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POUVVERI ZATI O\I CATALYST AND PROCESS FOR POLYMERI ZI NG %P@éiﬁ@ % b

prese invention relates to a catal yst and a pol ymeri zation process

enp ing the catalyst. In the field c‘ catal ytic polynerizatton -of

ol efins, such as propylene, to ‘produce’ useful solid-polyners, a continuing
objective is to' increase 5 productivity. By productivity is meant the
amount of useful solid polyner that is obtained by means of a given
gquantity of catalytic materials. This is inportant because the renoval of
catalytic materials fromthe solid polymer is alnost always necessary and

is generally troubl esone or exg nsive to carry out. Thus, n‘?roved
pol ynmeri zati on processes P&MeY i RIEéﬁ'iQ@oCAﬁAMYSJhAN%PB QRty of the

pol ymer per unit of the catalyst material is so great that the anmount of
catal yst residues remaining in W&éﬁﬁ!&ﬂﬁ%t and the

catal yst renoval steps can be mnimzed or omtted. The present invention
Is directed to i nproved pol ynerization catal ysts capabl e of yi eI di ng

greater amounts of us ble%ol gmer per unit of 15 catalyst. Li

i nvention, provi des an Ol%eff¢seh I‘?mﬁlﬁ'htr?@%eéa?a?yﬁt%ﬁrﬂﬂdsﬁn@ t’ﬁ’érﬁ?&'ﬂﬂct
which fornms on m xing: ) A catal component A fornmed by mlling (1)
magnesi um hal i d®r8F® 8{95 K ély\ﬁ‘th 20 - (2) at |east one

catalyst adj .uvant In the field of catalytic polymerization of olefins, such as propylene,

to produée useful solid polymers, a continuing objective ‘is to; increase
5 productivity. By productivity is meant the amount of uséful solid polYmer
that is obtained by means of a given quantity of catalytic materials. This is
important because the remo.val of catalytic materials from the solid
polymer is almost always necessary and is genefally troublesome or
expensive to. carry out. ’I"hus, improved polymerization processes are
10 desired in which the productivity of the polymer per unit of the catalyst
material is so great that the amount of catalyst residues remaining in the
polymer is insignificant and the catalyst removal steps can be minimized or
omitted. The present: invention is directed to improved polymerization
catalysts capable of yielding greater amounts of useable polymer per unit of
15 catélyét. '
. Thus, the invention provides an olefin polymerization catalyst
cbmbrising the product which forms on mixing:
~ (A) a catalyst component A formed by milling

(1) magnesium halide or manganous halide with

20 (2) at least one catalyst adjuvant



Iy -
-2- to#forma mlded conposite wherein the nolar ratio of (1) to (2) is in@
the range from4:1 to 100:1; and then treating the conposite thus obtained
from{(1l) and (2) with (3) a tetravalent titaniumhalide. for a period of -

‘time sufficient to incorporate tetrava.ent titaniumhalide on at least a
ﬂportlon of the surface of said nilled conposite; and (B) a.cocatalyst
«-/corrponent B conprising at | east one of a trihydrocarbyl aluninium conmpound

and an organoal uni ni um nonohal i de of the formula (R )2AIX in which R i's an
- al kyl groupthdermga Imilizdceempesite mramdtm moldr oatimef @hitor@hés ar theodi ne,

wherein the g‘%eafdsﬁ‘aﬂﬁ‘gof%e AR \?eéﬁn%%é‘% &QQ’RR&!‘Qbﬁ}aﬁn%d“iJo@rﬁ range

from051to nium sent
- catal yst is{Pnanhd2) awigh (3om wrravabento tifenivm. Ipé\rdeeinr Bapetiod ok h’é“ery

conposi te, whEiabR fRirk V@@étré(valent inéﬁ‘iuﬁ{ REBdd 6n @k QQMSQPQ&E’&%PS
conpound sel ect ed from omati ¢ 9rganqQ phosphites of the formula R

lerr] V\herellr‘Fé‘é"éﬁc?Pfé %s'%mnaw'fes 2fal kyl, alkaryl or haloaryl group
havi ng f rom(@ tad ca&wﬁmMMt B lepriprisirgy bt e Dbien 6t QX't:dneyadreéaME

gg;g: 2 L BlRSh Pk AR et SidnaBEn SR HoRSRbid BY Hhe A iiha O OUPS

(R')ZAIX in which R' is an alkyl group having 1-20 carbon atoms and X is .
bromine, c_hlorme or iodine, wherein the molar ratio of component B to

~ titanium compo(md is in the range from 0.5:1 to 2000:1 and the amount of
titanium present in the hmshed catalyst is in the range from 0.1 to 10
weight percent based on the dry comp051te, '
wherein said- adjuvant A(2) is an aromatxc organosphosphorus compound

- selected from '

(a) aromatlc organo phosph1tes of the formula R2 o A
rR?-0- X0

wherem each R2 group is an aryl aralkyl alkaryl or haloaryl group havmg

from 6 to 20 carbon atoms, o r?
_(b) triaryl phosphine oxides of the formula ' RIE_. P/-—— o)
TR
wherem R9 Rl'0 and Ru are each aromatlc hydrocarbyl groups containing

up to 20 carbon atoms, _
(c) tr1arylphosph1tes havmg from 6 to 24 carbon atoms in each aryl group,
and



( ri.aryl phosphites having from6 to 24 carbon atons in each .aryl .groyp,
arns .3- (d) hal ogen-cont ai ni ng organo phosphorus conpounds of the

fqQ | de [err] wherein [err] is an aryl ggoup of 6-20 carban atons R is
an~aryl ene group of '6-20 carbon atoms, X is$ a halogen, a is:l-or 2, and b

is 0 or 2. A broad range of olefins can be polynerized by:the process and
cat-al yst system of the present invention. Comrercial value can be
visualized presently with al pha- ol efins  which have from2 to 10 carbon
atons. The invention finds particular usefulness with ei'ther ethylene or
propyl ene .which is polynerized to produce pol yet hyl ene or pol ypropyl ene, -
respectively. Mxtures of the al pha-ol efins can be used. H gh ratios of
pol ypropyl ene to.catal yst. were obtained enpl oyi'ng the catal yst and process
of the present (d)ksibgerowonvainingdirgancephaspbomys ammipdunds of ting boremilad i s
formed by mlling or. grinding together nagnesium halide or manganous :
hal i de with suitable catal yst a(b uvants. I\/agne5|@m di bahide is. generally

used and magnesi R¥ p .
onesi x,_(or) , RY P - Xy, and RE 0/\}(

wherein R3 is an aryl group of 6-20 carbon atoms, Ru is an arylene group of

6-20 carbon a._toms, X is'a halogen, ais 1 or 2, 'and bisOor 2.

A broad range of olefms can be polymenzed by the process and
catalyst system of the present invention. Com_merCJal value can be
visualized presently with alpha-olefins whx_ch have from 2 to 10 ;arbon
atoms; The invention finds particular 'USeiulﬁe'ss with either ethylene or
pr.opylene which is polymerized fo produce polyethyiene or polypfopylene,
respectively. ‘Mixtures of the alpha-olefins -can be used. High ratios of
'i)olyp;opylene to catalet were obtai_néd E;employirig the catalyst and pro..cess_._ o
of thé préssnt invenﬁon.' |

As ihdicaf_ed above, catalyst component A is forméd by milling or.
grinding togethér- magnesium hali;ie or manganoﬁs halide with suitable

catalysi adjuvants. Magnesium dihalide is. generally used, and magnesium



-4- dictloride is-a presently preferred magnesi um halide. Exenplary - @
ar ogat:i ¢ .or ganophosphor us corrpounds A(2) contem plated in the preparation '
of catal yst conponent A_are: a) di phényl phosphi te, di (4-nonyl phenyl)

phosphite, di (2-nethyl phenyl ) phos- phite, .di (4-chlor ophenyl) phosphite and

{di (1 - napht hydidnBeaehi Taeprebéntw bRlIEs e :ﬁiﬁé@ﬂh’ﬂﬁaﬁ&é de, tri-4-phenanthryl
~ahosph|ne oxi de and-tris(7- phenyl-I-naphthyl) phosphi ne oxide; c) -

tri-o-tolyl phospmmﬂpxw Arosld hod amﬁem&as &6mp&m'a@t () &ms@blte
tri-4-phenant hryl . phosphite, tri-p- curreny phosphite, tris(4-pentyl-1--

napht hyl ) phgsgtedt i, the ;irepa(a&oa&sfy&atzryﬁheampbhwlAala@sphl te, tris(s3- cyc,l 0-

- butyl phenyl ) phosphite, tris(6-cyclceheptyl-2-naphthyl)phosphite, tris 4-(2-
napht hyl ) phenyl phosphite and tris(7-phenyl-I-phenanthryl ) phosphi te d). '
di phenyl phosphorochl ori date, - di-I-naphthyl phosphorobrom date, di-

tolyl phosphcx)odxpﬂenhtp&;osphxte,pdl%y\bpﬁphghd) pbiosphitey |de|2t-mgthylphdny$)anmsyl -
phosphor odi br oni di t e, cat echy) phosphotrichl ori de

(o- phenyl enenb’ht%ph@}lﬂ-dllpﬂtﬁhleoﬂ)@hosghlte()arpméﬂ(lgﬁlnenb@ﬁrﬁpmhﬁchl oridate and
o- phenyl enephosphor ochl or.i d| te. Preferred features of the invention WII -
now . be descri bed. - : ' : _
| b) tnphenyl phosphme oxxde, tr1—#-phenanthryl phosphme oxide and tris(7-
phenyl 1-naphthyl) phosphme ox1de~ '
| c) tr1—o-toly1 phosphxte, tr1-1-naphthyl phosphxte, tr1—9-anthryl phosphlte,
tr1~4—phenanthryl phosphite, tri-p-cumenyl phosphite, tr_xs(#-pentyl-l-
naphthyl)phosphlte, trisG-decy1-2-phe'nanthryl)phosphite, tﬁs(}-cyclo-
butylphenyl)phosphite, tris(6-cycloheptyl-2-naphthyl)phosphite, tris = 4-(2-
naphthyl)phenyl phosph’_ité and tri§(7-phenyl-l-phenarithfyl)phosphite'.
~d) diphenylphosphorochloridate, di-l-haphthylphospho‘robrd;’nidaté, - di-o-
tolylphosphoroiodidate, | phenylphosphorodi(:hloridite, ' l-anthryl-

'p_hosphorodibromidite,'-,cateéhyi



'_ to 100: 1. The magnesi um hal i de or manganous hal i de support and the catal yst

T e/mol ar ratios of magnesium halide or manganous halide te 5 cat alg/st ;
adjivant additive used in formng catal yst conponent A can range from4:1 ; |-

adj uvant materials for catal yst conponent A are generally adnixed in a
suitable mlling means under .intensive - mlling conditions: The mlling .
enpl oyed is to be distinguished fromordinary adm xi ng, shaking, or 10 Eathe

tunbling or the like. The mlling refeSred-to is the strong and thorough -
'm xi*ng of ‘the solid ingredients together, and mlling under mlling

e ) R R il B

| | ik | f I bl br at
RN S At eI S
can enpl oy anbi ent p, ¥P&Pé’&ké’£tu?é§‘ th%”ﬂ%ﬁﬁéx?%ﬁ row e JERGRAGMOSPheEr I C,

pressure in an iner at nosphere- such as nitrogen, 4argon, or t he 1|ke

M I Ting can resul t1a Wik bkied B qqg%ﬁ&mdhmgé CorS581RnG AP e meanS

can -be enployed to. avoi d excessive tenperatures ver |[err] whi

~.woul d adsers%ya?rﬁ; %&hvﬁﬂ ahigikive Gl 1Y FBRRAR &il&gﬁaoﬁaFaﬁéthR ah%ﬁg e

wi dely, such as to 200 hours, though resently preferred tine

from 10 to ¥dmheurns IDBERUSEhe HR ae&aﬂnyﬁélmeabme nfdHghh6hseRilide SefporebRd
after such mlling times. No advant age in activity 1s gained by exceedl ng

the specifi edhe i catalysVi djavarty miatbi-mtsg fb:y matalykv dontgmefit 20 ar&hgéﬂeeényl me
than rotary ball mlling.
admixed in a suitable muhng means under mtenswe rmllmg condmons. The
mxllmg employed is to be dl.stmgmshed fron‘l ordmary admxxmg, shaking, or
10 | tumbling or the like. The milling referredI to is the strong and thorough
mixing of the solid ingredients _t_ogetheq, and mlllmg under milling
conditions, in such a manner as fq | afforﬁ significant reductién' _'in thé
‘particle size. Milling can be by means of a ball mill, vibrating ball mill,
tower mill, or the like. A typical, -'speciﬁc' m_ilI employable is .a vibratory _
- 15 mill, such as a Vibratom, manufactured by Siebtechnik G.M.B.H. |
| ‘Milling can emﬁloy ambient, vacuum or other subatmoshheric or
_ superatniqspheric,. 'prassure,_.ih an inert, dry atmosphgre such as nitrogen,
argon, or the like. .Milling can result in heat being' produced and \;vhere
neede_d cooling means can be employed to avoid excessive temperatures, e.g.
_2_0 over 65°C_'which wo_uld' adversely aifect catalytic performance. Milling
timés can range widely, such as from 5 to-. 200 hours, though preséntly-
'prefefred times are from 10 to 175 hours bécausé the cataly_sts- are
sufficiently acti-vated aftér such milling times. No advantage in activity is

gamed by exceedmg the specxﬁed tlmes. Vibratory m11hng typxcally takes a

25 shorter time than rotary ball mllhng



L

-6- Maghesi um hal i-de, - manganous hal i de, preferably the chlorides, one or -.
both, are enpl oyed substantially anhydrous, and in the formof a finely %
di vi ded powder. The magne3| um or manganous halide can be preactiviated by .a

gri.nding operation.prior to the mlling step used to form conponent -A 5
7though this preactiviation is not considered general ly necessary. Usually,
“~he anhydrous magnesi um chl ori de or manganous chloride is added to the

m-lling means prior to addi tion of the @atal yst adjuvant materi al or .

addi tive of conponent- A but the order of addition is not critical. The

milled product of magnesium halide or manganous halide and 10 the catalyst .

adj uvant nmateri al Magnesint hahde,caiaaggtmusdmtml;lqnem@tabry tieachiedidescate or in

‘solution, with a titaniumtetrahalide, usually the O tetrachloride for
‘conveni enceor dothy atenpmph:tnedestbntanhelkyaargnydfowmaﬁdant the2ffinCoff ar fmely ne

sufficient to incorporate [err] on at |east a portion of the surface

t her eof , - exdidddedrpevder.s Thesmagnesiumpn manganousr halidsl cambe presttivisted 15

hept ane, .and the resulting conposite dried. To inprove distribution of the

Ti conpound by 1Re8tiRding iapsratien Béloe&PrqheOrnéuns|Sﬁexaur’sdjméarrnmr@nqmahﬁ whi ch

s i nert in the process a,s for, exanpl e, isobutane, n-heptane,. cycl ohexane,

benzene “or 6%@@1'\% Pregrtixiaion B&%fCWFWEr?%S?W?éaP&ﬁQEeQSFW 10 mnutes to 5

hour S SUI t abl Y |’.sturfi‘ln ly, thiéaan%ygrjocug r%ggr?esm c?"x?ondesolEJ ?nea%ggrsxodshc?hlgrlxlig ?snt the
added to the mllhng means prior to addmon of the catalyst ad)uvant |
materxa.l or add1t1ve of component A but the order of addition is not crltlcal
The milled product of magnesium halrde or manganous halide and
10 the catal_yst: adjuyant materials " which forms catalyst' component' A ils
reacted, neat or in .solution, | with a titaniurn tetrahalide, usually the
tetrachloride,for convenien.ce, at a temperature in the range from 0°C to
' 200°C -for a time sufficient to incorporate TiCl- on at least a portion of the
surface thereof, excess T1C14 is washed out with an inert solvent, such as n-
15 heptane, and the resulting compos1te dried. To 1mprove d1str1butxon of the
- Ti compound the reaction can be carried out in a _hydrocarbon dlluent which
is inert in the process as, for example, isobutane, n-heptane,.cyclohexane,
~ benzene or gasoiine, for a period of time in the :r'ange frorn 10 minutes to 5
‘hours. Su1tably, if an alkane such as n-heptane is used as the dlluent, the
20 reaction can be conducted by refluxing the mixture ior about 1 hour, for
_'.example. The reacnon is conducted in the absence of water, and oxygen is
excluded by operatmg ‘with a dry gas purge, .e., nitrogen, argon, etc.
The treated product 1s cooled '_co room temperature, the liquid
decanted, and the slurry is .wash'ed with seyeral portions of dry atkane, for

'_25 exampl_e, and dried.



Ez@ction can be conducted by refluxing the m xture for about 1 hour,
i fo
~is excluded- by operating with a dry gas purge,i.e:, nitrogen, argon, etc.

- The treated product is cooled to roomtenperature, the-liquid decanted, and

“the slurry is washed with several portions of dry al kane, for 25 exarrpl e,

and dri ed. -7- The Ti content of the finished catalyst is generally from

©0.1 to 10 wt. % based on the dry conposite. This corresponds to 0.5 to 70
. mmol-es titaniumtetrahalide per nole of maghesi um or nanganous hali de

- present. The weight ratio of the [err]-additive (adjuvant) conposite to the:
5 titaniumtetrahalide applied thereto can range fromO0.1:1 to 10:1. It-

is within the scope dhet Tieconteatitefothe &inishedicadalyst és grrgrabinecrom Qieto 10
defined additives in preparing catalyst conmponent A’ In addition, catalyst
conponent A cawtad® Raaeken et drvaceampaghe. | lpaqm%,sapesiSetq &%mﬂ%mmeles
Inert to the catalyst nts, such_as polyethyl ene,

propyl ene, pol yF(tlﬁ’cWFe‘i‘Fggﬂé QF’aF\?)‘e °BHPWF?\‘§‘P"L?H ﬁ‘éﬂéa"%lr?@&ﬂ?&ﬁ%ﬁ“é
Do oyt ot et B R oo B
_ react hon t Cqper q:taleu%‘ te alt'\glbdé/apphed awere o carlt ?an%g dO Wl to (p? [ err] and
- Itis w;thm the scope of the 1nvemtlon to utilize more than one of
| the defined additives in preparmg cataglyst component A. In addition, .
catalyst eomponent' A can be admix'ed y_;J;ith ‘a diluent in pan_'ticulate form
which is inert to the catalyst comp'one'ints, such as polyethylene, poly-
10 propylene, poly(methyl methacrylate), polyvinyltoluene, polyearbonate;
polystyrene, 5111ca, alumma and calcmm carbonate. If a polymer is
employed, its melnng or soitemng temperature should be hxgher than the
: reactxon temper_ature. Suxta_bly, the dxluent is admixed with the MgClz-_and
| the additive or additives _during the mill,igng'operation. The weight ratio of |
15 _ MgClz-additive mixture to diluent- can range from 0.1:1 to 50:1_. :

Catalyst oornponent B ' comprises 'one or more organometal
compounds selected - from trihydrocatbylaluminum compounds and'
dialkylaluminum hahdes. The compounds are defined by the genenc formula
Al Ry where the R is as prev;ously defined and (R')zAl X whereint R' is an

| 20 alkyl group containing from 1 to about 20 carbon atoms, and X is bromine,

chlorine or iodine. Exemplary compounds include tr1methylalum1num tri-

_ ethylalummum, tnexcosylalummum, tnphenylalummum, tr1benzylalum1num,
tncyc_lohexylalummum, dlmethyla_lummum bromide, dlethylalummum

chloride, dibutylaluminum iodide and dielcosylaluminum chloride.

anple. The reaction is conducted in the absence of water, and oxygen ,

P 1



B o

the addistive or addi tives during the mlling operation. The weight ratio of
15 s[err]-additive m xture to diluent can range fromO0.1:1 to 50: 1.

Cat al yst conponent .B-' conpri ses one or nore organonetal conpounds sel ected
rocar byl al umi hum conpounds and di al kyl al umi num hal i des.
#tonpounds are defined by the generic formula Al [err] where the Ris as
defined and [err] wherein R is an 20 al kyl group contai ni ng
from| to about 20 carbon atons, and X & bromine, chlorine or iodine.

fromtrihyd
orevi ousl y

Exenpl ary c

onpounds include trinethylalumnumtri- ethylal.um num

‘trieicosylal um nura tri phenyl al uminum tribenzyl al uni num
a

tricycl ohex

when et hyle
‘triethylalu
1-olefin su
~ consi sts of

aromati c es

st er eospgci
I ncrease po
st er eospeci

10

' OH, -OR!, -OOCR!, -SH, -NH,,, -NR

15

yl al um

uminy®, $chpdt iristhyladimious (qg). EriispRAtYRImIRNM nismesRlpy ess

} NI trijsobutyl al um ' I d.  Wh branched. chai
Kt = s Ehie 1glefin sueh s promliend otaule aPhGrerish diie

and prefer- 5

BT YEG LA LDV S5 PR -
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fsit&jeto)épeciﬁcity and optionally a dialkylaluminum halide compound to
increase pdlymer yields.
Pértii:ularly applicable compounds -for improving stereos‘peciﬁcity

are esters represented by the formula:

C -0 - R15
f -~
-1 ~
RII
wherein R15 represents alkyl 'g"r_oups having froﬁ 1 to & carbon atoms and.

wherein R" represents monovalent radicals selected from -F, -Cl, -Br, -1, - -

{
2’

CONH. 29 -_-SOZR', -CFB,_ -NHCOR!, and hydrogen,‘ wherein R' is a

.27

C.op alky! group. Some examples of such -compounds are ethyl benzoate,

CONR

ethyl anisate (p-methoxybenzoate), ethyl p-di_methylamihébehzqate, ethyl p- .

ﬂuorobenzoate, ethylf--p-cyanében_zoat'e, methy! be_nzdate, isopropy! p-di- ’

“ethylaminobenzoate, butyl. p-fluorobenzoate, n-propyl 'p-cyanobenzoate, -

~ethyl p-triﬂuoron_'\e_thyl'benzoate, methyl p-hyc_iroxybehzoéte, ' éthyl p- .

methoxycarbonylbenzoate, methyl p-acetylbenzoate, isopropyl "p—form'yl

The

NOZ’ -CN, -CHO, -COR', -COOR!, -

_ Yrathep! sThydenturs - Bei RRlymarigedy Rasingienar8aRt or i de,
di but yl al um num i odi de_and dj el Clgi‘}ll al um num ch] ori de. -8- Cenerally,

(¥

n



S _ _ . :
m esters represented by the fornula: [err] 10 wherein [err] represests

\ &lKkyl groups having froml| to 4 carbon atons and wherein R' represents. ..

Amonoval ent

| radi cal s sel-ect'edfrom-F, -ad, -Br, -1, - H,--0rR, -0OOCR ,
. -SH, [err], [err],[err], [err], -CN, -CHO, -COR, -COOR, - [err], [err],
~[err], [err], -NHCOR , and hydrogen wherein R is a [err] alkyl group. . .
Some exanpl es of such conmpounds are et hyl benzoate, 15 ethyl ani sate - e

(p-methoxybenzoate), ethyl p-dinmethyl am noenzoate, ethyl p-
fluorobenzoate, ethyl. p-cyanobenzoate, nethyl benzoate, isopr opyl p-di-
et hyl am nobenzoate, butyl p-fluorobenzoate, n-propyl p-cyanobenzoate, ethyl

~p-trifluoronet P% i&ﬁ'@gOﬂleﬁhymtnﬁroﬁehﬁdﬂe‘)%ﬂ‘@&&an@ylﬁénz@ate methyl p-

met hoxycar bonyl benzodt e, nethyl. p-acetyl | benzoat e, i sopropyl p- T’orny " -9-

benzoate, net hilerRsdtbbéidaRe aAd enixblirey ithereads banoyl benzoate, methyl p-
mer.capt obenzoate and m xtures thereof. The nolar ratio of AIR3 to titanium

conpound can be fronThsé Indlar 280k 4f AIR: g wotiganioat compburidRca Ag Homol:1 to
titanium conpound can be from5 0.5:1°to 2000:1.. The nolar ratio of AIR3
~ to (R.)2AL X ca000ek fTiennolar tratibOfE (R') Ak Xrub atitarddrinocarhpaind3caro bar fromt | ¢
.ester can be from1:1 to 8:1. Desirably, when polynerizing propyl ene, a
nol ar rati @ of 05k rt<]> 2090¢ 1R )‘Q)&lmlar ratio of AlR3 to (R )zAl X can be from 0.1 to
100:1. The molar ratio of AlR3 to aromatic ester can be from 1:1 to EH
De51rably, when polymerlzlng propylene, a molar ratio of AlR3 to (R')zAl X |
of 0. 7:1 to 50:1 is employed.. ' - |
| The catalyst components can be individually introduced into the
10 polymerization reaction zone. The fde_sired amounts can be added directly, or
- flushed. in with po_rtionsi of diluent, as may be conve_nient. The p’artlcular
order of addition to the polymeriiation reactor means does not appear to be _
critical. Componente A and B are usually not premixed before cha_rgihg to -
. the reactor. Any order of charging can be employed.
15 In the following description of the preferred embodiments the
| -reference numerals refer to the deflmtlon of the invention set out above. _
In one preferred embodrment, in component A of the catalyst (1) is
MgCl, (2) is diphenyl phosphlte, (3) is TlClq_ and component B comprises
. trlethylalumlnum and ethyl amsate.
_20 ' Ina further preferred embodiment, .in co.mponent A of the catalyst
- (1) is MgClz, (2) is trlphenylphosphme oxlde (3) is TiCl . and component B
comprises trlethylalumlnum and ethyl anisate.
Ina iurthe_r preferred embodiment, in component A of the catalyst
(1) ,,.is_ MgCl,, (2) is triphenyl phosphite, -an.d " component B comorises

25 triethylaluminum, ethyl anisate and diethylaluminum chloride.




of 0.7:?to°'50:1 is enployed. The catal yst conponents can be individually
i nt foduced .into the 10 pol ymeri zati on reacti on zone. The desired anounts
can be added. dlrectly, or flushed in with portions .of diluent, as may be
convenient. The particular order-of addition to the polynerlzatlon react or
xgpans does not- appear to be critical. Conponents A and B are usually not
prem xed before charging to the reactor. Any order of charging can be

enpl oyed. 15 - In the foll 0w ng degﬁrlptlon of the preferred

enbodi nments the reference nuneral's refer to the definition of the. |nvent|on
set out above. In.one preferred enmbodi ment, in conponent A of the catalyst

(1) is [err], (2) thsydh Qh%'bfhe!pgﬁéiq{}l'é@ erhgedimga{ e ]comn(e\ﬁ’{r% pcgltthg |

conprises triethylal um num and ani sat e
preferred erdaeslysel). isi MgCONPE) 98 lcafeHySHRpIGHE RhYGH d 2)
-tri phenyl phosphlyne oxXi deg '7’ s Ti 814 gnﬂ_ conponent Be(’(]:% “ély ﬁo%horg

“tri et hyl al uchloridaaed paérlimbh hefddechlbflditef WF tdnsﬁermale@haﬁmc%@%haa@t in
conponent A of the.-catalyst (1) is [err], (2) 1s triphenyl phosphite, and.

conponent " B{2)inf¥iiC4 g sand contpdnent Bl cdmpsmsdsrmahylmlurﬁmu&)aérﬂi éihy! anisate.’

diethylal uminumchloride. . -10- Inyet a further. preferred enbodi nent; in °

corr_poneni A of t h(?olymerization can be carried out under conditlons known in the art,
' such as in a liquid phase in the: presence or absence of a diluent substantially
'inert_ under the reaction condition-s employed, or the reaction can he carried
out in the vapor phase. ' | o
It presently is preferred to polymerize propylene in liquid propylene
.10 In the absence of an inert diluent because separation of ~components is .
simplified and good results are _obtamed.
Ethylene presently is preferably polymerized in a dil'uent, though-
other alpha_ monoolefins conveniently need not be. -
| Typical suitable diluents include n-butane, isobutane, p'entane, n-
15 hexane, n—heptane, n-octane, cyclohexane, methylcyclohexane, and the 11ke
or other saturated aiiphatic hydrocarbons, alone, or in admixture.
Polymerization temperatures employed can range widely, as .
' convement and desirable for the equxpment, monomer, and the like. -
- Exemplary temperatures of polymerization lie in the range -80 °C to 150° C,
20 preferably 15°C to 120°C_:_. Polymerization temperatures can vary somewhat
depending on the particular monomer, employment of diluent a.nd. the like.
For 'example_, the polymerization of propylene using liduid_ propylen_e phase
conveniently is carried out in the range 24°C to SQOC, preferably 4§°C to

_ 75°C, because of better results with.re'gard to productivity and solubles.



ved

alyst (1) is MgCl2, (2) is catechyl phos'phof_ richloride, - ' *

henyl phosphoro- chloridate, phenyl phosphorodichloridite, or : T

:. 0~ phenyl enephosphorochl oridate, (3) is [err] and conponent .B conpri ses

+ ~carried out under conditions known-in the art, such as in a-liquid phase in
the presence or absence of a diluent substaptially inert under the reaction :

triethylalum numand ethyl anisate. 5 ~Pol ynetization can be

conditions enployed, or the reaction can be carried-out in the vapor phase.
I't presently is preferred to polynerize propylene in liquid propylene 10
in the absence of anppiehdrishtiste presBered s RARaWAEEIY) ad coRiientedkperding

sinplified and good results are obtained. Ethylene presently is preferably -

pol ymeri zed inga gidtePtvapbh@ugse of ejuial phase revnditieisi ace eerpleyed;nvhetheeed
not be. Typical suitable diluents include n-butane, isobutane, pentane, n-

. 15° hexane, n-dapémn, empiwiednandciel ke x Wteerenkiquig Iphase oberation isadesitede

“of pol ymer izat maintaie réactahts anchdidugrgraubgiangiallygnghe digy

carried out inexprteddginqludipg smalkparosptsy of

i ke or other saturated aliphatic hydrocarbons, alone, or in adm xture. .
Pol yreri zat i onwithhper svithoas dilqenoy etie cpressuneg empllaieidy shaid cbevaudiicirntatel
desirable for the equiprent, -nonomer, and the.like. Exenplary tenperatures
Epl[\@scr] : _ .
Pol yneri zation tenperatures can vary somewhat depending on the particular
nononer, enpl oyment &ongitdl intheampleeidar iwaightref thgapelymeric,aroduct can be
pol yneri zati on of propyl ene using |iquid propyl ene phase convenjently i
BM#'PSFB quzing) Polymesizatiops and
better results wth regard to productjvity an | ubl es.
* this normally is cons?dered advanta%eouscf sI%e presence of hydrogen tends .

to decrease the rﬁolecular weight of the pély_rﬁeﬁcﬁ prodﬁcts.

10 - : The ;.)oly'meriza_tio_n proce.s:s'ca.n bé coﬁducted either continuously or -
batchwlise,- é.s may be c..on'venient. depend';ng on désired output, equipment,
and the like. - | | | |

- Of course, the catalyst ¢ompone§i'|ts empl_éjed are, to some extent,
Sen'sitive to péisons, suﬁh as watéer, air, éand _1:ll1_e' like. Equipmént, diluent,
15 alpha—monbéleﬁn, and the like all Shou?ld be maintained in substantially
anhydrous conditioﬁs or dried prior to em%ployment. An atmospﬁere ineft to
the componek)fs -should 'be mainté,ine_d m éubsténtially anhydrous conditions _ |
- or .dried prior fo emplojmént. An atmosphéfe ine.rt to the components
should be embloyed, such as nitroéen, arg_oh, -.helium,ln-h'exane, and t_h'e like.
20 Polymerizat.ion starts aimost immediate%ly on combin_ation of the cataly;t
c'omponehts w_ith the moﬁomer and is generally terminated within abdut two
hours. |
| 'Aifer compleiioﬁ'of tﬁe _ipolymef‘iza.tion _reatt'i_'on,_ or aftér suitable

residence time in the reaction zone to obtain the desired conversion, the

o 2 s gt e i smemary et s mie ware be 4 us semar & 4 i ew



Pol yneriszatiron pressures can range w dely, as convenient, dependi ng on n
whether vapor phase or |iqui.d phase conditions are enpl oyed, whether
~diluent .i.s enpl'oyed, :and the |ike. Were |iquid phase operation is desired,
with or wthout diluent, the pressure enployed should be sufficient to 5
smaintain reactants and diluent substantially in the liquid phase. Control
t he nol ecul ar wei ght of the polyneric. product can be exerted by o

i ncluding small ampbunts of hydrogen during pol ynerization, and this

normal ly is considered advant ageous. The4presence of hydrogen tends to

decrease the nol ecul ar wei ght of the polyneric products. 10 - The

pol ymeri zation proces sgcan be conguctﬁd eirt [}iﬁrqﬁ?gt. ng@?ﬁl %/ta?rsﬁbat C (\4\A’ se,
%? ggﬁrgg Ct he cattég?yat?)ggaﬁjg ?sﬁ-%gl T)régdsare -io%-swfre egté & dcatrhn ||t: bg'
to poisons, ié‘ﬁ%ﬂ"%‘fdmg’f &f ?argé)'?‘?"?' %{Hﬁ%eyglef‘f(é".ucﬁqﬁ Bnisiter ﬁllcf)ﬁél’nts'?&lgs
~alpha-r | ef | [ . ol d - Lt alpad | lal |
anhydr ous. conbsiof il e Rispitd thell iBaFECE ATAE pOHIENARNE 1Y)

the” conponens, ?g%é;.%owéat%ﬂ]ggn%g‘éﬁé@%g%iéhlt% t DY € Q§inG Oftilel | ONS

or dried prior to enploynent., ere inert e conponents shoul d

be enpl oged, yGhh, Bhdhe! 1848 N The 'Hffiner18 prddlict cdheBe RRatéd forl Filindid ®f 20
Pol'ymeri zation starts al nost inmmediately on conbination of the catalyst
' - solubles by contacting with n-hexane, n-heptane, etc., which dissolves the
sbluble amorphgus material and leaves a white; solid, pre&ominantly
~ crystalline polymer as the ﬁnal‘ product. o o
| | Exarhglé 1
10 _ _. ~ Two series of catalyst co:mpd.ne.nt A were prepared by intensive ball -
milling of anhydrous rﬁag.-ne.sium' ;::hloride with the specified additive. After
recbv.ery, -each compos_.ite was _individi:ally ltr'eatéd with titaniqm tetra-
'chloride,.'w.ashed and recovered. The ada_iti've employed was triphenyl
§hdspﬁite. E.achl sample _wés prepared by charging .a_ one-liter s_tainless steel
15 vessel with 10_8.g magnesium chlor.idé, 2000 g of 1.3 cm Stéel_ balls, and a
g spe’ciﬁed quantity o'f-additive. Each sérhple was subject_ed to mil}ing foE'24
hours with.. a cooling tap water spray on the ou'tsld-e of the vessel by
érﬁploying a Vibratom vibratory rﬁill-, ‘Model 6L-b, a product of S.ie'bt.echnik
GMBH-, Mulheim, West Germany, wh_ich operated-at .a frequency of_ 1,760
20 cycles pér minute at an amplitude of ébodt Imm. | |
Of the,eighf samples prepared with tripheﬁyl phosphite, one was ,'
milled with 16.5 g of the phosphite and the remainder with 18.9 g of the
phosphite. Thus, the caléuléted .rnole.lz;atio'c;_f MgCl, to phosphit_e_ was 2131
~ for the 'oné sampl_é .and .18.6:1 for the r_el;'nainder. The calculaféd MgCl2 to

25 - phosphite mole ratio of the combined samples was 19:1.



onents with the nononer and is generally termnated within about twyo

au¥s. -After conpletion of the polynerization reaction, or after suitable
residence time in the reaction zone to obtain the.desired conversion, the
-12-"contents of the reactor neans then are di scharged: The catal yst can be

i nactivated by treatnment with an agent such as a | ower al cohol such as
et hanol or nethanol, the m xture then separated, and the pol ynmer isol ated.
The pol yner recovered can be purified as desired by such as drying under 5
vacuum -and the |ike. The polynmeric produel3-can be treated for renpval of
sol ubl es by contacting w th n-hexane, n-heptane, etc., which dissolves the ;
sol ubl e anorphous material and | eaves .a whi.te, -solid, predom nantly i
crystal l'i ne polyner While [wadeq agry nitagen pursea s milled sample wayghatgedites of
catal yst conmponent A were prepared by jntensive ball mlling of anhydrous
ragnesi um chl ¢ VesehPIHPP f%’pﬁb’i’fqg_e%“%ﬁfcfﬁ{’ﬁ‘%.t°A‘f"t“§F‘ Yaxd 40 E}J{%?-O |

It ' i\ndj vidual |y treated wth: tj lumtetras chloride, . hed
and T ocover od.® ThAGIMT) 1 SIPUSE P, PlhEhyFY JRBERee. Wt AREATp! o
magnest um chi PPEAE S608e fuffior S pal TapogaRl Chinptr dERsRna phsd® O

5  stirring was discontinued, ‘the r-fhixtur_e; was cooled to about room

_temperature, and the supernatant liquid removed by decanting. The product
(slurry) was washed to remove unreacted titanium tetrachloride by .contact

with ' a 250 m! p_ortiori of dry n-hexane while being stirred. Stirring was

discontinued, the solids left to settéle; and fhe supernatant liquid femoved by '_
10 decanting. The washing process was repéaft_ed u;ing a 250 ml portion of d;y

n-péntane as the contaCtiﬁg 1iquid. Afterfdecanting the supernatant _li@uid,

the product was driéd oVef_ﬁ warm water bath, 50_°C, m a current of dry . . ; 5

hitrogen. ._F_.ach c_é.talyst component thus prepared was tested for propylene

~ polymerization by ché.rging a portion thereqi to a reactdr' as detailed below
15 with triéthylalumini;m' (TEP;) and ethyl’ anisate (EA) as the cocafalyst
system. The unused portions ‘of the ‘catalyst samples were combined and
mixed to form 'é composite sample for later use. |
To a dry, stirred, stainless steel reactor of 3.8 liter (on_e _galloh)
capacity at 70°C was charged in 'order. under a gaseous proﬁylene'purge 5.4
20 . mmoles TEA as a 15 weight péréent solution in dry n-heptane, 1.6 mmoles .
._E..A,' and catalyst cdmpénent A. The reactor was sealed hydrogen added =
from a 360 mi b_omb. ( delta pressure of 276 kPa (40 psig) oﬁ the bomb) and
about .1.9, iiteré of liquia propylene was ¢harged. The reactor tempef‘ature

was adjusted to 70°C, and the reactor filled liquid full with additional liquid



hours with a cooling tap water spray on the outside of the vessel by -
enpl oying a Vi bratom vibratory mll, Mdel 6L-b, a product of Si ebt echni k
* GVBH, Ml heim West "Germany, which operat ed at a frequency of 1,760 20
Cycl es per minute at an anplitude of about 9nm O ‘the eight sanples
prepared with trrphenyl ‘phosphite, one was mlled with 16.5 g of the

. phosphite and the.remainder with 18.9 g of the phosphite. Thus, the
calculated mole. ratio of [err] to phosp‘l‘hte was 21:1 for the one sanple:
and 18.6:1 for the remai nder The cal cuI at ed [err] to 25 phosphite nole

io of th d Vi | d ds
pur ge, _each PRPIBE St R R vl e wasveergr"isaﬁr%&%rergr bRt and

fl . tet hl d
;ﬁd_ g)S(l)n?ﬂ @?ﬂ%é@aﬁ{anj%ﬁ grsﬂpm(e é?%%lﬂie & re\ﬂgsr%?e?nl uxgdr ?gr SL'e ﬁour
- (about ‘[err]). Aftgy t@%t\lr&é?éﬂn%apeecl bf%rlp %tld ol ﬁgrt‘lﬁof’h&‘iﬂﬁdln&led |

"the m xture was COO 0 about room era ure, super nat ant

1iquid remougd byadterAnidd Gne TheapicRUUnl (BhtHY) cYBISd WaSNGHoLO JBRPVE
unreacted titani umtetrachioride by contact with a 250 ml portion of dry -

" n- hexanes whitefhgerdtide St Thé Gactr . Wak NEraVy, CHn‘aCtHét k@r&@%&d&r& s&ddvdped,eft to .

settle, and the supernatant-liquid renoved by
. dried, and weighed. Soluble polymer in the liquid propylene effluent was

determined by flashing off the propylene ‘and Weighing the dried residue.
-The xylene-soluble polymer cor\tent of the solid polymer was -de'termi'ned- by
addiné a weighed amount of the polymer to heated. xylene at approximately.
10 52°C (125°F) and determlmng the amount of polymer precxpltated from
solutxon after coolmg the mixture to room temperature. The dlfferenee
represents the xylene—soluble polymer. _ | -
Several runs (2-7) were condueted in a stirred, stamless steel
reactor of 1-liter capacity following the same procedure enumerated for the
15 3.8 liter reactor except for charging the reactor at room temperature
. (23°C). and a red_uc_:tion'in .the quan‘tities- charged to the reactor. However,
g the poly'm_er‘ produced was isolated by. yenting urrreacted propylene. Thus
. the -recovered' po.lymer co'ntalned'propylene-soluble polymer, a_s well as
propylene-insoluble polymer. Resolting determinatiorx of soluple polymer by
?0 xylene ln this ipstance yields a value which includes xylene-solub_le materlal,
as well as propylene-soluble material. - _ ' -
Analysxs of the combined MgCl -trlphenyl phosphlte milled samples-
showed it contamed 1.65 weight percent titanium (equivalent to 6.53 weight
- percent TiCl,, the basis used for ca'lculations'involving.._‘l'iClu and TEA) and _

.25 199 weight percent magnesium.

.speci fiéd quanti ty* of addi tive. Each sanple was subjected to milling for 2@

-



. 10s Adgcanti ng. The washi.ng process was repeated using a 250 m portion:of
d -pentane as the contacting liquid. After decanting the supernatant'
-liquid, the product was dried over a warmwater bath, [err], in“a current
of dry nitrogen. Each catal yst component "t hus prepared was tested for
propylene polynerization by charging a portion thereof to a reactor as
detail ed below 15 with triethylal um num (TEA)  and ethyl anisate (EA) as
t he cocatal yst system The unused portions of the catal yst sanples were
conbi ned and mi xed to forma conposite sampke for later use. To a dry,
_stirred, stainless steel reactor of 3.8 liter (one gallon) capacity at

~[err] was charged in order under a gaseous propylene purge 5.4 20 moles

TEA as a 15 wei ght pameerimamkubt oratalysdr gompheeitane, erdployedtine gadh, ruand

cat al yst conponent A. The reactor was seal ed hydrogen added froma 360
bonb (delta preasuistedf adiébnk Rd Q’@l,pswgs)emn ca!mxlm:lb‘}'@l]‘d TbAutnole Tatio,

liters of liquid propyl ene was charged. The reactor tenperature was -

‘adj usted to [ epolymemdyields, r@'aictqadcwlatddecprbﬂwi\dtrml basgdt hnagcims qredymer

liquid -14- propylene. The.liquid full condition. was maintained during

-

each one- hour mbt@dnemmﬂgofﬂﬁtﬁwwmwg froree givepy ined@bls Ik edelcultedach

run.was termnated by injecting a 10 m portion of nethanol to the reactor;.

and the rea?:t oPradREta R é‘PFt ‘Sodig) ipely e rme&e%éhat insoluble polymer recovered

f_rom the 3.8 liter reactor.. Calculated productivity for total polymer
~includes the solid recovered polymer plus recovered propylene-soluble

- polymer.
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of [err]

Jhe anount of catal yst conponént A enployed in each run, calcul ated
present, calculated [err]: TEA nole ratio, polyner yields,.

* catalyst conponent A are given in Table |I. Calcul ated productivity for
- "solid" polyner represents that insoluble polyner recovered fromthe 3.8

- liter reactor.

" solid recovered pol ynmer plus recovered propyl ene-sol ubl e pol yner.

+ -17- inspection of the data indicates that-iyhe invention catalysts _ ;
enpl oyi ng triphenyl phosphite i-n catalyst conponent A were very. active for
propyl ene pol yneri zati on and that sol uble polynmer formation was relatively

‘low. Replicate

duci bility of polyner

10

15

20

Cal cul ated productivity for total polyner includes the

run data are I(')re ented, to show that, gener.all
rgiu

IREFHR & date hi

empldying triphenyl phosphite in catalyst c_ompone_nf A were very active iér

-propy_lene polymerization and that soluble polyrﬁer formation was relatively

low. Replicate run data are preSenteﬂ to show that, generally, repro-

ducibility of polymerization results with catalyst component ‘A present are

very good.

A series of comparison catalysts was prepared to show that milling

tbgethe_f MgCI2 and triphenyl phosphite and treating the product with ‘I‘iCla

is required in order to obtain very active propylene polymerization catalyst

components. :
Catalyst A: 9.4 g of milled MgC_i2 was added to a dry'ﬂask equipped

for st_ifring and reﬂuxiﬁg under a-dry n_itrfog_eh'purg"e. To the flask was added

250 ml of dry n-heptane and 3 ml_'(3.5-g1 of triphenyl phosphité. _.T'h_e stirred

mixture was heated to refluxing temperature for one hour and the mixture

“then cooled in the absence of stirring. Thé supernatant liquid wés decanted
and about an 'equal quantity of dry n-li\exane was added, mixed with the =

slurry and the solids allowed to settle. The supernatant liquid was removed

by decanfiﬁg and abbut an'eQUal portion of dry n-hexane added lback along
with 20 ml (34.5 g) of titanium tetrachloride. The mixture was refluxed for
one hour, then Washc-_:d and isolated as dééséribéd in Ekampl_e | B | _

| Cétalyst__B: A mixture'\'x_)as obté%ined by ball milling 15 g dry MgCl2

(250 mi stainless steel vessel with 400 g of 0.95 cm (3/8") steel balls) and

lerrl

rReRtP < st Ao rBHE IO B o



very good. Exarrpl eIl A series of conparison catalysts was prepar ed to sho(gy
that m1ling together [err] and triphenyl phosphite and-treating the-

product with [err] .10 i.s required in.order to obtain very active propyl ene. -
pol ynmeri zati on catal’yst corrponents Catalyst: A:. 9.4 g of mlled [err]. was
:added to a dry flask equi pped for stirri-h§ and. ref | uxi ng under a dry .

Al

<5;_§°-3_§*”0P”[ gﬁawr&bfiéraﬁh SRR SR P o) i e BRABRR B
t h "

;gsegéengf gf?f ttéaer‘?’ﬂggﬁ g C‘?"%%?zn #‘ZE«H’ )(ésyé'gcangeafglﬁ%% &ouutt i equal

quantity of g@%@é‘t@% g ap ity Ty 893&4& Portéﬁtaﬁwé%}’ lgnﬁketﬁs‘ssé%é ds -

~allowed to s super na ant was renove ecant1 ng and

about an equalyipehsh Gl &fdrghﬁ%%aé%a ﬁé%@kzhag#o@{r?%}wpghay hite20rid

(34.5 g).of titantiumtetra The m xture was or one hour,

~then washed mstwréomkeﬁéaaédd@sséﬂbﬁﬂ | ferhpetERUR for 6R¢ HokiB) tien Qobled| Ur €
was obtained by ball mlling 15 g dry [er (250 m stainless steel vessel

‘Wi th 400 g ofwd3n&8 Hd de2bVereddsasdforal | s) and - 0.6 mM (1.04 g) TiCl4 in
“the manner ‘previously described for 24 hours. The cal cul ated nol e rati o of -

[ err]. was 28.7. 13 Chtglyst d:her ﬁﬁﬁd.lretwalﬁsbtamed by ball milling 15 g dry MgCl,

and 2g tr1phenyl phosphme oxide for 24 hours as prevxously descnbed. 16.0
‘g of the product was charged to a ﬂask along with 250 mi dry n-heptane and
.20 ml titanium tetraehloride: I.\fte'r. refluxing one hour the. mixture was
wasﬁed and | the product recovete_d_ as in Exami)le I. The calculated
_MgCl2 trlphenyl phosphine mole ratio was 20.7:1.
Catalyst D: A mixture was obtamed by ball m11hng 15 g dry MgClz,
2.4 g of triphenyl phosphne, and O.5 g TiCl 4 for 24 hours. The calculated
-MgCl-Z:triphenyl phosphite mole ratio ‘was 20.8. | |
Catalyst E: 15 g of milled MgCl, was added t:o a dry 'ﬂa.sk equipped
for stirring and refluxing undel_'- a dry nitrogen purge. _To--the flask was added
250 ml of d?y'n-hepfane and ZQ ml (34;5g) of titanium tetrachloride. The
stirred mixture was ~he'ated to reﬂuxing_te‘mpefafure for one hour and then |
‘cooled fo _foom temperathre. in _the eb’sence of stirring. The solids that -
settled _were recevered By'washiﬁg_with a 250 _ml -portion of dry g-hexane
and tWo 250 ml portions. of dry" _tj_-pentane, evaporating eway the §vash
solutions. and finally drying the solid product over a warm'water bath.
| Each catalyst ‘was used to polymerize propylene in the manner
described in the ﬁrst example using the same quantmes of TEA, EA, and
hydrogen a; in Example I. |
| The amouﬁts of catalysts charged, rﬁ_ole ret'ios employed, and result;»

obtained are given'in Table 2.



’ adgled to a dry flask as in the manner used for Catalyst A To the flask was
i (ddded 250 'm of dry n-heptane and 2.0 m -(2.4 g) ot triphenyl phosphite. -
: e mixture was-heated to refluxing tenperature for one hour, then cool ed,
.;'washed andy recovered as before. Catalyst C: A mixture was obtained by ball
mII|ng 15 g dry MyCl2 and 2 g trfidpfnyk phasphd Be oxi de for 24 hours as . L
"+ previously descrlbed 16.0 g of t|ige rod.uptm\/asoeharged to-a flask al ong ol
with 250 m dry n-heptane and 20 |m A/}i t anfum tet fachl ori de. After refluxing
one hour the m xture was washed- gnd tjhe product recovered as-in Exanple I.
The.cal cul ated [err] ;triphen hosghi nesmale ¥ati o was 20.7:1. Catal yst
D: A mixture was obtalned by | 1{ an Ilmgoi&cgﬂ [ERR], 2.4 g of =
tri phenyl @hosphite, .and O: g‘f.[ I"for 24 hours The cal cul at ed MyC
| 2: triphenyl phosphite rmle raf ng] way 20.8. Catalyst E: 15 g of mlled
[ERR] vias added-to a dry flasks egui pged for stirring and refluxi ng under .a
dry nitrogen purge. .To the fl &R wagladde® 59912 of dry n-heptane and 20
n ~(34.5g) of titani umtetract%orld i1 Thes el ni xture was heat ed to
refluxing tenperature for one hour d then cooled to roomtenperature in
t he absence of stirring. The solids that settled were recovered by washing

.wth a 25 partjon of dry n-he & and two 250 m portions of dry
n- pent ane,'“evapor at i ng y the-3edSoR8 &S 81@ finally drying the solid
product over a warm wat bath.8 cR B AN NS usel to' pol yneri ze
propyl ene-in the manner gescri b@l.ﬁ t he fi rst exanpl eﬂu5| ng the sane |

. &d
quantltles of TEA EA, af 3 olo _g_
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enpl’oyed, and results obtained are given in Table 2. [ ERR] [ERR]

The results given in Table 2 indicate in run 6 that treating MyC1l2 with

[ERR] yields a catal yst that has |ow acti vi ty for propyl ene poly-
rization, and noreover produced rmuch sol ubl e pol ymer (about 19 wt.%.

Run. | shows that merel’y contacti ng [ERR] with triphenyl 5 phosphlte

i solating the product, and treating it2@th [ERR]4 is not equivalent to

intensively ball mlling [ERR]" and triphenyl phosphite before t he Ti Cl4

‘treatnent. Thus, calculated productivity for solid pol ymer recov_ered from

.the reactor in control ‘run was ‘622 g pol yner- per g .catalyst conponent A

.versus 6950 g poI ymer per g catalyst for the invention catalyst of run 6.

hydrogen as in Exanple |. The amounts of catal ysts charged rmle ratios @
-20-{13

10 . Run 2 shbwe réhults gavehuin Tgbie ZriihdiesteTinctu 6 thht kERRInANEAIERR]
wi th triphenyl phosphite, and recovering the product: yields a cat al Qst
whi ch with TiCl, yxelds a catalyst that has low activity for propylene poly-

m_erxzatmn, and moreover produced much soluble polymer (about 19 wt. %).
‘Run._ 1 shows that merely contactmg MgC12 with trxphenyl
| -._5 - phosphite, isolating the product, and treatmg it with TiCl 4 Is not equivalent
| to mtenswely ball milling MgCl, and triphenyl phosphtte before the TiCl,
"tre'a.tme,nt._ Thus, calculated-ﬁroductivity for solid polymer recovered from |
the reactor in control run was 622 g polymer per g catalyst -compon_ent A -
' versus 6950 g polymer per g catalyst for the irtvéntion catalyst of run 6.
10 ~ _Run 2 shows that refluxing a milled mixture of MgCl2 and TiClu
with triphenyl phosphite, and recovering the p'_rotiuct'_ yields a. catalyst which
s soméwhat more active for propylene polymerization thart shown m run 1
.(calculated productivity. of about 1500 g solid polymer per g catalyst
component A) but still far below the 6950 g hgure of the mventxon catalyst
15 _ : _The results shown in run 3 show that ball m11hng MgCl2 and_
triphenyl phosphine oxicle yields a catatySt after. __TiClq. tteatment' that is.
acti\ie;_ that is, calculated solid polymer per g catalyst comportent A is about
2900 g and about 14 wt % soluble pcly'mer. Although a good catalyst is
made in.the' fa’shicn of this invantiort with triphenyl phosphine oxide, the |
20 r_esq_,ltS shown in run # with triphenyl phosphite indicate_. that the triaryl
| _ pho’éphites are rhore_ pt‘aferred.thanlthe triat‘yl 'phoéphine' oxides in éreparing
catalyst co_rrtponént A of this invention. l_ ‘

The results obtained in run 5 demonstrate that catalyst component



i\s mewhat nore active for propyl ene polynerization than shown in run J

(‘caltul ated productivity. of about 1500 g solid polymer per g catalyst
component A) but still far bel ow the 6950 g figure of the invention

catal yst.

[ERR] and tri phenyl pho-sphi' ne oxide yields a catalyst after.[ERR] treatnent
that is -active;

15

The results -shown in run 3 show that ball mlling

that is, calculated solid_peplLyner per g catalyst conponent

A is about 2900 g and about 14 wt 9% sol ubl e pol ynmer. Al though a good

-cat al yst.

is made in the fashion of this invention with-triphenyl

‘oxi de, the 20
that the triaryl phosphites are nore preferred than the triaryl phosphine
oxi des in prepaai whidhalsabltalinedo by dsatinnilingf Mgidls, tripieeyl ghosphiee,r &relITiG)
obtained in run 5 denonstrate that.catalyst co onent . -21- A which is
obt ai ned by bal formisl| lai rgldtbBRRY , good: Mawstpﬂwptnere catiadlyst ERRyducoiviny ds
rel atively good catal yst. However, catalyst productivity is calcul ated at
2400 g solid potalaeiatedat g‘*@%ase}stp@mnpomntg Fatalyss nogrponent Recompanedi ton
cat al yst conponent A containing triphenyl: phosphite and 5 - [ERR] followed"
by a [ ERR] treath?eh‘t“’%l%‘h csﬁlm&rce'aﬂmeng iboF%fepnlpertr@l@avb|gl\9§plem¢e

A (run 4).

Exa le. Il :
nBlgClz followed by a 'l'lCl# treatment WhLCh produced 7200 g polymer per g

10

results shown in run 4 with triphenyl phosphite indicate

catalyst component A (run 4)
| E.xam”le 1
A .ser_.ies'of invention catalyst covl;np'onent’ A's were prepared hy. ball
milling <:lry'MgCl2 wl_th a speclﬁed additiv;_;e for 24 hours as described before. |
Unless otherwise- speciﬁed, the compositions-Were prepared by ball 'milling_

l5 g dry MgClL, with 2 g or 2 ml o'f the additive. Each recovered product‘

| _was then refluxed with T1C14 in the presence of n-heptane (unless otherwise

- .1nd1cated) for ! hour, and the fmal product washed and recovered as

15

prevxously described.
Each catalyst component A was used in propylene polymerization
using a 3.8 liter reactor in the manner preyiously. d_escribed in conjunction

with 5.5 mmoles TEA and 1.6 mmoles EA.

The mole ratlo of each MgCl : addmve prepared amounts of

catalyst .component A charged, _and results obtained are presented in Table

20 3.

phosphine

-

Lt . V—————— . ook s
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A series®of invention catalyst coMponent A's were prepared by ball milling
dry [ERR] with a specified additive for 24 hours as described before. 10 |
Unl ess ot herw se specifi-ed, the conpositions were prepared by ball milling
- 15 g dry [ERRl-with 2 ¢ Of-, 2 m of the addiitive. Each recovered product was
4 hen refluxed with [ERR] un ;ﬂhg‘ Rr esence of n- hept ane (unl ess otherw se
indicated) for 1 hour, an_”(aI t@e inal < perUQ-t washed and recovered as

_pr.evi ously described. 15!t = Each catal yst cohponent A was used in
propyl ene pel yneri zati op l‘,f$| ng a 3.8 liter reactor in the manner previ.ously
described-in conjunctiortwith 5.4 mvles TEA and 1.6 nmol es EA. The nole '
rati o of each [ERR]: addl 12||ve prepared, amounts of catal yst conponent A -
charged, and results obgathee @respr@semedlin Rble 20 3. [ ERR] - -23-
The additives used-in p rene et afyst? c6éhponént A are presented in Table
3 in 5the general or@¢ijgiven in the prelimnary discussion.
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, an. ' - roduct i vity Jthe

r obtained of at |east about 4,500 g pol ymer per g_ catal yst 5

yiflp di scl ose that triphenyl phosphite, Run | (repeated for
enmflalsi s.di.phenyl phosphite in-Run 2, Triphenyl phosphine oxide of Run 3, |
I the organi c phosphorus and chl ori ne-phosphorus conpounds of Runs 4-7, ~F
all yield superior catal ysts when prepared in the nmanner of this invention. = - :
Exanple 1V 10 . As described in Exanple I, catalyst conponent A was-
prepared by ball mlling 15 g anhydrous-2ERR] with 2.4 g triphenyl °
phosphite for 24 hours. Thus, the nole ratio of {ERR] to the phosphite was =
20.8. As before, the recovered product was refluxed with 34.5 g of [ERR]
and 250 ml of dry n-heptane for one hour. The reaction product after
washi ng and. drying as 15 before was found by analysis to contain 1.91

wei ght percent titanium This is equival ent to a, cal cul ated [ERR] content
0r 96 bei ont- por conThe adives Bsetih Branetioe SAsabEE COEBBPEBLA $7F REATANE 1.

. t that | yst sSyst taining 5.4 nmol triethylal um 1.6
ol 65 et nyl ol SBPE, “An 0.3 ML RELHCPAST SRR AL AN (HesHba e HpcUssibn.

catalyst comolBhireRuih SHERkPa.baPRe B4 acalisy, HRHAIES prodhctiiBy it me

'solid polyner [ ' 4 an c ed.- e 0 _
pol ymer was f o%@gd ng/\ﬁ?'gﬁb%g@ él ghﬁg?%dg%ér‘gdg’\éﬁ@% ?EW& per ¥ Icgp"h?ﬂ .
5 component A disclose that triphenyl phosphite, Run 1 (repeated for

er_nphasis), diph_enﬁ phosijhite in Run 2, {riphenylphosphine oxide of Run 3,
and the organic phosphorus and chloriné-j:hosphorus compounds of Runs 4-7,

-all yield superior catalysts when prepared in the manner of this invention.

Example IV

10- - As desc:.'ibed in Example I, cﬁ_tal?yst component A was prebared by
ball milling 15 g.anh'ydr.ous Mg.C;-l'.2 _with: 2.4 g triphenyl phosphite for 24
hours. Thus,. _fhe mole ratio of Mgélz to the phos_phite' was 20.8. A; before?

, thé recovered product was reﬂﬁxéd with 34.5 g of TIC1¢ and 250 ml of dry‘ '
. n-heptane for one hour. The'r_e;ction product after washing ahd drying as

15 before was found by analysis to é:ohtaiﬁ 1.91 weight per’ceri.t titanium. This is

equivalent to a calculated TiClq content of 7.6 weight percent. : |
Propylene .wa_s polymerized as deécrib'ed in Exémplg I, except that a

cocatalyst éysteﬁ containing 5.4 mmoles ‘triethylaluminum, 1.6 mmoles ethyl

aﬁisate, and 02 mmoles die-thIYIalumiréu'm chloride wére employed.... A

20 . p§lymeri;ati§n time of i.S hours was used. 20.% mg of éatalyst component
A was chargéd to thé .reactor in this run.

Recovered solid polymer was foié.md to weigh 346 g, and recovered

| propylene soluble polymer was found to \éveigh lOg. Calcglated productivity




T T ' '
- 24-- of *sol i'd pol yner over the 2.5 hour run was found to be 16,960 g _
pol yrmer per g catal yst conponent A. The xyl ene sol ubl e polyner produced wa$
5.0 Wt % and propyl ene. sol uble polyner was 2.8 wt % This polynerization -
run.'represents a nethod in-which catalyst 5 productivity is high (based .-
.on.catal yst conponent A), and sol uble polymer formation is low. It is seen
That the catal yst system enpl oyed reta2s good activity over the 2.5 hour’
“pol ynerization run.time used. Exanple-V Catalyst conponents Ain this
Exanpl e was prepared as -described in 10 Exanpl-e I, . except that two
addi tives were enpl oyed. One of -.the additives used was a diluent, 'i..e.

pol ynet hyl acdsydotidepol#dr Iher #6d RYLnastdidn WEs ¥eshd 1d -9@@@5&@%05&%&@ er
Propyl ene was pol ynerized as described in the first exanpl € using g 4

nol es of TEAcafallyst. éorfipdtens A Bfe kflené Q6RIbA YolynfersprRducdd was 5.0 wihe .
additives and ratios-enployed in preparing catal yst conponent A and results

obt ai ned ar e%gardeprapyleneiotuble polymétswad BRIt %.

This ;Solymerization run represents é method in which catalyst
5_ | productivity .is high (based on catalyst. éomponent A), and soluble polymer
formation is low. It is seéh ‘that the.catalyst system employed rétairis_ good
activity over the 2.5-hour polymei‘izatipn run time used.
" Example V
Catalyst' éomponents A in this Example was prepared as described in )
10 Example 1, except thaf two additives weré e‘mpby'ed. One of the additives
used was .a diluent, i.e., polymethylacrylété, énd the active additive was
'_triphenylphoéphite. | |
_ Propylem_a was poljmerized' as described ih the ﬂrs_t example using
..5.4 mmoles of TEA and 16 mrﬁdles EA as the cocataiyst syste.m_.
15 . The additives and ratios employed m preparing c'ata_ly.k'st' component

A and results obtained are gi{ren in Table 4.



'} -26- The results in Table 4 show that a polyneric diluent Such as ‘e n
4 éﬁiy(nethyl’nethacrylate) can be used to advantage in preparing catalyst

ohponent A to yield an active catalyst. Exagple VI 5-. - Soe of the
catal yst component A sanples used in propyle € polynerlzatlon were al so .
t ested' for ethyl ene pol ymeri zati on. T these runs, '‘a 3.8 liter reactor

>

similar to that enployed in propyl en€ pdrynerlzatlon was enpl oyed. The

pol yneri zation procedure consisted oW heatlng the reactor 10 containing .
about 3 literslof dry n-heptane %i C for about 30 minutes. The.reactor

>

&

(3}

=]

(=]

|

was dr ai-ned, residual n-heptane by neans of a streamof dry nitrogen

and the Closed reactor cooled to t agper ature whil e under nitrogen. The '

cool ed reactor was purged with i%g E%

w % sol ution in n-heptane added2%

The reactor was cl osed, 2 Iltersfb

contents were lgeated to [ ERR],
Sadmtted. Additional ethylene mﬂs

ne vapor, 2.7 mmoles of TEA as a 15

a catal yst conponent 15 A .charged.
ohyt ane were charged, the reactor and
9 WPa (100 psig) ethylene pressure
rged as required during

e. Followi ng each 1 hour run,the run

pol yneri zati-on to mai.ntain the preggd
‘was ternlnated by ventlng t he eto qﬁ qu i sobut ane, and the pol yner
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2!reeon/éred and wei ghed. The addi ti ves errpl oyed, ampunt of catal yst

corrponent A charged to the reactor in each run, _and results obtained are
given in.Table 5. - -27- [ERR The results denonstrate that the various
cat al.yst conponent A's that were active in propylene polynerization are
@I,so active in ethyl ene pol ynerizati.on.

cat al yst conprising the product which forms on mxing:. (A a catal yst

conponent A for med by milling (1) nmagsegsi um halide'. or ‘manganous hal i de
(2) at least one catalyst adjuvant to forma.nilled

with 5

'CLAIMS 1. An ol efin polynerization

&

corrp05|te wherein the.molar ratio of. (1) to (2) is in the range from4:1 to

100: 1; and then treating.the conposite thus obtained from(l) and (2) wth

(3) a tetravalent titani um halide for a

10

15

20

The results in, Table 4 show that a polymenc diluent such as
poly(methyl methacrylate) can be used to advantage in preparing catalyst
component A to yield an actwe catalyst. |

- Example Vl

Some of the catalyst component A samples used in propylene'

polymenzatxon were also tested for ethylene polymerlzatlon. In these runs,

a 3.8 liter reactor 51m11ar to that employed in propylene polymenzatlon was

employed.

.The polymerization procedure consisted of heating the reac_ton

cohtaining about 3 liters of dry' n-heptane to 175°C for about 30 minutes.

The reactor was drained, residual.n-heptane‘purg'ed by means of a stream of

dry nitrogen and the closed reactor cooled to room temperature while under
g nitrogen. The cooled reactor was purged with isobutane vapor, 2.7 mmoles

of TEA as a 15 wt % solution in n-heptane added,.and a catalyst component

A chatged.- The reactor was closed, 2 liters of isobutane were charged; the

reactor and contents were heated to 30°C, and 0.69 MPa (100 'psig) ethylene

pressure admitted. Additional ethylene was charged as required during-
polymerization to maintain the pres_su'r'e.' Following each 1 hour run,the run

_ was terminated by venting the ethylene and isobutane, and the polymer

recovered and weighed.

The additives employed, amount of catalyst component A chai‘ged to

_ the reactor in each run, and results obtained are given in Table 5.



least a
Scat al yst conponent B conpri sing at
conpoun¢ and

and (B) a°
| east one of a tri hydrocar byl al um num §
an or ganoal uni num nonohal-2@e of the formla (R)2AIX in which §

portion of the surface of said nmilled conposite;.

R -is ag altkkyl group having 1-20 carbon atoms :and X is. .bronmine, chlorine or
i odi ne; “,&5§< - ergin the molar ratio of conponent B to titanium
~_compoun '3§;E1 the rengegfrom0.5:1 to 2000:1 and the ampunt of titani um
present_io U Qe flnlsﬁbd p@talyst isinthe range from0.1 to 10 wei ght

percentgbgsgﬁ_on the—dryhconp05|te wherein said adjuvant A(2) is an
- aromati @ grgglhophosphorus conpound selected . from (a) aromatic organo
phosphi Pithe fornmula [ ERR] wherein each-R group is an aryl, "aral kyl,
alkarqup ézaloaryl group having from6 to 20 carbon atbnms, 9 (b) triaryl
phosphi Re+oxi des of the formula [ERR] R.wheiein [ERR], [ERR] and R are
each aromatic hydrocarbyl groups containing up to 20 carbon at.ons,
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(c) trla‘ryl phosphltes having from6 to 24 carbon -atons in each aryl group, @
and (d). -hatogen- €ontai ning aromati frgano ‘phosphorus compounds of 't he’ -
formil ae [ERR] wherein R3.is an ar‘§~l § group of 6-20 carbon atonms, R4 is an
aryl ene .group-of 6- 20 carbon atons, X is a halogen, ais | or 2, and b is 0.~
2. 2. A-cat al yst according tO cl ai m 1 which additionally contains an

aromatic ester ‘gﬁ%tregultf Qe ARk Hte %g?%@ntan&s 3atalfstCabmbysdntapaor di ng

to-claim | vvherel i'ses-a tri1hydrocarbyl/ conpound and additionally

contains an %qrr@gé: fv%r léb&Fi%t% pblienétatiod até aled active in ethylene

tri hydrocarbyl7 conpound to a Ic ester is from1:1 to 8:1. 4. A catalyst
according to z]atyg;\erei n the halide (1) is [ERR] and the titanium:
hal i de (3) ESﬂIyEEP} 5. A catalyst according to claim4 wherein Bis
triethylal uninum and the catal yst addi E : gr}g! |y contains ethyl anisate. 6. A
cat al yst accord| ng to claimb5 wherein al yst adjuvant is triphenyl
phosphl te. ' o ' '

1. An olefin .polymerizat'ion catalyst comp'rising' the product which
iooms on mixing:. . o |
(A) a catalyst component A formed by milling |
(1) magnesium -halide' or manganous halide with
5 ' _ (2) at least one catalyst adjuvant
to form a milled composite wherem the molar ratio of (1) to (2) is in
the range from 4:1 to 100:1; and then_ treating the composite thus
obtained from (1) and (2) with (3) a tetravalent titanium halide for a
period of time suffident to incorpOrate tetrav_al'ent. titanium halide
- 10 | ' | oﬁ at least a portion of the surface of said milled composite; and
| | (B) a cocataljst com.pone.nt B oomorising at. least one of a
ti'ihydrocarbyl aluminum compound 'and' -an 'organoaluminum'
. monohahde of the formula (R‘)ZAIX in which R'is an alkyl group.
having 1-20 carbon atoms and X is bromine, chlorine or 1odme,- :
15 _ wherein the molar ratio of com_ponent B to titanium compound is 1n'
| the_l range from O.5:1 to 2000:] and fche. amount of ti_tanium present
m the ﬁnished catalyst is in the range irorn-O,i to 10 weight percent -
.based on the dry compos1te, | | - | |

wherem said adjuvant A(2) is an aromatlc organophosphorus compound .

" selected from



" @ 7. A catalyst according to any one of clains | to 5 V\,hereln.the
& y adj uvant is selected from di phenyl phosphite, tri phenyl phosphi fes .
cat echyl phosphotrichloride, diphenylp QSphorochI ori:dat e, “phenyl -
-phospho.r odichloridite and o-phenyl enephosphorochl oridate. 8. A catalyst .
accor di ng-to any one of claims-1 to 7 further including-10 azsolld
‘particulate material whida)asmaticorganct phosphites 9i;thﬂztmpuﬂent&z OphH "~
cat al yst accordi ng to claim8 wherein said solid particul ateFms&@ﬂ%O s
selected fromsilica, alum na, cal CI um car bonat e, pol yvinyl - tol uene,

pol ycar bonat e, polyethylene pol y | ene, . pol ystyrene, paly-

net hyl net hacryl ate, and nVRQ‘GF‘éﬁ‘F'h e8foupyis an aryl, aralyl, @%ﬂ'ﬂ'&l"f/é‘?ba"yl group
according to claim9 wherein Sﬁ"t" gol |%§ ticulate material was mlled
with the halide (1) and FVR&HCT )to ATROR ALAINSA ¢ accor ding to any one
of clains 1 to 10 wherei he_cat oter ating
the product of halide (1;1(b§;1 daraYJ "? Qgpﬁffﬁ%f‘?? %f\f%
washed with an inert solvent to.20 renpve excess titani umtetr ]1de and
the resulting conposite was dried prior to conmbining with cocatalyst

_conponent B. 12. A proces&,ag,gr’g)rﬁ%l RIOPQLYT 11;%'?933%? ?110‘?%?[& PItFyfdh‘gbarbyl groups

enpl oying a catal yst according to’any one o

process according to cl alégnt;gm\@&; &b PotdaenéH %9' efin.
| | (@) tnarylphosphxtes havmg from 6 to 24 carbon atoms m each aryl
group, and :
CY) halogen-contammg aromé.nc organo phosphorus compounds of the
formulae | | _' | _ | |
(OR )y ’Q\p - k3 , and R"’ \pZ
Yo T N N
: wh_erein-_R3 is an aryl group of 6-2'.0 carbon atoms, RL’ is an ar)'.lene'
group of 6_-20 carbon atoms,_: Xisa r\alogen, aislor2,andbis0 or

2.'

2. A catalyst acc'ord.ing to claim 1 whioh additionally contains an
aromatic ester as part of coca_talysf& component B.

.3 A 'catalyst accordinfg to claim | wherein B comprises a

tnhydrocarbyl[.compound and addxtxonally contains an aroma.txc ester such '
advmincum

.~ that the molar ratio of tr1hydrocaxrbychompound to aromatlc ester is from

1:1 to 8 l..
4. A catalyst according tb claim 1 wherein the halide (1) is M'gCI2

and the titanium halide (3) is TiCl,.



prlOpyken ‘the hal ide (1) is MgCl2, the titanium : and&l((;

t he Cocat aI yst conponent B is triethylalU num the naI I
containing an aronmatit ester. 5 : ‘
claim: 12 wherein the al pha- oleflnler ylene the

d~t

t\_@e titanium halide (3) is [ERR],. an e cat al yst corrponent Bis
tfiethylaluminuM 15. A process accordl ng to clim 12 wherein.the

al pha-olefin is prgpyIAeeg 1 wgg,;g,, e:.ad) IE
tri phenyl phosphite, 10 thaeyﬁ?‘gﬁrggnﬁ f’;loll)c%lale1§n ﬁ 8 15""@1&}’}?[%urﬁﬁ-)um

cocatal yst' ceppanerhtdlyssadditiohdlty abavsim iy IH&sS&Cat al yst additionally
‘contai ning ethyl anisate. 16. An al pha- ol efl n pol ymer obTai ned by a. process.

according to any oke Afcatabystrictdrdifig td REaiteSiwikirelr thes OG5t Gl uvaRAL hé‘s
been reproduceD by photocopying the applicants original typescript. It
may cOntain anfabomxlrphnsbfatﬁs WH ch:are difficult toread. The original -
typescript containing these amendments may be inspected on the prem ses O
the Patei Office 7. Pheatalyst tascoledmso ramyconeh@f dldiens/ ariocofswiseredl yid
conpponent - A's _that wer e active in propylene polynerization are al so active
in ethylene gatajyEr pdidivanh is Gelaved 1fromn dighehirh pbosphine, i trigthieop!phasptiyet
conpri sing the, product which

_ oxi de, - catechylphosphotnchlorlde, dlphenylphosphorochlondate, phenyl-

phosphorodlchlorldlte and o-phenylenephosphorochlorldate.
8 A catalyst accordu_\g to any one of clalms 1 to 7 further inchlding
10 | a solid partloulate_material which is inert to the catalyst components. |
9. A catalyst according to claim 8 wherein said solid par’lioulate
material is selected from’ silica, alumin'a, calcium_ carbonate, .polyvinyl-
toluene, polycarbonate, polyethylene, polypropylene, polystyrene, poly-
- methylmethacrylate, and mixtures thereof.
15 10. A catalyst accordmg to claim 9 whereln sald solid par'tlculate
material was mllled with the halide (1) and a.d]uvant (2)

11. A catalyst according to any one of claims 1 to 10 wherein the
catalyst composite_ o_btained aﬂer treating the product of halide (l) and
adjuvant (2) with titanium halide (3) wae washed with an inert solvent to

20 remove excess titanium tetrahalide and the resulting composzte ‘was drled
_ _prlor to comblnmg with: cocatalyst component B._ B |
' .. 12, A pr_ocess comprising polyme_rlzmg an alph_a-oleﬁn employing a

_catalyst according to any one of claims 1toll.



on mxin iA"“a catal yst conponent A fornmed by mllinhg (1)?* magnte.m um

h@ r“llmw H”l with 5 (2) at |least one catal yst*s
adjuvant

conposi te wher e n the nolar ratio of (1) ta (2) -
is in the range “from%:{ to 10071; and th treating the corrp03|te t hus ,
obtained from (1) and (2) wth (3) a tetraval ent titanium halide for a -
period of time sufficient to incorporate tetravalent titaniumhalide * 10 H'{
on at least a portion Iaf t Aeprogessaaeceridingitd mlrhem anEpei tis aipprd-¢lBYin B
cocat al yst conponent B conprising at |east one.of a trihydrocarbyl -al umnum.
conpound and an progyiene) the MMentir)ohaﬂg@B{ ometﬂtarﬁmnmdlme((a) Js A4 j,randhibeh

R "is an. al kyl group having 1-20 carbon atons.and X is brom ne, chlorine or

i odi ne, 15 : cocavdigstelcnmmeenblmnsr‘a'netdnytﬁlummmmnehe ®clacballyst additionally
conpound is in the range from0.5:1 to 2000:1 and the anount of titanium . - -
present in the fdontaining @ramrpatmegtern the range from0.1 to 10 weight
percent based on the dry corrp05|te wherein said adJ uvant A(2) is an

aromati c- or@anophospl‘n‘&r us c?ﬁ?&ééﬁlécg@ldé%ﬁ d@ ¢lpiim 12 wherein the alpha-olefin is

ethylene, the hahde (1) is MgClz, the titamum hahde (3) is TiCl 4 and the
catalyst component B is tnethylalummuﬂn.
15. A prgg_ess according to glg_a_;m 12 whefein the'alpha-oleﬁn is
.propylene', the'halide (1) is MgCl,, the ::'a:c‘ijuvan't (2) is tfiphe_nyl phosphite, -
10 " the titanium halide (3) is TiCl 5 and the cocatalyst component B is
- ) .triethylalurfxinum, the cocatalyst additi&rially containing ethyl anisate.
| 16. An alpha-olefm polymer obtamed by a process accordmg to any
one of claims 12~ 15. I o
The text of the specification has been reproduce;d by photocopying the applicants original

typescript. It may contain a few amendments whiich are difficult to read. The original
typescnpt conta:.mng these amendments may be in&pected on the premises of the Patent Orfice
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The results demonstrate that the various catalyst component A's

th:at were active in propylene polymerization are also active in ethylene
polymerization.

CLAIMS

1. An olefin polymerization catalyst comprising the product which
forms on mixing: | .
(A) a catalyst component A formed by milling
(1) magnesium h,aiide or manganous halide with
5 . ' (2) at least one catalyst adjuvant
to form a milled composite wherein the molar fatio of (1) to (2) is in
the range from 4:1 to 100:1; and then treating the composite thus
obtainéd from (1) and (2) with (3) a tetravalent titanium halide for a
period of time sufficient to incorporate tetravalent. titanium halide
10 on at least a portion of the surface of said milled composite; and
(B) a cocatalyst component B coﬁnprising at least one of a
trihydrocarbyl aluminum compound ‘and an 6rg$noalurqinum
monohalide of the formula (R')ZAIX in which R'is an alkyl group
having 1-20 carbon atoms and X is bromine, chlorine or iodine,
15 wherein the molar ratio of component B to titanium compound is in
| the range from O.5:1 to 2000:] and the amount of ti_tanium present
in the finished catalyst is in the rahge from 0.1 to 10 weight percent
-bas'ed on the dry cbméosite,

wherein said adjuvant A(2) is an aromatic- organophosphorus compoynd -

selected from -
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