-1- fin Polynerization Catalyst and Methods for the Preparatlon and Use
pro

f The invention relates to ol efin polynerization catal ySQQSﬂ?O‘\a r
LOI’] t hereof and the use thereof in olefin poly- nerization :
I.n the production of polyolefins, such as for exanple poly- 5

et hyl ene pol ypropyl ene, ethyl ene-butene copolyners etc. an
i nportant aspect of the various processeas and catal ysts used to pr oduce .
suth polyners is the productivity. By productivity is nmeant the anount or (

yield of solid polyner that is obtained by enpl oying a given quantity of
catalyst. If the product; 10 et unt of
catal yst residues contain i%‘ %‘ﬁ 5?’ %ﬁegng mgggfga%mhe presence
of the catal yst residues doe °’I:|or't Fecaauy a g# e _properties of

t he pol yner and the pol ynmer does not reqw re additional processing to
renove the catal yst residues. As those skilled in the art 15 are
aware, renoval of Tbatinvestion eselates 4 onhefdnl pabymerigatione caEALYSFS,
process and it is very desirable to enploy a catalyst which provides
sufficient prodbetiPFePgralomhatherecsl yand reks duee r Sherrat i netefiacadary.

In addition, high productivities are desirable in order 20 to mnimze
cat al yst costsme”ﬁ?él"@’r"o?’é"’leﬁs?i desirabl e to devel op new and i rrproved

et lvi o1 O Mokt Bhe PR BRESR ok BRLTTIRE) Such B FOE e R o1y
p uctivities. p !
meri zations cat glyst, i CBoiipr%WEeﬁ Jat e%‘;ﬂe&é.%we AN Yoblddts etc., an

important aspect of the various processes and catalysts used to

produce such polymers is the productivity. By productivity is

meant the amount or yield of solid polymer that is obtained by

employing a givenﬁ quantity of catalyst.. If the productivity is

10 high enough then the amount of catalyst residues contained in

the poly;mer is low enough thét the presence of the catalyst

residues does not significantly affect the properties of the

polymér and the polymer does not require additional processing

to remove the catalyst residues. As -those skilled in the art

15  are aware, removal of .catalyst residues from polymer is an

expensive proéess and it is very desirablé to employ a catalyst

which provides sufficient productivity so that catalyst residue

removal is not necessary. |

In addition, high productivities are desirable in order

20 to minimize catalyst costs. Therefore it is desirable to de\}elop

new and improved catalysts and polymerization processes which
provide improved polymer productivities..

In particular, the present inventioﬁ and olefin poly-

merization catalyst which is such that when used in an olefin



-2- polynerization process not only does the catal yst provide inproved
pol yner ®productivities"as conpared to. prioor art catalysts but the
pol ymer - produced also contains catalyst residues in such small anounts — -
that™catal yst.resi due renoval is unnecessary. 5 - : " In accordance '
wi th*a princi pal aspect of this invention there is thus provided a nmethod:
-of ~ fjs eparing an ol efin polyner- izati ap.-cat al yst which conprises (A)
reaa,gti ng in an inert solvent or diluent a dihalide or hydroxyhalide of a
metal - from Goup I1A or 11B of the Mendel eev 10 Periodic Table with a
titani um conpound in which'the titaniumnetal is bonded to at |east one
at om of oxygepolynietizgaronoprmés‘su npt asrilys does chygmtalpst rPogeideanupsaviefiur
atom(s) in turn being bonded to a carbon atom of a carbon contai ni ng
radi cal ; B) ' pelmerngriodecpividies ab Stompared ntq herlpwre%rEc@a@alxﬁt@ Tmt _
same or different solvent or diluent wth an_organonetallic conpound
of a netal frbthe Gpolipner, prodwced| |algp tchatainsdetat@lyser reghduesaine uedr eby
to precipitate a solid organometall o conplex of said Goup I, Goup Il or
Group Il netapmaldnameynts Shafmcatahipt: Residie aemvg&nwam%aﬁbwm ex -
obt ai ned é in St ep B fromthe solvent or diluent ITEdI% and treating
ted

t he separ solid %oﬁ’ﬁ?%‘i@%?h"&t@rangF}‘i‘%?aﬁelaéPe%l‘? l}}ss APREPAPR i on
exchangi ng med] As .used e ein the éeém 2 Mendel eev Per e T ble" is
meant Lhe Per FRERS: SpaiiEsoProvided RS ST o Pt PPREIRT 25
cover of I neer’ Handbook, 4th Edition, -

Pey rQ’t’l:.on catalysL wh:.c ompr:.ses
-(A) reacting 1n an inert solvent or diluent a d1ha11de _
or h}"droxyhalide of a metal from Group IIA or IIB _of the Mendeleev
10 Periodic Table with a titanium comp'ound in which the titani_um
metal is bonde& .to at 1ea§t ‘one atom of_'oxygen, nitrogen or sulfur,
and said oxygen, nitrogen and sulfur atom(s) in turn being bonde_d
to a carboﬁ atom of a carbon 'Cohtaining radical;.' |
B) reacting the pr.oduct. of step A in the presence of the
15 same or different solvent or diluent with -an organometallic
compound of .a ‘metal from Group I, II or III of the Mendeleev
Periodic Table thereby to p.r'ecipitate a solid organometallé complex'
of said Group I, Grqup II or Group II metal; and
.C) sepérat:_ing the solid orgénometallic complex _obtaine_.d
20 in- Step B from the soiveht or diluent medium, and tfeat:i.ng the
separated solid complex with a transition metal_ hglide as a 'halidé
ion exchanging medium. .
| As used he‘réin the term "Mendeleev Periodic Table" is meant

the  Periodic Table of the Elements as shown in the inside -front.

25 . cover of Perry, Chemical .Engineer'-s Handbook,. ‘4th Edition,

" McGraw Hill & Co. (1963).



MGaw H Il & Co. (1963). @ -3- As noted above the first-nentioned _
Neactant in step Ais a dihalide or hydroxyhalide of the-nmetal. frof G oup -
@ ILA-and Goup IIB of ‘the Periodic Table, such_ as for exanple S
A bgr"yl | ium magnesium cal ciumor zinc. Sonme suitable netal  halide.

conpounds 5 i nclude for exanple,. Dberyllium di chl ori de, berylilium - -
di brom de, beryllium hydroxyi odi de, __gagnesi um di chl ori de, magnesi um Ay
di brom de, magnesium.  hydroxychloride., ‘' magnesium  diiodide, ) 'J :

magnesi um di fl uori de, cal ci um di chl ori de, Ca__l ci um di brom de, cal cium
hydr oxy- brom de, zinc dichloride, zinc difluoride, and zinc hydroxy- 10
chloride. Wil st Asenatedyatoyryithei §irstonpouioted areadtaphnin nstere Aarits, t hey
are not as conmmon and as readily avail able as netal dihalide . conpounds;
therefore, anetisplidh rahv@eyhaliee qfr etlee r BetalofroneCraurall1di pagdi Geanp
magnesi um di_hal i des, .and_particul arly magnesiumdichloride is preferred
because jt ildBrcofdi ItheavBeTigiie fgblegnguch cjagtifrn yexanpdepbalivddidhd has
provided excel lent resuJts. The netal _dihali d%eb conponent is general ]y used -
in the for mM88Refi UlnhGRIGYE, Opafiiceul 3% SYitaPleometali IPptide GomRowRds tion
with the transifion netal conmpqund... It is, al.so0 noted.that, K yarious :
techni-qﬁes J‘f"c')f“dt‘°"c erTPRE-% n&eﬁrl_hﬁ‘ﬁ'liidagf-?%‘)d'r’rgﬁtjn%eryga)“ﬁ" 4’1}{’58'" v ‘.
particul ate form. such. as .example roll..nidli.ng, reprecipitat-.ing, ~ §
bre Coan pleteRiBoRp R SR Whrot 1 Ehiers B8, sERRERRLEL SRS g (o
the present yhg¥@RLAON 898 Akt SHER, 20dbpialn PT CRAAAEN OfndghEs it 2!

hal i de- conp pr onot es e reaction’ _
difluoride, calcium dichloride_, calcium dib:omide, calcium hydroxy-

]

bromide, zinc dichlbride,_ zinc difiﬁbride, and zinc .hydfoxy-
10 chloride. Whilst metal hydroxjrhialide compounds are known in the
art, they are not és _commbn axid as f_eadily avéilable as metal
dihalidé cbmpo'unds; th_erefor_e_, ﬁxet‘al dihalides are p;‘g_fe'zjred.'

of the' metal dihalides, magnesium dihalides, and _particulaley

' magnesium dichloride is preferred because it is .re.adilglr available
15 andl relatively inexpensive and has provided excellent results.
- The metal diﬁalide componeﬂ; is generally used in the fofm of
an anhydrous, particulate solid to facilitate its reat:tioh with
the transiﬁion metal compound. It is also noteld' tha_t Qa_rious-
techniques = for converting a metal halide c§mpdund-- to é fine r
20 particulate form, such as f.or. example roll milling, _r'eprecip_itat- ;
ing, etc., can be used to prepﬁre the ':metal halide compound for !
use écc_or_ding to the present invention and that such additional .
_'preparation of the metal halidg-, compound p:_dmotéé. the reaction

_of the metal halide compound with the titanium compound; however,

25 it does not appear to make any difference in a catalyst of the
present invention .preparated from a comEosition of matter of the

present invention if the metal halide compound 'is in a fine




of -the netal halide conpound with the titani um conpound; however, 25 it
does not!'*appear to-nmake any di fferece in a catal yst of the present @
i nvention preparated froma conposition of matter of the present invention

i f ~the metal halide: conpound . is in a fine- particulate form that
i g, polyrrer productivity for -exanple is not a- functlon of the size of the
parti-cl es of the metal halide conmpound- Preparation of . netal

hydcoxyhal i de conpounds are desciibed i.n K. Soga, S. Katano,. Y. Akinoto
and T. Kagiya, "Poly- 5  nerization of alpha-Gefins with Supported

Zi egl er - t ype pastigulete” form) yHRat Jhtw neglymes| productivity for examples/is
(1973). Hereinafter the ti tanl um conpound used in_step. A.is era
referred to &0t"an&upetied ©Ofofh ﬁeﬁé‘Fe ‘bq'rp’ﬁ'ﬁ garticles ‘Ffer'WFi Qg ﬁ) %ee
conf used vmththetran3|t|on et al l.i de whi.c

ed t
the halide i&fme%WangeP® ﬁ%?ﬁrﬁﬁi‘méncP |m8ﬁal aé‘y\af?’fybﬁéli"ee??°ﬂg‘l?‘g\dﬁ;f %’g‘?’

f bl d | t t t lid
o be used desenlbenan ko rRedr 57 kAR, oy Aot G ST TrelE oy
b ed. f : . t
L 2 i A O P s A

titaniumtet [ UNAeTdels =Y olV]| oxvg?s zarﬁ ) aﬁgefﬁ@rm kg@w um corrpounds

because t hey 'l en résu are rea ‘avai | abl e.

Sui tabl e ¢t ani um m}amm?caem' P1keRi GO RGOSR NEdedderd h@g@Rp expr essed
by the general formula 20
generally referred to as "the transition metal compound" which
term 1s not to be confused. ‘with the trans:Lt:Lon metal halide which
'10 1is used in 'step C as the hal:.de ion exchange medlum, and which,
as will be -seen'hereinafter,_. preferably is a titanium halide,
although .othef transitio.n. metal h_alides car.1 be used., As thé
' transii:ioi.l" metal compound used in step A there may be used .for
" example titax.:'ium' te_t':rahydro’caz_'byloxides, ‘titanium tetraimides,
15 titanium tetraamides and titaﬁium tetrameréaptides. _ |
. The titanium tetréhydfocarbyloxides are the preférre_d
titanium compounds beéause théy producé excellent results aﬁd
are r'eadily' available. Suitabie' titanium tetrahydrocarbyloxide
compounds includé those expressed by- the general formula
20 : |  Ti(OR),
wherein each R is individually selected from an alkyl; cycloalkyl,
aryl, .'alkaryll, a_nd saturated afalkyl hyd;océ;'bon radical containing
" from gbbnt 1 to about 20 carbon atoms per radical and each R c'aﬁ
‘be the same or different. Titanium tetfahydroc'arbyi ‘oxides in
25 which fhe_ hydrbcarbyl' . groﬁp cohtaiﬂs from about 1 to .about 10
c'arboxi atoms per radical are most often employed because thef

are more readily available. Suitable titanium tetrahydrocarbyl-



~ein each Ris individually selected froman alkyl, cycloal kyl, aryl,
3 yl, and saturated aral kyl hydrocarbon radi cal containiing. from ab®ut % -

.. tlVgbout 20 carbon atoms per radical and each R can be the sane or

diTTerent. Ti tani um tetrahydrocarbyl oxides in 25 which the hydrocarbyl
group contains fromabout 1 to about 10 carbon atons per radical are nost
of ten enpl oyed because they are nore-3eadily avail abl e. Suitable titanidm
t et.r ahydrocar byl - -5- oxides include, for exanple, -titanium o \J
tet r amet hoXiglg des t ithaPidd] didet bexatdect RQXhAEm - tédranbenBxilie! I aetdRxhde.
~titanium tetra-n- butoxide, -titanium :tetrahexyloxide, titanium

t et radecyl oxXdig@thd:yddBthoRildel I 28 taasih OXteteaetidxafe UM dihhAGy C tof@xyl oxi de, -
titanium5  tetrabenzyl oxide, titanium tetra-p,-to1y| oxi de and titanium,
tetra- phenmytdeidd) dil@niin t Beitushedydbiide,dr @g84MiumOX itdEfadecklbsideym
tetra- al koxides are generally preferred and titaniumtetraethoxide is
particul arl yipasfer tedrd=icasgbodidet, hei tand o | teitta¢ plohé sy lokt éé ) ad tAfk um
enploying this material. Titaniumtetraethoxide i's also generally

avai | abbe attekirabsmeaydakide,costaniiime tatirarprtailydoxifdet hedt tivaniium oretres al
conpound to the nmetal halide (i.e. the Group Il A or Goup. |IB netal o

di hal i de or mhedexidehal i de) can be selegted over a relatively broad range.
15 Cenerally the nmolar ratio is withiin the:range of about 10:1 to about
1:10, however, t h@fhpkhe coitemium| setrahyisecarbyloxidesn (tAtaniamgetasraabout

2:1 to about _1:2, When titaniumtetrahydrocarbyl- .. -
: alkoxides are generally preferred and fitanium tetraethoxide is

particularly preferred because of the .;.excl:eller.lt results obtained
10 employing this material. Titanii;um _tetféethoxide is also generally
available ét a reasonable cést._ : |
|  The molar ratio of the | ;trénsitf.ion ‘metal compound to the
" metal halide (i.e. -the Group IIA or Group IIB metal- dihalidé or
hydroxyhalide) can be selectédl over. a relativé_ly broad range.
'15  Generally the molar ratio is within :_t'h.e‘ra'ngel of about 10'.:1. to
about 1:10, howeve_r, the most common molar ratios are within thg'
_ range of about. 2:1 to about 1:2. When titanium tetrahydrocarbyl-
oxide and mégnesium dichloride are. employed to form a compoSitio’n
. of matter of the invention, a mo.]:.ar. ratio of titanium to magnesium |
20 of about 2:1 is presently recommended as-.all the magnesiixm compound
apparem:ly. goes into solution easiiy.

The -metai hali_de compound | and the transition metal



g and nagne5|un1d|chlor|de are enployediﬁ§fcwn1a conposition of matter
of the gnventlon a mol~ar ratio of titaniumtd nagnesium 20  of about 2:1

is, pfesently rc%@}atm@ ga o¥dd tire vRaNpEewBY OrEstappaReY |ﬁbﬁ@£§l¥nt0
-solutlon easily, hal i de conpound and._the transition

6 conpound enPHSIRA ?ﬂgﬁﬁgeﬁréﬁﬂheQF%Bﬁvl8n9m%¥?ﬁﬁﬂ§¥P9'm§H§FqcEﬂ@hEPmBy

heatingy e.g. gordnnd nao?ta%%e M0 £080ikARAY WHPIEESSEntiad Whdahte BEY
(qgsenflal absence of waferl solvent or diluent, which is essentially iner

tothe 5  th¥ateshpsadvest af dhluersdudhighdecasseprialdy dnertnér: the
is meant shat {Hes& obyRPbneats NYnd heRbCphlodudaciraahbelile &y sehdederm

~conponents sugh as. to interfere with the formatiop of the product or the

stability of rHOekelILE PREAY that(thecgolyant CPeENROtoChATIRALLY react

i ncl ude, forfUit&X@H@|&Ls%dTWH&”Ebmﬁcﬁéﬁ%ﬁ“%uéﬁtQ&'EﬁCbHE@EEE&et@iHﬁn%he
xyl enes and the like, It I s enphasized that aromatic_solvents are

preferred, s (ﬁPQE??%@nngnﬁm@)EHQ#HFEe9§U§@Qrﬁﬁ%%%%btylPﬁ(ﬁhﬁrﬁxﬁéPSF

hal'i de conpourgh@ndi ¢ hest EgRsidd .On SRER! seQRIEY &S amhernasﬁ ﬁs@maéq ¥or
sol vents .as conpared to allphatlc solvents, particularly_at

t enper at dles, SHARAL@E BTPERtERE hRTheREABE / a»etlpyk%ra?-@étamﬁm §9A§epﬁe
metal. hal i de caRated and AR triansi tiep TR AnpiaPpred ithalthesghaent with

an organo--netallic conmpound. Such m xing_tenperatures are generally
- solvents are preferred, such as for example Xylene
because the solubility of the metal halide compound
and the transition metal compound is higher in arcmatlc
_15 | solvents as compared to aliphatic solvents, partlcularly
- at low temperatures, which as described hereinafter,
are preferred when mixing the metal halide compound and the
.traﬂsition metal compound in the solvent with an organo-
' metallic compound. Such mixing temperatures are generally
20 within the range of from about 0° C to about -100° C and
. preferably from about <15° C to about -40° C. It is also
noted that as compared to aliphatic solvents the use’of
. .aramatlc solvents, such as for example xylene, appears to
improve production of larger polymer partlcles and/or
25 polymer particles with improved resistance to attrition when
the composition resulting from the chemical combination of
the metal halide compound and the transition metal compound
" is used to-produce a polymerization catalyst as described
herein. Generally the amount of solvent or diluent employed
30 can be selected over a broad range. Usually the amount of
‘solvent or diluent is within the range of about 20 to about
100 cc per'gram.of metal dihalide. The temperature employed
during the heating step can also be selected over a broad
range. Normally the heating'temperature is within the range
35. of about 15° C to about 150° C whén the heating step is
carried out at atmospherlc pressure. Obviously the heating
temperatures employed would be higher if the pressure
employed is above atmospheric pressure. The pressure
~ employed during the heating step. does not appear to be a




20 withikn the range of from about 0 C to about -100 C and preferably from
ut -15 Cto about -40 C. It is also noted that as conpared to al.Bphatic
vents the use of aromatic solvents, such as for exanple xyl ene, appears

\} o i npi ove production of larger polyner particles ‘and/or 25 pol yner -

particles with inproved resistance to attrition when the conposition

resulting fromthe chem cal conbi natd~on of the netal halide conpound and.’
the transition netal conmpound is used to-produce a pol ymerl zation catal ys\?

as descri b%dgﬂffi%h to \?g‘f&ﬁ‘ét%lr' y iheaddnuth ¢b Et-?éV Ohotlhd U§‘<ﬁ fa{@' oyed

30 can be s€lecte oad range. - Usuall'y t anDunt vent or

diluent isgp i dertdS REFYHALr28OWen2d 610 cﬁaeaﬁtslgqcﬁcam&tsmnzeﬁe met al
di hal i de. The terrperature enpl oyed during the heating step can al so be

sel ect ed 0@l &altbgathtednOf:drdedrinky tehg. hedthyleneeraabaidy,e dilovbi hin the
range 35 of about 15 C to about 150 C en the heating step is carried out .-
at at nospheengedd essdir ¢, 2-diehilorcdthahd e chratben hse@)pgaptidilareypwhged woul d
be 'higher if the pressure enployed is above atnpbspheric pressure. The ‘
.pressube erppbdy=itgdeonpgsittionseaf i the sirventbes havtingppensldro daeia of
significant paraneter. In addition to the above noted solvents or

di luents, mheetpuisitionl mevals aompdindictn stheumetal ditialdbe neempound dof _
halogenated hydr ocarbons, e.g.. methylene chloride, . chloro- benzene and:
1, 2- di chl ootkehathan 23d . bGeuenaily.pb#Q|tmmeaﬁbguwWQﬁwfor heating these

two components together is’ w:l.thin the range of about '5 mznutes
to about 10 hours, although in most instances a time w1th1n the
10 range of_about 15 minutes to about 3 hours is sufficient. 'Following
the heating operation, the resui-ltin’g solution ean be filtered

to remove eny undissolved material or extraneous solid, if desired.

A first catalyst composition is thus produced which is in solution

in the solvent .or diluent, If desired this component can be -

B N

15 recovered from the solvent or d11uent by crystallat:Lon or other
sultable means.

It is also 'empbasized that the first catelyst component
is prepared in step A in an oxygen free. s}stein e.g., absence of
air as well as a dry system i.e., absence of water. Genetally

20 a dry box is employed as known in the art to prepare the compos:.t:lms
| of the present invention usu_a}.ly employmg ‘a dry oxygen free
nitrogen atmosphere. | |

The. preparati_on 'of the :Eitst catalyst component is

' illustrated_ by the following nrocedure:

25 Anhydrous, powdered magnesium- dichloride amounting to

4,758 (0.050 mole) was roll milled and mixed with 23,010 g (0.101

e e g g

. P '
mole) of titanium tetraethoxide in 200 ml of dry n-heptane in.

a flask equipped for stirring and reflui:ing. Under a nitrogen



. e -
produm ng corrp05|t|ons of the i nvention having a nolar ratio of the @
transity on nmetal conpound to the netal di hal 8de conpound of other. than 2:1

Sonerally. {BReble LR SRS bR RO S LSS Wl acure
i nst ances a refiduwethifior S 1Rinntege aifd abooleds to moons tempépaturehdio s

NQ «S Jdon
TR ok e BIGA0S BERI R0 . sl R Geo B
desired. A fsolVedamsnsﬂueorrpthet gmaoad:ﬂn;mmtud'ecmi/\ksmdntiem fidtaredn
recovered 1 5 Rl W sesifhe i Ftt bl IR S RORERs) settion.
means. It | sThéssoé.mpl:lm zeontadnedhdr ia sflaakawgast ﬂzmsiombleé fre @ eice

ystem i o | PABRCKEIR AftePdEbEs B)anAUR B G el i (Fy 5] Sppirture

known i n theofir abbutpr-am‘r eCths:.ngmaosﬁnemroi:ot lyd.ep.rdesaerntelatdmeﬂ.qn small

Louel1 L TP BYehicR oL AUEED | BRE SHLIGHED BHIDSAUE, de pREERY 3 lr
procedgrlé . 29as heatsd Adybobliing mndier el nitgogenupuriehtor rémove about
TRV e L ETT s T EL e e
flask equi ppwdsf coodied ricgraon tehmpegainre PUndhena twi t+422%nC an8 f£inally
to about -78° C in a dry ice-isopropancl bath for about 1
bour. The mother liquor was pumped off the crystals that
15 had formed and the ctystéls were rinsed off with three 20 ml
. 'portions of dry n-hexane cooled to about -78° C. The liquid
- remaining after the last rinse was pumped off and the product |
was dried overnight .under a nitrogen_purge to obtain 23.6 g
'of white crystals amounting to 85% of the theoretical yield.
20 N Elemental analysis of a portion of the composition was
performed with the following results, in terms of wt. %.
¢c H. ' c1.. Mg ' Ti 0
‘Calculated  34.84 7.22 12.85 4.41 17.37 23.21
Found - . 32,02 7. 21 13.3 .3.88 17.3 -
25 ~ The results indicate that a composltlon having a
o formula consistent with 2Ti(OC,HL) ,.MgCl, was formed and
‘recovered. Thus the: compos;tlon apparently had a molar
ratio of two moles of titanium to one mole of magnes;um.'
- A sample of the white crystals ‘was analyzed by powder
30 X-ray dlffractlon under conditions to exclude the presence
- of airland water. The samplé revealed the following character-
istics: ' ) .



- i e iR R 7= = a 3

ﬁlp rge the m xture was stirred, heated to refIUX| ng terrperature refl uxed
‘ or’ 45 nminutes and cooled to roomtenperatur® to yi el'd a sol ution ? '

cont aining a very small anount of undis- sg! éﬁ ESI due. The reaction-

'thure was suction filtered 5 to. remov si due-to obtain.a clear,
col or,l ess ‘solution. The solution contained in a flask was fi rst cool ed in
an |‘E:é bathtoa enper ature of about OCandthento a'te {:ureo N
about=-[err] usi réf"a'eFPé-éi’@rr tSPIFLPE a rel ativel y SR eBFﬁ'HaI%U

To i ncrease the yiel t he rmtf 1D quor 10 was heat ed to b0|l under a
ni trogen purge t&&gﬂﬂé%ﬂtﬁz_iﬁ-the vol-ume by-aua-pa&?iﬁﬂﬂba——

resul ting sol ution was -cool ed to roomtenperature, then to -[err] and
fihally to about [err] y ice-isopropanol bath for about 1 - hour .
The not her Iiquor -was puﬂﬁec? ff the crystals that 15 had f¥f®&€d and the
crystalsswere rinsed off 3@ t4dythree 20 ml portions of dry n\h@ﬁyngte@ﬂged
to about [err]. Thellqw \?Eémlnlng after the last rinse Was%g8 ed off
and the product was dried ni ght under a nitrogen purgeY bWERH* 23. 6
g of white crystals anountg,g8to 85% of the theoretical yielgeak0

El enental analysis of a p%pté;fon of the composition was perforned with t he

following results, in ter % C - H d My Very strong

0 Calculated  34.84 7.33,1®.85 4.41° 17.37 23.21 Foungoderate 32.02
7.21 - 1§0 3. 88 17.3 25 The results indicate that a co OSltlon
havi ng 2f ormul a consi st erft*2% t h 2Ti ((OC2H5) 4. MyCL  was f or ne¥®BHd trong

recovered. Thus the conpogi t43n’ appar ently had a nol ar ratlggi-ohgo mol es
of titaniumto one nole oLI rga;gnesmm :

| strong
o 6.52 - weak
o . 6.41 o " weak
15 o, : 6.10 o _ weak
| ' 4,90 | ' very weak
4042 0 o o vety weak
4.40 T :'3 very weak
o . 4.09 ' _ . - very weak
20 : 3.86 R ' very weak

The inte;'planar_ spacing lines were sharp and in view of
the above number of interplanar spacings it is apparent that
the composition formed has essentially a cryétallin'_e structure

s .
.
.n‘ .
..

. catalysts of the present‘. mvent:.on are made up of
25

30 . e s _ for pl nium tetrahalide.
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A sanpl e of the mhlte crystals was analyzed by powder 30 X-ray diffraction
under , cendi ti ons to exclude the presence of air and water. The sanple

reveai ed 't he fol 'ow ng character- istics: =~ 9 Table 1 |nterplanar spaci ng
relailve intensity o {netef x [err] . 3 o spectrum 10. 77
wedk 5 10. 47 . ~10- E very strong 9. 28
very weak 8.73 . - _ weak 8.23.

vexy strong 8. 10 . moder ate 10. . 7.91
very strong 7.43 1t is noted that the first compongnt/ nepd not. be recovered
strong 6.52 weak 6.41

weak 15 : from the gzlgent or solvent, such as by crystek;g;1qngopr1or to
very weak 4.42 - very weak 4.40

very weak 4. ogusing such matenal to producq,egk}e weatelysts of the presentgg

ver Kk
ery wea invention. Good results have been obtained both by recovering ‘the

o First"(:omponent from ;che reaction medium and .resuspending it in the
same  or . dlfferent solvent or diluent prior to the reactlon with the
organometalllc compound in step B), or by u51ng the reaction product

"~ of step R) directly in the reaction of step B).
In the _second: sr:ep of.the 'proce_'ss of tﬁe preserit invention,
10  the first eomponent _obtained' as above is reacted with an 'organo-
meﬁallic compound of a metal f':om Gfoup I, II or I_II of the
Mendeleev P_eriddic 'Ta_ble'. Some suitable organometailie compounds
include, for ei:_amﬁle, lithium alkyls, Grignard reagents, dialkyl
- magnesium compounde, dialk-yl zinc compoﬁnds, organoaluminum
15 compounds, etc. The preferred organometallic conipounds used in

‘this step are organoalummum halide compounds, whlch include for '-_

example, dlhydrocarbylalumlnum monohahdes of the formula R'2A1X
s, - monohj_ydrocarbylaluminum dihalides of the formula R' A1X2
and. hydrocarbjleluminuin .se'_.squihalide_s. ;of the formula R'3 Al, X,
20 | | |

wherein .' each R.' in the above fo_fmulas is individually selected
from linear and branched .chain hydrocarbyl radicais containiﬁg-
from 1 to 'about_ 20 carbon atbms_ per radical and can be the seme
or. different ..'and' each X ‘is a halogen atoﬁ:_ and can be the same
or different. . Some suitable. org'anoaluminum' halide compounds
25 .i_nclude, .for exam.ple.. methylalummum d1brom1de, ethylaluminum

dichlpriﬂe, ethylalummum diiodide, isobutylaluminum  dichloride,

dodecylalummum,d:.br_om:.de, .dlmethyla_luminum bromide, diethylaluminum

chloride,. diisopropylaluminum chloride, methyl-n-propylaluminum

A

6=



he interpl anar spacing lines were sharp and in view of the above nunber of

nt er pl anar spacings it is apparent that the conposition forned has @& t

ssentially a crystalline structure catal ysts of tHe present

nventi on are

- malde up of 25 two conpone The first catal yst conpoenent conprises a .
onposition of m as described abpove and the second catal yst conponent
onprises an organonetallic corrpound'.’lbarti cularly effective cataly .hagj )
een obtained by treating the above-descrihed catal yst W th hal i de " i ‘s
hrgbielymingn; golo

c
c
b
3
c
h
c
c
o)
r
[
o)
S

p

[
c

0 exchangiFgmides c d1-arRatyielymjnum, hpomide; ¢ 4ip
onveni ence, _t he %}esi gafti,on "cat aJ yst

ave not bedHS¥FL 40Uy Qroml -elo-dg\Ff‘c?ssvlﬁ YEPPH &

ﬁ&e’

ef eés to thgfeﬂ,‘c&%]t‘ ﬂné‘%}ﬁ_\mizch ;

as b

_ t need not b d f he dil uent | h. |
yetal | at i oo seegt RDRESS pehy ihipinin, sesy st fanc Shortaliay B O

f the present.ioentions £oodifesubis iave been.ohlabned

ecovering e o conponent from't he réactiron nedl tm an

re

a2

ot h._.0 _
aushendi ng it

n the same gr e ff %&sgioﬁ%vegﬁdé%egﬁ,}%qu&iﬂd Qﬁ#ﬁd'éhﬁap{eeﬁgéﬁ %@ar@m the
_ _ ai ep B), or by g tr product’ of
tep A) di r%tthy-tgbé‘dt{’é‘sdl%@ﬁah@na?% Oﬁt&arﬁad._ I rrha.hsos%eﬁﬁeéeareapgggea- gg

rganonetal I'Tc conpoun n ste usin e reac

rocess of the present 1nvention, ~ the first conpo

I on

ent obtail .
above i s reaffthid { laBAOBRPSand LS biiylal AR Gesqhich1oRidd, dHieR G oup

, Il or 11l of the Mendel eev Periodic Table. - Some suitable organonetal | i .

onpounds  produced the best results.

In step B the product of istep A, either still in its original

10 solution, - or separated and redissolved in a fresh solvent is

réacted with the organometallic 'compfipund preferably itself in

a hydrocarbon solvent. A solid reactj.on product is thus formed

which precipitates out of the'so]ftution'.;

The molar ratio of thé transitgion metal qompound_ of the

15 first catalyst componéht to the organé)metallic .compound used in

step. B can be selected over a relati_.vej.y broad range. Generally,

the molar ratio of the transition mei;al of the first catalyst

component to the | organdmetallic compound is within a range of

from about 10:1 to about 1:10 and more generally within a range

20 of ‘about 2:1 to about 1':3 since a molar ratio within the latter

range usually produces a catalyst which ‘can be employed as an

especially active_' ethylene pdljme'rizatioh catalyst.

The temperature employed in stép B can be selected over

a broad range. Generally the temperai:Uré ‘employed is ﬁthin a

25 range of about -100°C to a'b.Oﬁt 50°C or 'higher, while temperatures

within the range of _51050 to about 30°C were most often employed, -

additional inyestigation"- has surprisi gly established that - the

use of a teﬁperature within the range |"of ‘about -100°C to about

i



- T

i'nclude, for exanpl e,

I'i thi um al kyl's, Gignard reagents, dialkyl nmagnesium
corrp’ound%, dialkyl  zZinc. conpounds, organoal um num 15 conpounds, 2
etc. -The preferred organgnetal lic conpounds used in this step are

organoal um num hal i de’conpounds, which include for exanple,
di_hydr ocar byl al um num nonohal i des of the formula R 2A X,

r_n_)gShy,dro'car byl al um num di hal i des of T1€ fornmula R A1LX2 and : :
hydrocar byl al ygl.num sesqui hal j des _of. the formul alerr] 20 wherein each R in
e above” 1 or JEFCe" 285 i BRular g g BeotdtiPn bt htedy obiie, Pafiidat "
chai n hydrocar adicals ¢ i.ni_ng .fro 0 .a agbop, at.Qng_ per

radi cal and caaﬁx%%;tﬁéafygxg?m%ggé%]?eﬁ e%&ﬁp g’hér%vfghg%% ?%Q‘zﬁghégogté%&ggg% and
can be the sang | Nio1 0 ot ARkf 20T ARAPAdUNGHUL Shab i gle
conpounds 25 Iy;_ ioﬁg%f%{e?{&f %or ymeega_%%?%l?&gd_rreg{ihyl gl gj%l nufng_di brom Se,é,1£
ethyl al um numidi ed¥:Qkiddsur @thydmpeAt e dboviliode, 1a30bKE Yadh HErRYRAfter
di chl oride, dodecyl al um num di brom de, dimethyl al um num brom de,
di et hyl asum nyRuLdtesl @8lymerdi jaz@Pé QY | WooAUBL z& M@l bf€duced employing

met hyl - n- propyl al um num ‘brom de, - di-n-octylalum num ‘brom de, - :
di phenyl al um néfiperdtuoes def @réw CLDIFEX Woal-40POUDR bsdp &2 ,andi @cEOsdinglym num .
chloride, methyl- alum num sesqui brom de, ethyl al um num sesqui chl ori de,
et hyl al um numteapepatuods deithandthiiie range. arfet pyéfdrned nuiSises phiechéartioe,
ethyl- 5  alum numdichloride, and diethylal umnum chloride have been
enpl oyed wi t higeoltivedesin tstepnB aie exathermix, thEhemixisg patef efr adieotyano-
al um num hal'i de conpound is-ethyl al um num sesqui chl ori de, which produced
t he best resulresctantsstis Bdjuatedr bucreqfired cpnd, additionadt idooling | is
ori gi nal ' . _ -

_ J 10 .employed in order to main_tain a relatively constant reaction

temperaturé. - It is noted with respect to mixing of the reactants

in step B the §rder of addition is “not_ important and either

- reactaht can .be addéd to the other. After completing th_e ﬁﬁing,
the resulting slurry is stirred or agitated for a suffici_ent

15 time, geperélly within a rangé of about 15 minutes to about 5‘
hours to insure that reaction is complete, It is recommended

that the_ stirring or agi_.tatioﬁ -bé carried put whereby the slurry

is maintainéd af the mixing temperature for the first 10 to about

30 minutes after mixing and th'en gradually réising-the ten;peraturé

20 of t:he. slurfy to ambient temperature | fox-' the remainder of the
: stirring or agitat:i.'oh period. Thereafter, stirring i_s_ discontinued
~and the solid product recdvex;ed by filtration, .decantati.o_n, -and

the 1ike._' The product is .then i)referablj waghed with a suitable
material _suéh as a hydrocarbon, e.g., n-pentane, n-heptane, cyclo-

25  hexane, -benzene, 'xyleﬁ_es an&i' the like, to remove any . solublc-;

materia_l which may stiil be preseﬁt.
.. In the final step of' the invention. the solid organome_tallic'

. complex obtained in step B is treated with a halide of a transition



.%g solution,.or separated and redissolved in a fresh solvent is
cted with the organonetallic conpound preferably itself ina ¢ ’
ydrocarbon solvent. A solid reaction product is thus. fornmed which
pf eci pitates out of the solution. The nolar ratio of the.transition netal
corpound of the 15 first catalyst c onent to the organonetallic -
conmpound used in. step. B can be sel éct’ed over a relatively broad range. . -
General ly, the nolar ratio of the transition metal of the first catalyst -
conponent metaheasrgahahiienlilonc excharming iseumie hinn oxdemnte pfoducenthdout -
10:1 to about 1:10 and nore generally w thin a range 20 of about 2:1°to
about 1:3 sicatalystnof ather aresenti ihventiiha. | Homerexampes wfustitabdeothidde a
‘catal yst which can be enployed as an especially active ethyl ene _
pol yrreri zat iLen exghanging spwsceenfhatahare kaesl epplpyed sreptigapiem fetset ected

over a broad range. GCenerally the tenperature-enployed is within a 25
range of ab69%°ugi§|sr]"a%ﬁJﬁBoai‘Y‘[@PF}@ﬁ- (WQCyprandypirconiwpgataechloside « hi n
the range o -10C to about 30C were post often_enpl oyed, addjti onal

% hioeide 15 ERpdliKapvaiable cand produced

i nvest iYat | GACAYEs FILARLER sFRTHAF
tenperature 'within the range . of about. -[err] to about .. -12- 0Cin ste
B ?gsul ts i ﬁx‘f?‘il&eBFooﬁFﬁ“ﬁ'Bﬁgcﬁftﬁﬁr g%qmeﬂg?'[ynﬁf‘lzﬁ%ﬁﬁv&leé‘?emﬁtm'ynﬁ P

particles w.th ie?grov d resistance to attrition as conpared to pol yner
pr oduced wi tR HCaTEF Vst where- step Bis carried out at. tenperatures

above [err]. AS the:Jalauior elaalbel Sene daBlfdt o5 80! VE" nBHAL CLER OF
good size are produced enpf bying S _
exchanging source takes place in a suitable diluent such as a hydro- '

10 carbon diluent, for example', ﬂL-pentaxie, n—hepténe,' cyclohexane,

benzene, xylenés,' and the like, éo .faciiitate_ the treating process.

The treating temperature can- be seiectéd ‘over a relative_ly broad
. range and ‘is normally within a r_ahge of about O°C to about 200°C;
h'c;wever,. sufprising_l’j it has also’ béen found that employing a tempe;:'a-
15  ture within the range of ‘about 80§C to about 180°C for step C results |
in" the production of larger polymer particles and/or polymer
particles with improVed resistance to attrition as compared to
polymer produced with ‘catalysts .prepared at a lower treating
temperature in step C. In view of the above discovery fhe preferred
20 temperature for step C is from about 100°C to about 130°C Iwhen.
considez:ing the_ over—-ali catalyét performance. While t';he' us_e of
treatingltemperatt.nres in éxcesé‘ 0';‘:' 130°C, such as for examplé 150°C
' to about 180°C, prodices catalysts that provide larger -ahd/o’r more
attr_i.ti'on resistant | polyn;et pa'-rticle? as cbmpai'ed' to _polymer
_25. : particles”,produced with cat_:alysts prepared at tféating t;empei'atures
of 130°C and- below, catalysts _produt;.ed; with treating temperatures
" of ai)ouF 150°C to abqut 180°C also sihow a marked 'reduct_ion. in~

produétivity as compared to 'cataly'sf'ts prepared at treating



this ramge are preferred. Since the reaction involved in step Bis
exothermic, the mxing rate of the two reactants is adjusted as
requi red and. additional cooling is 10 . enployed in order to namintain
a relatively constant reaction tenperature. It is noted with respect to
m xi.ng of the reactants in step B the-psder of addition is not inportant
andl<ei t her. reactant can be added to the other. After conpleting the mxing,
the resul ti ngempenatyressoft130°6dand bejovated for a sufficient 15 tine,
-generally within a range of about 15 mnutes.to about 5 hours to_insure
that reaction is cofhe dreatment jtime ccanmadsecbe tedected oyer ¢ jhrgad range
agitation be carried out whereby the slurry is maintajned at the mxing
t enper at ur e #of geperpllxt igowithimhothe xAngEn A 8baYt o0 MLBNRES aHRY AR08H
gradual | y-raj sing the tenperature 20  of the slurry_ to anbient. . .
t enper at ure 1@r heyrs. eﬂ’&ﬁﬂe thef "Fh%h"st’l'arttlf’ng’%o rthggih%glf“?% i 9fe5¥5hansing; -
Thereafter, stirring is di gcontinyed and,the soli roduct ,recover y
filtratidn, &Rt Sgi B s&ﬁr&&‘?@#?ﬁe‘?an-J?ﬁese&e{igﬁcgtdt‘)'leg ‘Tﬁ&%a‘b’r"ée}[érg‘gﬁa? |
washed with a suitable matgerial, such.as: a rpcarbon, £, dsoo N DEHARES,
n- hept ane, c{I&s> 2&5€ "gﬁéﬁéné?u%e?&eﬁ‘é’: Hé%d néls?ga% c%%%:'flgktsa‘? ter%_em)ve
any sol ubl e terial. whi,ch il he.pres | pet | RAL 1 SEePadutt he
i nvention, tl & sEredes &Sncﬁr‘éreggﬁ?s#]iyc wc’%?%ﬁe% S‘%%‘é? 'ngfd_ ?‘ﬁou_fs?t E'SJB %‘g ?_reuat ed
wth a halidg {f g e Lée?%rally’ 1fronMabBht 2F: 12 RAldbdGe | PIk EX FoRnouiHg
source in order to produce the _ - _

' the treatment of organometallic complex obtained in step B with

tﬁerat.ur.es of. from[err] in step B and accordingly tenperatures within 6
2N

10 the halide ion eiéhanging _souri:e the surplus'halide ién exchaﬁging'
source is rc;:moved. by washir_lg the f_inal catélyst product with a
dry (essential absenpe of water) iicjuid such as a hydr'ocafbon of
the type _pfeviously' diéclosed',. n-hexane, or xylene for example.
The resulting ﬁroduct,' i.e.‘ th_el catalyst_ of this invention, can,

15 after -drying, be stored under dry nitrogen if so desired for a
month or longer without-any significant decrease in activity.

If desired, the catalyst can be admixed with a particulate:
‘diluent such as, for ex_aml;le, s:i.lilca', silica-alumina, silica-titania,
magn.esium dichloridé, magnesium oxide, polyet;hylene, polypropylene,

20 and poly—(pheny;lene sulfide), prior to using the _.;ata_lys_t in a
pdlymerizatib:i process. - While the weight ratio of the particulate
diluent to' catalyst can _be selected over a relatively wide range,
the weighf -ratio _of particulate. diiuent to f:atalyst generally is
within the range of about 100:1 to ) about 1:100. More often, the

25 weig.h't ratio of particulate dii‘uent_ to..c_atalys; is w_ithin:the_ range.
of. about 20:1 .to.about 2:1 and luée.-of a particulate ‘diluent has
_ béén found effective '1.:'0. facilitate charging of the Catalyst to

the'reagtor.



catahyst of the present invention. Sone exanples of suitable halide ion

Angi ng sources that have been enployed are fitaniumtetra- chloride, .
m oxychl oride (VOC 3) and zirconiumtetrachl éride.. 5 - Because
umtetrachloride is readily avail abl e and- produced excel |l ent _
ts after somewhat extensive experimentation, it is preferred. -
Preferably, treating the catalyst =wth the halide ion exchanging -

source takes place jn_a suitable diluent such as_a hydro- 10 carbon. &
di luent, " for exa'r’(b‘!lé,e it, magpofbe necefspry i@ allidissancamso erplorm,

I , dthelike, to facilit the_treatin rocess. The treating
enperaf ur o SOSAEBLYSto] ki UGy AtRLTBF aBF VRS BRORR: ARJEAEIRP Sheoreal |
ithin of Qu err] to abput [err]. however, .surprisin i.t has
21 50 been § g ERGEISNRI 551 1nsomEnirlk Ff et PERHESy, (Ther OTeRoRRHI L6t

4 Cr | tS i th ducti f
argor pol yigreeities) Shitatiy, b Rer HECbisehapteeriip, REF ipEtpn Sy

oSt Sragee, 1 Aild |l i3 GAMAEHoh ALY TRLnMAAYC S L AL ALUHS

prepared at a |lower -treating tenperature i IN“VIieWw o

- discovery thgepr gketh@dpftesst eﬁpﬁ@twe%eﬁeriﬁkﬂei&b gpr?' ti&d@i@?ﬁ&&ﬁﬁ%&] to

about [err] when considering the over-all catalyst. ‘f'or man e the

use of treatdggwd1ANPES abigiomebaBRiee SSomouh&s rl»e?z%éehtéé %ﬁrt%ag@e%aiwc
to about [err], produces catalysts that "provide 1arger and/or ‘nore - .

attrition redrabbid RMALY rng$n1105@@ g§§4¥%§gﬁreguiﬁ§ugglyggytag§sts[ygggicles
produced with catal ysts epared at tredtirmg2tenperatures of [err] and

. below, cat alipslsdepresiipoeddsv b8 theatongullaeRYe/AAl Unewheéh alPbUis [@ie Jsahe
about [err] al'so show a marked reduction in productivity as conpared to
cat al ysi€@ msePhrdefined abbveaIiQfgthe_orgqnometallic cocatalysts, the'organp-
- élumihum’cocataiysts are prefgrréd especially'organoaluminum'compounds'
of the formula R"; A1 for example, ﬁrimethylaluminum, triethyl-
aluminum, triisopropylaluminum, tridecylaiuminum,:;riéicosylaluﬁinum,-
tricyclohexyiéluminum, ﬁfiphénylaluminﬁm, 2—methy1pen;y1diéthyl-
15 aluminum, and triiéoprenylaluminum. Triethylaluﬁinum is preferred
- since tﬂis compoupd produced excelleﬁt results in the runé hereaftér-'
described. _
The molar ratio of the cocatalyst_ﬁo the transition metal
.content of the p;incipal catalyst is not particularly critical
20 and can be selected over a relativelj- brbaé range. Genérally,
the molar ratio of the organomé;allic-compound of'the'cpcatalyst '
to .the. fransition ‘metal compound pres?ht the principal catalyst
is within a range of about 1:1 to about 1500:1. However; it'has
been found ﬁhét'generally when relativély_high‘amounts of the co-
25 catalyst is employed in_teiaticn to - the ;ataiyét. larger and/or
more attfiﬁion_resistant polyﬁer particl?s are produced. For example,
largef”and/Or more attrition resistant p fticles are produced when the

weight ratio of cocatalyst to catal}st employed is at least about.

i
i



- errperatures of 130C.and beI OW. The treatgrent tine can al so be : ’/5
se4ected over a broad range and generally is wthin the range of about 10
mnut es+t o ddiak uP touebout WHO0elt apdwiiigher at howeverhe wailghie rakios of

exehangi ng 5 t t (ﬁg& e
‘relatively br °%§€Q%85t ?ﬁé méﬁgﬁ*graglo 0 Eg?ﬁgg F%ﬁ exéﬁ%ngl%gto
sour cE Mt o t helwatp| 2ROk gmeergaenqraﬂ.ﬁm recommerded aisokhe dastocappyomise

1, 10 and nor h
t%%atnent ofqggggﬁéne# F?%ﬁggg%géx Oéd{% rF%%gon @@%ﬁ?%éﬁb%hgnﬁapo&gmer .
i on exchangi rgrmtbonhsmealm hes| bsemrﬁ@@@a artggenﬁmllx theohdgher

'3ér§?fhiPgufggéuéﬁﬁgéegaﬁl rocar on OF g%ﬂm$§pe pr gm%fﬂplsc ose8prer

n-hexane, ~ orandt emeigbt @ﬁmqﬂtalyhb-resultlng product i.e. t he catalyst.
of this I nventi on, t g

if so desired for A%"Qr%%%y ﬁoﬁélgﬁgk&%g&l%nééﬁrgm I can g%%%géis)ggl For
activity. |f uﬁeumdt-hehpr@meass;/s@fcaheb@merx'edlwentaqmt|Qlue§n.as wblch
di | uent ch I il a
nagnesuﬁ%hlc orr éh&ma q?ﬁﬁ%%§§§e°§ %?ﬁ ene polypnnf*%nghgﬁgtlon
and poly- (ph&%’ﬁ@l&bﬁtal ina:d)u,de palbpham MQ'I'lb-oéeﬁlly&a. i rWlaJ-le the

pol yneri zat i Wiy | ght yeat e I d

Do datal yar ChV4SEESH Sl dHedE B! Sl Lp107 LY Wgul RLERTRBYET
~of particul.ateliphakhe monankﬂqﬁefgamemhdgﬁ1Q1$f1n5nhawingw%etof13bout
100:1 to abm&éﬁesto oMEr ‘ﬁgkttg%t%i ué@ﬁghtrﬁéth%ﬂH—iEEiéﬁﬂhét%an be

diluent to cat 'S mnt
15, polymerized accordlng to the present invent;on employlng

elther_a particle form process or a solution form process.
Aliphatic mono-l-olefins can be copolyrerized with other 1-
olefins and/or with other smaller amounts of other ethyleni-
cally unsaturatedgmonomers, such as butadiene 1,3, isoprene,
.20 pentadiene-l,3, styrene, alpha-methylstyrene, and similar .
ethylenically unsaturated monomers which do not impair the
' catalyst. . _- ' '
The catalysts of this invention can also be utilized to
prepare homopolymers and copolymers of conjugated dloleflns.
25 Generally the conjugated dioclefins contain 4 to 8 carbon
atoms per molecule. Examples of suitable conjugated diole~
 fins include 1, 3-butad1ene, isoprene, 2-methyl—l ,3-butadiene .
1 3-pentadiene, and 1l,3-octadiene. ‘Suitable comonomers,
| besides the. conjugated dloleflns llsted above include mono-
30 lpolefins previously descr;bed and vinylaromatic compounds
generally. Some su;table v1nylaromat1c compounds are those
having from. about 8 to about 14 carbon atoms per molecule.
and include for example styrene and various alkylstyrenes,
such as 4-ethylstyrene and such as l-vznylnaphthalene.
35 ' The weight percent of the conjugated diolefin in the
~ -'copolymerization nmixture can be selected over a relatively
broad range. Generally the weight percent of the conjugated
diolefin is from about 10 to about 95 weight percent and the
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about 20:1 to about 2:1 and use of a partlculate dlluent has been found
jfective to facilitate charging of the cat@¥st to the reactors: 15

| t ot b | { t th
e oot i yobtBRE: RESESSaEt! ara Ao "ShARECDS G AGN s 5o RRUAY Bedblhe,

recorrrrendednbweVleest 'cnesuwes h‘i‘:hq:acgemnefalthec camjmghyeas d%]teemixe isr _‘

SfSahEn{‘;‘f o PEELESARN AT ALANY (DSB8 cRRouto 90 e haBE, BRsceny and t

present i nveghegn d@x@sﬁ&uébs deecridm aboukl I500%0 GiljeaeR0akeight
conpoun S regresented by the general formulas [err]. Suitable cocatalysts

al so i ncl ud® ﬁﬁﬁunds of .the formula R'3A1l in which R' is the sane 10 as’
R™ defined abovern Qnéd F@spée%n@ﬁetﬁiél£nﬁeﬁ%tlamf,stﬂ1etbetanm o Ughaum

cocatal ysts are eferred es e aII anoal ym nu ounds of _the
formla [ er PFeRe 8h°Hali theed) ARAG LY B RYF ELER AT effect -

trllSOprODYEQEUEU%ﬂpolmeEQZEMﬂoﬂfbtnmbﬁbeuawﬁéﬁ&nQWQu&h as ethylene as -

i st AR S DR AT R e P h AT i o0 Eainll andl s

this Cqupoumdnar-ad-wmwseshem dséseltlzﬁﬁleﬁet g d Wise hgfeﬂfa&:s:redde@cmm{@eﬁs

The. ol ar gtlo of the .co t to the %gg;tlon net al, content of the.
c Fﬁ%ﬂ ti

princi pal cEPEIPSE TR 1¥$5S P PxPsenfip¥RRfd A ect ed

over a reIatlveITH@WponymBgizaﬂ&ﬂﬁﬂp&oceskhQdﬁﬂﬁﬁlﬁ@tte ¢he resent

organonetaInge% ?BSPQSMS o&E%gQQS?tajgéalysts and cocatalysts as above

- described can be performed elther batchwise or contlnuously.-'

'15 In a batch process, for example, a stlrred autoclave is
prepared by first purglng W1th nitrogen and then with a
suitable compound, such as 1sobutane for examp1e. When the
catalyst and cocatalyst are employed either can be charged
to the reactor first or they can be charged s;multaneously

20 through an entry port under an 1sobutane purge. After
closing the entry port, hydrogen, if used, is added, and
then a diluent such as isobutane -is added to the reactor.

_ The reactor is heated to the desired reaction temperature,
- which for polymerizing ethylene, for example, is, for best

25 resulcs, generally within a range of about 50° C to about

 120° C and the ethylene is then admitted and maintained at a
partial pressure'Within a range of about: 5/10 MPa to about
5.0 MPa (70-725 psig) for best results. At the end of the
. . designated: reaction period, the polymerlzatlon reaction is

30 - terminated and the unreacted olefin. and isobutane are
vented. The reactor is opened and the polymer, such as
polyethylene, is collected as a free-flowmng white solid and

- is dried to obtain the product.. '
In a continuous process, for example, a suztable

35 reactor such as a loop reactor is continuously charged with -

suitable quantztles of solvent or diluent, catalyst, co-
catalyst, polymerizable compoundsland hydrogen if any and in
any desirable order. Tpe'reactorgproduct is continucusly



t he tran5|t|on netal conpound present the principal catalyst is wthi
rangt of*about. 1:1 to abdut, 1500: 1. However, it has been found that
general-ly when relatively hlgh anDunts of the co- 25 . catalyst is enpl
inrelation to the catalyst, larger and/or nore .attrition resistant. polynern
paJtches are produced. - For exanple,lbarger and/or nore attrition
istant particles are produced when The wei ght ratio of cocatalyst to
cat yst enployed is.at |east about. 16 4:1 up to about 400:1 and

hi gher; W%!E’ﬁdra%ﬁ alh 13%&' Bélﬁferc%%ﬁ%%t dsO a! n%g&ﬂi ﬁﬁ&e, %é}ie aiﬂﬁ gyange

of about 6: 1 ar ner a reco as t
conpr oni se Béaghiag p’é‘Pt iddflueny z@sogwenb} %Rdt rYnreaetede SI080BERS aaﬁd dﬁfﬂ-%&rer

producti on thqeesh‘it{@%spggﬁﬁbxf ound t hat general |y the higher the cocatal yst
| evel the | ower the: po ‘é-n%b producti on uni t wei ght of_ catal

variety of polyneriB%bl Bp RHIVEEF o Iet AR Bhe ysatALyStRe %fo&lé’% of

the present 1h1?é/tﬂﬂbhOI&re Wsefinsinhprdpatng mlbmemommﬂnygﬁﬁaﬁd 96ly-
[ ] telnventlon.caal ts include a

ol :
oo ol of Phefts hpnfFesthes ter SR Rsa SRt ABseshioRonblbs: | soresiPml yse
w th any al hxplmingc exxrmsh.emlmﬁ lfm.‘!.m,t fandletind dfikas [Favi ergami)lép Iibﬂyetahyliane at ons

are most of hee WA (e IR0l ! 1 Ca %403 PO WIRLRISY ACRALALND tO

the present |nven i on enp oy n %her 2 par
sol ution fomeleguieesgveight pldastltihmmenl whidlf j is mecbelbop@s,iwebleeﬂow th

other 110  ipjection molding applications. Furthermore, the polyethylene

' produced as described generally has a desirable high bulk density
‘of about 0.44 g/cc as recovered from the 'polymerization' -zone.
In addition, the polyethylene produced as described is characterized
by a high degree of stiffness, e.g. hlgh flexural modulus, which
15 1is also des:.rable in many applicationms.
_ Heremafter, the material identified as catalyst A is the
'~ solid product obtained at the end of step B and catalyst B is the
.catalyst of this -invention, i. e. the product obtained by treat:.ng
‘catalyst A with the halide exchange medium. . '

EXAMPLE 1 (comparative)
CATALYST A

- 20 - All mixing and filf.ering ._opefations were perfdfmed in a
dry box (e_ssential absence of air, i.e. oxygen, and water) under
a dry nitrogen atniosphere employing dry n;heptane ‘as the reaction
mediﬁm. Anhydrous magnesium dichloride and titanium tetraethoxide
(unless othemse noted) were charged to a flask equipped for .
25 refluxing and stirring the contents of the flask. The mixture
was brought to reflux temperature (abqut 100°C), refluxed for the
time shown in Table_ 2, cooled and filtered if _extraneous or
undissoived material was present. The product was cooled in an
ice bath and the indicated organocaluminum halide compound was added
30 to the product at-a rate sufficient to avoid a significant tem-
' perature rise to produce a slurry. The resulting slurry was stirred
about 30 minutes after removal of the flask from ‘the ice bath.
‘The slurry was filtered _f.o produce a filter cake which was washed




efins and/or with other smaller amunts of other ethyleni- cally

sat urat ed nononmers, such as butadiene 1,3, |soprene 20 .pent adi ene-el 3,

rene, al pha-nethyl styrene, and simlar ethyleni cally unsaturated i

ononmers which do not inpair th.e catalyst. The catalysts of this |nvent|on :

~can"also be utilized to prepare honopol gﬂers and copol yners of conjugated  :
diolefins. 25 Generally the conjugat ed olefins contain 4 to 8 carbon .- -
atonms per nolecule. Exanples of suitable conj-ugated diole- fins include -\«
1, 3- but adi eneit grene 2-net hyl -1, 3-butadiene. -1, 3-pent adl ene, and '
1, 3- oct adi en& “SuP rﬂl°é‘sc<ﬂforﬂ§r¥er‘§ exang fnd t‘Fféeéor\FGg%tt adnitusigeni purgs st ed
above incl udeon)mnlucaothelpeb&idms previously descrl bed. and vinyl aromatic -
conmpounds generally Sone sy iLtablg vinylaromatic. conpounds are those .
havi ng from about 819 3‘6% 195 c&F LUIF ABSREIHS STBIRYSH,c veisht and| melke f or

~ exanpl e styr&atiemdof arkactmnaisk ydimrgednand Testlts dbtakihyd shié egevemndissuch

. as |-vinygl naphgfialene.” 35 The wei ght percent of the conjugated -

diolefin in the copol ynerization mxture can be sel ected over a relatively -

broad range. Generally the weight percent. of the conj ugated diolefin |s

from about 10 to.about 95 wei ght percent: and the 17

t other conononers are from about 90 to.about 5 weight percent. However,

the wei ght percent of the conj ugat ed di ol efl n |s preferabl y from about 50

" to about 90 wei ght percent and the .




.aspect of -theé invention,

such as éthyl eng
t hus 10; .nono-| <ol &iShs §'u?h
wi t h/the eat al ysts of the’ present.

- accordi ng . to the Pregesnt o BVERL i 0p enpl oying the caga

Aomers are from about .50 to abomlo wei ght 35 percent.
the' gatal ysts of the present i nventi on. have been
f gund ‘to be pa&“@lﬂarl;&.gffﬁéct ~ve for poI yneri z& $pon of nono-t-ol efins
R producti vi t']"es h&e been obtained and’
SPhyIRE aRe (NS spr & Hrred nononers for: “use
rization process
sts and cocat al ysts

aF &trenely

I'nventi on. The poly
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&al ned at a JQa4ti & Hpresswe withina =
% 103 dPa L-.ooabo,htos OgM?si (60 7535..ps&.g'§ for .Bbst results:
meri-za¥i on reaction .
dne ar & vent ed. _The

port, hydrogen,
added to the- react or.
tenperature, which for pol yméi zi ng et hyl ene,
results, generally,wc;hla,a r
adﬂmgt:eﬁﬁ

ethylene S
range- of ab
At the end df
is 30 term
reactor is

- TABLE 2

t he desi gnat ed &e&t
ated ﬁﬁthg 8nr$act8d ol ef| n and |sobﬁt

OO'Q‘

O

26
0
2.6

(Qeééév

2.856

0.030

0.0393

2.868
vhite pink-brown 1t. brown cre

A~5
Dmm“’ D

' 13.673
" 0.060
52
60

50

-150

A~4
2.856
0.030

13.673
0.060
27 _
0.040

- 150.

60
50
3.136

PREPARATION OF CATALYSTS

A-3
T 4.554 .
2,925

0.100:. 0.010
0.200 0,020
13.5
0.200 0.020
60
60
40

9.518  0.955

A-2
25.54

brown

45,59

250

550
45

EASC(z) EASG(Z) EADC(” EADC('S)
- 600

17.5
0.0140

A-1
0.950
0.010

4,460
0.0196 .
30
20
50
2.948
off-white

' 1.96:1

(7)
':I.'n catalysts A-1 threugh A—s and A-'lo was T1(0C

& e
EADC is ethylaluminum dichloride, 25 ‘wt. % in n-hexane.

@ _.

Grezms
mole
ml
Mole Ratios

T4 (OR) ;
T4(OR)

grams
EASC 1

mole .
2nd Catalyst Component

Ti/2nd catalyst comp; .

. Reflux, Mtg’
.Recovered Product

Type -
mole
Reaction Diluent
‘Wash Li uid_
Ti/Mg
grams
Color

ml

ml

Catalyst Designation

Mgcl

Notes:

~ & Std I edsaut gk avel s prepared,by first . -
Mth a®Rii t Tl e conpourld, suf®k as-i sobutane
| oyed™hi t her can be
edSsBmul t affeously 20 .

Af t%eP cl osith

s, for best 25

2H5) 4 I.n _catalyst

thylaluminum sesquichloride, 25 wt. % in n-heptafie:
1~BADC is isobutylaluminum dichloride, 25.4 wt. Z in n-hexane. -

DEAC is diethylaluminum chloride, 12.96 wt. % ia n~hexane.
n-Hexane,

)
(2)
(3)
(%)
(5)
(6)

In one

g the entry '
i sobut ane i

n~Heptane.

(7



pol yet-hyl ene, is col l ected-as a free flomnng Rite solid and is dried to

0
ﬁ

gbtain the product. In a continuous process, r exanple, -a sui.tabl e*35 ~
reactor such as a | oop reactor is contlnuouﬁﬁuuphamgsa with suitable
quntltles of solvent or diluent, catalyst, CQ; cata yst, polynerizable
conpounds and hydrogen if any. and i nEa& : R3The react or
proddET i's continuously - 18- mﬁthdrawncmnhmtsmpalyner recovered as, \;

t b [l ashi di.l i t d :
mononbr & and ar yi oL BIRKARS (49 oL ERELISTRPAEREL PRE MR aaRERed in.

e s oAl o 2

with the ca aawtsoxOﬁnM Sa ﬁxltrbééﬁnfa@{b@ﬁiﬁeﬂ&ebuipldyil@p@i‘:ynﬁ—hexane

articles by conventional poly- olefin proces ng technl ues_, such as
i nj ection nolé&f fghe r seactden Wﬁ#ﬂﬁﬂg, @ﬂrﬁ; Laski EH#%JE& St poudin 733 ing
For exanpl e, {4 Yehaygenae ﬂﬁiﬂfh-%éiaahée UL VPSS A\%hahﬂl azzﬁa&em:hoaelc&a-
typically of narrow, nol ecul ar . ﬁacgastrlbutlon i C

di

S eC|aI y.
desirabl e forchkPride; Eengra R B S orfas Stﬁfﬁ?é E- houx
pol yet hyl ene g @meénes t@ﬁféramzdreﬁner ?l.l N diBsus de®i mpblandi ahehulflil-

r

densi t f about s r ecover ed om t,he_pol, rizatjon -z
4 5 i

n .o
ot a8 el Tl S AR (ARG Chae. S dea P §58 458y Lty
degree of St iHdshass | aﬁdgdrme@ dﬁ@éﬁral nlmii!&qlén phrge .15 The sdBy SBowdery

desirable in man %gpllcatlons ei nafter, terial identified as

catal yst A i PX | VaSped@rsd o EPHS -r{éwm%ﬁ SFrﬁeéb "E?aﬁ%meg?alt}’:ﬁ

Bis the . larger particles. ,
| The quantities of components empioyed, welght ratlos -of
15 catalyst A to '1‘1C14 and results obtained. are glven in- Table.
3.



-mhl s i nvent [ on I .e. the produckgbtai ned by treating catalyst/, *
A withethe halide exchange nedi um BXAVPLE, 1 (conparative) CATALYST A 20 72 ,
All .mxing and filtering operatio onere pEr ormed,in a dry box (essenti al

absence of air, | €4:0 E and ter) unglel a gr'g ni trogen atnosphere.

enpl oyi ng dry n- ep.g @By ,ﬂ g: on m;tilgj Amflydr ous nmagnesi um

: d| ch|/6?| de agd [Git ajy r@t@trﬁ (unless ot'ge¥wi se noted) were charged

fllask efui-Bledsf B 2o gl uja'&hg anggstirr@ng the contents of the '
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[err] [err]

rr] [err]

R e e e e+ n

[err] O - [err] . [err] [err] [err] [err] [err] [err] [err]
[err] w[err] [err] [err] [err] ;EE%ANPLE Cat al yst :

fepar ati ons CATALYST B

.,/\‘

10

15 -

20

25

30

35

Elemental analyses of catalysts A~2 and B-Z Lnot mlxed
with polyethylene fines) were performed and the results _
obtalned are shown below 1n terms of wt. % of each eleﬁ!ﬁt

Element Catalyst A-2 Catalyst B=2

~ Carbon . 17.5 s - 10.1
Hydrogen . =~ 5.0 1 2.6
Chlorine - . 3%.4 - . 54.7
Oxygenlo N - 16.2 _' y 10.9
‘Pitanium 11.6 13.0
Magnesium | 7.6 . 7.2
Aluminim 2.4 1.5

10 '

The amount of-oxygen was determined by subtracting
total weight of other components from the total weigh
of the catalyst sample. | | |

The results indicate that treatihg'catalyst'A com-
positions with TlCl has some effect on the amount of the
elements maklpg up the cqmposatlons. The Ti concentratzon

fincreased 1.1 wt._% and chlorine"ooncentratlon increased .
- 15.3. wt. § at the expense of cazbon, hydrogen and oxygen in

particular. : -
From the above results 1t is belleved that the halade
ion exchangang source, which in this instance was titanium .
tetrachlorlde, caused an.exchange of -chloride for ethox*de
groups- in the catalyst. - o . ' '
- Catalysts A-2 and B-2 were also examaned by powder x--
ray diffraction and X-ray photoelectron spectroscopy to

measure the surface composztlon and bulk crystalllne phases.

- The results .indicated no significant differences in the
elemental composition of the surface w1than experimental
exrror. However, Catalyst B-2 appeared to be amorphous
whereas catalyst A-2 appeared to have a h;ghly crystallzne
component present wath a low. surface area.

EXANPLE A3

Ethylene Polymerization

-3 3.8 liter, stirred, stainless steel reactor was -

employed for ethYlenefpolymefization, The reactor was
conditioned for for each run bygcharging to it 3 liters of



mdﬁi YT g OperatTons were conducted in 5

[ 8]

dry box under A,
ni trogen at nosphere enploying‘dry n- hexane the reaction nedyunl To a ?P
flask equi pped for stirring was charged th - hexane, catal yst A and

kist'ani um t elgk§ neHeptdite ,CoNesding/  tigd CPoptyt amd mﬁmqraﬂeabeabt%rh%%
at anbi ent tenperature about 25 C, and then fil- 10 t ered.

8
filter: cakecRRatapdsh V\}‘?E p6r G 3 QRIRPLRS -h o iR %H?Feﬂaﬁn&?ﬁ@eﬁ
Nitfogen pupgd rE iyl PRAPERR D RkESd VRS LA at?ddi'tfﬂb@éna S@hee gl artzeN

to renmove.the Iarger arti The quanti onents enpl oyed,

e
wei-ght r at | ¥@Softhen t%?ﬁﬁy?PQAQQPhﬁQJEnéhasﬂéﬁﬂq DPErAEYE&re given in
Tabl e 35 [err IrHeréond etibnled 'ded@tdt WAL purtfed WPth|arer fsdtiitdne

Lerr] vapor and 3 ml of the cocatalyst solution contaxnxng 15 wt.
$ trlethylalumlnum,(TEA) in dry n-heptane (2.8 mmoles TEA)
- was charged followed by addition of the catalyst. The
reactor was closed, about 2.1 liters of dry isobutanecﬁas
10 charged, the reactor and cchtents_Were heated to 80° C and
the ethylene and hydrogen, if used, was .added.
Each run was terminated by flashing the ethylene and
‘isobutane and hydrogen, if'present. from the reactor. . The
polymer was-then‘recovered, dried.aud weighed to obtain the
15  yield. _ | :
Each polymer yield was divided by the welght of cata—
lyst employed to determine the calculated catalyst pro-
ductivity which is ekpressed as kilograms (kg) polyethylene
.per gram (g) catalyst per hour. In some runs of lessgthan '
200 60 minutes duraticu,_a_productivity‘figure'is calculated for
“ ' 60 minutes in which the reasonable assumption is made based
on past experience that_the activity of the catalyst remains
unchanged during at least the first 60.minutes of each run.
When the catalyst is diluted, a calculated product1v1ty
based on kg polyethylene produced per gram diluted catalyst
per hour is given as well as kg polyethylene: produced per
' gram catalyst contained in the mzxture per hour. ' _ .
" The quantlty of each catalyst employed, -run time,

:pressures employed, and'results obtalned are presented in
30 . Table 4. ' '
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me re the surface conposition and buI k crystalline phases - The :

resul t s ndi cated ne S|gn|f|cant di fferences & the el emental conposition '
of :t.he surface Wlt?!h%Leé tr:rgnt al 30 -error. However, .Catalyst B-2 ¢
appéared to be anofpriodE“HEF &?scé&fal%ﬁemelﬁpﬁmwﬂ-@dfedx heebgnthaad Ynole

crystallrne. ratpouemfrxeaeﬁhnwgtgﬁag I MPLE.[ err]

Et hyI eﬁe Pol y fx&: ti.on T’;‘,%P A73.8 ter ??r?&g% ‘{B%A:Hﬁé argepre-
reaet or  was e%% é d 3 br h?léne'polynerlzatlon The reactor was

condi tioned for .for each-run by charging to it 3 liters of - ry n-heptane,

closing the port, and heating the reactor and‘conténts at 1750 C for 30

m nutes. The reactor was drai ned and residual heptane purged with dry
niqrbgen. The reactor was then closed and cool ed under nitrogen pressure.
5  The conditioned reactor was purged with dry isobutane vapor and 3 n
of the cocatal yst solution containing 15 wt. %triethylal um num (TEA) in
dry n-heptane (2.8 mmol es TEA) was charged followed by addition of the
catal yst. The reactor was closed, about 2.1 liters of dry isobutane was 10
charged, the reactor and contents were heated to 800 C and the ethyl ene and
hydrogen, if used, was added. Each run was termninated by flashing the

et hyl ene and i sobutane and hydrogen, if present, fromthe reactor. The
polyner was: then recovered, dried and melghed to obtain the



' t5 yleld Each polyner yleld was di vided by _the melght of cata- ly§t
pl oyed to determine the calculated catalyst 0- duct|V|ty which:is - o
-xpressed as kllog eth e r £P ur f
1n sone runs of égetﬁ%ﬁg%ﬁg ﬁuﬁ% ?Igga a pro uc ?élt; |gﬁre i S
cal c/u.l at ed fcmaﬁﬂlys&ut es«nnMematuvalaamrbee iosnquﬁhmhene podamesed 1
- on past experJen e that the t|V|t I n ¢
during at | eatk¥3tHeRyr; ASS GF ﬂﬁ?g éetahg‘ﬁeﬁ% X%héﬂ;llz he éaggﬁ'gg%%e%hgh
di | ut ed, g;xﬁtﬁlﬂbgﬁquxhum|wheycairdspnnﬂnmgkg catalygtenbypeoduidsl,
per gra i l-uted cat al our ylene L
pl:\oduced per gﬁﬂ?g‘&?g%yst p‘ﬁb ? ‘F’ﬁgd ’&f&ﬁi&%ﬁl’&%@@% 8&@%& k])uantqty "
of each catal Wﬁdsmk:eyﬁd,catmly:sﬁepem dsaur psthepingdcated Aesaltadysts

gbgglgeﬁeape é5262£i§ Q}o hed Iem4about 3 to 36 ﬂé”ﬂ%}§ﬁé£]Whé¥éo ° O

[err] 41 thelr B counterpiarts] génerally produce from about 36 to 210
Lerr] [err] rrﬂ:olymer. It is also noted in this regard that catalysts
| 16 . B-6 and B-~7 (runs 18 and 19) showed exceptionally high i

productlvztzes as compared to thelr correspondlng “A“ .‘z

BEY

catalysts, .catalysts A-6 and A~7 (runs 6 and 7). :

- The best results under the conditions employed, were
obtained in run 21 employlng catalyst B-10 produced from

15 catalyst A-10 composzt1on prepared from a titanium ethoxlde-
magnesium dichloride reaction product treated with ethyl-

aluminum sesquichloride. This catalyst was extremely active
and produced 210 kg POlyethylene per gram of catalyst per ;%
.- hour. _ |
20 T 'Examgle éf"-(&v&ﬁamdﬁv")
' . L : ) T
' | Catalyst A ' |
All mixing and filtering operations were performed in a

dry box under an. argon atmosphere employing a dry hydro-~
25 carbon as the reaction medium. Anhydroué magnesium dichlor-;
- ide and titanium tetraethoxide were charged to_a flask :
. equipped for refluxing and stirring and containing. the
_ chosen reaction medium. Each mixture was heated at the
" temperature and for the time indicated in Table 5 and cooled|
30 to the temperature indicated for the dropwise addition of
' the 0.783 molar solution of ethylaluminum sesquichloride in
n-heptane. The resulting slurry was gene:ally stirred an
additional 30 minutes after the reaction was completed,
stirring was discontinued and the mixture allowed to wara to
35 room temperature, if cooling had been employed. The slurry

was suction filtered to praduce a filter cake wnlch was
washed with portions of dry n~hexane and dried under an
argon purge to produce the produ it

|
'-l

anda i
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he results given in Table 4-indicate that the A catalysts, whil e . }_1
relatively active for ethylene pol yner? At an, .are not hearly as-active 1

gﬁ- s the B catal ysts which are formed fromthe corresponding A catalysts by °
A Tid 4 treatnent. In terns of kg pol%&i&n& roduced per g (undil uted) :

cat alyst per hour, the indi cat edcétgalﬁys?ﬁégamlﬁjdry produce from about 3;
to 36 kg pol ynmer whereas their n erfﬁ S . generaltTy produce from abog;t)
36.t0 210 kg polyner.i It is also not && _'Yﬁ_tésr-egard that catal ysts 10

B-6 and B-7 (runz1i8m3ndnd Anaheuadepianp! bpaahid didweredeshidvdic® a8 a |
conpared to_thejr: cor_resx?ondl ng "A" catal ysts, .catalysts A-6 and A-7 (runs:
~ 6.and B. THEYDRSX Radan ARNAEFORLE BEBRsORICHINT BV noDERARD 25 |

run 21 enpl@yé Nfebatdlons mdd {8mPr ogel ad f_IQ%W Y§5rA$£9r%9H?)5&ﬁ&0n
prepared froma titanrum ethoxi.de, magnesi uneé | dle e and aep/prpduct i
treated wi tFREIWY wag GRaRARIBgheXNG dehe TRRSadMSH A Chaldfirkaret yand -
active and pfeahcaf 2 deCWDbY¥eaBY | ey die miketirel e A ¥ SErBar A0UWhe 20
Exanpl e Catalyst A All mxjng and filtering ogeratlon,s were perforned in a ;
dry box undefBBRragHESn aé’c‘#mg%e‘rzgeeﬁﬁ-l%iﬁ@d' catpchyid cTable SeaQssiied to
the remrti ofodROtefipedatutio)si Fegagdad]) dkd! ehen dad¥itohi E3ktéPed. The
tetraet hox.lé;l,e wer e char%ed to a flask . - .
. ilter cake Wwas Vashed with portions of dry n-hexane and
dried under an argon purge. o - S
_ The guantities of compbnents employed, weight ratios of
C - catdlyst A to TiCl, and results obtained are given in Table
15 6. - |




- . E-
or refiuxi ng and str rri ng and contal ni ng the chosen reaction @

ledi o Each m xture was heated- at the tem@®ature and for the time
|nd]cated in Table 5 and’cooted 30 -to the tenperature indicated for the

- dropwi se addition pf.¢ ke O. 7:83 nmoar ol uti on of ethyl al un num
squi chl ori de Bhuh- I’Eﬂane.—.The besrﬂ.tlng slurry was general ly sti rred ah -
- addi yrenal 30" m é‘ber'ﬁhe r 8a, th was -conpl eted, stirring was - |
i scorit i.nued an&%_ °$<ﬁu§e" Bofte T‘("g.warmto 35 roomtenperature, if |
c060ling had beef “rpla.bye'é'..a J Ssliug rl;%/ fhas suction filtered to produce a
filter cake-whi @h was théhédd W e pa i®¥ns of dry -n:he ane and dried under
an argon purge DI @SlHC® b he Peosiiote o [err] [err] [err] [err] [err]
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L‘EF”'] [erwr.]m[.err] [err] [err] [err] [err] [err] [e.rr] [e‘rr] [err].-"[-err].-.

[err] [err] [err] [err] [err] [err] 29 Exanple Catal yst. -
aration Catalyst B All mixing and filtering operatrons wer e conducted
|rr\a : _
-~ 3 o
' R
Exam 2156 :

Ethylene Polymerizatj.on

A 3.8 1iter, stirred','.st:'ainl'es's steel reactor as described

and condltloned in Example 3 was employed for ethylene polymenzat:on

The conditioned reactor for each run was purged with dry

: isobutane vapor and 1 ml of qhe ~cocatalyst solution containing

5. 15 wt. Z triethylaluminum (TEA) in dry n-heptane (0.93 mmoles TEA)

was charged followed by add':i-.tiiph of the catalyst. The reactor

was closed, about 2 liters of dr;[_ _isobuta_ne was charged, the reactor

and contents were heated to é0°C and the ethylene was added.

_ Hydrogen was not present in any of the runs, thus each of the poly— .

10 mers produced had a melt index c§>f less than 0.5. Unless indicated

| to the contrary in Table 7, a run time of 60 m1nutes was observed
in each runm. - : .

‘Each run was termimtéd '.an'd' the polymer recovered .as

described in Example 3. If a run time of less than 60 minutes

._ 15 was employed, a calculated productiv:.ty flgure for 60 minutes is

employed as described in Example 3,

The particle size distr:.butiori of the .reoovered polymer
' as made and/or ground in a Waring Blend:or._was determined by 'placing
about 100 grams of 'the ‘polymer on a set of mechanically agitated
20  gjeves. The sieve set consisted of sieves having the mesh sizes
(U.s. Sieve Series) of 30, 50, 80, 100, 200 (0.59, 0.30, 0.18,
0.15 and 0.074 mm, respectively) and the bottom pan., Agitation
was conducted for 30 'ﬁinutes unless indioated otherwise and the
amount of polymer remaining on each sieve and in the pan was deter-
25 mined by weighing. The ground samples were agitated for 2 minutes '
at high speed at room temperature in a Waring Blendor. The purpose
of gr:mding the as made polymer 1s to simulate the attr1t1on polymer
particles appear to receive in a large scale reactor such as a
loop reactor, for example, since commerc:l.ally formed polymer
30 particles are generally subjected to substantial agitation which
results in the production of finer particles as compared to those
made on the bench scale. |




] - e tteg mets e i s | T
. T ot nr
unaer an argon atnDsphere enpl oyi ng dry n- hexane as the f QED

r ,pn medium To a flas - equi apped for st ing and reflux was charged

h th ta bt d
T oo ot o) SPEIpdt R R B e, SR Fad L8 Breniaman srEeiRad o

for ‘the time apeveahnd ithrbudktSutceslied dpplicaten t:.emerﬁie& ot by -
neededy "and t hep suct|35 filtered. . The fllter ca% s washed t'h
pQr ri'ons of FTLRARBI A0 0 FF 3RS QL L ke POLERGEN gﬂ\ﬁgem ﬂn@%aﬂ?ﬁ‘@%eé"@f

- conponent s er@toredm wRIPuraviies (eboca)alses 2 moherelank iR ke h.l?hest
ohianed 215 SLEER LA Mty fhgogce bt by e ok Ly
e Waring Products Division, Dynamics Corpoeatlon ‘of America,
New Hartford, Connecticut. Although most any- gfinder or
‘blender suitable for vigorously agitating *elatzvely small
_ quantltles of polymer can be used, the Waring Blendor
' 10 described above worked very well.

' The ground fluff is then screened for 15 minutes. An
electric Ro~Tap Sieve Shaker manufactured by the U. S. Tyler '
Manufacturing Company, creveland, Ohio, was used; however;

_ most any sieve shaker could be used or the polymer could be
15 sieved by hand. S
' - The quantlty of each catalyst employed and results
obta;ned are given in Table 7..
In each run the lnltzal ethylene pressnre was 0.69 MPa
. (98.5 psig), and the average total pressure was.l1.9 MPa
20 (271.4 psig) for all runs except runs ‘24 and 26 in whlch it
: was 2.0 MPa (285 T ps1g).
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et e S - G | gl MG s ey

¢l e S|ze dlstrlbutlon of the recovered pol ymer as made and/or
und-in a Waring.Bl endor was deternined BH-pI acing about 100. grans of
t he polyher on a set of mechanical |y agitated 20 ° sieves. The sieve set
copsi sted of siernspwmtivhtos mhgﬁn§§u$t$uPSes§ntedEinlﬁablef73@hdﬁg

.80, 100, 200 0. 30 18, O. and 0.0 respgctively).and th |

bot ¥orh pan. th%g ?3ﬁ(f?ﬁﬁ§leﬁn88 *Qﬂs3ﬁmﬁiﬁ§¥%g €§§m+ﬂgl%gﬁ &at(iYSt

ot&h'ezI wi se aaﬂet bE a’.mpmrtmcaoifm aepm@uogmd@alcstmeyemndolfn ; A ]

was deter- e ' [ ou S es were a te :

minutes at HF ﬂuﬁ?ge u?b rs:\%u ﬁg P\?Q‘rpl?ﬁ;“%l %ﬁdg TI’?ee’ s%

of gri lnsil ngp. ahu&s.errmh@misenhlmﬁmzsloﬁ: the paolyméri L Imhepnio)s‘ael rp::o- |

particles a L, to recejve in_a |arge scale reactor_.,such as a |l qo

react or, gﬁC% §$£i¥?ﬁﬁea99 r?ﬁa???u&% At FLPER yﬂﬁrrﬁﬁsrbz 24 -

. pﬁrt i cl SS awneﬁe]p&][helllwsow eslt e@m&%tanpa&lamﬁ ate@gtmbncmerdammatl n -

the production of finer particles s co se_,J1a

scale. - CEFRBEXGTIFRES I ?ﬁﬁ?’nﬁn au I e?%‘or q%% 7%?'&? 2(% %e e&%ﬁd

thlrought ]Q:Jt £ihea Wamtoncataaqrsu esi) ois Bprged Gyngcdhtagtant databyst .

pol ymer uff _i.n a con i on at_.roomt enper.at ur err ut es

“using the h#gﬁ g %ﬁ’“&eﬁﬁ‘fﬁeﬁlﬁ 8&%&‘5‘1‘&%15{225%% @red

t()% Wari ng Pa!advm«:}1 az:sh«nex on'rhasearaaésa@saglr&bgm ::éla@ﬂfvb elg cNearé@rtford
nnecti cut t hough no er_or ende ta or VI ou

a0l 1ati ng r BPYREE a Wase @bt lCila CepRr o Rathl ¥ (0L B0 Wtire \urp Rt

Bl endor * than 100 mesly. The polymer is somewhat friable in nature, .

.
s e ¥ et T YT L wy B

~however, since after grinding it in a Warlng Blendor for 2
;5 minutes the amount of coarse polymer remalnéeg~53?515ts of
about 45 to 60 wt. % coarser than 100 mesh.
When catalyst A is made in an aromatic react;on medlum
. at about -20° to -25° C'and catalyst B is formed by contact
of catalyst A with 'I‘J.Cl4 at temperatures ranging from about
.20 80° to 180° C the particle size of as made polymer and
= ground polymer is coarser in nature as the results of runs
‘.25-29 demonstrate. The coarseSt,'most attrition resistant
polymer was made with catalyst B formed by contact with
TlCl at 180°-C. However, the product1v1ty of this catal yst
‘25 was substantlally lower as compared to the other ca alysts
of runs 25-29. The data in runs 25f29 indicate_that when
'catalyst A is formed'atlabout -25° C and catalyst B is
formed from catalyst A at.about 80° to about 130° C said
‘catalyst B is capable of producing coarse, attrition resist-
30  ant polymer at high rates in a slurry polymerization process.
All of the polymers shown in Table 7 have relatlvely
low melt index values, i.e., less than about 0.5, as deter-
mined in accordance with the procedure of ASTM D1238-65T,
condition E. N . _ '
35 L o - Example 87 _ '
Ethylene Polymerization - Effect of Cocatalyst Levelf_
A 3.8 liter, stirred, stainless steel reactor as -
described and conditioned in Example ﬂzwas employed for
'ethylene polymerzzation.
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~ reactor was closed, about 2 llters o y lsobutane was
charged, the reactor and contents were heated to 100° C and
the ethylene and hydrocarbon were charged - Run’ times of 60
minutes were employed. o . : ' 5
10 Each run was terminated and the polymer recovered as ﬁ
_ Gescribed in Example 47 The particle size distribution of I
the as made and/or ground polymer was determined as descr;bed
in Example.-'?‘6 , ' ' :
The quantity of each catalyst and cocatalyst employed,
15  the melt index of each polymer and the results obtained are
given in Table 8. . | ' _
In each run, the 1n1t1a1 hydrogen pressure was 0. 34 MPa
(50 psig), the initial ethylene pressure was 1.4 MPa (200
p51g) and the total pressure attained during polymerlzatlon
20 was 3.4 MPa (500 psig) except for run 35 whlch it was .3.3
MPa (485 psig)..
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- . 10 180 Cwiht (pidh cbelymex cproductdomdndmlowndo@ahaﬂcymlyesidnescms ser
I n -nature the results run 2 (of0)
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catgl yst Ls .capabl e, of arss | sist-_30__a -
ol Dhur M g aR S T B b e R o bbht 4B 0S hord pri¥er
ably between about 30 to 100 ppm (wt. rat:.o of cocatalyst to
"catalyst of about 6: 1 to about 35: l) .
‘Melt index determinations of the produced polymer
clearly show that commercially useful material was produced
20  since many applz.cat:.ons exist for polymers in the 0.4 to 4
melt index range :anluding f:.lm, sheet, pipe, bottles,
conta:.ners, and the like. 'I'he HLMI/MI ratios shown are
indicative of relatively narrow molecular weight distri-

" bution polymer. Ethylene polymers with such molecular
25 weight d:.str:.butlon are espec:.ally su:.table for :.njeotxon

mold:.ng. . -
' | | Examgle 3' 9 -
o T A, Catalyst Preparatloh (Catalyst A) -
_ B. Catalyst Preparat:.on (Catalyst B)
- 30 o C. Ethylene Polym_er:.za..:.on in Presence

of Bydrogen

A. A ser:.es of Catalyst A was prepared generally in the- "
manner indicated previously as in EXample ,8“ The quantities
of reactants employed, reaction cond:.t:.ons used, and results

35 obtained are given in Table 9. B. Catalyst B was prepared
generally in the manner descr:.bed in Example,.ﬁ’by contact:.'zg
a weighed portion of the Catalyst A series w:.th TiCl 4 The
quant:.t:.es of reactants employed, réact:.on conditions '
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as made and/ or ground pol ymer was determ ned as described in Exanpl e The
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each polyner and the results obtained are given in Tabl e 8. ' '
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1n each run, the initial hydrogen pressure was 0.34 MPa (50 p5|g) the

al ethylene pressure was 1.4 MPa (20 i g) and the total .pressure’ A4
ned during polymerization 20  was.- 3.4 MPa (500 .psig) except. for run
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mat er i él s and conditions enpl oyed when the. cocatal yst | evel 3 ranges between
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Et hyl ene pol yners®™w th suck on are

especi al | y suron@isioms ienployed maledishpwn in Table 9C. - Exanple A
Cat al yst Preparation (Catalyst A) B. Catalyst Preparation (Catalyst B).
30 - C. Ethylene Polynerization in Presence of Hydrogen A. A
series of Catalyst -A was prepared generally i-n. the manner indicated

previously as in Exanple 4. The quantities of ‘réactants enpl oyed, reaction

condi tions used, dnd results 35 obtained are given in Table 9. B. _
Cat al yst B was prepared generally in the manner described in Exanple 5 by
contacting a wei ghed portion of the Catalyst A series with Tid4. The
guantities of reactants enployed, reaction conditions



and results obtained are Shomn3§1 Table 9B. A seri.es of ethylene

- sutili
poly ation runs were carried out. generally as described in Exanple *
usin h catal yst' B shown in Table 9B; however each polynerlzatlon run -

s'5Acarried out in the presence of hydrogen in order to producé a R
-higher nelt index polyner The pol yners. phoduced and the conditions 7 . -
enpl oyed are shown in Table 9C. . - O_I-tgo utilized,.and results _*Q“;.
obt ai ned - are shown in Table 9B. A series «af. et hyl ene- polynenlzatlon runs
were carried out generally as described i mExanpl e usi ng each catalyst B
““shown in Table 9B; however each. polynerlzdalon.run was 5 carried -out in . -
t he presence of hydrogen in order to prodqge a higher nelt index polyner
- The polyners produced and the conditions egployed are shown in Table 9C.
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g in Tabl P& i which a low nelt index. pol ymer was- produced ‘and in
i ion runf®44847 of Table 9Cin which arelatively high nelt index .
po r was p*@%c d. It has been observed from past experience that -
gri ndi ng tesiEs Mdé on pol ymer formed with the catalysts of the present >
‘inven- 10 tgan result in | essscoarse polyrrer (more fines) when the polyner
-~ nmelt index i & ahodip aBout 1. ARSY, a leveling effect appears to take place
‘when the nel&f i @@ rAGFHTHARR 5 to at least about 40. The anmount
-of coarse pol yr’nﬁ"‘rH fter grinding.generally anmobunts from about 80 to about
95 15 wt. % fpr |ow nel&dndex polynmer and from about 60 to about 70 wt: %
for highgyel t|i & gla&re wolhesefere, it is currently believed that a -
cat al yst Sfan be eiﬁ ﬁﬁl@l:ﬁ%&ﬁjated for potential commercial use (in
. absence 0Of] a cof® ci alarun) by preparing relatively high melt index 20 '
pol yner. boutg Bt ¢ 40 &t i ndex) as conpared to a |ow nelt index polyner
on ab . scardE ArG &ﬂe;on@f:st—he results. of runs 39-42 with runs 44-
47 of - e 9 3 g all & hkéita catal ysts prepared by contéacting-a
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catal ysts of are |mmrmn1n3&a.ze and hglsnerhélgr eﬁpé-renablcahl.gl phiaped. t s
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O.toe. produceotaﬂzaz;dgn,écatellylstel.he\pamckeperamhea dver+a)llt ef;frammcaesults

oner? % B A B BETREAR M b e BRI SRLELY B fron

pol.yneri zat i oresistant hpohymbms@im:tmtatyv&sy hilgh polymer product*:.vﬁ:a.e.,.
L. M S * CLAAMS 1. A nethod of . preparing an ol efin polynmerization .

catal yst which conprises A reacti ng in an inert solvent or diluent a

di halide or hydroxyhalide of a metal fromGoup I1A or IIB of the Mendel eev: -
5 Periodic Table with a titanium conpound in which the titaniumnetal is
bonded to at | east one atom of oxygen, nitrogen or sulfur, and said oxygen,
nitrogen and sul fur aton(s) in turn being bonded to a carbon'atom of a
~carbon containing radical; B) reacting the product of step Ain the

"presence of the 10 , sanme or different solvent or diluent with an

organonet-al l'ic corrpound of a netal from Goup I, 11 or 11l of the Mendel eev
Periodi c ‘Tabl e thereby to precipi tate a soI id organonet aI l o conpl ex of said
Group .



Goup Il or Goup I'll netal; and C)_ Ltéparatlng the solid organonetalllc
pl ex obt ai rMele 18f fiexcts emEBaf dow nHscisof veemperatiunenendedi tighand

eating the s I Wi |t| alghatide as a
e STREERR PSR i 430N, Bhel Wb e LATRAUAY dRL bl R0 25 2
séT d trargivemtiont wi thaltekpestdton ptlam@r i partmmmieeranal ati~de. 20
3. A neth ACCOI h | t o] d
st ep SRS HALRR Gl AL a8hoRa LS T L ALLTL SO WP
titagi unrels astedwn, inoTablen?uint whimtera Lewt meéd t Andex npo&gdxea:ccmsh ng
to claim_3.,. in_the tig ou b ne
formi o RiadyeeE Bl o APLaEL SR SRR IR kD GRS Py DRI
.or ar Sl k)ﬂgatmlmhyghtigﬂﬁm@ht_ bhdex tpmlgﬁne:arbas ghroduced. AIlteAﬂiusjt o
. according, to cl,aim n S rr et e
accordln%qﬁ?(ﬁéﬁﬁFgeixﬁgéﬁrpgg#dek'ﬁgﬁ %oﬁﬁgﬁhgqﬁ??l?%ngﬁﬁFs ma :
tetraeth@m(polymertfebmeﬂdwﬁth7theraﬁétthscoEth;tpresgntnenﬁen*m
. precgedin clalns erel d |.i ugsed in step ne5|um
b oS | o ARl B ek, FRaPse” Riilvnids ' Idnd Ateids Dlybin
di chl ori @1;;1&: helyl fndex disrabose abcnghell. umAldio ok dkeveldggesi um
d'fluor'd%fect appears to take place when the melt index ranges from-
~ about 5 to at least about 40. The amount of coarse polymer.
after grinding generally .amounts from about 80 to about 95
15 wt. % for low melt index polymer and from about 60 to about
70 wt. % for high melt index polymer. Therefore, it is
currently believed that a catalyst_can be more accurately
' evaluated for potential commercial use (in absence of a
- commercial run) by preparing relatively high melt index
20 polymer (about 5 to 40 melt. index) as compared to a low melt
; index polymer on a bench scale. ° -
A comparison of the results of° runs 39-42 with runs 44~
47 of Table 9C shows in general that catalysts prepared by.
contactzng a solution of Tl(OR)4-MgC12 contained in a

25 - paraff;n, e.g. n-hexane, with an organoalumlnum compound at |

about room temperature or lower-and treatlng the isolated

' particulate product with T:LCl4 at room temperature or hlgher'
produce relatlvely less coarse polymer (more fines) as '
compared to the preferred catalysts of the invention. _

30 ) Thus, the preferred cataiysts of this invention which
Produce large and attrition resistant polymer particles are
formea by employing an aromatic soclvent and low temperattres
(0°C to -100° C). to produce_catalyst A and an elevated

: temperature'(80° C to 180° C) to produce catalyst B. The
35 low temperatures utilized in preparing catalyst A is benefi-
cial in reducing fines (increasing coarser polymer particles)

in polymerization runs with the finished catalysts. The



cal ci um di chl ori de, cal ci um dibronide or zinc difluoride. 8. A nethod ﬁ
according to any one-of the precedi ng cl ai ns wherein the organonetallic -

(lzgnp‘t]lnd used-in step B) S ?ewiﬂr%— 2'(&la&byl aIO;JmR'nu?Aqmnmlﬁlmmnlﬂmrul als

a linear or branched chal n hydrocar byl Wl cal of 1 td 26 chrbbn atdns and
'Xls!halogen 20 9. A neth ording to claim8, wherein said "~
orgéﬂo- metal i c conpound is ethylal um-1-|-u1-n-sequ| chl or| de. 10. A rethod
;according to any one of c¢lai ere

used in step B) i's a iaﬁ tr@ﬂgﬁ’gs?’ifﬁanﬂg an glrﬁa%ﬂ Iaiz tgo t%gP%#@

of the precedi Ial NS . wherein the step A) is c_onduct ed in a

hydr ocar bon so{’}%' Compriﬁ%s* C L M S * 12. A method according to
claim 11, wherein sal fudifin a%&ogn Lé&eeﬂtsdl%ea{osrptaﬂue;% a_AufELARd

according to any one e precedi ng c ains, wherein step B) is carried

out at a te”pe&atl'g'rd?oiﬁ?&lﬂﬁe rGNQe meb £l drom Grodp® IL&T6d 11B%t th@‘ MéRRENQS,

according to wherein said tenperature is in the range
-[err]. 155 Apéﬁbh%i Tbaer $leg at eledmuan&n%uh&lemp&mdtw t6 k&1 metal

is bonded to at least one -atom of oxygen, nitrogen or sulfur, and
~said 6xy’gen, nitrogen and sulfur atom(s) in turn being bonded to

a carbon étom of a carbon c_ontéining.radical; |
| B)-' reaéting the product of step A in the preseﬁce of the
- 10- samé or different solvent 'orldilt.:ent witfx_ an ofganometallic compound
of a metal frﬁ'.o;ﬁ'Group I, II or IIT of the Mendeleev Periodic_Table
thereby to precipitaté a solid organometallo complex qf said 'Groﬁp

I, Groué II or Group III metal; and

C) separating- the solid _ofganometallic complex obtained

15 in step B form the solvent or diluent medium, and treating ﬁhe
separated solid complex with a transition metal halide as a haliﬁe
ion exchanging medium.

{ ' 2; | A mef.hod according to claim 1, wherein said transition
inetal halide used in .stepC) is ﬁitanium tetrachloride.

20 _ 3. A method according to'claim 1 or 2, wherein the titanium
compound used in step A) | is a titanium tefrahydrbcarby_l oxide,
titanium tetraimide, titanium tetraamide, or titanium tetramer—
captide.

4, A method according to claim 3, wherein the titanium

25 compound is represented by the general formula

Ti(OR) 4'



|‘§t‘€p—e)—|—s——eenducled at a tenperature in the range 80-[err].

o~ to claim 15, wherein .said tenperature’ |s‘-‘i'n'
FUT rang m H'KMI m A net hod ording to any one of the preceding

clainms, wherein I um conpo and the netal dihalide or hydroxy-
halide are reacted in step A) at a netal to netal nole ratio of 15 10:1 to
1:10 and, in step B), the nolar ratio of said titaniumnetal to the -

organonetal lic corrpound is'from10:1 to 1: 10 18. A rret hod accordi ng t o'

claim 17, wherei e fr 1 to.,1:

respectively. lgm&%k Efaéhlfl()l?l %%I ?/‘Ererl Za't’l SKC °§1§P’§s an éFW&Té’J by 20

a net hod gl Aedyyd}oRBYbdH¢adicsl! %!En% o ]ct%rbgrgato@scat al yst according to
duct )

claim19, whicCh i's the reaction pro a titanium halide and

a solid product obtai RethddNadesAidgNES wairb St GR wher ei nstep A)
i nvol ved the reac- tion of raragneg'l gm dIcCh| ori'de %rﬁht?{%n%mlfbt r aet hoxi de

thereby pim@gac¢- ing as the product of step A) a solid materi al having, if
isolated in a substantially crystalline forma powder - X-ray diffraction

pattérn, taken wgders aigttoli 886oridingX €b UeBailn &5 ,PASREGE Sfidaitk cfidmiat er,
-show ing as characteristic features of the crystalllne mat eri al

i nt er pl anzmpepad i i3y s1 v umet et raet hoxide’ of NietRabitdagdas fol | ows: interpl anar
spacing relative intensity of (nmeter x 10 )
spect rum 7. A method according to any one of the preceding claims,
wherein the metal dihalide used in $tép A) is magnesium dichloride,
magnesium dibromide, =zinc dichloride,_ | beryllium d_icixloride,
10 beryllium dibromide, magnesium diiodide', mégnesium difluoride,
| calr.:_ium di_chloride, calcium dibromidie or zi;nc difluoride.
| 8. . A metho& according to any one: of the preCeding claims
wherein the .organometa_llic cbmpouﬁd used in step B) is | a hydro-
' carbylalumi-nym ‘halide of the formulas

15 - R'ALX,,

R' 2A1X, or

R':_,’Alzx3
wherein each R' is a linear- or b;aﬁched 'é&in hydrocarbyl :radical
. of 1 to 20 carbon atoms and X is halogen. o
20 | 9. A method according to claim 8, wherein said organo-
metallic ;ompopnd is 'ethylaluminum sesquichloride. -
10 A method ‘according to any one of claims 1-7, wherein
" the organometall:_i.c. compound- ‘used in step ﬁ); is a dial_kyl magnesium,
- 11, A method according to any one of the precedin_g claims,

25 wherein the step A) is conducted in a hydrogarbon solvent.




10.77 * - o veak 10.47

very-"strong 9. 28 c e - tyery Weak 873

weak 8.23 : o very s
Tl
meak 6. 4 ' weak 6.10

weak<4. 90 . ' S very.weak 4.42 _ :
very weak 4.40 - 12. A method according to ciRfiM 1eakyiferd9n said hydro~
very weak 3.86 very meak 21. A catal yst

according to cleirboh%dlven2lis afosdtiel conprising as a cocatalyst an
or ganoal uni num conpound of the fornula R'3A1 R'AIX 2 R'2AI X or R'3A12X3

wherein each R' is a lilean wethod htesnting chainy byslod@ceaidpredaingatlaims,
containing froml to 20 carbon atons and X is a hal ogen atom. 22. A
catal yst accorvwliergintstepclBai is cArried/wenean a s@amperature in the range -100°C
5 to 0°C. | | |
._14.' A method- acﬁording_ to claim 13, wherein said
_teﬁpe;ature is in the range ~-15°C to -40°C.

15. _A method gccbrding to any one of the preceding claims,

vherein step C) is conducted aﬁ a temperature in the range 80-180°C.
10 16.- A method according to claim 15, wherein said
temperature is in the range 100;130°C.

17. A method according to any'dne of the'precéding claims,
wherein the titanium Compound and ﬁhe metal dihalide or hydroxy—
halide are reacted in step A) at a metal to metal mole ratio of

15 10:1 to 1:10 and, in.stgp B), the molar‘ratio of said titanium
metal to the 6rganometallic compound.is.from-IO:l to 1:10.
18. A method according to claim 17, wherein said ratios
( ' : are from 2:1 to 1:2 ﬁnd to 2:1 to 1:3 réspeﬁtively. |
| 19. . An olefin polymerization éatalysﬁ_ when prepared by
20 a method claimed in any one of claims 1 to 18.

26.. A catalyst accordipg to.claim 19, which is the reaction
oroduct in step C) of a fitanium halide anQia solid pfoduct.obtainéq
in accordanﬁe with steps A) and B), wherein‘éteb A) involved the reac-
tion of magnesium dichlpride and titanium tefraethoxide'£hereby pfoduc-
iﬁg as thé'produét.of step A) a solid materiél'having, if isolated in
a substantlally crystalllne form,a pomder X-ray diffraction pattern,

_taken under condltlons to exclude the presence of air and water, show-

ing as characterlstlc features of the crystalline material interplanar

spacings and relative - —— -



c | yst—s—t+iethyl al umi num 23. - A catal yst according to cla m21 or

42 er ei ight ratio of said cocatal yst to said titani umcontai h¥ng

., cardl yst ”"’gjmmﬁui “m isin the range 4:1 to 40:1.. 24. - A process for

producing e 8liwhi ch conprises contacting one or nore

- aliphatic nono-I-olefins, conjugat di ol efins or vi nyl aromati c
conpounds, under  polynerization ‘conditions with a catalyst BN
according to any one of clains 20-24. 25. A process according to cl ai m\ﬂ‘
wherein the olefin conprises ethylene and. optionally up to 10% by wei ght of
propyl ene,; 1-but ene 2- gtu(t)l?ne . l-hexene,. 1, 3-but adi ene, i soprene,
1, 3- pent adi™ ﬁ&?lrslteﬁr%% ° Q‘ési'rret hyl styrene. The text of the specification
has been reproduced by photocopying the applicants:orjginal typgescript. It

_may cont ai niatkew) apeRdRRA{ECE& Wi ch are diffi d’ﬁﬁ‘ftf‘é" PEAFRst hg?ori gi nal -
typescri pt cont{aietiemgxt BBse hnendnent s may be—i—ns-p%%ﬁef—‘g’n—{—he—-prom ses of

- the Patent Ofi ce.

10.77 : ' weak

10.47 _ : ' - very stroong
9.28 _ _ very weak
8.73 | .- . veak

8.23 - ' . very strong
-8.10 c . moderate
7.91 _ o very strong
7.43 ' ’ i ' strong

1 7.27 . _ . strong
6.52 : o : : : weak

6.41 : : . weak

6.10 S weak

4.90 ' . : - very weak
442 ' . ! o very wveak
4.40 - ' very weak

4 .09 _ ’ very weak
3.86 very weak

21, A catalyst according to claim 19 or 20, further -
comprising as a cocatalyst an organoaluminum compound of the formula

n'.
R 3Al

"
R Ale

R"ZAIX or

"
R",AL X,

wherein each R“.is a linear or: branched chain hydrocarbyl
radiéal containing from 1 t§ 20.carbon atoms ahd X is a halogen
atom, -. | |
22, A cétalysﬁ acéording to :claim .21, wherein said
cocatalyst is triethylaluminum. | |
_ 23.. Afcatalysf according to claim 21 or 22; wherein the

weight ratio of said cocatalyst to said tifanium-containing catalyst




 IMOMIIN

is in the range 4:1 to 40.:1..

24, A process for producing olefin polymers which compris.es
: éontacting one or  more ._aliph;atic mohqfl—olefins; conjugated
diolefiﬁs or vinyiaromatic compounds, under - polymerization

5 éonditiozis with a catalyst according to ani one of 'ciaims 2024,

25. A process according to claim 24, wherein the olefin
comprises ethyiei_m and‘_ optionally up to 10% 'ﬁy wéight éf prop_ylehe,
1-butene 2-butene, 1-hexene, 1,'3_-butadie'ne, isoprene, 1;3-pen£adiene,

styrene or «-methylstyrene.

The text of the specification has been reproduced by photocopying the applicahta original
typescript. It may contain a few amendments which are difficult to read. The .original

@

typescript containing these amendments may be inspected on the premises of the Patent Office :“\
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