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_Thls invention relates to an olefin pol ymeri zation catalyst &
:§,0r the preparation of a polyolefin using the catalyst conpon
.speci ficaldy, the present invention relates to an olefin poly
catal yst. whi ch  can control the nol ecul ar wei ght distribution
t han the conventional known process, is |less deteriorated in

G@ébs
ent . Nbre
nmeri zation
nore easily
i-ts
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This invention relates to an olefin polymerization

catalyst and a process for the preparation of a polyolefin

using the catalyst component. More specifically, the present

invention relates to an olefin polymerization catalyst which

can control the molecular weight distribution more

easily

than the conventional known process, is less deteriorated in

its efficiency even after a long-term storage, is free from

the deposition of scales in a reactor even after long-term

use and provides a polyolefin having excellent properties

.with good powder properties owing to its considerably high

activity; and to a process for the preparation of a

polyolefin by using the catalyst component.

K D I NT

For a polyolefih, particularly, an ethylene polymer,

its molecular weight distribution is a considerably important

property which gives an influence on both the processability

of its molten substance and final mechanical properties. The

application of a polyolefin therefore changes depending on

its molecular weight distribution. There is a tendency that

polyolefins of a wider molecular weight distribution are used

for molded articles such‘as pipe, those of a medium

distribution are used for fibers, tapes and the like, and



property which gives an influence on both the processability of its nolten
- substance .and final mechanical properties. The application of a polyolefin
t her ef or e “changes depending on its nolecular weight distribution. There is
a tendency that polyolefins of a wi der pol ecul ar weight distribution are
used for nolded articles such as pipe, those of a nedium distribution are
used for fibers, tapes and the |ike, and '
2 those of a narrow distribution are used for i nj ecti on-nol ded
articles such as bottle caps, buckets and the Iike. In general, the
nol ecul ar wei ght distribution of the ethylene polyner |argely depends on
the properties of a solid catalyst conponent enpl oyed upon pol yneri zati on

and it is ngg‘gssgao\q ameﬁa RiBRRio @u'awé takd ¥or GFRAn-HeAYH NY

to the int oA wel g t distiibution. As a catal'yst permtting a

vari ety of ?&%‘?&#ﬂ%‘*‘%“féﬁé B im0 d catal ysts
ysts
having a  general, the molecular weight distribution of the ethylene
‘polymer largely depends on the properties of a solid catalyst
component employed upon polymerization and it is necessary to
choose a proper solid catalyst component according to the
intended molecular weight distribution. As a catalyst
permitting a wide molecular weight distribution, known are
.catalysts comprising a large variety of transition metal
compounds in combination and solid catalysts having a
specific surface area or porosity, as described, for example,
in JP-B-52-37037 and JP-B-53-8588 ("JP-B" as used herein
means an examined published Japanese patent publlcatlon) and
JP-A-6-220117 (the term "JP-A" as used herein means an
"unexamined published Japanese patent application"). For.a
narrow molecular weight distribution, on the other hand, a
number of processes using a specific ether compound upon
synthesis of.a solid catalyst or upon polymerization are
proposed, as described, for example, in JP-A-2-289604, JP-A-
3-294302 and JP-A-3-294310. The above catalysts each serves
to provide the intended molecular distribution, but has an
unsatisfactory activity per transition metal because
transition metals other than a titanium compound are used or
an electron donor, such as an ether, which becomes a
catalytic poison is added upon synthesis of a solid catalyst

or upon polymerization. They are also insufficient from the



specific surface area or porosity, as described, for exanple, in
JP-B-52-37%037 and JP-B-53-8588 ("JP-B" as used herein neans an exam ned
publ i shed "Japanese patent publication) and JP-A-6-220117 (the term"JP-A"
as used herein neans an "unexam ned publi shed Japanese patent
application"). For a narrow nolecul ar weight distribution, on the other
hand, a number of processes using.a specific ether conpound upon
synthesis of a solid catal yst or upon polynerization are proposed, as
descri bed, for exanple, in JP-A-2-289604, JP-A- 3-294302 and

JP- A- 3-294310. The above catal ysts each serves to provide the intended
nmol ecul ar distribution, but has an wunsati sfactor act|V|t, er transitjon
metal becauvdewpodimdi dforthecpowsian properiies 428 or

an el ectron donor, such as an ether, which begq catal tic poi,son is
added upon dbypddnhdensidly & fhey nodymerst & qﬁﬁg’n‘?cﬁ& i‘y (ﬂ{)%ey are
al so insufficient fromthe
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compound as essential components is disclosed in JP-B-2-42366
in which, however, no suggestion is included concerning the
controiling method of the molecular weight distribution of a
polymer. In JP-B-5-7405, disclosed is a process for
obtaining a polymer having a wide molecular weight
distribution by using, as an olefin polymerization catalyst
composed of a specific magnesium/titanium component, a

. catalyst in which a molar ratio of an alkoxy group/titanium
in a reaction product is lower than a certain value; In the
abéve process, however, activity per titanium metal is
insufficient. In U.S. Patents Nos. 4159965 and 4471066,
disclosed is an olefin polymerization catalyst which can
provide polymers having a molecular weight distribution over
a wide range from narrow to wide molecular weight
distribution. In this catalyst, the molecular weight
distribution is controlled by using different transition
metal components in combination. The activity per transition
metal is however not enough for obtaining a polymer having a
wide molecular weight distribution. Furthermore, upon
preparation of a polyolefin, it is requested in recent years -
to properly prepare catalysts capable of providing diffefent

molecular weight distributions by using solid catalyst



whi ch contains an organonmagnesi um conpound, Si-H bond- contai ning

chl orosi | ane conpound, al cohol and titanium conpound as essenti al
conmponents is disclosed in JP-B-2-42366 in which, however, no suggestion

i s included concerning the controlling gethod of the nolecul ar wei ght
distribution of a polyner. In JP-B-5-7405, disclosed is a process for
obtaining a polyner having a wi de nol ecul ar wei ght distribution by using,
as an ol efin polynerization catal yst conposed of a specific

magnesi unf titani um conponent, a catalyst in which a nolar ratio of an

al koxy group/titanium in a reaction product is |lower than a certain val ue.
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polymerizing or copolymerizing an olefin in the presence of
such a catalyst, commonly employed is so-called slurry
polymerization in which polymerization is effected ﬁith a
sélid catalyst being suspended in a solution. In the case of
slurry polymerization, however, a low-molecular weight
polymer by-produced upon the polymerization reaction easily
dissolves in a polymerization solvent and deposiﬁs on the
wall of a reactor, which reduces the heat transfer
coefficient and makes it difficult to stably carry out long-
terﬁ continuous operation. Furthermore, the conventional
solid catalyst component has a problem in its storage
stability, more specifically, lowering in the polymerization
activity when stored for a long- period of time after
preparation. 'Thus, the conventional solid catalyst component
has a difficulty to be used in long-term continuous stable
operation.
- SUMMARY OF THE INVENTION
Taking into account the above-described problems in

conventional art, the present invention has been completed.



4 conmponents prepared fromthe sanme raw nmaterials and by the sane
preparatien process with a view to reducing the nmanufacturing cost.
Therefore] the above-described process using different transition netals
in conbination is disadvantageous fromghe viewpoint of the manufacturing
cost . o As a process for preparing a polyolefin by polynerizing or
copol yneri.zing an olefin in the presence of such a catalyst, comonl y
enpl oyed is so-called slurry polynerization in which polynerization is
effected with a solid catal yst being suspended in a solution. In the case
of slurry polynerization, however, a | ow nol ecul ar wei ght pol ymer

by- produced upon the polynerization reaction easily dissolyes in a

pol yneri zati on sol v@he Bresempoinventhonhgelahes &P 2 F?&gPﬁﬂFewﬁPch

reduces the heat transfer coeffjcient_and makes jt diff.icult to stab
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respectively, using solid catalyst components prepared from
raw materials and by a preparation process as same as
possible.

The present invention further relates to provide an
olefin polymerization catalyst, which is less deteriorated in
its activity even after long-term storage, is free from the
deposition of a polymer on the walls of a reactor upon slurry
éolymerization, and permits a long-term continuous stﬁble
operation, and provides a polyolefin with good powder
properties owing to its considerably high activity, and to
provide a process for the preparation of a polyolefin by
using the catalyst component.

Other objects and effects of the present invention
will become apparent from the following description.

The present inventors have conducted extensive
research on a catalyst taking into account the above-
described problems. As a result, it has been found that upon
preparation of a solid catalyst component for olefin
pblymerization, which contains as essential components an
organomagnesium compound, Si-H bond-containing chlorosilane
compound, alcohol and titanium compound, polyolefins

_ different in molecular weight distribution can be prepared

easily by adjusting the alkoxy group/titanium molar ratio and



activity when stored for a long period of tine after preparation. Thus,
t he conventional solid catalyst conponent has a dLLLLQuLLl_LQ_QE_Eigg'in
| ong-term conti nuous stable operation. SUMVARY THE

| NVENTI ON Taking into account thg above- de¥ tidhs BeanlRefliged | N
conventiongl art, the present invention has been-co
5 . The present invention relates to a tec IRk par e

catal ysts each of which provides a different nolecular weig tribution
of a polymer product, respectively, using solid catalyst conponents
prepared from raw materials and by a preparation process as sane as

possi bl e. The present invention further relates to provide an

ol efi n pol yrihe Akko#y GRAB/Magngsiam implas raierinrtheseohidi¢atalystity
even after long-termstorage, s free fromthe deposition of a polyner on
the walls oft°ag2r'e4acqlbr1 and; G415 &9 M?%at’??ﬁé)e%%"%&’m &t ah"F%nﬁi?%r m
contlnuoussgégﬁe¥ound that by dispersing the solid catalyst component in

an inert solvent to obtain a slurry solution.and, upon
dispersion, adjusting both the chlorine ion concentration and
~aluminum ion concentration in the supernatant of the slurry
solution to 5 mmol/liter or lower, the solid catalyst
component has excellent storage stability, is free from the
- deposition of the polymer onto the wall of a reactor even
after a long-term continuous operation and provides the
polymer with good powder properties owing to its considerably_
high activity; The present invention is based on these
findings. |
That is, the above-described objectives of the
present invention have been achieved by providing:
an olefin polymerization catalyst comprising (A) a
solid catalyst component and (B) an organometallic compound
component, wherein the solid catalyst component (A) is
prepared by a process comprising the steps of reacting:
(A-1) a solid obtained by reacting:

(i) 1 mol of an organomagnesium component
which is soluble in a hydrocarbon solvent and which
is represented by the formula:
(M')a(Mg)s(R!),(R?)4(OR®), wherein M' represents a metal
atom belonging to Groups I to III of the periodic

table, R!, R? and R} each independently represents a

THIS SHEET HAS BEEN
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opération, and provides a polyolefin with good powder properties owing to
its considerably high activity, and to provide a
preparati on of a polyolefin by wusing the catalyst. conponent

Ot her objects and effects of the present 7 nvention li‘ ﬁﬁmaﬁﬁdent
ﬂ above-

fromthe foll ow ng description. The present

conduct ed extensive research on a catalyst taking int

descri bed problens. As a result, it has been found that upon preparation
of a solid catal yst conponent for ol efin pol yneri zati on, which contains as
essential conponents an organomagnesi um conpound, Si-H bond-contai ni ng

chl orosil ane conpound, al cohol and titani um conpound, polyol efins
different in nolecul ar melght di stribution can be Erepared eaS|Iy by

adj usting the al kox\Faepohpdrecarbom gopup, randoanl, P, 9 and r are
6 t he al koxy group/ magnesi um nolar ratio in the solid catal from
0.02 to 2.4 and froRunerals ghichs satisfin dhe meiationghips: 0 <

B; 0 <p; 02q; 0<r;p+q>0; 0<r/(atf) < 25

and ka + 28 = p + g + r, with the proviso that k

represents a valence of M!; and

(ii) 0.01 to 100 mol of an Si-H bond-

containing chlorosilane coméound represented by the

formula: H,SiClyR%.(.«s) Wherein R® represents a C;.z

hydrocarbon group and a and b are numerals which

satisfy fhe relationships: 0 < a; 0 < b; and a + b <

4; |

(A-2) 0.05 to 20 mol of an alcohol per 1 mol of a
C-Mg bond contained in the solid (A-1l); and optionally

(A-3) an organometallic compound represented bf the
formula: M?R°,Q., wherein M’ represents a metal atom belonging
to Groups I to III of the periodic table, R’ represents a quo.
hydrocarbon gfoup, Q represents a group selected from ORS,
O0SiR'R®R’, NR!°R!!, SR' and halogen atoms (wherein R®, R’, R%,
R?, R, RY and R!? each independently represents a hydrogen
atom or a hydrocarbon group), 0 < s and t stands for a
valence of M?; and

reactihg the reaction product with (A-4) a titanium
compound in the presence or absence of the component (A-3),
the solid catalyst component being adjusted to have an alkoxy
grdup/titanium molar ratio of 2.4 or lower and an alkoxy

group/magnesium molar ratio of 0.15 or lower.

THIS SHEET HAS BEEN
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been found that by dispersing the solid catalyst conponent in an inert
solvent to obtain a slurry solution and, upon dispersion, adjusting both
the chlori'ne ion concentration and alumnumion concentration in the
supernatant of the slurry solution to 5gmol/liter or lower, the solid
catal yst conponent has excellent storage stability, is free fromthe
deposition, of the polymer onto the wall of a reactor even after a

| ong-term conti nuous operation and provides the polyner with good powder
properties owing to its considerably high activity. The present invention
I s based on these findings. That is, .the above-descri bed

obj ectives of the present invention have been achi eved by providing:

| ef I t t | A tal yst
Comonent and (B 2""%239%"" GrkRes EREBBERY - SRR hor oi 1t he sol i ¢
et hy: R e 15 ,,gdgt@{ L) D U IR R R O e

reacting: y react’ ng:

1 mol of an g&%\%e%qtm( ‘;'25)' hebid W%‘ﬁt less than WL aisléég l’l'm&'iba and

hydr ocar bon which i's represented by the fornula:
(M err]) [ e ihieMyleaipioR o (ol yersd usea | O erarAod e 1 VOIES GhoL
Merr] represents a net at elonging to Goups | to IIl of the

periodic  or 1esd %24:9 1 RcY df a Mg Iboii dArfvd inxbcin i tieke ot {2
represents a
1).
| In a further preferred embodiment, the solid catalyst
_component (A) is prepared as a slurry solution in an inert
solvent, and the supernatant of the slurry solution has a
chlorine ion concentration and an aluminum ion concentration
of each 5 mmol/liter or lower.
DESCRT N E I
FIG. 1 is a flow sheet illustrating the composition
of the catalyst according to the present invention.
BRIEF DESCRIPTION OF THE EREFEBRED EMBODIMENTS
The present invention is described in more detail
below.
The organomagnesium compound for use in the present
invention is represented by the following formula:
(M')4(Mg)p(R')p(R?) g (OR?)
wherein M! represents a metal atom belonging to Groups I to
I1I of the periodic table; R}, R? and R® each independently
represents a C, j hydrocarbon group; and o, B, p, 4 and r are

numerals which satisfy the following relationships:

0<a; 0<B; 0<p; 0<q; 0=<x; 0= r/(atf) < 2; and



-7- C err] hydrocarbon group, and [err], [err], p, q and r

are . nuneral s which satisfy the relationship: 0 [err] [err], O
< Jerr]; - O [err] p; Oferr] g; O [err] r; p+q>0; 0f[err]
r/(a+[err]) [err] 2; and kagt 2[err] =p +q +r, with the
proviso that k 5 represents a val ence of Merr]; and

(ii) 0.01°to 100 nol of an Si-H Bond-contai ni ng chl orosi | ane

conmpound represented by the formul a:
Herr]SiC[err]R err]-(ab) wherein R4 represents a C[err] hydro-

carbon group and a and b are nunerals which satisfy 10 t he
relationships: 0 <a; 0<b; and a + b [err] 4; (A-2) 0.05to
20 nol of akaakc@Bok pert g rok,oWwikhCthg prowdse &hataknd@pPresemEssd id
(A-1); and optionally (A-3) .0 to 20 mol of an or anongtallic
conpound  vedeacevefi ¥'t heThis opempewnd r &9 tadicatedyinpthe faEn 0L a

Merr]R err]Qerr] 15 wherein Merr] represents a netal .atqm belonging to
Groups | tocpmplex gpmpeungeoifoan: orggnemagnesm, éﬂb‘é’i’@'ﬁ dhaerr]

Cbi R or 1] R BYPFREBFPPR SRLVERE.  buind Hi308n ahio oe FREFSTRAY cr ],
epr esent's FeRyORBRSTLEInRNS anfl, Eh SPmRTeSob ypRgEfor (wibRIAROPRLE Y
(o1 2 val enge N collouna., oS SIS, FERBRIE BN, WL et @
shereln 0 151 ki, el #*ad L (P Shn AR, a0 X
7S 2 oL e L OHIEN oo S W .
group/ magnesi um nol @amhied Of ithe™YydPdtarBo® Yroup represented by R!
| or R? in the above formula include alkyl, cycloalkyl and aryl
groups, more specifically, methyl, ethyl, propyl, butyl,
amyl, hexyl, decyl, cyclohexyl and phenyl. Among them, alkyl
groups are preferred as R!.
In the case where a > 0, metal elements belonging to
Groups I to III of the periodic table can be used. Exampies
include lithium, sodium, potassium, beryllium, zinc, boron
and aluminum. .Among them, aluminum, boron, beryllium and
zinc are particularly preferred;
The ratio of the magnesium to the metal atom M! (B/a)
can be appropriately selected, but is preferred to fall
within a range of from 0.1 to 30, particularly from 0.5 to
10.
When a certain organomagnesium compound of the above

formula wherein o=0 is employed, a compound having as R! sec-

butyl or the like is soluble in a hydrocarbon solvent, and



In a preferred enbodi nent, the optional organonetallic conmpound (A-3) is
used in a nolar ratio to the alcohol (A-2) of fromnot less than 0.1 to

| ess than 10, and the titanium conmpound (A-4) is used in an amount of 0.5
nmol or less per 1 nol of a CGM bond coppained in the solid (A 1).

In a furthér preferred enbodi nent, the solid catalyst conponent (A) is
prepared as a slurry solution in an inert solvent, and the supernatant of
the slurry solution has a chlorine ion concentration and an al um num i on
concentration of each 5 nol/liter or |ower. BRI EF
DESCRI PTI ON OF THE DRAW NGS FIG 1 is a flow sheet illustrating
the conposition of the catalyst according to the present invention.
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invention is described in nore detail bel ow The or ganonagnesi um
conpound fopresent iMentikgant invention is represented by the foll ow ng
formul a:

([err])[err] (M) er Whem em0 )ierthle( Foamulg:er(M') Y a(R' | R o (ORI i Bt
Merr] represents a netal atom belonging to Goups | to
is preferred that R! and R? are any one of the following

three groups (1), (2) and (3).

(1) At least one of R! and R® represents a secondary
or tertiary alkyl group having 4 to 6 carbon atoms.
Preferably, R! and R? both have 4 to 6 carbon atoms, and at
least one of them'represents'a secondary or tertiary alkyl
group.

(2) R! and R? represent alkyl groups but are
different in the number of carbon atoms. Preferably, R!
represents an alkyl group having 2 to 3 carbon atoms, while
R? represents an alkyl group having at least 4 carbon atoms.

(3) At least one of R! and R? represents a |
hydrocarbon group having at least 6 carbon atoms. Preferably
R! and R? both represent an alkyl group having at least 6
carbon atoms.

Specific examples of these groups are described
below.

Examples éf the secondary or tertiary alkyl group
having 4 to 6 carbon atoms in the above item (1) include sec-
butyl, tert-butyl, 2-methylbutyl, 2-ethylpropyl, 2,2-
dimethylpropyl, 2-methylpentyl, 2-ethylbutYl, 2,2~
dimethylbutyl and 2-methyl-2-ethylpropyl. Among them, sec-

butyl is particularly preferred.



1l of the periodic table; Rerr], Rerr] and R err] each independently
represents-a (Jerr] hydrocarbon group; and [err], [err], p, g and r are
nuneral s which satisfy the following relationships: 0 [err] [err]; 0 <
[err]; O [err] p; O [err] q; O [err] r; 01[err] r/i([err]+[err]) [err] 2;
and k[err] + 2[err] = p +q +
r, wth t he proviso that k represents a valence of Merr]. This conpound
is indicated in the formof a conplex conpound of an organomagnesi um
soluble in a hydrocarbon solvent, but includes all the conpounds
represented by RZMy and the conpl exes thereof with another netallic
compound. The relational formula of [err], [err], p, g and r, that is, ka

+ 2 + +

L) o P O 2 EpAEed e b CHLRPE! Pou KPRy P50 ) 0ERGh 0
represent ed byofy e{ﬁltheraﬂwitéﬂ é@f ER@Y&‘déOéEH%f aﬁal ﬁﬂs p#l KY¥rith
cycl oal kyl and aryl -groups, nore specifically, , ) propyl

butyl, anylethpXybeifl§ g$rtfaﬁi&££yy¢raﬁér£@enyInx£mpnestbenthelkykyl

groups are preferred as err In the case where [err] > 0, neta

el ement s -bel groupohaving at least 4 carbon atoms include butyl, amyl,
hexyl and octyl. Among them, butyl and hexyl are
particularly preferred.

Examples of the hydrocarbon group having at least 6
carbon atoms in the above item (3) include hexyl, octyl,
decyl and pheﬁyl. Among them, alkyl groups are preferred
with hexyl being particularly preferred.

In general, with an increase in the number of carbon
atoms of the alkyl group; solubility in a hydrocarbon solvent
increases but at the same time viscosity of the resulting
solution tends to rise.. It is therefore not desired to use-
an alkyl group having an unnecessarily long chain from the
viewpoint of handling.

The above-described organomagnesium compound is used
in the form of a hydrocarbon solution thereof. If a trace
amount of a complexing agent such as ether, éster or amine is
contained or remains in the solution, it can be used without
problems.

The alkoxy group (OR®) is explained below.

As the hydrocarbon group represented by R®, alkyl or
aryl groups having 3 to iO carbon atoms are preferred.
Specific examples include n-propyl, n-butyl, sec-butyl, tert-

butyl, amyl, hexyl, 2-methylpentyl, 2-ethylbutyl, 2-



Goups | to Ill of the periodic table can.be used. Exanples include
lithium sodium potassium beryllium zinc, boron and al um num Anong

t hem al ufi num boron, berylliumand zinc are particularly preferred.
The ratio of the magnesiumto the netal ppom Merr] ([err]/[err]) can be
appropriately selected, but is preferred to fall wthin a range of from
0.1 to 30,. particularly from0.5 to 10. When a certain

or ganomagnesi um conpound of the above formula wherein [err]=0 is enployed,
a conmpound having as R err] sec- butyl or the like is soluble in a

hydr ocar bon sol vent, and 10

such a conpound al so brings about favorable results in the present

i nvention. eth&]ﬁ:ent%en 2[-eth§,1ﬁek?1t,he-éehyml-a;-methylpentyl, 2-

(Merr])[err]( [err](Rerr])[err](Rerr])[err](ORerr])[err], it is
preferred t pzopilhepkydnd2Reehyll-8Fmethyloatydf, nkectylll, ow-dgcyilhr @aadgr oups
(D, (2) and (3). (1) At least one of Rerr] and R err]

represents pheaydndadAmong them, preferred are n-butyl, sec-butyl, 2-

methylpentyl and 2-ethylhexyl. |
The organomagnesium compound or organomagnesium
complex as described above can be obtained by reacting an
drganomagneéium compound represented by the formula: R!MgX or
RLMg (in ﬁhich R! has the same meaning as defined above and X
represents a halogen) and ah organometallic compound
represented by the formula: M!R% or M!R%_;H (in which M!, R?
and k have the same meanings as defined above, respectively)
in an inert hydrocarbon solvent such as hexane, heptane,
cyclohexane, benzene or toluene at a temperature‘between room
temperature to 150°C end, if necessary, followed by reactiﬁg
with an alcohol having a hydrocarbon group represented by'R3
or a hydrocarbyloxymagnesium compound having a hydrocarbon
group represented by R}, soluble in a hydrocarbon solvent,
and/or a hydrocarbyloxyaluminum compound having a hydrocarben
group represented by R?, soluble in a hydrocarbon solvent.
The reaction between the organomagnesium component

soluble in a hydrocarbon and the alcohol can be effected by
any one of the following methods, that is, a method of edding
fhe alcohol to the organomagnesium component, a method of
adding the organomagnesium component to the alcohol and a

method of adding both components simultaneously.



or tertiary alkyl group having 4 to 6 carbon atons. Preferably, Rerr] and
Rlerr] both have 4 to 6 carbon atons, and at |east one of themrepresents
a secondary or tertiary alkyl group. (2) Rerr] and R err]
represent al kyl groups but are differen{3in the nunber of carbon atons.
Preferably; Rerr] represents an alkyl group having 2 to 3 carbon atons,
while R[err] represents an al kyl group having at |east 4 carbon atons.

(3) At least one of Rerr] and R err] represents a hydrocarbon group
‘having at | east 6 carbon atons. Preferably R err] and R err] both
represent an al kyl group having at |east 6 carbon atons. Specific
exanpl es of these groups are described bel ow Exanpl es of the
secondary or tertiary alkyl group having 4 to 6 carbon atons in the above.
item (1) include secyn bHéYpresént- Phvghtidnpehbypaptytularellipipatdph, is

2,2- dinethyl propyl, 2-nmethylpentyl, 2-ethylbutyl, 2,2- dinethylbutyl and
2- et hyl - 2- ejlpbsedpph. théneegctiom raete ofuthk brgpacmagoesilm preferred.
component soluble in a hydrocarbon to the alcohol, but it is
préferred that in the alkoxy-containing organomagnesium
component thus obtained, the molar composition ratio,
r/(a+B), of the alkoxy group to the total metal atoms falls
within a range of 0 < r/(a+pf) < 2, with 0< r/(a+B) <1 being
particularly preferred. '
The Si-H bond-containing chlorosilane compound for
use in the present invention is explained below.
The chlorosilane compound for use in the present
invention is represented by the following formula:
H,SiClyR%.(asn)
wherein R* represents a C,, hydrocarbon group and a and b are
numerals which satisfy the following relationships: 0 < a; 0
< b; and a+b < 4. In the above formula, examples of the'
hydrocarbon gipup represented by R‘ include aliphatic
hydrocarbon groups, alicyclic hydrocarbon groups and aromatic
hydrocarbon'groups, more specifically, methyl, ethjl, butyl,
amyl, hexyl, decyl, cyclohexyl and phenyl. Among them
preferred are C;.;, alkyl groups, with lower alkyl groups such
as methyl, ethyl and propyl being particularly preferred. 1In
addition; a and b are numerals which satisfy the relationship
of a+b < 4 and are greater than 0, with the case where b

stands for 2 or 3 being particularly preferred.



Exanpl es of the alkyl group having 2 or 3 carbon atoms in the above item
(2) include ethyl and propyl, with ethyl being particularly preferred.
Exanpl es of the alkyl group having at |east 4 carbon atons include butyl,
amyl, hexyl and octyl. Anobng them butwlg and hexyl are particularly

preferred.- Exanpl es of the hydrocarbon group having at |east 6
carbon atons in the above item (3) include hexyl, octyl, decyl and phenyl.
Among them al kyl groups are preferred with hexyl being particularly
preferred. In general, with an increase in the nunber of carbon

at ons of the'alky! group, solubility in a hydrocarbon solvent increases
but at the sane tine viscosity of the resulting solution tends to rise It

is therefore not deﬁk glgg gp@rFaga hFithrﬁSECﬂ?Y'ﬁ@h@mﬁﬂﬂneﬁgiéﬁkt

| ong chain fromthe Wp The above- descr i béd

or ganorragneﬁgti?}égﬁpegﬁgunﬁsg*s_fd( lg&.cf gﬁgl@i (h-HE P Ao gehyf 1 on

t her eof conpl'e agen such™as et her, ester or

robl em.  ASLCL3fHqfd- EFEE*%#%#*“GOR?%‘?H@“?%‘%XSFSFEZ%”%EF%W hout
HSiCl,(1-naphthyl), HSiCl,CH,CH=CH,, H;SiC1CH;, H;SiClC.Hs,
HSiCl(CHs)s, HSiCl(C;Hs),, HSiC1CHs;(iso-CsH;), HSiC1CH;(CeHs) and
HSiCl(CeHs);. These compounds may be used either singly or in
eombination. As the chlorosilane compound, trichlerosilane,
monomethyldicﬁlorosilane, dimethylchlorosilane and
ethyldiehlorosilane are preferred, with trichlorosilane and
monomethyldichlorosilane being particularly preferred.

The reaction between the organomagnesium component
and the chlorosilane compound is explained below.

Upon reaction, it is preferred to use the
chlorosilane compound after diluting it beforehand in an _
inert reaction solvent, for example, alicyclic hydrocarbon
such as n-hexane or n-heptane, aromafic hydrocarbon such as
benzene, toluene or xylene, aliphatic hydrocarbon such as
cyclohexane or methyl cyclohexane, chlorinated hydrocarbon
such as 1,2-dichloroethane, o-dichlorobengene or
dichloromethane or an ether base solvent such as ether or-
tetrahydrofuran or a mixture thereof. Among them, an
aliphatic hydrocarbon is preferred as a solvent from the
viewpoint of the performances of the catalyst. No particular
limitation is imposed on the reaction temperature but the
reaction is effected at the boiling point of the chlorosilanevk

or higher, or 40°C or higher, for the progress of the



As the hydrocarbon group represented by R err], alkyl or aryl groups
having 3 to 10 carbon atons are preferred. Specific exanples include
n-propyl, n-butyl, sec-butyl, tert- butyl, anyl, hexyl, 2-nethyl pentyl,
2-ethyl butyl, 2- 15 12 et hyl pentyl,
2- et hyl hexyl, 2-ethyl-4-nmethyl pentyl, 2- propyl heptyl,

2-et hyl - 5- nethyloctyl n-octyl, n- decyl, and phenyl. Anong them preferred
are n-butyl, sec- butyl 2- nethylpentyl and 2--et hyl hexyl . The
organonagnesiunlconpound or organomagnesi um conpl ex as descri bed above can
be obtained by reacting an organomagnesi um conpound represented by the
fornmul a: R[err]NgX or R[err]N@ (in mhich Rl err] has the sanme neani ng as

o et Sy TR B E B BT
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toluene at adARRAIR W GHARANY WYBd in an amount of 0.01 to 100 mol,
preferably 0.1 to 10 mol, per mol of the organomagnesium
component.

Examples of the reaction method include a
éimultaneous-addition method in which two componernts are
reacted while introduced into a reaction zone simultaneously,
a method in which the chlorosilane compound is charged in a
reaction zone beforehand and reaction is effected while the
organomagnesium component is introduced into the reaction
zone, and a method in which the chlorosilane compound is
added.to the organomagnesium component which has been charged
beforehand. The second method in which the éhlorosilane
compound is charged in a reaction zone beforehand and
reaction is effected while the organomagnesium component is
introduced into the reaction zone brings about favorable
results. .

It is'preferred that the solid component obtained by
the above reaction is separated by filtration or decantation,
followed by washing sufficiently with an inert solvent such
as h-hexane or n-heptane, to thereby remove unreacted
substances, byproducts and the like.

The reaction between the organomagnesium component

and the chlorosilane compound can be effected in the presence



tenperature to 150[err]C and, if necessary, followed by reacting wth an
al cohol having a hydrocarbon group represented by R err] or a

hydr ocar byl oxymagnesi um conpound havi ng a hydrocarbon group represented by
Rlerr], soluble in a hydrocarbon sol vent1g and/or a hydrocar byl oxyal um num
compound havi ng a hydrocarbon group represented by Rlerr], soluble in a
hydr ocar bon sol vent. The reaction between the organomagnesi um
conponent soluble in a hydrocarbon and the al cohol can be effected by any
one of the follow ng nmethods, that is, a nethod of adding the alcohol to

t he organomagnesi um conponent, a nethod of adding the organonmagnesi um
conponent to the al cohol and a nethod of addi ng both conponents

si mul t aneoug)g/ .an inorganic carrier. As the inorganil® carrier, the I'n
the present invention,” no particular limtation is inposed on the reaction

rati o of thqamqrgagjwdﬁﬂdgswpwte@]ldﬁe. in a hydrocarbon to the
al cohol, but it is preferred that in the al koxy-containing organonmagnesi um
conponent thus (@i Mbrddrmomdbdesnposition ratio,
(iv) .Inorganic carbonates, silicates, sulfates.
(v) Inorganic hydroxides.
(vi) Complex salts, solid solutions or mixtures composed
of (iii) to (v).

Specific examples of the inorganic carrier include
silica, alumina, silica alumina, hydrated alumina, magnesium
oxide, thorium oxide, titanium oxide, zirconium oxide,
calcium phosphate, barium sulfate, calcium sulfate, magnesium
silicate, magnesiumecalcium, aluminum silicate
[(MgeCa)0eAl,0355i0,°nH,0], aluminum potassium silicate
[K;0¢3A1,0;¢6510,¢2H,0], iron magnesium silicate
[(MgeFe),Si0;], aluminum silicate (Al,0;¢Si0,) and caléimn |
carbonate. Among them, particularly preferred are silica and
silicaealumina. The inorganic carrier has preferably a
specific surface area of 20 m?/g or greater, with 90 m?/g or
greater being particularly preferred.

The alcohol to be reacted with the solid is explained
below.

As the alcohol, saturated or unsaturated alcohols
having 1 to 20 carbon atoms can be exemplified. Specific
examples thereof include methyl alcohol, ethyl alcohol,

propyl alcohol, butyl alcohol, amyl alcohol, hexyl alcohol,



r/i([err]+[err]), of the alkoxy group to the total nmetal atonms falls wthin
a range of- O [err] r/([err]+[err]) [err] 2, with O [err] r/([err]+[err]) <1
being particularly preferred. " The Si-H bond- cont-ai-ni-ng

chl orosi | ane conpound for use in the pregent invention is ex | ai ned pel ow.
The chlorosilane conmpound for use in the present inBi mrili o nt ed

by the followi ng fornul a:
Herr]SiC[err]R err]-(atb) wherein Rerr] represents ocar bon
group and a and b are nunerals which satisfy the foll ow ng relatlonshlps.
0 <a; 0 <b; and atb < 4. In the above fornula, exanples of the

hydr ocarbon group represented by R err] include aliphatic hydrocarbon
groups, ali coyedidhdyahisLAr o i kol OMibineah)Cy padcbholgr anps, nore
specifically, methyl, ethyl, butyl, anyl, hexyl, decyl, cyclohexyl and
phenyl . Anorgattidalax By epreferred C err] al kyl groups, with |ower al ky
groups such as nethyl, ethyl and propyl being particularly preferred. In
addition, a and b arphenwlrahcl vis aisexhtimsfan tamouret adf dhsto R0 aiob#+b [err]
4 and are greater than 0, with the case where b stands for 2 or 3 bein
particul ar| yppefdreablkyl. 0.1 to 10 mol, particularly 0.2 to 8 molj4per mo

of a C-Mg bond contained in the solid (A-1). The reaction
between the solid (A-1) and the alcohol is effected in the
presence or absence of an inert solvént. Any one of the .
above-exemplified aliphatic, aromatic and alicyclic
hydrocarbons can ﬂe used as the inert solvent. No particular
limitation is imposed on the reaction temperature but the
reaction is preferably performed from room temperature to
200°cC.

In the present invention, it is possible to react the
reaction product thus obtained with a specific organometallic
compound after the above-described reaction with the alcohol.

The specific organometallic cémpound:component for
use herein is .represented by the following formula:

MR’,Q:
whefein.MF repreéents a metal atom belonging to Groups I to
III of the periodic table, R® represents a C;.; hydrocarbon
group, Q represents a group selected from OR®, OSiR’R°R’,
NR¥R!, SR!?? and halogen in which ﬁ‘, R’, R®, R?, R, R! and R12
each independently represents a hydrogen atom or a
hydrocarbon group, 0 < s, and t stands for a valence of M?.
M? represents a metal atom belonging to Groups I to III of

the periodic table. Specific examples thereof include
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Exanpl es thereof include HSiCl[err], HSiC[err]CHerr],

HSiC [err]*"err]Herr], HSId[err](n-Cerr]Herr]),

HSiCl [err](iso-Clerr]Herr]), HSiC[err](n-Cerr]lHerr]),

HSiC [err]Cerr]Herr], HSI dJ[err](paraqghl orobenzyl),
HSiCI[err}t}hCH[err], HSiCl[err]CH err]Clerr]Herr],

HSi O [err[(1-naphthyl), HSI d [err]CH err]CH=CHerr], Herr]SidCHerr],
Herr]SiAderr]Herr], HSA(CHerr])[err], HSIA(err]Herr])[err],
HSi A CH err] (iSO-Cerr]Herr]), HSidCHerr](Jerr]Herr]) and

HSi A ((err]Herr])[err]. These conpounds may be used either singly or in
conbi nation. As the chlorosilane conpound, trichlorosilane,

mononet hyl di ¢ ﬂﬁﬁ,lc:]ﬁ@lmﬁ fﬁéfﬁ@s@ﬂl@!% TEidff m&ghes o)l booonl ana are

|
preferred, wth tri rosifane and nononet hyl di chl or osi | ane bei ng

particul arl yamxeiﬁhﬁﬁ%ith ‘magnesidilf B&A6h | &nd belumenuhhbebnganomgnesi um
conponent and the chl orosil ane conpound is expl ai ned bel ow. Upon

reaction, itpastptel&rigdpiefercedhe Examplesi ofintheohpdnodarbonr guoupt i ng
it beforehand in an inert reaction solvent, for exanple, alicyclic

hydr ocar bon représested HexaRe imc ludee@ldyd,, @ysriadldyly dnst 8L GRIMRS
benzene, toluene or xylene, aliphatic hydrocarbon such as cycl ohexane or
net hyl cycl aberenspechf icahby gduébbybe aethyl , sprop¥d, 1bpt¥l ehfBYdet REKEL,
o-di chl orobenzene or dichl oronet hane or an ether base so] vent i ch as -

ether or teocthyerdecyhn eyclohexylrandnphenyl. Andmgngnthemana gYEphatic

hydrocarbon is preferred as a solvent fromthe- .
groups are preferred. Q represents a group selected from

ORS, OSiR’R®R’, NRRM, SR!? and halogen in which R, R’, R®, F’,
R!°, R! and R!? each independently represents a hydrogen atom
or a hydrocarbon group. Q is particularly preferably a
halogen. Examples of the organometallic compound component
include methyl lithium, butyl lithiﬁm, methyl magnesium
chloride, methyl magnesium bromide, methyl magnesiﬁm iodide,
ethyl magnesium chloride, ethyl magnesium bromide, ethyl
magnesium iodide, butyl magnesium chloﬁide, butyl magnesiﬁm
bromide, butyl magnesium iodide, dibutyl magnesium, dihexyl
magnesium, triethylboron, trimethylaluminum, dimethylaluminum
bromide, dimethYlaluminum chloride, dimethylaluminum
methoxide, methylaluminum diéhloride, methylaluminum
sesquichloride, triethylaluminum, diethylaluminum chloride,
diethylaluminum bromide, diethylaluminum ethoxide,
ethylaluminum dichloride, ethylaluminum sesquichloride, tri-
n-propyl aluminum, tri-n-butyl aluminum, tri-iso-butyl
aluminum, tri-n-hexyl aluminum, tri-n-octylaluminum and tri-
n-decyl aluminum, with organoaluminum compounds being

particularly preferred. The organometallic compound is used



vi ewpoi nt of the performances of the catalyst. No particular |imtation is
| nposed on the reaction tenperature but the reaction is effected at the
boiling pbint of the chlorosilane or higher, or 40[err]C or higher, for

t he progress of the 19 15 reaction.
No particular limtation is inposed on the reaction ratio of two
conponent S, but the chlorosilane conpound is generally used in an anount of
0.01 to 100 nol, preferably 0.1 to 10 nol, per nol of the organonagnesi um
conponent . Exanpl es of the reaction nethod include a

si mul t aneous-addition nmethod in which two conponents are reacted while

I ntroduced into a reaction zone sinultaneously, a nethod in which the

chl or osi | andrc@mpamuwints afhd dged 200 ol ,r garetfiexrabidgnd defte skhimpland
reaction is effected while the organomagnesi um conponent is introduced
into the reasliafriver diee thend@leahmilhod Non panttsicular dHinktatiomd s oipased i s

added to the organomagnesi um conponent whi ch has been charged .
on the reaction temperature, but the temperature falling

within a range not lower than room temperature but not higher
than the boiling point of the reaction solvent is preferred.

.The titanium compound for use in the present
invention is described below.

As the titanium compound, employed are those
represented by the following formula: Ti(ORY).X,., wherein 0 <
u < 4. Examples of the hydrocarbon group represehted by RP?
include aliphatic hydrocarbon groups such as methyl, ethyl,
propyl, butyl, amyl, hexyl, 2-ethylhexyl, heptyl, octyl,
decyl and allyl; alicyclic hydrocarbon groups such as
cyclohexyl, 2-methylcyclohexyl and cyclopentyl; and aromatic
hydrocarbon groups such as phenyl and naphthyl. Among them,
aliphatic hydrocarbon groups are preferred. Examples of the
halogen repré#ented by X include chlorine, bromine and
iodine, with chlorine being preferred. It is possible to
employ at least two of the titanium compounds selected from
the above ones as a mixture.

For the reaction between the solid substance and the
titanium compound, an inert reaction solvent is used.
Examples of the inert reacﬁion solvent include aliphatic
hydrocarbons such as hexane and heptane, aromatic
hydrocarbons such as benzene and toluene, and alicyclic

hydrocarbons such as cyclohexane and methyl cyclohexane.



bef orehand. The second nethod in which the chlorosilane conpound is
charged in a reaction zone beforehand and reaction is effected while the
or ganomagnesi um conponent is introduced into the reaction zone brings
about favorable results. It isggreferred that the solid conponent
obtai ned by the above reaction is separated by filtration or decantation,
foll owed by washing sufficiently with an inert solvent such as n-hexane or
n- hept ane, to thereby renpve unreacted substances, byproducts and the
like. The reaction between the organdnagnesiun1conponent and the
chl orosilane conmpound can be effected in the presence
16 of an inorganic carrier. As the inorganic carrier, the follow ng
conpounds cammbrgethémyedliphatici hydracaghaons axedpseferre@k ) Theor gani ¢
carbonates, silicates, sulfates. (v) Inorganlc hydr oxi des. (vi)
Conpl ex sal tsitaniin compoundsisrprefenabiycuagdséd an amount of 0.5 mol
or smaller per mol of the C-Mg bond contained in the solid.
component, with 0.1 mol or smaller being particularly
preferred. No particﬁlar limitation is imposed on the
reaction temperature, but it is preferred to carry out the
reaction within a range of from room temperature to 150°C.
The reaction can also be carried out in the presence of an
organometallic compound. In this case, the organometallic
compound is added, followed by the addition of the titanium |
compound. It is also possible to add the organometallic
compound subsequent to the titanium compound or to add them
simultaneously, but the addition of the organometallic
compound and then titanium compound is preferred. The molar
ratio of the organometallic compound to the titanium compound
is preferably 0.1 to 10, with 0.5 to 2 being particularly
preferred.

The catalyst thus obtained is generally used in the
solid form after drying or in the form of a slurry solution
in an inert solvent. Examples of the inert solvent include
aliphatic hydrocarbons such as hexane and heptane, aromatic
hydrocarbons such as benzene, toluene and xylene, alicyclic
hydrocarbons such as cyClohexane and methyl cyclohexane, and
halogenated hydrocarbons such as 1,2-dichloroethane, carbon

tetrachloride and chlorobenzene. When the catalyst is used

in the form of a slurry solution in an inert solvent, it is



of (iii) to (v). Speci fic exanples of the inorganic carrier
include silica, alumna, silica alumna, hydrated al um na, nagnesi um

oxi de, thorium oxide, titanium oxide, zirconiumoxide, calcium phosphate,
barium sulfate, calciumsulfate, nmagnesigm silicate,

magnesi unf{err]cal cium alumnumsilicate
T(My[err]Ca)Qerr]A[err]derr]5Sigerr]nHerr]Q, aluni num potassi um
silicate [Mew]qerHSN[eH]QerHGSMIeH]ZWeH]q i ron magnesi um
silicate ((M[err]Fe)[err]Si(err]], alumnumsilicate
(Alferr]Jerr]Sierr]) and calcium carbonate. Among them particularly
preferred are silica and silica[err]alunm na. The inor anlc carrier has
preferably oprefardd ctaadinat dthe Qiflm-@/lg’fbrc%"@ﬂ at -W'% B n{err]/g
or greater being particularly preferred

1 qopg ﬁ%fe
reacted wit ralumingmiipn congantrationain the supernaf%n urry
saturated or unsaturated al coho a 1 to 20 carbon ato n
exenpl i fi ed.S&HEeien Of Lhed %khs“fﬁ'e’?%]lf FMRONRAH IO éﬁlﬁe Ior
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concentrations in the supernatant can be adjusted below the
intended concentrations by washing or diluting with the
above-described inert solvent. No pérticular limitation is
imposed on the temperature at the time of washing, but
washing at the temperature not lower than 30°C but not higher
than 100°C makes it possible to decrease their concentrations
below the target concentration more promptly. It is not
preferred to dilute the slurry by washing through filtration
or with a large amount of an inertlsolvent to an intended
concentration or lower from the.economical point of view.

A polymerization catalyst of higher activitj can be
.obtained by using the solid catalyst component of the present
invention and the organometallic compound component (B) in
combination. '

As the organometallic compound component (B),
compounds belonging to Groups I to III of the periodic table,
particularly complexes containing an organoaluminum compound
and/ér organomagnesium, are preferred. |

Examples of the organocaluminum compound include
trialkylaluminums.such as trimethylaluminum,
triethylaluminum, tri(n-propyl)éluminum, tri(n-

butyl)aluminum, tri(iso-butyl)aluminum, tri(n-amyl)aluminum,



cycl ohexanol, phenol and cresol. Linear C[err] alcohols are particularly

preferred.- The al cohol is used in an anmount of 0.05 to 20 nol,
preferably 0.1 to 10 nol, particularly 0.2 to 8 nD|‘“ﬁef—ﬁBF~—e

bond contained in the solid (A-1). The rgaction betwgsen th s

and the alcohol is effected in the presence or absen “”d
sol vent. Any one of the above-exenplified aliphatic,

alicyclic hydrocarbons can be used as the inert solve

limtation is inposed on the reaction tenperature but the reactlon |s
preferably perforned fromroomtenperature to 200 C. In the
present invention, it is possible to react the reaction product this
obt ai ned wi tiriq ispeainfil) alugdnangt girliil n-hesyldaldmdiniey, thd (above- descri bed
reaction with the al cohol. The specific organonetal lic conpound
conponent foctylyelusisum iaadr &épidaedecyl)plumd nugl;| edund nugy halides
wherein Merr] represents a netal atom belonging to Goups I to 11l of the

peri odi ¢ t asugh apedmpthaﬂaéymnngmaccpernpehy Aagymingmo ddchdoxrdslessent s
a group selected fromOR[err], err] R err R& rr],, NRerr]Rerr],
SR err] anddnduégehmtw%lmlnpyr F ORP-éPr:] etkpf Apmipugy FFS‘!R[-‘@lhrlPrlﬂ%r r]

and Rlerr] 03 aiethiR s unlnuh L%%i&%%?‘ arkoxya1 i huas" Tuth 3
diethylaluminum ethoxide and di(iso-butyl)aluminum butoxide;
siloxyalkylaluminums such as dimethylhydroxyaluminum
dimethyl, ethylmethylhydrosiloxyaluminum diethyl and
ethyldimethylsiloxyaluminum diethyl; and mixtures thereof.
Among them, trialkylaluminums are particularly preferred,
‘because they provide the resulting catalyst with the highest
activity.

The complex containing an organomagnesium is
represented by the above-described formula:

(M) 4(Mg)5(R'),(R?)((OR®), wherein @, B, P, 4, ¥, M!, R!, R? and
OR’ have the same meanings as defined above. Since a complex
soluble in a hydrocarbon is desired, PB/a is preferably from
0.5 to 10, with a complex having aluminum as M! being
particularly preferred.

The catalyst thus obtained has features that it has
markedly high activity for the polymerization of ethylene or
for the copolymerization of ethylene and an a~olefin having
at least three carbon atoms, so that the resulting polymer
has excellent particulate properties. By using a solid
catalyst component which is adjusted to have an alkoxy .

group/titanium molar ratio of 2.4 or lower and an alkoxy
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hydrocarbon group, 0 <s, and t stands for a valence of Merr]. Merr]
represents a netal atombelonging to Goups | to Ill of the periodic
tabl e. Specific exanples thereof include

18 lithium sodium potassium berg8lium nmagnesipyme, L0 A%doiaced |
‘alum num _w th nagnesi um boron and al um num being part I Jliiﬁu Ei“rred.
| )
h O

Exanpl es af the hydrocarbon group represented by Rerr]
cycl oal kyl and allyl groups, nore specifically, nethyl, ,
butyl, anyl, hexyl, octyl, decyl, cyclohexyl and phenyl. Anong them al kyl
groups are preferred. Qrepresents a group selected from OR[err],

CSiRerr]Rerr]Rerr], NRerr]Rerr], SR err] and halogen in which Rerr],

opr esent 5. STRGRSRaRIO Tar A shod o o, ek MR SR
el nde ot LS A SR ot e SR o R IR ) BT

magnesi um il 15 '0ds 1RO Bl Heltkow Urld IedHHP 4B GHS! | fpon

et hyl magnesiu romde, ethyl magnesium i odide, butyl magnesium chltori de,
butyl nagnegidéMof the solid catalyst component in the form of a slurry

solution in an inert solvent, the activity is hardly
deteriorated even after a long-term storage, and moreover, in
fhe slurry polymerization, a long-term continuous stable
6peration can be conducted without deposition of the polymer
to the wall of the reactor by adjusting the chlorine and
aluminum ion concentrations in the supernatant of the slurry
solution of the solid catalyst component to SImmollliter or
lower, respectively. In other words, when among solid
catalyst components which are adjusted to have an alkoxy
group/titanium molar ratio of 2.4 or lower and an alkoxy
group/magnesium molar ratio of 0.15 or lower, one adjuste& to
have a relatively high molar ratio is used, a polymer having
~a narrow molecular weight distribution can be obtained. On
the other hand, a solid catalyst component having relatively
low alkoxy group/titanium and alkoxy group/magnesium molar
ratios within the predetermined range is used, a polymer
having a wide molecular weight distribution can be obtained.
As described aboﬁe, the molecular weight distribution can be
controlled freely by an increase or decrease of the alkoxy
group/titanium and alkoxy group/magnesium molar ratios within
the limited range, and storage stability can be improved by

lowering the chlorine and aluminum ion concentrations in the
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brom de, butyl magnesi umi odi de, dibutyl magnesium di hexyl magnesium
triethyl boron, trinethylalum num dinethylalum num brom de,

di met hyl at umi num chl ori de, di nethyl al um num net hoxi de, met hyl al um num
di chl oride, nethylalum num sesquichlorigg, triethylalum num

di et hyl al um num chl oride, diethylal um num brom de, diethylal um num

et hoxi de, . ethylal um num di chl ori de, ethylal um num sesqui chl oride, tri-
n-propyl alum num tri-n-butyl alumnum tri-iso-butyl alum num

tri-n-hexyl alum num tri-n-octylalumnumand tri- 'n-decyl alum num wth
or ganoal um num conpounds being particularly preferred. The organonetallic
conpound is used 19 I n an anmount of

0 to 20 nol ’slﬁé‘fr?é@ﬂﬁ/ & 1@ séﬂxfgﬁ} t%dﬂ@iéﬂ%f cHd sl L@ Gdtallpst

particul ar | tation I's Inpose e reaction tenperature, but the
tenperat ur e déhpdidnt W tdich aadviadtl d:¥\Heydiad 548 t£EDOM ainr€hdut not

hi gher than the boiling point of the reaction solvent is preferred.
The titani urpeispoat Bt tise readdic WSty da drs i roughtiesisoubeds broow.
known at all.

In the present invention, the molar ratios of the
alkoxy group/titanium and élkoxy group/magnesium in the solid
éatalyst component can be adjusted easily by varying the
reaction amounts of the alcohol, organometallic compound and
titanium compound.

Thus, in the present invention, solid catalysts of
markedly high activity which can prbvidé'different-molecular
weight distributions can be prepared only by adjusting the
molar ratios of alkoxy group/titanium and alkoxy
group/magnesium in the solid catalyst component. According
to the present invention, it is possible to prepare catalysts
which permit the preparation of ethylene polymers having FR,
which is a measure of molecular weight distribution, falling
within a range of 25 to 100, the FR being a gquotient obtained
by dividing a value as measured at 190°C under a load of 21.6
kg by a value as measure& at 190°C under a load of 2.16 kg in
accordance with ASTM D-1238.

The solid catalyst component and organometallic
compound component may be added to a polymerization system
under the polymerization conditions or may be combined prior

to the polymerization. It is preferred that the



As the titanium conmpound, enployed are those represented by the follow ng
formula: Ti(OR[err])[err]X err] wherein O < u < 4. Exanples of the

hydr ocar bon group represented by R13 include aliphatic hydrocarbon groups
such as nethyl, ethyl, propyl, butyl, aagl, hexyl, 2-ethylhexyl, heptyl,
octyl, decyl and allyl; alicyclic hydrocarbon groups such as cycl ohexyl,
2- et hyl cy.cl ohexyl and cycl opentyl; and aromatic hydrocarbon groups such
as phenyl and naphthyl. Anong them aliphatic hydrocarbon groups are
preferred. Exanples of the halogen represented by X include chlorine,

brom ne and iodine, with chlorine being preferred. It is possible to
enploy at least two of the titanium conpounds selected from the above ones
as a m xt ur @xganometallig aoampounst tiisoadsedidan amearint atiobtthci0Chd t he
titani um conpound, an inert reaction solvent is used. Exanples of the

i nert react MPk@ered afhdhaisdidcatalysh GWRAMRIHS: such as hexane and

v ocar bans. Such a ARG RIS R IRy Lo e FruRs Leed £ tie YO C

20 '_catalyst system of the present invention inciude ethylehe,'
propylene, 1l-butene, 1-pen£ene, l-hexene, 4-methy1-1-pentene;
l-octene, l-decene, l-dodecene, l-tetradecene, l-hexadecene,
l1-octadecene, l-eicosene and vinyl cyclohexane. Some of them
can be combined and used for copolymerization.

As the polymerization catalyst, hydrocarbon solvents
ordinarily employed for slurry polymerization can be used.
Specific examples include aliphatic hydrocarbons such as
hexane and heptane, aromatic hydrocarbons such as benzene,
toluene aﬁd xylene and alicyclic hydrocarbons such as
cyclohexane and methyl cyclohexane. They can be used either
singly or in combination.

The polymerization temperature may be from room
temperature to 100°C, with 50 to 90°C being preferred.
Polymerization is effected at a pressure falling within a
range of normal pressure to 100 atmospheric pressure.

The molecular weight of the polymer thus obtained can be
adjusted by permitting hydrogen to exist in the reaction
system or by changing the polymerization temperature.
EXAMPLES
The present invention will be described in detail

with reference to the following Examples, but the invention

should not be construed as being limited thereto.



Anong them aliphatic hydrocarbons are preferred. The titanium conpound is
preferably used in an amount of 0.5 nmol or smaller per nol of the CGM
bond contained in the solid conponent, with 0.1 nol or smaller being
particularly preferred. No particular I2@itation is inposed on the
reaction tenperature, but it is preferred to carry out the reaction within
a range of. fromroomtenperature to 150[err]C. The reaction can al so be
carried out in the presence of an organonetallic conpound. In this case,
the organonetallic conpound is added, followed by the addition of the
titanium conpound. It is also possible to add the organonetallic conpound
subsequent to the titanium conpound or to add them sinultaneously, but the

addi tion of the orgamnotheakkafples)pPNinteprdsents & melituindesxpasnd is
preferred. The nolar ratio of the organonetallic conpound to the titanium
conmpound | mepsairedalalty 190PCt ander a llbad oft @.46b&kgndnpacicondandey with
preferred. The catal yst thus obtained is generally used in the
solid form AST¥ D138y oFR mrepireseots af guotienty obdiainesh byt dimiding ta
sol vent. Exanples of the inert solvent include_ aliphatic hydrocarbons such
as hexane avelhgp@sn@easuges: at 190JCouadesnd dead &Ff Fdnberkd B¥oMIene and

xyl ene, alicyclic, ) ) ) .
which is a measure of molecular weight distribution.

EXAMPLE 1

(1) Synthesis of a magnesium-containing solid by the reaction
with a chlorosilane compound

In é fully-nitrogen-purged 15-liter reactor, 2740 ml
of trichlorosilane (HSiCl;) as a 2 mol/liter n-heptane
solution were charged. They were kept at 65°C while being
stirred, to which 7 liters (5 mol in terms of magnesium) of a
solution of an organomagnesium component represented by the
compositional formula: AlMgg(C,Hs)s(n=CsHg)10.8(ON-C;Hg);,2 in n-
heptane were added over one hour. The resulting mixture was
reacted at 65°C for one hour under stirring. After the
completion of the reaction, the supernatant was removed and
the residue was washed four times with 7 liters of n-hexane,
to thereby obtain a solid substance in the form of a slurry.
The solid substance was separated and then dried. As a
résult of the analysis of the solid thus obtained, it
contained 8.62 mmol of Mg, 17.1 mmol of Cl and 0.84 mmol of
n-butoxy group (On-C,Hy) per gram of the solid.
(2) Synthesis of a solid catalyst

The slurry containing 500 g of the above-described

solid, and 2160 ml of a 1 mol/liter n-hexane solution of n-



hydr ocar bons such as cycl ohexane and net hyl cycl ohexane, and hal ogenated
hydrocarbdns such as 1, 2-di chl oroet hane, carbon tetrachloride and

chl orobenzene. When the catalyst is used in the formof a slurry solution
in an inert solvent, it is 27 ' 21
preferred to adjust the chlorine ion concentration and alum numion
concentration in the supernatant of the siurry solution of the solid
catal yst conmponent to 5 mol/liter or snaller, respectively. The chlorine
and alum numion concentrations in the supernatant can be adjusted bel ow
the intended concentrations by washing or diluting with the
above-described inert solvent. No particular limtation is inposed on the

ower ¢ han' dorer jeiediof orefF ebeqtiar B8TE Fof ohecnoREERdE P,
d h

oromptly. | SEEDEET R E Shd Uil oi Of O | R EILLIORETERBI D uah
filtration ggp &ﬂ&ané NAE PERONEd qn@ntwefésf@.haeaast@aaﬂeanéﬁeéeﬂlth

concentration or | ower fromthe econom cal point of view

7 liters of n-hexane. The resulting slurry was maintained at
50°C. To the slurry, 970 ml of a 1 mol/liter n-hexane
solution of diethylaluminum chloride were added under
étirring and they were reacted for one hour. After the
completion of the reaction, the supernatant was removed, and
the residue was washed twice with 7 liters of n-hexane. The.
resulting slurry was maintained at 50°C. To the slurry, 200
ml of a 1 mol/liter n-hexane solution of diethyléluminum |
chloride and 200 ml of a 1 mol/liter n-hexane solution of
titanium tetrachloride were added and they were reacted for
two hours. After the completion of the reaction, the
supernatant was removed. With the internal temperature béing
maintained at 50°C, the residue was washed four times with 7
liters of n-hexane, to thereby obtain a solid catalyst
component.[A-l] as a hexane slurry solution.- In the solid
catalyst'éomponent thus obtained, the molar ratio of the
alkoxy group/titanium was 2.17 and that of the alkoxy
group/magnesium was 0.119. In the supernatant of the slurry
solution, the chlorine ion concentration was 2.5 mmol/liter
and the aluminum ion concehtration was 3.5 mmol/liter.
(3) Polymerization of ethylene

In a reactor having an internal volume of 230 litexs

and equipped with a jacket, continuous polymerization for an



A pol ynerization catal yst of higher activity can be obtained by using the
solid catal yst conponent of the present invention and the organonetallic
conmpound conponent (B) in conbination. As the organonetallic

conpound conponent (B), conpounds bel ongiggg to G oups | to Il

of the

periodic table, particularly conplexes containing an organoal um num
conpound and/or organonmagnesi um are preferred. Exanpl es of the

or ganoal um num conpound i nclude trialkylalum nunms such as

trinmethylalum num triethylalumnum tri(n-propyl)alumnum tri(n-

butyl)al um num tri(iso-butyl)alum num tri(n-anyl)al um num

22 {ri (iyIee-2-bEtBHE) copol fadieodls UokEeeRd L “ﬂ‘zﬁfﬁ

and tri(n-decyl)alum num al um num des such as dieth

Yde @l umi num

num

chloride, etndlatent agnthechiquidelevel (0 Gr0uliitersuthnthe Chtedénta of
et hyl al um num sesqui chl ori de and di et hyl al um num brom de; al koxyal um nuns
such as di etthe @alid gatalyski cempenent (@ynthesdzedsinnthe nabore x{2eo;

To the reactor, the above~described solid catalyat component

[(A=1], triiscbutyl aluminum, purified n-hexane, ethylene,

butene~l and hydrogen were fed continuously at rates of 0.5
g/hzr, 15 mmol/hr, 60 liters/hr, 10 kg/hr, 1 liter/her and 50

liters/hr, respectivaly, and continuous polymeriszation was

effected for three weeks at polymerization temperature of

85°C, total pressure of 10 kg/em? and average residence time

of 1.9 hours.

The average polymerisation activity during that time

was 20000 g-polymer/g-catalystehr and almost no deterioration

in the activity was recognized for three-week operation. The

polymer thus obtained had an MI of 1.0 g/10 min, an FR of

26,5 and a bulk density of 0.43 g/cm’. Heat was removed

stably by passing water through the jacket. The overall heat

tranafar coefficient on the transfer surface immediately

after the starting of the polymerization was 486

kcal/m?ehredeg, while that :I.mediaéely before the conipletion

of the present invention was 449 kcal/m*shredeg.

result of overhaul inspection after the operation had

As the

finished, almost no deposi.tion of the polymer was recognized

onto the wall of the reactor.

EXAMPLE 2 .



si | oxyal kyl al um nuns such as di net hyl hydr oxyal um num di net hyl ,

et hyl met hyl hydr osi | oxyal um num di et hyl and et hyl di net hyl si | oxyal um num
diethyl; and m xtures thereof. Anmong them trialkylalumnuns are
particularly preferred, because they progide the resulting catalyst with
t he highest activity. - The conpl ex contai nirng an or ganomagnesi um
Is represented by the above-described fornul a:

(Merr])[err](M)[err](R[err])[err](Rerr])[err](ORerr])[err] vherein
[err], [err], p, , r, Merr], Rerr], Rerr] and ORerr] have the sane
meani ngs as defined above. Since a conplex soluble in a hydrocarbon is
desired, [err]/[err] is preferably from 0.5 to 10, with a conpl ex havi ng

aluminumas Merr] JEM9RF Hmkianieandithons te Example 1, expeptythak:
e oo e et 1% oy Lo T ta el 51040 ] 6 e o
pol yrrer - ha ittt e Qi Ll b Bl SRitr 0l By [ohaite Eoh Tl ke
componert WSl 2ok AP SebRFRe kbR (42 e arthenieed
al koxy In the solid catalyst component [A-2] thus obtained, the
molar ratio of the alkoxy group/titanium was 1.11 and that of
the alkoxy group/magnesiﬁm was 0.061. In the supernatant of'
the slurry solution, the chlorine ion concentration was 2.6
mmol/liter and the aluminum ion concentration was 3.6
mmol/liter. As the result of the polymerization using the
catalyst as in Example 1, the average polymerization activity
was 21000 g-polymer/g-catalystehr and almost no deterioration
in the activity was recognized for three-week operation. The
polymer thus obtained had an MI of 1.3 g/10 min, an FR of
39.5 and a bulk density of 0.43 g/cm®. Heat was removed
stably by passing water through the jacket. The overall heat
- transfer ccefficient on the transfer surface immediately
after the beginning of the polymerization was 476
- kcal/m?shredeg, while that immediately before the completion
of the present invention was 445 kcal/m?ehredeg. As the
result of overhaul inspection after the operation had
finished, almost no deposition of the polymer was recognized
onto the wall of the reactor.
EXAMPLE 3
A solid catalyst component was synthesized under thel

'following conditions.



-23- group/ magnesi um nol ar ratio of fromO0.001 to 0.15, the nol ecul ar
wei ght distribution of the resulting ethyl ene polyner can be controll ed
easily fromthe narrow one to the wi de one. Upon use of the solid

catal yst conponent in the formof a slurgg solution 5 in an inert solvent,
the activity is hardly deteriorated even after a long-term storage, and
moreover, .in the slurry pol yneri zation, a |long-term continuous stable
operation .can be conducted w t hout deposition of the polymer to the wall
of the reactor by adjusting the chl orine and alumnum ion 10
concentrations in the supernatant of the slurry solution of the solid
catal yst conponent to 5 mml/liter or |ower, respectively. I n ot her

wor ds, when anong sdn & datldiytitomgamaurgedi ir-kiter refgcekard SHhak an
al koxy group/titaniumnolar ratio of from 0.02 to 2.4 and an al koxy

gr oup/ magnesifurkmighloneailang (HiEl) eso@l lt sod/idtesna-hep¥amed to have
a relatively high nol ar ratio i s used, a polyner having a narrow

nol ecul ar waQiutionjiware thaxgedan Theywersdkept ah @hi orvile Heging a
lid -catalyst t havi | atively | | k /ti '
and al koxy GFOARAGHE MR THeREARE 190 HRE R FORA BIAh X2 SD TR o
is-u;ed, a pql yne .havin a w de | ecul ar me[ght . distribution can be
obt ai ned. As&%%ec‘{ iPedn -un é’%‘bcﬂff%ﬁnom PETHIT FURIEE TP be
trolled f ly b ' .4 foth
oroupl 1 £ anARFERRFAREDAY R o fAL ForiiL4 L td e, (prg)
limted tahilit 5 be 4 ' '
chior i ne and'dl HIRHTGE ShE douads o ] (G Eiktlre WES | Madtla
24 ' h '
SUEE ST A ¥ Hodk ndd Sk Blg ) [ afR e Eipletion of

conponent . ges are beyond exp
the reaction, the supernatant was removed and the residue was

washed four times with 7 liters of n-hexane, to thereby
obtain a solid substance in the form of a slurry. The solid
substance was separated and then dried. As a result of the
analysis of the solid thus obtained, it contained 10.2 mmol
of Mg and 20.6 mmol of Cl per gram of the solid. The slurry”
containing 500 g of the above-~described solid and 2540 ml of
a 1 mol/liter n-hexane solution of n-butyl alcohol were then
reacted at 50°C for one hour under stirring. After the
completion of the reaction, the supernatant was removed and
the residue was washed once with 7 liters of n-hexane. The
resulting slurry was maintained at 50°C. To the slurry, 1140
ml of a 1 mol/liter n-hexane solution of diethylaluminum
chloride were added under stirring and they were reacted for
one hour. After the cbmpletion of the reaction, the
supernatant was removed, and the residue was washed twice
with 7 liters of n-hexane. The resulting slﬁrry was

maintained at 50°C. To the slurry, 260 ml of a 1 mol/liter



prior art but the reason why they can be brought about is not known at
all. ’ In the present invention, the nolar ratios of the al koxy
group/ tittaniumand al koxy group/ magnesiumin the solid catalyst conponent
can be adjusted easily by varying the rgaction amobunts of the al cohol,
organonet al | i ¢ conmpound and titani um conpound. Thus, in the
present invention, solid catalysts of markedly high activity which can
provi de different nolecular weight distributions can be prepared only by
adj usting the nolar ratios of alkoxy group/titanium and al koxy

group/ magnesiumin the solid catal yst conmponent. According to the present
I nvention, it is possible to prepare catalysts which permt the

prepar at i on pfahedand S utdlon D didthyd Alkmingii Shlor idleT@arRli2E0ml of a
nol ecul ar wei ght distribution, falling wthin a range of 25 to 100, the FR

bei ng a quotli @ell /Aitamaed-henand sodiutjon \of td tam i setachcditl ckddee welx@

under a load of 21.6 kg by a value as nmeasured at 190[err] C under a | oad

of 2.16 kg iaddesk @rdlathey wisirie ASBdtedl £88& two hours.Thdfdwed dtheat al yst

conponent and organonetal lic conpound conponent may be added to a

pol ymer i zat icompdediion afmdde weactdopyetiheasupennat@nt was gremenede

combi ned pr iWcjz.rt'_h tt?l; r}-%t%(ﬁn);rie rtie%nzgér%ril:'urlet biesj.npgr ﬂa%.rr{t%%.xfe%atatt r;':%°C, the
residue was washed four times with 7 liters 6f n-hexane, to
thereby obtain a solid catalyst component [A-3]. In the
solid catalyst component thus obtained, the molar ratio of
the alkoxy group/titanium was 1.00 and that of the alkoxy
group/magnesium was 0.047. In the supernatant of the slurry
solution, the chlorine ion concentration was 3.2 mmol/liter
and.the aluminum ion concentration was 4.6 mmol/liter. As
the result of the polymerization using the catalyst thus
obtained as in Example 1, the average polymerization activity
was 18000 g-polymer/g-catalystehr and almost no deterioration
in the activity was recognized for three-week operation. The
polymer thus obtained had an MI of 1.0 g/10 min, an FR of
'44.8 and a bulk density of 0.42 g/cm’. Heat was removed
stabiy by passing water through the jacket. The overall heat
transfer coefficient on the transfer surface immediately
after the beginning of the polymérization was 497
kcal/m’ehredeg, while that immediately before the completion
of the present invention was 464 kcal/m’ehredeg. As a result
of overhaul inspection after the operation had finished,

almost no deposition of the polymer was recognized onto the

-wall of the reactor.



25 organonetal | ic conpound is added in an anmount of 1 to 3000 nmol
per g of the solid catal yst conponent. Exanpl es of the olefin to
be polynerized in the catalyst systemof the present invention include
ethyl ene, propylene, 1-butene, 1-pentengp 1-hexene, 4-nethyl-1-pentene,
1-octene, 1-decene, 1l-dodecene, 1l-tetradecene, 1-hexadecene, 1-octadecene,
1- ei cosene and vinyl cycl ohexane. Sonme of them can be conbi ned and ‘used
for copol ynerizati on. As the polynerization catal yst, hydrocarbon
solvents ordinarily enployed for slurry polynerization can be used.

Speci fic exanpl es include aliphatic hydrocarbons such as hexane and

hept ane, aronmati c hydrocarbons such as Eﬁﬂéigel t ol uene and xyl ene and

al i cyclic hydrocarbons such as cyclo met hyl cycl ohexane. They

can be veed eliher Ghigl st dk SRR o pramae e ARAPELLERE LAY,
el Br el o hifey ERLINRL Aak Yiied SyF TSN e PLFS T 4 LR dblind °
of diethylaluminum chloride was changed from 1140 ml to 1780
ml, a solid catalyst component [A-4] was synthesized. 1In the
solid catalyst component [A-4] thus obtained, the molar ratio
of the alkoxy group/titanium was 0.02 and that of the alkoxy
group/magnesium was 0.001. In the supernatant of the slurry
solution, the chlorine ion concentration was 3.5 mmol/liter
and the aluminum ion concentration was 4.8 mmol/liter. As
the result of the polymerization using the catalyst as in
Example 1, the average polymerization acti#ity was 21000 g-
polymer/g-catalystehr and almost no deterioration in tﬁe
activity.was recognized for three-week operation. The
polymer thus obtained had an MI of 0.8 g/10 min, an FR of-
68.6 and a bulk density of 0.43 g/cm®. Heat was removed
stably by passing water through the jacket. The overall heat
transfer coefficient immediately after the beginning of the |
polymerization was 475 kcal/m’ehredeg, while that immediately
before the completion of the present invention was 440
kcal/m?ehredeg. As the result of overhaul inspection after
the operation had finished, almost no deposition of the
polymer was recognized onto the wall of the reactor.
EXAMPLE 5
A solid catalyst component was synthesized under the

following conditions.



The nol ecul ar wei ght of the pol yner thus obtained can be adjusted by
permtting hydrogen to exist in the reaction system or by changing the

pol yneri Zati on tenperature. EXAMPLES
The present invention will be described gg detail wth reference to the
foll ow ng Exanpl es, but the invention should not be construed as being

limted thereto. 26 ' In
the exanples, M represents a nelt index as neasured at 190[err] C under a
| oad of 2.16 kg in accordance with ASTM D-1238. FR represents a quoti ent
obtained by dividing a value as nmeasured at 190[err] C under a |oad of 21.6
kg by M, which is a neasure of nol ecul ar weight distribution.

EXAMPLE 1 (1) Synthapis il -mHEIRGeHLmatad Ni<ld et iflduk, P10 ectopn
with a chlorosilane conpound In a fully-nitrogen-purged 15-liter
reactor, 274fridhlafodilare qyHSNGANeaHa @ med/Litex a-heptlane selution
n- heptane solution.were charged. They were kept at 65[err] C while being
were charged. They were kept at 50°C while being stirred, to
which a n-heptane solution containing 180 mmol (based on
magnesium) of an organomagnesium complex component
represented by the compositional formnlai AlMge(CoHs )3 (n-
C4H9)5,4(0n-c4l-19) s.¢ was added over one hqur. The resulting
mixture was reacted at 50°C for one héur under stirring.
After the completion of the reaction, the supernatant was
removed and the residue was washed four times with 250 ml of_'
n-hexane, to thereby obtain a solid substance in the form of
a slurry. The solid substance was separated and then dried.
As a result of the analysis of the solid thus obtained, it
contained 7.45 mmol of Mg and 13.8 mmol of Cl per gram of the
solid. In a fully-hitrogen-purged 300-ml flask, the slurfy
containing 5 g of the above-described solid was reacted with
12.2 ml of a 1 mol/liter n-hexane solution of n-butyl alcohol
at 50°C for one hour under stirring. After the completion of
the reaction, the supernatant was removed and the residue was
washed once with 100 ml of n-hexane. The resulting slurry
was maintained at 50°C. To the slurry, 8.4 ml of a 1
mol/liter n-hexane solution of diethylaluminum chloride were
added under stirring and they were reacted for one hour.
After the completion of the reaction, the supernatant was

removed, and the residue was washed twice with 100 ml of n-

hexane. The resulting slurry was maintained at 50°C. To the



stirred, to which 7 liters (5 nmol in terns of magnesium of a solution of
an or ganofragnesi um conponent represented by the conpositional formula:
AINg[err]fCIerr]H[err][err](n-C[err]H[err])[err](Ch-C[err]H[err])[err] in
n- heptane were added over one hour. Tiggresulting m xture was reacted at
65[err] C for one hour under stirring. After the conpletion of the
reaction; the supernatant was rermoved and the residue was washed four
times with 7 liters of n-hexane, to thereby obtain a solid substance in
the formof a slurry. The solid substance was separated and then dried. As
a result of the analysis of the solid thus obtained, it contained 8.62
mmol of My, 17.1 mmol of O and 0.84 mmol of n-butoxy group

(On-( err] Hsauxny ,par. gmdmad a He medl/ild.tex n-hexeneegodudrion &f i d cat al yst
The slurry containing 500 g of the above-described solid,,and 216Q m of a
1 nol/liter dicthydedumdinum ¢hlgiride and 1.9 ml of a 1 mol/liter n-hexane;

butyl al cohol were reacted at 50C for gne hour under tirripg., Af
conpl etion sfolutdane ot itditaniym tetrachloride were .adfeci -s.nc{1 g4:hey tv?er::et_ he

reacted for two hours. After the completion of the reaction,
the supernatant was removed. The residue was washed seven
times with 100 ml of n-hexane, to thereby obtain a solid
catalyst component [A-5]. In the solid cataiyst component
thus obtained, the molar ratio of the alkoxy group/fitanium
was 2.38 and that of the alkoxy group/magnesium was 0.149.

' In the supernatant of the slurry solution of the solid
catalyst, the chlorine ion concentfation was 4.0 mmol/literx
and the aluminum ion concentration was 3.9 mmol/liter. On
the other hand, under the similar conditions to [A-5], except
that n-butyl alcohol was used in an amount of 9.3 ml and the
amount of diethylaluminum chloride was changed from 8.4 ml to
13.0 ml; a solid catalyst component [A-6] was synthesized.

In the solid catalyst component thus obtained, the molar
ratio of the alkoxj group/titanium was 1.63 and that of the
alkoxy group/magnesium was 0.108. In the supernatant of the
slurry solution of the solid catalyst, the chlorine ion
concentration was 4.2 mmol/liter and the aluminum ion
concentration was 4.3 mmol/liter. Into a l.5-liter autoclave
having an inside fully purged with nitrogen and dried in a
vacuum, 5 mg of the solid catalyst component [A-5] and 0.2
mmol of triisobutyl aluminum were introduced together with

800 ml of dehydrated and deaerated n-hexane. The autoclave



supernat ant was renoved and the residue was washed once with 7 liters of
n- hexane. "The resulting slurry was nmaintained at 50[err]C To the slurry,
970 m of a 1 nol/liter n-hexane solution of diethylalum numchloride were
added under stirring and they were reacggd for one hour. After the
conpletion of the reaction, the supernatant was renoved, and the residue
was washéd twice with 7 liters of n-hexane. The resulting slurry was

mai ntai ned at 50[err]C. To the slurry, 200 nm of a 1 nol/liter n-hexane
solution of diethylalumnum chloride and 200 m of a 1 nol/liter n-hexane
solution of titaniumtetrachl oride were added and they were reacted for
two hours. After the conpletion of the reaction, the supernatant was

renoved. W tifad Ned tBd 1R nd M Hntériel Nemp@ At @ dSlE 28090 £a] C the
resi due was washed four tinmes with 7 liters of n-hexane, to thereby obtain

a solid cat ppedsurDigdeith [Hyddodén adex aftuge UpresSordito o4 . 2 Nkghemsol i d
cat al yst conponent thus obtained, the nolar ratio of the al koxy

group/ titanifol Wesed. By ditkddirititn (df Sthydeone JE®UICEEASS | thie e6t&1 119.
In the supernatant of the slurry solution, the chlorine ion concentration

was 2.5 nmmolptéssure stnl 1hekgianfi.nuihide caintaimdnigrtheagahdge prsdudesr .
(3) Polynerization of ethylene : In a reactor having an interna

vol ume of 23t 110 ekg/ crfndye dhiep sappliement ajryc et roductiion o edihyleniezat i on
for an
polymerization was effected for 2 hours, to thereby obtain

308 g of a polymer. The polymer thus obtained had a
catalytic efficiency of 30800 g-polymer/g-catalystehr (166000
g-PE/mmol-Ti), an MI of 2.8 g/10 min, an FR of 28.6 and a
bulk density of 0.44 g/cm’. On the other hand, when the
solid catalyst component [A-6] was employed under the same
polymerization conditions, 330 g of a polymer were obtained.
It had a catalytic efficiency of 33000 g-polymer/g-
catalystehr (137700 g-PE/mmol-Ti), an MI of 4.3 §/10 min, an
FR of 35.9 and a bulk density of 0.43 g/cm’. |
EXAMPLE 6
In a similar manner to Example 5, except that prior

to use for the polymerization, the catalyst solution prepared
in Example 5 was allowed to stand at 20°C for 3 months,
ethylene was polymerized. When [A-5] was employed, 300 g of
a polymer having an MI of 2.6 ¢g/10 min, an FR of 28.8 and a

" bulk density of 0.43 g/cm® were obtained. On the other hand,
when [A-6] was employed, 320 g of a polymer having an MI of
4.1 g/10 min, an FR of 35.7 and a bulk density of 0.41 g/cm®

were obtained.

EXAMPLE 7



28 et hyl ene- | -but ene copol yner was conducted in n-hexane as a sol vent
at the liguid level of 170 liters in the presence of the solid catal yst
conponent synthesized in the above (2). To the reactor, the above-descri bed
solid catal yst component [A-1], triisobuggl alum num purified n-hexane,

et hyl ene, "butene-1 and hydrogen were fed continuously at rates of 0.5 g/hr,
15 mmol /A, 60 liters/hr, 10 kg/hr, 1 liter/her and 50 liters/hr, '

respectively,

and continuous polynerization was effected for three weeks at

pol ynmeri zation tenperature of 85[err]C, total pressure of 10 kg/cnferr] and
average residence tine of 1.9 hours. The average pol ynerization
activity during that tinme was 20000 g-pol yner/g-catal yst[err]hr and al npost
no deterioration i nInha adtrogen gyas stream,zed Mica t(MDasiserk 9§XT,at i on.
The pol yner thus obtained had an Merr] of 1.0 g/10 min, an FR of 26.5 and
a bul k densitmadef naméd dasijneg @ suifacevaxreasef &6Simtigy pprpaveilupenater

through the jacket. The overall heat transfer coefficient on the transfer
surface i midi7amdl/\g andeaverage padtiglel silze od \6feniny adsorduied 486
kcal./nferr]hr[err]deg, while that i mediately before the conpletion of the
present i nve®0i°6n f0xs Upunsal / dred [Hnllyr dided anss nifeegeninuxgedyver haul
i nspection after the operation had finished, almst no deposition of the
pol yner was flée¥gnidz & bRAFtien of the dnied &idiiga was charged,

EXAMPLE 2

together with 30 ml of n-héxane, fé%iowed by suspending under
stirring. To the resulting slurry, 100 mmol (based on
magnesium) of an érganomagnesium compdnent represented by the
compositional formula: AlMge(C,Hs)3(n~C,Hy);; and 100 ml of a 1
mol/liter n-heptane solution of trichlorosilane (HSiCl;) were
simultaneously added dropwiée under stirring over one hour
while maintaining the temperature at 60°C. At the same
temperature, reaction was effected for further one hour.
After the completion of the reaction, the supernatant was
removed and the residue was washed four times with 250 ml of
n-hexane, to thereby obtain a solid substance in the form of
a slurry. The solid substance was separated and then dried.
As a result of the analysis of the solid thus obtained, 5.15
mmol of Mg and 10.2 mmol of Cl were contained per gram of the
solid. In a fully nitrogen-purged 300-ml flask, the
resulting slurry containing S g of the solid and 16.1 ml of a
1 mol/liter n-hexane solution of n-butyl alcohol were reacted
at 50°C for one hour under stirring. After the completion of
the reaction, the supernatant was removed and the residue was
washed once with 100 ml of n-hexane. The résulting slurry

was maintained at 50°C. To the slurry, 7.3 ml of a 1



Under simlar conditions to Exanple 1, except that the anount of n-butyl
al cohol was charged to 1080 ml and the anount of diethylal um num chloride
was changed from970 m to 1510 m, a solid catal yst conmponent [A-2] was
syntheS|zed In the solid catal yst conpgpent [A-2] thus obtained, the

nmol ar ratio of the al koxy group/titaniumwas 1.11 and that of the al koxy
group/ magnesi umwas 0.061. In the supernatant of the slurry solution, the
chlorine ion concentration was 2.6 nmol/liter and the al um numion
concentration was 3.6 mol/liter. As the result of the polynerization
using the catalyst as in Exanple 1, the average polynerization activity
was 21000 g-polyner/g- catalyst[err]hr and al nost no deterioration in the
activity wamoddddger; acthexanshsedutdon ofeddetdylalivninu whionides were

obtained had an M of 1.3 g/10 mn, an FR of 39.5 and a bulk density of
0.43 g/ cn| ediedraadex, stizwingd ang: sbey Wereagsasseshifor One ML he

j acket. The overaII heat _transfer coefficient on the transfer surface

i medi at el yA &PFthFh€°ﬁ§6FﬁﬁPHg°§ftpﬁe reacHAon ., e FUpernatant was
e ke o s e P B Sl e SO L2,
gt S T T AL I e T SRR O R R
EXAMPLE 3 slurry, 1.6 ml of a 1 mol/liter n-hexane solution of
diethylaluminum chloride and 1.6 ml of a 1 mol/liter n-hexane
solution of titanium tetrachloride were added and they were
reacted for two hours. After the completion of the reaction,
the supernatant was removed. The residue was washed seven
times with 100 ml of n-hexane, to thereby obtain a solid
catalyst component [A-7]. In the solid catalyst.component
thus obtained, the molar ratio of the alkoxy group/titanium
was 0.81 and that of the alkoxy group/magnesium was 0.043.

In the supernatant of the slurry solution of the solid
catalyst, the chlorine ion concentration was 1.9 mmol/liter
and the aluminum ion concentration was 1.8 mmol/liter. On
the other hand, under similar conditions to [A-7], except
that n-butyl alcohol was used in an amount of 3.2 ml and the
amount of diethylaluminum chloride was changed from 7.3 ml to
16.1 ml, a solid catalyst component [A-8] was synthesized.

In the solid catalyst component thus obtained, the molar
ratio of the alkoxy group/titanium was 0.25 and that of the
alkoxy group/magnesium was 0.001. In the supernatant of the

slurry solution of the solid catalyst, the chlorine ion

concentration was 2.2 mmol/liter and the aluminum ion



A solid catalyst conponent was synt hesi zed under the follow ng conditions.
30 In a fully-nitrogen-purged 15-liter reactor, 5700 m of
trichlorosilane (HSiC[err]) as a 1 nol/liter n-heptane solution were
char ged. They were kept at 65[err] C whilggbeing stirred, to which an

n- heptane “sol ut'i on cont ai ni ng 5250 mmol (based on magnesi un) of .an

or ganomagnesi um conpl ex conponent represented by the conpositional
formula: AlMy[err](Cerr]Herr])[err](n-Clerr]Herr])[err] was added over
two hours. The resulting m xture was reacted at 65[err]C for one hour
under stirring. After the conpletion of the reaction, the supernatant was
renoved and the residue was washed four times with 7 liters of n-hexane,
to thereby cdicentratsion dvaszsi ol Mliter! ormhefpalyheriyation wasi d

subst ance was separated and then dried. As a result of the analysis of the
solid thus chfféctesd in osimleed ridnfermod Exdmple afidbfOusingothefséliger
gram of the solid. The slurry containing 500 g of the above-descri bed
solid and 23xtadystt component | [A-€l] n-texthereby vobbainf 194 bat9f al cohol
were then polymer. The polymer thus obtained had a catalytic
efficiéhcy of 15400 g-polymer/g-catalystehr (138300 g-
PE/mmol-Ti), an MI of 1.9, an FR of 58.7 and a bulk density
6f 0.42 g/cm®. On the other hand, when the polymerization
was effected in a similar manner to Example 5 by using the
solid catalyst component [A-B],.120 g of a polymer were
~obtained. The polymer thus obtained had a catalytic
efficiency of 12000 g-polymer/g—catalyst-hr (114400 g-
PE/mmol-Ti), an MI of 1.1, an FR of 78.1 and a bulk density
of 0.41 g/cmd.
| EXAMPLE 8
In a similar manner to Example 5, except that pribr
to use for polymerization, the catalyst solutions prepared in
Example 7 were allowed to stand for three months at 20°C,
ethylene was polymerized. When [A-7] was used, 150 g of a
polymer having an MI of 1.6 g/min, an FR of 58.0 and a bulk
density of 0.42 g/cm’ were obtained. When [A-8] was used, on
the other hand, 115 g of a polymer having an MI of 1.1 g/10
min, an FR of 75.7 and a bulk density of 0.40 g/cm® were
obtained.
COMPARATIVE EXAMPLE 1

In a similar manner to the synthesis of [A-1] in

Example 1, except for the use of 4320 ml of n-butyl alcohol,



reacted at 50[err]C for one hour under stirring. After the conpletion of
the reaction, the supernatant was renoved and the residue was washed once
with 7 Irters of n-hexane. The resulting slurry was maintained at
S50[err]C _To the slurry, 1140 nl of a 13gvol/liter n-hexane sol ution of
dlethylalun1nun1 chl oride were added under stirring and they were reacted
for one"hour. After the conpletion of the reaction, the supernatant was
renmoved, and the residue was washed twice wth 7 liters of n-hexane. The
resulting slurry was mnmaintained at 50[err]C. To the slurry, 260 mM of a1l
mol /liter 31 n- hexane sol ution of
di et hyl al um num chl oride and 260 ml of a 1 nmol/liter n-hexane sol ution of
titani um tetd Bhlid ieatakyst companentl [Ard] was synthesized. t winHhe s,
After the conpletion of the reaction, the supernatant was renoved. Wth
the i nt er nalSQlifhGakakysth SIRPIRETH HhrS %ﬁtm%‘h %he mplar Zatin ofis
washed four tlrres Wth 7 lIEer of, n- hexane é é eheby bt.ai n solid
catalyst.coﬁﬂﬁ% kqu:groq tikanium was 3.98 and that o the alkoxy

group/magnesium was 0.251. In the supernatant of the slurry
solution, the chlorine ion concentration was 2.3 mmol/liter
and the aluminum ion concentration was 3.3 mmol/liter. On
the other hand, in a similar manner to the synthesis of [A-2]
in Example 2, except for the use of 4320 ml of n-butyl
alcohol, a solid catalyst component [A-10] was synthesized.
In the solid catalyst component thus obtained, the molar
ratio of the alkoxy group/titanium was 2.52 and that of the
alkoxy group/magnesium was 0.148. In the supernatant of the
slurry éolution, the chlorine ion concentration was 2.4
mmol/iiter and the aluminum ion concentration was 3.2
mmol/liter. 1In a similar manner to.Example 5, polymerization
was effected using the catalyst solid component [A-~9], to
thereby obtain 210 g of a polymer having an MI of 2.8, an FR
of 24.0 and a bulk density of 0.38 g/cm’. When [A-10] was
used, on the other hand, 160 g of a polymer havihg an MI of
‘2.5, an FR of 24.2 and a bulk density of 0.37 g/cm® were
obtained. The an FR of [A-10] was found to be almost the
same with that of [A-9].
FERE E LE 1

In a similar manner to Example 5, except that upon

preparation of [A-~5], washing seven times with 100 ml of n-

hexane was replaced by washing twice with 100 ml of n-hexane,



solid catal yst conponent thus obtained, the nolar ratio of the al koxy
group/titaniumwas 1.00 and that of the al koxy group/ magnesi um was 0. 047.
In the supernatant of the slurry solution, the chlorine ion concentration
was 3.2 mpol /liter and the aIun1nun1|on4goncentrat|on was 4.6 mmol /liter.
As the result of the polynerization using the catalyst thus obtained as
in Exanpfe 1, the average pol ynerization activity was 18000 '

g- pol ynmer/ g-catalyst[err]hr and al nbst no deterioration in the activity
was recogni zed for three-week operation. The polyner thus obtained had an
M of 1.0 g/10 mn, an FR of 44.8 and a bulk density of 0.42 g/cnferr].
Heat was renoved stably by passing water through the jacket. The overal
heat transfersabid featahysorcdiponeminsfes chtdimed i miali thel supefnatante
begi nning of the polynerization was 497 kcal/n{err]hr[er@%&eg, whi | e t hat
i medi at el y obfthe shwrxyrsolution of the sobidrcatalystithusoebisined,
kcal/n{err]hr[err]deg As a result of overhaul inspection after the

oper ati on hédehe iechlorine iPmmeenerRNtRLioR i was of - @ Hameb/ Liker @ad thegni zed

onto the mall of the reactor. 32
~aluminum ion concentration was 9 9 mmol/liter. In a similar

manner to Example 5, except that prior to use for -
polymerization, the catalyst solution was allowed to stand
for 3 months at 20°C, ethyléne was polymerized. As a result,
193 g of a polymer were obtained. The polymer thus obtained
had a catalytic efficiency of 19300 g-polymer/g-catalystehr
(104000 g-PE/mmol-Ti), an MI of 1.8 g/10 min, an FR of 30.6
and a bulk density of 0.34 g/cm®.
REFERENCE EXAMPLE 2

In a similar manner to Example 1, except that instead
of washing four times with 7 liters of h-hexane at the
internal temperature kept at 50°C, washing was conducted
twice with 7 liters of n-hexane after cooling to room.
temperature, a solid catalyst component was obtained. 1In the
solid catalyst component thus obtained, the molar ratio of
the alkoxy group/titanium was 2.17 and that of the élkoxy
group/magnesium was 0.119. In the supernatant of the slurry
solution of the solid catalyst, the chlorine ion
concentration was 11.5 mmol/liter and the aluminum ion
concentration was 6.9 mmol/liter. In a similar manner to
Example 1, polymerization was conducted usinQ the catalyst.
As a result, the polymerization activity was 20000 g-

polymer/g-catalystehr immediately after the beginning of the



EXAMPLE 4 Under simlar conditions to Exanple 3, except that n-
butyl al cohol was used in an amount of 1270 ml and the anmount of .

di et hyl aFum num chl ori de was changed from 1140 ml to 1780 m, a solid
catal yst conponent [A-4] was synthesizedgqln the solid catalyst conponent
[A-4] thus obtained, the nolar ratio of the al koxy group/titani umwas 0.02
and that "of the al koxy group/ magnesi umwas 0.001. In the supernatant of
the slurry solution, the chlorine ion concentration was 3.5 nmol/liter

and the alum numion concentration was 4.8 mmol/liter. As the result of

t he polynerization using the catalyst as in Exanple 1, the average

pol yneri zation activity was 21000 g- polyner/g-catalyst[err]hr and al npost
no deteri or gpoymerizdeiongtwivicly Vawered dgmi Y2000 og-pdilymexnégk operati on.
The  polymer thus obtained had an M of 0.8 g/10 mn, an FR of 68.6 and a
bul k densi t ycattalysitSe iy conh eDay . 1HeatTha ovarrmlk cheat abitransfep ccoe fifiobent

t hrough the jacket. The overall heat transfer coefficient inmrediately
after the beffhromgtle transfer surface ok the veacteBIvas 49 hr[err] deg,
while that imediately before the conpletion_of the present invention was
440 kcal / n{kga} Rz deg immedigtedys afttegt thgcbeginning oL tde after the
operation had finished,  al nost, no deposition of the golgner wf? J ecogni zed
onto the walPelkymerikzatien which, however, lowered to 350 kcal/m®ehredeg

on Day 12, resulting in the termination of the
polymerization. As a result of overhaul inspection of the
reactor after the operation had finished, waxy deposition was
‘recognized all over the wall of the reactor. Based on those
results, long-term operation was judged difficult.
E 12

In a similar manner to Example 5, except for the use
of the conditions as shown in Table 1, solid catalysts were
synthesized. Into a 1.5-litér autoclave having an inside
fully purged with nitrogen and dried in a wvacuum, each of the
solid catalyst components thus obtained was introduced
together with .0.2 mmol of triisobutyl aluminum, 760 ml of
dehydrated and deaerated n-hexane and 40 ml of l-hexene. The
autoclave was then heated to increase its internal
temperature to 60°C and pressurized to 1.0 kg/cm? with
hydrogen, followed by the introduction of ethylene to
heighten the total pressure to 2 ké/cnﬁ. Polymerization was
effected under the conditions as shown in Table 2 while the
total pressure was maintained at a gauge pressure of 2.0

kg/cm?. The results are shown in Table 2.



EXAMPLE 5 A solid catal yst conponent was synthesized under the
foll ow ng conditions. 33

In a fully-nitrogen-purged 1-liter flask, 240 ml of trichlorosilane
(HSidJ[err]) as a 1 nol/liter n- heptane4qplut|on were charged. They were
kept at 50[err]C while being stirred, to which a n-heptane sol ution
contai ni'ng 180 nmol (based on nagne3|un) of an organomagnesi um conpl ex
conponent represented by the conpositional fornula:
AlMlerr](Cerr]Herr])[err](n- derr]Herr])[err](On-Cerr]Herr])[err]
was added over one hour. The resulting mxture was reacted at 50[err]C

for one hour unger—sti+Rg—pAFtper—tthe—c upictiuu‘Ur ttreyTeacytron, |t he
supernatant was| renoyediand fhe [gsildue hed faur tneslwlth 250 m
of n-hexane, tq gher ByE &bt ail & a| Fol iZl substanke in &he grmo¢fe alslurry.
The solid substarge S %eparlted and then dried. Ab sult lof the
anal ysi s of the i@lid S thQ ned, |it ont ai ped 7 45 nﬁgl ofuwg gnd 13.8
nmol of d per‘gr—.;gmofg g‘%%cl;*gd glnmf I§y-n z;rogna pu ged §)-m fl ask,
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containing 5 g of the above-described solid was reacted with 12.2 nl of a
1 nol/liteer n-hexane solution of n-butyl alcohol at 50[err]C for one hour
under stirring. After the conpletion of the reaction, the supernatant was
removed &nd the residue was washed oncggv th 100 ml of n-hexane. The
resulting slurry was maintained at 50[err]C. To the slurry, 8.4 m of al
mol /1iter_n-hexane solution of diethylalumnumchloride were added under
stirring and they were reacted for one hour. After the conpletion of the
reaction, the supernatant was renoved, and the residue was washed tw ce
with 100 M of n- hexane. The resulting slurry was mai ntained at 50[err]C.
To the ' 34 slurry, 1.9 mM of a1l
nmol/liter n-hexane solution of diethylalum numchloride and 1.9 m of a 1
nmol/liter n-hexane solution of titaniumtetrachloride were added and they
were reacted for two[hourg. [After]t ﬂaco | etion of the reaction, the
supernatant was renmovgd.The|r S shed seven tines with 100 m of
n- hexane, to thereby )bqgir K

j o ny e
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09212 @
0.9220
091750 v ~
09186 — o
0.9236

0.9254

0.926

0.9251

Densily (g

FR
258
50.9
30.0
1.7
31.2
44.0
51.3
66

MI (g/10 min)
21
18
23
22
42
35
17
19

(kg-PE/g-Ti -time
ethylene pressure)
180
200
185
160
150
170
135
115

(min)
60
60
45
35
50
40
60
60

Polymerization time | Catalytic efficiency

Solid catalyst
component (mg)
15
15
20
20
25

5
30
30

Catalyst No.
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18




catal yst conmponent [A-5]. In the solid catal yst conponent thus obtai ned,
the nolar‘ratio of the al koxy group/titanium was 2.38 and that of the

al koxy group/ magnesiumwas 0.149. |In the supernatant of the slurry
solution of the solid catalyst, the chlggine ion concentration was 4.0
mmol /liter and the alum numion concentration was 3.9 mol/liter. On the
ot her hahd, under the similar conditions to [A-5], except that n-butyl

al cohol was used in an anmount of 9.3 m and the anount of diethylal um num
chl oride was changed from8.4 mM to 13.0 m, a solid catal yst conponent

[ A-6] was synthesized. 1In the solid catalyst conponent thus obtained, the
nolar ratio of the al koxy group/titaniumwas 1.63 and that of the al koxy
group/ magnesi umwas 0. 108. In the supernatant of the slurry solution of
the solid catalyst, the chlorine EXAMPEIS ¥ TQ 1én was 4.2 mol /liter and
the alum numion concentration was 4.3 nnnl/llter Into a 1.5-liter

aut ocl ave havi ng adni psisdmiflairl mapnege tonExampler Sgeexseptdrfioad the ase
vacuum 5 ng of the solid catalyst conponent [A-5] and 0.2 nmol of
triisobutyl ofl thiencenddtdons: showsedn Fablieesd misH iBEREALYFt GaRRANENLS

and deaer at ed n- hexane. .The autocl ave
35 were synthesized. In o a l.5-liter autoclave hav1ng an

inside fully purged with nitrogen and dried in a vacuum, each
of the solid catalyst components thus obtained was introduced
together with 0.25 mmol of triethylaluminum, 750 ml of
dehydrated and deaerated n-hexane and 50 ml of l-butene. The
autoclave was then heated to increase its internal
temperature to 80°C and pressurized to 1.6 kg/cm? with‘
hydrogen, followed by the introduction of ethylene to
heighten the total pressure to 4 kg/cm?. Polymerization was
effected under the conditions as shown in Téble 4 while the
total pressure was maintained at a gauge pressure of 4.0
kg/cm? by the supplementary introduction of ethylene. The

results are shown in Table 4.



was heated to have an internal tenperature of 80[err]C and pressurized
wi th hydrogen to a gauge pressure of 4.2 kg/cnferr], followed by

i ntroduetion of ethylene to increase the total pressure to 10 kg/cnferr]. .
Wil e mat ntaining the gauge pressure agpgl0 kg/cnR by the suppl enmentary
i ntroduction of ethylene, polynerization was effected for 2 hours, to
t hereby*obtain 308 g of a polyner. The polyner thus obtained had a
catal ytic efficiency of 30800 g-polymer/g-catalyst[err]hr (166000

g-PE/ nmmol -Ti ), an of1 8 o/ 19 mp, ah FRof 8.6 and a bi{l k depsity of
0.44 g/cnferr]. On|the oglsas‘h & nl ghe| gso] gd [cHt Igst Wpon nt [A-6]
was enpl oyed under |t.he s3a@keE %oll el ikzaf ikon €onpit | s,| 830 pol ynmer
were obtained. |t|®ad alcafalytdic éffi¢ienty o 00 _ig-pol nPr/g-
catal yst[err]hr (138700 ¢- Pg/gmgl -Til), #n M of| 4.3} g/1p nmin] an FR of
35.9 and a bulk depgty JipB®3|dcher b |= |2 |z |2 |2
EXAMPLE 6 g a di ar jmanneg (@ Exgnp| B 5| SexkcBpt fi@t pfior to
use for the polyne|is aticﬁ‘.f@e cat 4l ys{ solutipn pfepayed ijn Exapple 5
was allowed to stafd at J0Lerr] ¢ fod 3 fpnthe—-ethi-enrp—wastpotyreri zed.
Wen [A-5] was enpll&ed, QQ g qf 4 pollymegf hayinglan M of |2.6 g{10 nmin
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when [ A-6] was enployed, 320 g of a polynmer having an M of 4.1 g/10 m n,
~an FR of 35.7 and a bulk density of 0.41 g/cniferr] were obtained.

36 : In a nitrogen gas stream silica ("Davison 952", trade
nane) haV|ng a surface area of 365 njerr4dgg, pore volune of 1.7 m/g and
aver age partlcle size of 65 pmwas dried at 350[err]C for 2 hours. In a
fully dried and nitrogen-purged flask, a 5 g portion of the dried silica
was charged, together with 30 m of n-hexane fol |l owed by suspendi ng under
stirring. To the resulting slurry, 100 mml (based on nmagnesiun) of an
or ganomagnesi um conponent represented by the conpositional formula:
AlMlerr](Cerr]Herr])[err](n-Cerr]JHerr])[err] and 100 mM of a 1

nmol /1iter n-heptane solution of trichlorosilane (HSiC[err]) were

si mul t aneousl y ad¢EdOTOOAWTSY n;e* Ty rring over one hour while
mai ntaining the ténperaturg at f6P[EryJiIC. At the same tenperature, reaction
was effected for lﬂgﬂlr onje |lhouf.] Wffter the conpletion of the reaction
t he super nat ant s o @ﬁ&t@g %‘ggesidue was washed four times with 250
m  of 2 |3|3|3]3|3(&|S| -
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n- hexane, to thereby obtain a solid substance in the formof a slurry. The
solid substance was separated and then dried. As a result of the analysis
of the seolid thus obtained, 5.15 nmol of My and 10.2 mmol of C were
cont ai ned per gramof the solid. In a fggly nitrogen-purged 300-m fl ask,
the resul'ting slurry containing 5 g of the solid and 16.1 m of a 1

mol /1itel n-hexane solution of n-butyl alcohol were reacted at 50[€rr]C
for one hour under stirring. After the conpletion of the reaction, the
supernat ant was renoved and the residue was washed once with 100 m of

n- hexane. The resulting slurry was maintained at 50[err]C. To the slurry,
7.3 M of al 37 nol /liter n-hexane
solution of diethylalum numchloride were added under stirring and they

were reacted for one hour. After éwlvm the reaction, the
supernat ant was renoved, and t he d twice with 100 m of
n- hexane. The res t|n r 0. & t
slurry, 1.6 nl of a % ?ué l-}'/’f‘la\ﬁﬁ"kane o) tlo’n ?égé %/?%mmﬂﬁﬁ% ©
chloride andEQm@pf@ P4, %edcdPt /{hd€tHe NESPI& catalyst [A-1] obtained in
Example 1 or [A-2] obtained in Example 2 was used as a
catalyst and a comonomer as shown in Table 5 was used instead

of l-butene, copolymerization was effected. The results are

shown in Table 5.



solution of titaniumtetrachloride were added and they were reacted for
two hours®* After the conpletion of the reaction, the supernatant was
renoved. * The resi due was washed seven tinmes with 100 m of n-hexane, to
t her eby obt ain a solid catalyst conponeag [A-7]. In the solid catalyst
conmponent thus obtained, the nolar ratio of the al koxy group/titanium was
0.81 and that of the al koxy group/ magnesi umwas 0.043. In the supernatant
of the slurry solution of the solid catalyst, the chlorine ion
concentration was 1.9 mml/liter and the alum numion concentration was
1.8 mol/liter. On the other hand, under simlar conditions to [A-7],
except that n-butyl alcohol was used in an anmount of 3.2 ml and the
anount of diethylalum num chloride was changed from7.3 ml to 16.1 m, a
solid catal yst conponent 8 S Isynthesized. In the solid catalyst
conponent thus obthi ged, o] ar | ratio of the al koxy group/titani umwas
0.25 and that of the§ allk Orp p/fmagnesi um was 0. 001. In the supernatant
of the slurry sollti®n % Ed catal yst, the chlorine ion
concentration was P. %‘nﬁgl SIZIZ|@|d the al um numion
38 & :
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265
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1.9
1.8
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Mi (/10 min)
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Table 5
Calalytic efficiency

(kg-PE/g-Ti -time
elhylene pressure)
300
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250
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concentration was 2.3 mmol/liter. The polynerization was effected in a
simlar mdnner to Exanple 5 by using the solid catalyst conponent [A-7],
to thereby obtain 154 g of a polymer. The pol yner thus obtained had a
catalytic ,efficiency of 15400 g-pol yner/gg catal yst[err]hr (138300 g-
PE/nnDI-Tl) an. M of 1.9, an FR of 58.7 and a bul k density of 0.42
g/cmerr].. On the other hand, when the polynmerization was effected in a
simlar manner to Exanple 5 by using the solid catalyst conponent [A-8],
120 g of a polymer were obtained. The polymer thus obtained had a
catalytic efficiency of 12000 g-polyner/g-catalyst[err]hr (114400 g-
PE/mmol -Ti), an M of 1.1, an FR of 78.1 and a bulk density of 0.41

g/cnerr]. X 6 S0 2 In a simlar
manner to Exanple 5, except that p?T%gfﬂﬁgfugEJPUrzpolynerization t he
catal yst sol utions PIAPGACH of E & 20 V€6 28 'PP{VEQ' éﬁnfié‘f%éﬁﬁeihﬁée

nonths at 20[err]C, -ethylene was pol yneri zed. vhen A- was used
of a pol ymegxdmyl@ds preMept €h&t HEHe NsoPid F&@&1§§t0cazﬁ§oﬁehﬁl 5bt§£ﬁé&t y
of 0.42 g/cnB were obtaine When [ A-8] was used, on the other hand, 115 g
of a pol ynerihagkagphe Moﬁfgiaﬂpnéw and nanacﬁrd}&o;heialhandoﬂpbuha as
density of 0.40 g/cn{err] were obtai ned.

shown in Table 6 were used in comblnathn, polymerization was

effected. The results are shown in Taﬁie 6.



COMPARATI VE EXAMPLE 1 In a simlar manner to the synthesis of
[A-1] in *Exanple 1, except for the use of 4320 ml of n-butyl al cohol,

39 a solid catal yst conmponent [A-9] was synthesized. In the solid
cat al yst conponent thus obtained, the nob@r ratio of the al koxy
group/titaniumwas 3.98 and that of the al koxy group/ magnesi umwas 0. 251.
I n the supernatant of the slurry solution, the chlorine ion concentration
was 2.3 mmol /liter and the alum numion concentration was 3.3 mol /liter.
On. the other hand, in a simlar manner to the synthesis of [A-2] in
Exampl e 2, except f.or the use of 4320 ml of n-butyl alcohol, a solid
cat al yst conponent [A-10] was synthesized. |In the solid catalyst conponent

t hus obt ai ned, thg—kBla add-g—ofa t he al koxy group/titani umwas 2.52 and
that of the al kojy grolp dagnesiuh1mas 0.148. In the supernatant of the
slurry solution, tthe_ch| oyijngq ijop ¢oncentration was 2.4 mol/liter and the
al um num i on concentgat‘g \g&ﬁ,é mol /liter. In a simlar nmanner to
Exanpl e 5, polynefi z& | BIZ|SISIS|S :
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was effected using the catalyst solid conponent [A-9], to thereby obtain
210 g of & polynmer having an M of 2.8, an FR of 24.0 and a bul k density
of 0.38 g/cnferr]. Wien [A-10] was used, on the other hand, 160 g of a

pol yrner H@ving an M of 2.5, an FR of 2442 and a bul k density of 0.37
g/cnferr] were obtained. The an FR of [A-10] was found to be al nost the
sane with_ that of [A-9]. REFERENCE EXAMPLE 1

In a simlar nmanner to Exanple 5, except that upon preparation of [A-5], -
washing seven times with 100 m of n- hexane was replaced by washing tw ce
with 100 mM of n-hexane, 40 a solid

cat al yst conponent was obtained. In the supernatant of the slurry solution

of the solid catal yst thus obtai ned, EXAMPLB| 28i ne i on concentrati on was
8.0 mol/liter and the alum numion concentration was 9.9 mmol/liter. In a

simlar nmanner to Mamplsindlaxx mapmerhdio Examplieo Tus@xaept gdiatrdtiezat i on,

the catal yst solution was allowed to stand for 3 nonths at 20[err]C,

et hyl ene wasiidicargelzaws Aeplaces by silica alumina which had a surface
area of 390 m?/g, pore volume of 2 ml/g and average particle
size of 50 um and had been dried at 200°C for 4 hours under a
nitrogen gas stream, synthesis was carried out under the
conditions as shown in Example 7, to thereby obtain a solid
catalyst component [A-27]. In the solid catalyst component
thus obtained, the molar ratio of the alkoxy group/titanium
was 0.72 and that of the alkoxy group/magnesium was 0.036.
In the supernatant of the slurry solution of the solid
catalyét, the chlorine ion concentration was 1.4 mmol/liter
and the alumiﬁum ion concentration was 1.6 mmol/liter. On
the other hand, under similar conditions to [A~27], except
that of n-butyl alcohol was used in an émount of 6.2 ml and
the amount of diethylaluminﬁm chloride was changed from 7.3
ml to 16.1 ml,. synthesis was effected to obtain a solid |
catalyst component [A-28]. 1In the solid catalyst component
thus obtained, the molar ratio of the alkoxy group/titanium
was 0.22 and that of the alkoxy group/magnesium was 0.011.
In the supernatant of the slurry solution of the solid
catalyst, the chlorine ion concentration was 1.9 mmol/liter
and the aluminum ion concentration was 2.1 mmol/liter. When
polymerization was conducted'using the solid catalyst
component [A-27] in a similar manner to Example 5, 105 g of a

polymer were obtained. The pdlymer thus obtained had a



193 g of a polyner were obtained. The polynmer thus obtained had a

catal ytic“efficiency.of 19300 g- pol ymer/g-catal yst[err]hr (104000
g-PE/mof-Ti), an M of 1.8 g/10 min, an FR of 30.6 and a bulk density of
0.34 g/cn{ err]. REGBRENCE EXAMPLE 2 In a
simlar manner to Exanple 1, except that instead of washing four tines
with 7 liters of h-hexane at the internal tenperature kept at 50[err]C,
washi ng was conducted twice with 7 liters of n-hexane after cooling to
room tenperature, a solid catal yst conponent was obtained. In the solid
catal yst conmponent thus obtained, the nolar ratio of the al koxy
group/titaniumwas 2.17 and that of the al koxy group/ magnesi umwas 0.119.
In the supernatant of the slurry solution of the solid catalyst, the
chlorine ion concentration was 11.5 mmol/liter and the al um numion

concentr at i watelyticd elfidienay .of 121000 rg+polymenig-catalrstie (114400
pol ymeri zation was-conducted using the catalyst. As a result, the

pol yrer i zat igtPE/omiok +Bi Wwaare MO ® -3 . holanmeFR g)f:a&laJ%/saritbra]hnlk ndens Lty y
after the beglnnlng of the
44 g/cm®. On the other hand, the polymerlzatlon using
[A-28] resulted in the preparation of 110 g of a polymer.
The polymer thus obtained had a catalytic efficiency of 22000
g-polymer/g-catalystehr (116600 g-PE/mmol-Ti), an MI of 3.5,
an FR of 86.7 and a bulk density of 0.42 g/cm’.

Upon preparation of a polyolefin, the catalyst
according to the present invention makes it possible to |
control the molecular weight distribution easily and provide
a polyblefin, which has excellent properties, with good
powder properties owing to its markedly high activity of the
catalyst. Furthermore, according to the use of the catalyst
of the present invention, a reduction in the activity is -
small even after long-term storage and deposition onto the
wall of the reactor does not occur upon slurry
polymerization, which permits long-term continuous stable
operation.

While the invention has been described in detail and
with reference to specific examples thereof, it will be'
apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the

spirit and scope thereof.



pol ymeri zation, which Iowered to 17000 g-polyner/g- catalyst[err]hr on Day
12. The overall heat transfer coefficient (U on the transfer surface of
the reactor was 470 kcal/nferr]hr[err]deg i mediately after the begi nning
of the polynerlzatlon whi ch, however, kgwered to 350
kcal/n{ferr]hr[err]deg on Day 12, resulting in the termnation of the

-pol yneri zation. As a result of overhaul inspection of the Teactor—after

t he operation had finished, waxy deposition was the
wal | of the reactor. Based on those results, Iong aﬂ“ﬂ"ﬂ@ l ,"HF ﬁ”

judged difficult. EXAVPLES 9 *TO¢ 1

simlar manner to Exanple 5 except for the use of the condltlons as shomn
in Table 1, ﬁﬁhmd ? ke synthesized. Into a 1.5-liter autoclave
‘havi ng an ins purge ‘With nitrogen and dried in a vacuum each of

the solid catalyst QQ”Dﬁﬁealéfihugom§hétﬂ2dtm@§ bBEthBQeéomeﬁghhgr(Wbth
0.2 mmol of triisobutyl alum num of dehydrated and deaerat ed

n- hexane anda4gollidotatallgseneompbaentuhad B9 &as origanometiadd ilco cioRpodde
its internal tenperature to 60[err]C and pressurized to 1.0 kg/cnferr]
wi th hydr ogeompbakintyewheyetinesahdr sdlddi catalysthgompeneat H{ai)ghtsen t he
total pressure to 2 kg/cnferr]. Polynerization was effected under the
condi ti ons aprepewed byTabpzogegfi temprdsing the steps of reacting:
(A-1) a solid obtained by reacting:
(i) 1 mol of an organomagnesium component
which is soluble in a hydrocarbon solvent and which
is represented by the formula: .
(M')o(Mg)s(R')p(R?)4(OR?), wherein M!' represents a metal
atom belonging to Groups I to III of the periodic
table, R!, R? and R® each independently represents a
Cz.20 hydrocarbon group, and «, B, p, g and r are
numerals which satisfy the relationships: 0 < a; 0 <
B; 0<p; 02q; 0<T;p+q>0; 0x<r/(a+h) <2
and ka + 28 = p + q + r, with the proviso that k
represents a valence of M!; and
(ii) 0.01 to 100 mol of an Si-H bond-

_ containing chlorosilane compound represented by the
formula: H.SiCl,,Rﬁ_(m, wherein R* represents a Cj.j
hydrocarbon group and a and b are numerals which
satisfy the relationships: 0 < a; 0 < b; and a + b £
4;

(A-2) 0.05 to 20 mol of an alcohol per 1 mol of a

C-Mg bond contained in said solid (A-1); and optionally



total pressure was naintai ned at_a gauge pressure of 2.0 kg/cn{ err]. The

44

results are shown in-Fabte 2 42 [err] [err

manner td Exanpfigs

3, solid catal yst

havi ng an

BeenRe lacddXAMPLES 13 TO 16 n a simlar
ect the use ggf the con umTabl e -
re synthesized. Int !\m“ﬂ l“mm clave
|nS|de with nitrogen and dri

icn & vhcuum® each

(A-3) an organometallic compound represented b_y the
formula: M2R%,Q.., wherein M? represents a metal atom belonging
to Groups I to III of the periodic table, R’ represents a Cj.j
hydrocarbon group, Q represents a groﬁp selected from ORS,
OSiR'R®R?, NRI°R!!, SR!? and halogen atoms (wherein R®, R’, R®,
R?, R, R! and R!? each independently represents a hydrogen’
étom or a hydrocarbon group), 0 < s and t stands for a.
valence of M?; and

reacting the reaction product with (A-4) a titanium |
compound in the presence or absence of said component (A-3),
said solid catalyst component being adjusted to have an
alkoxy group/titanium molar ratio of 2.4 or lower and an
alkoxy group/magnesium molar ratio of 0.15 or lower.

2. The olefin polymerization catalyst according to
claim 1, | |

wherein said optional organometallic componnd (A-3)

is used in a molar ratio to said alcohol (A-2) of from not

‘less than 0.1 to less than 10, and said titanium compound

(A-4) is used in an amount of 0.5 mol or less per 1 mol of a
C-Mg bond contained in said solid (A-1), and

wherein said solid catalyst component (A) is prepared
as a slurry solution in an inert solvent, and the suﬁernatant
of said slurry solution has a chlorine ion concentration and

an aluminum ion concentration of each 5 mmol/liter or lower.

THIS SHEET HAS BEEN
REPLACED




of the solid catal yst conponents thus obtai ned was i ntroduced together
with 0.25* mmol of triethylalumnum 750 ml of dehydrated and deaerated
n- hexanes and 50 m of 1-butene. The autoclave was then heated to increase

its internal

tenperature to 80[err]C anggpressurized to 1.6 kg/cnjerr]

with hydrogen, followed by the introduction of ethylene to heighten the
total pressure to 4 kg/cnferr]. Polynerization was effected under the
conditions as shown in Table 4 while the total pressure was naintained at
a gauge pressure of 4.0 kg/cnferr] by the supplenentary introduction of
ethylene. The results are shown in Table 4. 45 J[err] 46

[err]

_ 47
3. The olefin polymerization catalyst according to

claim 1, wherein the amount of said component (A-2) is from
0.1 to 10 mol per 1 mol of a C-Mg bond in said solid (A-1).

4. The olefin polymerization catalyst according to
claim 1, wherein M! in said organomagnesium compound |
represented by the following formula: (M').(Mg)s(R'),(R?)4(OR%),
is Al, B, Zn or Be. |

5. The olefin polymerization catalyst according to
claim 1, wherein said organomagnesium compound represented by
the following formula: (M'),(Mg)a(R!),(R?)4(OR’), satisfies

relationships: o > 0; 0.5 < B/o < 10; and 0 <

r(at+tpf) < 1.

6. The olefin polymerization catalyst according to
claim 1, wherein said organometallic compound component (B)
is an organomagnesium compound or organoaluminum compound.

7. The olefin polymerization catalyst according fo
claim 6, wherein the.organometallic compound component (B) is
an organoaluminum compound.

8; The olefin polymerization-catalyst according to
claim 1, wherein R! in said organomagnesium compound |
represented by the formula: (M‘),(Mg)ﬂ(Rl)p(Rz)q(0R3),_. is an
alkyl group.

9. The olefin polymerizatibn catalyst according to
claim 1, wherein said titanium compound (A-4) is a titanium

tetrahalide compound.

_—

gy



EXAMPLES 17 TO 19 In each of Exanples 17 to 19, in a simlar
manner to* Exanple 13, except that the solid catalyst [A-1] obtained in
Exanple 4 or [A-2] obtained in Exanple 2 was used as a catalyst and a
conononer -as shown in Table 5 was used i gt ead of 1-butene,

copol yneri zation was effected. The results are shown in Table 5.

48 [ er k] 49

EXAMPLES 20 TO 22

10. The olefin polymerization catalyst according to
¢claim 1, wherein M’ in said organometallic compound (A-3)
represented by the formula: M?R’.Q., is Mg, B or Al.

- 11. The olefin polymerization catalyst according to
claim 1, wherein Q in said organometallic compound (A-3)
represented by the formula: M?R’,Q., is a halogen.

- 12. The olefin polymerization catalyst according to
claim 1, wherein said organometallic compound represented by
the formula: M?R’,Q.., is an organoaluminum compound.

13. The olefin polymerization catalyst aécbrding to
claim 1, wherein the component (A-4) is reacted in the
presence of the component (A-3).

14. The oiefin polymerization catalyst according to.
claim 1, wherein the component (A-2) is an alcohol other than
methanol or ethanol. -

15. A process for the preparation of a polyolefin,
which comprises polymerizing or copolymerizing an olefin
using an olefin polymerization catalyst as claimed in claim
1.

16. A process for the preparation of an ethylene
polymer, which comprises homopolymerizing ethylene or
copolymerizing ethylene and an a-olefin having at least 3
carbon atoms using an olefin polymerization catalyst as

claimed in claim 1. _

AN



In each of Exanples 20 to 22, in a sinmlar manner to Exanple 5, except
that the solid catal yst conponent abtained in Exanple 3 or Exanple 4 and
an organonetal | ic conmpound as shown in Table 6 were used in conbination

pol ymeri Zation was effected. The resultgzare shown in Table 6. 50
[err] . 51
EXAMVPLE 23 In a simlar manner to Exanple 7, except that 'the

silica gel was replaced by silica alum na which had a surface area of 390
mMerr]/g, pore volume of 2 mM/g and average particle size of 50 [err]m and
had been dried at 200[err]C for 4 hours under a nitrogen gas stream
synthesis was carried out under the conditions as shown in Exanple 7, to

t hereby obtain a solid catalyst cogBonent !Av27!. lE tQ& solid catal yst
conponent |

OLEFIN POLYMERIZATION CATALYST AND PREPARATION

PROCESS OF POLYOLEFIN USING THE SAME

An olefin polymerization catalyst which comprises a
:solid catalyst component comprising an organomagnesium
compound, an Si-H bond-containing chlorosilane compound, an
alcqhol and a titanium compound, and an organometallic
compound component. The solid catalyst compohent is adjﬁsted
to have an alkoxy group/titanium molar ratic of 2.4 or lower
and an alkoxy group/magnesium molar ratio of 0.15 or lower.
A process for the'preparation of polyolefin using the

catalyst is also disclosed.

(Figure 1)

“This Sheet Has Been Replaced

THIS SHEET HAS BEEN
REPLACED




t hus obtained, the nolar ratio of the al koxy group/titanium was 0.72 and
that of tHe al koxy group/ magnesi umwas 0.036. |In the supernatant of the
slurry solution of the solid catalyst, the chlorine ion concentration was
1.4 mmol /1Gter and the alunm numion concentration was 1.6 mmol/liter. On
the other; hand, under simlar conditions o [A-27], except that of n-butyl
al cohol was used in an anount of 6.2 nm and the anount of diethylal um num
chl oride was changed from7.3 m to 16.1 m, ,gynthesis was effected to
obtain a solid catalyst conponent [A-28]. In he solid catal yst conponent

thus obtained, the nolar ratio of the al koxy up/titanium was 0.22 and
t hat of the al koxy group/ magnesi umwas 0.011. &I n the supernatant of the
slurry solution of the solid catalyst, the cgsorine i on concentration was
1.9 mol/liter and the alunminumion concentrafion was 2.1 nmol/liter. Wen
pol ynerization was conducted using the solid catalyst conponent [A-27] in
a simlar manner to Exanple 5, 105 g ofia pol ymer were obtained. The
pol yner thus obtained had a o 52
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cahalytlc/eff|0|enﬁy of 21000 g-polyner/g-catalyst[err]hrq®24b4®067

g- PE/ mpl +¥Ti) of 3.9, an FR of 61.2 and a bul k densitgxwo ﬁyq
g/cnferr]. On the other hand, the polynerization using [A- 28] resulft/d in
t he preparation'of 110 g of a polyner. The polyner thus obtained had a
catalytic efficiency of 22000 g-polyner/g-catalyst]

g-PEfmol -Ti), an M of 3.5, an FR of 86.786and a bul k density of 0.42
g/cnjerr]. Upon preparation of a polyolefin, the catalyst
according to the present invention nmakes it possible to control the

nmol ecul ar wei ght distribution easily and provide a polyolefin, which has
excel l ent properties, with good powder properties owng to its markedly
high activity of the catalyst. Furthernore, according to the use of the
catal yst of thener aikeéky gredh/mdygnes ivadmelagnragibhénathe vesdlid ssatalyisic

even after | ong.t efirom <100 aie 2ad chndefyami 0001 tnidoifhe wall of the reactor
does not occur apoﬂ—$kaﬂr#ewpaﬁyﬁtﬂﬂﬁékn&ﬁ%ewhﬁchrpepﬁ¢tsv$hhg t&ﬁwhas also

continuous stable operat.ion. Wiil e the invention has

described in dePgem §H&ndmﬁpﬁtr%¥é?kﬁﬂﬁEsF&gsﬁéﬁlFP&‘@X%ﬁB?%%? tﬁﬂqﬁﬂ“e“Ftln
w |l be apparent t;?xe%esétfkékédté rbt}tEx &arésﬁﬂﬂh 9&&&%{@6%@?#

modi fi cations can De nade rein wt epar ron1the 'spirit and
scope thereof. gispersion, adjusting both the chlorlne ion concentration and

aluminum ion concentration in the supernatant of the slurry
solution to 5 mmol/liter or lower, the solid catalyst
component has excellent storage stability, is free from the
depo;itiou of the polymer onto the wall 6f a reactor even
afte£ a long-term continuous operation and provides the
polymer with good powder propertieé owing to its considerably
high activity. The present invention is based on these
fxndxngs. '

That :is, the! above-described ob]ectxves of the

YT
. g

present invention have been achieved by providing:
an olefin polymerization catalyst comprising (A) a
. solid éatalyst.combonent.and (B) an organometallic compound
domponegt, wherein the solid catalyst component (A) is
prepared by a process comprising the steps of reacting:
(A—l) a solid obtalned by reacting:

' (i) 1 mol of an organcmagnesium component
which is soluble in a hydrocarbon solvent and which
is represented by the formula:

(M')a(Mg)s(R'),(R!) (OR'), wherein M' represents a metal
atom belonginq to Groups I to III of the perxodxc

table, R‘, R’ and R' each independently represents a

REPLAGEMENT SHEET

14 APR 99%




53 _ ;/\HAT 1S CLAIMED | S: : 1. An olefin polymerization catalyst
conprising’(A) a solid catal yst conponent and (B) an organonetallic
conmpound conponent, wherein said solid catal yst conponent (A) is prepared
by a process conprising the steps of reacting:

obt ai ned by reacting: _ (i) 1 ml o uabStﬁéfelgh@ets-ouihlgg

conponent which is soluble in aghydrocarbon sol vent and which
is represented by the fornmul a:

(Merr])[err](M)[err](Rerr])[err](Rerr])[err](ORerr])[err] wherein

Merr] represents a netg hydroca®b&i! Bebapyi agdt @, Gpups, | gt andl Ir odrd he
peri odic t abl e, Ii[uerr] Rlerr] and err] each | ndependent |y
represents a _ Cregensls oddchopaiefip £ gngelakiopship; r§ < & § én%l r

e o car B8 T SRy % B0 e rstplen b
[err] 2; and k[mr-]- 2p2[€r ) £ g ++qr+ rwlt.\hthheh@rpvasd‘-ftaﬁat
represents asval ence of ?:'ré;]ents g valence of M}; and _

(ii) 0.01 to 100 mol of an Si-H Bond-containing
chlorosilane compound represl_:_e____nted by the formula:
H,SiClyR%,. (a.p) Wherein R* re’p;:';sents a Cy.q0 hYdro;-
carbon group and a and b are numerals which satisfy

10 the relationships: 0 < a; 0 <b; anda + b < 4;
(A-2) 0.05 to 20 mol of an alcohol per 1 mol of a C-Mg
bond contained in the solid (A-1); and optionally '
_ (A-3) 0 to 20 mol of an organometallic compound
relative to the alcohol and represented by the formula: M2R5.Q. ¢
15 wherein M? represents a metal atom bélonging to Groups I to III
of the periodic table, R® represents a C,.;p hydrocarbon group, '

'Q represents a group selected from OR®, OSiR7R®R?, NR1°R11.,' SR}2

and halogen atoms (wherein R%, R7, R%, R?, R0, R} and R each

independently. represents a .- hydrogen atom or a hydrocarbon
20 group), 0 <s and t stands for a valence of M?; and
reacting the vreaction product with (A-4)' a titanium

compound represented by the formula: Ti (OR?) ,X,_, wherein 0 < u-

< 4, R represents a hydrocarbon group, &and X represents a

halogen, in the presence or absence of the component (A-3), the
25 solid catalyst component being adjusted to have an alkoxy .

group/titanium molar ration of from 0.02 to 2.4 and an alkoxy

group/magnesium molar ratio of from 0.001 to 0.15.
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(ii) 0.01 to 100 nol of an Si-H bond- cont ai ni ng chl orosil ane
conpound represented by the formula: Herr]Sid[err]Rerr](ath)
wherein Rlerr] represents a (err] hydr ocarbon group and a and b

are nuneral s which satisfy the rel ationshi @!bsguﬁeaéq&ﬁ P2/4399. a
+ b < 4, (A-2) 0.05 toq#0 nol "of an al cohol" per 1 nol
of a C M bond contained in said solid (A-1); and optionally

-54- ' (A-3) 0 to 20 nol of an organonetallic conpound
relative to the al cohol and represented by the formula: .
Merr]R err]Qerr] wherein Merr] represents a netal atom belonging to

G oups | to Ill of the periodic table, Rlerr] represents a Clerr]
hydrocarbon 5 group, Q represents a group selected from OR err]

OSi R er r] R er r |s¥cdahiexaqlor phrReltr and crsgyv | W#aF@géﬂ-‘:&heﬂ'é' BRfer ei n

Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr] and Rerr] each
i ndependent | y rRafteatharly £858Rdat om or a hydrocarbon  group), 0 < s

and t stands for a val epce _Qf » and . reactl t aghion
product with (A-4) .a t%ﬂiaur%o%lcﬁ%p%i%% ’?’Eﬁnesaé“r?tugg %%L‘t]%es‘;%%r r&rglg{)lp
Ti(ORerr])[err Bﬁf‘éfa}jb 9.8 RO1behé], Ue}iﬁfidufb:]& @.5] tbeBr ASENtSer mol

hydr ocar bon group, an represents a al ogen, in the presence or absence

of said conponest & Ao-Mg borshicénsalhdd cin athestsaldnpddedt) -befhg meikeriand to
have an al koxy group/titaniumnolar ratio of from0.02 to 2.4 and an

al koxy 15 greuptetaprssithe msildd (Arld @ndrehanatanipk dspeffected in the
2 e OLeTn PolyrEll 2ol oh catal Y3t o 2Chtdl Ml e | Sh Bhdof che
above'—exempli;fied aliphatic, aromatic and alicyclic
hydrgcarbons can be used as the inert solvent. No particular
limitation is imposed on the reaction temperature but the
z:eact;.ion is preferably performed from room temperature to
200°C.
In the presenﬁ invention, it is possible to react the
' reaction product this obtained with a specific organometallic
compound after the above-described reaction with the alcohol.
The specific organometallic éompound component for
use ‘herein iS'.repreéented by ﬁhe following formula:
WRLQ..,
wherein M? repres'ent's a metal atom belonging to Groups I to
III of the periodic table, R’ represents a Cyg hydrocarbon
group, Q fepresents a  group selécted from ORS¢, OSiR7R’R’,
NRR!*, SR!? and halogen in which R®, R’, R?}, R’, R!, R! and R!?
each independently represénts a .hydrogen atom or a

hydrocarbon group, 0 < s, and t stands for a valence of MZ.
M* represents a metal atom belonging to Groups I to III of

the periodic-table. Specific examples thereof include
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used in a nolar ratio to said alcohol (A-2) of fromnot less 20 than 0.1 to

| ess than-10, ‘and sai d titanium conpound (A-4) is used in an anmount of
0.5 nol or less per 1 mol of a C- My bond contained in said solid (A1),
and wherein said solid catal yst conponery,yeftuteSsiidtRaf £41/99
as a slurry solution in an inert solvent, 2and the supermatant of 25 sald
slurry solution has a chlorine ion concentratlon and an al um num i on
concentration of each 4 muol/liter or |ower. '

55 3. The ol efin polymerization catal yst according to claim
1, wherein the amunt of said conmponent (A-2) is from 0.1 to 10 nol per 1
nol of a CGMy bond in said solid (A-1). 4. The olefin-

pol ymeri zation catalyst according to claiml, mhereln hdeﬁﬁi in said
or ganomagnesitum CesRroampl ) 2 Miiayi &g idn-thexy ) 3 BIRRER o Ht 6R-

on or be. ' 'octyt fabinihin ddd W dnaeibial fnn s dlin i nafides

claim1, V\her-‘ref'llﬁ sal ddfer alr;fﬂa nzezfdﬁj@hi r’g).ocile nd éﬁ?yféﬁﬂﬁf&rpydzéﬂfor;de,

foll owi ng for

T Lo DAt L A4 YOl ST gttt

;ggg:&};ge{g]an&:&1ethylalum1n&h Bt | 41 189kydBlih Zlh® s €ch 2ay St
diethylaluminum ethoxide and di(iso-butyl)aluminum bgtoxide;
éiloxyaikylaluminums such as dimethylhydroxyaluminum
dimethyl,'ethylmethylhydrosiloxyaluﬁinum diéthyl and
ethyldimethylsiloxyaluminﬁm diethyl; and'mixtures.thereof.
Among them, trialkylaluminums are particularly preferred,
.beéause they provide the resulting catalyst with the highest
activity. |

The complex containing an organomagnesium is
represented by the abdveAdescribed formulas
(M1)o(Mg)(R}) , (R?) (OR°), wherein @, B, P, q, T, M!, R}, R? and
OR® have the same meanings as defined above. Since a complex
soluble in a hydrocarbon is desired, f/o is preferably from
O.S.to'lo, with a 6omp1ex having aluminum as M' being o
particularly preferred.

The catalyst thus obtained has features that it has
markedly high activity for the polymerization of ethylene or
for the copolymerization of eﬁhylene and an a-olefin having
at least three carbon atoms, so that the'resultiﬁé polymer

has excellent particulate properties. By using a solid

catalyst component which is adjusted to have an alkoxy
from 0.02 to 2.4

group/titanium molar ratio of
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cl-aim 1, wherein said organonetallic conpound conponent (B) is an
organopagnesiunlcohpound or organoal um num conpound. 7. The

ol efin polrrprization catalyst according to c¢laim®6, wherein the
organonetal | i ¢ conpound conponent (B) is an organoal ugj : ;

8. The olefin polynerization catalyst accordi nggto crgl‘] 1?&%8 d124,9r

I n said organomagnesi um conpound represented by the fornul a: .
(h{err])[err](Ng)[err](R[err])[err](R[eir??[err](CR[err])[err] is an al kyl
group. 9. The olefin polynerization catalyst according to claim

1, wherein said_ti ' =AY i | ' hat
compound. &bhﬁ?&:&'&ﬁé‘ﬁ%%&ﬁaﬁ Rathiol 8£ afztdgg ANbbiN td @fL.ABN aﬁ?%?nol_creﬁglar

oIeLin pol yner i watighn dadsakilset e orflithe treswltding Bthaenei PolyBer] CRR be
said organonetallic c und .(A-3)__represented b h Ml a.. .
Merr]Rerr]Q eFPPtFS]?%‘? eés&ﬁ'YAggm“ ¢ narr‘ivi.oné?ﬁé- 0 ée?'{lﬁmép%f‘sfrer? At i on

catal yst accordigfdthe s&liadi Fatalpdercdmponht DpittheoEgan ik aaklucry csqiouridn

(A-3) represented by the fornul a: err err er i.s a_ha
_ 5 in anyinert solvent,héhe Jéﬁiviﬁg is Eerfy deté§¥g¥kted even

after a long-term storage, and ‘moreover, in the slurry
polymefization, a long-term continuous stable operation can be
conducted without deposition of the polymér to the wall of the
reactor by adjusting the chlorine and aluminum ion
10 concentrations in the supernatant of the slurry solution of the
solid catalyst component to 5 mmol fliter or lower, respectivély.
In other words, when among sblia catalyst components which are
adjusted to have an alkoxy group/titanium molar ratio of from

0.02 to 2.4 and an alkoxy group/magnesium molar ratio of from

15.0.001 to 0.15, one adjusted to have a relatively high molar

ratio is used, a polymer having a narrow molecular weight
distribution!can be; obtained. On the other hand, a solid
catalyst compénent having relatively low alkoxy'group/titanium
and alkoxy_group/magnesium molar ratios within the predetermined
20 range .is used, a polymer having a wide wmolecular weight
distribution can be obtained; As described above, the mplecular
wéight distribution can be controlled freely by an increase or
decrease of the alkoxy group/titanium and alkoxy group/magnesium
molar ratios within the limited range, and storage stability can
25 be improved by lowering the chlorine and aluminum ion

concentrations in the
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12. The ol efin polynerization catalyst according to claim1l, wherein said
organonetallic conpound represented by the fornula: Merr]Rerr](ferr] . is
an organoal um num conpound. - 13. The ol efin polynerization catal yst

according to claim1l, wherein the component (A-4) is | hey
presence of the conponent (A-3). 14. The SLBRGLAS stibet 11 |gn99
catal yst according to claim1, wherein tsge conponent (A-2) is an al cohol
ot her than nethanol or ethanol. 15. A process for 'the

preparation of a polyolefin, which conprises polynerizing or
copol yneri zi ng an ol ef i n(a ugj ng_ark b6 iypIP0bY Makl ZedbrtiaAllie! Edpound
claimed in claim 1. 16. A process for the preparation of an
et hyl ene pol ymedatime cbo cohedlaehofoand orsprsderntag gwhyhenéomulm
copol ymeri zi ng g%p'lene and.an derr]-qlefin e n‘? - |
usi ng an ol efi it #ﬁrﬁe?’??ﬁf’f’%n%caﬁe ﬁg?ﬁ% ac a%%ecﬁto# ??g%m in&"‘&?%dﬂp%”s
I to III of the periodic table, R® represents a C;.o hydrocarbon
5 group, Q represents a group selected from ORS, OSiR7RER?, NRIOR1Z,
SR!? and halogen atoms (wherein RS, R7, R®, R®, R!?, R!! and R®?
each independently represents a hydrogen atom or a hydrocarbon
group), 0 < s and t stands for a valence of M2; and
reacting the reaction product with (A-4) a titanium

10 compound represented by the formula: Ti (OR'3) X, , wherein 0 < u

‘< 4, R} represents a hydrocarbon group, and X represents a

halogen, in the presence or absence of said component (A-3),
said solid catalyst component being adjusted to have an alkoxy
group/titanium molar ratio of from 0.02 to 2.4 and an alkoxy.

15 group/magnesium molar ratio of from 0.001 to 0.15.

2.. - The olefin polymerization catalyst according to
claim 1, 5 i _
wherein said optional organometallic compound (A-3) is
used in a molar ratio to said alcohol (A-2) of from not less
20 than 0.1 to less than 10, and said titanium compound (A-4) is
used ;n an amount of 0.5 mol or less per 1 mol of a C-Mg bond
cﬁntained in said solid (aA-1), and |
wherein said solid catalyst component (A) is prepared
as a slurry solution in an inerﬁ solvent, and the supernatant of
25 said slurry solution has a chlorine ion concentration and an

aluminum ion concentration of each 4 mmol/liter or lower.

gy, |-
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57

OLEFIN POLYMERIZATION CATALYST AND PREPARATION
PROCESS OF POLYOLEFIN USING THE SAME

An olefin po]_.ymérization catalyst which comprises a
':solid catalyst component comprisin;g an organomagnesium
compound, an Si-E bond-containing chlorosilane compound, an
alcohol and a titanium compound, and a.nl orqa.nometa._llic
;:ompound compénent. The solid catalyst component is 'a.djuste‘ld.

9]

to have an alko titani lar ratic of 2-4-erlowver
Xy group/eitanium molas from 0.001 t0 0.15

and an alkoxy group/magnesium molar ratio of &-1S—ex—lower.

A process for the preparation of polyolefin_ using the

catalyst is .also disclosed.

(Figure 1)
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