1 DESCRI PTI ON 4- METHYL- 1- PENTENE POLYMER, PROCESS FOR PRODUCI NG

THE SAME AND USE THEREOF TECHNI CAL FI ELD 5[ 0001] The present
invention relates to a 4-nethyl-I-pentene pol ynmer having excellent bal ance
bet ween heat resistance and rigidity, a process for producing the pol ynér
and uses thereof. TECHNI CAL BACKGROUND 10[ 0002] Since olefin

pol ynmers have excellent processability, chem cal resistance and el ectri cal
and nmechani cal properties, they are nolded into extrusion nolded articles,
injection nolded articles, hol | Baw#BLEEdCHrticles, films, sheets and the

| i ke and 15 have been applied to aw de range of uses, for exanple,

conveni ence goods, kit chenETHiensitBENpaskagopygMER| ns, fibers such as
non-woven fabrics, etc, household electric appliances, nechanical parts,

el ectric part $rpuseer epaicnandinesmkend ngpartdew s, ol efin

pol ymers contai ni ng 4-net hyl -1 -pentene have been used as 20 a resin having
exceILﬁﬁg _ resistance together with excellent transparency, gas

per mea 'Ippéﬁgﬁdgéﬁg%ical resi stance in various fields, for exanple,

medi cal instrunents, heat resistant electric wires, heat resistant dishes
and thePG9%k. [0003] 2 Pat ent docunents 1 and 2 disclose a

catal yst, which conprises a solid titanium catalyst conponent conposed of
magnesi um tTHeanmtapertaliogemaih are bieest ron aohane tlayn- brpatiganonet al
conpound as a catalyst for polynerization of olefins 5 containing

4'”EtHMiI&mé%”ﬁé%%h%'@¥%%if@ﬁ@ﬂ&aﬂ@ﬁé@ﬁﬂéﬁwééﬁ0hQ£§C£Q§§s§aﬁéQC§§§ for
produci ng a 4-nethyl-I-pentene polynmer by a Batch pol ynerizati on net hod

usi ng the above-described catalggt..Thethgsuéiingrgghyners r%p%%%d_by

t hese ‘processhs SEmsiomes TRAVB P RFSH S TRET T ¥eT 5t & F 0 e i gi dity

dependiqg%éo uses. %%£00041 Recently, as a catalyst for

pol ynerG @& + oh oA L& TN ol ymers cont ai ni ng 4- net hyl - 1- pent ene, a

net al | ocene catal yst has been disclosed (referred to Patent docunent 3).
ThDs pEd@®nt] docunment al so di scl oses a process for producing an olefin

pol ymer 15 containing 4-methyl -1 -pentene by a Batch pol ynerizati on net hod.

However, thesiesdldid¥ad PYlinBre SOMRLYaesxhasi st | prénsuéihci ey, bal ance
bet ween heat resistance and rigidity. Therefore, the inprovenent in the

oLV POLATELL AL o0, oL 10 hegDerD BLAGHay ox2f Folgl!
they are molded inte extrusion mclded articles, injection molded
articles, hollow molded articles, films, sheets and the like and

15 have been applied to a wide range of uses, for example, convenience
goods, kitchenutensils, packaging films, fibers such as non-woven
fabrics, etc, household electric appliances, mechanical parts,
electric parts, automobile parts and the like. In particular,
olefin peolymers containing 4d-methyl-l-pentene have been used as

20 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.

[0003]



2: International publication WO 2006-054613 Patent docunent 3:

I nternational publication WO 2005-121192 DI SCLOSURE OF | NVENTI ON OBJECT
OF THE I NVENTION 3 [0005] The presest invention is intended to solve the
problens, and it is an object of the present invention to provide a

4- et hyl - 1- pent ene pol ynmer havi ng excel | ent bal ance between heat 5
resistance and rigidity, a process for producing the polyner and uses

t hereof . MEANS FOR SOLVI NG PROBLEM [ 0006] The

 4-net hyl - | - Faricae dOSTURRETE Sof L 3K pr et G 3R ehtGR 1O oripi Ees:

50 to 100 % by mass of a constituting unit derived from 4-nethyl -I|-pentene
and 0 dangt: LDy rass dftia aohst | ¢at 2 hgsuncémplenevedcdmoposad ¢£ast one of
ol efins having 2 to 20 carbon atons excludi ng 4-nethyl -1-pentene provided
that the todaly of: e ki constbiat i fgqunh tederived &§508% 4-aBbhyh-1 - pent ene
and the constituting unit derived fromat |east one of ol efi ns havi ng 2 to
20 carbon_at ons excl udi ng, 4-net hyl -] -pentene is 0.%Db , t he
4- et KT S PErHt 2h & OBV 8Pse o %/taa}lrya% gogyp?ega%%bzé%%%ﬁfé%l ?rl orm ng
the 4-methyl -|-pentene polyner and an organic 20 solvent into a

poPy nEre R i G et bnt TRRRBERTS - and & miitSHg POt 136t on
reaction m xture containing the resulting 4-nethyl-1-pentene polyner from
t he polysEléogatd pnoceast Oor gortdunious lay4-he007] -14pentene Ryl ireeminyve, t he
4- et hyl - 1- pent ene pol ynmer of the present invention conprises: 50 to
100 % Dy WRsSoOf yrie CONSE i M HSRG i | dgrdneeghdvomids 8Bt byb chtRenrisene and 0
to 50 % by nass of a constituting unit 5 derived fromat |east one of

ol efi having.2 to 20 carbaon ato o ' - | - 1- ovi ded
that the® {6t gt&Pgt%%P%%enEf’iﬂru?%—?anfgres%%ﬁthﬁér?gég’c rtgrﬁ%fé%“e?ﬁ%g?%ﬁg’rﬁt ene
and the constituting unit derived fromat |east one of olefins having 2 to
20 carboheal oRsN ke IR i AR Fet FT - Taebht e I S A HERE - s YfFSand t he
4- et hyl - 1- pent ene pol yner satisfies the following fornulas (1) and (2):
480x [¥pOR4T500[ X]48 x [Y] - 7000 ... (1)

Recently, as a catalyst for pelymerization of olefin
polymers containing 4-methyi-lI-pentene, a metallocene catalyst
has been disclosed (referred to Patent document 3). This patent
decument also discloses a process for producing an olefin polymer

15 containing 4-methyl-l-pentene by a Batch pclymerization 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-2005-89663
Patent document 2: Internaticnal éublication WO-2006~054613
Patent document 3: International publication WC-2005-121192
DISCLOSURE  OF INVENTION

OBJECT OF THE INVENTION



160C[ Y] 190C ... (2) provided that in the fornulas (1) and (2), [X] is a
nmodul us in 15 tension (MPa), as neasured in an ASTM D638 net hod, of the
4- et hyl -1 - pent ene pol yner and [V] i? a Vicat softening point (C) as
measured in an ASTM D 1525 net hod, of the 4-nethyl-1-pentene polyner. The
4- et hyl - 1- pentene polynmer is preferably obtainable by 20 feeding a
nmononmer for formng the 4-nethyl-1-pentene pol yner and an organi c sol vent
continuously to the polynerization reactor and extracting a polymerization
reacti W@ Xt ure containing the resulting 4-nethyl-1-pentene polyner from
t he pol ynerization reactor continuously. 5 [0008] The

4- et hyl - | - pand gnes ol eivacesding o dliespres eidl v el ifibdisns,
preferably obtainable by further regulating the anount of a

sol vent ; soj.ub I o] ' ' - -
poIywég?éa%?o%geggtggﬁ%$gt§$2E§§?%%$% Q?o%?ﬁ%nﬁé ?n%?i g?yéﬁer%actor to be
within 15 %b ss. [0009]. The 4-nethyl -1-pent ene pol yner preferably
conpr i $d8°t T 8916595 BP HESY O VAPEEHTT T hG 3R eder FYeen fissth 10
4-met hyl -1 -pentene and 0.1 to 50 % by mass of a constituting unit derived
frém atesessanenarst rélgélding havpngress o Q0 peadberingt bhs extyruei rgd
4-met hyl - 1- pentene provided that the total of the constituting unit

deri vegsd s ofmdra®t hyl - 1- pentene and the constituting unit derived from at
| east one of olefins having 2 15 to 20 carbon atons excl udi ng
'47nethgig§spﬁ§§e§@1%§ 400 byyymass. [0010] The process for
produci ng t he 4-net y$-|-pentene pol ymer according to the present
invent'&g £ nprises: continuousl yfeedi ng4-net hyl -1 -pentene, or 20

4-met h -Q-gentene and an ol efin excludi ng 4-nethyl -1-pent ene, together

wi th an organic solvent to a polynerization reactor, and

cont i nuous| yr'ext $aeetingl al ppeyhent zapl ynereadt ithe AvEapNE domeditiiarg a
resulting 4-nethyl-1-pentene polyner fromthe polynerization reactor. 6
[Q011]comprisés:is preferred that the 4-nethyl-1-pentene pol ynmer prepared
by the above process preferably conprise: 50 to 100 % by nass,
preferably t % I i js i f

i methyl - 1-pont e aad. T TB5R 8 00 by rase bl arabi 5 0 T to S8 56 by
nmass of a constjtuting unit deriv fromat | east one of,. olefins having 2
o 50 LaPBERY 2t bR BREN RS oty . BYpBRESnaE 1 Gt LHoA™S RE Aot ot of
the constituting unit derived from4-nethyl-|-pentene 10 and the

const | 481 YRP unian dér lgesf pam af ¢eakinpneoind|leftiond0 head e 2@ 20
carbon atons excluding 4-nethyl-I-pentene is 100 % by mass. [0012]

| n t hecabbyei py odesst hiytl H1s-rErefeery etrd i degukate tdre atpual 35 ofha

sol vent - sol ubl e pol yner contained in the polynerization reaction m xture

tasbe mhtbinedbi X6 bYuBsS.adO0d] from 4-methyl-l-ventene 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-methyl-l-pentene polymer is obtainable by feeding a
monomer for forming the 4-methyl-l-pentene peclymer and an organic

20 solvent into apolymerization reactor continuously and extracting
a polymerization reaction mixture containing the resulting
4-methyi-1l-pentene polymer from the polymerization reactor
continuously.

[0GO07]



The filmof the present invention is obtainable fromthe above-descri bed

4- met hyl - 1- pent ene polyner. 20[ 0014] The LED nol d of the present
invention is obtainable fromthe aboye-described 4-nethyl -1-pentene
pol ymer. EFFECT OF THE | NVENTI ON [ 0015] 7 According to the present

i nvention, the 4-nethyl-1-pentene polynmer has excell ent bal ance between
heat resistance and rigidity ancLis suitably used for filns, LED nolds and
the |ike. BRI EF DESCRI PTI ON OF THE DRAW NG 5[ 0016 Figure 1 is a
graph showi ri“glrd:heerrrm%ntbét%@%t%Y%anﬁgtﬁﬂetmﬂlsxw CXPEYE ATESE™NVA cat
softening point (C) of a 4-nethyl-1-pentene polynmer in each of Exanples 1
to 10 andkeConparadmyei &xanples 1 to 5. 10 BEST EMBODI MENT FOR CARRYI NG OQUT

THE | NVENTI ON [ 0017] ~The 4-nethyl -1-pentene polymer and the process
for produci ngy the ped yeesy Wehbsberdgseninked thit 168t @irli theteaiiRafd efron] 0018]
15[ 4- et hyl -1 - pent ene pol yner] The 4-net hyl - 1- pentene pol yner

according to the present invention. s obtainab Y- &ontd.nuo f.eeding a
nonone ﬁ%ﬁh¥%rﬁiﬁ B %%eéFhe§ﬂ§P-E9pé n%asgléﬁégcg% é% oré%%%gugglvent
to a polynerization reactor, and_continuously extracting a 20

poPy nete ZhY ¢ drirede AtorfrRtuPRe ot &11% gt he it Ky FOI < Bererfe? sfter from

the polynerization reactor. [0019] The nononer for formng the
4- met hykeIupient edempahyiel -p8naenkegstoohecdf tokef itie eketadi ng the

4-met hyl - 1-pentene in conbination. The 4-nethyl-I-pentene pol yner produced
by such,as€ont DHOUS POl YIRIHiZ_ld onrBRt hadnbasyheat peaskstanged anthe
rigidity sinmultaneously. 5[0020] The organic solvent used in the

production ocess according t re t_ . nt.i-on- Ls: hot icularly
o Se PP eaEs: BP0 S A M e BN iR e AL
reactor .continuously and can feed a transition netal cqi&hyst conponent
10 andt@ ZbcaaParyators MIsndfting Arhe thlynemerdeen 1 Pebtt &r P¥ %S Tuousl .
Speci fic exanpl es of the organic solvent are aliphatic hydrocarbons,
alliccychng hydy odambohy |l -arpeateochyety byae borsst il isenahed hydr@ocardons
and m xture thereof, preferable exanples are aliphatic hydrocarbons, and-
nmore 1p.phefgsabhe gxampbes are a saturated aliphatic hydrocarbon and

4- et hyl - 1- pentene. [0021] The pol ynerization reaction mxture used in the

T ok B B ST B ey By o e orgei e 6
160°C < [Y] £ 180°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-1l-pentene polymer and [Y] is a Vicat softening point (°C),
as measured in an ASTM D 1525 method, of the 4-methyl-l-pentene
polymer.
The 4-methyl-1l-pentene polymer is preferably obtainable by
20 feeding a monomer for forming the 4-methyl-l-pentene polymer and
an organic solvent continuously to the pelymerization reactor and
extracting a polymerization reaction mixture containing the

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

reactor continuously.



The 4-nethyl -I-pentene polyner of the present invention is a

4- met hyl - 1- pent ene honopol yner or a copol yner of 4-nethyl-1-pentene and an
ol efin other than 4-nmethyl-I-pentene 9 which is a conononer,
particularly, an a-olefin. Exanples 8f the other olefin are a-olefins
having 2 to 20 carbon atons such as ethyl ene, propyl ene, 1-butene,

1- hexene, 1-octene and 1-decene, nore preferable exanples are a-ol efins
having 3 to 20 carbon atonms, 5 furthernore preferable exanple are ‘
a-ol efyosodhpving 6 to 20 carbon atonms and particularly preferable exanpl es
are a-olefins having 8 to 20 carbon atonms. These ol efins may be used

singly or Wﬁq@fa;r;igéﬁ;%@lbﬁeﬁl@@ﬁei ?ﬁE?ﬂlgirn%Uc@@di-ﬁGet%o&t@tpr@setrﬁe
eri yl-1-

constituting unit ed from 4-ne pentene in the 10

4- et hyl - 1- pent ene pol yner . i.s. 50 to 1 % S ref I 0.tg 99.9 %
by masgr}v 1EJeOIE)r éF’eB&ﬁ%ﬁr@&?ltyo C%&aglrb%qglyerr}g s,%ﬁgqu? ?cﬁ:legﬁ% t)pirn fetrh%bl_ y 90
to 99.9 % by nmass based on 100 @6b% mass of the total of the constituting
uni t ofmgumit helf- | -pentehechhusPhBLEBnstiTMSy uRPEL#EREYed 1 orhMS ef i ns
having 2 to 20 15 carbon atons excluding 4-nethyl -1 -pentene. On the other
hamd, pheyeenieatiofi theceondbint utimgiuni¢ deekvedctedm t Heoot hertisd efi ns
in the 4-nmethyl-|-pentene polyner is 0 to 50 % by mass, preferably 0.1 to
SO % by BSs,: IR R £ELLABLY (0. ot 0120:i% hy wBSS. rpakticularly preferably
0.1to1 @6By mass based on 100 % by mass 20 of the total of the
consti%gébﬁg unit of 4-nethyl-1-pentene and the constituting unit derived
from ol having 2 to 20 carbon atons excluding 4-nethyl-I-pentene. The

contents of the constituting unit derived from_4-nethyl-1-pentene and the
consti tuti ngTludi ¢ HeERVEdl f PORT OLRePOOVBEINBT 8T AR Er APRBALEFS 10 C NVR.

[ 0023] The 4-nethyl -1-pentene polynmer of the present invention
has an intri®sitcoviscoss tlyy [mdss ast neasomediint tegabnht ade186€] of r@n
usually 0.1 to 10 dl/g, preferably 1 to 10 dl/g. [0024] The

4-pt hXLmEtH?TLQDFeHEEM@%n@fO lihecpseseny havendf @ncshBul taneayshyit
satisfies the folTowng fornmulas (1) and (2): 48 x [Y] - 7500[X]48 x [Y] -

7000 ... (1) ,10160 190C . .. . | :
/200 gakibet S (D aasipad LR TSI
4-met hyl - 1-pentene polyner and [VY] is ayi cat, softenin Qoiné %é? %ﬁ

measur BHCLHOARIASTMIS HEE2E TRATHG IS oPTPRé 2t - 12 pentsa pof§ner .

[ 0025] Figure 1 shows a relation of [X] and [Y] in the case that
t he nodohsesiicnttegsi onif X]d¢siprdt tiecbmon darmearhtvilcdl-rexiterendanbde Wieat
softening point [Y] is plotted on a horizontal axis. 20[0026] The

graph efnEiguie Lot hatcinterseat ipps #f {s@nthd Yt anefphet hedishoms that
anong pol yners having the sane nodulus in tension [X], when a pol yner has

[ pl ot t in.a hi r ' ity k i gher bheat  resi nt eepi ng
r ﬂg? di t%ﬁ Eghﬁa\reboann%%ggﬁsl %Q%%‘?g%r%bsﬁl E%%gtﬁepsanenvs%a?bgo? tbyn%l%agboi nt

[ Y] when a polymer has [X] plotted in a lower region, it has lowrigidity
(f1exi BOCLOY) with keepi ng heat resistance. [0027] That i's to say,

t he pol yner having an intersection of [X] and [Y] in the regi on shown by

t he fornul asTht) pandeg?) forapsodupohynehehdvinaghliiigh-heatenespst#@es and
low rigidity (flexibility). [0028] 10The 4-nethyl-I-pentene polymer of the
Pr esenty d aveni PR Satisshiresdhe fHordnd as (dmpnisd2), and has excel | ent

bal ance between heat resistance and rigidity. On the other hand,

4- et hyl - 1- pent en lLyoers nat, satisfying t@ for oyl {d)and (2)
. : =) 4rnst ~ n a¢ r
sonet i mes ha&gnﬁﬁgﬁggfcﬁgnt decreaséfof wWin ?esQazg gﬁape
20 4-methyl-1-pentene and an olefin excluding 4-methyl-l-pentene,
together with an organic solvent to a polymerization reactor, and
continuously extracting a polymerization reaction mixture

containing a resulting 4-methyl-l-pentene polymer ZIfrom the

polymerization reactor.



15 follow ng properties when used in a nold-releasing film Al though the
definite reason why the 4-nethyl-I|-pentene polyner of the present ‘
invention satisfies the formulas (1)gand (2) is not revealed, it is
supposed as one reason that the conposition distribution of conononers,
whi ch are ol efins other than 20 4-nmethyl-I-pentene, is unifornmed. Although
the nmeans for equalizing the co-nononmer conposition distribution is not
particularly limted, it is necessary to regulate the conononer
conposi®@bh] di stribution by changi ng the anobunt of the conononer fed
during the polynerization reaction in the production by a Batch 12

pol ymeri zatimn net hedebegause ehher tohaonbestogpbRentsehayediiyger
reactivity than 4-nethyl-1-pentene and the conononer content in the

resul tipg, polynpy €hangss,wl bhoLLEE. olockbbenpyodugbioacby a continuous

pol yme od, 1t 1s supposed 5 that the conononer content in the

resul ting pol yner es not change w.th tinme_and t ofrononer_ conpasi tion
di stributi on%‘?/st%&f@ i & %Stshoﬁﬁﬁfteﬁ@to&lyoégsgof g?'%r& i ok

4- et hyl -1 - pent ene pol ynmer satisfying the fornmulas (1) and (2) is not

pafti cobastytiihig egnlt hdecodrernfsas polgRBFiLZATPBR-ABENBACI s preferabl e.

10[ 0029] The 4-nethyl -1 -pentene pol yner of the present invention is
obt ai nabl e hy feedfng the maywnesrdrrforyn Gigl the 504%mblyhwlask- penteene

pol ymer and the organic solvent continuously into the polynerization

react O«Eoﬁggi%{{zgtgtﬁr?ﬂt 3PP VORI #2848 10N 113 Sredek! on mé'fyfiatg fdemd he

pol ynmeri zation reactor continuously. In the preparation, is preferred

that the gnount of a solvent-soluble | r_coptained i.n,t

ol yreks 2 PORPPRAE T SHO T d e TER0Y At bR FAERT Hhore dgmanab Ry

mass, preferably O to 20 % by mass, nore preferably 0 to 15 % by nass. The
amount t202bf of hehe ot vt 1 56t UBE eupst y%%?l‘é%%t%?%d%mﬁ?%él“pjomﬁfﬂﬁ%t i on
reaction mxture is preferably in the above range, because the continuous
extr ackhanté ¢hespotydenyzahiondeeactdofironxéur eedsonmideopotyaEinzat i on
reactor is stable. [0030] 13 The sol vent-sol uble polyner is a

pol ymﬁa@?ﬁ@@%@@%’éﬂ%@ diSmekecyhapgWel gt h N pehOWhe is 100 %
stereoregularity, which is dissolved in the organi c sol vent and obtai nabl e
by evaﬁorating the slurry filtrate, of the 4-nethyl-I|-pentene polyner
cont ai H€d™8Fn the pol ynerization reaction m Xture in the pol ymerization
reactor in. the suspension polynerization nmethod (slurry polynerization
met hodY90FKé anount - (% by mass) of the sol vent-sol uble polyner is

determ ned by the follow ng fornmula. Amount of sol vent-sol uble polyner 10
=Resul t ant anmpunie abocBel wentess) ull espotefmrrdd (Resadt aante dbmpuanoght

Pol ymer + Resultant anount of Sol vent-sol uble polyner) x 100 For
deay eagieng, the vesuldantis Baogst vRErt Bensalivieat -0l tHd eppDIyeRI zatiohs
effective to add the el ectron donor contained in the transition netal

catal yst _conponents _as describ l.at er= t.0 pol ymeri zati on reactor
becauséeﬁﬁgggpepééigéﬁlgfﬁtf:8$q%ﬁg'gb ye F%ﬂﬁﬁproved and the solubility
in the solvent is decreased. [0031] [Process for producing the

4- et hyPOL3pent ene pol ymer] The process for producing the

4- et hyl -1 - pent ene pol ynmer 20 according to the present invention conprises
conti nuousl yTheeflihg thethenpmesehdr ihwentagnt he 4bhethyble- peanehke

pol ymer together with the organic solvent to the polynerization reactor,
and conpiRgadsky -extractinkg Hhe poladmmirieald Omdeact i on mixture containing
the resulting 4-nethyl-I|-pentene polymer fromthe 14 polynerization

r tor[.O [[0032] In the process for producing the 4-nethyl-1-pentene
p mer g&c rding to the present invention, the polynerization catalyst 5
containing the transition netal catal yst conponent and the co-catal yst
conponent iSTBSn%?HuﬁﬁéﬁyoﬁéﬁhFoPFﬁ§e§6l%Hﬁggféppoﬁsr855?6P3gﬁea569%ion to
the organic sol vent and the nononer for form ng the 4-nethyl-1-bentene

pol ynerthe[ G033k -teBcanplees Ofma ey trlansintiomre mrlymeat al yst for
constituting

EFFECT OF THE INVENTION

[001=]



the transition netal catalyst conponent may include a solid titanium
catal yst and a netall ocene catal yst, which conprise magnesium titanium
hal ogen and an el ectron donor. O these, the solid titaniumcatalyst is
preferred. Particularly, the 15 titanium catal yst containing titanium
magnesi um hal ogen and a conpound havi ng plural ether bonds, which

catal yst is obtainable by all ow ng a magnesi um conpound suspended in an

i nert hydrocarbon solvent to contact with a conpound having at |east two
et her bondsZKHKE&EHEbFQr%Weéﬁ%ﬁ%ﬂﬁsl§ﬁeéFé€Prdﬁ“ﬂ&ﬁ@@t§ﬁ&‘gTHQH£%q%ﬂ
conpound 20 in a liquid state. Exanples of the inert hydrocarbon sol vent
ar e hexahgne feeane: @nd atodbeénecebeanpd @s hot ttriws ial leotaeoand anagrl dry

i ncl ude2-i sobutyl-2-isopropyl -1, 3-di met hoxypr opaneand

2-1 sopgnd yds 25{',13519%%@/1554@1 Bo¢ FRIROXYDPEOPAREWHI ghar eneomprends havi ng at
| east two et her bonds through plural atons. 15 Exanples of the magnesium

conpo e nesku i de and net hoxy nmagnesi um chl ori de.
The aggg%ﬁée%§§$%fgﬁﬁﬁﬁﬁggtgﬁ%sﬁhﬁggﬁgn atomc ratio of hal ogen to
titanium (halogen / titaniunm) of usually from2 to 100, preferably 4 to 5
90> a M¥PHfirati o of the compound containing at |east two ether bonds to
titanium (the conpound containing at |east two ether bonds / titaniun) of
usual Iy fromOy@¥e t 10G gueagfrerstidwify 2 toe 10, i andavegom aaditivs of
magnesiumto titani um (rmagnesiunititaniun) of usually from2 to 100,

preferabl v 4 410,50.(vH[0034N a2 vicdxamiesing hecgetcatatystocomnponent
(organonetal conmpound catal yst conponent) may include organoal um num

conmpounds, . fo xanpl es, or upi n 0 u ese dq by

Rl | DR R R R R e R e S 3% 2% bon
atonms, 15 for exanple, an al kyl group, a cycloal kyl group or an aryl
group,C@%ﬁéF@FéﬁPr§¥aﬁﬁiﬁ§l1g¥8ug; et hyl group, n-propyl group, isopropyl
group, isobutyl group, pentyl group, hexyl group, octyl group, cyclopentyl
griéup, BEST| BMBRPEMENDUPOR pABRARK IEoGP TaAtiEt SNYENGAEOWp.. X i s hal ogen or
hydrogen. N is any one of 1 to 3. 20[0035] Speci fic exanples of the
or ganoapgiiypum conpounds represented by RanAl X3, are trial kyl

al um nuns such as trinethyl alumnum triethyl alum num triisopropyl

al um num trijsobutyl. .al yunn L OC a i a Lz2- | hexyl
al uni num  al t}é%ylyal?(%%ﬁ%ﬁnnlsnég}éﬁg%% ié%é%ﬁé‘%% S U Ak S e Ie%;y

di al kyl al um num halides such as dinmethyl  aluym numchloride,.digth
al uni NEEPEHFORPEREdPPEBBRBPYI 4l Bfi AGRFERPSH R, I8t 4t + Soblit {i° ?%%1num

chl oride and di et hyl al um num brom de;
[0018]

15 [d-methyl-1-~pentene polymerj
The 4-methyl-l-pentene polymer according to the present
invention is obtainable by continuously feeding a mcnomer for
forming the 4-methyl-l-pentene polymer and an organic solvent to
a polymerization reactor, and continuously extracting a
20 polymerization reaction mixture containing the
4-methyl-l-pentene polymer from the polymerization reactor.
[0c1e]
The monomer for forming the 4-methyl-l-pentene polymer

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



al kyl al um num sesqui hal i des such as net hyl alum num - sesquichl ori de,

et hyl al um num sesqui chl ori de, isopropyl alum num sesquichl oride, butyl

al um num sesqui chl ori de and et hyl al gm num sesqui bromni de; 10al kyl al um num
di hal i des such as nethyl al um num di chloride, ethyl alum numdichloride,

i sopropyl al um num di chl oride and ethyl alum num di brom de; and al kyl

al um num hydrides such as diethyl alum num hydride and dii sobutyl

al um num hydride. O these, al kyl alum nuns such 15 as tr ethyl alum num
and trdt solast &ndn Mdm @rl@fﬁ{f@‘ ers st udignB 64 “WEdH el 1IN od Thet al
catal yst conponent is a solid titanium catal yst conponent, the co-catal yst
conpongitb {xdiganoTetTale ¢enpatuyd -datpairytsine popgment prodybedusedsuah an
anount 20 such that the polynmer is produced in an amount of usually from
0.1 t0.Jn1000,000 .81 REekerabloyn A00ntQ hJaSOQQaQ%SQ%rta%C,% ghgtheyisalid
titani um cat al ystp corrponent and it is used in an anmount of usually 0.1 to
1, 000 m)lu referaply about 0.5 to 500 nol, nore preferably 1 to 200 nol
per 1 oM oFetFY &R (im atomin the solid 17 titanium catal yst conponent .
[0037] The transition netal catalyst conponent is preferably fed in a
st &t e KUspehded in an inert organic solvent (preferably 5 saturated

al i phatic hydrocarbon) to the polynerization reactor. [0038] The

transiti on Meieabrgahakystl wonpopedtin shprefeiab] yorupedcersasolidicat al yst
conmponent state that it is pre-polynerized

W t hanas olef i psuehas 3r ety o - peri eneos r 404t aet Byl trlr peatenetar as 1IN
the pre- poI yrrerl zatl on, the above a olefin is polynerized in an anount of
usual | )

g per g 8? %ﬁg a%‘sﬂﬁeje{ 3 tca(:t a%§s£tﬁg8r?%’ll¥q'%tﬁz%ﬁ%foq Wt © 200

pre-pol ynerization, noreover, can 15 be carried out in a cataly
concen@‘?%‘ﬂ%‘ho%ﬁb]ﬁefr‘mﬂ [ tee At ‘élf{j‘éltSltlé’Bn’@%Eﬁa‘W%l%?tt%ﬁﬁ@é&‘ﬁ on
systemin the polynerization of 4-nethyl-|-pentene. [0039] In the
prieducahan f coheadangshyl cbmpentene pol yyer polymerization reactor

continuously. Specific examples of the organic solvent are
aliphatic hydrocarbons, alicyclic hydrocarbons, aromatic
hydrocarbons, halogenated hydrocarbons and mixture thereof,
preferable examples are aliphatic hydrocarbons, and mcre
15 preferable examples are a saturated aliphatic hydrocarbeon and
4-methyl-l-pentene.
[0021]
The pclymerization reaction mixture used in the present
invention is a mixture of thHe resulting pclymer and the organic
20 soivent in a sclution state or in a suspension (slurry) state.
[0022]
The 4-methyl-1-pentene polymer of the present invention is
a 4-methyl-l-pentene homopolymer or a copclymer of

4-methyl-1-pentene and an olefin other than 4-methyl-l-pentene,



20 according to the present invention, a |iquidphasepolynerization pr
such as solution polynerization or suspension polynerization (slurry
polynerization) is enployed. It is pgeferred to enploy the suspension
pol ynmeri zation (slurry polynerization). 18 [0040] The

4- et hyl - 1- pent ene pol yner of the present invention is produced by
conti nuously polynerizing the nononer for form ng 4-nethyl-1|-pentene
pol ymer. 5[ 0041] I n the continuous polynerization, the poliner
concemntriath ar & momoaokiegui daphaselieslys e by ofedmni0 EsaBpbeg/qs the

prefer

t hecontdnuiousiRat ey at-ions t-hecaialirsd Tancent raidbem iagtdde shicjuied phase
as the transition netal catal yst conponent is usually 0.00001 to 1 nmol /L,
i on,

Oto

pref er

t he polymerization tenperature i s usua
80C. When the pol

ably 50 to 300 g/L. [0042] 10In

1 &hO00L £ 1L OOk L Ly, £0R43] —ABkBrEhe Cont bABQLS] pokikaRiiez at
ly fromO to 80C, preferably 2
neri zation tenperatur,

I

e i s _high t t he above ran
the solisf PF?§EF§%§Lﬁ&X@é§§b€%ﬁHEt%’é‘? %anéﬂaf‘{ Eﬁ?@lﬁ%ﬁlﬁ?ngf&’?ﬁé
sol vent -sol ubl e polyner is too nmuch increased. In results, 20 the
coft i ntwotish exte e biref cofibilitee pohy he Eirsa® T ohe F eag fizoi e & tter €0 Fedhcthe
pol yneri zati on reactor becones instable and the product yield is

occasi
t enper

Hhdhd adowered cu@a rtiRepetierabarde xuhphe s herpat-yores f zad iharving
ature is [ower than the above range, the progress of the

pol yneg izat)®n.£ £act i pnoRecasinal |y ooy -1k insdd fdGignt .o G4A]

In the continuous polynerization, the pressure of the gas phase part

the pol mﬁ{?&%tﬁﬁngﬁgﬁa‘?%&{e} ;)?]?Hsucalnlﬂir%a%foﬁ'o kgfol'g%.ﬂ'co%[t 91%5] of the

the cornti

into the polynerization reactor. The continuous introduction of hydrogen
to t hecpobyhbrt¥nagi omieactoF i ead rEeRi at & HHe FoT ek ar BRI ghit % he
pol ymer, and thereby for 10 exanple, a 4-nethyl-I-pentene pol yner hav

hydrogen may be

| oW i N4 £iesh el Vi sgest tye [pdl caer bies poepar 80 4 B@48Rss, prefggaihe 50

pol ymeri zati on reactor,

vessel

15

20

+5YR® ROl yMBLi zaldON [RRG! OfréSeHs®ly 80 to 99.9 % by mass,
particularly preferably 90 fTo 99.9 % by mass based on 10-0 % by
mass of the total of the constituting unit of 4~methyl;l-p_entene
and the constituting unit derived from olefins having 2 to 20
carbon atoms excluding 4-methyl-l-pentene. On the other hand,
the content of the constitutingunit derived fromthe otherolefins
in the 4-methyl-l-pentene polymer is C fo 50 '% by mass, pre‘ferably
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
of the total of the constituting unit of 4-methyl-l-pentene and
the constituting unit derived from olefins having 2 to 20 carben
atoms excluding 4-methyl-l-pentene. The contents of the

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

constituting unit derived from other olefins are determined by

0ocess

ge,

in
In

i nuousTy introduced

ing a

a |l oop type polynerization reactor or a stirring



15 1t is preferred to use the stirring vessel type one. Furthernore, the
pol yneri zation reactors are classified into a liquid filling type and a
gas-liquid separation type. It is preferred to use the gas-liquid
separation type on the point of nolecular weight control. 20[0047]

As anethod for renoving heat in the polynerization reactor, there are a
sensi bl e heat renoving type and a gas |atent heat renoving type. It is
preferged to use the sensible heat renoving type. 20 [0048] As a
met hod " €of™&ent i nuousl y extracting the pol ymerization reaction mixture
fromthe polynerization reactor, there are pressure extracting and punp
extractoorp] 5[ 0049] The pol ynerization reaction m xture is extracted
continuously fromthe | ower part of the polynerization reactor. The
extracting ingd @%&@Egﬁ—iﬂpé%@né FAl Endhalr tHhe paerage: fetent bomalsi Me is
usually fromO0.1 to 10 hr, preferably 0.1 to 108 hr. [0050] [ Use]

The filmfornmed fromthe 4-me | - 17pent ene_ poal r__accordi t.0. t.he

pr eserf? i SN OF 1< Gibr e exdbin &t THekt" %Prlé'}s/ir(rjl‘saetCaa‘fllclerl é_jndrl%%;&dio'?y

si mul t aneously as conpared with filns forned fr8n1a 4- et hyl - 1- pent ene
pobBynets i bduced By al & ohvent i Braferabel fetfod? $6081] The filmcan be
produced by known nethods such as an 20 extrusion nolding nethod using a T
die devi@ei] a heat press nethod or a solvent casting nethod. The extrusion.
nol di ng method using the T die device is excellent because it can easily

produce fil g, nj fpuud v -and, £a3Peps ogycenticl B8 @hegrealsentdtihvdrari cexanpl e,
when a single layer filmof the 4-nethyl-I-pentene polyner is produced 21

using an extrusion nol din hj ui pped Weth a1 s5ngh gﬁﬁerzg:die,
ext rusToh* ?Qﬁ?ﬁﬁ? %%E%i%ggguﬁﬂgyfge?glnggt e ?enpergtﬁres of “{ he
extrusi on machi ne_and Ehe T die in the rangﬁ of 262130 330C. [0052] 5The
4- et h§$ -¥ - pehtene® oI ynef ] of fheXpfédent 'PAlent i onl’ moreover, is suitably
used for LED nolds (nolded nenber of a light emtting diode) . EXAVPLE
[ Q@53] 1d0Thes piesedt1é¢mbvention (@ || be described with reference to the
foll owi ng exanples in nore detail hereinafter, but it should not be
limted by these,.exadmhesas (1) and (2), [X] is a modulus in tension
(MPz) , as measured in an ASTM D638 methed, of the
4-methyl-1-pentene polymer and [Y] is a Vicat softening point (°C),
as measured in an ASTM D 1525 method, of the 4-methyl-l-pentene
15 polymer.
{00251}
Tigure 1 shows a relation of [X] and [Y] in the case that
the modulus in tension [X] 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 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 has higher heat resistant with keeping rigidity, while among



[ 0054] [ Methods for evaluating the 4-methyl-I|-pentene polyner] 15 Wth
respect to the 4-nethyl-1-pentene polyner of the present invention, the
modul us in tension and the Vicat soffening point were nmeasured in the

fol |l ow ng net hods. (i) Tensile test (MPa) : ASTM D638 (Test piece
I'V; 2 nmthick) (ii1) Vicat softening point (C : ASTM D1525 (Test
piece; 3 nm 20 thick) (i11) 13C NVR neasurenent NMR neasuri ng

devi ce: Mercury 400 type manufactured by Varian Sol vent: deuterated
 benzeres byméros discHinsr @B@rﬁ@ﬁ% VHicadd sedlnparnasaphie [Con¥BARTr AthYNMS30 t o
100 g/ 1-solvent 22 Measuring conditions: Pulse repeating tine; 5.5 sec,
nunbernh£f sgansp1L6ARQ t i AESa anbweasurégqugprt enpér ahase; 1d20G1igidity The
integral value of each peak in the 130-NVR spectrum neasured in the above
condi t} o5, ¥, et er 1 edyo80d, 5 RegeNkert SHErBLY On the basis of mle of
the constituting unit derived ffomeach a-ol efin except for
4-neta¥¢-£-gentene in the 4-nmethyl-1|-pentene polynmer was determ ned by the
follo % for mul a. Furthernore, the resultant content on the basis of nole
and the nol ecul ar wei ght of a-olefin, which is each constituting 10 unit,
thé content Thebyisrass)saon the BaSYESsT haaddonas Hetermtredon P (Welar 46
ppm : Methylene in the side chain of 4-nethyl-1-pentene P2 (near 35 ppm:
Met hyl ene car bpm dhe theyisirdetchal yofttee dogfiud asxdépt ahdr (2) means a

4- et hyl - 1- pentene directly bonded to the main chain nethyl ene 15 Content
(%by_é;g;i%)ﬂegf 3:01i6fd N BXGEPt hEQE 4-yBiNyladcpenigae IdP2 figPlidy P2)] x
100 (i ntrinsic viscosity [g] (135C, decalin) The intrinsic viscosity
[g] is g valgelngaiured at 135C in a decalin solvent. That is to say,

about 2B1fH*BfLa“Borymer 20 was dissolved in 15 m of decalin and the
specific viscosity g sp was neasured in an oil bath at 135C. To this
decal i h088Bution, 5 nm of the decalin solvent was added and di ssol ved, and
then the specific viscosity g sp was neasured in the sane manner. This
dilouti on protedutemwanayiuilthenteepeatcddntan cef dritk tiheegpsp InGnRBowal ue
determ ned by the extrapol ation of the concentration (C) to 0 was taken as
the intringke Vi $eRSisynuERk 330 /adfd (£0) )and 00BD]lexcellent balance

between heat resistance and rigidity. On the other hand,
4~methylf1—pentene 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 reasen why the 4-methyl-l-pentene polymer
of the present invention satisfies the formulas (1) and (2) is
not revealed, it is supposed as one reason that the composition
distribution of comonomers, which are olefins other than
20 4d-methyl-l-pentene, 1is 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 preduction by a Batch



5[ Preparati on Exanple 1] Preparation of Solid titanium catalyst conponent
After 75 g of anhydrous nagnesi um chloride , 280.3 g of decane and 308.3 g
of 2-ethyl hexyl alcohol were reacted wth heat at 130C for 3 hr to prepare
an uniformsolution, 22.2 m of 10
2-1sobutyl-2-isopropyl -1, 3-di net hoxypropane was added to this solution and
mxed with stirring at 100C for 1 hr. [0056] After cooling the resultant
uni form solution to roomtenperature, 30 m of this uniformsolution was.
dr oppeob hithe wi. t &it 160 shéThdagbeoageenb ot icomeingmere COARIHINGT tde Negist  at
-20C over 45 mm After conpletion of the dropping, the m xed sol ution was
heat edh, 1 gnd40G0Vvel v4tS hthathernthaytenperatune reathetdel iGorbned nl of
2-isobutyl-2-isopropyl-1, 3-dinmethoxypropane was added to the m xed

sol uti then.stir . 1 he te 20, f Ok hr 1 Af
conplé%ggg 0 %ﬁeﬁﬁﬁ)#éﬁkfﬁ%%gtnggﬁékso| gigfhég% g%?%éctggAG§ﬁiot
filtration. The solid part was suspended again i 1Q? m of titaniu

t et r achF Of e GRdPY EactRE- WP HS HEt YRE T 119 ??Mm%¥qﬂ.'ﬁ§ié? TEHPI €T on of
the reaction, a solid part was collected again by hot filtration. The

sob5i d paat thascomsheter 24ngehfti T 6hel Je byl deeape Lang rHisemecatclogTant i |

| i berated titani um conpounds were not detected. The resultant solid

titanipmgataleyshd CRRRORRIH oGS ckepb sds iardecane: Ishtd ¢ty 1 s[b]iHApart of
t he decane slurry of the solid titaniumcatalyst conmponent was dried and

exam n GUPESLLEL RN Wb aLggand 1o Hhe-eakaly

conpos? F%ﬁu%$q¥ﬁ§bg%¥§%stltag?gﬁyga?glyst conpogent,btitani3%1%%%?%.0 %
by mass, magnesiumwas 17.0 % mass, . chlorine was.57.b s,.. 10

2- i sobBEy1SDYF B8 pk Py TS e ol Dbatrfe NResP 18T B BY et bl
2-ethyl hexyl al cohol was 1.3 % by nass. [0058] [Preparation Exanple 2]

Pr e- potyaecpratnonusf pSoyndri reaRPUNTEETRY S5 PaRPerFeRtie- 15 To 200 n
four-neck glass reactor equipped with a stirrer, 8.36 nm of dried decane
ang 1.66pt9(1.0 nol/1 in terns of alum num atom of a decane solution of
triethyl alum numwere fed under a dried nitrogen stream Subsequently,
26.5 ni (0. i d i RO diid 2RIURAL O + GORLA Y1 hovdndibR Ler M8 Of
mass of thesgggggﬁ%f%#%zgﬁﬁﬁﬁ%ata ys#ggonponent$;of theldgcgné slurry of
the soljd titaniumcatalyst. conponent prepared in_Prepatcation Exanple 1
and 4.9§tﬁFnF§E§ g) Pt 3%ﬁﬁ%ﬂ@$-l- teﬁ%ﬁﬁﬂ%gfadégﬁ mﬁFﬁxg%PgringP%t 20C.
Thereafter, the mxture was kept with stirring at 20C for 45 mn to

pr epar é—mhthplelpokypienezaei BRSE AR yigte organic solvent continuously

into the polymerization reactor and extracting a polymerization
15 reaction mixture from the polymerization reactor continuously.
In the preparation, it is preferred that the amount of a

solvent-soluble polymer contained in the polymerization reaction

oe

mixture be regulated to net more than 23 by mass, preferably

i

0 to 20 % by mass, more preferably 0 te 15 % by mass. The amount

20 of the solvent-soluble polymer contained in the polymerization
reaction mixture is preferably in the above range, because the
continuous extraction of the polymerization reactionmixture from
the polymerization reactor is stable.

(00307



25 [ 0059] In the pre-polynerization catalyst, 2.5 g of the polyner
was contained per 1 g of the solid titanium catal yst conponent. [0060]

5[ Exanpl e 1] Using a 200 L intieynal vol une stainless steel
pol ymeri zation reactor equipped with a stirrer, polynerization of
4-met hyl -1 -pentene was carried out continuously. [0061] 10To the

pol yneri zation reactor, 4-nethyl-1-pentene in an anmount of 50 L/hr,
1-decene as other a-olefin in an anmount of 0.3 L/hr , trlethylalunlnuntln
an amount of THEOG cRmSITYETSC o §R Y1 TahS afroRint YIBP T SETRITTHIN T £RY *décane
slurry of the pre-polynerization catalyst prepared in Preparation Exanple
2 in aa apwRubblierutlernsidiglof angoki d dv t aneévevcagal ysitgonpbnent igf 2
g/ hr and 2-isobutyl-2-isopropyl -1, 3-di met hoxypropane in an anmount of 50

ol / hg; ver e agdded and Sonti nuous: Ry RId 23 0m 01 4-gptdpdr-nantiene was

carried out at a polynerlzatlon tenperature of 40 C for an average

retentjon tine of The 9 nerl r
cont|n6%%§$9“%%tﬁé@£ gﬂé ﬁBﬁEFH 5 6%%b%$f%§%?f%%v%ﬁ§F%actor
filtered off, dried and then granul at ed, b an extruder [0062] 26 9.2
kghhr . ip0bB8] PolymeriThs loval LRRGIOPT S8LF trBniPhd g RAIKASII-Z5dntEne

pol ymer are shown in Table 1. 5[0064] [Exanple 2] The procedure of Exanple
1 was repeabed excephet hatisphesdther palohefiizamornaddedhad ans@noumt  of
0.6 L/hr in place of 0.3 L/hr, to carry out continuous pol ynerization.

10[Oog€$l §r£§§Hlé§ Q£@t§BQM“ i ntlabl @ndunk006€] LExanpte; 3loffheche
procedure” of Exanple 1 was repeated except that the other 15 a-olefin was

not used, to, car ut_c nt|nuous | s are
shown ?ﬂlﬁﬁhtesﬁig?g P déifz§g$hcg% oced %%90¥&t§£ é
repeat ed except that the %nerlzatlon tenperature was changed to 30 Cin
pl ace Bmoupt ¢f F@lEgFFyseéﬂ e8nPPAUBES pol yneri zati on.

10 = Resultant amount of Solvent-scluble polymer / (Resultant amonnt
of Polymer 4+ Resultant amount of Solvent—-scluble polymer) x 100
For.decreasing‘the resultant amount of the sclvent-soluble
polymer, it is effective to add the electron donor contained in
the transition metal catalyst components as described later to
15 the polymerization reactor because the sterecregularity of the
polymer is improved and the solubility in the solvent is decreased.
[0031]
[Process for producing the 4-methyl-l-pentene polymer]
The process for producing the 4-methyl-l-pentene polymer
20 accordingtxythepresentinventioncomprisescontinuouslyfeeding
the monomer for forming the 4-methyl-l-pentene polymer tcgether
with the organic solvent to the polymerization reactor, and
continuously extracting the peolymerization reaction mixture

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



[0069] 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,jfhe 5 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 40 C, to carry out continuous

pol yneri zation. [0071] The results are shown in Table 1. 10[0072] [Exanple
6] The procedure of Exanple 5 was repeated except that the other

a- ol ef PRl WBST UseEI¢Hh BP2@kdEAt of 1.0 L/hr in place of 0.7 L/hr, to carry
out continuous pol ynerization. 15[0073] The results are shown in Table 2.
[0074] [§E&Exanpl e 7] The procedure of Exanple 5 was repeated
except that the other 20 a-olefin was used in an amount of 1.3 L/hr in

place of 0. 77LiRk, 10-£8& 186 08L 0 §QALHAYNS 1 PREYARE LZabibARenEAQYB)ndhe
results are shown in Table 2.7 [0076] 28 [Exanplée 8] he "procedure

of Exarrﬁl e CJi,.vvas repeat ed except th%t. 1- o%}lgdeCfnee%vfzsaglsgg casté[lhestOt her

a- ol ef FRCPROpPAcE’ oL PEECENE AT °PRa OBy het ot EFFht fas Waed iH 4n- anount

of 0.7 L/hr in place 5 of 0.3 L/hr, to carry _ out continuous

polSy mefPRaRiBRLI [ GOF7] CTRBSLESANt PRl sREWMA VAT TR TS D02BF [BXanl e

9] 10The procedure of Exanple 8 was repeated except that the other
co-catalyst component is continuously fed to the polymerization

reactor in addition te the organic solvent and the monomer for
forming the 4-methyl-l-pentene polymer.
[0033]

10 Examples of the transition metal catalyst for constituting
the transition metal catalyst compconent may include a solid
titanium catalyst and a metallocene catalyst, which comprise
magnesium, titanium, halogen and an electron donor. Of these,
the solid titanium catalyst is. preferred. Particularly, the

15 titanium catalyst containing titanium, magnesium, halogen and a
compound having plural ether bonds, which catalyst is obtainable
by allowing a magnesium compound suspended in an 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  in a liguid state. Examples of the inert hydrocarbon soclvent are
"hexane, decane and dodecene. Examples oI the electron donor may
include Z2-isobutyl-2-isopropyl-1, 3-dimethoxypropane and
2-iscopentyl-2-isopropyl-1, 3—dimethoxypropane which are

compounds having at least two ether bonds through plural atoms.



a-olefin was used in an anount of 1.0 L/hr in place of 0.7 L/hr, to carry
out continuous polynerization. [0079] The results are shown in Table 2.
15[ 0080] [ Exanpl e 10] The progedure of Exanple 8 was repeated
except that the other a-olefin was uggd 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 in Table 2. 29 [0082] Table 1 Exanple Unit 1 2 3 45

Pol ynmeri zation condition Polynerization method Conti- nuous Conti- nuous
Cont i - ERHAPSeEONifi - the magnesium compound are anhydrous magnesium

chloride and methoxy magnesium chloride. The above solid
titanium catalyst has an atomic ratio of halogen tc titanium
(halogen / titanium) of usually from 2 to 100, preferably 4 to

5 90, a molar ratic of the compound containing at least two ether
bonds to titanium (the compound containing at least two ether bonds
/ titanium) of usually from 0.01 to 100, preferably 0.2 to 10,
and an atomic ratic of magnesium to titanium (magnesium / titanium)
of usually from 2 to 100, preferably ¢ .to =C.

10 10034]

Examples of the co-catalyst component {crganometal compound
catalyst component) may include organoalﬁminum compounds, for
exémples, organcaluminum compounds represented by RAIX: . In
R* A1¥3-n, R? is a hydrocarbon group having 1 to 12 carbon atoms,

15 for example, an alkyl group, a cycloalkyl group or an aryl group,
specifically, methyl group, ethyl group, n-propyl group,
iscopropyl group, iscbutyl group, pentyl group, hexyl group, octyl
group, cyclopentyl group, cyclohexyl group, phenyl group and to._lyl
group. X is halogen or hydrogen. N is any one of 1 to 3.

20 [0035]

Specific examples of the organocaluminum compounds
represented by R%Al1Xs ., are

trialkyl aluminums such as trimethyl alumingm, triethyl

aluminum, triiscpropyl aluminum, triisobutyl aluminum, trioctyl



nuous Conti- nuous 4-methyl- 1-pentene L/h 50 50 50 50 50 Qther a-olefin
Kind 1- decene 1- decene None None 1l-octa decene L/h 0.3 0.6 0.7 Solid
titani um Catal yst 16

aluminum and tri-Z2-ethylhexyl aluminum;

alkenyl aluminums such as iéoprenyl aluminum and the like;

dialkyl aluminum halides such as dimethyl aluminum chloride,
diethyl aluminum chloride, diisopropyl aluminum chloride,

5 diisobutyl aluminum chleride and dimethyl aluminum bromide;
alkyl aluminum sesgquihalides such as methyl aluminum
sesqguichloride, eﬁhyl aluminum sesgquichloride, isopropyl
aluminum sesquichloride, butyl aluminum sesquichloride and ethyl
aluminum sesguibromide;

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

alkyl aluminum hydrides such as diethyl aluminum hydride
and diisobutyl aluminum hydride. Of these, alkyl aluminums such

15 as triethyl aluminum and triisobutyl aluminum are preferred.
[0036]

When the transition metal catalyst component is a solid
titanium catalyst  component, the co-catalyst component
(organometal compound catalyst component) may be used in an amount

20 such that the polymer is produced in an amcount of usually from
0.1 to 1,000,000 g, preferably 100 tc 1,000,000 per 1 g of the
solid titanium catalyst component, and it is used in an amount
of usually 0.1 to 1,000 mol, preferably about 0.5 to 500 mol, more

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



Kind Pre- pol _y'rreri - zation catalyst Pre- polyneri- zation catalyst Pre-
pol ymeri- zation catalyst Pre- polyneri- ‘zation catalyst Pre- polyneri-
zation catalyst conponent Gh 2 2 242 2 Triethyl alum num

titanium catalyst component.
[0037]

The transition metal catalyst component is preferably fed

in a state suspended in an inert organic sclvent (preferably
5 saturated aliphatic hydrocarbon) tc 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 a-clefin . such as 3-methyl-l-pentene or

10 4-methyl-l-pentene.

In the pre-polymerization, the above a-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 l_g of the transition
metal catalyst component. Thepre~pplymerization,nwreover,can

15 be carriedout ina catalyst 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 liquid phase polymerization
process such as solution polymerization or suspension
polymerization (slurry polymerization) is employed. It is
preferred tc employ the suspension polymerization (slurry

polymerization).



mol /h 100 100 100 100 100 El ectron Kind donor mml /h 50 SO 50 50
50 Hydrogen :NL/h 50 SO 50 50 50 Pol ynerization tenperature

18

[0040]

The 4-methyl—1—pentene.polymer of the present invention is
produced by continuocusly polymerizing the monomer for forming
4-methyl-1l-pentene polymer.

5 [0041]

In the continuous polymerization, the polymer concentration
in the liguid phase is usually from 10 to 300 g/L, preferably 50
to 300 g/L.

[0042]

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

[0043]

15 In the continuous polymerization, the polymerization
temperature is usually from 0 to 80°C, preferably 20 to 80°C. When
the polymerization temperature is higher than the above range,
the solubility is increased and thereby the resultant amcunt of
the solvent-soluble polymer is toc much increased. In results,

20 the continucus extraction of the polymerization reaction mixture
from the polymerization reactor becomes instable and the product
yield is occasionally lowered. On the other hand, when the
polymerization temperature is lower than the above range, the

progress of the polymerization reaction occasionally becomes



C 40 40 40 30 30 Average retentiontime h 2 2 2 2
Amount of pol yner generated kg/h 9.2 9.5 8.8 8.8 9.
sol vent -sol ubl e polyner Mass % 1.8 ¢

2 Pol ynerization result
2 Anount of

insufficient.
[0044]

In the continucus polymerization, the pressure of the gas

phasepart:ulthepolymerizatimnreactorjjsusuallyl.toli)kg/cm?
5 [0045]

In the continuous polymerization, hydrogen may be
continuously introduced into the polymerization reactor. The
continuoﬁsintroductioncﬁfhydrogentxathepolymerizationreactor
can regulate the molecular weight of the polymer, and thereby for

10 example, a 4-methyl-l-pentene polymer having a low intrinsic
viscosity [n] can be prepared.
[0046]
As 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 cne. Furthermore,
the polymerizaticn reactors are classified into a liguid filling
type and a gas-liquid separation type. It is preferred to use the
gas-ligquid separation type on the point of molecular weight
control.
20 [0047]

As a method for removing heat in the polymerization reactor,

there are a sensible heat removing type and a gas latent heat

removing type. It is preferred to use the sensible heat removing

type.



10

15

20

DL/ q

0.1 2.0 Content of other a-olefin Mass % 2.1 3.5 2.2 [11]
3.0 3.0 3.1 Mdulusin tension[X] MPa 1670 1180 1750 2000 1160
oftening point[Y] C 182 50
[C048]

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

[0042]

The polymerization reaction mixture 1s extracted
continuously from the lower part of the peolymerization 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.

[0050]
[Use]

The film formed from the 4-methyl—1fpentene polymer
accordihg to the present invention has more excellent heat
resistance and rigidity simultaneously as compared with films
formed from a 4-methyl-l-pentene polymer produced by a
conventional baﬁch method.

[0051]

| The film can be produced by known methods suéh as an
extrusion molding method using a 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



171 189 188 178 48x[Y]-7000 1736 1208 2072 2024 1544 48x[Y]-7500 1236
708 1572 1524 1044 *: 2-isobutyl-2-isopropyl-1, 3-di met hoxypropane 30
[ 0083] Table 2 Exanple Unit 6 7 8 54

using an extrusion molding machine equipped with a single layer
Tdie,extrusionnmldingiscarriedoutbysettingthetemperatures
of the extrusion machine and the T die in the range of 260 to 330°C.
[0052]

5 The 4-methyl-1l-pentene polymer of the present invention,
moreover, is suitably used for LED molds (molded member of a light
emitting diode) .

EXAMPLE
[0053]

10 The present invenfion will be describked with reference to
the following examples in more detail hereinafter, but it should
not be limited by these exémples.

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

15 With respect to the 4-methyl-l-pentene polymer of the
present invention, the medulus in tension and the Vicat softening
pcint were measured in the following methods.

(1) Tensile test (MPa): ASTM D638 (Test piece IV; 2 mm thick)

(ii) Vicat softening point {(°C): ASTM Di525 (Test piece; 3 mm
20 thick)

(1ii) C-NMR measurement

NMR measuring device: Mercury 400 type manufactured by Varian

Solvent: deuterated benzene/ortho-dichlorobenzene mixed solvent

Sample concentration: 50 to 100 g/l-solvent



9 10 Pol ynerization condition Polynerization nmethod Conti- nuous Conti -
nuous Conti- nuous Conti- nuous Conti- nuous 4-nethyl- 1-pentene L/h 50 50
50 50 50 Grher a-olefin Kind 1-octa fgecene 1l-octa decene 1-octa

Measuring conditions: Pulse repeating time; 5.5 sec, number of
scans; 16000 times and measuring temperature; 120°C
The integral value of each peak in the “C-NMR spectrum
measured in the above Qonditions was determined, and the content
5 (mol%) on the basis of mole of the constituting unit derived from
each a-olefin except for 4-methyl-l-pentene in the
L-methyl-l-pentene polymer was determined by the following
formula. Furthermore, the resultant content on the basis of mole
and the molecular weight of a-olefin, 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-methyl~l-pentene
P2 (nea£ 35 ppm) : Methylene carbon in the side chain of c-olefin
except for 4-methyl-l-pentene directly bonded tec the main chain
methylene
15 Content (% by mole) of a-~oclefin except for 4-methyl-l-pentene
= [P2 / (P1 + P2)]} x 100
(iv) Intrinsic viscosity [n] (135°C, decalin)
The intrinsic viscesity [n] is a value measured at 135°C
in a decalin solvent. That is to say, about 20 mg of a polymer
20 was dissolved in 15 ml of decalin and the specific viscesity 7
sp was measured in an 0oil bath at 135°C. To this decalin solution,
5 m]l of the decalin solvent was added and dissolved, and then the
specific viscosity m sp was measured in the same manner. This

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



decene 1-octa decene 1l-octa decene L/h 1.0 1.3 0.7 1.0 1.3 Solid titanium
catal yst conponent Kind Pre- polyneri- zation catalyst Pre- polyneri-
zation catalyst Pre- polyneri- zatiopycatalyst Pre- polyneri- zation

value determined by the extrapolation of the ccncentration (C)

to 0 was taken as the intrinsic viscosity ([n] = 1lim(nm sp / C)
(C - 0)).
[C055]

5 [Preparation Example 1]

Preparation of Scolid titanium catalyst component

After 75 g of anhydrous magnesiumchloride, 280.3 g of decane
and 308.3 g of 2—ethylhexyl alcohol were reacted with heat at 130°C
for 3 hr to prepare an uniform solution, - 22.2 ml of

10 2—isobutyl—2;iéopropyl—l,3—dimeth0xypropane was added to this
solution 'and mixed with stirring at 100°C for 1 hr.
[0056]
After cooling the resultant uniform sclution to room
temperature, 30 ml of this uniform solution was dropped all with
15 stirring to 80 ml of titanium tetrachloride kept at -20°C over
45 min. After completion of the dropping, the mixed sclution was
heated to 110°C over 4.5 hr. When the temperature reached 110°C,
0.52ml of 2-isobutyl-2-isopropyl-1, 3-dimethoxypropane was added
to the mixed sclution and then stirred at the same tTemperature
20 for 2 hr. &After completion of the two-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 sclid part

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



catal yst Pre- polynmeri- zation catalyst q/h 2 2 2 2 2 Triethyl alum num
nmmol /h 100 100 100 100 100 El ectron donor Kind nmol

24

<

sﬁfficientlyknfdecaneandh@xaneai.90°Cuntilliberatedtitanium
compounds were not detected. The resultant solid titanium
catalyst component was kept as a decane slurry.
[0057]

5 A part of the decane slurry of the solid titanium catalyst
component was dried and examined on the catalyst composition.
With regard tc the catalyst composition of the solid titanium

Q

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

=]

17.0 % by mass, chlorine was 57 by mass,

190 Z-isobutyl-2-isopropyl-1, 3-dimethoxypropane was 18.8 % by mass
and 2-ethylhexyl alcohol was 1.3 % by mass.
[0058]

[Preparation Example 2]

Pre-polymerization of Solid titanium catalyst component

15 To 200 ml four-neck glass reactor equipped with a stirrer,
8.36ml of dried decane and 1.66ml {1.0mol/l in terms of aluminum
atom) of a decane solution of triethyl aluminum were fed under
a dried nitrogen stream. Subsequently, 26.5 ml (0.83 mmol in
terms of titanium atom, containing 1.3 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 g¢g) of 3-methyl-I-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.



/h 50 50 50 50 50 Hydrogen NL/h 50 50 50 50 50 Polynerization tenperature
C 30 30 40 40 40 Average retention tine h 2 2 2 2 2 Polerization result.
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[0059]

In the pre-polymerization catalyst, 2.5 g of the polymer
was contained per 1 g of the solid titanium catalyst component.
[0060]

5 [Example 1]

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

[0061]

10 To the polymerization reéctor, 4-methyl-l-pentene in an
amount of 50 L/hr, l1-decene as other a-olefin in an amount of 0.3
L/hr , triethylaluminum in an amount of 100 mmol/hr; hydrogen in
an amount of 50 NL/hr, the decane slurry of the pre-polymerization
catalyst prepared in Preparation Example 2 in an amount in terms

15 of a solid titanium catalyst component of 2 g/hr and
2-isobutyl-2-isopropyl-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.

20 The polymerization slurry was continuously extracted from the
lower part of the polymerizatiocn reactor, filteréd.off, dried and
then granulated by an extruder.

[0062]

A 4-methyl-l1-pentene polymer was prepared in an amount of



Anmount of pol yner generated kg/h 9.5 9.3 9.5 9.7 9.5 Anount of
sol vent - sol ubl e pol ymer mass % 1.0 9.7 2.5 4.3 7.9 Content of other
a-olefin mass %2.8 4.4 2.2 3.0 3.8 441l dL/q 3.4 3.2

9.2 kg/hr.
[00€3]
The evaluation results on the 4-methyl-l-pentene polymer
are shown in Table 1.
5 [0C64]
[Example 2]
Theprocedurecﬁ?ExampleZLwasrepeatedexceptthattheother
a-olefin was added in an amount of C.6 L/hr in place of 0.3 L/hr,
to carry out continuous polymerizatioh.
10 [0065]
The results are shown in Table 1.
[0066]
[Example 3]
The procedure of Example 1 was repeated except that the other

15 @-oclefin was not used, te carry out continuous polymerization.

[0067]

The results are shown in Table 1.
[0068]
[Example 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 continuous pclymerization.
[0069]

The results are shown in Table 1.



3.4 3.3 3.7 Mdulusin tension[X] MPa 910 650 1600 1220 1100 Vi cat
softening point[Y] 00 171 160 183 179 175 48x[Y]- 7000 1208 680 1784 1592

1400 48x[Y]-7500 708 180 1284 27

[0070]

[Example 5]

The preccedure of Example 1 was repeated except that
l-octadecene was used as other o—clefin in place of 1—decene, the
5 other a-clefin was used in an amount of 0.7 L/hr in place of 0.3
L/hr and the polymerization temperature was changed to 30° C in
place of 40° C, to carry out continuous polymerization.
[0071]
The results are shown in Table 1.
10 [0072]
[Example 6]
TheprécedurecﬁfExampleEiwasrepeatedexceptthattheother
a-clefin was. used in an amount of 1.0 L/hr in place of 0.7 L/hr,
to carry out continuous polymerization.
15 [0073]
The results are shown in Table 2.
[0074]
[Example 7]
The procedure of Example 5 was repeated except that the other
20 o-olefin was used in an amount of 1.3 L/hr in place c¢f 0.7 L/hr,
to carry out continuous poclymerization.
[0075]
The results are shown in Table 2.

[C076]



1092 900 *: 2- sobutyl-2-isopropyl-1, 3-di net hoxypropane 5[ 0084]

[ Conparative Exanple 1] Using a 200 L internal volune stainless steel
polynerization 31 reactor equippedwith a stirrer, batch polynerization
of 4-nmethyl-1-pentene was carried out. [0085] To the polynerization
reactor, 4-nmethyl-1-pentene in an 5 anount of 100 L, 1-decene as ot her
a-olefin in an amount of 1.0 L, triethylalum numin an anount of 100 mol,
hydrogen in an anmount of 50 NL, the hexane slurry of the

pre- pol§rarpkat$bn catal yst prepared in Preparation Exanple 2 in an anount
internms of a solid titanium catalyst conponent of 2 g and 10

2- i sobut y1- 2rhis oprropylcute3- dif methang/pr opaneas n rapearmauunt erfep0 micdt wer e
added and batch polyneri zati on of 4-nethyl-1-pentene was carried out at a
pol yireq 1 zaL ], QR-LEOREL ALYy Of; dfle Gordf &f ol 8.1 LouLkher stard i the
reaction, e polynerization slurry was extracted fromthe pol ynerization
reactor, filtered off, dried 15 and. then granulahﬁg b% g?hextru er. [0086]
A 4- meth§Ithe PEAEEnE ~RoFY B "RASISTE pat 88 PROHAT aMb it 510 K g 0087]
20The pol yneri zation conditions and the evaluation results on the

4- ret hgf- V- pehire P8l GABFYaPEtsRBRALPHOTELPEIIMEFOGESF R Conpar at i ve
Exanpl e 2] The procedure of Conparative Exanple 1 was repeated except 32
that theoovher a-olefin was not used, to carry out batch polynerization

[ 0089] The results are shown in Table 3. 5 . [0090] [Conparative Exanple
3] Therps ocedyl €5 0f -£ogRaLAL E ¥erExaapbe 1 was repeated except that
1-oct adecene was used as the other a-olefin in place of 1-decene and the
ot her ?085§5in was used in an amount of 1.6 L

[Example 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 continuous polymerization.

[0079]
The results are shown in Table 2.

15 [008C]

[Example 101
fheprocedurecﬁfExampleE%wasrepeatedexceptthattheother
" g-olefin was used in an amount of 1.3 L/hr in place of 0.7 L/hr,
to carry out continuous polymerization.
20 [CC81]

The results are shown in Table 2.



10 in place of 1.0 L,

to carry out batch pol ynerization
results are shown in Table 3.

procedure of -Conparative Exanple 3
cc-olefin was used in an anmount of 4.5 L in place of 1.6 L,
bat ch pol yneri zati on of 4-nethyl-1-pentene.

in Table 3. 20[0094] [ Conparative Exanple 5]
Conpar ative Exanple 3 was repeated except that the other a-olefin was used

in an h#®8nt of 9.1 L in place of 1.6 L,

of 4-nmethyl-1-pentene.

sinmul taneously and it
heat

[0091] The
[ 0092] [Conparative Exanple 4] 15The

repeat ed except that the other

to carry out
[ 0093] The results are shown
The procedure of

33 [0095] The results are shown in Table 3.
The 4-nmethyl -1 -pentene pol yners pmepared by the batch 5 polynerization in
Conparative Exanples 1 to 5 do not satisfy the formulas (1) and (2)
is found that they have inferior bal ance between

resistance and rigidity as conpared with the 4-nethyl-1-penten

to carry out batch pol ynerization

[ 0096]

a)
-

pol ynErs pEepapéd by tlhencionti ndous [pol ¢nerilzatBon in Fkanples % tol 10.
10[ 00P#}1{fenparat bueckxdipl en6] The procedure of Exanple 10| was
r epeat edlexeeptathah tlhe poljyderizatiGmwas 4G in| flcads of 4OtC- 1o
carry|mathodnti nuous pol ynerli zatiugn.. 1E5E@E98] nuous | muduget hYPolsSpent ene
pol yneé-mashpiepar ed ijnlab anmoultd of 9. 3kg/|hr &fRd the affount ofla
sol vepi-pehubhe polyner was [16.4 % by mass. [[0099] 20[ Conpatative Exanpl e
7] OtheThe procedurlekbidExanpte 10 was repdiR®s ex t hat~ 2| ect ron
donor | waslabtnused, td. carry deEcrantdee®ns pol ynerization. | [GRAENE @ 34
"A 4-nethyl -1 -pent ene_pollyer, wasCpéepar ef - fr an amogint_of 912 ko¥hfiand
t he angﬁgﬁnga soIventh@@ugkéiﬁgLqu)yggé %%h§;%§b¥nﬁﬁ§§* L)
zation zation zation zation zation
catalyst catalyst catalyst catalyst catalyst catalyst
Component G/h D 2 ) 2 o
Triethyl mmol 100 100 100 100 100
aluminum /h
TElectron Kind * * * * *
 donor mmo . 50 50 50 50 50
/h '
Hydrogen NL/h 50 50 50 50 50
Polymerization °C 40 40 40 30 3G
temperature
Average h 2 2 2 2 2
retention time
Polymerization result
Amount of | kg/h 9.2 9.5 8.8 8.8 9.2
polymer
generated
Amount of | Mass 1.8 2.3 1.6 0.1 2.0
solvent-scluble %
polymer
Content of cther | Mass 2.1 3.5 2.2
a-clefin %
1] DL/g 3.1 3.1 3.0 3.0 3.1
Modulus inj MPa 1670 1180 1750 2000 1160
tension [X]
Vicat softening °C 182 171 189 188 178
point [Y]
48x[Y]- 7000 1736 1208 2072 2024 1544
48x [Y]~ 7500 1236 708 1572 1524 1044

* e

2-isobutyl-2-isopropyl-1, 3-dimethoxypropane



5In Conparative Exanples 6 and 7, continuous extraction of the

pol yneri zation reaction m xture fromthe pol ynerization reactor could not
be carried out stably. [0102] 35 Tabhe 3 Conparative Exanple Unit 1 2 3
4 5 Polynerization condition Pol ynmeri zati on method Batch Batch Batch
Batch Batch 4-nethyl-1- pentene L 100 100 100

10083]
Table 2
Example | Unit | 6 7 8 9 10
Polymerization condition
Polymerization Conti- | Conti- | Conti- | Conti- | Conti-
method nuous nuous nuous nuous nuous
4-methyl- L/h 50 50 50 50 50
l-pentene .
Other Kind { 1-octa | i~octa | 1-octa | 1-octa | 1~octa
a-olefin decene | decene | decene | decene | decene
L/h 1.0 1.3 0.7 1.0 1.3
Solid Kind Pre— Pre- Pre— Pre— Pre-
titanium polymeri- | polymeri- | polymeri- | polymeri- | polymeri-
. zation zation zation zation zation
catalyst catalyst catalyst catalyst catalyst catalyst
compone nt g / n o 2 P 2 2
Triethyl mmo L 100 100 100 100 100
aluminum /h
Electron Kind * * * * *
donor mmo L 50 50 50 50 50
/h
Hydrogen NL/h 50 50 50 50 50
Polymerization °C 30 30 40 40 40
temperature
Average h 2 2 2 2 Z
retention time
Polymerization result
Amount of | kg/h 9.5 9.3 9.5 9.7 9.5
polymer
generated
Amocunt of | mass 1.0 S.7 Z.5 4.3 7.9
solvent-soluble %
polymer
Content of other | mass 2.8 4.4 2.2 3.0 3.8
g-olefin %
(1] dL/g 3.4 3.2 3.4 3.3 3.7
Modulius in| MPza 910 550 1600 1220 1100
tension [X]
Vicat softening °C 171 160 183 17¢ 175
point [Y]
48x [Y]- 7000 1.208 &80 1784 1592 1400
48x[Y]- 7500 708 180 1284 1092 500

*: 2—isobutyl—2—isopropyl*l,3—dimethoxypropéne

[GO84]

[Comparative Example 1]

Using a 200 L internal volume stainless steel polymerization




100 100 OGther a-olefin Kind 1- decene None 1-octa decene 1-octa decene
l-octa decene L 1.0 - 1.6 4.5 9.1 Solid titaniumcatalyst Kind Pre-
pol ymeri- zation catalyst Pre- polyryeri-

reactor eguipped with a stirrer, batch polymerization of
4-methyl-l-pentene was carried out.
[0085]
To the polymerization reactor, 4-methyl-l-pentene in an
5 amount of 100 L, l-decene as cher ag-olefin in an amount of 1.0
L, triethylaluminum in an amount of 100 mmecl, hydrogen in an amount
of 50 NL, the hexane élﬁrry of the pre-polymerization catalyst
prepared in Preparation Example 2 in an amount in terms of a solid
tTitanium catalyst component of 2 g and
10 2-iscbutyl-2-isopropyi-1,3-dimethoxypropane in an amount of 50
mmol were added and batch polymerization of 4-methyl-l-pentene
was carried out at a polymerization temperature of 40° C. After
4 hours from the start of the reaction, the polymerization slurry
was extracted fromthe polymerization reactor, filtered off, dried
15 and then granulated by an extruder.
[0086]
A 4-methyl-l-pentene polymer was prepared in an amount of
15.0 kg.
[(0087]
20 The polymerization conditicns and the evaluation results
on the 4-methyl-l-pentene polymer are shown in Table 3.
[0088]
[Comparative Example 2]

The procedure of Comparative Example 1 was repeated except



zation catalyst Pre- polyneri- zation catalyst Pre- polyneri- zation

catal yst Pre- polyneri- zation catalyst conponent g 2 2 2 2 Triethyl
al um num nmmol 100 100 100 100 100 Elggtron Ki nd

that the other o-olefin was not used, to carry out -batch

pelymerization.

[0089]

The results are shown in Table 3.

5 . [C090]
[Comparative Example 3]
The procedure of Comparative Example 1 was repeated except

that l-octadecene was used as the other o-olefin in place of

1-decenes 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-olefin was used in an amount of 4.5 I in place
of 1.6 L, tocarrycnn:batchpolymerizationcxf4-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—olefin was used in an amcunt of 9.1 1L in place

of 1.6 L, to carry out batch pelymerization of 4-methyl-l-pentene.



donor mml /h 50 50 50 50 50 Hydrogen NL 50 50 50 50 50 Pol ynerization
tenperature C 40 40 40 40 40 Pol ynerization tine h 4

33

[0095]
The results are shown in Table 3.
[009¢6]
The 4-methyl-l-pentene polymers prepared by the batch
5 polymerization in Comparative Examples 1 to 5 do not satisfy the
formulas (1) and (2) simultanecusly 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 continucus
polymerization in Examples 1 to 10.
10 [0097]
[Comparative Example 6]

- The procedure of Example 10 was repeated except that the
polmerization was 45° C in place of 40" C, to carry out continuous
polymerization.

15  [0098)
A 4-methyl-l-pentene polymer was prepared in an amount of
9.3 kg/hr and the amount of a solvent-scluble polymer was 16.4 %
by méss.
[00929]
20 [Comparative Example 7]
The procedure of Example 10 was repeated except thal an
electron donor was not used, to carry out continucus
polymerization.

[C100]



4 4 4 4 Polynerization result Anmount of pol ymer generated kg --15.0 14.5
14.8 15.0 14.5 Anmount of sol vent-sol ubl e polynmer Mass %4.2 0.1 2.7 2.8
16.1 Contentof other a-olefin Mass %8.4 - 1.4

A 4-methyl-l-pentene polymer was prepared in an amount of
9.2 kg/hr and the amount of a solvent-socluble polymer was 16.9 %
by mass.
(01011
5 In Comparative Examples 6 and 7, continuocus extraction of
the polymerization reaction mixture from the polymerization
reactor could not be carried out stably.

[0102]



3.6 6.1 fil dL/gq 3.2 3.0 3.0 3.0 3.0 Moydulusin tension[X] MPa 1540 1890

1610 1190 680 Vicat softening point[Y] C 168 174 179 167 147 48x[Y]- 7000
1064 1352 1592 1016 -

5
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Table 3
Comparative Unit 1 2 3 4 5
Example
Polymerization condition
Polymerization Batch | Batch | Batch | Batch | Batch
method
4-methyl-1- L 100 100 100 100 100
pentene
Other Kind 1- None l-octa | 1-octa | 1-ccta
o~olefin decene decene | decene | decene
L 1.0 - 1.6 4.5 9.1
Sclid Kind Pre- Pre- Pre- Pre- Pre-
titanium polymeri- | polymeri- | polymeri- | polymeri- | polymeri-
catalyst zaticn zation zaticn zat:i_on‘ zation
catalyst catalyst catalyst catalyst catalvst
component g > > > 5 7
Triethyl mmol 100 100 100 100 100
gluminum :
Electron Kind * * * * *
donor mmo 1 50 50 50 50 50
/h
Evdrogen NL 50 50 50 50 50
Polymerization °C 40 40 40 40 490
tTemperature
Polymerization h 4 4 4 4 4
time
Poclymerization result
Amount of kg 15.0 14.5 14.8 15.0 14.5
polymer
generated
Amount of | Mass 4.2 0.1 2.7 2.8 16.1
solvent-~soluble %
polymer
Content of other | Mass 3.4 - 1.4 3.6 6.1
g-olefin %
Inl dL/g 3.2 3.0 3.0 3.0 3.0
Modulus in| MPa 1540 1890 1610 1190 680
tension [X]
Vicat scftening °C 168 174 179 167 147
point [Y]
48x[Y]- 7000 1064 1352 1592 1016 56
48x[Y]~- 7500 564 852 1092 516 ~444

[0103]

[Example 11]

Ik 2-isobutyl-2-isopropyl-1, 3-dimethoxypropane

Using a T die extrusion molding machine (30 mm @, L/D = 26,




56 48x[Y]-7500 564 852 1092 516 -444 *:
2-1sobutyl-2-isopropyl -1, 3-di net hoxypropane [0103] 5[ Exanple 11] Using a T
di e extrusion nolding machine (30 ma®, L/D = 26, 36

G/ C2/ C3/ C4/ Al | A2/ D1/ D2300/ 310/ 310/ 310/ 310/ 310/ 310/ 310, screw rotating
speed of 60 rpn) manufactured by Therno-Pl astics Industries Co. Ltd, a
single layer filmhaving a wwdth of 130 nmand a thickness of 50 |inmas

o1 o0uct e BTt T DY ier T e B ARl B i T G ¢ nat

the chill roll tenperature was 60 C and the filmdrawing rate was 7 mmn
[ 0104]screw rotatingrig@efad mippepaped hagubxebehT ehtbhdae esiBadicesand
softness 10 sinultaneously and al so had excell ent transparency. | NDUSTRI AL
APPL| CABEL$TYi¢OIOD] Ltd, a Fhaglenbihyl-1:pettanengpal yiEthobft hed pmesent

i nvention has excellent bal ance between heat resistance and rigidity and,

15 ”Drgﬁé(%rghﬁr;g%ﬂgég%ﬁ 96%@&88?&5&9%%%%% E?atgad—deeé{ t—%”—gr%r?é%e

electric an anical properti‘es. I't I's process I nto
ol CTRS T RS HA htare a3 hen TARGrably S0l t o Co VAPrBUS ses, for
exanpl e, conveni ence goods, kitchen utensils, 20 packaging filns, fibers
‘such aBlhBnwasy e FEd cauandnt He ¢ | kendpsdeakoltdiad] eklkei €happl i%hces,
mechani cal parts, electric parts, autonobile parts and the like. 37
CLAI MB:erdpeAadupelt iyt - 40 pentene 1od yREIm COAPL1SY NPate was 7 m/min.
[0104]
The film prepared had excellent heat resistance and scftness
10 simultaneously and alsc had excellent transparency.
INDUSTRIAL APPLICABILITY
[0105]
The 4-methyl-l-pentene polymer of the present invention has
excellent balance'beﬁween heat resistance and ;igidity and,

15 moreover, has excellent processability, chemical resistance and
electric and mechanical properties. Therefore, it is processed
into extrusionmolded articles, injectionmolded articles, hollow
molded articles, films and sheets and then fevorabkly appliied to
varicus 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,

automobile parts and the like.



50 to 100% by mass of a constituting unit derived from 4-nethyl-1|-pentene
and 0 to 50% by nmass of a constituting unit derived fromat |east one of
ol efins having 2 to 20 carbon atons excludi ng 4-nethyl -1-pentene provided
that the total of the constituting unit derived from 4-nethyl-I|-pentene
and the constituting unit derived frgmat |east one of olefins having 2 to
20 carbon atons excl udi ng 4-net hyl 13 pentene is 100% by nass, wherein the
4- et hyl - 1- pent ene pol yner satisfies the following fornulas (1) and (2):
48x[ Y] - %S/TAT44BX[Y]-7OOO( 1) 160 C. C. (2) in which [X] is a nodulus in
t ensi on as neasured in an ASTM D638 net hod, of the

4-met hyl -1 - pent e nmer, and L.s a Vicat softenlng point ( C), as
measur ed- #n gt?ﬁﬂg%\ﬂ%ﬁeﬁgﬁglyt?@fﬁ TSR t he 4- net hyl -1 -pentene polyner. 2.
The 4-net hyl - ent ene_pol yner accordl ng to claiml which is 02{9 ned by
cont i nudl&e wq"/eg HiMees of ARomskiREtng whit daspy #@Ht‘h@eﬁwh%tmmeﬂta e)pol ymer
and an by gwsi of seinganting enibdgsbied fiop atdeasornerad glefios badne 2 §ntq saserrs

ext r act iatgnszxplotlipgeriethyi- bemtescprpvidedibat e totd ohthe consiutingemites y| t | ng

4- met hy ldefivedefirine Aengsioylylnpantdneam theecopssitytmer unitatetived fremat fsast ong of A process
for prodtginngadng? pe2hydrbdn pems excduding $-methyii ipehtepe ocldSoe kommpssi ses:

cont i nuewsten fhe @dhagyldt-paittnd pdiyrpentisies therfodowiag fiyrinulasgérdnd(2):and an

ol efin excluding 4-nethyl-1-pentene, together with an organic solvent to a
pol ymeri zation react or and continuously extracting a polynerization
reactiong tl7|§®<e pﬂ@obesul ti @g 4- net hyl -1 - pent ene pol ynmer from

the pol yne zatl on act r’ wherein the 4- met hyl - | pent ene pol yner
conprises: 50 to 100% by mass of a constituting unit derived from

4- rrethyl-l <r| ne and 0 to 50% by ma?% of a constituting unit derived
from at 1PRaS=HIeS 06t ef ui s having 2@o 20 carbon atons excl udi ng

4-met hyl -1 -pentene provided that the total of the constituting unit
derived from4-nmethyl-1-pentene and the constituting unit derived from at
| east omewbichdKefsrmmbdwasig téhsiam MPag.sas baswedirsnekT I MdIPeF§ method, of

4- met hylthd 4-petiiybdechsnd palYmbyam¥q is aNitat fudtedingpoiny (- C ) pemeaanagepl ymer
sati sfi @ Ag18v Dol 26 whdilgod, of ﬂ%lmettljtl}l-@adet(e@olymém

48x[ YJ- 7500/ X. / 448x[ Y] - 7000(1) 160 C.. .[Y1S190 C.(2) in which [X] is a
modul us 7 ik QnEéeH-(-HeRdne @tylﬂa@%wraﬁtglt@claim ASHMh6 3Batiiet hod, of the

4- et hyl oﬁurﬁ%ﬂém&dﬁ@'ayrﬂa{on@étq‘odﬁﬂm e Moty -3 0khiens pelyinei d 2o C.), as
neasur e lzﬁﬁ&h\%qctop ndt&ﬁtlﬁuoﬁﬂw&(ﬁa&mg%% Rafioner. 4.

g d t I
e B LI ol g T 5

a consti Pt}rtm ﬁléauor?r?a & i ved from 4- net hyl -1 - pentene and 0.1 to 50% by nmass
of a constjtuting unit deri edfr qm.a | east ving 2 to 20
carbon at ShBrOESE LAY %/HK?I&WI pnéeﬁfegﬁgoegpg glcgpf(h ?‘%Hﬁ’rl?%t al of the

constituting unit derived from4-nethyl-I|-pentene an e _Co &tutln

uni t dercPyERopsY feding|4emghybhwepiFng e |Hﬂf‘§ hlghegene a% aFtS‘gH 8% ons

excl udi dgnathiel-hentene, paathenwith &n oavicsolVARLdE 2 polyt e’l“ﬁ%“%‘r%icé%rsarfdor
producing a 4-nethyl-1-pentene pol ynmer according to claim 3, which further
conpr i sesntireguiiptkingtinge palymenizatitn raacsioh vikturesesintaiiieg peAsyiABg 4 whi ch is
cont ai negkthyl-Itiemtgne pylyerer frati tha pplyaetizgionmeactarvdierain te 4469l 1 mass or

| ess.  Gentthepdtymiet doyprisepent ene pol ymer according to claim2 which is
obtai ned by further regulating the anount of a sol vent-sol ubl e pol yner

whi ch '%oqemt)@m?%ds@otét@n@ﬁtuﬁ Uhi€ 3éied FoRadiniefiylTipdntine abd® be 15% by

mass or less. 7. The 4-nethyl - -pentene pol ymer according to claim1l
conpri sigy soé%diﬁas%%f% (et nﬁfdeﬁvé‘cpt?&h'at téaét Rfe HRGILAANNURD hrom
4-methyl; Ondth -1?9& df?t bt e RNt o Retuts t derlved
fromat qads %ﬂ@omhgetﬁf | p; to%s AGRORRES P fla

4 et hyl o1 ﬁpn § ] %ma 43 ﬁg yu R by gls%tg';rom 3
| east oﬁ‘@ i“pﬁ’ét\? lﬁmflbsafﬁf % E“§m; exgﬁ ﬂgl d

4- et hyl - 1- pentene IS 100% by mass. 8. A filmconprising the

4- et hyl -1 - pent ene pol ynmer according to claim1. 9. An LED nold

conprising the 4-nethyl-1-pentene polyner according to claiml.
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48x[Y]—T7500=[X] <48x[¥]-7000 (1)

160° C.=[¥7 =190° C. (2)

in which [X] is a modulus in tension (MPa), as measured in an ASTM D638 method, of
the 4-methyl-1-pentene polymer and [Y] is a Vicat softening point (° C.), as measured in
an ASTM D 1525 method, of the 4-methyl-1-pentene polymer.

4. The process for producing a 4-methyl-1-pentene polymer according to claim 3
wherein the 4-methyl-1-pentene polymer comprises:

50 to 99.9% by mass of a constituting unit derived from 4-methyl-1-pentene and

0.1 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.

5. The process .for producing 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 polymer which is contained in the
polymerization reaction mixture to be 15% by mass or less.

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

50 to 99.9% by mass of a constituting unit derived from 4-methyl-1-pentene and 0.1 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.

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

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



