim 1 or 2, wherein a radical initiator (F) having a
solubility to water of 0.5 g/100 g (20°C) or more is used in
polymerizing the (D) and/or the (E}.

4. The polyorganosiloxane-containing graft copolymer

according to any one of Claims 1 to 3, wherein the vinyl monomer (E) is

~at least one monomer selected from the group consisting of an

aromatic vinyl monomer, a vinyl cyanide monomer, a (meth)acrylate



3. The pol yorganosi | oxane-contai ni ng graft copol yner
20 according to Caiml or 2, wherein a radica
initiator (F) having a solubility to water of 0.5
g/ 100 g (20'C) or nore is used |n pol ymeri zi ng the
(D) and/or the (E). 4. The

pol yor ganosi | oxane-contai ni ng“graft copol ymer 25
according to any one of C ains | to 3, wherein the
V, I noneyr . ( ed
Artiorna’ aEla @bheR: o GRSk I BN R E R
nmononer, a vinyl cyanlde nononer, a (meth)acryl ate 29
nmononer, and a carboxyl group-containing vinyl

mononer. 3 ?\ofﬂsﬁﬁg f&h@&gﬁﬁtc&ﬁ élﬁ%[; eltgﬁal?forganosﬂoxane—

pol yor ganosi [ oxane- contal ning gra

ashthing & APy pIRe& alddtidige ltOtEQ‘l}AOl‘lé of ClAIrhSSI o 4.
conmposition conprisSing 0. 1 to 20 parts by wei ght of

the flane retardant according to Gaim5 per 100 parts
" by weight of a thernDpIastlc resin.
6. A resin composition comprising 0.1 to 20 parts by weight

of the flame retardant according to Claim 5 per 100 parts by weight of

a thermoplastic resin.



