10 APR 2006 | STYRENE RESI N COVPCOSI TI ON AND PROCESS FOR PRODUCI NG THE SAME
BACKGROUND OF THE I NVENTION Field of the Invention 5 The present {ignyemjpgeon
relates to a styrene resin conposition conprising a linear polystyrene and
a nmul tibranched pol ystyrene, and a procéss for producing such a styrene
resin conposition. Conpared to a |inear polystyrene of the same weight

aver age rr%hzmam'Rﬁghxgbeﬁosmmpg.Nﬁk@msop@ktﬁmD%m@Tﬂw&ma

invention has a higher nelt nass-flow rate and a superior fluidity during
nol di ng, and is consequently ideally suited 10 for use as a nolding materi al
in a variety of nolding processes. Description of Related Art Because

styrene based resins exhibit good ri idiHy and excel |l ent di nensional 15
stability, and are al so cHd¥p %Ubﬁh@@, Hh &Y VENT IWNel y used in nol di ng

applications, in recent years, inproved strength has been sought from
styrene bRsgkEbMMtRsItventich a nunber of applications. Although increasing the
nol ecul ar wei ght of a styrene based resin is an effective nethod of

i ncregsing thergd gr%El%ﬁ f]nfé{mtiérl"ﬁ‘ela%&’{o%"s‘?y@ﬁ‘éﬁ‘e@irf cﬁ:izilﬂr?osiddﬁ do r\%e%l?ﬁaar

conventional |1 near polystyrenes, Increasingt ecul a Invites an

i ncrease | 0 the | t . uiscosit with a resulti mar,ked deterioration in
e mor qSYSFEigHe Sl bRt Pt fodkd Boeess i PRANF e GERth H9EE et hod
of inproving this type of deterioration in noldability, however this causes
a reduct i ©fincampeaitigec kanipeid te ediaaen pelyuttyrepsof the same weeight aygiaged product .
One exanpl e of a process which ains to resolve this problemby inparting a
br anched mbletglativeight atsheepoleyintcpigoeitios ofl tieqiresatinvantiapkasesiagly nkettam ned
Pat ent Application, Second Publication No. Sho 41-19511, wherein branching 1
0 APR 2008ass-flow rate and a superior fluidity during molding, and is consequently ideally suvited

10 for use as a molding material in a variety of molding processes.

Description of Related Art
Because styrene based resins exhibit good rigidity and excellent dimensional
15  stability, and are also cheap to produce, they are widely used in molding applications, in
recent years, improved strength has been sought from styrene based resins in a number of
applications. Although increasing the molecular weight of a styrene based resin is an
effective method of increasing the strength of the styrene based resin, in the case of
conventional linear polystyrenes, increasing the molecular weight invites an increase in
20 the melt viscosity, with a resulting marked deterioration in the moldability.

The addition of plasticizers is typically used as a method of improving this type of
deterioration in moldability, however this causes a reduction in the mechanical strength of
the final resin molded product. One example of a process which aims to resolve this
problem by imparting a branched structure to the polystyrene is disclosed in Japanese

25  Examined Patent Application, Second Publication No. Sho 41-19511, wherein branching



2 is introduced into the polystyrene by using styrene and a pol yfuncti onal
peroxi de conpound such as 2, 2-bis(4,4-di-t-butyl-peroxy-cycl ohex;ﬂo)- r %ne
as a polynmerization initiator, although even with this process, t eAM e
of branching can only be controlled at2a |owlevel, and achieving a
satisfactory branched structure is difficult. 5 Japanese Unexam ned Patent

Appl i cati.Qn ! . i J L o vl to inpart a
branched lgp?tﬂ{(?"&r%éuﬁ%%ﬁoﬁ%@?@%@ g#ﬁgaﬁr&eén@gﬂé% >Pr0 : nlem g)snggﬁ %gg}d% with a

hi gh nol ecul ar i ght .a fayorable | evel of noldability, discloses a
Doyt yr P ORASHOE ErroRamia Ao o ks Gl st FRopae ¥ 2 ORBr et ot

200, 000 to 2,000,000 produced by introducing branched structures into its
pol yst yr eindiatdraizlthdgheypo Wthehispireasss chesdagreened brnching corgpdiubelceniviied s

di vi nyl benzene containing at |east two vinyl groups. The forned pol ystyrene

based copglaygbrield, slidsahisig Asatefbidsy bianchexerhents difflcd@bi 1ity, al t hough
because the copolyner is prone to gelation during the polynerization

process, it n;g?%hé{?imwxammdwe&wg@?agﬁyﬁbﬁt Ehalpublicansh ﬁ&%a%eléé@@%,qwm of

the other co aving at |eas groups 1s restricted, achieving
significant increases in _the sical prqperties .15 of the product resin is
G P11 cul a0 aesside aoR APl YRt | P ind B SR A TBRLMITATSN Mo, | He,
9-316261, in another attenpt to give a styrene based resin with a high

mol ecul arwitegdhgh extecalar agiahapnda fgveyatile lsvelafiraeldabilityy disgloses ppdystarens xt ur e
of a star branched pol ystyrene produced by an anionic polynerization, and a
| i near pobaged gopriempy wiliaedkifiyt axerage nsddcufzo weigdt iof 200,600 t2P,06H000 eport s t hat
a styrene based resin conposition with good fluidity and mechani cal

st rengt h, pRBGddaohB BN APbAARdd eGPt iRR iR RIHEREn It BY chRIPm8iizifd gi d;t y

or heat Tresistance. However, because an anioni'c polynerization is used,
Corml e SR oy Sl o MR ER OB b
The formed polystyrene based copolymer is disclosed as exhibiting excellent moldability,
although because the copolymer is prone to gelation during the polymerization process, it
1s difficult to produce industrially, and because the amount of the other compound having
at least vinyl groups is restricted, achieving significant increases in the physical properties
15  of the product resin is difficult.

Japanese Unexamined Patent Application, First Publication No. Hei 9-316261, in
another attempt to give a styrene based resin with a high molecular weight and a favorable
level of moldability, discloses a mixture of a star branched polystyrene produced by an
anionic polymerization, and a linear polystyrene produced by a radical polymerization,

20  and reports that a styrene based resin composition with good fluidity and mechanical
strength, and favorable moldability can be produced with no loss of rigidity or heat
resistance. However, because an anionic polymerization is used, a complicated control is

required, for making the process unsuited to industrial production.

25 SUMMARY OF THE INVENTION



1 0 APR 2006 3 An object of the present invention is to provide a styrene
resin conposition which has a high nol ecul ar wei ght enabling a nPhq§ﬂ2
product obtained therefromto have satisfactory strength, has a'Hi w&lt
mass-flow rate, high nelt tension, and Bence excellent noldability, and is
| ess apt to gel during production, and a process for producing 5 such a

styrene resin Rg%ge%% %f e ipré%f.ﬂtain{z&ﬁfé'ntis R;pljootd%%ssit%@né F‘e%ﬁlar.rqﬂiro‘%it%% h

achi eving the abov | ec e inventors of the present vent1on have
found that a . styrene resin .co sition rising a | tibranched

pol yst yr ok SJBER TSRl WtpraReA RE e d kb P AR olerB B Rter  and
styrene, and a |inear polystyrene exhibits excellent nelt tension (M),
whi | e al swtisciorpstireristy has Aihigh melt masndevfiatewhighteclt iopRpn. ayddwnrent

nol dability and good resistance to gelation, and they were hence able to

conpl et e &ieell@t esadibilityy emd isdess apcwaged idoghy prddoetigt, @aaé atpréodeyefutr ippstupingvi des
a styrcnc resin conposition conprising a |linear polystyrene having a wei ght

aver age nﬂcﬁ%‘ébﬂ@né"ﬁ%ﬁ%nﬁ;os%ggz 000 to 350,000 and a nultibranched

pol ystyrene having a wei ght average nol ecul ar wei ght of 15 1,000,000 to
10, 000, 000, whi,ch ha aver age | ecul ar i ght of 250, 000, to .700, 000,
and o el t oS ATBITREY PR ESGATE: AEI A aHOF BAE ETYETR OB L 455 P PRe
following formulas (1) and (2) respectively. MFR 2 45 x exp(-0.1 x Mwv X
104) (1) ofohe aresertiinventior harifquid deat @tstyrenseleai) CONPRSKION ICOMPHISIE 2and t he
wei ght average nol ecul ar weight respectively for the styrene resin
conposi t i mnltibMhchHed pdybtprene bbtadned Wy @poRmeridneg invm]titvincied ndeorciemutrert he
nmelt tension and the wei ght average nol ecul ar weight 25 respectively for
the styresf stashé) 200 ANDRRAL pAdPstyrene exhibits excellent melt tension (MT), while also
10 providing a high melt mass-flow rate (MFR), excellent moldability and good resistance to
gelation, and they were hence able to complete the present invention.
Accordingly, the present invention provides a styrcnc resin composition
comprising a linear polystyrene having a weight average molecular weight of 200,000 to
350,000 and a multibranched polystyrene having a weight average molecular weight of
15 1,000,000 to 10,000,000, which has an average molecular weight of 250,000 to 700,000,

- and a melt mass-flow rate (MFR) and melt tension (MT) which satisfy the following

formulas (1) and (2) respectively.

MFR 2 45 x exp(-0.1 x Mw x 107 (1)
20 (wherein, MFR and Mw denote the melt mass-flow rate and the weight average molecular

weight respectively for the styrene resin composition)

MT 2 0.07Mw x 10 + 1.8 (2)
(wherein, MT and Mw denote the melt tension and the weight average molecular weight

25  respectively for the styrene resin composition)



1 0 APR 2006 4 Furthernore, the present invention also provides a process
for producing the above styrene resin conposition by caring out 40 ARR 2B
pol ynmeri zation of (A) a multibranched rmacronononmer having a brancheéed
structure containing electron attracting groups and 5 tertiary carbon atons
in which the 3 bonds other than the bond bonded to an electron attracting
group are all bonded to other carbon atons, and doubl e bonds bonded directly
to an aromatic ring, and (B) styrene. In addition, the present invention
al so provides process for produci ng the abpove 10 styrene resi

conposi ti on, whrbsior dhepe 51 TS BeRRIRO PRPYIdFS @rpaogess %»‘mﬁdw ¢ gbfeng
out a radical polynerization of (A a nultibranched macronmononer having a
branched styrene resiecoopesition hgcaingepeatradicg! petymesizatia ofi(di)ta melubranshed r om a
group consisting of ether |inkages, ester |inkages and am de |inkages, and
doubl e bomdéroatonbhier Rivng b bdicRe@hfturabentdmingDleGion #R&ting heoupsanent

i nvention provides a styrene resin conposition which has a high weight

aver age p?g%gg%%ﬁbomi&m insﬂ"ﬂ .{lﬁ% l?%rﬁ? b 19@8&1&%1@%@%%& Q@Etﬁiﬂr 0”3[ to

have “sa y streng as a higher nelt mass-tlow rate and nel
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mol dability, and is |ess apt to gel during production, and a process for
produci ngaksyematicsingr @k resin conposi tion. BRI EF DESCRI PTI ON OF THE
DRAWNGS 1 0 APR 2006 5

(B) styrene.

In addition, the present invention also provides a process for producing the above
10 styrene resin composition, wherein the multibranched polystyrene is produced by caring
out a radical polymerization of
(A) a multibranched macromonomer having a branched structure containing a repeating
structural unit selected from a group consisting of ether linkages, ester linkages and amide
linkages, and double bonds at the branch terminals, and
15 (B) styrene.

The present invention provides a styrene resin composition which has a ligh
weight average molecular weight enabling a molded product obtained therefrom to have
satisfactory strength, has a higher melt mass-flow rate and melt tension than a
conventional linear polystyrene composition having the same weight average molecular

20  weight, and consequently offers excellent moldability, and is less apt to gel during

production, and a process for producing such a styrene resin composition.

BRIEF DESCRIPTION OF THE DRAWINGS



FIG | is a schematic illustration showi ng the branched structure of a

mul ti branched macromononer derived froman AB2 type nononer. FIG 2 0 APRalliPC
chromat ograph of a resin conposition of an exanple 2. The horizontal axis
represents retention tine and the vertigal axis represents peak strength. 5
FIG 3 is a diagramshow ng the relationship between the weight average

nol ecul ar wei g a t : : onparative
exanples | to ng fll'%ea %ﬁ%‘ﬁﬁ@%ﬁ%‘h’é’“%ﬁr@gﬁ% %f%]éllérogséﬂqg%tggg g% t he exanpl es,
and the squares reﬁr esent the S%‘ieé's forAéhe conpar ati ve exanpl es, and the

) re

curve repPBYSERRCheR MacEmngnogis HFHVEY B &R AR N PGBIgRMEERVer age nol ecul ar
wei ght and MFR based on the forrmula 10 (MFR = 45 x exp(-0.1 x Mv x 10.4)).
DETAI LED DESCRFRFIZ0N aGEP T el ondvE@noN artesinfasimipositivgofanexampisriZe Wet ai | ed
description of a resin conposition of the present invention. 15 A styrene
resin compeibohifaxifrefrosniye@atn liféant g vdrtica @RisatprefgiopdilIstregtanched
pol ystyrene obtai ned by a pol ynerization of a nultibranched macronononer
havi ng a pl urafdhkty;.Qf 5 I . ' S M th styrene,
and agl i near pgi?/'s%llfgedﬁ%é}%ﬁg?gﬁgqg? g%at}gdg] hlgﬁ el?‘ﬁéegngtg?rewg rrg.aéla%égr e are not
particular restrictions, on.t branched structure of the nmultibranched 20
Dol ystyr dnalegat aieradt aog e Rnahetr reniess o [Eabammstis e el ddent
invention, _although multibranched pol ystyrenes having branched structures
cont ai ni ny Eheempldairclgs tapesentribe gsvlipHr dreeamlesa pyd dgsavrreareprmsentite whi ch
the 3 bonds other than the bond bonded to an electron attracting group are
al | bondedsuls fot lercongrabaive ak amples,camd therlrve bepaesehsdhoodiatBnyliip hesvdaaavi ng
branched structures containing a repeating structural 10 APR 2004 6

the weight average molecular weight and MFR based on the formula

10 (MFR =45 x exp(-0.1 x Mw x 10%)).

DETAILED DESCRIPTION OF THE INVENTION
The followings are a more detailed description of a resin composition of the
present invention.

15 . A styrene resin composition of the present invention is containing a multibranched
poiystyr'ene obtained by a polymerization of a multibranched macromonomer having a
plurality of double bonds at the molecular terminals with styrene, and a linear polystyrene
that is produced at the same time.

There are not particular restrictions on the branched structure of the multibranched

20  polystyrene contained within the styrene resin composition of the present invention,
although multibranched polystyrenes having branched structures containing electron
attracting groups and tertiary carbon atoms, in which the 3 bonds other than the bond
bonded to an electron attracting group are all bonded to other carbon atoms, and

multibranched polystyrenes having branched structures containing a repeating structural



unit selected froma group consisting of ether |inkages, ester |inkages and
am de |inkages are preferred. The branched structure of the nul figogxprpafged
pol ystyrene is derived fromthe nultibranched macronononmer that is
copolynerized with styrene. The electrog attracting 5 group content of the
branched structure of the nultibranched pol ystyrene contained within a
styrene resjn,c )sition of th resent..i,nventi.on,.i,s typicall kthin a
ange fr ol SIEIEGIOT & EOw SersrtRE T FRGT BoKERY ShPCYagst 94 Paided s 4 1 o
5.0x10"2 mllinols, per I g of the nultibranched pol ystyrene. There are not
parti cul e PedeiFedkt i ons on the nul ti branched nacronononer used in 10 the
present invention provided it contains a nmultibranched chain, and one
exanpl e of a TPhehrencled sstictued off the hml@brandiiet lpohnohad irdern eatbfnanehe havi ng,
within a single nolecule, a branched structure containing electron

attracti ﬂﬁuﬂib%ﬁﬁe@ﬁﬂc%ﬁ{dnbﬁfeytlﬁa@fs%ﬂo@h%e@i Qithwhiirede. thie @e&%%r&ftih%r t han
t he bond bonded to an el ectron attracting group are all bonded to ot her

carbon at I e Lrect t tic ki athis 15
type_or e sPIRuE Y GePaRER RN B RO REY ARl Ve
froman AB2 nononer, and.has branched st.ructure E}i‘mﬁ{lar to t?at shown
scherat i Caity§Enf FEst) @mn%iﬂgow‘?iee BESHI AmeREEn & Ypically W1tBHNe BEERIGAUCed easily
by a nucleophilic substitution reaction of active nethylene groups with
bonded el26%1®Ghtodt.0x Kt milmgtspanpdpreRfatity fop 8800 tohe0el BLilimady, peralcg i ng
group include -CN, -N®2, -CONH2, -CON(R)2, - SQ2CH3, and -P(=0 (OR)2, and

in those gagemultibritied pblisty&fehyl ene group to which the electron
attracting group is bonded i's bonded directly to an aromatic ring or a

carbonyl gro U'PJ&E Qxeé ]ﬁ)ﬁ%%l\éfcg%l‘ ?{?EE%P%T.E’E 'a%é' 1%Ef£i3%n9h'& JnﬁcJoH{ogngﬁqere g&lﬁ lr)]x???] g d.

r
10 APR 2006 7 e exa ranc macr onononer us

resent invention is.. cy . . .
P 90" ' present invention provided 1t contains a multibranched chain, and one example of a

preferred structure is a multibranched macromonomer having, within a single molecule, a
branched structure containing electron attracting groups and tertiary carbon atoms in
which the 3 bonds other than the bond bonded to an electron attracting group are all
bonded to other carbon atoms, and double bonds bonded directly to an aromatic ring. This
15 type of multibranched macromonomer is a hyperbranched macromonomer derived from
an AB; monomer, and has a branched structure similar to that shown schematically in FIG.”
1.
This type of branched structure can be produced easily by a nucleophilic
substitution reaction of active methylene groups with bonded electron attracting groups.
20  Examples of the electron attracting group include -CN, -NO,, -CONHj;, -CON(R),, -
S0O,CHsj, and -P(=0)OR),, and in those cases in which the methylene group to which the
electron attracting group is bonded is bonded directly to an aromatic ring or a carbonyl

group, the activity of the methylene group is further increased.



a mul ti branched macronononer containing a branched chain conpri si n&]
repeating unit represented by a general formula (1) shown bel ow 1 ﬁﬂﬂﬂﬂﬂﬁal
formula (1) YJ Z-Y2-C [wherein, Yi denotes an electron attracting group
selected froma group consisting of -CNy -NO2, -CONH2, -CON(R) 2, -SO2CH3,
and -P(=0)(OR)2 (wherein R denotes an al kyl group or an aryl group), Y2
denotes an ary !
S g_l S (a[_l S (é_l f2 room Qﬁg rg‘(()%npﬂg@ﬁ tshle%} Sg\l;;a%f:hed \lgéggm’oe}g}[ﬂgr %%Eélgﬁi‘%%ﬁgsaen}%vgit%%gs

ro ng t hat eit enot e
((CHZ) r ,anw?tér@f hesi'ma'cronm&rzr)el @w'alsmn' %aﬁéa@d%? n/a&omplgfngf(@nswaq%oﬁ Ar -
(wherein Ar denotes an aryl group)] 15 Y2 may be an aryl ene group sel ected
from a grepEsevedbytigageralf forelaf(Drshoivadebivown bel ow, for exanple. on O
these, structures in which Yi is -CN and Y2 is a phenylene group are
preferred. In those cases where Y2 is a phenyl ene group, although there are
not particular restrictions on 20 the bonding position of Z and any of the
0- posist i o fition and the p-position are acceptable, the
p- p05|t| oﬁ I%B%I@@?i d Furthernore, there are not particular restrictions
on 1 0 APR 2006 8 the nunber of repeating units n in the group Z, although
fromthe viewoint ﬁ ensuring solubility within styrene, values froml to
12 are pr z x values from2 to 10 are even nore desirable. The
mul ti br anc_){’ oner having the branched structure described above

[wherein, Y, denotes an electron attracting group selected from a group consisting of -CN,
-NQ,, -CONH,, -CON(R);, -SO,CHj, and -P(=0)(OR)> (wherein R denotes an alkyl group
or an aryl group), Y denotes an arylene group, -O-CO- or -NH-CO-, and Z denotes a

10 group selected from a group consisting of -(CH;),0-, -(CH,CH,0),-, and -
(CH,CH,CH,0),-, providing that Y3 is either -O-CO- or -NH-CO-, Z denotes -(CHa),-, -
(CHz)hA1-, -(CH3)aO-Ar-, -(CH2CH;0)p-Ar-, or -(CH,CH,;CH,0),-Ar- (wherein Ar

denotes an aryl group)]

15 Y, may be an arylene group selected from a group consisting of the formulas

shown below, for example.

© 00 000 &

Of these, structures in which Y is -CN and Y3 is a phenylene group are preferred. In
those cases where Y is a phenylene group, although there are not particular restrictions on
20  the bonding position of Z, and any of the o-position, the m-position and the p-position are

acceptable, the p-position is preferred. Furthermore, there are not particular restrictions on



5 can be produced in the presence of a basic conpound by: (i) producing, as
a precursor, a nultibranched self condensing type condensation ﬁﬁhﬁﬁ@rmﬁby
conducting a nucl eophilic substitution reaction of an AB2 type ﬂ
having, within a single nolecule, an agtive nmethylene group and a | eaving
group for the nucleophilic substitution reaction of the active nethyl ene

group, a then 1 L) t.] nusl i{iC S ti.fution reaction of
t he unregg ggmgg %@ébﬁ%wgﬁgggg'“3%8%8%3%Tﬁﬁ@??@ﬁ%”bﬁgﬁﬁé”#%ﬁ%ﬁﬁwﬁﬁ”ﬁn this
condensati on _polymer with a conpound onprising, wthin si_ngl e nol ecul e,
5 doubl & BN B0 8 srenge valyes womn! 'ar@r?é"&o@??rr%g ax@lﬁguas feav gl%gqr%up f or
t he nucl eophilic substitution reaction of the active nethylene group. 15 In

t he aboveevdesont@dtsiible.t he | eavi ng group for the nucl eophilic substitution
reaction of the active nethylene group refers to a hal ogen atom or an

- O5(=0) 2R gr ouphe MRS icReRnAeit@onR haviky thediratthed straftua desciilicduBpvd hat is
bonded to a tertiary carbon atom and specific exanples include a brom ne

atom :a ¢ rin 3 up or a tosyloxy group. 20
Strona al Q?F§”§ﬂ%%9§iﬂ§gﬁ§%ﬁ$%§§rg&?ﬁﬁkﬁﬁmgg? ssi um hydroxi de are preferred
as the basic. conpound, and are gigd in %gf faorm.of an aqgsous sol uti on

duri ng t HO ATEdese 38 2 Prestaep HEuBorancaehishl tQpREnsiom bRE CORIRIEN RANHFT a
single nol ecul e, an active_nethylene group and a_l eaving group for the

nucl eophity eondugiéns a mudlenphilicaibbiition reapon efcan AB: fipehyenamer aviang, Vilehude

hal ogenat ed al koxy-phenyl acetonitriles such as 25

br onoet haxsinglbemltadetaonctive nethyhohe ghdupraudet thytihe peroyipdaythp menlgbpldBt oni tri | e,
and 1 0 APR 2006 9 phenylacetonitriles with a tosyl oxy group such as

t osyl oxy-4;Béthili 6/ RA¥NAIr o AV RCAEBDIchE kldhipaaf then

t osy] oxy-di (et hyl eneoxy) - phenyl acetonitrile.

10 (ii) conducting a nucleophilic substitution reaction of the unreacted active methylene
groups or methyne groups remaining in this condensation polymer with a compound
comprising, within a single molecule, a double bond bonded directly to an aromatic ring
and a leaving group for the nucleophilic substitution reaction of the active methylene
group.

15 In the above description, the leaving group for the nucleophilic substitution
reaction of the active methylene group refers to a halogen atom or an -OS(=0);R group
{wherein R denotes an alkyl group or an aryl group) that is bonded to a tertiary carbon
atom, and specific examples include a bromine atom, a chlorine atom, a
methylsulfonyloxy group or a tosyloxy group.

20 Strong alkalis such as sodium hydroxide or potassium hydroxide are preferred as
the basic compound, and are used in the form of an aqueous solution during the reactions.

Examples of the AB; type monomer having, within a single molecule, an active
methylene group and a leaving group for the nucleophilic substitution reaction of the

active methylene group include halogenated alkoxy-phenylacetonitriles such as

25  bromoethoxy-phenylacetonitrile and chloromethylbenzyloxy-phenylacetonitrile, and



Represent ati ve exanpl es of the conpound conprising, within a single

nmol ecul e, a double bond bonded directly to an aromatic ring and g heRyi0§9
group for the nucleophilic 5 substitution reaction of the active nethyl ene
group include chloromethyl styrene and 9brononet hyl styrene. The reaction
(1) described above is used to synthesize a condensation polyner that acts

as a prec " : | 1) o } i.ze a multibranched
nacronono]%in%?lg) ai:/etlg‘qul‘i?l rﬂtggglglﬁlﬁag(&%fg%% Ollt%rsl{(]jcg] ééi‘ﬁ e@%&%gﬁk%g an aromatic ring
into the 10 precursor. The reaclion. (i nd the reaction (ii) can be either
conduct ed’llheé‘ Fefomityic 2n toﬁg’&ﬁéj:\{q%ﬁllélﬁoxg?&mﬁ‘c?té?g-‘grtl#eons can be conduct ed
simul taneously within the sane reaction system The nolecul ar wei (%ht of the
nul ti br anched Repesentaiyaeramples bbthesampelneeprbyrising. vaiiing single melegtleae

proportions of the nononmer and the basic conpound. Another exanple of a

pr ef er r eddoubld bdrdevratied dimelyasan arenatiessd aimd 4 leevipg gsemptior & nunleeplilion is a
mul ti branched macronmononer havi ng a branched structure containing a

repeatsi ngg By tggawaluimfth%%&%ﬁﬁe’th&{eﬁ foul rigaﬁd&anaioﬁfég@gst fen€3h&"

| i nkages, et i nkages and am de" |1 nKagés, and ethy ased doubl e
bonds at .t he brgnﬁﬂ termnals. Miltibranched macronononers conprising an
ester Iiﬁﬁgﬁgn % gepgpeating structural unit are structures produced by

i ntroduci ng et hyl eny, doubl e bonds such as vinyl .20 groups or isopropenyl
groups into a MR EREIYHEscHRAdADEVRIS Ysed JosynElssizgifORgeateN RIS thahai n i n
whi ch the carbon atons adjacent to the carbonyl groups of the ester

| i nkages aetd asta frocursorh endibe eeastian (idhiaiusedatoesynibresizaa ynudtépachedt oms, . The

i ntroduction of these ethylene based doubl e bonds into the nultibranched
pol yest ermpabyoho@anbpiirodecihg donsle bordstbondsd eiredtiyaatah afom&tiodihOintcthe an

addition reaction. 1 0 APR 2006 10. Exanples of the above type of
mul tijlpr angB&ds@oIMHRSER% 0R?) ¥Ad tHehRhctRIMG i VA bA&IHRr conducted separately and
sequentially, or both reactions can be conducted simultaneously within the same reaction
system. The molecular weight of the multibranched macromonomer can be controlled by
altering the relative proportions of the monomer and the basic compound.
Another example of a preferred multibranched macromonomer used in the present
15  invention is a multibranched macromonomer having a branched structure containing a
repeating structural unit selected from a group consisting of ester linkages, ether linkages
and amide linkages, and ethylene based double bonds at the branch terminals.
Multibranched macromonomers comprising an ester linkage as the repeating
structural unit are structures produced by introducing ethyleny double bonds such as vinyl
20 groups or isopropenyl groups into a multibranched polyester polyol containing a
molecular chain in which the carbon atoms adjacent to the carbonyl groups of the ester
linkages which form the molecular chain are tertiary carbon atoms,. The introduction of

these ethylene based double bonds into the multibranched polyester polyol can be

performed via an esterification reaction or an addition reaction.



comercially include "Boltorn H20, H30 and H40", nanufactured by Perstorp
AB. The above multibranched polyester polyols may already contajy APR 7005
substituents that are bonded via an ether |inkage or sone other |Inkage at
a portion of the hydroxyl groups, 5 onpalternatively a portion of the
hydr oxyl groups may have been nodified by an oxidation reaction or sone

ther t f f.th I f th
mul t1 br anched 5 ’ehrhe %‘%W‘Sw nqgﬁﬁwﬁwéanaherd&faﬁe%%@ﬁlyeolﬂéa?x affiaes o The
Representative exarrp type of multibranched macr om)norrer i ncl ude

10 struct‘:BWé‘?lﬁﬁﬂlﬂUE@tﬁe M@Fnﬁ{%& lémﬁndtlﬁfb@ H@HBEFCBBF@/%PGIESPIP édtting a

conpound with at |east one hydroxyl group, with a nonocarboxylic acid
conpound havi ritheaboveasdtiirachet pdivestgt pay dupsyiahreadly cdntdiheubautints thitom
adj acent to the carboxyl group is a tertiary carbon atom and subsequently

react i ng atoridel Ridal ethydimayt oggdﬁw&hafmﬂdage BOJ YdFBbn OF tHe hydfo:4Mgatps,at ed
acid such as acrylic acid or net hacry ic acid, or wwth an isocyanate group

oS B RGRREL) baohRRS SORRRUR e BEATRL SRR B RIS S Rk <

conprising ages as Pucrur al unit Jare

di scl osed by Tamalia i.n " Angew. Chem Int. Ed. Engl. 29" on pages
138 to 1¥¢ ‘T@Qéfon’ﬁgﬁb}yé’g offeactign-af or ement i oned conpound having at | east
one hydroxyl group include a) aliphatic diols, alicyclic diols and aronatic
diols, b) tri 3iusﬂlem)orpea pertios of the hydepny! ezopart disanuliibasphedpodastsrt ol and
manni tol, e) anhydro-ennea-heptitol or dipentaerythritol, f)

a- al kyl glpgbe$ ntehaseiahealy teenesthyfigl. ycosi de, g) nonof unctional al cohol s such
as ethanol and hexanol, and h) hydroxyl group containing polyners having a

mol ecul ar wei qigpxé;tenﬁhve mpl&o&thsgy]yeea&mtlb%eﬁéma@en@hmkﬁ&@n@él de or a
derivative thereof having the hydroxyl groups of one or nore of the

al copgl s sﬁ'ﬁétﬁfets%goétfcgﬁnogkoﬁlﬁng)d Y SEncitd pAme%%(}tSre&&mg a compound with at

least one hydroxyl group, with a monocarboxylic acid compound having at Jeast two
hydroxyl groups in which the carbon atom adjacent to the carboxy! group is a tertiary
carbon atom , and subsequently reacting the terminal hydroxy! groups of the polymer with
an unsaturated acid such as acrylic acid or methacrylic acid, or with an isocyanate group
15 containing acrylic based compound. Examples of multibranched polymers comprising
ester linkages as the repeating structural unit are also disclosed by Tamalia et al. in
"Angew. Chem. Int. Ed. Engl. 29" on pages 138 to 177 (1990).
Examples of the aforementioned compound having at least one hydroxyl group
include a) aliphatic diols, alicyclic diols and aromatic diols, b) triols, ¢) tetraols, d) sugar
20 alcohols such as sorbitol and mannitol, ) anhydro-ennea-heptitol or dipentaerythritol, f)
o-alkylglycosides such as a-methylglycoside, g) monofunctional alcohols such as ethanol
and hexanol, and h) hydroxy! group containing polymers having a molecular weight of at
most 8000, given by reacting an alkylene oxide or a derivative thereof having the hydroxyl

groups of one or more of the alcohols selected from a) to g) above.



Exanpl es of suitable aliphatic diols, alicyclic diols and aromatic diols
include 1,2 ethanediol, 1,3-propanediol,I,4-butanediol,I,5- pentp@éﬂﬁ&mﬁ

1, 6- hexanedi ol , pol ytetrahydrof uran, dinethylolpropane neopent yl pr opane,
2-propyl -2-ethyl-1,3- propanediol, 1,2-gropanediol, 1,3-butanediol,

di et hyl ene glycol, triethylene glycol, 5 polyethylene glycol, dipropylene
glycol, tripr | ene cal,, d pol.ypropyl.en lygol ; . .. . .

cycl ohexanedi Hﬁﬁﬂggﬁﬂq%eéﬁﬁ' égéﬁ@yﬁﬁﬁgPﬂﬁﬁ&mOQﬁﬂfdmb’ndude]2'

1, 4-xylyl enedi met hanol and | -phenyl- 1, 2-ethanediol. Exanples of suitable

triols ikganediol.rlirprappnestiol bﬁalmanemql ret-wynianediolans: hexmd@s hyl ol but ane,

glycerol, and 1, 2,5-hexanetriol. 10 Exanples of suitable tetraols include

pent aer ytpbt;itét@dhydclifhfahnﬁtﬂvyﬂ)dd)lprapaaﬂm,eomﬂtgbmanqIz-pmpyll-ﬂiethyi-m-hyI ol et hane.
Exanpl es of aromati c conpounds having at | east two hydroxyl groups bonded to

n ar onat t nmet hano
a gr(&mrn'e?i%]z' 1}:: hf&ﬁ:e ]édlé ?3 wutméero@waﬁ?reﬁ@@ycé} %em%]gte;gﬁ%l

and | -phen diol. 15 Exarrp es of the "nonocar ic acid
conpownd _havi,n u i n Whl rbo tom

i hosnt OB AR eyS Qiyélplg%lfag- A i BPPHE eliPolo i PelPropihe a5

di met hyl ol pr opi oni ¢ aci d |s(hydroxynet 1) bu rlc acid, a,

tris( hydrcwlyh@swﬂml&ml:a%l é -digxang:p)- é’(“l*ﬁ}hﬁfl %r(y%nnéﬁimeﬂa%whandand a,
a- bi s(hydroxynet hyl)propionic acid. By using th| s type of nonocarboxylic
aci d conpepheayl-2@-¢thanedstler deconposition reaction can be suppressed,
enabling formation of a nultibranched pol yester polyol. A catalyst is

preferably usegkahléses silisblptisls frichuie tinetHyiolplopiite, Mithtihplcdiadied  pol yner,
and suitable exanples of this catal yst include organotin conpounds such as

di al kyl t'th@ﬁiﬂtﬁﬁutaﬂ@&gﬁ%Mtﬁﬂ 19 8lHexhddiiol. di @l kyl tin bi scarboxyl ates, or

st annoxane
10 Examples of suitable tetraols include pentaerythritol, ditrimethylolpropane,

diglycerol, and ditrimethylolethane.

Examples of aromatic compounds having at least two hydroxyl groups bonded to
an aromatic ring include 1,3,5-trihydroxybenzene, 1,4-xylylenedimethanol, and 1-phenyl-
1,2-ethanediol.

15 Examples of the monocarbaxylic acid compound having at Jeast two hydroxyl
groups in which the carbon atom adjacent to the carboxyl group is a tertiary carbon atom
include dimethylolpropionic acid, o, a-bis(hydroxymethyl)butyric acid, a, o, a-
tris(hydroxymethyl)acetic acid, a, a-bisthydroxymethyl)valeric acid, and o, o-
bis(thydroxymethyl)propionic acid. By using this type of monocarboxylic acid compound,

20 the ester decomposition reaction can be suppressed, enabling formation of a
multibranched polyester polyol.

A catalyst 1s preferably used during the production of the above multibranched
polymer, and suitable examples of this catalyst include organotin compounds such as

dialkyltin oxides, halogenated dialkyltin, dialkyltin biscarboxylates, or stannoxane,



12 titanates such as tetrabutyl titanate, and organic sulfonic 3@”@ uch
as Lewis acid and paratoluenesul fonic acid. Miltibranched macrcl ?&?"

havi ng an ether |inkage as the repeating structural unit include structures
produced by formng a nmultibranched polyner by reacting a 5 conpound with at
| east one hydroxyl group, mﬁth a cyclic et her conpound having at |east one

hydr Oxyl SV\%UEZH a%&%&ﬁ@grﬁf %801 %A ELLI mé g& i] agx,%g/? yCld %Cﬁups OT

this poI acl as acry I'C aci acrylic
acid, an |so anate group containing acrylic based compound, or a
haIogenaﬂ@ﬁ“#&FWVP§P9$@ﬁ@ such as 4- chloronet hyl styrene. Furthernore an
effective process for producing the nultibranched 10 polyner is based on the
W | ianmson et hdnltByaiched imscrcamchoimevohamasg areetbes Inkage epiheaeprdting aviatgraht

| east one hydroxyl group, with a conpound conprising two or nore hydroxyl
groups, amét iaclaé Sestures pivducddIP2fHathg0d muldbeidfohidd pa@ﬁleﬁﬁmﬂﬁ%BaVi ng at

| east one hydroxyl group can utilize the sanme conpounds described above. 15
ar oupSi nrHAaaaE S a“}faﬂ%ﬁ G gﬁ@ﬁ?ﬁc’wp@ﬁ‘é?&ﬁ%@h*‘%“?‘“&@oﬁ?q"%"’n Afleper o/
2, 3- epoxy-1I - guta ano 5& ound havi ng at | east
ohe. iyl SRS TGRS bR FOPHAORRY TeaHE e B el By AEHELPO A, TS 11 o6 o
of the compounds descrlbed above, although aromatic 20 conpounds havi ng at

| east t wPohypaeroxijl ag nosapsatsd seidcduely as asylie emeor metianyligaeidp prfseryanate
Representative exanples of this type of conpound include

1, 3, 5-t r ignyaly cotydiempenceylichaded oonhpydvad eali antedt] igeneded nachlylbtyrgplaangt as 4-
1, 2-et hanedi ol . Furthernore, exanples of the conmpound conprising two or nore

hydr oxyl cBl@bpethylstyiend NatRe80redn Xt Tecti (5mREIIF00prod 65 Hd3mhRiGtAdRed
5- (br onmonet hyl ) - {

10 polymer is based on the Williamson ether synthesis, and involves reacting a compound
having at least one hydroxyl group, with a compound comprising two or more hydroxyl
groups, and a halogen atom, ~-OSO,OCH; or -OSO,CHs.

The compound having at least one hydroxyl group can utilize the same compounds
described above.

15 Suitable examples of the cyclic ether compound having at least one hydroxyl
group include 3-ethyi-3-(hydroxymethyl)oxetane, 2,3-epoxy-1-propanol, 2,3-epoxy-1-
butanol, and 3,4-epoxy-1-butanol.

The compound having at least one hydroxyl group used in the Williamson ether
synthesis may utilize one of the compounds described above, although aromatic

20 compounds having at least two hydroxyl groups bonded to the aromatic ring are preferred.
Representative examples of this type of compound include 1.,3,S-trihydroxybenzene, 1,4-
xylylenedimethanol, and 1-phenyl-1,2-ethanediol.

Furthermore, examples of the compound comprising two or more hydroxyl groups,

and a halogen atom, -OSO,;0CH; or -OSO,CHj include 5-(bromomethyl)-1,3-



1 0 APR 2006 13 di hydroxybenzene, 2-ethyl-2-(bronmonethyl)-1, 3-propanedi ol ,
2- et hyl - 2- (brononet hyl ) -~ 1, 3- propanedi ol , and 10 EPR 1006

2- (brononet hyl ) - 2- (hydroxymet hyl ) -1, 3- propanedi ol . A catalyst is preferably
used during the production of the nultijgranched pol yner described above,
and suitable exanples of this catalyst include BF3 diethyl ether, FSG3H, 5

Cl SBH, 35 1 r [ Hore. (ot ed n r$ havi am de
i nkage SN Shmth 8B IR BroRinb e B IBECC PRORFT SRR The

am de |inkage for the repeatin nit via the njtrogen atom and a

r epr esentlat Waéi‘g&pﬁ'é‘f %f(bg%%nfégﬂa-ﬁdhr@rpéymgﬁkywef ’b'ﬂ%‘gq%?go'@ener ation 2.0 (a
PAMAM Dendri ner) manufactured by Dendritech Inc. 10 As the nunber of branch

t er mi nal doubl 4 citelydsisipnefemdiyceddidnting theepradiatiob rod tleche ditibressc haxhpel piesr
i ncreases, the degree of branching of the nultibranched pol ystyrene

produced debériied Abave; QRO kYifa1é Sainies oAtk catalyseniRlRle BF;idiehaasas, FSh1,degr ee
of branching (DB) of the nultibranched nacronononer used I n the present

i nventi ot def 4 by a forrmula (3) shown bel ow, and this degree of
branc%i ng%lF@é?’%{deﬁgﬁgﬁly falls 15 within a range from0.3 to 0.8. DB =

(D+L) [/ (D+T+ 3) (wherei.n enotes the nunmber of dendritic ynits, L
denotes the n:])ﬁ{ng]leBéfei ﬁnHﬁﬂ?rélﬁﬁF?&acroﬁmo’?’ed% = a{)ﬁgnﬁe{}lm@,ge 8t H’(eer m nal
units) 20 The values of D, L and T descri bed above can be determ ned from
t he acti VePeafBg Biypanal grip insdudeshyciures iy dhe smidelinwga formsttbe tapsatingand
guat ernary carbon atons, or the nunbers of primary, secondary and tertiary
ni t r ogen ualtons thdentrogen dtoropandeacprasentative swetpleref sueh eneugnoup she gsdumeasur ed
by 13C-NMR For exanple, D corresponds to the

Generation 2.0 (a PAMAM Dendrimer) manufactured by Dendritech Inc.

10 - As the number of branch terminal double bonds introduced into the multibranched

macromonomer increases, the degree of branching of the multibranched polystyrene

produced through a copolymerization with styrene also increascs. The degree of

branching (DB) of the multibranched macromonomer used in the present invention is

defined by a formula (3) shown below, and this degree of branching (DB) preferably falls

15  within a range from 0.3 to 0.8.

DB = (D+L)/ (D+T+L) 3
(wherein, D denotes the number of dendritic units, L denotes the number of linear units,
and T denotes the number of terminal units)

20

The values of D, L and T described above can be determined from the active
methylene groups, and the numbers of secondary, tertiary and quaternary carbon atoms, or
the numbers of primary, secondary and tertiary nitrogen atoms derived from reaction of
such methylene groups, as measured by C-NMR. For example, D corresponds to the

25  number of quaternary carbon atoms or the number of tertiary nitrogen atoms, L



25 nunber of quaternary carbon atons or the nunmber of tertiary nitrogen
atoms, L 1 0 APR 2006 14 corresponds to the number of tertiary (cArRllE at oms
or the number of secondary nitrogen atons, and T corresponds to the nunber
of secondary carbon atons or the nunberidof primary nitrogen atonms. |In order
to control the weight average nol ecul ar wei ght of the multibranched 5

e L e T

wei ght o ranc e.Cr oronorrer e present ion is
pr ef er abl vvithlég_a ran from 1000 to 15, 000 and even re pref rably

from 200(9¥ft*’c'5S 5680. COfrEP ﬁ? theyuprbeg S BACOn BN GarheB ALARS o the 8P e‘E

aromatic ring introduced into the nultibranched nmacronononer is preferabl y
Wi t hi n a prizmage nitragen@tams.o 5.5 mlli cools, 10 and even nore preferably
fromO0.5 to 3.5 mlli cools, per | g of the nmultibranched macronononer. |If

this quantity Ih®rd&@s6s cbied ﬂhehdiglitlaive@g@imlecma@m&g'mgf&aehh@lltibmicﬁwI ar
wei ght mul tibranched pol ystyrene becones difficult, whereas if the quantity

exceegs Z, g, é 0P adue SOR), G W&%&ss"ﬂew& ﬁfavt‘nl?a%e H}Hlédum}%?ﬁ%f th

pol ystyr |ncreases exceSS|vé 0 yne I Zi ng an af orenen one

mul ti brangc r.ene ] onposi tion of
The precdiilt Ewmﬁ# BROPEoBas vhed i LErt et R peraER AR AR anched
pol ystyrene, is a copolynmer of the nultibranched nmacronmononer and
styrene, fmlﬁf)ﬂ I%%@O%m@ﬁ?‘r@ﬁﬁ prpferably frgmye0004e S0AR sane tine. Known
styrene pol ynerization processes can be used for the polynerization
reaction. Al t heghuantiord danbletondpbended dimetly wstraromabnsing inttddatced into

pol ymeri zation systemused, 20 bulk polymerization, suspension

pol yrer i zikd maRtiteanched Midcﬁﬂn@(drﬂdfﬁﬁ preddralsli welthen pm{gerffoeldo 1iber 3vmilli mols,
pol ymeri zation can be conducted, wthout using a polynerization initi ‘at or,

but 1phe HFeva ndrd YrREGMIy TRM @%'to@ofl VRTS8 feP ¢ ¥ithd AfuBibrhierRf ef erred.

Furt her nore,

macromonomer. If this quantity 1s less than 0.1 milli mols, producing a high molecular
weight multibranched polystyrenc becomes difficult, whereas if the quantity exceeds 5.5
millimols, the molecular weight of the multibranched polystyrene increases excessively.
By polymerizing an aforementioned multibranched macromonomer with styrene, a
15  styrene resin composition of the present invention is obtained, comprising a mixture of a
multibranched polystyrene, which 1s a copolymer of the multibraniched macromonomer
and styrene, and a linear polystyrene that is given at the same time.
Known styrene polymerization processes can be used for the polymerization
reaction. Although there are not particular restrictions on the polymerization system used,
20 bulk polymerization, suspension polymerization or solution polymerization are preferred.
Thermal polymerization can be conducted, without using a polymerization initiator, but
the use of a typical radical polymerization initiator is preferred. Furthermore,
polymerization auxiliary agents required by the polymerization such as suspenston agents
or emulsifiers can utilize conventional materials used in typical polystyrene production

25  processes.



pol ymeri zation auxiliary agents required by the polynerization such as
suspension agents or enulsifiers can utilize conventional materig ﬁpﬂumﬂj in
typi cal polystyrene production 25 processes. 1 0 APR 2006 15 The
concentration of the multibranched nmacrpsrononmer based on the total anmount of
the mul ti branched macronononer and the styrene is preferably within a range

from 50. ppm t?lné c@nc%{]ﬁatgo\ﬁe& tﬁpél%ltﬂfrgxgc%'éétma&ofnqcﬂ{&}n‘geq%a{e}(_ai o%qgg t&ﬂ@mo t he

proportion of nacrononomner en t he

effects of rese i nvention are not mani f est uatel n organlc
sol vent 1581“2 'heg TRGEOTRBRIGT AR FRFRDE & IPrS%éff%qlf W?%E"’é’ggtﬁg?“b? t he

react ant s | n the poI ynmerization reacti on and exanpl es of suitabl e organic
sol vent s ppmtd h%eand)bmnepreqlrtifytdbbnﬁremew@@IZQﬁ@pplalcdfthniw@}idr@Qn bEthzene,
chl orobenzene, dichl orobenzene, anisole, cyanobenzene, dinethylformam de,

N, N- di methyliieaiched fcronidhonid isTeistibn 80 Eyﬂn kReh Gheeffdety &f thelpaként 1 n t hose
cases where the anount of the nultibranched nmacrornononer 1s |large, from

t he V'Se‘ggx%%géﬁfaéﬂgpﬁaﬁﬁ?ésf& a@@{;@zﬁél?n , the use of an organic solvent is

preferr an organi c solvent enables the anount of the nultibranched
nacronnnoner d scrlbed bove tq b ased..nar u ger of
Golation 15 Merea: oY e Egpdfo FRIER pHTn dnlthvel B SF
polynerlzatlon initiator used, and conventional materials are suitable,

i ncl udi ngthpEeastapksemithe olymenzationreactions and exsmnjesdSHgHle praapiscseleats

2, 2-bi s(t-butyl peroxy)butane and 2, 2-bi s(4, 4-di-t-
butylperdmmmﬁchﬂhexyhﬂ@ﬂmpamm;xﬁym:apﬂomMﬂdﬁxmzumhddentﬂmﬁme,hydroperoxide,
and t- butyl hydroperoxide; dial kyl peroxides such as di-t-butyl peroxide,

di cunyl pacRStRN2GR, Z8sslE,-dvakebentdr! adhdieylfotnaside, FENQhRES 1 cuGhi®&s benzoyl

per oxi de and d|C|nnanDyI per oxi de;
10 and methy] ethyl ketone.

Particularly in those cases where the amount of the multibranched macromonomer
is large, from the viewpoint of suppressing gelation , the usc of an organic solvent is
preferred. Adding an organic solvent enables the amount of the multibranched
macromonomer described above to be increased markedly without any danger of gelation .

15 There are not particular restrictions on the radical polymerization initiator used,
and conventional materials are suitable, including peroxyketals such as 1,1-bis(t-
butylperoxy)cyclohexane, 2,2-bis(t-butylperoxy)butane and 2,2-bis(4,4-di-t-
butylperoxycyclohexyl)propane; hydroperoxides such as cumene hydroperoxide, and t-
butyl hydroperoxide; dialkyl peroxides such as di-t-butyl peroxide, dicumyl peroxide and

20  di-t-hexylperoxide; diacyl peroxides such as benzoyl peroxide and dicinnamoyl peroxide;
peroxyesters such as t-butyl peroxybenzoate, di-t-butyl peroxyisophthalate and t-butyl
peroxyisopropylmonocarbonate; and N,N'-azobisisobutyronitrile, N,N'-
azobis(cyclohexane-1-carbonitrile), N,N'-azobis(2-methylbutyronitrile), N,N'-azobis(2,4-

dimethylvaleronitrile), and N.N'-azobis[2-(hydroxymethyl)propionitrile]. These



per oxyesters such as t-butyl peroxybenzoate, di-t-butyl peroxyis ﬁgppqmﬁte
and t-butyl peroxyisopropyl nonocarbonate; and N, N -azobi si sobutt/) nitrile,
N, N - azobi s(cycl ohexane-1|-carbonitrile),

N, N - azobi s(2-net hyl butyronitrile), N, Ngazobis(2,4- dinmethylvaleronitrile),
and N, N -azobi s[ 2- (hydroxynet hyl )propionitrile]. These 1 0 APR 2006 16

pol ymeri zation.initiat.ors can be used .si;nqul.arly,.or. in gconbinations of two
or nore P&M‘g{ﬁ?&g’? ”?lhatgffa‘iapi%(gﬁ',se‘gﬂ %‘Q?Hy’t ﬂ&?’é?“’é‘@%’ﬁﬁoﬁé"’f A% pe added to
ensure that the_nolecular weight of the styrene resin conposition does not
beconme oWEMPPUBRdgyh. The chain transfer 5 agent may utilize either a

nmonof uncti onal chain transfer agent having one chain transfer group, or a
mul ti functi ondh adtiion, & claais frensferrment ay alsg ba agtied @l ensyreshatchaimoleenlansf er
groups. Exanples of suitable nmonofunctional chain transfer agents include

al kyl mer caggRiT tRélyreh B YGifhatitoreede8ndt bdovarivey Qgglﬁ UFHecdMath transfer
mul tifunctional chain transfer agents include conpounds in 10 which the

hydr oxyl 1 i . . pent yl
o yeor | ARFRLRRY oy SBley SHALAEhGRT b REERER R IARE ok YiERh wallE
tripentaerythritol of sorbitol. hav undeggfne esterification wth either
t hi ogl yc &P R IEH ‘%‘PH%‘F%&M‘BHFBﬁgb?ﬁe@ 18e 2 pRraiiof cRHD 3Nt YR es s
descri bed above for producing a styrene resin conposition of the present

i nvent i orEXamples ofistiitde suanglingtipnahehiindransiar agenss inolude plkayhaersaptanssind

macr onononer and styrene, a styrene resin conposition wth a desired ratio
bet ween ahimglycblaresestdred pol ystyrene and a |inear polystyrene nmay al so be
produced by synthesizing the linear polystyrene and the multibranched

pol ystyrene sebamdil& of supBble bRk oMY chAL trahdfer 4RERLAGNde Edmpordidy rene
resin conposition of the present invention, because the nultibranched
10 which the hydroxyl groups of a polyhydric alcohol such as ethylene glycol, neopentyl
glycol, trimethylolpropane, pentaerythritol, dipentaerythritol, tripentaerythritol or sorbitol
have undergone esterification with either thioglycolic acid or 3-mercaptopropionic acid.
In addition to the process described above for producing a styrene resin
composition of the present invention via a single stage polymerization of a multibranched
15  macromonomer and styrene, a styrene resin composition with a desired ratio between a
multibranched polystyrene and a linear polystyrene may also be produced by synthesizing
the linear polystyrene and the multibranched polystyrene separately, and then mixing the
two together.
In a styrene resin composition of the present invention, because the multibranched
20  polystyrene and the linear polystyrene are interdispersed and mixed together uniformly at
the molecular level and entangle together, in folding tests and the like, the composition
exhibits a superior level of folding endurance than has previously been possible with
conventional linear polystyrenes. In terms of achieving a resin composition in which the

multibranched polystyrene and the linear polystyrene are interdispersed and mixed

25  together uniformly at the molecular level, a single stage polymerization of a



20 pol ystyrene and the |inear polystyrene are interdi spersed and Ehﬁﬁ?
together uniformy at the nolecular |evel and entangle together! i @ di ng
tests and the like, the conposition exhibits a superior |evel of folding
endurance than has previously been possjble with conventional [|inear

pol ystyrenes. In terns of achieving a resin conposition in which the

i xod 25 THGOREPALREPERerg e “tEaveF e Bres sVBr e gt Pt oo == ™

polymerization of a 1 0 APR 7006 17 nultibranched macronmononmer and styrene
i s pref ersepagleprepped pobeesss of s npikianchsd palystyasng apdadiicatipyipstyieas acof a
mul ti branched pol ystyrene and a |inear polystyrene are m xed together. The
si ngl e stmaedpogotiner Thasingle stapeglcdpnpriztion iease preferredsn odrsrod ghonstuictoom
efficiency. 5 Wien the nol ecul ar weight of a styrene resin conposition of
the presefficieRvention s neasured using gel perneation chromatography
(GPC), a peak derived fromthe linear polystyrene appears on the |ow
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pol ystyrene appears on ar el and ratio of the

areas under the two peaks can be used to ne t GO Slt onal
proport i dﬁ@eafmséflﬁng@ek%@e@ffOWP%@W&R 5(88@1 \ﬂéwb%f f %baﬁar

nol ecul ar wei ght of each polystyrene. 1n order to ensure that a styrene
resi n comedestyrientapfearsim the &ne ntoléawaz nrdight sider anfla peakademybpd &dmptheduct wi t h
favorabl e nelt tension and good strength such as folding endurance, while
al so exhihultibrghchedp@hstprhé apmsiss ol e high woroclaewerght side, amdltbadatibiof yhe t he
wei ght average nol ecul ar weight of the |linear polystyrene contained wthin

the styr %@aslﬁd%ﬁ%@ws?emseah%emlsécﬁtotde%rﬁﬁhé me%ﬁﬁabﬂnanan%ﬂ%nﬁ&%f%% 000 to
350, 000, and the weigh aver age nol ecul ar wei ght "of the nmultibranched
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In order to ensure that a styrene resin composition of the present invention
produces a molded product with favorable melt tension and good strength such as {olding
endurance, while also exhibiting a high melt mass-flow rate and excellent moldability, the
weight average molecular weight of the linear polystyrene contained within the styrene

15  resin composition is typically within a range from 200,000 to 350,000, and the weight
average molecular weight of the multibranched polystyrene is typically within a range
from 1,000,000 to 10,000,000, and preferably from 2,000,000 to 5,000,000. If the weight
average molecular weight of the multibranched polystyrene is less than 1,000,000 then
satisfactory strength cannot be achieved, whereas if the molecular weight exceeds

20 10,000,000, achieving a favorable level of moldability is impossible.

In addition, the weight average molecular weight of the styrene resin composition
is typically within a range from 250,000 to 700,000, and preferably from 280,000 to
500,000. Furthermore, the weight ratio between the linear polystyrene and the

multibranched polystyrene within the resin composition, is preferably within a linear



average nol ecul ar wei ght of the nultibranched polystyrene is |es U%?RQUB
1,000,000 then satisfactory strength cannot be achi eved, whereaS"i t%e
nol ecul ar wei ght exceeds 20 10, 000, 000, achieving a favorable |evel of

mol dability is inpossible. In addition,;ghe weight average nol ecul ar wei ght
of the styrene resin conposition is typically within a range from 250, 000

to 700, 000,, and preferably fro 80, 000 t 0, . JEurthernmore, the weight
ratio bet RESHYERR: U gﬁ?“%?%%&éﬂ@ TAPRE ﬁ?l‘@%n]uﬁgﬁfi@%h@@?)V(S’P)Pg(frf/rene
within the resin conposition, is preferably within a linear 1 0 APR 2006 18
pol yst yr epigferablyi fropbyhém88 1pol yst yrene range from99.1:0.9 to 75:25, and
even nore preferably from99:1 to 85:15. A styrene resin conposition of the
present i nventActyremesinsespasitioh of thelprgdent tvesidod eompwiseghh ultra Higlhr anched

pol ystyrene not seen in conventional |inear polystyrenes, 5 but despite the

fact thatybReust WeRREnuBRrih GRAPOSslyka Rt sdeibinRbAvEMonkIMHREL pNistfefdsai s
such a ultra high nol ecul ar wei ght Conponent as this, gelation is
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of the present invention satisfies the relationship havipg. the weight

aver age nBichamitg higaingecudapyeghlcemnoneas this, gedatm ig e?fiﬁtavemm%stgmm gher
melt mass-flow rate than a conventional |inear polystyrene having the sane
wei ght averablieg thelcemplositiontd b tasilFaissalvad (M prgerik sobyed®. nin) z 45 x exp(-0.1
X Mv x 10-4) 15 (wherein, MFR and Mwv denote the nelt mass-flow rate and the
wei ght aver ageTh®meR thads-flowsia@héf & RHRAE fdsEdompaitidn¢f thé pledit i vR@atioh

conposition) The nelt mass-flow rate (MFR, g/ 10 min) refers to the val ue
measur ed ghisfJhhe relationship having the weight average molecular weight expressed in the
10 formula (1), and has a higher melt mass-flow rate than a conventional linear polystyrene

having the same weight average molecular weight.

Formula (1)
MFR (g/10 min) 2 45 x exp(-0.1 x Mw x 10™)
- 15 (wherein, MFR and Mw denote the melt mass-flow rate and the weight average molecular

weight respectively for the styrene resin composition)

The melt mass-flow rate (MFR, g/10 min) refers to the value measured at 200°C
under a load of 49 N, in accordance with the method of JIS K7210:99.
20 If the MFR of the styrene resin composition is lower than the value calculated
from the above formula (1), a favorable level of moldability cannot be achieved.
Furthermore, the melt tension (MT), which functions as an indicator of the strength
and moldability of the styrene resin composition of the present invention, satisfies the

relationship with the weight average molecular weight expressed in the formula (2), and is



under a load of 49 N, in accordance with the nmethod of JI'S K7210: ﬁ@f\ PRO0OG f
the MFR of the styrene resin conposition is |ower than the val ue Fcul at ed
fromthe above fornmula (1), a favorable |level of noldability cannot be
achieved. Furthernore, the nelt tensidfA (M), which functions as an

i ndi cator of the strength and noldability of the styrene resi n corrpositi on
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average no ar merght expressed In t ornu

19 higher .than the |t . tensi.gn val ue of a conventronal Irnear pol ystyrene
havi ng t REEH AxerageMofGeulal &S8P ol ecul ar weight. Formula (2) 5 M (g) z
0.07Mv x 10-0 + 1.8 (wherein, MI and Mv denote the nelt tension and the

wei ght average nol ecul ar weight respectively for the styrene resin
conposition) The nelt tension (M) describes the tensile force during
nmel ti ng ®orhbla (Resin, and 10 acts as an indicator of the toughness and .
nol dability of the resin. As the nelt tension increases, the tensile force

on rre ting of &\H@ggigﬁrﬁh&‘ggﬁesez enabl ing the production speed during

extrusron nol 0 beincrease The nel t tensron (MT) val ues reported in
the present invention were nmeasured using Capi r ogr aph (t pe 1

manuf act (veeresy Mboed by denate theqnelt tapsion @tlér ﬂ)e weight §Verage mqscele \rr%rglares MT
(g) nmeasured with a capillary of length (L) 50.80 mm and di aneter (D) 1.27
mm a barespectidielynfr die {tPenofesth &Gnpomtaomd a shear rate of 60 m's, at a
tenperature which vyields a nelt viscosity for the sanple of 1300 Pa s, and
with a strand taking-off speed of 20 mimn. If the MI of the styrene resin
conposition is lower than the value calculated fromthe above forrmula (2),

then. the toughnRsselpfedsibh eV adaRivel iné Bfsilk B8rck @81iRg melting of the resin, and
10 acts as an indicator of the toughness and moldability of the resin. As the melt tension
increases, the tensile force on melting of the resin increases, enabling the production speed
during extrusion molding to be increased.

The melt tension (MT) values reported in the present invention were measured
using a Capirograph (type 1B, manufactured by Toyo Seiki Seisaku-sho, Ltd.), and refer

15 to values MT (g) measured with a capillary of length (L) 50.80 mm and diameter (D) 1.27
mm, a barrel diameter (B) of 9.55 mm and a shear rate of 60 m/s, at a temperature which
yields a melt viscosity for the sample of 1300 Pa- s, and with a strand taking-off speed of
20 m/min. If the MT of the styrene resin composition is lower than the value calculated
from the above formuia (2), then the toughness and the moldability of the resin

20  composition tend to deteriorate.

A styrene resin composition of the present invention comprising a multibranched
polystyrene is of high molecular weight, and yet when compared to a conventional linear
polystyrene having a similar molecular weight, exhibits a higher melt mass-flow rate,
superior fluidity during production and molding of the styrene resin composition, and a

25  superior level of productivity and processability. As a result, the styrene resin



20 conposition tend to deteriorate. A styrene resin conposition of the
present invention conprising a multibranched polystyrene is of HilghPR 2006
nol ecul ar wei ght, and yet when conpared to a conventional |inear

pol ystyrene having a simlar nolecul ar weight, exhibits a higher nelt
mass-flow rate, superior fluidity during production and nolding of the

styrene resin .6 .51 I I £ hylity and

proc essab‘?ﬁléb f’ ﬁ?ﬁ&gh% Elgfgﬁt ?ﬂ%ﬁ@oé? Eillﬁéjérjlggep glélar‘f\ q¥gljovaxllgﬁpggg%&§2{8gﬁ conposition
of the present _.inyention.can be used i.n aqwtillgr \@ieg_}{ of fi.el dsf t han
convent i o‘??é‘l"e‘&‘ﬂ)‘?fﬁgg?ll’l’%%?“si I 1R arodustoR-2% 1BRldse PRRAYGBATHR 8JEHEY %r om a
variety of nolding nethods such as injection nolding, extrusion nolding,
vacuum f onpiding methods pechsasunjectior mokdgng, extrvsieh ovldingmmagwimifenping.aitender i ng
and bl ow nol di ng nmet hods. 5 EXAMPLES The followng is a nore detailed
descri ptigessafe fdiminl, @s@idion foeaNibRIind) 2sle8d@th gtandbw Indllin@hadtRods. The
present invention is not restricted by the exanples presented below First
is a description of the measurenent nethods enployed. 10 (GPC Measurenent
Met hod) Hi gh speed |iquid chromatography (HLC-8220GPC, nanufactured by Tosoh
Cor por at il_ﬁﬁ) E\ip@gd, with an RI detector, using TSKgel GG000Hx | + G5000HXx |
+ 4000 2 OOHx 1 + TSKguard colummH x 1-H, THE solvent, a flow rate
of 1.0 15 m/mn., and a tenperature of 40C. Analysis of the chromatograph
was conduct ed B¢ filoaving|is a Broe desaileddesgintion ofdhe presen) intrationdagsdMms t hat

appeared to be separated using analysis software, and the
series of examples. The present invention is not restricted by the examples presented

below. First is a description of the measurement methods employed.
10
(GPC Measurement Method)

High speed liquid chromatography (HLC-8220GPC, manufactured by Tosoh
Corporation)is used, with an R detector, using TSKgel G6000Hx1 + G5000Hx1 +
G4000Hx1 + G3000Hx1 + TSKguard columnH x1-H, THF solvent, a flow rate of 1.0

15  ml/min., and a temperature of 40°C.

Analysis of the chromatograph was conducted using a multistation GPC-8020,
enabling the two peaks that appeared to be separated using analysis software, and the
weight average molecular weight to be determined for both the linear polystyrene and the
multibranched polystyrene. The results are shown in Table 1 to Table 3. The labels

20  PIMw and P2Mw in the tables refer to the weight average molecular weight of the linear
polystyrene and the multibranched polystyrene respectively. Furthermore, the weight
average molecular weight of the entire resin composition prior to the separation analysis
of the two peaks is recorded as the overall Mw, and the maximum detected Mw value is

recorded as the maximum Mw.



wei ght average nol ecul ar weight to be determ ned for both the |inear

pol ystyrene and the nmultibranched pol ystyrene. The results are ﬁ[}% ZQUE
Table | to Table 3. The labels 20 P 1 Mv and P2Mv in the tables th
wei ght average nol ecul ar wei ght of the2inear polystyrene and the

mul ti branched pol ystyrene respectively. Furthernore, the weight average
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analysis of t e Fecorded as t overa he “maxi mum
detected Mw val uS: recorded thes\%ax i mum M. } Ath 20 6 2 The
chr omat oFRABHFDINC é‘ﬁe‘éﬂé’éﬁw’%a@ C YHBGH 21 TRpresenss g Reah s axis
represents the retention tine, and the vertical axis represents the peak -
strength coamdllemmﬁhomamnmn aines tepreseritlogher aroledularoveighisedethe hi gher
nol ecul ar weights. In the figure, the solid line represents the peaks

obt ai ned fipurd, fige @tidUfle ropresdnteiie peak sabtaihdeddrineehed nleangemespasbent s t he
peaks produced as a result of the analysis. The peak at the higher

mol ecyl ary gﬁgggies ?ééﬂgseﬁ s tﬁ@gaaEQE%%Ech{asaa%sﬁﬁBf S:pﬁlﬁrsifs.hﬁ“h laéﬂ @rtﬁémhed

pol ystyren t the [ower wei g e represents
the line
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bonds in the rrultl branched macr onmononer, and was recorded as a _nunber of
mol s per PRBISHAEna R}, apf thenpeak ik Hied oW mplesRlap we1ght side sewresrats the laear o

determ ne the active nethylene groups and the nunbers of secondary, tertiary
and 15 gypehwstyrene(Pdar bon at ons derived fromreactions of such nethyl ene
groups, thereby determ ning the degree of branching of the nultibranched
macr onononer. (Melt Mass-Fl ow Rate Measurenent Met hod)

10 (NMR Measurement Method)
Nuclear magnetic spectroscopy ('H-NMR) was used to determine the quantity of
cthyleny double bonds in the multibranched macromonomer, and was recorded as a
number of mols per weight unit of the sample. Furthermore, ?C-NMR was used to
determine the active methylene groups and the numbers of secondary, tertiary and
15  quaternary carbon atoms derived from reactions of such methylene groups, thereby

determining the degree of branching of the multibranched macromonomer.

(Melt Mass-Flow Rate Measurement Method)

Measured in accordance with JIS K7210:99. The measurement conditions

20  included a temperature of 200°C and a load 0f 49 N.

(Melt Tension Measurement Method)
The melt tension was determined using a Capirograph (type 1B, manufactured by
Toyo Seiki Seisaku-sho, Ltd.). The capillary of the device used had a length (L) of 50.80

25 mm and a diameter (D) of 1.27 mm, and the MT (g) value was determined with a barrel



Measured in accordance with JI'S K7210:99. The neasurenent conditions 20
included a tenperature of 200C and a |oad of 49 N. (Melt Tensionl Wgﬂﬂﬂﬁnent
Met hod) The nelt tension was determ ned using a Capirograph (type 1B,

manuf actured by Toyo Seiki Seisaku-shgy Ltd.). The capillary of the device
used had a length (L) of 50.80 25 mmand a dianeter (D) of 1.27 mm and the

MI (g) val.ue was.d ined with a bar 0, APR 2006 22 . di aneter (B) of
0 55 AL MR oy BPE P eEratet 6) il gt e Gy Bl e
viscosity for the sanple of 1300 Pa s, and with a strand taking-off speed
of 20 nt nviecositaierdbe samplsiof 1 30 Rerpardivithe stead takarseoff spesdd @0 B/mnf i | m
havi ng a thickness of 0.4 mn was prepared froma sanple nmaterial, and the

glass transition tenperature (Tg) was determ ned using a dynam c
vi scoel asticity apparatus (DVA, manufactured by Rheonetrics Ltd.). (Tol uene

| nsol ubl Gt L QOF ERS . | e was di ssolved in tol uene
havi ng ae((ggé]%e’lﬁtb I‘rPsgtt] I on i#é’r%ﬂat %gwélgﬁetﬁﬁ@am

1 g/ i nsol uble fraction within the

sol uti.on was s rated by.centrifuging at 12 00Q rpmfor 30 nmi.nute The
cent 1 P uged.t o AmAAv it tEess ol T B fas PEprEd SBRa SUPPE e gt e
measured, and the toluene insoluble fraction was determ ned using the

f ol | owi ngElpssriraRsiion tINRRsAErg ({2 Was Hetefingd using pylyngric Wecqelgstety nsol ubl e
fraction / weight of 15 sanple] x 100 (Fol di ng endurance Measurenent

Met hod) Aeppetatiesd DN At mapufackucedyhdvoietpesdstdilng was converted to a sheet of
thi ckness 0.2 nmmusing a sinultaneously biaxially stretching machine. The
stretching tenperature was 20 130C, and the stretching magnification was
set to 2.3-fold in both directions. A portion

(Toluene Insoluble Fraction Measurement Method)

10 A sample was dissolved in toluene having a concentration of 1 g/100 ml, and the
insoluble fraction within the solution was separated by centrifuging at 12,000 rpm for 30
minutes. The centrifuged toluene insoluble {raction was dried, the dried weight was
measured, and the toluene insoluble fraction was determined using the following formula.

Toluene insoluble fraction (%) = [weight of dried insoluble fraction / weight of

15 sample] x 100

(Folding endurance Measurement Method)
A molded plate produced by hot pressing was converted to a sheet of thickness 0.2
mm using a simultaneously biaxially stretching machine. The stretching temperature was
20 130°C, and the stretching magnification was éet to 2.3-fold in both directions. A portion
of this sheet was used to determine the folding endurance, by measuring the number of

folding repetitions required until rupture, in accordance with JIS P-8115.

(Reference Example 1) Synthesis of a Multibranched Macromonomer (M-m1)



of this sheet was used to determ ne the folding endurance, by neasuring the
nunber of folding repetitions required until rupture, in acconp

JI'S P-8115. (Reference Exanple 1) Synthesis of a NUItibranched cronnnoner
(MmM ) 1 0 APR 1006 23 In a 1000 nm r2xcovery flask equipped with a
stirring device, a dropping funnel, a thernonmeter, a nitrogen input device

and a bubbl er 45l S

di ssolved in SIB%SIr@()%I lgl ne'?ﬂﬁﬁ ‘{q?loépég vﬁ?ﬁﬁ@:ﬁ@%ﬁ%@%‘a&r@%ﬁﬁ% fblﬁqee}rﬂg of
nitrogen., The fl as n a once the 5 interna
tlerrpe?at ﬁlrleéni‘i’éi’&ﬂ?’eﬁc‘?ﬁa%eg ?g%‘”ﬁ? a‘bcil\aée%% ggﬁé’ggdbrgg’loﬂti on ofI sodi um

hydr oxi de was added dropwi se The resulting m xture was stirred for 2 hours
wi t h t he diethrpencaxyipbenmacstenitidewas disgdved/ indi0fimigp falimathy]ssHanidr dBMSO)

macr onononer precursor. By subsequently adding 56.6 g of

4- chl or onmtibydysétyogpleere of AitdgapnwWiseflasknrarpliedihe waadatigand ohed thee, and
t hen continuing stirring for a further 2 hours, a solution of a

multih ﬁ% ei-ilﬂ? 1 {eq{E‘a’}Q%’éd%‘Cfé%HF&'f 0% aa&%g%BIUEBL%?!S@d]UWS R

to rem)vet raction and t’he res tin rate was poured into 5
L of net ont ai 25 nm_of a nol./ L dr ochl o aci d Iution

t her eby Ewa ‘i‘éif‘i eﬁﬁiéomw?.isieanéliieag Haéium%ﬁ%ﬁﬁied f%’nghﬁi"éc‘i”ﬁli‘f’gt ed

mul ti branched macronmononer was filtered under suction, and washed 3 ti nmes

each wi t herfiperdiust irlaingainedistesl0°Endieldeganmeltibriimhed pagiomechomedrtprénuasec h 8l
macr onononer was dried wunder reduced pressure for 24 hours, yielding 24 ¢

of a mul tshbdeq ﬁéxli’[ﬂdacﬁﬁ? m@%ﬁ[chlér%mhylsty%@ﬁiﬁ &%Gﬁset}ﬁar@%ﬁ&ﬂae%‘a@nbﬁms
e

obt ai ned mul t'i bran nacronononer M showed a wei ght average
S g T S T T
10 macromonomer was formed.

The product solution was filtered to remove the solid fraction, and the resulting
filtrate was poured into 5 L of methano] containing 225 ml of a 5 mol/L hydrochloric acid
solution, thereby precipitating the multibranched macromonomer. The precipitated
multibranched macromonomer was filtered under suction, and washed 3 times each with

15  distilled water and methanol. The obtained multibranched macromonomer was dried
under reduced pressure for 24 hours, yielding 24 g of a multibranched macromonomer
(M-m1).

Measurement by GPC of the thus obtained multibranched macromonomer (M-m1)

showed a weight average molecular weight of 11,000. Furthermore, 'H-NMR
20  measurements confirmed that the quantity of introduced double bonds bonded directly to

an aromatic ring was 2.66 millimols/g. The degree of branching was 0.6.

(Reference Example 2) Synthesis of a Multibranched Macromonomer (M-m2)
With the exception of replacing the 4-bromodi(ethyleneoxy)phenylacetonitrile

25  from the reference example 1 with 4-tosyloxydi(ethyleneoxy)phenylacetonitrile, synthesis



an aromatic ring was 2.66 mllinols/g. The degree of branching mgu
(Reference Exanple 2) Synthesis of a Multibranched I\/tacrom)norrerwfl _ D@\i’th
t he exception of replacing the 4-bronodi (ethyl eneoxy) phenyl acetonitrile 25
fromthe reference exanple | wth 24

4-t osyl oxydi (et hyl eneoxy) phenyl acetonitrile, synthesis 1 0 APR 2006 24 was

ducted in th th le,1 i el ded 25 f
"l 1 BT SR o O B RN T R aTe Lo Gh s S PEE wei ght. of
the product_ multibranched macronononer (M.n2) was 5,800. ' H NWR

measur enditlgbragehsdenacromenemer Qlramdi (e gfeighi v gase BwleslasMeighs vi$enonded
directly to an aromatic ring 5 was 2.04 mllinols/g. (Reference Exanple 3)
Synt hesi prafucamMiitrardvhad alserbmdronmmiieme ) wad/s 38). VHiNMRheeaxeepditon of
replacing the 66 m of the 50% aqueous sol ution of sodium hydroxide from

the ref erghged SRR GuadtiW dinBolucell dofibit BEnROSARASY RLE]YSOl Mtk atd idd sodi um
hydr oxi de, synthesi s was ‘conducted in the sanme nmanner as the reference

exanpke 2 j.el ded 29 g of a multibranched nmacronononer (M nB). The
wei gh# a\%ﬁsggdel‘dmﬁh?’é’ Zﬂ'ar wei ght of the product nultibranched macromononer
(MnB) was 7,000. 'H NWR neasurenments showed that the quantity of

i ntroduced doubl e bonds bonded directly to an aromatic ring was 1.84
mllimls/g. 15 (Reference Exanple 4) Synthesis of a Miltibranched

Macr onond@Refergnig EgympleS) fyndesis ob s Mulhbtantlrdaetrethoromge{Men3Pol yol 1) A 2
liter flask equipped with a stirrer, a thernoneter, a dropping funnel and a

condenser was Whatigeskcaptidn Hledla¢ingtheadthakyl ik 8G%paqueasy yulitidrt ¢fl sodfam
nol - et hyl ene oxi de 20 adduct of pentaerythritol) and | g of BF3 diethyl

ether solhybicRiue(fidn IR CEMdceWRIRble PRI 6.6 mi of the 50% aqueous solution of
10 sodium hydroxide, synthesis was conducted in the same manner as the reference example
2, and yielded 29 g of a multibranched macromonomer (M-m3). The weight average
molecular weight of the product multibranched macromonomer (M-m3) was 7,000. 'H-
NMR measurements showed that the quantity of introduced double bonds bonded directly
to an aromatic ring was 1.84 millimols/g.
15
(Reference Example 4) Synthesis of a Multibranched Macromonomer (M-m4)
(Synthesis of a Multibranched Polyether Polyol 1)
A 2 liter flask equipped with a stirrer, a thermometer, a dropping funnel and a
condenser was charged with 50.5 g of ethoxylated pentaerythritol (5 mol-ethylene oxide
20  adduct of pentaerythritol) and 1 g of BF; diethy] ether solution (50 percent) under room
temperature conditions, and the mixture was then heated to 110°C. 450 g of 3-ethyl-3-
(hydroxymethyl)oxetane was then added slowly over a 35 minute period, while the heat
given by the reaction was controlled. Once the reaction heat had subsided, the reaction

mixture was heated with stirring for a further 3.5 hours at 120°C, and then cooled to room

25  temperature.



tenperature conditions, and the m xture was then heated to 110C. 450 g of
3-ethyl -3- (hydroxynet hyl )oxetane was then added sl owy over a 3% APRrsee
period, while the heat given by the reaction was controlled. Once the
reacti on heat had subsided, the reacti@s mxture was heated with stirring
for a further 3.5 hours at 120C, and then cooled to room 25 tenperature. 1

0 APR 2006 25 wThe_wei Vi : [Re]as :

nmul ti branched ][;13) y%]\lgﬁ{er E)%ﬁ%iﬁ‘?]g%\lg%ﬁg%lgg%{%ﬁg%gﬁg Iglgt 'H%‘rb %)A%;%/P&{/g%ggh%s 510.
(Synt hesis of a tibranched Po ther with Methacryl oyl groups and Acetyl
gr oups l)pOIWIW@écNH%W@g?QWg%, ﬁ@ﬂ“ﬂﬂfmé'a stirrer, a thernmoneter, a
Dean- Stark decanter 5 containing a condenser, and a gas inlet tube was
char ged WiSyhthsgs gf aMultibranchedi Rod patdrerd thoMleyarhdeyl godupslang Aestitl @ovwbdye in
the (synthesis of a nultibranched pol yether polyol 1), 13.8 g of

met hacryl i c ach@eacliof) vessef equdppedneith Astliferga terhyshere W DemeStasdedangr of
par at ol uenesul fonic acid, and the m xture was stirred under normal pressure

condi ki o nta%ﬂﬁgﬁ%%@ésks?%hé & g£'§ i 9RR \Q%Schgpggp%im 519%3?/ ‘Zrl‘%gﬂ %Br%f‘f@lgefdbUbbl ed

t hrough the mX ofutron~at a rate of /' m nut eve heat i ng

was adjusted so that the volune. o distillate eri.ng the decant was 30
g per hOlRO?yeé]isHed pﬁg'é:{l PHEHRAbOYRIN tﬁ?ﬁéﬁ'“ﬁﬁfﬁslc’%?ﬁéﬁgé' ERON d%‘??)fofé/)’reached
2.9 g. Followi ng conpletion of the reaction, the m xture was cqol ed, 36 g of
acetic drmyact methastyls apidy 180 g9l teluenes 0 A6igriydeoaninsag, andhldg ohe resul ting
m xture was stirred for 15 10 hours at 60C. Subsequently, the m xture was
washed 4 pararelsendésutfobid agids angihesniafura wa¥stanetbaudsr satmel ipoessake cooditions

hydr oxi de to renpove any residual acetic acid and hydroqui none, and then

washed ongd hehieh, whilgnidfogen 246 @@iw@ﬁu? 7$0bkideRva@Tbubbkd tirbGglaGiednixe@nd twi ce
with 50 g sanples of water. 0.02 g of nethoqui none was added to the thus
10 solution at a rate of 3 ml/minute. The level of heating was adjusted so that the volume of
distillate entering the decanter was 30 g per hour, and heating was continued until the
dewatering quantity reaéhed 29g.
Following completion of the reaction, the mixture was cooled, 36 g of acetic
anhydride and 5.7 g of sulfamic acid were added, and the resulting mixture was stirred for
15 10 hours at 60°C. Subsequenﬂy, the mixture was washed 4 times with 50 g samples of a
5% aqueous solution of sodium hydroxide to remove any residual acetié acid and
hydroquinone, and then washed once with 50 g of a 1% aqueous solution of sulfuric acid,
and twice with 50 g samples of water. 0.02 g of methoquinone was added to the thus
obtained organic phase, and the solvent was then removed under reduced pressure while
20 7% oxygen gas was passed through the system, thereby yielding 60 g of a multibranched
polyether containing isopropenyl groups and acetyl groups. The weight average
molecular weight of the thus obtained multibranched polyether was 4500, and the degree
of incorporation of isopropenyl groups and acetyl groups into the multibranched polyether

polyol was 35% and 60% respectively.

25



obt ai ned organi ¢ phase, and the solvent was then renoved under reduced
pressure while 20 7% oxygen gas was passed through the system M@Bﬂmﬁ
yielding 60 g of a nultibranched polyether containing isopropenyl groups
and acetyl groups. The wei ght average ol ecul ar meight of the thus obtained
mul ti branched pol yet her was 4500, and the degree i ncor poration of

i soprop | .grou nto h | tibranc | yet her
pol yol mgée@g@)gcgﬂﬁragt;% %eg)ﬁéfﬁsgs\fgu@w“k%’r@m %%%W%lqwgrence Exanpl e
5) Synthesis of a Miltibranched Macromonomer (M nb) (Synthesis of a
Mul ti br anSyetiess pfeMdiibraneleddiojyephergrifupynd siounsangiAcghdgpips)l) A react i on

vessel equipped wth a stirrer, a condenser containing a drying tube, a

dr oppi ng funneA regtidn &eishleéqiﬁaﬂﬁﬁwith/\astirfdﬁadi gediensdrRom@irgn®d diiueg tube, a
mul ti branched pol yether 5 polyol prepared above in the (synthesis of a

nul ti br ar@ﬁ-&ﬁﬂné’%ﬂﬁ%f h g a@lﬁgrmhe@r’wajsqg?xge@fwrthtﬁé ahng rnﬂjlﬂﬁlﬁﬂcheﬂ% Zﬁﬂi’él g9 Of

sodi um hyd m xture was st room terrpera ure.

per 1 08 ofPODNL PREFSY SERHe TG Qauroay s subBreah o i b BEETANE 2 o

a further 4 hours at 50C. 10 Fol | owi ng conIBI etion of the reaction, the
i xt ure Weisahydertaren, and 4,3 grotsedivpehydiidsyand he mixturewas girgyd a8 §e9mani ¢ aci d

wer e added, and the resulting m xture was stirred foi I O hours at 60C.
Subseque rtelhyeratdle &7 gaifidcldbonsthylegrene may eddednttepwise tuthedeqmties systen  t he
resulting mxture was di ssolved in 150 g of toluene, and the toluene

sol uti on giepa peA&NEeLont HoufRmdwhé fesb¥ing r&Ri1Ph afxtate wadfeAtealiforaduuiidron of
sodi um hydroxr de to 15 renove any residual acetic acid; and then washed once

with 50 o of. atlg,@o?queous solution of sulfuric acid, and twice with 50 g
sanpl es of wa he sol vent was then renoved

10 Following completion of the reaction, the mixture was cooled, 34 g of acetic
anhydride and 5.4 g of sulfamic acid were added, and the resulting mixture was stirred for
10 hours at 60°C. Subsequently, the tetrahydrofuran was removed under reduced pressure,
the resulting mixture was dissolved in 150 g of toluene, and the toluene solution was
washed 4 times with 50 g samples of a 5% aqueous solution of sodium hydroxide to

15 remove any residual acetic acid; and then washed once with 50 g of a 1% aqueous solution
of sulfuric acid, and twice with 50 g §mp]es of water. The solvent was then removed
from the organic phase under reduced pressure, yielding 70 g of a multibranched polyether
containing styryl groups and acetyl groups. The weight average molecular weight of the
thus obtained multibranched polyether was 5300, and the degree of incorporation of styryl

20 groups and acetyl groups into the multibranched polyether polyol was 40% and 55%

respectively.

(Reference Example 6) Synthesis of a Multibranched Macromonomer (M-mé6)

(Synthesis of a PAMAM Dendrimer with Styryl groups)



fromthe organi c phase under reduced pressure, yielding 70 g of a

mul ti branched pol yether containing styryl groups and acetyl ({ﬁmﬂg e
wei ght average nol ecul ar weight of the thus obtained multibranc

pol yet her was 5300, and the degree of iapcorporation of styryl 20 groups and
acetyl groups into the nultibranched pol yether polyol was 40% and 55%

Vet oronome! - (hEf SyReeneg i Sl Bels? ?Sﬁ%ﬁ%ﬂﬁﬁ%@ IR e s 1 0

APR 1006 27 A reac ion vessel ped vvlth rer ondens
cont ai ni OH’IEEWWQ" P8, %“’SPEE)%‘Y% 151rgﬁg|w1th ?H’&F]WB lr‘“(Wr;\(g{)é’harged

with 50 g of a nethanol solution (20% by wei ght) of a PAMAM dendri ner
(product hyaweigiae o€ s DAMAM dendrineerprosiuclr eenedyenexsndr 3.0 svbnufaguied band wi t h
constant stirring, the nethanol was renoved under reduced 5 pressure.

Subsequemydndritef 18ic.9fantl bifladungiaaf stiréing aRenktfanl whs feiglell upomdedRdd pot assi um
hydr oxi de were added, and the resulting m xture was stirred at room

tenpegat "brgss%u% %u%s&fuen i Oggéﬂgﬁﬁlgéé Gla¥dnGig 2"@% g?hﬁ&yﬁa‘iﬁ%ﬁt Whisf Lo the

reactl on-"system over- a m nut es reactl on

1 1 th 4 h t 0C. F 1
e 5B ”W?ngﬁfitmﬁéhm“@a%ﬁéawr%ﬁ%sr S aloam %ﬂ%%&gﬂc 28R pe "

solid matter by filtration, the tetrahydrofuran was renoved under reduced
pr essur e 4-Shlatometlaylsarege yras shenadars deaidriseerthe sREGAMINETS 0YaTyA PegrB@psd The
styryl group content of the product dendriner was 3.0 mllinols/gram

( Ref er enarinieagldahé yesoitinghesition afiixaurddilat then atinbe forbfurthah boms a( H°Av7) 15
(Synthesis of a Multibranched Pol yether Polyol with Styryl groups and Acetyl

groups 2) A |Fc9fb§mﬁ€ h@r{nﬂﬁqoﬂ Spﬁk'r%tl\éﬁsﬁg h]l%F@QE@C(Q;]ed" lzhd ?&ﬁﬂmﬁ? aling and

equi pped with a stifrer, condenser, i ght shi el ded droppi ng Tunnel and

at h?bmnrglgagcal%%he soqldqggter byq'lltratlon the tetrahydrofuran was removed under reduced
pressure, yielding 14 g of a PAMAM dendrimer containing styryl groups. The styryl

group content of the product dendrimer was 3.0 millimols/gram.

(Reference Example 7) Synthesis of a Multibranched Macromonomer (M-m7})
15  (Synthesis of a Multibranched Polyether Polyol with Styryl groups and Acetyl groups 2)
A light shielded reaction vessel capable of nitrogen sealing and equipped with a
stirrer, a condenser, a light shielded dropping funnel and a thermometer was charged with
0.5 g of anhydrous 1,3,5-trihydroxybenzene, 29 g of potassium carbonate, 2.7 g of 18-
crown-6, and 180 g of acetone under a stream of nitrogen, and with the mixture
20  undergoing constant stirring, a solution comprising 21.7 g of 5-(bromomethyl)-1,3-
dihydroxybenzene and 180 g of acetone was added dropwise over a period of 3 hours.
The mixture was heated and refluxed with continuous stirring until the 5-(bromomethy!)-
1,3-dihydroxybenzene had been eliminated.
Subsequently, 10.3 g of 4-chloromethylstyrene was added, and heated and refluxed

25  under constant stirring was continued until the 4-chloromethylstyrene had been eliminated.



0.5 g of anhydrous 1, 3,5-trihydroxybenzene, 29 g of potassium carbonate, 2.7
g of 18- crown-6, and 180 g of acetone under a stream of nitroge'pg ARR A0 t h
the m xture 20 undergoing constant stirring, a solution conprising-21.7 g of
5- (bronmonet hyl ) -1, 3- di hydroxybenzene a@gd 180 g of acetone was added

dropwi se over a period of 3 hours. The m xture was heated and refluxed with

COnt | U0 51 Lo 0 A a1 71 ARTRTEE M el s YRR SRR Deer

el i m nat ed chl"or omet hyl styrene was ad

heated and refluxed 25 under copnstant stirrin cantinued until. the

A< ol or o FEEIRH IS Wer OO RPN TP A PE e QDR S S0Pty Trsclider ¢
anhydride and 0.6 g of sulfamc acid were then added to the reaction

m xt ure, mattat i therreaqtignwaisture mias menaelvedvhar filtrghon, and tlesoal venhpas saroeved

Fol I owi ng cooling, the solid matter in the reaction mxture was renoved by

filtrati amdeprdutdigregupe Theresultiemyadre waddssol wdus dithiuremethage, WdiBed
resulting mxture was dissolved in dichloronethane, washed 5 3 tines with

wat er g ?‘@tiﬁx@?wﬁh%ﬂt&r B&Iﬁila@%ﬁ@é@%iﬂé}ﬂaﬂ?ﬁm of RafnRd QSS'edj&r%PWis%% %?):a{i\‘éxa“e

to precipitate the nultibranc polyether. This precipitate was tered

o O gl B8 SR TR RO RO R 1 1S,

4050, and the styryl group content was 3.3 mlljinols/gram 10 (Reference
Exanpl e 8jieldingt e pla pultibrangbed pelygdsepolvalsostmmsestyryINredys andageivhesi s of a
Mul ti branched Pol yester Polyol w th Methacryl oyl groups and Acetyl groups)
A react i qurowmss Sdde vesightpyechgeimdiealat waoght gers 4060 edndtthdstynd grdgrcomnet s a
Dean- 15 Stark decanter containing a condenser, and a stirrer was charged
with 10 B DhillEed1s/ermm.
10
(Reference Example 8) Synthesis of a Multibranched Macromonomer (M-m8)
(Synthesis of a Multibranched Polyester Polyol with Methacryloyl groups and Acetyl
groups)
A reaction vessel equipped with a 7% oxygen inlet tube, a thermometer, a Dean-
15  Stark decanter containing a condenser, and a stirrer was charged with 10 g of "Boltorn
H20", 1.25 g of dibutyltin oxide, 100 g of a methyl methacrylate containing isopropenyl
groups as the functional group (B), and 0.05 g of hydroquinone, and the resulting reaction
mixture was heated under stirring while 7% oxygen was bubbled through the mixed
solution at a rate of 3 ml/minute. The level of heating was adjusted so that the volume of
20  distillate entering the decanter was from 15 to 20 g per hour, and the reaction was
continued for 6 hours, during which period the distillate was removed from the decanter
every hour and an equivalent weight of methyl methacrylate was added.
Following completion of the reaction, the methyl methacrylate was removed under

reduced pressure, and 10 g of acetic anhydride and 2 g of sulfamic acid were added and

25  stirred for 10 hours at room temperature to cap any remaining hydroxyl groups. The



H2O', 1.25 g of dibutyltin oxide, 100 g of a methyl methacryl ate containing
i sopropenyl groups as the functional group (B), and 0.05 g of 1lgykpRoMibi none,
and the resulting reaction mxture was heated under stirring whi'le 7%
oxygen was bubbl ed through the mxed s¥lution at a rate of 3 m/mnute. The
| evel of heating was adjusted so that the volune of 20 distillate entering

the decantghmyescid WAt kModéd By RffatidAMnd BNEWIEUbSAREAGEMARS of Rt | NUed
for 6 hours, during which period the distillate was rehoved fromthe

Secant ey oFRSH AR SRR s bR I AU EBSEON A 40

renmoved tinder reduced pressure, ar'ﬁd éo g of a(I;etioc anhydri de and 2 g of
sul f am ¢ A&ty Restateadienashisd 4 umesoyith 288 spyples 91 A our aqusPLy WIWIAeHper ature to
cap any renmai ning hydroxyl groups. The 1 0 APR 2006 29 sulfam c acid was
t hen r enmedairblydrokide &t remmgveeany rendbad Wy drggsinbse qlibatesulsng padduof wadhthenacet i c
anhydri de and acetic acid under reduced pressure, the residue was dissol ved

in 7059 wished Btrtiag ottahes wARA0WAsRks b1 bi7T98 8qioub selBtigh SPAPhES abfd, and %0
aqueous solution of sodium hydroxide to renove any residual hydroqui none.

IS5 8BS STkl D ORRYSh IR R DR 0 el

of a 7% aqueous SO sanpl es of
wat er. 0.0045 g of .ret hoqui hgne was added to the thus  obtained organic
Phase. AR QRPYERIAEnd T o B Y et e R R AT p S SR SR o6
oxygen gas was passed through the system thereby yielding 12 of a

mul ti br andhenysgiosasevasdassed thuguah Hig systems Biseaty vigdogps meide aalibyingedups.
The wei ght average nol ecul ar 10 wei ght of the thus obtained multibranched
pol yest erpolyste? 86Mtainirpei soproperyl gv@paged acavylegrotzs: Ml vaiphtwaasragd niblecatw t he
degree of incorporation of isopropenyl groups and acetyl groups into the
mul tijpr anedigkt drahy B%k obtaRdyRh1tibAhc NS oPR Y eer Ichs 2880 RS RERbérdeedage (Exampl e 1)

molecular weight was 3770, and the degree of incorporation of isopropenyl groups and

acetyl groups into the multibranched polyester polyol (A) was 55% and 40% respectively.

(Example 1)

15 A § liter stainless steel reaction vessel equipped with a turbine blade was charged
with 2000 ml of ion exchange water, and following the addition and dissolution of 10 g of
partially saponified polyvinyl alcohol and 0.05 g of sodium dodecylbenzenesulfonate as
suspension stabilizers, 1000 g of styrene containing 0.6 g of unmiformly dissolved
multibranched macromonomer (M-m1), 2.8 g of benzoyl peroxide, and 0.6 g of t-butyl

20  peroxybenzoate were added sequentially.

Following replacement of the air inside the reaction vessel with nitrogen gas, the

reaction mixture was stirred at 500 rpm while the temperature was raised, and a
suspension polymerization was conducted for 6 hours at 92°C, and then for a further 3
hours at 117°C. The produced granular polystyrene resin was washed, dewatered and

25  dried to yield 980 g of a styrene resin composition. This resin was pelletized using an



15 A5 liter stainless steel reaction vessel equipped with a turbigé gé de
was charged wth 2000 m of ion exchange water, and foll ow ng the. B i on
and dissolution of 10 g of partially saponified polyvinyl alcohol and 0.05
g of sodi um dodecyl benzenesul fonate as 3Guspensi on stabilizers, 1000 g of
styrene containing 0.6 g of uniformy dissolved nmultibranched macr onononer
(Mm), . . L op. s nzoat e
wer e haded TuBe R EAS Mter B e oP TR C: g (Pleibeditar ith REGRAIRE
reaction vessel with nitrogen gas, the r tion mxture was stirreq at 500
Fom vihi | eVEHSeR S PRPAR T Tieps dhaciibed i dhrcfolfing afg%ﬂgqedﬂeﬂﬁwewawmgon was
conducted for 6 hours at 92C, and then for a further 3 hours at 117C. The
produced apddhefaddingengetapeewas messutediaBhengsiefor thieioddiag endwmteBmsdri ed to
yield 980 g of a styrene resin conposition. This resin was pelletized using
an 1 0 ARRpadfms30 extruder with a cylinder tenperature of 230C. The
obt ai ned styrene resin conposition was used to prepare a sheet as descri bed
in the folding endurance neasurement method, and the folding endurance was
measured. The result for the folding endurance was 12 repetitions. 5
(Exanple(%% VW{ t he exception of replacing the nultibranched macr onononer
(Mm1) fYyofPP exanple | with the nultibranched macronononer (Mn2), a
styrene resin _conposition was produced in the same manner as the exanple 1.
The obt ai ned sYWiehe exeeptiesohr isthe ngitivasched agacremppapr(M-m I3 dieat  as
described in the folding endurance neasurenent nethod, and the folding
endur anc etheasamplasuwahl theTheltibesehtd fecrotvaoiet Ving2), esguer@mesnwas 13
repetitions.

composition was produced in the same manner as the example 1. The obtained styrene

10 resin composition was used to prepare a sheet as described in the folding endurance
measurement method, and the folding endurance was measured. The result for the folding

cndurance was 13 rcpetitions.

(Example 3)
15 With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-m3), a styrene resin

composition was produced in the same manner as the example 1.

(Example 4)
20 With the exception of altering the amount of the multibranched macromonomer
{M-m1]) from the 0.6 g added in the example 1 to 0.2 g, a styrene resin composition was

produced in the same manner as the example 1.

(Example 5)



(Exanple 3) 15 Wth the exception of replacing the nulti branchefng

macr omononer (Mm) from the exanple 1 with the nultibranched CAPBrm)urﬁorrer
(MnB), a styrene resin conposition was produced in the same nanner as the
exanple 1. (Exanple 4) 20 Wth the exceggtion of altering the anbunt of the
mul ti branched macronmononer (Mm) fromthe 0.6 g added in the exanple 1 to

0.2 g, a styr resi 1 ed in. .as the
exanpl e 1 { g e g Qe g e mo R Wl brdche S RHEROR: 10 | 1S
anount of . th | tibranch Cr onononer ) fromthe 0.6 g.added in the
e o M8 Fpmyine € g Rt bE Frradiab i bin YR B NS sane
manner as the exanple 1. 5 (Exanple 6) Wth the exception of replacing the
mul ti br anshéusedurn thersememesnnenasthy exaophe It he exanple 1 with the nultibranched
macr onmononer (Mm), a styrene resin conposition was produced in the sane
manner as the exanple 1. 10 (Exanple 7) Wth the exception of replacing the
mul ti branched macronmononer (Mmnm) from the exanple 1 with the nultibranched

nacrogonqjﬂj;ﬁmﬁw ), a styrene resin conposition was produced in the sane
manner as the exanple 1. 15 (Exanple 8) Wth the exception of replacing the

mul 1 br anched WRGBIRINEL, (ML R0 5 AR RSl (BT T anehed
the example 1 with the multibranched macromonomer (M-m4), a styrene resin

composition was produced in the same manner as the example 1.

10 (Example 7)
With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-m5), a styrene resin

composition was produced in the same manner as the example 1.

15  (Example 8)
With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-mé6), a styrene resin

composition was produced in the same manner as the example 1.

20 (Example 9)
With the exception of replacing the multibranched macromonomer (M-m1) from
the example 1 with the multibranched macromonomer (M-m7), a styrene resin

composition was produced in the same manner as the example 1.

25  (Example 10)



conposition was produced in the sane manner as the exanple 1. 20 (Exanple 9)
Wth the exception of replacing the multibranched nmacr onononer MQR)Z rom
the exanple I with the nultibranched macronononmer (Mnv), a styr resin
conposition was produced in the sane nabther as the exanple 1. 25 (Exanple
10) 1 0 APR 2006 32 Wth the exception of replacing the nultibranched

macromononer  (Wmhe eiée%ﬂbﬁ%?le?’f&m e lmMibianthe) rﬂﬁ@}@@)@ﬁ&%@ﬁ@xﬂnﬁﬂrﬁfmnomr

(MnB), a styrene resin’ conposition was produced e same nmanner as the

I N t
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used to prepare a ]inear polystyrene. The obtained |inear polystyrene was

used to pPEpasioa eisgeodussdde dersapednimer helled@npl bndur ance  neasur enent

met hod, and the fol ding endurance was nmeasured. The result for the folding

10 endur ance was 7 repetitions. (Conparative Exanple 2) Wth the exceptions
of altering the reaction tinme to 7 hours, and replacing the 2.8 g of

benzoyl peroxLde2 of t-butyl peroxybenzoate with 3.6 g of 1,1
-bi s(t 1? g] ?y] péroﬁ%ﬁ?’g gS trimethyl cycl ohexane and 0.3 g of t- butyI

per oxybenzoat : arati,ve exa ed to
prepare a i ng)ér“ Bﬁ? f/’S‘ie‘}?} 858%]]?1(%1%%t ?P%} tnl%? %dé“ nﬁcﬁn?h 'é’?(lc)e tion of
replacing the 2,8 g of benzoyl peroxide and 0.6 g of t-butyl 20
per oxy be,qglagmgtmq As tj)eg;x@m@fe 1 was used to prepare a 11nea1 polystyrene. "The obtained
, 1-bi s(i-butyl peroxy)-3,3,5-trinethy)cyc)ohexane and 0.5 g
linear polystyrene was used to prepare a sheet as described in the folding endurance

measurernent method, and the folding endurance was measured. The result for the folding

10 endurance was 7 repetitions.

(Comparative Example 2}
With the exceptibns of altering the reaction time to 7 hours, and replacing the 2.8 g
of benzoyl peroxide and 0.6 g of t-butyl peroxybenzoate with 3.6 g of 1,1-bis(t-
15 butylperoxy)-3,3,5-trimethylcyclohexane and 0.3 g of t-buty] peroxybenzoate, the same

method as the comparative example 1 was used to prepare a linear polystyrene.

(Comparative Example 3)
With the exception of replacing the 2.8 g of benzoyl peroxide and 0.6 g of 1-buty]
20  peroxybenzoate with 2.3 g of 1,1-bis(i-butylperoxy)-3,3,5-trimethylcyclohexane and 0.5 g
of 1-buty] peroxybenzoate, the same method as the comparative example 1 was used to prepare a

linear polystyrene.

(Comparative Example 4)



of t-butyl peroxybenzoate, the same nethod as the conparative exanple 1 was
used to prepare a |inear polystyrene. (Conparative Exanple 4) 10 APRRIRE 2006
33 Wth the exception of adding 12 g of liquid paraffin (Daphne 0il CP-50S,
manuf actured by Idem tsu Kosan Co. Ltd.33 and the styrene, the sane nethod as
the conparative exanple 3 was used to prepare a |linear polystyrene. 5

(Exanpl e 11) W thOexRP6EPS Qf@iu@% llaéro?!hgﬁﬁg paRERATDYMnedsifep- 90k, t he

mul ti branched macronmononer g, a styrene resin corrp05| ti on was

pr oduced ' &chur%g%‘g&pg%q? elr(o%%b(%(p 81§ E% lﬁhbl el}eo tﬁﬁ%ﬂ?ﬁgﬁt&%@as ﬁ)em xture of

t he styréﬂ esin osition obtdine | i near
pol ystyrene obtained ipn the conparative exanple 2, conbined in a weight

rati o of COWR?"“WS@@‘EE}B]"-@CW@%USFQ t%}qpam%ﬁaheowyweext ruder, thereby
yielding a styrene resin conposition with a new, altered corrposi tion. 15 1
0 APR 2006 34 Table |I Exanple | Exanpl e 2Exanpl e 3Exanple 4
Macr omononmer MMl M n2M nBM - Amount added of 600600600200
5 (Example 11)
With the exception of altering the amount added of the multibranched
macromonomer (M-m1l) to 1.5 g, a styrene resin composition was produced in the same

manner as the example 1.

10 (Example 12)
A mixture of the styrene resin composition obtained in the example 6 and the
linear polystyrene obtained in the comparative example 2, combined in a weight ratic of
7:3, was subjected to melt kneading in an extruder, thereby yielding a styrene resin

composition with a new, altered composition.

15



macr onononer (ppm Overall Mwv (x 104) 38.942.545.832.1 Pl MM X

10) 31.833.038.632.9 P2Mwv (x 104) 221224262213 P1 /| P2 (-)93/ 793/%@1&{5@%& 1
Maxi mum Mv (x 104)1, 7671, 3263, 019633 MFR (g/ 10 mi n) 130. 90.52.7 :
(g)5.25.76.54.6 Tol uene insol ubl e 0000 $4action (weight % Tg

(C) 106106106106 Table 2 Conparative Conparative Conparative Conparative
Exanpl e | Exanpl e 2Exanpl e 3Exanple 4 g‘ggrgm)nomer---- Amount added of
macr onononer (ppm Overall Mwv (x 104) ]§ 3. 040. 240. 2 Pl MM X

10) 25. 53804624022 (éxa%%i)e 1 Example 2 Example 3 Example 4
Macromonomer M-m] M-m2 M-m3 M-ml
Amount added of
macromonomer (ppm) 600 600 600 200
Overall Mw (x 10 38.9 42.5 458 32.1
P1Mw (x 10%) 31.8 33.0 38.6 32.9
P2Mw (x 10%) 221 224 262 213
P1 /P2 (-) 93/7 9377 94/6 99/1
Maximum Mw (x 10") 1,767 1,326 3,019 633
MFR (g/10 min) 1.3 0.9 0.5 2.7
MT (g) 52 5.7 6.5 4.6
Toluene insoluble
fraction (weight %) 0 0 0 0
Tg (°C) 106 106 106 106

Table 2
Comparative Comparative Comparative Comparative
Example ! Example 2 Example 3 Example 4
Macromonomer - - -
Amount added of
macromonomer (ppm) ) ) ’
Overall Mw (x 10% 255 33.0 40.2 40.2
P1Mw (x 10%) 25.5 33.0 40.2 402
P2Mw (x 10%) - - -
P1/P2 (-) 100/0 100/0 100/0 100/0
Maximum Mw (x 10%) 490 500 500 500
MFR (g/10 min) 22 1.4 0.6 0.9
MT (g) 35 4.0 4.4 42
Toluene insoluble
fraction (weight %) 0 0 0 0
Tg (°C) 105 106 106 98




Pl / P2 (-)100/0100/0100/0100/0 Maxi mum Mv (x 104) 490500500500 MFR (g/ 10
mn)2.21.40.60.9 MI (g)3.54.04.44.2 Tol uene insol uble 0000 fracti I ght
% Tg(C) 10510610698 5 1 0 APR 2006 35 Tabl e 3 Exanpl e 5Exanpl é‘b_&gwwﬂea
7Exanpl e 8 Macr onononer M mi M ndM nbM n5Anmount added of 400600600600

macr onononer (ppm Overall Mwv (x 10)37.344.542.740.1 Pl Mwv (x

104) 33. 233.031.932. 5 P2Mv (x 10) 21627 ?23 Pl /| P2 (-)96/493/ 795/ 596/ 4

Maxi mum Mv (x 104) 9352, 6322, 5842, 088 g/10 min)1.50.91.11.2 Mr
(9g) 4. 85.95-15--0 Tolueneinsoluble

Example 5 Example 6 Example 7 Example 8
Macromonomer M-m] M-m4 M-m5 M-mé
Amount added of
macrornonomer (ppm) 400 600 600 600
Overall Mw (x 10%) 37.3 44.5 42.7 40.1
PI1Mw (x 109 33.2 33.0 31.9 32.5
P2Mw (x 10"} 216 274 225 223
P1/P2 (9) 96/4 93/7 95/5 06/4
Maximum Mw (x 10%) 935 2,632 2,584 2,088
MFR (g/10 min) 1.5 0.9 1.1 1.2
MT (g) 4.8 5.9 5.1 5.0
Toluene insoluble
fraction (weight %) 0 ° 0 0
Tg (°C) 106 106 106 106
Table 4
Example 9 Example 10 Example 11 Example 12
Macromonomer M-m7 M-mg M-m] M-m]
Amount added of ‘
macromonomer (ppm) 600 600 1,500 1,050
Overall Mw (x 10%) 46.3 45.4 55.3 482
P1Mw (x 10% 326 36.0 44.8 42.2
P2Mw (x 10%) 278 262 246 242
P1/P2 () 93/7 93/7 90/10 93/7
Maximum Mw (x 10%) 2,993 3,326 2,761 2,761
MFR {g/10 min) 0.6 0.7 0.5 0.6
MT (g) 6.7 7.5 9.5 8.7
Toluene insoluble
fraction (weight %) 0 0 0 0
Tg (°C) 106 106 106 106
5 The relationship between the weight average molecular weight and the MFR value

for the examples 1 to 10 and the comparative examples 1 to 3 is shown in FIG. 3. The



0000 fraction (weight %9 Tg (C) 106106106106 Tabl e 4 Exanpl e 9Exanpl e
10Exanpl e 11Exanpl e 12 Macronmononmer M nv M nBMml M ml Anount added of

6006001, 5001, 050 macr onononer (ppn) Overall Mwv (x 10)46. 345. 455]WR220%I MM X
104) 32. 636. 044. 842. 2 P2Mv (x 10) 2782622%242 PI |/ P2 (-)93/793/790/1093/7
Maxi mum Mv (x 104) 2, 9933, 3262, 7612, 761 MFR (g/ 10 m n) 0. 60. 70. 50. 6 Mr

. 77.59. 58. I [ | ubl . f i ' . 0
s7rne 1 o BeEnehmoNE Grealt i BRI i A Tk Pl et e

value for the exanples 1 to 10 and the conga_rati ve exanples | to 3 is shown
in FIG 3MFRhelus(cAfrnmpmoandip the eieche sipalhgireles egpresseiihe results fsitee ul ar
wei ght Mwv (x104), the vertical axis represents the

styrene resin compositions of the examples, and the squares represent the results for the

linear polystyrenes of the comparative examples. It is evident that the styrene resin

5  compositions of the present invention containing a multibranched polystyrene have a high
weight average molecular weight while also exhibiting a comparatively high MFR value.
As is evident from the Tables 1, 2 and 3, the styrene resin compositions of the
present invention containing a multibranched polystyrene exhibit higher values for the
melt mass-flow rate, the melt tension and the folding endurance than conventional linear

10 polystyrenes of the same weight average molecular weight, and consequently offer

superior levels of moldability, toughness and strength.



MFR value (g/10 mn), and in the figure the small circles represent the
results for the styrene resin conpositions of the exanples, andé}&g Equares
represent the results for the |inear polystyrenes of the conﬁbﬂ W
exanples. It is evident that the styren®& resin 5 conpositions of the present
invention containing a nmultibranched pol ystyrene have a high weight average
nol ecul ar ywgk ghdiaieldli@ al so exhibiting a conparatively high MFR val ue. As
is evident fromthe Tables 1, 2 and 3, the styrene resin conpositions of the
present invention containing a nultibranched pol ystyrene exhibit higher
values for the nelt nmass-flow rate, the nelt tension and the folding

endur ance_  t han conventional |inear es of the sane .wei ght

aver age mbl ecufaYIRES Fistn cwswﬁscea%lﬁi%w IWEP LRIPENE FAVIPg AL

nol dabi lity, toughness and strength. 1 0 APR 2006 37 Wat is clainmed is: 1.
A styr enea\fee@enncbaqdeswmgbhofclﬂﬁ}d]ﬁoso A§0.800 and amyubypsechadaody staenabavangvei ght
aver age nol ecul ar wei ght of 200,000 to 350,000 and a nultibranched

pol ystsyr eneelpy evigage doWeu@hiveie 62000000 @] B0 REhigl hak, HOeRPO to
10, 000, 000, which has an average nolecul ar weight of 250,000 to 700, 000,

and a melf, g@ﬁﬁr Ue%ﬂt bR550,604" @70@%0”&4& a mteﬁr?ﬁésg rﬂo(uM'é)t M@W affhleR! Y

formul as (f respectively 10-4) (1) 10

(wherei n, ow. r and a wei ght average
nDIecularmnﬁgp§%57§§%§%§§§6%%VH38F(ggwa(gpﬁﬂgﬁ V%¥S|n conposition), M ?
0.07Mv x 10-0 + 1.8 (2) (wherein, MI and Mwv denote a nelt tension and a
wei ght average nol ecul ar weight 15 respectively for said styrene resin
conposition). 2. A styrene resin conp05|t|on according to claim1, wherein

sai d mul tibranMRRI 2 45 x exp(-0.1 x Mw x 107 1)
10 (wherein, MFR and Mw denote a melt mass-flow rate and a weight average molecular

weight respectively for said styrene resin composition),

MT > 0.07Mwx 107 +1.8 (2)
(wherein, MT and Mw denote a melt tension and a weight average molecular weight

15 respectively for said styrene resin composition).

2. A styrene resin composition according to claim 1, wherein said multibranched
polystyrene comprises a branched structure containing electron attracting groups and
tertiary carbon atoms in which 3 bonds other than a bond bonded to an electron attracting

20 group are all bonded to other carbon atoms.

3. A styrene resin composition according to claim 2, wherein a quantity of said
electron attracting groups within said branched structure 1s within a range from
2.5%10 to 5.0x10™ millimols per 1 g of said multibranched polystyrene.

25



pol ystyrene conprises a branched structure containing electron attracting
groups and tertiary carbon atons in which 3 bonds other than a ?o Tgnded
to an electron attracting 20 group are all bonded to other carB n atons. 3.
A styrene resin conposition according t3@ claim2, wherein a quantity of said
el ectron attracting groups within said branched structure is within a range
from 2.5x 10" . = oLl 0, d

pol ystyrgne Zlg S{ﬁ%%,&%’l%gﬁgo%bﬁ h&%kﬁng ?Jrce]hlé’gt}e%}]%%glgsﬁp%w%ﬂﬁaggord| ng to
claim1l, V\/ﬁere_i n said n&gtl branched polystyrene is a copolyner of (A) a

mul t i br alCRSHTRRE S GRS fving a branched structure containing el ectron
attracting groups and tertiary carbon atonms in which 3 bonds other than a
bond bondédamanltibragphed rgacremaenemer kevinggbrgnelgs stuetuag Fordanthactlectront her
carbon atons, and doubl e bonds bonded directly to an aromatic ring, and (B)
styrene. afiracAnglgydipeand e&tifryamuesitérhoh whiehBdionds btheethah ambdnd Wosdeli o a
degree of branching 10 of said nultibranched nmacronononer is within a range
from®g.3 : i tly to an
ar omet i o a&?h‘%ﬂ?g a%mﬂﬁ%‘é*@adﬁééll??%ﬁﬁ%g PR R gR A, BT HEICbbRE ¥ car
mul ti branch rene resin conposition according to

st
cl ai m 4, t\ﬂﬁ‘g‘?de ﬁecélé{'aaﬂﬂf%war%é@/15 macr ononomer has a branched chain

conpri si ng a repeating unit represented by a general formula (1) shown
bel ow. GéRePtren€ornul a (1) 20 [wherein, Y] denotes an electron attracting
group selected froma group consisting of -CN,

5. A styrene resin composition according to claim 4, wherein a degree of branching
10 of said multibranched macromonomer is within a range from 0.3 to 0.8, and a quantity of
said double bonds bonded directly to an aromatic ring is within a range from 0.1 to 5.5

millimols per I g of said multibranched macromonomer.

6. A styrene resin composition according to claim 4, wherein said multibranched
15  macromonomer has a branched chain comprising a repeating unit represented by a general -

formula (I) shown below:

General formula (I)

Y,
fz-Yrcy

20  [wherein, Y, denotes an electron attracting group selected from a group consisting of -CN,
-NO,, -CONHj, -CON(R),, -SO;CH3, and -P(=0)}(OR); (wherein R denotes an alkyl group
or an aryl group), Y denotes an arylene group, -O-CO- or -NH-CO-, and Z denotes a

group selected from a group consisting of -(CH;),0-, -(CH,CH;0),-, and



-NO2, -CONH2, -CON(R)2, -SQ2CH3, and -P(=0 (OR)2 (wherein R denotes an al kyl

group or an aryl group), Y2 denotes an arylene group, -O- CO or @ﬂ-ﬁﬁg
and Z denotes a group selected froma group consisting of - ﬂ)ﬂ

- (CH2CH20), -, and 10 APR 2006 39 - (CH2H2CH20)"-, providing that Y2 is

either -0-CO or -NHCO, Z denotes -(CH2)"-, - (CH2)" Ar-, (CHZ)" O Ar-,

-(CH2CH20) n Ar-, or - CHZCHZCHZO - Ar - (Wnerel n Ar.  denotes an ar group)].
57. A prﬁ@@s@HﬁﬁHz@}nodN@ilmgéh‘ﬁt\iarléﬁléhqfeQr@Océhﬂ\&ﬂrQ@oﬂ %F@@Eﬁﬁd(@%z)m o claim

1 by caring out a radical polynerization of (A a nultibranched

macr onono(@H,)Hav, -00Ha), O+ AancKEH ; SHs Okt A corc (OHaC Hi Cld, @), et (wheremt Ar act i ng
groups and tertiary carbon atons in which 3 bonds other than a bond

connect eddenbfRs AN 2841966 pg]z attracting group are all bonded to other carbon
atonms, and doubl e bonds "10 connected directly to an aromatic ring, and (B)
styrene. 8. A styrene resin conposition according to claim1l1, wherein said
mul ti branched polystyrene conprises a branched structure containing a
repeat i ng7 structural uynit selected 15 froma group CO:}SI sti ng of ester

| i nkages, /-et heft RFPGFREEE PrOMGIIEA HEEPF HISHHRAUNPGINOR asfy: A&l BOABE ti on
according to claim8, which is a copolyner of (A) a mnultibranched

macr omonovat @ radicalpglynénizatiomefl structure containing a repeating structural
unit selected froma group consisting of ester |inkages, ether |inkages and

am de 20 A)iakag®sanchedimdoviotohenbsving a branokéd §teicaird abstaindiideléddonst yr ene.
10. A styrene resin conposition according to claim9, wherein a degree of

br anchi nca@fe] oy dndRERRSNGHbARAE ATRI GRE 3 Borkts bllef iR/ PHER AR 3 1O
0.8, and a quantity of
to an electron attracting group are all bonded to other carbon atoms, and double bonds

10 connected directly to an aromatic ring, and

(B) styrene.

8. A styrene resin composition according to claim 1, wherein said multibranched
polystyrene comprises a branched structure containing a repeating structural unit selected

15 from a group consisting of ester linkages, ether linkages and amide linkages.

9. A styrene resin composition according to claim 8, which is a copolymer of

(A) a multibranched macromonomer having a branched structure containing a repeating

structural unit selected from a group consisting of ester linkages, ether linkages and amide
20  linkages, and double bonds at branch terminals, and

(B) styrene. -

10. A styrene resin composition according to claim 9, wherein a degree of branching

of said multibranched macromonomer is within a range from 0.3 to 0.8, and a quantity of



1 0 APR 2006 40 said double bonds at branch termnals is within ar %ge
from0.1to 5.5 mllinols per | g of said nmultibranched nncronbﬂc?ﬁ)éa. 11. A
process for producing a styrene resin conposition according to claim8 by
caring 5 out a radical polynerization of (A a nmultibranched nmacr onononer
havi ng a branched structure contai ning 4 repeating structural unit selected
froma group consisting of ester |inkages, ether |inkages and am de

| i nkages, sazhdoubdeibdrels eohcisclaterimirahcis vidnma naige, fream@. 1(1B)5. 5 mylliermds pdQ g

of said multibranched macromonomer.

11. A process for producing a styrene resin composition according to claim 8 by caring
5 ouf a radical polymerization of

(A) a multibranched macromonomer having a branched structure containing a repeating

structural unit selected from a group consisting of ester linkages, ether linkages and amide

linkages, and double bonds at branch terminals, and

(B) styrene.

10





