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- SI NGLE REACTOR BI MODAL HMWWM HDPE FI LM RESI N W TH | MPROVED
BUBBLE STABI LI TY : I ncreasing the nol ecul ar wei ght of
pol yet hyl ene (and copol ynmers of ethylene) generally results in
enhanci ng e strength, ultimate el ongation, inpact
puncture resry 4%@? and toughness, of filnms produced 5 ﬁé*’é? %?#h
However, increasing the nolecul ar wei ghtgof the pol yet hyl ene wi | |
usual |y decrease its processability. By provi di.-ng a hi gh nol ecul ar

wei ght pol yet hyl ene wi SENGLE (REACTOR BIMODALH EMW-HDEE (FIIMRESIN , the
desirabl e characteristics it Sighovid BuSBLECSESAYY¥py\ei ght conponent
can be retained 10 while inproving processability of !he m xture

cont ai ni ng t he hi gh nol ecul ar wei ght conponent. To produce such

m xtures, various mncmeasﬁngetharmmu@mmwgﬁ&r ofi, polyethybdnsli fandost

Sact |
réactor or nelg, eg,?éog guce ¥ éhé)' :?erally $eBdh s/ Céﬂﬁ’ﬁaf(&{ﬁba

cat al yst effectl use of

r odyct and
mul t7 st age redkantide r\ﬁﬂgﬁh' ult 1%%&]@%&?&18& HBP%‘E'&I% reRgthe
conponent s carpthﬁ:numuesdstance; nard ctougimEss!, . olfnfm:lr@rplmma:euth t he

roduced By ol ST’ Boupadt flotte éﬁﬁz%e%gm‘?ﬂaéi‘ré% B (he
i nvention, a rRRL¥LEWIENS i‘H “S“ailﬁr eaf§ dL§| BroGessmRilityyi Y i on

has been prodenswiding aahébytmmd:gflarn weightypelyetbybene Mottt \eerl ower
| nprovement b a%&l%igcuﬁgﬁﬁaééﬁ#ﬁ( , Wife rfe%'ﬁ‘aﬂ!ﬂé' Eﬂa:f:éé& I on

over ot her ar wel resi ns has been attri ut to the
new resi ns her®i% to dihe,hdgl; ’&B}?‘F‘PF’F Jeight F@F‘E‘V&ﬁ{‘ttﬁaﬂpé? ’é%#ﬁlned

processi ng i n yhike sﬁ@ﬁcvant;rpﬁw@ssabnmwaﬁmb niktare namwafem in
bubbl e stabiligt @t ed to resin_el ast nd each

bee
property appea qugh e riﬁgu%g a esfhcon?ul"pocﬂen * 30° pro de ﬁ’h% gure is a
graph in whi cmile*i‘émﬁsasf‘ﬂaé'ﬂpys(@ erpatives |8§‘epwﬁ-99dcagai‘ﬂ§¥e4ow shear
viscosity (@ OirdcRelideipost reactor or el Gllehdiag, Weabalpeis niserd i on,

re3|dns Sf broagh e readtolPditn B! &5th Afst\RiFictdia! {:bbﬂibwcé‘aé/&cl?%?”

produce igl product and lastly use of multistage reactors, in which
diverse average molecular weight components can be produced
in each reactor. In accordance with the invention, the - |
bubble stability of resins produced far surpass those
produced by other mixed metal catalyst(s).

20 In accordance with the invention, a resin of broad or
bimodal molecular weight distribution has been produced
catalytically in a single reactor. Moreover, improvement
in bubble stability of the resin dQuring f£ilm production
over other bimodal molecular weight resins has been

25 attributed to the new resins herein. Bubble stability is
relevant to upstream processing in high stalk extrusion
equipment. This improvement in bubble stability has been
correlated to resin elasticity; and each property appears
to be catalyst controlled.

. 30 The figure is a graph in which the elasticity (G'/G")
is plotted against low shear viscosity (@ 0.1 sec.”?)
. In accordance with the invention, resins of broad or

bimodal molecular weight distribution have been produced in
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2 a single reactor; these may be et hyl ene pol yners and/ or
copolynmers. By the phrase "binodal nol ecul ar wei ght di stribution" we
mean two conponents of different nolecul ar wei ghts, accordingly one

having a higher relative nolecular 5 weight than the other
conponents. WeBHR2¥ent in bubble stability of the resrﬁgﬁﬁéﬁﬁnéﬁllrn

production - over other binodal nolecular weight resins has been
attributed to the new resins herein. The resins which are processed on
hi gh stal k extrusion |ines exhibit excellent 10 bubble stability, a
prerequi site to being processed on those lines. This inprovenent in
bubbl e stability has been correlated to resin elasticity; and each
property appeanssxngle(rdagh@mre@hbyeamﬂﬁsh¢te?#quaﬁ-@E@§F§§F a884°To make
them @y thieS phitd8at "Bimsdyl holeculer wpights

honmopol ymer of at | east._on r.Lof nce
i.e., greater & Fzﬁkﬁg& 7% % it §?§§8§£ﬂ%§3 f)af}ferentP@SEgeﬂféé
1-ol ef i n cont awaignts, tandurdmndmwnoneohaVlng a higltenr sielative spiecular

cont ai ni ngg 4 t B De hexene,
4- nEthyI-Iépen ghﬁaﬁggg 'Gther of £he- twd- nﬁ%‘ ﬁh veh

oct ene, deceni 3. ﬁ%ﬂﬁfs er 3f or 3) a

m xture of inahybb?-etﬁ'él?ld-rjé@'m‘#gtﬁﬁl Feefia dyring S ymar
product will ceypki 6Ehér WiMudul aoleculmer weight oresinshas beephich is in
the range, for ¢xgagpliaq ¥o %tgﬁgn%% 4Rl nere1R®! AU rdsasadviiichhazbot a
wei ght of pol yne e resins, progduce here ead ngl
(measured by ~ processedren duigh eFﬁ%B g g3 |ns
whi ch canibe pbﬁﬂhmedstabianny,dmmane@lishbel hvehginm processed ophi bt
densities of hkﬁﬁs eRshby, %&Wﬂr ihOMabble steibEiltity’ BN been
respectively. ordlng t he jeS|ns c%§§ 8;@9r0dU%§dﬁ¥%l%F %% |b|t
speci fic densi EPrERlphed r%?i astgcdgys ,an H RT®S Pt VPP0.830 to
. 940 [ nedi um dtbsb’ey]i;.rectly amd'.‘eﬂxllﬂ'- tof tdeochhaliystiamed £q make them. The
resins of the 'nvenp,enrs £ i g elfswmenemtnsy be eftit i1ify. It is

bel I eved Hhat %ggo%olgheglé éghylene. 2) at least one copolymer of a

preponderance i.e., greater than 50 wt.% of ethylene with a
minor amount of a l-olefin containing 3 to 10 carbon atoms,
preferably a 1-olefin containing 4 to 10 carbon atoms,

- @.g., l=butene, l-pentene, l-hexene, 4-methyl~-l-pentene, 1-

20 octene, l-decene, and mixtures thereof; or 3) a mixture of
any of the foregoing polymers. In general, the polymer
product will comprise an amount of polymerized comonomer
which is in the range, for example, of 0 to 30 weight
percent, based on the total weight of polymer.

25 The resins produced herein have a density (measured by
ASTM D 1505) in the range of 0.89 to 0.970. The resins
which can be produced in accordance with the invention can
exhibit densities of high density, medium density or low
density resins, respectively. Accordingly, the resins can

30 be produced which exhibit specific density in the range of
0.89 to .929 [low density], 0.930 to .940 [medium density],
and .940 to .970 [high density.]

The resins of the invention exhibit a characteristic
elasticity. It is believed that the elasticity of the

35 products we produce is a critical factor in determining the



35 products we produce is a critical factor in determning the
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3 bubbl e stability of HWVresins. W neasure bubbl e stability
in terms of our ability to make thin filns (1 ml) at (120 | bs/hr)
commerci al output rates. Wen the resin has high elasticj |1
di st ur bances MM  filmblowing are anplified resulti ngwr{oggr%x“w
uncontrol | abl e process. The conbinatign of |ow elasticity and high
viscosity of the invention resins allows disturbances during film
blowing to be effectively danped out. The dynamic elasticity of
t he pol yner product of the 10 I nvention is no higher than 0.65 at 0.1
rad./sec. at a correspondi ng conpl ex viscosity of no higher than 20E5
(20 X 10[ erbyblie stapidityp. of rBMW /1asins.pr ¥eemahsyre kgbkle 0. 58 at

a cory espondi ”Qst‘:‘éﬁ’ﬁili%& Y.hsﬁeﬂé}’o?foﬂf%ﬁﬂl %o ARReBRin filme eferably
0.45 to 0.52 at g corrés onggﬁyh | ex 15, .vi s& ttl\{_agf 7E5mt',o ]‘gh

The dynanmic el d&th)iaty (320 El ¢ ?F“P%r%Peﬂ fe Sthe™ R iFDf the
storage nodul usrédimhasohigb edastiotly any small digfuripances otexindodul us
G (w), and 4 he £O/PlPowing aiéésﬁﬂﬁlihé’d eréiﬁhlﬁlaq iR ARTithEoddAdr Fdblelhe

Phe i nvention GRARASR o THRUPCBRGDRENER of 19 $IASELRHEY BBACRES i th o hi gh
mol ecul ar wei ght:.s(cwd&)‘ty of tbenpoventior|xgaing adipws disturbangesater than
0 (zero). ! peneftectively baapkhoBugan be 25
controlled wt h| n a é%mb%gggﬂ;%\;ggi%%%l : ﬁnh%igmgg Pra:“eécey*?ﬁet
properties in uItlné't'\'éis‘a t on

wei ght frat@i onmvem@mgnehﬁgban 'lﬁhh@eo'“ atf Oph rGQ -/8eco@at A eferabl y

frlom |4 to . ojndin a Qéﬁb'lrjlsééﬁilty off do iugiibe thahn26B5 (20 "
nol ecul ar V\BI g | St | V4 .
The MFR of ¥r g& ®o FSﬁL t%% #eﬁt’ %g%% ra*l g é%Mégéy 2

a corresponding complex viscosity of 6ES5 to 20E5, and most
preferably 0.45 to 0.52 at a corresponding complex
15 viscosity of 7E5 to 14E5. '

The dynamic elasticity as used herein is defined as
the ratio of the storage modulus G'(w) to the loss modulus
G"(w). The storage modulus G'(w), and the complex
viscosity are defined in ASTM D 4440-84. The properties

20 were measured accordingly at 200°C.

The resins of the invention comprise a HMW component
and a IMW component with a high molecular weight (HMW)
component weight fraction which is greater than 0 (zero).
Generally, the HMW component weight fraction can be

25 controlled within a very broad range, while maintaining
excellent properties in ultimate applications, such as film
production. The weight fraction of HMW component can range
from .01 to .99, preferably from .4 to .7 and most
preferably from .5 to .6. The resin has a molecular weight

30 distribution, which is characterized as MFR or Mw/Mn. The
MFR of resin products of the invention can range from 20 to
300, preferably from 60 to 200, and most preferably from 80
to 150. The Mw/Mn of resin products of the invention can
range from 2.5 to 60, preferably from 10 to 40, and most

35 preferably from 15 to 30.



300, preferably from60 to 200, and nost preferably from 80 to 150.

The MM Mh of resin products of the invention can range from 2.5 to 60,
preferably from 10 to 40, and nost 35 preferablyfrom15to 30.
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4 The | ow nol ecul ar wei ght conponent of resin f)gojﬁ (ﬁ?‘&%

the inventi onWoY4 narrower in nol ecul ar wei ght di str $19 "*han
t hat produced by a conventional Ziegler 4 Natta catalyst containing only
one transition netal such as 5 titanium and/ or that produced by a

conventional tandem two- react or process. The narrow MAD of the LMV
conponent is a result of the single site netall ocene catal yst
cofrponent . Thi s narrower nol ecul ar wei ght distribution of the |ow

nol ecul ar wei ght co®pentew melevdarcyeicht cREPPReRhiohH Fremin Ryrpdwet of
responsi bl e foigpeNenyeftson 1€ RRMC harPeireds ifli fiolédular wéllgﬂﬂjUp and

snoki ng because.of the, absenge of nol ecul ar Il S,
pref erred enbo(él"ﬁé'fﬁ'l" utign, I\f@r’f]‘?’ﬁ%e#ogueed BY #hEORY o?ﬁmr@utzﬁ're% ght
conponent is | #attaheat8lyst cantadedng lealyi ghenbransdthomaietial emeboasnt
is 15 chagact %&k&ﬁiuﬂya%%f]mte igdodiceat 8y hhasnvent i1 RAHEHE two-

di stribution also % rodu on of rru ﬁegﬁ nol ecul ar_ wei ght
conponent, as FRECE HWEBﬂﬁ ﬁ%‘ht 8hc60R B fPmaney te’ﬁ%

bui | dup probl emesult of theT&ngcmpns:et mlébcehe catalysto reanponsent .
extruded into fjg Rhpe éfdmaiuaﬁtaxowargnl&l aws&phﬂeemmtaraﬁﬁé aleRs or
extruded and blownlnto I | nB, fb%PEr g 1%IreOZto
10.0 nils, premolgehlas weight ‘EP“fﬂqnsen ERALR

applicati dls, maywbef responsiblerfisime tis y:eldmedaneﬁ@:%|wms atie~tlimn
50; FQR (film %'ﬁildﬁbabh&}’sﬁéhﬁ'&)bédﬂtﬁee%ﬁ ehkl hﬂhéﬂéé of Lyaes 1R val ues

el oct Lo Seachite Betoft St o py R o imentl P,
production, t h@ﬁoﬂ:@udpy nejeculan weight somponentais cless dhan \ﬁes
conventional | y ya(3@dst @nBOh¥§Rmolecular weight component is
15 characterized by M,/M, greater than 3. That narrower
distribution also enables production of much lower
molecular weight component, as the IMW component, without
encountering the die-~lip buildup problem.
The compositions of the invention can be extruded into
20 pipes and injection or blow molded into articles or
extruded and blown into films. Films can be produced which
are 0.2 to 10.0 mils, preferably 0.5 to 2.0 mils,
thickness. For commercial applications, blown films
preferably have an FQR value of less than 50; FOR (film
25 gquality rating) relates to film gels. ILower FQR values
reflect lower gels and thus are preferred. Blow molded
articles include bottles, containers, fuel tanks and drums.
For film production, the products may contain any of
various additives conventionally added to polymer
30 compositions such as lubricants, microtalc, stabilizer,
antioxidants, compatibilizers, pigments, etc. These
reagents can be employed to stabilize the products against
oxidation. For example, additive packages comprising 400-
1200 ppm hindered phenol(s): 200-2000 ppm phosphites; 250
35 to 1000 ppm antistats and 250-2000 ppm stearates, for




30 conpositions such as lubricants, mcrotalc, stabilizer,

antioxi dants, conpatibilizers, pignents, etc. These reagents can be
enpl oyed to stabilize the products agai nst oxi dation. For exanpl e,
addi ti ve packages conpri sing 400- 1200 ppm hi ndered phenol (s);

200- 2000 ppm I.1es; 250 35 to 1000 ppm antistats and 250-2000 m

St ear at es, foirwggpMZ& WO 97/ 02294 ms"mlpzo
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resin powders, can be used for pel l etization. The polyners can be
added directly to a bl own filmextruder, e.g., an Al pine extruder, to
pr oduce films having a thickness, for exanple of 0.2 to 5 mls. 5

The follow ng Exanples further illustrate the essential features of

the invention. addktien tq the repén powdepparean he useds§orkilled in the

g( t tlhat é he 5pﬁéli?'@iz_atiior{.ﬁa&hé“b&lﬁ?éfﬁeé&ﬁ|wtm h%?@%th@eﬁgr'ﬁ the
anpl es (0] no | e .scope O e vVentl on. e

properties of tﬁ%oﬁﬁléﬁﬁ%é”ﬁ?@@ﬁfederﬂ‘fhgn Aibl?%«ﬂﬁ%rgéeWEr&°d€¥8$ﬁ?ﬁed by

the fdél 1 ow ng tEélmachasing a thicknesasi f9r example\SE\M0D218055-malpl aque i S

made anﬂ S o o TRe fonlolw_%g?h hifeds§ Shroier fn%s%&ﬁ/gg%ﬁér] Ctt]9
approach equilibriumcgrystallinity, . . asyrenment for
density is theneﬁﬁaﬁ%+§i;£eatures £ the 1nve"tﬂﬂﬁsi?§“ﬁ?§HPeRF gg}ﬁnh?
reported as gnsapparent to |ilose| gidlled ASTMh® @xA3Ghat( tBeCspesdLis
(M), Ilerr]  readkasts athdlreh2Ribh’ Londit f60s Wb S ndAES ERGRP1&s do

m nutes. 20 H gh. Load ASTM 38,-.(190[ err] C/ 21600 g) Mel t

| ndex MeasuP® 5}m§§)Eq7n§?°Pﬁe°&;%§ﬁtlﬁg t*#?‘ (HLM ), I[err]

the nelt i Mex test Eeproperties of the polymers produced in the
Examples were determined by the following test methods:

Density ASTM D-1505 - a plagque is made and
conditioned for one hour at 100°C to
approach equilibrium crystallinity.

15 Measurement for density is then made in a
density gradient column; reported as gms/cc.

Melt Index ASTM D-1238 - (190°C/2160 g)
(MI), I, Measured at 190°C - reported as grams per 10
minutes. :
20 High Load ASTM D-1238 - (190°C/21600 g) .
Melt Index Measured at 10 times the weight used in
(HLMI), I, the melt index test above.
or FI
Melt Flow In

25  Ratio (MFR) —
I,

The ethylene polymer product of this invention is
capable of being formed into thin gauge films, e.g., of up
30 to 10 mils., of superior mechanical properties, e.g., an
Elmendorf tear resistance in the machine direction (MD
Tear, ASTM D1922) of at least 10 g/mil, preferably 15 to 60
g/mil, and more preferably 20 to 60 g/mil, and a Dart Drop
Impact resistance (Fs;,, ASTM D1709) of at least 200 g,
35 preferably 200 to 600 g, and more preferably 250 to 600 g.



or FlI Melt Fl ow I[err] 25 Ratio (MFR)

[[err] The et hyl ene pol yner product of this invention is
capabl e of being forned into thin gauge filns, e.g., of up 30 to 10
mls., of superior mechanical properties, e.g., an- El mendorf tear
resi stance in §3§WI ne direction (M Tear, ASTM D19222 of at |east
10 g/m |, pref 5 to 60 g/ml, and nore preferabl SPH0638R
g/ml, and a Dart Drop | npact resistgnce (Flerr], ASTM D1709) of at

| east 200 g, 35 preferably 200 to 600 g, and nore preferably 250 to 600
g. WD 97/ 02294

PCT/ US96/ 06182 6 When t he
resin is nmade with the preferred catal yst described below it wll

contain 0.5 to 20 p¥henf theamwesinoks made nitdl $he| preferred| catalystef err ed

enbodi ment s desgdddisihed belb®’ ¢tNwilf &Sptdinio. | Nbg - det r
and 0.5 to 5 10 Tie. Tﬁe ?_@nggzgiegyreac or Poggc?ai gpﬂréﬁuﬁérj%irﬁra

has a preferre ge IPa PR} r rFe .36‘?°§i’.“82g5 deserihad;
Process for Prcuersimithef rReinnwill contain @.@f &oalbyppihsrrand ns. Hftd he

i nvention age ricat ghit hEakbi¥méd FEMe nggr m

condi tions nﬁg;g%?i bed bel.ow. Preferabl Eﬁggagﬁgﬂnggeg%n t a(Ealll':parnéisence
of catalyst cofftf & r?&e%ﬁﬁrfgnggga%? ??%gqlﬁ §refefange of QiP% i 84 bit
di fferent hydr otpghesssponse, one fromthe ot her, in polynerization of
et hyl ene conducted in the 15 presence of hydrogen. Preferably, the

catal yst is \

Preferably, the resins of the invention are made

10 catalytically in one reactor, under reactor conditions
described below. Preferably, they are made in the presence
of catalyst comprising two sources of transition metal
vhich exhibit different hydrogen response, one from the
other, in polymerization of ethylene conducted in the

15 presence of hydrogen. Preferably, the catalyst is
supported and comprises 0.1 - 5.0 weight percent,
preferably 0.3 to 3.0, and most preferably 0.5 to 1.5 wt.$
of titanium and 0.05 to 1.0 wt.%, preferably 0.1 to 0.8,
and most preferably 0.20 to 0.50 wt.% percent of zirconiunm.

20 The preferred catalysts are described below.

In the polymerizations, the gaseous monomer feed may
consist wvholly of ethylene or may comprise a preponderance
of ethylene and a minor amount of a comonomer such as a i-
olefin containing 3 to 10 carbon atoms. Comonomeric 1-

25 o;efins vhich may be employed are, for example, l1-butene,
l1-pentene, l-hexene, 4-methyl-l-pentene, l-octene, 1~
decene, and mixtures thereof. The comonomer may be present
in the monomeric compositions.

The amount of comonomer may be in the range, for

30 example, of 0 to 30, preferably 0 to 20 weight percent,
based on the total weight of polymer produced in the
process.

Hydrogen is fed to the reactor. Hydrogen is fed to
the reactor such that the molar ratio of hydrogen to



supported and conprises 0.1 - 5.0 wei ght percent, preferably 0.3 to
3.0, and nost preferably 0.5to 1.5 wt.% of titaniumand 0.05 to 1.0
wt.% preferably 0.1 to 0.8, and nost preferably 0.20 to 0.50 w. %
percent of zirconium 20 The preferred catal ysts are descri bed bel ow.

In the poly s, the gaseous nononer feed may |1y of
et hyl ene orm%?;@%irzr%{l se a preponderance of ethylene a%ﬁéﬁw&
amount of a comononer such as a 1- ®wlefin containing 3 to 10 carbon
atons. Conpnoneric 1- 25 ol efins which may be enpl oyed are, for exanple,
1- but ene, 1- pentene, 1-hexene, 4-nethyl-1-pentene, 1-octene, 1-
decene, and m xtures thereof. The conononer nmay be pr esent in the
nononeri ¢ conpqQsi ti ons. The_anount conono y be in the
range, for BOe%ié’%ﬂﬁ éHb{ﬁz gatiokoles it AP 'tb‘ng \r@r&ﬂ? per cent ,
based on the tpxedfiexadlght.006 pol x5 produced in the process.

Hydrogen is fed tomefe&%gg e%é'%@iﬂgeﬁ}és%ufr%d e&%lgﬁﬁzjz‘getﬂeeaﬁﬁt‘?wh

that the nolar,  ratig o
PCT/ (1S96/ 06184 no higher than 250 psia, for example in th%tm%é’f 150

(Herr]/ Cserr to @am)psia, boreferablyt Ei,n the rahged of 170ptefl B9Gpsia 005 to

0. 015. T e r ,&t;ocscéjr | @ue e reactor

i s no higher than ??O psi g%af g?f’l dnf th% grrp 3 ?OJIE%&E to 200
psia, prefer atﬁ‘SP?IFF‘t‘ﬁé‘]r gﬁﬁe"ﬁpﬁ °oF! eat of reagtipn, (AR for
any purpose, dnpxrt tgascaucshoks m.tmgm'lfnay alsg:abevpt'esén'g im ome adwsorb
heat of reacti %acto:‘é“iht 3&&:&5&9'\:@% WonoRe Rresent in
one or bot tors In adaltlon i % nononer ”érog 10 Thus
the totall%re % 1? Ftrl pressce in ors m?& ig Gkheyanpl e,

of 100 to 600 mg?,, pﬁaﬁa:ahbyezwftmo to:-mm ;paig, preferably The0 to

tenperature ofzgy I zation in the reactor may be in the range, for
1@’@

exanmpl e, of 60to err] C, preferabl
' P erature of pglymerization in the reactor may

be in the range, for example, of 60 to 130°C, preferably 70

15 to 100°C. The residence time of the catalyst in the
reactor is 1 to 8 hours, preferably 2 to 4 hours in the
reactor.

The productivity of the process in the reactor in
terms of grams of polymer per gram of catalyst, may be in

20 the range, for example, of 1,000 to 10,000g9/g, preferably
1,500 to 8,000 g/g; The foregoing ranges are based on
analysis of residual catalyst metals in the resin product.

The amount of cocatalyst utilized together with the
preferred catalyst employed in the process of making the

25 products of this invention whether for pre-reduction or
activation of the catalyst prior to polymerization or added
to the reactor is generally in the range, for example, of 0
to 100 gram atoms of cocatalyst metal, e.g., aluminum, per
gram atom of transition metal, e.g., titanium, preferably 5

30 to 50 gram atoms of cocatalyst metal per gram atom of
transition metal. '

The catalysts, preferred at this time, for producing
the bimodal molecular weight distribution resins of the
invention, are made in accordance with the S.N.08/151,664

35 filed November 15, 1993 and are described here:



15 to 100C. The residence tinme of the catalyst in the reactor is 1 to

8 hours, preferably 2 to 4 hours in the react or. The
productivity of the process in the reactor in ~terms of grams of

pol ymer per gram of catalyst, may be in 20 the range, for exanpl e, of
1,000 to 10, 0Q0g/ referably 1,500 to 8,000 g/g; The f eqoi n
ranges are bagggg 2 anal ysis of residual catalyst met al & ﬁgFW@ esi n
product . The anmpunt of cocatalyg utilized together with the-
preferred catal yst enployed in the process of making the 25 products of
this invention whether for pre-reduction or activation of the catal yst
prior to polynerization or added to the reactor is generally in the

range, for exanple, of 0 to 100 gram atons of cocatal yst netal, e.g.
al um num per qg;tﬂ%#ﬁ#nﬂﬂﬂ@ﬁﬁéﬁlﬂﬂans|t|on metal, e.g., titanium
preferably 5 30 toeé&lgrst@ whe6h @Bnﬁ@fﬁltﬂ Vidastetedlo RRRNELRbAL OM Of
trdnsition netal talys

d at th t
produci ng et SRS lﬁbt§5u?3meg%g$t ﬁgig%%ﬂﬁﬁgﬁdréiﬁntrﬁ?s{$é9n
i nvention, are metalin &heofoxmcofnat honteetaN@g®ne;1hese 88 activity of

Novemb 1 19 9
PC¥?USS%/O§%82 26 EEKEE“IBU@9§Cbbh?ﬂeﬁ?ﬁecatalyst 35 100"y ﬁbggﬂgf/g of

Conposi tion each trﬁﬂﬂ%ﬁifgt?eﬁﬁFCh contain at least two transition
metal s, one in the fEhenasttalyssabfotbeecinventtion icompsiiseor cocatatyst in

the formof a NSSmpEL ﬂﬂf%ﬁnaluhiﬁﬁmaalﬁfi'déﬁﬁbxﬁid S sucht alseaS&iQﬁ@yﬂ
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The catal ysts o oﬁ% éﬁ?‘f’gﬁn% WA firge Of water,  ox, PXygenTan
al um num akyl cqmmnnnung'sadbousra andapélymers ofaithei alumihnmecabkyl

al unoxane and fé@.ﬁpainamta% a0al¥ygee- pwcurw%hgmﬂlﬁb' Honééﬁri‘é&‘?'

polynprs of the a! rgﬂgne a%d at leas one metéyio%e%%tal recur sof

conprising a ca®fi®r 7 on
embodiment the catalysts further include a non-metallocene
transition metal source.

15 The carrier material is a solid, particulate, porous,
preferably inorganic material, such as an oxide of silicon
and/or of aluminum. The carrier material is used in the
form of a dry powder having an average particle size of
from 1 micron to 500 microns, preferably from 10 microns to

20 250 microns. The surface area of the carrier is at least
about 3 square meters per gram (m’/g), and preferably at
least 50 m’/g up to 350 m’/g. The carrier material should
be dry, that is, free of absorbed water. Drying of the
carrier material can be effected by heating at 100°C to

25 1000°C, preferably at 600°C. When the carrier is silica,
it is heated to at least 200°C, preferably 200°C to 850°C
and most preferably at 600°C. The carrier material must
have at least some active hydroxyl (OH) groups to produce
the catalyst composition of this invention.

30 In the most preferred embodiment, the carrier is
silica which, prior to the use thereof in the first
catalyst synthesis step, has been dehydrated by fluidizing
it with nitrogen and heating at 600°C for 16 hours to
achieve a surface hydroxyl group concentration of 0.7

35 millimoles per gram (mmols/g). The silica of the most
preferred embodiment is a high surface area, amorphous



an al unoxane and at | east one netall ocene; in one enbodi nent the

catal ysts further include a non-netall ocene transition netal source.
15 The carrier material is a solid, particulate, porous,

preferably inorganic material, such as an oxide of silicon and/ or of
alum num The carrier material is used in the f or m of er
havi ng an av B4 ticle size of froml mcron to 500 m cCrons,
preferably from 10 mcrons to 20 250 m ®@ons. The surface area of the
carrier is at |east about 3 square neters per gram (nferr]/g), and
preferably at | east 50 n{err]/g up to 350 nferr]/g. The carrier

mat eri al should be dry, that is, free of absorbed water. Drying of the

carrier material ,can be effected by heating at 100[err]C to

1000[ o1 1] C. - pr cRHTABR, (HITRRR cHraR= WAl R/ R77e Sotume B 4,65 cx/gy | ¢
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is siliskca wphelricaliparticlés, (st h@scobtrineficbyi asspray-dmysing yst

synt hesi s step, en b | Gi3Al ' ' idd 0 and
heating at 600[3}3?89' : %h%gééﬁféh, YeHddd ¥i1iB8s are hbét“alcidd 0%

ours to C Iie\é?fﬁs surface hydroxyl group
concentration ofthis7mgst bg; F?li‘m%e‘b'eraﬁgaﬁ% G s?ﬁ?‘.’eThe silica of the
nmost preferred ehkodatadystssynthepis isf apdextakenaundehoinert
WO 97/ 02294 tions, in the absence of water Rhd/ b96 R The

9 sili cacczngl}r ace’area = 300 r?fe%‘%e/ég:, LY'I;‘)i,ore vol u 1.65
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cnierr]/g),10 cmgier is gigpersed) inF o EPTP, 8 giﬁﬁ'éﬁarres of
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Grace and COMPanyy e’ ishi @anbfi-po1 &P CséNditdlana tnsPReEUIRing a1 ElPYs
e.g., as obtai nedl y a spra -gr In rocess. As prqcured he si)icas
are not cal ci neceoni@pted "‘tl%-?’s a)ﬁ/'uégaﬁﬁ ﬂgﬁﬁmf?’é’d‘a SS'HHi £ophpauad RAving
The cat al yst synthesimpirdcaldEormhta beliew. | (e slurry of the carrier
' 15 material in the solvent is prepared by introducing the
carrier into the solvent, preferably while stirring, and
heating the mixture to 25 to 70°C, preferably to 40 to
60°C. Temperatures here are critical with respect to the
non-metallocene transition metal which is subsequently
20 added; that is temperatures in this slurry of 90°C result
in deactivation of the transition metal added subsequently.
Accordingly, all catalyst precursor synthesis steps are
conducted below 90°C. The slurry is then contacted with
the aforementioned organomagnesium compound, while the
25 heating is continued as indicated.
The organomagnesium compound has the empirical formula
R, Mg R',
where R is an alkyl of 1 to 12 carbon atoms, and generally
where R and R' are the same or different C,~-C,, alkyl
30 groups, preférably C,~C;0 alkyl groups, more preferably C,~Cg
' ' alkyl groups, and most preferably both R and R' are mostly
butyl groups, and m and n are each 0, 1 or 2, providing
that » + n is equal to the valence of Mg.
Suitable non-polar solvents are materials in which all
35 of the reactants used herein, i.e., the organomagnesium



conditions, in the absence of water and of oxygen. The 10 carrier is

di spersed in solvent to forma slurry. The carrier material,
having said (OH) groups, is. slurried in a non-pol ar solvent and the
resulting slurry is contacted with at | east one organonagnesi um
conmpound havin the empirical fornula below The slurry f th rrier
15rrpmateri al ‘ﬁ 0972224, ven'[rpl s prepared by introducing the T 3&‘?‘? r
into the solvent, preferably while stirrifgg, and heating the m xture
to 25 to 70[err]C, preferably to 40 to 60[err] C. Tenperatures here are
critical with respect to the non-net al |l ocene transition netal which is
subsequently 20 added; that is tenperatures in this slurry of 90[err]C
resul t in deactivation of the transition netal added subsequently.

Accordingly, al ¢°%m'~mdy:stan§r &her sep-nokaklaecene txansition metadnduct ed
bel ow 90C. The gbhipéitnd,s arlecatcaehaet pdrt\uny soluble aha' #HE6hI aped

or ganomagnesi um ¢ d_ whil.e the 25 cont.j nued _as_i ndi cat ed.
The organomagnrei %#‘@&%p&&?ﬁ’r&é‘ ?ﬁg 8%??{:% %(ﬁ’%ﬁr ed non-polar
Rlerr]. My R [ eseplvents axieced kRnes, agughkays xﬁoplerxt@ngz bexBpa, akons, and

generally 5 @nB JetaRe,2nBnhihe, SaN® décalid,l aiehoughth! Vakietylofl Kyl
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th?t m+nis e&bﬁiflﬁéhﬁdié vaiagneisaf bygemplo%]ed. Thel mbak! graeﬁrﬁe& ar
solvents are naterl t he Jeactants use er el n
i.e., the or angﬁﬁgﬁ%% ‘)e%Q ‘a"s Jggwgaﬁ éﬁnor Lt use,

PCT/U896/06Q82 polar solvent should be purified, sngh as by peroadpatien and

the non-netal | Oﬁﬁf'&xjﬁ aélilﬁiaoaeﬂfehﬁh/or mol?é&fﬂ@tn(éle%ﬁe% akol pambveartial ly
sol ubl e and whi reacil on te eraturea gﬁeferred
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In the most preferred embodiment of the synthesis of

15 this catalyst it is important to add only such an amount of
the organomagnesium compound that will be deposited -
physically or chemically - onto the support since any
excess of the organomagnesium compound in the solution may
react with other synthesis chemicals and precipitate

20 outside of the support. The carrier drying temperature
affects the number of sites on the carrier available for
the organomagnesium compound - the higher the drying
temperature the lower the number of sites. Thus, the exact
molar ratio of the organomagnesium compound to the hydroxyl

25 groups will vary and must be determined on a case-by-case
basis to assure that only so much of the organomagnesium
compound is added to the solution as will be deposited onto
the support without leaving any excess of the
organomagnesium compound in the solution. Furthermore, it

30 is believed that the molar amount of the organomagnesium
compound deposited onto the support is greater than the
molar content of the hydroxyl groups on the support. Thus,
the molar ratios given below are intended only as an
approximate guideline and the exact amount of the

35 organomagnesium compound in this embodiment must be



other materials including cycloal kanes, such as cycl ohexane,

aromati cs, such as benzene, toluene and et hyl benzene, may al so be

enpl oyed. The nost preferred non-pol ar solvent is isopentane. Prior to
use, the non- 10 polar solvent should be purified, such as by percol ation

t hr ough silicamgﬁbmgpd/or nol ecul ar sieves, to renove tﬂéﬁﬁﬁwﬂﬁfyater
y

oxygen, pol ar “conpounds, and ot her mat eri al s capabl e of adverseé
affecting catal yst activity. | p1t he nost preferred enbodi nent of
the synthesis of 15 this catalyst it is inportant to add only such an
anount of t he organonmagnesi um conpound that will be deposited -
physically or chemcally - onto the support since any excess of the
or ganomagnesi um conpound i n the sol ution react w th other

- na - 3
synt hesi s chenFeEFEOLIRA e ha Eangtignal o%¥¥+%t%?n tHSURHSS, abovene
carrier dryingiterpeitimist not bef grehserhthaw it afhixh eanobet he carri er
avai l abl e for o) ' co ”ﬁge' | gt i
tenperature thganﬁggg?ﬁégﬁﬂﬁger o§i§gkéshf€h S’a?%éfkgéﬁﬂfiat gﬁﬁo grﬂgatio
of the organomagfed; ten BrerRkents the s¥eesspaysreach 5iid #be| neRry and
must be deer mmeedlDScéné anranyitivie metal dampound, Alteredyt [Fokmifigyaso nuch
of the organo | 'ﬁQ?QO ' ' 4 1 }_Dbe
deposi ted ontg%gasiﬁgﬁ%t%ﬁ%%or w#?ﬁghg e ?ﬁ%q%%ﬂﬁéigig%k%am?ﬁgﬂi in
or ganonagnesi uitheoRpBtReEis ofh oUW catadystand raush ke avoided. | Thee| j eved

that the nol ar amsantt odf thé coryyvmaghgstanucompound s d o0 epes gredtent o

t he support is algL tggg r t oups
on the support .tﬂ%ﬁus, t . #é’eerf‘oloélrtora ?og gﬁ{’/ﬁ %%F o%?r%‘%?’éééegﬁonl y
as an 105pp2dYi rEP¥eRtioRal RATMGY t BeFexBY 23ding W@ the 35

or ganonagnesi udrgafitfidilesiah enpind@lit6ethe "EFarP¢ of the carriedOifi7/ 02294
PCT/ US96/ 06182 . . %ptrolled by

the functional Trm ey Ton’ di s%luessséhd'rgﬁ'gge?:he sl é.', e _not be greater
t han t hat whi clPrgancomagnesium compound 1s detected as a solution in the
solvent.

15 For example, for the silica carrier heated at 600°C,
the amount of the organomagnesium compound added to the
slurry is such that the molar ratio of Mg to the hydroxyl
groups (OH) on the solid carrier is 0.5:1 to 4:1,
preferably 0.8:1 to 3:1, more preferably 0.9:1 to 2:1 and

20 most preferably 1:1. The organomagnesium compound
dissolves in the non-polar solvent to form a solution from
which the organomagnesium compound is deposited onto the
carrier.

It is also possible to add such an amount of the

25 organomagesium compound which is in excess of that which
will be deposited onto the support, and then remove, e.g.,
by filtration and washing, any excess of the
organomagnesium compound. However, this alternative is
less desirable than the most preferred embodiment described

30 above.

The organomagnesium treated support is contacted with
an organic - -alcohol reagent (ROH) containing RO~ groups
wvhich are reactive or capable of displacing alkyl groups on
the magnesium. The amount of this organic alcohol reagent

35 is effective to provide a ROH:Mg ratio of 0.5 to 2.0,
preferably 0.8 to 1l.5.



deposited onto the support. If greater than that anmount is added to the
sol vent, the excess may react wth the non- 5 net al | ocene transition

nmet al compound, thereby formng a preci pitate outside of the support
which is detrinental in the synthesis of our catalyst and nust be

avoi ded. The t of the organomagnesi um conmpound whi c:} '

greater t%ﬂ’?’ﬁ%%wdeposi ted onto the support can be dete rﬁ‘i‘é%%ﬂ’io
any conventional manner, e.g., by adding tfe . organomagnesi um conpound
to the slurry of the carrier in the solvent, while stirring the slurry,
until the or ganomagnesi um conpound is detected as a solution in the

sol vent. 15 For exanple, for the silica carrier heated at 600C,
t he amount of the organomagnesi um cQnpound added to the slurry is such

that the molar rati cCOREARE (FF (hhe FidicryFuUPPOriRq Ragneginm, gompeund, i d
carrier is 0.5:¢ith ¥hd, organiv afleohblyr8agedtt is dirdertakenpiaf enably 0.9:1

to"2:1 and 20 pr .1 gano Si conmpound

di ssolves in thseﬂgo -"pleg‘gﬁ'g%?/velrjlst ﬁ{nge o%ﬁ]&é %ﬁl%ﬁr%?%rengm%f‘gh t he

or ganomagnesi unfmpégrﬁi to 8 Fospreterally (4 C to 783€@yi er. | t

iMs]_ alhs_o possi bl e to mee £/ Yroupolnt tRé 6€§ar2§c amﬂmoaagaiﬁu%aﬁrmound
ich is in exc t I.ted ontg the port,

and then rem)ve‘,gé]z“.:g{"l,1 %o c%rlePg %Lanﬁrg\g%ﬁaﬁ’r}d' qa%? chégs t he

or ganonagnesi u eRts r itt Apsan| atkyhi¢ontdining 2 tos4 dazbonbl e

than the nost paedms| epheriaiamy oﬁeaCéadenSQt%@Oo&tyl). The T|he ol
Feagent (Rer) o ERefon P atboR8l Shgentl itk in, B8, BBRlYER L o o
di spl aci ngl9l kysynthesis of the imvenhigncpreoducesha mahalyssf whiieh, or ganic
al cohol reagentrabativelte e absanpeOsE dghis RAAEID 1 hiuenOhoPebabRive?:
Eggjﬁggg}%Ggég }ghéiégs much less noMEQQQAQEE?éh ﬁﬁfal (e.g. titanium),
and is much more active with respect to the product
component produced with the metallocene-~transition metal
15 component. In addition, the alcohol addition step is
required in order to provide a final catalyst that will
produce bimodal MWD resin with excellent bubble-stability
during the film-forming process.
After the addition of the organic alcohol reagent to
20 the slurry is completed, the slurry is contacted with a
non-metallocene transition metal compound, free of
substituted or unsubstituted cyclopentadienyl groups. The
slurry temperature must be maintained at 25 to 70°cC,
preferably to 40 to 60°C. As noted above, temperatures in
25 this slurry of 80°C or greater result in deactivation of
the non-metallocene transition metal. Suitable non-
metallocene transition metal compounds used herein are
compounds of metals of Groups 4A, and 5A, of the Periodic .
Chart of the Elements, as published by Chemical and
30 Engineering News, 63(5), 27, 1985, providing that such
compounds are soluble in the non-polar solvents. Non-
limiting examples of such compounds are titanium and
vanadium halides, e.g., titanium tetrachloride, Ticl,,
vanadium tetrachloride, VCl,, vanadium oxytrichloride,
35 Vvocl;, titanium and vanadium alkoxides, wherein the
alkoxide moiety has a branched or unbranched alkyl radical



Contact of the silica supported magnesi um conpound, wi th the organic
al cohol reagent is undertaken in the slurry. Contact is undertaken at a
t enper at ure rangi ng from25[err]Cto 80[err]C, preferably 40[err]C to
70[err]C 5 The al kyl" group in the organi c alcohol reagent can

contalnlto lﬁ on atons, preferably 1 to 8; in the w

bel ow, s ¥ 9@’?&% containing 2 to 4 carbon at ons, p%ﬁﬂ% y of
4 car bon atom; (butyl). The i ncl usi gg of the al cohol reagent step in
the catalyst 10 synthesis of the invention produces a catalyst which,
relative to the absence of this step, is nmuch nore active, requires
much | ess non-transition netal (e.g. titanium, and i s nuch nore

active with respect to the product conmponent produced with the
met al | ocene-t r afisit t@rkorarbab atemss opraterably atidiq i sanken atossel

adld: tion stepd'mﬁe eféﬁ?&& rﬁ%ﬂﬂﬁwﬁ?ﬁtalwma?cgs Ldg:‘é’ﬂtj:[(i%%i’ltﬂﬂ that
Wi prouce in, W e u esallty
during the fil fPFBPIY % %e“cl‘%esrsa%iy tetravafﬂ; etf'n% ROgE - hghe
organi‘'c al cohohosbamtteltmid:itmt‘eﬂ gompound olﬁrw&amium W@tzrlaahiynée.
cogt ?CE eg 3/' t hefle a%omta é@tﬂﬂaﬁeﬂﬁﬁrrgaﬁa&mm r@ﬁa:lomaam@ceaéeéoﬁ
substituted or unsu ut ed_cycl opent adi u

t enper at ure nuEpNgeEsS "g’g'aFo gf’ér??(& yt"ﬂr&'e?&ﬁ%ﬁr?%}fﬁo to
60[err] C. As néreu abﬁ)&'el;m!b-rqmratures in 25 this slurry of 80[err]C or

greater result in dﬁﬁﬁ,ﬂﬂééi&fl sﬁicn noﬁ-hét&@lb@&i@'iﬂﬁﬁi&itdrﬁ&%ithh.pn netal .
Sui t abl e non- I | ocen nS| t 'e% anrr§t al_co unds us %ﬁ_rel n are
A

conmpounds of nEPQPg“B c%‘(.p% %A g fITRE Pery O (Fes APP=of the
El ement s, 18s papei inposesy @hche Airansd tion Eﬁ‘gahecet?mmmlyhi@a( Bay be
19?5 E“’V'Ng' nanhmaae&ucmny tﬁﬁgﬂmfmeta%se&m%@a Rexdte ma@nt 2 OET |

sol vent s n- of such conpoun aniu an
vanadi um hal i d@&ong ﬁay ??g%%%ﬁfﬁ%ﬁ&ﬁf}??ﬁ%? ﬁé} ﬁt%e tt *FaRAGT

t etrachl ori de, m¢thlecohpowndsdi um oxytrichloride, 35 VOO [err], ti tan| um

and vanadi um al koXi ggger W¥eé CAduiti®on of tﬁbkﬁaﬁdﬁeﬁmﬁaeﬁ@%ﬁn%emsﬁed or

unbranCheanlk%!taﬁdégﬁ%ound is complete, the slurry solvent is removed

by evaporation or filtering to obtain a free-flowing
powder. Next, incorporation of the metallocene can be
undertaken. The metallocene is activated with an
alumoxane. |

20 The metallocene compound has the formula Cp,MAB, in
which Cp is an unsubstituted or substituted
cyclopentadienyl group, M is zirconium or hafnium and A and
B belong to the group including a halogen atom, hydrogen or
an alkyl group. In the above formula of the metallocene

25 compound, the preferred transition metal atom M is
zirconium. In the above formula of the metallocene
compound, the Cp group is an unsubstituted, a mono- or a -
polysubstituted cyclopentadienyl group: and x is at least
1. The substituents on the cyclopentadienyl group can be

30 preferably straight-chain C,~C¢ alkyl groups. The
cyclopentadienyl group can be also a part of a bicyclic or
a tricyclic moiety such as indenyl, tetrahydroindenyl,
fluorenyl or a partially hydrogenated fluorenyl group, as
well as a part of a substituted bicyclic or tricyclic

35 moiety. In the case when x in the above formula of the
metallocene compound is equal to 2, the cyclopentadienyl
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13 of 1 to 20 carbon atons, preferably 1 to 6 carbon atons. The
preferred transition netal conpounds are titanium . conpounds, preferably
tetraval ent titani um conpounds. The nmost preferred titani umconpound is
titaniumtetr, hie. 5 The anount of titanium or vanadi |

non- netallocgﬁggh@#%? ranges froma Ti/M nolar ratio ofdﬁﬂ?ﬁ%%”PQL
preferably fromO0.50 to 0. 80. 14 M xtures of such non-netall ocene
transition netal conpounds may al so be used and generally no
restrictions 10 are inposed on the transition netal conpounds which may be
included. Any transition metal conpound that may be used al one may
al:so be used in conjunction with other transition nmet al comnpounds.

After the addi FFepP fcﬁeb%&;%PﬁFFGEQnEYtPM?W% O%et al conpound is
conpl ete, the diulkylsﬂamtgnmpsensueﬂ as -cmy-,eva:ng-raizv-gn-on'kiu-tﬁiang to

obtain a free- f [%ﬂgia Fohgﬁ& Rhng (;¥1%§5 égguggtgklocene

can be undertaken céne 1s ac |va
al unoxane. 20 hydr°gevhe'$ﬁe(%h’meﬁé(§8ahoﬁﬁd'% KEHs)arnand similar

Cp[err] MA[ &rr]Btoddgé droups. AT ethe(R afidap suibstBtudnteednOthauabbibut ed

cycl opent adi en Ny | ni.um o m_an | ong
to the group |ﬁ3f&éfng°%|\¢1ﬁ ogetrr?ig 8ﬁ1meh&%£%$%&oarre %aé"gﬁn Fﬁﬁ“sgrgﬁﬁ? In
t he above for nfeelong t%eth\%t%nqu@ceﬁeflsonaenﬁé&minmebp'paﬁ.uer on
transition %tﬂbdﬁem%d% + z i&l BCEPi Vaks) rpi—dmaﬂzp\&.aﬁzoscnul ¢ #f gt he

net al | ocene dvaﬂfélmecﬁcgfgﬁOUpIks x i éa*{j tltgilsegt amingn$ﬂeor a -

polysubstltuteﬁ o enta rou

substitueh?s o‘hh? h%b%‘ﬁl mle?d |°£nyhegweﬁplbm gipounde Areadlkyl
strai ght - chai ngEbaps ) - €hey rdrétlﬁﬁhegaamwstiraﬁght-chﬁ&p |&psﬂhﬁéhé&>’b,-§i50up

oreny £ RTRFD FRAN IS o maeayy S0 sRHERORRY .
f1 uorenyl group;bakyl, 1SQ%§NYlasnaP§§FY afn‘ab tQJ{ gre¢tyleyclic or
tricyclic 35 npi esyitdblé etalioceiencempounde ke or nul a of the
metal | oceng cogpoYafel Sp&itididry1gmet s GYRAPPEL 2di enyl
bis (cyclopentadienyl)metal hydridohalides,
bis(cyclopentadienyl)metal monoalkyl monchalides,
bis(cyclopentadienyl)metal dialkyls and bis(indenyl)metal
dihalides wherein the metal is zirconium or hafnium, halide

20 groups are preferably chlorine and the alkyl groups are C;-
Cs alkyls. Illustrative, but non-limiting examples of
metallocenes include bis(cyclopentadienyl)zirconium
dichloride, bis(cyclopentadienyl)hafnium dichloride,
bis(cyclopentadienyl)zirconium dimethyl,

25 bis(cyclopentadienyl)hafnium dimethyl,
bis (cyclopentadienyl)zirconium hydridochloride,
bis(cyclopentadienyl)hatnium hydridochloride, bis(n-
butylcyclopentadienyl)zirconium dichloride, bis(n-
butylcyclopentadienyl)hafnium dichloride, bis(n-

30 butylcyclopentadienyl)zirconium dimethyl, bis(n-
butylcyclopentadienyl)hafnium dimethyl, bis(n-
butylcyclopentadienyl) zirconium hydridochloride, bis(n-
butylcyclopentadienyl)hafnium hydridochloride,
bis (pentamethylcyclopentadienyl)zirconium dichloride,

35 bis(pentamethylcyclopentadienyl)hafnium dichloride, bis(n-
butylcyclopentadienyl)zirconium dichloride,
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14 groups can be al so bridged by pol ynet hyl ene or di al kyl si | ane
groups, such as -CHerr]-, -CHerr]-CHerr]-, -CRR'- and -CRR'-CRR'-
where R and R' are short al kyl groups or hydrogen, -Si(CHerr])[err]-,
Si(CHerr])[ergd rl-CHerr]-Si(CHerr])[err]- and siml ar bridge
groups. |If thé&éﬁéﬁ%gg substituents in the above fornul§c3%mﬁm§ﬁ%

met al | ocene conpound are hal ogen atons, thgy bel ong to the group of
fluorine, chlorine, bromne or iodine; and y + z is 3 or |ess,
provided that x +y + z equal s the valence of M If the substituents A

and Bin 10 the above fornula of the netall ocene conpound are al kyl
groups, they are preferably straight-chain or branched Cerr]-Clerr]
al kyl groups, sertlepentadienyltairconjupr bpithloxige opyl , n- butyl,

Compaunis | opLe LAY St e, i s
bi rs'n(acxcl opent adf"relﬁ?/'l" ]ﬁg%‘%éc %’d‘?’?%f’&éé?' and % ?’:ﬁ-g%éﬁt(&d?eﬁyFTnet al
monoal kyl rnonoh&et dro-1-indenxid|logdnconivnydichlorids.al Fhes and
el | de 207 51 oUpg e B L L e e o et r -
C[aerr] al kylgs. ?ﬁf‘%s%‘gt ?%/ré,h%u‘i/se?;r?-sl Fﬁ??ﬁﬁg]‘g{%nﬁ)‘f‘%ﬁﬁg as golﬁéggf%oignes
i ncl ude bi s(cychopaatiaikydrgcarkonsd om in a suppertedicforn.
3oy o 20 o S el e gt e S ey B
i ettt Lo ACRRRY &:ﬁp‘aﬁtém HHFeeRE, vs carntyet Wimmhotios.  to this
bi s(cycl opdft adeuhof Bi Ukheéramdunic OfoAl deprovided by alumoxane, is
BEE y: gyg: gpgm :ﬂhsﬂbiﬁg? ﬁwip@ﬁﬁ lra?\(rj gﬂetzgiaigéf]ﬂion metal (provided by
but o1 cycl opent it Enut 998pE] ot R Shna iRy Chem Bo to 500, preferapy
but yl cycl opent adPe®gl 3B@¢ ni um di et hyl , bi s(n- :
BUE y: gyg: gpem :di enyh))ai ELAE LoE @Wﬁﬁékpﬁbﬂﬁi&&é (drigomeric linea
ot oSt g B SV Rl A Eeprpnented by the zormila:
bi s( pent aret hyl BV@bb%hr‘Abi‘éé%z)% ldgoapEacer 1 imeap alypoxanes and
but yl cycl opent ag+BDYR) 20+ x,0 Formoligbhéric&eyclic alumoxane
wherein n is 1-40, preferably 10-20, m is 3-40, preferably
3-20 and R is a C;~C; alkyl group and preferably methyl.

20 MAO is a mixture of oligomers with a very wide distribution
of molecular weights and usually with an average molecular
weight of 1200. MAO is typically kept in solution in
toluene. The MAO solutions remain liquid at fluid bed
reactor temperatures.

25 Incorporation of the activated metallocene component
onto the carrier can be accomplished in various ways.
Incorporation of either or both the alumoxane and the
metallocene component can be into the slurry resulting from
the addition, .i.e. after the addition, of the non-

30 metallocene transition metal.

Alternatively, and in accordance with the unique
method of infusion of alumoxane into the pores of the
carrier, the carrier slurry can be stripped of solvent,
after the addition of the non-metallocene transition metal

35 compound, to form a free-flowing powder. The free flowing

powder can then be impregnated by determining the pore
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15 cycl opent adi enyl -zirconiumtrichl oride,

bi s(i ndenyl ) zi rconi um di chl ori de, bis(4,5,6,7-tetrahydro-1-

i ndenyl ) zi rconi um di chI oride, and ethyl ene-[bis(4,5,6,7-

tetrahydro-1- | nden | )] zirconiumdichloride. The 5 netallogene conpounds
utilized witH¥ enbodl ment of this art can be used ggreqsggq«‘ i ne
solids, as sol ut ions in aromati c hydjgcarbons or. in a supported form
The al unoxane can be inpregnated into the carrier at’ any stage of the
process of catalyst preparation. In this 10 enbodi nent, the anount of Al,
provi ded by al unoxane, is sufficient to provide an Al:transition netal
(provi ded by metal | ocene) mole ratio ranging from50 to 500, preferably
75 to 300. volume'nﬁe‘lzhﬁasar@‘ﬁ-eaﬂ andxan@elctinq)rars@dmoﬁen(pc | i near 15

gn?{ad OE R§3yc6|) |[ c 4 déﬂ@‘%l%o&ﬁﬁé?s Qaiﬁelﬁy i!h% f\fllfl'ﬂﬂeaequal to or

-" - er rr i gonmeric al unoxgnes an
<-A|<R)_c>)[eri<}= § A (KhsAOta . POFRCVaTHIb B e Cagrdrg 2R, < 1. 40
preferably 10-28covering3-al@rypcatalybtyprecurss). artheRresudtihgrfredterr|

al kyl| o1 0ug aNg el hlder TP ubberre tiRIeLrR di 4 Watadla® pUBBEESo (N 2

very wide distgibutiion l,ar . wei ghts .and us th an average
ol scul ar 81 SRR idh RROSEEIPHERE (FpatiRes FeLarFeRoRs

t ol uene. The I\Mﬂ:mhtst)n.s rerral nliquid at fluid bed react or
tenperatures. The vdIafd RF %thBoQﬁti&? é&ﬁiﬂ:‘ﬁ.@l@ﬁ ekahkacene
conponent £to t he car |er ccogﬁ_el shed I_n varl ous Wa€

| ncor por ati on BFYBP¥aRsG eEred

conponent 18an éewbodimenthe off uanu;noxesal unngrﬁmmmn into Zhei t:a:m;ler.
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stripped of soliscthe pore volume of the silica. In this preferred
embodiment, the process of impregnating the carrier
15 material is by infusion of the alumoxane solution, without
forming a slurry of the carrier material, such as silica,
in the alumoxane solution. The volume of the solution of
the alumoxane is sufficient to f£fill the pores of the
carrier material without forming a slurry in which the
20 volume of the solution exceeds the pore volume of the
silica; accordingly and preferably, the maximum volume of
the alumoxane solution is, does not exceed, the total pore
volume of the carrier material sample. That maximum volume
of the alumoxane solution insures that no slurry of silica
25 is formed. Accordingly, if the pore volume of the carrier
material is 1.65cm’/g, then the volume of alumoxane will be
equal to or less than 1.65 cm’/gram of carrier material.
As a result of this proviso, the impregnated carrier
material will appear dry immediately following impregnation
30 although the pores of the carrier will be filled with inter
alia solvent. Solvent may be removed from
the alumoxane impregnated pores of the carrier material by
heating and/or under a positive pressure induced by an
inert gas, such as nitrogen. If employed, the conditions
33 in this step are controlled to reduce, if not to eliminate,
agglomeration of impregnated carrier particles and/or




after the addition of the non-netallocene transition nmetal 35 conpound, to

forma free-flowing powder. The free flow ng powder can then be

| npregnat ed by determining the pore WO 97/ 02294

PCT/ US96/ 06182 16 - vol ume of the
carrier and prgyi an al unoxane (or met al | ocene- al unoxan sol ution
in a vol une e‘&é’%@g% | ess than the total pore vol une (ﬁcﬁf‘ I er,
and recovering a dry catal yst precursqf. The resulting free-

flowi ng powder, referred to herein as a catal yst precursor, |s
conbined with an activator (sonetines referred as a cocatal yst) .

The volune of the solution conprising a solid al unoxane and a sol vent

therefor can vary. In a preferred 10 enbodi ment, of al unbxane
i ncorporation i prosshinking iaff the alumoxape.t hEn drks ¢itemg siodyeotscan t he

al U?ﬁxane | bBCoEROVE] KN r}d‘lﬂoﬁaéfféété@taﬁf 'ﬂlﬁt\%bwzt %IY?t h'?fsll S
i s"the pore vol u e Si n_thi odi men e
process of inprggﬁg?{:ﬁé)%we&?r%s fghaﬁﬁg $§{é iag'doﬁlﬁf”uépoﬁ BP the

al unokane sol ut bbwiatetdggkomeratiioor wifngatalyst rpamtiidles @md i er naterial,

such as silsca, cross1imkiftf o¥f WHeX m&hual 0N titughP | 48T et an BE! ution
of t he al unoxane.i.s suff|C| nt to Eﬁll?ﬁge?ﬁ?res of the carrler

material wit houFSPEYRE RY £Y4 @i highek tEmPeratuses: i on
exceeds t he por ghan| that dlefined by thiel rengeagkovali4nfic) amddbplefresabty, the

maxi mum vol ume ghort hedtihcHUHRE B2neAWIEECRUEE b@%%l%&&eﬁﬂvﬁhs

total pore

of the al umxangggbjmﬂ%‘f‘f‘?mﬁ# % r’iaﬁ'gtsntﬁtggébﬂ gniquﬁsﬂkﬁhgg&\é%?

Accor di ngl O i f alhwopane. vol ume of the carrier material is
3h650g{ggr]/9, t hen iﬁeapﬁﬁéfgiﬁﬂa.%h%ﬁﬁ&ﬁﬂﬁt“ﬂéﬂetﬁbtalldﬁ%ﬁ@ aﬁﬁeheﬁé
prgC| so, tﬁreT[ ?nﬁ*‘ g%gﬁgl%g%éﬁ’r f?PFaPerfA\Sta BE jf‘ﬁm'?gﬁatel y
fol | owi ng i npregharien with the solution. Again, as noted above, the
maximum volume of the alumoxane solution alsoc including the
15 metallocene is the total pore volume of the carrier
material sample. The mole ratio of alumoxane provided
aluminum, expressed as Al, to metallocene metal expressed
as M (e.g. 2r), ranges from 50 to 500, preferably 75 to
300, and most preferably 100 to 200. An added advantage of
20 the present invention is that this Al:Zr ratio can be
directly controlled. In a preferred embodiment the
alumoxane and metallocene compound are mixed together at a
temperature of 20 to 80°C, for 0.1 to 6.0 hours, prior to
use in the infusion step. The solvent for the metallocene
25 and alumoxane can be appropriate solvents, such as aromatic
hydrocarbons, halogenated aromatic hydrocarbons, ethers,
cyclic ethers or esters, preferably it is toluene.
The catalyst precursor component formed from the
organomagnesium compound, the non-metallocene transition
30 metal and the activated metallocene, must now be activated
with a cocatalyst, which is an alkyl aluminum compound,
free of water and free of oxygen-containing oligomers.
The cocatalyst can be a trialkylaluminum, free of an
"alumoxane. Preferably, trimethylaluminum (TMA) is the
35 cocatalyst or activator. The amount of the TMA activator
is sufficient to give a TMA:Ti molar ratio of 10:1 to



30 al t hough the pores of the carrier will be filled with inter alia

sol vent . Sol vent may be renoved from t he al unoxane

i mpregnat ed pores of the carrier material by heati ng and/or under a
positive pressure induced by -an i nert ~gas, such as nitrogen. If

enpl oyed, the gafdiohiedns 35 in this step are controlled to I not
to elimnate, h’?g’& oneration of inpregnated carrier part i%ﬁ?&@%%r
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17 crosslinking of the alunpoxane. In this step, solvent can

be renoved by evaporation effected at relatively | ow el evat ed

t enperatures of above 40C and bel ow 50[err]C to obvi at e aggl onerati on

of .catal yst particles and 5 crqgsslinking of the al unoxane. Although sol vent
can be renb980: by RXRIRFADLYoASAE ER 3PPtRt and Rest preferabiyedo:l
than that defined bqome r'nmgea&hmyst4ﬁkhibi€s&ﬂiblbddﬂ&\ﬂ.@&eﬂfb?rclong

short heating t y

aggl oneration ?&?r@f part es an c{r:%sggté% ng (?%&%ﬁglfﬂ al unoxane.
In a preferred enbocﬂ' e %%%F&%E@ﬁeﬁs%e’é‘“‘[@tmn copprisest aon of
the al unoxasie mhetallocénpragpounifahlican alufickdne whiichh ikheedotyt tRE-

Agai n, as notedg rﬁfea | xane ,sol ution

al so i ncl udi ng t%pﬂi{?e 5 oceggé gy?héﬂ%gg}ﬁﬁ%&vol#% ofPhe carrier
materi al sanpl eSORPLYIRYIzationg of efhydenacin particmlate forwwi num
expressed as Al Moreovet Al iweroraahsk ﬁx'ﬁhesnedmventi@a Meh@. Bocdtalysenges

An’added agvani SeSeioboe i o to, 8 LAY oY rdcfed e

can be 0 di reelynexizatiomscand| gopopynerizationts of mhylehe in the
al unoxane and EhseheE G Lluovand ab6fulisrd together at a tenperature
of 20 to 80[err]C, for 0.1 to 6.0 hours, prior to use in the infusion

step. The solvent for the netallocene 25 and al unoxane can be appropriate
sol vents, such as aromatic EXAMPLES
(I) CATALYST PREPARATION

The examples of catalyst preparation are from
15 copending application, S.N. 08/151664, filed November 15,
1993:

The titanium component of the catalyst was prepared
first and isolated as a free-flowing powder. The zirconium
component of the catalyst was prepared-using a "dry"

20 impregnation method described above.
Example 1

(A) Titanium Catalyst Component Preparation. 541
grams of Davison grade 955-[600°C calcination temperature]
silica was weighed into a two-gallon stainless steel

25 autoclave containing a stirring paddle. Next, ca. 4.8
liters of dry isopentane was added to the autoclave and the
stirring rate was set at 100 rpm. The temperature of the
silica/isopentane slurry was 54-58°C. Next, 546 mls of
dibutylmagnesium (0.713 mmol/ml) was added to the slurry.

30 The contents of the autoclave were stirred for 60 minutes.
Then, 33.8 mls of neat 1-butanol were added and stirring
was continued for one hour. Finally, 23.5 mls of titanium
tetrachloride was added to the autoclave and stirring
continued for 60 minutes. After this time, all solvents

35 were removed by evaporation under a nitrogen purge.



hydr ocar bons, hal ogenated aromati c hydrocarbons, ethers, cyclic ethers
or esters, preferably it is toluene. The catal yst precursor
conponent formed fromthe or ganomagnesi um conpound, the

non- et al | ocene transition 30 metal and the activated netal |l ocene, nust

now be activ with a cocatal yst, which is an al kyl ng ATV
conpound, %%8??@@ of water and free of oxygen-containing gk?g ners.

The cocatal yst can be a trialkylal um nunjgfree of an al unoxane.
Preferably, trinmethylalum num (TMA) is the 35 cocatal yst or acti vat or.
The amount of the TMA acti vator Is sufficient to give a TMA'Ti nol ar
ratio of 10:1 to WD 97/ 02294 _

PCT/ US96/ 06182 ' 18 1000: 1

preferably 15:Cataly€o yiieldnwasns96pgrans odf \a Xanl free-filowing: powdex.

catalyst exhi bpj SefigH) 1066 w:;tx-fﬁg keaea 1.45 RALJQds of time, and exhibits
li-ttle deactivation, ) eca si. precur orof i s invention

corrprlses a 5 iy
flui @ bed reactor fmltgais:rpmasupesyggansaofofﬁldeZrCIz wasp tiransfexrre® ons
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The exanpl es ogy ﬁéfé:‘{féd ﬁr&%ahaii gnneerfe@armﬁss:madi ABxaPBbs 2Aha@N,

S.N. 08/ 151664 The titanium

conponent of tﬁﬁ W%% BFeB&FEElbe ﬂ?"ﬁt and isolated as a

free-flowldg pOV\derUnd'd'.le i rinearty atmosphevepobthigrams: of theatjtaniun-

prepared usiNgegntdiNing catalyst described above [(A) Titanium Catalyst
Component Preparation] was added to a 2-gallon, glass-—
reactor vessel containing a helical stirrer to agitate the
catalyst powder and a temperature jacket which was set at

15 30°C. The stirrer was set at 125 rpm. Then, the contents
of the hoke bomb (solution B) was added to the titanium-
containing catalyst in approximately 5-10 ml aliquots every
30-60 seconds over a 45 minute period. The total volume of
solution (B) used was such that the titanium containing

20 catalyst always appeared "dry" during the entire addition
time. ﬁowever, during this addition time, the light tan
titanium~-containing catalyst turned a dark brown color.
After the addition of solution (B) was complete, the jacket
temperature was set at 45°C and the residual toluene was

25 removed with a nitrogen purge for 5 hrs. After this time
the catalyst was a dark brown free-flowing powder.
Analytical results: Mg, 0.99 wt.%; Ti, 1.14 wt.%; Al, 13.0
wt.% and Zr, 0.42 wt.s.

Exanple 3 .

30 A series of resins produced with the catalyst
described in U.S. 5,332,706 (catalyst of Example 3) and the
catalyst of Example 2. The resins were characterized for
their dynamic rheological characteristics (viscosity and
elasticity) using the RMS 800 rheometer using ASTM D44440-

35 84. The granular resins were melt homogenized with

adegquate guantities of anti-oxidant before measurement were



20 | npregnati on net hod descri bed above. (A) Titanium Cat al yst
Conponent Preparation. 541 grans of Davison grade 955-[600[err]C

cal cination tenperature] . silica was weighed into a two-gallon
stainless steel 25 autoclave containing a stirring paddle. Next, ca. 4.8
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slurry was 54-58[err]C. Next, 546 nls of g9 di but yl magnesi um (0. 713

mmol /m ) was added to the slurry. 30 The contents of the autoclave were

stirred for 60 m nutes. Then, 33.8 m s of neat 1-butanol were added
and stirring was continued for one hour. Finally, 23.5 ms of titanium
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mnutes. After comductedeat 200 v dhese3vesips Wergmraftuspde Baderati on

under a nitrogQarietyeor process condi®idhs0248d1ting in a broad range of
PCT/ US96/ 06182

. . 1 al.ys ield
was 496 grans JRSgopikiesee ¥t oiF RisFufEem the a%a%?ﬁu?lf%ﬁtty%% ﬁg
found 1.45 w . @iven lowxshere PiscasitiyunieZordoaeci) cathe ysesine pratviced :
Sol ution Bg 12 Chhoer SASE i ol BFa
oneEJI : ter got t r%igg&ﬂgggﬁn?ﬁ%‘%)%é%i?ﬂ%bl ar 6?1%0?@%\&&%) ﬁ%ﬁ’?&‘ﬁt iggn of
met hyl al unoxan&ERERIe MO SR 1R1qY JAfss modulug GR & ot 8RR I to
forma yel | ow sheucorrespondingsresin datalyzedrby te ccatadlyst idfeU.S.

stainless steelpdiake BOSa offe. mniss ol dediRrbat ohVers diRafidIRg, gl ov 10

. | 4
catalyet doscr ARSTAEBE0R o AShe HH QA ALHEGTPRE. EXPR i Fior aparat i on]
was added 0o a catgdystnecogpesent for prssticingythe dBMEorenponent-.a (14 ﬁ:ﬁ! )
stirrer to agi d}@mha ﬁﬁ@ﬁ I C
PR o TSNP 0 SR g o o
than that produced by the component disclosed in U. S.
Patent 5,332,706. The resin of the invention produced by
15 the catalyst of Example 2 above can be described by the
following equation:
Elasticity (G'/G") @ 0.1 sec” < .44 + 1077 x (Viscosity
'@ 0.1 sec™)

The lower elasticity of the resins provides a distinct

20 advantage in terms of bubble stability as illustrated in

the following example.

Example 4 _
In this example we compare the processability of a HMW-HDPE
resin (Resin B) produced by the catalyst of Example 2 to

25 that of the resin produced by the catalyst of Example 3 in
U.S. Patent No. 5,332,706 {Resin A). The granular resin A
had an average particle size of 0.024 inch and a Ti residue
of 6.3 ppm. In comparison, granular resin B had an average
particle size of 0.018 inches and a Ti residue of 14.6 ppn.

30 The resins were compounded on a Banbury unit. The bubble
stability of the resins is measured in terms of the ability
to produce a 1 mil £film on a 50 mm Alpine extruder equipped
with a 100 mm due (1 mm die gap) at an output rate of 120
lbs/hr, BUR of 4 and neck height of 28 inches. The resin

35 characteristics and processabilities were as follows:



of the hoke bonmb (solution B) was added to the titanium cont ai ni ng
catalyst in approximately 5-10.m aliquots every 30-60 seconds over a
45 m nute period. The total vol ume of solution (B) used was such that
the titaniumcontaining 20 - catalyst always appeared "dry" during the

entire addit time. However, during this addition ti ht
tan tit?ﬂ‘?ﬁ’%ont ai ni ng catal yst turned a dark brown cgﬁyll“.‘wﬁo‘l&ngfter

the addition of solution (B) was conpl ety the jacket t enperature was
set at 45[err]C and the residual toluene was 25 removed with a nitrogen
purge for 5 hrs. After this tine the catal yst was a dark brown
free-fl ow ng powder. Anal ytical results: My, 0.99 wt. % Ti, 1.14 wt. %
A., 13.0 w. % and Zr, 0.42 wﬂ.@b 30 A series of resins
produced with _th : ibed % at gl yst of
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The invention resin B had good bubble stability and
lower elasticity compared to the resin produced with the
prior art catalyst.
1S Example 5

The films produced from the invention resins possessed
excellent properties as illustrated in this example. The
resin was produced in the fluid bed reactor under the
following conditions: reactor temperature 90°C, P; 189

20 psig, ic5/C2 = .17, H2/C2 = .011, C6=/C2= .013, TMA 218 ppm
and a residence time of 3-3.5 hours. The catalyst based on
the Example 1 synthesis of the Ti component was formed with
the alcohol addition step. The FI and MFR of the resin was
6.6 and 110, respectively. The base resin elasticity and

25 viscosity at .1 sec-1 were .53 and 10° poises,
respectively. The film was blown on the Alpine extruder at
120 lbs/hr, 4:1 BUR, and 28 inch neck-height. The
excellent bubble stability of the resin allowed us to



catal yst conmponent is narrower in MAD (lower elasticity) t han t hat
produced by the conponent disclosed in U S Pat ent 5, 332, 706. The ,
resin of the invention produced by 15 the catalyst of Exanple 2 above can
be described by the fol |l ow ng equati on: Elasticity (G/G') @
0.1 sec[err] 10[err] x (Viscosity @0.1 sec[er

The | ower el a‘swt%lggl ?iof the resins provides a distinct 20 ‘z;iéd'%/’g t%lgzi n
terns of bubble stability as illustratedzagn t he foll ow ng exanpl e.

In this exanple we conpare the processability of a HWY HDPE resin
(Resin B) produced by the catalyst of Exanple 2 to 25 that of the resin
produced by the catalyst of Exanple 3 in U.S. Patent No. 5,332,706
(Resin A). The granular resin A had an average particle size of 0.024
inch and a Ti PEeduge film ajy hoth dpand R.EoRple{ sGhe $idsupsopertiasB had
an aver age weparascteixdwsr of 0.018 inches and a Ti residue of 14.6 ppm
30" The resins were conpounded on a Banbury unit. The bubble

stability of the resins is neasured in terns of the abilit
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_to produce:
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Thus it is apparent that there has been provided, in
accordance with the invention, a product that fully
satisfies the objects, aims, and advantages set forth
above. While the invention has been described in

10 conjunction with specific embodiments thereof, it is
evident that many alternatives, modifications, and
variations will be apparent to those skilled in the art in
light of the foregoing description. Accordingly, it is
intended to embrace all such alternatives, modifications,

15 and variations as fall within the spirit and broad scope of
the appended claims.
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154 me"u}mmm“lem n rheol ogy: Viscosity @0.1
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good bubble stability and - lower elasgicity conpared to the resin
produced with the prior art catalyst. 15 Exanpl e 5 The filns
produced fromthe_ invention resins possessed excel l ent properties as
illustrated in this exanple. The ~resin was produced in the fluid bed
react or under the follow ng conditions: reactor tenperature 90[err]C
Plerr] 189 20 SE8EME:iC5/C2 = .17, H2/C2 = .011, C6=/C2= .013, TMA 218 ppm
and & residence time of 3-3.5 hours. The cat al yst based on t he
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excel | ent bubbl e st 53 Pﬁ’fé{%go?ngalﬁlgpl BWEES 12 ‘?’b" %_sg selecte,
97/ 02294 5 from the group consisting opdmnEmEYIEr32r copolymer

22 of ethylene,

wherein the resin has a density of 0.89 to .97:
has a Mw/Mn of 2.5 to 60, and has FI of 1 to 100,
wherein said resin comprises two components of

1o different molecular weight, wherein one of said
two components is a high molecular weight
component (HMW) and wherein another of said two
components is a low molecular weight component
(1MW) with a molecular weight less than that of

i5 HMW
wherein the IMW component is produced by a
metallocene transition metal catalyst component
and has a narrower molecular weight distribution

. than the HMW component which is produced by a

20 non-metallocene transition metal catalyst
component;
wherein the resin is formed in situ in a single
reactor by a catalyst comprising a source of a
metallocene transition metal;

25 wherein the resin has dynamic rheological
properties which satisfy the following eguation:

Elasticity (G'/G") GO0.l1 sec™ < 0.44 + 10~ x (viscosity
@ .1 sec).

2. The product of Claim 1} wherein the resin has a
30 density which ranges from .930 to .970 g/cc.

3. The product of Claim 1, wherein the resin has a
specific density which ranges from .940 to .970.



produce film Il mproperties were as

flf)IOI ows: lmmﬂl" “I“ﬂlll H)ﬂ" I 21;/;)(2:56 ESO g NI(Z))/;’D El nendor f 4o

20/ 60 ~ Thds It Vs apparent that there has been prow ded, in
accor dance I nvention, a product that fully

obj ect s, ﬁ%hpgﬁggﬂdvantages set forth above. VM|Ie t gﬁkﬁgﬁméaon has
been descrlbed in 10 conjunction with ggecific enbodinents thereof, it is

evident that many alternatives, nodifications, and  variations will be
apparent to those skilled in the art in i ght of the foregoing
description. Accordingly, it is I ntended to enbrace all such

alternatives, nodifications, 15 and variations as fall within the splrlt
and broad scope ofé- The®raenstded Slaimsl, wherein the resipphes 82294

PCT/ US96/ 0618@pecific density which ranges from .930 43 .940. CLAI M5:
1. A product |n the formof particles, characterized by a wei ght

average particle diameter in the range of 0.01
5. The product of Claim 1, wherein the Mw/Mn ranges

from 10 to 40.

5 6. The product of Claim 1, wvherein the Mw/Mn ranges
from 15 to 30.

7. The product of Claim 1, which is crosslinkable.

8. The product of Claim 1 which is a homopolymer of
ethylene.

10 9. The product of Claim 1 which is a copolymer of
ethylene and an alpha olefin of 3 to 10 carbon atoms.

10. The product of Claim 1 which is a copolymer of
ethylene and an alpha olefin of 4 to 8 carbon atoms.

11. The product of Claim 1 which is a copolymer of
15 ethylene and an alpha olefin which is selected from the
group consisting of propylene, l-butene, l-hexene, 1-
octene, 4-methyl-pentene and admixtures thereof.

12. The product of Claim 1 which is a copolymer of
ethylene and l-hexene.

20 13. The product of Claim 12, wherein 0 to 20 weight
percent of alpha olefin pf 4 to 8 carbon atoms.

14. The product of Claim 1 wherein the resin contains
0.1 to 10 ppm of said metallocene transition metal.

15. The product of Claim 19, wherein the resin
25 contains 1 to 30 ppm titanium.



-
to 0.04 inches each particle conprising a resin which is

sel ect ed l\“\ \“\‘\l“‘l\“‘\!“\“\t he group consisting of honopol ymer or copol ymer

of ethylen < wherein the resin has a density of 0.89 to

. 97; has a MV Mh of 2.5 to 60, and has FI of 1 to 100,
wher ei n sai dvpﬁ?i,%prrpri ses two conponents of 10 pCT/USOSskdEr ent
nol ecul ar wei ght, erein one of said two conponents is
a high nol ecul ar wei ght ' 25 conponent (HMA and wherein

anot her of said two conmponents is a | ow nol ecul ar wei ght
conponent (LMN with a nol ecul ar weight |ess than that
of 15 HWV : wherein the LMV conponent is
produced by a metal | ocene transition nmetal catalyst
conponent 16. The progyrthgf Glaam: dwrhexsis: hihe resiphhas a

di stribution specific density in tthenrahgeHbdiVeoosq®rsnto.siziech i s produced by
a- 20 non-net al | ocene transition netal catalyst

conpopent ; wherein the resinis formed_in situin a

si ngl e 17. The RuRdust B Glaalalysvhergin ithe doy weieerlay
met al | ocene t waighti compohient is characterized by WgMpidf (s ehiah Bas
dynam c rheol ogi cal properties which satisfy the

fol |l owi ng equati on: Elasticity (G/G') 0.1 sec[err] < 0.44 +

10[erd x (viscosii§. The prodyct|ofcflaim 1, wherein the high The product

of daiml, wheletalabeweéibght dudponeRls charadeawsiiea Wy ofy/maeges from . 930
to .970 g/cc. 3. The product of Cdaiml, wherein the resin
has a grggggrf?%a%e%'si ty which ranges from.940 to .970.

WO 97/ 02294 PCT/ US96/ 06182

24 19. The product of Claim 17, wherein the high

molecular weight components characterized by M./M, of
1o greater than 3.



4.  The product of Claim1, wherein the re |n has a specific
density which ranges from.930 to¢+ 940 5. The product of

Claim 1, wherein the MV M ranges fromlOto 40. 5 6.
The product of Caim1, wherein the MV Mh ranges - from15 to 30.
7. The produgédefaéd ai m 1, which is crosslinkable. The
product of Claim1l which is a homppol ymer of et hyl é’r‘fgf"s Dl‘éé
9. The product of Claim1l which is a copol yner of . et hyl ene and an
al pha olefin of 3 to 10 carbon at ons. 1/1 10. The product of
Caim1l1l which is a copol yner of et hyl ene and an al pha olefin of 4
to 8 carbon atons. 11. The product of daiml which is a
capol yner of 15 g ethylgpe and an al pha olefin which is selected from
t he gro consi sti of propyl ene, 1-butene, 1-hexene, 1-
octene, 4-nethyl Jjentene andl adm xtures thereof. 12. The
product of d ai m% which is copol yner of et hyl ene and 1- hexene.
20 e prod of Caim12, wherein 0 to 20 wei ght
percent of al pha§|0f| n pf to 8 carbon atons. 14. The
product of C ai md md Nherei n ¥he resin contains 0.1 to 10 ppm of
said netall oceneggnsi ti ong'ret al .
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15. The:product of d ai m19 \/\herel n the resin 25q:{‘06®6?wm25 1 to 30

ppm titani um - WD 97402294
PCT/ US96/ 06182 | 21{705

16. The product of CI ai m 1, wherein the resin has a ic
“density in the range of 0. 918 to 0.929. 17. l,‘;;r of
Claiml, wherein | ow nol emxi.mmmmmnmomgimhnwmonent ' A
characterized b :4‘ er err  of | es SEPHER Py . The
product of %A E‘W}EDUNDERT%%WOWO% Refcd)
charact 3(61) mdmhomﬁ{ae.n Classiiatin 6 : _ %1) UidpialiRdl PhbR@HonNumber: -V WO 97/02294
' nol ecul ar wei ght

- (21) International Application Number: \/ PCT/US96/06182 | (81) Designated Sfates: AU, CA, JP, S, European patent (AT,

19. The @g}l%jwMerel n [tLe
cor{pone 1t s char ac’[ erize Merr]/ Mlerr (@fmll@ﬁomll’“bﬁugqﬂéhker Ehiamparg1997 (23.01.97)
BE, CH, DE, DK, ES, Fl, FR, GB, GR, I, IT, LU, MC,

(22) International Filing ate: v/ 2 May 1996 (02.05.96) NL, PT, SE).
o~
(30) Priority Data: Published
08/497,991 3 July 1995 (03.07.95) Us With international search report.

(71) Applicant: MOBIL OIL CORPORATION [US/US]; 3225
Gallows Road, Fairfax, VA 22037 (US).

(72) Inventors: MINK, Robert, Ivan; 30A Gates Avenue, War-
ren, NJ 07059-5732 (US). NOWLIN, Thomas, Edward;
7 Permine Path, Cranbury, NJ 08512 (US)., SCHREGEN-
BERGER, Sandra, Denise; S Hope Court, Neshanic, NJ
08853 (US). SHIRODKAR, Pradeep, Pandurang; 8 Mcin-
tire Drive, Belle Mead, NJ 08502 (US). TSIEN, Grace, \/
Onkee; 78 Elm Street, Colonia.se bil %0?7-4009 (Us).

(74) Agents: SCHNELLER, Marina, V. et al.; Mobil Oil Carpora-
tion, 3225 Gallows Road, Fairfax, VA 22037 (US).

(54) Tile: SINGLE REACTOR BIMODAL HMW-HDPE FILM RESIN WITH IMPROVED BUBELE STABILITY /
(57) Abstract

Single reactor bimodal MWD lugh molecular weight polyethylene film resin has impmved bubble stability. The bimodal molecular
weight distribution resin has low resin elasticity. Preferably the resin is made catalytically in one reactor. The preferred catalyst appears to
control the properties of bubble stability and elasticity.




