P100407 A catalyst for ethylene polymerization, a process for preparing the same and use thereof
Technical Field The present invention relates to a catalyst for olefins polymerization, in particular for
ethylene polymerization, to a process for preparing the same and to use thereof. Technical BatRground It
is well known that catalysts comprising magnesium, titanium, halogen and electron donor as essential
ingredients have been broadly used in homopolymerization of ethylene or copolymerization of ethylene
with other alpha-olefins. When this type of catalysts is used in gas phase fluidized-bed process of
polymerization, aforementioned catalyst ingredients are usually supported on a carrier such as silica and
the like in order to ensure that particle morphology and particle size distribution of the catalysts are
suitable for the operation in fldidizetbdwst Foriethydenieopodymiyerd zaitibinjor gas phase
fluidized-bed process of po merlzaoﬁgas disclosed in ,1JS4,302,565, U &4 379 9 an N 1064870A
are prepared by i |mpre Emg/ §%m&\@9 #ﬁ&t mpound, a

magnesium compound and an electron donor compound, on a carrier such as S|I|ca and the like, and
then treating the impregnated mother component with an activator. The silica carrier used in
US4,302,565 drdhiisdaB 96189 has generally an average particle size of from 50 to 150 microns. In the

above patents, sincg the catalytic active com onen is loade carrier b regnatjng process and
o ke, 1 5 lfcut oD T SRR BEINE SOt e ARG M B CHE Ly EHHEald catatyst
1 particular for ethylene polymerization, to a process for preparing the same

and to use thereof.

Technical background

It is well known that catalysts comprising magnesium, titanium, halogen
and electron donor as essential ingredients have been broadly used in
homopolymerization of ethylene or copolymerization of ethylene with other
alpha-olefins. When this type of catalysts is used in gas phase fluidized-bed
process of polymerization, aforementioned catalyst ingredients are usually
supported on a carrier such as silica and the like in order to ensure that
particle morphology and particle size distribution of the catalysts are suitable
for the operation in fluidized state. For instance, those catalysts suitable for
gas phase fluidized-bed process of polymerization as disclosed in
US4,302,565, US4,379,759 and CN 1064870A are prepared by impregnating
a mother component, which is prepared from a titanium compound, a
magnesium compound and an electron donor compound, on a carrier such as
silica and the like, and then treating the impregnated mother component with
an activator. The silica carrier used in US4,302,565 and US4,379,759 has
generally an average particle size of from 50 to 150 microns.

In the above patents, since the catalytic active component is loaded on
the carrier by impregnating process and the like, it is difficult to control the

catalytic active component distributing homogeneously on said catalyst
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P100407 carrier and reproducibility of the catalyst preparation is poor so that catalyst activity as well as
particle morphology and patrticle size distribution of obtained polymer powders are not satisfactory. In
order to overcome above problems, on the basis of the above catalytic active components, U%4/376,062
prepares a catalyst by mixing fumed silica as filler with a mother component prepared from a titanium
compound, a magnesium and an electron donor and then spray drying. The particle size and morphology

of this catalystarsieaspdoBpresheshsdiand cheaatedyvirRParss Mot Reo Sortabaaiy However,

the catalyst is satisf. lys d p iQon

ethylene and g?régjtﬁ?& gw %ﬁf %Ih%%% amegH yﬁrﬁtl-:-r agl% ghé%t%%%te gﬁkﬁ%é{gﬁéﬁgc@gle

which will Iowej‘mimnetb@uﬂynmlltycﬁf«ﬂaélmbpnb'ew&ammm Bumrdary tof thecirmantiontiome object

of the invention is to provide an improved catalyst for ethylene palymerization. Anoth% %ég of the
Za

invention is toROVIEES BEKS BaF 1O bHBEAARASE GHaMSIPSIRSF SATRNEFRIg ez il another
object of the' %9@slsatea& oyfw?rﬁigﬁl ﬁ'ﬁ%&ogll%'ayh%nﬁﬂe%ymﬂzatmtﬁélomgbfﬂé?ﬂzaﬂOn of

ethylene or c merization ¢f ethylene an other alpha-olefin(s). Detailed description of the invention In
the first aspecpr&[mllwbﬁt[mtm prouigies1an oompwahdatallymgnﬁsem;alemlmnyoieomndommms

Fighor aiphacISHH, Wil Bolyeh DioU RS o ot NeS i BRIeratle el i arecly
enhanced, angpasticlegRaPNeRINANdRAIGE activity is also improved to some extent.
However, the catalyst is still not satisfactory in activity, and when the catalyst
is used in copolymerization of ethylene and another alpha-olefin, the obtained
polymer has a higher content of hexane extractable which will lower the

product quality of the final polyethylene resin.

Summary of the invention

One object of the invention is to provide an improved catalyst for
ethylene polymerization.

Another object of the invention is to provide a process for the preparation
of a catalyst for ethylene polymerization.

Still another object of the invention is to provide use of a catalyst for
ethylene polymerization 1in homopolymerization of ethylene or

copolymerization of ethylene and other alpha-olefin(s).

Detailed description of the invention

In the first aspect, the invention provides an improved catalyst for
ethylene polymerization. When this catalyst, together with an
organoaluminium cocatalyst, is used in copolymerization of ethylene and a
higher alpha-olefin, obtained polyethylene has reduced hexane extractable,
catalyst activity is markedly enhanced, and particle morphology and particle

size distribution of the polymer are also improved. The objective is achieved
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size distribution of the polymer are also improved. The objective is achieved P100407 through adding a
treating agent having at least one alkoxy, i.e. an alkyl silicate of formula Si(OR)"X4_,,, in which X is a
halogen atom and R is an alkyl having from 1 to 10 carbon atoms, during the preparation of tH&¢%other
liquid of catalyst active component and controlling molar ratio of alkoxy group to titanium less than 1.
Thus, the invention provides a catalyst for ethylene polymerization, which comprises a reaction product

of: (i) titaniumbsAtEMing kg Bolipatiagt, tepmribing B ctstond mRgnebiomydingidénatidast one

titanium halide,. S 0 mp S silicate 1la
Si(OR)"X4 " ﬁs{l\ﬁv%%li[ﬁ >§ ?ﬁ%@ﬁé%e%%‘gn@ﬁ% ?ﬁ g&%&%ﬁga%?né ?%grlng%(%é %@érb%ﬁn@gr#’s gﬂp ported
on superfine indkgartiawxidefsupportonvhereinboalartsatio, ef R gnduppeeparmegets af thequatberof
0<OR/Ti<1, and said electron donor compound is selected from the group consisting of ethers, esters
and ketones; Attt Qdtivalar KnfohEnt CAMBIGRRB AIdRTnIEATESHTRENIIS  dbrintia ﬂfiau@gsx in
which R' repr hydsegen Al fhydragaibyl having from 1 to 20 carbon atoms, X represents a
halogen, and i is a value meeting 1 <n<_3. The term "polymerization" as used herein intends to include
homopolymerizatiod hnd, copolyimeeizttion. P tdem “patpmady'sast osedthdmin imehds coliraie
homopolymer, oia%lymer and ter oflémer. The catalyst according to the present invention can be
prepared throdglﬁ 4 ﬁ%lgg%g ﬁg?ﬂ?e%t% L% f.ogl) Preparing a mother liquid: reacting a magnesium

dihalide, a titanium (aligea @inchae e siicate s elesHbHeNer CampeHRhe faim@inpthate
magnesium dihalide, at least one titanium halide, at least one electron donor
compound and at least one alkyl silicate of formula Si(OR), X4, in which X is
a halogen atom and R is an alkyl having from 1 to 10 carbon atoms supported
on superfine inorganic oxide support, wherein molar ratio of OR group to Ti
meets an inequation of O<OR/Ti<1, and said electron donor compound is
selected from the group consisting of ethers, esters and ketones; and

(11) activator component: an organoaluminium compound of formula
AIR’; X3, in which R’ represents hydrogen or a hydrocarbyl having from 1 to
20 carbon atoms, X represents a halogen, and n is a value meeting 1<n<3.

The term “polymerization” as used herein intends to include
homopolymerization and copolymerization. The term “polymer” as used
herein intends to include homopolymer, copolymer and terpolymer.

The catalyst according to the present invention can be prepared through a
process comprising the steps of:

(1) Preparing a mother liquid: reacting a magnesium dihalide, a titanium
halide, and an alkyl silicate in an electron donor compound to form a mother
liquid.

The electron donor compound can be selected from the group consisting
of ethers, esters and ketones, such as lower alkyl esters of C;-C, saturated
aliphatic carboxylic acids, lower alkyl esters of C;-Cg aromatic carboxylic

acids, C,-Cg aliphatic ethers, C3-C4 cyclic ethers, C;-Cq saturated aliphatic
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liquid. The electron donor compound can be selected from the group consisting of ethers, esters and
ketones, such as lower alkyl esters of C1-C4 saturated aliphatic carboxylic acids, lower alkyl esters of
C7-C8 aromatic carboxylic acids, C2-C6 aliphatic ethers, C3-C4 cyclic ethers, C3-C6 saturdtédfHliphatic
3 P100407 ketones, and mixture thereof. The term "lower alkyl" as used herein intends to mean a linear
or branched alkyl having from 1 to 6 carbon atoms. Examples of the electron donor compound include,

but are not limte@ts smatkly MigrimetehetispfaceistécButyl avetam kaibiryi Biivsh Tairixyikipeds to

tetrahydrofura e ﬁ! gﬂd i t Wit ydrofur i e . e
electron dononﬂclzegér%lp%)l?n S ca%§§§%%égé§fg%1m ?r%%bﬁ%&%%ﬁga %eéut%lﬂ?)r% r}i%ﬁ%gisﬁg(%%ﬁ%{lﬁ%%hloride
or titanium brasfiidécprefterably TGS ocditidubtamplesiof themagnesiatml dinadide tocludetmagnesium
dichloride, magnesium dibromide, and magnesium diiodide, with mainesi m dichl%ride being preferred.

The alky! silicatd & foRtTA o@@ﬁ@ﬁ)"xiﬂf}’ﬂn wHiEH¥Cis o %ﬁb@f n GH3#H andRGE YN ok ving
rom 10 10 cpchan atoms, Exaelasineiuy BUSGte Roklied (e seelhiorbesticaie eigbut

orthosilicate, triethoxy chlorosilane, diethoxy dichlorosilane, thoxy dichlorosilane, and the like. In the
preparation oftthenmathefdineit], tHecsatie@ kfdndividia@hccompopentsds prefertably sonhtadibect imsuch a
IrQ%nenrer that mc%l?rrﬂg?rtligt%nl\.ﬂg to Ti is larger than 1 and less than 20, molar ratio of OR group to Ti is

The titanium halide is titanium chloride or titanium bromide, preferably
TiCl; or TiCl,.

Examples of the magnesium dihalide include magnesium dichloride,
magnesium dibromide, and magnesium diiodide, with magnesium dichloride
being preferred.

The alkyl silicate has a formula of Si(OR),X4,, in which X is a halogen
atom and R is an alkyl having from 1 to 10 carbon atoms. Examples include,
but are not limited to, tetraethyl orthosilicate, tetrabutyl orthosilicate,
triethoxy chlorosilane, diethoxy dichlorosilane, dimethoxy dichlorosilane, and
the like.

In the preparation of the mother liquid, the ratio of individual
components is preferably controlled in such a manner that molar ratio of Mg
to Ti 1s larger than 1 and less than 20, molar ratio of OR group to Ti is larger
than O and less than 1, preferably in a range of from 0.1 to 0.8. The electron
donor compound(s) is generally added in an amount of from about 3 to 500
moles, preferably from 10 to 300 moles, with respect to one mole of
Titanium.

(2) Mixing support: mixing the mother liquid obtained in step (1) with
superfine inorganic oxide support to form a slurry.

The inorganic oxide support useful in the present invention is generally
silica and/or alumina having typically an average particle size of from 0.01 to

5 microns, preferably from 0.05 to 2 microns. Most preferably, silica support
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than 0 and less than 1, preferably in a range of from 0.1 to 0.8. The electron donor compound(s) is
generally added in an amount of from about 3 to 500 moles, preferably from 10 to 300 moles, with
respect to one mole of Titanium. (2) Mixing support: mixing the mother liquid obtained in stép(4y with
superfine inorganic oxide support to form a slurry. The inorganic oxide support useful in the present
invention is generally silica and/or alumina having typically an average particle size of from 0.01to 5
microns, prefélaBNIEGH 05 6E0 Meksie. Mestprérenably, Isited stppernaip 1oedo Mhomg sedaverage

particle size o . icren.js used. When u c S ] a , having
no absorbed vf\s/g'[‘(“(gelg.1 ‘%h%%éé&rﬁh&#d %% r\ﬁggg ’Wﬁﬁ%%&h?[‘h%eﬁrlﬁ%zl E}nga%ggd%%cfa{égg\ér%bmé form a
slurry suitablesopspraystoing. Bhatis; deeahtemicofthelstppertid theslurychoe benmumtange of
from 10 to 60 percent b weight,,tglgﬁferably from 20 to 4%Ipercent by weight, ba%ed on the weight of the

r

total slurry. (3) MiBldihg By SpraY BRIEKY: aRimY tHe Uidrmyl Bdtaliedih SRINDY tHrobgHYBRE HMNAing
process to f°r%é%‘iﬁ@é@%hf&"BQQH%EQ&%E‘%P&&&GW%F@@ l&-sizg %fgr%ﬁ He ?‘Péﬂi‘r‘é‘?ﬂ?- Spray

drying can be performed by technigues well known in the art. In general, spfray drying Is carried out by

passing the slﬁr_wncﬂjénlmﬁ(h'mmn_tdw Wﬁ@@&ﬁlﬂﬁd@htﬁ_@m&@@@f_ tholtdid sblidgatalyst

Ciyor bomg controlot 2V TURTER 5500 CORI ST tORIARIATE o e sATEy LRt Bbindoneiied o

from 50 to 20QKzo(IPeFaguaidfge process to form solid catalyst component having an
average particle size of from 5 to 50 microns.

Spray drying can be performed by techniques well known in the art. In
general, spray drying is carried out by passing the slurry together with an inert
drying gas through a spray dryer to obtain solid catalyst component having an
average particle size of from 5 to 50 microns, with inlet temperature of the
spray dryer being controlled at from 80 to 300 °C, and outlet temperature of
the spray dryer being controlled at from 50 to 200 °C.

(4) Pre-reduction.

In order to render the titanium-containing solid catalyst component
obtained by spray drying suitable for the production of ethylene polymer, it is
generally desired that the solid catalyst component is pre-reductively treated
with an organoaluminium compound so as to make the catalyst component
standing in a state of effectively polymerizing ethylene. For this purpose, in
general, the solid catalyst component obtained in step (3) is reacted with an
organoaluminium activator component in a hydrocarbon solvent to form a
catalyst.

Said activator component is organoaluminium compound of formula
AIR’; X3, in which R’ represents hydrogen or a hydrocarbyl having from 1 to
20 carbon atoms, X represents a halogen, and n is a value meeting 1<n<3.
Specifically, the activator component can be one or more selected from the
group consisting of AlEt;, Al(iso-Bu);, Al(n-C¢H;3);, Al(n-CgH;7); and
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In order to render the titanium-containing solid catalyst component obtained by spray drying suitable for
the production of ethylene polymer, it is generally desired that the solid catalyst component is
pre-reductively treated with an organoaluminium compound so as to make the catalyst compétient
standing in a state of effectively polymerizing ethylene. For this purpose, in general, the solid catalyst
component obtained in step (3) is reacted with an organoaluminium activator component in a
hydrocarbon soMéinftb form a catalyst. Said activator component is organoaluminium compound of

formul " X3_in which R! hayi . ,
X represents a haldsi ot ¥ & e ud Ve OB R e P b

one or more sgleptadt fia libe giouponsistingl ot AL t3y WifisonBp)ahAl (mrdGhik®&1A{h-C8HI7)3 and 5
P100407 A1Et2C1, Examples of said hydrocarbon solvent include, but are not limited to, isopentane,
nexane, heptane, tIENEAKISNE, HENRHEIAR FBISHON T _ el dercRab AR b

added to po'y%%r&aiiogﬁ@a%ﬁé&efd%iggédﬂieﬁ@fem ,“‘i?'Xs“S%E’ﬁ%?@'?dQ&ﬂP 1 sty

containing the catalyst component and tivator directly to the reactor. Additional activator is used to
completely activatethmgatélystinthe teaetoposeid aduititnal adtivator isloephpdlontiniune admpound of

X represents 4 WUIBLRHY LA N A VA b HLAr ) TR S e BEALA: S4TSR ARG mctvato
used in the presfpguclifificand Gan Pa e Favksselased o thsaradeqosisting ANER,;
Al(iso-Bu)3, Al(n-C6H13)3,
in which R’ represents hydrogen or a hydrocarbyl having from 1 to 20 carbon
atoms, X represents a halogen, and n is a value meeting 1<n<3, can be same
as or different from the activator used in the pre-reduction, and can be one or
more selected from the group consisting of AlEt;, Al(iso-Bu);, Al(n-C¢Hj3)3,
Al(n-CgH,7); and AIEt,Cl.

The catalysts of the invention can be used in homopolymerization of
ethylene and copolymerization of ethylene and other alpha-olefins such as
propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, and 4-methyl-1-pentene.

The catalysts of the invention can be used in various known ethylene
polymerization processes, either continuous polymerization or batch
polymerization. For instance, the catalysts of the invention are suitable for gas
phase process, slurry process or solution process of ethylene polymerization,
especially for gas phase fluidized-bed process of ethylene polymerization, in
particular for condensed-mode technique of gas phase fluidized-bed process.

When used in copolymerization of ethylene and a higher alpha-olefin, the
catalysts of the present invention exhibit higher catalytic activity, the obtained
polyethylene has reduced hexane extractable, and particle morphology and
particle size distribution of the polymer are also remarkably improved. At the
mean time, since the catalysts of the present invention have a less average
paricle size, it is possible to dilute the catalysts with an inert diluent such as

mineral oil and the like and achieve homogeneous feed of the catalyst slurry
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Al(n-C8H17)3 and AIEt2C1. The catalysts of the invention can be used in homopolymerization of
ethylene and copolymerization of ethylene and other alpha-olefins such as propylene, 1-butene,
1-pentene, 1-hexene, 1-octene, and 4-methyl- | -pentene. The catalysts of the invention canB&4sed in
various known ethylene polymerization processes, either continuous polymerization or batch
polymerization. For instance, the catalysts of the invention are suitable for gas phase process, slurry
process or soltition propesspieatiiead poniaerBations ssprctany for¢ag phalemagenarpedprbeess of

ethylene polymerization, i rticular for condensed-mode technique of gas phase fluidized-bed process.
When used inr{(l%!p%%yé%%tﬁ(ggt?géﬁ%e%ylene and a higher alpha-olefin, the catalysts of the present

invention exhibit higher catalytic activity, the obtained polyethylene has reduced hexane extractable, and
particle morphology and particle size distribution of the polymer are also remarkably improved. At the
mean time, sinc@ HREREN§O bR P& Ihvention have a less average paricle size, it is possible to

dilute the cataiyits Wi A ”e%fﬁlﬁléémﬂ”uﬁﬁéiﬂi%@%@ﬁﬂéh?d%l%?%ﬂﬁvﬁmﬁlﬁg?ﬁ&ﬁé’s feed

of the catalyst slurry 6 P100407 through pump feeding manner. By this way, the feeding is homogeneous
and the operdiiontis staldie tEmvodintentsiof ahg mvention The following examples further describe the
invention, but do not make limitation to the invention in any way. Testing methods: 1. Melt index:
measured according to ASTM D1238-99. 2. Density: measured according to ASTM D1505.

Testing methods:

1. Melt index: measured according to ASTM D1238-99.

2. Density: measured according to ASTM D1505.

3. Hexane extractables: W; grams of polyethylene powders which have been
dried at 70°C under vaccum for 2 hours are added to 200ml of hexane, and
the mixture is heated at 68°C for 4 hours, followed by filtrating. The powders
obtained by filtrating are dried at 70°C under vaccum for 2 hours and then
weighed as W, grams. The content of hexane extractable in the polymer is
calculated as (W;-W»,)/W; x 100%.

Example 1

1.Preparation of the Catalyst

To a 250ml three-necked reactor pursed with Ny, 1.3g of TiCl;-1/3Al1Cl;,
3.0g of MgCl, and 75ml of tetrahydrofuran (THF) were added successively.
The mixture was heated with stirring to 65°C and held at that temperature for
2 hours. 0.054¢g of Si(OEt), was added, and the mixture was allowed to react
at constant temperature of 65°C for further 2 hours, and then cooled to 30°C.

To a 250ml three-necked reactor pursed with N,, 4.5g of silica (TS-610
available from Cabot Corporation, having particle diameters of from 0.02 to
0.1 micron) was added, followed by the addition of above cooled mother
liquid while the temperature was maintained at 30°C. After stirring for 2

hours, the stirred slurry was spray dried in a spray dryer operated at
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3. Hexane extractables: W1 grams of polyethylene powders which have been dried at 70C under vaccum
for 2 hours are added to 200m1 of hexane, and the mixture is heated at 68C for 4 hours, followed by
filtrating. The powders obtained by filtrating are dried at 70C under vaccum for 2 hours and tHe&t’
weighed as W2 grams. The content of hexane extractable in the polymer is calculated as (W1-W2)/W1 x
100%. Example 1 1.Preparation of the Catalyst To a 250m1 three-necked reactor pursed with N2, 1.3g of

TiC13.1/3A1CI3N B oG HO gTed RapmBirueT. e AR fdreifatieitrwderadded ¢0ctesdiveNidThe

mixture was h ith stirring t eld-a fqr. 2 0.0 I t)4 was
added, and thg%%&ﬁegﬁégﬁgﬁﬁ%\%gﬁg\%qagtga?éoénél;t]g%ﬁgbr%z%?%%{u%%eéy Gé)g %Enfu %héeg}ggﬁg%ulﬁg{%nd then
cooled to 30Ccdntarzaf thige-beckedghactod pUiddd wish gt 453 Bfcshigan(@ Sl e aavebladiecidom
Cabot Corporation, having particle diameters of from Q.02 to 0.1 micron) was added, followed by the

addition of aboV&coidIEY HSHEF IKRAARVRI Y tenipeietute WadHglHaitidd At 95T, AN Sty for 2
hours, the SUBRRIKIY ARSSRIRL AHechncR ERIMYNGE RRIABN A TeBARDIRLCORHEPNT 9T DIR!

temperature: 150C, and outlet termperature: 70C. A solid catalyst component having content of
2.34% by weigldt edraghébitimisdntentofcall ooeyl ieightiandca PHEwontent, ah® 3 %l sbbight was

ohaned, The sl st soRrareTLes Ao amrerl e b Sy, ine gl v
minutes, then 4l(¢HTRISawrmatded andehemixiwiesyes @loyedia-éeasidoehawg armecatalyst

the content of THF that molar retio of THF to Al(Et),Cl to AI(C¢H;3); was 1
to 0.5 to 0.2.

2.Slurry Polymerization of Ethylene

To a 2L stainless steel autoclave, which had been evacuated and replaced
with hydrogen for several times, were added 1L of hexane, Iml of 1mmol/ml
solution of AlEt; in hexane and 0.05g of above catalyst (calculated on the
weight of solid catalyst component) in N, atmosphere with stirring. The
reactor was heated to 75°C, made up appropriate amount of hydrogen to an
pressure of 0.28MPa, then introduced ethylene gas to make ethylene
fractional pressure being 0.75MPa. The polymerization reaction was
continued for 2 hours at constant temperature of 85°C and ethylene was made
up during the polymerization to maintain the fractional pressure of ethylene
unchanged. Then the temperature of the autoclave was reduced, the pressure
was relieved and the product was discharged. The polymerization results were
listed in Table 1.

3. Gas Phase Polymerization

The gas phase polymerization reaction was carried out in a fluidized bed
reactor having a diameter of 150 mm and a height of 3000 mm, which had
been pursed with nitrogen in advance. First, 350 g of dried base of particulate
polyethylene was charged into the fluidized bed reactor, and circulating gas

comprising hydrogen, ethylene, 1-butene and nitrogen was then passed
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slurry. The amounts of Al(Et)2CI and Al(C6H13)3 were so determined based on the content of THE that
molar retio of THE to Al(Et)zCl to AI(C6H13)3 was 1 to 0.5 to 0.2. 2.Slurry Polymerization of Ethylene To
a 2L stainless steel autoclave, which had been evacuated and replaced with hydrogen for s€¥&fal times,
were added 1L of hexane, Iml of Immol/ml solution of AIEt3 in hexane and 0.05¢g of above catalyst
(calculated on the weight of solid cataﬁgt component) in N2 atmosphere with stirring. The reactor was

heated to 75@%@&@%@9 Wﬁﬂoblfiy@@g@di&% Qressurd @ffol.mmp_ mhétﬁ)h_lﬁi@@uced
ethylene gas t§ gﬁ'ﬁyf?&& raciongl &[gslsetgég%e 'Q/%déj lgﬁr’ Efd S p@y@%f%z%t'% [rﬁ%%%%gas
ours ure o and ethy p g thé

continued for t constant tempera ene was made " up during t
polymerizatiorrtoahaintdintigeviractibnapdessurd i ethyte pe lunehangednT Hdre the gmpsirattitenof the
autoclave was reduce% the pressure was relieved and the product was discharged. The polymerization

results were NRURETTABIRCH B0GANPHES PERIHeRLAHBHERE B Prasebaignsariatidn ¥tcaon was

carried out in & MHdiged:-Beth HRAGHH BRYING @if&ﬁﬁﬁ?fﬁd%gajéﬂéﬂ{g @%,ﬁi‘i}%g%h‘,)f@%)e’&g)lé’ﬁ@}’h had
been pursed with nitrogen in advance. First, 350 g of dried base of particulaté” polyethylene was charged
into the fluidizéd fred-tzacoe, difcitduldiing pak mempriting tesirtigengstilenen irbilitdrle dnd nitrogen

was then passed 8 P100407 through the reactor, followed by the addition of 15 ml of Lmmol/ml solution
of AIEt3 in hexane. After the reactor was heated to 85 C, 0.45 g of the above catalyst slurry was charged

to initiate the golymgsigation. The polymerization

1. Preparation of the catalyst:

A solid catalyst component having a Ti content of 2.35% by weight, a
magnesium content of 6.3% by weight and a THF content of 28% by weight
was prepared according to same procedure as that discribed in Example 1,
except that 0.1359g of Si(OEt), was added such that the molar ratio of Ti to
alkoxy group was 1:0.4. The solid catalyst component was added to a mineral
oil to form a slurry in mineral oil having a solid content of 30% by wieght,
then Al(Et),Cl was added and the mixture was allowed to react for 20 minutes,
then Al(CgH;3); was added and the mixture was allowed to react for 2 hours
to form a catalyst slurry. The amounts of Al(Et),Cl and AI(C¢H;3); were so
determined based on the content of THF that molar retio of THF to Al(Et),Cl
to AlI(CgH;3); was 1 to 0.5 to 0.3.

2.Slurry Polymerization of Ethylene

The procedure was same as that described in Example 1, and the
polymerization results were listed in Table 1.

3. Gas Phase Polymerization

The procedure was same as that described in Example 1, and the

polymerization results were listed in Table 2.

Example 3

1. Preparation of the catalyst:



was performed for 4 hour at a total pressure of the circulating gas of 1.7MPa, with the composition of the
circulating gas being 9% nitrogen, 60% ethylene, 21% 1-butene, 10% H2. The polymerization results
were shown in Table 2. Example 2 1. Preparation of the catalyst: A solid catalyst component W&\ing a Ti
content of 2.35% by weight, a magnesium content of 6.3% by weight and a THE content of 28% by
weight was prepared according to same procedure as that described in Example 1, except that 0.1359g

of Si(OEt)4 was added@idhcaiad ysé ﬁmﬁp@@mbhmm&mo?y gﬂmgma@,fl?o Fhb ol Ethlyit
cqmponent w € (il{?na é{(}gﬁq I?t(bt%ng H‘Srq['lﬁibh %(%hgff% fﬁ/ % % by
é an hen

wieght, then 2Clwasa d the m|x owed orea mlnutes 6H13)3

was added ano/tkepnégduredvas@lialied mrsamffOpﬁ)bed[&etmﬁamMaa ch@ablﬁesaiurry Bhengmeunts of
Al(Et)2CIl and AI(C6H13)3 we§ so determined based o gtgficong ent of THE that molar retio of THE to

AI(ED)2CI to A@@é&n&éwwag 169 8ltod 9B s 1WAP BYl FrAPRMdlitd Nas
same as that %?Es&?e OB Ie- @, angibe ARlymes tnﬂ C”begeif%wmdﬁ%ﬂd@u%b?ﬂuﬁe&ﬁs

Phase Polymerization dure was same as tha in Example 1, and the polymerization

results were I|9|1_éd(m fT)_a{meaQ SEMaynpiEmma?@paﬂahamufgtm waltalysorg 004 67 % Sojidveatalyist
component ha%lgﬂ 2\?('1’:?82 n\tw%fsza 8 b&’n\g 9 rmxture was allowed to react for 20 minutes,

then Al(CgH;3); was added and the mixture was allowed to react for 2 hours

to form a catalyst slurry. The amounts of Al(Et),Cl and AI(C¢H;3); were so
determined based on the content of THF that molar retio of THF to Al(Et),Cl
to Al(CgH;3); was 1 to 0.5 to 0.3.

2.Slurry Polymerization of Ethylene

The procedure was same as that described in Example 1, and the
polymerization results were listed in Table 1.

3. Gas Phase Polymerization

The procedure was same as that described in Example 1, and the

polymerization results were listed in Table 2.

Comparative Example 1

1. Preparation of the catalyst:

A solid catalyst component having a Ti content of 2.4% by weight, a
magnesium content of 6.0% by weight and a THF content of 27% by weight
was prepared according to same procedure as that discribed in Example 1,
except that no Si(OEt), was added. The solid catalyst component was added
to a mineral oil to form a slurry in mineral oil having a solid content of 30%
by wieght, then Al(Et),Cl was added and the mixture was allowed to react for
20 minutes, then Al(C¢H;3); was added and the mixture was allowed to react
for 2 hours to form a catalyst slurry. The amounts of AI(Et),Cl and AI(C¢H3)3

were so determined based on the content of THF that molar retio of THF to
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magnesium content of 6.0% by weight and a THE content of 27% by weight was prepared according to
same procedure as that discribed in Example 1, except that 0.2038g of Si(OEt)4 was added such that the
molar ratio of Ti to alkoxy group was 1:0.6. The solid catalyst component was added to a min€rél oil to
form a slurry in mineral oil having a solid content of 30% by wieght, then Al(Et)2Cl was added and the
mixture was allowed to react for 20 minutes, then Al(C6H13)3 was added and the mixture was allowed to

react for 2 houtd (kg ¥dfrhta Esdlydd sidaryarhk tantbarie @3AI(Et)2CI and Al(C6H13)3 were so determined
based on the contegt PBTy'ﬁﬁﬂ%ﬁﬂ&gféfﬁﬁi&lﬁeﬂéE to Al(Et)2ClI to Al(C6H13)3 was 1 to 0.5 to 0.3.
ylene

2.Slurry Polymerization o e procedure was same as that described in Example 1, and the
polymerization resuithwiredistedlimiatiiatod. GassPhaseiBdlymetizaliooitiagproceddie wasrsame as
that described in Example 1, and the polymerization results were listed in Table 2, Comparative Example
11, preparaum%eta@r@ét&wsﬁhﬂts fidl ARGt RombMEnE hhviRBh HicIPRERTSHHZabK08y Wél&eﬁ%, a

magnesium coptept;fie P ByMIeight Afdrapi B content of 27% by weight was prepared according to
same procedure as that discribed in Example 1, except that no Si(OEt)4 was added. The solid catalyst

component was added to a mineral oil to form a slurry in mineral oil having a solid content of 30% by
wieght, then At(:Et 2Cl was added a d£e mixture was allowed to react for 20 minutes, then AI(C6H13)3
was added an RTINS riﬁ to react for 2 hours to form a catalyst slurry. The amounts of
Al(Et)2Cl and Al(CEHIRS vairososdatespinadykased on the content of THE that molar retio of THE to

A solid catalyst component having a Ti content of 2.4% by weight, a
magnesium content of 6.6% by weight and a THF content of 24% by weight
was prepared according to same procedure as that discribed in Example 1,
except that 0.3397g of Si(OEt), was added such that the molar ratio of Ti to
alkoxy group was 1:1. The solid catalyst component was added to a mineral
oil to form a slurry in mineral oil having a solid content of 30% by wieght,
then Al(Et),Cl was added and the mixture was allowed to react for 20 minutes,
then Al(CgH;3); was added and the mixture was allowed to react for 2 hours
to form a catalyst slurry. The amounts of Al(Et),Cl and AI(C¢H;3); were so
determined based on the content of THF that molar retio of THF to Al(Et),Cl
to Al(CgH;3); was 1 to 0.5 to 0.3.

2. Polymerization of Ethylene

Ethylene polymerization was carried out according to the same
procedures as that described in Example 1, and the polymerization results
were listed in Table 1 and Table 2.

Comparative Example 3

1. Preparation of the catalyst:

A solid catalyst component having a Ti content of 2.4% by weight, a
magnesium content of 7.2% by weight and a THF content of 22% by weight

was prepared according to same procedure as that discribed in Example 1,

11



10 P100407 Al(Et)2C1 to A1(C6H13)3 was 1 to 0.5 to 0.3. 2. Polymerization of Ethylene Ethylene
polymerization was carried out according to the same procedures as that described in Example 1, and
the polymerization results were listed in Table 1 and Table 2. Comparative Example 2 1. Préj&fation of
the catalyst: A solid catalyst component having a Ti content of 2.4% by weight, a magnesium content of
6.6% by weight and a THE content of 24% by weight was prepared according to same procedure as that

discribed in Ex&epiRe 1hasx@éptinat of3301yd sioenddest sadeduchmantiamalae raticleftmi to

alkoxy group 1. T o] W d in ' (o) ry.in mineral
oil having a sé)éf g%%&téﬁ@%ﬁ 3%5@?%;%&%”%%%{?&%@@ \%grglé%géﬁ {aﬁ{?%hg&rélgx%{g\%%%é\?ed to
react for 20 minlites, feren AlGaH] 3)3 wascaadedl dngdving naixalelwamatiowetl Bi)féabt/favizpburs to
form a catalyst slurry. The amounts of Al(Et)2CI and AI(C6H13)3 were so determined based on the
content of THENHAL Wi {eh o TS AREHOEIM KIe SLr§3 WS4 18 r8%h 19525 BifHietization

of Ethylene EQ}Yéﬁ”AR@%H?{%&\Q/%@ WagLariied i aEEOrGHRoa A RANK) REOREAUIESAS thghpescribed
in Example 1, and the polymerization results were listed in Table 1 and Table 2. Comparative Example 3
1. Preparationtof finencatatysn | &xss ot oatalVtecampomé sit dfavingEd) TC omen t\di € 4% Dy weights@
determined based on the content of THF that molar retio of THF to Al(Et),Cl
to AI(C6H]3)3 was 1 to 0.5 to 0.3.
2. Polymerization of Ethylene
Ethylene polymerization was carried out according to the same

procedures as that described in Example 1, and the polymerization results
were listed in Table 1 and Table 2.

Table 1. Results of Slurry Polymerization of Ethylene

Catalyst Activity MI OEVTi
kgPE/gTi g/10min

Example 1 507 0.81 0.16

Example 2 502 0.85 0.4

Example 3 617 0.84 0.6
Comparative Example 1 440 0.75 0
Comparative Example 2 460 0.425 1
Comparative Example 3 200 0.31 2
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magnesium content of 7.2% by weight and a THE content of 22% by weight was prepared according to
same procedure as that discribed in Example 1, 11 P100407 except that 0.6794g of Si(OEt)4 was added
such that the molar ratio of Ti to alkoxy group was 1:2. The solid catalyst component was a8d&d’to a
mineral oil to form a slurry in mineral oil having a solid content of 30% by wieght, then Al(Et)2Cl was
added and the mixture was allowed to react for 20 minutes, then Al(C6H13)3 was added and the mixture

was allowed to react for ZAbles t&esrwta ehfaigstasy Prie meaaatiost al

so determined
0.5t0 0.3. 2. Pc

Etipdeaad Al(C6H13)3 were

Table 2. Table |
Example 15070

Comparative E

based on éhtelcgntent of THE, that molar retio of THE to A(ED2CI to Al(GEH13)3 was 1 to
Iymerizatlo‘lnda'f5 Ethylene Ethy?éﬁleypolymerizatior as ‘Cafied out'a¢eSr i?}é% the same
procedures as that described in Example 1y and dine polymerizatiopiesihtsc were listeghin Table 1 and
L. Results of Slurry Polymerization of [Ethylene CatalystActivity Ml OEt/Ti kgPE/gTig/lOmin
.810.16 Exeampld 25020.850.40%kample 36170.840.6%5dmparative Ex&¥ble 14400.750
ample 2134346&191%@2251 Comparatg\é% Exampleﬁzooc .3129.7 6 0.9211
Example 3 521 2.2 9.43 0.9216
Comparative Example 1 436 2.0 14.53 0.9206
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12 P100407 Table 2. Results of Gas Phase Polymerization of Ethylene CatalystActivity Ml %Hexane
Density of Polymer kgPE/gTig/lOminExtractableg/ml Example 16602.19.340.9202 Example
25962.39.760.9211 Example 35212.29.430.9216 Comparative Example 14362.014.530.9206"44"
P100407 What is claimed is: 1.A catalyst for ethylene polymerization, comprising a reaction product of: (i)
titanium-containing active component, comprising at least one magnesium dihalide, at least one titanium
halide, at leasV¥h@kiscttainasdds:compound and at least one alkyl silicate of formula Si(OR)"X4_" in

inorganic oxidl S DL Arlb U Ao Er e & B P BB 7.

said electron donor(¢pnpeuidris-cekesiathiforadtie graumeposisting obetpeisiigsters dedketones; and
(i) activator component: an grganoaluminium compound of formula AIR™X3_,,, in which R' represents

hydrogen or alR§&REHIIN AAMHE R0t 1685LORAMEH A E AR depdskinalOma e Rt 4R value
meeting 1 <n<.gGndolhlcRiaNRlRehMensRe¥Metzatianet claim i \wiereln, thesuraiine is

a halogen atom and R is an alkyl having from 1 to 10 carbon atoms supported
on superfine inorganic oxide support, wherein molar ratio of OR group to Ti
meets an inequation of O<OR/Ti<1, and said electron donor compound is
selected from the group consisting of ethers, esters and ketones; and

(i1) activator component: an organoaluminium compound of formula
AIR’, X3.,,, in which R’ represents hydrogen or a hydrocarbyl having from 1 to

20 carbon atoms, X represents a halogen, and n is a value meeting 1<n<3.

2. The catalyst for ethylene polymerization of claim 1, wherein the superfine
inorganic oxide support is silica having an average particle size of less than 5

microns.

3. The catalyst for ethylene polymerization of claim 1, wherein the superfine
inorganic oxide support is silica having an average particle size of from 0.1 to

1 micron.

4. The catalyst for ethylene polymerization of claim 1, wherein the titanium
halide is TiCls or TiCly.

5. The catalyst for ethylene polymerization of claim 1, wherein the electron
donor compound is one or more selected from the group consisting of lower
alkyl esters of C;-C, saturated aliphatic carboxylic acids, lower alkyl esters of
C;-Cg aromatic carboxylic acids, C,-Cg aliphatic ethers, C;-C4 cyclic ethers,

C5-Cg saturated aliphatic ketones.
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inorganic oxide support is silica having an average particle size of less than 5 microns. 3. The catalyst for
ethylene polymerization of claim 1, wherein the superfine inorganic oxide support is silica having an
average particle size of from 0.1 to 1 micron. 4. The catalyst for ethylene polymerization of &I&if’1,
wherein the titanium halide is TiC13 or TiC14. 5. The catalyst for ethylene polymerization of claim 1,
wherein the electron donor compound is one or more selected from the group consisting of lower alkyl
esters of C1-C4 saturated aliphatic carboxylic acids, lower alkyl esters of C7-C8 aromatic carboxylic

acide, C2.CO gibpaic A GHCA YRS SR AR SRURIg AIPTalaksianen.d 4R10407 ©

The catalyst for ene polymeriza erein the eléctron donor compound IS‘one or more

selected from dum gratpneposisting ofnwethyhdosnsatecatlyfacetate, pridylpcetatestdigthyf eteehydinexyl
ether, tetrahydrofuran, acetone, and isobutyl methyl ketone. 7. The catalyst for ethylene polymerization of
claim 1, wheré i thé'Etect? y]do%eé%ﬁpmyh’r&f@ teﬁaﬁ%ﬁofuéwt%y hee[jé‘?éiys@%}eét lef&her,

pO'YmeriZatiOfié%fﬂﬁiﬁ_}éfﬂ%ﬁﬁ[ei@éﬂﬁl@%ﬁﬁeﬁj&iﬁh%?%%ﬁle%@&ﬁéiUm dichloride, magnesium

dibromide, or magnesium diiodide. 9. The catalyst for ethylene polymerization of claim 1, wherein the

activator component is one or more selected from the group consisting of AIEt3, Al(iso-Bu)3,
Al(n-C6H13)3,,Al(n-C8HJ7)3 AlEt2C1. 10. rocess for the prepargtion of a catglyst according to
an(y one of c,?l a'mgﬂw ca{aiys?nt%r eﬁly ene po'f‘y?nenzatlon o? gia m ,I wherein ﬁl% ef‘ectror{ g

donor compound is tetrahydrofuran.

8. The catalyst for ethylene polymerization of claim 1, wherein the
magnesium dihalide is magnesium dichloride, magnesium dibromide, or

magnesium diiodide.

9. The catalyst for ethylene polymerization of claim 1, wherein the activator
component is one or more selected from the group consisting of AlEts,
Al(iSO-BU)g, AI(H-C6H]3)3, AI(H-C3H17)3 and AlEtzCl

10. A process for the preparation of a catalyst according to any one of claims
1-9, comprising the steps of:

(1) reacting a magnesium dihalide, a titanium halide and an alkyl silicate
of formula Si(OR),X4,, in which X is a halogen atom and R is an alkyl
having from 1 to 10 carbon atoms, in an electron donor compound to form a
mother liquid;

(11) mixing the mother liquid obtained in step (1) with superfine inorganic
oxide support to form a mixture;

(i11) drying the mixture obtained in step (ii) through spray drying process
to form a solid catalyst component;

(iv) pre-reducing the solid catalyst component obtained in step (ii1) with

an activator component in mineral oil to form a catalyst.
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1-9, comprising the steps of: (i) reacting a magnesium dihalide, a titanium halide and an alkyl silicate of
formula Si(OR)"X4_,,, in which X is a halogen atom and R is an alkyl having from 1 to 10 carbon atoms,
in an electron donor compound to form a mother liquid; (i) mixing the mother liquid obtained'#*8tep (i)
with superfine inorganic oxide support to form a mixture; (iii) drying the mixture obtained in step (ii)
through spray drying process to form a solid catalyst component; (iv) pre-reducing the solid catalyst
component obtained in step (iii) with an activator component in mineral oil to form a catalyst. 15 P100407
11. Use of a cﬁalyﬂs%ccafdlgg (ig gj}yon& 0&:511 hglﬁge ?o gatiog Jrﬁ @?%&catalyst
according to any one of claims 5 as phase d|ze ed process Iene polymerization. 16
polymerization.

12. Use of a catalyst according to any one of claims 1-9 in gas phase fluidized

bed process of ethylene polymerization.
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