DESCRI PTI ON ' ' Styrenic Polymer and Mol ded Article 5
Techni cal Field The present invention relates to a styrenic
pol yrer and a nol ded article, and nore specifically, it relates to

a styrenic polyner having a syndiotact~clcenfiguration which is
excellent in various characteristics such as 10 br eaki ng strength,

| npact resistance and heat resistance, and a nolded article of this
styrenic polymer. Background Art

It is already known that styrenic p®BSRBISTRONI ng a 15 syndi ot actic
configuration are excellent in nmechanical strength, heat. resistance,
‘appear ance and sol vent resis- tance, and a variety of its uses have

been expect ed. ver of the st ni.c_pol rs having the
syndi o- tactic c %gﬁy3ﬁFaPHgd é@g oﬁﬁtﬁ%fenerization 20

met hods are poor in nechanlcal strength and heat resistance to be
expected, and they are inpracticable on occasion. The pol yners

havi nggsuch a probl em were invest ]+1Y various angles. That is
to say, each of the styrenic . ﬁ@@%ﬁﬁc&%rs ﬁaV|ng t he syndiotactic

configuration was digfe p%'@sentsﬁlhv&ﬁ‘tié?n r@lﬁéé el P,

cooled to obtain a gel, and this gel was extract wth ne y ene
chloride. and a hmaeasaﬂueame, aﬁd haér@eﬁgéémr&mw i#s rehatesogpt of a

met hyl ene chlori de extract increases, there occur th
a styrenic polymer having a syndiotactic conflguratlon
which is excellent in various characteristics such as
10 breaking strength, impact resistance and heat resistance,

and a molded article of this styrenic polymer.

Background Art
It is already known that styrenic polymers having a

15 syndiotactic configuration are excellent in mechanicai
strength, heat resistance, appearance and solvent resis-
tance, and a variety of its uses have been expected.
However, some of the styrenic polymers having the syndio-
tactic configuration obtained by known polymerization

20 methods are poor in mechanical strength and heat resistance
to be expected, and ihey are impracticable on occasion.
The polymers having such a problem were investigated from
various anglés. That is to say, each of the styrenic
polymers having the syndiotactic configuration was dis-

25 solved in 1,2,4~trichlorobenzene and then cooled to obtain
a gel, and this gel was extracted with methylene chloride.
In consequence, it has been found that as the amount of a

methylene chloride extract increases, there occur the



=2- " deterioration of the breaking strength of stretched filns

and the deterioration of the |zod inpact strength, heat def ormati on
tenperature and breaking strength under |ong- term heating of

I'nj ection-nol ded articles. In addition, it 2 D has al so been found that
when the nol ded articles of such polymers are intermttently or
continuously used at a high tenperature, the deterioration of the
surface gl oss of t hese nol ded articles occurs.

Accordingly, idefefebra®ibnléheEhs Makilp sts@ngeh oF0stretbRedtl ¥ieRsC
pol ymers (hereinafter abbreviated to "SPS" soneti nmes) having the

syndi ot acti c candli ghe adéberbyration of theltldod dinpactoktebngohl ehedti cs
peculiar to the styrenic pol ynmers, the above-nentioned problens are
requi red to bedeformationveelmperddture and breaking strengtbi snflesulengf t he
| nventi on . Objects of the present invention are to develop a
styreni ¢ pol yntermaheating syfoliviegtion-anddeguexticdedhi cin additiean it
decrease the amount_of a nethylene chloride extract. 20 _, froma gel
obt ai ned By cobffndlec ibeen_found thajhelamdhe moldedopgtighedn@fwArER does
not bring about the deterioration, of the, breaki strength_of .
Stretched i1 nRolvRergette iftedticrencly Gr oonedpioald Auedr ehopnhinha
deformation te &E; I+ r t ~teem
heati ng of i nj g%?‘ls%%&&i%’ thenn‘f%ge oﬁfql%&q%s?ﬁaﬁggt Egggg(fiérlﬁg&gﬁ% of the
surface gl 0SS {hege m&idé@eéfa sedhfiLl es by their intermttent or
conti nu- ous use at a high tenperature, and to devel op a nol ded
article of the above- NESEGLABRG BY V' B grd¥ W& 'turther spread the uses of
10 the styrenic polymers (hereinafter abbreviated to "SPS"
sometimes) having the syndiotactic configuration by the
utilization of characteristics peculiar to the styrenic
polymers, the above-mentioned problems are required to be
solved.
15
Disclosure of the Invention
Objects of the present invention are to develop a
styrenic polymer having a syndiotactic configuration which
can decrease the amount of a methylene chloride extract
20 from a gel obtained by cooling'a 1,2,4-trichlorobenzene
solution and which does not bring about the deterioration
of the breaking strength of stretched films, the deteriora-
tion of Izod impact strength, heat deformation temperature
and breaking strength under long-term heating of injection-
25 molded articles, and the deterioration of the surface gloss
of these molded articles by their intermittent or continu-

ous use at a high temperature, and to develop a molded

article of the above-mentioned styrenic polymer.



-3- ' Now, the present inventors have intensively re-
searched to sol ve the above-nentioned problens, and as a result, it
has been found that a styrenic polyner having a syndi otactic
configuration which is within a specific . § . nolecular weight range and
i n which the amount of a neth- yl ene chloride extract is 10% by

wei ght or |ess can achieve t he above-nenti oned objects. In
consequence, the present i nvention has been conpleted on the basis
of such know | attge, thE) present inveRBdisi Bate® $i¥end ey es@nt

i nvention provides a styreni c polyner having a highly syndiotactic
configuration searchecd tehisolveheheeabbveamentjened| probbems\eigid £ 4 he
sty- renic polymer is in the range of 1x10[err] to 2x10[err] and in

whi ch t residitghtits hast begnofoundekbatca shkyreniedalymemdtawinna 15

chloride froma ge], obtained by dissolving the styrenic polynmer in
1,2, 4-trichl or &% g Fﬁ@ﬁ188§FFh8ntﬂblch is wikhin j»epecifyis by

wei ght or J ess, nol ded_arti cl rising the above- nentloned

pol ymer . P b el WElgﬁﬁsFaﬂﬁﬁeaPerl%hV?§$ gFQﬁnaWQR?quEHﬂl
A st [ I he nt ent has a. i ghl
b YR SO o oo . eon

configuration h%ﬁ._%h‘éﬁ%ﬁﬁ'gglzgal n_cons 4Jéﬁéeur%&ak¥ae%1%hheny|

syndi ot actic con guratlon eric s ur’e in

PVOUDS and subghiveht8en has be@ﬂ68¥h?9é9é@50ﬂw¥ﬁg]ﬁH§3§“6¥3 Kho-°
ocated alternately I n opposite directions on mal n chain
conprising carhedge.

10 - That is to say, the present invenfion provides a
styrenic polymer having a highly syndiotactic configuration
in which the weight-average molecular weight of the sty-
renic polymer is in the range of 1x104 to 2x106 and in which
the weight fraction of an extract extracted with methylene

15 chloride from a gel obtained by dissolving the styrenic
polymer in 1,2,4-trichlorobenzene and then cooling the

solution is 10% by weight or less, and a molded article

comprising the above-mentioned polymer.

20 Best Mode for Carrying out the Invention
A styrenic polymer of the present_inveﬁtion has a
highly syndiotactic configuration, but here, the highly
syndiotactic configuration means that its stereochemical
structure has a highly syndiotactic configuration, i.e., a
25 steric structure in which phenyl groups and substituted
phenyl groups which are side chains are located alternately
in opposite directions on a main chain comprising carbon-

carbon bonds. Its tacticity can be quantitatively deter-



carbon bonds. Its tacticity can be quantitatively deter-

-4- m ned by a nucl ear magnetic resonance nethod using an
isotopic carbon (a [err] C-NVMR nethod). The tacticity which can be
determ ned by the [err] CG-NWR nethod can be galled as follows in
accordance wth the nunber of existing plural continuous 5
constitutional units. For exanple, in the case that the conti nuous
units are two, the tacticity is called a diad, in the case that the
continuous uni tneiresc Myhreemudliears magneticCbbbfafcé MméghodNisiny tdye case
that the continuous units are five, it is called a pentad. The
styreni c pol ynmsisotapic darbony (iehé30+HHR ymeymot pt adllie tertficgityakihdeh can

referred to in the present invention is a polystyrene, a

pol y(al kyl sty- be detenmimed by #hey { FeBR meathddicancive) called as follows
pol y(hal ogenat ed al kyl styrene), a poly(al koxystyrene), a pol y(vinyl
benzo- &%ﬁc%myﬁ%}&&hﬁop9ﬁ%¢r t fer eBistingipkunal gntsigluas

15 I il y. I Si f th boyve- nent i d .

et AP B0, B kL2005 T S g e
£SO, UL, TRt B 081l it 0107 B ol
t f ) ' 2 i . ' . 1,6 t its.
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pol y(net hyl stye@nakd a triadpolaﬁaem%ﬁéyé&é@)thw'e%ﬁé LR oY W

poly(tert- butyl styrene), poly(phenylstyrene),
pol y(vi nyl naphalrel €i®e, it is @Bﬂl@@'&éﬁé@ﬂéélyr‘ﬁf@)sty:@fﬁ.@'p%iﬁ{eﬂ he
-pol y( hal ogenated 25 styrene) include poly(chlorostyrene),

pol y( br odBst yr daw)ing the hdgHlposyhdiodaosiyrene)iguriitiommdferded o in
pol y( hal ogenat - -
the present invention is a polystyrene, a poly(alkylsty-
rene), a.poly(halogenated styrene), a poly(halogenated
alkylstyrene), a poly(alkoxystyrene), a poly(vinyl benzo-
ate), a hydrogenated polymer thereof, a mixture thereof or
15 a copolymer mainly comprising any of the above-mentioned
polymers in which the content of the syndiotacticity is
preferably 75% or more, more preferably 85% or more in
terms of a racemic diad, or it is preferably 30% or more,
more preferably 50% or more in terms of a racemic pentad in
20 the chain of styrenic repeating units. Here, examples of
the poly(alkylstyrene) include poly(methylstyrene),
poly(ethylstyrene), poly(isopropylstyrene), poly(tert-
butylstyrene), poly(phenylstyrene), poly(vinylnaphthalene)
and poly(vinylstyrene). Examples of the poly(halogenated
25 styrene) include poly(chlorostyrene), poly(bromostyrene)
and poly(fluorostyrene). An example of the poly(halogenat-
ed alkylstyrene) is poly(chloromethylstyrene), and examples

of the poly(alkoxystyrene) include poly(methoxystyrene) and



~ed alkylsfyréne) I's poly(ehl oronet hyl styrene), and exanpl es of the '
pol y(al koxystyrene) include poly(nethoxystyrene) and '
-b5- pol y(et hoxystyrene). Furthernore, exanples of a cononomner

“for the copolyner containing these constitditional units i ncl ude
ol efinic nmononers such as ethyl ene, propyl ene, but ene, hexene and
octene, di ene nononers such as butadi ene 5 and i soprene, and pol ar
vi nyl nononers such as cyclic ol efinic nmononers, cyclic diene

nonomers, net Bbﬁiy@'&%ﬂ@ﬁ%ytyrene). | B chailcties, @xawgiiedeo@nd aemphémek! | e,
in addition to the nononer for the styrenic polyner. O the above-

menti oned st yfepi €heotypelgmet heowed ininyg ahese iconspditytiohfl units

(al kyl styrenes), the poly(hal ogenated styrenes), hydro- genat ed

pol yst yr enes andludeobiefinicanvmimers) suwsasc@thylene, propydenepal units

are particularly preferable. . The SPS which can be used in

the present ihubaneenhexene and ockgne cdliane)spaomexsi guchaasr hysadaereul ar

weight in 15 the range of 1x10[err] to 2x10[err], and above.,all, a

wei ght - afer agénd 1SOPrepe e cAPArPHAG LNl RONGFSTS, SHEPePsCHESLC

preferable. If ._._ the weight-averagge nolecular weight.is | han

1x10[ err], thglefinic men ’ OCFY?PD}%%I% MANCIEELS /| ﬁ@%mgnfngﬁﬁﬁérgﬁor ,

and if it iIs re t xd108, e ' .qhl em t . abjlity

20 deteri obabge mAESEo! ARy ELIGE add Hibrl ids, ' A1 R6H78

wei ght - aver ag ' 1S Uygd gb-_perneation
ghg"hﬁﬁ&ﬁé{ for the Vﬂ%&ﬁ%{ﬁi@ﬂﬁa b2dth¥ &bg

chr omat ogr aph neasuri ng net IS to say, the nolecul ar

LS il Ry s, i ssEittty 18 phiy-

- (Wat ers1@50C) (alkylstyrenes), the poly(halogenated styrenes), hydro-
genated polystyrenes and copolymers containing these con-
stitutional units are particularly preferable.

The SPS which can be ﬁsed in the present invention
is required to have a weight-average molecular weight in

15 the range of 1x10% to 2x106, and above all, a weight-average
molecular weight of 50,000 or more is most preferable. If
the weight-average molecular weight is less than 1x104, the
strength of molded articles is inconveniently poor, and if
it is more than 2x108, there is a problem that moldability

20 deteriorates.

In this specification, the weightfaverage molecular
weight can be measured by a gel permeation chromatography
measuring method. That is to say, the molecular weights of
the SPS are measured at 135°C by the use of 1,2,4-tri-

25 chlorobenzene as an eluting solution and GPC (Waters-150C)
made by Millipore Co., Ltd. and GPC column (GMH6-HT) made

by Toso Co., Ltd., and the measured molecular weights are

“then converted into the weight-average molecular weight by



7ade by MIlipore Co.,. Ltd: and GPC col um (QGvH6- HT) nade by Toso
Co., Ltd., and the neasured nol ecul ar weights are ‘then converted

into the wei ght-average nol ecul ar wei ght by

=6- the utilization of a calibr a_§i6or3_ curve of standard poly-
styrene. Such an SPS may be nmanufactured by any of various
nmet hods, and for exanple, it can be manufactured by poly- 5 nerizing a
styreni ¢ nmononer (a nmonomer corresponding to the - above-nmenti oned

styrenic pol yngpd Qi1 1£ati$6n 0bs aa;tf’éfiﬁfr?étion curveObst BeaR@hy¥aepbIpLi ON

mai nly conprising a transition net conmpound (a), a coordinated
conpl ex conpri gtPgeResati on and an anion in which a plurality of
groups are bonded to a 10 nmetal, or an alum noxane (b), and if
necessary, an alkyl- such aAtSP§ m@grtie (mgnufactured by any Af vheious
above-nentioned transition netal conpound (a), various kinds of
conpounds can kmetheds, &nd forosypanpke, it cam ber eesnfedtbyedhbyf BPL¥w ng
general formula (1) or (2) can 15 usual Iy be used: .

MR[ err] R 8rr] Ruerizngra] styremie)monomer (@ jronomer corresponding to the

-(d+e) ..., 2 wh in Mi tal |
the or oups 3 1 8beVerheREipRed gaFienic BOWARG BY SHPaHPRaREnPHERERLYRL

AR R N T T ST A R
YLDt o enppot Lt & 8 Bog Bl op B iR ity 4 EdeuBca
chel ating agenLy 2n;Bn20 Gn8lf £30TuAN ity S'gr8upd hPe bonded to a
10 metal, or an aluminoxane (b), and if necessary, an alkyl-
ating agent (c).
As the above-mentioned transition metal compound
(a), various kinds of compounds can be used, but a compound
represented by the following general formula (1) or (2) can
15 usually be used:
MRL R?,R3:R%_(asbre) eeees (1)
MR!4R?.R33_(gre) ceees (2)
wherein M is a metal in the groups 3 to 6 of the periodic
table or a lanthanum metal; R!, R2, R2 and R4 are each an
20 alkyl group, an alkoxy group, an aryl group, a cyclopenta-
dienyl group, an alkylthio group, a substituted cyclopenta-
dienyl group, an indenyl group, a substituted indenyl
group, a fluorenyl group, a halogen atom, an amino group Or
a chelating agent; a, b and c are each an integer of 0 to
25 4; d and e are each.an integer of 0 to 3; and a complex in
which any two of R! to R? are crosslinked via CH;, Si(CH3);
or the like is also acceptable.

As the metal in the groups 3 to 6 of the periodic



25 4; d'and e are each an integer of 0 to 3; and a conplex in

which any two of R1 to R4 are .crosslinked via CH2, Si(CH3)2 or the
i ke is al so accept abl e. As the nmetal in the groups 3 to 6
of the periodic -7 - -7-

table or the | anthanum netal represented by M there can be used a
netal in the group 4 of the periodic table, particu- larly titanium
zi rconi um or - haf ni um As titani um conpounds, various kinds
of -conpounds  table aretHsabhfithafidml MEt£X areprosdMVI® by M, Penesed ciin bRast
one ki nd of conmpound sel ected fromthe group con5|st|ng of

titani um conpousdd ansietalahhuthehglraipe £ otk par€pdic table, partdduby
the general formulae (3) and (4)
Ti R err] R err] Rprly] Ritanjigma+pirgonium . or .hafjum.10
TiRlerr]Rlerr]Rlerr]- (d+e)  ..... 4) wherein R5, R6, R7 and
R8 are. each a hydrogenﬂét@ﬁFaahuGIQQMPOUH S, Aoigshduingds D compasmdson
atons, an_al kox roug haV|ng to 20 carbon atons, an aryl group

I

having 6 Po 203%8r B8AbL oEOREexamPle « HheTR CRTobe UERdaAl 4PRS &P&up,

an acyloxy 15 havi

grgupz a sgb;t#ﬁﬂg égu§8W88§ﬂaaﬁ? éﬁfgﬁffiﬁﬁrhﬂ$|QEﬂaﬁs oh %aggenéadgenyl
2y thio or oupt TRk ERCHBrpSuhakvaRd)e s il ilasce copiglifghikBefEa D, o
a, b and c ares@%ﬁ@daﬂy efle %eh Conéﬁofﬁuféé(%%ﬁhd%daqq e are each an

I nteger of Ot I’ whi of Rlerr] to
Rlerr] are crosslinked TJ_Rsulisbﬁb-IZRa Si. L%QZ or the likgyis also
accept abl e. Rer¥] ” RFerf 2™ %rr] and Refr] in the
above- nempi oned gener al TJ_RSdRGeR73_(d+e) ceees (4)

wherein R3, RS, R7 and R® are each a hydrogen atom, an alkyl
group having 1 to 20 carbon atoms, an alkoxy group having 1
to 20 carbon atoms, an aryl group having 6 to 20 carbon
atoms, an alkylaryl group, an arylalkyl group, an acyloxy

15 group having 1 to 20 carbon atoms, a cyclopentadienyl
group, a substituted cyclopentadienyl group, an indenyl
group, a substituted indenyl group, a fluorenyl group, an
alkylthio group, an arylthio group, a chelating agent, an
amino group or a halogen atom; a, b and ¢ are each an

20 integer of 0 to 4; d and e are each an integer of 0 to 3;
and a complex in which any two of R to R® are crosslinked
via CH,, Si(CH3), or the like is also acceptable.

R5, RS, R7 and R® in the above-mentioned general

formulae (3) and (4) are each a hydrogen atom, an alkyl

25 group having 1 to 20 carbon atoms (concretely, a methyl
groﬁp, an ethyl group, a propyl group, a butyl group, an
amyl group, an isocamyl group, an isobutyl group, an octyl

group, a 2-ethylhexyl group or the like), an alkoxy group



“formul ae (3) .and (4) are each a hydrogen atom an al kyl 25 group havi ng
1 to 20 carbon atons (concretely, a nethyl group, an ethyl group, a
.propyl group, a butyl group, an anyl group, an isoanyl group, an

i sobutyl group, an octyl group, a. Zgethylhexyl group or the like),
an al koxy group - 8-

having 1 to 20 carbon atons (concretely, a nethoxy group, an et hoxy
group, a propoxy group, a butoxy group, an anyl - OXy group, a

hexyl oxy gr ouRavéing- &t 6| dexyathon Gitshs Qedtetely, al ms€hox@ng@biip, dr oup
having 6 to 20 carbon atons, an al kyl - 5 aryl group, an aryl al yI

group (concreanlgthaxphgnqmpgranpropoxy grangﬁﬂaybugbaypgraupylah gmnellp, a
benzyl group or the I|ike), an acyl oxy group having 1 to 20 carbon
atons (concredxyygraup, a hexpboxycgsdupyr fodHedhy lheayposy ghoupi RE) the
cycl opent a- di enyl froup, a substituted cycl opent adi enyl group (con-

10 cretel yllhehetmléw oFePHR g & ¢ 20acarboni asemg) - an alkyl-
Y oPSTbar SRy 5% o el PRI SR Ly, o onefyEiBiofi,
denyl t t t ed t el .
oty ngéﬁyf’ag’%aig S ech R beazgaé%%u%i?%aﬁagﬁmﬁaeny|
group, a hexagﬁtg%(*iw né(i'ou;))”k];:?vuﬁ%q.u R’ 20t Q%rhoé.eét?ﬁs 8589¥L quoug

(concretely, a nyl~group, uoreny f ol a

tetramet h- ?%?%écg*i@éﬁﬁa’%ﬂéﬂlgr&fb et %ﬁ%} 'ti%kél) uoaeayblgggﬂeaor the

like), an al kyl oup (c a net §roup;

et hyl t hi o gr ogfenyd byEdhp hi® mb&ﬁtmda@yulb,p@naaamanyl group@{con-
i soanyl thio group, an |sobutylth|o group, "an octylth group, a

2- et hyl bexyl tdrecglyya atiet el dydiperaddieylyithg@oup, a 1g2odpméehygtretel y,
a phenylthio group, a p-nethyl phenylthio
cyclopentadienyl group, a pentamethylcyclopentadienyl
group, a 4,5,6,7-tetrahydro-~1,2,3-trimethylindenyl group or
the like), an indenyl group, a substituted indenyl group
(concretely, a methylindenyl group, a dimethylindenyl
15 group, a tetramethylindenyl group, a hexamethylindenyl
group or the like), a fluorenyl group (concretely, a meth-
ylfluorenyl group, a dimethylfluorenyl group, a tetrameth-
ylfluorenyl group, an octamethylfluorenyl group or the
like), an alkylthio group (concretely, a methylthio group,
20 an ethylthio group, a butylthio group, an amylthio group,
an isocamylthio group, an isobutylthio group, an octylthio
group, a 2-ethylhexylthio group or the like), an arylthio
group (concretely, a phenylthio group, a p~methylphenylthio
gfoup or a p-methoxyphenylthio group), a chelating agent
25 (concretely, a 2,2'-thiobis(4-methyl-6~t-butylphenyl) group
or the like), or a halogen atom (concretely, chlorine, _
bromine, iodine or fluorine). R5, RS, R7 and R® may be the

same or different.



group or a p-nethoxyphenylthio group), a chelating agent 25

(concretely, a 2,2'-thiobis(4-methyl-6-t-butylphenyl) group or the
like), or a halogen atom (concretely, chlorine, ‘ brom ne, iodine or
ffuorlne). Rlerr], Rerr], Rerr] and R errg Jray be the same or
different. . -9- :
Furthernore, as the suitable titani um conpound, there is a conpound
represented by the general formula (5) Ti RXYZ
... -(5) ~ wherei n RruftRegnctopeds attieerditgiblep tizanibm compedndycl o-
5 pent adi enyl group, an indenyl group, a substituted indenyl

group or a fluotkeyé iscapcompolind répresextmde byathei geseral formpdadéh)ly
a hydrogen atom an al kyl group having 1 to 12 carbon atons, an

al koxy group having 1 to 12 carbon BkR¥#®E --.an(&)yl group having 6 to
20 carbon atons, an aryl oxy group 10 having 6 to 20 carbgn atqns, f”
aryl al kyl groupwhevein B i® a cyclopentadienylaGsREpP af §PP§FlBPt§§ cyclo-

| amid havi |
RS I R T o
vi a , SiR2 the like i | _ ; ]
15 pent lidi en9F°‘éPo§:r5 %ﬁ%‘é@é"?ﬁ@ %;;sl%;?cr?%ﬁ:}xgb orarrrlélhg ?ggzg&:ﬂt iﬂdgyd °

cycl opent adi eny| upsy e 9&@5 : r

hav:ng 1 t8_6 cg?géﬁgg%gng,ﬁ%ééﬁﬁ%%ﬁ%gﬁméfg%p:eé o] b hav%ﬁg guggf?%uted
cycl opent adi eny P4i ud . ; liopent adi

1 2 di met hyl oy %%%ﬁ#a%#gﬁéf éggafﬁﬁﬁkkgﬁgugihaviﬁbcl rentadicappbniatdis, a

Lokt ooyt SACREFENRLB N 10,0 2 iz, niome, en sciony v

pent adi enyb gr onavingle3tdi £0rcaEbdry|stidnd,) apclanydailkyilegybup having 6 to
20 carbon atoms, an alkyl or an arylamide group having 1 to
40 carbon atoms, or a halogen atom. Here, a compound in
which one of X, Y and Z are crosslinked with R via CHjy, SiR,
or the like is also acceptable. The substituted cyclo-

15 pentadienyl group represented by R in this formula is a
cyclopentadienyl group substituted by one or more alkyl
groups having 1 to 6 carbon atoms, and typical examples of
the substituted cyclopentadienyl group include a methyl-
cyclopentadienyl group, a 1,2-dimethylcyclopentadienyl

20 group, a 1,2,4-trimethyicyclopentadienyl group, a 1,2,3,4~
tetramethylcyclopentadienyl group, a trimethylsilylcyclo-
pentadienyl group, a 1,3-di(trimethylsilyl)cyclopentadienyl
group, a tert-butylcyclopentadienyl group, a 1,3-di(tert-
butyl)cyclopentadienyl group and a pentamethylcyclopenta-

25 dienyl group. Furthermore, X, ¥ and Z are each indepen-
dently a hydrogen atom, an alkyl group having 1 to 12
carbon atoms (concretely, a methyl group, an ethyl group, a

propyl group, an n-butyl group, an isobutyl group, an amyl



group, a tért-butylcycl opentadi enyl group, a 1,3-di(tert-

butyl ) cycl opent adi enyl group and a pent anet hyl cycl openta- 25 di enyl
group. Furthernore, X, Y and Z are each indepen- dently a hydrogen
atom an al kyl group having 1 to 12 - 1garbon atons (concretely, a

met hyl group, an ethyl group, a propyl group, an n-butyl group, an

| sobutyl group, an anyl - 10 -
group, an isoanyl group, an octylthio group, a 2-ethyl hexyl group or

the like), an gbapy @nOYBolAYiNgrdupp df SSEPDEhio <_Troup?}t AR hkgly
y

a nmet hoxyl group, an ethoxyl group, a pr opox group, a bufoxyl

group, an anyl gxpugr eepthe hekeh; anSalkodyygEsupthawihgdl WX ¢aaiion a
2- et hyl hexyl oxy group or the like), an aryl group having 6 to 20

carbon atons (atoms (concretelgl,ya mephexyl graoag, an refpickyll growgy ar t he
l'ike), an aryl oxy group having 6 to 20 carbon atons (concretely, a

phenoxy group BropR&EYli BEPuPanaabyrexRy| gxpump d\ARYLEN ronp, a pexydrbon
atonms (concretely, a benzyl group or the |ike) an al kyl or an
aryl ani de3gr ouPXNaGFRYPT BB 2CLEAPEYOEPWRs @ Z-ethylhewylozy groyp or

ﬂ%?ﬁ;P%Lang?Sm%é“ 5837 on, HEVL GE0d BRESS of tp 1l SO BROPBOCRHR |,
| pheny| anFE G /of o | RRES Jii
cxanpl 65 of tnELEFERRe R BRRBSIratowp £ eyl gronp g che dEREDG) an

f la (5) i
o (0 LNSydesGy ELBAE haiog 6 o 26T MLBIIIIN |(BhciBhery 0

cycl opent adi eny . nrum =
cyclopentadlenphghbxy ggpup Bpt¥héi i fid P Man arylalkyl group having 6 to

met hyl cycl opentadi enyl Trinethyl titanium

1, 2-di metbyl cygboparbadi asyms’ (68htYétélwv)idbenzy) 4roup or the like),
an alkyl or an arylamide grbup having 1 to 40 carbon atoms
(concretely, a dimethylamide group, a diethylamide group, a
diphenylamide group, a methylphenylamide group or the
like), or a halogen atom (concretely, chlorine, bromine,

15 iodine or fluorine).

| Typical eiamples of the titanium compound repre-
sented by the general formula (5) include cyclopentadi-
enyltrimethyltitanium, cyclopentadienyltriethyltitanium,
cyclopentadienyltrip;opyltitanium, cyclopentadienyltri-

20 butyltitanium, methylcyclopentadienyltrimethyltitanium,
1,2-dimethylcyclopentadienyltrimethyltitanium, 1,2,4-
trimethylcyclopentadienyltrimethyltitanium, 1,2,3,4-
tetrame£hylcyclopentadienyltrimethyltitanium, pentamethyl-
cyclopentadienyltrimethyltitanium, pentamethylcjclopenta—

25 dienyltriethyltitanium, pentamethylcyclopentadienyltri-
propyltitanium, pentamethylcyclopentadienyltributyl-
titanium, cyclopentadienyltrimethyltitanium dichloride,

cyclopentadienylethyltitanium dichloride, pentamethyl-



tri met hyl cycl opentadi enyl trinmethyltitanium 1,2, 3, 4-

tetranet hyl cycl opent adi enyl trinethyltitani um pentanethyl-

cycl opentadi enyltrinethyltitani um pentanethylcyclopenta- 25
dienyltriethyltitanium pentanethylcycl opeqyadienyltri-

propyl titanium pentanethyl cycl opentadi enyltributyl - titani um
cycl opentadi enyltrimethyltitani umdichlori de,

cycl opent adi enyl et hyl ti tani um di chl ori de, pentanet hyl -

cycl opent adi e”EPE&E:BEM:h&i&h&‘ﬁn_@tﬁ?i@it&?iuxﬁ)Qﬁéﬁﬁﬂ)&e‘, pentamethyl-
cycl opent adi enylet hyl titani um di chl ori de, cycl opent a-
dieny|di”Ethy|bybibbéﬁtﬁﬂﬁéﬁﬁléth?BtiﬁHﬁiﬁmWﬂEdﬂﬂdiﬂdey cyclopenta-

di et hyl titani um nmonochl ori de, cycl opentadienyltitanium 5 tri met hoxi de,
cycl opent adi endlienyaddimethyileibaridie, moyothitoride, cyrdaipatitadilenylani um
tripropoxide, cyclopentadienyltitanium tri phenoxi de,

pent anet hyl cycdpshyddisaniunt monochioride h-cyclopentadig¢ayltitanium
pent anmet hyl cycl opent adi enyl titani um tri et hoxi de,
pent anet h§| cyckEpBAthardds, t Frakepertadipmpad taniyme firjetheyide, cyclo-
Cycl opont ad! enPRBF EaNPRILELT SR, FHUST OFcH shon A GRpRE adieny L ti tagi i
trichloride, pentapethylgyclopeptadienyltitani ym.. .%richloride

: dienyltitanium trimeth-
cycl opent adi en Fﬁ85§89§%§¥anP%ﬁ?ﬂ?%#ﬁi3§¥ﬁi°Pen a
cycl-opent adi enyl dj;get ' j ' . - .
cyclopentadiené %ggﬁoEé#%%%%?E#?%ﬁ%iﬁé##ﬁhﬁlc§g$§%%%¥g&-F}iethOdee’
enyl tribenzyl tj hiEt Iﬁﬁ%ﬁé?ﬂ. e d -
diethoxytitanigﬁﬁeindeﬁgf?%§g§¢%%$§¥§%_ orl_efggﬁhgﬁ§ﬁ¥bOdee' P arum
trinethoxpde, wn8ERPYLYELBpEHEadisRyIOM HtiuM tributoxide éopentamethyl-

denyltrinethyltitanium indenyltribenzyltitanium (t- but yl am do)

di met hyl (tetregelbpéheadienylt bpemivmliamphertidides- cyclopentadienyl-
titanium trichloride, pentamethylcyclopentadienyltitanium
trichloride, cyclopentadienylmethoxytitanium dichloride,
cyclopentadienyldimethyltitanium chloride, pentamethyl-

15 cyclopentadienylmethoxytitanium dichloride, cyclopentadi-
enyltribenzyltitanium, pentamethylcyclopentadienylmethyl-
diethoxytitanium, indenyltitanium trichloride, indenyl-
titanium trimethoxide, indenyltitanium triethoxide,'in-
denyltrimethyltitanium, indenyltribenzyltitanium, (t-

20 butylamido)dimethyl(tetramethyin5-cyclopentadienyl)silane-
titanium dichloride, (t-butylamido)dimethyl (tetramethylm’-
.cyclopentadienyl)silanetitaniumdimethyl and (t-butylamido)-
dimethyl (tetramethyln3-cyclopentadienyl)silanetitaniumdi-~
methoxy.

25 Of these titanium compounds, the compounds not
containing any halogen atom are preferable, and particular-

ly, the compounds each having one n-electron-containing

ligand are preferable, as described above.



tttani umdi chloride, (t-butylan do)dinethyl(tetranmethyl[err]-

cycl opent adi enyl ) si | aneti t ani undi net hyl and (t-butylam do) - di net hyl
(tetramethyl[err]-cycl opentadi enyl) silanetitaniundi- met hoxy. 25
O these titani um conpounds, the conpounds 1wt~ cont ai ni ng any

hal ogen atom are preferable, and particular- - |y, the compounds each
havi ng one [err]-el ectron-containing | i gand are preferable, as
descri bed above. - 12 -

I n addition, condensed Intadditdicmw uondédnsedptdtanium compotnds byephe-
general fornmula (6) may al so be used as the titani um conpounds:

5 sented by the [gandral formula. (6) §8y also bdOusedihas ethe
Rlerr] and Rlerr] are each a hal ogen atom an al koxy group having 1
to 20 carbon atwkANigM HERRAUNASE group; and k is a value of 2 to
20. Moreover, the above-nentioned titanium conmpound may be used in
the formof a conplex with an ester or an ether. . 15

Typi cal exanmples of the trivalent titani um conpound represented by
t he gener formula (6) include @ tigeani um trihalide such as
titaniumtrichloride, a cyclopentadijenyl - titani um conpound such as
cycl opent adi enyl titaniumdichlo-{ ms;__nrLide, and compoun bt ai ned by
reducing tetravalent tita- T1—0 e d(ssy _

. RlO
L = k

10 wherein R® and R0 are each a halogen atom, an alkoxy group
having 1 to 20 carbon atoms, or an acyloxy group; and k is
a value of 2 to 20. Moreover, the above-mentioned titanium
compound may be used in the form of a complex with an ester
or an ether.

15 Typical examples of the trivalent titanium compound
represented by the general formula (6) include a titanium
ﬁrihalide such as titanium trichloride, a cyclopentadienyl-
titanium compound such as cyclopentadienyltitanium dichlo-
ride, and compounds obtained by reducing tetravalent tita-

20 nium compounds. These trivalent titanium compounds may be
used in the form of a complex with an ester or an ether.

Examples of a zirconium compound as the transition
metal compound include tetrabenzylzirconium, zirconium
tetraethoxide, zirconium tetrabutoxide, bisindenylzirconium

25 dichloride, triisopropoxyzirconium chloride, zirconium-
benzyl dichloride and tributoxyzirconium chloride. Exam-
ples of a hafnium compound include tetrabenzylhafnium,

hafnium tetraethoxide and hafnium tetrabutoxide. Addition-



20 ni um conpounds. .These trivalent titani umconpounds nay be

used in the formof a conplex with an ester or an ether.

Exanpl es of a zirconium conpound as the transition nmet al conpound
i hcl ude tetrabenzyl zirconium zirconium _ 13 - tetraethoxide, zirconium
t et r abut oxi de, bi si ndenyl zi rconium 25 di chl ori de,
triisopropoxyzirconiumchloride, zirconium benzyl dichloride and
tributoxyzirconiumchl oride. Exam pl es of a hafni um conpound

i ncl ude tetrabelayl,hekamples of a vandaiwm ¢ehpaaid dtdiadandamiayium

t et rabut oxi de. Addi ti on- - 13 -

al |y, exanpl es bisazetzladetonatepovanadyl | tdtaceingddetonate, triethoxy-

bi sacetyl acetonate, vanadyl triacetylacetonate, triethoxy- vanadyl
and tri propoxyvanadyll andotyiprnepexyvamadylon Among thestenltnamsddueas, the
titani um conpounds _are particularly 5 pref erabl e. As
anot her transi Me§a n@P&PoéBﬁﬁmuﬁHemh%%ﬁn1%mt¢RmP°und5 AHERAIACYIAL LY her e
is at | east one caq d selected from t he group consi sting of
transitio netQFe@gRﬁggﬁds having tmo conjugated

[err]-el ectron-containi iti.on 59'

conpounds represented BY FHQ%§8ﬁeF5?HSIEl°n ?%ﬁ?&l %38 Whicn’1s
e (Lert ) R SbiBhBht] T30 knere is:at (Hdast one JUictind Yeddkeld® £rom

titanium zirco m or n are eac

cycl opent adi enléhegﬁﬂkbﬁgr éoﬁﬂﬁ!é%ihgtéﬂ E:Y&Aéh.t:.c]x? metd?.e@é:?lgio%%'s Ha¥in

I ndenyl group or a“flubrenyl grou R13 and Rl14 each a hyd ogen
atom a hal ogegwdt edhjdgated n-SY&EOEH - RBhiH G 1AMigamdd ,t Fo20ekambaa,

atons, an al koxy group having 1 to 20 carbon atons, an am no group
or a 10 thitgahkdxyogr aepabagompoinds ﬁéipmémﬁcawmebqbnabﬁar] and
formula (7) '
MLIR11R12R13R14 eee (7)
wherein Ml is titanium, zirconium or hafnium; R!! and R12
.are each a cyclopentadienyl group, a substituted cyclo-
15 pentadienyl group, an indenyl group or a fluorenyl group;
R13 and R!4 are each a hydrogen atom, a halogen atom, a
hydrocarbon group having 1 to 20 carbon atoms, an alkoxy
group having 1 to 20 carbon atoms, an amino group or a
thioalkoxy group having 1 to 20 carbon atoms; but R!! and
20 R12 may be crosslinked via a hydrocarbon group having 1 to 5
carbon atoms, an alkylsilyl group having 1 to 20 carbon
atoms and 1 to 5 silicon atoms, or a germéniumscontaining
hydrocarbon group having 1 to 20 carbon atoms and 1 to 5
germanium atoms.
25 Rl and R!2 in the above-mentioned general formula
(7) are each a cyclopentadienyl group, a substituted cyclo-
pentadienyl group (concretely, a methylcyclopentadienyl

group, a 1,3-dimethylcyclopentadienyl group, a 1,2,4-



20 R12 ﬁay be crosslinked via a hydrocarbon group haVing l1tob5

carbon atons, an alkylsilyl group having 1 to 20 carbon atons and 1
to-5 silicon atons, or a gernmani um contai ni ng hydr ocar bon group
having 1 to 20 carbon atoms and 1 to 5 14 germani um atoms. 25
Rlerr] and Rlerr] in the above-nentioned general formul a (7) are

" each a cycl opent adi enyl group, a substituted cycl o- pent adi enyl
group (concretely, a nethylcycl opent adi enyl group, a

1, 3='-di net hyl cy erdpenidicsetlo 'hQﬁﬁiLeﬁyi réup, a 1,2,3,4-tetramethyl-
- trlnethylcyc pentadleny group, a 17723, 4- t et ramet hyl -

: cyclopentad|enx@cgkgmmwtamu@aguagtbhplcacpeﬂemméwhyibyc1opentadiéh#l a
“trinmethylsilylcycl opentadi enyl group, a 1, 3-
dl(trlnethyIS|QﬁdupycBomanma@hgﬂy&1glopplopeﬂténibnylEgroup, al,3-
~tri(trinmethylsilyl)cycl opentadi enyl group, a tert-
butylcyclopentébﬂéﬁymﬁﬁhddﬁllxliczcbppe@t@dt@mxl)QEQnR» a 1,2,4-pent adi enyl
- group or a 1,2 4-tri(tert- bUti écyclopenta- di enyl roup) an
~indenyl gPoup, t&”élﬂ?&l"\eﬂ:ﬁﬂé& ¥ddRyrlopentadignyh qEAHr ét g]

ot EEE):);TSG? ! LoPERyPa0Rs géllleggfn&rg%m?tﬁ%ﬁéjfﬁ?orrterﬁ}{é 35&;7 &g a
difierent. enybentéd%eﬁ‘?lﬁﬁ%uf’%gr SRR %ﬁ’rﬂ&%‘l‘“"g‘gﬁc’%?%%%?&? via an
al kyl - ‘?lgpﬁéﬁpg hﬂglﬁdéﬂyg g?&g@n é‘t%éﬁf@d’itlﬂdénﬁ 15

nmet hyl ene group, a ne group, fidene group

T 00V D (ks BB ot ko O iz g
di-met hyl diol yl gtroup, o di erhyeshiYindsfyD @fowp), a fluorenyl group or a
substituted fluorenyl group (e.g., a methylfluorenyl
grdup), and R!! and R!2 may be the same or different.
Furthermore, R!! and R!2 may be crosslinked via an alkyl-
idene group having 1 to 5 carbon atoms (concretely, a
15 methylene group, an ethylidene group, a propylidene group,
é dimethylcarbyl group or the like), or an alkylsilyl group
having 1 to 20 carbon atoms and 1 to 5 siiicon atoms (con-
cretely, a dimethylsilyl group, a diethylsilyl group or a
dibenzylsilyl group). On the other hand, R!3 and R4 are
20 defined above, but more specifically, R!3 and R4 are each
independently a hydrogen atom, an alkyl group having 1 to
20 carbon atoms (concretely, a methyl group, an ethyl
group, a propyl group, an n-butyl group, an isobutyl group,
an amyl group, an isoamyl group, an octyl group, a 2-ethyl-
25 hexyllgroup or the like), an aryl group having 6 to 20
carbon atoms (concretely, a phenyl group, a naphthyl group
or the like), an arylalkyl group having 7 to 20 carbon

atoms (concretely, a benzyl group or the like), an alkoxy



di-benzyl silyl group). On the other hand, R13 and R14 are 20 defi ned
above, but nore specifically, R13 and Rl14 are each I ndependently a
hydrogen atom an al kyl group having 1 to 20 carbon at ons
(concretely, a methyl group, an ethyl - 15gLoup, a propyl group, an

n- butyl group, an isobutyl group, an anyl group, an isoanyl group,
an octyl group, a 2-ethyl- 25 hexyl group or the like), an aryl group
having 6 to 20 carbon atons (concretely, a phenyl group, a naphthyl
group orgtdwep | h&edng ah tzo Yl 2 ldadboy adpmisayicogc¥etelZ) aambdbhoxyl
atons (concretely, a benzyl group or the like), an al koxy

- 15 - gooupp aRverhPRYY grotipgach@roposyd gronpr eaebytonyheghoup)
group, an ethoxyl group, a propoxyl group, a butoxyl group, an-

anyl oxy group, 0 RRYIORY FFIRy, hFHERIX Preupupangoctyloxy group, a

2- et hyl hexyl oxy_group. or the |like), an aryl Qx roup havin 5 6 tp 20
carbon atons. ( BHRFBLLRGEY Lo SRHP o eon ka4 a2¥}PRe) orame erond
group or t hi oal ko ro havi n to 20 carbon_at ons.

Typi cal exanpl e€ %? X%(%gcﬁf#ig%i 1?95_'% #ﬁoéﬁcrc?&ﬁﬂ'é’una phenczy r SRR BT BBy t he
general formnul [ - hi - (O [ [ i ' ,
bi scycl opet adi 2]%/];%] t 2%& %&B w&ipgiogt h%lylt,h 10335l5§9 89&1{) ﬁ&{?ﬂf&ﬂi flkl

biscyclopentadi&gw%%ﬁtéggwypipropyl, bi scycl o-

pent adi enyl titani undi butyl, bis(nethyl cycl opent adi enyl ) -

titani undi methyl, bis(tpypidal YéfampdieRradinRNHrhhsi@ibdNhetal comgbaRahy!
bi s(1, 3-di net hyl cycl opentadi enyl )titaniundi - 15 nmet hyl ,

bi s(1, 3-di tert -tepydsymtapant atieeneralaformila (7) inchedéybisdysld- 2,
4-trimet hyl cycl opentadi enyl )titani undi - nmet hyl ,

bi s(1, 2, 30!- t etpemsadienylt e imethytli,t bisogelopetadienyltitanium-

diethyl, biscyclopentadienyltitaniumdipropyl, biscyclo-
pentadienyltitaniumdibutyl, bis(methylcyclopentadienyl)-
titaniumdimethyl, bis(tert-butylcyclopentadienyl)titanium-
dimethyl, bis(1,3-diﬁethylcyclopentadienyl)titaniumdi-

15 methyl, bis(l,3-ditert-butylcyclopentadienyl)titaniumdi-
methyl, bis(1l,2,4-trimethylcyclopentadienyl)titaniumdi-
methyl, bis(l,2,3,4-tetramethylcyclopentadienyl)titanium-
dimethyl, biscyclopetandienyltitaniumdimethyl, bis(tri-
_methylsilylcyclopentadienyl)titaniumdimethyl, bis(1l,3~

20 di(trimethylsilyl)cyclopentadienyl)titaniumdimethyl,
bis(1l,2,4-tri((trimethylsilyl)cyclopentadienyl)titanium~
dimethyl, bisindenyltitaniumdimethyl, bisfluorenyltita-
niumdimethyl, methylenebiscyclopentadienyltitaniumdimethyl,
ethylidenebiscyclopentadienyltitaniumdimethyl, methylene-

25 bis(2,3,4,5—tetramethylcyc1opentadienyl)titaniumdimethyl,
ethylidenebis(2,3,4,5-tetramethylcyclopentadienyl)tita-
niumdimethyl, dimethylsilylbis(2,3,4,5-tetramethylcyclo-

pentadienyl)titaniumdimethyl, methylenebisindenyltita-



di et hyl , bi scycl opetandi enyltitani undi methyl, bis(tri-
“met hyl si |l yl cycl opent adi enyl )titani undi nethyl, bis(1,3- 20
di (trimethylsilyl)cycl opentadienyl)titaniundi nethyl,
bis(1,2,4-tri((trimethylsilyl)cyclopentadreb§latitani um di net hyl ,
bi si ndenyl titani undi met hyl, bisfluorenyltita- ni undi et hyl ,
nethylenebiscyclopentadienyltitaniundinethyl ol

eth Ildeneblscyc nt adi yItltanlundlnethyI net hyl ene- 25

bi 8%12 3,4, 5 teth "&5}'51 P)lﬁp-ﬂéﬁmlrﬁi-m#}mdlmethyl di-

e R LRI, Somrarni
pentadi eny )t Ay M e UL, sheb EariunramRmyl, di-
”Ethy|5'|y|m5“ﬂ¥¥§ﬁﬁdﬁ& t%?qyr?gﬂékgyﬁﬁ#T%iﬁf§$i&brenylt1tan1um-

quorenyItltanlundlnEthy ene ren 5
titani undigret hyyimedinyat, hetinhy Bl L

met hyl ene(tert- butyﬁgﬁblopen?édlgﬁ%bfec§E¥%ié§éq6bgﬁtadfénylfydygﬁy
pent adi enyl ) t i tpemtaddienytlh)itcantulaeengy ! Iéne&cyclopenta—

~di enyl) (indenyl)titaniundi nethyl, ethylidene(cycl open
dlenyl)(lndeny@mﬂnwdnKumdengﬂhyhxadnundhméshyyj(éﬁhylkdene(cyclopenta_
pent adi enyl ) (i ndenyl ) titani undi met hyl, nethyl ene(cycl o-
pentad|enyI)(fﬁh@m&ﬂyKﬂmdﬁaﬁldnﬂtaalhwﬂ;methwl;dmnnﬁﬂmmsalyl(cyclo—
pent adi enyl) (fluorenyl)titani undi methyl, dinmethylsilyl-

(cycl opent adi e 6?&&&PydepxhDnhﬁan@mmgdmethxﬂnumauaylene(cyclo-
(1 ndenyl ﬁfluore tltaﬂl |neth% et hyl i dene(i ndenyl) -
(f1 uoreni’/ )tit R ﬁ&‘r‘ﬁ&é’ y (L lHPren ME-’F-'F%HWWWJM @&hyliglene(cyclo~

I d | |,
eyl )t TR b B SRV CLOBE l%@%ﬁfﬁe oyl aimeeny1eS19Y-
blS(nEthylCyCl?e9e&agéﬁQ¥hléh§f9kEfg&fgﬂ¥f¥tl. %.mﬁ%methyl methylene-

(indenyl) (fluorenyl)titaniumdimethyl, ethylidene(indenyl)-
(fluorenyl )titaniumdimethyl, dimethylsilYl(indenyl)(fluo-

15 renyl)titainumdimethyl, biscyclopentadienyltitaniumdi-
benzyl, bis(tert-butylcyclopentadienyl)titaniumdibeﬁzyl,
bis(methylcyclopentadienyl)titaniumdibenzyl, bis(1,3-
dimethylcyclopentadienyl)titaniumdibenzyl, bis(1,2,4-
trimethylcyclopentadienyl)titaniumdibenzyl, bis(1,2,3,4-

20 tetramethylcyclopentadienyl)titaniumdibenzyl, bispenta-
methylcyclopentadienyltitaniumdibenzyl, bis(trimethyl-
silylcyclopentadienyl)titaniumdibenzyl, bis(1,3-di-(tri-
methylsilyl)cyclopentadienyl)titaniumdibenzyl, bis(1,2,4-
tri(trimethylsilyl)cyclopentadienyl)titaniumdibenzyl,

25 bisindenyltifaniumdibenzyl, bisfluorenyltitaniumdibenzyl,
methylenebiscyclopentadienyltitaniumdibenzyl, ethylidene-
biscyclopentadienyltitaniumdibenzyl, methylenebis(2,3,4,5-

tetramethylcyclopentadienyl)titaniumdibenzyl, ethylidene-



-~

di net hyl cycl opent adi enyl ) tii t ani undi benzyl , bis(1, 2, 4-

trimet hyl cycl opent adi enyl ) titani undi benzyl, bis(1,2,3,4- 20
tetramet hyl cycl opent adi enyl ) titani undi benzyl, bispenta-

et hyl cycl opent adi enyl ti t ani undi benzyl, bi¥B{t+i et hyl -

silyl cycl opent adi enyl ) titani undi benzyl, bis(1,3-di-(tri-

nmet hyl sil yl) cycl opent adi enyl ) titani undi benzyl, bis(1,2,4-
tri(trimethylsilyl)cyclopentadienyl)titaniundi benzyl, 25

bi si ndenyl ti t dis(l hehSHtettandthyleyelopeathadienpbhkitaniumdibenzyl,
met hyl enebi scycl opent adi enyl titani undi benzyl, ethylidene- .

bi scycl opent a(ﬂJémh}f]t%ﬂﬂ?‘IMi%z%ﬂ%r SmsehyFRERERY 4CYC Bopentadienyl ) -
égtitaniunﬁibenz et hyl | dene-

t et ramet hyl cycl-opent adj en l., | ; .
- 17 - tlﬁﬂQRQWQEQé,-X%ﬁrmﬁﬁgﬂﬂﬁpeyéééﬁéﬁPx FErgpiendibeRad benzyl |

di et hyl si | yl bi 3.4, 8-t etranethyl cycl opent adi enyl,) - . .

1 tani el ban SRy HsHahl S ERab ehirait BArkEn glaethyLeilylbis-

et hyl i dengbi si nde tid.an [ < . qi j i S- . .
indenylt?faniuht %ﬁg%%ﬁégﬂéﬂﬂgyﬁéne ﬁéf&%gﬁégé#éFﬁ%ﬁfﬁﬁ¥enyfklta%ﬁﬁ%?hzyI,
et hyl i denebi sf ,ﬁﬂﬁlti ' ' ' 514 : : -
si |yl bi sfl uor e(#%/tlg%l t*ani uénigfybleli%y| : %’?’ Hgggﬁg%gyé?%%%ﬁgenzyl, dimethyl
di enyl) (i ndenyd ity 1sid fIGHRGAAN it a0k Qi BEASL T Y CheRyléne (cycl ta-

di enyl) (i ndenyl )t%tani undi benzyll, dilrret hyl si ?y?/(cycl o- 1%) yetopenta
pent adi enyl ) (idncanyl ) tiddeniplydianiyndibehbyl ¢netyTidene (cyclopenta-
pent adi enyl ) (fluorenyl)titani undi benzyl, ethylidene(cycl o-

pent adi enyl ) ( fdieayany irnddrl )dnthand nmgti bedz gk} hdimethyylsilyl (cyclo~
(cycl opent adi enyl ) (fluorenyl)titani undi benzyl, methyl ene- _

(i ndeny!}q f | uentadianyin (indlanydgitapdnpdibenzy] nowethylenggyclo~
(fluorenyl)titaniundi benzyl , dinethylsilyl (indenyl)- . :
(f1 uorenyl )t i tRENEAREISH( ELugrenyd)) s36ARARNEAYeRZY hinj @iy lidene (cyclo-

di net hoxi de, bﬂesnc aC i()éa nt adflen [ titani,um di eéhom de, bjs-

e
nyl)(flucrenyl)titaniumdibenzyl, dimethylsilyl-~

(cyclopentadienyl)(flﬁorenyl)titaniumdibenzyl, methylene-
(indenyl)(fluorenyl)titéniumdibenzyl, ethylidene(indenyl)-
15 (fluorenyl)titaniumdibenzyl, dimethylsilyl(indenyl )~
(fluorenyl)titaniumdibenzyl, biscyclopentadienyltitanium
dimethoxide, biscyclopentadienyltitanium diethoxide, bis-
cyclopentadienyltitanium dipropoxide, biscyclopentadienyl-
titanium dibutoxide, biscyclopentadienyltitanium diphen-~
20 oxide, bis(methylcyclopentadienyl)titanium dimethoxide,
bis(1,3-dimethylcyclopetandienyl)titanium dimethoxide,
bis(1,2,4-trimethylcyc1opentadienyl)titanium dimethoxide,
bis(1,2,3,4~tetramethylcyclopentadienyl)titanium dimeth-
oxide, bispentamethylcyclopentadienyltitanium dimethoxide,
25 bis(trimethylsilylcyclopentadienyl)titanium dimethoxide,
bis(1,3~di(trimethylsilyl)cyclopentadienyl)titanium di-
methoxide, bié(1,2,4-tri(trimethylsilyl)cyclopenta—

dienyl)titanium dimethoxide, bisindenyltitanium dimeth-



cycl opent adi enyl titani um di propoxi de, biscycl opent adi enyl - titani um
.di but oxi de, bi scycl opent adi enyl titani um di phen- 20 oxi de,

bi.s(met hyl cycl opent adi enyl ) ti t ani um di net hoxi de,

bi s(1, 3-di met hyl cycl opet andi enyl ) ti t ani um_dijget_hoxi de,
bis(1,2,4-trinmethyl cycl opentadi enyl)titani um di met hoxi de,
bis(1,2,3,4-tetranet hyl cycl opent adi enyl ) titani um di net h- oxi de,

bi spent anet hyl cycl opent adi enyl titani um di met hoxi de, 25

bi s(trimethyl si logice! piefladirenyllkitaanhynd theBiddddle methylenebis— |
bis(1,3-di(trimethylsilyl)cyclopentadienyl)titani umdi- met hoxi de,
bi s(1, 2, 4-tri (t cycdopgnsaidikehgyelioanitna-dimethoxitiesnWilyllididinebiscyclo—-
di met hoxi de, bi sindenyltitani um di net h-

- 18 - pexritadiepyitiivandunl dinethoxide motdthylemebint(l2y 35 46 i5i-s -
cycl opent adi enyl titani um di net hoxi de, ethylidenebiscyclo-

pent adi enyl t i t atehFRERFRYA6YCdepentadieryibbt yan iy dimethoxide, ethyl-

t et ranet hyl.cycl gpent aqi enyl ) ti tani um di net hoxi de, ethyl - 5, .
idenebis(2%3,4,3BFBFS&ﬁé?h9P3y§f5ﬁ%ﬁ?@@ﬁ¥¥%@¥Q¥QRﬂﬂ ienyl)tigapduRoxi de,

1, et LA i LS
WEthyleneb'S(WEEQXEF?g?gﬁ%zﬁéégﬁ%#ﬂh§$%ﬁyhoﬁiég¥IM%@H%iénebisindenyl-‘

et hyl i denebi si ndeny 1 ] _ ; _
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met hyl eneloycl ofdthedhebyi] ¢1biehydenylitatinuh tEmeehostede, LRethylenebis-

et hyl i dene(cycl opent adi enyl ) (i ndenyl ) titani um di net hoxi de,

di net hyl si | yl (c$thoperyl titt @mismnh (dim=rhodlidd ,amathydieneblis (methyl fluo~

| ' renyl)titanium dimethoxide, ethylidenebisfluorenyltitanium

dimethoxide, dimethylsilylbisfluorenyltitanium dimethoxide,
methylene(cyclopetadienyl) (indenyl)titanium dimethoxide,

15 ethylidene(cyclopentadienyl) (indenyl)titanium dimethoxide,
dimethylsilyl (cycloptentadienyl) (indenyl)titanium dimeth-
oxide, methylene(cyclopentadienyl)(fluorenyl)titanium
dimethoxide, ethylidene(cyclopentadienyl)(fluorenyl)tita-
nium dimethoxide, dimethylsilyl(cyclopentadienyl) (fluo-

20 renyl)titanium dimethoxide, methylene(indenyl) (fluorenyl)-
titanium dimethoxide, ethylidene(indenyl) (fluorenyl)tita-
nium dimethoxide and dimethylsilyl(indenyl) (fluorenyl)tita-
nium dimethoxide.

furthermore, examples of the zirconium compound

25 include ethylidenebiscyclopentadienylzirconium dimethoxide

and dimethylsilylbichclopentadienylzirconium dimethoxide,

and examples of the hafnium compound include ethylidene-

biscyclopentadienylhafnium dimethoxide and dimethylsilyl-



‘oxi de, nethyl ene(cycl opentadi enyl) (fluorenyl)titanium di et hoxi de,

et hyl i dene(cycl opent adi enyl ) (fl uorenyl )tita- ni um di net hoxi de,

di met hyl silyl (cycl opent adi enyl ) (fluo- 20 renyl)titani um di met hoxi de,
met hyl ene(i ndenyl ) (fl uorenyl) - titani um di met hoxi de,

et hyl i dene(indenyl) (fluorenyl)tita- ni um di net hoxi de and

di met hyl si Iyl (i ndenyl ) (fluorenyl)tita- ni um di met hoxi de.
Furthernore, exanples of the zirconium conpound 25 i ncl ude

et hyl i denebi sgy: %%&Z%ﬁéy 1A EN Wl E@Hé%ﬂ&e. abovédh1

dlnethyI5|Ibe|sc I2|rcon|u I met hoxr de, hdtexanples
of . the haf ni urg RPN G ﬂﬁ&dﬁ&% Qirlay brdeBeable. ,
blscyclopentadlenylhafnlun1d|nethOX| e and di net hyl silyl -

- 19 - bi scymt cdditaibreyd Rksieudoflbinaboshg. bBeNEate | col he
titani um conpounds are preferable. In addition to these
conbi nati ons, drdimdtaion complexes sacti ast 292 ' ecthipbleiecs snethyl-6-t-

2,2 -thiobis(4-methyl-6-t- 5 but yl phenyl ) titani um dii sopropoxi de and
2, 2' -t hi dbi s(4utylphenyigittidandum diigpbphepokide tamd u2n 2i! wehinbdsitcan al so

be used as the conponent (a) As the conponent (b)
of the pol yrreM%M't?&ﬂ&ltylphenyll)yéiianiu@ dipekhenideli ¢rRR | BT I ex
conprising a catlon 1 and an anion in which a plurality of groups are

bonded to a Uused afthe QHQEQEﬁ§ klﬁés of conpounds are usable, but for

exanpl e, conpounds represente ner al and (9)
can suitably be used: @Ef¥i Sonporicht {8762 +h8" P81 ffet Plation caf

([LTerr1]) Fer AT - h R, Ppadipsfadhy éomelg%é?ﬁs}%ﬁr?% rgeion © o)
10 and an anion in which a plurality of groups are bonded to a
metal, various kinds of compounds are usable, but for

example, compounds represented by the general formulae (8)
and (9) can suitably be used:
([Ll-Hl)g*‘)h([szliz e XRJ(B-P)-); ... (8)

15 '([L2])9+)h([m2x1x2 ce. X01(R-P)-): L. (9)
wherein L2 is M4, T1T2M5 or T3;C which will be described
hereinafter; Ll is a Lewis base; M2 and M3 are each a metal
selected from the grdups 5 to 15 of the periodic table; M4
is a metal selected from the groups 8 to 12 of the periodic

20 table; M® is a metal selected from the groups 8 to 10 of the
periodic table; X! to X? are each a hydrogen atom, a di-
alkylamino group, an alkoxy group, an aryloxy group, an
'alkyl group having 1 to 20 éarbon atoms, an aryl group, an
alkylaryl group, an arylalkyl group, a substituted alkyl

25 group or a substituted aryl group having 6 to 20 carbon
atoms, an organic metalloid group or a halogen atom; Tl and
T2 are each a cyclopentadienyl group, a substituted cyclo-

pentadienyl group, an indenyl group or a fluorenyl group; T3



wherein Llerr] is Merr], Tlerr]T[err]Merr] or T[err]C which wll be

descri bed hereinafter; L[err] is a Lewis base; Merr] and Merr] are
ieach a netal selected fromthe groups 5 to 15 of the periodic table;
Merr] is a netal selected fromthe gbups 8 to 12 of the periodic
20 table; Merr] is a netal selected fromthe groups 8 to 10 of the

periodic table; Xerr] to X[err] are each a hydrogen atom a di-

al kyl am no group, an al koxy group, an aryloxy group, an al kyl. group
having 1 to 20 ddr [3h adikyids ITANP4r P 1§r supalgnce of each |Qf M4 ang éﬁp?nén
aryl al kyl group,, a substituted al kyl 25 group of a substituted aryl .
group having 6 tiF 3¢ & gareger of L 5Rs77 af b?g‘g?li%n?%q%ﬂ 1% R i & 18

hal ogen atom T1 an Tlerr] .are gach a g£yclopent.adi enyl qroup,
substituted cycl®- Hlence oﬁeﬁ%’fi&i %’ﬁyi‘ 5| oﬁﬁ?alan "‘}"ﬁﬁ Ilsgrat?uén&ggﬁrpofal
fluorenyl group;. T3, . . . - - -

is an al kyl grOl}:& 37r! ihs -7 éL.r?(i:-'ggg .8;‘;:(; oF ﬂf]é?f]a%% I\?l[serhrﬁgéﬁb P)-

It is an igeger of 1 torbiddl SxiholBsCOS’ uofar i Gncldde atoms shch B,
val ence of each of L[err[-H and L[err] and it is an integer of 1 to
7; his an integar, &, bior PPAS aaldsb,i &naXeypicdl -exalples of M4 inbiRideal
exanples of Merr] and Merr] include atons such B, A, C Si, P, As
and Sb, and typiaaﬁmsem_imi @S @y Wharch,i andudramples oftMiTH eludeaatdmsand
Cu., and exanples of Merr] include atons such as FeathOo, and Ni .
Typi cal exanpl esuch ¥seifg, Co,Xpadr Ni. Typicatl|exiamples lof & o FPoups
such as a dinethyl am no gr'oup’ 10 and a di ethylam no group, alkoxy
groups such as anedmeiexyialkylaminougrouns eswek yasg)rd plrgtdhydaming g5nepp
group, an aryl oxy roups such as a ghenoxy group,

2, 6- di met A phefd¥y ayiddgFhylamino,ggoupnad F%Y&?‘&P%Eﬁﬂcarhlﬁalla Fehexy
gﬁ\/in[]gr (1)p§/f) 20 %%‘ro%%rl an ethoz}i:grog?:oxslgcgn Sag n-txﬁ‘é’éxﬂ rgoz.ycpdp,a%netawloq{youn
groups such as a phenoxy group, a 2,6-dimethylphenoxy group
and a naphthyloxy group, alkyl groups having 1 to 20 carbon
atoms such as a methyl group, an ethyl group, an n-propyl
15 group, an isopropyl group, an n-butyl group, an n-octyl
group and a 2-ethylhexyl group; aryl groups, alkylaryl
groups and arylalkyl groups having 6 to 20 carbon atoms
such as a phenyl group, a p-tolyl group, a benzyl grou'p,\ a
pentafluorophenyl group, a 3,5-di(trifluoromethyl)phenyl
20 group, a 4-tert-butylphenyl group, a 2,6-dimethylphenyl
group, a 3,5-dimethylphenyl group, a 2,4-dimethylphenyl
group and a 1,2-dimethylphenyl group, halbgens such as F,
Cl, Br and I, and organic metalloid groups such as a penta-
methylantimony group, a trimethylsilyl group, a trimethyl-
25 germyl group, a diphenylarsine group, a dicyclohexyl-
antimony group and a diphenylboron group. Typical examples

of the substituted cyclopentadienyl group represented by T!

and T? include a methylcyclopentadienyl group, a butyl-



15 group, an isopropyl group, an n-butyl group, an n-octyl gr oup
and a 2-ethyl hexyl group; aryl groups, alkylaryl groups and
~arylal kyl groups having 6 to 20 carbon atons such as a phenyl group,
a p-tolyl group, a benzyl group, a pgntafluorophenyl group, a
3,5-di(trifluoronethyl)phenyl 20 gr oup, 3 Z-tert-butyl phenyl group, a
2, 6-di met hyl phenyl group, a 3,5-di net hyl phenyl group, a

2, 4- di met hyl phenyl group and a 1, 2-di met hyl phenyl group, hal ogens

venta | nEYRSPRREFABISRY (BROUE £ o ey P BB RE R AR,

25  gernyl grﬁygu a di phenyl arsi ne group, a dicycl ohexyl - anti nony
group and a dip eny? oron group. Typical exanples of the substituted

cycl opent adi enyl group peptreesbRfodidd lrepresentdi b2 thechederdl formu-
met hyl cycl opent adi enyl group, a butyl -

- 21 - 18gc(opeghad{ ey | tigs ofgl Fovlingy RSpiear! byhmpywahaseahadpapy!
group. O the conpounds represented by the general fornu-
lae (8) anf (9)tithRatdyl switaplybe alseabhnp@dordexamplpar examples dbfctharly
suitably be used. For exanple, exanples of the sui t abl e conmpounds
of the general $wvibable(empowrndsicof the genaralhyoxmudai (&) include

t et raphenyl bor at e, tri£n-buty|)annnniun1 t etraphenyl borate,

tri met hyl anmoni BRLeERY %ﬁ@%?#%%r%@%ﬁaphenyleﬁﬁtgbh?F&&ﬁUéPGHl)ammonlum

tetra(pentafl uorophenyl)borate, tri(n- .10Q byt yl ) ammonj um
tetra(pentaflqu%Eﬁ%H éX&P%E%F%MKF ;qqﬁhxﬁammonlu% tefmaRhgRylborate,

et Lo oar S e FUARATTLE, XTIy B onapy p3HAERY! EcgpoUnds
tetra(penj@f | UOKQPBEPVAMORL G %o td (vl M Rorophenyl )borate and triethyl-
émmonium hexafluoroarsenate. Furthermore, examples of the
suitable compounds of the general formula (9) include
pyridinium tetra(pgntafluofophenyl)borate, pyrrolinium
tetra(pentafluorophenyl)borate, N,N—dimethylanilinigm
15 tetra(pentafluorophenyl )borate, methyldiphenylammonium
tetra(pentafluorophenyl)borate, ferrocenium tetraphenyl-
borate, dimethylferrocenium tetra(pentafluorophenyl)borate,
ferrocenium tetra(pentafluorophenyl)borate, decamethyl-
ferrocenium tetra(pentafluorophenyl)borate, acetylferroce-
20 nium tetra(pentafluorophenyl)borate, formylferrocenium
tetra(pehtafluorophenyl)borate, cyanoferroéenium tetra-
(pentafluorophenyl)borate, silver tetraphenylborate, silver
tetra(pentafluorophenyl)borate, trityl tetraphenylborate,
trityl tetra(pentafluorophenyl)borate, silver hexafluoro-
25 arsenate, silver hexafluoroantimonate and silver tetra-
fluoroborate.
As the component (b), an aluminoxane can be used in

addition to the above-mentioned coordination complex com-



~ tetra(pentafl uorophenyl)borate, N, N-dimethylanilinium 15

tetra(pent af |l uorophenyl ) borate, nethyl di phenyl anmoni um

_tetra(pentafl uorophenyl)borate, ferroceniumtetraphenyl - bor at e,

“di met hyl ferrocenium tetra(pentafl uoropherpg )-bor at e, ferroceni um
tetra(pentafl uorophenyl)borate, decanethyl - ferroceni um
tetra(pent af |l uorophenyl )borate, acetylferroce- 20 - nium

tetra(pentafl uorophenyl)borate, fornylferrocenium -
t et r a( pent af lptdrsdpite rehle) batdon, andathéeanborninnwhidh ea plurality of
(pent af | uor ophenyl )borate, silver tetraphenyl borate, silver

t et r a( pent af larougshar@ boodede tot ai metal et rBghenythwraliwyinoxane dar thd

tetra(pentafluorophenﬁw?borate silver hexafluoro- 25 arsenate, silver
hexaf | uor oanabided Hydbgiingdng: anrerganic alymipipisenaund into
As the conponent (b), .an al um noxane can be used in addition to the

above- nent i offSW &FﬁQtPoﬁ°€§ﬁBFé§chﬁ?nt' As a reaction material,

- 22 - t d th | i

aroups &re bARGFER L AdbiRon RonBORed FeRterrie A, e’ rigg P g
by bringing %@ﬁ%&%ﬁg%%rﬁhﬂg‘QHH‘BQ”RQEHQ |nto contact with a

condensi ng agen a reactron nmaterrafl an organi ¢ al um num
conpound- represented by the fol Lg' mﬁpﬂ qenqr 5 formul a can be used:
Al R err] ... (10) ertin RI5 is an aIkyI group having 1 to 8

carbon atonswherem RIFPi§adn XBEPl rffp Ha%idgoanke 8l earBYM se8REYNd
I ncl ude trimethylal um num trlethylalun1nun1and triisobutyl -

al um num andqua elklampll esnBEh¥he! organie | S1umistup 'cPound include) e. On
t he ot her han as the condensi ng agent for bri ngi ng about the
condend#t i on twimethlyd adugdnum, akpietbhylaluminum and triisobutyl~
aluminum, and above all, trimethylaluminum is most prefer-
able. On the other hand, as the condensing agent for
bringing about the condensation with the organic aluminum
compound, water is typically used, but any other condensing
15 agent may be used, so far as it permits the condensation
reaction of the alkylaluminum. Examples of such an alumi-

noxane include a chain alkylaluminoxane represented by the

general formula (11)

R16 R16
20 \ /
A1—O0—-Al—O~}-Al cee (11)
Rls/ R15 n 16 '

wherein n is a polymerization degree and it is a value in
25 the range of 2 to 50; R16 is an alkyl group having 1 to 8

carbon atoms,

and a cyclic alkylaluminoxane having a repeating unit

represented by the general formula (12)



c¢onpound, water is typi-cally used, but any other condensing 15 agent may

be used, so far as it permts the condensation reaction of the

al kyl al um num Exanpl es of such an al um - noxane include a chain

al kyl al um noxane represented by the 2general formul a (11) 20

[err] wherein nis a polynerlzatlon degree and it is a value in
25 the range of 2 to 50; R16 is an alkyl group having 1 to 8 car bon
at ons, and a cyclic al kyl al um noxane having a repeating unit
represented by the general frmula (l2)

- 23 - l—]—Oj— .. (12) ... (12) o
such al kyl al um noxanes, an uﬁlnox I n which 5 R16 1s" a nethyl
group, i.e., a nethylalunlnoxaRé is particu- larly preferable. In
general , a product obtained by bring- _ i ng an al kyl al um num conpound
such as a trial kyl al um num Into contact with water is a m xture of

the above-nentioned Of suchaadkylajuminoxane@nammalaminoxane in which
aIkyIaIun1noxagg the 10 unreacted trial kyl al um noxane and vari ous ki nds
of con- Eniec PRyt sIronp a ims-oc @ @sthyhaloninpaseecdappachicu-

are conpllcateg ¥ associ ated., Accordin %é such a roduct depends
upon the contac &MnBFﬁfﬁﬁébé?'thénaﬁ%ék 4uHﬁ° uct obtained by bring-

ing an alkylaluminum compound such as a trialkylaluminum
into contact with water is a mixture of the above-mentioned
chain alkylaluminoxane or cyclic alkylaluminoxane, the
10 unreacted trialkylaluminoxane and various kinds of con-
densed products, or a molecule in which these components
are complicatedly associated. Accordingly, such a product:
depends upon the contact conditions of the alkylaluminum
compound and water. In this case, no particular restric-
15 tion is put on the reaction of the alkylaluminum compound
and water, and the reaction can be carried out in accor-
dance with a known procedure..
The polymerization catalyst can contain the alkyl-
ating agent (c¢), if necessary. Various kinds of alkylating
20 agents are usable, but for example, there are an alkyl
group-cdntaining aluminum compound represented by the
general formula (13)
R17,AL(ORY®) X3 o p -es (13)
wherein R!7 and R1® are each an alkyl group having 1 to 8
25 carbon atoms, preferably 1 to 4 carbon atoms; X is a hydro-
gen atom or a halogen; m is 0<m<3, preferably 2 or 3, more
preferably 3; and n is 0sn<3, preferably 0 or 1,

an alkyl group-containing magnesium compound represented by



conpound and water. In this case, no particular restric- 15 tion is put
on the reaction of the al kylal um num conpound and water, and the
reaction can be carried out in accor- dance with a known procedure.
The pol ynerization catal yst can contain thealkyl - ating agent (c),

I f necessary. Various kinds of alkylating 20 agents are usable, but for
exanpl e, there are an al kyl gr oup- cont ai ni ng al um num conpound
represented by the general formula (13) Rlerr]A
(ORferr] X[ err] the gendrnsl) formula fidrei n R17 and R18 are each an al kyl
group having 1 to 8 25 carbon atons, preferably 1 to 4 carbon atons; X
is a hydro- gen atom or aRipMgen: mis [ers](14referably 2 or 3,

nor e pref erab 3 and n is [err] _ preferably 0 or 1, an
al kyl group- coﬁi%’?ﬁ’r{é Ridga8sPande bR P esent ed by

e arigh A G RBtATBing,5iRC compound, kepreSeRiRd By 0

gr oup- contai ni [ p nt ed by 5 t he general formula
(15) 5 the &%e%o@%ﬁl% r?‘%ﬁ C (15) wherein R17 is

as defined above. g jhese al kyl royny @ont ai ni ng conpounds,
t he al kyl group- contai ni ng a?unlnunlconpounds bove all, 10

trialkylal um nwn&egmpqldslgngsdd@ffﬂéglmwm conmpounds are

preferable. Typical exanples of the al kyl group- cont ai ni ng

conpounds i nclude trialggleHasd rARylOGROUPIEontaining compounds, the
alkyl group-containing aluminum compounds, above all,

10 trialkylaluminum compounds and dialkylaluminum compounds
are preferable. Typical examples of the alkjl group-
containing compounds include trialkylaluminum compounds
such as trimethylaluminum, triethylaluminum, tri-n-
propylaluminum, triisopropylaluminum, tri-n-butylaluminum,

15 triisobutylaluminum and tri-t-butylaluminum, dialkyl-
aluminum halides such as dimethylaluminum chloride, di-
ethylaluminum chloride, di-n-propylaluminum chloride,
diisopropylaluminum chloride, dién—butylaluminum chloride,
diisdbutylaluminum chloride and di-t-butylaluminum chlo-

20 ride, dialkylaluminum alkoxides such as dimethylaluminum
methoxide and dimethylaluminum ethoxide, and dialkyl-
aluminum hydrides such as dimethylaluminum hydride, di-
ethylaluminum hydride and diisobutylaluminum hydride. In
addition, typical examples of the other alkylating agents

25 include dialkylmagnesium compounds such as dimethylmagne-
sium, diethylmagnesium, di-n-propylmagnesium and diisopro-
pylmagnesium, and dialkylzinc compounds such as dimethyl-

zinc, diethylzinc, di-n-propylethylzinc and diisopropyl-



7

~such as trinethylalum num triethylalumnum tri-n- propyl al umi num
triisopropylalumnum tri-n-butylalumnum 15 triisobutylal um num and
~tri-t-butylalum num dial kyl - al um num hal i des such as
“di net hyl al um num chl ori de, di- et hyLal um num chl ori de,
di - n- propyl al um num chl ori de, diTs%%erylaluninun1ch|oride,
di - n-but yl al um num chl ori de, di i sobutyl al um num chl ori de and
di -t-butyl al um num chlo- 20 ri de, dial kylalum num al koxi des such as
di-met hyl al um pym, met hoxi de and di net hyl al um num et hoxi de, and
di al kyl - al umi num hydri des such as di net hyl al um num hydride, di-

ethylaluninunlhydrideTﬁgd? LiB@PHS H f ! BN BR] oir i 5Bs thgeabéquti0n1

typi cal exanples of the other al kylating agents 25 inclu

di al kyl magnespémt NS UESpShisieAS( ) BRI IbyB0aad if neceSbdfy, the

di et hyl magnesi um di - n- propyl magnesi um an I i sopro- pyfnagnesiunl
and di al kyl zi tempongotings) susit asheliprepgatiation of thisccatdakysyl eanche

di - n- propyl et hyl zi nc and dii sopropyl -

- 25- 5 accamptished by various tRehnigugssri Fori eravplel ysnycofipri ses
t he above- menti oned conponents (a) and (b), and if necessary, the
conponent ( c)théucompengnie My | RIEVHO s beaddedt teahhgemongmers, or
acconpl i shed QX various techniques. For exanple, any of the .,
conponents mey %r%@?%h%?&ctﬁp@RRﬁﬁPﬁﬁ)QFﬁbIﬁBﬁGﬁéry?téreaCh othefe BELIAFytic
conponents are reacted.with each other rior .,to the addition of

t hese conponef®sthQ ?ﬁ%rﬁﬂﬂb ghese confponants EOHENGBPEPBRIBr t he

contact of (b sbove FRO'hefftiod hr AUIRARNG, BB ekt hpahiopabriBeed) o,
can alsfb components (a), (b) and (c¢), needless to say, can be car-
ried out at a polymerization temperature, and it can also
be done at a temperature of 0 to 100°C. Furthermore, no
particular restriction is put on the addition order or the
contact order of the respective components (a), (b) and
15 (c).

The‘above-mentioned catalyst can exert a high
activity in the manufacture of the styrenic polymer having
a.highly syndiotactic configuration.

In the present invention, the SPS is used in which

20 the amount of an extract extracted with methylene chloride
from a gél obtained by purifying, heating and dissolving
the SPS in 1,2,4~-trichlorobenzene and then cooling the
solution is 10% by weight or less, preferably 8% by weight,
more preferably 6% by weight. If the extract extracted

25 with methylene chloride is more than 10% by weight, the
breaking strength of stretched films and the Izod impact
strength'and heat deformation temperature of injection-

molded articles deteriorate, and the breaking strength



be done at a tenperature of O to 100[err]C. Furthernore, no

particular restriction is put on the addition order or the cont act
order of the respective conponents (a), (b) and 15 (c).

The above-nentioned catal yst can exert @6h+gh activity in the

manuf acture of the styrenic pol yner having a highly syndiotactic
configuration. In the present invention, the SPS is used in
which 20 the ampunt of an extract extracted with methylene chloride
froma gel WRAF nEENGYLTRihsAHNT Ang ithe svFfacesglosggof the mphdedps in
1,2,4-trichl orpbenzenge and then cooling the solution is 10% by

wei ght or | 3651CHPR1 24301 SPEREIRF & ght more preferably 6% by
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- 26 -5 tractéﬁ'%itﬁ%ﬂﬂéﬂé‘@fﬂdﬂd@%gt Ben3pitage BheSgop! the nol ded

articles also deteriorate. particular restriction is put

on the net le, ther@ré@r$lqg d hRthBa whithi ebmpPesagoeaireinghe
extract ex- tracted with nethylene chloride 1Ts inhibited, but for

exanpl e, theute arvoldfibizetimd tikiatmentnat the €améybfdthe gran@la-a
volatilization treatnent at the time of the granul a- tion of the SPS
by an extr udion tef vidheit$?S Ay arnd extmnder to volatliifizéeandnpemewves such as
unreacted nononers which remain 10 in the polynmer, and (2) a nmethod of
sui tabl y sevebatile t¢rumponents saighn@s nareagtedt apnomersr whteh i remain
preparation, of the . .
10 in the polymer, and (2) a method of suitably selecting the
polymerization catalyst for use in the preparation of the
SPS.
In the method (1), it is necessary in its volatil-
ization treatment to usually feed 0.01 to 5% by weight,
15 preferably 0.5 to 1.5% by weight of water to a styrenic
polymer powder having the syndiotactic configuration which
is the material. Alternatively, it is necessary to usually
feed 0.1% by weight or more, preferably 0.7 to 5% by weight
of an alcohol to the SPS powder. As the technique for
20 feeding water or the alcohol, there may be utilized a way
of directly feeding water or the alcohol to the extruder or
another way of adding water or the alcohol to the styrenic
polymer powder. Furthermbre, the styrenic polymer powder
may be molten to be plasticized, and water or the alcohol
25 may then be fed to the plasticized polymer. Additionally,
in doing the granulation by the use of the extruder having

a plurality of vents, volatile components may be volatil-

ized by optional vents on the upstream side of the final



"SPS. In the nmethod (1), it is necessary in its volatil-

I zation treatnment to usually feed 0.01 to 5% by weight, 15 preferably
0.5to 1.5% by weight of water to a styrenic ' pol ymer powder havi ng

t he syndi otactic configuration which - 2715 the material. Alternatively,
It Is necessary to usually feed 0.1% by weight or nore, preferably
0.7 to 5% by wei ght of an al cohol to the SPS powder. As the

techni que for 20 feeding water or the alcohol, there may be utilized -a
way of vénecptjof eedi tige Vel off waterabeokkhe hdcbhelexbruvHer or

anot her way of adding water or the alcohol to the styrenic pol ymer
powder . Furt hepobymert heWheyrighe crariulaiomovidemade by anpyubalieytes to be
pl asticized, and water or the al cohol 25 may then be fed to the

pl asti ci zed po$§h§¢der$ddth¢cﬂQiaEAle componentgomay baevglahiligednbpy t he

use of the extruder having plurality of vents, volatile conponents
may be vol ati|optional Y?Eﬁﬁtﬁﬂ(ﬁhq(Hﬂﬁtrﬁéﬁt§léﬁ Pﬁethﬁsﬁiéé%1gﬁﬂé t he
final rior to

the feed ¥f watlP BPSE HOBIHRAN GFHTRder PrlorpSPyﬁB? f?ﬁ@nofhﬂate or
| at d pl | t t h til
g{)ﬁggngn!{ gnmlay %% %I@%l?c?} E%lﬂgte}'b%/ E}IOIYmer'opWFgﬁgl 5: ?sfg '?"?li %s‘%?‘@é?ﬁsi de
f the f I t f eed
o e 111" Vgt ofjquly oc408 dRE\RISHEEAT SBLLUERTSE UpkOp 1. |
ei t her HBl@-iﬂé&ﬁ&bfﬁéﬂﬁaﬁHrj‘M%H%h gapBﬁta56?”Bh85p9$p£H81aJ&ﬁh

hol's i ncl ude nethanol, ethanol, but'anol pr opano above al
met hanol and Qﬂﬂ@ﬁ@'aflffﬁéﬁﬁéﬁdﬂﬂdhd éHﬁanol are preféribgegxtruder for use

in the above-nenti oned

10 As the extruder for use in the above-mentioned
volatilization treatment, a vent type extruder having one
vent or plural vents can be used, but_a monoaxial extruder,
an intermeshing type one-directional rotary twin-screw
extruder, an intermeshing type extruder and a non-

15 intermeshing type opposite-directional rotary twin-screw
extruder may be used singly or in a serial combination of
two or more thereof. The pressure in the vent is in the
range of 0 to atmospheric pressure, préferably 0 to 200
torr, more preferably 0 to 500 torr. If the pressure in

20 the vent is too high at the time of the volatilization, it
is difficult to perform the sufficient volatilization. The
granulation is preferably done at a molding temperature in
the range of the melting point of the polymer to 400°C at
an extrusion rate which satisfies a relation formula, i.e.,

25 the extrusion'rate (kg/h) = KxDxHxV wherein K is a constant
and it is 167,400, D is a screw diameter (m), H is a screw
groove depth (m), V is a screw peripheral speed (m/sec) of

0.1 to 2.0. In the case that a plurality of extruders are



~volatilization treatnent,: a vent type extruder having one vent or

plural vents can be used, but a nonoaxial extruder, an i nterneshing
_type one-directional rotary tw n-screw extruder, an intermeshing
“type extruder and a non- 15 i ntermeshjng type opposite-directional

rotary tw n-screw extruder may be 4USed singly or in a serial

conbi nati on of two or nore thereof. The pressure in the vent is in

t he range of O to atnDspheric pressure, preferably 0 to 200

0 0, RS L et S, e EHRE e 41T 1
performthe fdsc'a%mex‘{:%%bln i‘ﬁrtlaoﬁt Iﬁﬁ outlet %% ne%\I oQ‘,,I.preferabl y

done at a nolding tenperature | range ng point of

the pol ymer ts‘%é@@t{ @a;rdrﬁd@tr The saeeﬁxbéﬁp&é\réﬁt@pdéu%r Sald di-es a

relation formula, i.e., the extrusion rate (Kg/h) = KxDxHxV wherein

K is a const ajtuder depezm@ mbohsfiﬁﬁoﬁgosu&llésatﬁérmwtﬁ iy, His a
screw groove depth. , Vis a screw peripheral speed (msec) of

0.1 to 3 0. Iscrche amdsa thabughphty, abutyfof thé rpukepeseiraf enhancing

- 28 - connected in series, the above-nentioned extrusion rate
means an ext robsl @ffigtiengy oifesurfhee vénewrl nasteatiwwent portiom.edhe
extruder. The screw peripheral speed of the ex- © truder depends upon
factors suchperipheralaspeed 45 preferably irrehe arange 19 drdhp@ 20t for
t he purpose of enhanC|n t he eff|C|eng% of surface ren | at each

vent portionR/See. %hﬁePﬁﬁﬁBPQFaépﬁﬁﬁe@sl MRR%R dhan i4r §€Grge of 0.1
AN @&’em pble BEaREA BRE! Skele fo T, 5 2 it

10 power cost also increases inconveniently.

In the present invention, a resin temperature at
the granulation is required to be preferably in the range
of the melting point of the intended styrenic polymer to
400°C. If the resin temperature is in excess of 400°C,

15 there is a fear that the styrenic polymer decomposes. The
preferable temperature is in the range of the melting point
to 370°C. At this time, the temperature in the cylinder of
the extruder is preferably set to room temperature to
400°C, more preferably a glass transition temperature to

20 400°C. A shear stress at the extrusion is 1x106 Pa or less,
preferably 5x105 Pa or less. If the shear stress is too
large, melt fracture occurs and so the shape of extruded
pellets becomes abnormal sometimes, which will have a bad
influence on the following molding step.

25 Furthermore, in order to heighten the efficiency of
the vdlatilization, an inert gas such as nitrogen, argon,
helium or carbon dioxide can be injected.

The above-mentioned method (2) of suitably select-



10 power cost al so increases inconveniently. In the

present invention, a resin tenperature at the granulation is
required to be preferably in the range of the nelting point of the
i ntended styrenic polymer to 400[err] C. If the resin tenperature is
in excess of 400[err]C, 15 there is a fear  that the styrenic pol yner
deconposes. The preferable tenperature is in the range of the

mel ti ng point to 370[err]C. At this tine, the tenperature in the

ab0ferr]C mor d% ST Sy aclof BRERTSK N 17 SRS, Bt anty
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pref erably 5x1 ess. he shear stres

melt fracture QGHEISysdyd so the shape of extruded pel |l ets becones
abnormal sonetinmes, which wll have a bad i nfl uence on the foll ow ng
nol ding step. 25 Molded RiflikeesDbE, the préSént oL LS ddIE be

ef ficiency of the volatilization, an inert gas such as nitrogen,

ar gon, 5 loditaimedr byamoddidgoxhdeabavebmenti@mdd®dstyrenic polymer The
above-nentioned nethod (2) of suitably select-

- 29 - (SP$g .t hatpsopeepdditivescaanl hetadded beo adtise\sdyenisui t abl y
sel ecting and conbinin% t he above-nenti oned pol yneri zation

catal ysts. polymer to fogmjaqcemppeitions $Pefar axferkhe Mldedten afarthse
5 obt ai ned E&.nnldin the,above-nentioned,st%renic pal ynmer _ (,SPS)
but sone addi t FFESn 19¥eRYdeR f5StAPE LTDREFRE: Examples pfeithe addim a
corpost Ll 0L 591485 39c18e0R! ERbonglatleic resin PESHbdy SHHuRS "
10 an antioxidant, an inorganic filler, a crosslinking agent,

a crosslinking auxiliary, a nucleating agent, a plasticiz-
er, a compatibilizer, a colorant and an antistatic agent.
Examples of the above-mentioned thermoplastic resin
include a polystyrene having an atactic configuration, a
15 polystyrene having an isotactic configuration, styrenic
polymers such as an AS resin and an ABS resin, a polymer
ester such as polyethylene terephthalate, polyethers such
as polycarbonates, polyphenylene oxides, polysulfones and
polyethersulfones, condensed polymers such as polyamides,
20 polyphenylene sulfide (PPS) and polyoxymethylene, acrylic
polymers'such as polyacrylic acid, polyacrylic esters and
polymethyl methacrylates, polyolefins such as polyethylene,
polypropylene, polybutene, poly(4-methylpentene-1) and
ethylene-propylene'copolymer, halogen-containing vinyl
25 polymers such as polyvinyl chloride, polyvinylidene chlo-
ride and polyvinylidene fluoride, and mixtures thereof.
As the rubbery elastomer, various kinds of elasto-

mers are usable, and examples of the usable rubbery elasto-
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-tives include a thernoplastic resin, a rubbery el astoner, 10 an
antioxidant, an inorganic filler, a crosslinking agent, - a

_crosslinking auxiliary, a nucleating agent, a plasticiz- er, a
"conpatibilizer, a colorant and an anti st &30 e agent. Exanpl es
of the above-nentioned thernoplastic resin I ncl ude a pol ystyrene
havi ng an atactic configuration, a 15 pol ystyrene having an isotactic

conflguratlon styrenic E yners such as an AS resin and an ABS
resin, a pol fgse includecnaturaycrubkers; ymlwwlt%hmdﬁ@-
polyethers such r bonat es hen Iene oxj des,

po:ysulgonesp§ﬁ&es' P°1Y588 E%Kg?gﬁ?foﬂ%gp §“§9§¥sas
' , | fi | hyl
eryic oo ThigkoyhubBaEhy! %@%@i’%@ﬁ?ﬁ%&#ﬁo X rf%?-’té eSS and

ol yret by LRACLYLALes, BgLuBleliAsasHeN ARl ) esté;é!e% 2butadiens
ethyl eng- prosibeﬂecggqugaggl (ERkpooHy {ﬁ@é&&é& tyhne Bhradiefleyer s such

as polyvinyl chlori e and pol yvi nyl i dene
fluoride, angigixt ébpélyﬁefgotsgn), styrene-buta%&éﬁéegtq&%@y Aokt omer,
various kinds of el asto- ners are usable, and exanples of the usable
rubbery el astepolymers (SBS), hydrogenated styrene-butadienddstyrene

mers include natural rubbers, polybutadienes, polyiso- pr enes,

pol yi sobut yl bhesk rneppilgmess (SERS)} fsiderendbiesoprene blockhicopolymelrser s,
acrylic rubbers, urethane rubbers, sili- cone rubbers,
ep|chIorohydKSKRDubbydgoggn?t@ﬁestﬂﬁenﬁfﬂﬂpprqne bﬂﬂQkﬂCQﬂﬂ&ﬂmﬁﬁ§rs (SBR),
hydr ogenat ed r ene- but adi ene bl ock copol yners ( SEB),

styrenéd buta&55§é4s§§Y€ﬁ§eb+§€Rrene‘StY%ﬁﬂﬁﬂRﬁﬁﬁ&;QQQRQVmeﬁ?dK§§§dated

st yr ene- but adi ene st bl ock copol yners  (SEBS) rene S
blgck copolyﬂ¥S§°gen styrene-lsoprenefgt rene ﬂiogi copo § oprene

(SEPS), styrene-butadiene random copolymers, hydrogenated
styrene-butadiene random copolymers, styrene-ethylene-
propylene random copolymers, styrene-ethylene-butylene

15 random copolymers, ethylene propylene rubbers (EPR), ethyl-
ene-propylene-diene rubbers (EPDM), butadiene-acrylonitrile-
styrene core shell rubbers (ABS), methyl methacrylate-
butadiene-styrene-~core shell rubbers (MBS), methyl meth-
acrylate-butyl acrylate-styrene-core shell rubbers (MAS),

20 octyl acrylate-butadiene-styrene-~core shell rubbers (MABS),
alkyl acrylate-butadiene-acrylonitrile-styrene core shell
rubbers (AABS), butadiene-styrene-core shéll rubber (SBR),
core shell type particulate elastbmers, for example,
siloxane-containing core shell rubbers such as methyl

25 methacrylate-butyl acrylate siloxane, and rubbers obtained
by modifying these rubbers.

Above all, SBR, SBS, SEB, SEBS, SIR, SEP, SIS,

SEPS, core sheli rubbers and rubbers obtained by modifying



(SIR), hydrogenated styrene-isoprene bl ock copol yners 10 ( SEP)
styrene-i soprene-styrene bl ock copolyners (SI'S), hydr ogenat ed
styrene-i soprene-styrene bl ock copol ynmers (SEPS), styrene-butadi ene
= random copol yners, hydrogenat ed _sktyrene-but adi ene random copol yners,
styrene- et hyl ene- propyl ene random copol yners, .
styrene-et hyl ene-butyl ene 15 random copol yners, ethyl ene propyl ene
rubbers (EPR), ethyl- ene- propyl ene-di ene rubbers (EPDM,
butadlene-aC£M£Qg|£ﬁb%g%s areepaf%iﬁﬁﬂH%Iyo&EeﬁﬂﬁbblbubberS (ABS), nethyl
u -

met hacryl at e- adi ene-styrene-cor € -shell rubbers (MBS), nethyl

met h- acryl at ppbuh¥iméss Y| tansled ey acdidiled wabbesy( MAS), 20
octyl acryl at e-but adi ene-styrene-core shell rubbers (MABS), al kyl
acryl at e- but alhgpemaes yinsltdé | pubsbers wbtaimneds byl imodifyingr sbipeene¢AABS) ,
but adi ene-styrene-core shell rubber (SBR), core shell tyge
particul at e bhegloaerglatercepalyte; rubbers,sistyrene-butediansgbdeck shel
rubbers such as nethyl 25 met hacryl at e-butyl acryl ate sil oxane, and

r ubber s5obt acapdlymers (8PRhmpdaydaogenatest styiggesbutadiene block ~ apgye
all, SBR, SBS, SEB, SEBS, SIR SEP, SIS, . SEPS, c%&e ihell iubbers
and rubbers eepalyearsy (#BB) f ypHyFrene-butadiene-styrene block copoly-

31 - th bb ticularl f er.abl e. :
Fur t her ror e, TRRBGFBS ) of MYREORRRA T PRI PutadieRer SEYEREPS P RS ude

ubber s, st yFRRELEWEER; EbEP ook Y EHe- ingprenk Pock RPRTRERRC (KTR)
-b ' - i -
bl bk copol yivaE8s8hRERY suprefERMalias Wicdk: RIS T Tee

bl ock 10 styrene-isoprene-styrene block copolymers (SIS), hydro-

genated styrene-isoprene-styrene block copolymers (SEPS),
styrene-butadiene random copolymers, hydrogenated styrene-
butadiene random copolymers, styrene-ethylene-propylene
random copolymers, styrene-ethylene-butylene random copoly-

15 mers; ethylene propylene rubbers (EPR) and ethylene-
propylene~diene rubbers (EPDM) with a modifier having a
polar groupL Above all, rubbers obtained by modifying SEB,
SEBS, SEP, SEPS, EPR and EPDM are particularly preferable.
Typical examples thereof include maleic anhydride-modified

20 SEBS, maleic anhydride-modified SEPS, maleic anhydride-
modified EPR, maleic anhydride-modified EPDM, epoxy-
modified SEBS and epoxy-modified SEPS.

These rubbery elastomers may be used singly or in a

combination of two or more thereof.

25 . As the antioxidant, various kinds of antioxidants
can be used, but particularly preferable are phosphorus-
containing antioxidants, for example, monophosphites such

as tris(2,4-di-t-butylphenyl) phosphite and tris(mono- and



copol ymers ( SEBS), styrene-isoprene bl ock copolymers (SIR),

hydrogenat ed styrene-isoprene bl ock copolymers (SEP), 10

styrene- i soprene-styrene bl ock copolyners (SIS), hydro- genat ed
styrene-i soprene-styrene bl ock copolyners {SEPS), st yrene- but adi ene
random copol yners, hydrogenat ed styrene- but adi ene random

copol yners, styrene-ethyl ene-propyl ene random copol yners,
styrene- et hyl ene- butyl ene random copol y- 15 nmers, ethyl ene propyl ene

rubbérs (EPR) amti-etdnglehenyl) phosphdpgbeandddeplos $ d&Ridd1 vid h a

nodi fier having a pol ar group. Above all, rubbers obtained by

nmodi § yi ng SEB, phenolnﬁsstnsmdasgps EPRfandbEthmplmraf ctHeard iphos-

pr ef er abl e. Typi.cal. exanpl es thereof include nmaleic

anhydri de- nodi f |£8b}tefo inclydesphegpPBPEUEnAQTER HR1RG CrIMReUIREPS eprassnted

anhydri de- i fied EPR mal ei ¢ anhydri de-nodi fi ed EPDM epoxy-

modi fi ed SEBS aﬁﬁ'ggﬁk £9rmpda These rubbery

el ast oner s .may be used S|ngly or in a conbi nati on of two or nore

t her eof . 5% - As the antioxidant, various kinds of antioxidants

can be used, but particularly prefé}fdﬂﬂg\greCHQQQQborus- cont ai ni ng

antioxidants, for exanpl eglsmppp C{Sphl tes ch g__ng

tris(2,4-di-t-butyl phenyl) phosphN_e arﬁét TA\S(nmongs an

- 32 - di - nonyl phenyl) ph sdOphosphi tes as wel | as

phenol i ¢ antioxidants. Preferable exanples of t he di phos- phites

I ncl ude phosphorus-contai ni ng conpounds represented by the general

formula 5 wherein R!® and R!? are each an alkyl group having 1 to 20
10 carbon atoms, a cycloalkyl group having 3 to 20 carbon

atoms or an aryl group having 6 to 20 carbon atoms.

Typical examples of the phosphorus-containing
compounds represented by the above-mentioned general formu-
la include diétearyipentaerythritol diphosphite, dioctyl-

15 pentaerythritol diphosphite, diphenylpentaerythritol di-
phosphite, bis(2,4-di-t-butylphenyl)pentaerythritol diphos-
phite, bis(2,6-di-t-butyl-4-methylphenyl)pentaerythritol
diphosphité and dicyclohexylpentaerythritol diphosphite.

As the phenolic antioxidants, known compounds can

20 be used, and examples of such_known compound include 2,6-di-
t-butyl-4-methylphenol, 2,6-diphenyl-4-methoxyphenol, 2,2'-
methylenebis(6-t-butyl-4-methylphenol), 2,2'-methylenebis(6-
t-butyl-4-methylphenol), 2,2'-methylenebis[4—methyl-6-(a—
methylcyclohexyl)phenol], 1,1-bis(5-t-butyl-4-hydroxy-2-

25 methylphenyl)butane, 2,2'-methylenebis(4-methyl-6-cyclo~
hexylphenol), 2,2'-methylenebis(4-methyl-6-nonylphenol),
1,1,3-tris(5-t~-butyl-4-hydroxy-2-methylphenyl)butane, 2,2-
bis(5-t-butyl-4-hydroxy-2-methylphenyl)-4-n-dodecyl-



~[err] wherein R err] and R err] are each an al kyl group having 1 to
20 10 carbon atons, a cycl oal kyl group having 3 to 20 carbon

_atonms or an aryl group having 6 to 20 carbon atons. Typi ca

~ exanpl es of the phosphorus-containing 3 - conpounds represented by the
above- nenti oned general fornu- a”r'ncl ude distearyl pentaerythritol -
di phosphite, dioctyl- 15 pentaerythritol diphosphite, -
di phenyl pentaerythritol di- phosphite,
bi s(2,4-di-tx e [ i hi phi_ A
bi s( 2. 6- di t“‘%ﬁ{’%’eﬁsﬁg‘lﬁ‘ﬁ% p%%%%ré@e"r%ﬁlﬁaﬁ bis (32 %ﬁ&%hi‘lte and
di cycl ohexyl peatraayphbhip! pak | te,;1-bis(3,5-dimethd3 -bhAyRREROLI C
antioxidants,ﬁknomgﬁcon%oﬁnds can 20 "''be uééd, and exg%plesyo? sgch known

conmpound ianHéﬁyZ%BSdkn—dodecyltﬁiﬁ)ﬁuﬁhﬂé#|1%Mththbis(6-t—butyl-3-

2, 6- di phenyl - 4- met hoxyphenol , 2, 2' -

met hyl enebi sgéthybphghel) pre2 hy|) Phenis (3, 5233 —urbulrtylledehy8f6xybenzyl ) -

t - butyl - 4- net hyl phenol ), 2, 2'-net hyl enebi s[ 4- net hyl - 6- ( a-

met hyl c§cl oh2x¥| $pheiwethylbantend 5-didattadecylhydBekis?3, 528i-t-butyl-

met hyl phenyl ) but ane, 2, 2' - net hyl enebi s(4- net hyl - 6- cycl o- .

hexyl phenol ) 4-bydroxgbanzehimiomatey mrodtadeeylyBefdt-hydroxy-3,5-di-t-

1,1,3-tris(5-t-buté?-4-hydroxy-2-nethyIphenyl)butane, 2, 2- )

bi s(5- t - but yPUBYLDREBYY ) JPFeR ISR ARG tetrakdgdmpthylene(3,5-di-t-

- 33 - C obut ane, et hyl en l.ycol - bi s[ 3, 3-bi s(3-t-butyl -4-

hydroxyphenyp?t%ﬂ§éT€§éf?xy?byqﬁ?ﬁ Qﬁ@éiﬁ% N2 -hydroxy-

phenyl ) - 3- (n- dodecyl thi ?u ane, . 4, -&9{0 l,S(6-1- L-%— s

met hyl phenol ), 2, 3. 51, f4 %’,L**sg‘gi*f?-‘éh‘? -°4°‘Pﬂ€§/ r“c?x;‘?g’g‘%ﬁl ng agtioxi

2,4,6-%41 et n [ I - hi 5-di=t.-b PP

4-hydr%gyben§§+€§n%§§:%%€ gﬁ%cta eé¥ﬁ?§??ﬁ§ﬁ§§(o%§? ?5§é¥¥?}nlng
antioxidants and sulfur-containing antioxidants can also be
used singly or in the form of a mixture two or more there-
of.

The amount of the antioxidant to be used is usually

15 in the range of 0.0001 to 1 part by weight with réspect to
100 parts by weight of the above-mentioned SPS. If the
content of the blended antioxidant is less than 0.0001 part
by weight, the molecular weight of the styrenic polymer
noticeably deteriorates. On the other hand, if it is more

20 than 1 part by weight, mechanical strength is unpreferably
affected .

As the inorganic filler, fibrous, granular and
powdery fillers are all acceptable. Examples of fibrous
inorganic filler include glass fibers, carbon fibers and

25 alumina fibers. On the other hand, examples of the granu-
lar and the powdery inorganic fillers include talc, carbon

black, graphite, titanium dioxide, silica, mica, calcium

carbonate, calcium sulfate, barium carbonate, magnesium



but yl phenyl ) propionate ‘and tetraki s[nmethylene(3,5-di-t-

butyl - 4- hydroxy hydr oci nnamat e) ] net hane. In addition to the
phosphor us-cont ai ni ng antioxi- 10 dants and the phenolic antioxidants,
am ne- cont ai ni ng anti oxi dants and sul34air=contai ni ng anti oxi dants can
al so be used singly or in the formof a mxture two or nore there-

of . The anpunt of the antioxidant to be used is usually 15
in the range of 0.0001 to 1 part by weight with respect to 100 parts
by wei ght of thecatiomtentmaymes iSiSsullfatehebarium subdfidte; otysukfatesgded
antioxidant is |less than 0.0001 part by wei ght, the nol ecul ar wei ght
of the styrenic o oxide, alummnﬁn<&g95np,d§nénpgnace§b1@h and metalliaind,
if it is nore 20 than 1 part by weight, mechanical strength is
unpreferably  POwdeESect ed As the inorganic filler,

fibrous, granular and owdery fillers gre all acce | e | es
of fibrous i nor g &Q&*Qﬁ¥%ﬁ%ﬁlﬁt&9§ fispBRE © ?ﬁ%nfﬂ:‘ﬁeﬁ’ and
es of the

25 | i fib h d,
2od the ovtiary Helsted, Artidias diiori2i0y EHRTBLGR) BELMRER e phe |
graphite, ti Fan'éfa%érﬂg('ﬂﬁterﬁhd ’anﬁ' CRheyChhg BE in the FEEROSALShe&Ed C1 UM

sul fate, barium nat'e nagne§

- 34 - digg aé] e@gmukﬁﬁkicsbaébﬂﬁhiﬂ&ét emj)éaéi&ﬁat es,
tin oxide, alum na, kao Silicon carbide and neta wder s.
No particul ar rqﬁxdédlmléléw&nomb% heERroés. 5 mDI ded artlcl es

conprising the styrenic polyner of the
The molded articles of the styrenic resin of the

10 present invention can be manufactured by various methods,
but, fqr example, the following method is preferable. That
is to say, the above-mentioned SPS or a composition pre-
pared by adding various kinds of components to the SPS as
needed is first preliminarily molded to obtain preliminari-

15 ly molded articles (films, sheets or containers). This
molding can be accomplished by extruding the heated and
molten molding material into a predetermined form, and the
films or the sheets can be molded by T-die extrusion, and
the containers or other structures can be molded by injec-

20 tion molding or the like. An extruder which can here be
used may be either of a monoaxial extruder and a twin-screw
extruder, and it may be equipped with a vent or no vent.

No particular restriction is put on the conditions of the
extrusion, and they may be suitably selected in compliance

25 with given circumstances. However, it ié preferred that a
temperature at which the molding material is molten can be
selected in the range of from a melting point of the mold-

ing material to a temperature 50°C higher than its decompo-



“present invention, and they may be in the form of sheets, filnms,

fi bers, nonwoven fabrics, containers, injection- nol ded articles or
blown articles. The nol ded articles of the styrenic resin of
the 10 present invention can be manufactured by various nethods,

but, for exanple, the followi ng-nethod i3 ﬁ?eTerabIe. That Is to
say, the above-nentioned SPS or a conposition pre- pared by addi ng
various kinds of conponents to the SPS as needed is first

li mi il | ded bt ai | i g i- .15 .l '
(111 m. sheet sSErobrramperayurdmmnd Hear serdse, 1! XTRE GeblR Se oy
or edet or i nod Forh apupiensuch dBHATICHR(eAR BRREihdnatiny flodoed , o
T-die extru3|qgrtf%%ks for a A€ VUL, e%%y&haeé iééHCEHg§§ ﬁﬁ?g Ee

nol ded by i njec- , tiron nolding or t I ke An extru can
here be cas PBb EYLPenad L her of a nonoaxial extruder and a tw n-screw
extruder, and it may be equi pped with a vent or no vent. No

particul ag restrictionafseputherettrusiond thenshat piteliminaridyt motded,

and they may be suitably selected in conpliance 25 w th given '
ci rcunst ances. artibobesrfor tthe hpalf dmeadnendt axe preferabhypecaoled anrdwhi ch
the nolding material is nolten can be selected in the range of from
a nelting poi reobidifitedthreby. At rrjpisatdmeal anooptienptrmaterid@blerr]C
hi gher than its deconpo- - 35-

sition tenpera¥fR AR $bard hiBud jof 9« peftalr Fagyhe Bipdra$ 8rcool-
s e O o e T, L 1 (b8 e 5w BT
10 sheets as the preliminarily molded articles for the heat
treatment, a method using an air knife, an air chamber, a
touch roll, static application and the like can be uti-
lized, which is effective to prevent the unevenness of
thickness and surface waviness. A temperature for the
15 cooling and solidification is usually in the range of 0°C
to a temperature 30°C higher than the glass transition
temperature of the preliminarily molded articles for the
heat treatment, preferably in the range of a temperature
70°C lower than the glass transition temperature to the
20 glass transitioﬁ temperature. No particular restriction is
put on a'cooling rate, but it is suitably selected in the
range of 200 to 3°C/sec, preferably 200 to 10°C/sec.
The preliminarily molded articles for the heat
treatment can take the desired form, but they are usually
25 molded articles such as sheets, films or containers (tubes,
trays or the like) having a thickness of 5 mm or less,
preferably 3 mm or less. If the preliminarily molded

articles for the heat treatment which have not been sub-



-5 After the extrusion, the thus prelimnarily nol ded

articles for the heat treatnent are preferably cool ed and solidified
. thereby. At this time, an optional naterial such as a gas, a liquid
~or a netal can be used as a cool - = ¥ht~ Wien a netal roll or the like
Is used in nolding the 10 sheets as the prelimnarily nolded articles
for the heat treatnent a nethod using an air knife, an air chanber

a touch rol], stati plication and the |ike can be uti -
I'i zed, which Jected &9 | ?‘Gagr ETERAtTERE YRk RAYR R Hhickness Qﬁﬂ%ss and

PUrTaCe, OV NS3i S hETRRA S kAt L b AL O K
than the ol ayhel kA% UrRne mo1gihBE" BHU1S 07} IR |l ded

articles for hea fea era e range

tenperature cies £ol0k8e hoakOWSEathaR' b plags éﬁé‘rk&éiéiréé UERIAtUre to

the 20 glass transition tenperature. No particular restrictionis

put on & cooklimgs.at @urlwbrmbre gHbt & ?%s’téﬂﬁ@iﬁﬂ of dHee prellmlrfaaﬁgﬁr of
200 to 3[err]d sec, preferably 00 to 10[err] C/ séec

prelimnaril yoldededraicleseforothéhheftatreatment ticBOER B mst,ake the
desired form but they are usually 25 nol ded articles such as sheets,

films or conpaxefersblyullés, or less.trhfisthe ¢chwstaldenitayiof) the lprakness of

5 mm or |ess, preferably 3 nmor less. If the prelimnarily nol ded

articles for liminesddy: meddednarwiches hfor the lirat tueatment is more

- 36 - jected to the heat treatnent yet have a thickness of nore

than 5 nm cFPéPa?PﬁzaFP&ntEﬁ6§EéH§n¢ﬁs?ﬁeth¢mﬂQ%434ﬂ4§$%ﬁles of thene tine

Creat mill  oSLYOEE1EnEeRIR BhaChohie besh Sibjected to the'heat ("¢ "°
treatment is poor.

The molded articles of the styrenic resin of the
present invention can be obtained, for example, by subject-
ing the preliminarily molded articles for the heat treat-

15 ment to the heat treatment in a tempefature range of 140 to
180°C, preferably 150 to 170°C. Here, if the heat treat-
ment temperature is less than 140°C, the heat resistance of
the obtained articles is not sufficient and the molded
articles are clouded on occasion. Conversely, if it is

20 more.than 180°C, the transparency becomes insufficient.

The time of this heat treatment is usually in the range of
1 second to 30 minutes, preferably 1 secohd to 10 minutes.
At this time, it is preferred that the preliminarily molded
articles for the heat treatment is rapidly heated up to the

25 predetermined heat treatment temperature, and therefore, in
view of this requirement, a temperature rising rate is
30°C/min or more, preferably 50°C/min or more. If the

temperature rising rate is less than 30°C/min, the heat



5- times. Furthernore, the crystallinity of the prelimnarily

nol ded articles for the heat treatnent is 20% or |ess, preferably
15%or less. If the crystallinity of the pre- limnarily nol ded
articles for the heat treatnent is nore than 20% the transparency
of the nolded articles of the 10 styr€m3?rT5in whi ch have been

subj ected to the heat - treatnent is poor. The nol ded
articles of the styrenic resin of the present invention can be

obt ai ned, for exanple, by ,subject-., Ing the prelimnarily.mlded
articles for thé‘rﬁé’&tmet“r%&?- cegmplighad ?{3 gh‘ée %aﬁqréea{%ﬁ qt}?rbq-ﬁle

t enper ature range. of . _ err]C
Here, if the he et%reé:;etﬂu‘h%d heaﬁeﬁ%gg{éﬁ%é%%ﬁﬁé%%%% ﬁ}r#a%m%%fegrr] C],

t he heat resi st t 0 sngd ' ' t | 1 and
the nol ded ei:G'L%lgtlr iacﬁegg Yaro é" E’ gug\%gagg %%E%%%ﬁso%r\%rssélwé,d% exi‘gtu?g
20~ nore than j58Qhgaiked TsBﬁueUiﬁt%QarFélSCpfaP@f&ﬂﬁrif@éﬁﬁicﬁiﬁH .is put on

The tine of this heat treatnment is usually in the range of 1 second
to 30 minutses, pheS dealingl pioeeddrbootOthé Nhié£6 . treatmentd)t But SEdr rexani-t
Is preferred that the prelimnarily nol ded articles for the heat
treatnent is rapld,y theahedtupreatimbat 28n be pcadeied oute dyhdatingigy e
tenperature, and therefore, in view of this requirenment, a

t enper at ure ri simoddest @ritdicles int@0fentiaCtnwithyra rgating dfediam ysuch as

50[err]C/ mn or nore. If the tamaauuerimngrmeisIe$3ﬂmn
30[err]C/min, tifed@sat @ 1iquid or a metal at 120 to 2 0°C. In addifaon,

treatment is acconplished at a tenperature | ess fhan the

predet er mi ned hé&he moddedeArtisps: of (FRe SHYTeRic (fpsin which haye anders

of the WDH%Ed aEQﬂQ %iepge%Q?t%E %ﬁgh ﬁ&éé? the above-mentioned condi-
tions may be subjected to the heat treatment again, if
necessary. In this case, the suitable conditions of the
heat treatment are that the temperature is in the range of
the glass transition temperature to the melting point and

15 the heat treatment time is 1 second or more. In the molded
articles of the styrenic resin which have been subjected to
the heat treatment again, the improvement of the crystal-
linity cénnot be expected, but a heat deformation tempera-
ture can be improved without impairing the transparency.

20 Next, the present invention will be described in
more detail with reference to examples, but the scope of
the present invention should not be limited by these exam-
ples at all.

Preparation Example 1 (Preparation of a styrenic

25 polymer having a syndiotactic configuration)

In a 500-ml vessel which had been dried and purged
with nitrogen were placed 90 pmol of dimethylanilinium-

tetra(pentafluorophenyl) borate, 90 pmol of pentamethyl-



s inpaired sonetines. ‘No particular restriction is put on 5 t he
heati ng procedure of the heat treatnent, but for exam pl e, the heat
treatnment can be carried out by bringing the nol ded articles into
contact with a heating nedi um such as : a gas, aliquid or a netal at
120 to 200[err]C.. In addition, the ﬁ@lded articles of the styrenic
resin which have under- 10 gone the heat treatnent under the
above-nenti oned condi - tions may be subjected to the heat treatnent

neat 't reat ment cxs@%%i?%ﬁsﬁ@x%ﬁ%é%ﬁ*ﬁZE{%&?‘%W?#%& gy BT o Braeg 7
Lo is 1 secod ar taargiul Sfl7sb A9 8 Eb186H6, fottodeld Pl Rl B!

resin which haygoheeBmpaPheaied to the heat treatnment again, the
| mprovenent of the crystal - linity cannot be expected, but a heat

deformation tenpera- Next, Hd’ ané8RePevesPeD\esraV pludd 28Il REE t he
transparency. 20 Next, the present invention will be described

in 5nor e stgrene anthlr é0emmot eof ot ekeithpy sl unbinun ,hans dhe solution
the present invention should not be linmted by these exam pl es at
al l. was thenepeasedonpEkanpftCd Aftgrwand,ofleS alsofr éddec 25
pol ymer having a syndiotactic configuration) . In a 500-m
vessel whi ch h@eydensdyi pyepageguegbatylst soljtipmiwasogedlefiet® Fheced 90

[err]mol of dipethylanilinium tetra&gentaﬂluonophenyl) orate, 90
[err]nol of penggﬁgph§p;utlon to carry out polymerization for 1 hour.gg .

CYelOPEntadh o AT L P 0% S u SRk £ i Jsuteing produce

10 = was dried to obtain 97 g of a syndiotactic polystyrene
(SPS). The weight-average molecular weight of this poly-
styrene was 350,000.

Preparation Example 2 (Preparation of a styrenic
polymer having a syndiotactic cdnfigurqtion)

15 The same procedure as in Preparafion Example 1 was
repeated except that the amount of triethylaluminum to be
used was 2.50 mmol, thereby obtaining 57 g of an SPS. The
weight-average molecular weight of this SPS was 220,000.

Preparation Example 3 (Preparation of a styrenic

20 polymer having a syndiotactic configuration)

The same procedure as in Preparation Example 1 was
repeated except that 250 ml of styrene was replaced with
225 ml of styrene and 25 ml of p-methylstyrene, thereby

obtaining 104 g of a syndiotactic p-methylstyrene-styrene

25 copolymer (the content of p-methylstyrene 7 mol). The
weight-average molecular weight of this copolymer was
370,000.

Preparation Example 4 (Preparation of a styrenic



Toomtenperature. - : o Next, in another vessel were placed 250 m~

of 5 styrene and 1.40 mmol of triethylalum num and the sol ution

was then heated up to 70[err]C. Afterward, 41.5 nl of the previ ously
prepared catatylst solution was added to the heated solution to
carry out polynerization foor 1 hour. - 39ter the conpletion of the
reaction, the resulting product 10 was dried to obtain 97 g of a

syndi otactic pol ystyrene (SPS). The wei ght -average nol ecul ar wei ght

of ‘this poly- e i . . Preparation
Exanple 2 (Pr %]F If‘?%ﬁﬁ%\?”gfs%\@sr%@n%i%t%%%m cﬁgfﬁfiﬁ%]faﬁé?fll g a syndiotactic
configuration) 15 T 5%?3% r u LhsPre y QN | e
1 was r epeat ed %&%e%%m%kégbt e éﬁéﬁﬁﬁgb?%F??g?ﬁ§$élﬁﬁ1n %?t% ggp

used was 2.50 pagdatdd s OB e et h L 981 SBSnt I8 €envltitani
wei ght - aver age rmlaecul arfé/\%e? ght of litaﬂll S SPSQV\gg 2?@, 000. Spyttitanium

Preparati on BExgiibercxid¥ epad atdplaceld ithy ?éﬁ'témet?ﬁylcy@%y@i@ﬁadlﬁdhﬁﬂ- a
syndi otactic configuration) he same procedure as in

Prepar ati®n BExazimteniumasrimethoxidepeahedebyceptaihihg?2b0 globfant§Pene was
replaced with 225 m of styrene and 25 m of p-nethyl styrene,

t her eby The twe ighiy-anerage mcd ecplairowedght pfnbhhg| SP§rea®- st yrene

25 copolymer (the content of p-nethylstyrene = 7 nol). The

vei ght - aver age2 M4 QQ4 ar wei ght of this copol yner was 370, 000.
Preparati on Exanple 4 (Preparation of a styr

36 - ol y oA R LRy i B San P F P Ry tract on of

a polymer and the characteristics of molded articles were
10 measured as follows.
(1) Methylene chloride extraction
In 12 ml of 1,2,4-trichlorobenzene was dissolved,
at 170°C, 2 g of a polymer obtained by drying, and the
solution was then cooled to room tempefature to obtain a
15 gel. Next, this gel was subjected to Soxhlet extraction
_ for 4 hours or mofe by the use of methylene chloride as an
extraction solvent, whereby the methylene chloride extrac-
tion was determined.
(2) Breaking strength of stretched films
20 For stretched films, a tensile test was made in an
| atmosphere at a temperature of 23°C and a relative humidity
of 50%, and breaking strength was evaluated in accordance
with JIS-C2318 under conditions that a distance between
chucks was set to 100 mm and a test rate was set to 200
25 mm/min.
(3) Breaking strength of injection-molded articles
A tensile test was made in an atmosphere at a

temperature of 23°C and a relative humidity of 50%, and



The same procedure as in Preparation Exanple 1 was repeat ed except

t hat pent anet hyl cycl opent adi enyl titani um tributoxide was replaced
wi t h pent anmet hyl cycl opent adi enyl - 5 zirconi um trimethoxi de, thereby
obtai ning 10 g of an SPS. The wei ght - aver age nol ecul ar wei ght of
this SPS was 200, 000. = 4°Ihcidentally, t he net hyl ene
chl ori de extraction of a polyner and the characteristics of nol ded
articles were measured as folloms (1) Methyl ene

il (1) e
Gi'ssol ved, aﬁ*égf%n%f%%ﬁfe wps, YRR, 3o, asfa?asi%éagbyi’éﬁyﬁﬂéf Yand

gor. Next, tree 55 ik L@‘E“%fé?i"ﬁ% st AT b SERARE BByt Sn “ChitHg fwag o,

or nore by thesél@et&flm?tdﬂﬁ/'e&ﬂf & el Q%t%swég set to Eéﬁxp%ﬁiﬁon sol vent,
wher eby the nethyl ene chloride extrac- tron erm ned.

(2) Breaking strength of) stswetfdws didgss 20 For stretched
films, a tensile test was made in an at nosphere at a tenperature of

23[err]Co®nd a rel ati vBisksiltiving a diamefeFO%E a00mir gAdi A0tBIiERAGSES IAS
eval uated i n accordance with JI S-C2318 under conditions that a

di stance bet wekmm were prepskedviy datjettitfOmolding, candsgloss evamstisai t o
200 25 nm m n. (3) Breaking strength of injection-nolded

articles measured im aceseridaaceewithadIfaBél0h. an at mosphere at a

f 23[err C and relative humdity of 50% and
Eezgefat“re © [ ] Heat treatment of dlgks

The disks were subjected to a heat treatment at
10 200°C for 12 hours, and gloss was then measured in the same
manner as described above.
Example 1
To an undried polymer which had been polymerized in
Preparation Example 1 was added 1.0% by weight of wéter,
15 and granulation and volatilization were carried out at a
cylinder.temperature of 290°C and a molding temperature of
300 to 320°C at an extrusion rate of 55 kg/hr by the use of
a twin-screw extruder. The methylene chloride extraction
of the obtained pellets was measured. Next, Irg 1010 (made
20 by Ciba-Geigy) and Adekastab PEP36 (made by Asahi Denka
Kogyo K.'K.) as antioxidants were blended,with the obtained
pellets, and a sheet was then extruded through a twin-screw
extruder having a T-die at its tip.
A stretched film was prepared from the raw fabric
25 sheet by a successive twin stretching method. At this
time, a stretch temperature was 110°C and a magnification
Mip¥App was 3x3 wherein Myp was a stretch ratio in a MD

direction and Aqp, was a stretch ratio in a TD direction.



breaki ng strength was eval uated in accordance with JIS- K7113 under’

conditions that a di stance between chucks was set to 115 mmand a
test rate was set to 5 mm min. (4) Surface gl oss 5

Di sks having a diameter of 40 nm and a thi ékness of 3 mm were
prepared by injection nolding, and gl oss was then measured in
accordance with JI S-K7105. (5) Heat treatnent of disks
The di sks were subjected to a heat treatnment at 10 200[err] C for 12

hours, and gl oE%stthﬂeﬁh%a§‘a¥%’éFh¢d tHelm s subjecteshier 249°deferi BRd
above. q?hg To an undried pol yner
whi.ch had beensﬁﬁ?Qﬂﬁr?Eeﬁt ixed emq:’reparation Exanple 1 was added 1.0%

DL O e oA TN 8 B h@;ﬂ@ﬁ%::;;;?e
300 55
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a twn-screw oril racti

obt ai ned pel | efs NBAS tp, H & 11010 (nade 20 by G ba- Gel ay)
and Adekast ab PéEBG ?nadeqiy gﬁ¥ : Kogyo K. K.) as

anti oxi dants were bl en%ﬂ&ﬁﬁ@m;g&qﬁg@qd pellets, and a sheet was
t hen .extruded through a tw n-screw extruder having a T-die at its
tip. A BétRandEdvds | addert U epanedriedrpbligmeapbipmee- 25
sheet by a successive twin stretching nmethod. At this tinme, a
stretch t enperized elmeRregdfat igrC Exapd endgisiof ithati the concen@eat;onwaﬁ 3x3
wherein [err]MD was a stretch ratio in a MD direction and [err] TD

was a stretch ¥he|styreneoontaigtingpolymer might be 98% by weight, and

-4 10 the solution was then stirred at 130°C for 3 hours in a
closed vessél. Thé resulting polymer was vacuum-dried, and
a methylene chloride extraction was measured. Next, a
stretched film was prepared, and its breaking strength was

then measured. The respective results are shown in Table

15 1.
Table 1
20
Extraction Breaking Strength
(wt%) (MPa)

25 Example 1 5.2 91

Comp. Ex. 1 11.2 : 78
30

Example 2

(1) Preparation of maleic anhydride-modified
polyphenylene ether
35 100 parts by weight of a polyphenylene ether



Next, the thus stretched fi'l mwas subjected to 240[err]C for 30

seconds at its fixed end. The breaking strength of the
stretched fil mwas nmeasured in the above-nentioned manner. The

obt ai ned 5 results are shown in Table %. Conpar ati ve
Exanmple 1 Met hanol was adde84ts an undri ed pol ymer pol yner -

I zed in Preparation Exanple 1 so that the concentration of t he _
styrene-contai ni ng pol yner m ght be 98% by wei ght, and 10 t he sol ution

] i . J . Cl d | . Th
esul ting pol yRarRitaPEEE ketefhed L0 ‘ﬁoahs;ws;tﬂy%gﬁé?&#ﬁiﬁ%amlﬁ
Us breaking STRSaOEbChalh ohlofotomm ot 4R 81D, HRNCAFDISAREH, vEoH, .

shown in Tabl ez darts By weight of maleic anhydride, and the H#Bh& %a§ 20
Extraction Breaking Strength (W%

(MPa) 25 hsBepheaidd kneaded at a sét Zemperature of 300°C93t a screw
Conp. Ex. 1 11.2 78 30
Exanpl e 25 rotational frheqimparaf i200 afpmiblyeitheanbygdoifda- 80dmini €Win-
pol yphenyl ene ether 35 100 parts by weight of a pol yphenyl ene
et her screw extruder. At this time, a resdd temperature was
about 330°C. The resulting strand waé cooled and then
pelletized to obtain maleic anhydride-modified PPO.
(2) Preparation of a purified polymer and an
10 injection-molded article
| The same granulation and volatilization as in
Example 1 were carried out except that an undried polymer
polymerized in Preparation Example 2 was used, and a methyl-
ene chloride extraction of the resulting pellets was mea-
15 sured. The obtained results are shown in Table 2.
0.3 part by weight of Irg 1010 (made by Ciba-
Geigy), 0.3 part by weight of Adekastab PEP36 (made by
Asahi Denka Kogyo K. K.) and 0.3 part by weight of TPD
(made by Sumitomo Chemical Co. Ltd.) as antioxidants and
20 0.3 part by weight of PTBBA-Al (made by Dainippon Ink &
Chemicais, Inc) as a nucleating agent were dryblended, by a
Henschel mixer, with 100 parts by weight of a mixture
obtained by adding 3 parts by weight of maleic anhydride-
modified PPO to 100 parts by weight of a composition com-
25 prising 90% by weight of the above-mentioned syndiotactic
polystyrene and 10% by weight of SEBS (trade name Kraton
G-1651, made by Shell Petrochemical Co. Ltd.), and the

blend was then kneaded by the use of a twin-screw extruder,



Thereinafter referred to as "PPO' sonetines) (its intrinsic

viscosity in chloroformat 25[err]C = 0.45) was dryblended with 3
- parts by weight of naleic anhydride, and the blend was nol ten and

kneaded at a set tenperature of 300[err]<C4&& -a screw 5 rotational

frequency of 200 rpm by the use of a 30 mMm tw n- screw extruder. At

this time, a resin tenperature was about 330[err]C. The resulting

strand was cool ed and t hen pelletized to obtain maleic

anhydri de- rmdivm'iéda PR3 by weight of a glasy Pikenrétiade giame BCITIRd

pol ynmer and an injection-nolded article The sane

granul ati on arﬂ?lx/cﬁrat“ﬁqez&ly 4 ppon; Electric @(%ﬁﬁ)l@-lr \Eé?‘%- k &as aidan

except that a dried poly merized in ration EX le 2
was Used, andr}'fla;e reby Cltaigioopelirte: exkfsRivarfior ho SHRATE ho
pell ets was nea- sure bt ai ned result are sho PN Table 2.
53 part by woRHHES WerE FURIeckel. 8, et ot nota i 5 ah RS
wei ght o% Ade PEP36 (rmade by Asahi Denka Kogyo K. K. ) and 0.3
part by weigh D (made by Sum tono Chem cal Co. Ltd.) as

antioxi dants and 20 pod t?leo%ihsbbb‘@ﬁhﬂl%& bsETBEedd damasedy drdddgpon

I nk & Chenmi cals, Inc) as a nucleating agent were dryblended, by a

Henschel i xekghiWH MakD®eeay supjeceenoib af haatll ¥ida€ment at DHOW st by
addi ng 3 parts by wei ght of mal eic anhydri de- nodi fied PPO to 100

parts by wei giit, 500 homaspobreakingostredgth was imeamnidid) @ndwilghtresy t he
above- nenti oned syndiotactic pol ystyrene and 10% by wei ght of SEBS
(trade nane Ksatlizs are sho@nl8b1Tabdde2by Shell Petrochem cal Co. Ltd.),
and the bl end was then kneaded by the use of a tw n-screw extruder,
- 43 - 10 Comparative Example 2

To a polymer polymerized in Preparation Example 4
and then vacuum-dried, methanol was added so that the
concentration of the styrene-containing polymer might be
20% by weight, and the solution was then stirred at 130°C

15 for 1 hour in a closed vessel. This polymer was separated
from the solution by filtration, and then vacuum-dried.
Afterward, a methylene chloride extraction was measured.
Next, an injection-molded article was prepared in the same
manner as in Example 2, énd breaking strength was then

20 measured before and after a heat treatment. The results

are shown in Table 2.

25



vhi |l e 30% by wei ght of a glass fiber (trade name ECS03T- 051/ P, made

by N ppon Electric dass Co., Ltd.) was side- fed, thereby obtaining
pellets. Afterward, the obtained pell ets were subjected to injection
nol ding to obtain test 5 - pieces. - 44 - For the thus obtained
test pieces and test pieces whi ch had been subjected to a heat
treatnment at 150[err]C for 1,500 hours, breaking strength was
nmeasured, and the re- sults are shmapld 2 Table 2. 10

Conpar ati ve Exanple 2 To a polymer polynerized in
Preparati on Exanple 4 and then vacuumdried, nethanol was added so
that the concentration of the styrene-contai ni ng pol ynmer m ght be

20% by weiht, and the sol ution was then stirBe@aking30[err]C Breakingor 1
hour in a closed vessel. This polymer was sePb¥eR®kh f r hnemgth
sol'ution by filtration, and then vacuumdri ed. bef°re Aftermard after

met hyl ene chl ori de extraction aGEasur ed. , Heat
|nject|09_ gl ded article was prﬁkaged in tfuagﬁ%@§ment nanné?r?ﬁﬁgﬁpt
.Exanpl e and breaklng strengﬂ s then ﬁéasured bef ore after
a heat treatnmernt: TreTesutts are—stowr—mr—Tabte—2 25

_ 44 - le 2 7.7 Table,dg 5 89

Br eaki ng reaklng _

15 Comp. Ex. 2 11.5 118 70
20 Example 3

The pellets of a syndiotactic polystyrene obtained
in Example 1 were blended with 0.1% by weight of Irg 1010
(made by Ciba-Geigy) and 0.1% by weight of Adekastab PEP36
(made by Asahi Denka Kogyo K. K.) as antioxidants, and
25 disks were then formed therefrom by injection molding. For
the thus formed disk and another disk which was subjected
to a heat treatment at 200°C for 12 hours, gloss was mea-
sured. The results are shown in Table 3.
Comparative Example 3
30 The same procedure as in Example 3 was repeated
except that the powder of a syndiotactic polystyrene ob-
tained in Comparative Example 1 was used, thereby forming
disks, and gloss was then measured before and after a heat
treatment. The results are shown in Table 3.
35 Comparative Example 4 -
| Methanol was added to an undried polymer polymer-

ized in Preparation Example 3 so that the concentration of



Strength Strength - bef ore

after Extrac- Heat Heat

t-i on Tr eat ment Treatment 10 (Wt %

(MPa) (MPa) Exanpl e 2 4 7.7 118

89 15 Conp. Ex. 2 11.5 18 70 20
Exanple 3 The pellets of a syndiotactic pol ystyrene obtai ned
in Exanple 1 were blended with 0.1% by weight of Irg 1010 (nade by

G ba- Ge P
Denka Kogyn K 08 BlyRlrteiddiaini67RaTAR: MRich: be oas WIPdferihh Ala
therefrom by | YrRCIYIAMETRIN WG th%ﬂr stirred 5@9135‘@ £ r?qlcgi ZOJgFerr] c

anot her di sk which was subjected to heat treatnent at

for 12 hours, ¢lesed\ses¥ed, followedubﬁdva&'ﬁ'&nl&ﬁyliﬂé ar'ﬁléh@%hjl’én-@m e
3. Cbnparatlve Exanple 3 30 sanme procedure’
as in Exanpl e 2hlexidepextzdction ofetnepreéﬁm&1ﬁ¢mp¢1ywhr wis &easured,
syndi otactic pol ystyrene ob- tained in Conparative Exanple 1 was
used, theBeby Padnidigks were gheRsfommedgtisseficam tirerthee asunee shangfear @sand
after a heat treatnment. The results are shown in Table 3. 35

Conpar ati ve Exzi#plEéalﬂPle 3. Next, glesshHuas|mepsuzedidefioremndh@fter a

pol ymer pol yne zed in_Preparation Exanple 3 so that the
concent ration h@at treatmént. 'The results are shown in Table 35 .

the styrene-containing polynmer m ght be 98% by wei ght, and t he
solution was then stirred at 130[err]C for 3 hours in a

10 Table 3
_ Breaking Breaking
15 ' Strength Strength
before after
Extrac- Heat Heat
tion Treatment Treatment
(wt%) (MPa) (MPa)
20
Example 3 5.2 92 : ' 60
Comp. Ex. 3 11.2 92 12
25 : .
Comp. Ex. 4 12.0 93 12
30

Possibility of Industrial Utilization
35 As described above, in a styrenic polymer having a
'highly syndiotactic configuration regarding the present
invention, a methylene chloride extraction is extremely
small, and this polymer can be used to obtain stretched
films having a high breaking strength and to obtain injec-

40 tion-molded articles having a high Izod impact strength, a



tl osed vessel, followed by vacuumdryi ng. -The net hyl ene chl ori de

extraction of the resulting polyner was neasured, 5 and di sks were
then fornmed therefromin the same manner as ~in Exanple 3. Next,

gl oss was neasured before and after a . 4¢ heat treatment. The results
are shown i'n Table 3. 10 _ Tabl e 3

Br eaki ng Breaking 15 o Strength
Strength bef ore after
Extrac- highigddat deformation ti@perature and a high breakingn

Tr eat ment Tr eat ment : (W% (MPa)
(MPa) 20 stfemyh acurier long-terkm heating. Fuffhermore, even if60
Conp. Ex. 3 11.2 92 12 25 Conp. Ex. 4
12.0 theg8 injection-moldedl articles are used at a high tempera-
Possibility of Industrial_ Wilization 35 ) . As descri bed above, in
a styrenic polS#Ee ¥RNidgleng time, ghghdeteyiaratieni of conrface sg1ess
regardi ng t he gre;e}&% .. i nventiqQn, a _net hél ene chlorjde extragtion is
ext r enel an ficigprlnike gohjbdtedan BBereareo Bhe SHEEREE ched

films having a _high breaking strength _and to obtain,jniec-_. 40
{1 one ol ded kR 156 HHE Sude Jn¥efriger 26, pRibRAES fof the manu-
- 46 - i t pon .t r . and 2 i rei.g'lﬁ'!:lgg
strength underfa}%{nlg% lﬁn%‘%&&%@%@urﬁ?hg%r g’%gééjéﬁgi &};E&Q,
for automobiles, building materials, electric and electron-
ic materials, films, fibers and nonwoven fabrics.

- 10

15

20

25



these injection-nolded articles are used at a high tenpera- - ture for
along tine, the deterioration of surface gl oss 5 can sufficiently be
inhi bited. Therefore, the styremic pol ymer of the present invention

is suitable for fact ure-o47 sheets such as food w appi ng
materials, part mm”mr"m' rmblles buil ding naterials, electric and
SS,*

el ectron- *icomat ers | s, flbers and nonwoven fabrlcs 10

15 20 _

CLAI M5 1. A styrenic pSIHEEE having a highly syndiotactic
configuration in which the weight-average nol ecul ar wei ght 5 of the
styrenic polymer is in the range of 1x10[err] to 2X10[err] and in

which the weight f racti on I-Pfséﬁ:e%(; %%tly%t rﬁ%&rgng a hJ.ghly syndiotactic

configuration in which the weight-average molecular weight

5 of the styrenic polymer is in the range of 1x10%4 to 2x106
and in which the wéight fraction of an extract extracted
with methylene chloride from a gel obtained by dissolving
the styrenic polymer in 1,2,4-trichlorobenzene and then
cooling the solution is 10% by weight or less.

10

.2. The styrenic polymer having a syndiotactic

configuration according to Claim 1 wherein the styrenic
polymer having the syndiotactic configuration is a homo-
polymer of styrene or a copolymer of the styrene and a

15 styrenic monomer, an olefin; a diene monomer or a polar

vinyl monomer.
3. A molded article comprising a styrenic polymer

having a syndiotactic configuration described in Claim 1.

20

25



"“mﬁt% nef%ylene chloride froma gel obtained by dissolving t he

styrenic polynmer in 1,2,4-trichl orobenzene -and ¢t hen cooling the
tsolution is 10% by weight or less. 10 ! 2. The styrenic

- polymer having a syndiotactic configuration according to Claim1
wherein the styrenic pol ymer having the syndiotactic configuration
s a hono- - polyner of styrene or a gopolyner of the styrene and a

. 15 styreni ¢ nononer, an-olefin, a diene nononer or a polar Vi nyl
nmonhoner . 3. A nol ded ABSTRAECTtonprising a styrenic pol yner
having a syndiotactic configuration described in daiml. 20 25

A styrenic polymer having a highly syndiotactic

configuration {SPS) is herein disclosed in which the weight-
5 average molecular weight of the styrenic polymer is in the

range of 1x104 to éx105 and in which the weight fraction of
an extract extracted with methylene chloride from a gel
obtained by dissolving the styrenic polymer in 1,2,4-
trichlorobenzene and then cooling the solution is 10% by

10 weight or less, and a molded article comprising the SPS is
also disclosed.

According to the present invention, there can be
provided a styrenic polymer having a syndiotactic configu-
ration (SPS) which permits the formation of stretched films

15 having a high breaking strength and the formation of molded
articles having a high Izod impact strength, a high heat
deformation temperature and a high breaking strength under
long-term heating and inhibiting the deterioration of the
surface gloss of the molded articles, even if the molded

20 articles are intermittently or continuously used at a high

temperature.



