19 May 2006 -1 PREPOLYMERI ZATI ON CATALYST FOR USE | N GAS PHASE

POLYMERI ZATI ON OF COLEFI NS AND PROCESS FOR PRODUCI NG THE SAME FIEHRai?OﬁyE
| NVENTI ON 5 The present invention relates to a prepolynerization ~cafalyst
for use in a gas phase polynerization of olefins. Mdrre particularly, the
invention relates to a prepolynerization catalyst for use in a gas phase
pol yrmeri zation of ol efins showing a highhketivity in gas 10 phase

pol yneri zation, not causing a formation of aggregates and coarse pol yner
particles markedly during the prepolynerization, having high bulk density

and excel I ent fl gRAPOYYMERI ZQEUSINEC R ISHT atdik ngsOf 1i1heaRr ep@lsyeri zati on
catal yst and a product powder out of a fluidized bed 15 markedly and nearly

conpl et el y POLSYERIZATL GtbrPiat PbRE NS ABPY RBLCAGHr FHR FRGNUAING tTHE OAMEhe
gas phase polynerization, and capable of giving an olef in polymer low in
the content of cold xylene-soluble fraction, and a process for producing

the same. RO=BAGKEREUNDT R RHENMNVENTI ON Since ol efin polyners have high

mechani cal property such as strength, good appearance such as

transparency, dhitle gxoes¢rnt imoterabidn t ywedrattemndltiongapr ppepbiysach zas i2h
a_materi al

filmformn operty, olefin_polyners are extensively used a

for films ca%dﬁ%? eéxgr t1ef ed™ AhoHESt ﬁ)g‘ascﬂ e P Y@BF}%@F%P%O‘P@;%PH?I%H@S 19
May 2006 Moke SUCkhaas jtlvheng, homopodt ynernant ddmear Jowdansity, 4
pol yet hyl enes (LLDPE), which are ethylene-a-olefin copolyners, are

especi al | yrapakpnerreptiies ascatehystorfoy nat®2ialiln a gas phase

polymerization of olefins showing a high activity in gas
10 phase polymerization, not causing a formation of aggregates
and  coarse polymer - particles markedly during the
prepolymerization, having high jbulk density and excellent
fluidity, not causing an entraining of the prepolymerization
catalyst and a product powder out of a fluidized bed
15 markedly and nearly completely free from a formation of
pelymer aggregates at the time of the gas phase
polymerization, and capable of giving an olefin polymer low
in the content of cold xylene-soluble fraction, and a
7 process for producing the same.
20
BACKGROUND OF THE INVENTION
Since olefin polymers have high mechanical property
such as strength; good appearanée such as transparency, and
excellent moldability or handling property such as
25 film-forming property, olefin polymers are extensively used
as a material for films and molded articles. Among the

olefin polymers, polyethylenes



5 High-activity catalysts for production of olefin polyners have a very
hi gh industrial value, because they can be used in the gas phaﬁﬁwﬁ&gbb@
pol yneri zation process in which the de-ashing step is sinplifieéd. wever ,
when an olefin is polynerized by 10 a gas phase pol yneri zati on process
using a high-. activity catalyst, the-pdlynerization is acconpani ed by
generation of a large quantity of heat, and thereby fusion and aggregation
of the resul ti fYCBI 3Fi %tBhsils"ﬁsr hopgpoiyrers| asd ihpear kay-gdessatydifficult

t ti 15t | ' ' f o]lefj d | ef i I .~ As
2 method o pPRVERERRYSERE LhbORES mobichcataBFByAPRonToPLBakpmr

Tethod for pPE: ABUPEE) : oPgbipner
Caralyst for oaebphymBRel Tk BbRBBial Y ErifeRle tol FRepaP, Mutizalion

catal yst obtai pggmbuqPhsPaL i zing ethylene and/or an a-olefin on an
ol efin-pol yneri zi ng gcata?y§§$EFor I nst ance, JP- A-59-30806, JP-A-7-196720

and JP-A 8 §37611 discl ogegh-REEROLYICEREAL1RBs CBbE! YRbadar WhChe! S 2

powder of an a-ol efin prepol yner havling suc a par | MeNsI on

distribution todefihepobpfietychage adivarptRigh DihdastBPaB00apaeand the
rati o of nunber- average diameter (Dn) to the nmass-average dianeter (Dm 19

May 2006 -3 i sbecahserthépncan keuated 0ifd, the@dgas Sphabecbbeginhat ol efin
pol ymers such as et hyl ene honopol ymer or ethyl ene-butene-1 copol yner can
be obtai ned byPebymenizatign' pfécess nin awhich cthe dot+ysiwingastep by using
t he above-nentipned_gomdery 5 prepolynmer in a gas phase pol yneri zati on.

SUMVARY OF THES jesd. HobRweyer; fwher an| 9keftnvisgpolynerizedibyty such

as those f&scéiQEQ ££%§§L£Bf§ﬁ§§§§§¥2$§ S%ﬁiéﬁﬁfﬁkiégaa high-
activity catalyst, the polymerization is accompanied by
generation of a large quantity of heat, and thereby
fusion and aggregation of the resulting olefin polymer
may take place and it may become difficult to continue
15 the polymerization of olefin or produce olefin polymer.
As a method for preventing the above-~
mentioned aggrega;ion of polymer generated in olefin
polymerization, there is known a method of using, as a
catalyst for gas phase polymerization of olefin, a
20 prepolymerization catalyst obtained by prepolymerizing
ethylene and/or an a-olefin on an olefin-polymerizing .
catalyst.
For instance, JP-A-59-30806, JP-A-7-196720
and JP-A-8-337611 disclose a prepolymerization catalyst
25 which‘is a powder of an a-olefin prepolymer having such
a particle dimension distribution that the mass-average

diameter (Dm) is 80-300 um and the ratio of number-

average diameter (Dn) to the mass-average diameter (Dm)



prepol ynerization in a suspension polynerization system in 10 sone oases
the prepol yneri zation catalyst is not snmoothly drawn out of th@ ﬁusaﬁgéi on
pol ymeri zation reactor because coarse granules or aggregates o 5] y

are formed and fluidity of the prepolynerization catalyst is extrenely
insufficient due to its |ow bulk density. Furthernore, there 15 was a

probl em that when fluidity of the prepoly3rerization catalyst is
insufficient, the quantity of prepolynerization catalyst fed cannot be kept
constant at the time of the feeding of the prepolynerization.catalyst to a
gas phase flis dineddelredhanper gagugdhase 3polaypdenl Z6t dD9cYRRC tdatt @getFhar. 20
wth a :gas stream which causes fluctuation of olefin polynerization

t enper at ure Qoliymerat isuthofas! ethylad yhemopadg@eedaieSet iy Idie-Bageplase
fluidized bed type gas phase polynerization reactor and thereby. makes it

difficult tocdpelymeri zeat hebeo! ebitaifsé@adiy y.contnlbis PPOGsradingdgr hhe
above-nentioned circunstances, it is desired to develop a

prepol ymer i zailieFincaiclymirikation bie W@aAgPRARE abitdey-iRhtLoheON glrdekpf i ns
high in the activity in gas phase polynerization, not causing For mat 1 on of

aggr egat ess anpdepolgneseinrargd e phasekpsl pmeais zZalt@ohi Ne of prepol yneri zati on,
hi gh in bulk density, excellent in fluidity, causing no renarkable

entrai ni ng ofsUMNAREr OPOTHEEINVENTION catal yst and the resulting powdery
ol efin polymer out of the fluidized bed ~ at the time of gas phase

pol yneri zati on, naawéyeﬁ.o tonpl eaechyyst eRatimgm higheat | SO DFLHY0| WEH as

aggr egat es, and gi-ving an olefin polymer lowin the content of cold

xyl ene- sol ulthesefrdaislcambeﬁt is adPeA;Er+32H833he im essulijecvednt it t®
provide a prepolynerization cat -al'yst for use in the gas phase 15

pol yneri zat | pwepblphefizeatitnghin ra t ngsperisivont polymgadz e gwdtemer i fat i on,
not causing formation of aggregafes and .

10 some ocases ‘the prepolymerization catalyst is not smoothly
drawn out of the suspensicon polymerization reactor because
coarse granples or aggregates of polymer are formed and
:l:‘]_.u:l.dity of the prepolymerization catalyst is extremely
1nsufficient due to its low bulk density. Furthermore, there

15 was a problem that when fluidity of the prepolymerization
catalyst is insufficient, the quantity of prepolymerization
catalyst fed cannot be kept constant at the time of the
feeding of the prepolymerization . catalyst to a gas phaée
fluidized bed type gas phase polymerization reactor together.

20 with a :gas stream, which causes fluctuation of olefiﬁ
polymerization temperature or formation of olefin polymer
aggregates in the gas phase fluidized bed type gas phase
poiymerization reactor and thereby makes it difficult to

polymerize the olefin steadily.



coarse granules markedly at the tine of prepolynerization, high in bulk

density, excellent in fluidity, causing no renarkable entraini f b&@
prepol yneri zation catalyst and 20 the resulting powdery ol efin Q9W§H% ut

of the fluidized bed at the time of gas phase polynerization, nearly
completely free fromformation of polynmer aggregates, and giving an olefin
polymer low in the content of cold 19 Maxy 2006 5 xyl ene-sol uble fracti on,
and a process for producing the Sane, view of the above, the present
inventors have conducted. extensive studies to :Find that the problem 5

d ab | ey | I
ment i oned a ove%gggonenso XBgvgxmgner%B%fiyE%#@Qn&@ga Yt Egnqésslfwda

solid catal yst having a speci average partic

di aneter, an ganodl um num conpound, and -a epol yner of hyl ene nd/or
ot loast oo ASBELPEN carRESBRA ETEL CHELTTi AT At amtn ANt | ORI GR AITHS a

specified weight ratio of prepolymerization catalyst/solid catalyst
conmponent ,pal yspetzaitédnvaifat¢lef masehilgh cdontehe asdiyidpecini gas phase
intrinsic viscosity. Based on this finding, the present invention has been

acconpl i shesh yhe FDBst 1bRE PrRIENicdunieny | formwdedies tofa apyepalatrsr i zaidon
catal yst foor use in a gas phase polynerization of olefins which conprises

() 2 spli g, ol alotsln AIPORCRCATPT Sl RYSTRONRS! W B@EBgﬁg}metﬁltz@’dlltg‘\

and an &l €ctiond avi ng a“wel ght - aver age partlc e di anet e

an ot hyl et Hha/ BT End PO o G TS hordl n SRE H AT iy o

alumnumto titanium (Al/'ti ratio) contained_ in sald prepol | zation
catal yst ¥emarkable . @ﬁﬂVQ&ﬂﬁngtﬁé\ﬁQ%ﬂﬁrﬁﬁ?iﬁmSFlFﬁ§%?WN%%B?; i 719 on

catalyst to the solid, catal yst conponent
the resultlng powdery olefin polymer out of the fluidized

bed - at the time ofr gas phase polymerization, nearly
10 completely free from formation of polymer aggregates, and
giving an olefin polymer low in the content of cold xylene-

soluble fraction.

It is an ogject of the present invention to provide a
prepolymerization catalyst for wuse in the gas phase

15 polymerization of olefins high in the activity in gas phase
polymerization, not causing formation of aggregates and
coarse granules markedly at the time of prepolymerization,
high in bulk density, excellent in fluidity, causing no
remarkable entraining of the prepolymerization catalyst and

20 the resulting powdery olefin polymer out of the fluidized
bed at the time of gas phase polymerization, nearly
completely free from formation of polymer aggregates, and

giving an"olefin polymer low in the <content of cold



(prepolynerization oatal yst/solid catal yst conponent ratio) is 4 to 29
(g/g), the content of volatile materials (VIl) in 19 May 2006 6,4 &y 2006
prepol yneri zation catalyst is 2.0% by weight or less, and the int Fr NSl ¢
viscosity [ii] of the prepolynerization catalyst neasured in tetralin at
135Cis 2.0 dl/g or less, and a process_for a production of the

prepol yneri zation 5 catalyst. The preséﬁf I nvention further relates to a
process for producing an ol efin polyner which conprises polynerizing

ol efins by neans of a gas phase f|uidized bed using the abdve-nentioned

prepol ynergyZidn s $phBL ¥ st £ f 05t Uas, phase alOgﬁ@war:.[ fari oprodesingdetdid s

of the present-invention will be described bel ow. DETAILED DESCRI PTI ON OF

THE INVEN}%ﬁ@%As used in the present invention, the term 15

"pol yneri ; h" means nhot only a honopolynerization, but = also inclusively

means a copol yneri zation;. and the term "p mer" nmeans naQt. on .
honopol yner butdml s %ﬁang%a té@poﬁgﬁﬁﬁfingkésiPéﬁfen&;{Eh%F?tg¥%e Bﬁggﬁnt
invention, the term"olefin" 20 neans an ol efi.n having 2 or nore cayhon .
at ons whi adoridudiueit, ' ekderisisteancatudidy | ehe, Flisy| epat puttdife- 1problen
pentene-1, -hexene-1, heptene-1, octene-1, decene-1, 3-nethyl pentene-1,

4- et hyd p%rébrﬂ{fcﬂedanabb% lidetn apd | polmass el eaablprepmiytmentzation
propyl ene, butene-1, hexene-1, octene-i and 25 4-nethyl pentene-1, and

further preferaply RiARvl E0Rs but 5Ty anchdipeane: borfensst hgnsnghase

pol ymeri za used I Invention means a polynerization process _
pol yneri zi ng ‘-Erjjlég‘l’o%nlsyl n 1?59@3§£P£]1?es§agét S Mf’g phasg PREYE®R! I zati @i

process r

organcdluminum compound and 'a prepolymer of ethylene and/ox

at least one q-oleflﬁ and having a specified aluminum-

10 titénium ' rafio,f a spécified weight ratic - of
| prepolymerization cﬁtalyst/solid catalyst component, a

. specified volatile material content and a epecified

{ntrinsic viscesity. Based on this <finding, the present

‘ invention has been accomplished.

5 Thus, the prasent invention relates to a
prepolymerization catelyst for use in a gas. phase
polymerization of olefins which comprises (A) a s?lid
catalyst component comprising magnesium, halogen, tit‘an:l.um
and an electron doner and having a weight-avexage particle

0 diameter of 15«45 pm, (B) at least one organoaluminum
cotpound and (C) a prepolymer of an ethylene and/or at least
one a-oclefin, wherein the melax ratio of aluminum to titanium
(A1/74 xatle) ocontained in said prepolymerization catalyst
is 3 to 11 kmol/mol), the weight ratio of the

5 érepolyﬁarization catalyst to the solid catalyst component
(prepoiymerization catalyst/soldid catalyst component ratio)

ie 4 to 25 (g/g), the content of volatile materials (VM}‘in



I nvestment and a | ower energy cost as conpared polyner-produci ng processes

such as a ethylene, the present wused for that a gas a snalleg%ﬁggéﬂ06
ot her suspension 19 May 2006 -7 polynerization process and a s '

pol ymeri zation process. In the gas phase polynerization, a gas phase
fluidized bed type reactor is usually used in order to make a snooth
progress of the polynerization reaction. “Rerein, 5 the term "gas phase
fluidized bed type reactor” neans a reactor utilizing a fluidized bed, in
which a reaction is conducted in a bed of powdery particles filled in the

react or anaHeeppriepod yhleedtdang o3t atetbyythe act ponsofbp gas gHit beduteds,
through a plate wwth many pores which is provided 10 at the bottom of the
appar at us @mnid stpleat éntgioslicedvascgadtdi speisin pirat epreptilyrstmt zabiobhe

floating partigles is called a "fluidi.zed bed.),..As .used in e present
invention,Cﬁﬁ§¥¥§9nma%?%ﬁS%yﬁ@H%é%ﬁ?ﬁﬁnn%%n%%a 8rd€§§g'@fdgzgyﬁﬁ}r%?ﬁ§'a
smal | 15 gwant kt ypebeekaf i Bsrbyat herdsec0iof Ao $0ld d iR N ste COPONSAL
conpri si ng magnesi um hal ogen, titaniumand an electron donor and having a

wei ght - avecagelyysatti cl e diameter of 15-45 pmand (B) at |east one
or ganoal um num ound, t form.an ol efi ol r.on the solid catalyst
Component ; and 30k Bt OHGRE GBUEIT byt PR BT chBLYREFT S SnPFECESS Lor
prepol yner pzaighend At alrystoleAsid healalems wiiickh eamiphe sesed gdol il8- i zing
prepol ynerizati on of the present invention, the sane ol efins
olefins by means of a gas phase fluidized bed using the
above-mentioned prepolymerization catalyst for gas phase
10 polymerization.
Next, details o©f the present invention will be

described below.
DETATILED DESCRIPTION QF THE INVENTION
As used in the present invention, the term
15 "polymerization" means not only a homopolymerization, but
also inclusively means a copolymeriza;ion; and the term
"polymer" means not only a homopolymer but also means a
copolymer inclusively.

As used in the present invention, the term "olefin"

20 means an olefin having 2 or more carbon atoms which include,
for instance, ethylene, propylene, butene-1, pentene-1,
hexene—l, heptene-1, octene-1, decene-1, 3-methylpentene-1,
4~-methylpentene-1, and the 1like, and it means preferably
ethylene, propylene, butene-~1, hexene-1, octene-1 and

25 4-methylpentene-1, and further preferably ethylene,
propylene, butene-l and hexene-l;

The term "gas phase polymerization™ used in the present
invention means a pelymerization process used for
polymerizing olefins in a gas phase. It is known that a gas

30 phase polymerization process requires only a smaller
investment and a lower energy cost as compared with other

polymer-producing processes such as a suspension



as used in the above-nentioned gas phase pol ynerization
referred to. The olefins 19 May 2006 - 8 nmy be one species ofquﬁfbaogr
conbi nation of two or nore olefins. A process for producing the Y

prepol yneri zation catalyst is not partifularly limted, and a suspension

5 pol yneri zati on process, a gas phase po
can be referred to. Preferably, it is a suspension polynerization process.

't may be
and conti

ymeri zation process and the |ike

produced by the use of any of batch nethod, sem -batch nethod

pUQuSieratRad.orl0 Ipracecase st e Bhe SEPEHPTer | PALIYEE T 5 Bl §R¢

i s produced by a suspension pol ynerization rocess, .a_sol vent y 8o
hydr ocar bem degsisng 2'81 orthe e ¢ arbioms &t oﬂ%l%ﬁ?ﬁﬁﬁﬁgg Her &of qa[r;%l Lfgﬁa

sat ur at ed

n- pent ane 4%

al.i phat] ¢ hydyogar | i eustdbutgnerdas iwohuskeae,
DA G D EOEaT baRsSchy SsuphaRagey r

e, heptane, octane, decane and the |ike, and

aromati ¢ hydsgeathonsrogtiehs aof okbenepokyhentzahdonher $2keicAmIF Y Htte
hydr ocar bons, n-butane, hexane, heptane and.tol uene ar er ang
2{%1_% 7€er§blb§. A%grp&rrgeae%gg aﬁgsns .

n-but afe dme herzame AFBST RIREF

y concentration In

the suspensi Or{roéf?{éﬁﬁrlﬁgizéﬂ%%loﬁmmz%dUSks@ii, capcephtahi an. rAactrieer abl e

slurry corf&ét . ( ,
concent r atdcpHic &l 0651 0.4 dlend | cfs 2BwalgImes e tidr ke nsf biled| i 4o

.5 g/mM and a further preferable

tit illhilit I t. Ath h_th LEE int
P01 yrror | 2 et azatter FFOE Brofbi HERTIAEI GRS ROL T4 Ny 3662t & oo

10

15

20

25

introduced through a plate with many pores which is provided
at the bottom of the apparatus {this plate 1is called a
gas~diépersing plate) (this state of the floating particles
is called a "fluidized bed").

'As' used in . the present invention, the term
"prepolymerization" means a process of polymerizing a small
quantity of olefins by the use of (A) a solid catalyst
component comprising magnesium, halogen, titanium and an
electron donor and having a weight-average particle diameter
of 15;45-pm and (B} at ieast one organoaluminum ccmpound, to
form an olefin polymer on the solid catalyst component; and
a product obtained by the prepolymerization is a

prepolymerization catalyst.
As the clefins which can be used in the

prepolymerization of the present invention, the same olefins
as used in the above-mentioned gas phase polymerization

process can be referred to. The olefins

25 process can be

catBfyst



particularly limted, it is preferably a stirring speed at which the solid
cat al yst conponent and the prepolynerization catalyst can be k 545 NoBs
floating state, nanely a speed not |ower than the critical speed Y
necessary for floatation of stirred particles. The polynerization
tenperature of the prepolynerization-mdy -be a usual pol ynerization tenper-

ature. It is B%?f rably a tenperature ranging from --10C to 100C, and
further. pref é’bﬁ‘f PIEMSEEe s @ £7 33 e filve 93vlay mamibdatd oo mprak stwe af t he
prepol yner- ization n?y be a usual polynerization pressure. It is
preferably a 8?5?58#@ & %gi ng from at nospheric pressure to 4.0 MPaG As

the nmethod for controllin% the intrinsic 15 viscosity [fl] of the
prepol yneri zati on cat al $s®T F BYoGing the prerolyaemiandiani ng a

hain transf ch hydr.ogen, .an _qrganonetal |ic conpound and the
fi E:a, and asrrgftﬂﬁ%g%% ?oén g"lslpl‘%% arﬂ'ﬁ'e;}&“xgi‘-ﬁ@rq'za“tqdo:? tsé’rﬁﬁr’rﬁrpr)f?ltﬂfé, et c.
b f : I thod is _the t hod ,using hydrogen. As
Che et hod us PRaY Ry 87 Caeiong FREPRSE oF S0 ROeRFIRRIedra o arod ng
ethylene, a mpiBedsel Aaddicha Aydeodan nui \ontbrol no3 flouyate

sinmul taneously with eedi ng ethyl ene, "etcC. Pef e

prepolynerizaitomscgtghgﬁbngg HSB§P§bE¥iZQQHBBn§%8FQSQ‘stﬁE?"% g&yness. As

o)
the nethod for drying, a netho rying a pr yneri zati on‘catal yst

whi le f1ow ngproditeadpy 6Re abeeam afymBihadrah yaeud, 13HMaY 2004 - 10
drying using a vacuum punp, etc. can be referred to. As use erein, the

term "magnesimethedii ghdi sontontishiBesletRotihe sol id catal yst conponent (A)
means a nagnesi um atom belonging to G oup 2 of the periodic

10 In a case where the prepolymerization
catalyst is produced by a suspension polymerization
process, a solvent may be a hydrocarbon having 20 or
less carbon atoms. Examples therecf include saturated
aliphatic hydrocarbons such as propane, n-butane,

15 isobutane, n-pentane, isopentane, hexane, heptane,
octane, decane and the like, and aromatic hydrocarbons
such as toluene, xylene and the like. Among these
hydrocarbons, n-butane, hexane, heptane and toluene are
preferable, and n-butane and hexane are further

20 preferable.

A slurry concentration in the suspension
polymerization may be a usual concentration. A
preferable slurry concentration is 0.001-0.5 g/ml and a
further preferable concentration is 0.005-0.4 g/ml, as

25 expressed in terms of solid catalyst guantity per
milliliter solvent.

Although the speed of stirring in the

polymerization reactor for prepolymerization is not



5 table, and the term"titanium means a titaniumatom belonging to G oup
4 of the periodic table. The term "hal ogen" which is contained h?w%h%

solid catal yst conmponent (A) neans a hal ogen which is an elene & gﬂging
to Goup 17 of the periodic table. 10 Exanples thereof include a chlorine
atom a bronine atom an iodine atomafdd—the like, and it is preferably a

chlorine ato "elect.raon danor,”. which is contained ,in the solid
catal yst conp %%E?CPiég%gagéméﬁe gdti &5 B¥ d T FtE TN sReedast

one nenber of ;an e t . Lfuyr _ato a nitroge tom and/ or a
phosphor us at%ﬁ1wE§§ﬁp?2§ ?ﬁgﬁéo?HFﬁgﬁﬁ ecnhpﬁﬁfntzﬁﬁ4] Ses, ethers and
esters. It is . et n ter. .20.As the ethers, dialkyl
et hers can bepféﬁéfg@gkxtzg{elggaggﬁ:ggg’fsﬁngo%f %len %@(}e & H§I1° QCIJHEQ di bﬁt yl

et her, tetrahyaa@éprﬁamamgthhepbhﬁenokt1F%e9r%k%5?§@§iﬁﬁéﬁﬁ%&l%@ﬂ&&ior

tetrahydrofuran. As the eSters, esters of saturate

car boxyl i c5achéseseair oof £1BERAYEBhCEakiRBREC pagaiihed | ¢ acids, esters
of alicyclic carboxylic acids, esters of aronati ca#boxylic aci ds, and

the like can be referredet polfappbasibietepberathide o8t Ryle 19 May 2006 -
11 acetate, ethyl acrylate, ethyl nethacrylate, butyl benzoate, dibutyl

succi nate, dipmeydlyméphaseiodihayybe auhigahe, poilpueyli zhitaednaletper-
di -n-butyl phthalate, diisobutyl phthalate, di-2-ethylhexyl phthalate,
di-n 5 octyl Pturel atBt amdptéferakky Anvegpebesarestangingpiebarred are
di -2-ethyl hexyl phthalate and di-n-octyl phthalate. The solid catalyst
conponent (A)-3&°C to 100°C, and further preferably from 0°C to
10 70°C. The polymerization pressure of the prepolymer-
ization may be a usual polymerization pressure. It is
preferably a pressure ranging from atmospheric pressure
to 4.0 MPaG.
As the method for controlling the intrinsic
15 wviscosity [n] of the prepolymerization éatalyst
measured in tetralin at 135°C, a method using a chain
transfer agent such as hydrogen, an organometallic
compound and the like, and a method of controlling the
prepolymerization temperature, etc. can be referred to.
20 A preferable method is the method using hydrogen. As
the mefhod using hydrogen, a method of adding hydrogen
before feeding ethylene, a method of adding hydrogen
with controlling a flow rate simultaneously with
feeding ethylene, etc. can be referred to.
25 The prepolymerization catalyst is generally
obtained in a state of dryness. As the method for

drying, a method of drying a prepolymerization catalyst

while flowing a nitrogen gas stream, a method of vacuum



preferably a product obtained by bringing a solid 10 catal yst conponent
precursor containing magnesium titaniumand a hydrocar byl oxy ﬂiﬁ%ﬁzb@éo
contact with a hal ogen conpound of an el ement bel onging to G oup o]
the periodic table and an el ectron dong{ to obtain a contacted product,
followed by further bringing the 15 co %ct ed product into contact with a

conpound havi T, =bal,oge . i d lid tal yst_.conmponent precursor
cont ai ni ng nagﬁlergflgmhstgﬁ a%i gr‘#gﬁg' gﬁﬁ\?dro%ggr'bﬁ%%x%g&eo{jepr?%‘{]p %f er abl y a
solid product containingga t pivalent Ltitani wal i.Gh. can he .obtai ned
by reducing a titani umﬂgo‘rlr}%%tc}n b%%ﬁ?‘ésgr]}?e rébrlfl{m gng%'ﬂe‘og]]um Si‘g”é: eral
formula: T (OF8ndX#RediRT 8hB Bo1id EaQXQR%%aG®ﬂ§dﬂéﬂi (@@V' ng 20 carbon
u n <a<4, with an

p
25 atons, X is a halogen atomand a is a nber satisfyi

or ganonmagnesi magsespanNgtbi bBeoRERENEE c2h 201,3aReS |y 'Cﬁgppound
having a Si-0 bond. As said organgsi?icon cou oung ha@%%f%?%g- 19 May

2006 - 12 5bovabléetsagethexysrhaneithalinnet RRAns LaratanlimPatom
propoxysi | ane, tetrabutoxysilane and the |like can be referred to, anong

whi ch pref erreellosgiegrabuGoeyp 8i bineheSpAsibAdchydbaear bon group (R ) of
the titanium conmpound represented by the general formula Ti (OR ), X4 _,,
wherein R is a hydrocafbentgrouphhlegeg" lwh28hcasbopnatdmed Xn $he hal ogen
atomand a is a nunber _satisfying O<a<4, for exanple, a nethyl group, an
ethyl 10 grouiPlid p?a%3lyst oopnpenenty(Ayrvepnand hhdobiekewbdch hie referred
to, anong which preferred is a_butzl group. As the halogen atom (X) of the
titani um an element belonging £o Group 17 of the periodic table.
10 Examples thereof include a chlorine atom, a bromine
atom, an iodine atom and the 1ike, and it is preferably
a chlorine atom.
The term "electron donor" which is contained
in the solid catalyst component (A) means an organic
15 compound containing at least one member of an oxygen
atom, a sulfur atom, a nitrogen atom and/or a
phosphorus atom. Examples thereof include amines,
sulfoxides, ethers and esters. It is preferably an
ether or an ester.
20 As the ethers, dialkyl ethers can be referred
to. Examples thereof include diethyl ether, dibutyl
ether, tetrahydrofuran and the like. It is preferably
dibutyl ether or tetrahydrofuran.
As the esters, esters of saturated aliphatic
25 carboxylic acids, esters of unsaturated aliphatic
carboxylic acids, esters of alicyclic carboxylic acids,

esters of aromatic carboxylic acids, and the like can

be referred to. Examples thereof include ethyl



conpound represented by the general formula Ti (OR ),X4_,, a chlorine
atom a bromne atom an iodine 15 atomand the |ike can be reﬂf@ﬁﬁ%o&@’
anong which preferred is a chlorine atom The nunber a is 1, 2, or 4
and it is preferably 4. As the titanium conpound represented by the
general formula Ti(OR),X4_,, for exanplé,‘butoxy 20 trichlorotitanium
dibutoxydichlorotitaniuq} t.ri butoxy- chlqoraotitanium tetrabutoxytitani um

and the |ike CSF1B&S r & W lefy, n&?ﬁ%ﬁ‘}%‘@?ﬁf%@s 1?‘é‘@]”dbu':]ox_y-
titanium As r.gano nesi.um conmpoynd, I gnar conmpounds having a
My- car bon bon%@glrzfg’atg%é Irgﬁ%éﬁé@n s;ﬁ?%%%e&%%&@éﬁﬂf??%er%“’f%l ude
met hyl chl or o- I um. I ol Q nesj.um  propy oronmagnesi um

but yl chl oromglrglgggg%’ar@d'bﬁt% ﬁ% ,cl"é‘r%%g i réqn %@}?hflﬁﬁll Qt?e " Ipref erred
i's butyl chl or ' en, n el enen el ongi ng
to Group 14 o?qt&%ggggﬁo&ﬁ?htag%légt (?)ﬂbg Cegcgﬁ’tq etxé@ \Ba}} E{]rf’et%f!‘i“d'rbat al yst
conponent Br egdi§9" phehiadlaegen . caih t,om or on atom can
be referred to. §I tpi S prgf eraa%%%hlégﬁo%gkgll conhggﬁn%g;oege s:]jj% clt)s(r:f at omR2 _
represented byrbferiell awendigengqiy 1hkﬁéﬁy thall -%g%) _ﬂgqg n i's
a hydrocarbonygroup havi ng 1}20 cargbn toﬁgi xlfs a hal ogen a Jﬁ{and bis
a nunber satiphyhagatesb<4. As the hydrocarbon group (R2) of the silicon
conmpound represented by the general formula SiR24_bXb, 15 wherein R2 is a
hydrocar bon group havi nghé- 2861ddr banalge@neombonend haljogen atomand b is a

nunber sati sfying
preferably a product obtained by bringing a solid

10 catalyst component precursor containing magnesium,
titanium and a hydrocarbyloxy group into contact with a
halogen compound of an element belonging to Group 14 of
the periodic table and an electron donor to obtain a
contacted product, followed by further bringing the

15 contacted product into contact with a compound having a
Ti-halogen bond.

Said solid catalyst component precursor
containing magnesium, titanium and a hydrocarbyloxy
group is preferably a solid product containing a

20 trivalent titanium atom which can be obtained by
reducing a titanium compound represented by the
following general formula:

Ti(OR').X,,
wherein R' is a hydrocarbon group having 1-20 carbon

25 atoms, X is a halogen atom and a is a number satisfying
0<a<4, with an organomagnesium compound in the presence
of an organosilicon compound having a Si-0O bond.

As said organosilicon compound having a Si-0



o<b<4, for exanple, a nethyl group, an ethyl group, a propyl group, a
butyl group and the like can be referred to, anong which prefegjﬁﬂybﬁog
butyl group. 20 As the hal ogen atom (X) of the silicon conpoun
represented by the general formula SiR2§-bXb, a chlorine atom a brom ne
atom an iodine atomand the like can ¢ referred to, anong which

f d i | ord ' 2, . 4 dit i 25
br ot orabl y 4. S e ol A chrBeafrhagy  1aB%. gERERAr 1 or mul 2

preferably 4. As the silicon C oun eprese

Si R24- bXb, forpremB)$i1 i VI { &t L9 Qv S| , 2Qlsbut vl dichl grosi | ane,
trichlorobutyﬁgilane, 19 Nhg 2006 - i@xy€%%$§§h?g§o§b¥agéggn8aph € i ke can
be referred t gefamny v Ahdief@iiey poetstfaghior pal _the

el ectron donor to be brought into cont%c? m%%ﬁgt%g ggf#gﬂgg?a yst
conponent preailsarg., 5 the sanme ones as nentioned above can be referred

to. As the halogen in the conpound having a Ti-O bond to be further
brought intoo contact witas tile InahiaedAsbmr@ebigh , (N JF itheO MR NEADY

contacting the solid catalyst conmponent precursor with the hal ogen 10
conpound of afosipevdd HegreEsgmped dyortthe dehefal htormera odi c table and the
el ectron donor, a chlorine atom a bromne atom an iodine atomand the
like can be Fefl&F edit.0, waemed W' chs pachgdredarboa ghtbapi havdnhgmi-As t he
compound having a Ti-hal ogen bond, for 15 exanple, tetrachlorotitanium
trichl or obut o?ﬁt CeZhOBmatomisehXorigdiabdtadagean @atiammanshlaoris ra buintbent i t ani um
and the like c%n %g,referred to, anong which preferred is

tetrachl or ot i CAMEHY 18I JFe<dvedfde S¥ampld e aimatdiver wfouthe afolathy 120

cat al yst onent (A) of the present invention is 15-
y Eanpggoup,(a)propyg ggoup, a butyl group and the like can

be referred to, among which preferred is a butyl group.
As the halogen atom (X) of the titanium

compound represented by the general formula

Ti(OR')X,., a chlorine atom, a bromine atom, an iodine

15 atom and the like can be referred to, among which
preferred is a chlorine atom. The number a is 1, 2, 3
or 4, and it is preferably 4. |

As the titanium compound represented by the
general formula Ti(OR')X,,, for example, butoxy-

20 trichlorotitanium, dibutoxydichlorotitanium, tributoxy-
chlorotitanium, tetrabutoxytitanium and the like can be
referred to, among which preferred is tetrabutoxy-
titanium.

As the organomagnesium compound, Grignard

25 compounds having a Mg-carbon bond and the like can be
referred to. Examples thereof include methylchloro-
magnesium, ethylchloromagnesium, propylchloromagnesium,

butylchloromagnesium and the like, among which



45 m and preferably 20-35 m Wen the wei ght-average particle dianeter of
the solid catal yst conponent (A) is smaller than 15 m it can rzbagt

t he prepolynerization catalyst is 25 entrained out of the gas phas Y
fluidized bed to obstruct an effective use of the catalyst or that the
prepol ynerizati on catal yst adheres to-thé wal | of enlarged part of the gas

phase fl uidi zed d type 19 May 2006 - reactor to generate a formation
of aggregatesP r\ﬁ%e %g E\Nz:i“gq'}%/ %Rj%a‘-fﬁ?ﬂ‘-’t%lél‘e di anmeter of the solid
tcﬁt al ystlteorrponlent (A é&ledé ﬁS m 'qtﬂn?aaqrigl %é{{]a%}éjnllj%rll( dlegsrty of

e resulting pol yner p %o
xyl ene- sol ubl eof C used in the present
i nventi on, thg‘J terr%’rtln or§a 5£%1Lhu ﬁ%ﬁﬁolﬁﬁfkﬁe tePPound havi ng
at |east one n d |.e d er.eof |nclude trrneth | al um num
trrethylalunlﬁéhi%gﬁggggﬁﬁﬁyl ﬁ'ﬁf ALY5 % [EenRqaen Euﬁﬁﬁf U

preferred 5S hiah 8y @:Io?'h or&rﬁrarsdﬁ% lé%[ eastt%?n esS& e]fcrondlve gﬁn aef'{ e term

"prepolyner (C) of ethyléene an ohe a- yner

of ethylene apdferrall keast 1¢NQ sapredesl or tdie solid
catal yst conponent (A) by contagtrﬁg Fhé@? d%%%q?%%ﬂys conpéﬂint (A,

an or ganoal unsRUATHRB) akBeh QleP eBented &Y ahe eMANRARY Al | east one
a-olefin. As the a-olefin, efins having 3 or nore ¢ on atoms anong the

ol efins used furmheaabbvenentroned gas phase polynerrzatron can be
referred to. Exanples thereof include 20 propyl ene, butene-1, hexene-1,
pentene-1, 3-nethyl pentene- 18iRjngk,the like. In the prepol ynerization
catal yst of the present invention, the ratio of alum numatomto titanium
atom [Al 18 whereignBf /i3 |hybricarissh tqweowp rhawisy t b-20, canion
atoms, X is a halogen atom and b is a number satisfying
0<b<4.
As the hydrocarbon group (R’) of the silicon
compound represented by the general formula SiR?,_X,,

15 wherein R’ is a hydrocarbon group having 1-20 carbon
atoms, X is a halogen atom and b is a number satisfying
o<b<4, for example, a methyl group, an ethyl group, a
propyl group, a butyl group and the like can be
referred to, among which preferred is a butyl group.

20 As the halogen atom (X) of the silicon
compound represented by the general formula SiR%_.X,, a
chlorine atom, a bromine atom, an iodine atom and the
like can be referred to, among which preferred is a
chlorine atom. The number b is 1, 2, 3 or 4, and it is

25 preferably 4.

As the silicon compound represented by the

general formula SiR’,,X,, for example, butyltrichloro-

silane, dibutyldichlorosilane, trichlorobutylsilane,



25 preferably 4 to 8. When the AI/Ti ratio is less than 3, it can occur
that a polyneriza 19 May 2006 -16 Lion rate in the prepolyneriZﬁ%&gnzbﬁ rs
or an activity of catalyst in gas phase pol ynerization | owers. A

Al/Ti ratio exceeds 11, it can occur that the olefin polynmer obtained by
gas phase pol yneri zation contains an rnédfeased 5 quantity of cold

“venti on, the SE O Rt DRGhEe kS e aR g e téarednonol Lo
e 4 Vo 2507 o e THEAR PEEAERe ol | SR FenRLaR S LeR el U catal yer
ol ymor 1 2At i on gener at eemtl QU g SRR T RS thERERE pUNSter i vat on
[0 ke the pronces o aha it sPLEFCRTI, SHIRORCs FrtfeSohen (he

(prepol yneisi zahico R an@Alodlass tdss Hd it cited Yatlowd 4 )rf%féfxoecf:tf&ggs 25

g/g, it can occur that the equiprment for prepolynerizati on nu

designed so as to have as etg eimlagdraige thHd™bnhr] K48 ndP ey _pbt ai ned
by the gas phase polynerization -has a 20 Iomeréﬁﬂ%ulk deﬁgfty. Aﬁ?hough

t he wei ght - avbpade tpabei duettieandtrerugdit tihko IR RFitZAtdN cat al yst  of
the. present invention is not particularly limted, it is preferably 15 to
7S] tm and nor eonpagtedapirpddett,o whiph iisn obha ip@idibyolcdritedtulg dapsi ty of
25 the powder obtained in the 19 May 2006 -17 gas phase pol ynerization and
the entrai ni n§odidt Ratapysporpmponzati ewecatrsiors wiahd thiee hadwden f or med in
t he gas ?Qase Bolynerization
ompound of an element belonging to Group 14 of the
periodic table and the electron donor, a chlorine atom,
a bromine atom, an iodine atom and the like can be
referred to, among which preferred is a chlorine atom.
As the compound having a Ti-halogen bond, for
15 example, tetrachlorotitanium, trichlorobutoxytitanium,
dichlorodibutoxytitanium, chlorotributoxytitanium and
the like can be referred to, among which preferred is
tetrachlorotitanium.
Weight-average particle diameter of the solid
20 catalyst component (A) of the present invention is 15-
45 um, and preferably 20-35 um.
When the weight-average particle diameter of
the solid catalyst component (A) is smaller than 15 pm,
it can occur that the prepolymerization catalyst is
25 entrained out of the gas phase fluidized bed to
obstruct an effective use of the catalyst or that the

prepolymerization catalyst adheres to the wall of

enlarged part of the gas phase fluidized bed type



In the prepol ynerization catalyst of the present 5 invention, the term
"content of volatile materials (VM" neans the quantity of theufﬁfvﬁ@b6
used for the prepolynerization and unreacted ol efins remaining
prepol yneri zation catalyst. Content of the volatile materials (VM is 2.0%
by weight or less, preferably 1.0% by 10l5wi ght or |ess, and nost
preferably 0% by wei ght. When the content of volatile nmaterials (VM
exceeds 2.0% by weight, a fluidity of the prepolynerization catalyst
becones | trigsic idyal he,pre ti ORhagat st
of the prgsgﬁtQF%veﬁtl8%h%§g§ﬁ%e |§$%g??gopn g? Q@@M@%%F%? 2.0 dﬁ gﬁhé

| ess, prelergplty-averdlié g partesie and amettdrer qﬁeféhablwqﬂﬁﬁdl¢@t@iy5§ss
When the intrinsic viscosity N exceeds 2.0 dl/g, bulk den

pr epol yrrer:mr@tarﬁntcaﬂé} y%@&dsbedc%nﬁm ohtoCaparRCedar §€atpi)r‘-’clllizl %%nééﬁybe

oL, A D A B R o s gloste o

becones | G, ui di es a cause o ctive

dr awi ng- 0%1@1‘ xrERol yaehbzat f@accabal Y&k répdmitle-gseact or or an
i nsufficient feedlng of prepolynerization catalyst into the reactortofnghe

subsequent stefs narl@%ﬂflthelgteptb'l3 gaBTBR&8E 23S zat i bhe
constltutln a _min sIe ce ..T f ol t Len

e pre i'nvention s It p033|b eto
effect a gagsstphaggepol deﬁmmn tﬁmts.tl tLExampbesral ntlseE@oﬁf tiueclude
pol yneri zati on process, effectivel The gas phase g h tlon can
carried o&thﬂﬁﬁhﬁﬁ&kﬂ%hﬁ%ﬂowﬁﬂ&%ﬁ&y ‘H@ ukFhgse WﬁﬂﬁWOﬁB

o e B 5 8R! o G081 %mﬂg@%ﬁ@aﬁ%ﬁ%&mﬁm@ﬁ?h;%gsct o
is 10-100 cni seg ,ubsl irhestee f peeseatcdmyventappr opthat sleynselreepell pper
(C) of ethylene and/or at least one g-olefin" means a polymer
of eth?lene and/or at least one o-olefin which is formed on’
the solid catalyst componenf (A). by contacting the solid
15 catalyst component (A), an organcaluminum (B) and olefins
which are ethylene and/or at least one q—olefin.

As the a-olefin, olefins having 3 or more carbon atoms
among the olefins used in the abovementioned gas phase
polymerization can be refefred to. Examples thereof include

20 propylene, butene~l, hexene-1l, pentene-1, 3~methylpentene-i,
and the like. ,

In the prepolymerization catélyst of the present
invention, the ratio of aluminum atom to titanium atom
(Al/Ti ratio (mol/mol}] contained therein is 3 to 11, and

25 preferably 4 to 8. When the Al/Ti ratio is less than 3, it

can occur that a pclymeriza-



10 specialists in the art. EXAMPLES Next, the present invention is
explained in nore detail with reference to exanples. The inven#i&ﬁ_zba6by
no means limted by these exanples. 15 In the exanples shown bel© Al
characteristic properties of polyners were neasured by the nethods

menti oned below. (1) Density Density was nmeasured according to JIS K-6760.
20 (2) MFR (nelt flow rate) MFR was neasured according to JIS K-6760 at
190C. (3) Bulk density Bulk density wasigreasured according to JIS K 25
6721. (4) Intrinsic viscosity [TI] Intrinsic viscosity was determ ned by 19
May 2006 - 19 dissolving a sanple in tetralin, and measuring viscosity.of.

fracti on COMEITAEe| drode ARb P BOVARESPATAG o THE Tevhod™ EELFibBd o
USA, Code caftaflgder alnr ggsl gihzares pdgamier teak Drmgsowdrreni stWhen orlle 145 /T ,
220 ) U WL o SonEnL (MM Sp JEOSURE0 BYGTERS LBy
net hod. ( @btrimss- by- waghphaseh@olywenbeabionf gantAasnsgapertborersed in
wei ght gwag, A0QRSA 4 ESEESPNERE - BoRLERE! ¥HRIDEA¥ oD . o

In the prepolymerization catalyst of the present
invention, the ratio of the prepolymerization catalyst to
the solid catalyst component (prepolymerization
catalyst/solid catalyst components) is 4 to 25g/g. When the

10 (prepolymerization catalyst/solid catalyst component) xatio .
iz smaller than 4 g/g, it can occur that the gas phase
polymerization generates much quantity of heat due to the
polymerization and thereby the olefin polymer formed by the‘
reéction melte or aggregates to make the progress ‘of gas

15 phase polymerization difficult., When the (prepolymerizatiom
catalyst/solid'catalyst component) ratio exceeds 25 g/g, it
can occuxr that the equipment for prepolymerization must be
designed so as to have an extremely large dimension ox the
powder obtainmed by the gas phase polymerization "has a

20 lowerad bulk density. :

Although the weight-average particle diameter of the
prepolymerization catalyst of the present invention is not
particularly limited, it is preferably 15 to 75um and more
preferably 20 to 75um, in the point of the bulk density of

25 the powder obtained in the |



15 catalyst had a volatile material content of about 1% by wei ght or above.

In this nmethod, mass of a prepolyner- ization catalyst sanple bﬁﬂaﬁzo 6
heati ng and mass of the sane sanple as above after heating in ani er? gas
~atnosphere at 110C for one hour were neasured. 20 Difference between the
first mass and the second mass (loss iRnl#eight) was cal cul ated, from which
the ratio of the mass of the prepolynerization catalyst after heating to
‘the mass of the prepolynerization catal yst before heating was cal cul at ed.

25 (6-2) chrﬁq{@% gr d chr qmat ap S opted in
cases wher §Sa prepo %rre?lligzl rtlﬁ%\lh%%%@st t]:lrl?gld a9§%| a?%%rl“eé{r]rﬁf%%\?aloa%onttghet

of about 1pfréyolemght zart kel avatdydO Mag 200@6 povdder t Fbgmest Hod, tNel atdd e
conponent s such as_hydrqcarbons were extracted out of a prepolynerization
catal yst, RRUSepPBpIFELdFStiRdr-eof to the prepol ynerization catal yst were

calculated fro ea e i hr.omat in cal i hration
curve previ ousImSE/Hprlécgge{ egﬁﬁéﬂoggﬁle%?gagé Bsta%%lg}%{ej}t h%g. ?ﬂ% prgs% t
Wi ght - Aivelmgenpaohi cl ehdi apeter "Mirghintaverfageopaciilel emdtafekher of yihe
solid catalyst conponent A was neasured with an_ultra 10 centrifugal

aut omat i ¢ PRFRFcl etRfze AVaREFBYti oRT mebB&ri ngohppRFat ussedapAfeno, the

manuf act ur i iLsa ho IS k iU the catalyst
conmponent %@%ﬁ%é%ggﬁﬁ?ﬁ’& e%gam%nﬁéég.ee%éi gﬁtéfgggr gggf"%gbﬁ‘& egai aFL'rg[ er
of 15 preputsmetyratieatianal ysetwdysieasuCethtwirith a dfaserthai f frathatone

type particle, sl 26 digha! Ul Ton,reasurlng,  appataLUs (HELCS & RODOS, Sygtem
10 weight or less, and most preferably 0% by weight. When the
content of volatile materials (VM) exceeds 2.0% by weight, a
fluidity of the prepolymerization catalyst becomes low.
Intrinsic wviscesity [n) ‘of the prepolymerization
catalyst "of the present invention measured in tetralin at
15 135°C is 2.0 dl/g or less, preferably 1.7 dl/g or less, and
further preferably 1.5 dl/g or less. When the intrinsic
viscosity [n] exceeds 2.0 dl/g, bulk density of the
prepolymerization catal&st can become low o©or many coarse
‘particles can be formed, due to which a fluidity of the
20 prepolymerization catalyst becomes low. The decrease in
fluidity makes a cause of defective drawing-out of
prepolymerization catalyst from the reactor or an
insufficient feeding of prepolymerization catalyst into the
reactor of the subsequent step, namely the step of gas phase
25 poiymerization constituting a main step of the process.

The use of the prepolymerization catalyst of



"In the exanples, an entrainment rate was 20 eval uated by a nmet hod nmenti oned
bel ow. An entrainnment rate expresses the state of operation. Apiﬁgpro
entrai nment rate denotes a nore stable state of operation, whi Yﬁ|8ﬁer
entrai nment rate denotes a | ess stable state of operation. 25 (8)

Entrai nnent rate An entrai ned quantityjgas defined as a summed quantity of
t he prepol yneri zation catal yst and the product powder captured by a

cycl one provitded preddmet 1onhéyt PO06maked itapdsaybdé tecgflfecki megak
circulated gas in a gas phase fluidized bed reactor. Further, an

entrai nnent phatse \esl et heat ben ancens t it neiinguannaip ptepunift theeri od of
tinme divided by a production anmount per unit 5 period of time, nultiplied
by 100. Unit RSFLYMRC1Za%ien rpeetes it eefEegt byelii ghTheTgasgphasety of the
prepol ynmeri zation catal yst and the product powder entrained out of

f1ui di zed bedP VIS HALIFR Fan ke rearaiedCyhsageordéngi k8 KROYWAs phase
pol ymeri zation 10 s eval uat ed b%%éeferring to,the entrainnent rate.

Exanpl e 1 X 1)PI&Hf s BY aHIRG Ahevechapbiened (Aiywidiged, bedpl aci ng
the i t f SUS- yrad t i d with ti d

havi hg an - 1SR v ol GRRETAL oo S06, Frat EobgbRrgatatdse, 5 20Rexane,
20.6 kg.of tet h i 2 K f byt ti i

charged and ad Gsted 16 oe & rdsits e od CLof - 8BY. LaRA ¥B5ICH Fon o
but yl magnesi 3{%150@1%& .qtea}]ﬂé‘ 4 b&ﬂd'r@%ﬁﬁ%s évf"@llﬂ‘gs?xﬁpsg&?p"‘bﬁﬁ added over

a period of ours w st1rring, eepl ng enperafure of 20C. At

this time, thgeddtBldiUrSREEH 1 ANErShE{L€E1 YRS PO EAMyAfter the

10 specialists in the art.

EXAMPLES

Next, the present invention is explained in
more detail with reference to examples. The invention
is by no means limited by these examples.

15 In the examples shown below, characteristic
properties of polymers were measured by the methods
mentioned below.

(1) Density
Density was measured according to JIS K-6760.
20 (2) MFR (melt flow rate)
MFR was measured according to JIS K-6760 at
190°cC.
(3) Bulk density
Bulk density was measured according tec JIS K-
25 6721.
(4) Intrinsic viscosity [n]

Intrinsic viscosity was determined by



“dropping, the resulting m xture was stirred for an additional one hour at
20C and filtered, and the 25 precipitate was washed with 70 L tﬂj n% g?ree
times. Then, 63 L of toluene, 11.6 kg of silicon tetrachloride #@V 9
and 9. 37 kg of di(2-ethyhexyl) phthalate 19 May 2006 - 22 (hereinafter,
this termnmy be sonetines referred to 13 - DOP) were added, and a reaction
was carried out at 105C for 2 hours. Subsequently, the reaction m xture
was 5 filterddssolvinghadsamphet hneee@fal ipor tindnmeakurtiolguene, 63 L of
tol uene was added and heated to 70C, and then 13.0 kg of TiC4 was added
and react ed a{1905Eityopf2theusgluniosr byephrausegotthe sdlsicdnfeten tahe
liquid, the solid was washed with six 90 L portions of 10 toluene at 95C
and then withl3%w®90 L portions of hexane at roomtenperature, and dried
to obtain 13.7 kg, of a solid catal yst conponent (Al) excellent in powder
characteristitcs) Gkdstyleaneagalyblecérpenéan cankenthus obt ai ned cont ai ned
Ti in an unt of 1.02% by 15 weig and wei ght-average particle dianeter

ht , ,

t her eof s 21 m (2) PrefRfyReRFeaeloACRPrEingePatnfgmerbotnner
t h f I i d wit ti .havi i 20
vol e of 21 PTkg TR PYGURR 18838 g FelrBatorraniatipper dsmonent (A)
bt ai ned by t = i hegi d at di
erperature i (Rane Tog e p e SR T k347 2l um num (ner o na ter
sonetines ref fEVEIékf¥b1E%%e %f @gﬁggn§oﬁgﬂﬁt the 25 quantity of

s by nol "as c

alum numin cane to 5 tine as that of Ti in the solid

catalyst conponent (Alyy fédEhdadhfdd 6¢Rehfurind"felBBRE RESSSYRLE Of

10 weight (loss-in-weight method) or by gas chromatography

method.
(6-1) Loss-in-weight method

The method of measuring percent loss in
weight was adopted in cases where a prepolymerization

15 catalyst had a volatile material content of about 1% by
weight or above. 1In this method, mass of a prepolymer-
ization catalyst sample before heating and mass of the
same sample as above after heating in an inert gas
atmosphere at 110°C for one hour were measured.

20 Difference between the first mass and the second mass
(loss in weight) was calculated, from which the ratio
of the mass of the prepolymerization catalyst after
heating to the mass of the prepolymerization catalyst
before heating was calculated.

25 (6-2) Gas chromatography method

Gas chromatography method was adopted in
cases where a prepolymerization catalyst had a volatile

material content of about 1% by weight or below. 1In



"the'reactor after introduction of butane was 0.18 MPaG 19 May 2006 - 23
Then, hydrogen was added until the inner pressure of reactor rﬁﬁggggoé 28
MPaG after which heating was started, so that the tenperature 3 %
rise toward a preset tenperature of 40C, and at the sanme tine a 5 feeding
of ethylene was started. After the temrature had reached the preset
tenperature, a polynerization was nmade to progress at an average
tenperature ofhiggngthadd ¥elahideeragpopratsusachf as. dydvesarbgmen 7. 4
hours had passed after starting the feeding of 10 ethylene, the feeding of
et hyl ene was ¥ebppeEt¥actadnen PﬁearEﬁ@PPgﬁmeIhéﬁFlpﬁeC@G@éﬂ@twa§nﬁ ashed
out, and the residue was dried _under a streamof nitrogen for 3 hours to

obtain 29.2 KREMUPORFEp0FyHRRT2aEi bR EhEaPyePOlympErizad iome fat@deisSitzat i on

talyst (1 Ld hly,15 be withd fromth _Th
o cpol yet | 2ATHR CAIGEpArR 1= oR EaBo P REA Bt s, 98] PREBRGH-a 36 mesh

t al h [t t ticl
(aoar eoat o2) ' 5 S IRE e ref PReRL 1RO RArY 8 bERV S BuR 130 BEeBR ot B se
particles rquye{ﬁgg%éégqg QP&QPgr?Q?BEd of the sieve was as snmall as 1.2%
e |

by wei ght based on ot al "quan y of recovered product. The Al/Ti

ratio in the pjepgly, ig@ékggec§g§£¥?ietgggmgﬁggined was 5, the ratio of

the mass of prepol ynerization”25 catalyst e mass of the solid catalyst

conponent  (Al) (pfepO'W&f&ﬁEﬁéizQPagét?Jal‘g?;éti%' 49amdtahy Sk tHeMReAgRt) was

11.3 g/g, the volatile material conten he prepolymerization catalyst
(1) was 0.4Z%éhhﬂ%Fﬁmwbﬁ@@@en€4AWﬁaghheaéﬁeeanh&tﬁsbﬁ wigeasity [q] was

1.46 dl /g, the bul
- 10 centrifugal automatic particle size distribution
measuring apparatus (CAPA-700, manufactured by Horiba
Seisakusho). As a dispersion medium of the catalyst
component, decahydronaphthalene was used.
Weight-average particle diameter of
15 prepolymerization catalyst was measured with a laser-
diffraction type particle size distribution measuring
apparatus (HELOS & RODOS System, manufactured by
SYMPATEC Co.).
In the examples, an entrainment rate was
20 evaluated by a method mentioned below. An entrainment
rate expresses the state of operation. A lower
entrainment rate denotes a more stable state of
operation, while a higher entrainment rate denotes a
less stable state of operation.
25 (8) Entrainment rate
An entrained quantity was defined as a summed
quantity of the prepolymerization catalyst and the

product powder captured by a cyclone provided in the



wdenéity was 0.390 g/cnB, and the weight-average particle dianeter was 55

pm (3) The nmethod of nmain polynerization 5 Using the prepolynegj%@%baa6
catal yst (1) obtained above, a copolynerization of ethylene an utene-1
was carried out in a continuous gas phase fluidized bed type reactor.
During the polynerization, the inner -t @iperature of the reactor was 89C
the inner pressure of the reactor was 10 2.0 MPaG the gas flowrate in the
reactor was Jakfray @hdrecwelgatinenpbscironlatedogast inl enghs- but

ene/ hydrogen nol ar ratio) was 64/26/10 by nol. The solid catal yst conponent
(Al) was trardpie cblubderedrbedt hegatost r eBurhhen, f asdengradamenst 0. 83
g/ h, and TEA was fed at a rate of 408 nol/nol 15 times of Ti in the solid
catal yst conpdHent¥asngefined s yan eRtrained| GUBRL2EYi BRY ABi% result, the
catal yst activity [mass of resultin pol ymer per gram of solid catalyst
conponent (Nlat?r%/%& gfﬁ LIRS oV %dgm 3t PROABER1PRSAREHBE PPHUBAL3. 6
hours; the. 20 density.of.the ethylene-|-but copol ynmer. thus obtai ned was
0.921 g/c%: ﬁ\ﬁ%‘%sgﬁwa 1%“&%?%@? }Plﬁef@&'d QQ#eﬂg- §BFubI e fraction
content was % D ' e and t bul. k nsi was_0, 403 glcnB. The
ethylene-l-bé?gﬁ% ég%%+€2%$tgig%sgg%¥é#%%%gﬁéd %ﬂﬁi%ﬁaﬁﬁﬁgydgﬁsgﬁﬁ and a

| ow cont ent. qiy g kel jydencs Sobublesd TaRh pfle BPAabBe ghaaLITeNt rate

was 0.13% by wei ght. No aggregate s fornmed I'n e gas y 2006 - 25

phase fl uidi zagthethdd Rt GELOLui b A0B! Bed énPhifle§ayat)Sh component (A2)
having a particle dianeter of 28 mwas prepared by repeating 5 the

procedure of dixagld#ting exeepit thed  tiMe tde gy NbRESESpeiymekidagabal yst
conponent (Al) in Exanple 1, the tenperature at the tinme of dropping
but yl - 10 was evaluated by referring to the entrainment rate.

Example 1
(1) Synthesis of solid catalyst component (Al)
After replacing the inner atmosphere of a
SUS-made reactor equipped with a stirrer and having an
15 inner volume of 200 L with nitrogen gas,>80 L of
hexane, 20.6 kg of tetraethoxysilane and 2.23 kg of
tetrabutoxytitanium were charged and adjusted to 20°C.
Subsequently, 50 L of a 2.0 mol/L solution of
butylmagnesium chloride in dibutyl ether solvent was
20 dropwisé added over a period of 4 hours with stirring,
while keeping a temperature of 20°C. At this time, the
rotation speed of the stirrer was 200 rpm. After the
dropping, the resulting mixture was stirred for an
additional one hour at 20°C and filtered, and the
25 precipitate was washed with 70 L toluene three times.
Then, 63 L of toluene, 11.6 kg of silicon tetrachloride

(8iCl,) and 9.37 kg of di(2-ethyhexyl) phthalate



“magnesi um chloride was altered to 5C, the conditions (tenperature and
tinme) of stirring after conpletion of 10 the dropping was alter ? for
1 hour followed by 20C for 1 hour, and the speed of stirring was a gere
to 220 rpm A prepolynerization was carried out by the wuse of this solid
catal yst conponent (A2) having a 15 parti ¢l e diameter of 28 min the sane
manner as in Exanple 1, except that the quantity of TEA charged,
expressed in teersindféer, wahial termdmh9 BemBbm@®limeki FeFedfrel tHon alghe
solid catal yst conmponent (A2), nanely (Al/Ti=6), the inner pressure of
react or afterD@P) feede ngddéd puandeawaesaakttionedasoc@rieMPaGt and the inner
pressure of reactor after feeding butane and then feeding hydrogen to
el evate the pt&sStricnad boersed to 1.38 MPaG As a result, 17.4 kg of
prepol yneri zation catalyst (2) was obtained. The prepolynerlzatlon 25
catal yst (2) thus forne@ub%ﬁq@eshbbtht?eb@eapthdnamnxtHEQWWEhe reactor. In

t he prepog¥nerjzat|on cat al yst éz 19 2006 - 26 obtained above, the
rati o of Luﬁ+&ﬁﬁ¥%ﬂt?$%hW®ﬁhe AW%?h)tRE§9690thePPﬁF#@néfOﬁhe mass of
pr epol yner - i on ca to the mass of solid catal gonponent

(A2) (prepoly 9%%&10 t%ﬁyg%}E%P?dWBSCQFQPQSPn@oHﬁéﬁéﬁt¥°m59 £6.5 g/ g,
oioit b e AL 1AL PR il s
ders iy s Gl osgh IR GRS BT SOE FH SiB LI 00,
Eg'sﬁrf“ zat i ofy Jisa CaEﬁé &b PitwL &,Qghé&”mﬁﬁngﬂ 98 LNpEXRTBhE &f AS @
10 toluene at 95°C and then with two 90 L portions of
hexane at room temperature, and dried to obtain 13.7 kg
of a solid catalyst component (Al) excellent in powder
characteristics. The solid catalyst component (Al)
thus obtained contained Ti in an amount of 1.02% by
15 weight, and weight-average particle diameter thereof
was 21 um.
(2) Prepolymerization
After replacing the inner atmosphere of an
autoclave equipped with a stirrer and having an inner
20 volume of 210 L with nitrogen, 1.51 kg of the solid
catalyst component (Al) obtained by the above-mentioned
synthesis was added at an ordinary temperature and then
100 L of butane and triethylaluminum (hereinafter,
sometimes referred to as TEA) were added so that the
25 dquantity of aluminum in TEA came to 5 times by mol as
much as that of Ti in the solid catalyst component
(Al), namely Al/Ti came to 5. The inner pressure of

the reactor after introduction of butane was 0.18 MPaG.



“the catal yst activity was 24,200 g/g at a nean residence time of 3.4 hours,
density of the ethylene-1- 15 butene copol yner obtai ned was O.Qﬁpg@gégﬂ%,
MFR was 0.94 ¢g/10 minutes, the content of cold xyl ene-sol uble fr i was
4.1% by wei ght, and the bul k density was 0.362 g/cm. The entrainnment rate
was 0.16% by wei ght. Exanple 3 20 A sobiad _catal yst conponent (A3) having a

particle dianmeter of 41 mwas prepared by repeating the procedure of
Exanpl e 1, extiesr, tinedrogenthes sgdédesnsidf tBel inneat prgssucenpdnent (Al)
in Exanple 1, the tenperature at the tine of dropping butyl 25 nagnesium
chl ori de was r#acter read@dt he2d eipaGat afterawblichnbeatingi wasng after
conpletion of the dropping were altered to 5C for 1 hour followed by 20C
for 1 19 May Soeted 2780 Holat el témpepeturefbeganr tagrias &bwerddat o 140
rpm A prepolynerization was carried out usin this solid catal yst
conmponent @NﬁrQﬁﬁﬁrﬁF@P?%ﬁ?W%?eOfd4%n%te@néfagltbﬁ1ﬁﬁmﬁh§l§§né manner as
in Exanple 1,_5 except_that the charged quantity of TEA, expressed in
terms of A (ﬁﬁﬁéEQQhOQWEFQN%%F%dW@% stabreder Abresfthe LEBREZAKEES n the

l'id catal yst A3 A /Ti=6, the_i f th
eactor af 1 rad IR OfP O REFES ok BPTETERZe, O, BALKRREL 8R4 he 10
' f f eedj furt f eedi
nyar ogen Lo STEvaSE i ardad e, R 4Re- e TP ERBRRa s8R NBec “hc &

result, 290 441 Ple HERH yﬁ;&ﬁfj&égg Fatayst 68)vas ﬁ?hgiyneﬁneﬁhe

prepol yneri zation cat al yst med coul d 15 snoot be w t hdrawn

fromthe reactqf .ndutd Nead SO ddBLF €& | 92 FRIALYERe (BbeqRabied above,

the ratio of alumnumto Ti" (Al/Ti) was
10 ethylene, the feeding of ethylene was stopped to quench

the reaction. Then, the butane was flashed out, and

the residue was dried under a stream of nitrogen for 3

hours to obtain 29.2 kg of prepolymerization catalyst

(1). The prepolymerization catalyst (1) could smoothly
15 be withdrawn from the reactor.

The prepolymerization catalyst (1) thus
obtained was sieved through a 36 mesh metal gauze in an
atmosphere of nitrogen to remove coarse particles
{aggregates) therefrom. After the sieving, the propor-

20 tion of coarse particles recovered from the upper part
of the sieve was as small as 1.2% by weight based on
the total quantity of recovered product. The Al/Ti
ratio in the prepolymerization catalyst thus obtained
was 5, the ratio of the mass of prepolymerization

25 catalyst to the mass of the solid catalyst component
(Al) (prepolymerization catalyst/solid catalyst
component) was 11.3 g/g, the volatile material content

of the prepolymerization catalyst (1) was 0.42% by



6, the ratio of the nmass of the prepolynerization catalyst (3) to the mass
of solid catalyst conponent 20 (A3) (prepolynerization catal yst‘gsg i (} 0
catal yst conponent) was 18.3 g/ g, the content of volatile materi i ﬂ ?he
prepol ynerization catalyst (3) was 0.34% by weight, the intrinsic
viscosity [fl] was 1.69 dl/g, the bulk.density was 0.361 g/cnml, and the
wei ght 25 average particle diameter was<IT1 Nm Using the prepol ynerization
catal yst (3) obtained above, a gas phase polynerization was carried out
in the sane manner as in Exanple 1. As a result, 19 May 2006 - 28 the

cat al yst aetighicty ties 1Ft#00sgtg vdtscasigan [meswvdende 46 bl 63, 3tBehdutsk

density of the ethylene-l- butene gopal r obtained was 0.9204 g/cnd ., MFR
was 0.97 <§P#8Tty ntifés, Otﬁgecoﬁ?ﬁrﬁt' ofar{agfﬁhfyl 8ﬁé92‘8| GRS 3G r &35 61 Was

4. 6% by wai ang, thespylk density was 0.319 9/cmi. The entrainment rate
was O. 45&?%39‘\%gieght e Corrpg'lr ative Exanple 1 A solid catal yst conmponent (A4)

havi ng a (part iTtlee neitanet evf ofaits o hprse piephied by repeating 10 the

procedyre of Exanple 1, except that, i.n the synt i f solid Vi

conponént (Al ) USETExanpPe Pf)retpr? e YIS af:g?‘%éiftsi%rre gpdr%g%otlagnlgﬁéd

butyl - rragpg%t;m chl Qidysie was- b de1edl tof 5Grhheehenpenat ubeiteaed- I | neaof
a

stirring ter conpletion of the dropping 15 was altered to 5C for 1 hour
fol | owed bwr20€cf orul ioue, aeOtineospecttof PEEISEr | AYLhES 28P red toVRR0

rom A prepolynerization s carried.out . t S t by |1 tat yst
conponent *EAFOfavithy H9 pgﬁ i &F yﬁ‘ieé:rlrezgtérl%}éf’ ﬁ%mﬁﬁé{hgbggﬁgaﬁgﬁ%gr@%s
in 20 Exappl echooxcephst Bat ct heighal gedr qpaekisuyeofofTEM e expressed was

terms of Al quantity, was altered to 2 nol ) .
10 2.0 MPaG, the gas flow rate in the reactor was 34 cm/s, and
the gas composition ratio (ethylene/l-—butene/hydrogen molar
ratio) was 64/26/10 by mol. The solid catalyst component
(Al) was transported together with gas stream at a feeding
rate of 0.83 g/h, and TEA was fed at a rate of 408 mol/mol
15 times of Ti in the solid catalyst component (Al), to carry
out the polymerization.

As a result, the catalyst activity [mass of résulting
polymer per gram of sc;lid catalyst component .{Al»), {g/g)]
was 27,000 g/g at a mean residence time of 3.6 hours; the

20 density of the ethylene-l-butene copolymer thus obtained was
0.921 g/em®: MFR was 1.01 g/10 minutes; the cold
xylene-soluble fraction content was 4.3% by weight; and the
bulk density was 0.403 g/cm®. The ethylene-l-butene copolymer
thus obtained had a high bulk density and a low content of

25 cold xylene-soluble fraction, and the entrainment rate was

0.13% by weight. No aggregate was formed in the gas



"per nol of Ti in the solid catalyst conponent (A4), nanely A/Ti=2, the

i nner pressure of the reactor after feeding of butane was alte{¢¥hd&%0§615
MPaG and the 25 inner pressure of the reactor after feeding butane’an
further feeding hydrogen to elevate the inner pressure was altered to 0.55
MPaG. As a result, the prepolynmer 19-Ma$ 2006 - 29 ization catalyst (4)
thus fornmed could not be withdrawn fromthe reactor snmoothly. In the
prepol yner i z@hage daiwidiaed Hed ctype nedacbove, the ratio of aluminumto Ti
(AI/Ti) was 5 2, the ratio of the mass of the prepolynerization catal yst
(4) to the mass of solid catal yst conponent (prepolynerization
catal yst/solid catal yst conponent) was 18.7 g/g, the content of volatile
material in tHEMRB®pol yneri zation catal yst (4) was 0.38% by wei ght, the 10
intrinsic viscosity [1] was 2,99 dl/g,, the bul k density. was 0.333 g/cnm,
and the wei ght - aver age Hatttd ecaﬁ?:éﬁg%'i eTORRRNEGBY phf) BABAPLt Pve Exanple 2

b opar ed by FEBSAT 1D LTI DAL 1OF YaSrRr SPAE SR RBpE SPRAF OGN tho
synihes! s £ ol SLAUAS L URMIES (A LI PPILe (f, (hle {emperature
et B elagt 4 AR AL AU BLLOIEL LherdigRgino vere
Th S haf) ST AT e PRI RILES 0 L3
in the same mRYRSsam idhiDEiY Grals £XEEEd thats the char 8sdaguaphisty of
TEA, expressed in
{temperature and time) of stirring after completion of
1¢ the dropping was altered to 5°C for 1 hour followed by
20°C for 1 hour, and the speed of stirring was altered
to 220 rpm.
A prepolymerization was carried out by the
use of this solid catalyst component (A2) having a
15 particle diameter of 28 um in the same manner as in
Example 1, except that the quantity of TEA charged,
expressed in terms of Al, was altered to 6 mol/mol
times of Ti in the solid catalyst component (A2),
namely (Al/Ti=6), the inner pressure of reactor after
20 feeding of butane was altered to 0.38 MPaG, and the
inner pressure of reactor after feeding butane and then
feeding hydrogen to elevate the pressure was altered to
1.38 MPaG. As a result, 17.4 kg of prepolymerization
catalyst (2) was obtained. The prepolymerization
25 catalyst (2) thus formed could smoothly be withdrawn

from the reactor.

In the prepolymerization catalyst (2)



terms of Al quantity, was altered to 7.5 nol per nol of 19 May 2006 - 30

Ti in the solid catal yst conponent (A5), nanely Al/Ti=7.5, theugﬂggﬁo 6
pressure of the reactor after feeding of butane was altered to 0. NBaG
and the inner pressure of the reactor after feeding butane and 5 further
f eedi ng hydrogen to el evate the inner @rtessure was altered to 1.16 MPaG
Further, the geripd of tinme for drying in nitrogen atnosphere was altered
to 0.5 hour, Rkt tRedadPe¥er t ERet Kakiohaf AAUmIBHPB) sol1tifgndumy esult, 28 kg
of prepolyneri%igion catalyst. (5) was 10 obtained. In the prepolynerization
catal yst (5) (BbththedaSiobvethenkakaPi 8Lothgl BAPRURELL BTEPOLANET) was 7. 5,

the ratio of the nass o %he prepolyneri zation _catalyst (5) to the mass of
solid catal yst?TohpRdngata %SFAS§ (BgeEEFyﬂéﬁanﬁiﬁﬂl&§t59§§ ¥84 i d catal yst
t tent of . til teri,al ji.n th
o epol ymer | »arobo st Py at T CepPRRg Timasi 185 St SaeaTYRE/ BRtifhoi ¢ vi scosi ty
1 1.3 ' 0 8 h .
wel ght - aver age Bopar At el ¥ B8 100 Pt 88 Brssriar

pol ymeri zat i Qi y@snt e&%%ﬁé’%%‘eﬁﬁ%ﬁéﬁi?&fi@){ EQEa&.‘?Et ?E&t QF‘%SP‘@)% -

prepol yneri zati on catal yst prepolyner- 1zatron’'c

low in fluidigy wetghbatthdeintr eROLYNPIL285i0p §AGalyst 1035 aaykd not be
fed 25 snoothly and the gas phase pol yneri zation could not be <carried out.

19 May 2006 -t13d bilkpderd ive wxanpleesd 4veml, hripttale/ Sie LHPONESE add\6)
having a particle dianeter of 47 pmwas prepared by repeating
particle diameter was 69 um.

10 Using the prepolymerization catalyst (2)
obtained above, a gas phase polymerization was carried
out in the same manner as in Example 1. As a result,
the catalyst activity was 24,200 g/g at a mean
residence time of 3.4 hours, density of the ethylene-1-

15 butene copolymer obtained was 0.9204 g/cm’, MFR was 0.94
g/10 minutes, the content of cold xylene-soluble

fraction was 4.1% by weight, and the bulk density was

0.362 g/cm’. The entrainment rate was 0.16% by weight.

Example 3

20 A s0lid catalyst component (A3) having a
particle diameter of 41 um was prepared by repeating
the procedure of Example 1, except that, in the
synthesis of solid catalyst component (Al) in Example
l, the temperature at the time of dropping butyl-

25 magnesium chloride was altered to 5°C, the temperature
and time of stirring after completion of the dropping

were altered to 5°C for 1 hour followed by 20°C for 1



the procedure of Exanple 1, except that, in the 5 synthesis of solid
cat al yst conponent (Al) of Exanple 1, the tenperature at the tidﬁﬁa?5006
dr oppi ng butyl - magnesi um chloride was altered to 5C, the tenperaturé and
time of stirring after conpletion of the dropping was altered to 5C for 1
hour foll owed by 20C for 1 10 hour, and the speed of stirring was altered
to 100 rpm A prepol ynerization was Té&kied out by the use of this solid

catal yst conp t (AG), havin arti.cl e dianmeter of 47 pmin the sane
manner as in RgﬁghpéggngsxﬁggfgtﬂgtsPﬁEr&HSrUéa abiRrrdy tef 1$RATrPIG

expressed in ternms of yant it was altered to 12 ol per nmol of Ti in
the solid catal yst cong%ngﬁ?P?;S%?rlﬁﬁﬁé?9 ¥RP Traxpied gut HEANGr essure of

th t [ t I d to,0.22 MPaG, d th
nner pressur b T8 SRe 81 vEF: EPRpEEEfo BhS ahe¥5002A0BREF RSP 1 eedi ng
hyd t EVRd [ | dto 1, 22 As
resuls 2e, 1 R e e o DA PR Sl b Ehcss L Ln BERIPNEA 1 n ¢ he
I : ; : ¢ - L umi to Ti

(AT v 2 S Y e PR R el Por B OB BP9 80 Th ot al yst

6) to the massrngd |4 q&ﬁpqgggg ' '
((:a% al gst / gol I d cat a%s%ﬁ q:clgérrlgﬂoﬂ‘t) was .rie%}qg% éﬁ{égggé]%(gﬁ@&%?&tgrati | e

19 May 2006 -Ti32ontaiitddlind Rid1sdl BpUIEIdLatd ygA3{6) was 0.35%
by weight, the intrinsic viscosity (ti) wasxi.40 &%ﬁ§€%ﬁ#h§A%&Tk density

was 0.374 g/ cramelgn iME =651 gitle iaMRiRGr i ine | BF Apdret&{ctes dBdeEUN. 5
Usi ng the prepol ynerization catal yst (6 obt ai ned above, a gas phase
pol yneri zat i deeddsigc axfr ibext areutwasn dltersaneoVEr MEad ) B@NMhe 1. As a
result, 10 inner pressure of the reactor after feeding butane and
further feeding hydrogen to elevate the inner pressure
was altered to 1.04 MPaG. As a result, 29.0 kg of
prepolymerization catalyst (3) was obtained. The
prepolymerization catalyst (3) thus formed could
15 smoothly be withdrawn from the reactor. |
In the prepolymerization catalyst (3)
obtained above, the ratio of aluminum to Ti (Al/Ti) was
6, the ratio of the mass of the prepolymerization
catalyst (3) to the mass of solid catalyst component
20 (A3) (prepolymerization catalyst/solid catalyst
componeht) was 18.3 g/g, the content of volatile
material in the prepolymerization catalyst {(3) was
0.34% by weight, the intrinsic viscosity [n] was 1.69
dl/q, the bulk density was 0.361 g/cm®, and the weight-
25 average particle diameter was 111 um.
Using the prepolymerization catalyst (3)
obtained above, a gas phase polymerization was carried

out in the same manner as in Example 1. As a result,



the catal yst activity was 21,500 g/g at a nean residence tine of 4 hours,

density of the ethylene-1- 10 butene copol yner obtai ned was 0-9ﬁﬁwﬁ§%6b6
MR was 1.04 ¢g/10 minutes, the content of cold xyl ene-sol uble fraction was
5.5% by weight, and the bulk density was 0.309 g/cm. The entrainnment rate
was 0.37% by weight. Table 1 iIIustrahss the results given by the 15
prepol yneri zati on catal ysts obtai ned”i AEXanpl es 1-3 and Conparative

Exanpl es 1- S.th@tg&azl}&#euasé{ﬂ %ﬁ?é}eszaﬁ%ﬂaéc/z%@%i Vi tr{n es in gas phase

pol ymeri zati on using pT €po 2 B¢ properties of

0 the oper ati e TR By & 7 P AR BT e A5 TR Yeditehgls T
condi tions ofpfdagePr, tynlél" ﬂé)ﬂ]ecf ReJE d oo © f&@d ?IIFW %%lo\k/s\nnﬁgl zation

catal yst for use in the “gas phase pol ynerization oefins’s a high

25 act 1 Vity igy 1@asmibA PUNTRdRE O A1 G- AgreGat es and coarse

particles markedly at the tine of prepolyneriz ng a hi gh bul k

density amd dracedieesl wert 4.6y diyt We it Caliti M B{ﬁ%%rféltﬂfi |19 of 19
May 2006 - 33 the prepolynerization catalyst and the ol efin polyner
product out @f.3tBe gi/lcw’ di zZENebedtaaibhenti pBtef wa8S0. BB8SByPRLYFREL Zati on,
nearly conpletely free from formation of polyner aggregates, and giving an
olefin 5 polynmer having a | ow content of cold xylene-soluble fraction, and
a process for producing said prepolynmer- ization catalyst. In contrast,
Conpar ati ve ERBRprativeo&gamptle lsatisfy the condition concerning intrinsic
viscosity of 10 prepolynerization catalyst which is one of the necessary
conditions of the pres8nfoilidefAtddysingomponent (A4) having a

particle diameter of 45 um was prepared by repeating

10 the procedure of Example 1, except that, in the
synthesis of solid catalyst component (Al) of Example
1, the temperature at the time of dropping butyl-
magnesium chloride was altered to 5°C, the temperature
and time of stirring after completion of the dropping

15 was altered to 5°C for 1 hour followed by 20°C for 1
hour, and the speed of stirring was altered to 120 rpm.

A prepolymerization was carried out by the

use of this solid catalyst component (A4) having a
particle diameter of 45 um in the same manner as in

20 Example 1, except that the charged guantity of TEA,
expressed in terms of Al quantity, was altered to 2 mol
per mol of Ti in the solid catalyst component (A4),
namely Al/Ti=2, the inner pressure of the reactor after
feeding of butane was altered to 0.15 MPaG, and the

25 inner pressure of the reactor after feeding butane and
further feeding hydrogen to elevate the inner pressure

was altered to 0.55 MPaG. As a result, the prepolymer-



therefore the prepol ynerization catal yst cannot be snoothly w thdrawn from

t he prepol ynerization reactor. Conparative Exanple 2 does not ﬁﬁ&ﬁ?bﬁoéhe
condition 15 concerning volatile material content which is one of he
necessary conditions of the present invention, and therefore the

prepol ynerization catalyst fornmed therein is lowin fluidity and cannot be
fed snoothly. Conparative Exanple 3 doed Mot satisfy the condition 20

Catal yot  CompENaHOTW A AL riddeSeiie TRsad 1N ot Dep SSBz My ont | on,
o1 el iy RIS g Fopol yrer obtaled therery s hioh i
b1lLOOOL OMOmT, ‘%'HM%" e'br\é’p%lfm%ﬂ'?a%i'grﬂ jcra%a(iys@ r(4)i > |
obtained above, the ratio of aluminum to Ti (Al/Ti) was
5> 2, the ratio of the mass of the prepolymerization
catalyst (4) to the mass of solid catalyst component
(prepolymerization catalyst/solid catalyst component)
was 18.7 g/g, the content of volatile material in the
prepolymerization catalyst (4) was 0.38% by weight, the
10 intrinsic viscosity [n] was 2.99 dl/g, the bulk density

was 0.333 g/cm’, and the weight-average particle

diameter was 129 um.

Comparative Example 2
A solid catalyst component (A5) having a
15 particle diameter of 44 um was prepared by repeating
the procedure of Example 1, except that, in the
synthesis of solid catalyst component (Al) in Example
1, the temperature at the time of dropping butyl-
magnesium chloride was altered to 5°C, the temperature
20 and time of stirring after completion of the dropping
were altered to 5°C for 1 hour followed by 20°C for 1
hour, and the speed of stirring was altered to 120 rpm.
A prepolymerization was carried out using
this solid catalyst component (A5) having a particle
25 diameter of 44 um in the same manner as in Example 1,
except that the charged quantity of TEA, expressed in

terms of Al guantity, was altered to 7.5 mol per mol of
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Ti in the solid catalyst component (A5), namely
Al/Ti=7.5, the inner pressure of the reactor after
feeding of butane was altered to 0.26 MPaG, and the
inner pressure of the reactor after feeding butane and

5 further feeding hydrogen to elevate the inner pressure
was altered to 1.16 MPaG. Further, the period of time
for drying in nitrogen atmosphere was altered to 0.5
hour, which was shorter than that in Example 1. As a
result, 28 kg of prepolymerization catalyst (5) was

10 obtained.

In the prepolymerization catalyst (5)
obtained above, the ratio of aluminum to Ti (Al/Ti) was
7.5, the ratio of the mass of the prepolymerization
catalyst (5) to the mass of solid catalyst component

15 (A5) (prepolymerization catalyst/soiid catalyst
component) was 18.7 g/g, the content of volatile
material in the prepolymerization catalyst (5) was 2.5%
by weight, the intrinsic viscosity [n] was 1.03 dl/g,
the bulk density was 0.378 g/cm’, and the weight-average

20 particle diameter was 143 um. When a gas phase
polymerization was tentatively carried out by the use
of this prepolymerization catalyst (5), the prepolymer-
ization catalyst (5) was low in fluidity, so that the
prepolymerization catalyst (5) could not be fed

25 smoothly and the gas phase polymerization could not be

carried out.
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Comparative Example 3
A solid catalyst component (A6) having a
particle diameter of 47 um was prepared by repeating
the procedure of Example 1, except that, in the
> synthesis of solid catalyst component (Al) of Example
1, the temperature at the time of dropping butyl-
magnesium chloride was altered to 5°C, the temperature
and time of stirring after completion of the dropping
was altered to 5°C for 1 hour followed by 20°C for 1
10 hour, and the speed of stirring was altered to 100 rpm.
A prepolymerization was carried out by the
use of this solid catalyst component (A6) having a
parficle diameter of 47 um in the same manner as in
Example 1, except that the charged quantity of TEA,

15 expressed in terms of Al quantity, was altered to 12
mol per mol of Ti in the solid catalyst component (A6),
namely Al/Ti=12, the inner pressure of the reactor
after feeding of butane was altered to 0.22 MPaG, and
the inner pressure of the reactor after feeding butane

20 and further feeding hydrogen to elevate the inner
pressure was altered to 1.22 MPaG. As a result, 28.1
kg of prepolymerization catalyst (A6) was obtained.

In the prepolymerization catalyst (6)
obtained above, the ratio of aluminum to Ti (Al/Ti) was

25 12, the ratio of the mass of the prepolymerization
catalyst (6) to the mass of solid catalyst component
(A6) (prepolymerization catalyst/solid catalyst

component) was 17.7 g/g, the content of volatile
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material in the prepolymerization catalyst (6) was
0.35% by weight, the intrinsic viscosity [7n) was 1.40
dl/g, the bulk density was 0.374 g/cm’, and the weight-
average particle diameter was 131 um.

Using the prepolymerization catalyst (6)
obtained above, a gas phase polymerization was carried
out in the same manner as in Example 1. As a result,
the catalyst activity was 21,500 g/g at a mean
residence time of 4 hours, density of the ethylene-1-
butene copolymer obtained was 0.922 g/cm’, MFR was 1.04
g/10 minutes, the content of cold Xylene~soluble
fraction was 5.5% by weight, and the bulk density was
0.309 g/cm’. The entrainment rate was 0.37% by weight.

Table 1 illustrates the results given by the
prepolymerization catalysts obtained in Examples 1-3
and Comparative Examples 1-3. Table 2 illustrates the
catalyst activities in gas phase polymerization using
the prepolymerization catalysts, the properties of the
ethylene-l-butene copolymers obtained, and the entrain-
ment rates in the operation.

In Examples 1-3 which all satisfy the
necessary conditions of the present invention, there is
provided a prepolymerization catalyst for use in the
gas phase polymerization of olefins showing a high
activity in gas phase polymerization, not forming
aggregates and coarse particles markedly at the time of
prepolymerization, having a high bulk density and an

excellent fluidity, not causing a marked entraining of

r{ N
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the prepolymerization catalyst and the olefin polymer
product out of the fluidized bed at the time of gas
phase polymerization, nearly completely free from
formation of polymer aggregates, and giving an olefin
polymer having a low contentrof cold xylene-soluble
fraction, and a process for producing said prepolymer-
ization catalyst.

In contrast, Comparative Example 1 does not
satisfy the condition concerning intrinsic viscosity of
prepolymerization catalyst which is one of the
necessary conditions of the present invention, and
therefore the prepclymerization catalyst cannot be
smoothly withdrawn from the prepolymerization reactor.
Comparative Example 2 does not satisfy the condition
concerning volatile material content which is one of
the necessary conditions of the present invention, and
therefore the prepolymerization catalyst formed therein
is low in fluidity and cannot be fed smoothly.
Comparative Example 3 does not satisfy the condition
concerning weight-average particle diameter and Al/Ti
ratio of the solid catalyst component which are
necessary conditions of the present invention, and
therefore the ethylene-l-butene copolymer obtained

therein is high in the content of cold xylene-soluble

fraction.
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activity at the time of gas phase pol ynerization, not 5 form ng aggregates
and coarse particles markedly at the tinme of prepolynerization Ekaﬂ% a
hi gh bul k density and an excellent fluidity, not causing a mar kedlay 2006
entraining of prepolynerization catalyst and product - powder out of the
fluidized bed at the time of gas 10 phase polynerization, nearly conpletely
free from formation of aggregates, ané&®grving an olefin polyner having a
| ow cont ent xyl ene-soluble fraction, and it is also possible to
produce an ol efi'n'polymer having a | ow content of cold xyl ene-sol uble

fraction by 15 the use ' repol.vnerization, catal yst. 19 May 2006 -37
WHAT 1S CLAIMED IS 1. ‘%Icp‘?@p%@n%‘sr)itz%‘?i%esc%ﬁtal ARFERLIOR5elF 118 gas phase
pol yneri zat i ' f [ ions of olefins S which, conprises
(A a solid %}as%fau;% Odc‘g %nﬁn?&%ﬁ%%ﬁﬂgP%%%iiﬂﬁwﬂbﬁoﬁg?&g%itani um

and an el ect ry@ 4 r Cle | - aver. 1jcle dianeter of 15
to 451im (8) atlvﬁ?;gtatg%%%anoa uﬁdn%tﬁhc%r%ﬁ%&%fdza( Ony p‘?%tppl ymer of
af AL Of

an et hyl ene Fadmdngta atQRe 2Ky gl afd ' r
alum numto titanigﬁmdAI/ I ratio) in therb&fg&'o%n%ré%%%rf catalyst is 3

to 11 (mol / molihe bife peiplymiaizlor haviikpol YIRA ARIOUEHAY S to the

solid catalyst conponent (prepolynerization catdlyst/soll | yst 15

éonponent) i and aa 2xcedieht theiddrsntnddf cadsAtld @ mdhad als (V™M in the
prepol ynerization catalyst is 2.0%by weight or lI'ess, and the intrinsic

viscosity [fEntmeasdngdoifnprepoadlyimerdtizatids icata19s¥ AadpiRRet 20 2. The
prepol yneri zati on catal yst for use in a gas phase polynerization according
to claim1l, RAwWAernouteofwshghtflaidizgd pedt atl ehadi artmieciofofgashe
10 phase polymerization, nearly completely free from
formation of aggregates, and giving an olefin polymer
having a low content of cold xylene-soluble fraction,
and it is also possible to produce an olefin polymer

having a low content of cold xylene-soluble fraction by

15 the use of said prepolymerization catalyst.



prepol ynerization catalyst is 15 to 75 m 3. The prepol ynerization catal yst

for use in a gas phase 25 polynerization according to claim1l Eé
wherein the weight-average particle dianeter of the catal yst okﬁgﬁ%%?
(A) is 20 to 35 m 4. The prepolynerization catalyst for use in a gas phase
pol yneri zation according to any one of clains. 1-3, 30 wherein the content
of volatile materials (VM is 0.5% by weight or less. 5. The
prepol yneri zation catalyst for use in a_gas phase polynerization according
to any one of clains 1-4, 19 May 2006 -38 wherein the intrinsic viscosity
(q] nmeasure in tetralin at 135Cis 1.7 dl/9 or less. 6. The

prepol yneri zati on cat al éSt for use in a gas phase polynerization according
to any oneWAT cI8i REAIMED 38therein the ratio of aluminumto titanium

(AI/Ti ratio) is 4to 8 (nol/nol). 7. The prepolynerization catal yst for
use in a gas .phase polynerization accordi t y e of dfai lpBase .
wherein sald sobki d”é%@%\i/%?réﬁﬁﬁéﬁgntc?ﬁi?gto%cgﬁnntél' ~10" by br:glr%}?ig a

sol i d catal yst ggippReAkaRiealIrshr anc s o magmbs Nafml o L£F Rt A TE

hydr ocar byl oxy “group into_contact wi{h hal COAReHN¢stof abmpogieatent -
bel ongi fig to GUgﬂ)CiIJ% of *PRELFEF od\i(\%}tagaf 14

e and, , an electron dongr gr_o form
a contacted progdggpribigowerrissyn f unabegeds i RgiAG LHe 13t E4®EFE&ct
into contact w.th a cQ pavi s Jhe Da-0888e bpag 181 eThiiameter of
prepol yneri zat i BAREAL eﬁrgggﬂgg%ngsean%ééggas phai\% 9oI [ %ogoglgﬁ%ﬁ ng
to claim?7, wheLbi tsakdéusol i dB)catal }@ﬁ%or&f&%eﬁfggpé’ég&gg&l 'S a solid
product 20 cont aini ngya 4 %gﬁﬁﬁfﬁmégt ani Ui aittiplebiaiaslydy at eliagdFhgore
titani um conpouﬁa re'pt)ese e y the , £ juminum to
10 a-olefin, wherein the wmolar ratio © alum
titanium (Al/Ti ratio) din the prepolymerization

catalyst is 3 to 11 (mol/mol), the weight ratio of the

prepolymerization catalyst to the | solid. catalyst
component (prepolymerizat jon catalyst/solid catalyst
15 component) is 4 to 25 (g/g), the cpntent of wveolatile

materials (VM) in the prepolywmerization catalyst is
2.0% by weight or less, and the intrinsic viscosity I[nl

measured in tetralin at 135°C is 2.0 dl/g or less.

20 2. The prepolymerization catalyst for use in a gas phase
polymerization according to c¢laim 1, wherein the
weight-average particle diameter of the

prepolymerization catalyst is 15 te 75 pm.

3. The prepolywerization catalyst for use 1in a gas phase
25 polymerization accoxding to claim 1 oxr 2, where:.n the
weight-average particle diameter of the catalyst

component (A) is 20 to 35 pm.

4, The prepolymerization catalyst for use in a gas phase
polymerization accerding to amy one of c¢laims. 1-3,
30 wherein the content of volatile materials (VM) is 0©.5%

by weight ox less.

5. The prepolymerization catalyst for use in a gas phase
polymerization according to any one of <¢laims 1-4,



foll ow ng general fornmula: Ti (ORL) 4X4-4 25 wherein RL represents a

hydr ocarbon group having 1 to 20 carbon atons, X represents a h@gﬁﬂﬁﬁﬁom
and a represents a nunber satisfying O<a:54, with an organo- g

conpound in the presence of an organosilicon 30 conpound having a Si-O

bond, said hal ogen conmpound of an elenment belonging to Goup 14 of the
periodic table is a conpound represented by the followi ng general fornula
19 May 2006 -39 S i R24 -bXb wherein R -3presents a hydrocarbon group
having 1 to 20 $ carbon atons, X represents a halogen atomand b
represents a nunber satisfying 0<b54, and said electron donor is an ester

of an organic .ac ﬁeg% ﬁntﬁgh%htfingﬁdﬂuyagsgﬂgy Biloducasgré hgn tetralin
prepolynerlzatlo a 10 for 'use in a gas phase polynerization

according to anyabnm3BPCcha|ms7ld$/9mhrche§§npr|ses pol yneri zing an
ethyl ene and/or at [east one a-olefin by the use of (A) a solid catalyst,

conponent conpri g rm%;& halppesmediyani ga;raruhaann_ﬂl ectgan phace
and havi ng g 15 g%?g t- 1 agelgartlcée dlqggter of 15 t qg (§L5 at

| east one or ganopd UyieEHZ@EABBUNBT 2D AL pr %t o UCIH% San ol &f i 1§

pol yner which coppbsastpel y:laﬂ:rlloZIdfg sAnunalrafi rtonrtm;mbiwat KBRETHF Ta5liefi ns
by nmeans of a gas phase fl ;ged 2ed using the 20 prepol ynerization

catal yst for use ipn4 t@ag z b 'ymerization according to any one of
clainms 1-8. 11. Use of a prepolynerization catalyst as defined in an§ﬁ$%ne

of claims 17to 8rher mepoiymeziiratarol @2FRLYFE SPEf (Y XBufe $Y° nE
a gas phase f'“'gbfﬁﬂe%&!umn according to any one of claims 1-6,

wherein said solid catalyst component (A} is obtalned'

10 by bringing a solid catalyst component precursor
comprising magnésium, titanium and a hydrocarpyloxy
group into contact with a halogen compound .of an-
element belonging to Group 14 of the periodic table and.
an electron donor to form a contacted product, followed

15 by further bringing the contacted product into contact
with a compound having a Ti-halogen bond.

8. The prepolymerlzatlon catalyst for use in a gas phase
polymerization according to claim 7, wherein said solid
catalyst component precursor 1s a solid product

20 containing a trivalent titanium atom obtained by
reducing a titanium cqmpound represented by the

following general formula:

Ti (OR'} Kyea

25
wherein R' represents a hydrocarbon group having 1 to 20

carbon atoms, X represents a halogen atom and a
represents a number satisfying O<as4, with an organo-
magnesium compound in the presence of an organcsilicon

30 compound having a Si-O bond, gaid halogen compound of
an element belonging to Group 14 of the periodic table

ig a compound represented by the follewing generxal

formula:
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19 May 2006
-39.

iR, .uXp

wherein R? represents a hydrocarbon group having 1 to 20
carbon atoms, X represents a halogen atom and b

represgents a number satisfying 0<b<4, and said electron

donor is an ester of an orxganic acid or an ether.

A process for producing the prepolymerization catalyst
for use in a gas phase polymerization according to any
one of claims 1-8, which comprises polymerizing an
ethylene and/or at least one g-olefin by the use of (A)
a solid caﬁalyst- component comprising magnesium,
halogen, titanium and an électrqn donor and having a
weight -average particle diameter of 15 to 45 pum and (B)

at least one organcaluminum compound.

A process for producing an olefin polymer which
comprises polymerizing an olefin or combinations of
olefins by means of a gas phase fluidized bed using the
prepolymerization catalyst for use 1in a gas phase

polymerization according to any one of ¢laims 1-8.

Use of a pfepolymerization catalyst as defined in any
one of claims 1 te 8 Ffor polymerizing an olefin or
olefin mixture by means of a gas phage fluidized bed.



