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hyl ene” This invention relates to a process for the SR
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in the fabri %ﬁﬂuﬁn%ar eﬁéﬂ%mu&aﬁmtxﬁngom&stzo under TQﬁ‘eéﬁEi@ for
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0 evelopnen tallocene c
transition mer: ﬁrgg%@g c‘é?’éﬁ LSt gf 2 féﬂlﬁn&g‘azﬁr%ﬁsﬁhd %HBXF n?at i on
of ethyl ed®. RWeRHFESchanch Cewmaée§€ﬁ'¢%ﬁlﬁfsb?xbhbi%rﬁﬁ@%u@a'FO'fm a
Cp[ err] MA er mdBeetldr weide@dstrilf@ipaunds bé coafibradllgnusédul Hh Wwiexane

cthyl ene and Toa e L fona haf eraicir Bl | one
copol yners: s“H@eE' @Fg’éf& P¥ ﬁ%ﬁ’zfgg aﬁﬁ 3(5’§SA 2ap Ahept psi,
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al kyl group apd tReefhalilaxiBRidMd/or to the u¥Rihtdldsmeymge. is comonly
produced L}?Jy rea&,;lle ngeed for new catalysts lead to the development of
metallocene compounds of transition metals as catalysts for
polymerization and copolymerization of ethylene. Metallocenes
can be described by the empirical formula Cp,MA,B,. These
compounds in combination with alumoxane have been used to
25 produce olefin polymers and copolymers, such as ethylene and
propylene homopolymers, ethylene-butene and ethylene-hexene
copolymers: see, for e}&ample US-~-A-4542199 and US-A-4404344,
Methylalumoxane (MAO) is commonly used as co-catalyst with
metallocene catalysts. It belongs to the class of alumoxanes
30 which comprises oligomeric linear and/or cyclic alkylalumoxanes
represented by the formula:
R-(Al1(R)-0),~AlR, for oligomeric, linear alumoxanes and
(-Al(R)-0-), for oligomeric cyclic alumoxane
wherein n is 1-40, preferably 10-20, m is 3-40, preferably 3-20
35 and R is a C-C3 alkyl group and preferably methyl.
. ‘Methylalumoxane is commonly produced by reacting
trimethylaluminum with water or with hydrated inorganic salts,




tri'ret hyl al umi numwith water or with hydrated inorganic salts,

o 2- such as CQuSJerr].5Herr]O or Alferr](STerr])[err]. 5H[err]O

Met hyl al unbxane can be al so generated in situ in polynerization reactors
by adding to them trimethyl al um num and water or water-containing
‘inorganic salts. MAOis a mxture of oligoners with a very wi de
distribution of 5 nolecular weights and usually wth an average nol ecul ar
wei ght of about 1200. MAOis typically kept in solution in tol uene.
While the MAO solutions remain liquid at fluid bed reactor " tenperatures,
the MAO itself is a solid at roomtenperat-ure. Most of the

experinents reported in the literature relati ng 10 to net hyl al unbxane used
as a cocat al F3ChyRS [CuFe: -G C&EnRL2 (S04 a2k st YeFRBLAMMOXARRSRN ReRlOurry or
sol uti on procmmerated Nigr situtimpolymer igasiphasaadtionsdbp edidiagctorthamocess.
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‘lead to a decreasati is Miesiaathleater cenickod| ehbr MDD of t ¢tk i lytherisation
products, because such control provides a method of meeting

15 target molecular weights, which vary for different applications.-
Generally, a low MI product is used for producing tough films.
However, depending on the fabrication means and method,
polyethylene (and its copolymers) of Qdifferent MI will be
required. For example for blown film production, the

20 polyethylene target MI ranges from 0.6 to about 2. - By
comparison, for cast film production the polyethylene target MI
ranges from 2.5 to 3.5. When the application is injectibn
moulding, and target MI ranges up to 150, usually from 10 to
120, hydrogen may be used to control MI.

25 The present invention is predicated upon the discovery that
certain reagants can alter the MI of the polymerized product:
more specifically, isopentane and electron donating compounds
lead to a decrease in MI; and water and electron withdrawing
compounds leads to an increase in MI.

30 "This discovery enables control of the polymerization
process to adjust MI.

According to the present invention, there is provided a
process for the polymerization of ethylene or the
copblymerization of ethylene with an alpha olefin of 3 to 10

35 carbon atoms, produces resin having a MI (g/10 min.) value in
the range of 0.0001 to 500, (wherein MI is , wherein the process
comprises:



corr'—f)ounds | eads to an increase in M. 30 Thi s di scovery enabl es

geontrol of the polynerization process to adjust M. Accor di ng
to the present invention, there is provided a process for the
pol yneri zati on of ethylene or the copol yneri zation of ethylene

with an al pha olef in of 3 to 10 35 carbon atons, produces resin having a
M (g/10 min.) value in the range of 0.0001 to 500, (wherein M is ,
wherein the process conpri ses:

- 3- (a) fluidizing a particulate, activated supported

nmetal | ocene catalyst, in a fluid bed gas3phase reactor, wherein
the catal yst conprises_ a . syupport, a transit net al err])
and Al, wherein t &8 anDiigd 8? a  particyjate. (3§ Q‘éﬁ@h?‘gl FHRP*9%hnges

from0.001 to 10 wei ghtetallocene catakgstgenin wheflwislinbedl gas| ephasen|
basis) ranges from  reactor, whekelifl ﬂfbwak—.slnys@eidi@aasamh ishgpdtt Maerr]

ratio (el emental Srians:t%:hoxpﬁe g éeT’ efnc{ chim %ﬁﬁ%glr}%goamoun% of (b)

contacti ng sal d cataly roup

consi sting3f (1) ethyfrentelemeptalihapigheranges from 0.004yHo,dg WFHP‘:
hydrogen, (3) ethyl enepeatentedthe khoamt Al (elemental hhphs) olambes ©fom8 to 10

carbon atons, and (4) i1 to 40 welght p@r@ﬁh@%@@ﬂhmw bhely qeagen@and an
al pha ol ef in of c% on gb to produce pol ynerized
POh

product; 15 (¢c) ?ﬁ"ﬁt’af'ﬂn%es §r°m e 7 pressure of |ess than
1000 psi (6.9 NPa)(bhndcqltﬂéltyn%rﬁzJﬂ ‘-'@r\'-aﬂ-ﬁﬁ’be‘f’h'%l’ur% Pfeed selectea frrm he
range of S err] C to 1¥id &fdohp; consisting( @f qampt aehyhshd,hq2f)| ekRyzéaik

catal yst with 2 reageniadided Jise hydrogeh/!C(AWRnieHEAAASRA! DEcM ol the
polyreri ze alpﬂ% Oolef:Ln of 3 to 10 carbon atoms, and (4)

ethylene admixed with hydrogen and an alpha olefin of
3 to 10 carbon atoms, to produce polymerized product;
15 (c) maintaining a polymerization pressure of less than
1000 psi (6.9 MPa) and a polymerization temperature
in the range of 55°C to 115°C;
(d) contacting the fluidized catalyst with a reagent to
increase or decrease the MI of the polymerized
20 product; and '
(e) recovering polymerized product.
It may be possible to operate the polymerization
temperature in the range 50°C to 115°C.
In one embodiment the reaéent is isopentane and/or an
25 electron donating compound to decrease the MI of the polymerized
product. Preferably, the isopentane is used at a partial
pressure of from 2 to 80 psi (14 to 550 KPa).
Preferably, the electron donating compound is used in an
-amount ranging from 0.01 to 500 ppm molar ratio to ethylene.
30 Desirably, the electron donating compound is selected from
the group consisting of oxygen, carbon monoxide and carbon
dioxide.
It is preferred that the isopentane is co-fed with the
electron donating compound, which is selected from the group
35 consisting of oxygen, carbon monoxide and carbon dioxide.
In another embodiment the reagant is water and/or an
electron withdrawinq compound to increase the MI of the



(e)%recovering pol yneri zed product. It may be possible to operate
« he pol yneri zation tenperature in the range 50C to 115[err]C I n
one enbodi nent the reagent is isopentane and/or an-25 el ectron donating
conpound to decrease the M of the polynerized product. Preferably, the
isopentane is used at a parti al pressure of from2 to 80 psi (14 to 550
KPa) . Preferably, the electron donating conpound is used in an
anount ranging fromO0.01 to 500 ppmnolar ratio to ethylene. 30
Desirably, the electron donating conpound is selected from t he group
consi sting of oxygen, carbon nonoxi de ard —tar bon di oxi de. It is
preferred that _.the jsopentane is co-fed with the el ectron donati ng
compound, whPOAYPE 8% PFedFY-om the group 35 consi sting of oxygen, carbon
. nonoxi de and car bBwe dinvengidon is applicablecthdriginisrdileownpressunecagsant i s
wat er and/ or phEise pRdEse8N (Bht Nelith\iphesSOF 0iNthdoO PsCl 8as eupdyg ,Min0f the
- 4- pol y%&&ﬁedm&;]e%%‘i%&- weight Eﬁl‘%rw"e&é'oéle'ﬂnap%%g&lse. & gh' gh or
| ow pressure gas phasé processes (cbut Wt h pressure. < pSi .9
Mpa]), in 3 CRRPLYMSRRA)ecRifeducRE] Yhihe AFEEENCHPIR SRl ERFSARFRtFYStS
copol yners), ipredfested byt dentproddéngetind MI abttld oesndting glojgmer. s
effected by contrghld Na-drRerdd Qfbdadifeh€sUitheN@rB8Lsd™Ss undertaken ind _
preferred enboglo‘r'r,ents trhe gror?régesd | s under o%_k%ntlag £ aollowegrze Syre fluid
bed process for ab=TTIE FEMSTeri e &ECoR=" *Br “A5pbY YR PPoh
et hyl ene, i n9rhecpplamendzaspionef gthydene. 1in Ehe Anpsence of metallpgengat al yst
I S a suppaot edtaaysty.st, wherein the support Is preferably silica,
al umina or sili Caéﬁ%‘&?t%iyséfE% %uQGfESrEeﬁ catalyst, wherein the support
is preferably silica, alumina or silica/alumina: the support is
preferably also amorphous and porous. In the preferred catalyst
the support is silica.
15 The MI can additionally be controlled by controlling the
' polymerization temperature within said range of 55°C to 115°C,
the polymerization temperature being selected to be at the
higher end of the range to produce product of relatively low MI,
and the polymerization temperature being selected to be at the
20 lower end of the range to produce product of relatively high MI.
~ For increasing the MI of products produced during the
polymerization process, the temperature of polymerization is
decreased. Thus, if the product MI would be about 0.02 and the
need for increasing the product MI above 0.02 is present, then
25 the polymerization is undertaken at temperatures at the lower
end of the range of 55°C to 115°C.

For example, the temperature may have to be above 65°C to
produce a product MI of less than 4, above 70°C to produce a
product MI of less than 3 and above 75-80°C to produce a product

30 MI of less than 2. Conversely, the temperature may have to be
below 100°C to produce a product MI_of greater than 0.5, below
90°C to produce a product MI of greater than 1 and below 75-80°C
to produce a product MI of greater than 2.

The polymerization temperature may be in the range 65 to

35 90°C, preferably 75 to 80°C,

The polymerization product according to the invention

generally has a MI in the range 0.0001 to 500, preferably 0.1



pre?erably al so anorphous and porous. In the preferred catal yst

t he

wsupport is silica. 15 The M can additionally be controlled by .
controlling the pol yneri zation tenperature within said range of 55[err]C
to 115[err]C t he pol ynerization tenperature being selected to be at the
hi gher end of the range to produce product of relatively low M, and the
pol yneri zation tenperature being selected to be at the 20 | ower end of the
range to produce product of relatively high M. For increasing the
M of products produced during the pol ynmeri zati on process, the
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need for decreasi'nq the product MI is present, then the
polymerization is undertaken at temperatures at the higher end
of the range of 55°C to 115°C. The temperature range of the
process is dependent on the product density. For example, 60
to 90°C is typical for low density (<0.930) products.

As described above, the reagents which are used to decrease
MI are electron donating in effect: a preferred group of
reagents include oxygen and organic compounds containing oxygen
atoms. The 'reagents which are used to increase MI are electron
withdrawing in effect.

In the process according to the invention, the activated
catalyst is fluidized by diffusing gas, e.g., recycle gas,
through the bed at a rate sufficient to maintain fluidization.
Fluidization can be achieved byn a high rate of gas recycle to
and through the bed, typically in the order of about 200 times
the rate of feed of make-up gas.

The olefin feed to the reaction zone of the polymerization
reactor comprises ethylene. Ethylene polymers, as well as
copolymers of ethylene with one or more C;-Cyy alpha-olefins, can
be produced in accordance with the invention. Thus, copolymers
having two monomeric units are possible as well as terpolymers
having three monomeric units. Particular examples of such
polymers include ethylene/l-butene copolymers, ethylene/l-hexene
copolymers and  ethylene/4-methyl-l-pentene copolymers.
Ethylene/l-butene and ethylene/l-hexene copolymers are the most
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5 I n accordance w th another aspect of the invention there S
provi ded a pol ynerization product nmade by the process defined above,
said product having a M |ess than 500, a settled bulk density in the
range of 22 to 36 |b/ft3 (350 to 580 kg/nferr]) and a density |l ess than
0.94 g/cnferr]. 10 For decreasing the M of products produced during
t he pol ynmeri zati on process, the tenperature of polynerization is

i ncreased. Thus, if the product M would be about 10 and the need for
decreasi ng the product M is present, thén~ the pol ymeri zati on is

undert aken at t t he .hi her 5 of ther e_of, err]C to
115[err] C Th%l[‘%gr%%era e rgﬁsgolwgﬁlze é}e&'“gs% Q%n%{]%ﬁf it

product densi $3talygt eia?ﬁﬁ%msentmrto 90[err] Cis typical for |ow den3| ty
(<0.930) productsS.The ethylems dpedynérs mivaveedt hn scegtnteWhich 6he used
to decrease prdderd Qn%x?&tornoﬁrgpé%li}gcéﬁha?nf get 1ea?sh°5%£§£ raedj HQEQQRE of 20
reagent s |rgcl§£e ox§g r%u Elav ani s cont al_ni.ng

The reagents LY I W&’rfesafse caral %?%Eifr’im's in ‘?ti'ftﬂna’m‘lhg in
ef fect. be ysed ke prlamersizecuwriilane tand hthen\adphaonlefites aoti vat ed
gag alyst is féopstiyeatigy di finem.ng mfeeasly.recmtee 935&) rii RROYGH tBe
ed at a rate i pt ai at zatlo can e
achi eved by a(ﬁégilyﬁé?ma#&nga it J)ﬂdfekgélgérz d ?hrt(?l'f&ﬁr? ureoe& %l cally
in the order Bfe® ’2%7€P“E| ??Bg S"’ttﬁ§1%‘%t é:eﬂ‘PeFé'@éF%f ofpkEbep pgaymer
The ol efi M@ endrtmlahe reaction zone of the polynerization 30 reactor

conprises ethyl enern ththydRRipeLyaess po@..?m&‘?ﬂaﬁ%n prGQ@::CQ yd?s'i:%zﬂéd

et hyl ene wi th, or err err roduced
in accordance %%h ﬁpgssuréanta%n usﬂoo%t’p%i1 (r)ﬁ?%Pa) ’ i?&ﬁ?ﬁ@a?%bﬁg Foneri c
units are pos%‘i"?:ﬂ‘b“aésm%lupads terisy pressire pRAVReRizatien prAmswrescofinits.
Particul ar exappiceabofit suado Bsipeé yowpa) i awd wipleyeéy) ene/ 1- but ene

copol yner s35 et hyI | _
et hyl ene/ 23 ih %eééc&f‘d&%‘é w1thC‘EH€re i?ﬂs%%hﬁlo%,[ réq’leeﬁlelf’f ed reactor is

pent ene
et hyl ene/ 1- he%%%‘éa (?ngFﬁﬁ?rs?“ﬁ?% qfhép Hifs fbout 1000 psi (6.9 "wPa) . In low

pressure polymerization carried out in accordance with the
process of the invention pressures are below 400 psi (2.8 MPa),
and preferably operation is at a pressure of from about 150 to

20 350 psi (1 to 2.4 MPa); operation at the higher pressures in
such ranges favours heat transfer, since an increase in pressure
increases the unit volume heat capacity of the gas. The high
activity of the catalysts allow for efficacious low pressure
fluid bed gas phase polymerizations.

25 Much lower activity catalysts may be employed in high
pressure processes at préssures which exceed 400 psi (2.8 MPa),
such as solution and high pressure slurry polymerizations.

For the production of ethylene copolymers in the process
of the present invention an operating temperature of about 55°

30 to 115°C is used. Generally, temperatures of 60° to 90°C are
used to prepare products having a density of 0.91 to 0.92;
temperatures of 70° to 100°C are used to prepare products having
a density of 0.92 to 0.94, and temperatures of 80° to 115°C are
used to prepare products having a density of 0.94 to 0.96.

35 The partially or ’‘completely activated catalyst is

' preferably injected into the fluid bed at a point above the
distribution plate at a rate equal to its consumption. Since



-6- preferred copol ymers polyierized in the process of and with the

catal yst of this invention. The et hyl ene copol yners produced in
accordance with the present invention preferably contain at |east about

80 percent 5 by weight of ethylene units. The catalyst of this invention
may be used to polynerize propyl ene and ot her al pha-olefins and to
copolynerize  them Pref erably, t he pol yneri zati on

(copol ynerization) is undertaken at a tenperature and/or pressure bel ow
the sintering tenperature of the Txﬂyher 10 particles. In the

general type ' i OF c oL . o s ms
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since an increasernd ppb@3Stidh ratd M BabRrer BR tHH helOldRnbpai1&BRYCI Ly Of
the gas. The P‘I g%: acélt\:n f’fé of the c?t atl %sés all ow for efficacj,ous | ow
presaure | fPRIedy chate rass of Forafysh FRaachesdt 1fechion ! Rite
activity &8t anysehangg ige thaprase®fi gakrbrst injeetion chgngeasthe rate
pressures whiothgeneradoh00f pthe (healt dbPageactioctlChhasteamplertatare asfl tdhiegh
pressure sl urr@ﬁx@?é YR | #£ALaglBteq to accolifibadtl dHeOMEhGONi Pl rflneene

copolynmers in the process e present | nvention an erat)n
tenperature &f2% rakieRy | CRPLare I IETREPPPREF AR .b°t@e"ro{§r§f‘?’5fi,l ed

t enper at ur es befl ®8] ¢he] recyd@| gas |cQoding sysgeudis o ofir epwse, pneckasasyhavi ng
a density16f +Q. @dtddt AnPenperkCiPEcHany8SirOtné0b&d b 46 tH0Bheb1d &nare used
to prepare prcggggff JI}% LRl %o maﬁedaegﬁlfi}ﬂblpg agpggtﬁ&&oigdt%ea@gm gr[g‘:g{r%t ures
of 80[err] to er are used To0 prepare products having a density of
0.94 to 0.96°f3Fhe recygle gagt| gSijce oghECEﬁ’ﬁF ePE| heatycoenaratdoncdsal yst
S pr ef er alikgctly exdéxtedntto tprediittii tiodmedtiah, aapmeasurdneEnt tdfe the

di stributionRhdbfatire ridh ol gh® ddrdssOntdHhcehr @NeCAifference
20 between inlet gas temperature and exit gas temperature) is
determinative of the rate of particulate polymer formation at
a constant gas velocity.

The reagents which are used to decrease MI, compared to the
MI of products produced in the absence of said reagents, are
25 isopentane and compounds which are electron donating in effect.
. Electron donating compounds which have been used and which
do decrease MI include oxygen, carbon dioxide, carbon monoxide.
A preferred group of reagent compounds which are electron
donating in effect include organic compounds which include
30 oxygen atoms. Electron donating reagents which may be used
include co, co,, NO, NO2, N,0 ethers, alcohol, peroxides,
ketones, esters, thioethers, amines, phosphines, phosphine

oxides,and phenols. .
The general formulas for these electron donating reagents
35 are: ROR!, ROH, ROOR!, RCOR!, RCOOR!, RSR!, RRR™N, RR!R’P, RR!R?PO
where _ .
R-CH;, GC,Hs, n-CH,, i-CH;, n-CH,, i-CH,, t-CH,, C¢Hs or



-7-° the catal ysts used in the practice of this invention are highly
active, injection of the fully activated catalyst into the area bel ow
the distribution plate nmay cause pol ynerization to begin t here and
eventual |y cause plugging of the distribution plate. 5 Injection into the
bed, instead, aids in distributing the catal yst throughout the bed and
precl udes the formation of | ocal i zed spots of high catal yst

concentrati on. The production rate of polymer in the bed is
controll ed by the steady state rate qf catal yst and nononer injection.
Since 10 any change in the rate of caféﬁ?' I nj ection changes the rate

of generati ogtggrtm eg&bgéigﬁgﬁtém gg:.ggpterrperature of the recycle

gas is adjuste

accomo tion.
Conpl ete instrune "d"ﬁ Bna(‘?s %o?‘ﬂyﬁﬁegg?%%ezgﬁaé&fﬁganﬁh ’%h@%’gt’y Fe gas
cool i ng syst 6y SHsofnchiy,sdrCHac0sSasy 1tSidbe tredbot Cdlayon ofper &1k¥d change
in the bed S@uggtiﬂlt@aaafyltmup, control systemto nake a suitable

adj ust ment gi n th%ﬁfé@?&%&{ﬁ% are 8&;{1 3 {10 it a: Cgéfectz.vgw%hgrx'ie%ﬁ&e of

heat gener at ion is
of the te#&e?ﬁt%PFPg\éc*bbet F}gcﬁ%ﬁ?’&@rb s 1 ar 8% (Riasey hElyid P&Fence 20
bet ween i nl etregator etiperaltafiie fned eks tingdthe areseatearef alout wddfetni native

of the rate (&fboﬁﬁri[d(ﬁ%ﬁﬁ R0t YRk of ¥ ﬁﬁéé&l&oﬁﬁound% eaﬂ&m{edg&s thel ocity.

h wh d
ot oduct S pr ofIBSR T <EhYL s, ERed ories qpipeull A B2, L0AckEe tadh 1R .

conpounds fhixeachien épeémmze&hamme) rPreWg%‘? as a co-feegy eé't?%xeénat i ng
conmpounds whiwdlthhae®ydiecgass ek Fod Wita lany otivexlaedastrddm.i ncl ude oxygen,

carbon di oxide, c r r g ounds
whi ch are el ecgt ro%%éongtqflégg&mg + %ﬁlﬁgﬁéo%%ﬁggn%?mgﬁ%cﬁ \%ﬁl ch

i ncl ude 30 oXIGBATaYHg atoms VFoﬁlﬁ?)ngff"hge’F S ST ERay e Pised
i ncl ude CO, GOczea3ind\O, MK eradd Niacipde et hérsallmleéhmipurperom-@s
ket ones, @st ergmetiyRAWREHEM, AN HiESthPIOBMINARS, phﬁsﬁﬂuﬂﬂ:ylal@msixdﬂsand
phenol s. alky1d \6n9RRCERY o HTUL AR 1hQA L&ea??e, L8G4 A NREALG e agent s
Some representative formulas are: R,Mg, RMgCl, R;Al, R;B, R;AlC],
R,BCl, RAlCl,, RBCl,, R;Al,Cl;, R;B,Cl;, where R may be H, CH,,
CH;, n-CsH,, i-CH,;, n-CH,, i-ClH,, t-CHy, CsH; or other alkyl

20 group, or aryl group, or substituted aryl group. These reagents
are added in amounts effective to change the MI of the product
by increasing it.

Note that although these reagents can change MI, they do
not increase fines production. .

25 In a gas phase, fluid bed reactor, the olefin feed is in
the presence of about 10 to about 1000 ppm molar ratioc of these
compounds, calculated on the basis of ethylene feed. In
addition to increasing MI the reagent does not increase fines
production. This compound can be injected into the reaction

30 (polymerization zone) or added as a co-feed, or admixed with
recycle gas, or injected with a comonomer.

Hydrogen may be used as a chain transfer agent in the
polymerization reaction of the present invention. The ratio of
hydrogen/ethylene employed will vary from 0 to 2, preferably 0

35 to 0.5, moles of hydrogen per mole of ethylene in the gas phase.
Any gas inert to the catalyst and reactants can also be present
in the gas stream.



35 ar e: RORerr], ROH, ROOR[err], RCOR[err], RCOOR err], RSRerr],
RR[err]Rerr]N, RRerr]Rerr]P, RRerr]R err] PO wher e

RCHerr], CJerr]Herr], n-Cerr]Herr], i-Cerr]Herr], n-Cerr]Herr],
i-Clerr]Herr], t-Clerr]Herr], Cerr]Herr] or

- 8- ot her al kyl substituted aryl group; Where R err] and
Rlerr] may be the sane or different, and may be H, CHerr],
Cerr]JHerr], n-Cerr]JHerr], i-Clerr]Herr], n-Cerr]Herr],
i-Cerr]Herr], t-CJerr]Herr], Cerr]Here] or other alkyl substituted
aryl group. 5 These reagents .are added in anmounts effective to

change the M @8eféerenge dduntew maddete ddei agePnpanying deavisigsEigitali d bed
reactolr the Oiefwh?.eh];]l%eg é&xémﬁti@%rﬁ%fi@rma(ljasabﬁaée @1Qigtwea re@@@ﬂi I1000
ppm nol ar ratjo of ese GO yl ene
feed. This co#&f' 3521np%1émie glddl °%t %H%ﬁi%‘lr'}ggg T fo?:;o ?l’rrg;rlléz% I on
zone) or adde@FQﬂPi—Sa ecqnsdiag ‘é‘P thmipxegent J\M"Fﬁt%‘é%'ycl e gas, or fed into
any ot her fseed st rfaPigure 1, a rdiAag@enis canslists ngf wareactiwh tzbaeel2,

Kﬂon});“ ni ngnglgcm&m V\eé&wtgw%%orﬁ hé’ﬂ’c? a' %qsbem@anolpy@& tgpcontrol

reasin I ncl ude m nu g 15
trimet hyl al ur®H udn £}, FRY AFFHUAD ant?‘% 6%‘6% é?a?ﬂ?ﬁ@mfr?‘feas in
al kyl al um nuna ctgastedeat ta jtemperatare bichnds dlefisk Fhanghes i tgmperatwogre
represent ati vee f @ii6H athyarcbmpbBheit | My, tm/g&s pilae ]rAda.cth:eali:]aBliquid

RerT1A Caq ol BElaadBAlLS) [ s BB [l Bt AL prg Ll sbid
R[err]B[errﬂd:Ter € h ﬁ %;{ @,‘aﬁ
n-C[ err] H err§asi YCF@FF‘]’HE%r rﬁmcﬁ EF eFegHtSy AR, 3 r@?b‘?r} in the

t-C err] H errpressueer | dfay r pcoesot e adksy&rxmtgromatsr dug | tg:roﬁpqw or

substi tut ed a{—aéuqrceusn Thesén rﬁ%@ﬁ&testncﬁr&sae@sg Fos®unf Thahfesgive to

change the M £) ’e‘{& rlg)du 5__ creas %ute to eactorNoo r E

al t hough t hes®&'} ﬁgﬁ?g c&f Eﬁrérh ct°ﬁ‘e NGt INar ease o Hé%

product i ontS 2Broblems.| n a3 gas phase fluid bed reactor, the ol efl n feed is

.in t he presenaheoflosestt tifipératalreutinl OfHe ppéad‘umlral‘ld’o@t iis oint bRee
reactor inlet beneath the distributor plate.. other areas
representing the coldest sections in the fluid bed reactor
system include the cooler and piping between the cooler and the

20 bottom head. | | |

The reaction zone 12 comprises a bed of growing polymer
particles and a minor amount of catalyst particles fluidized by
the continuous flow of polymerizable and modifying gaseous
components. To maintain a viable fluiidized bed, the mass gas

25 flow rate through the bed must be above the minimum £flow
required for fluidization, and preferably from about 1.5 to
about 10 times G, and more preferably from about 3 to about 6
times G.. Gy is used in the accepted form as the abbreviation’
for the minimum mass gas flow required to achieve fluidization,

30 C. Y. Wen and Y. H. Yu, "Mechanics of Fluidization“, Chemical
Engineering Progress Symposium Series, Vol. 62, p. 100~111
(1966) .

The distribution plate 20 serves the purpose of supporting
the bed and distributing recycle gas through the bed at a rate

35 sufficient to maintain fluidization of the bed. Fluidization
is achieved by a high rate of gas recycle to and through the
bed, typically in the order of 50 to 200 times the rate of feed



conpounds,
d ncreasing M the reagent does not increase fines pr oducti on. Thi s
conmpound can be injected into the reaction 30 (polynerization zone) or -
added as a co-feed, or adm xed with recycle gas, or injected with a

conononer.

to the catal yst and reactants can al so be present
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cal cul ated on the basis of ethylene feed. In addi t

ion to

Hydrogen may be used as a chain transfer agent in the
pol yneri zation reaction of the present invention. The ratio of
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nol es of hydrogen per nole of ethylene ip the gas phase. Any gas
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The distribution plate 20 serves the purpose of diffusing
recycle gas through the bed at a rate sufficient to maintain
fluidization. The plate may be a screen, slotted plate,
perforated plate, a plate of the bubble.cép type, and the like.
The elements of the plate may all be stationary, or the plate
may be of the mobile type disclosed in US-A-3298792.

Under a given set of operating conditions, the fluidized

bed is maintained at essentially a constant height by
withdrawing a portion of the bed as product at a rate equal to
the rate of formation of the particulate polymer product. The
catalyst is injected into the bed at a point above the
distribution plate at a rate equal to its consumption.
Injection of the catalyst is via a catalyst feeder. Since the
catalysts used in the practice of this invention are highly
active, injection of the fully activated catalyst into the area
below the distribution plate may cause polymerization to begin
there and eventually cause plugging of the distribution plate.
Injection into the bed, instead, aids in distributing the
catalyst throughout the bed and precludes the formation of
localized spots of high catalyst concentration.

The catalyst used in the invention comprise a carrier, an
alumoxane and at least one metallocene. The catalyst is
desirably free-flowing and particulate in form comprising dry
powder particles having a particle size of from about 1 micron

0.5,
i nert

in the gas stream

e
or

d

qui d
easily
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20 bot t om head. The reaction zone 12 conprises a bed of grow ng

+pol yner particles and a m nor anount of catalyst particles fluidized:by

t he continuous fl ow of polynerizable and nodi fyi ng gaseous conmponent s.

To maintain a viable fluidized bed, the mass gas 25 flow rate through the
bed nust be above the m nimum fl ow required for fluidization, and
preferably fromabout 1.5 to about 10 tines er]r and nore preferably
fromabout 3 to about 6 times Jerr], Jerr] is used in the accepted form
as the abbreviation for the nini mim*asSs gas flow required to achieve

f1ui di zati ongg 3ot 260 WEBraHM! Yredbrabity 06 RBBLES PhiEkUALIBALLAR

Chem cal Enogl neering Proaress. S OEI.U{F Ser| es, Vgl. 62, p. 100-111
(1966) . Str s u orting
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The amount of metallocene on the carrier ranges, on a
15 transition metal (My,) elemental basis, from 0.001 to 10 weight
percent, preferably from 0.01 to 1.0, and most preferably from
0.05 to 0.4 weight percent. Accordingly the ratio of Al:My (on
an elemental basis) in the catalyst can range from 25 to 10,000,
usually within the range of from 50 to 1000 but preferably from

20 about 75 to 500, and most preferably from 100 to 200.

To form catalysts of the invention, all catalyst components
can be dissolved with alumoxane and impregnated into the
carrier. Catalyst preparation can be undertaken under anhydrous
conditions and in the absence of oxygen. In a process described

25 below, the carrier material is impregnated with alumoxane,
preferably methylalumoxane.. The class of alumoxanes comprises
oligomeric linear and/or cyclic alkylalumoxanes represented by
the formula: R-(Al(R)~-0),~AlR, for oligomeric, linear
alumoxanes; and (-Al(R)-0-), for oligomeric cyclic alumoxane

30 wherein n is 1-40, preferably 10-20, m is 3-40, preferably 3-20,
and R is a C¢;-Cg alkyl group and preferably methyl.

MAO is a mixture of oligomers with a very wide distribution
of molecular weights and usually with an average molecular
weight of about 1200. MAO is typically kept in solution in

35 toluene. . '

| The volume of the solution comprising an alumoxane and a

solvent therefor can vary, depending on the catalyst sought to



t hen passes through a heat exchanger 26 and is returned to the bed.
Jhe distribution plate 20 serves the purpose of diffusing 15 recycle gas

through the bed at a rate sufficient to maintain fluidization. The
plate may be a screen, slotted plate, perforated plate, a plate of the
bubbl e cap type, and the |ike. The el enents of the plate may all be
stationary, or the plate may be of the nobile type disclosed in

US- A- 3298792. 20 Under a given set of operating conditions, the
fluidized bed is nmaintained at essentially a constant hei ght by

w thdrawi ng a portion of the bed as prd2luct at a rate equal to the rate
of formation of the particul ate pol yner product._ The catal yst is

inj ected | RBo PRRAYRRfat a Hbi Mt JBGFETFRE 2embpdimenty iofn RLNMEXaRe, rate
equal to i|tiscopparatdidnodinto thejeaxriien, obénd et chkatystrokl iriga factatal yst
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event ual 5y prafierrexd LEnboddmeht| htheli ptocdsst ofn ippaeégnating rjhecicaerient o t he
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volume of the carrier material sample: this maximum volume of

15 the alumoxane solution ensures that no slurry of silica in
solvent is formed in this step.

By way of example, if the pore volume of the carrier
material is 1.65 cm’/.g, then the volume of alumoxane will be
equal to or less than 1.65 cm’/g of carrier material. Thus, the

20 maximum volume of solution (of metallocene and alumoxane) will
equal the total pore volume of the carrier, e.g. silica, which
is the pore volume in, e.g., cm’/g, times the total weight of
the carrier used. As a result of this provision, the
impregnated carrier material will appear dry immediately

25 following impregnation although the pores of the carrier may be
filled with inter alia solvent. The preferred solli.rent' for the

aluminoxane, e.g. methylalumoxane, is toluene. The advantage
is that the impregnation is undertaken in a single solvent
systemn.

30 Solvent may be removed from the alumoxane impregnated pores
of the carrier material by heating and/or under a wvacuum or
.purged with heating in an inert gas, such as nitrogen. 1If
elevated temperature is employed, the temperature conditions in
this step are controlled to reduce, if not to eliminate,

35 agglomeration of impregnated carrier particles and/or
crosslinking of the alumoxane. In this step, solvent can be
removed by evaporation effected at relatively low elevated



L
of alum num (elenental basis) provided by the al um noxane, on t he
.carrier ranges from1l to 40 wei ght percent, preferably from 5to 30
wei ght percent, and nost preferably fromb5 to 15 wei ght percent. The ..
opti mum MAO | cading is in the range of 3 to 15 10 mol es of al um num per
gramof. silica carrier; if a silica carrier is overloaded wth MAO the
catal yst activity is |ower and the catal yst particles agglonerate with
attendant probl ens of transferring the catal yst. The amount of
netal | ocene on the carrier ranges, on a 15 transition nmetal (Merr])
el enental basis, from0.001 to 10 weirgh® = percent, preferably fromO0.01

to 1.0, and nost preferably from 0.05 t per cent . ACCOI’dI ngly
the rati o GEPRETRAFRYSY ipgHie ra&ﬁee‘?%ﬁﬁn'f%ls(abgs‘f%mgvﬁ#ﬁ °<§ﬂ 2E1P8n range
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cyclic alumxane re|n < ef er
pr ef eraghy Y356 ra 1°%n ﬁ’efra é‘lr%[ éf-r éerIr"f f‘%(é’ é’bar’ggm rg oﬁlr%gf 3P§bl y
met hyl . extrempy) short heating '@)?mﬁﬂ)lrgUhEF%a%ac% 4§°9er‘}rm-% a@nsbej but i on
of nol ecul amasicghen ool p&uahbyom bl woumsier ageasulmceamrbe emAlioyell of

about 1200 Pi Eg{gc ¥m$ept In solution in 35 toluene. The
vol une of t e Solutron co ri’si ng. an al unoxane and a sol vent therefor

can vary, dependPnd RieferEed puhdrimenty gHie Mgtallocene is added to the

15 solution of the alumoxane prior to impregnating the carrier with

the solution. Again the maximum volume of the alumoxane
solution alsoc containing the metallocene is the total pore
volume of the carrier material sample. The mole ratio of
aluminum provided by aluminoxane, expressed as Al, to
20 metallocene metal expressed as M (e.g. 2r), preferably ranges
from 50 to 1000, preferably 75 to 500, and most preferably 100
to 200. The Al:My, ratio can be directly controlled.
In a preferred embodiment the alumoxane and metallocene
cémpound are mixed together at ambient temperature for 0.1 to
25 6.0 hours, prior to use in the infusion step. The solvent for
the metallocene and alumoxane can be appropriate solvents, such
as aromatic hydrocarbons, halogenated aromatic hydrocarbons,
ethers, cyclic ethers or esters; preferably it is toluene.
The metallocene compound has the formula Cp,MA,B, in which
30 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 compound, the preferred
transition metal atom M is zirconium.
35 In the above formula for the metallocene compound, the Cp
group is a mono- or a polysubstituted cyclopentadienyl group.
The substituents on the cyclopentadienyl group can be preferably



- 12 -~ be produced. In a preferred enbodinent of alunoxane,
dncorporation into the carrier, one of the controlling factors in the
al unoxane incorporation into the carrier materi al catal yst synthesis is
the pore volunme of the silica. Inthis 5 preferred enbodi nent, the process
of inpregnating the carrier material is by infusion of the al unoxane
sol ution, w thout formng a slurry of the carrier material, such as
silica, in the al unoxane solution~ fhis is undertaken with agitation.
The vol ume of the solution of the alunoxane is sufficient or |ess 10

t han t hat stgaight-do fibrnthed por@wmisf t Be-QGar r adkyhat egaadps.  wiTheout

forming a g E&E,y?ﬁ&a@ax&li t;bsu OLaErdfaidls SYdtld U a pIXGRIdE bheapore

vol ume of tke Si refer vol, u t al unpxane
col ution dSELRGHG HaEFY; RS &fsaﬂngsf’g? R LT NG M i
sanpl e: thios sapartialiyl bydroferdtead §lubnenyhroroup,ussovebhas @ pakit no

slurrr 0§ ?ELbcéhﬁéiitutﬁﬁlBfﬁycﬂx% Bﬁriﬁikjdilhhhélé%fﬂJIn the caseSyheRy Of
exanpl e, i

/g,
Chen the v HctBf sSarfofarasts (9t 566 megitinediy Gompaund fs, Pl 8o O oy
carrier materi &Zhe Thyslopensag@enyki rawAups usenof beol atson Kujdaed: abh!ocene

and_al unoxRaym wchhene eguaialiia didhak @ﬁ&@é/olsu&ﬁ & -‘:hf?- C AUk, SH,~

S|I|ca whi IS e,V “umem ! tota Welght
ho caRar an saRPER TR Faet 6 gpa RS oes Tl o |

i rrpregné@e@rcamfdrmgenat eﬁﬂéﬁﬂﬂmﬂ 8 pSHa) 2 TFH,~ Wm'éél(ﬁ’clﬂlzy Z@df (ﬂllnﬁwaﬁg

I lrmr egnfit l Qshal;tar@mipé heIiD(ﬁh%SACHnd fhesxsaféﬁ:lwen&ayub&ne abolé exbrtiulla i nter

alia solve rre a o

met hyl al ung’xane f“g{:?%f h'ég{}’é‘\j/aér)l agﬂeLemg"m gt!d ﬁh%l Xﬁp& rﬁ)érlg’gﬁat lon is

under t aken the grebRglof §é!~19§htier chlaeging, Ryomine gx| jedinfny BE tdfoved

frg;n t he S|swaﬁﬂehﬂ§>rlegﬂﬂi &l forafe above tfbemﬁaarbertmtxeétﬂld@enbﬁati ng

and/ or uym o i 5, as

it ogens ookl RE Hucyy BEGUBE, bhly (6 dikediaBly BELLIHRT R

condi t i ons 9thbranghed CrEpask &?t‘i’t“PéI'I ‘@EF*% &sr @ﬂ'ﬁ‘é}él PFhMSt RPranyYdirnat e,

35 aggl oneriaidpeepy®f n-putyl¢giabedtyram-pentyparh+iodgd orandbotyl.
crossiinking of siee gyXaNGre bl 14 té‘bé ep, cams%mn&én be; ncfggaved by
e

evapor ati on effect relatli vat
bis(cyclopentadienyl)meta dlhalldes bis(cyclopentadienyl)metal

20 hydridohalides, bis(cyclopentadienyl)metal monocalkyl
monochalides, bis(cyclopentadienyl)metal dialkyls and
bis(indenyl)metal dihalides wherein the metal is zirconium or
hafnium, halide groups are preferably chlorine and the alkyl
groups are C;-C¢ alkyls. Illustrative, but non-limiting examples

25 of metallocenes include bis(n-butylcyclopentadienyl)zirconium
dichloride, bis(n-butylcyclopentadienyl)hafnium dichloride;
bis(n-butylcyclopentadienyl)zirconium dimethyl, bis(n-
butylcyclopentadienyl)hafnium dimethyl, bis(n-
butylcyclopentadienyl)zirconium hydridochloride, bis(n-

30 butylcyclopentadienyl)hafnium hydridochloride, bis(iso-butyl
cyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)zirconium dichloride,
bis(pentamethylcyclopentadienyl)hafnium dichloride, bis(iso-
butylcyclopentadienyl)zirconium dichloride, cyclopentadienyl-

35 zirconium trichloride, bis(indenyl) zirconium dichloride, '
bis(4,5,6,7~-tetrahydro-i1-indenyl)zirconium dichloride, and
ethylene-[bis(4,5,6,7-tetrahydro-i-indenyl)] zirconium



- 13 - tenperatures in the range of 40 to 60C to obviate aggl omeration
of catal yst particles and crosslinking of the al unoxane. Preferably
drying is undertaken at 45[err]C or less for 5 to 7 hours. Although
sol'vent can be renoved by evaporation at 5 relatively higher tenperatures
than the 40 to 60[err] C range descri bed above, very short heating tines
schedul es nust be enpl oyed to obvi ate aggl oneration of catal yst
particles and crosslinki ng of the_aJh%n_Dxane, wi th reduction of catalyst
activity. Thus, an active catal yst S been produced at 10 evaporation
terrperaturgi&%lc;lr\’lla]qeqrr]c in less than 10 seconds (at extrenely short
heating tines), ereas _at 45[e9rﬁr13 C, dr 'kn ,cag be . . ndertggken for
periods of 24 Hotfr JetALI9LENA ¢ cﬁ’é‘dén%‘ bgéﬁe withim, Shey enpadipent,g.

I n a prefeof echimriaxdi pant be tysmdresattystrid ine sdiidds| g Ise@luSiensuin on of
the al UNDX3PEmdX I OhylaR obBPHERE Br 16 hNBusperied ol  the sol ution.

Agai n the maxi num vol ure of ghe, ajl/u,m)xan% g)?l uti O:Qirdal SO ?__ont Q gl ng the
met al | ockne is e SFEHeTpBREET1aL, s RFCEPTRREY o3 PP mdPEF P18t e,
The nol e rperensf preféxablyunirmmganded raFexfiaki noxrahe asegw esxiate agf Al, to

20 netal | OQEI‘fc&?tafHd_/%%pbgséﬁﬂniaﬁmM (EngzhezrnﬂosthEéEéﬁi&d’ en®Bdesent, f rom 50
to 1000, p&gferabl.y t.0_200. The

5 to, 500, .an t preferabl. 00 ..

Al :Merr] ?i%a’?afﬁrbésaﬁlréﬁal ﬁnc%h?n%sme%.g spher1¥:a}:| %?Iétlﬁlﬁs ar Fed:
embodi ment ashebtdinedxhyica apfayedayins arecesseofhsurarnier materiadgis her at
anbi ent14 epperetabry fudedl ik tRe 2Pom bHAUATY PbWQEr tKaviSRy ian ghb&ibﬂé usi on
st ep. Thessol vePt for tthel et alol o] engbggﬂ g“mnt‘)i(arnoe Lan | ?eaggioprl ate
solvents, §4%R © £5°1,  3pRtS ¢ HWFogar ons,  ha ogena'“f o0 Ar Ohat | Y
hydr ocar bofsom abeither snicrpn| ke aboik 239 mdereps; ppdirastppyeiferably ol uene.
The net al | apede RPMICHBHs hes abdatl osonudieropser rjfVhpeessditer rthel Bikich 30
Cp is an ”Eﬁi:'%f#éé UL S8k ¢ rn&%gbgsgkgéfdm&’%i%?ﬁ'Ha;d'b%”@ie%ﬁuﬁo ensttb S

zi rconi um or _hal ni um an n elong to e dgroup I'ncl udi ng.a hal ogen
~atom hiRir 64&RiRALEGD 9FIAATIG: SRR LYSE PREL1CIeS) o\ FFSESPRLY o SdrindiRation
nmet al | ocenefceatlynd, phbtipled ahaedhave a particle size of greater than

500 microns is envisaged; preferably, elimination of particles
of greater than 250 micron particle size, and, most preferably,
‘elimination of particles of greater than 150 micron particle
20 size is undertaken. Sieving of the material is preferébly
undertaken after impregnation of the carrier with the
metallocene and the aluminoxane. This is particularly desirable
when the catalyst contains only one transition metal in the form
of a metallocene and which is used to form narrow molecular
25 weight LLDPE, to reduce and/or to eliminate gels in the final
polyolefin product and to eliminate reactor hot spots, thereby
ensuring reactor contimiity, particularly in the gas phase fluid
bed process.
The surface area of the carrier is preferably at least 3
30 m?/g, preferably, 5 to 1200 m’/g and most preferably at least
about 50 m’/g up to about 350 m?’/g. The pore volume of the
carrier will usually range from 0.1 to 5 cmi/g, preferably from
0.1 to 3.5 cm’/gm. The carrier material should prefefably be
dry, that is, free of absorbed water. '
35 Preferably, the carrier is silica, which contains [OH]
groups. The hydroxyl group of the silica may range from greater
than 0.5 mmole/g silica to 2.5 mmole/g silica. This range is



transition netal atomMis.zirconium 35 In the above fornula for the

.metal | ocene conpound, the Cp group is a nono- or a polysubstituted
cyclopentadlenyl group. The substituents on the cycl opentadi enyl group
can be preferably - 14 -

straight-or branched chain Cerr]-Cerr] al kyl groups. The

cycl opent adi enyl group can be also a part of a bicyclic or a tricyclic
noi ety such as indenyl, tetrahydroindexrg/l- fl uorenyl or a partially
hydrogenated fluorenyl group, as well as a part 5 of a substituted bicyclic
or tricycl faversres y by| nlewer cﬁ’é‘é’lﬁﬂen dehydrptiphe amdirr f sadginabion he

netalloceneeﬁffﬁgnuyésls equal to 2, the cycl opent adi enyl groups can be

al so bridged by, or, ylssi | ane qr. S

oot s e S B e el PR G
are short &ikiga @YGH%YLCP?@( urgdrigfeschangear} ) gFPppFrgre detectable -

Si (CH ers. % birerr hp@{:ﬁédo;ﬁ)H[ euantitativedekpinihdticigl ofi thd &?drox}bI i dge
groups e

met al | ocene co lﬁ"&[‘%’og oH é j']t'éeénr‘;'%tg ol‘r'rgdé rlﬁ’ %8‘%?8%%‘?% asntlﬁg ssﬂﬁle of
fluorine, Hh%ﬂ%ylm%ﬁﬁeﬁé-ué‘r 1‘?%%%"& melafsufhﬁg me §t?‘f‘t?éﬁ’c’s°nAUahd Bin
t he above ppesshre detierainatbdiyocene 15 conpound are al kyl groups, they are

preferably st ra:?&W&r%t&%H of Q{nté:raa{ilﬁééfxaq Q:ra'i-J bg SEH%@éciqﬂy EEQE such

as neth | Sopr.o u | SO
n- hexyl iIQ)r &% ta' &0 °°'S§FF§‘6’F%blpy #‘Fé’(“’al H%éhe n‘boﬁﬂ@lsm"sz ncl ude
bis(cycloppneﬁdr&bmyjbmenab°dthaI|des b|s(cyclopentadlenyl)netal

hydridohal i des, g4y a@sy&k&e&alwhaa%){%xalaboutza%m) mg})ﬂgbﬁl | des,

bi s(cycl opent adi en net a I nden nmet al i des

ohet o tnE REFERCS AARaRY; GAPOTMCratia PhrRoRF 9oL LEFRT or abl y
chl orine afdlibte &hydratedgabupel e evidflebr] aCkibtida arigh 9.5 mmoderati ve,

but nonisi EUI.L.BQ oBk Sp%§' ofrdiet sblpeenes ! Yefica of the most
bi s(n-butyl di.chl oride

b=ty Lt ol S R0 i @SOS oo sisio
bi s(n- but yl(syrfacr mreadi endP) 2’ gonpers volyhepefiyl.65 CmEMC.B)(,nand it is
a material marketed under the tradenames of Davison 952 or
Davison 955 by the Davison Chemical Division of W. R. Grace and
20 Company. As purchased, the silicas are not dehydrated and must
be dehydrated prior to use. '
The effect of silica hydroxyl groups on the catalyst
activity and productivity is reflected in the Examples below.
To produce the highest activity catalysts the silica should
25 contain hydroxyl groups for contact with the solution containing
-aluminoxane and metallocene. It has been determined that
reaction of the hydroxyl groups of the silica with scavengers,
such as trialkylaluminum compounds, e.g., trimethylaluminum
(TMA), reduced the activity of the catalyst produced thereby
30 compared to a catalyst formed with a silica having hydroxyl
groups unreacted with such a scavenger. Silicas containing
higher hydroxyl numbers produce catalysts of higher activity
than silicas of lower hydroxyl numbers. Treating the silica with
trimethylaluminum to react with the.silanol or silica hydroxy
35 groups [which, with appropriate molar amount of TMA, the
hydroxyl concentration is reduced to 0 (zero) as indicated by
IR] prior to catalyst synthesis produced a catalyst with a



but yl cycl opent adi enyl ) haf ni um di net hyl , bi s(n-
but yl cycl opent adi enyl ) zi rconi um hydri dochl ori de, bi s(n- 30
but yl cycl opent adi enyl ) haf ni um hydri dochl ori de, bis(iso-butyl
cycl opent adi enyl) zirconium dichloride,
bi s(pent anet hyl cycl opent adi enyl ) zi rconi um di chl ori de,
bi s(pent anet hyl cycl opent adi enyl ) haf ni um di chl oride, bis(iso-
but yl cycl opent adi enyl ) zirconium di chl oride, cyclopentadi enyl- 35 zirconium
trichloride, bi s(i ndenyl ) zirconi um- 1gi<€hl ori de,
bis(4,5,6,7-tetrahydro-I-indenyl)zirconium dichloride,  and
et hyl ene- [ Breduciwity. t of r AbPpto-209 nHgkpprlymer) /g r E5angkion metal.
£h15 o Hé@wf%x@ﬂ fdﬁ:[i.?] _ acti}[ritﬂ' hesmejcld mi@ﬂpﬁ,ﬂmstuéi ldatadyst t hi n

e enbodi o) s, art .can.
sol utions _g%ﬂlbl%ﬂ’%ﬁl? ?f?/tdlfvog:grﬁgﬁ%éj%ﬁﬂi %ﬁa&é%g’é%rc i ég%?ﬁ’#é@. agy The
carrier nafemparisan,preft@alysty iddy ial, byRra¥dul AP copfrmdusot preBerabl y
i Eorgani L7 ﬁﬁi\?ﬂ?é}@ silied axhdbiexi de productiviityonofinthoge o&rﬁﬁ{ uurboom} I'n
t he nmost p 0 . c SiLki o]
spheri cal %gr(?{’iéﬁgesﬁry% g?,g.ﬁgitﬁosn S‘tb#gllhgidﬁ%?mg@ar g%%ﬁd}\‘ lpggégég} The
carrier mat8ri Bpoie/d0 il alfaR ubed phferkeqd orky ofthe d @FaEioRmavi ng a
particle tekp&ratirds mBedbaut cdndiitiam the ahatitaS500specifirallyr, etreabl y
from about ' LET Q0Su ad‘b‘q f b apput 10
m crons to%ﬂgﬁ%ﬁ%{# 21: C %%ét@.??s %ﬁ,essargl t ?%er%rég, %hgatg gfug‘t:gg
cont ai ntfgTeaFFive hydrexyh onospsavailable toF SABLAGE Mith the ﬁé’i{f‘b’w’af | ar ge
cat al yst paift ialuadnoRams cand ypethlInaeatei.on By obdmpatidonst qumykirakdéent hat

have a partiegberatded o S8R 14t inct¥dsHl TheNSmoBn€N VS 3¢adtive
preferably el inpnation of reater. than

particle sPYSYOX®Y grpups pnggi%tc%/?a’r ‘é‘lg)ﬁt‘Yﬁg‘ffat‘l’bW o'f"h?)a%ggﬁ{%‘g’{ g’fr’lfgr eat er
t han 150 madnwanpearne cled2Onstizddocenandarglatdne t&i ¢hengsbiicaheheateri al
is pref ggakh¥atea UNEY (RKGAraEisH JupodBat t@sdtfecl.herk@s ritehay bhehhe
found that the catalyst made with the.éilica subjected to
dehydration temperatures of 250°C is more active than a catalyst
produced with the silica subjected to drying temperatures of
600°C. Accordingly, preferred dehydration and/or calcination
20 temperatures are below 300°C and preferably at 250°C.
~ Accordingly, the silica used in embodiments of the
invention will advantageously contain a silanol concentration
of greater than 0.7 mmole OH per g silica; preferably it will
contain greater than 0.7 mmole up to 2.5 mmole OH per g of
25 silica. In preferred embodiments, the concentration ranges from
1.6 to 2.0 mmole/g silica.
Both low density (0.88 to 0.939 g/cm’) and high density
(0.94 to 0.965 g/cm® and above) products with high bulk density,
low (hexane) extractables and granular morphology can be
30 prepared in the slurry or gas phase reactor with no fouling. The
resin produced has a high molecular weight, narrow molecular
weight distribution, and homogeneous branching distribution.
The catalyst ash contains small amounts of Transition metal (eg
Zr) and Al: for example, less than 1 ppm transition metal and
35 100 ppm Al. The high activity of the catalysts of the invention‘
which also exhibit long catalyst life and produce high bulk
density products are significant factors in the unexpected



met al | ocene and the al uni noxane. This is particularly desirable when -t he

.catalyst contains only one transition netal in the form of a netall ocene
and whi-ch is used to form narrow nol ecul ar 25 wei ght LLDPE, to reduce
and/or to elimnate gels in the final pol yol efin product and to
elimnate reactor hot spots, thereby ensuring reactor continuity,
particularly in the gas phase fluid bed process. The surface
area of the carrier is preferably at -l @aast 3 30 n2/g, preferably, 5 to 1200
nMerr]/g and nost preferably at |east . about 50 nR/g up, to about 350

nerr]/g. SEAACPEYeofokhage ofataiysts dx, REALYELE 8%%?’3#%%@@3 29fh 0.1 to
5 cnB/ g, proobelgheyifdtions of. dléfirds.5 cnB/ gm The carrier material should

preferably be ﬂ?Yené \Iﬁotlcyh\ﬁrs, fsevféflgo_foé%%@r% fsét lené:)"vﬁftﬁr ably,

the carrier is si roups (%F d)é group of
the silica °W&y°Faﬁ§’éef‘F36ﬁng§%‘E%r°lef‘P an E“Bb‘?nﬁﬂ°9}‘§e§| H" NS€mol e/ g

silica. Ihlv&thanlge JJnsrent:Lon. Thus, copolymers having two monomeric unité -

favou_req b leNGg drad i e rscq{ag;lr;ﬁt 'tﬁﬁ-ee RSB ALUr es.
The-S|I|ca drox lerein silanol, silica silica hydroxyl
are used i har?g}'& icyiag xapRLer #L8RE tpgg.&gegs W"Irlﬁ%p%?f‘f]c?é’@d&y
Quant i t at i veiteaeccopalymerss efhylepelijdhexgne copodymers matdi erhylersi/di-ca are
made by coq,{é’;kg,ylug- ,l%éﬁecas BiPh&rs. W th ma:t Pglr mnﬁg{lesi um i odi de. and
gﬁ%; :aur]]'%ogez)f anﬁgpg\égn%’é{ gﬂ Xc‘%f'ﬁ:‘ ggﬁgi%ré%[]e BYPRER Sqra88Cerr] C
to 600[ er r [n@stppeétertsd copolymas] pel@nize@00h cthe] Croeessnost and witdf er abl y
at 250[ err J¢he catalyst S'f' £106s Qﬁh&fﬂfﬂxﬁd‘rﬁé &Q@h@hé]&ﬁl eéb%odlﬁzehour s)
will have |, ace q?lﬁ concent rateog f a t /19 ilica.
Si1i ca dohyth BERHTAR ER0) 7Y Fho WP TSI dAYEREAS SRR B kPR 2 si 1| ca
hydr oxy perlepstmabpitca0 permtsbquﬁt tifc efibgliene units.
15 In one embodiment, the catalyst of the invention exhibits
high activity for polymerization of ethylene and higher alpha-
olefins and allows the synthesis of ethylene polymers and
copolymefs with a relatively narrow molecular weight
distribution and homogeneous branching distribution. The
20 molecular weight distribution is determined as MFR (melt flow
ratio of I,/I, - wherein I, is measured at 190°C in accordance
with ASTM D~1238, Condition F, and I, is measured in accordance
with ASTM D-1238, Condition E]) which ranges from 15 to 25, in
polymerizations of the invention. Branching distribution in
25 ethylene copolymers is evaluated on the basis of the resin’s
melting point. Relatively homogeneous branching distribution
is one which the melting point ranges from 100 to 120°C,
depending on comonomer composition. 1In this embodiment, the
catalyst of the invention contains only one source of transition
30 metal, a metallocene. More particularly, the copolymer
products contain 0.1 to 2 ppm of Zr. The product has an average
particle size of 0.015-0.035 inches (0.38 to 0.89 mm), settled
bulk density from 22 to 36 lb/ft® (350 to 580 kg/m’). The
narrow molecular weight distribution low density copolymers can
35 been produced with MI from one to 500 and less than 1, down to
0.0001. The low density products of the invention exhibit a MI
which can range from 0.0001 to 500, preferably from 0.1 to 500,



preferred enbodi nent is a high surface area, anorphous silica (surface
.area = 300 nferr]/g; pore volunme of 1.65 cnB/g), and it is a materi al
mar ket ed under the tradenanes of Davison 952 or Davi son 955 by the

Davi son Chemi cal Division of W R Gace and 20 Conpany. As purchased, the
silicas are not dehydrated and mnust be dehydrated prior to use.

The effect of silica hydroxyl groups-onethe catal yst activity and
productivity is reflected in the Exanpl es bel ow. To produce the highest
activity catcaley firefelfabiy| framsholl to2800on0aenphytionidrky cpmmstdmaedcont act

wi th the sqlifdeoRsCot AlNiNG to 8LYM “Qﬁé“@o@“éeﬁﬂ@#"?ﬁ’é‘d&ta dJet dis been
determned that ., reaction of tFe h‘%drox I g}?ﬁps g he silica wth
scavenger s,inventipR preteraply eXpLRih M sragig (MR} & 3 FCuni num

(TMA), redwsad ndre preferaplpffzdre ldattal 2O productd whth MER Atangdmgared to
a catal yst £nE ¥bt g hid veanhaxadg hydroxyl groups unreacted with
such a scavenge Il cas_cont gi i% Eighei hydr oxyl . nu grS r oduce
cat al ysts of hi&ﬁ&? géh?§i?§brlcé%%§n gf i 887 8P Yﬁéﬁﬁ ?%éﬁqgf Hhﬁ%ﬁ?s.
Treating terosidssc@fnitie inventienhekhbibif nbaldarcedeqany s¥rangdhgi lasol or
rs] i gi ca lhydrxﬁaaéu%;éd?wmﬂ_ vhigh2 . WiFL Bt ROPRENY itACLIDPE pradleed f I&MA, the
ydroxyl concentr.ation i.s..educ o] o] n prior
oy ot al yor HEERBh SR Brt PHEE pich horbBEOYa ied M GRMEH-BY by Asth
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However, t#Hes catlailyktyof StR®OThwGitiivht dire auktiditicalgl yoée of a3dlidli ting

cueh ot e B afaibybl: P ISRERIES PHLA o PhongpbOIPRY A58 e
product i vi t30%¥. pseEerably Tgothe rapgp Aty Fetp/ §0¢ mars PreferRPly frome
amount of hydtoxy. gmhepgatalyst aEmwhtgpbdcally ceormaninae laksethat byppnhe
dehydr atyigOne randi@TRAT RLUAES(H5SS) ! IngOTKd 1tAnt B8 Shh' LA Specifically, the
Because of the excellent comonomer incorporation of the
catalyst and the branching homogeneity of the resin, significant
amount of hexene saving can be achieved.
MAO (methylalumoxane) is commercially available from Ethyl
20 Chemical and WITCO (previously Schering Bérlin) as 10 weight
percent and 30 weight percent solutions, which were the sources
of MAO used in the Examples.

Examples

. 25
Preparation of Catalyst A

This catalyst was prepared using silica treated with TMA.
PQ 988 IM silica was dehydrated at 600°C for 4 hours. 486 g of
this dehydrated silica were reacted with 517 cm® of

30 trimethylaluminum (14.8 wt% Al) and dried to a white powder at
80°C.

6.90 g of bis(n-butylcyclopentadienyl) zirconium
dichloride, 470 ml of toluene, and 649.7 g of methylaluminoxane
(14.1 wt% Al in toluene) were mixed together until the 2r

35 complex dissolved. This catalyst solution was then added slowly
into the silica previously treated with trimethylaluminum. The
contents were agitated vigorously to make sure the reagent



dehydrati on tenperatures of about 600[err]C reduce the anount of 10
Jeactive hydroxyl groups available for contact with the solution - of

al um noxane and netal | ocene. By conparison, dehydration t enper at ures
of about 250[err]C increase the anmount of reactive hydr oxyl groups

avai l abl e for contact with the solution of al um noxane and netal | ocene,
relative to the silica heat 15 treatedzgfor dehydration purposes, to
600[err]C. Thus it has been found that the catal yst made with the silica
subj ect ed solutickehyady atelldrdispeoset amopgoth@ il ica swpportii ve than a
cat al yst Pr oghg efls Whidb this Sidiledd atUliseet edrt @ Hokirad uhedpehnakpogs of
600[err] C. Accordin 1' , preferred dehydration and/or cal gl natlo&1 20

t enper at ur &3°4PRI RIIRF3 (8L PP AT p?éFe?%g?]yY WasoBotT sieved.

Accordingly, the silica used in enbodi nents of the i nvention wl |

advant aggopsbpa F2Pi G4 A cRithdPets GONRGERL rati on of greater than 0.7 mmole
OH per g silica_ preferan 1T W contain, reatiﬁé_ t han ﬁ 7 %e up to
2.5 mmol e OH pefBgSDf c?%aglﬁ*isca".'e‘ﬁen PReRAE LR 1SAREo FittefRs WiERRUE -

concentr at itaeatmeges from 1.6 to 2.0 nole/g silica. Bot h | ow
density (0.88 tgafaf\3R @:Crdlviaed d¥=1RiUe8S IWas dehfdrdded atlséthlie gognierr]
and above) 4p;‘oduct S t ? gg b%&g&egéééy ilic Iv%vﬁ(’tl%é%nggag&c{ %cggbl es
and granul ar %ﬁ)hop%ygco n-pa® -Epare(fﬁ nCBhESE urry or gas pﬂ' e
react or 1i @hspdutien iafy7.9B4 g of dIi-hupyteRiEtChadigsplyad nin &J1-&r Juei ght ,
gar;owbrr?! U hao 1g14\c\@i ?lalk @l%wt ﬁ%bubiﬁéhe.andrﬁmlrmmteq:&lab? &%ehbngta_s

i stributiaqp, ca st as at ai ugt s r on
nmetal (eg %%1)' a eA??E? rStefgr?pﬁg?L?e@zd%?r% of& mﬁf raé) 45 Aok

. L g ansition ietal and
35 100 ppmhmursthand s atiaved: Foorenpe cinyalpastdcdest hargerm &anods0  which
al so exhi bidicdreng.catal yst |ife and produce hi gh bul k density products

are Sigqgficanpc @gi £ .Jq Egga#g Q?%Egdpre ared .in sipilar.ma ner to
- 18 - efflcé'cr%#—t%kse catalysts 1 n"catalytic polynerizations and

C0p0|ynerifﬁﬁp&ygtop,cﬁ%gqgﬁsphat the drying time was hours.
Catalysts D, E, F, G and H: These catalysts were prepared
in similar manner to Catalyst C.

Catalyst 8: This catalyst was prepared in similar manner
20 to Catalyst C, except that Davison 955 silica was dehydrated at
250°C.

Gas phase pilot glant reactor results
The above catalysts were used in the pilot plant fluid bed

25 reactor (13 inch (0.33m) internal diameter, 4ft} (0.11nm%)
reaction zone) to evaluate their operability and responses to
different process variables. Good reactor operability was
achieved after a few adjustments were made to the reactor
operating parameters. The catalysts used in this work can be

30 divided into two types based upon the difference in activity.
The Catalyst A fits into the low activity group while all the
others fit into the higher activity group. All the catalysts
in the high activity group should be considered the same for the
below discussion. _

35 The resins produced have good settled bulk density (27 to
36 lb/ft® (430 to 580 kg/m’)) and the fines (defined as finer
than 120 Mesh) were less than 5%.



Et hyl ene polyners, as well as copolynmers of ethylene with one or nore
(Jerr]-CJerr] al pha-olef ins, can be produced in accordance 5 with the

i nvention. Thus, copolynmers having two nonomeric units are possible as
wel |l as terpolynmers having three nononeric units. Particul ar exanpl es of
such polymers include ethylene/1- but ene copol yners, ethyl ene/ 1-hexene
copol yners and et hyl ene/ 4- met hyl -J1-j3eat ene copol yners. 10

Et hyl ene/ 1- but ene and et hyl ene/ 1- hexene copol yners are the nost
preferred copol ypable pogives itied resulhe. pArocesdysfisapd wvhéhresultlze imat al yst

of this invelion. alhsnstieane copol yners produced I n accordance with
the present_i1nvention pre ra,blﬁccont ain at | east_ about 80 percent by

wei ght of ethyl &8Etgnttand 5 indicate Yiak EhpotieHennderhofcHheg) KRRt  he
i nventi on exhi biunexpechedly alsicreasgs fwitlpdngreasing | ttemperadlrel. ene and

hi gher g eleE Bandnl Al rbNensYBi RS SeoleaibBYhERFe HOLATY S AN

copol yners ution

a ive nar r ow
and hom)geneous aifrerent n‘@f‘?ﬁ]é)/ i erpRiption ‘fﬁécaolmbé’g‘ﬁ ’é[?rﬁ\%lb’rﬂ
di stribution ismeecnatireal (@boERofeethiNd ash, Alaand Zx).[err]/I[err] -

wherein I[efr] irag¥aas Uk sainé%lc{&r rth&l m&e&geée&&e the Wt Indddddd 1238,
Condition F, and | ASTM D- 1238,

S %er r% % rE C a n g:%cohexen R:i. weve
Condition E]) wh srgts 9 d‘fh fg ?b% DAVHEA 28 i oSN The
i nvent i di®. Br divetthey dhcredds tinohexang@sgas mAtdge toopskenbew densityt uat ed

on the basis of %ﬁé@tr eghn’ SctualB} t | débreRdisel. Rehat | YRldx NOMREREOUss
branchi ng distri

utlon I s,,one ch the, nelti oi_nt ges from 100 to
To0lerr] e acEReREeSn CH et Rarg oL e PR 18T SaRer iR, e
cat al yst of the hetwerni testoit ainﬁs6o<h¢gs 9% ewpiain dthe MInchehge. 3Rmet al :
a metal |l ocene. etnViefle PrFtiaQUbabh Yerom 206 p£LORAl. ¥ BEMPa) waﬁaﬁtslz@nt ain

0.1to pm of Zr. ((ghggi)rﬁgaéct hag p%eg%/%ggggcre%%arﬁf FrBmSh Zf gt;-nsjz to 36

0.015-0.035 i ncHes K density”®
I b/ft[err] (350 to 588 - kgl ¥gsd r9)).. The narrow nol ecul ar wei ght
di stributi o, | owedaiasi7t andoBOlivdRESLE athadd me&mqyso@i@ﬁdfmbahtm, fargn one

to 500 and 'e.SS.LHL%ﬁ%teQ?% Rﬁth Qnggé’ti'l The | 8%%&[&%11%3’ RhEguClyp, Of the
i nvention exhibit a can range Yt omo. 00, preferabl y
fromO.1°to 500}eactor. This finding is™ very significant because this
20 gives an effective way of reducing MI to about 1 without
using a temperature increase which can be detrimental to
good reactor operation for low density products.
5. Oxygen reduces MI (compare tests 9 and 10 with 7). Also,
addition of oxygen in combination with isopentane (test
25 12) can give fractional MI resin. This result is
unexpected, particularly because the catalyst contains
aluminum alkyl. Any oxygen addition was expected to be
scavenged by the aluminum alkyl before modifying the
catalyst site.
30 6. Water is found to increase MI (cdmpare tests 7 and 11).
This result is unexpected since the catalyst contains
aluminum alkyl. Any water addition was expected to be
scavenged by the aluminum alkyl before modifying the
catalyst site.
35 In addition to isopentane, oxygen and water, other
additives were explored, such as TIBA, carbon dioxide, carbon
monoxide and acetylene. The results indicated TIBA increases



- 19 - nore preferably fromO.1 to 200. One particularly preferred
Fange of M is 0.5 to 5.0. The |Iow density products of the I nvention
preferably exhibit a nelt flowratio (MFR) of 15 to 25, nore preferably
from14 to 20; products with MFR ranging 5 from 16 to 18 have been nade.
When filns fabricated fromthe polyners produced by the process of the
I nvention exhibit bal anced tear strength, as measured by ASTM D-1922.
Furthernore the LLDPE produced by the- 22 i-nvention exhibits Dart Drop

| npact val ues as neasured by ASTM 10 D- 1709 of greater than 800. The
products ofMtheClatafd § dfgapase e Hrkle \aqetyflenge dogse matorhayee a

subst ant i al sigfificant gefect. Hbweveil nalbxthdédd medifikew H8ZRot HhaiRs as
measur ed by. T : 0] f [ . e . 1 re
preferably ?re%n%\“%_gmpgég.gn %eg ‘%tt%tai %Et Qgéﬁ%f%in%ala%ngg%ﬁgi %ismﬁ%% t han
1 ppm 15 t rdii9S%d™¥tal (eg zr) and iess than 40 ppm Al . Because
of the eXcel | entTheonmesaits iaxeorquioveat | im Dabldie2. Anataralysisnadft hehe

branchi ng heg@ganeity reh1d he de%hﬁtfi%ggg ficant amount of hexene saving

can be achi gved. VAO %rret upoxane) is _commercially avail able
from Ethyl 20 OR&ftSalt 2R8 W 7oey (BFRA| RRSpSSenMT sdapdficantiis 10Imei ght
percent and 30 weidjitioper cehe sekbtivivy, ohfi chhaer eathkysour ¢a6reased MAO

used in the Exargilg‘?ﬁficantly in- the presence of TIBA ('t::é HQJ:SS e
Pr epar at,jon of tal hi s tal yst_ was prepared using silica

10 1rco¥nst A i S ?ég: i
treated W th TMA PEROBET | {f sTRE R CH ehy FRaldR LAY B OBRSES | WSing 4
hours. 486 g of otherhpiedetprdwitbdraving sonpoendsastad asi MMASAHXd cTEAL r | of
30 trimethyl al unindi@atd4 ad1 Moo Alnksanddipo8flds O may Whicke r fﬁ{e mx 80C.
6. 90 g of sl%_l sGn- Qut I c%c.l oge tgdl enyl) zirconium i chloride, 470
m of tol uene, and-e5¥ %no e ﬁg? Y€ noxane (14.1 W% Al in tol uene)
wer e ni xed % oget®esitsudt iandt He compasedomwptex2disbowl that Fhrbomad dyixte
sol utionswas thefequddedthéomt With itAi8 tACaBydd CaMACAYiiQUAbY bksalesh Wi th
t L:anfégélaﬁlt um nLH?m}leehe etcf)e'?:tl:enc;[fS ggzr'beonagcllzt.ggie e Véxgoggggrl'yctagaf?sl(gs _sur ©

Similarly, tests 5 and 6 compared with 2 show carbon
monoxide also reduces MI. However, the catalyst activity
drops significantly more with carbon monoxide compared to

20 the effect of carbon dioxide (compare 4 and 6).

3. Unlike the results reported in Table 1, where we could
make 1 MI using isopentane alone (test 8, Table 1),
addition of a modifier was necessary along with isopentane
while doing tests reported in Table 2. We believe this is

25 due to difference in the background level of modifiers.

4. Electron donating compounds, e.g. CO, C02, and electron
withdrawing compounds, e.g., TIBA, can modify our
metallocene catalysts to change the resin MI. Other
electron donating compounds can be ethers, alcohol,

30 peroxides, ketones, esters, thioethers, carbonyls, amines,
phosphines, phenols, etc. Other electron withdrawing
compounds can be trialkylaluminum, alkyl aluminum
chloride, trialkyl borane, etc. It is believed that these
modifiers can also work in gas phase, slurry or high

35 pressure process. '

Using these catalysts, preliminary product scoping in the
fluid bed reactor has been carried out. As a result of the



- 20 - solution was wel | -di spersed anong the silica support.

The m xture was dried at 45[err]C for 6 hours until a free fl ow ng
powder was obtai ned. The catal yst was not sieved. 5 Preparation of
Catalysts B to | These catal ysts were prepared using silica wthout
TNVA treat ment. Catal yst B : Davison 955 silica was dehydrated at
600[err] C for 4 hours. 500 g of this dehydrated silica were then reacted
with 10 a solution of 7.084 g of (n-butylCp)[err]ZrC[err] dissolved in
677.6 g of MAO (14.1 wt% Al') in toluene. The Al/Zr nolar ratio was
200: 1. The catal yst was dried under flowng N2 at 45[err]C for 6 hour s,
and was sieved to renove any particles larger than 150 m crons. 15
Catalyst C Catalyst C was prepared in simlar manner to Cat al yst B,
except that the drying tine was 5 hours, Catalysts D. E. F. G and
H. These catal ysts were prepared if%lMlar manner to Cat al yst C.

Cat al yst 8: C é&%ﬁgt 3 PLEP m nn to Catal st C
except thatuﬂ[;a,vl}%soﬁé S|J1 I ca é\gsgégﬁe%r@é ljl el{g&'ZSg;[%é %ia
phase pi | ot*LferscERa b verss GP-F§°"ere in this étfﬁ?\ke é‘ét‘éﬁ%/i’%sv\ble tzed in
the pilot padfustf IMI caribdidifsitdast dn @l¥erycibroal3zahge it eangdndgli g er

aftferr] (Oplohd ekg]b. 9szr§9eas%y29£f%,brfggssaﬂ@e§ [ OffbANe 14y and

responses t ifferent process var gact or' oper a y was
achi eved afl?"é”? ne f BRdEt 1RER% RANgdnga§ECR 0 thq é’e‘?@t &Y varpieg stheng
par amet er s. réRiRtarat képprratured iethylesewpaktiab IpredBudeyi dedpentand Wo

types basedomipfuh tlee Bhibeh Cifikildd, aE&fﬂéﬁ Muonoxfﬁg?l %@% fﬂ enf' ts into

the low activit rou hé 1 gher activity
group. All the ¢ Ele%ﬂevq%% rﬁlgﬁlsb'?%ﬂly WP Shouishere mersi der ed

t he sane fokndexe (less than 0.2 or greater than 500) materials can be
10 produced if necessary. Similarly, it lS expected that products
can be made with lower density than 0.915 g/cm® (0.905 g/cm® or

lower) and with higher density than 0.962, if necessary.



bel ow di scussion. 35 The resins produced have good settled bul k
Jdensity (27 to 36 Ib/ft3 (430 to 580 kg/nferr])) and the fines (defined
as finer than 120 Mesh) were | ess than 5%

- 21 - Table 1 gives the results. An analysis of the results in
Tabl e * denonstrates: 1. Tests 1 and 2 indicate that the Melt |ndex of
t he product unexpectedly decreases with increasing tenperature. 5
2. Tests 3 and 4 reconfirmthe effect -of tenperature with a

different catalyst formulation which is gpqout three tines nor e
active (about one ghird ash, A and 2y o o3« a€Sts 5 and 6 indicate
that, as expect ed,"".%hegl\/lgincg\'eageg padib A EN agresult of increasing the
hexene gas rati o. g-ig/\ever- 0% % % ek Pnielse in hexene gas ratio to
make | ow density S 2t8sP B BcfuslIS §eeBsed nelt index, which is
unexpected. The difference inn<etdiyhene pa&t tala poessure bet ween
tests 7 and 6 doedd not ¢exPl &i k¢ tdhemMes chadgel JBng et hyl ene parti al
drop from 206 psi ¢§1.4% NPa) o @bout 15 15 psi (0.861 MPa) is
required to incred$@ VP froth & (et ¥ 7 2 Q7)) to 7.1 (test 6). 4.
Tests 7 and 8 i ndit& et ITAt °M® o 0Bs SsiYnTf redhtHy, and

unexpect edl vy, vm'tl‘giﬁnj gctjon of is@p&ntane Mnto the reactor. This
finding is very si f i-cadt Sbdcais i 0 « wgjves an effective way of
reducing M to abo’iﬂ? 1I:§/:vi"t'h‘(')’ut€= Lt gh%s:?ng é“tgmerature i ncrease whi ch
can be detrinentalgto ~ v v wvgoodor eact on gpensabi on for | ow density
product s. 5. Gghel nbd8céds M &(&oraRed &t3 9 and 10 with 7).  Also,
addi tion of oxygen in conbination with isopentane (test 25 12) can
give fractiondl &M resin. This result is unexpect ed,
particularly bgdc8f$e the catal yst contains al um num al kyl . Any
oxygen additiorn g3} £x@FTeR @ ek & Z I &Refged by the al um num al kyl
before modifyi oB@& & & A @ d Ao o

mole ratio

Table 1
0.0088
0.0087
0.0089
0.0098
0.003
0.01
0.021
0.016
0.016
0.016
0.016
0.018

ppm
0.4
0.3

1
4

none
none
none
none
none
none
none
oxygen
oxygen
water

MPa
0
0
0
0
77.5 0
77.5 0.36 oxygen

°C

85

77.5 0

77.5 0

'77.5 0,30 none
77.5 0

77.5 0

77.5 0 .

Temp IC5 Modifier Modifier C4/C;
75

65
85
MI is measured in g/10 min.

Test Catalyst

10
11
12



.

catal yst site. 30 6. Water is found to increase M (conpare tests 7 and

11). This result is unexpected since the catal yst contains

al umi num al kyl .  Any water addition was expected to be scavenged by
t he al um num al kyl before nodifying the catal yst site. 35 In
addition to isopentane, oxygen and water, other additives were
expl ored, such as TIBA, carbon di oxide, carbon nonoxi de and acetyl ene.
The results indicated TIBA increases

- 22 - M, CIIgfr] agd CO decmeasanwl’mm e acetyl ene does not have a

significant effect daHowegek SIL Gh&eSnodifiers do not have t he sane
i npact on the cat a{i&t Rt Pvit Vi B &Meving simlar changes in M. 5
The results are gi ¥eR i PTRI 2. AP aPal ysis of the results in Table 2

denonstr at es: 1, Tesisl.angd 3 ghq¥v TIBA increases M significantly.

In .additiolg the sactiyi %;y o the catalyst increased
significantly in the pr esefjce, of TI iB:A 'Z'corrpare the 10 Zi rconi um ppmin
the product). PrelHy g nany<t astrs ®sSidign ot her el ectron wi thdraw ng
compounds such as andl ®EAlL o ~+ o ocindicate all of these conpounds may
not effect the M g o simlarly onsthis catal yst. 2. Tests 3 and 4
conpared with 2 sh&Bt haf sarbaq di exidge 15 reduces the M with this

catal yst, which i s“hBt Xp¥cfed® @ ¥ N fromthe effect of carbon dioxide
on other cataly§tsagg o nw 9!/ @rlky.«wtests 5 and 6 conpared with 2 show

car bon ndxBde Al §oQ BluBes . However, the catalyst activity
drops significaptly nore with carbon nonoxi de conpared to 20 t he
ef fect of carbofp #jpxide (conmpare 4 and 6). 3. Unlike the results
reported in Table¥® where we could make 1 M using isopentane
alone (test 8, Tabke,1).8 8 5 2 8 8 &
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addition of a nodifier was necessary along wi th isopentane whi | e

doing tests reported in Table 2. W believe this is 25 due to
di ffrerence in the background | evel of nodifiers. 4. Electron donating
conmpounds, e.g. CO (02, and electron wi t hdr awi ng conpounds, e.g.,

TI BA, can nodify our nmet al | ocene catal ysts tw .
O her el ectron donati ng conpounds can be ether hol

peroxi des, ketones, esters, thioethersy-268arbonyls, mﬁ'ﬁ”i”,"mm
phosphi nes, phenol s, etc. O her electron wt hdr aW| n ,fmulﬂd
can be trEaREREal umi num al kyl al um num chloride, tr'alkyP
borane, etc. It is believed t hat these nodi fiers can also work in

h I
Ges Phoss UK Gl S oo PUERHMELRNGEST e, poprjentldl LSS

cat al ysts ct SCOEI ng-int reac as been
carried Outcopgéygg$%§ﬂpqpn0pftﬁ§hy ene with an- alpha olefln of 3 to 10

- 23 - 5 carhor sbehs )gitoduses! reshpdriving, ahMIe(g/16¢ anrenatvalaeand
modi fiers thap i“@ﬁc%e %'fsﬁoc‘!@%fq:o' Bod Ni %zh)é@&n M 1%’35 ﬁ%%%énlgﬁléé ?’goge%gjzlJSt

M and densities,Ih a ver road ran rangi ng
g/ cnB by vaCPrRyL Eﬁﬁonorrer | evel (hexene or 5 butene) and nelt index
rangi ng from 0. 5(&)) 26Daiiiziagyi rg t particuledet,or atca:maltaauresumdn:bane

partial pressure, isopaniAlene &%é&%t?orlﬁa%bof'l&i@xbgﬂ
rmnomd%Pand hydrogen g?g), t hat si.gni fi cant ovver or

hi gher i ndex ’(’?ﬁ?rt'hﬂneﬁe’f‘ &hegf:é st H“?ﬁ’f‘pi'é ?sn%t%’rq t&rc@n be
10 produced if necesstransiSiionl netyl (M) angk@det wherain thedumunt ofcan be

made with |owver densijy {&Pdhdht3ISnasE8P #dhgddd r46RNE. 861 to 10 weight
percent, the amount Al (elemental basis) ranges from
1 to 40 weight percent and the Al:M;, ratio (elemental

15 _ basis) ranges from 25 to 10000;

(b) contacting said catalyst with a feed selected from
the group consisting of (1) ethylene, (2) ethylene
admixed with hydrogen, (3) ethylene admixed with an
alpha olefin of 3 ~to 10 carbon atoms, and (4)

20 ethylene admixed with hydrogen and an alpha olefin of
3 to 10 carbon atoms, to produce polymerized product;

{(c) maintaining a polymerization pressure of less than
1000 psi (6.9 MPa) and a polymerization temperature
in the range of 55°C to 115°C;

25 (d) contacting the fluidized catalyst with a reagent to
' increase or decrease the MI of the polymerized
product; and

(e) recovering polymerized product.

30 2. A process according to Claim 1, wherein the reagent is
isopentane and/or an electron donating compound to reduce the

MI of the polymerized product.

3. A process according to Claim 2, wherein the isopentane is
35 used at a partial pressure of from 2 to 80 psi (14 to 550 KPa).

4. A process according to Claim 2, wherein the electron



Iomér) and with higher density than 0.962, if necessary.
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donating compound is used in an amount ranging from 0.01 to 500
ppm molar ratio tc ethylene.

5. A process according to Claim 2, wherein the electron
donating compound is selected from the group consisting of
oxygen, carbon monoxide and carbon dioxide.

6. A process according to claim 2, wherein the isopentane is
co~fed with the electron donating compound, which is selected
from the group consisting of oxygen, carbon monoxide and carbon
dioxide.

7. A process according to Claim 1, wherein the reagant is
water or an electron withdrawing compound to increase the MI of
the polymerized product.

8. A process according to Claim 1, wherein the support is
silica, alumina or silica/alumina.

9. A process according to Claim 8, wherein the catalyst is in
the form of porous amorphous particles having a particle size
in the range of 1 to 500 microns which comprise silica, a Mg
and Al, wherein the Al:My, ratio ranges from 70 to 350; wherein
said silica has a pore volume of 0.1 to 5 cm’/g, and has a
concentration of hydroxyl groups in the range of 0 to 2.5
mmole/g of silica; wherein said catalyst is prepared, in
activated form, by contacting said silica with a volume of a
mixture comprising a metallocene and an alumoxane, wherein said
volume of said mixture is no greater than the total pore volume
of said dehydrated silica; wherein said metallocene has a
formula, Cp,MA,B,, wherein Cp is a substituted cyclopentadienyl
group; m is 1 or 2; M is zirconium or hafnium; and each of A and
B is selected from the group consisting of a halogen atom, a
hydrogen atom, an alkoxyl group and an alkyl group, providing
that m+n+p is equal to the valency of the metal M; wherein said
alumoxane has the formula R—(Al(R)-O)anle for oligomeric
linear alumoxanes, or has the formula (-Al(R)-0-), for



Ay

- 26- Cl ai s 1. A process for the polynerization of ethylene or

the copol yneri zation of ethylene with an alpha olefin of 3 to 10 5
carbon atons, produces resin having a M (g/10 mn.) value in t he range
of 0.0001 to 500, (wherein M is , wherein the process conpri ses:

(a) fluidizing a particulate, activated support ed

netal | ocene catalyst, in a fluid bed gas phase 10 reactor, wherein
the catal yst conprises a support, a transition netal 1)

and A, wherein the anount of Merr] (el [ HAS) BEEMNpes
fromO0.001 to 10 wei ght percent, the ano |

basis) ranges from 1 to 40 wei ght percent} an :
ratio (el emental 15 basis) ranges from25 to 10000; (b)
contacting said catalyst with a feed selected from t he group

consi st i ng Gigempric ppadic al@hoxane, sherein n is 1-40 adwideed-20} h amgdr ogen,
(3) ethyl emacad.g}gggsvgté]_@p alkyl group. &l pha olef in of 3 to 10 carbon
atons, and (4) 20 et hy['ené adm xed wi th hydrogen and an al pha ol ef

in of 3 to 10 carbon atons, to produce polynerized product;
(c) mai nt ailfi-ngAaPyRtest aceardbng freSiaim 0f wheseinHare metallocene is1000
psi[ (6]. 9s5M3zleaiédda POIRORES | Z&hégn Iy at Ué@nsistinlg d ofdi ngir%nr_ange ﬁf
55[err]C t - 25 . contacting.the idize atal'yst wt
a reagent %odé;ﬁg{é?bp%n?ﬁgrle%% lcgrm%iééﬁ'eaSedf‘R’é‘{\/fH&fs'the ot B zed
product; afptylcyclopentaddsnyl hgepalynetivdnlgebalddes, 30 Bis(nA
process actutgilogclopéitidiiechylyRet&l N rididallRRUE Morcdhalide8Pentgyagnand/ or
an el ect r o AgHRLE I GARAUNG1) Rt §0VCE1 NG 1s  Wna' piBT1R9LY T B et Sd

product . \ ]
10 dihalides.

.11. A process according to Claim 10, wherein the metallocene
is bis(isobutylcyclopentadienyl) zirconium dichloride.

15 12. A process according to Claim 1, wherein said polymerization
pressure is maintained at less than 400 psi (2.8 MPa) .

Dy gy
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3. TA process according to Clain12, wherein the isopentane is 35 used at a

zpartial pressure of from2 to 80 psi (14 to 550 KPa). 4. A process
according to Claim?2, wherein the electron

-27- donating conpound is used in an anmount ranging from0.01 to 500
ppm nol ar ratio to ethyl ene. 5. A process according to Caim 2,
wherein the electron 5 donating conpound is selected fromthe group
consi sting of oxygen, carbon nonoxi de and carbon di oxi dg/ Z

process according to claim2, wherein the isopenta ith the

DEHISS
omt

el ectron donating conmpound, which is selected 10 f sting
of oxygen, carbon nonoxi de and carbon di oxi de.
according to Caim1l, wherein the reagant is wat er

wi t hdr awi ng conpound to increase the M,,of 15 the pol ynerized product.
8. A process accor diPRgFESe RORATHR WLYWF’?@IHN tOReCOPOPMERIZATEON OF gj | | ca,
al um na or awyghegagal um na. ETHYLENE

In gas phase polymerizations and copolymerizations of ethylene,
" temperature controls the molecular weight, expressed as MI

5 (wherein MI is measured according to ASTM D-1238 Condition E),
of the resin product. Increase in polymerization temperature
produces decrease in MI; whereas, decrease in polymerization
temperature produces increase in MI.

Figure 1 is suggested
for publication



26 9. A process according to Claim8, wherein the catalyst is in t he

form of porous amorphous particles having a particle size in the range
of 1 toe 500 microns which conprise silica, a Merr] .and Al, wherein the
Al:Merr] ratio ranges from70 to 350; wherein said silica has a pore
volume of 0.1 to 5 cnB/.g, and has a 25 concentration of hydroxyl groups in
the range of 0 to 2.5 nmmol e/ g of silica;, wherein said catalyst is
prepared, in  activated form by contacting said silica with a volune of
a m xture conprising a netall ocene and an al unoxane, wherein said

vol une of said mxture is no greatervt the total pore volune 30 of said
dehydrated silica; wherein said neta ene has a forml a,

Cp[err]MA[err]B[err], wherein Cp is a substituted cycl opent adi enyl

group; mis 1 or 2; Mis zirconiumor hafnium -and each of A and Bis
selected fromthe group consisting of a hal ogen atom a hydr ogen at om
an al koxyl group and an al kyl group, providing 35 that mn+p is equal to
the val ency of the netal M wherein said al u ngprygEhe fornul a

R (A (R-Oferr]-AlRerr] for oligoneric oas LEh oI has the
formula (-AI(R-O)[err] for

- 28- ol igoneric cyclic al unoxane;
R conprises a (Jerr]-Cerr] alkyl gr¢

LAJps 1-40, mis $-40, and
10. A process acgording to

Claim9, wherein the nmetall ocen ecti\gd from t he group.
consi sting of bi s(n- byt yl cycl opent pdi enyl ) nmet-al di{hal i des,
bi s( n- but yl cycl opent adi enyl }net al h dohal i des, bi §( n-

but yl cycl opent adi enyl )
but yl cycl opent adi enyl )

| i des, bi s(n-

i aljkyl s and Ji s{indenyl)netal 10 di hali des.

%
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11f"A_pJocess~according to Claim 10, wherein the netall ocene IS

bi s(i sobutyl cycl opent adi enyl ) zi.rconi um dichl ori de.

15 12. A process

according to daiml1, wherein said polynerization _preéégﬁe igfnaintained

at less than 400 psi (2.8 MPa). 13. The use of an
the reagent to increase or decrease M.

-28=

cof eed as

Tho’s ‘O@

oligomeric cyclic alumoxane, wherein n is 1-40, m is 3-40, and

R comprises a C;-Cg alkyl group.

10. A process according to Claim 9, wherein the metallocene is

5 selected from the group consisting of bis(n-
butylcyclopentadienyl)metal dihalides, bis(n-
butylcyclopentadienyl)metal hydridohalides, bis(n-
butylecyclopentadienyl)metal monoalkyl monohalides, bis(n-

butylcyclopentadienyl)metal dialkyls and bis(indenyl)metal

10 dihalides.

11. A process according to Claim 10, wherein the metallocene
is bis(isobutylcyclopentadienyl) zirconium dichloride.

15 12. A process according to Claim 1, wherein said polymerization

pressure is maintained at less than 400 psi (2.8 MPa).

——

decrease MI.

13. The use of an isopentane cofeed as the reagent to increase or

A
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