: (
1 DESCRI PTI ON 4- METHYL- 1- PENTENE PCLYMER, PROCESS FOR PRODUCTI ON THEREOF,
AND USE THEREOF TECHNI CAL FI ELD [0001] 4 ~ The present invention rel ates
to a 4-methyl-I|-pentene pol ymer having excell ent bal ance between heat ¢
resistance and rigidity, a process for producing the polynmer and uses
t hereof . TECHNI CAL BACKGROUND [ 0002] Since ol efin polynmers have
excel l ent processability, chem cal resistance and el ectrical and nechani cal
properties, they are nol ded into BREEBSFEACNDI ded articles, injection
nol ded articles, hollow nolded articles, filns, sheets and the |ike and
have been applied to a w gdevrapge-of pusesnEf eoLexeRrpl e, conveni ence goods,
kitchen utensils, packaging filnms, fibers such as non-woven fabrics, etc,

househol d el ect ri prapRs RDRIROBTRENAN SRR, Ui BREGHHG: AT { S, aut onobi | e
|9 - : - .

parts and the like. In particular, olefin polynmers contalning
4-nethy|-l}§entene have been used as a resin having excellent heat

resi st ande-Pogetthdrl&lit h excel | ent transparency, gas perneability and
chenical resistance in various fields, for exanple, nedical instrunments,
heat sresiEi@Ent el ectric wires, heat resistant dishes and the |like. [0003]
2 Pat ent docunents 1 and 2 disclose a catal yst, which conprises a
solid titani umreatalass+canpanantoc omasad ofc nagResd w1 1 tutidime hal ogen
and an el ectron donor, and an organonetal conmpound as a catal yst for

pol yneri zation aqf_ ol efins ont al nj 4- =y t ; ent
ocunments sIr distrtsd i e o0 T bl Ry At nsr T AR

pol ymer by a Batch pol ynerization nethod using the above-descri bed

cat al ysttigrfE Tbs @ PFRGSHS yREr BTpREparedt by Phedtehridicesses $6REFPRes have
inferior heat resistance for their rigidity depending to uses. 10[0004]
Recent | yLEGE®N ECdatEAGKIRAW@N D pol yneri zati on of ol efin pol yners containing

4-nmet hyl -1 - pentene, a netal |l ocene catal yst -has been di sclosed (referred to
Pat ent nt 3). This patent docunent al so discloses a process for
produci ng an ol efin polymer 15 containing 4-ne yi-|-pentene by a Batch

pol yneri zati on, et hod. However . the .resulting pol.yner sonetimes has stil
i nsufficient %&Ingﬁcgqﬁ ' éDnO%ﬁ/é‘é 5 ehsa%s ance “alne&“r ipg‘ﬁoa‘fe?sys.abﬁq%r efor e, the

i mprovenent in the polymers and pol ynerization methods has been desired.
20 Pat ethadoicimrertesE:staymen Fpd5ebopepical and mechanical properties,

they are molded into extrusionrnolded.artic}es, injection molded
articles, holiowrnolded articles, films, sheets and the like and

> have been applied to awide range of uses, for example, convenience
gdods, kitchen utensils, packaging films, fibers such as non-woven
fabrics, ete, household electric appliances, mechanical parts,
electric parts, automobile parts and the like. In particular,
olefin polymers containing 4-methyl-l-pentene have been used as

}  a resin having excellent heat resistance together with excellent
transparency, gas permeability and chemical resistance in various
fields, for example, medical instruments, heat resistant electric
wires, heat resistant dishes and the like.

[00C3]



Pat ent docunent 2: International publication WO 2006-054613 Patent
docunent 3: International publication WO 2005-121192 DI SCLOSURE OF

| NVENTI ON OBJECT OF THE | NVENTI ON §2[0005] The present invention is
intended to solve the problens, and it is an object of the present
invention to provide a 4-nethyl-1-pentene pol yner having excell ent bal ance
bet ween heat 5 resistance and rigidity, a process for producing the pol yner
and uses thereefh: McANSER SOMNG RREBIIEM 0006]talyst, which The

4- et hyl -1 - pentene pol ynmer of the present invention 10 conpri ses: 50

to 100.30by; 1Bss, of, 2 gONSLIL UL NG Ul fe detdneds Liom dafmldy] o - pent ene and

0 to 50 y nhass of a constituting umt derived east one of
olefins having 2 to 20 carbon atons_ excl uding 4-nethyl-1-pentene provided
t hat t%%g¥%%thoft%W@P%Ech%%t???ﬁi?ﬁﬁtﬁﬁtetéb?%%% FTONT 4-FrEt WY - 4- pent ene
and the constituting unit derived fromat |east one of olefins having 2 to
20 car bopaadensa bxcingpdiung 4snetdiiallge Tenerd 5y801 36 byoness o laad nEhe

4- et hyl - 1- pen ene polyner is obtainable by feeding a nonomer for formng
t he 4- gBhbylnlnpentenen pot yrapen ante an 1ofganipe: 2t s aoamteritt @ laso

pol yneri zation reactor continuously and extracting a polynerization

oo D T ORS00 L1 o TEL L PEDEEReROl OB o e

a Batch polymerizationmethod using the above~described catalyst.
The resulting polymers prepared by these processes sometimes have
inferior heat resistance for thelr rigidity depending to uses.

10 (00047

Recently, as a catalyst for polymerization of olefin

polymers containing 4-methyl-l-pentene, a metallocene catalyst
has been discleosed (referred to Patent document 3). This patent
document alsc discloses a process for producing an olefin polymer

15 containing 4-methyli-l-pentene by a Batch pelymerization method.
However, the resulting polymer sometimes has still insufficient
balance between heat resistance and rigidity. Therefore, the
improvement in the polymers and polymerization methods has been
desired.

20 Patent document 1: JP-A-Z005-89663
Patent document 2: International publication WC-2006-054613
Patent document 3: International publication WO-2005-12113Z2

DISCLOSURE OF INVENTION

OBJECT OF THE INVENTION



4 Furthernore, the 4-nethyl-1-pentene polyner of the present

i nvention conpri ses: 50 to 100 % by nmass of a constituting unit
derived from 4-nethyl -1-pentene and 8 to 50 % by mass of a constituting
unit 5 derived fromat |east one of olefins having 2 to 20 carbon atons
excluding 4-nethyl-1-pentene provided that the total of the constituting
unit derived from4-nethyl-I-pentene and the constituting unit derived from
at |eastpope of olefins having 2 to 20 carbon atoms excl uding _
4-met hyl -1-pentene is 100 % by mass, 10 and the 4-nethyl - 1-pentene pol yner

satisfies t following formulas (1) .and (2): 48 x [y] .- 7500. 48 x [Y]
- 7000 ... (1)° 1860 %ﬁ’??%l?r?)*%rﬁr}ﬁ@dw&ig‘% hat %%‘%%e“”reoﬂprﬁﬂﬁié[ﬂzgr) and
2), [X] is a nodulus in 15 tension (MPa), as neasured in an ASTM 0638

met hod2ngf L1 hés4apechyECk- péntehel pof §ier LAHENEYPRI §caPVPEatiesdf t eni ng
point (C), as neasured in an ASTM D 1525 net hod, of the 4-nethyl-1-pentene
pol ynek -m&hey4-ephytetepent ene pakymere:tse pref €allay:cebbat nabh exdaye 20
feeding a nononmer for formng the 4-nethyl-1-pentene polymer and an organic
solyent..contiauausly 10 the pobyperization reacton andyextsactd ng. &

pol ymeri zation reaction m xture contai ning the resulting 4-nethyl-1-pentene
pol ymer fromthe polynerization reactor continuously. 5 [Q0081 The
4-neth9F?f-ghﬁfgﬁé‘polyner according to the present invention is preferably
obt ai nabl e b¥_further regul ati ng the anount of a sol vent-sol ubl e pol yner
cont ai HEANEN FPRe SBLgeRgnERLBAENONr eact i onmi xt ur eext r act edf r ont he

pol yneri zation reactor to be within 15 % by mass. [0009] The

-4- et hykbob€pent ene pol yner preferably conprises: 50 to 99.9 % by mass of a
~constituting unit derived from 10 4-nmat hyl -1-pentene and 0.1 to 50 % by
mass of a comgkihubiRg Moht deribyed hromeat Jeasf. qne Qf, 0l gfjds having 2
to 20 carbon atons echudlng 4-nmet hyl -T-pentene provided that the total of
thf constituting unit derived from 4-nethyl-1-pentene and the constituting
untt déPfVEd>FFom at | east one of olefins having 2 15 to 20 carbon atons

excluding 4-nethyl-|-pentene is 100 % by mass. [0010] ~ The_process
for produci ng’t Re A0Refhyly- Pasénténé FoInFert Holdsr dithig 138 e riessnt
i nvention conprises: continuouslyfeedi ng4-nethyl -1 -pentene, or 20

4- et hyl-nketpgnt-arecandénanaoked i o exclaudiyvngadsmethyl dr pent eneng toget her
Wi t han organic solvent to a polynerization reactor, and
derived from at least one of clefins having 2 to 20 carbon atoms
excluding 4-methyli-l-pentene provided that the total of the
15 constituting wunit derived from 4-methyl-l-pentene and the
constituting unit derived from at least cne of clefins having 2
to 20 carbon atoms excluding 4-methyl-l-pentene is 100 % by mass,
and the 4-methyl-li-pentene polvmer is obtainzble by feeding a
monomer for forming the 4-methyl-l-pentene polymer and an organic
20 solvent into a polymerizaticon reactor continucusly and extracting
a polymerization reaction mixture containing the resulting
4-methyl-i-pentene polyvmer from the polymerization reactor

continucusly.

[0007]



continuously extracting a polynerization reaction mxture containing a
resulting 4-nethyl-1-pentene polyner fromthe polynerization reactor. 6

[ 0011] It is preferred that the 4- et hyl - 1- pent ene pol ynmer prepared
by the above process preferably conprise: 50 to 100 % by mass,
preferably 50 to 99.9 % by nmass of a constituting unit derived from

4- met hyl - 1- pent ene and 0O to 50, % by mass, preferably 0.1 to 50 % by

mass of a constdAdbtidiee URkk Mé@liwgmﬁeh@qﬁlm off ohefirasshavi ng 2
to 20 carbon atonms excludi ng 4-nethyl -1-pentene provided that the total of
the constituting.unit. jved from4-nethyl -pentene and the constituting
uni t d%??%égl ?0%5%%£f%§%t one of olefins having 2 to 20 carbon atons
excluding 4-nmethyl-1-pentene is 100 % by nmass. .[0012] " fIn t he
above proces&l % 140pfePBriRESt 6l 8gGPrare Hné 1AM iRt M siegr vgd Trom

sol vent -sol ubl e pol yner contained in the polynerization reaction mxture to
be withinetby% bypaassne[0013] to 50 % PhHemgbbnebfa tdnPridsemnd nvedtion is
obt ai nabl e fromthe above-descri bed 4-nethyl -1-pentene pol ynmer. 20[ 0014]
The, LED-pwldqof-the present ohBventd onrirss obiwaimabl eof romdesn atoms
above-descri bed 4-nethyl - 1- pentene pol yner. EFFECT OF THE | NVENTI ON [ 0015]
7 " ing._t e-prese i nventj the.4- hyle1r pgit eng pol yner
has exgérﬁgﬁgﬁgaﬁaﬁgghggt%e%%%ﬁggf 3%??%%%%%eb§% ﬁgg%d?%yggnggignghitably
used for films, LED no|ds and thg like. %RIEF DESCRI PT] ON_OF THE+QRNmVNG

5[ 0016FOnstLtutEpgyureiat | &F Gi%ph ISAEW Ag E -FEFatT BA bel fee”d nodul us in

tension (MPa) and a Vicat softening point (C of a 4-nethyl-I-pentene
pol ymeronsteachiot Exabplesived of 7@ &fd lGerparat ¢é Ekarphestdviee X0 BEST
ENMBODI MENT FOR CARRYI NG OUT THE | NVENTI ON [ 0017] The

4- et hyl- b s bentene apehy et - ant i e -preacess- if-greqreanucsngo t hebpakyser wil |
be described in detail hereinafter. [0018] 15[ 4-nethyl-I-pentene pol yner]

The., 4- nethy] - 1- pent pol_. cording.to . present pLnventi on s
obtai na ?e %@éc%ngfﬁﬁ§&sﬁyﬁggggg%gq%g%gﬁ%nef$ dfyigﬁﬁinaétﬁﬁﬂh-nethyl-l-pe

ene polymer and an or%ani?_solvent to a polynerization reactor, and
cont | nGEGEMNy-2éxtirdctifig ‘&’

48 x [Y] - 7500 £ [¥] £ 48 x [Y] - 7000 ... (1)

160°C £ [¥Y] € 190°C ... (2)

provided that in the formulas (1) and (2), [X] is a modulus in
15 tension (MPa), as measured in an ASTM D638 method, of the

4-methyl-l-pentene polymer and [Y] is a Vicat softening point {°C},

as measured in an ASTM D 152% method, of the 4-methyi-l-pentene

polymer.

The 4-methyl-l-pentene polymer is preferably obtainable by

20 feeding a monomer for forming the d-methyl-i-pentene polymer and

an organic solvent continuously to the polymerization reactor and

extracting a polymerization reaction mixture contalning the

resulting 4-methyl-l-pentene polymer from the polymerization

reactor continuously.



20 pol yneri zationreacti onm xt urecont ai nt he 4-net hyl - 1- pentene pol yner from
the polynerization reactor. [0019] The nononer for formng the

4- et hyl - 1- pentene polyner 8 at |east one of ol efins excluding
4-nmet hyl -1 -pentene in conbination. The 4-nethyl-1-pentene pol ymer produced
by such a continuous pol ynerization nethod has heat resistance and rigidity
si mul t aneousl y. 5[ 0020] The organic sol vent used in the production
proces§0%%%qrding to the present invention is not particularly limted as
far as I't can feed 4- thyl-I-peni.ene to the pol ynerization reactor
continuously and can feed_a transition netal catalyst conponent 10 and a
co- cat al yst géﬁpéﬁ@ﬁthé’ﬁﬁ@eBB?QﬁePPQQFﬁénaﬁéﬁ%?%ﬁ“h&ﬁ%ﬂﬁﬁ%d%q®$@@%ecific
exanpl es of the organic solvent are aliphatic hydrocarbons, alicyclic

hydr ocarlvens.icar drmatd e feydioicar bonsindal ogenatied thydr ocanbaisirandhe xt ure

t hereof, preferable exanples are aliphatic hydrocarbons, and nore 15

pref er abl-grexampt es; ar ecaveatuzatied 1al i phatj€hydregarbassandn  the
4-met hyl -1 -pentene. [0021] The pol ynerization reaction mxture used in the
pregent, ) ome MUENLEON |8 A ur & ok Lpe resyulting pol yrerand fe
organi ¢ 0S61Vért i n a solution state of in a suspension (slurry) state.

[ 0022] ) The 4-nmet hyl -1 -pentene ,pol ymer. of the present invention is a
4- et hALETeTtére CRorSFGITyert CorPSa "dopdiy mer “ofY4Xiethyl - 1- pent ene and an
ol efin other than 4-nethyl-1-pentene, 9 which is a conononer,

parti culCard®j, an a-olefin. Exanples of the other olefin are a-olefins
having 2 to 20 carbon atons such as ethyl ene, propyl ene, 1-butene,
~1-hexene, 1-a¢kenerandylZdecene-na0Le 1Rreferablie rexanplescatesa-ol efins
“having 3 to 20 carbon atons, 5 furthernore preferable exanple area-ol efins
having 6 to rhangsato pattic L r r abl - s

a-ol efins haé@ng%Sggégzﬁ ggrgggsa?gn%.H#ﬁéé%tgfg%?nggkgygégggégdf€§ﬁgly or
two_ or nore nay be used in conquatLgnd The content of the constituting
unit dériREed ¥ romPE SRy RLE- Pentehe’i h ThE2E6 At feChyE-péntend pol ymer
is 50 to 100 % by nmass, preferably 50 to 99.9 % by nass, nore preferably 80
to 99. ¥Himedrasen partdacut arly ofr eflefabbyh90itg D90 2% byrmassabased on
100 % by nmass of the total of the constituting unit of 4-nethyl-I|-pentene
and th%}@:ﬂlﬂﬁﬂﬂ%th%t&ﬂﬁd—ﬂ%éﬂ@@nér emoeliekicns: thavi 8ge 2 t1@ 220 «arbea at ons
excl udi ng 4-nethyl -1-pentene. On the other hand, the content of the
constituting unit derived , e of her 0l efi dn 4- | - 1= pent ene
pol yneré{%r&séq%‘%{‘g&]gogd%ugg%naéé?%%gf e?“a [y dSngéc“t 50 U%%f/teﬁaésrgfagﬁlor%h@
preferably 0.1 to 20 % by mass, Qarticglgrl%_prefenabLy;Q.L ho 10 % by nass
based GFTIH0 Wb TESS 2826 VERe S 6T aF tof SThe Tonsth (UG SuRFY *BF ©
4-met hyl -1-pe ene and the constituting unit derived fromol efins having 2

t 0120 cay Boncatrons aaxvludirag udimet hyretilpent ehelt Fhe cortént oRaEhe
constituting unit derived from4-nethyl-I|-pentene and the constituting unit
~derived;dgom other olefins are determ ned by 10 13CNWVR [0023]

~-The 4-methyl -1-pentene pol yner of e present invention has an intrinsic
viscosity [fi ur-ed. iR li-n.at, 135C Qys . 1.t0,40 dl /g,
oy ﬂthoe %gmg;%%%_ 8¢ Lnodecakin at 135C.af 10usyaklyyQ. 1089540

according to the present invention comprises:
continuously feeding 4-methyl-l-pentene, or
20 d-methyl-l-pentene and an olefin excluding 4—methyi—l—p@ntene,
together with an organic solvent to a polymerization reactor, and
continuously extracting a polymerization reaction mixture
containing & resulting 4-methyl-l-pentene polymer Irom the

polymerization reactor.



[ 0024] The 4-nethyl -1-pentene pol ynmer of the present invention
simul taneously satisfies the followng fornulas (1) and (2): 48 x [Y] -
7500[ X] 48 x [Y] - 7000 ... (1) 10160€ Y]190C ... (2) In the fornul as
1) and (2), [X] is a nodulus in tension (MPa),as neasured in an ASTM D638
nmet hod, 4-nethyl -1-pentene polyner and [Y] is ayicat softening point (O,
as neasured in an ASTM D 1525 net hod, of the 4-nethyl-1-pentene 15 pol yner.
[0025] 15511 Figure 1 shows a relation of [X] and [V] in the case that the
modul us "I'A gension [ is plotted on a vertical axis and the Vicat softening

point [Y] is_plotted on a horizontal axis, 20[.0026 , The graph of
Figure 1 thattinter S&i9IE%f ¥ ah @[ﬁ“%er”{?h%fbi"f%%ﬂgﬁ%ﬁs pﬁ}%{m ng
pol ymers having the sanme nodulus in tension [X], when a polyner has [Y]

pl ot t edrienaashi Yhierheeghofic Proh&sshirghérrheal FEBPSEERt Wi th keeping
rigidity, while anong 11 polyners having the sane V cat softening point
[i] when a pebyneridhas: [X mploft eddmemdionsn regbong ktohasatowfigidity
(flexibility) with keeping heat resistance. [0027] That is to say,

thgipo%%@%%iQ?%?ﬂgngﬂ6knB%&§%%ﬁi?@oﬂf4L%Et%@ﬂ—h ehRehhe sregi on shown by

t he” f ormul as 2) means a pol ymer having high heat resistance and

low rigidity (flexibility). [0028 OThe, 4- hyl - 1- pent ene pol yner_ of the
present invthF8néOS§i#§¥F@%£?hep%%$%ﬁg%ﬁy(qsiaﬁa €9) ¢ ﬁﬁrﬁg? excet | ent
bal ance between heat resistance and rigidity. On the other hand, 4-ne

yl - | - pentrene tpsliysernsinotesavesf Yray athe Faorimengs of1planrdne 22 son@td mes
have i nsufficient decrease of winkles and shape 15 foll ow ng properties
~when used:inaum groekeasiingiifrid mrAkthoughpthesdefimtedaskasan vty the

i4;nethyl-l-p¢ntene pol ymer of the present invention satisfies the formulas
(1) and (2) i.s nat reyeaked. it [;5:8UpPPSEd as, one; Iasop thate e, .
conposition di'stribufion of o nonmers, which are olefins other than 20

4- et hyl -] -pentene, .i.s_uniforned. Al though the peans for_equai ze co-nononer
ComBosITion g1 SOPFBAELS s ot PAFTTEal aFFy FImiTed, PI<i& rietessaty to
regul ate the conononer conposition distribution by changing the anount of
t he corenomer 2fted 2due i Aok Het P W@rlmﬁaﬁgo#m@éwfoh-mniﬁ@emSoélQ@t% on by a
Batch 12 pol ynerizati on nmethod because ot her conpbnomer conponents have
hi gher meagtdavity than 4-nmethyl -1 -pentene and the conononer content in the
resul ting polyner changes nme. In the production by a continuous
polynerhﬁﬁkhon nmethod, it is supposed 5 that the conpbnoner content in the
resul ting polymer does not change with time and the conononmer conposition
distribution_is_equalized. Although;therggoces t_for gdeychn ggeunh
4- et hy! - 1- pdrit BRe i YriF CSECPSTy 1§ THE T or raiBs (1) and 1) o1 € Aot
particularly limted, the continuous pol ynmerization nmethod is preferable.
1%  of a solvent-soluble polymer contained in the polivmerization

reaction mixture to be within 15 % by mass.
(00137
The film of the present invention is obtainable from the
apove~described 4-methyl-l-pentene polymer.
20 (0014
The LED mold of the present invention is obtainable from
the above-described 4-methyl-l-pentene polymer.

EFFECT OF TEE INVENTION

[0015]



10[ 0029] The 4-nethyl -1-pentene polynmer of the present invention is .
obt ai nabl ef eedi ng the nononer for formng the 4-methyl-1-pentene pol yner
and the organi c sol vent continuously7into t he pol ynerization reactor and
extracting a polynerization 15 reaction m xture fromthe polynerization
reactor continuously. In the preparation, is preferred that the anmount of a
sol vent - sol ubl e pol yner contained in the polynerization reaction m xture be
regul ated t onRoL+-ADEE N8R 25-J0h) MRESHtPpLef ef @bl 116,120 Yy 1SS, nore
preferably 0 to 15 % by mass. The ampunt 20 of the sol vent-sol ubl e pol yner
contained in_the pol [ [ react i m_Xt 1S bl.y. .. .the above
range,p%gggﬁg 5¥%§X%%g??%%%%%gg§5§%%ff%%i5Fé%ﬁ%§%b‘jﬁ%%%%%?r&ﬁ”fgﬁé?ion

m xture fromthe polynerization _reactor_is stable. [00301_ 13 The
sol vengdokBbFELpaPY el SEE aChof yBF: corpoRentshaving 8 Fow ol ecul ar

wei ght and a | ow stereoregularity, which is dissolved in the organic

sol vensRrand oBtarnabreNbyreVApoPARWAYGt he slurry filtrate, of the

4- et hyl -1 - pentene pol yner contained 5 in the polynerization reaction

m x{ ureppngthe pol yneri zation reactor in the suspension polynerization

met hod (slurry polynerization nmethod). The anount (5 by mass) of the

sol vent - sol ubl e I LS rm y. the, fol i L€ I 1ﬁﬂps%mt of
solvent-solugﬁguggl¥g§% iogg%§g§%kggﬁ?ga%D€§T£€T$§¥#%Eﬁ%€£o J@F% pol ymer/
(Resul tant amount - of Polyner + Resul tant anount of,SoIv?@tﬁsolgble

pol ymei) xtappicn (MPxior g3ékr 8asi ng?the®TesttHht Pamsint ‘of 't gt @

sol vent-sol ubl e polyner, it is effective to add the el ectron donor

~cont ai Aedeith vilké <peansinti oo lneteal  tat alayst conporeptssast descrilbexnd ater to
~.15 the polynerization reactor because the stereoregularity of the polyner
is imreyed and vhesxselubisl int ¥ol B.the solvent is decreased. [00311 [Process

for producCing the 4-nethyl-1-pentene polyner] The process for producing the
4- et hyl. - -Q%E YRS r o t t invention conprises
co inﬁgﬁéiy‘ g@ﬁlggﬂiﬁe ngﬁgﬁgﬁ%gzgkﬁgF%?héﬁﬁﬁgﬁi?ﬁgthyI-I-pentene pol yrmer

together with the organic solvent to the polynerization reactor, and

conti nU&¥Y extracting the pol ynerization reaction nixture containing the
resulting 4-nethyl-1-pentene polyner fromthe 14 polynerization reactor.

[ 0032] Then theephgéedsrtorepeodpeingerheaddnethyl -pPrpensenet pol yner
according to the present invention, the polynerization catalyst 5

cont ai g ihed ransiddiomeretal 1catabystreprponantcandl t hereoneatal yst
conponent is continuously fed to the polynerization reactor in addition to
t he organi-c,.sol vent and the nononmer for formng the 4-nethyl-I-pentene
polynerﬁﬂ% d33] 10Exanpl es of the transition nmetal catalyst for

constituting the transition netal
15 [4-methyl~1l-pentene polymer]

cat al yst conponent may include a solid
The 4-methyl-l-pentene polymer according to the present

invention is obtainable by continuously feeding a monomer for
forming the 4-methyl-l-pentene polymer and an organic solvent to
a polymerization reactor, and continucusly extracting a

2¢ polymerization reaction mixture containing the
4-methyl-l-pentene polymer from the polymerization resactor.
[0019]

The moncmer for forming the 4-methyl-l-pentene polymer

comprises 4-methyl-l-pentene singly, or 4-methyl-l-pentene and



titaniumcatal yst and a netal | ocene catal yst, which conprise magnesi um
titanium hal ogen and an el ectron donor O these, the solid titanium
catalyst is preferred. Particularly,Sthe 15 titani um catal yst containing
titanium nagnesi um hal ogen and a conpound havi ng plural ether bonds,

whi ch catal yst is obtainable by allow ng a magnesi um conpound suspended in
an inert hydrocarbon solvent to contact.with a conpound having at |east two

et her bondse § by oughe pl ur al,1at0nE as;an &leed r andongr -ang,, de taniiym
conmpound 20 I n a I|qU|d state Exanples of the inert hydrocarbon sol vent

are hexane, decane | es of .the el r no A
includ%ﬁg?sgﬁutﬁﬁ 2- opr 3 {73! élgﬁfﬁ§i§ﬁg Sg%eg%ﬁgig Poludit%
2-isopentyl-2-isopropyl -1, 3-di met hoxypr opanewhi char e conpounds havi ng at

| east t:%tétlﬁetasquw&wnpmet%@d&%eaq@%@%ae e Sdghesi um
conpound are anhydrous magnesi um chl ori de and met hoxy magnesi um chl ori de.
The absve:sokhdotistgni um catal yst has an atomc ratio of halogen to
titanium (hal ogen / titanium of usually from2 to 100, preferably 4 to 5
90,5 a mphapjratio of the compound containing at |east two ether bonds to
tltanlunt(t%econpoundcon ai ni ngat | east t woet her bonds / titaniun) of usually

fromO0.01 to,100, referab 0.2 t.o. ! 0 [ esi um
to tita unt(n§§ﬁ§§$ QS?TY ugﬁf‘?%% £%%€£#¢%ﬁﬁ r%ce%% éﬁ% erably 4
to 50. 10[ 0034] Exanpl es of the co-catal yst conponent (or ganonet a
conpouhfl EBEaPySESBEbrbBRERt }ORayS i MeT ueRr B%@é%étun%ﬁw%n%ulrﬁ‘d% 25 or
exanpl es, organoal um num conpounds represented by Ran,k1X3 . In
~Red111X8- maR iSsad hydnocay bon-grroupndiaving hk E@IMmanﬂdaniqn(mﬁﬁcﬂﬁrfor
exanpl e, an al kyl group, a cycloal kyl group or an aryl group, specifically,
net hyl ~greuR:oekhyl 2gK04Pn MNsdd APYE285QURor 5OREOPYAL 81 94D, cdsobidyd group,
pentyl group, hexyl group, octyl group, cyclopenLyl group, cycl ohexyl

p, en crou nd toI i al e _.any one

o 4" 6% o5 R KAt GETRE drHamanl cr R
conpounds represented by R"4A11X3 are trial kyl alum nuns such as
tri et BPRTAPGRIATEM- t r3Radnd I al BRFRDAT St (G5 sopF opyPERFGmSumeAY i $50but y
al umi num trioctyl 16 al um num andi - 2-et hyl hexyl al um num
aliphatic hydrccarbons, alicyclic hydrocarbons, aromatic

hydrocarbons, halogenated hydrocarbons and mixture thereof,
preferable examples are aliphatic hydrocarbons, and more

preferable examples are a saturated aliphatic hydrocarbon and

ot
L

d-methyvl-l-pentene.
[C0Z213
The polymerization reaction mixture used in the present
invention is a mixture of the resulting polymer and the organic
20 solvent in a solution state or in a suspension (sliurry) state.
(0022}
The 4-methyl-l-pentene polymer of the present invention is
a 4-methyl-l-pentene homepolymer or a copolymer of

4-methyl-l-pentene and an olefin other than 4-methyl~l-pentene,



al kenyl al um numo such as isoprenyl alum numand the Iike; di al kyl

al um num halides such as dinethyl alum num chloride, diethyl alum num

chl oride, diisopropyl aluninumchlor¥de, diisobutyl aluninum chloride and
di et hyl al um num brom de; al kyl al um num sesqui hal i des such as

met hyl al um num sesqui chl ori de, ethyl alum num sesquichloride, isopropyl

al um num sesqui chloride, butyl alum num sesquichloride and ethyl alum num
Sesqu'%%@td Jcl%lé%meaé EE%Gtaetyd%%&l%&%methxgmetewwmqe

di chl oride, I"'um num | chl'oride; isopropyl alum num dichloride and

et hyl alumnum | brom de; and, al u num drides such .as die

al uni noR Ry drdet? 2T dhd o 1 ”stbsb:jyﬁﬁl%q ydride: 3 Htsh('asélt(a:Ih taEkyl

al um nuns such 15 as trietnyl alum num and tr| i sobutx al um num are

pr ef er ¢BdY ! $ D36 X AWErE the LTPAYSTE on~fBFEN Scat aP ySE e FponeiEFs%a sol i d
titani um catal yst conponent, the co-catal yst conponent (organonetal
conpoundeatalsyrsircenponenty . Ryhe wsed:{imanaatognt t20 Suehbbvhatcctise pol yner
is produced in an am)unt of usually fromO0.1 to 11000, 000 g, preferably 100
tocl, 0981-99&1984‘»@%1% t:tte égtﬂnglél t@a%ﬁ@%%é’%aﬂ@@@w@@ ARGt S

used in an armunt of usua to 1, nol , pref erably about 0.5 to 500
nol, nore éltanl um_cat aI st co ent

e gition
met al EEP@Fy@? GGt s f@fLéBFg amwei state %ﬁ%‘p%hde&%n 9an inert
organi ¢ solvent (preferably 5 saturat ed al i phat.i c ocar on) to the
pol ynefi 28t FencrEaet of “OTPO3E[HeSe O S ¢ §?€t| Glaatdl ydt

conponent is preferably used in a solid catal yst corrponent state that it is
pi e- pobymendzed maivt hoan weawl efinn sudhiast Bomet hyTh¢ - pentteng opl the
~.104- net hyl - | - pent ene. In the pre-polynerization, the above a-olefin

i's pol ypeki-zed i Rsan,;areunticof viguar +ym0- &~m&ﬂ9001gpe@tetermMyﬂ1@3 to 800
g, nore preferably 1 to 200 g per 1 g of the transition netal catal yst

co onent pre-p v £ arri.

Iygt g&ﬁé’gntrgﬁ onxgeahfg%%%ghs %%ga?g yst%r}cgl%g%ntéatg?%ﬁé% the
reactl on system in the polynerizati on of 4- hyI 19|%er§t ene, [OOSQJ In the
pr oductticon® f? t Re A2 nBERYI - MPént BA' %BFWﬁér Y 5 DYy massy

i)

particularly preferably 90 to 99.¢ % by mass based on lOC % by
mass of the total of the constituting unit of 4-methyl-i-pentene
and the constituting unit derived from olefins having 2 to 20
15 carbon atoms excluding 4-methyl-l-pentene. On the other hand,
the content of the constitutingunit derived from the other olefins

in the 4-methyl-l-pentene polymer is 0 to 50 % by mass, preferably

]

0.1 to 50 % by mass, more preferably 0.1 to 20 % by mass,

particularly preferably 0.1 to 10 % by mass based on 100 % by mass
20 of the total of the constituting unit of 4-methyl-l-pentene and
the constituting unit derived from olefins having 2 to 20 carbon
atoms excluding 4-methyl-l-psntene. The contents of the

constituting unit derived from 4-methyl-l-pentene and the

constituting unit derived from other olefins are determined by



20 according to the present invention, a |liquid phase polynerization
process such as solution polynerization or suspension polynerization
(slurry polynmerization) is enployed Ut is preferred to enploy the
suspensi on polynerization (slurry polymerization) 18 [0040] The

4- et hyl -1 - pentene pol yner of the present invention is produced by

conti nuously polynerizing the nononer for form ng 4-nethyl-1|-pentene

pol ynmers~_{[,0041] In the continuous polynerization, the polymner
concentration in the liquid phase is usually from10 to 300 g/L, preferably
50 to fBg ?/L. [ 0042] 10l nt heconti nuouspol yneri zati on, t hecat al yst

concen %'bn in the liquid phase as thetransitionnetal catal yst conponent
is usually 0.00001 to 1 mmol/L, preferably 0.0001 to 1 pmol /L, £0043] 151 n
the conti nuoUs® BoRgRBYEZarPER SRR DoTie Pz Bt T &1 SEEMret AT &1 §S "dSual | y
fromO to 80C refer ably 20 to 80C. Wien the polynerization tenperature is
hi gher athan: £ hes abovescangey the, sol ubiddutwyed sid nbredsied and 35Hér elfy t he
resul tant anount of the solvent-soluble polyner is too nuch increased. In
resul t §..:20: Lhe coptinyoys, ext pastben,of thespobyaerization reaction

m xture from the polynerization reactor becones instable and the product
yield L@ ?g?asionally | onered. On the other hand, when the polynerization
tenperé 8 is lower than the above range, the progress of the

pol ynmeri zati on reaction_occasionally beconmes 19 insufficient. [Q044]

In the contiRedus-poryyertzAENbRANCt Aelpressife tOFf HEFAS pHaSE in the
pol yneri zation reactor is usually 1 to 10 kg/cnR. [0045]

: simultaneously satisfies the following formulas (1) and (Z):

48 x [Y] - 7500 £ [X] £ 48 = [Y] - 7000 ... (1)
10 160°C £ [y] < 190°C ... (2)
In the formulas (1) and (2), [¥] is a modulus in tension
(MPa), as measured in  an ASTM‘ De38  method, of che
4-methyl-1l-pentene polymer and [Y] is a Vicat seftening poeint (°C),
as measured in an ASTM D 1525 method, of the 4-methyl-l-pantene
1%  polymer.
(00251
Figure 1 shows a relation of [X] and [Y] in the case that
the modulus in tensicn [¥X] is plotted on a vertical axis and the
Vicat softening point [Y] is plotted on a horizontal axis.
20 rocze]
The graph of Figure 1 that intersections of [X] and (Y] are
plotted shows that among polymers having the same modulus in
tension [X], when a polymer has [Y] plotted in a higher region,

it nhas higher heat resistant with keeping rigidity, while among



In the continuous polynerization, hydrogen may be continuously introduced
into the polynerization reactor. The continuous introduction of hydrogen to
the pol ynerization reactor can regul®ate the nol ecul ar weight of the

pol yner, and thereby for 10 exanple, a 4-nethyl-I-pentene pol yner having a
low intrinsic viscosity [fl] can be prepared. [0046] As the

pol yneri zation reactor, a |loop type polynerization reactor or a stirring
vessel EygﬁeBQ'r}’ﬁ?{ﬂ&% OQEEQ%F@& s%fu%%%glﬁotﬁt Sy prefer L ed, tadise the
stirring vessel type one urt hernore nerlzatlon reactors are
C|aSSIerd into a qﬁ%d fllllng ype and, a gas- Iqu|d se arati.on IZype It
i s preféfr eélxtoftrs%tft dass- Fi gt Septﬁ%]t‘?%’n type 6 the polf‘rﬁr

nol ecul ar wei ght control. 20[0047] As a method for renoving heat in
t he pollyreriization) reaetomeepheeehaee &eseRsiabicé -heat renoving type and a
gas latent heat renmoving type. It is preferred to use the sensi bl e heat

renovi ngotype. 20 [00481 A$ a nethod for continuously extracting

t he pol ynerization reaction ntxture fromthe polynerization reactor, there
are»pressureTE§Er§§t¢@Q§ﬁ? eﬁ?%@@gng5hgoﬂg£efse tionN€f [X]
polynerlzatlon reaction m'xture |s extracted contlnuously fromthe 1ower

part of the polynerization reactor tra IS _reg ted in such a
rate t R&E tH %e?%@er?%ﬁ%%t? ?WQﬁﬁ%tﬂé 3§G§P| Sfr&ﬁtﬁq% Q%? 19°7r° ©
preferably 0.1 to 108 hr. [0050] [Use] The filmformed fromthe

4- et hgb1yTpent enev ot ynbiJaccdreditng 8t hedpeesent di nvieéht | oh! Hiadi wbdr e
excel l ent heat 15 resistance and rigidity sinultaneously as conpared with
~films farnmedfinama 4- met hyl - 1- pentene pol ymer produced by a conventi onal
~batch nmethod. [0051] The filmcan be produced by known nethods such as an
20 extr ;ﬁﬂ nol di ng method using a T die device, a heat press nethod or a
sol vent cast’ing nethod. The extrusion nolding nethod using the T die device

[ of ar et o GTR = For GRAMBIE. WHon S si Hol &1 aYEro Ty o SHReT

4- et hyl -1 - pentene pol yner is produced o .
satisfies the formulas {1} and (2), and has excellent balance
between heat resistance and rigidity. On the other hand,

4-methyl-l-pentens polymers not satisfying the formulas (1) and

(2} sometimes have insufficient decrease of wrinkles and shape

15 following properties when used in a mold-releasing film.
Although the definite reason why the 4-methyl-l-pentene polymer

of the present invention satisfies the formulas (1) and {Z} is

not revealed, it 1is suppesed as one reason that the compcesition
distribution of comonomers, which are olefins other than

20 4-methyl-l-pentene, is uniformed. Although the means for
equalizing the co-monomer composition distribution 1is not
particularly limited, it is necessary to regulate the comonomer

composition distribution by changing the amount of the comonomer

fed during the polymerization reaction in the production by a Batch



21 wusing an extrusion nol ding machi ne equi pped with a single layer T die,
‘extrusion nolding is carried out by setting the tenperatures of the
extrusion machine and the T die in the range of 260 to 230C. [0052] 5The

4- et hyl -1 -gentene pol yner of the present invention, noreover, is suitably
used for LED nolds (nolded nenber of a light emtting diode). EXAVPLE

[ 0053] 10The present inventiot will be described with reference to the

foll owin I LN d i.l. .hereinaft At t limted
by 1 heBa e T A apres oL 0OBAT CEMEF RGOS T o SralGar g T he Ao 31 - Bont ene

polymer] 15Wth respect to the 4-nethyl-I|-pentene polyner of the resent
i nvent feAReEhel $rrdul WS it e8P Bn 1and HRe Viea o e%“ﬂgn%ﬁoi %?m%%g?reasur ed

in the follow ng nethods. (i) Tensile test (MPa): ASTM D638 (Test
pi ece bynt2rmmirhigkd resultipgi poVivestr sofarerfingpebntif€): ASTMIH525
(Test piece; 3 mm 20t hi ck) (1i1) 13C NWMR neasurenent NVR
neasur ipg.adex:ee: niver edwny 1400 ukypel prabut ast usedudyndar iianiSot wendsed

deut er at ed benzene/ ort ho-di chl orobenzene m xed sol vent Sanpl e

congentati on: 80.£0,100. gl 50l vent. , 22, Measuing,cands. L ons: Pl se

repeating tine sec, er of scans; 1 tirmes and neasuri ng
tenperature.; 120C The integral value of each peak in the 13C NWMR
spect r (rhTeRshF 685 1'% REaboVET SOt Ine Wass tet 8P i ied,® 3Ad*t heLont ent
5(nmol % on the basis of nole of the constituting unit derived from each

a- ol ef iZd téxoept ther popsthidr Predurend | he theshystiyRantsent kaeypol yner
was determ ned by the following formula. Furthernore, the resultant content

~on the dhasisofngmhe anghnthes noleeular 2wei ghtotobasd+okefiznl ywhinhtés, each
constituting

the continuous polymerization method is preferable.

The 4~methyl-l-pentene polymer of the present invention is
obtainable by feeding the monomer for forming the
. 4-methyl~l-pentene polymer and the corganic solvent continuously
into the polymerization reactor and extracting a polymerization
15 reaction mizture from the polymerization reactor continuously.
In the preparation, it is preferred that the amount of a
solvent-scluble pelymer contained in the polymerization reaction
mixture be regulated to not more than 25 % by mass, preferably
0 te 20 % by mass, more preferably 0 to 15 % by mass. The amount
20 of the solvent-scluble polymer contained in the polymerization
reaction mixture is preferably in the above range, because the
continucus extraction of the polymerization reactionmixture from

the polymerization reactor is stable.

[0030]



10 unit, the content (% by mass) on the basis of mass was determ ned. Pl
(near 46 ppm :Methylene in the side chain of 4-nmethyl-I--pentane P2 (near
35 ppm: Methylene carbon in the sidelchain of a-olefin except for

4- et hyl - 1- pentene directly bonded to the main chain nethyl ene 15 Content
(% by nole) of a-olefin except for 4-nethyl-1-pentene = 1P2 / (P1 P2)] x
100 Intrinsic viscosity [n] (135C, decalin) The intrinsic viscosity [Yuis

a val ue neas t §§5 decal in soLv b 4 S 4o SaY naheut 20 ny
of a polyrrer dso& S ﬁg%gjm%" o eca ?Tn and t%e SpECIafI c%lt
viscosit{ mas neasured in an oil bath at 135C. . To.this decali.n

Ofy

sol uti &n, rﬂo%ﬁc%#ﬂrcﬂﬁ%ﬁlﬁ &8fvént! Was® hadea andl af 3581 vEd:SAndt hen t he
specific viscosity 11 sp was neasured in the sane manner. This dilution
proceddieswasefiuthhehereppated s cenfanhd hedtaspaig e 23y el e IdétieYdm ned by
the extrapol ation of the concentration (C) to O was taken as the intrinsic
vi scosihy £1didy Fillitranespof 1@e €Cr@khy1FA0SRh teRrepal att orcdoxanpieel 1]

Preparatlon of Solld titani um catal yst conponent After 75 g of
e 9 0f -decane and 308..3,0f; 4+
2 e hy?ﬂ x??%l ﬁ%?%gﬁégéﬁga é%heat at 130C for 3 Q%TC)%ﬁéﬁg}e an

unlfornlsolutlon 22 2 m of 10 2 i sobut |sopropyl 3-di net hoxypr opane
was add&@SCETt hits séPGt i SHoaAE SN O?edgﬁtﬁ$§ﬁﬁa%ﬁ%ﬁf ?ﬁﬂﬁff() =1+ jy [ 0056]
After cooling the resultant uniformsolution to roon1tenperature 30 m of
thi s upicflommrsckdtioon washdeopped Tld wvoR"E5 St r Pngmess80 ¢f ofe
titanium tetrachloride ken at -20C over 45 mn. After conpletion of the
-dr oppi R@.] viehe Hxed 1sobut iaBrwas deated tas LL0€hevesl dobihy. fithen 4 he

“ tenperature reached 110C,
Amount of solvent-soluble polymer
10 = Resultant amount of Sclvent-soluble polymer / (Resuitant amount
of Polymer + Resultant amount of Sclvent-soluble polymer) x 100
For decreasing the resultant amount of the solvent-soluble
polymer, it is effective to add the electron denor contained in
the transition metal catalyst components as described later to
15 the polymerization reactor because the stereoregularity of the
polymer is improved and the solubility in the solvent is decreased.
(00377
[Process for producing the 4-methyl-l-pentene polymer]
The process for producing the 4-methyl-l-pentene polymer
20 according to the present invention comprises continuously feeding
the monomer for forming the 4-methyl-l-pentene polymer together
with the organic solvent to the polymerization reactor, and
continuously extracting the polymerization reaction mixture

containing the resulting 4-methyl-l-pentene polymer from the



0.52 m of 2-isobutyl-2-isopropyl-1, 3-di net hoxypropane was added to the

m xed sol utiion and then stirred at the sane tenperature 20 for 2 hr. After
conpl etion of the two-hour reaction,14 solid part was collected by hot
filtration. The solid part was suspended again in 100 m of titanium
tetrachl oride and reacted with heat at 110C for 2 hr. After conpletion of
the reaction, a solid part was collected again by hot filtration. The solid
part e S i.cient| ybydecane and hexane at 90C until |iberated
titan?@%&?@%%égﬁégé&egégﬁgngetected. The resultant solid titanium catal yst
conponent _was kept as a decane slurry. [0057] 5A part of the decane slurry
of the '§6P¢d titani um catal yst conponent was dried and exam ned on the
catal yst conposition. Wth regard to the catal yst conposition of the solid
titani um cat ahyste ponperentor rivdncunovds: 30y ~rapsntragresi ymemnas 17.0
by mass, chlorine Was 57 8 by mass, 10

2- 1 sobutybr2-ing0ph 0Py -l skdidethexyprenaneswas) 1881 % byomass: angst

2- et hyl hexyl al cohol was 1.3 % by mass. [0058] [Preparation Exanple 2]

Pre- pol yneri.zati.o Solid  titani Lat al.ysk Qﬂpp%@p& , To, 200 m
fou?-n§§g%§ﬁé§§grggg oﬁgéégrpéég ﬁ#%% g gﬁf%ﬁ@%f'gf & =ToF épﬁe&gggcane
and 1.66 i (;.0 mol /1 in terns of alumnum_atom of a decane so| ution of
~tri et hyP &PTHAEh GEFECPEE N und & ditEd ni tfr‘f‘é{qé?ﬁ SEF dalm Y Subseguent | y,
26.5 M (0.83 nmmol in terns of titaniumatom containing 1.3 g in terns of
mass ofrefled 020 isokidd itiitanitantoat akgsticonponent) 2ofl the decanersferry of
the solid t tanium catal yst conponent prepared in Preparation Exanple 1 and
4. 98 mMrZhidi@)ref GBumeithyl--1lopertere preeadded Wi th stirring at 20C
~Thereafter, the m xture was kept with stirring at 20C for 45 mn to prepare
the pre-pelynmerization catalyst. 25 [0059] In the
pre-polynmerization catalyst, 2.5 g of the polyner was contained per 1 g of

the solid titani um catalyst conponent. %90§31_%£?aque 1 ..., Using a

20601 i nt er naFSTBHGrRC St hiES8 S o8N ot e i On  PEACTHT bt bRed wi t h

a stirrer, polynerization of 4-m hyl-1-pentene was carri ed out )

cont i nidys| yraf@osiljn metal catalyst component may include a solid
titanium catalyst and a metallocene catalyst, which comprise

magnesium, titanium, halogen and an electron donor. Of thesg,

the solid titanium catalyst is preferred. Particularly, the

3
[$2]

titanium catalyst containing titanium, magnesium, halogen and a
compound having piural ether bonds, which catalyst is cbtainable
byeallowingezmagnesiuxlcompound,suspended:ﬁqan inert hydrocarbon
solvent to contact with a compound having at least two ether bonds
through plural atoms as an electron donor and a titanium compound
20 1n a liguid state. Examples of the inert hydrocarbon sclvent are
hexane, decane and dodecene. Examples of the electron donor may
include Z-iscbutyl-Z-iscpropyl-1, 3-dimethoxypropane and
2—isopentyl—2—isopropyl—l,3—dimethoxypropane which are

compounds having at least two ether bonds through plural atoms.



10To the polynerization reactor, 4-nethyl-|-pentene in an anount of 50

L/ hr, 1-decene as other a-olefin in an anount of 0.3 L/hr triethylalumnum
in an anmount of 100 mol /hr, hydrogehsin an anmount of 53 NL/hr, the decane
slurry of the pre-polynerization catalyst prepared in Preparation Exanple 2
in an anount in ternms 15 of a solid titanium catal yst conponent of 2 g/hr
and 2-isobutyl-2-isopropyl -1, 3-di net hoxypropane in an anmount of 50 mmol/ hr
wer e added and copti nuous_pol yneri zation_of 4-pethyl-.1-pent carried
out at FPEIyiver?zati'én T%ﬁ%%%blﬁrgogpcﬁﬂgk:?%? Eﬁ%§9§F%§b ﬁ%&%%??%ﬁ tine
of about 2 hours. 20 The pol ynerization slurry was continuously extracted
from t v licoisle panrt gfetecpolpAerE2al o +ehttor, 11t efeqV6f f5CHtFed and
then granul ated by an extruder. [0062] 26 9.2 kg/hr. [0063] The
eval uattiommiesul dss: 0ny dthen = net hyted: pentene pd yrmercce showntaniTabl e 1.
5[ 0064] [Exanple 2] The procedure of Exanple 1 was repeated except that the
other a~0lefdn, was ;added)nanyanmaunt, ¢f-.0. 6 kbhrobn placerah10.3 téhr, to

carry out continuous pol ynerization. 10[0065] The results are shown in
Table [0066] [ Exapple 3] .The procedure of Exanple 1 S Lepe .except
t hat t#ghofhgp*f% 5§gE8f?ﬁ Was Aot UdEd,” é%%ﬁﬂé% (ﬁh“b%%fin§§u§£gg‘

pol yneri zation. [0067] The results are shown in Table 1. [0068] [Exanple 4]
20The proctulupd GRIEXENDF RS FORRS UPepeat et okeept 19mit FHE $o18/merP2at i on
tenperature was changed to 30 Cin place of 40 C, to carry out continuous
pol yneri zatiomnurf)0@G9usually from 0.01 to 100, preferably 0.2 to 10,

and an atomic ratic of magnesiumto titanium (magnesium / titanium)

of usually from 2 to 100, preferably 4 to 50.

10 [0C34]

Examples of the co-catalyst component {organometal compound

catalyst component) may include organcaluminum compounds, for

examples, organoaluminum compounds represented by RGAIXz;,. In

Ré,B1¥4pn, R® is a hydrocarbon group having 1 to 12 carbon atoms,
for example, an alkyl group, & cycloalkyl group or an aryl group,

specifically, methyl group, ethyl group, n-propy: groug,

isopropyl group, iscbutyl group, pentyl group, hexyl group, octyl
group, cyclopentyl group, cyclohexyl group, phenyl group and tolyl

group. ¥ is halogen or hydrogen. N is any one of 1 to 3.

20 (00357

Specific examples of the organcaluminum compounds

represented by

trialkyl

R AlLXs, are

aluminums such as trimethyl aluminum, triethyl

aluminum, triiscpropyl aluminum, triiscbutyl aluminum, trioctyl



The results are shown in Table 1. 27 [0070] [Exanple 5] The
procedure of Exanple 1 was repeated except that 1-octadecene was used as
other a-olefin in place of 1-decene,1dhe other a-olefin was used in an
anmount of 0.7 L/hr in place of 0.3 L/hr and the polynerization tenperature
was changed to 30 Cin place of 4Y C, to carry out continuous

pol yneri zation. [0071] The results are shown in Table 1. 10[0072] [Exanple
6] ... The_procedure.of le.5 : eat edexcept that the other
a- ol ef Frias His8a’| h*énza%ﬁﬁiggfiyf 6@%%%8%‘1 place of 0.7 L/hr, to carry
out continuous polynerization. 15[0073] The results are shown in Table 2.
[0074] [Exanpléenyl aluminums PRETREcCRHrESRY L EXaiipie’™s 2hast Fepeat®ed except
that the other 20 a-olefin was used in an anount of 1.3 L/hr in place of
0.7 L/ hr, todtalkyl@iturcontn hadusepayrrezeatinmth{0875niThe slelsutid: are
shown in Table 2. [0076] 28 [Exanple 8] The procedure of Exanple 1
was repgat-ediexcephihhat dnoctadeceng: waspusedi asz1hei ethercrarotefd n in

pl ace of 1-decene and the other a-olefin was used in an amount of 0.7 L/hr

e PR i Ay D SN AULRRORLANGNS RIKIRLL? B facl, 00771 The

alkyl aluminum sesquihalides such as methyl aluminum
sesquichloride, ethyl aluminum sesguichloride, iscpropyl
aluminum sesguichloride, butyl aluminum sesquichloride and ethyl

aluminum sesqguibromide;

[
(]

alkyl aluminum dihalides such as methyl aluminum dichloride,
ethyl aluminum dichloride, isopropyl aluminum dichloride and
ethyl aluminum dibromide; and

alkyl aluminum hydrides such as diethyl aluminum hydride

and diisobutyl aluminum hydride. Of these, alkyl aluminums such

£
Lh

as triethyl aluminum and triiscbutyl aluminum are preferred.
0036}

When the transition metal catalyst component 1s a solid
titanium <catalyst component, the co~-catalyst conponent
(organometal compound catalyst component) may ke used in an amount
20 such that the polymer is produced in an amount of usually from
0.1 to 1,000,000 g, preferably 100 to 1,000,000 per 1 g of the
solid titanium catalyst component, and it is used in an amount
of usually 6.1 to 1,000 mel, preferably about 0.5 to 500 moi, more

preferably 1 to 200 mol per 1 mecl of titanium atom in the solid



[ Exanpl e 9] 10The procedure of Exanple 8 was repeated except that the other
a-olefin was used in an anount of 1.0 L/hr in lace of 0.7 L/hr, to carry
out continuous polynerization. [0079]7 The results are shown in Table 2.

15[ 0080] [ Exanpl e 10] The procedure of Exanpl e8 was repeated except
that the other a-olefin was used in an amount of 1.3 L/hr in place of 0.7
L/hr, to carry out continuous polynerization. 20[0081] The results are

shown L&Iﬁ?bﬁ Zata? SLOQQ%%MEEP'.G 1 Exampl e Unit 1231415
Pol yrmeri zation condition Polfymerization nethod Conti- nuous
[0037]

The transition metal catalyst component is preferably fed

in a state suspended in an inert organic solvent {(preferably
o saturated aliphatic hydrocarbon) to the polymerization reactor.
[0038)

The transition metal catalyst component is preferably used
in a solid catalyst component state that it is pre-polymerized
with an g~olefin such as I-methyl-l-pentene or

10 4-methvl-l-pentene.

In the pre-polymerization, the above o¢-olefin 1is
pol?merized.in an amount of usually 0.1 to 1000 g, preferably 0.3
to 500 g, more preferably 1 to 200 g per 1 g cf the transition
metal catalyst component. The pre-polymerizaticn, moreover, can

15 becarriedout inacatalyst concentration higher than the catalyst
concentration of the reaction system in the polymerization of
4-methyl-l-pentene.

0039]

In the production of the 4-methyl-l-pentene polymer

20 according to the present invention, a licguid phase polymerization
process such as  solution polymerization or suspension
polymerization (slurry polymerization) is emploved. Tt is
preferred to employ the suspension polymerization (slurry

polymerization).



Conti- nuous Conti- nuous Conti- 1 nuous Conti- nuoNs 4-nmethyl- 1-pentene
L/ h 50 50 50 50 50 O her a-olefin Kind F1- decene 1- decene None NoneF
1-octa decene L/h0.3 0.6 18

100407

The 4-methyl-l-pentene polymer of the present invention is
produced by continuously polymerizing the monomer for forming
4-methyl-l-pentene polymer.

5 [0041]

In the continuous polymerization, the polymer concentration
in the liguid phase is usually from 10 to 300 g/L, preferably 5C
to 30C g/L.
(0042}

10 In the continuous polymerization, the catalyst
concentration in the liguid phase as the transiticonmetal catalyst
component is usually 0.00001 to 1 mmel/L, preferably 0.0001 tc
1 mmol /L.

[(0043]

15 In the continucus polymerization, the polymerization
temperature is usually from 0 to B0°C, preferably 20 to 80°C. When
the polymerization temperature is higher than the above range,
the sclubility is increased and thereby the resultant amount of
the =solvent-soluble polymer is too much increased. In results,

20  the continuocus extraction of the polymerization reaction mixture
from the polymerization reactor becomes ilnstable and the product
yvield is occasionzally lowered. On the other hand, when the
polymerization temperature is lower than the above range, the

progress of the polymerization reaction occasionally becomes



0.7 Solid titanium catalyst conponent Kind Ebb- polvreri- zation catalyst
Pre- polyneri- zation catalyst Pre- polyneri- zation catalyst Pre-
pol yneri- zation catalyst Pre- polyme?i- zation catalyst

insufficient.
[0044]
In the continuocus polymerization, the pressure of the gas

phaseapartjj1thepelymerization,reactox'isusuallyiito]ilkg/cm?

{83

[G045]

in the contilinuous polymerizaticn, hydrogen may be
continuously introduced into the polymerization reactor. The
continucus introduction of hydrogen to the polymerization reactor
can regulate the molecular weight of the polymer, and thereby for
10 example, a 4-methyl-l-pentene polymer having a low intrinsic
viscogity [n] can be prepared.
[0046]

Bs the polymerization reactor, a loop type polymerization

reactor or a stirring vessel type polymerization reactor is used.

15 It is preferred to use the stirring vessel type one. Furthermore,
the polymerization reactors are classified into a liquid £filling
type and a gas-liquid separation type. It is preferred to use the
gas—-liguid separation type on the point of molecular weight
control.

20 [0047]

As a method for removing heat in the polymerization reactor,
there are & sensible heat removing type and & gas latent heat
removing type. It is preferred to use the sensible heat removing

type.



Gh. 2F 22 2 2 i etnyl alum num mol /h 100 100 100 100 100 El ectron donor

Ki nd

10

15

20

mml /h 50 50 50 50 |50
20

[0048]

Bs a method for continuously extracting the polymerization
reaction mixture from the polymerization reactor, there are
pressure extracting and pump extracting.

100493

The polymerization reaction mixture 1s extracted
centinuously from the lower part of the polymerization reactor.
The extracting is regulated in such a rate that the average
retention time is usually from 0.1 to 10 hr, preferably 0.1 to

8 hr.

=3
ay
1y

h

‘,_...t

ilm formed from the 4-methyl-l-pentene polymer
according to the present invention has more excellent heat
resistance and rigidity simultaneously as compared with fiims
formed from a 4-methyl-l-pentene polymer produced by a
conventional batch method.

[0051]

The film can be produced by known methods such as an
extrusion melding method using 2 T die device, a heat press method
or a solvent casting method. Thé extrusion molding method using
the T die device is excellent because it can easily produce films

uniformly and can produce £ilms of great width. For example, when

a single layer film of the 4-methyl-l-pentene polymer is produced



Hydr ogenNL/ h50 505050 50 Pol ynerization tenperature 00 40 4040 30 30
Average retention tine 2 22 2 2 Polynerization result Amountof pol yner
aenerated kg/h 9.2 9.5 8.88.8 9.2 Amunt of sol vent-sol ubl e pol ymer Mass

10

15

20

using an extrusion melding machine equipped with a single layer
Tdie, extrusionmolding is carried ocut by setting the temperatures
oftjuaextrusiﬁmlmachlneeuuithei?diejjlth@.rangecﬁf260tc>330°c.
[0052]

The 4-methyl-l-pentene polymer of the present inventicn,
morecver, is suitably used for LED molds (molded member of a light
emitting diode) .

EXAMPLE
[0053]

The present inventilon will be described with reference to
the following examples in more detail hereinafter, but i1t should
not be limited by these examples.

[0054]
Methods for evaluating the 4-methyl-l-pentene polymer]

With respect to the 4-methyl-l-pentene polymer of the
present invention, the modulus in tension and the Vicat seftening
point were measured in the following methods.

(i) Tensile test (MPa): ASTM D638 (Test pilece IV; 2 mm Thick)
(11) Vicat =oftening point (°C): ASTM D1525 (Test piece; 3 mm
thick)

(111} PC-NMR measurement

NMR measuring device: Mercury 400 type manufactured by Varian
Seolvent: deuterated benzene/ortho-dichlorobenzene mixed sclvent

Sample concentration: 50 to 100 g/l~-solvent

%



.8 2.3.6 0.1 2.0 Contentofotner a-olefin Mass % 2.1 3-5! 2.2 [N DL/g 3.1
.113.0 3.0 3.11. Modulusin tension[X] MPa 1670 1180 1750 2000 1160 171cat
of tening point[Y] 22

Measuring conditions: Pulse repeating time; 5.5 sec, number of
scans; 16000 times and measuring temperature; 120°C
The integral wvalue o0f each peak in the BC-NMR spectrum

measured in the abecve conditions was determined, and the content

oe

5 {mol%) on the basis of molie of the constituting unit derived from
each c-olefin except for d-methyl-l-pentene in the
4-methyl-l-pentene polymer was determined by the Ifollowing
formula. Furthermore, the resulftant content on the basis of mele
and the molecular weight of a-clefin, which is each constituting

10  unit, the content (% by mass) on the basis of mass was determined.
Pl (near 46 ppm) : Methylene in the side chain of 4-methyvl-1l-pentene
P2 {near 35 ppm): Methylene carbon in the side chain of a-clefin
except for 4-methyl-l-pentene directly bonded to the main chain
methylene

15 Content (% by mole) of o-clefin except for 4-methyl-l-pentene
= P2 / (Pl + P2}] x 100
{iv) Intringic viscosity In] (135°C, decalin)

The intrinsic viscosity [n] is a value measured at 135°C
in a decalin solvent. That is to say, about 20 mg of z polymer

20  was dissolved in 15 ml of decalin and the specific viscosity 1
sp was measured in an oll bath at 135°C. To this decalin solution,
5 ml of the decalin solvent was added and disscolved, and then the
specific viscosity n sp was measured in the same manner. This

dilution procedure was further repeated twice and the n sp / C



FOO 182 171 189 188 178 48x[Y]-7000 F1736 1208 2072 2024 1544 48x[Y]-7500

F1236 708 15721524 1044 f:. 2-isobutyl-2-isopropyl-1, 3-di netthoxypropane

[ 0083] Table 2 Exanpl el Un16 23

20

value determined by the extrapolation of the concentration (C)
to 0 was taken as the intrinsic viscosity ((n] = lim(n sp / C)
(C - 0)).

(00557

[Preparation Example 1]

Preparation of Solid titanium catalyst component

After 75 g of anhydrous magnesium chloride, 280.3 g of decane
and 308.3 g of 2-ethylhexyl alcohol were reacted with heat at 130°C
fer 3 hr to prepare an uniform sclution, 22.2 mi of
2-iscbutyl-2-isopropyl-1l, 3-dimethoxypropane was added to this
solution and mixed with stirring at 100°C fecr 1 hr.

(0056}

After cooling the resultant uniform solution to room
temperature, 30 ml of this uniform scolution was dropped all with
stirring to 80 ml of titanium tetrachloride kept at -20°C over
45 min. After completion of the dropping, the mixed solution was
heated to 110°C over 4.5 hr. When the temperature reached 110°C,
0.52ml of 2~isobutyl-2-isopropyl-1l, 3-dimethoxypropane was added
to the mixed solution and then stirred at the same temperature
for 2 hr. After completion of the twe-hour reaction, a solid part
was collected by hot filtration. The solid part was‘suspended
again in 100 ml of titanium tetrachloride and reacted with heat
at 110°C for 2 hr. After completion of the reaction, a solid part

was collected again by hot filtration. The solid part was washed

30



781 9110 Pol yneri zation conditionl Polynerization nethod Conti- nuous Conti -
nuous Conti- nuous Conti- nuous' | Conti-nuous 4-nethyl- 1l-pentene L h 50
50 50 50 50 O her a-olefin Kind 1-oct4a decene 1l-octa dece e l1l-octa

sufficiently by decane and hexane at 90°Cuntil liberated titanium
compounds were not detected. The resultant solid titanium
catalyst component was kept as a decane slurry.

(0057

e

5 B part of the decane slurry of the solid titanium catalyst
component was dried and examined on the catalyst compesition.
With regard to the catalyst composition of the solid titanium

=]

catalyst compenent, titanium was 3.0 % by mass, magnesium was

17.0

o0

by mass, chlorine was 57 % by mass,
10 2-iscbutyl-2-igsopropyl-1, 3-dimethoxypropane was 18.8 % by mass
and 2-ethylhexyl aicchel was 1.3 % by mass.
(0058}

[Preparation Example 2]

[av}
S
®

-polymerization of Scolid titanium catalyst component

15 To 200 ml four-neck glass reactor equippsed with a stirrer,
8.36ml of dried decane and 2.66ml (1.0mol/l in terms of aluminum
atom) of a decane sclution of triethyl aluminum were fed underx
a dried nitrogen stream. Subseguently, 26.5 ml (0.83 mmol in
terms of titanium atom, containing 1.2 g in terms of mass of the

20 solid titanium catalyst component) of the decane slurry of the
solid titanium catalyst component prepared in Preparation Example
1 and 4.98 ml (3.3 ¢) of 3-methyl-l-pentene were added with
stirring at 20°C. Thereafter, the mixture was kept with stirring

at 20°C for 45 min to prepare the pre-polymerization catalyst.



decene 1-octal-octa decenedecene

catal yst Kindre- polyneri zation catalyst Pre- polyneri- zation natal

Pre- Era- Ere- polyneri -

L/hl1.0 1.3 0.71.01.3 Solid titanium

Si -

, polimeri-pdyneri- ration,irationration. natal

sr?natal stcatal yst conmponent./hF2 2 2F2zF. Triethyl mmol al um nunih 100

10

20

[0059)

In the pre-polymerization catalyst, 2.5 g of the polymer
was contained per 1 g of the solid titanium catalyst component.
(00801
[Example 1]

Using a 200 L internal volume stainless steel polymerization
reactor equipped with a stirrer, polymerization of
d-methyl-l-pentene was carried out continuously.

[0061]

Tc the polymerization reactor, 4-methyl-l-pentene in an
amount of 50 L/hr, l-decene as other g-olefin in an amount of 0.3
L/hr , triethylaluminum in an amount of 100 mmcl/hr, hydrogen in
arn amount of 50 NL/hr, the decane slurry of the pre-polymerization
catalyst prepared in Preparation Example 2 in an amount in Terms
of & solid titanium catalyvst component of 2 g/hr and
2-isobutyl-Z2-iscpropyli-1, 3-dimethoxypropane in an amount of 50
mmol/hr  were  added and continuous  polymerization  of
4-methyl-l-pentene was carried out at a polymerization
temperature of 40 C for an average retention time of about 2 hours.
The polymerization slurry was continucusly extracted from the
lower part of the polymerizaticn reactor, filtered off, dried and
then granulated by an extruder.

[00e2]

A 4-methyl-l-pentene pclymer was prepared in an amount of



100 100100100 El ectronK na  donorF mmol 50 /n 50 50S0C60 HydrogenF NL/h 50

50 50F50L50 Pol yneri zation tenperature C 30 30 40F 40140 1 AverageFh
retention tine 2 2 F2 2L2 26

9.2 kg/hr.
[0063]

The evaluation results on the 4-methyl-l-pentene polymer

are shown in Table 1.
5 (0064}
[Example 2]

The procedure of Example 1 was repeated except That the other
a-olefin was added in an amount of 0.6 L/hr in place of 0.3 L/hx,
to carry out continuous polymerization.

10 [00€5]

The results are shown in Table 1.

[0068]
(Example 3]

The procedure of Example 1 was repeated except that the other

15  @-olefin was not used, to carry out continuous polymerization.
[0067]
The results are shown in Table 1.
{0068}
[Examplie 4]
20

The procedure of Example 3 was repeated except that the
polymerization temperature was changed to 30° C in place of 40°
C, to carry out continucus polymerization.

[60e9]

The results are shown in Table 1.



Pol ymeri zation result Amount of pol ynmer generated kg/h9.5 9.3 9.5 9.7!9.5
Amount of sol vent-sol ubl e polyner mass % 1.0 9.7 2.5143]1 7.9 Content of
other a-olefi nmassF2.-8 %4.4 23,Q.378 [11] d/gF3.4 3.2 t.43.33./

[0070]
[Example 5]
The procedure of Example 1 was repeated except that

l-octadecene was used as other g-olefin in place of l-decene, the

[an]

.3

o

cther a-olefin was used in an amount of 0.7 L/hr in place of
L/hr and the polymerization temperature was changed to 307 C in
place of 40 C, to carry out continucus polymerization.
00717
The results are shown in Table 1.
10 (00721
[Example 6]
TheprécedureofEmamplefiwasrepeatedexceptthattheother
g-olaefin was used in an amount of 1.0 L/hr in place of 0.7 L/hr,
to carry out continucus polymerization.
15 [C0T73]
The results are shown in Table Z.
[0074]
[Example 7]
The procedure of Example 5 was repeated except that the other
20 a-olefin was used in an amount of 1.3 L/hr in place of 0.7 L/hr,
to carry out continuocus polymerization.
[0075]
The results are shown in Table Z.

10076]



Modul usin tension[ X] FMPa 910 650 1600 1220 1100 Vicat softening point[Y] C
171 160 183 179 175" 48x[Y]-7000 1208 680 1784F159211400 48x[ Y] - 7500 F708
180 1284F10921900 *: 2-isobutyl-2-ixdbpropyl-1, 3-di net hoxypr opane 6[ 0084]

[Example 8]

The procedure of Example 1 was repeated except that
l-pctadecene was used as the other a-olefin in place of l-decene
and the other o-clefin was used in an amount of 0.7 L/hr in place

5  of 0.3 L/hr, to carry cut continucus polymerization.

[0077]

The results are shown in Table 2.

(00783
[Exampie 9}

10 The procedure of Example 8 was repeated except that the other
g-olefin was used in an amount of 1.0 L/hr in place of 0.7 L/hr,
to carry out continucus polymerization.

o079l

The results are shown in Table 2.

15 [0080]
[Example 10]

The procedure of Example 8 was repeated except that the other
a-olefin was used in an amecunt of 1.3 L/hr in place of 0.7 L/hr,
to carry out continuous polymerization.

20 (00813

The results are shown in Table 2.



[ Conpar ati ve Exanple 1] Usinga 200 L internal volune stainless steelpolyne
ization 31 reactor equipped with a stirrer, batch polynerization of 4-ne
hyl -1 - pentene was carried out. [0085]%To the polynerization reactor,
4-met hyl -1-pentene in an 5 anount of 100 L, 1-decene as ot her a-olefin in
an anount of 1.0 L, triethylalum numin an amount of 100 nmmol, hydrogen in
an anount of 50 NL, the hexane slurry of the pre-polynerization catalyst
preparggohg Preparation Exanple 2 in an anount in ternms of a solid titanium
cat al yst co%ponent of 2 g and 10 2-isobuty

- 2-isopropyl-1, 3-di net hoxypropane _in_an _anmount or 50 mmtl were added and
bat ch polynerlzatlon of 4-nethyl - L_ﬁéﬁléne was carried out at a

pol ymeri zation tenperature of 40 C. After 4 hours fromthe start of the

reaction, the polynerization slurry was extracted fromthe polynerization
reaCtOL——LLLL%Lﬁ” ot —dried—15—and then—granulatedby—-an—extruder— [ 0086
A 4 n?fhle¥aW@ Eone_pol Jiee waé'préparbdyiﬁ anarplnt——of i5.0§kg. %0087}
20The | PORYASEEZAEEGR EOROREEENs and the-evahuati-onresults—onthe
4- met Ny PLTRéntane pol ymer are>Shown (1. Tabl 3. {0088] [ Compl atLve
Exanpl re—of - GO atlive SERanple 2k V"snrﬁggai “exe bt~ 32
: - Sioaba Lihie)s)
that t nﬁﬁg% not sec, to carlry out batc polynerlza i on.
[oosg]M&m—aﬁe t -A—TFabte—5{ 00991 —-Conparative—Exar 3] The
proced@? éj gbnparatlvé*ﬁxangég@%e\a§e5§$§ated3é§cep?w%ﬁ%t_Eﬁégigpncene
was us&d Casthe ot her a=ofefini tace P
T/h 0K gle 0.7

Snlig ¥Kind | Pra- Fre- Pre— Pre~ Fre-

ritaniuvm polymeri- poimeri— pol;m@,-ui— poiymeriw polymeri—

- - zation zaticon zaticn zation zation
catalyst ‘ catalyst catalyst catalyst catalyst catalvst
componentc G/h ) 2 ) 2 -
Triethyl mmol 100 100 100 100 100
aluminum /h
Electron Kind * * * * *
donor mmo L 50 50 50 50 50

/h
Hydrogern NL/h 50 50 50 50 50
Polymerization °C 40 40 40 30 30
temperature
Average ol 2 2 2 2 2
retention time i
Polymerization result
Amount of | kg/h | 9.2 9.5 2.8 ! 5.8 9.2
polymer
generated
Amount of + Mass 1.8 2.3 1.6 0.1 2.0
solvent-soiuble %
Dolymer
Content of other | Mass 2.1 3.5 2.2
g-olefin %
m] DL/g 3.1 3.1 2.0 3.0 3.1
Modulus in| MPa 1670 1180 1750 2000 1160
tension [¥X]
Vicat softening °C 182 173 189 188 178
point Y] ;
48x [Y]~ 7000 1736 1208 2072 2024 1544
48x (Y]~ 7500 1236 708 1572 1524 1044

*: Z2-isobutyli-Z-isoprcpyl-1,3-dimethoxypropane



1-decene and the other a-olefin was used in an anobunt of 1.6 L 10 in pl ace
of 1.0 L, to carry out batch polynerization. [0091] The results are shown
in Table 3. [0092] [Conparative Exanple 4] 15The procedure of Conparative
Exanpl e 3 was repeated except that the other a-olefin was used in an anount
of 4.5 L in place of 1.6 L, to carry out batch polynerization of 4-nethyl-
-pentane [ 0093] The results are shown in Table 3. 20[0094] [ Conparative
npl? ﬁ The procedure of Conparative Exanple 3 was repeated
except 't ag the other a-olefin was used in an amount of 9.1 L in place of
1.6 L, to carry out batch polynerization of 4-nmethyl-1-pentene. 33 [0095]
The results are shown in Table 3. ~Egg§6%-The 4-met hyl -1 - pent ene pol yners
prepared by the batch 5 polymerization in Conparative Exanples 1 to 5 do
not satlsfy the fornulas (1) and (2) S|nultaneously and it is found that

they hax conpar ed
wi th the ul

pol yme: vPOJ-Xm@,:AZ-aﬁJ.QQQ srdd 020~ 097} Conpar-at-re—Exanpte 6]
he pigcclre o0 “BRtiml e 10 Wiy T epeat el preeil it [iE ol gt Zal on vas
45 C i %‘f}e 40— —t0-cafrt ¥FUT oML AUOUS—Rory e 5?“ o1 5.?|_u 98]
A 4-nEH zgpte&entene polyrer] was preparéd in an anmount of 9,3 kg/ hr| and the
anmount & Sotvent—sotuble—pot was 16490 bymeass 100991
L& PPLIOEL TS, K0, & 70 3 JTeop. A0V o or g
20[Cowﬁ§%§f%¥§ Exanpl e g? decenBE @é@&&QLF&éégn £,10 was fepeat ed
except that an el ectr mrdgor T wag [otT USgUun o CEriy outy CONtT MUOUS
pol yne 'S'Oﬁcitd UTT. Kind Pre- Pre- Pre- Pre- Pre-
- ritanium pol}m@ri» polyrgeri— polmeri- polyfgeri— polym:eriw
5 - zation zation zation zatlon zatlon
catalyst catalyst catalyst | catalyst catalyst catalyst
component g /n 7 2 o 5 2
Triethyl mmo 1 100 100 100 100 100
aluminum /h
Electron ind * * * *
donor mmol 50 50 50 56 50
/h
Hydrogen NL/h 50 50 50 50 50
Polymerization °C 30 30 40 40 40
temperature
Average h 2 2 2 2 1 2
retention time |
Polymerization r@-sul‘r
Amount of | kg/h 5.5 9.3 9.5 9.7 9.5
nolymer
generated i
Amount of | mass 1.0 9.7 2.5 4.3 7.9
solvent-soluble %
polymer
Content of other | mass 2.8 4.4 2.2 3.0 3.8
g-olefin %
inl dL/a 3.4 3.2 3.4 3.3 3.7
Modulus in| MPa 910 650 1600 1220 1100
tension [(X]
Vicat softening °C 171 160 183 179 175
point [Y]
48x[Yi- 7000 1208 680 1784 1552 1400
48x[¥Y]~ 7500 ] 708 180 | 1284 1082 ] 900

*: Z2-isobutyl-Z-isopropyl-1,3-dimethoxypropanse
5 [0og4]
[Comparative Example 1]

Using a 200 L internal volume stainless steel polymerization



[0100] 34 A 4-nethyl -1 -pentene pol ymer was prepared in an anmount of
9.2 kg/hr and the anount of a solvent-sol uble polynmer was 16.9 % by nass.
[0101] 5In Conparative Exanples 6 anill 7, continuous extraction of the

pol yneri zation reaction m xture fromthe polynerization reactor could not
be carried out stably. [0102] 35 Table 3 Conparative Exanplel Unit 1
2 35 Pol ynerization condition Polynerization nmethod Batch Batch

reactor equipped with a stirrer, batch polymerization of
d-methyl~-l-pentene was carried out.
100851
To the polymerization reactor, 4-methyl-Il-pentene in an
5 amount of 100 L, l-decene as other v-olefin in an amount of 1.0
L, triethylaluminum in an amount of 100 mmol, hydrogen in an amount
of 50 NL, the hexane slurry of the pre~pclymerization catalyst
prepared 1n Preparation Example 2 in an amount in terms of a solid
fitanium catalyst component of Z g and
10 2-isobutyl-Z2-isopropyl-1,3-dimethoxypropane in an amount of 5C
mmel were added and batch polymerization of 4-methyl-Il-pentene
was carried out at a polymerization ﬁemperature of 40° C. After
4 hours from the start of the reaction, the pelymerization slurry
was extracted fromthe polymerization reactor, filteredoff, dried
15 and then granulated by an extruder.
(00861
A 4-methyl-l-pentene polymer was prepared in an amount of
15.0 kg.
[0087]
20 The polymerization conditions and the evaluation results
onn the 4-methyl-1l-pentene polymer are shown in Table 3.
[0088]
[Comparetive Example 2]

The procedure of Comparative Example 1 was repeatecd except



Bat ch Batch Batch 4-nethyl-|pentene 100' 100 100 100 100 O her a-olefin

Ki nd1- None decene 1l-octa decene 1-octa decene 1-octa decene 1.0 1.64.59.

Solid titanium catal yst conponent Kind Pre-

that the other «a-olefin was not used, tTo carry out bkatch

polymerization.

The results are shown in Takle 3.
5 [0080]
[Comparative Example 3]

The procedure of Comparative Example 1 was repeated except
that 1l-cctadecense was used as the other c-clefin in place of
l-decens and the other o-olefin was used in an amount of 1.6 L

10  in place of 1.0 L, to carry out batch polymerization.
[0091]
The results are shown in Table 3.

[0092)

[Comparative Example 4]

15 The procedure of Comparative Example 3 was repeated except
that the other w-clefin was used in an amount of 4.5 L 1in place
of 1.6L, tocarry out batch polymerization of 4d-methyl-l-pentene.
[0093]

The results are shown in Table 3,

20 [0094]

[Comparative Example 5]
The procedure of Comparative Example 3 was repeated except
that the other o-clefin was used in an amount of 2.1 L in place

of 1.6 L, tocarry out batch polymerization of 4-methyl-l-pentene.

1



polymeri- ration catalyst Ore- polyneri- ration catalyst Oe-1 polyneri-
zation catal yst Pre- poiyneri- ration catalyst Pre- polyneri- zation
catal yst 22 2 22 Tkiethyl alum num¥#ol 100

[00%5]
""he results are shown in Tabls 3.
{0096}

The 4-methyl-l-pentene polymers prepared by the batch

93]

polymerization in Comparative Examples 1 to 5 do not satisfy the
formulas (1) and (2} simultaneously and it is found that they have
inferior balance between heat resistance and rigidity as compared
with the 4-methyl-l-pentene polymers prepared by the continuous
polymerization in Examples 1 to 10.
10 (00971

[Comparative Example 6]

The procedure of Example 10 was repeated except that the
polymerization was 45 Cinplace of 40 C, to carry out continuocus
polymerizaticn.

15 [0098]

A 4-methyl-l-pentene polymer was prepared in an amount of

H

9.2 kg/hr and the amount of a solvent-scluble polymer was 16.4 2
by mass.
[0C99]
20 [Comparative Example 7]
The procedure of Example 10 was repeated except that an
electron donor was not used, to carry out continuous
polymerization.

[¢100}



100 100 100 100 El ectron donor Kind -A  mol 50 /h 50 50 50 50 Hydrogen

NLSC60 50 50 50 Pol yneri zation tenperature C404040 40
34

A 4-methyl-l-pentene polymer was prepared in an amount of

9.2 kg/hr and the amount of a sclvent-soluble polymer was 16.9 %

by mass.

re1oil

in Comparative Examples € and 7, continuous extraction of

the polymerization reaction mixture from the polymerization

reactor could not be carried out stably.

[0102]



40 Pol ynerization tinme 44444 Poi nerization result Anountofkgl5. pol yner

*: Z-isobutvl-Z-isopropyl-1l,3-dimethoxypropane

[0103]
[Example 11]

Using a T

die extrusion molding machine (30 mm &, L/D = 26,

generated 14.5 8 4.5 Anountof solvent-soluble polynmer Mass 4.2 0.1 2.7 2.8
16.1 Content of otherMass a-olefin 3> 1.4 3.6 6.1
Tabie 3
Comparative | Unit 1 ’ 2 3 | 4 5
Example | ]
Polymerization condition
Polymerization Batch Batch Batch Batch Batch
method
4-methyi-1- P 100 100 100 100 100
pentene
ther Kind 1- None i~-octa | ~octa | 1-octa
g-clefin decene decene | dacene | decene
L 1.0 - 1.6 4.5 5.1
Solid Kind Pre- Pre- Pre— Pre— Pre—
titanium polymeri- | polymeri- | polymeri- | polymeri- | polymeri-
L. N zation zation ration zation zation
cataLyst ] catalyst catalvat catalyst caralvst catalvst
component P > o > > )
Triethvl mmo L 100 100 100 100 100
aluminum
Electren Kind * * *
donor mmo Ll 50 50 50 50 50
/h
Hydrogen NL 50 50 50 50 50
Polymerization °C 40 40 40 40 40
temperature
Polymerization n 4 4 4 4 4
time ,
Polvymerization result
Amount of kg 1500 14.5 14.81 i5.0 14.5
polymer
generated
bmount of | Mass 4.2 0.1 2.7 2.8 16.1
solvent-scluble %
polymer
Content of other | Mass 3.4 - 1.4 3.6 6.1
c-olefin %
ni dL/g 3.2 3.0 3.0 3.0 3.0
Modulus in| MPa 1540 1890 1610 1190 680
tension [X]
Vicat softening °C 168 174 179 167 147
point [Y1
48x[yi- 7000 1064 1352 1592 10716 50
48x[Y1=~ 7500 564 852 1092 516 -444



dle/g3.2 3.0 3.03.0 Modulusin tension[X] MPa P40 1890 1610 1190 680 Vi cat

softening point[Y] 168174 179 167 147 48x[Y]-7000106413521 1592 1016l 56
48x[ Y] - 7500 564185210921 5161 - 444 *:3°

2-isobutyl-2-isopropyl -1, 3-di net hoxypropane [0103] 5[ Exanple 11] Using a T
di e extrusion nol ding machine (30 nmO0, L/D = 26,

c

pt

/C2/C3/C4/R1/A2/D1/D2 = 300/310/310/310/310/310/310/310,
screw rotating speed of 60 rpm) manufactured by Thermo-Plastics
Industries Co. Ltd, a single layer film having a width of 130 mm
and a thickness of 50 pym was prepared using the 4-methyl-l-pentene

5  polymer prepared in Example 1. The production of the single layer
film was carried out in the conditions that the chill roil
temperature was 60 C and the film drawing rate was 7 m/min.
[0104]

The filmprepared had excellent heat resistance and softness

10  simultaneously and also had excellent transparency.

INDUSTRIAL APPLICABILITY
[0105]

The 4-methyl-l-pentene polymer of the present invention has
excellent balance betwesen heat resistance and rigidity and,

15 moreover, has excellent processability, chemical resistance and
electric and mechanical propertises. Therefore, it 1s processed
into extrusionmolded articles, injectionmolded articles, hollow
molded articles, films and sheets and then favorably applied to
various uses, for example, convenience goods, kitchen utensils,

20 packaging films, fibers such as non-woven fabrics and the like,
household electric appliances, mechanical parts, electric parts,

automcbile parts and the like.



36 Cl/C2/ C3/ CAl Al /| A2/ D1/ D2=300/ 310/ 310/ 310/ 310/ 310/ 310/ 310, screw rotati ng
speed of 60 rpn) nmanufactured by Therno-Pl astics Industries Co. Ltd, a
single layer filmhaving a wwdth of 130 mmand a thickness of 50 wuwas
prepared using the 4-nethyl -1-pentene pol yner prepared in Exanple |I. The
production of the single layer filmyas carried out in the conditions that

the chill roll tenperature was 60' C and the filmdrawing rate was 7 mmn.
[ 0104] Thefi | nprepar edhadexcel | ent heat res st anceandsoftness 10
si mul t angously and al so had excel l ent transparency. | NDUSTRI AL

APPLI CABI LI TY [ 0105] The 4-nethyl-1-pentene polymer of the present

invention /bggn&%\qglée%(gnegg valeeBorR@taveen heat resistance and rigidity and,
15 noreover, has excel |l ent processabﬁ ity, chemi cal resistance and electric

and m%%%%%@,p%% qaeéo s{mﬁ@{rﬂf@er o z%\%%;? naeﬂ XL 4484 on nol ded
ooy '”sg%%om g A 4\!&(@1 il AR gﬁgeﬁe?awm and

sheet s a conveni ence

goods, K:]& Lﬁ{{n@ ;I?F yt- b@ ignegprovﬁec}/@atlt ¢ ot? ?’%ﬂe (;onstltﬁtm nlBlEt fwoven
fabrics %m|4-ng E 19 ;t}t%m% Itl ﬁ[cv,% ro %ﬁ?}%gf’ parts,
electri @ a&seﬂevma DA @ﬂaﬁnﬁs“éwﬁn%@er d-penigy 2% 4 net hyl - |
~ pent eneVissry Hsrt-wethsk | -serigne BlYRE stovss By | %‘@‘“51’0“3‘%&)(?“@&12] ng unit
derived from4-nmethyl-1-pentene and 0 to 50% by mass of a constituting unit
derived fromat |east one of olefins having 2 to 20 carbon atons excl udi ng
4- met hyl 48+ fyertt e /pf B98-d&f- 1098t t he {iptal of the constituting unit derived
from4-nmethyl-|-pentene and the constituting unit derived fromat |east one
of olefins having 2 to 20 carbon atons excluding 4-nethyl-|-pentene is 100%
. by mass, %@relp kgg{) 4 et hyl - 1-pente pol ynmer satisfies the follow ng
formulas (1 r[ldi_( 48x [Y]-7500 Ms-48x [Y]-7000(1) 160 C. 15- [VY].-190
C.(2) inwhich [X] is a nodulus in tension (MPa), as neasured in an ASTM

D638 net.ho t he 4 yl-1-p n Vi a sof t eni ng
poi nt (1T e e g iﬂﬁ%@%%? f%ﬁ%y AL dgsjgwfg 3 Rentiod 8!
4- et hylt‘? YeriePepisy Rptymer and [ijds 9 Vigat Wﬁe“‘lﬂgﬁBWE ) goryEFehlcor ding to
claiml adehVitd Lalmst %Olﬁﬂ}“ecéo]ﬁ?‘?’ﬁhb'ﬁﬁ‘}t‘fﬂef%@ﬁ??fg a nononer for formng the
4- et hyl -1 -pentene pol yner and an organi c solvent to a polynerization

react or Zanthecomeibylbbusitynendyaetdcaydagporipmed v Babewgdbyon m xture

cont ai ni qegtitvesly dsading avgodomatinyforrhing élret emethybll ypeetend papmehandpol ymer i zat i on
r eact or . orgdhic Hlpmosess | froerizatioduetngaral dniimtduyly <kirpeimgeneslypodrizaten whi ch
process eadphinsieste amatdningitestyltingedinmgydt-petind pdymedninette, or 4- net hyl -

1- pent engl@néiAanoDiaéibn excl udi ng 4-nmethyl - -pentene, together wth an
organi c solvent to a polynerization reactor, and continuously extracting a

pol ymerizaji %e£sq@f>;5xb&ﬁb:ﬁg XL e ¢ eRtcnk PBlyeF f8ih pldi@sshonipRibdy| - | - pent ene
pol yrer from t he pol ynerization reactor wherein the 4-nethyl-| pentene

pol ymer %R&du% Sfe eéhﬁl- HBSS 4.9 et 1900 dnk Uhd BYoMAR bxdEdihyed from
: % W‘e R i

4- et hyl erived from
~at | east Blﬁg’?g aV| n }’gg (Sjgaiggr 68‘&%8 elntl%é%idc %d&ﬂj fnd®

4- et hyl -1 - entene rOV|d g‘/ the tota nstityting unit derived
from 4" rispribioLsk SRR Rt e B el v,'j’-@ rfm%rwﬁ 9{om at | east
one of o‘F‘%tf“Vlhlspﬁ’é?fie wngr drosipthe pPlygIerIZRt I:?Hsm 1 -pentene is
100% by RRaESe palynet ?Ré“mlsﬁ%t hyl -1 -pentene pol yner satl sfies the fol | owi ng

formulas (1) and (2):
50 to 100% by mass of a constituting unit derived from 4-methyl-1-pentene and

0 to 50% by mass of a constituting unit derived from at least one of olefins having 2 to 20
carbon atoms excluding 4-methyl-1-pentene provided that the total of the constituting
unit derived from 4-methyl-1-pentene and the constituting unit derived from at least one
of olefins having 2 to 20 carbon atoms excluding 4-methyl-1-pentene is 100% by mass,
and the 4-methyvl-1-pentene polymer satisfies the following formulas (1) and (2):



38 48x [11---7500/XJ.6-48/[Yr 7000(1) 160 C. _..[YiS190 C. (2) in which [X]
is a nmodulus in tension (MPa), as neasured in an ASTM D638 net hod, of the
4- et hyl - 1- pentene polyner and [Y] is a Vicat softening point ( C), as
measured in an ASTM D 1525 net hod, of the 4-nethyl-1-pentene polyner. 4.
The process for producing a 4-net hyI 14 -pentene polymer according to claim3
wherein the 4-nethyl-|-pentene polynmer conprises: 50 to 99.9% by nmass of a
constituting unit derived from4-nethyl-1-pentene and 0.1 10 50% by mass of
a constituting unit derived fromat |east one of olefins having 2 to 20
car bon Hai-ng: t - f-p ene provided that the total of the
const i tﬁ%ggﬂ? ﬁ’é?ﬂt) g{gﬂ 6ea[ r?rg% met ﬁ(;}lt) 1- pentene and the constituting
unit derived fromat |east one of olefins having 2 to 20 carbon atons

excl udin | -pentene is 100% by mass. 5. The process for

pr oduci n%o C4m:5(§¥=hy?0 1C pent ene pol yrreﬁf)accor ding to claim3, which further
conprises regul ating the amount of a sol vent-sol ubl e pol which is

cont ai neid vhich [3d ipopdeps indensom (Rt dsoneanied Uy & AQT éi/ﬁlbtim #@ds or |ess.
6. The 4thedtrmythyl!-pgoemt enlympohydigf] ine dovad Fofepning reimi(hiC2, ashimeshured inobt ai ned
by furt her ARBGUD aflngethbe odieunthedl!-&-psabenvemtlyisal ubl e pol ynmer which is
contained in the polynerization reaction mxture to be 15% by nass or | ess.
7. The 44 mefidbedss fp@ridasiag pakmeamyl- neeaddipdlyha scbailin o cleimsi sing: 50 to
99. 9% bywRa&siS tlﬁg4—@1e§{f3xﬂ$1}ieﬁﬂéﬁé PeymBi dongleiskyed from 4-nethyl-1 -pentene and
0.1 to 50% by mass of a constituting unit derived fromat |east one of

ol efins m\s@ag}»@@ 2800 SR AN RHGEHHHAG- f%et][f@t mf,leménaoeﬁlratene provi ded

‘that the total e constltutlng unit derived ffom4-nethyl- 1 - pent ene

and the gonSkdhul 'mﬁgs%wacon eﬁ* if §d we@%mea%%as @gf PhehiI% Igving 2 Lo

20 carbo SS.. Afilm
compri oi EFP@ azi%f}ﬁ}%g ;5% -%@itg- fi % fPV* ¢ &ﬁéhg e Al %ﬁ:;‘ﬁﬁa An LED
| d 'He 4" 1 S 1. [Fi
T]D 0 goooo)@“me* 6v152 8 192 casdep @0@36?“3 36 1op@t9 %ew@%%bm@%c 0 co[ @

-Gr CN red /V]juolsue; U snlnpow
5. The process for ploducmg a 4-methyl-1-pentene polymer according to claim 3, which

further comprises regulating the amount of a solvent-soluble polymer, which is contained
in the polymerization reaction mixture to be 15% by mass or less.

6. The 4-methyl-1-pentene polymer according to claim 2 which is obtained by further
regulating the amount of a solvent-soluble poiymer which is contained in the
polymerization reaction mixture to be 15% by mass or less.

7. The 4-methyl-1-pentene polymer according to claim 1 comprising:

50 to 99.9% by mass of a constituting unit derived from 4-methyi-1i-pentene and (.1 to
50% by mass of a constituting unit derived from at least one of olefins having 2 to 20
carbon atoms excluding 4-methy!-1-pentene provided that the total of the constituting
unit derived from 4-methyl-1-pentene and the constituting unit derived from at least one
of olefins having 2 to 20 carbon atoms excluding 4-methyi-1-pentene is 100% by mass.

8. A film comprising the 4-methyl-1-pentene polymer according to claim I.

9. An LED mold comprising the 4-methyl-1-pentene polymer according to claim 1.
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