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| TSUHO Al SHI MA, HI SAYA SAKURAI, YUKI CH TAKASHI, H DEO MORI TA, SH-

| KEGAM and- TOSHI O SATO (54) CATALYST AND PROCESS FOR POLYMERI SI NG ETHYLENE

AND PROPYLENE (PA'TENPASPECIRICGATION! K Ka5H] 50807791 1-
chore; Doj i mahanadori , Ki t aku, Osaka, Japan; 'a Japanese body corporate, do
her eby- @he dRBrgplidation Nu.e0Td1s, f(22) Fitkd tSMmel9isay that a pate npy be

gr ant e@=t d30 Eonention Applicaion M. #9/058137&h it is to be per@%' T oM
par t i'cﬂ'ar(gz Filed2MpetP7#n and 5 by the followi ng s
5. Thi s YehviéhiCGonyentien Applisation NeatHUP6p 515 f or pol yneri zati oyff

propy| gEe @NFebE Wapb’§neri zati on- of et hyl ene or propylf

ol ef i n_ il EY?P ApplicgtioniNo. #%119084 o a novel proce! o ssure
pol yneri és) He‘:%]; hﬁﬂéﬁé by nmeans of a catal yst d'eriv ] -

or ganoal uni F si.ym.J10 .. | eX. o , o4

10 In conr °§ﬁ%f °§ é‘°‘bP‘6"é‘é‘§§q$§fg‘"§’é\Xﬁ%r essur e . pol yrre of

et hyl ene i@yt Qf of a catal yst consisting of a conpound of . _
transiti oé&ﬁt@fpgggcgﬁ%%%%m @quf“[“yz Y1/ %08 b Periodic Tabl e and an
organonet al | i ¢ conpayshgiymetals belonging to Goups I-111 of the Periodic
Tabl e, theys RN GSsIESTHOAISHIMA dASRY ABAK AN, PORRGREd nunerous catal ysts
since the di scover yr ot ASHEGIBEO MORITACRADAYEL .. MoSt of these are, however,
so deficient in catmBGAMI aatTOSHIQ SAT@t a step is necessary for renpving
the catal yst from'the polyner and this results in higher catalyst cost. In
recent years, extensis4eCAEXEYSPARDIFRCCESS RORPOLYMIERISNG At al ysts have been

20 made with the view CETHYLENH ANDPROPYRENEYSt renoval step,
sinplifying the 20 ) L .
: (71) We, ASAHI KASEI KOGYO KABUSHIKI KAISHA, of No. 25-1; 1-
: chome, Dojimahamadori, Kitaku, Osaka, Japan, a Japanese body corporate, do
hereby declare the invention, for which we pray that a patent may be granted to us,
and the method by which it is to be performed, to be particularly described in and
-5 by the following statement;— o o
This invention relates to gatallyst for polymerization of ethylene and
propylene and for copolymerization of ethylene or propylene and another olefin.’
More particularly, it relates to a novel process for low-pressure polymerization of
cthylene by means of a catalyst derived from an organoaluminum-magnesium
10 complex. . o — : o . .
In connection with the process for low-pressure polymerization of ethylene in
the presence of a catalyst consisting of a compound of transition metals belonging
to Groups IV—VIA or the Periodic Table and an organometallic compound of
metals belonging to Groups I—III of the Periodic Table, there have been
‘15 developed ‘and proposed numerous catalysts since the discovery of Ziegler's 15 .
' catalyst. Most of these . are, however, so deficient in catalytic activity that a step is -
. necessary for removing the catalyst from the polymer and this results in higher
catalyst cost. ' _ : . . '
In recent years, extensive developments for highly active catalysts have been
20 . made with the view. of omitting the catalyst removal step, simplifying the 20
manufacturing process and reducing the catalyst cost. . o
The catalyst system known as high-activity catalyst is roughly classified into
. two groups. That is, the so-called supported catalyst resulting from the synthesis of
' the Ziegler catalyst on a certain solid surface; and a catalyst system prepared by
25 combining a solid component made by reducing a titanium or vanadium 25
compound with a specific organometallic compound, and a specific
organometallic activator. It is known that many of the supported catalysts can
provide much higher activity emiploying as suptport a halide, hydroxyhalide,
alkoxide or organic "acid salt, of magnesium (for example, Japanese Patent .
30 Publication Nos. 13050—1968, 420391972 and 42137—1972 and Japanese laid 30
open Patent Application No. 5941—1972). As the catalyst system derived from a
specific: organometallic compound and a transition metal are known: a catalyst
prepared from a solid coméaonent prepared. by reacting a Grignard reagent or a
. compound of RMgOR! made in an inert medium and a transition metal compound
as (for example, West German laid open Application No. 2,024,558 and British 35
Patent No. 1,299,862); a catalyst made from a solid compound prepared by
reacting a‘ specific organo-aluminum compound with a titanium compound
(Japanese Patent Publication No. 26380—1972); and a catalyst prepared from a
solid compound containing titanium- and vanadium compound (for example,
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manuf act uri ng process and reduci ng the catal yst cost. The catal yst system
known as high-activity catalyst is roughly classified into two groups. That
is, the so-called supported catalyst resulting fromthe synthesis of the

Zi egl er catalyst on a certai n solid surface; and a catalysSt System prepared
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specific okQ¥ gal lic activator. It is known that many of the supported
catal ysts \ provi de much. hi gher activity enpl oyi ng as support a halide,
hydr oxyhal i e aI kOXI de or orgam c acid salt, of “‘magnesium (for exanple,

by 25 conbi
vanadi um. 4 4

Japanese Pdtent ‘3 303.783050. 1968, 42039: 1972:and 2 .

42137-1972 and ﬂaem@eesaedtanudxcauéiﬂmpesvoeatgemandﬁ\mw-t:@bz)onamf REA1- 19 N/

As the cat al ystc@a}lgtSémt gatish ¢ fi %ﬁ w@cwﬂﬂé?&r tallclomomtrpound and
<!

a transition. meR c!or(?lqlg llg"ﬁ }g g%%o t%l,ﬁh re Wi lx?r(ﬂ\zg?mrpomz"nt~

prepared By reagisblva dikduttil o fHbrad 5n f fe [ tde ig.-an

i nert medium anﬂbnamiugamshetpommennncabor rﬁlﬁufacturmgé tpnexanp e, V\ést

Ger man | ai d ‘open..A¥plupve eNcbnte'El d QftalysEhayin gt et No.
L585065) | ool e AT B e Ea

t@@gamlml et ing a
speC|f|c grganoc Pl -Ahid M GIdROR 106 véhddiu nﬁcémpoand

h@mrqaghu lulmlaﬁ;anesem
Pat ent Publ i cat ¢ompoppd. 2638 197%)11? and a catal Prepar ed. froma soli d

conpound. cont ai ’S‘?Bé t ohitke 2
1,503, 779 féﬁ){%ﬁ%ﬁ?ﬁ?’ﬁ al ]ﬁ%gg au;%:%?aﬁ(g@ hubik3- 1972 and
28709 1943). Eaprhdwt (A)H:ysneacmag aI yst sbhas a sat I s act ory ‘atti-vator: perisunit

wei ght of transfithepn (‘ ! uf¥TRIs%ent Iy hi gh
activity per E‘;ﬁrisf*é',fe gﬂ, Ifeéfé gl,mg\:& lgqggz%ﬁj% XWiE¥ e cat al yst

removal- step i Sthwhanhé Yr atﬁetetnednd Isﬂécﬂ!'edl\]'rbrh lemin t)slﬂ‘R’R‘i whwaﬁlok’ve

o iy 1 £ B A A %@?ﬁ%‘%ﬁiﬁ?ﬁ%n@m”

have continued k0W8BsI Ve stu |es of” cat al yst's :havi. n Vlt per

uni t wei ght of @ippirenct: ifng,' %‘? ‘g’d‘g'

catal yst 4°s obt &f @‘%o ou ??3& eg?:l % fg;t!l ovﬂlli‘ pr ‘§’f31éCC| f i c25
organoal um num 10 a-titant -um or - -vanadi-um: corrpound with
an or gano- al um num : 10 corrpound "Accd®’ding t0 the. ‘present-“invention there
i's previded- a cat al yst “for the polyner zzg__on of et hyl ene or  propyl ene or
t he copol yneri zation. t her eof ‘Wi th anot hpr olefin, the catal yst being .
prepared by formng- a. hydrocar hon-i nsolRibl e 15 product (A by reacti ng

eit her (i ) a hy(gwrhgr%%r l&lpandslglalilé3 Ieaech %rr%‘r%oe"’}l al.l:gllnr(])l']a hrrggcar on' r%ca?%l{ﬁp ng.-

1—10 carbon atoms), ‘with -(iii) one- or more tltamum or:vanadium compounds
30 having at least one halogen atom, and subsequently reacting the thus obtained 30
: hydrocarbon-insoluble reaction . roduct (AP with an organoaluminum compound
(B) represented by the general ormula -wherein R? is a hydrocarbon:
radical having 1—20 carbon atoms; Z is selected ?rom a hydrogen atom, halogen -
. atom, alkoxy group, aryloxy group and snloxy group, an ‘m is a number in the
35 range 2—3. 35
According to this invention, it is possrble to attam as great an actmty as
30,000 g or more of polymer per g of solid component of the: catalyst, whereas,
accordmg to the patents concerning high-activity catalysts that have already. been
disclosed (for example, the Japanese Patents stated above), the activity obtained is
40 below 10,000g. A catalyst made from an ‘organomagnesium compound and.a 40
: transition metal compound has already been - disclosed - (Japanese ‘ Pitent -
. Publication No, 1546/1957). Since organomagnesmm compounds aré, however,
insoluble in inert hydrocarbon solvents, they cannot.be used to their full
- effectiveness or achieve- high- activity. To overcome these difficulties, attempts
45 - were made to use special forms of organomagnesium compound (West. German. 45
laid open patent specification No. 2,024,558, Dutch’patent No. 7,103,232 and. :
British patent No. 1,299,862). We also have found that a'new catalyst is obtainable
by incorporating a solid reaction product which is synthesized - from :a
- " hydrocarbon-soluble organoalummum—magnesxum complex represented by the
- 50 general formula Al,Mg,Ry R}, wherein R-and-R' are a hydrogen atom or . = 50-
] hydrocarbon radicals, » and' m are numbers of each greater than zero-and a . '
titanium or vanadium compound, with an hydrocarbon-soluble organoaluminum
compound. This catalyst is the subject of our patent application No: 14967/75 .
_ . (Serial- No. 1,498, 85212 and has a much higher activity than those of prior ‘art cited . .
. 5§ above. As a result of extensive studies, we have also found to our surprise that an 55 . -
organoalummum~magnes:um complex ‘having alkoxy, aryloxy, siloxy or siloxane-
groups. is soluble ‘in hydrocarbon solvents. We *have achieved a super-active .
catalyst derived from this peculiar complex, Iri’contrast, when an alkoxy or aryloxy
group is introduced, in the molar range accordmg to this invention, into a dialkyi-
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represented by the general formula [err] wherein [err] are each a hydrogen
atom or a hydrocarbon radi cal having 1-10 carbon atons; X and Y are the
saHe~e+—é+%%e+eﬁ+—aﬁd~se+eGLed-i#enk%eLL;_mheLeLa_LeLr] is a 20

hydr ocarbon radi cal having 1-10 carbon atons; [err] are each a 20 hydrogen
atom or a hydrocarbon radical having 1-12 carbon atoms; [err] , are eacR
nunber nore than 'zero, [err] 0.08, or (ii) a reaction product of q;; Pl ex
having the general fornula of [err] 25 whi ch corresponds to pH i
the general formula (i), with a Linear or cyclic 25 siloxane conpe
havi ng a3constitutional unit of" [eusﬂsﬁmmereln [err]. are each a hydrgg
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much hi gher acljoVdati E&:ﬁh ‘bf € af au@r Z0kycRbikylCar! i R resul t of
ext ensi ve st Lpdefemblyum ety lohnlt amylﬂmunylsmmrdesﬁ, dyblahexarbr
‘phenyl radxcal RS and may be a hydrogen atom or the same or different
40 hydrocarbon radlcals havmg 112 carbon atoms, and alkyl radicals such as 40
methyl, ethyl, propyl, butyl, hexyl, octyl; cycloalkyl radicals such as cyclohexyl,

methylcyclohexyl; aryl 'radicals -such as pheayl, naphthyl are preferable.
ustrative sﬂoxy radicals include - methyldihydrosiloxy, dxmethylhydroslloxy,

o trimethylsiloxy, ~ methylethylhydrosiloxy, ~'methyldiethylsiloxy, triethylsiloxy,
45 methylbutylhydrosiloxy, ' dimethylbutylsiloxy, methylphenylhydrosiloxy, ethyl- 45
phenylhydrosiloxy, methylethylphenylsﬂoxy, tripheny| sﬂoxy, a-naphthylphenyl-
~methylsiloxy. The ratio of magnesium to aluminum f/a is particularly important in
preparing  the active solid component of’ the present invention. In order to
-synthesize a suitably active solid component, it is important that the complex used
50 in the synthesis takes part in the synthesis reaction effectively under the reaction 50
' condition. For that purpose, the existence. of aluminum component suitable to :
solubilize the complex is'important. Too high a value of /e and too low a value
reduce solubility -of the complex. If p/a is: low, the proportion of aluminum
- component becomes larger, resulting in reduction of catalyst activity. As evident
55 - from Examples 10—13.and Comparative Example 3 hereinafter described, the 55
effective range of p/a is 1—10 and the preferable range is 2—6. The content of X
and Y radical, (p+g)/(a+p) is also important in attaining the effectiveness of the
_ present invention. As evident from xamples 2—4 and Comparative Example 2
: hereinafter described, for high values of (p+q)/(a+p), catalyst activity is reduced.
60 Accordingly, the upper limit is set at g;-yq)/(aﬂi) < .0.8. In order to obtain a 60
polymer having a narrow molecular weight distribution, (p+q)/(a+ﬂ) is preferably
in the range of 0.30—0.80. The siloxy-radical-containing complex is preferable
. because even if its content is increased, reduction of actm %r is less compared with
- the complex containing alkoxy or aryloxy radicals. The organoaliiminum-.
65 magnesium complex can be made by: (1) reacting an organoaluminum compound 65



or ganoal um num magnesi um conpl ex havi ng al koxy, aryl oxy, siloxy or siloxane
groups. is soluble in hydrocarbon solvents. W -have achi eved a

super-active catal yst derived fromthis peculiar conplex. In contrast, when

an al koxy or aryloxy group is introduced, in'the nolar range according to
this inventjon, into a dialKkyl - 3 '
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- (wherein M is Al or. Mg) is confi rmed by mfrared spectrum analysns and nuclear
- magnetic resonance spectrum analysns It is preferable. that the mole ratio of - -

30 - (Sl——()—M)/(Al+Mg) in the complex is 0.8 or less, in the point of activity. The - 30
. above-mentioned coordination linkage is preferable because-it-does not affect the~ .
activity, narrows the molecular weight distribution and at the same nme lowers the

chiorine content of the solid component {A]. .
The structure of the complex (i) is. not. known, but itis assumed that there .
35 results a single or multiple complex . consisting: of alummum and magnesium 35
components. This assumption is based on the fact that the réaction product made. .
from R3Mg and. oxygen or: alcohol is insoluble in. inert- hydrocarbon solvents
whereas complex (i).is. soluble. in those media when X -and Y are OR3. It is also
. presumed that there occurs an:exchange reaction between hydrocarbon alkoxyor .
40 aryloxy radicals connected respectively with aluminum and magnesium. .- _ -40
The titanium or - vanadium. compound ‘having at least one halogen. atom- o
[catalyst component (iii)] includes titanium and vanadium hahdes, ‘hydroxy halides.
and alkoxy halides,- for example titanium tetrachloride, titanium tetrabromide,
titanium tetraiodide, ethoxytitanium trichloride, propoxytitanium " trichloride, S

45 butoxytitanium trichloride, dibutoxytitanium dichloride, tributoxytitanium mono-~ = 45°
chloride, - vanadium tetrachloride, vanadyl trichloride, monobutoxyvanadyl
dichloride, dibutoxyvanady! monochloride. Those compounds containing three or
more halogen atoms are preferred. =

: The reaction. conditions between the organoalummum-magnesmm complex -

.50 and the titanium or vanadium compound are extremely important for attaining an 50 .
effective catalyst and the reaction is typically. effected at a temperature up to- '
100°C, preferably below 20°C in an inert. reaction medium, e.g.. aliphatic
hydrocarbon such as hexane or heptane; aromatic hydrocarbon such as benzene,.
toluene or xylene; or alicyclic -hydrocarbon such as . cyclohexane or

yérer suitabl e



having | to 10 carbon atons is preferably al kyl, for exanple, nethyl,
ethyl, propyl, butyl, anyl, hexyl, octyl, decyl, and the hydrocarbon
LadLQaL_LEpLESEDLﬂd_h¥_B2PJMﬂdJmLi_iiLJiLJEHIKELﬁLQHB may be al kyl or
aryl, for exanple, nethyl, ethyl, 35 . -propyl, butyl, anyl, hexyl, octyl
or phenyl are suitable radicals. As for the radlcals 35 [err] represeit
by X and Y, the hydrocarbon radical R3 haV|ng 1-10 carbon atons .may’
al kyl, a'cycloalkyl or -an aryl radical, and is preferably a nethyl:
propyl, butyl, anyl, hexyl, octyi, decyl cycl ohexyl -or phenyl radlc.
[err] may be a hydrogen atom or thesesare. or different hydrocarbonSradl‘qi
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55 ef fective Hreaﬁ'ﬁ’am tylafu chl ammu Qi ylmﬂ@éxms 2-6. The

cont ent25of X tahntadécylddmmam d eﬂtyggélﬁ:a%}lydrme adxssybut miremt hydndat tai ®bng the
(3] y E e

ef fectivenes es 2-4 and
CorTT)aE ative %gxﬂr%ﬁgg%% um di r%& gyﬁ}:iu?m .ltI}I‘l ﬁ}tloh, e, dlhls:)%ﬁpfl

@t [err]
catal yst act |sﬂ¢;¢ygdumhumeﬂuh3e,obth methylsxlomnmﬁnhrmgzleuiyl h:tdecombpmnoﬂsl mt is set

at [errL]O | n dhat 0. oht ai a . 60 aVJ n nar r IecuI ard0wei ght
di stribution, %ﬁh hr%:clzh-ﬁ E éﬂfﬁ’( %‘Ta{?flg uh ‘°°'Gac?£f5ed éﬁﬂ’r he .

si | oxy-radi calbtaOd}f éNtsdim aealytic c ferablR G4 Useles iaf its content
i s increased trlalbdsumnmmn oofdmlo'!aﬂumm rdeswhero ingenperdti hadtdaézcorrpl ex

con sl ke e el bR S
nagnesi um co yg,gnﬁ an g,am Nalldx§ @R dfidkdsum conpound
65 4. easier control of molecular weight. The reabtl&ﬂ&,tﬂeﬁa catalyst. component% gA) ' _

4 1 epr &gt e I P ehasn e Sl above),, and an

conditions, or before golymenzatlon is initiated. The reaction ratio of the
components is prefera ly 1—3,000. m mols of component (B) per gram of
component (A). .
. 'As the polymerlzatlon method there are available the usual suspension-,
45  solution--and gas phase polymenzatlons In cases of suspension or solution. 45
polymenzat:on processes, the catalyst is let into the reactor with a polymerization
medium, e.g. aliphatic hydrocarbon such as hexane or -heptane; aromatic
hydrocarbon such as benzene, toluene or xylene; or alicyclic hydrocarbon such as *
cyclohexane or methylcyclohexane Then, ethylene is added up to 1—50 kg/cm?in -
50 .an inert atmosphere and allowed to Eolymenze at room temperature to 150°C. On 50
the other hand, in the case of gas phase polymerization, it is possible to carry out .
the- polymenzatxon under the condition of 1—50 kg/cm® pressure of ethylene at a
‘temperature from room temperature to '120°C by using a procedure such as.
fluidized bed, moving bed or. mixing with a stirrer in order to give better contact of :
55 . ethylene with the catalyst. The catalyst can be added as it is, in the form of solution 55
or dispersion in hydrocarbon mentioned above. In order to control the molecular - o
weight of polymer, it is also possible to add hydrogen, a hydrocarbon halide or an -
. organometallic compound which is liable to bring about chain transfer.
The catalyst according to this invention enables copolymerization ethylene
60 and propylene with mono-olefins such as propylene, butene-I or hexene-1, as well 60
as homo polymerization of ethylene and propylene with high efflcxency
The following Examples illustrate but do not limit the invention. In the
Examples, the s mbols MI and FR have the meanings already mentioned abave
and the units o “catalyst efficiency” are gram(s) of polymer per gram of soh&
65 component per hour per kg,/cmz of ethylene pressure, 65



or ganomagnesi um conpound represented by the general formula [err] [err] is
as defined above and Qis a hal ogen) and subsequently reacting the

resul tant hydrocar bon- sol Deut sches Patentant Ausl egeschrift
2,232,685 and 5 Annal en des Chem e 605, n_or _an

alcohdl sil dehyde, 5 ketone or ester of carboxylic acid; or (2)
reactrng an ngneghesi um conpound. represented by [err] with an -al koxy,
aryl oxy or dm num or (3) reacting al oxy, aryloxy or-siloxy
magnesi um rgfe€sented by RRMy(X)- with [err] The siloxane conpounds having
t he general ﬁornula of [err] W nomrb described in nore detail. The
substituents Terrl- e

- 2 sane or. -di-f f erent.. hydrocar.bon
radi cal s having 1% %? ‘?%ﬂ hatoms Anomga,ﬁgiglhydrocaTbﬁn TaorTat s,ﬂmﬁw

wn*

et hyl, propyl, ?almel Uh-eiame;ihm dphgRy! are” pref erred. Theseu
corrpounds can be ﬂnrs&miuﬂudu igl“ 80 2 of i bm:ylmag,_ G iRd giRBL#C Or -
pol yneric (. e fterma,mmodcrfarz Rtk 5{’@ legﬁ%my@t""aﬂgeﬁdone or
nor e ki nds of thecoéréﬁ{’é’g ‘:%y}) (GaHii: n—+¢.m)§ )f’ ¥ é’ﬁ‘@[}'grfgﬁ‘?if’%mnude 5
symmetric di hydr o&aehda ] '5 d lsSu cﬁxame,':_ﬁe

soaferther. organo-

met hyl tri hygr ot rr mgneaym%bmpm °r‘¥9§t
pol yret hyl HYdr o- % ﬁ, Ihsadﬂﬂ%i ﬁﬂt
pol ydi met hyl si | ox:lmexat ﬂbﬁ’l 'E c‘:ﬂel al e ] hgrddumslwaxa;ﬁ@z )% B
with methyl grougpt namir,d tha com Q’@ Yaoel ?4‘3 ._emyﬂhsnoll ool At " eact i on’
of organoal uninu %élshn (ﬂndt,rs,y,,, &1y c?faylebepeta\rerd @d-bat in an
I nert reaction ‘nmedi um, (e g hexane hept ane, benzene or”'tiol.ueng) a_t a .. .
t enper at ur &5 of [ I gn ratro of..__E(SI —O)I(I\/g+Al) 25 7% in the
range of 0..3-5, gzr) "tmaﬁaf%,bﬁfﬁ%gm - spljd ;._Penpntthe formation of the 25
| i nkage Si -O M ?FG PFheveddUrldlrsfﬁg bvmil d 5 !Khéﬂelpmng/funﬁelsﬁd or )
i s confirmed by hgﬁeﬁfa?“g@o%' ﬁCaIiah?@ms;g{l aﬁm.i %Er%@dﬂbsonance
spectrum amal Si ®lutibi ¢ > ﬁmhrda raﬂxi 8®.0Tof err

i d sl 3? St e S separ%“’wgﬂn st ',
above- nentroned

e |fumuaf &ﬁa& gﬂ ths not '
affect 'the - actﬂemawandnﬁre : fgfeelublarsolwewgh‘so! twfakrrki ‘il%“and at: the
same-time lowers the. chlorine ;c'o ﬁt sf’!’fepfé’éi'qfd conponent |

structure gf the corrpl ex (i) 'is not - known; but 4t.i's, assuned that there 35
resul tS% | ngl mgrL tler';tmmnﬂnex consi sting of al uni num-‘and. magnesi um 35
conponents. ' Thi op Veb_' "dchaﬂrbekinevataﬁ he reaction preguct .
made: . f rom [ er r B.0amsiorofy F e A Epik %" 1?&@9911{;’0%1&1%?&%#‘%%{ d;)‘?ﬁgocar bgn
sol vents yher ea%ﬂ‘b_. = thé infiéH 'mp llfr(ff _:--drewo Y. are
OR It is™al so e cm, %‘%ﬂhep@ ' e, uéb&iemhrab&S%t ween.

hydr ocar bon al kmrﬂ .fOI' an hou rauge pressure Wlth thls conditron the pol yet y]ene up

ymerization 30
31, The catalyst eﬂ'icmncye{vea;vg; (())!())Bamed 1.02 kg of polymer MI 2 76 and l!‘vl%s.

%%'

Comparatwe Example l

Examgls | except that eyt and the polymerization were conducted Just as in ~;- '

AIM. alummum-magnesmm C
hydr%a%‘gﬂ)fl(nsoluble’)xl-'e:lc%?)i lr?r o%’l‘xiTPI"i 1 was- use‘:img:excﬁf ﬂt]: ;?2;;2?2“{32
MI, 0. 85 and FR; 46 The catalyst eff‘ clenc;“"” ‘;’8383 ggtda(;ned 1 Zys kg of polymer

35 -

35

Exa 1 '
A hydrocarbon-in. &lngeZs—;dComparatwe Exam le 2

except that .organo- was: sy nthesxzed Slmllarl as: "

_ used. Polymer, tgatxgnalumm“m'magn y “‘ E"ample T
S - usin

45 alurngmurg‘g of the hYdrocarbon~1nsoluble soh

445



40 aryl oxy radicals connected respectively with al um num and

rragnesi um .40 The titani um or vanadi um conpound havi ng at | east one
hal ogen_atom | Qat alyst conpopnent (iiji)] includes titaniumand vanadi um

hal i des, hydroxy halides and al koxy halides, for exanple titanium
,tetrachloride, titaniumtetrabrom de, titanium tetrai odi de, ethoxytitanium
trichloride, propoxytitaniumtrichloride, 45 but oxytitani um L
.trichloride, dibutoxytitaniumdichloride, tributoxytitanium rono-: * {
chloride, vanadium tetrachloride, vanadyl trichloride, nnnobutoxyv.a
'dlchlorlde dlbutoxyvanadyl nDnocqt b4l Those conpounds contalm q
or, nDre“--':::- Sam e ” S :
orbanoalunlnun}nagne3|untconplex 50 and the t|tan|untor vanadlu
conmpound are extrenely i mportant for attalnlng an  50. ef fective catal yst
and the reaction is typically. effected at a tenperature up to [err]
preferably below [err] in an inert reaction: nmedium e.g.. aliphatic
hydr ocar bon such as hexane“or heptane; aronatic hydrocarbon such as

A

i

benzene, 6t rtllcycllc -hydrocarbon such as cyclohexane
or 5 o ,-,.:ua,-~_¢' .- 1,503,779 .
5 net hyl cy nekane:1fnjorderstp achleve hlgh catalyst activity it is
recommended tpat—fhetedet-Hor—+atio is 0, 05 50 gols,” especjal.ly Q,2-5 nols,
of the orga al_ g umye neS|Jn1coanex per :nol . of ‘the. Titani or
vanadi um cjoz QTR ngrtjergof noles_f.or sai d organoalunlnun}nagne5|um
conpl ex | & sum of §a’§tﬁﬁ§m§,and n'agneS| &r.a Smﬁ)onent S.
Taki ng' e ] gradﬁaﬁhmbmﬁ§pondmng to Eh£°umiecular
. (] >
wei ght of qtr ral formul HEis3BHEPval et to 5 rﬁ)g%,,, I n order
to attain & f&divBty, the ;smﬁligéiﬁous 8dditiof $Becess in
whi ¢h two' qomMdngntd hre mt@ﬁ.»@@'éd—: Si mul aneouslt’a’y~"F|§t!2) a
reacti on z ? |~ |&sdecially sw&a;tg@.g gfhe hy@rocar bgr&'f,lﬁs_pl ubl e
reaction pfod oy lbe-tusdd—aiD diredEEs 0¥ i ded 5 he ¥ eEAEQE i s
conpl et e. 5 désinapl E homeyer, tcf Bok tgF=it figom theZed&iron ni xture
to enhancel t higs Eegrodeci 5 1 ty. pf po_I VEEd ga gm_. Bg fur h@o e@ktion ' of
the hydrocp - )50l|Tbl)€ rleaBt { on" pr ol 388U obt & neﬁ’,';#%ﬁﬁhal i de of
al um num ETHTrTom T rTHEn o o vaky 'm gﬁtg;%_' 'cat"@l ysts;'l%.g :D“ypr onot i ng
the production- of fa:golymer| -having a nbrg S&i¥.or mp@rti;cj_e-gﬁi Eé_gnd 15
hi gh bil'’k density [car bd syt hesfi-'zed.:"vﬂggaﬁtgﬁgangé unhuEgomeund
(cat al @st conponeift B) tjherje:is|used ¢ EfpEe Carg)ounﬁs.a"@ﬁ‘m <d by the
3 . L et [
generaft foymla [4qri]'$q 8 hydr pcar bcﬁﬁg@lﬁg&&' ECOHE&_J-'HI_;@-:,%%EC‘EH bon at oms
and may be| an _a_l-g.’il-p_lﬂsati;@,. :;:QQ_ g ar omidi© b 8§ cy obin h@;'r-gggaggo@ .radi cal .
The radi cal demﬁé@quaﬁ<amﬂmogmhgwmg§, ZL§¢-Gf#§gS€§
T <) - : o - fET O R I [-& .‘0-'.""4'-1“6 -
° 1lg |&E 18 = agd E S0y % 887985
s A S Rl B s<3s 005 Y £5] A -
= I U DR hg£§§g_w g X 85gE08
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hal ogen atom al koxy radical, aryloxy radical or siloxy radical and mis 2

or 3. Recommended conpounds include, for exanple, triethylalum num
tri-n-propyl- alumnum, tri-isopropylalumnum tri-n-butylalunm num

tri-isobutylalumnum tri- hexylalum num trioctylalum num _
tridecyl al un| dodecyl al um num 25 tri hexadecyl al um num

et hoxi de, .d
d|-|sobutyl.‘

al um num chgort de,.
sil oxyal u . -
conmbi nations 30 ° _thereo
30 Enploying, inge E

af oresai d hydrocar on- |nsJIubIe solid (A) results'in a highly active
catal.yst. To obtain an extrenely highly catalytic activity, it is
preferabl e to use especi al I?‘“&gz&?‘i'aq?s B/alluﬁtﬁsm

When incorporating-a radical-Z 35 “which is electronegative to for-

al uni num et hoxi de; " di octyl al um num but oxi de,
octyl oxi de, di et hyl al um num chl ori-de, di-isobutyl-
.di met hyl hydrosi | OXyfl dﬁ'i,;tum di met hyl,

Example 7.

_ethylnethylhxdro-

@gf"“‘t’ﬁ%ma%‘é%“dt ?Jﬁ?“&r%‘ﬂﬂ?ﬂ“&%ﬁﬁb‘ﬂ ORIE and t he

de, di-isobutylal um num hydride, 25 diethylalum num

U\J

(BrCalhb Kyl al uni num hydri de.

exanpl ¢ ¢ isal Kyl ahaIplopisia 87 l Mekr! lsbbiliiinds, Ik Maanbliin w63l L At 5

cat al yst tends t bexsieepiedSEhen M0t miol/oftay bbgt mbila sniatue v raoingrteisdchioride

poL et on b%tw“%%i‘ité&a@%%m D

conponent sgo( A) ~aBghmpR) .| TheRCRARIoBeaiR

6lyinery M1, B.60)aktAFR D32 G‘BendUCtﬁ;d by

addi.ng sai d bot hcmlyst efﬁenmmmﬂgﬁ% the pol yrmeri zati on system .and under

t he pol ymeri zation "~ 40 conditions, or before pol ymeri zation i's

initiated. The reaction' ratio of thegggﬁippgents is. preferably 1-3,000 m

nol s of conponent . (B)thqommegﬁamstxfEmmpaneighm(ﬂ«)mm&ﬁ-ntabﬁsﬂamleﬁnﬁrekbﬂt|on '
met hod 't here ar eth§sampesiios . t he usual suspension-, 45 sol ution- and gas

phase pol ynerizations. In cases of suspension. or solution- 45

pol ymeri z:{g on .processes, the, pg %&ﬁ;ﬁt ) ECHEL Bl L he reactor with a . is

pol yneri zat'i on nmedi um. e.g. a ati ¢ hydrocarbon stith as hexane or
hept ane; aromatic . hydrocar bon such as benzene, tol uene or xyl ene,

alicyclic hydrociﬂb@?{é’&éﬁf sofd 'Uh&%ﬁ?};, hh’sb'll §I§\)%mmfhen
ethyl ene is adde; irgd I:ttl) hydroc oﬁ’ﬁ% lﬁbl %nd

allowed to polynarwaﬁeasmwmﬂmb ted i€ vacOuth @hd thefRitropéh-purgedGiener -hand,

in the cas? of gplsc cal&t) lubjle sqlid ?§ ltO(S twpb ylout- t39e
pol ymeri zati on uf{i# th{‘;tjﬁ Y;% ﬁ‘;‘%gg‘ﬁg aE é@‘? ‘p’geséid L ene at a
Wi .

tenperat ure frorrhyde@gm, L BPEO bmiega b@b)nahﬁedaru?

gikgremtich ‘as

fluidi zed bed, ntil ugyeptessure ’rPheup mmzahoraw&t tondected fpr ome drout twht!]‘e ve better

comact or2ws’ il sttty bl st (R adoct o

it is, in-thefo spers1on|n

193cy

yUfocarbon ‘menti oned

above. In order to control the rml ecul ar weight of polymer, it is also =

possi bl e to add hydrogen, a hydrocarbon hallde or.an organonetalllc
conpound which is |ll atpé ransf.er. xOiyst

xam ano-aluml um-ma, iu

according §p thi te ool s S Q, g6, Lo RAL VeS| Wapréar eé'feﬁyfaei%?g 246 8
of tri-n-butoxyaluminum-and 6. 90 g of di-n-butylmagnesium at 80°C for 3 hours.
Then, 40 m mol of this complex and 40 m mol of vanadyl trichloride were reacted
at —20°C for 4 hours. Using. as catalyst component 5 mg of the resultant
: _ hydrocarbon-insoluble solid and 3.0 m mol of tri-décylaluminum, the
- 35 *. polymerization was performed as in Example 5. There was obtdined: 046 kg of

: polymer, MI, 2.15 and FR 33 The catalyst efficlency was 23,000,

Examples 10——14 and Comparatwe Example 3 '
A hydrocarbon-insoluble solid was obtained as in Example | by reacting the _
organoa uminum-magnesium-complex indicated in Table 2 at —30°C for 4 hours.
40 - By using 5 mg:of this solid and 3. m mol of trioctylaluminum, polymertzatlon was.
Co - camed out as in Example 8, whereby the result shown in the table was obtained.

30

35



60 and propyl ene with nono-ol efins such as propyl ene, butene-| or
hexene-1, as well 60 as homo pol ymerization of ethylene and propylene wth
i LCi _ but do not limt' the
invention. In the Exanples, the synbols M and FR have the neanings already
mentioned above and the units of "catalyst efficiency" are gran(s). of
pol ymer per gram of SO|Id 65 - conponent per hour per kg/cnR of-“' /-ne
pressure. - 65 Exanple 1. (1) Synthesi's of,] ¥
organoal um num magnesi um conpl ex In a 500m flask,. were placed 13,
di - n- butgyl magnesi um and 2. 85g of tLﬂBWMyLaIuninun1together with 280
ept@ne. The mXture was reactead. with stirring at [err] tor 2Z houar
ac Pek havi.ng -t he conposition corresponding to [err] was
synt hesi zed. This solution was cool ed down to [err] of a solution of 50m
nmol s n-octanol in n-heptane was added .With cooling gradually, dropw se for
one hour.Thus a further organo--5 - alunlnun}nagne5|un1conplex was
synthe5|zed One portlon of this solution was separated and oxidi zed by dry

air, -then Eydr | yzed |t ojconvert al kyl and al koxy groups into their
aIchoIs.Th &i fal Eg}dudkav anal yzed by the gas chromat ography. From t he
anal yti es |bagéd |6n |€t Handl | . n- but anol and n- octanol, the
conposifion of [the fiinal] cqnpliex pf oved to be
tonpar ap4 el .l LerL] (2N St hepi s of**hydr ocaBbon- i nsofubl e s& i d
conpone % qld foil st gtk |i mSi de a 500m  flask equi pped _with 2 dropping
funnel s moyed |by {pudgl dg Wi h dr gltrg@, 163  of EE- BémiEne - was
added t mocogtedTq 1 dr ] ofg pyhept dhe so?fu‘t"l‘o_rﬁ
cont ai njAg ool| _off tHhe daonyl e s@_&ent |E_d.9§d ang som Ecﬁéﬁ%pt ane
sol uti o c & & 48m|&ol| S t tanl 4rg ESt r agitgri de Snere ghasaly
i ntrodu e | & ¢ppi|RrY {BUnnets Boi;rpglse c nent § wer eg &El-igneousl y
added i hg gt [leri]] flor 2| ho@rseand ff Eher rgactef ;a‘a gt31&s .
t enper threé hqurd.  The r esuEtj g hydr gar borgi nso J;g %gl i d was
i sol-ated Wt h@n- gpeganega]d @éré 8¢ to gEye 10.89 ef.zt @m%ﬁ)hl d
product|. Byt i| Zat| B & dacEi pn B4 | iFCE aut ozl vﬂnﬁel’%\ﬁad been
evacuatjed jand it fogdn- gur ded fver el pl @(@ﬁ%ﬁg"&)@E t he. Hdr cigr%i@ﬁ gsol ubl e
reacti osn produit ‘rad¢ i1} stlep [(2) andSR.6a nole PR ri -§ sobufy’ lgwE m pl us
3 lites| of n-hg¢ptdne |prgviqusily dehydSE && ang Beghsset. B k& e Fner
t enperht ur e of |t h¢ ayt odl aye vas kanﬂ:ace?:@rf]o Efleg eVl Adgee ydlEgen up
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Exanple 9. In the sane way as in Exanple 1, organo-al um num magnesi um
conpl ex of 30 the conposition [err] was prepared by reacting 2.46 g 30
of tri-n-butoxyalumnumand 6.90 g of di-n-butylnagnesiumat [err] for 3
“hours. Then, 40 mnol of this conplex and 40 m nol of. vanadyl trichloride
were reacted at [err] for 4 hours. Using as catalyst conponent 5 ng _aof the
resul tant hydrocarbon-insoluble solid and 3.0 m nol of tri-detyl afy Npum

t he 35 pol yneri zation was perforned as in Exanple 5. Theré wa
.obtai ned 0,46 kg of 35 polymer; M, 2.15 and FR, 33. The catal yst
efficieqcy was 23, 000. Exanples 10p34qand Conparative Exanple 3.1 A
hydroqall__" . : > . AN retas—Examt R £ £
or ganoal um num magnesi um.conpl-ex indicated-in Table 2 at [err] for 4 hours.

40 ' By using 5 ng of this.solid and.3 mnol. of ‘trioctylal um num
“pol yneri zation was 40 carried out as in Exanple 8;,. whereby the result:
-shown in the table was obtained.. | 9 L5 ] I
1,503,779 [err] . 1,503,779 10 . 25 8 g2 1g g (s
10 [err] 11 T 188 | 2 1,803 F7[gEr 12
\1,503,779 _ L R T kZEExanpleS¥82}§75i(,_ Reaction of
\or ganoal um num magnesi um.conpl.ex and sEl exara—F-Hy-mThept= ol ution
cont ai ning the organoaluninun1nagnesiuﬁy;oqplexg sngHQ§' ed i n Exanpl e
il in a concentratihon of 1.0 nol/1 ywas geacted i6 5 o |= 20" flask with
50 m hept ane scéggjbg containing'é.sLEo ane‘lcompouad.
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concentration of 0.5-2.0 nol/| based upon Si--O Wth regard to the
or ganoal um num magnesi um conpl ex, the sil oxane and the reaction conditions,
those indicated in Table,5 are used. -

l'i nkage (wherein Mis alum numor :10 magnesi um was carried out by
concentra above- ment i oned reaction 10 product and determ ning the
anount of ganeyated at the tine of decorrp05|t|on with water. (2)

Synt hesi % gcar bon-insol ubl e solid By using the same nethod as :
Exampl e T under the conditions of Table 5, 15 t he synthesis of a
hydr ocar bonnl nsol ubI e sol id was carrl ed)wm : 15 (3) 12 _

Pol yreri za @‘U .
(2) and varlous I U SRARS %1%&7 dﬂ f‘a!- 5 1 aut ocI ave -
whi ch’ had been & r\?a%glt[&ﬁa;& Hegiga@uumxﬁra ﬁﬁmgade rg omlﬁm&gemagnmget her -wi th

dehydrated, 20 comple:d aheﬁample Vwalcenqehfeatlonsf ldémolé eadtedie of t he
aut ocl ave das ndj nceﬁ% it “)"? %ﬂ’j %‘Bﬁa i H?"G@ p%fﬂ‘& REhyl eme
were raised to fhCykg! kg R ﬁ&lﬂdnnnu umofnbm thé tildxdddanbexane - .
vapour pressur etﬁeheadhohabn toﬂs&hﬂsethed nYT lﬂeﬁ e. PoI ymeri zation vvas :
carried out for on&hth asumemeomne 1 en ‘g’f‘;‘gﬂ?"kg/ cg?
gauge by ‘Aeedi ng EREYTRM ef %égﬁ?'%a ae{h he tlme"fﬁbl e > was.
obt ai ned. ?Ze)cgmpgsxt:onfv\ﬁttcli watelt" bl solid
1,503, 779 - ynthesis of hydrocar on-insoluble soli
) ’ : B th thod as Example 1 conditi
1,508, 779 15 y us:sI:E ofeas%merg::earbon-ms Nuble - sohﬁn%u?&gﬁ 15 taﬁﬁ{%ﬁ"} ed) Caﬁs‘?‘ ! ySt
Pol ymeri zati ¢ 1% AR AL | on result pressure ganoal umi num
. . conpounds - Five mg’ of the -mﬁhhlylsghrbsynthb’sleﬂdn (and [verieus ( anount
ysed mmi) . s Smop e ?33‘; AL Pt e B o)
. acual

(0.5) 24-3 " degass h ane W Tl’é‘ﬁfmﬁndf re o th@a clave w ifthined at 20
(2.0): . 1.0 85°C. t1513p ssure of hykitogen and®édthyl ﬂﬁwere tx;alﬂecgo the vallied 1§:l|7¢ﬁtge/d in

t wit n r pressuye the total pressure was cm
(1.0) .. 1.0 g:g: gﬁ?ﬁerﬂaﬁgewggc:rﬁdg llclmlt) for‘go%e hour “Il)hlle holding ‘the -total

: pressure at 4.7 kg/cm? gauge by feeding ethylene, whereby the result shown in -
25  Table 5 was obtained. o _ _ : 25



[err] (0.5). 1.3 2.7
1.3 2.7 259: 19,00 7.2
0.7 3.3 343 29,700 2.1

286

21, 200

26 (2.0) [err]

26 WHAT WE CLAIM | S: -

6.8

27 [err]
(0.5)

1. A catal yst

for the polynerization of et hyI ene or propylene -or the copoFyrrerr zation:

~thereof with another ol efin,

a hydrocarbon insol uble product (A) by reacting:

a hydrocarbon-sol ubl e organoal um num nagnesi um conpl ex represente Z
fornmula [err] wherein [err] are each a hydrogen at om or

‘gener al

ei t her

;the catalyst being prepared by 5

hydr ocar.bon radr caI havr ng 1- 10 ciar ) atoms X and. Y are the san
differen S a¥as ] - i
raelrc‘a‘r‘ havji n 1 10 Cdlr bgn at onsy [err]- are each-a hydrogqn atom or a 10
hydr ocar bony radi clag =hagi ng - 12 kafbon 4t @¥s; [Erf] arg¢-edcta rjunber nore
than zero, {erl] GE§’0 o] (‘?r) al. treactilorm product of g¥cd rrpi"ex havi ng t he

-general : fdrmul a cﬁ Frr whi ch fcorrespdnds To p+g=0 rq te gengral fornula

(i), with g lijnedrs o cor c"yclhc‘siloxane cpnpound [RaVi g -a- :
. . - o = () . L
constitutignal] u H“‘of - - . [ery]=(whed&i ) [Rrr]] are each a

. hydr ogen atjomjor ‘rtydrogar o Tedrcat—ravr gt to—carfyon at_urrv‘ﬂ, Wi t.h
(ii1) one gr morqdi tqsam dmgor varnadr um jcappounds ghavi rg gt %ea t one 20
-hal.ogen atdm fJan %tﬂtﬁgq edily rea;otl nglt e thus @bt ai nod $ ' _

" hydr ocar borf- i'nsol &bl € T2¢ react i onwpr oddrctg(A) Wi t%h an {er ganeal ym num

- conpound (B) rleprlesentedtby—the—generatermtaerr—hrederr—drr] is a

- hydr ocar bon 'rédr dal uoh.a)LI g l-20"} carbonjatons; ¥ is sellectled.frgm a -

. hydrogen atfom hd ﬁ)ﬁélua foy al kloxy grompNaryI OX¥ gr oyp: gndssi ljoxy group;
and mis a{nunber| if T fre range 3. 25 2. A cqtaljyst adcording to
Cl aim 1 whdgreijn rleacti on product{ (A) Ts Torrred -Z5 Troma o
hydrocar bor}- sql ufl e ‘cogp Ilex contjai ni ng an o‘rganFmagne_si umjbond, Jand havi ng

- the generalf fqrmjl og o[ err_} ( erein [érrk and s_are gs_ defined in claim
'1). 3. A cdtallyst Edl dl a®m | \phetein feRcti onoOprioddct |(A) is
formed 30 turcm the° e ctr on pFoduct an pr §anoall@niindm mdgnesi um
conpl ex hai ng3 he %0 géneral ftlormula [ferr] (wherein [ferr]] and s are-as

_defined infclgign|l) W &hiadinedr ar cyd | i si'l Dxane cd lpﬁpcun.g havi ng one or

" nore. units [hayEng thé_’r eferal- f rnul aof [&r] ]| & S S o

B . '
w [ |5 |8 . T = . :
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14 1,503, 779

14 TABLE. 5 (Continued) Catal yst Pol yneri zati on
Pol yneri zation result pressure O ganoal um num conpounds
Hydr ogen Et hyl ene Yield Catalyst (amount used m mol) [erT] ferri
g efficiency M 'FR [err] (0.5) 1.3 2.7 327 24,200
2.0) 1.0 3.0 325 21, 700 . 4.5 27
1.0 3.0 264 . 17,600 3.5 25 [err]
2.7 286 21,200 = 6.8 27 [err] 1.3 .
7.2 26 (2 i - C4H,) 0.5 . 0.7 -
! 20700 2.1 95: \Aﬁl&?ﬂl& r‘JAIMIQ- 1(-A2‘atalvstl‘l‘or~
t he pol yrrerl zation of et hyl ene or_ BABbY | Seffentinued t he copol yneri zat i on \’\
t hereof wi'th arbtdwet ol efin, . {hePdmbaizyddn belng pp@mgglﬂxesﬁn , ﬁ ormng ™
a hydrocarbon-insaluble pr odiic _(A)P95? eact i dg: - ei ther . 5 (1) a .
hydr ocar bon- soIQEEﬂneal'engnoal um{ num magnesi um gonpll ex repr sent eE by T he y

general formul in é[g% sen ] Ethylean 4 Yie r%@
hydr ocarbon ra r.'rcé'ﬁ‘ £} ﬁ’(f:]’ 1-10 ? S B ﬁ m%Ror
T 19hef er g4l =7

different and agie€g ng TR _ i) 24 :
radi cal having_1- carbon _at ofbs: lerr]; are.each @ hy_rogen atonz or.-a 10
cabolh ‘asons; azaxdziewl angiefich a nunber

hydr ocar bon r adit€aH,Hhavi; ng eyl )
nore than zer o—ferrl Lii) a—reactionlnroduct {of conpley havipg t he

general formul 218CHDr 1] Wi-®h| cotPes )-b'n'a«-g to|BegF0 17 A0 he Fénef @5 fornul a

(i), with a "W?@b_ﬂt& —yychie$THyraneTt -8 Al ERCy ay
constitutional :uni't*gf @3, : i3 y1/-32 \B’gér« Hi ??" é'?? hr % ea_ch a
hydr ogen . at om Q@f(ca, pysqu;@gayrbon raggcal ngyl ng |254) cqgmn Et%m) 26 . W th

(i) one or nore £1tan: umxmn Yanadi um: conpounds’ having ‘af | easf one 20
hal ogen atom and_subsequentlylreactipg the thus @btained :

hydr ocar bon- i nd#i-Gilde = 20 ﬁoe‘-'ac i oBTpr )dué@ (A 3\9\% 1 h2%&#000r | ;ahéal L% num
conmpound ( B) represented py—the—gererbt—Forrtle f b -] ~“whef-eti—R—+s—a
hydr ocar bon . r adi cal “ﬁwr CLAM d&r-bon at oms Z is select ed froma hydrogen

atom hal ogen atgq plyp Sugthylepe oF |Rg diptieand mis
a nunber ingthe f °1 e E%mc oﬁ‘gﬁlgp du (gei,ﬁixca alygt, Yoig Barf"g & ai myg

wherein reaction pl‘ cAgbon-solihdé orgahoald mum-magnesmm complex represented
. . -, by the general formula Al Mg;X Y RIR? wherein R' and R? are each a hydrogen
atom or a hydrocarbon radlcala having 1—10 carbon atoms; X and Y are the same.
- .. or-different and selected from OR’ or OSiR*R°R® wherein R is a hydrocarbon .
10 ~  radicdl hiaving 1—10 carbon atoms; R*, R® and R® are each a hydrogen-atomora. . 10
' . hydrocarbon radical having 1—12. carbon atoms; a and B are each a number more o
than zero, pla=1—10, p+q+r+s=3a+2p and 0< (p+q)/(a+ﬁ) '<0.80, or -
(ii) . a- reaction product -of -a complex Raving-- the general formula of -
Al,,Mg RIRZ, which corresponds to p+g=0 in the general formula (l), with a linear
15 . or cyc ic. s1loxane compound havmg a constltutlonal umt of . . 15

R _
N
I

(wherein R? and. R® are each a hydrogen atom or a hydrocarbon radlcal havmg
-1—I1Q, carbon atoms),
. -.with (iii) one -or more titanium: or vanadlum compounds “having . at least one
20 - halogen atom, and subsequently reacting the thus obtained hydrocarbon-irisoluble =~ 20
. réaction fprodur.:t (A) w1th an organoalummum compound (B) represented by the -
-genéral formula AIR} Wwherein R? is a hydrocarbon radical havihg 1—20" -
- carbon atoms; Z is se ected from.a hydrogen atom, halogen atom, alkoxy group,
- aryloxy group and siloxy group; and m is a number in the range 2--3. :
.25 2, A catalyst according to Claim 1 wherein reaction product_ (A) is formed - 25
: -+ froma hydrocarbon-soluble com;lxlex contamm ‘an organoimagnesium bond, and - '
having the: general formula of A Mg,X,YqR,R, (wherem Rl R2 X Y,a:,[i,p,q, y
and s are as defined in' claim 1), .
: 3. A catalyst according to claim 1 wherein reactnon product (A) is formed S
30 from the reaction product of an organoalummum—magneslum complex havingthe - 30
; general formula Al .MggRIR: (wherein R', R%a,8,r, and s are gs defined in claim 1) '
with d linear or cycllc siloxane - compound havmg one or more. umts havmg the
_general formula of - _

U
L



from a hydrocarbon-sol ubl e conpl e#mmﬂﬂg%[%?normgnesi um bond, and
havi ng the general formula of-.‘_"--.-'--![?ier}r] and s are as defined inclaiml). 3. A
catal yst according to claim| vvhergmmmﬂﬂ' ct (A is fornmed 30
fromthe reactien/praduct of an or gaids mm,” Esi um conpl ex havi ng the
30 general fagfna ] (wherein [errf ate "s detined in claiml) with a

| i near or cyq g{ane conpound having one or nore units having the

general for 15 1.503.779 - 1,503,779 w
(wherein R7, R—s ef 3R SRt he mof—a-diner or a 147
pol ymer greater.than diner. 4. A cata"MSLEt&mtin® to claim| wherein X  ¢J (
and Y of “sai d or g&amdistimi num naghésiPobme PI € PRRnedza0iyn td3k: 0ENeET al
formul a of [err] -a+e~5— each or —an—aryl oxy. radical .

5 5. A catalyst aQlBreAmT Q aj wher, Y lof. said- N P

S

or ganoal uni num | | ex g"%%‘q 'gi"'ﬁy- Yiddlg &ateivat kormulf of °

[err] are siloxy. rad.@gggrﬁg‘gﬁese ted Y o %@ﬁm"é{{oﬁwgi RI%S% .
6. A catal yst ;accas@cmp,to cl .5m 1, 4.30r [S Whererjnherris mb Spigdi | 30 @
or ganoal um num ' onplex irepresented by the generall fornula
of [err] is in 16XEdkIrange &02{6. 10 "4 cat@l yst32dcoridiong | ot.Cl af 271, 4

n—

or 5, wherein [er . _ in
the range of 0.302¢ 810z dat a"rtgst- ats¢é nés of
claims | to 7, WIRREERL YT T ant gR,ot : vcnagi_pm OJ%Q o8 U T
tetrachl oride, nonobut dxytitaniumitrichlgride, ngnoprlopoxyti tfanisum] "

trichloride, nonoat@gkyikoarhwm tyi chlsorijde,2.vangddisy tgtzoachr or3 dg, ‘26 .
vanadyl trichloride or. m xturé&s0of the aljove-nentjiongd conpounds.- .} 9. A

catal yst accordi ng;‘-t-g_an.y—ene-gi—u—a-a-ncs—l- A—sai-d-lor-gan 20
al umi num magnesi ufG-Eél ex . | S“-sr)etct &d wi

thshi d [t34%dni % or| ahadi &6n
20 conpound. at a:

. T T A TatatysStaccorur gt o
any one of clainms | toWHATMNE @Lfﬂll\s{ H—obﬁano,al uni num magr'ﬂesi um conpl ex
comenent and 1 an gl SRS A FRMIBER R AR SRRt
added to a reagti‘onforaig a Kydfdehibor dnsoluble [pPetubt Q) bp r@uetifg: efther T
25 11. A catal yst accofidh myglracarbepsoloble organealuminun-magnesis@ ontnpleg ropresedted

. : : ; ral 1, : herein IR! 2 4 IlH:Flr n .
organo a'.l' um nurm mﬂﬁ%ﬁiﬁ?ﬂydégm%d& %ﬁ%&%%@ﬁ a ﬁlsﬁ )ggﬁlg%re ] :gge, :
vanadi um . or different and selected from OR® or OSiR*R’R® wherein R?® is a hydrocarbon
10 radical having 1-—10 carbon atoms; R*, R’ and R® are each a hydrogen atomora- 10
hydrocarbon radical having 1-—12 carbon atoms; « and B are each a number more - * '
than zero, f/a=1—10, p+q+r+s=3a+28 and 0< (p+q)/{a+p) <0.80, or _
(ii) a reaction product of a complex having the general formula of °
Al Mg R1R2 which corresponds to p+q=0 in the general formula (i), with a linear
15 or cyclic siloxane compound having a constitutional unijt of . -
’ - ’ R - ’ : ’
|
—Si—0—
R -
(wherein R? and R® are each a hydrogen atom or a hydrocarbon radical having
1—10 carbon atoms), . . : J - . '
- with (iii) one or more titanium or vanadium compounds having at least one
20 halogen atom, and subsequently reacting the thus obtained hydrocarbon-irisoluble =~ 20
reaction _{product (A) with an organoaluminum compound (B) represented by the
general formula AIRI}Z,_., wherein R® is a hydrocarbon radical having 1—-20
carbon atoms; Z is selected from a hydrogen atom, halogen atom, alkoxy group,
aryloxy group and siloxy group; and m is a number in the range 2—3.
25 2. A catalyst according to Claim 1 wherein reaction product (A) is formed 25
from a hydrocarbon-soluble complex containingz an organomagnesium bond, and
having the general formula of Al,Mg;X,Y RiR? (wherein R', R?, X,Y,n,8,p,q.1,
and s are as defined in claim 1). . .
3. A catalyst according to claim 1 wherein reaction product (A) is formed :
30 from the reaction product of an organoaluminum-magnesium complex having the 30
general formula Al, Mg;R!R? (wherein R}, R%,5,1r, and s are as defined in claim 1)
with a linear or cyclic siloxane compound having one or more units having the
general formula of ; :
R
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conpound in a ratio of 0.2-5 nols of the former to one nol of the latter.
12. A catalyst according to any one of clains | to 11 wherein said 30

organoal um num conpound represented by the general formula of [err] is 30
trial kyl alum num or di al kyI alumi num hy ride. 13. A catalyst according to.
any one of ctaimst—to—312-wherein said conponent (B) is reacted with\said

conmponent (A) o of 1-3:000 mnols of said conponent (B) to,
sai d comonent’ﬂmﬂﬂiuyﬂmum 14. A catalyst according to daim yq,
substantially ny one of the 35 Exanples. 15.. A p
for poI ynpjl zing et hyI ene or propyl ¢gg @5 . copol ymerizing ethyl ene Q,r

et . -
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16. A process aCQOA htaystlabcopding 13 cladm $ WhSreAN Ardll Y Of s@&8 offRAGNnlAGN-i N any one
of 40 the Examgghessim domplek rgmrksgnted bpthe@emﬂymlamfmmmg,kamr ocess
accordind to cReh ﬁ‘X?LlSO"(era@ tered | tent Agené s,
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7. A catalyst according to Claim 1, 4 or 5, wherein (p+q)/(a+p) of said
organoaluminum-magnesium complex of Al,,Mg,,XquR,R, is in the range of
0.30—0.80. . _

15 8. A catalyst according to any one of claims | to 7, wherein titanium or 15
: - vanadium compound is titanium tetrachloride, monobutoxytltamum trichloride,
monopropoxytitanium trichloride, monoethoxytitanium trichloride, vanadium
tetrachloride, vanadyl trichloride or mixtures of the above-mentioned compounds. .
) 9. A catalyst according to any one of claims 1 to 8, wherein said organo-
20 - aluminum-magnesium complex is reacted: with said titanium or vanadium - 20
" compound at a temperature lower than 20°C.
10. A catalyst according to any one of claims 1 to 9, wherein said
organoaluminum-magnesium complex component and titanium or vanadium
: compound component are simultaneously added to a reaction zone to form - .
25 reaction product A. .25
: 11. A catalyst according to any one of claims | to 10 wherein said organo-
aluminum-magnesium complex is reactéd with said titanium or vanadium
compound in a ratio of 0.2—5 mols of the former to one mol of the latter.
: 12. A catalyst according to any onme of claims 1 to 11 wherein said
30 organoaluminum comgound represented bdy the general formula of AIR3Z, . is 30
trialkyl aluminum or dialkyl aluminum hydrid

13. A catalyst according to any one of clatms 1 to 12 wherein said component
(B) is reacted with said component (A) in a ratio of 1—3,000 m mols of said
component (B) to 1 g of said component (A).

35 . 14l A catalyst according to Claim 1 substantially as described in any one of the 35
xamples.

15. A process for polymerizing ethylene or gropylene or copolymerizing
ethylene or propylene with another olefin which comprises performing the
polymerization in the presence of a catalyst according to any one of clzims 1 to 14. :

.40 16. A process according to claim 15 substantially as described in any one of 40
the Examples.

6 17. A polymer or copolymer produced by a process accordmg to claim 15 or
16.
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