1 OLEFI N POLYMERI ZATI ON PROCESS AND CATALYST The invention rel ?2&1%8%%’

hono- or co-polynerization of alpha olefins including both nono- and

di -al pha-olefins, i.e. olefins in which.the, or at |east .one, *of. the

olkefinic double bonds is in a 1-position. In another aspect, this invention

;é&ates to novel catalysts useful for the 5. pol ymeri zati on of al pha.
_¢fins. In the production of polyolefins, such as for exanple poly-

et-hyl ene, pol ypropyl ene, ethyl ene-butene copolyners etc., an inportant

aspect of the various processes and catflysts used to produce such pol yners

is the productivity. By productivity is neant 10 t he amount or yield

of solid polyner that is obtained by enploying a given quantity of

catalyst. If the [ of catal yst

resi dues contalnegﬁr%Fw&gtﬁdwygﬁgﬁﬁ§%?§C?§g@%%ﬂﬁgﬁéyeﬁﬁgﬂg?igence of the

catal yst residues does not sign- ificantly affect the properties of the

pol yrer and e The! ihuACHeldias to theRbmpt W B-Alinel28n PEOGRIA N9 1O

renove the ¢ Ialysk resh ues. OSG S are aware
8

renoval of °{?3’c"3| ipgtuding; Eréé“‘f%rﬁ #Vﬁ%ﬂhar%leélﬁsekpeﬁéqfw i odieis thed it i s

very desiraplag neasaeaﬁé O¥f ahe adletinid dvtBiebdidevis dRSa § dstt§arNtn Rarneés&il ivity
due renoval .i s not nece Sa

so that catal

addi ti on, gfﬁ 'a‘actWF?fI’g% afPEatﬁésﬁoabP%"? B%Gé)fst? o Yefl i fas ctz;leal yst
cosgs. Thepd&mee;zattonsfal@hamémﬁs.t o devel op new and i nproved catal ysts and
pol ymeri zation processes which provide inproved polymer productivities. In

accordance W th fhepar gesdtction ¥ 'p%'!%y&[’eﬁn%f | SudiPa¥NBSr 23amphe poly- [ion
cataﬂyst i's provided ich gives relalively hlgh productivity 2" and good

sel ecti vi texhgaehé £ Wodly ryopﬂehé? @isnehathtienef cé d,mtyasfs GtRQ| yarers of

propyl ene and hi gher aliphatic 1-olef ins. Broa speaking the present

i nventi on inpoevanieaspast of ehenvaraloneepradisses ad ahyslysist asedoby 5

(1) reacting (a) a netal dihalide wherein the netal is selected from G oups
Il A and | | irodisce hsudhepbbyllersTas| the plopdactivdngi t iByn predudtiebuy disnseantd
optionally (c) an electron donor conpound, a substituted or

un3oibst i t thed apbentolor pight lofl solid pohpmext thettis wbapindibbyt emplogingea a
first

given quantity of catalyst. If the productivity is high enough

then the ;mount of catalyst residues contained in the polymer is

low enough that the presence of the cétal&ét reéidues does not sign-

~ificantly affect the properties of the polymer and the polymer does
15 not require additional processing to remove the cétélyst residues.

As those skilled in the art are aware, remo#al of catalyst residues

from polymer is an expensive process and it is very desirable to

employ a catalyst which provides sufficient productivity so that

catalyst residue removal is not necessary.
20 v In addition, high productivities are desirable in order to

minimize catalyst costs. Therefore, it is desirable to develop

new and improved catalysts and polymerization processes which provide

improved polymer productivities.

In accordance with the present invention an olefin polymeriza-

25 tion catalyst is provided which gives relatively high productivity

[
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fat al yst conponent, 10, (2) .reacting the first conponent with a @ _
"$econd cat al yst corrponent conprising an organoal um num preci pi tating age )
@nd (3) further.r®acting the catalyst conponent resulting fromsteps (1)
and (2) with a hali de”exchangi ng source conprising at |east one hal ogen-
‘contai-ning conpound of el enments in gr oyps | VA and VA of the Periodic 15
Tabl e whi ch. are capabl € of adding-hal ojen to the conmponent resulti ng from.
steps (1) and (2), or with a halide of titanium -vanadiumor zirconium it

BedITg prov'aﬂ@ﬁgﬁ’oﬁ%lé’&ﬁﬂt} Bﬁrt%ﬁét # tﬁéJH}E‘bQFé(]:tior( 61 1&0&1&% p&gﬂ?e‘?% gin step |

(1) then the I de 10on exc source use cessarily |s
or conpri s®soRYPERe ARG Bigbar abphatinieleféitfpound of an el enent from 20

Group | VA or VAarbad@ pe;retakcrw athe TRpseRENtindntidhe BFRIGER BAVENIEfiAN, the

hal i de i on- e used In step (3) is a combination of a
hal ogen- com® rﬂ?ﬁﬁg‘éﬁﬁﬁ r)ﬁ%ﬁBFﬁP%% in the preceding paragraph, i.e. of

an el aément of G(Q)J?'ehh/ﬁn@f(a)\/éxm@ﬁddthaﬂﬂaimrbg{ tma:me@éli lideele%ed grom In ]
accor ance an e 1 ON el ectron onQr may pe
P rdan oiGtotbs Y&, aBE M 8F (RRAATR Tanh (B 8 {raiiflon THSRLBMERtlR L T he
cat al yst camdonsptionaligul(t) ngnf rebentsdre psoridr) ambduﬁ)i, bn sybstitased her - -
embodi ment, Lhe hialddis 'nﬁl‘ n%éﬁ{h%g, &rghgﬁ&”@mm%@lﬁa t%baroh ceeEff?r%E ed using

an initial l'tnreatman onor |onvv| h- [err]
fol | owed b)Pa&aIVQFrGQTEPOFtené-at ment with Ti d 4. 3 Anot her enbodi nent . of the

preseng i nventi qg) C%‘aﬁhasthbhﬁrs%mncbmené with 8 Rebhd cabagat dniSdrnt N

conbination with the invéntive. catalyst conponents. |In accordance with yet
anot her enfSOMPTISHG &7 OrgABORIEURP PSQC‘PH?E‘HQ |38ﬁ"t’ &4di | i con '

‘t et rahydr ocar byI(Bxi m@theia @a@dxﬁweﬁb ahmgstvwddapcmeht trasumﬁg from steps w
Loty O A bR B Son e PR 1 B B Bl TS e
Peri odi c T&bhtamﬁngt cempdundeof elersersth oinn groups YA reapdd¥A16f thérReriodiover of
et ES o R Capap 5P A nfp btk Lo RSRA kg iy 000
the first @mq;dhgmd @), emwitha halidstof titrniurdevanadium amFizeoniumes _
it bemg provided that when the optlonal component (c) is not present in
step (1) then the halide ion exchangmg source used in step (3) necessarily
'1s or comprises said halogen- containing compound of .an element from
_20 Group IVA or VA. _
In a partlcular embodlment of the present mventxon, the halide ion-
-exchanglng source used in step (3) is a combination of a halogen-containing
compound mentioned in the precedlng paragraph, i.e. of an element of Group
IVA or VA, and tltamum tetrachloride.
25 In accordance with yet another embodlment, an additional electron
donor may be included with the halogen-containing components that are
reacted with the catalyst component resulting from steps (1) and (2).
In yet another embodiment, the halide ‘ion-exchange treatment of
step (3) is effected using an initial treatment with an electron donor in
30 combmatxon with T1Cla followed by a further treatment W1th TxCla.



15 ¥di hal i des of beryllium nmagnesi um 3cal ci um and zinc. Dichlorides are.
4 eferred. Magnesi-um di chloride is preferred because it is readily
aWai-| abl e and rel atively inexpensive and has provided excel 1“ent results.
e et al dihalide conponent is generally. Used in the f ot m.of- anr anhydr ous,
\ articulate solid to facilitate its reaction with the 20 transition- et al
:compound. ‘It is Amothenembdditrnt ofirtheupresantnigvansiparcensayes ttheg a netal -
_halldec a ddatld fiar F3mbide Qbl
2T (g S De2edd BB SR L GBI a0 06 MIAIBAGILL |

- conpoundcﬁfe‘rlyﬁgec%e&’tﬁ%g to the present «invention and that such
'- addl%lonalfp;ﬁparnzhe&ﬁltmgéaamt c(t}abtﬂerm?imtp?ﬁmeeﬁfel&mthe o
reaction_ o e metal_halide c oun ransition netal compoun

honebr | 1AYERtERR RoP LR P R RARECSFY BT L8 IoRed Ahehg) GLER G ¢ o

- present tﬁb&ﬁ%mmawﬁdrﬁymmecml fimn etepmift premirinpetipr esent .
~invention |f the nmetal halide compound is in a fine particul ate form that

;is, pol yﬁ?atf BF ductivity for exanple is not a 30 function of the size of

"t he particles of Theerefsirahces|nade bexq;uunchaﬂihegtﬁmstoi)rthnel’atzoslonpounds

; SOMPY B STiiRS Ee AP LG (hd BReLIANSTLLAL oFP LAY P1EnS L 8 CEhdi Thi B Chorgs | VB

I's bon

tand VB an anS|t|on et 0o at ast one atom sel-ect ed

$

2 froma hefgpntupbwlsﬁshnrg,oﬁhwgérﬁnmpﬁcb'g%ﬁanéml%uﬁmrEdl&hﬂnsal d oxygen - |

i trogenyaddRi11 gUESUT Igggjns are in turn bonded to a carbon of a :
. carbon-containing radica The transition netal is generally. sel ected

fromtltanl um zirconium and vanadi um al t hough other transition netals can -

:-be enpl oyed. Exc@xhgpied @EUEESupAYE A&emmme&hmea&w&begldham il GRMRsends -
: -and they are preferred. Sone of the_ t am u corrpougﬁgfj tabl e for_use in

'the invel® 5f°m{'?3)|’fhf’n£’f’i§&ec?‘ﬁﬁ°“§?5nﬁ é &'aFﬁ?}T%?l’d Ehe
R Lans unaimilides iofi ﬂeﬁyll]hhhamamhﬂiﬂ,aaﬁlddﬂ& ,8d t2ing0i Wnchebridey aept i des.
O her trans t on net.a cO nas,l cl ude rcon
Cot'r ahydrecterpet PR o FRAHORRof 05 HFFrers3 SYAMR th el EPR e
zi rconi umatzdhbhe amdr celptiively inampensivet atd dagdporeded| esdeddent v&rsaﬂt&m

tetraim des, gﬁoca&g.d]]UOXI%ie 12gh; eﬂgdzsf %@ﬁgi-dh{ﬂyt GLda TR Eﬁ‘?tfo‘iﬁ of The -

tltanlun1tetrahy sS.are e.pre rre |tan|unlconpou
- because mwhpémGepmMem 03dd| 4o fanilitager taliregctian withfihe,
. Sui tapl ey fidsaph el 3&%&989&@ DYt 0xd 4856 0MBIAENERad REELEIE EEQ&&@%QYE&SM

by the general formula .
converting a metal halzde compound to a f1ne part1cu1ate form, such as

-

for example roll mlllzng, reprec1p1cat1ng, etc., can be_used to prepare

_'the metal halide -compound for use'according to the present ihventiou and

|

" that such addztxonal preparatxon of the. metal halxde compound promotes
25 the reaction of the metal halide compound thh the transztxon metal '
compound; however, it does not appear to make’ ~any d1fference 1n a
catalyst of the presenc 1nvent10n prepared from a composztzon of matter
of the present iavention if the metal halide compound is in a fine
' partzculate form, that 1s, polymer productxvzty for example is not a
30 function of the size of the partzcles of the metal halide compound.

' The transit1on metal compounds comprise those whereln the
rtransztxon metal is selected from the Groups IVB and VB and the
‘transition metal is bonded to at least one atom selected from the group

consisting of oxygen, nitrogen, and sulfur, and said ‘oxygen nitrogen and
35 sulfur atoms are in turn bonded to a carbon of a carbon-contaxnlng

radical.



515 , ",,. ~ - Ti(OR) wherein each R is individual @
sel ecfed froman al kyI . cycloal kyl, aryl, "al'karyl, and aral kyl hydrocar '
o adi cal containiffg- from about 1 to about 20 car bon at ons per radical and
"each R'can be the san®e or. different” Titani um t et rahydrocar byl oxi des in
which the hydr.ocarbyl group contains 20 fromabout | to about 10 carbon

~atoms per .- radical et PR 054 %tﬁ@i@&%ﬂe%@%@lé&%& fifch maﬁnﬁxﬁadl | y
avai |l able. Suitable t| tan um tetrahydrocarb é oxi des include, for- f\gg&d L

‘Riotani. um t eixconbumos ndevanadiyni aihharalater (RSt iog getaiy Féﬁu‘tﬁne“'l’

tetraet hoxpg1kht aisuntd Qia&ra PedilbBitid witianivimi eadwuyxhommﬂe;hey are
titaniumtetradecyl oxi de, tltanlumtetralcos\}_/bgﬁlg tltanl
tetracycl oREsdATERd de Sope t%FmtBFn PHEPINR fAPPIRT e SuL T4 of us

tetra-pgtokyddindRudendot i dxamplen ﬁx&hﬁﬂpﬁl&i&@xaﬁ&lroﬁrﬁﬂexidéan titanium tetra-
'tetrahydroqar on1 des, tltanlu tetr OXI.de y fer nd '
titani um t &PHESn- R SRR tqtEaambqsscap gaﬁ‘&agb hrer rre é%dgﬁsepdtg’eg Lhhd
excel | ent egailimesabhioapows- énplwilei, nfot feixempld o zil a¢onitit mnahvdrocarbvl‘ -
tetra-n-but oxi av n £

nol ar rati 8% :b‘* t’h@lﬁcr"é’ﬁ‘g?%%g%g%é d)éf’ Q{J%B%fgmt c?t? ge'ﬁ?%tgé%aolﬁ%g& gg?rgound
can be sel setepptddes, yanzdimm vetgahhﬂawquhg@deseemﬁéﬂw g rainifesyp| ar
ratio jg- %Lmdluﬁh@et{rggﬂf“d&f aﬁ@%a&@uﬂ- &Qrm&pilé& however, -the nost

commonnol ar ratios are wthin the range of 2:11to about 1;2... \When -
titani um tetrahydr e Bytmmet%hﬁﬁg‘i’ﬁs‘m}r‘?’&ﬁd&ﬁl #re thepreferred fitenipn o

forma COMQRhdun@E Iﬂ-:feam ttﬁfe yOprddiRel @N@ltlb@ﬂ,te%um Qndl 8td Gealily a@ailm to’
nmagnesi um of _about 1:2 resently re ‘?led as all t

n

conpound aﬁbh‘?en?’r’&“&‘éés“*%"%o‘fﬁt’?ﬁ R N saﬁnﬁg ‘gor%{?)ﬁ‘ﬁd
and’ t he trapsidssed vEichk geERalNfbrimulaenpl oyed in the present .invention are
nor mal I$/ m xed together by heating, 85 €° refluxing, irn a suitable dry
(essen al absence of water) solvent o (}I4| uent, which is essentially.inert-
t 0 & hese ceohpmrianesclaRdis hmdpwodhaiﬂypsobhn;ed frobyan heelkyds ney'dlaelkyl,i srydant
that the solvent doe t e

such as to lll ta“l'eredsvm ?}iuk@o%%fioaé }é?{ﬁa%cﬂéﬁx\%f&tn}t%gfnﬁ&sjgg%&(%?o?ﬁ?;*?a%ﬁﬁy
of the pro@Qctarbooeatiomsi pexf gradicrl agdceérahoRven deotbeiisamens diffenané. for -
exanple, nNuypells ete&agﬁ’{‘ ‘i—byi@l@ékcw /B3 8K At h§&’rdé‘i?§yl ?ﬂ:ﬁﬁ%n@ﬂi‘nJ he

| i ke.. It 'S enp a5|ze at aromatic solvents are preferre such as_for_ .
exanpl@ﬂ from about 1 to about 10 carbon atoms per rad1cal are most often employed

1nven-

.because they are ‘more readlly avallable. Sultable tztanlum_

tetrahydrocarbyloxldes 1nc1ude, for example, t1tan1um tetramethoxide,
. . t1tan1um d1methox1ded1ethoxzde, titanium tetraethox1de, titanium

‘tetra-n-butoxide, titanium’ tetrahexyloxzde, titanium tetradecyloxloe,

25 titanium tetraeicosyloxide; titanium teoracyclohexyloxide, titanium '
'tetrabenzyloxide, titapium tetra-p-tolfloxide and titanium
tetraphenoxzde N '

- Of the tztanlum tetrahydrocarbyloxldes, titanium tetraalkoxldes
are generally preferred and titanium tetra-n-butoxide is partxcularly
30' preferred because of the excellent results obtalned -employing thls L
material. Txtanlum tetra-n—butoxzde is also generally avallable at a
'"reasonable cost. '
 The' molar ratzo of the trans:tlon metal compound to the metal
'halide compound can be selected over a.relatlvely broad range Generally
35  the molar ratio is w1£h1n the rauge of about 10:1 to about 1:10, however,
the most common molar ratlos are w1th1n the range of about 2: 1 to about

1:2. When txtan1um tetrahydrocarbyloxlde ‘and magoesium dichloride are



xyl €éne because the sol ubil i ty of the ne®al halide conpound and the 15 R
nsition .metal conpound is higher in aromati.c solvents as, conpared to -
phatic salvents, particularly at |ow tenperat ures. Such mi-xi ng _
nperatures are generally within t he range of from about OG-to- about 50C .
. and preferably from about [err] to a out Gener aj I# 't he _amount, of

a

" so| vent fNPIGVF‘EJetﬁt BFhI%ye ?:‘&T?"B% Patte °5v§’?e AOEPBERP T 2R R LT UER O v .2-0
- the anmousg mi:aﬁiilmveatmayhedi:hmmft abmo/\nlthlis tplresemtrlye rofonmendéd 23 b1 aiheut |

- 100 cc. per. gr ram %°1“§°‘“’be g% nﬂg %Vegr ’-g£ %ﬁé@{o‘i{ %agnﬂhgyed .during the.

heat i ng BI&F>tan 2 br53 range rmal Iy the heati ng
t enper at ure is mhlmqaﬂeham@ecgﬁpmduanq che] ttansdbdon n{eeal]cqmennd he

h tg ts -
. heat o AbTR B ERL Rdet ﬁn%%‘%%?%e@rﬁ'ﬁ%ﬁw? WA I bkbing, oy
“is aboveeea-nasﬂmns, pr”e&sﬁﬂ’é'-a trh@tvpr(esmteabnﬂwsa o Maker] (selvent |°H'g .

- step doegsR@he ARBEEE 10 eBert 31991 {ddriNto HNe3UELSiponehts a,qal £ﬁ@?r£>@uéthe
above noted sol vents or diluents, nore polar sofvents or .di.l'uen such

ni t r oberB%aducet Hm?}g'eﬁ&%d'wa#oc’eﬁ BefRt thag %ﬁﬁ}?@fedem datde,

-, chl ar obeganea Ay rafet whel- ﬁ&hh@s&ﬂeha&ﬁnﬁﬁn@@ 428025 oY XREeakyaRth OF
*diluents, such as for_exa a mx ure f..n- hexane and tetrahydrofuran '

4 havilly athRFRFEATIER U CRE( TPHEE Pt 13168 8f, ths RERIUELPASE Ehptoyed
. in sol ubfdrmedng So)tﬂrmarebea aohublha:ﬂ‘s“eméluﬁebaﬂﬁie&auﬁue:,hnapentraaleat ively

a difficult_.to SO|UbI ch as I exa zin l.ori de..and the
S like. af&FPsEns. lfyétﬁy&i#ﬁﬁaﬂ?é ef’ﬁ\bq%:le gfgé‘hg' ngvZI SdPvents to
; sol ubi | |mhthaedea§emtas:omatimeoﬂ.ven§ts ceae aprpfermﬂ;psnemtascaoroéxawmese al so

e e SALENARL A LU GRAIEY S 4uRIndd B LR A hd ! e L

Gener al | e tine requi onent's together is .
Wi t #Bn ttransipipn oeta)b@ampm Aat kighey ub@mmamm@aigenia BRocapiparad st

1 nstances GnbliE solbddisl bl rcamgﬁlpf taiw&ea,éeﬁgeagass tﬁcpmn’é hours is
~sufficient.  Fol l-ow ng eati.n peration resul'ting solution -
can be ftqmperakrTes ?meeaﬂlvun Fbeermseﬁ dfirogr ahouty aﬁ%cﬁfsabm d, if
desi red. sgogi ascb eSétdAQNEESH uabuelrm@erbala%hdeaodfcor Ssfarally Rdef bhdintst ep

|ncludeu%ah f t he qPFeraI far S%%:)&4 1&) wherei n each Ris
i ndivid Rt OF 0B SHRLAVR ICan eRYPd oXPY| 2 Wﬂﬁrﬁngeand']sé’raéi&yl
: 'hydIZDCarﬂﬁ:naﬁadltC&f selvefit rb:ng:.lﬁam abowttthlnt thélk@dge of about 20 to about
100 cc per gram of metal dzhallde The temperature employed during the

‘heating step can also be selected over a broad range. Normally the heating
': temperature is within the range of about 15°C to about 150°C when the heat- .
ing step is carried out at atmospherzc pressure ) Obvzously the heating
25 temperatures employed could be h1gher if the pressure employed is above
Iatmospherac pressure. The pressure employed during the heating step does
aot appear to be -a s1gn1f1cant pParameter. In addition to the above noted
solvents or diluents, more polar solvents or d11uents such as nxtrohenzene
_'and halogenated hydrocarbons, e. 8- methylene chlorlde, chlorobenzene and
30 1, Z-dlchloroethane can he used. Haxed solvents or dlluents, such as for
- example, a mixture of n-hexane and tetrahydrofuran hav1ng a volume/volume
-ratio of, for example, about 50/50 can be employed 1n solub11121ng
. _ hydrocarbon-soluble metal dihalides which are relat1vely difficult to
| solubiliae, suchias, for exanple, zinc dichloride and -the like. Other f
35 suitable mixtures of two or more oflthe above solvents to. solubilize the
- reagents of the farst catalyst component can of course also be used and

. can be read11y determzned by one of ordxnary skzll in the art



520 cafbon at ons per radical and each R c&h 'be the sane or different. a
Silicon t et r ahydr gcar byl oxi des ‘i n whi ch the hydrocarbyl group contains kroaf
- @bout "1 to about %10 ;carbon atonms per radical are nost often enployed 15

. _because theyare:nore readily dvailable. The dihali des and the transiti on

met at corrpounds -as above-described, can. be rea%%ae_% rl'hthe resence o
[iquid diluent. or - GenAtlYor tifh &7 reaRLEtd SAE A& FEZGent® cl‘"gp?"r?nt Fle
_|.. qur d st ajggethlr A wivhincend irangé et uBeunfs ditutest teabobd Uhikoues, 20

organ%q%%rmrpggr% QLLEIIAY 2980k [Pt o6l Sall R séscgpq@d&m\éwgo

j’t he gener And® A erein. eac
indi vi dualibpuscﬂ diobes fs enfﬁmmnat eFoddowings sherheating \ppevatidny| thedi cal s *

cont.ai gi ng 1{,%%{,?%3 sS?\}&%ﬂT@wrﬁ BELedi3d' £4rendvd S ﬁ?&:{%%i\réli‘ﬂaé‘efélaﬂi{ -

nunber. suc ypl cal exanples inc al um num 2
di br omi de, emhwtmsupmlm’m dEcdasdcpde, et hyl al uninum dii odr de, isobutyl.-

al um num di chl ori d uzgm%cﬂfidéﬁ‘ E‘é@a be&&ﬁrﬂ?loﬂd@?tfw ‘Abe Mo e bf fpiede,
~.di ethyl al um num chl oride, diisopropylalunm num-chloride, methyl-n-propyl-

“al umi num betemi. drcludp. meét 9f thenBeRgRadr 8972 di phenyl al uni num chi ori de,
triethylal um num dicycl ghexyl al um num gi @R)je, diei cosyl al uni num chloride, -
30 met hyl al um num sesqui, brom de, . et-hyl al. num sesgiérr chl or

“et hyl eil%m‘?hﬁ*F%’és’dl&‘Pl Rdtsjdndivifuaily seigcted, from am p ]t’hgy'éib‘?ﬁkyl' aryl
Et hyl al uni Mbﬁ?ﬁﬁh’d af&ﬂk@llﬁkﬁlroehﬁdtﬁkudimohﬁihmng cEromasisbut 1 to about

di ethyl al u hi de h b d
B2 B AL iy S et

preferred num € .conpoun;
et hyl al um SHBRsemerrorcdebymu.dhs 3n whinloghe diydrheathydt greupicpataipge -

reaction with i 10605080 URHE" 1/ TaElh 3l (R:0AGIGT P uBbt fuchledg1Byed

presence o l'uent or nce of suc 7 dirluent,
at | east obﬁy:aséetmy'reegmts rqadﬂ-hthlﬂ-Pb]lﬁ .d state. Preferably, a | qui d

sol ution of the prqﬂu%ﬁfh&&e a'haaeﬁé %aehéﬁaﬁ Aihal cogpcandst e bbansi tion

metal' conmpound is” contacted wth b. drocarbon sol ution.of the al um num

hal irde. 5 described, cagthe. tréﬁf)'éﬁdaﬁ-ﬂr@%ﬂﬁﬁﬁpé‘& ofia d1iprid AGlreRt oF, 8¢1veRG

second cat g Yibn GATRERS lonedSE %&eveeﬁgeiegl fiedncee Deqead athed aueeng ater oad

‘range. Generally the te erature e ed ig within a range of about’
,'-[err] to aﬁ?ﬁft"—l%éhﬁr“?ﬁ efilugat gag ng’ﬁpé‘f"aﬁtﬁﬁes within the range of[err]

.20 o Ihe organoalumznum prec1p1tat1ng agent is selected from
'_ compounds havzng the general formulas AlR X3 - and AlR3 vherein each R is
 'individually selec¢ted from saturated and unsaturated hydrocarbyl radzcals
. . | containing 1 to 20 carbon -atoms per radical, X is a halogen and n is any
| number such that 1< n S2. Typical examples ‘include methylalumioum
25 dlbromzde, ethylaluminum dichloride, ethylaluminum diiodide, 1sobuty1-
alumznum_dlchlorlde, dodecylaluminum dibromide, d;methylalumxnnm bromide, =
._diethyIAIuminum thofide, diiéoﬁ;opylaluﬁinﬁm chloride, methyl-n-propyl-
o oluminum bromigde, dien—octylaluminum-Bromide,_diphenylaluminuh chloride,
.triefhyialuminum,_dicyclohexylalumiﬁnm bromide, diéicoéylaluﬁinum_chloride,
30 hethylalominum'seééuibromide, ethylaluminum_sesquichloride, ethylaluminum
sesquiiodid;,.and the'like, and oixtures thereof. Etﬁylaluminum sesqui-
chloride, ethylalﬁminum dichloride, and diethyleluminum chloride have
been'employed-wiﬁh'good':esults and are preferred. The most preferred
] orgenoaluminum haiide compound_is-ethylaluminum sesquichloride, which
S 35 produced the best results. . ' |
) | The reactxon thh the organoaluminum can also be carried out

exther 1n the presence of a liquid diluent or in the absence of such

-



' - 7 | | . e
out [err]were nost often enployed. Since heat is evolved when the 10 .
st catal yst. conponent and the second c¢atal yst component . are m xed, the.

Xi ng rate i s adj usted as reqwred and addltlonaJ cool'j ng |s errpl oyed in »
~order to maintain a rel atlvely constant ‘mixing tenperature. "It is noted
wi th Adlpent, vheniak deaspcone of thedreezents dendurthe Jighdd stateor der of
“addi t e n Slanateayelr) t ot her. ™~
15 Artggfé‘z.gggf et Wﬁiﬁekﬁﬂ%ﬁ' %gﬁfesultrngogaﬁké)?f gﬁgﬂg&r r“r:keghg T
* agi t afdbelide anémhq traneition metalorempound dei Rontactedevith dbout - 157 . L
M nut ggaidaBont s1tadnS o Crhd Siviihligindl 7ddid” F {BE conponents .

I s. conpl ete. Thereafter stirring 4 s di sconti nued- and - t.he sol i.d. product .
reéxovered by-’ T??t’r”&li’leé'ﬂt“ﬁ%c%ﬁﬂlé’#én"h% nixdogi ke £iTst smdmesends then

vas hed;s!‘hiﬁtacgﬂpooéwst 2B PboWd AelstleiBad kkzﬁzslﬁ byslE oG Qgﬁr £ ¥road
n- pent ane, n-hept zcyckohexane,--benzene, -xy enes and i kes to renove -

any s&PREfe Frﬁ’("éf‘f MFCFFW afure; employed Heevhtbini e rrage b sdert 0% d

St or edoUiktaie S09C Nix MAGREE, vhiTE@ cHpLRASturls Gifhih e Eﬁﬂgé t&f)&oﬁété&
ompound of the first 25 “catal yst conponent -to.the secon

cat a
corrpoﬂ@ PRt nTpRethmestepibehenployede v%’r%FGOF’GaH *%rﬂj’el‘”@e‘l’kﬁ“’a[‘% t he

- nyg ar ﬁm Q-:QElyhe domposieht Oshdraihal seéowecafﬂ.n%tC@&.ﬁlo\a%htcmm%h ténd he
‘'second c Fé eﬁ%r'rponent -i=s Wi thin a range of “from about 10:1.to about

1:10 m AAiustef # Fequized ppd additdensl xopligs s oplogediine a

mol ar okaék QoV\thhfh:‘I:hQ ketieivedy cobdDast Undilp) t DhPEitated CHE Alsyabradi ch -
7y can be_ e ed as an espe aI}%‘FaCt I ve ol efin polynerization catalyst. In
~ Y accor Uﬁﬁ@#ﬁﬁto’ﬁe Y358 Fr%‘ht t Apd $ecANGA comPoReRts: that the aReseht

resul haagti‘dhontm rﬁ@o&teﬂtoénd ha:dbbaémﬁiametnltecuawaoaea £&(tdle ceERALNT,

aig Iumnu ound i.s then reacted with a halide.ion 35
haggf' ?}ﬁ)b"ﬁ’ ﬁ:iﬂeogéﬁ“}:‘éﬂ'ﬂ%lsﬁuﬁﬁy c }ngedoragitated/a
‘and. v/roeaoa&ufneiewbsmet,ugewaﬂsabegema.t QfBnigel ofitaBRtS 1S OfEnut@B E60UP N
t hat CS zﬁeg conponent Wltth if’ of titanium, vanadj um or

- zi rcoftPB A u'r°es‘"tsH§Fe61f’ FHEAPE, (CEFBPYeRLR 48 SPFP tti’ael ng used

i f the'heeexnueon oti«tnmg &sed1icbrﬂr1&padean¢hethmlsbllﬁd Pidduky Sie€ovgredeny - does

0% CUSFLL NS, SOLESaRITRTER L SEheY PSRt 46, Shr e B 4 i
an@ VAuidtsblehbeterial Guichi ssrg!mlmuﬂﬂmpfe.%.,, ﬁeperﬂfhnep né\l%bﬁne,'rypl caI '
exanpl eclc':lpe%clalxjxg(,a ee:{zr narldxg enes and the like, to remove any solnble '
' material which may be present.' The product is then dned and stored
under dry n:.trogen. N ' .
' The molar ratio of the transit:.on metal compound of the fxrst
. 25 catalyst component to the second catalyst component can be selected over
a relatively broad range. Generally, ‘the molar ratio of the transition
- metal of the first catalyst component to the second catalyst component is
within a range of from about 10 1 to a‘bout 1:10 and morc generally within
a range of about 2:1 to. about 1:3 s:.nce a molar rat:.o w:.th:.n the latter
30 range usually produces a catalyst which can be employed as an espec:ally -
active olefin polymerization catalyst. .

In accordance with one embodlment of this mventlon, ‘the cata’lyst
component resultmg fram the reactlon of the dihalide, the transition metal
compound, and the organocaluminum compound is then reacted thh a halide ion

35 - exchanging source comprlsmg a halogen-contammg compound of Groups IVA and
VA capable of substltutmg a halogen atom for at least one -OR group in that_
catalyst component, or with a halide of titanium, vanadium or zirconium or
mixtures thereof, the former category necessanly being used if the reactson
mixture used to prepare the initial catalyst component does not contam the third

component referred to below.



-chl orl'des of the formula R-COCl1 wher e R‘ Bs an aliphatic or aromatic *
io) r adi cal , preferably containing 1 to 20 carbon atons. O her
hal ogen- cont ai ni ng conmpounds suitable jn this enbodi ment i ncl ude

.2 to 7, for exanple [err] chlorinated pol ysil anes. haV|ng t he - f or mul

a2n+2 where-n.is dheuppetiquiarkp prafigeredohalige jop £xshanging 8'“1{°é‘f'§f of
.ehforinateg §,iﬂsa@6§ JL%VVﬂgazteh%hiﬂﬁléL@o:{ﬁEhanGoﬁpmsebf' S, Gea SaijnPeranidn
& range of such_as [err]; silangs. hayj the [e
wherein-R Gs Typisebrxemeles igcl “‘iFyCQF}ph‘i?} éggc 857 ﬁng “fr%“o'“’zo
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“%chl orosi | oxanes . of the fornmula:[err] wherreinn i.s a nunber in the fange of'.

carbon at Oighioides @€ RUEDEsruiulatiCoCaNgseref ROtG 3n anthytits ox atmissicin the

-range of 1 to_3, such as hal ogenﬁl | anes of the fornula

| k
“S{ (OR) 43n OrﬂdW?éne??ﬁQrﬁgf%rP&Li’gﬂmér ila"r‘i;?xr AFPCR 2F%ing 1 to 20 carbon

~atons and .n is a Nupdkr haldgdea-campdndhg kompothdss seitable| tn rt]uswmbadmenf— _ )

particularly preferred e odi_ment n ntagf nin |
Compound orinehods Shitestineel Bf o8, Gl S LG Bl p gt panh, L0

.Exarrpl es Ofpuinber rmrehqorraﬁge roedestd i7gofior cxapplm B3, 06k, it Hb%"’é‘ﬁﬁ& ment
i nclude [er o%lg%#a' 'l{lvq ﬁ]ﬁc gadical . wﬂé}etn“ﬁs aNhafieFe i . theN@ange .

‘ratio of sifl corrpoun an war +%on3| derably, generall
_howevenp bexft 2rtas 6, t suchr GSdﬁﬁﬂQ@ﬁ 625°r143fteflh%ﬂr?§lﬁarh3rv&?$o torpiiay

~conpound  t sserrdy | GndJeshhg *saggmerab&%eléangé BE£YPitoaBYt igth esrtmdncmrgnt
of. the presenfé-sn®ention, it has been found that VET Y, usef ul gtal

“cqnponent s’ sidsues haying t"—hPrfP%hxﬁm#ﬂx*@- » wherein R* {35 ag ARPGHF 0% t he
r-eact i on” af 1 Peadichakd 4@ 1Cesmad At aNd tshm tca@b6d taitels 3& isnetrminbennipothel,

ifrespective of whether the, hal ogen-exchangi
hal ogen corfP®8ncE 8f ""Gzoubg IWAsg?\d‘“{? °’6r“gﬁgg %?ﬁurgggﬁgggiétsgﬁfgqy

vanadi 4g) = an. S:I.GICQn 101!. aadb{ ) 54CY eakﬁw-ﬁa%gmnmmaﬁe&mom
that many Sggg},g% h' ﬁ%g%o E@é a1 ls&eﬁkﬂ Crah‘i.@?féfa’v@ﬂg netedl 20

conmpounds _ nprovenen her ctivity or
sel ectivi tycﬂ‘rbbntaltommml dek raabhoboms-ol aapge \afed Eﬂ@dué\mh as 9 Exarrpl es
of corrpoundg @H 55le for use as th| rd corrponents .

In a partlcularly preferred embod1ment, a chlor1ne-contaln1ng
20 silicon compound or an organosilane is employed in combination with
1(:14 Examples of the more preferred s111con compounds for thxs
embodiment. include 81014, HS;Cls, 9513C12 and 9 SlClz, wherein @ is a
. _-phenyl radical. 1Im this embodiment, the ratio of silicon compound to
i Ticl,
25 if the molar ratio of silicon compound to '1'1C14 is in the range of about

1/1.

can vary con51derab1y, generally however, best results are obtained

In vet. another embodzment of the present 1nvent10n, it has been
found that very useful catalyst components result if a third component is
--“included dur1ng the reactzon of the dihalide- compound and the trzpsition |
'30'- metal compound, irrespective of whether the halogen-exchangxng scurce
comprises only halogen ‘compounds of Groups IVA and VA or only halides of
.titanium, vanadium, and zirconium or- a cecmbination thereof..-
~ Evaluations have shown that many combinations of third

.components and speczfxc trans1t1on ‘metal compounds provide s1gn1£1cant

35 improvements in either productivzty or selectivity for the more des1rab1e

. insoluble polymer product.



o cllude el ectron donors such as ammoni a9 hydroxyl ani ne,, al cohol s, et hers, *
£axboxylic acids, esters, acid chlori des am des, nitriles, am nes, and
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* 't hi ophenol 5, . napfeRBPLes SfaFampounds sHdtable forapse afcthrd sAEPoReatRtic .
- . esters. Iﬁauaelﬂerca&b@ da‘nowlgxﬁhcematapmeuﬁﬂmé pséﬂdoh.msst @Ehédrk),. N
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_Wnichth d X c cordingly -the -
. product %%taglp&?g}g’i %Qgg%léirlgﬁ%%‘%onf’acl&ﬁ‘law% es“f%qw d diluent-in the -

" process cont ai ni riget held) bt ie qfonhmwanmu@tsewmnd ¢wployeilt tbisgepli (Went
 can be emawg to Eﬁ@r@aﬁg it 4ea ] UoliBbluta csgwad.]-,me%n?%wers%om such as
" n-pent ane, n-heptane exane, enz ene
bt enpd at Eb@te o?ﬁﬂﬁ%@?ep‘“{'@) 1ehrtoh@: tel ected. over a relatively broad

range, general | gl BeddiR1ahelGf el a ?éQQciﬂ _'F[ ﬁréferrﬁaeéﬁfd%lﬂn&&@rar Lheant h
tenper.atures of [err]being nost re erred he treating tine can al so, be

, sel’'ect-ed®My @R arqpagig ?%ﬁe‘%&@%"“"géﬁeﬁ‘h&ﬂ FgaFsiaf PﬂF‘YFﬂnhéh? drgesttiofhout
10 m- nutﬂ&ﬁoca@mhdl&dﬁ(wésdlmhhe doagottwd ght ratio of the -halide ion - :

1 exchangi ng sourc oduct . of ste 2 an_be sel ect ove

‘relatively broad%"&ﬁ’d’éﬁyt é € &Raghion & gh% Qr[oﬁgcﬁ r°8es %2?( glahﬁ |
sourxse tnalt;JiIe ;wn)(éuchang‘mgt Squrca) cars be cagﬁmﬂr att )newn:thrrinaarhngﬁ.doﬁedﬂnnut

ﬁlOltoab rom t7 toabut :

. Fol | owi ng t %r eat Ne ’t 01; %%%a %{&été 'f'rcet %bu\L/i\n fh °rﬂ’éﬂq‘ de %%en '

. - exchangi nppdsourfmmt maem u2p| Ls m#:dlelm snnteaﬂeéngm:g asdiquid dslnemtmed:lisy

- washing Hﬁ: gg'é&tgﬁﬁﬁlg’%hﬁ%éﬂdé 81 ekbf aéo emﬁzf%u!@b‘i liquid
such as a rocarbon o pe previ ous |sc osed exane, -or xyl ene
for exanﬁle!entm pesepplongd 35 xa'ez&eél jasluc perm#rlyu #gqundshsimceabemder

. dry 29 tr 999N as | -pdasided n-hostaaal aép@bhefﬁ{e bseeékweslndv'ﬁy&eaepart lculate

. diluent such as, for. exarrpl e, ‘siljca, l'ica- um na, silica-titani.a,
T . The temperature employed 1n step can be selected over a

;; _ ) relat1vely broad range, generally in the range of--25°C to + 250°C
: 3 preferably oec to 200°C, with. temperatures of 100°C belng most preferred
The treatxng tlme can also be selected over a broad range "and
25 'generally is within the range ‘of about 10 m1nutes to about 10 hours.'
| While the weight ratio of the halide ion exchang1ng source to the product
of step (2) can be selected over a relatlvely broad range, the we1ght
ratlo of the halide ion exchanging source to the product of step (2) is
generally within a range of abou* 10:1 to about 1:10 and more generally
30J from about 7:1 to about 1:4. Following the treatment of the product of
step (2) with'the'halide'ion_exchanglng source the surplus halide ion
.exchangiag source is-removed by_washing~the solid catalyst with a dry _
. (essential abbence of water) liquid such as a hydrocarbon of the. type
previously disclosed, n-hexane, or xylene for example -'The reSulting
35 catalyst, after drying, is stored ‘'under dry nitrogen. o
. I1f deszred the catalyst can be admixed with a partlculate

'dlluent such as, for example, s111ca, s111ca-alum1na, s111ca-t1:an1a,
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met al conpound of the first - 0 ~ catal
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conpri ses ajithctwd mose predanced akam«dmmmpsaﬂﬁatlyﬁ%a‘ﬁwgt?@ﬂguﬁl

A T T e e iy o T

[ :
also been fesiedhyduniibis toiisepropEladinéswbt stwﬁa}m(i'enner’a L)éw:ts Bg:es,"

with varioug_ki.nds _
capabl e of  HS pryfl\é?' né%fl t?%icy@lbﬁ@ﬁlﬁlﬁﬁ&ﬁh@' ysilphenflalvgileny S bases

Z-methylpentyldlethylalumxnum, and triisoprenylaluminum.
. ._Trzethylalumznum is preferred s1nce this compound produced excellent oL
- results in the runs hereafter descrxbed. ' -

25 ' - The molar ratio of the organometallic compound of the
cocatalyst to the transition metal compound of the first: catalyst
component is not partrculerly critical and can be selected over a
relatively broad- range. Generally, the molar ratio of the organometalllc

-_7compound of the cocatalyst to the transition - metal compound of the fzrst

30 catalyst component is within a range of about 1: 1 to about 1500 1. - For
catalyst systems wherein the cocatalyst comprises at least one organo--
alumlnum .compound typ1cally there is employed about 0. 25 to 15 mzllxgrams
of the titaniym-containing component per mmole of organoalum1nnm
cocatalyst '

35 .- Generally it has also been found desirable to include an.

' .electron donor, i.e. ) Lewzs bases, thh various kinds with trlakyl .

alumlnum cocatalyst Among Lewis bases capable of appropriate addition
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.. ethylenical |y unpatgy at@@tfsan@&wzs n.ls_lsz{[muaéd lu%hbgﬁ@%aspgrnJe§gﬂ{ngég§5al ly

tivity. These adverse effects can be countered to some extent by
25 reacting the product with yet still more halqgen-exchanglng source.
A variety of polymerizsble coiipounds are suitable for use in
- the ptocess of the present invention. Olefins which can be homopoly-
- merized or copolymerized with the ;nveniion catalysts include eiiphatic
mono-l-olefins. While the invention Qould appear to be suitable for use'
.30.' with any aliphatic mono-l-olefi#, those olefins having 2 to 18 carbon
_ atoms are most often used. The mono-léolefins can be polymexized accord-
.ing-to the present inveantion employing either a particle form proeéss, '
a gas phase pfocess, or a solution form process. 1Aliphatic mdno-l—olefins
N can be copolymerzzed with other 1-olef1ns and/or with other smaller amounts .
35 - of other ethylenxcally unsaturated monomers, such as 1 3-butadlene, isoprene, "’
i 3-pentad1ene, styrene, alpha-methylstyrene, and similar ethylenlcally

unsaturated monomers whlch do not 1mpa1r the catalyst.
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£ The ‘cat al ysts of thi,:s invention-can al'¥® be utili zed to prepare
homopol ymers and caopol ymers of cenjugated. diol.efins, Generally the
qonj ugat ed . di ol efi'ns .contain 4 to.8 carbon atoms. per nolecule. Exanples

of suit@able conjugated diolefins include 1;3-butadi ene, iSoprene 5
2- et hyl -
.conmononers,

, 3- but adi d
+ ont fas TR oty RER 3 RIS aP R SRR IRB o 4R AR Lo Prepaze

nong 2- ol efhditbpplmerousduy copo Lyndrsdofinmbny i gatlesdr dﬂwlelfd.nspnmuadﬂlgenm ally.

Sbre sui t ab] f d ut |
about Slil4 gar‘ﬁa\rlllgg{ 13]%{1%5?%%%%& gnt 8 HR %]ebr H%Teg‘gf g’r‘e 2e8nd
vari ous - al kgf suytahles coenxﬂateé Meﬁ:,dssnpcm én@l-@!—eﬂim, isoprene,
Lvinyl aphi hglRpR Shpu ARl RESCEE] egieweaﬁani ‘ﬂ%&vﬂql‘lhg' Sldlehfhd e

scopol yneri zat 1 on” m {fure

over a relati roa range.

General |y té¢nmogeness, pesidest the conjuganedudinledias disted 4byvprmnla§eut 10 15

t 0 about 9SuifRl-§hd1eEehs rleviBbs iy Ge Sl A ibed CAP VRHPLSroRbE1d REHARQ 90 o
about 5 wei ght percent. - However, the weight percent. of the conjugated

di ol ef i n- i s&ReErEIYab §°'F? FHERAR VSW]tad"’H‘bUtﬂ cgﬂl’%tﬁdghi'rﬁaé"Peé‘P\thaéfﬁﬁgtﬁf@"‘

ot her : cormnmrtl S8 A aﬁé@nmmbeam;loiolatansalaﬁytmomcg@?,g Ahd PR{AQAaé . folh@xample

i nventive.catal ysts are tigcul ar we ted, for 0

st er eor¥yul SFYTEBE AR oﬁ?ﬁ’%’f@ ﬁ&ﬁ'ftﬁ ?‘éﬁ’wnﬁ“‘ﬂb?én{'|°§Ihyi5rry4%l“§ha’fdalsg§hefss vel |
as. | ow sol ublvinpidapliehalewerat i on; Pol ymeri zati on may be conducted in a
I'iquid phase, in thei.ﬁgrese e_or g #19_% of an i e t h dtr C ﬁb n diluent,

Of- in a gas phase

t e 8861 BTzt o‘f'°np}P5 reurarly

sat i sf act oryoyoéyne:trzazﬁon mHavered)een bet tsaloeth&)peeata m‘glanvaﬂm rogdernangen|

an:.al i phat i Gedtra rﬁ@ﬁ&'&e @Aﬁlu;g RPN £ thFe&;n ukh Q3 H10ER Fpefrom about 10

polynerlzatlon )

it1ons I ne, and t

as propyl ene,” tolueng, gaso

like. THe pte pbort 55t wqutr yemtae%r@pngthqr EARONNMES S RTE Fyemtabent 90 to
enpl oyi ng. t feutak aleighe pEidenOC AHBLIGS eﬁe 3RQykt dﬁ‘e%éh@% ¢R8 &%f)ggated

perfornmed either batchwise or .continuous

a 4iqlefin) is preferpbly §rﬁwem5§ytq abeyt A9 gmjltwpsﬁcerﬁtt PB‘béﬁ‘eand "

In a batch process

exanpl e,

then with aoghért e&a&oeoa@faoeltadfroﬁuebo@o 50Sed KRB ket ecthen the -
catal yst and cocat alé_% are en;a either can.b .cgar‘g to.t reactor
first or they can bé EhHFGa s fid udfy Pﬁﬁ?‘bﬁ@ﬁ R s :
under i spfumaﬁfg pmegeoregmierpomypﬁomehh,e neasrrqu&hg gordhodein ,forfh:.gh e

25

30

35

-rates as well as low soluble polymer format1on

Polymerzzatxon may be conducted in a liquid phase, in the
~ presence or absence of an inert hydrocarbon diluent, or in a gas phase.
In the polymerzzatxon of propylene, partxcularly satzsfactory results
have been attained operating in the presence of an aliphatic or aromatic
hydrocarbon diluent, liguid under the pdlymerization cond;tlons, such as
propylene, toluene, gasolxne, and the like. _

The polymerization process accordxng to the present invention
employ1ng the catalysts and cocatalysts as above destribed can be '
performed either batchwise or continuously. _In a batch process, for

example, a stirred autoclave_is prepared by first purging with nitrogen

| and then with a suitable compound, such as isobutane for example. When

the catalyst and cocatalyst are employed'either can be charged to the .

reactor first or they can be charged simﬁltaneously through an entry port

/,under an isobutane pﬁrge After- closing the eocry port, hydrogen,'if

used, 1s added, and then a diluent such as 1sobutane is added to the

reactor. The reactor 1s heated to the desired reaction temperature,



: and the polyner, .such ol eth l ene, is co

"" . & )
sed, is added, and then a dil uent sucﬁsas | sobutane is added to the

actor. The reactor is heated to the desired reaction tenperature, 13-
ich' for polynerizing ethylene, *for exanple, is, for best results, : ,

. neral Iy within a range of about 50C to about: [err] and t he .nonomer I's -

.- -then adm ar, syre of about.
0" \pa VLA S TRL BB B dnd bl A8 UE ¥t Beepd il of 200U

. the desigpnerstly wathin@ pargef emmépmu abeyto 1 2P 26 andokhe dnopemer gt ed\,

and the éme@&aﬂd.ealﬂd n.amkmaabw ansa@iﬁlvaése%e Jmlheaq» fgle' sgopened ”

| ected as a free-flow ng whlte

" solid amPort 9 MBaitp GBP‘&T’ tr‘d&ul?s pshsd foFnPestFeEubEbcedt, ther

"I cocat al yEFmIRAIART AhS BRESARSS

. cocatalyst is about Z: - The olefin ymers. ma

. exanpl e, end Sﬂlﬂﬁbhes{giﬁekﬂrreﬁlléﬁboﬂ-%erisma theOpoTyarRet firich QQNﬁﬂHO:LES' y
_.- charged with suitable uantltleg 3()' vent. of | uent , cat h
n any

dFBb’é‘r?“eu ?”%r?f“ 8 d |

desir abl maeteheris oiﬂsmd efidttite poDehieat, ssclc @asl pollyethjyYend,t hdrMeandd talse

pol ymer r : ropr.i.ate ener al by, ¥ l.as |Iuent C
(sol vent‘)% etfjlr?rgé%%t d‘g' lr’fg %ﬁ%gn}‘(f ‘é e‘id?’é)?l %‘b at"ﬁetli?eg’tff’gl A" pol ymer. For
opti mum product i ¥nty aﬁntpmhqusepro:feslsomfcsnleubmtlet,y aj snitadleortaataousuch

. pol ri | 0 n Iy 0 t _
DR 57 P e B S EogRASDSIAY, i Ya0 00 Bl Bp OIS O L
- cat al ystsqiveet Otrodi)blm.exmat; Gdcaqalxﬁtprnwneﬂezam cpupdundsbisd al so

then theyymebada ' 3¢i foy fahé'ﬁl EX{;a&éé'I‘rQUm tonEJ: ec‘rﬁQ”ré’é@lQE- dpfbvc\fultéﬁ is

cat al ysteensioyqysdy; Yﬁfé'r#?% andethe enoavm% rsr:emmdn 8s ARArEPEL2LSR,

convent lgaiaka | p9! £fdshiRg RS 8i Ngerite ¢houverey &acbnaéadﬁadeﬁ&amrgoéﬁh ng,
rotation gﬁ%ue%tlrusmn of 25 film .and the I|iKke. Afurther

underst & F‘ﬂﬁ BERALYPATenti on and its advantages will be provi ded
by the fol | ow ngFéexasprinamigdodattRiiitygoft p‘oewnwtuidwerﬁoauailiﬂyemnmt ion..

| f
e & fontPymons, polmerizh 3 of oy fSi pREC-aIYCLRl SRAENMY 19

© substi tutcadr;ﬂmothe t.:ﬁhlwhlapmw-ie&astmnpldmmgst hmtplteadlmhnhanhé)e -
sum’rarl Z&Qa?fuﬂ-'&@n&ﬁdx@é" 9&2&99@%:‘1@% to being exposed to liquid propylene.
S 20 Preferably-also then the molar ratio of ;rxalkylalnm;nnm to electron
donor in the cocatalyst is about 2:1. _- - | .
" The olefin polymers méde'ﬁith the catalysts of this invention
are useful in preparing erticles by conventional polyolefin proceséing
_ technlques such as injection moldzng, rotatlonal mold1ng, extrusion of
25 film, and the 11ke
_ A further uad'rstandzng of the present invention and its
advantages w111 be provided by the fOIIOW1ng ‘examples 111ustrat1ng a few
_embodzments of. the 1nvent10n._' o
T 'zxaggﬂ le I
301 : o '--.A series'of catalysﬁsnwere prepa;ed psing_different'titaniuﬁ _
. tetrahydroearbyloxides with or without phenols'or substituted phenols.
" _The preparations employing the phenols can be_summarized“by the following

equatioqs:-_'-



F 1) [ERR] argon 2) A+ AI[ERR]  solid Ti containing catal yst: 5 : o@
3) Solid B +err] . - -Solid Ti-containing catal yst. The conditions an
anounts of reactants enpl oyed in run 5.are typical for .this‘series. Under
argon in a dry -box vveré m xed 0:04 nol e (3.8 of “anhydr ous nmagnesi um -
chi'oride, 0.02 noRd (Meld, gt ﬁ(qchnf,;ulaqrtm - bupneyildne D A2 nole (1.88
g) “of -phenol .and 10 nL of mxylene ina 10 10 oz (29zgat) beverage bottle. : -
. The_pottle vias ‘caBpedh. ¥ digy EesE P8fH 4 hg oy boelddBit was heated for one

e gt Terr] 1Ny osdidihevicic SIALS NS 0P a0 ANRLE WkAgRel A

m xture conprising a solution Nconfai ni rig a smal-l “anount | sSol ved

material. The bokhkecdHddteons eaaiasam&sceﬁlfa&gnep%ﬁ Ed"1nC TBE ' lalte €
ferr] and diluted with 15 ~about 25 ni of mxylene, |Ie stirri nglbthe

mixture, P@ifpl forathis sexiesy Jnderaneonr inih @yl bew vene seixad Opf%mode

(EASC) i ncashegy @&eammuMﬁne\mn aciiedi 8¢ ODVo2 CadRe (7016 ) aflémdauhe
period of tinme-to ecipitate.: The hottle was refurned t

box wher etq4¥a" 'br‘%‘&P{S?‘?%\'t 8- ﬁés‘"‘flﬁ {1, 88 Saf PE Rheopd sandy 19y“¥!|?%ﬂ’ﬁ§?ﬁ°

50 myef £ 0zNf295 ADY beiRRbge fbutitne. t hm.gnbam.ewasdcai@eantfmvuefw k:héed
JJiquid. The i0|ld was reslurried in 10 of n-hexane, Lif gLn and

d he
decant i ng®9s PRE ARG 1L 1P éé? F§Tt PRe nhﬁgiaﬂfe 1op ﬁtsrPer‘fP 8 ¥R . The
‘soli d Wassarmspugr&d cshueexisaﬁdsxu%ﬂbeﬂ: EOmetnﬁdmcﬁmﬁh&sgnﬁfl &cblﬁltiﬂw sol | d.

25 d 25 2 f
Pt ani um SEERARARR P, HE 380pSk % uRdt b1 8a whe22e M (MuéhiRhae 438 0 9 O,
Kes bot L I eonﬁalnts' meeclqolhelatedaﬁm PéEn Itamperaﬁdtes&.?‘tt?ggn&tdﬂ%ed: w:r_lt_:rl]lan _

{ O' n n e
ot B 1 2R 88 0o WAEHRT A5 S aGALE I el B, N85 U 10N g9 The
with n- hep(mnurﬁtqlluti-m qﬁwnthml:ﬂ;nmeveh faelsnuacldowedan@l’@sl)oim aeheptade cake
was dri edf(ﬁ‘(ﬁrﬂé [ whf ae%na?slg&géw&am& Yd 950mfnita SePioda%fOEi’ﬂg%

solid as e catal’yst. -contalning catalysts were then enpl oyed
in the poyiskdrs Znecdpivitepr oFhe destleivas zeturped &9 = dryihox "hel‘e the -
triethyl ablyp;pidtddowadSeiA teRedl 588 ahd %ﬁas%eﬁnf‘y @iﬁﬁiiﬁi";‘tt bQEh igd pLhept ane.
The poI ynerizations were run at [err] for one hour
m-xylene, centrifuging the mixture and decant1ng the dark red 11quid.
The solid was reslurried in 100 mL of n-hexane, cegtrifugzng and
decanting as before and repeating the n-hexane treatment one more time.
The solid was recovered, dried and weighed to obtain 6.46 g of a yellow
- solid. ' : .
25 The.yellow solid was slutéied in 25 ol (0;23 mole, 43.2 g) of
titanium tetrachloride in a capped beverage bottle while in the dry box.
(L) The bottle was removed, heated for onme hour with stirrihg at 100°C in an
oil bath, cooled to room temperature, and returned to the dry box. The
'slurry was filteted to isolate the product which was repeatedly washed
30 with n-hexane until the 1n1tia11y red filtrate became colorless. The
cake was drzed overn1ght under an argon stream to yzeld 4.85 g of an SR
orange solid -as the catalyst. ' o _
_ The solid Tx-contalnlng catalysts were- then employed in the
polymerization of propylene usxng 2.2 mmoles (2.2 mL) trzethylaluminum
35 asa cocatalyst as a one molar solnt1on in n-heptane.
The polymerizations were run at 70°C for one hour in hquxd
propylene with 10 psi (69 kPa) hydrogen in a one liter reactor. :
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b 15

yl ene with 10 psi (69 kPa) hydrogen in a one | i t evar eact or . 15 Table &
No. " n R Cat . ng. ~ .. Total Sol ubles (4) (. 2 . .
. . 42 27, 4 . v 3.7
§ S 42.3 6 R 139 . e
374 le . d5 (4) 7 Tabley13.7 " ‘455
4 - 1 ¥ RunNo.4 e r(2) 51,9 — | 6. O H
9.0 - ' . 5.1 - %1—% Productivit _2(7) ‘Total soiuizles'("’ )
16.1 - T at10.. T @ s G [ER - "
202 2 3789 - 4 3.q0- 50 #175 =
278 0-CH3 39.8 g  19.2 18511 s oc |
7.4 21. 3 - 212 129 -m-CR 72 8 146
41 15 413 2 4E mERR 9.8 T 5 3
3014 = - $ n;[ERR] g 7.6, 3B¥d . a5 31 _15_
8 [ERR] , 8.4 | 32.4-8 51.9. 31 16 272 )
p-[ERR 1.& ,6 "GH9 9.0 . . ”§§95) 17" 9
P-[ ERR] 3.4 g 3%4 U 3120 . ™ 6
pfgB 7.0g 31 1.2° 2369 8 30p[ERR]
8.7 - " 21.9 o-CH; 329 20 2°é p-[ERR 4.1
33.2- 9 2.6 1 o-cK 45 o 3t-B 5 . 37 35.0
3122 . 44 3 . 3%.3 43365 . 27 25 25
~ 23 B LA 3 °~Gﬂ57 9.8 . L TP %55 (1) n of
of - ﬂb [ERR]of equalion | above -

Ti ([ ERR] of Wquationgl abQygy RP; (2)
(A dash i ndijgat es no_,phenol u§ed (‘3 "Ki I og?&fﬁs oft ‘pol ymer / ggam of
al yst/hour 30 (%) xAcHg sola}lsl es, weigh4 g0 (5) ndis not

d erm ned tRese data show.that theg errpl oynent of .phenol s durl}lg the

preparationygf the titani um, cdntaini ng cat al y?ﬁ Yyeneral ly resmts I n
1% g b 7.6
15 _ P ' __3 * _ 35. 8 31
. _ m-CH3 8.4 . 32 6 _
16 2 < TR 31
- p-cil; 13 5.9 - (s)
. : -P'CH3 - 3.4 - 36.4 '
19 8 pcHy 87 219 :
20 - -4 - 2 . - 29
. . P‘chs 4.1 ' 33.2_ .
: 3-t-Bu 6.5 35.0
22 4 : : : 31
. - 3-F 5.3 43.6 -
. 4=F 7.3 s7.8 o
- 25

1)
n of Ti(OC H, +la‘i_of equat1on 1 above.

(2) R of HO ° : . _
'<§> f equation 1 ab e |
. used.) | ove. (A dash 1nd1cate§ no phenol

: .(3)_ leograms of polymer/gram of catalyst/hour |
30 (4) Xylene solubles, weight %.

(5) nd is not detetmzned

8 catalYSt generall |
improved Productivity  and lowered solubles y results in

The im
35 .txvxty are part:cularly nOteable PIOVements in produc-
2

catalyst
ysts revealed that while the control catalysts became 1ess active
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#nproved productivity and Iowered sol ubl es. The i rrproverrents in produc-
‘tivity are particul arly not eabl e, often being 50 to 100 percent greater

t han that obtained w thout the phenol ‘A series of runs with sinlar
&atalys réveal ed t hat ile t e oot r ol al ysts beca | ess active
it or anBe Shavh ope RetE Bank, s PRVPSiRERoh Rt PIK the Thvenirve:

cat alystatqmns nieniigh hi/g!ne&'éneiftle:ol & Iohvaroiofr easétion. Exanple ||

- Anot her .seri es of catwa ysts: were Eéeg?a_g i;um ng titanr um 5 tetrabut oxi de _
W FN or wi thout thi ophenol or subs i ophenol s.. The catal ysts were -~

prepared in the Awatbemnseniesaof deatalystsi wereEpeeppired| uﬁngepitidilmphenol s

" rat her e sult 0 L Nin t al ts
vor & nSACERRRERE WKEh oo PLLBMEE engbbfedddt el bheirbel hBsBulheld; " at8'
psi (69 chrelyshywexrscprepaied dncthe Spmbymmmeseaimescplw Imnﬁxmléetcr i bed

sk et s it s kg, sl

3.7 Ti-contaignqg catalysts were then/emplpyed w1th|3c@[mpoles 02 Q;:ethyl--

_ L
%Els 573 aluminum cocatalygtg@ng éﬂ psi (69 kPaé%ydrogen %soqu?'e to polﬁngr ze -
35 39 propylefie as describedginfxample L. hejresylts are summarized in Tabgqllg, 28 S
p-F- 7.0 : 10. 8 Table II . 36 29—

25.8 210 : of HS (R§RR] A_dash (3
i ndi cat es ncfl’&h!&phenol_gn)qgl oyege_g_w olgtal EEHEQiE ( )

ults show thgt thiophehnols in general reédugesthe. soI ubI es an&2often al so
"ficrease the producti vi ty @anpl 11 25 ' Anot her ries of
cat- al ysts wer e5§r epar ed a91 sed ‘r? pol,ymer - 18,8 ng -propyl ene ase%gn Exanpl e
, 1%owever, hese the tb+cng1enol shMere repl adadzby naphthols. T2 results

are s sedyn Teb o T R
3.7 19. 37 ' 8.3 30 . A1pfpht hol 7.1 34 14. 8
32 . pr 70 © 10.8 36
_ ' s1 - 25.8 + 34
20 (1) R of HS -<:§R (A dash indicates no thxophenol employed.)
(2) and (3) As in Table I. _
_ i These results show that th1ophenols in gene:al reduce the
. solubles and often also increase the prodnctxvlty.
' - Example III
/.l 25 : Another series of catalysts were prepared and used in polymer-
~ 1zing propylene as in Example II, howevez, here the thicphenols were
replaced by naphthols. The results are summarized in Table III.
' | o Table III
Run No. - .Naphthol Cat. mg. PtddﬂctiVity(I)“- Total Solubles(z)
30 -2 None - ' ‘3.7 . - 19.5 _ 42
30 1-naphthel 7.1 148 32
' 31 .2-naphthol  14.5.  23.0 32
33 b-methoxy-1- 4.3 - . 7.1 23
(1) and (2)na£§t2:1Tab1e - |
'35 .. - These results show that the naphthols reduce the solubles

level. P:oductxvity was also improved with Z-naphthol. The catalyst
) prepared with A-methoxy- -naphthol had a much greater response to the
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58 2- napht hol 14.5 - 23.0 © ., 3233 *

4-fmet hoxy- | - 4.3 7.1 - 23 naphtho)* (1)and (2) As

N Table |. 35 . These resul ts show that the napm hol s reduce the ,
' ‘ol ubl es J evel .  Producti vi ty was :al so i nproved wi th 2:paphthol~- The

cat al t:ogéxemaadayu tdhﬂoﬂﬁi‘@&& ﬂnmhwwathaplsﬁ rmehdaﬁdimsscwwonse to

"the en t ha "t he er tvv0|nvent|ve catal ysts,_as '

oerore el b€ the. ol o S0 of o el o A0S B e v
© aboutwhedéasrdiecasit rﬂonsebf iuaowomimedseopo}weao #d 3uNGaBB7286d I/, was 87.

~and 13, res tively S ExarrpIeIVStlll

anot h‘é’r’l’gﬁﬁo"égym cat aI ysts wer e prepared and used in polyneri-zing

psopyl ene as. i'n. Exanple 11, howenﬁmplbelt‘ the thi ophenol 5 were repl aced by

benzoi c acids e results are s n-Table |V V, (2)

5> 10 Sti f?u er sexi:}(ef) af mfl.lysntgs VEFS meapa\red adjused Ot al

Sol ut;:kﬂ.s(x@xﬁ-ng propylene as in3E¥ample II, likﬁleSer, here the thiophcutﬂ.s34

17 1 ere rep4la§:ed by 'benzgécsacg.éls. The &ﬂllts ar? umm%gized r%lql:gtle IV.6 4

27 15 - 37 } H Table I%. 3 ax 27.8 - 2

0 (1) C [ell) ; e G6Xks d.) (2)
@lnTableI%——ggﬁ;" ﬁ Mﬁ%ﬁ%ﬂ iﬁ%ﬁmﬁ#ﬁcamd
all the runs gave2l owered sol ubBe®. In te¥d of inproved ovéRal |

characteristics, ?},he calabyst of.guns 36 and437 were best. Exanple V In yet

anot her series o exper1 mends, catal ysts were prepared 25 and used to

C pol ynerize propyPene a-PRHExanfté 11 wher¥-Benzyl al cohols #ére enpl oyed
in place of the ggi opbg,ngbg ‘Theyresults A9 summrl zed in 27

15 37 ® 53 27.8 - 29
(1) R of HO-C-[—’(R | .. (The dash indicates no acid employed.)
(2) As in Ta'ble I. . - _ ’
20 ' With the excepuon of o-methoxy-benzozc ac:.d all the runs gave
| ' lowered solubles. In terms of improved overall characterzst:.cs, t.he
catalyst. of runs 36 and 37 were best. .

Example v _ _
In yet another scnes of experunenr.s, catalysts were prepared

25 and used to- polymer:.ze propylene as in Example II where benzyl alcohols

were employed in place of the tluophenols. The results are summarized in

'l'able V.
Table V o |
. | Run No. -R.(-n Productirity(z)_ To;.al éolublescz)_
30 L 2 - - s a2
- 0-OCH, 5.8 . .33
39 . =ooOCH, 9.8 37
4 p--c:cn3 231 - 3
| | 41 34.8 33
35 | (1) R of HOCH -@R (A dash indicates no alcohol cmployed )

(2) As in Table I.
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sTable V. Table V RunNo. R- ' Productivity Total Sol ubl es 30 - @

2. - - 19.5 ' . 42- 38 0- OCH 5.8

ég?sg- .mOCH . 9.8 . - 37.3 40 ° p-CCH
L 33

.35 Ay ﬂ'ﬁfbﬁ"l":‘ﬂﬁ(] ‘lfgm&ésﬁr‘fd“dfgaf erglbr‘fgt%t a4 ofolel#’p eSyed )[(E ZR;?]

As in Tﬁbj&shituted%eniym deohpl aﬂd:phnéthmobhmdaﬂmﬂt poeduycedsthe | es.
Beath et destsaIE LR R 1hOE enc)] §8ad VLG L i pRESSLaNIYY 1.

er. series of .calfalysts was -rmade .*
.enpl oyi Rg titani umtetra- butyloxuigt_mlr_mianol in the.reaction set-forth

in-eguation |- el

. Was "!he sane as Q‘ﬁgg %loerst EQ ééq%gtgls 3%13%[2)'"8 &218?{@4 x&tlaﬁf\?ﬁgé?fé‘og
step, tbatyliokade Lmdt phemhl:cr the mmem satedonth nnaa@wépnhé| ¥ EXATP |
agent . 0 The_second D%X.Qt Sﬁhie;is@ﬁy;f: ﬁ@éﬂrxiiop%eam isARe, ad mar.dam i cal

proceduré foll owed up to the I nt where
the ti tdbtthmnellqmlilooﬂd@f d-lmtnab@lhg §Peﬁ‘ﬂ/\/&§1%tﬁyed"’h‘ tAt 51‘ of the
[err] usge &15?96 eswatshge df Lbeeh rwoqggpq;auageﬁtquhdamound of 4 this
exanpl e (S enployed to slurry the yellow soli S'F t s 15 . -
‘heated for one hbmrthis fex*e}s ofc g3ty sinBrERATaLieng |%%ﬁ g’f’@ as’ before.

*For the rgggﬂrgsae%s‘q@eanﬂ Whathple 61 AGud s)fwaseelfbmml upl teasherpeindd with

e

25 nt: (& e A | | hi

e e e Sl b SR, o T

@ : ng\es‘fy %?71 \ﬁm% refdae d n\Wekd) S35 tﬁhdéiﬂzcihemlha)logén{témg] 11quidmeWo9§nge
ovéred as

thas example was empiore to slurry the yéfloalxgiid._ Each mxxture was
15, heated for one hour at 100°C : cooled and the catalyst isolated as
before. . ' ' ' .

: For the catalyst used in run 42 6.46 g of yellow solid was |
treated wzth 25 mL (0.21 mole) of SnC14 An orange solid wexghxng 5.09 g
was recovered as the catalyst. : . )

26 : For the catalyst used in run 43, 6.41 g of yellow sol:d was
treated with 25 mL (0 21 mole) of SzCla A pxnkxsh-orange ‘solid wezghtng
- &, 09 g was recovered as the catalyst. ' :

. . For the catalyst used in run 44, 6. 63 g of yellow solid vas

treated with 25 mL (0.26 mole) of-CCla. A yellow_sol1d weighzng 4.67 g
25 was recovered as the catalyst. . '

\n) : For the catalyst used in run 65, 6 S g of yellow solid was

' treated thh 25 mL (0.29 mole) of PCl3 An orange-yellow solid wezgh1ng
4.50 g was recovered as the catalyst. ) o

_ _ These catalysts were then employed in combmatxon with a cocatalyst
30 = of 2.2 mmoles trxethylalummum and 10 psi (69 kPa) hydrogen as before. The
- polymerization conditions were as set forth in Example 1. The resuits
_ obtamed are summarized in Table VI ' '
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* For the catal yst used in run 44, 6.43.g of yellow solid -

was treated with 25 nmL (0.26 nole) of CCl4. Ayellowsolrd wei ghi ng 4. 67

5 was recovered as the catalyst. For the catal yst used ¥n.run 45, 6.35-
g-of yellow solid was treated with 25 m (D0.29 nole) of [err]. -An

“\arange-yell ow solid wei ghr ng. 4. 50Tablea¥irecovered as the cat al yst. Trrese

- cat al ysp's t en, oy n atio h. a (adc'g
> 2 rrdea e Bl itat %s"ﬁ‘;i IR g ¢

pol yner.i zst i on con(‘ﬂim.gns were as deB forth 5. Exarrpl e |.-The 22sul ts’ »
obt ai ned,are summarg egd -i-n-Tabl e \43 7" 19 Tapl S

(1) Run . Nal ogenat i ﬁg ‘Agent  Cat. ng - produc | vr ty. " .- T%? al Sol ubI es
55 43 [err] sicL,™ ~ 4.8 7. 3 20.2 27343 |

[err] ) 1 609 3445 - 4 Do

[err] 44 %d . 20: 266 e 34544 : éoo [err]

6.6 4 7.0 - PCI3 ~ 40. %35 2.92rr]  42.94.3.

-2.92 - (1) As in Taﬁ,Qﬂl) As in Table I. Wile the [err] produces the
nost desirable catalyst, .the other 10 - hal ogenatr ng agent's di'd yield

catal ysts thavhtleﬁrrtaeb‘éx%,earpéuﬁﬁ%memw sebpahlencatalysty| the/othepn .
ggot rﬁuog at.%gprmaaaim&éuqamykearihmsoﬂmlwageélﬁn?:%&& Tid4in

the thir step of the catal yst preparation schene S *The Tirst two steps _
~ wer e RAypERRAYY FR®Exanpl'e V. The third step can be illustrated-as fol | ows:

(3) Solid B+ (nTid + [err]’ Exdmpleowt®i Ni ng catal yst. wherein n and a-
indicate the Iar ati o of. err!ane D1s..S.or 20 __.Sn. These catal ysts

wer e conbi ned WT’T? eX oAtk SF BFeR3Tatinps aﬁ%nﬁ’in%)“%ﬁuf‘”@?ﬂ%%m sate
(EA) ﬂmdgtdrm émnt bh& ﬁniﬁ:ahetepzarfatné Yaltalpss iprepagatifondsehénd al uni num

Ior de ol p: The _reagtor char ed . in order.
f%?ﬁ%? e AP o ek e Gy e carﬁsﬁtera # el
.co c at:allystram.td daetfiofllawsisri num
(3) Solid B + (aTiCl, + mDCl ——&——>" = T:L-conta:.ning
catalyst.

" wherein n and m indicate the molar ratio of 'r;c14 ‘and DCJ.A and D is Si or
20 Sn. These catalysts were 'combined w:.th a complex of tr:.ethylaluminun
' (TEA) and ethylanisate (EA) and then used with a furthet cocatalyst

| consisting of diet.hylalum.nmn chloride (DEAC) to polymenze propylenc.

The reactor was charged in- order with the 2 :1 molar complex of_

. - TEA.EA cocatalyst, catalyst, additional cocatalyst of diethylaluminum
) 25 chioride (DEAC), 10 psi (69 kPa) hydrogen and liquid propylene. The entire
' cccatalyst consisted of 2.2 mmoles of TEA, 1.1 mmoles of EA and 2.2
mmoles of DEAC. Polymerization was conducted for one .hour (unless
specrfled otherwise) at 70°C). ' |

The rcsults are sumarized 1n ‘l'able VII.

o S Table VII |
| ‘Run No. o o m D Cat.mg_-__ P:oductivity(l)- Total Solublesu)
% 1 0 - 9.2 7.6 8.3
7 . 0o 1 si 33 . 4.8@ 8.2
48 .25 .75 Si 9.7  12.9 . 6.3
35 4 .57 .5 .si 12.6 139 . s.2

50 .75 .25 Si 1.6 . 116 8.0



25 " whl oride (DEAC), 10. psﬁ 69 kPa) hydggogen and I|qU|rpropyI ene. The @
entire cocatal yst consi sted of 2.2 mmles of TEA 1.1 mmol es of EA and 2.
' |'es of DEAC. .Pol ynerd zati on was conduct ed for one  hour (unless

-speC|f|ed otherwi.se) at [err]. The results are surmmarized in Table VII. 30
Tabl.e VI1 Run No n m D Cat.ng. Pr oduct|V| ty (1) Total -
Solublesl) 46 *s11 .8 .5 sa 9. 8.0 ' - 11.8.3 47 _
Q' ,1 S 8( | 48

On? 12:'9 53 RERE & 3583 43 % > gl 50 6
13.9 . | (13) AsHfn Table7b. .25 - S/ 11.%4- 11 ) '

8.0 - 20.51 11. 7 52

.75 .25 Sn 8, Ss’z) x‘élogéq‘sSp?)&n%r lﬁ;’- F fﬁ'al%s§ %ezl'abF6 llouer) Ki | ograns.
pol yrrers per. g cat al Tt dpba sjhosrs tioitr the Sresults obtained(fby usirg showmbiphtion

the resul tge \CA)Agie' ng ﬁ]bs\icﬂs' 35 GAEILORL P Befled Rhid Hel Sl afamkx

better than en4ej al ogenating agents 1s used al one.

50/ 50 -mi xt lnedoggnatiéng jaggats is usedt ajgge { hdbpe3Q/S@amintpre of FI€Lj tang §H‘EPQ,ed
the hi ghest,pr afllighiyidata byt khscé Q\eefﬁomhubhes hightdthprodh dthoicptadl Y tles

‘prepared usi ng a conbi nation err]were sonewhat “inferior to those ..
pr epar ed uépﬂgstnseml%ov@thsu&h that 51";@{5'5"-%(21:[3@55@ 1$das 13 cRpRipation :

pol ypr epy! @zesndl, ¥aé 1igl] haireobsRinee imtn&beopehagae@h:aﬁsmnu&ﬁgenc1
obtai ned with th& i nventi%e cat %s di d not decrease nearly as rapi dI%/ as

catal ysts POV SBERFILRLYRRS SPR BRRF K8, make, PoXERyoRY en‘? e. ‘those not
15 cont ai ni ng a pherak. fivthepl sbérived Ar)ﬁthate Pelintsrizhtisd a:layetabmened

prepared 't uate t e ef of varlo substi t ut ent n h - of a

catal yst pr é’% er?g”éeS'ﬁ%téy gt 8 S < ol hag rag’par tlsson was

ot herwi se a:stdlms Oﬂetsertnad 1<1husbcanpd ebyVRun Nehe2cef @aysesI,en:peomse rpot

runs 5§san¢o§9u§ﬁnw Pulhepa" ed up to -
' Example VIII

Another series of catalysts were prepared to evaluate the

é |  effect of various substitutents on phenols of a catalyst prepared us1ng a
i 50/50 molar ratio of SiCl, and TiCl
20 described in Example VII. | |

B . The catalysts employed in runs 53 and 60-69 vere prepared up to

4 4" The preparation was otherwise as

the TJ.Cl4 treatment as described in Example I. The catalysts used in’
. runs 54-59 were prepared as the others above except that only 0.02 mole
MgCl,,
25 specified phenol:c compound was used The same quantzty of EASC (o. 02

0.01 mole titanium tetra-n-butoxlde, and 0 01 mole of the

mole) was employed in each preparatzon _
Each product thus made was then contacted for one hour at 100°C

W1th a 1:1 molar mlxture of SlC14 and. TicCl, Recovery, purzfzcatzon and

drying was carrzed ‘out as before. The cat:lyst used in run 53 was
30. contacted with 20 mL of the S:.ClA-TJ.Cl4 mixture (about 0. 09 mole of each.
component) whereas each remaining catalyst was contacted Wlth 25 mlL of
the mixture (0.1 mole of each component) N '_ _
‘These catalysts were used to polymerxze 11qu1d propylene in the
presence of a cocatalyst comprising 2A1(C H ) .ethylanisate and dlethyl--
35 aluminum chloride (2.2 mmoles TEA; 1. 1 mmoles EA 2.2 mmoles of DEAC) '

Charge order and polymer1zatlon cond1t1ons were as in Example VII.



st ’ t . -
" o
he\Ti C14 treatnent as descri bed i?r'ExarrpIe |.  The catal ysts used in runs v
O were.prepared as the others above except that- only 0.02 nole e Do
[ ]0.01 nple titaniumtetra-n-butoxide, and 0.01 nol e.of the 25 o
speci fi ed phenoth& resubts atenasmmindded {mq-asaarevféﬁé“tity of EASC.(0.02 *

nmol e) was,enpl oyed in each 'pr'epara_ttf'kgn. IEIaCh loro ug:'ttthus" ][rageawas_ éh_(la__nd
' d—==E£ nol ar nmxturg of Si an La
o)
a

contacted, f of, one. hour [err] "w : i :
' Recov_er;y,%i ca-t-_‘i-oﬁd_ﬁ.m& P36 dugt PSS ADT i € te ef pgp. - The
catal yst uS8d in ruNo®s3 was 30 ,.cgntacteq w L 2 dPera. T Cl1 \’_,\:
m %t ure (a?g)ut 0. 09 | e of each conponen ?'%\,hereas each reS& ni ng catal yst =~
-was contacted with 9% nli of ‘the BiXture (0611nul-e of each cg)‘regaonent). These . .
catalysts H®re usedn4® pol ynmerizg ki qui d..péo ylene in the presence of a .
cocat al ystggonpri si'ng_TZAl (C2H5) 3. et hyl ani sat’® and di et hyl -1B8%®. al umi num
5 ol FFTEA;, 1.1 mmBk@s EA; 273 mmol es of DEAQ) s Charge order

chloride (

and pol yne¥? zati on i tions wegegas in ple VII. The“résults are
sunmari zedeg n Tabl e |. Table VITI Productivity Total 7Sdlubles (1) 53
8 fn— 1O
Ngqe ~.12.6 -3 13,9 7.1 . 6.3 525 - $H4 o-F.
5'1 . 396.1 p-CHy 88/ 55 5. mF . 576 5.8 -
12.0 56" 60  P-Fp_gec-n 7 3.0 s - 4.24. 5 57 .
S0-CH ., 7.4 C5TRR 5 7 13.2 6251 58 mBegr] .
07.3- .59B & -'_p-[igp]z-czﬂs | G'zgz.b 5.4 , '5'61 st 2[60 |
p-sec-Bu 62 04 edmeniay O _ : %9 p-Jerr.
~"9.5 62 __ p-isopropicP¥lp 2.7 - 5577 - N 4.9.3 63
p-phenyl . 83 "6 gp-phenyl 8.8.6.8 - g3 3.7 64 5. p-toBu
'9&42 64.5.5 . Pzt'zs"% . i'g giN 5.5 p- g-gr r]6' . 5L27
. e A _ - C . _ : . 5.0
36.4 67 [ ePTQCH, 5.7 0-5.4 483 0 20
: : .66- E p~C=N 15.6 | 0.2 B C 36.4 '
67 _p-NO, 2121 o5 g1
20 - 0 | | o
- 68 p-CH - 17.4 o 19.3
0 .. . 5 )
) .” . ' . :
69 . p=C=CH g - _ : .
3 PemCl - Ba 0.4 . 33.0

(1), (2) As in Table 1.
. | The;g rgsp;ts_ghow that phgnols having substituents having
. neg?tive or low_ofHammett'va;hes produce better cataiysts than tho#é :
. ._::::nzsf::stiz?ent§ haéiﬂg_h#gh q-Hhmmgtﬁ leﬁes suéh as £§og; shown in_
uns 6 g __éfalysts pProduced with unsubstituted phenol (run'SSj.oi :
para-sub;tifuted Phenols (runs 56, 59-65) are very active with this
cogatalyst §ystgm,?Yig1di#g_grystalliﬁe p§iym;£s 5aving low solubl |
levelg,.i.e. ab?ut 3tos Qeighﬁ pércenti_' ' o
R o Example IX . |
o In ;hesg runs thiophgnois'were used in step l-of_ﬁhe c;tai st
Preparation and a 50F5le913r ﬁixture-of-SiCII . .

35

_ 0 mo] and TiCl,, 0.1 mole of
each : - . - 4 N =
ac ,_3@; used in the th1rd_step of the catalyst prepaiation. The

- Preparations were otherwise as described in Eximple-VII
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8 p-CH . 174 ' 0.6 ©19.3 0 25 ?-'

" p-C [ ERR) 25.1 . 0.4 : 33.0 (1),(2) As in Table

'Il”- These -reésults show that - phenol s havihg substituents having negatlve or
ow OHamTett ues proquce better cat al. sts t an those. hayvjng '

substiituents.’ ha%‘ﬁ % YEER MRS themuged. H’geﬁﬁfsg igptdRTPPYisee runs

66- 69. 'ﬁmpl ystcncptoﬁymc{lw 22 mmbstﬁrtiutﬁﬂl:ﬂlﬁﬁlﬁﬁm,( riua.BQA @t (2) 2.2

'para subs |t t eols run 6, .59-6 are ver ththls' ' .
oAt al ys §3g/sfﬂ y?e'f"cflgf ?’f)@t’?ﬁ‘f?% 8 TRAes &ﬁgﬁdﬁ sol ubl e . -

levels, .e. dboThe3resulks\ergiummarized: inFRstia &XL X 35 : In these

runs th| ophenols were used in step ITOJ fhe cat al yst preparation and a

- 50: 50 nol ar mxtureQ SlCI fd[err?——i—zﬁ ' #edlnthethlr step

of the cam&_pﬁéa.:, [Sag g at E’wnéumvé f ermpsdaﬁpldbtexg%ged in

-Exanple VI -0Bfgse ca aI ysts e then d to pol yner i ol i quid

pr opyl ene u|s7|°ng ag coc&t al ygt (1) Wgé mmol es #?et hyl al um nunanzoe'l .e. TEA or

(2) 2.2 mofds TER~CE31 nmoRes et hgkahi sate R4 8mol es 2Al C [3%-6] The.

results aresqgunmma dfn Tgble I'X o v
- Table I' X Run No -rPLR( 1) Cocat(2) . Cgts% . PI’OdzsCtIVI ty 32Tot al
‘Sol M es(3)730 P-P-[err] ¥ 1 7.3 10.6.28.0. 22,8 - 29:3. .  30.9"
71 . p-CHyg H. "34.1 8.2 24.8 27.6 32. 6553772 - p-d
1 .89 . ;1 32.310_ 73 18’ |
7.3 78.0. ;POCHy . 2793 78.4 H 5.0 é

2376: 76 . .p3EH] 75 2 p-OCH7.7992 9.88-3 _7377 .

.5 3 p- _ : : : :
p-C 77 _%17.3 2 9.3-3 9.4 5315 8373 p-F -
2 15 778 p-F 6.0 2 75 9.0 70 X 9.0 _
9.3 48 g , 7.5

_ _ 9.3 ' . 4.8 - 7.5
(1) R of HS<{O%" . | |
(2) (1) is TEA; (2) is 2A1(C ) .ethylanzsate + 2A101(C )
(3) As in Table I. . . :
20 | A compar1son of Runs 70-74 with the runs of Table IX
‘ demonstrates that the use of a combznation of 51614 apd TiCIA produces a
more active catalyst than using T1C1a alone. The data’ fyrther ;11u§trate
that thiophenols in general are useful as third component compoundg for
‘use in preparing the titanium-containing component of the catalyst. .The
(") 25 resuits also demonstrate the éffeét of.cécatélyst'sélection upon produc--
tivity and soluble polymer formation. ' '
| _ _. o Example X )
Another'series of runs were made in which'the catalyst was
prepared as in Example IX except that a benzyl alcohol was substitnted

| 30 for the tthphenol The results are. summar1zed 1n Table X.



Ve “ e
(i) Rof HS [ERR] R (2) (1) is TEA (2) i s 2A1(C2HS) 3. et hyl ani sate +
ad(cH5)2. (3) As in Table I. 20 - A conpari son of Runs 70-74.
h the tuns of Table Il denonstrates_ that the use of-.a.cdibi nation of . o
4 and Ti Cl4 produces a nore aCﬁ‘er gatal yst t han using[ ERR] - al one. - The' -
ta further illu ate th t hi opfENMOTS in gener ar e useful as g4y rd '
corrponerﬂl‘_"chqoouﬁggz cﬁ_&&gﬂ Catomge | Qh) e tﬁ onent”
- of the cafggl yst -oiﬂ;e 25.. 41 [:esult g, gl so degpmtrate the eff-gg:t-, of . : \'V
~cocat al yst sel ect e} upon produc tivity and sol ubl e-pol ynmer_for mat i on. R
Exanpt e X8Anot h& .series & runs Wefe nade 271? which the catdyst was .
prgpared g3 i n pxoC0R .j*e | Xgexcept fghat a benzys ‘al cohol was sgiystituted 30

for the thjophegol. “The re.sults re summarjzed in Table X. Exanple
Table X. Rgh %O L8 gat AF? oduct i vi ty - 5"1’_01 al :
Sol ubl eS(3) (B})R ofpn -gi '. 34.8 - _ 30 .7 81

h 27 9 )} 27. 1 5 - 82
p-OCH 2 @ As in °n" - X 5783 XN 3 2
. 13.9 (3% .43 1nTab1e 1. 51(|) Rof HOCH [ERR] (2) As in Table

.I (3)'As in I ThiS i bl Usk that hi gl vity
- aI ysts can T-bgnlg %ia?sn%(?tﬁgl tr"1lglg'"b h ac s"’gggg [clgﬂR]’e E’m ﬁé ion and
agal "nusing\behzyic alobhebx aindl ys‘h I'éccl mombmqimdand iagatin shov effedti ¢

oct BF (aEhlysi e OGRS by #@%HE?,% Voﬁﬁtéﬂ“# ok i i
sumarized in Table X . Table X ERampleXI R Cocat(2)

ggogugthy lgpkﬁkssigiﬂﬂseog4runs beﬂhofﬂqgkzds:bere vsed . ifi Qﬁe place &ﬂ 3

st the[;thyyqnolszof Exampleglg_ The resq}tg are summarized in !hbieg#l H .
2 - -10.4 - 3.6 _  Table Xy 5.5 0 _ :
Run No. R(I) Cocat(z) Cat. mg. Product1v1ty(3) Total Solublesca)
84 p-ocH; 1 7.0 24.3 : 33. _1
.. '8  H 17 7.4 - 27.1 28.2
20 %  p-ocH, 2 91 31 9.4
' 87 ~ H 2 104 .. 3.6 . 5.5
. . . n. L . =
Q1) R of Ho-c<0X" .
25 - (2) (1) TEA; (2) zn(czns) .ethylanisate + 2A1C1(C,H )

3 As in '!'able I.
'l'h:Ls 111ustrates that high activxty catalysts can be obta:.ned
using benzoic acids and a T:.Cl‘..SzCl‘. combination.. '
' Exaggle XII - B
) 30 o In another set ‘of catalyst preparat:.nns, a chlor:.n'ated. silane, '
© viz. HS:.Cl3, was . employed with T:.Cll. as a 1:1 molar ‘mixture (about 0.09
mole of each) in the third step. The first two steps were as used in
Example VI 'usiné the same quantities of reagents. Various phenols were
employed. _. ' ' ’
35 o - The catalysts were evaluated fo: the polymenzat:.on of hqu:.d
propylene using a cocatalyst comprising 2A1(C H ) .ethylanisate +
ZAI(CZES_) Cl. The results are summarized in Table XI1IX.
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o . «( 24 ( | - 1)
¥1) Rof HOCI[ERR 25 - (2) (1) TEA, (2) 2AL(T 5)3.ethylanisate { -4
2AIC [ERR]. ) ' - (3) As in Table I. This illustrates that high .
activity catal ysts'can.be obtained using benzoic acids and a [ ERR|

‘Bonbi nation.. Example XIl 30" - ~I'n another set of catalyst

_preparations,” a chlorinated sil ane,: Table KERR], was enpl oyed with | ERR] ‘as

3 L1 ml apyigtire (AN 0 QBLe GrofBellesed(Ee iSRG Ao 1St
Ngifous phendh's ver Bl oyed. 338 - T 21.6 The' catal yst®-3ere. eval Gated ~

far the polyggrizati ,@;, §i quigd gpr opy! en?ayfi ng a cocatalygt conprising
2A1(.I§RR)3. etgha/l ani sate + fERR]. .The results are summarized in Table XII. °
€ 2

_ 4sec-butyl ~ 4.8 ( Tapl el RunNo. 8.3 ~ - Cat.nyg.
Productivit g3 Tot al e Spleyl es(2)q,8 3 89 11.31-propyl - 8.4 13.1
4.8 5 . 90 sec- butyl . 4, : 13.9 . 8.3 91
t-butyl 9%.8 -phenyl 11 37.9 8.6.0 92  prehyl 7.9
8.6 93 n.<&bcH)3 8 . 13965 . 1843 ' n
d (1) R.of HO[err] 103 .. (2)- As in Table This data denbnstrates?
that high yield cats) Wt B .obtained by enploying [err] in '

‘combi nation vm'th[er_ie@l;qo ar¥son of this data with that in Table VII1]
i ndil@at es t hat [erF# Res*#Meden .nore productive catalysts than SiCl 15

Ex?rrpl e XI'l'l In i'mm runasgéina&&tnsatﬁiaxshlim @aauatéaagyggiialnsbe;gano-) |
si | anes re e oyed wi.t I as 1:1.nolar ratjos. (0. nol e _of eac I N
Che th Feaiard By E oing BEICY 3 SomBehitn With Rasta-viA ChBaRincn 981 s
re evaihiat dakaf @ith hchazoinnPstil2aVIDh jaidikcates ¢th3e Bmgytmwsim@m
cocat al yéJre2pzzod§§'Elt$§e-T£'%’a1%£és r{lyégssfﬁa_Z. 2 moles DEAC. . _
15 . Example XIIX

In another series of-gatalyst.preparations various organo-

silanés were employed with TiC]A'as 1:1 molar ratios (0.09 mole of each)
in the third step. The first two steps were as in Example VI.
_ Thg catalysts were evaluated for the polymerization of liquid
20 propylene using as-cocatai&st 2.2 mmoles TEA, 1.1 mmoles EA, 2.2 mmoles

DEAC.
' The results are summarized in Table XIII.
i Table XIII - .
_ Run No.(l) Silanecz) Cat.mgﬁ Productivityca) Total Solubles(s)
: ) 25 94 ne-g-SiC13_ 12.3 | 2.6 8.0 |
) 95 #sicCl, 9.8 o 1.7 o 11.6
96 ' ¢281612 - 6.0 7.0 Y 9.7
87 . ¢3Si81_ - . 5.9 . 8.2 . . 16.9 o
| .98 . Qz's:'JICI 7.7 - 19.5 S 16.7 -
30 99. | ¢Si}!§12 . 5.9 19.9 : . 8.0
' 100 QZSi.HHe 7.0 . 9.9 1?.0
101 - ¢SiH3 : 9.5 . 3.5 . - 23.8
102 _¢SSiH 4.7 - 8.8 15.4
103 : ¢2Sin2 : - 8.9 3.6 24.0
4.7 11.3 ' . - 12.6

s 104 ¢SiHHez



* d

" esuItS are sunmarlzecﬁrn Tabl e Xl | 25 Table XrII R@mNo(l) aelgng(é)?, u
. ng. Product i vr ty(3) Total Sol ubl'es(3) 25 _ | as
1' 2

2.6 8.0 95 | 0si C13 9_%wg%8 4.7 §
. L ' S770 0 e C 9. 090 o

11.6 96 [err] | : 16998 o] [

Egrg] - " 16. “}S%’g”e 13BL . oqdrr] . @093 199

'8.0 2 100 106 ~ - psikefc) 4. (929 1.'2_ g ori) 1701404 ..

154 103 to? r.] He, SiKC1 828 .2 22D 2235
TR [é%] Hes._inmzs BRI 13 52.0 L 126 6% é(r)rS
.-j[err]'5105_'21_%9 Lerr] EtySiH is 65f07 - 10.57¢r¢] 61§0 " 15.8 .

71108 10 1 ¢ry] BsiCl, 5.6 4.6 13.618.8 15 e lerrl S
| ]Hg9C1 | [erl’](l) PolYmer{’zﬁlons carridd 5°ut. 1“41‘@“&§)PW9m|@at i ons -
calrrl ed out in I i qLR"cfSﬁstmfehﬁdmgepr esmmCGSOIo_z!nyzdsq&ﬁh I&s['e%!]n—ssgh];(r)\;/l . Et o
_hours, all others bisew 1 Hur. (2) Me = nethy , Bt =

tive silanes were. [err] [err]
- ethy (3) As inp,J Ig | . The npbst ac tions,. caial yst
' Exam&)?e XV 15 (2 methyl, @7 pherykeEkes athypol yneri za

systens were enﬂbyadmrmambch t he t'i tani um cont: ai ni ng corrponents wer e

| anes
receding exanple, i.e: with various si _
. prepared as descryped in the p silanes %ere gsﬂm:l ¢smc12, nslc13, uezsum

. in com

. HéSzHClz, @SiMeHC1, ¢SlMeH2, and Etsslﬂ. '

- Examgle Xiv

15 ’ In another series of polymer;zatzons, catalyst systems were

) employed in which the titanium containing components were|pr~pared as
described in the preced1ng example, i. e. with various silanes in com-
bination with T:.Cl4 as 1: 1 molar ratio m1xtures contaznlng 0. 09 mole of

_ each component. '

20

‘Those catalysts were evaluated for the Polymerization of liquid
propylene using a cocatalyst of 2 mmoles of triethylaluminum combined

with about 1.0 mmole of an electron donor other than ethylan1sate and 2

mmoles of dzethylalumlnum chloride. . The results are summarized in Table

XIV where;n ‘the .electron donors are denoted by the following formulas
¢ P=0 is tr1phenylphosph1ne oxide -
9 PH is d1pheny1phosph1ne
-.¢ C is diphenylacetylene .
DMF is N}delmethylformamzde
o | '_NHDZ is diphenylamine
30 ' NH(Et)2 is diethylaming
N(Et) is triethylamine _
NH(CSH17)'_is di-n-octylamine.
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Bi nation W|th [err] as 1:1 nolar ratio nmixtures containing o.09 nole of

each conponent. 20 Those catal ysts were eval uated for the
ol yneri zati on of “biquid. propyl ene using a cocatalyst of 2 mmmol es of

triethylal um ,num . combi ned with about_1.0 mol e of an el ectron donor ot her
than et hyl am sate and 2 Mol es of di llm' num chl orid 13 The results 1
are sumiun Ned i Silahe e mvcm @oRoi heCatl, qg_t_rmi-odﬁaerﬁ:aﬁ L) daazdsdayuv e’ ) -
'f ol | owi ng: nmu s tri nyl phosp dx1 de 02PH
enyl pr? gphl h@zﬁ%@‘z‘i : digil%{gl acet §n§ DVF i s ﬂ‘&ed. met hy! f or rJa?sﬁ’de B
[ERR] I's* cmphen)}lo:slﬂm‘ttL ¢ P=0 . " &4.8[ERR] 'isiéli®thyl amine N(BR.R is
trietghyla e 3,\H 7)2 | n- oct yl ne. - 26, Tabl e XI'V Run
Si | a%e _ 'Ellgctrtgigz nor aer% Produc?’%| ty 90163,[ al Sol ubl es{#)f) 6.8
.16.5 . 114  MeSiHG 9 lﬂgPH MeSi HC1 2.9 [ ERKY.2 4.8 12.0
16..0 C eas [E 3 [ERR] 4.8 . 20.0 :
15.2 114 n["ERRgsmli A 7. 3-8 6.5 150115 by
3.8 11616. EPZS:.HCI ¢2Pﬂ4 6 116 4.0 - 19.7 [ ERR] 18.0 4.0
197 : sici8. O 117 ' “02P 2.8 g.5s19.8 *
8.5 10- 118 [zlt ¢£1§ 28 s B s
14. 0119 YIBRR| BSiC _ 2256 . 24.5 18.3 12084.7,
MeSi NCI [ﬂgRg}_ ' él 1 - 9.1 ' 16. 3 1yl
119 HC1 .17 22.6 .3
HSiCl- . T . ”232.5 7359 - 19.2 122
[ERR] o120 - _I’S”IS&EF%e - P55 431 9 19.1 17.0 12463
(Eg AN BT N}iﬁlilQEi? . gm? 3 gégé-_f? 25.9 . 1%926322191&4 '
! 122 fs'(icis' ~ Pyrazine 3.6 - 37.9 17.0
15 123 HS:‘.C‘I3 _ NH¢2 3.3 21.9 - ___19.6
126 HSiCl, NH(Et), 3.7 29.5 o 17.2
- 125 1_151(:13' N(EL), 4.2 : 26.81 18.2
126 HSiCla | N}l-(caﬂl.’)z 5.3 28.7 | - 21.0
_ (1) As in Table I. ' :
20 {(a) The catalyst of Runs 116-121 was prepared with only half of the
phenol that was used in preparing the others.
These results show that various electron donors can be used to
.. : replace esters such as ethylanrsate in the cocatalyst system.
Example XV '
5 - . In thxs series of polymerxzatxons, half of the t1tan1um tetra-
(:) alkoxide used 1n the £1rst step of the catalyst preparation is replaced
by szlzcon tetraalkoxzde. Steps (2) and (3) of the catalyst preparation
are as set forth in Exnmple I. Various phenols were also employed in the
first step. I . : . '
30 ;' These cstalysts were used to polymerxze quu1d propylene at

70°C in the presence of hydrogen 1n combinatzon with one of two types of

cocatalyst.systems. The resultslsre shown in Table Xv.
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[ ERR] N( Et*r 3 ' 4.2 26.81 % 18.2 126
' NH ERR] 5.3 28.7 '210(1)As|n-
le I. 20 (a) The catal yst of Runs 116- 121 was preparé&d-with only half q
/'t he pheﬂol that was used in preparl ng the others. These results show
that various el ectron donors can b@abbedvto repl ace esters such as

! gte?iylezﬁl s‘ﬁte |E(lmeﬁ2t@ g é(ﬁysk E:EE‘)(a.gg g zX 25 (lo) I § i&ihkg)me‘;

first stiep of ncgn cena-l yst: plepar'atm)rsls repl @3ed by silicon 29 - b

. tetraat ﬁgﬁxdeﬁc egéa(’Z) a “(3): of.,t‘he cdt al- %t?preparatlon ?;,.e as set

forth i

rious phenols were also énployed .in the first - -step:

305 129 . nthlge aI ystd were uged tao pol Weﬂl ze'liqui d pB3pyl ene at
T ERR] i ab [%eﬁenc&ao'f hydjg ogen i nggpnbi nati \I‘\n th one of t\ﬂ types of
abl'e :

.cocat al yst systé e results are ' 10WN i n _
27 Tabl 83XV R#& Heodht - 2 ' 5C§1t ny. Prédfct | VI ty o _Tdﬁal Sol ubl es
127 'n : -2 29 128 nC
H. %2 80808 © 2 5 g3 .3 3495 9 err]
1 13@ 3 nCH, Cly o 2 8.5 33 130 S-Berr] 17 6.9
12101 ' nC,Hy %131 “alerr] 1sh 2390 . 58 14 4.4
132 1[3erq_h 7.3 ' 4.1 .11 133 :
[err] ezk °f 51(03945"6 Ti(O0R),5 3 7 10. .134. [err]
2 .@}‘J : 14(I) The R of Sl(CR)[err]and Ti -
(OR) .- (2) he R of HO ’Dﬁkﬁ(?, = 2. .Ml es TEAmé?l) m)l es TEA, 1.1
| es. EA) a3 Z Arreke 2)l 2('E7°1R§ THA Tt oo e P shows t hat

" an actlve pO2 RN kZ AMEATL cafalyst can. be obtai ned even when part of the

@)

) 4 |.a i (OR) 4. The.repl acerrent does however result in
sl’r(sght |y @3\/@; i&cfg\’/f%/}sas can be o :

This data shows that an active polymerization catalyst can be
' obtained even when part of the Tl(OR) 4 is replaced by Si(OR) 4 The
- replacement does, however, result in slightly lower activ_ity as can be
seen by comparing Runs 5 and 14 with Runs 127 and 130.
20 ' Example XVI _
' : In another series of polymenzations, catalyst systems were
' employed which were ix_:div:.(_lually obtained as__ in Exao:ple 1 by reacting a
mixture containing O. 04 mole of aohydrons magnesium 'chloride, 0.02 mole |
of titanium tetra-n~butox:|.de, 0. 01 mole of an aromatic ester and 0.02
25 nole of a phenol with 0.02 mole of ethylalumznum sesqu:.chlor:.de. Each
resulting solid product was isolated by centrifuging, washed w:.th _ |
‘n-hexane to remove contaminants and dried overn:.ght by - weathering in the
" . dry box. 'Each colored solid was then slurried in 25 ml of an equimolar
mixture of titanium tetra-chloride and trichlorosiiaoe end heated. for one
30 hour at 100"0: From the cooled nuxture (23°c) a colored solid product
- was 1solated by vacuum filtration, washed with n-hexane unt:.l the '

 filtrate was color]ess and dried as above.

Samples of each catalyst were employe‘d in propylene polymerization |
as before faor one hour at 70°C in the presence of 10 psi (69 kPa) hydrogen
35 and 2 mmoles ~of DEAC. The phenols ‘and esters efnployed and
polymerization results obtained are summarized in Table XVI.



doen By cenparing Runs 5 a( 14 with Run§8127 and 130. (‘0

Bxanpl e XVI "I n another series of pol ynmerizations, catal ySt systems were

-ﬁgwpl oyed, whi ch Were i ndivi dual |y obtained as in Exanpl e | by reacting a @‘
I'xture _tontaining 0.04 nole of tanhydrous -magnesi um-chloride, 0.02 nole pf £

‘titani umtetra-n but oxi de, 0.01 nol-e qf .an . matic ester and 0.02 . 25

nmole . of a phenol wi th'0.02, mol e of et b um sesqui chl.oride.” Each.

_resultl ng sol jd product was i sol at ed by ce@t ifu |ng,_ vvashed wi th a- hexane
twermve contam nant.s and dri ed, oves +rg-i'n the dry bf.)

Each col ar lid en (18d;] f . an s ur '
titani umtgg-rai@ch-l-o'\lﬁge—gnﬂ' grg%:{rl-w m%@fm 1b1 5
ferr] Fro F‘Rﬂ! gd m xtur (230 ol ored solid pradu S  isol atyeq -

by vacuumflnﬁrat on, ‘washed V\nﬁ%h n- heias(rilge until- the f||tratclté g\/\\gs col orfsegs
and dri ed asl%ﬁoovnhensérrpl es ofEkach cak-®yst were-enployed iA-Popyl ene2-2 .
pol yneri zat i pfy asghah gg_e for ogg hour @t70. Cin the presencg ¢f 10 psiyp(69. -
'kPa) . hydrogen 35 2 mol es of DEAC. ' The phenols and e_sters errpl olyed o
and pol yneri B3 i oﬁ'#%@ﬂ'ts obtB# ned- ar®53ummari zed i n Table W6

Tabl e XVI Cajsy yst,-s'@at.ghtﬁo.l ubtps (2) K¢y No. Phenol Iigt,ge-r _
Pr oduced EnP)l oyed; ng Productiyi ty SoI ubles 5 . 135 ph,engl ' . %B '
4.58 0 "‘sec""“f'ﬂlzr g BA ° 4339 136 phenol A
4. 29 141 4-pheny1- 5 08  4.79.2 137 4-ethyl- 19. 5 EB 5.8
'5.26 8 4-ethyl - .
3.06 - . 1’5“’139" Ph!f“géc but el EB"‘]6§ 4:07 - o é 7
5.1 10 . 1¢1) - EB siac ebhyl/lbenzodte, EA fx3ethyl anisate. L "4, 39 _

.3.0 141 epyl - . 4179 | | - 19.5 .
_5 8 142 4 p@h ft'an Tabled? - NS SR 7.46

(¥ EB is ethyfheheesuldseindinate thaty BctdNes ntepyl(egp gatalystmisre qbtaiged.
The resul tah’he ekdift tfb@tth%cihé/&nlfé&? %%@c&%kﬂ?iﬁleﬁﬁf :&btu@leﬁ'eﬂx Wht£fyste

except for. t i nstances in’ 4- et henol i s used 1 n cat ai/
' preparation, also d:.splay a reduced propens:.ty for soluble polymer formatiom.

The foregoing examples have been provided solely for the
purpose of illustrating embodiments of the invention 'Cleafly;' there are
 2_0 many ot.her embodn.ment.s which equ:.tably fall within the scope of the

present :.nvent:.on. '



eparation, also display a reduced propensity for sol uble polyner il
(fermation. The foregoi ng exanpl es have been provided solely for the purpose

é’f illustrating enbodi ments of the 2snvention. Cearlys there. are 20 nmany .
ther enbodiments which equitably fall” within:the scope,of the: present
.invention. . 29 CLAIM 1. A catal yst for the polynerization of al pha
"ol efins conprising the product ol@AlMSI by: (1) reacting together (a) a-
di halide of a metal from Goup II'A or 1B of the Periodic Table, (b) a -
~ transition netal conpound conprising a netal 5 from Goup 1 VB or VB of -

the PeriodjclTabl & Qa@iY%tr&MsﬁhPlRﬂiymtlaatlbremwmawnrtsocmpdmagt one .at om

of oxyogg ,rydhépgmqud@.llfur that oxygen, nitrogen or sulfur atomin turn
bei ng bonded to a carbon atonggf a carbon containing organic radical and-

opti ondl | y/ afbergagting teastber (@ modibatide 8t sumstalifremdGraupulbd WsdiB ¢ ut ed

phegol toﬂ?lﬁ&ﬁé@iodnd ?Haﬂléh&ﬂoé tﬁHnsItﬁ‘erﬁﬁlﬁQlt Bérnpodrid comprxsmg(@)rrtiét?PCt I ng tPe .
uct _o anoal ummi num pr eci p| ating agent o
forf‘ﬁf?f"?;ﬁ‘iﬁlog?l)éé o, Alnkiifhﬁ/?é?ré? & RUF téa"s‘séflﬁg dretRl Reifghsat urated -

hydr ocabdndedr axliataleastomhai ationy dfr mmgkn,t mtiﬂgelﬁbbcsmf&t'pmatd&yg‘en?m ogen( 2S'amd '

nis an e r rLeac uct, of step

wth atx FB{%B C(g)rnitﬂﬁ'n.l %)t%g& ";Lf'gl% ’Sélﬁ g)é:l{"ﬁ g 3% %r?f%gﬂaaqgwpgﬁ e"?aé'Pr‘érf'nt from

~Groups tamaunng//nrgamch@dﬁaiu ardi opﬂ‘ abdlléy[a'ldeldctmin denarapadopeurad, addi ng -

hal OgenstQtﬁ:lh‘L‘:‘edFHrQQHGlSstﬁLtéf ﬁ{én()?)nalpﬂfl'\lﬂ!:" Et‘ﬁo 31 b'EhiBha rﬁﬁtﬂé’ln' um vanadi um

or Z|rcon| unz bei ng provid e Teactrol mxture of step
(1}9does not Qomwwgtql?e RSpeueRf] stpeék)tmb a&éyasttqwerprgmpmmrum

| On- exchRgRtAMYy a@emsadu%oformma suuagé?% dfieR b%éinléaeﬂracxe@r I.ses 2
ro

hal ogen- cont ai ni n of a _
cat al ys{® %b{?&sﬂd’r’ s.?'iﬁ‘ng %"mdf&caf&h'er@&'?ﬁltq?@tﬁamgdfgf’ L @ﬁcﬂ?& ‘Qﬂ ng source .
enpl oyeatoms, N isphal@en, and ndb lany |nnmbeﬁltnﬂ1 thatd &n@w aAddof 25 Si, Ge, Sn,

Por C 3. (5A the halid -
engangl ng B C%%%%ﬁgéheeg%%) ugk g‘ (s% @ :mtrbraéaﬁqragk g?ﬂ d?‘BRWS‘IPl Sel 81[] t he

f okl acqRtaiomg aprapeurrd of en sieraentpfram GroupsdVénat VA phdhe Rerfodic ng 1 to 20

30 carfme ﬁaqoﬁxch[leraa},aaecw §iding iR tﬁeh&ofd%m% D) X\hef einnis

a nunber_in the ran
wnth a halide of txtamum, vanadxum, or zu'comum,

it being provided that, where the reaction mxxture of step (1) does not_
contain the optional reactant (c), then the halide mn-exchange source used

- 20 in step (3) necessarily is or comprlses a halogen-contammg compound of an
element from Group IVA or VA,

'2. A catalyst accordmg to claim 1, wherem the hahde ion-

exchangmg source employed in step (3) is a chlorme-contammg compound of
25 Si, Ge, Sn, P or C.

3. A catalyst according to claim 2’ wherem the halide ion-

exchangmg source employed in step (3 is an orgamc acid chlonde of the

_ formula R'COC! where R' is an aliphatic or aromatic radical having 1 toc 20
30 carbon atoms; COCly; PCI3;_ SiCly; SnCla; CCla; a c_hlo_rosiloxane of the

farmula Sihon-lCIZN +2 wherein n is a number in the range of 2to 7; a
chlorinated polysilane of the formula S.i_ntf.l2n +2 wherein n is a number in the

AR R



<hl ori nat ed pol ysilane of the fornmula [err] wherein n is a nunber in the '
.30 range of 2 to 6; a chlorinated silane of the fornmula SiH err] wherein |
is a number in the'range of 1 to 3; an_organosilane of the formula R SiH

© wherein R .iis an aromati¢ or: allphatlc radical having 1 to 20 carbon ,
-atons, X is a nunber in the range of 0 to 2, and y is a nunber in the range

of 1to3; 5 -or an al koxy- or arylsxy- haI ogen silane of the fornula
Sl(CR)4 nd n vvhereln Ris an al kyl or ‘aryl radical having 1 to 20 carbon -
and n is a nunber in.the range of 1.to 3. 4. - A catal yst according

_to clalm ¥a mezrtotdaea aﬂbnsle:euca‘uané@f th@xemnsl murvﬂ%remm agd 1n -
step (93) n e romalt} c_organochl or forrrula [err]-

wherein R %FB ?"Q,e ch}lrt?a 8P fparesilsge & r%’ﬁn %WF& hnd y are
as defined Whersihfﬁ'ris&n é‘romancﬁmcatpmbyatraamohdvmg 1t 20yarbBe afxims,hal s 2-4

wh the 15 I t
mxtare of s Pybel 3h B cull 6 AR SR n RS it o B 32 °
el enedt andr [asralkoxys.or arymxadia:id)geytstkmemfcthngortmulalSiGOR) 5 W;,ewbene;n | n step

(3) the pr %Cén Qh?&ﬁ} dxhé J{a‘i;‘@rg P‘ﬂc}%téér@cfh Oaﬂm seé XHFﬁBHni ! ar

m xture of A catal'yst according to.any one
- of the preé@%lrﬁfgﬂed?fa} Wnerel n t-he halide ion- exchangl ng source used in
step (3) is or conprises said hal ogen-cont ai ni ng conmpound of said Goup |IVA:

VA el t, and 2 d t I t t
The reacti on m Bt ur o Aorcalagt secaing R el LT VBB dhhghelite igtone of |
t he pngcedierghatigitigrssduhes eempldyedr ¢acstepn WDxtiermcna sdrepan( laroowatpy | ses as
e obt ! SfneRlorod RARIEBhe (iimia® KESN{ ] @G gfeiHnRL 29 ol Micibiiene!

thi ophenol an aral d”or an aromatic-
ester. 111tddicaliafiypilo _mgamommgms am431m¢y are @ defimed in e}pim 3g * .31
A catal.yst -according to e¢laim7 wherein sai d third optional -corrponent‘

(t:) i s a phenol _ a methyl -substiututed phenol, p-nmet hoxzyghenol
' 5. . A catalyst according to any one of claims wherem the

15 ~ halide ion-changing source employed in step (3) is a mixture of said halogen-
containing compound of said Group IVA or VA element and TiCl,. '

6. A cataly'st"'according to claim 5 wherein, in step (3)'. the
. ~ product of step (2) is reacted with an approxlmately equimolar mixture of |
.20 SICla and TlCla. '

7. A catalyst according to any one of the precedlng clalms
wherein the halide ion-exchanging source used in step (3) is or comprises _
said halogen-contaxmng compound of saxd Group IVA or VA element, and

- 25 wherein said optional component (c) is present in the reactlon mixture of
step 1. '

8. A catalyst according to any one of the preceding claims '
~ wherein ‘the - reaction mixture of step (1) comprises as said. optional
30  component (c) a substituted or unsubstituted phenol, thlophenol or naphthol, |

an aralkyl alcohol, an aromatic acid or an aromatic ester. -

* [ L M H *



et hyl phenol, 3-t-butyl phenol, 3-fluorophenol, 4-fluorophenol, thlophenol ?
ec- butyl phenol, p- nethoxythlophenol p- nethylthlophenol benzyl
ohol , 4-phenyl phenol, p- nethoxyben%yl aIcohoI benzoi ¢ aCJd m

hoxyben20|c acid, p- nethoxybenzogc aci d; ethyl benzoate or et hyl

xhi-sate. 10. A catal yst according to any one of the preceding clains 10.
wherein a silicon tetrahydroxycarb3 oxide is included in step (1) in.the.
reaction between (a), (b) and (c), if present. 11. ~ A catal yst accor di '\

"to claim .10, wherein the silicon tetrahydrocarbyl oxide is a silicon tetr
[err] al koxiPde. ¥s capalyst Aceending ¢e cleimerldiwhgrein saig third emtienad precedi ng

claimse Bﬁé&@lelaea{e’nep AonahyREuntiditisansenst, e&trﬁé’cﬂo B i,S enpl oyed

in conb tion wth said hal ogen-contatni ng corrpoun In s 3), or with

'sai d héwwlpbﬁn%t%ﬁrw mafwéd.ijﬂps'fopbpﬁ%rﬂ-uwprmemsh thweaelm yst
+ accor digbgctsutylpiervl, 12 puhetiixpthiopisnon (%-nﬁétﬁyumﬁueﬁolpf seeayl(2) is |
initial Pép ﬁacg 8 W t.h a el ectron- donolr ln gonbl nation w.th 'jberr]and then
weth a Pher*§ %f?%‘?'f%m pgpgtnoxygnzyl - aleoholy 4 benzoic: Acigy oin-according to
cl ai m iathexykienzoicn astd; pp{rBethokjiserizald carid,orethydc hangoatg seuetrglis TiCl4
whi ch i edln conbination | | | 1 11111 with a

non- haﬁﬁgenated organosi |l ane. 15. - A catal yst according to claim 14 wherein
sai d non- hal ogenat ed organ05|lane i s di phenyl nmet hyl si |l ane or

pheny! di et gt 1 LNarals agboRdihd! S andCGAE A dnd OpRBYRBC ok e preceding

cl ai ns, wherein th err he -transition netal

coppouMdieraing 3 tsilicanmteteahydraxygasbyh puide is7 inclydedyim syap Beivtheng to any

- one of- rém,wmwébﬁga)gk@lgm (unllﬁbr@édt.tl onal Iy contains .an organonetallic-
co-catalyst of a netal fromGoup:IA Il orlll A of the Periodic Table. 18

A catal yst according to claim 17, wherein the cocatalyst is
triethylal uﬁnumﬁorcahahtshylaebondmmntu:htlmmddﬂ, 1@%herein c abal ymt:oaccor di ng to

__cI aim }%tdgﬁydkgcmg Skx'ae lbg 3?@9033%?4 ﬁé%‘i%gzdmﬁ&al |y .conprises an electron- '

donor. yst acco erein sal d el ectron
15
' 12. A catalyst accordmg to any one of the precedmg claims

- wherein an electron donor or additional electron donor is employed in
_'combmatxon with said halogen-contalmng compound in step (3), or w1th said
halide of tltamum, vanadwm or zirconium.
20 - -
13. A catalyst according to claim 12 wherein in step (3) the
product of step (2) is mltlally reacted with an electron dcnor in combmatmn
'wnth TxCla and then thh a further quantity of TlCla.

25 1. A catalyst acco_rding to clai_m l_ wherein, in step (3), the h_al._id_e'

ion-exchanging source is TiCla which is used in combination

I



#onor in said cocatalyst is ethyl-anisate, triphenylphosphine oxide, .
Jiphenyfphbsphrne,_N,Nfdinethylfornanide, pyrazine, 1, 10- phenant hrol i ne, :?éb’
w2 -bipyridine, tetranethylpyrazine, diphenylam ne, diethylamne, '
ioctyl ami ne .or .ethyl ene diamne. 21.- -A38atal yst according to claim 19, .
wherein the cocatal yst conprises triethyal umi num ethyl anisate and _
di phenyl acetyl ene.. 22. A process which conprises pol ynerising one.or nore _
alpha ol efins in.the presence of an ol efin polymerization catalyst, wherein -
tae catal yst i iEh @ neonpalagsnatad greanepilane.preceding cl ai ms. | |
11111111111111 111111111111111 * C L M S *.

15. A catalyst according to claim 14 wherein said non-halogenated
~ organosilane is diphenylmethylsilane or phenyldimethylsilané;.
16. A catalyst aéc&fding to aﬁy 6ne'of the preceding claims,

-._-wherein the metal dihalide is MgClz aﬁd the_trénsition metal.coﬁpdund

is titanium tetra n- butoxide.

17. A catalystfacccfdihg to any one of the p}eceding claims
".which-additionally_contains an organometallic co-~catalyst of a

‘metal from Group IA, 1T or ITIA of the Periodic Table.

18. 'A'catalyst according_to-claim-17, whérein the cocatélyst -

- is triethylaluminum or diethylaluminum chloride.

19. A catalyst according to claim 17 or 18 wherein the co-

catalysf additionally comprises an electron donor.

. :.' .” 20.-'A catalyst ac;ording'tp claim 19'Qhergin_said electron
donor in said cocatalyst is ethyl—énisate. triphenYlphosphine oxide;
diphenylphosphine. N,N-dimethylformamide, pyraziné, l,lQ—pﬁenahthroliﬁe,
2;2'fbipyridine,';etramefhylpyrazine, diphenylamine, diethylamine@

- dioctylamine or ethylene diamine.

21.”‘Acaﬁﬂys; according to claim 19, wherein the tocatalyst

compfises triethyduminum ethyl énisate and:diphgnYIacetylene.

22. A process which'comprises polymerising one or more élpha
olefins in the presence of an olefin polymerization catalyst, wherein

‘the catalyst is as claimed in any one of the preceding claims.
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