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POLYMERS CONTAI NI NG H GH MOLECULAR WVEI GHT FRACTI ONS | N CONDENSED AND
SUPER- CONRBNBHD 2043E FI ELD OF THE | NVENTI ON The | meentse@n/opriovi des
continuity inprovenent for the production of very high nol ecul ar wei ght

ol ef i n-based polyners in gas phase polynerization reactors in condensed
node operati on. The invention also provides a neans to further
control the nol ecular weight distribution of polyners produced with m xed
netal Ziegler-Natta type catalysts in gas phase polynerization reactors,

i ndependent of catal yst conposition changes. BACKGROUND OF | NVENTI ON
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bl ow nol di ng resins, where resin swel| (caused by high nol ecul ar wei ght
chains) is inportant. However, thewﬁﬁg tion of these polyners with very
hi gh ol ecul ar wei ght resin fractions, has been difficult due to reactor
operability issues, manifested by very high levels of static (that can
cause fines to adhere to suFIBEROF MEEGINVENTIONoor control and event ual
sheeting), formation of r.eactor .aggl onerates nd overal | .systemfouyling.
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one of which produces very high nolecul ar weight), reactor continuity and
aggl owpemtienf or mati on nust be resol ved. The problemof static "cling" is
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cror gy, -wni o PR AP R B E R LR M P B duROSY Y e tBbr
aggl onEmpalydsers prlodscddorieh mixddrresmlt Zieglef-Bagh ofpcshtalydawn .gas phase pblyniwdization
previously heen discovered that utilizing a m xture of two solid continuity
i npr oVeAsENS, 1BdrPRRdent obeitlyHgpmpoifions chagels ca") | co-fed to the reactor

separately fromthe catal ys{¢ ﬂ@mﬂpﬁgﬂ{,ﬁﬂﬁ@l\conti nue for |ong
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periods, w thout sheet or agglonerate rmation
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Surprisingly, catalyst actjvity was generally unaffected when the
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capabiihibtiel Hréfitst Shpestaftl iEDPE bW WAS ARk SesiHE PRSE 1S dwelReERNA bethigthe
continuity aid results in"massive fouling of the reactor, and requires

cessatmaecuddr weghtachars) ieveporttdndudbwsyarpthenprodeation efsthescapdlgmersr withoery
present .. The continujty aids function in t. resence of al um,num al kyl
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non-Ziegl er-Natta type catal ysts, such as netal |l ocenes and postnetall ocene
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of CAs, wﬁge not thought to be applicable to catalyst systens in which
cocat a?ys S are fed to the reactor prior to the teachings of PCT
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reference,
(specifically, a catalyst which has multiple components, at least one of which produces very high
molecular weight), reactor continuity and agglomerate formation must be resolved. The problem
of static "cling" is exacerbated further, when the catalyst system has a positive activation energy,
which further increases the tendency to sheet and form agglomerates, thus forcing premature
reactor shutdown.
It has previously been discovered that utilizing a mixture of two solid continuity
improvement agents (“continuity aids” or “CA”), co-fed to the reactor, separately from the

catalyst, allows operation to continue for long periods, without sheet or agglomerate formation



There is a need for the production of high nolecul ar weight resins,
particularly resins with high nolecular weight fractions of >106 g/ nvol e,
and pref ewal2by/2e9sRi gh as 107 g/ nole, or nore, in anobunPsTgrse@timsilihan two
wei ght percent, and preferably greater than or equal to four weight
percent. The production of these types of polynmers, wth high nol ecul ar

wei ght fractions, in fluidized bed, gas phase reactors, has generally been

rendered no di fficult | onerat e and sheet formations, i ch..cause
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t hese fechniques have drawbacks. Many. of t.he anti-static ents.that are
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and/ or aggl onerate rmati on. However, suc t her met hods have negative

af f ectiscopporatee herfefn oy efimynasf WO 2011/ 126988PCT/ US2011/ 031111 t he process.
Use of an itated bed.al one ccordj to th rior art, 1S i fficient
Co promot e G2 PERecE (B PRSBEaR ol PiEbamalcetntsient ot Bpgealatly resins g
known wyat Rigd mdlcs@AUGEDR: ShQRW, BOSA0ULMRE,aln@ (rsfetdly Hhah ey g, or
ethyl ene partial pressure, such that, "'even with stagnant zones in the

r eact onqrey ineaneounts gnestarf fhianitentweighicneaemnt, sandipirefioradlyt greetgudean or equal to four
sheet / aggl.oner at e, f or nat i on. e .cl ear. drawback .t.0 thi thod,is that the
over alTgKFLREEnd): SO RATRO B P STEPBIRNRT MibkReh fiofestBl ATy Pt
Conconh flaitized Bda, Ei phase eiachis, hat ?bﬂ@ill}eﬁéein%ﬁdlﬁyd Wiokd dhﬂcmeglyu egdopetaydrer
particle size, leading to higher fines levels and further reduction in

oper alinf sheet formaonso pdigh capsa gagion dpgtdomasy eact or at reduced rates as wel |,
or feed su al 1y ieve h [ ' r
appr oach | & rons vaioff O mERpR 1Bk ohP aREbAKNE RAERE, B RE Mys RIS |
t he reagdios frain gpechtingdn terdeesatmods, tHroudhheiditioncofead tstgictagentsl atopoaeobhat ween
the reaction te rature and the nmelting. or sticking point of the | ymer
in pr GHORYFYFPS '1§613B’pfod‘éc§ﬁc%lt% ROBF R SUSI9Br SR PYrOGHT r SUNRED ri %’gﬁl_e%f‘gai n

| eadi @&hhﬁu@&ﬁéve%@ﬂzﬁé@k%ﬁvfa% o R AMLAESS ag A Tihat i @3k G aFphididiBle deby
extrenely long-lived, renders nmultiple reactor operation difticult.
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conplexity of catalyst_ preparation, incyeasing the potential variability of
the caapinsfate tratitioe Oﬁfa{verp?Wéﬁleer%é?@ﬁﬁvgﬁagaéwa ﬁﬁfﬁﬁﬁ OB 4hs %r&q&fl@aa tion
of resins with very high nol ecul ar wei ght fractions. None of these
known met hods al | ow production of polynmer at useful rates in commerci al
scale reactors. There is a need, therefore, to not only control static, but
al so to produce high WD 2011/126988PCT/ US2011/031111



nol ecul ar wei gh pol yner, at high polynerization rates, using efficient

pol yneri zati on processes, w thout form ng sheeting and/or agglonerates in

t he reactwm.2011/1269880ne of the nost efficient processes fPom/ush@ipsaduction
of ethyl ene polyners and copolyners is the gas phase fl uidized bed process.
However, in order to maxim ze efficiency and mnimze operation costs of
the system it is best to run the process in what is known as "condensed"
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the i nvention. SUMVARY OF | NVENTI ON In a first aspect, the invention
provi des a process for producing an ol efi n-based pol yner, said process
conprising polynerizing at | east one noner, in the gas phase, in the
presence of at |east the follow ng coggonents: A) at | east one catal yst
containing at least two transition netals, one of the at |east two
transition nmetals being Ti; B) at | east one cocatalyst; C) a conposition
conprising at |east one conpound selected fromforrmula (1), and/or at |east
one conpound selected fromformula (II) (R1C£2)2 AICH (I) (R2)xN(R3CH)y
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WO 2011/ 126988PCT/ US2011/ 031111 the foll ow ng conponents: A) a Ziegler
Natta type catal yst conprising at least two transition netals; B) a

trial kyl avorrorurmseasenpound; C) optionally a conposition ecmuseailogliat | east
one conpound selected fromfornmula (1), and/or at |east one conpound
selected fromforrmula (11): (RICO2)2 AICH (1), (R2)XN(R3OH)y (I1); wherein
R1 is a hydrocarbon radical containing from13 to 25 carbons; R2 is a

hydr ocar.bon radical, contajning, from 14 to 26 .car hydr ocar bon
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1 or ZyithbutRpAanSddemds. dymg?ohia@at@svlﬁrt@@&aa@f ght of the fluidized bed is
mai nt ai ned above the neck of "The polynerization reactor and with opti onal
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ket ones invention pr oy ocess for
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sai d process consisting essentially of polynefizing at | east one nononer in
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ket onggi, Maﬁﬁﬂ&{&%@%@ﬁgﬁé Hﬁﬁ&l&%&%}éﬁ&e to grodu'c@ 2 SOIE caﬁ éntolfm& he
invention, the polynerization process occurs further in e pr sence of an
ef f ect(m)ew&maimgtthmf sod:ldmompmmblyt bg,nbrmhsmtmg iagetht a,lkylmlumhmm balitedif rettasivof t he

|nvent ri tlon roc S rther .int resence. of

wnt or R drnt Tl i S e e S e NPrivent bt MRib i RaR TSt oS-
prOceﬁéxﬂQ&Mﬁﬁmﬁﬁﬁkhﬁkmﬁedh@ﬁmﬂﬁﬁﬁgﬂﬁﬂn&iﬂH&h@%ﬂO| et hanol , |sopropanol or
a mxture of any thereof In a specific enbodlnent of the i nventi on,
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the iny onen C) added ¢ tlnu e poI rlzat n
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&' nvent Pon, i Aui't
agent dissrig@ivh] Bidtiik suastde dort @(tltubfbnﬂmmwrmdldiﬂgqjhrp@@@ttﬁé process conhmlsﬁxrge
enbodi mrent of the_inventive process t he gas phase pol ynerization takes

pl ace Pohymagrizngaalefinm sushescatiorens By aioisser a iervpiem, péchyis compFipedafi on
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|nvent|on e reaction

enbodlcﬁﬁllpbﬁndsébrrlﬁhdési afnapvaddicin aahiy) ihsfnign sord eiid, cavdbytochcdph@ndntoadnginedses a
hi gh nol ecul ar wei ght et hyl ene-based pol ynmer, and a | ow nol ecul ar wei ght
et hyl ene- based pol yner, and wherein the high nol ecul ar wei ght

et hyl ene-based pol yner has a density |less than, or equal to, 0.960 g/cnB,
and wherein the blend has a high load nelt index (121) greater than, or
equal to, 4 g/10 mn, and wherein thezplend has a nol ecul ar wei ght
distribution (MV M) greater than, or ‘equal to, 15 is provided. BRI EF
DESCRI PTI ON OF THE DRAW NGS FIG 1 is a graph of skin thernocouple
tenperatures readi ngs on the fluidized bed reactor wherein the
thernocoupl es are |ocated at 8 feet above the reactor distributor plate.
FIG. 2 |s a graph of skln thernDcoupIe tenperatures readlngs on the
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FIG 3 is a graph of skin thernocouple tenperatures readings on the
fluidized bed reactor wherein the thernocouples are |ocated at 3 feet above
t he reactwo 2diis2s988ut or pl at e. FIG 4 is a graph etrdaiseevitobannocoupl e
tenperatures readi ngs on the fluidized bed reactor wherein the

t hernocoupl es are |l ocated at 8 feet above the reactor distributor plate of
the first WO 2011/ 126988PCT/ US2011/ 031111 reactor in a dual reactor system
in which the first reactor is producing a very high nol ecul ar wei ght resin.
Lo 51 kg RO oo ka mEROHBITG. parpeTHelr SEpRad RS p (A

f1ui digeehibRdB)eRLHGH I EC PiitAnfuRe D ED RCAER RRuRnEm! ReRogRd.at 5.5 feet

above the reactor distributor plate of the first reactor in a dual reactor
system i n WhBcatdne No.r 61054486t disclpsespr ophlpinaiglle veppprtail geatatpitecuhpanenei ght

resin. .. FIG. .6 1] ra ski.n t hermocoupl e, t enper at ur.es readi ngs
ot nsopprisine she il RO M o e PP R B pteg TRlA ER R B
feet akement RE dtelRed Avodh@bgdnbetn@inink atsiont Metaf ichbBipoliRBC tierdim ofe divad
reactor systemin which the first reactor is producing a very high
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and reactor static in a second reactor of a dual reactor systemin which
the fi'¥idan ggeqaspetaltic ﬁ?%ﬁ%@ﬂgn@@fv the BIeSsRsF OF gt glectipn ¢HioTy esi n.
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the fluidized bed reactor wherein the thernocouples are | ocated at f eet

above orgpmoplagdnuwn hdlide hilbgerstinglagew; fanctherd of preparing gotcorsorsnfoCowp dreatiny e
noot h onset catalyst feed is
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DETAI %EVQHEEECRI PTI ON OF THE | NVENTI ON
SUMMARY OF INVENTION
In a first aspect, the invention provides a process for producing an olefin-based polymer,
said process comprising polymerizing at least one monomer, in the gas phase, in the presence of
at least the following components: A) at least one catalyst containing at least two transition
metals, one of the at least two transition metals being Ti; B) at least one cocatalyst; C) a
composition comprising at least one compound selected from formula (I), and/or at least one
compound selected from formula (II): (R1CO;), AIOH (1), (R2):N(R3OH), (II); wherein Rl is a
hydrocarbon radical containing from 13 to 25 carbons; R2 is a hydrocarbon radical containing
from 14 to 26 carbons; R3 is a hydrocarbon radical containing from 1 to 4 carbons; and x +y =
3, and x has a value of 1 or 2, in condensed mode where the average height of the fluidized bed
is maintained above the neck of the polymerization reactor and with optional feed of other
continuity enhancing agents, such as water, alcohols and ketones.

In another aspect, the invention also provides a process for producing an olefin-based

polymer, said process comprising polymerizing at least one monomer in the presence of at least



The invention provides a process for producing an ol efin-based pol yner,
sai d process conprising polynerizing, in a polynerization reactor including
a fl ui di 280 2badi26®8di sengagi ng secti on and a neck conneeCirag2atha3tied and

di sengagi ng section, at |east one nononer, in the gas WO

2011/ 126988PCT/ US2011/ 031111 phase, in the presence of at |east the
foll ow ng conponents: A) at |east one catalyst containing at | east two

transiti netals, one of th ast two transition net Is beln Ti.; B
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(rr); wherein, (RICO2) 2A1CH = formula (1), (RR)XN(RBOH)y = formula (|
RL i s camppuirhededteshftpmdionanladnead/ni ﬁgleﬁﬁome rempound seiem@bfrgm feempk @D):
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of the fluidized bed is malntai ned above a neck of the Eol ynerization
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bed, a dlsen agi ng section and a neck connecting the bed and di sengagi ng
sect i Orpteraplepholsinddiéonssnomer, in t he gas phase, in the presence of at

| east the figlyl VA i
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one co ound sel ec rom.fornmula (]), .and at |east one oun eI ected
from PERRU Ol 15% fOéOng( ﬁ&f@f%@%ﬁ el e oo Catglyyt CopEyRRE

for multanitibn mekls, iohe 3 Medt 0%R1 RtraRAI0REhtEI] %ﬁﬂgmlng) bt 1@5§t bae wca?a'iys@acpons
R2 is a hydrocarbon radi cal containing from14 to carbons, R3is a

hydr o@mwmsmladlccawstmgmsa@mnaﬂg of uabhtm Otne mmpaumbsﬁéectedwﬂom forgulz (B, andior x
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continuity enhancing agents, such as water, alcohols and ket ones.

one ertdiel rORtaIIRg (e | hyeabicaoppoRads a hyHecaken shdisd Gonfajhiag ifom il da 4 akes

place LaoAL. J§ast yQ”f anf ?(q{aQ a va[u% ANt S’J{B@ﬁ'éeﬁ%de Mb‘%e QX ARY %&ghpn

process occurs in’mul’tiple reactors in‘serie I'n ano her I ment
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radi cal .containing from 13 to 20 carPons or alternatively,

hydr ocar

from f%edt‘gnoihﬁr@a?tﬂ%té’ GHF%P%&%&H&% a8 W3lsdi Aeahelsomdiks®nehyent i ve process,
conponent i is
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14 t o polynaay lsmdsproaﬂd msmeng ehyed tialtya ol opolyrachizag acdna;salqmnngloﬁmmm in ttlee 4

b f l1to, 3 has
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conpound sel ected from fornul a at | east one conpound sel ected from
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In some errbodl ments of the inventive process, .the corrp05| tion of Corrponent

C fur st 1¢ &npf cabenu R Kerkydrgrarhoaardion conrining frapyl fnd caibprspnd x +y =
eFTbOd'st'EﬁMPa& é‘@alh@ﬁgi Py s ?&ﬁf Hg}%ﬁ e e 'ch%a!v% g@ﬂ&&ﬂ? £ AERANE, Qbeliner al
oil. one enbodi ment. of The 1nventive 835t he conposition of
Conpomexittafdedl Lrboherthe orepk mfeﬁleapcrtymemaitlom ﬂeactor and with aulphena"iafeeal!eof other
enbodi nents, the co osition of Co nﬁ consi sts of a conposition

conpr iPiRyiGenhancdy Qtsc %W&t% LA kSRS mul a (1), and at | east
one conpound sel ected fromfornul a (II) (R1CQA2) 2A1CH (1), (R2) xN(R3OH)y
(I'1), wherein RL is a hydrocarbon radical containing from13 to 25 carbons,
R2 is a hydrocarbon radical containing from214 to 26 carbons, R3 is a

hydr ocarbon radical containing from1'to 4 carbons; and x + y = 3, and x
has a value of 1 or 2, and an inert hydrocarbon carrier.



I n one enbodi nent of the inventive process, the conposition of Conponent C
conpri ses at | east one conpound selected fromformula (1), (RLCO2)2A1CH,
where R1 we 2a1lipeassecar bon radi cal containing from 13 toP2%/uUsasihoss 11 at

| east one conpound selected fromforrmula (I1), (R)XN(R3CH)y, where R2 is a
hydr ocar bon radi cal containing from14 to 26 carbons; and R3 is a

hydr ocarbon radi cal containing from1l1l to 4 carbons, and x + y = 3, and X
has a value of 1 or 2; and an inert hydrocarbon carrier selected from

i sopent ane, hexane and mi neral oil. I n one enbodi nent of the
inventive ppQERs %m%ﬁﬁnmbtlh%t@ﬁ @C@WR&I{: é§s%’e§u1§-tfu11tﬁ‘&% e
conpound sel ected fromformula (I) ) 2A1C0H, ere is a hydrocarbon
r adi caresenst @ff a1 aedtverani@mt of zanmanﬁymancang gt Iomh@mmﬁderye o€ ¢heed

fromf.or R2) x a hydrocarbon ra
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carbons, and X +ly = 3, and has a value of 1 or 2; and a mneral oil.

I'n ondncshasebicthsne e%pptqﬁ)émlrs)&@rﬁw%e of yuesercot he corrp05| t| on of Conponent C
conpri ses e n Sglefly om.F Rﬁg@]
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| east com@omuhpound selected from Formula (I I) (R2) xN( RSC]—I) Y, vvhere R2is a
hydr ocar bon radi cal containjng from14 to 26 carbons, and IS

hydr ocar bord™ r #Withea 259git af ﬁhﬁgn’r%lﬁm cppPanensy Konds added fomllywuslz toa e x
has, a péAlriizRfionrBEio2: In some cnftdRhGRL BhE Vit RN el Buict Rbedi &1 O
of "the co IZo&ond eseoectnegmfereom For mu gﬂ?l )" eto the coln%lou%ﬁ] Fg %eé from
For rrulcaniﬂﬂuo)l‘slycaﬂdd:dm th@pngmetiiaaiimnofaoﬁurrponent C may range from"0.5 to 1"

to "2 to 1" and| r e 0,5 to ln one
enbodi rent 1800 REopRpEA PORe pyis PRebmpbRet rbdeoratietGtithiakesaepi

separ gt gy dnk9Actdre catal yst and cocat al yst. I n one enbodi nent of the

i nventive process, Conponent Cis fed directly to the reactor. In one
embodi ment Ipgnather armhp@lnnwethppob@wzat@onmﬂ@ﬁpc@rs 5 mnhtlplea‘catcgtorfseldsetrt@St he
reactor si rBJ[ tane(e) eln entlo% SI‘t al[ig Oef reta 1 ¥ 8 4 ft[h n entlve I es
enbodi nment Tt HE ven i Ve procpeg‘é 8(1) ﬁ]tpe 1S gt 857 geTER fp 80615% t he
react @ .soh@ @m)defﬁaﬁsil areqactiod ptdimci &sfﬁmslﬂge apﬂ&ﬁﬁ‘sﬂnc@fm@%ﬁipnged 8§ high

slurry as fed to the reactor. I n one enbodi nent, for an inventive
pr oc e d80lcaudarpurigitetiylensnised aelyaer, |8@é§tIOWrmol@élhlpwmh&@th@l@@%aasredmmﬁfnu| a

| | f
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( R2) x g, RBMH) &y cmivaad evhigkin ﬂlea)lmddra@ @&mgto]mai ard:itaﬁdiexo(@n) gicatenah roorydd t,6+ 26

car bon and |sah carbon r dlcal lnln froml to 4 c bons
and xgifq/ a%%?r%nﬁﬁ blerd e B eiuarrwglgﬂ QB AMayM:) gredlsy figns 8 m as
fed tq {lgqorlegqg Rvided. I n one enbodi nent, for an inventive process,
Corrpon«calnt C COIT%I’I ses a conpound sel ected from forml a (1), (RLCO2)2A1CH,

where R1 is a hydrocaBlRIEFHaESGRﬂPTb@Naﬁ)EmigEﬂ)WNGS) 25 carbons, which

is in soli ormas f he reac In a onent
C comprt 51 L B b Bt Ot Ue o R ikt e Rl B ol pe R ARET R

is a Mfé?ﬁﬁfebcﬁ&rﬂcﬁghlﬂ@i ar® Wetatddnit BTedt aBH cliBe kucP d%ﬁﬁﬂi@&%olat@nd is aslurry
as fed to the reactor. In one embodi nent, for an inventive process,

Conponent CElgoRpyad geph af slilleél@a‘mgwp&)mmawwrsseﬂeeémeﬁon therflvidizedibed repetyr
(R2)x N\gh%%e%ﬂl}/e’ th\eApmeorcgup £s AR loca@é tg%afrelejtoa%oxrfg gfe%gallctor distributor plate.

FIG. 3 is a graph of skin thermocouple temperatures readings on the fluidized bed reactor
wherein the thermocouples are located at 3 feet above the reactor distributor plate.
FIG. 4 is a graph of skin thermocouple temperatures readings on the fluidized bed reactor

wherein the thermocouples are located at 8 feet above the reactor distributor plate of the first



WO 2011/ 126988PCT/ US2011/ 031111 containing from 14 to 26 carbons, and R3 is
a hydrocarbon radical containing froml to 4 carbons, and x + y = 3, and X
has a valwe20f1/126e8 2, which is in solid formas fed toPCh@Se@a®snnl In a
further enbodi ment, Conponent C at | east one conpound selected fromformla
(1), (R)YxN(R3OH)y, where R2 is a hydrocarbon radical containing from14
to 26 carbons, and R3 i's a hydrocar bon radical containing from1l to 4
carbons, and x val ue of 1. or and whic slurry

o PedtiTRe prtegior S ihang Rt Gefient s TrofRE rvenbidhanBieduas s
the calabimsbsins a Ziegler-Natta type catalyst. In a further embodi ment, the
catal yst conprises at |east one netal selected fromM, Ti, and Hf, and
optional |y E¥g. 5 ks grapluof slen ﬂ@ﬂﬂhj@@humitempeaﬁhemaéma htatheifbliqlingwrehﬁom he
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| east a two wei g percent fraction (based on the total weight of the

pol ynépactarHga ﬁ% raa% YeEMmn wéicgﬁbe dFstgicaciplels RIALHIADE Vgrshmgé mglecular
det er i nad Ly, t he respective area fractions of either the conventional or
LS (Light Scattering) GPC profile of the polynmer. In a further enbodi nent,
t he respecthlGe 7as eagihplaof ilissragng rafctar seaticormnent flowadndGREctpr statit én al first

anot her enbadi t, the respectiv fractions are of the
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fract ivaightassn.of the conventl onal GPC profile. In another errbodl ment, the
respective area fractions are of the LS GPC profile. I n_one

enbodi nent FlEoP ian granhdlestipang Fesetos statie farmgitioniin thyalstirogeioy dwiing sfartup of

pol y In a further enbodi nent, the
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et hyl ene-based polymer. In a further enbodi ment, the ethyl ene-based pol ymer

is an I%berg}an@néﬁ@tmnéﬁmn from edryongded to cangensetiumadser enbodl ment, the a ol efin
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1- oct ene, fer Tene) d ROt e pr efn rably
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DETAILED DESCRIPTION OF THE INVENTION
The invention provides a process for producing an olefin-based polymer, said process
comprising polymerizing, in a polymerization reactor including a fluidized bed, a disengaging

section and a neck connecting the bed and disengaging section, at least one monomer, in the gas



In preferred enbodi nents of the invention the gas phase pol ynmerization
reactor is run in condensed or super-condensed node where the average

hei ght ofwohe1f12648di zed bed i s mai ntai ned above the neclkcCofuseég/ 031111

pol ynmeri zation reactor and with optional feed of continuity enhancing
agents, such as water, alcohols and ketones. An inventive process may
conprise a conbination of two or nore enbodi ments as described her ei n.

The ol f|n based y r of an ventive oce may conpr.i a conblnatlon
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conposition and a final catalyst conposition. The catal yst precursor
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agent is of an average particle size no nore than 25 percent of the average
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(either hydrogen or alum num reduced). and Ti(OR)4, where R can be ethyl
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Ch'Or'g&ﬁs%ﬁgﬂégwé&#%ﬁbﬁ§§aﬁéﬁ&oﬁ&@”ple et hoxi de, propoxide, butoxide).
Prefer magnesi um conpounds are MyCl2 and magnesi um et hyl carbonate. This
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the caemmya(Ds eéidatalgast)etl% cappoydy S@@W frerg fprppda (He Vpl@ﬂrslﬁeﬁlz(%(?q) oM@ act or.
Wh t atal
1 ror TElERS! ROTNRIPFA! Aoty LD, REH Ehydibe i Rlonl Bl A1 B 300

or a dhitbes,eR? icadgtalcydon mayicdecohednihg fiome leetccﬁrﬁdcarremst ®3. is a hydroddileon
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et hyl ene- based pol yner. I'n one enmbodi men for ‘an i nventive process,

t he t@ihﬁﬁfmaﬁwwﬂﬁun1conpound is selected fromtri-n- hexylalunlnum
triethylal trii sobut Iun1nun1 artic when produced
0 v ot BB S p SR K SR Rl prassey g B ROt RERE

[ ndex 121 ,In afnothet @mdBBingdnl Bfrthé 1n‘£l=fnt12@ préeds3 Cogdpblert O, is q(Rp@ogp AloH80
g/ 10 mn. Particul ar]y when produced in multiple reactors,

t he
et hyI SrherpBE ek Iyesirgerghontadical @nﬁﬁémpg fiioswl 3 & 2 carbonsy, epalteggpatiygly, éroznéﬁ tof 78
to 1677 Qfoft 90 to 129. The et hyl ene-based pol ynmer has a bul k
density (or apparent density) from24 Ib/ft3 (0.39 g/cc) to 34 Ib/ft3 (0.55
g/ cc), pr efleyetdngtier omba@imch! 6fttBe (¥ chtlvegiroadss.tconipéné/(F is3 (0. 55 g/ cc), as
determ ned by ASTM D-1895. In a further enbodi nent, the ethyl ene-based
polymer is an ethylene/a-olefin interpolynmer. In a further enbodi nent, the
a-olefin is selected fromthe group consisting of propylene, 1-butene,
1- hexene and 1l-octene, preferably 1-butene, 1- hexene and 1- octene, and
nore preferably 1-butene and 1-hexene.9



WO 2011/ 126988PCT/ US2011/ 031111 The invention further provides a
reacti on product of the polynerization process, conprising a blend, which
bl end compoi2ergi2e9s8ki gh nol ecul ar wei ght et hyl ene- based polryusesL/0and: a | ow
nol ecul ar wei ght et hyl ene-based pol ynmer, and wherein the high nol ecul ar

wei ght et hyl ene-based pol yner has a density |less than, or equal to, 0.960
g/ cnB, and wherein the blend has a high load nelt index (121) greater than,

or eq t /10 min, and wherein the hl end has.a | ecyl ar i ght

ai strBR SR M YR PSS o Bahocuporgudiedt soraging Fot S, 2 s,
embodigBRbivdy 86T 1OR P @&Wehs; Ahd P iPL hyaRthdkeh rdlcd @ERFHRS frofPMRbISI Ng
a bl end, mhlc% bl end consists essentially of a high nol ecul ar™ wei ght

et hy| sadohaoedltgohtyvaby, fraand ta3 cathonylaed vltay =weraght hast hiydlehef basdd pol ymer,
and wherein_the,high | ecul wei ght et hyl ene-base olvmer has. a densit
Moes t han TRt 8o dRES U ihe e SRV REmRBREE & Pt B Ris S Y e
el t icoapysifib? kbnipricakedt eiaroncOfor@stiall delected B6HO0fofinbla ANdanther akt bixe

bl end has a nol ecul ar wei ght distribution (MvV M reater than, or equal
to, 1zompopicbsalesied from formylp (HHBAECodObCES §P\3r£9\?(869ﬁ)'y 6®). ahewsitbRhistd on
of 1 W, 8o ciBbS I‘&HP&SCHOHBH{II? %md?§ ¢ ?9 %grb%ﬁg &4is a h droca-lll-rBSn %ﬁéa'l Q’ot@t@ﬁl?r%)
polyne?>of an i nventive pr%cess may “conprise a condi Nati on of two or re
enbodifreemnt 4 tad6 dedons, Redis hdrydirotarboantdioali doyitafiiglg from 1 to 4 cafdass; e +y =

previouiér giscovere that select types of continuity aids that both

i nhi bid 2& A0pc? Yherht Poh, as well as prevent formation of sheets and

aggl oner at §5 oWk lehbBlifhdnts $ffie RVRANES bidBesQf thRbWEBLiBoNYbE CoMBbYerR COfhrth

nol ecul ar me?% te%}acﬁﬁéhs, tﬁat ?s g#ea?%? than5§66o%?nnf gn%ﬂbre erg%ly
as hi ghmasisd&sGinghend hydrorarben eqrriemnahdiin carmiortrdodimeait s thet inam hpdrecavbodm barrier
percenti ﬁ%ﬁferﬁblﬁ 8reater Hhan two wei ght percent, and nore preferably

gr eat &} SPRHAYSr %ﬁ/%.r?29¥%ﬁ?'m@ight percent, based on the weight of the
pol ynmer.  1n one babo@RRdnt i thy idleftitdCHoc¥Rr kR Rffdskidhast Gohpddent € Rathdt yst
systens that have a positive activation energy, that is, those in which the
pol yneeinpas¢scrmestdleilty i s positively affected by increasing reaction

tenperature, The i.nventipn also works .espegi-all Il with catalysts.that
nave very. ibatRatt TabigeRs: s SRR P (RmpbpfRe ol SEL SetPodudtn
rate comptisinkat (KO ot comPodndiclecled R foBRAE (13 dnd of Idstdoridicodmpolie sected
features, while desirable for h”&&)catalﬁstéﬁleld,.are especially unwel cone

i f t hdrogy &aravq @DpRolteOn oAKNE £D. 2) NG} b herga®il éna hydgeagbapradicaboor

sheet S El Rl AR et oo BRRRE O oo e BB Rontl4 B SRS
| ocal iRAed attgdpeadbu radivdl Icbntaindrigefiem, 1 tour ¢anleons] el easing, dndex lesta wildeyofof t he

catalyst in the stagnant zone, |eading to polyner fusion and requiring
react6¥EsﬁHVHUﬁﬁ¢Ly8”CM%?QC%HE“been di scovered that a continuity aid allows

for smoot h,, Bﬁ@%b@dihfeﬁﬁg@tﬂgriﬁleh% bc8RSthPRES osi{ié)rybfitgﬁg%% C comprises
pol ymeri zati on systens il e producing polyners wth very high nnlé%u ar
wei ghtat fleasiconcoosnpiundsictegted foomnfoimhilpl(®), (R bKOd), AKHEt where Rlhesehmlididarbares
are pref.erably.soli.ds r.ifLr solid form at injection,t rature jin t he
" eact o1dical FantagHEs Sfomb 38 ro DY o et S ehpoting, yeiseled oy ferpyls U oy
(for WRQ)XNKRQO%?%eﬁlRl & Phyiy Ut Rl @tGdhg GO/ &4 B T0CcHHA 4] RO i25
carbons, and (RZ)xN(R30H)y, éfornula (I'1)), where R2 is a hydrocarbon

r adi cal hydereedioniradjcélcontainng omel et bwhens, RBl k 3 = Ry dirdx Arvoralpadf tar 2;
cont aialqi 09 'IIeE’t mdloctar 0?'1 c(a:uargell)roe Roted o o1 e%ta%nqle)>(( Qeagnda ¥ allra eiIOf 1 or 2
These “aadi t1vey 4 URCI oft &V &R TR fﬁe Bﬂésenge of"cdcata ysPs'(typicaIIy
trial kyl allnghoufbedifeatatihy invehiichptessghoesmbbsitiseatCoRfonddt acdngiBed ul |
activitmagf Ziegler-Natta txgg catal ysts, despite the presence of

f unct iabreeps enesompperndyisiactednsemedoryulpdDs ERECPvRARHNWhers Rloea Aydygeasbory or

exanplrgdifaqacrog%%gg fﬁ%ﬂﬁ@%'zsﬁé‘ﬂb@ﬂ? Uf1cast one ¢ g&ﬁlda& ctédv\gém }l[ﬁuﬂo@gb een
previ ously tested; however, in condensed or super-condensed node operation.
Nor hgRe)NRYOHpewhtesR2 ¢ 4 ydreacicradishlt dondiiding fiens 1 4te2i erbésamBRE éet .
Specific Ziegler-Natta type catal ysts are described in U S. Patent
Publ i cati on No. 20070060725, which is incorporated herein by reference,
along with variations that will be described further herein. In a preferred
enbodi ment, the specific feature shared by the catal ysts useful in the
invention is the inclusion of Zr and/ Hf active sites, to produce the
hi gh nol ecul ar wei ght portion of the E@Iyner, and the al coholic solvents
used in the production of the catal ytic solids.



Compounds of the form ROH are al so known to be pro-static agents, thus

usi ng ROH conmpounds as solvents in the catal yst preparation process further
i ncreaseswohelpiatsati al for high | evels of static. Resi RETWiSRé1108r1Y1 hi gh
nol ecul ar wei ghts are al so known to generate higher levels of static

chargi ng during production in gas phase fluidized bed reactors. Thus, while
the resins are highly desirable, production of these materials is rendered
much difficult, due.to the ntlo d attribu of the t alyst
Cyst e fEeon SR PR S Rom o ST 0l Sk eretts hies 1 KOS AL Toaavti on
of conhijAthih¥raPbil to the polynerization reactor results in snooth,

continuous operations, with mninmal formation of aggl onerates, and '
essential dhions aabbdimeot Ofsﬂheell\ren‘gVQiPmCm @@EQWEQ@@@BWMU@ZIMLCG@!IMEGSCMM

e oreh M RENo SRS B e RETHER Folnlfidn, (RICONRIGH ufibk PR hvdrpfirtgn

measu l’r@df@zﬂ%ﬁntaﬁﬂﬂ‘%i froml ﬁyto@doaatbov@ San@ru@ @@kt ¢riR dBintPolthd Sclsdtéd fremJeiM@uat (10N,
however, the si e mnimzation of static is not sufficient to prevent

aggl o&BZ)axNéR%%ér wheicrfat isonhydseqsekon adicpeqoataiisg diorbit if 2¢eribensupnd/RAjiy

S i L A e

cont i nuous Ip radxdmaﬁve) Bmbbditrieatsp ey weight l‘atlo of "ths cdﬁp@rndb@dhcwdeﬁbmuﬁdrmulﬂ is

generally a m xture of two conponents, both relatively mol ecul ar

wei gh? PrplsunernrayRt aelericg faem doranky ¢ WGP%WIPP?%‘& PB?}grrmorle%t.C may
The TRAKAGS 131 1P1ahar Rk ¥ otk &5 Wares 1 THe By ehfiyed hydroxyl
functi o@gl Ity rds (?ntroge[ce Sfcgrrpg}{md of for ﬁba ?{,) ,G%?E R1CQ2) 2A10H)
where RL i dnanhymbodiarchoe! thadlvcaﬂlva‘promss,gidmpdiﬁnt@ﬁdoﬁtdsto thEtreachon separately
functional.i s.infroduced as a conpound of the fornmula (I1),
(m)xm%%‘é alle%%pr C%ﬁtaﬁgga hydrocarbon radical from 14 to 26 carbons, and
R3 is a hydheratmBsdiiRil Sithe infvehti RXFIRISE CamRpdnéht C & Y Idlrearyptmﬂweacter but y
or isopropyl radical. Particularly preferred conpounds are "al um num

di st ear at e lande AmbediTrannst ggonyentiye @aoaghs, élompopant (e initially fed iter therrgactor
enbodlrre th IIR;CI)Z 1 to (RR)XN(R3OH)31 in the CA may
range Si‘m%Eam%us%"fvéhihest?mgét F8at)iﬂ%é[%ggr s preferably "0.5to 1" to "1 to 1"
by wei ght. ThBn@ehbsdibent 6T tiveBtiNe prodiss,Mothponent 6 if £6b1idi & €ed {oythé eeatloe

pol ymeri zing reactor bed. An especially preferred ratio is about 1 to 1.

I n one enbddiomergmbadifaent efothsonEstycaracasedCampanadt §r iy agfurehas fob te éhq d
conponents [ (RCOR) 2A10H) and (R2) xN(R3OH)31. M neral oil solvents, such as
Hydrobrite 380, Kaydol and simlar viscosity materials, are pref erred
carriers oflntdre &Abodiment, fd)ln as dmecreivb qdocmst € ompbueenCAC foeaghriséso ai ﬁ:aEtEOne

t d t t f I h th t th
o ROREOUE] PRsci gnd BB V(b 4 Nt M B R) 10 B ciieaany Bace
Il;)cat | .BhkalnPhg tﬁ%‘ﬁl G4 g‘oeggi da?oo%?oé(rﬁi tah‘?e gi %hlé [chH@BﬁncP 's@l%&ed%'f@nﬁﬁl@

portion of the pol ymerizing b , the region wherein shedes are
nmost I(RRRNYR3QHHomimereAR2 esfd lexdroaﬁdaamadrmal thtaiﬂlihg fioat 134 toal6 cas’bcbmsdallchB e

react or, t.0 pr.onot ood operation and nim eshe a
f or PR e epnn o o T o Fulho M S st Sobt S MY XTI BR! SF Aat
i's, V\@@ﬁ@aéé&ﬁa@@ﬂﬂtsﬁﬁﬂ%rﬁfasafeii'tdﬁﬁer%%rphase reactor are passed rnto a
second gas phase reactor, the CAis typically fed onIC}Il_ to the first reactor
in the ser |Ies>nevmmnmﬁm26@8epmwmezmpr¢®s&1 qrnponent Iqemmseanfd comgound
catalys r fer fere atron ct.or. th

with Sore®d of B s’y ghee plgjrﬁaftw g %‘hlg % v&%“ocar on fr(thr ol frot g
I evel tbn5 tcb@oﬁé lwrdclmdntsedd fdrhead ﬂeﬂe@theqeacr@@ﬂ Mt & fﬁﬂﬂmﬂledlbraﬂﬁﬁ@r Abdnipdarnat
| east 7r/2 radi ans separated. CA and catal yst should not be

physi CaPmyprifer 8 ¢ompseist selgesqd ﬁr@ﬂafpfs*@ﬂbﬂéf@rlngxz MR cvise &l isehydosaben t he
Flui diz &ﬁ 08&9%@0%% tﬁ B5S i3 M0hE i ao{r g&ge%ﬁo %r?efr%ac%{ ot SSUes. Wien

i nj ecte I nto e cocatadlyst s e separated, preferably by at
| east 7r/21In atdieambodlmem tfh1eaﬁ:An(z@ﬁmel progess,t EdmadndnlneC &amrlbrﬁsveﬂ )eastoonam t h

I f h Th I
¥g:jt ;g:gglpcﬁi{ls §¢ g(ﬁtgcgg}[:ﬂ ' 81‘rpmt11ae(HS;A\(R2)Xlgl(l%o(gﬁ’;yfjl v&yhse}re %Edlscﬁ\ hly%ro%rar orelr% {c)a{l not
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Conti nuity Enhanci ng Agents Optional continuity enhancing agents are
preferably added as vapor in a streamof inert gas, such as nitrogen due to
the very wowoamwsss t hat are effective in enhanci ng re&crars2eonsiimuity,

particularly within condensed node operation. Liquid phase feed nay al so be
conducted. However, the liquid feed should be directed into the recycle gas
streamto allow for proper dispersion prior to the enhanci ng agent entering

the fluidized_bed. Co en i.ng .agent re .selected. fromt e g oups
oscr CBBET T BFbiadn Tarthvinand S5 i0g Bttatsn Barahcongning 58 Bl Che
di scl Qatoss aall xWhy ey anEx h%@(l:ﬂ% t edr Rav|LnishY sb6f RANGTed foREe %a@tot Yin

preferred agents are water and methanol or ethanol. One nmethod to inject
t he ageftrthentambddemendc wsingponenie G gt tleashrainat edmpauind  gsdeetddn diiony fermmaacilhg

ot ndh2pNEH o FrEsI fhidbodin BBSLR i fpe TR FRls 76 SR IR R

enhanei Higragevh rhdicfldotfagtify oM Dass vhrbbnd, hed &ONY EYJiahy xeARARGIRGFAGRT .
The saturated gas is then fed to the reactor. Such nethod allows for nore
preci $8d odithrish sBrTYsfed MUibe yeasidhanci ng agent feed as wel | as excel | ent

di sper si on pu

Super - Cond g i Soég %I%Beéﬂﬁle'n? cfgtc%olngaﬁtve g}?(%egsé 'tl?en%f'tenﬁsq:g{]g gg% dﬁg r%\%[et% tx%e catalPlst
descrﬂb@dhﬁhﬂmmﬂmﬂﬁmanpﬁéemh5$tmmmhmdsmge&hﬁheEﬁﬁﬁ@ﬂe&b$ﬁ05LM@2Tﬂéﬁd}H
5,436, 304; 4,543, 399; 588, 790 and 4, 933, 149; and Eur opean Patent 241947,
the di2a¢ppdnally 251 %rfethear‘e s ol ﬁé@tlﬁ@tabthéﬁls REFSERtN B Gagrleyt enrgsent as
Pref er,rig i’oog‘éﬁt ) ¥ $hrther embodﬂ}%t %é’&ﬁé@kt%m ?@%@%ﬂé&st v me@REALASE from Mg, |
conposrtr " ‘cat al'yst precursor, erein, refers to transrtion
netalihammdﬂnwwiqmunmﬂxZures t her eof, that are useful in catal yzing the

pol ymeri zation of . additi ol nerrzable nong enerallLy i nbi nati on

Bt h one. ot AF EmeBitcat Gt B GIVeRRtS DRPSr. CORBaIRHE Pt Y S St s

are mgyfhbeScopriP kX et Mafls NOROLhahRPARBRCTSRIAL 1oPRhL1dnd then

nmet al | ocene transition netal conpounds and ‘magnesi um conpounds, such as
gne§UUNH@%ﬁbﬂmﬁ@emﬁﬁwnhﬁd@ﬂwamﬁdﬁnat|ver referred to as Zregler-hbtta

catal ysts of eg e cat al,yst Nor e 8 ifically, the

prererred cofigormRahishs el o VT Bineg eyl aFeRREr aesiGineyte

magneshwsmicopieedd that can be hal ogenated to nagnesruntdrchlorrde and

havi ng supported thereon a mxture of Goup 4 netals, especially a mxture
of titani ufhchplier gadodinenothicupeintberadipelyaa wd praferablyl ot icddene-based

nmb f, t
can baChaf kA K Bl b AR ol Bh A DAL |FDERTRSHIGS e
preparhas b ool ¢l dd wesgit ay getayar ﬂgmaloé @rhiblieoas deterpiinicsli bygheregpesive raadiqedond and
th t f G 4 et al d I t | 1
i uertt b ngoinebpt e 8O S eHoa L OB piam gt 1§ o huthe? >
hal ogeRolifigerk Nhe' Fe'étléch?@glréao il SHRRT ik Ct}feﬁre E’Jn%ﬁltc%ﬁf’ d}fcagf%fﬁlboﬂl RO @kr

hal ides are a m xture of titaniumtrichlorid conpl exed with
A1C13 enfbodesint,elll respéativo picadraceonsach bbHihe ds GRd pha’ﬂnl umtetrachl ori de.

Preferred conpounds. tha be hal o nat d e res ectiv

el des D ABCFDAT AT e PR STt Reel B8R Ry o

wher e o léleftfa@éﬂ golpaefl ha@Blcht laSfoBlBighs p@E&NY fracti PSR bn theSORVWEIhOHf
butyl, Ti(OR)(4_y)Ty, where y is 0to 2 and Ris nmethyl, ethyl, isopropyl,

i sobutthd pekyntsul ﬁtat h$ @Rnpleguipl Reyght \ifegreatgr thenol( og/mO@ndlS Rictérmizedchelthg i ng

| i gand_such as 2.4 d nate and describ ye and
T,?anfﬁﬁ$$§@éh?%$?&@n58€1ﬁ1 §0Pﬁﬂngpa rné%é%%tr&ﬁ? ?awﬁxﬁ@%ﬁogenﬁ¥%ﬁﬁced
form eAfhoQndent,) ﬂilezl;esmawe afcd $radtidr® dkeadfUthR ¢enhvemidigl GREt hydfile] $ORAODYE |

i sobutyl or buté Preferably, the subsequent spray dried material be
dry asdbodweent, Boysapedtiye arcpdictions GoptbgierfsPopestiei ons. Preferred

hal ogenat i I m
Sesqui chi ords eheSRiel OB U IS e BR BRIy AP

( EASC)at d¢asi smbutagtoal i rfurthaesgboditnbat ittohe olaRR{batetHidl ym3C1Sin cthylene-bhbel
preferrfd catal ysts for use in the invention also have several additional
attri POEE as follows: (a) they produce polynmers with high nol ecul ar

wei ght fractions greater than 106 g/nole and particularly >i 07 g/ nole, or
greater; (b) they have a relatively low 1(d, that is, a first order
deactivation constant of |ess than 0.? H -1 and nost preferably |ess than
0.4 H-1; (c) the catalyst particle s'%e di stribution has the span
"(D90-D10)/ D5 0" less than, or equal to, 2; and (d) they produce resins
with high settled bulk density and |low fines |evels. WO

2011/ 126988PCT/ US2011/ 031111 The preferred catalysts are also quite
active at | ow added cocatalyst Ievels mnth excellent polynerrzatron

T N 1



The expression "catalyst" or "catalyst conposition,” as used herein, refers
to transition netal conpounds, or m xtures thereof, that are useful in

cat al yzi nyotzhat/pedsgneri zati on of additi on pol ynmeri zabl e pedrusaen®3tigener al |y
in conbination with one or nore cocatal ysts or activator conpounds.
Preferred catal ysts are m xtures or conpl exes of non-netallocene transition
met al conpounds and magnesi um conmpounds, such as nagnesiuntchloride

conmpounds, .alternatiyvel eferred to as Zie I tta ca sts 0 egl er
ot T o type IR srg papaiont, FoF g% marcsh e oyl bised pebandher Sraued] Hes

to a GRbabacars ARIPRARhEd QRbJdaacH, & Ardolyiicd ﬁt‘édﬁ’éedflﬁq firft Radthe ah@ @l @is¢ t hat
i s subsequently activated to an active polynerization catalyst within the

r eact oolymerain wasiariednt ac@nouhemctoguoﬂlem@n an lavarminalenvlal kydight opelyaiky st .

The t ursor st used herein relate to a
por t1 arogred HaR BRSirrs P R R VBh BLRP B g Fibe RHGRRT on retal < ¢ ha

i s subj ect gfl oh®crdBodifdht, mraal inV @Gt !pfd&esi;t 2R ch@ly3ORVEd bnllylto b @ réactor. In a
Procatalyst as descri be abov More specifically, the preferred
catalﬁ@ﬁf&@ﬁﬁ@éﬁ@ﬂ@ﬁhe@ﬁﬁﬁﬁﬂ%@dﬁagﬁesﬂ@ﬁﬁdP6W®EF1de or a magnesi um conpound
that can b t

thoreon a niabbraapy, fr JRABEAE RO My PEanARScl BV, SURPOID AR,

chl or ivdes], pdymeorintmtﬁoﬂteordndmdlrﬁﬂd thaf ethylomesbdsedrpd»e;anercerdmr aayicosa-ddfar eof
and titanium zirconi um and hafnruntcon%%gn S can be hal ogenat ed

the rd3FEONNRE. Ehpotitae cRPeHBSEN thrpralefitars ?ﬁfeqt &RM Higr €rouR Ry NERY be
pract 'p%;& lercN €. RESE T hedediBIHAO o Oknd" gty ﬁnbtené?vl BREAY ol 1J0enR, and

sol uti conpri si ng’ magnesi um conpou e mxture o G oup 4 met
conpoumdspnﬂaab@ﬂrhnmm:dxﬂhhmmneespecraIIy a diluent conprising one or nore

C2-C6 al cohol s uen haI ting .the resulting soli

par 11 ¢l s TPPBIERREETERGRGNS b arRLaITORANT HePieoG PASTACKEHIE Fetpt i 4H i
tri chlcghddhSed ¥iupBr- SR cRR d GRIIRI e thi atvera@é%%ht tf € P RED bedlis MAMAHAR
tetrachl ori de and hafniumtetrachl orid he preferred catal ysts are
pr eparabovd thesmGbeofohe rpabamr@ﬁtl@ﬁ r@ctﬂeitaaﬂy\gtth ppectml dogd ebapyiivity gnhineing

dlssolut%on qu [Rgnesi um, ound a titanium conpound, a hafni um
conpouﬁglaﬁdf % %lrc8n? Egﬁdﬁhd in an al coholic solvent in the

presence ofAm mxtéb}tle@i;ﬂdct%ﬁﬁgi%ﬂﬂﬂﬁa&l&éﬁsﬂq&ﬁdn foff Ithver éibbhbld BEAbagRMNts b t he
conposition is spray dried, or a support, such as a highly porous silica
gel |ﬂeﬁﬁ@eéhﬂaﬂyst is physi cal | y contalned within the pores of said
support. T S d
al koxi de/ 2, pe a%i Ea e?h%%ﬁﬁﬁ?x Urles O§Bﬁggﬁhhgﬁgagﬁ#&ﬂé@%ﬁ??%ﬁ%éﬁ IS
soIubhmmeym%omhhﬁnakcbhmﬂndhaehuent Especrally preferred titanium
conpounds are Ti Cl3 (either hydroge reduced or alum num a t|vated (

and Ti (2, 4! Béf?@a?f%‘&th(ﬁf‘fﬁlt e PRyt @1 © VU peite wiriscrr SO hypta AR

n- pro 0
nlxedgﬁ%u%§§B%QP%¥+mE§%§£ﬁ&g%%ﬁ§§ta o(gh?%0?9§52%§ﬁ§%9%% ox?§19&%?§ oXi de,
butoxum@dcoﬁmeﬁeomedman@das@uwmummpﬁUndwgmmonmgdﬁmommuanﬁgnwmuwnummhdla
carbonate and m xtures thereof Pref%agﬁd a coﬂols for, use @)h@e

sol ve e QPRI @ Z5rapmse™Peust s A£RBPERAn BLtushsPmpepdsdP 20 Alegholis,
a'thO%GHeﬁQ@&h@bﬁm&ﬂk(ﬁQﬂﬂﬂ&ﬂﬂMﬁﬁ@ﬁQ&ﬁtH@B1hﬁﬁ&w9ﬁmﬁwﬁ&nhﬂﬁhﬂh9bt%G&nﬁ?lnt
that renoval via spray drylng may be difficult. C2 through C4 al cohol s are
pr ef ergent iand aetahenaet pamidlensitrunanwire drae @s}@@@lotthoa\@r@ermtlcéo size o $he n
sone Ment s of the e ditiana t i.aonal. .conpone s of
he- c oMb e S Pslaaty Bt T enigr meflolinp R £ EcRiges PR e

the f ehikedalkgxida2,Opent@idisiaks, bi hligles Ahcrbofl l@r@ﬂd@cﬂ&f&t&on@fbﬂn@ axert,elubte nor e
secondary diluent conpounds sel ected fromthe group consi sting

si | oxandis algpfioligisplyrcei Espaciadiyn ryeferred Aitaygy |cogpOppis Ay Te@lhérlth?f huriregﬁbpr
deri V%tdé%( ﬁﬁm%d%%%%gf;ﬁé@ﬁ%h Un¥GER San ?gthgf ?ﬁ‘ggmg)tk,ﬂ g{ﬁtg or n- bt@gty Pfé%éh

finel I sperse I's i ner onen
cataIyﬁtmEWHfeom@odusuhsehuehhnnaiymﬂorz&bmeS(&a&kmmpk e x bk, ennboykd as
filler or bulki gent for the esent osi tions rabI filler
provi QuoX -kPa?rgre?t%%ﬂjtSwnt SO RGH rf%@p eari.raagngwayeth s to

prevent particle disintegration upon partlcle formation, drylng and
subsequent conversion from precursor to procatal yst. Suitable fillers can
be organic or inorganic. Example fill s include silica, (especially funed
silica), boron nitride, titanium dioxi zi nc oxide, polystyrene, and

cal ci um car bonate. Funmed hydrophobi c, surface nodi fied, silica inparts high
viscosity to the slurry and good strength to the spray-dried particles and
is preferred in sone enbodi nents of the invention. The filler may be free
of absorbed mater and |s desrrably surface nodrfred Surface nodrfrcatron

o o o o " o, o o o,



Preparation of the Precursor Conposition Solution The preferred
conponents utilized in the precursor solution preparation are the halides
of the nmeweali1r/izeéws MyCl2, Ti Cl3, Hf Cl4 and/or ZrCl4. TRe€TAiIS204/0BEANT de i s
not used in preparation of the precursor conpositions due to the violent
reaction that will occur when it is mxed with the al coholic solvent.
Magnesi um chl oride and titaniumtrichloride (alum num activated (AA) or
hydr ogen reduced) as wel.|l. as e Hafniumand Zjr umtetr halld S readlly
1 5o TBLI PIGE AT COHOT L Vel Cecaate] Hap e i ahdo Vi F4F ResES i CHF ¢ he
al cohgjvgabyent, but due to the large cation size and the preferred

tenperatures for the solution preparation (<100C), such reactions between
the hal i desharedtedist obropositadnyisrst narce vendmvaees ity W tthrorliseisi ofceogetalydt. bihany

particul t. heor i S. presentl under the conditions
DT SEuR SO Ao ot iR RE o eSS ol TR MR REicPEET g,

Zi r CORtimhéxyl Riaibkiihwf) frie@®lityMatuinihthie &Hal tienbetyDallidinink,hg dlxda@sy tHedof dehe
conpositions. Such reaction further produces HC1 whi ch coul d corrode nost

proc e§§09é@iwtp1ﬁr§ﬁpsen69n@f3@ﬂ$eoﬂf decresse s braadiical theymplecgiowgiedt istribution,
til
ol ut rEitcltl ol b A cht by dtl YRS Jnl ABeRRASL IS lideq , ¢

expenstpratalydortes pbltyﬁlehIZath’nelteudStSQ ralthmig]nt incotBervdmnadiracres, the eocdlltaﬂjrst eudyt bd 0
spray dry. du the affini sgﬁfonpounds for solvents such as

y 0O
al cohdmiged With the gy aalysidiced aﬁ%mthr?ée JBrsnieg Antarbe RPLYBIriZMEINSRCtah ¢V BIK XA de
inclu yst t S he
JEiE e P e
2011/ bp66B8RCATY E20l$/t031d fitstiradtdre ochl differvat conatadyw pmantie feptatdedscbygnd he
smal | er CI ion, in effect weakening the structure of the spray dried
parti ¢FEOThus, the use of the tetrahalides, particularly the tetrachloride
form of t hernaahinieh and FFoviean @s@qm%@aﬁcs gn SRARIALIYpARECKIRE hi
enbodi ments of the |nver%%| oln pide ave Iflgound t hat cal%cnf st pr ecuérhsor
sol ut |rmﬂe@xbmwslughi bneticant bighppapacsdtnhtiatenedr th¢e@hsrcme a%uoahwgth toinougdh t he

use of at _are oride ions

conporieithe” Mot ha SETRERPES oSt oa kit 2l o6 P rfishitRy PEPrdBertdiost ess
cor rom@@omsm@@@ﬁiatmtge@ﬁeagas phiketrbget&@pray drying process and rendering the
recovered solvent fromthe preferred formof spray drying, i. t he cl osed
cycle for min g fmh@wmhﬁélr@@tm@ﬁtmqlfsﬂ%é@m%@epﬁ)eé“mrbqﬁ pwémer eﬁrlwmgulgtfé and
hen TERpFhElOF i3 Peonkltihy GOhE Bk AMin R oL FEMELATDBLYENBNTh
reuse WI res Mer Jcrdi Creases 8INg the COrrosion

pot enttheteactbr.t Inen fsﬁhmeamﬁboalﬁnmj the a&ﬁmdiﬁaem pallhyr xsharemyrmcttm@empdlymer bal ance

in the catalyst p e ur sor The titani um ound used in the
i nventive CAPEF §RLOLBIEb PR 4oV ELIYCHROGEHY Kk ¢ rrﬁflﬁ@m%w%@p%m i esfeted

(obt a'fﬂ)%itrp){ H@Xﬁﬁﬁlﬂﬁﬂurheﬁjﬁéﬁﬁda@ﬂrfﬂfu 6r%fhbbh§rlaﬁfn?iﬁﬁfﬁt as the halide or a

Ti (OR) 4 conpound where R is et I sopropy butyl. In sonme enbodi nents
of t he i nvdatticohylyTwitiGrad @xd)iD. rﬁtﬂtlpk: pradsr thecttiadepubased pﬁllfﬁlelr hasrarhegh

or ecun@egbERdr. Sk A6 HTEaT300nd-0 radeveror gt 4B dhmil' aci di vy
scavenger ipartWilEl W@ froll@uin ﬂm’ltﬁﬁ@ Tréa@ﬂ)ré shd & gﬂé basell ;pbgpﬁer hed ag kaund
by any particular "theory, to occur: zi +2 Cl Ti (OR)2C12 +2 RCH

Thus, flomerafiol 1e1/bf0ﬁfr9et0t2ioﬂa¢fa7[8€t0vh6|7,lOrmél?t)r’f@ﬂil%e the acidity fromone nole of

Hf hI d d
they do not P or M aierdng EOMBELNBE AR sbnb) G binBrRaEnGRRRRHT RE T, 1% e

abi 1 i tgycch @o aqtlua?l (yo srir g//c&)h@rdfétﬁbllyl’ﬁf&h ol @Mt g/cthe aesmftéqO dsyg/agm@ler
formof the precurs magnesi um corrpound may al so be manij pul at ed

to redgtemgeddt y\STM IBérgf)ﬁclﬂ ar fuﬂél@rrrﬁ@bﬁ@@%cqhea% WeloepEmbcniyabe
|
e AR S BNk, N ERESE LB dee TS0 REL UBRE L o

ot her CbﬁMﬂfngédeﬁ(xp}de&: ofburmgnbabxome ané lgmmfeapﬂeferstpwlpb’lgém, $ohexehe and 1-

insoluble in the p red al coholic solvents. Acidity is reduced via the
folll owﬁﬁe’ra@éﬁqfeﬁm %béc%%%f)@ Ihoxpe MyCl2+2 CO2 +2 C2H5OH
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WO 2011/ 126988PCT/ US2011/ 031111 The al kyl nmagnesi um carbonates are
extrenely soluble in ethanol and are used in certain preferred enbodi nents
of the irnwenniloneysBn such instances, the acidity neutralPCTatsean/ogfiiecti vel y
produces an existing conponent of the catalyst, i.e. MyCl2. Spray Drying
Spray-drying may be effected by any spray-drying nethod known in the art.
Here, the catal yst precursor conposition, consisting of the al cohol

solution of .the active conponents plus any bul kin ents or. fillers, is
eforred tdss v RRIe el DIONG chdSTBER. Produst OB AT RLNBPEZ N AP B Sab e
spray-c@mptisiag bR FRIR LI GRScHRh Rt hNgh A& R| WEEhCANPOS-bdsef polymer,
optionall'y wth heating, and drying the resulting droplets. Atom zation is
acconphi shieov mplavekinsvaghtaatlyylend-basod @obmumi aidhyhdewi dw high froelasudirseeighe

O 0! S PR et S AT B BRI SR Y ns

cat al \hat a BIgAUAS It GRIRAS), | drodtet tha® U Rqtd18o,24 @M ZhiNGardeVhE€in tiISEREhRas t h
an inert drying gas, that is, a gas which is nonreactive under the
condi teala el distdbrtiond Moy Mim graeteothangi@audlde iSn renoval of volatile

conponent s.;- A WA t [ ah. i g ‘
B B e e N g e
di sperasblomd, ofhicli dfnétcdneibtstdsgeniiity of @.higlh enoleduluretdipiat dthywnebasdd yohgngas

consi derabl y exceeds the volunetric flow of the slurry to effect ,

at omi 281 2ol o Mmolgeulag Wrigh dhdersrdased pebyamsrofnoivhersd eghish melgeulsh weight

O di nag t i i 0 7 r 5 ,hj 0
P e R L e T L e e R R
gas i $asmhghdbakcheltindexen ygrhatghthheoelequaltto,i sg/pd sendnd wirerenphollehdimesra

tenperatures. Atom.zation res froml to 200 psig (100 to 1.4 MPa) are
suirr}t)aﬁﬁl%gcu?ar Welgl}&ldﬂ%ﬁ?}%’toéll (&ﬁﬁ@ﬁ%{g@gr PRt L?ﬂ%ali%?r ]éﬁélp&d'ﬁ ‘recovery sez:t i on
of the drye{n ¢aRnRe: prRLQY Byt Qnefrfsect csBbindiiRREithbeod RlofREBBdimANEas

exanpl es of suitable spray-diying nmethods suitable for use with the present
cat al sscribgdpersinti on i ncl ude those disclosed in U S. Patent Nos. 5,290, 745;

5,652, 314; 4,376,062 ,4,.728.705: .5 604, 172: 5.306,350: 4 638, 029: 716, 558
and U S PAEAIERR ROSRY RO BBbT0n05s PR iR b eI PR RS Pisl Pt eq
her ei mndyy erdbein®neess described hBretn.t ypi cal commrerci al producti on system the
catal yst precursor will be prepared using a closed cycle spray drying
syst efhontiuitycdidsed cycle system the drying gas is recycled and the
al coholic i . j fo Lap.. The .dryi i s4then
rehoat ed_ anifor i Sl RER i Sl BELR BP colfifyfy K0 haf 3Bl Farkdie
2011/ 2469 88inerhtibin? 6l Well34sl pievent formitien if edhests eld nighoaerhtes, ailbmidz at itln and
drying of the jnventive spray.drying feedstock conposition is thrqugh use
of a MERECHoRPHAFIYRFTS wlbmrzﬁegbwoge&lm: we tfrﬁ%tl%f 9t QYA thase L iDRR] | <
intro I hibfat 7 td : r } t he
wheel 18 ichbR RNk 19 EALEI THANTERL in pmpunts MUaRriBPHk BLOT BOtent: f no.
fi xi ngrefadblyegeatat thaA thockeight pevénteand mese drefoalsgcureatert then wheghaltto fohe
spindle, with an adﬁ uaée cJEar pee bet ween the distributor and the wheel.
The uSEEH Prelo AR P O Eight YN BIRBER y a i gh atomi zer speeds to
mnimze vitheabh@uityhall (CayhbRe psabsiedy el ipedt@nt §ydtdes Mt YaRNE poiitd on
of the wheel. The rotational speed of the wheel influences the
at onmi 2gtivasien cnyrye diat psrthpigeinatvhigh|the ipplyawrizateon activitty 18 regéively alfotadaby200
ms_and COMTELGlaly ALATLACLS 9Ll QREA NS BEalOLBLLANRL HEl BRI 18ROl 000
to 3500 W " Eeedst Kk el er §° tREWRA F Can g Ex TPt rgthWEIt &\ anés or
nozzl eavé tery New \dog@lvatige pedsathany, Wit uirst drédradchdiblatibn eak cottantd K HoORI0eE s.
Rotary atom zers aﬁg<$enerahl¥gused for slurry feedstocks and generally

a Si

provi d& a et eoweirllpar i He siTheseqicaturgsp il dasiialic fpe bighy eatalystzyigld, arc

By SISl BORIGRRSH Ry L0 2R A) DR RloiGREh K TBirBlE, RhyhRE PhbbE ces
of the atontzer, enploye& urin spray-gryl ., It I's possible’to o £arn
parti dlugdizdiawmi srgstaeatioedvidvieembecopar 4 ipeihe @tz dgr Haarspetsasipee and ngglome280) gm
By adjusting the conmposition of the feed to the atom zer, the solidity of
the catal yst particles (that is, internal void volune) is affected, which
wll also affect the final polynmer bulk density. Proper control of both the
atom zation conditions and the feedstock conposition results in catalyst
precursor particles that have narrOM/i$ze di stributions, |ow span val ues,
and produce resins wth high bulk density. The very high speed of rotation
al so nmakes corrosion and the corrosivity of the feedstock a critical
concern. Cracking or fracture of the atom zing wheel can result in

cat astrophi ¢ damage, hurling fragnents at high velocity, occasionally

t hrough the drying chanber causing personal injury. Thus, having | ow

o o, e I -~ .




Drying conditions are adjusted to produce a dry, free-flow ng precursor
powder. The outlet tenperature of the spray dryer-the tenperature of the
dryi ng gasoasinesgits the dryer-is the primary control pComussalienil r enoval
fromthe precursor conposition. The inlet tenperature is adjust to nmatch
the desired outlet tenperature with the actual feed rate of the precursor
WO 2011/ 126988PCT/ US2011/ 031111 conposition feedstock. In practice, a

desired outlet. te eeh%turg and feed rat.e are defined and the inlet
d

t enperAHEN Y dieeddfmaraira s i dagege urther ingigsing the cyity of the

t enpercafalsem thafdendnt %ﬁe,zf%gditng t&ﬁ&if%er fUsm AaQediBrikdRalor §H@dBwaP0 to 160 C,
from 180 to 130 C; or from 145 to 100 C, depending on drying gas flow rate
and f eedst dchasflesd disgpecred {ipit eadontuityeaid taflape it smeagh,r re@apdrdton of 100

C and are.adj uyst.ed ontrol.the residual,.solvent. level int final
Sant s L PR IR Bpf PPzl ST RO btelbins Pt M ol Bigt
art camole@agh Woighktefridtions, Ne ShghabraMaRD PRSI Rkt Tiecspakliticw ak pfreestypck
conposition. Precursor Conposition The preferred precursor

conposPlidar Wi jolidHare af Hacaten Aempasatris Iatovle Teacfoy.zne coppistral cempguidsgrhthe t o
20, j [ d f , i t i + i
200 Ltsrtl BRIk ORI G Mol m ] Sndid R Dt FBROY Lal RBhuathiy * |

Par t i dtonanB yto 26 efhtions,tanda®eNBREOH,, f(famub {10),10hery R2r 8 BydrecaZhonaradical f r om
0to 2. . Once faornmed, the catal yst precursor canposjtion g‘whi ch

cont aicABtaineriremy Z0y26 carlons oy vt Byirogrrareiagisel camtaining drogp kye “grihenhum

chl ori,0e—(AldR3Ras dGatucos 1 BT Gtsd sidi VR fdnctiBn €den ﬁ‘lrth? 1%9&%9 of Bb QI %S
(i.e. Cl2 or BCl3). The resultant catal yst product a I[)er al ogenation may
be waghpdatlp tmadky\adumeact ¢oopopndduehish are gquestlgradlised tasededi fullcictiyity oh

t hose odj nts of the inventipn in which_.the titaniyum conpound utilized
O Z R e iy S RS R0 r et 8 shtiSiohatD M RO MRt e *
hal 0geaatilONiRIBN odafilHEE thr REBHM! ERFoPNMKAFSIPEnd nfRe! yneri zation Catal yst

A typical, but nonlim'ing, halogenation procédure is described bel ow
Dri ed mi nerlaesoiaflditisesc hargaedt theem pedvaeuslymitsstade swetcyvei, ninagpraraiedt o glifdrei ent

to produce a smpoth slurr i th the catalyst precursaor powder, typi.cally

ai i ng oML GRS L] Xaf'hdys hEFpid Galf by REGEH DR g RBURE erch BRI

di sperfsgd, the hal ogenation agent is added. The material is added at a rate
such that excessive reaction does not occur in the mx tank. The anount of

materi al adweeiligepiealesNoHat tyae desdlysy arevisperred pine £l s Batent Palberion oo
Typi c i {4 r i of e hal i
oG - Hplage gt et Y Rl BT S BERUE SR iR PRRIGAL T8 RAAN
powderdescribed furfgir hateironin & piedsriadraunedh dfroent atht isperi el fdatuee elhired by dicsqerigss t he
reactants, . If the tenperature in_the mx vessel is |lower than.the desired
final _%@Lkﬂi b IVGPRSY I GCTUNORLTA Sappr H\éactw e dh PIORRCHRS N P IcREpr
r eact i\aoih SRRARIAGURE pofyck MAAnONIANAIR! SIRGE Qd B tHeNAbdIEBRBE AUdafyl
conpl ete 2011/ 12688 PCT/ US2011/ 031111 reaction. Al'ternately, cooling can
be appblidsd at all steps if the hal ogenation tenperature desired is |ower
than the t erature.the.re jon m xture reaches itabatically..Th
catalyst | Cosng SEHr GBS A S Bl iane B oo sy ik OH
I N soempheMi 8BkenQfin tHeatalye Ptdp@iitioh PRBR! MEBAGEhER RS $ShCyTRtRl & Higi Ng a
| i ght hydrocarbon diluent, such as isopentane or hexane. The sl urrii/“ may
t hen éé¢vclreof atid.i IRcsmedvity vetedugh eeplealaremegts tane alsp gimowyigr ganarato nigher
Opt i onal the filter cake be washed to,f.urther remove any reaction
or odudre gt ¥l chares e ASERTRa R URBC Ry B, KRERER T SRBE NSO,
ConMpostdindie MphledésiablepprodidtRm dfahdse egatédDsngndeddd shuclahry giffiQit, dgétd
di spersed in a mneral oil diluent for slurry feed. | )

the aforementioned attributes of the catalyst system and the specific resin. It has been discovered

that the introduction of continuity aid to the polymerization reactor results in smooth, continuous

operations, with minimal formation of agglomerates, and essential elimination of sheeting and
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A further alternative hal ogenati on procedure can use an in-line,
essentially plug flow system such as that described in U S Patent Nos.

6, 187, 866wvarnd116126988, 405, the di scl osure of each bei ng i rcoryseriatadiher ei n
by reference. In enbodinents of the invention utilizing an plug flow
system the catalyst precursor powder is first dispersed in a mneral oil,
m xed wth reactants, and punped, in-line, into the polynerization reactor.

Sui tabl e heating and cooling nmethods are.used to conptrol  the actual.
S omerhitl SIOR AR RS OGS fhav e it KoK Badl GRIG o fr gtbigtin; v

provi %Hdé‘l%adg%%f@?ﬂ@%a& bémrgones (e.g., either small vessels with m ninmal
back-m xi ng or exftended |engths of tubing/pipi n(?)'. The catalyst is then
punped di r diastd; onnere tspie op ahsasetcimeatsi eantisaiyt additives appeFThéo comdnizeostatiused

in the halto enation altio hl%\llq arnn.ii{r}gaa%t on thtgtiarmunt oflgfli %@t rrtDI e(%ul ar

wei ghtEPF A oOBPBaUCEE By Rihe "WHILFIOP, Of n¥AAnEr % PUIGREY i Daflos

act i viabyloferdiéSheeafernasibn adinge Sleangar@sseibn off contliity 48SCAANed,"&ch iwial

pol ymer particle size and pol ynmer bul k density. Bot h the reducin
power naptnalstatic yaliege: et fcoHt B rapideshpe{ifogeationiadd reagiosshedewnnpost hatuse o
convergsi f I i gh a reduci ng power of the
hal ogéfr?]éa ?‘oaﬁlogégﬁﬁtﬂégﬁrﬁ{s@%%sr%@gﬁﬁ@ %@%‘el Q/OI{%GJ(%I‘ the portion of the catal yst
that gi ves As dscybdd groviondlecUhais gererghy atraixltyre todawb icotdpendrad, dgen adlatdrlypower
results in jnsufficient catalytic activity., Preferr | evel s, of hal ogen to

resi diagh BpleeWpweRIhMRNALS EQtUNRE RN bty drpxed functiomditics-emai ni ng i n
the cataly I : I ﬁ@l&% @,]%zn% 2l t her
formed by fltehggzﬁgﬁﬁ%?ﬁr%dsga%ési){elk%ﬁbl %§lé go%g%%'ﬁlt S vmf%t?[%dt gltogpg%lﬁo I ch%;

sol vens jntordubal es heenmprued eoft forsulpaél), @R1€Oe),AL QRS whore Ritiala bydmaombort |,

SUch EHAE drom gl oeerars Do yBREcbEOoTHe b SGHEGH & GORBIETGAG e -
SuUbS eyl % (BRI 0 ARHEE OO JARERTETASNIY 034 thbons, nd k3

determ nation) range from 0. nol es of O contained in the '
hal ogenat hyshocgeomt radidab fof cahiplei aectinili hthal, pr-pfopyk edbutahge issbrapyl gadical.

Pr ef ery ed hal ogenati.on agent,s are,of. noderate .to |,ow I educi ower,.

N o harreuel T PRI O AREMS 6 SufhilD® Bl dpd oSS DR g,
gener athok@imiihep Al RxCly where x <2 and x+y=3 neeting this requirement. In
certai n enbodi nents of the invention, 2 and Ris an ethyl,

, : y =1.5to , h
n- propyl , Ao paeydmbadimerptheyratigrafufRCBshAEPEDIt (BleMNRPOHDdopbafds e
et hyl i " inGhlver i de i vdi ehl ofi .
Cocat 2%1 tfg&g]r g%ﬁﬁgsggtgﬁé galaf’il(li(;fL I%eé%bﬁ %?éjg] Ig(%/pgj[ocgt giv/vse%%h,t' ]floarfugggrrrpl e,
t ri al keydbodinwmit,nbemd ool ek diacudlydo ahkyd lamurizing neaotlr ibdé.sAn Bspetatly ecferred
cocatal ysts include trinethylalumnum triethylalumnum
tri - nTHEEEPYN, 9Um and tri-iso-butyl al umi num Preferred Pol ynmers The
preferred I i L p J :
wei ght "t a?ﬁ'&?g@gggnﬁ%nggggﬁs%dﬁ%%'te f{’tlg sa?g I?eéis{lsﬁi glglgr?i dg}fntgg tgggggﬁéﬁ%%&sng
appl i ¢RCODsA1PHpend KRDWN(RIOHE,]. Addietaheill sokentswesheasaHydighate 3y ey dof

[ 1. .mel.r st th is .desired f fficient ing. Th
pr oc o480 PSR B ER S EATEN OFTBPVHELS hat contain a measur abl e

fraction offn\emy JMEBRIABIEGHE TA WRIIHMbURIPRS hRfmtAhed® £edthFiratiel Gifficiektgat er
than 106 g/ nmol, or 107 g/nmol or greater, with nmass fraction greater than 1
per cenewspchvdiagheth comwbeembhiomagn entodids premtofeqsbintoethe répgtorei ght, and nore
preferably.greater an. or - equ t . percent by .wei ght.. ..+ Pol r

bbt ai nabl & 0y T1ree) SRS ff B a Pe Cislp R B Ablib Ehseonaip WS
WD200908RH2aY, the el yeheisbyde tiel ishe Fegich whereinpsheatk etk hrkelikelPpyo faeherance.
Gas phase polynerization is enployed, at superatnospheric pressure in the
r ange cffegfiperarpaynt of thig omtgral 19?B3dktpéh? EapigP4) prospeic #0od eppatenr ardBIRiRithe
range f C o FELul di . Ci.i t .are
par i arepd Beddprke et il RaEBE PR RS ARCE ARELE BIFS
conductlet: thy cpassisnd adirstgase phascacattaiane pgpsahmt®d seooné gad gase raxotoonde €A
continuouslﬁ %hro gh1$ fluidi zed hed reactor, under reaction conditions
suf fi ¢} BRtCaty ?%ﬂ%hﬁﬁ"?éﬁﬁﬁﬁwﬁﬁﬁ% SCY§S- in the presence of an effective
anount of catal yst conposition, and an activating cocatal yst, and at a
velocity sufficient to naintain a bed of solid particles in a suspended
condition. A stream contai ning unreacﬁ d nononmer is withdrawn fromthe
reactor continuously, conpressed, coolted, optionally fully or partially
condensed as disclosed in U S. Patent Nos. 4,543, 399; 4,588, 790; 5, 352, 749
and 5,462,999, the disclosures of each of which is incorporated herein by
reference, and recycled to the reactor. Product is withdrawn fromthe WO
2011/ 126988PCT/ US2011/ 031111 reactor, and nake-up nononer is added to the

o o, ' -, =



Any nunerical range recited herein, includes all values fromthe | ower

val ue and the upper value, in increnents of one unit, provided that there
is a sepawatzoonzefssat | east two units between any | ower Pe¢aluseoiangiiany

hi gher value. As an exanple, if it is stated that a conpositional, physical
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chloride compounds, alternatively referred to as Ziegler-Natta catalysts or Ziegler-Natta type
catalysts.

More specifically, the preferred catalyst compositions comprise magnesium dichloride or
a magnesium compound that can be halogenated to magnesium dichloride, and having supported
thereon a mixture of Group 4 metals, especially a mixture of titanium chlorides, zirconium
chlorides and hafnium chlorides, combinations thereof, and titanium, zirconium and hafnium
compounds that can be halogenated to the respective chloride. The preferred method of
preparation is by spray drying a solution comprising magnesium compound and the mixture of
Group 4 metal compounds in a primary diluent, especially a diluent comprising one or more C2-

C6 alcohols, and subsequently halogenating the resulting solid particles. Preferred transition
metal halides are a mixture of titanium trichloride (which may be complexed with AICl; if
desired), zirconium tetrachloride and hafnium tetrachloride.

Preferred compounds that may be halogenated to the respective chloride include:
magnesium ethyl carbonate, magnesium ethoxide, Hf(OR)4.Clx, where x is from 2 to 4, and R
1s methyl, ethyl, isopropyl, isobutyl or butyl, Ti(OR)4., Cly, where y is 0 to 2 and R is methyl,
ethyl, isopropyl, isobutyl or butyl, Ti(R1)4.y)Rzy, where y is 0 to 2 and R is a chelating ligand
such as 2,4 pentanedionate and R, is Cl or OR as described above and Titanium +3 Chloride,
either as the aluminum activated or hydrogen reduced form; Zr(OR )., Cl,, where z is 2 to 4 and
R is methyl, ethyl, isopropyl, isobutyl or butyl.

Preferably, the subsequent spray dried material be dry and free flowing to allow for
subsequent operations.

Preferred halogenating agents are organoaluminum halides, especially alkylaluminum
sesquichlorides, such as ethylaluminum sesquichloride (Al,(C,Hs );Cl;) (EASC) or
isobutylaluminum sesquichloride Al,(iC4H;o )3Cl3).

The preferred catalysts for use in the invention also have several additional attributes, as
follows: (a) they produce polymers with high molecular weight fractions greater than 10° g/mole
and particularly >10" g/mole, or greater; (b) they have a relatively low Ky, that is, a first order
deactivation constant of less than 0.8 Hr ' and most preferably less than 0.4 Hr™'; (c) the catalyst
particle size distribution has the span "(D90-DI10)/D50" less than, or equal to, 2; and (d) they

produce resins with high settled bulk density and low fines levels.
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activator compounds. Preferred catalysts are mixtures or complexes of non-metallocene
transition metal compounds and magnesium compounds, such as magnesium chloride
compounds, alternatively referred to as Ziegler Natta catalysts or Ziegler Natta type catalysts.

The term “procatalyst” as used herein relates to a catalyst composition ready to be
injected or fed into the reactor that is subsequently activated to an active polymerization catalyst
within the reactor by an additional component such as an aluminum alkyl cocatalyst.

The terms “precursor” and “catalyst precursor” as used herein relate to a portion of the
catalyst composition containing the transition metals that is subjected to an additional reaction
step to convert it into a Procatalyst as describe above.

More specifically, the preferred catalyst compositions comprise magnesium dichloride or
a magnesium compound that can be halogenated to magnesium dichloride, and having supported
thereon a mixture of Group 4 metals, especially a mixture of titanium chlorides, zirconium
chlorides and hafnium chlorides, combinations thereof, and titanium, zirconium and hafnium
compounds that can be halogenated to the respective chloride. Although impregnation in an inert
support may be practiced, the preferred method of preparation is by spray drying a solution
comprising magnesium compound and the mixture of Group 4 metal compounds in a primary
diluent, especially a diluent comprising one or more C2-C6 alcohols, and subsequently
halogenating the resulting solid particles. Preferred transition metal halides are a mixture of
titanium trichloride (which may be complexed with AICl; if desired), zirconium tetrachloride
and hafnium tetrachloride.

The preferred catalysts are prepared first by preparation of a catalyst precursor
composition by dissolution of a magnesium compound, a titanium compound, a hafnium

compound and/or a zirconium compound in an alcoholic solvent in the presence of a
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filler/bulking agent, if the composition is spray dried, or a support, such as a highly porous silica
gel if the catalyst is physically contained within the pores of said support. The transition metal
compounds may be halides, alkoxides, mixed alkoxide/2,4 pentandionates, and mixtures of such.
The only requirement is solubility in the alcoholic solvent. Especially preferred titanium
compounds are TiCly (either hydrogen reduced or aluminum activated (AA)) and Ti(2,4
pentanedionate),(OR3)2, where R3 can be ethyl, isopropyl, n-propyl or n-butyl. Preferred Zr and
Hf compounds are the chlorides or mixed alkoxy chlorides as defined above (for example,
ethoxide, propoxide, butoxide). Preferred magnesium compounds are MgCl, and magnesium
cthyl carbonate and mixtures thereof.

Preferred alcohols for use as the solvent are ethanol, propanol, isopropanol and butanol.
Higher alcohols, although feasible for solution preparation, are of such high boiling point that
removal via spray drying may be difficult. C2 through C4 alcohols are preferred and ethanol and
n-butanol are especially preferred solvents in some embodiments of the invention.

Additional optional components of the composition used to form the spray-dried catalyst
precursors include the following: a) one or more fillers or bulking agents; and b) one or more
secondary diluent compounds selected from the group consisting of siloxanes, polyalkylene
glycols, Cl-4 alkyl or phenyl ether or diether derivatives of polyalkylene glycols, and crown
ethers.

Any solid finely dispersed material that is inert to the other components of the catalyst
system and subsequent polymerization reaction, may be employed as filler or bulking agent for
the present compositions. Desirably, the filler provides bulk and strength to the resulting solid,
spray-dried particles to prevent particle disintegration upon particle formation, drying and
subsequent conversion from precursor to procatalyst. Suitable fillers can be organic or inorganic.
Example fillers include silica, (especially fumed silica), boron nitride, titanium dioxide, zinc
oxide, polystyrene, and calcium carbonate. Fumed hydrophobic, surface modified, silica imparts
high viscosity to the slurry and good strength to the spray-dried particles and is preferred in some
embodiments of the invention. The filler may be free of absorbed water, and is desirably surface
modified. Surface modification, such as silane treatment, removes reactive hydroxyl or other
functional groups from the filler.

The filler is not utilized to provide an inert support for deposition of catalyst composition.

Accordingly, high surface area filler materials are not essential or desired for use. Ideally, the
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filler should have a surface area less than 20 rnz/g, less than 17 rnz/g, or less than 10 rnz/g.
Suitable fillers may have an average particle size (D50) no greater than 10 um, no greater than 7
um, or less than 1 um. Sufficient filler is preferably employed to produce a slurry suitable for
spray-drying, that is, a mixture including a primary diluent that is liquid at normal atmospheric
conditions but readily volatilized under reduced pressure or elevated temperature. Desirably, the
slurry contains such filler in an amount from 0 percent to 15 percent by weight, alternatively
from 2.5 percent to 10 percent by weight. Upon spray-drying, the resulting droplets produce
discrete catalyst particles after evaporation of the primary diluent. Desirably, the amount of filler
present in the resulting catalyst particles is an amount from 0 to 50 percent, or, alternatively from
10 to 30 percent based on total composition weight. The spray-dried catalyst particles produced
in this manner typically have an average particle size (D50) from 5 to 200 um, from 5 to 75 um,
or alternatively, from 10 to 30 pm.

Preparation of the Precursor Composition Solution

The preferred components utilized in the precursor solution preparation are the halides of
the metals, i.e. MgCl,, TiCl;, HfCly and/or ZrCly. The Ti™ halide is not used in preparation of
the precursor compositions due to the violent reaction that will occur when it is mixed with the
alcoholic solvent.

Magnesium chloride and titanium trichloride (aluminum activated (AA) or hydrogen
reduced) as well as the Hafnium and Zirconium tetrahalides readily dissolve in the alcohol
solvent. Such halide compounds will react with the alcohol solvent, but due to the large cation
size and the preferred temperatures for the solution preparation (<100°C), such reactions between
the halides and alcohol solvent are moderated. Without being bound by any particular theory, it
is presently believed that under the conditions utilized in preparation of the catalyst precursors,
two halide ions of zirconium or hafnium react with the solvent to form the alkoxy halide
compositions. Such reaction further produces HCI which could corrode most process equipment.
Generation of corrosive HCl may be avoided by utilization of the Hf{OR)4 and/or Zr(OR)4
compounds in the precursor solution preparation. However, use of Hf(OR)4s and/or Zr(OR)4
compounds is expensive and results in precursor solutions which are more difficult to spray dry
due to the affinity of these compounds for solvents such as alcohols.

In addition, the very high amount of alcohol and alkoxide included in the catalyst

particles can result in particle weakness as the alcohol of coordination and alkoxides are removed

22



1.05 4.365 1.49 5.012 1.95 5.754 2.4 6.607 2.76 7.586 2.99 8.71 3.07 10

WO 2011/126988 PCT/US2011/031111

in the chlorination step and replaced by the smaller Cl ion, in effect weakening the structure of
the spray dried particle. Thus, the use of the tetrahalides, particularly the tetrachloride form of
the hafnium and zirconium components is generally preferred in embodiments of the invention.

We have found that catalyst precursor solution compositions can be prepared with near
neutral acidity through the use of Mg and Ti compounds that are deficient in chloride ions as
components in the precursor solution preparation, allowing for use of less corrosion resistant
materials in the spray drying process and rendering the recovered solvent from the preferred
form of spray drying, i.e.,the closed cycle form in which the solvent is recovered from the inert
drying gas and then recycled for reuse. Thus, collection of the recovered solvent and reuse will
result in further acidity increases, raising the corrosion potential of the solvent as well as
potentially changing the halide balance in the catalyst precursor.

The titanium compound used in the inventive catalyst composition can be either
TiCl3(AICl3)p33 or TiCls (obtained by hydrogen reduction of TiCly) if present as the halide or a
Ti(OR)4 compound where R is ethyl, isopropyl or butyl. In some embodiments of the invention,
TiCl3(AlCl3) 33 is preferred as pure TiCl; is more expensive. Neither TiCl3(AlCl3)g 33 nor TiCls
contribute acidity to the precursor solution. The Ti(OR)s compound, however, will act as an
acidity scavenger in which the following reaction is thought, without being bound by any
particular theory, to occur:

Ti(OR)4 +2 HCI=> Ti(OR),Cl, +2 ROH

Thus, one mole of the titanate will neutralize the acidity from one mole of Hf or Zr
tetrachloride. One advantage of the titanate compounds is that they do not form strong
complexes with the alcohol solvent, improving the ability to actually dry the precursor solution
to the desired dry powder form of the precursor.

The magnesium compound may also be manipulated to reduce acidity. In particular,
compounds such as Mg(OCO,C,Hs), may be utilized to reduce acidity. Magnesium alkoxides
may also be used in some embodiments of the invention. However compounds such as
Mg(OC,Hs), and other lower alkoxides of magnesium are generally sparingly soluble or
insoluble in the preferred alcoholic solvents. Acidity is reduced via the following reaction:

Mg(OC02C2H5)2 +2HC] > MgC12+2 CO, +2 C,HsOH
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The alkyl magnesium carbonates are extremely soluble in ethanol and are used in certain
preferred embodiments of the invention. In such instances, the acidity neutralization effectively
produces an existing component of the catalyst, i.e. MgCl,.

Spray Drying

Spray-drying may be effected by any spray-drying method known in the art. Here, the
catalyst precursor composition, consisting of the alcohol solution of the active components plus
any bulking agents or fillers, is referred to as the spray drying feedstock.

One example of a suitable spray-drying method comprises atomizing the catalyst
composition, optionally with heating, and drying the resulting droplets. Atomization is
accomplished by means of any suitable atomizing device to form discrete droplets that upon
drying form spherical or nearly spherical shaped particles. Atomization is preferably effected by
passing a slurry of the catalyst precursor composition through the atomizing device together with
an inert drying gas, that is, a gas which is nonreactive under the conditions employed during
atomization, and aids in removal of volatile components. An atomizing nozzle or a centrifugal
high speed disc can be employed to effect atomization, whereby there is created a spray or
dispersion of droplets of the mixture. The volumetric flow of drying gas considerably exceeds
the volumetric flow of the slurry to effect atomization of the slurry and/or evaporation of the
liquid medium. Ordinarily the drying gas is heated to a temperature as high as 250 °C to
facilitate drying of the slurry; however, if the volumetric flow of drying gas is maintained at a
very high level, it is possible to employ lower temperatures. Atomization pressures from 1 to 200
psig (100 to 1.4 MPa) are suitable.

Alternately, reduced pressure in the spray recovery section of the dryer can be employed
to effect solid particle formation. Some examples of suitable spray-drying methods suitable for
use with the present catalyst composition include those disclosed in U.S. Patent Nos. 5,290,745;
5,652,314; 4,376,062; 4,728,705; 5,604,172; 5,306,350, 4,638,029; 5,716,558 and U.S. Patent
Publication No. 20070060725; each of which is incorporated herein by reference.

In a typical commercial production system, the catalyst precursor will be prepared using a
closed cycle spray drying system. In a closed cycle system, the drying gas is recycled and the
alcoholic solvent is recovered via refrigeration. The drying gas is then reheated and for further

drying of the composition.
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The preferred method for atomization and drying of the inventive spray drying feedstock
composition is through use of a rotary atomizer. Atomization occurs as the spray drying
feedstock is introduced onto or into a rotating wheel.

In a rotary atomizer , the wheel is mounted on the end of a spindle that is conical to case
centering, fixing and removal. A locking device is used to secure the wheel to the spindle, with
an adequate clearance between the distributor and the wheel. The use of a feed distributor is
necessary at high atomizer speeds to minimize vibration that could be caused by feed entering
only one portion of the wheel.

The rotational speed of the wheel influences the atomization. Typical peripheral
velocities are in the range of 100 to 200 m/s and commercial atomizers will operate at rotational
velocities of 6000 to 35000 RPM. Feedstock enters the wheel and exits through either vanes or
nozzles in the wheel, generating liquid jets that break up into droplets. Rotary atomizers are
generally used for slurry feedstocks and generally provide a narrower particle size distribution
than pressure nozzles.

By adjusting the speed of the atomizing wheel and the size of the orifices of the atomizer,
employed during spray-drying, it is possible to obtain particles having desired average particle
size, for example, from 5-200 um. By adjusting the composition of the feed to the atomizer, the
solidity of the catalyst particles (that is, internal void volume) is affected, which will also affect
the final polymer bulk density. Proper control of both the atomization conditions and the
feedstock composition results in catalyst precursor particles that have narrow size distributions,
low span values, and produce resins with high bulk density. The very high speed of rotation also
makes corrosion and the corrosivity of the feedstock a critical concern. Cracking or fracture of
the atomizing wheel can result in catastrophic damage, hurling fragments at high velocity,
occasionally through the drying chamber causing personal injury. Thus, having low acidity
feedstocks is an important consideration.

Preferred Drying Conditions

Drying conditions are adjusted to produce a dry, free-flowing precursor powder. The
outlet temperature of the spray dryer—the temperature of the drying gas as it exits the dryer—is
the primary control for solvent removal from the precursor composition. The inlet temperature is

adjust to match the desired outlet temperature with the actual feed rate of the precursor
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feedstock feed rate. Typical outlet temperatures range from 135 to 100 °C and are adjusted to
control the residual solvent level in the final particles as well as the stickiness of the particles.
One skilled in the art can readily define these balances based upon the particular feedstock
composition.
Precursor Composition

The preferred precursor composition will have the molar formula Mg, TiHf,Zr,, where x
is from 1 to 20, y is from 0 to 10 and z is from 0 to 10, with the proviso that y + z is > 0 and is
obtained from an essentially acidity neutral feedstock solution. Particularly preferred ranges are
x from 3 to 10, y from 0 to 2, and z from 0 to 2.

Once formed, the catalyst precursor composition (which contains Mg/Ti/H/Zr) is
halogenated, preferably with an alkyl aluminum chloride (A1R; Cly, where x is from 1 to 2), or
a boron chloride (i.e. RBCl; or BCl3). The resultant catalyst product after halogenation may be
washed to remove reaction products or, preferably, used directly. In those embodiments of the
invention in which the titanium compound utilized in the precursor feedstock has a valence state
>+3, an alkyl aluminum halogenation agent is used.

Precursor Conversion to Polymerization Catalyst

A typical, but nonlimiting, halogenation procedure is described below. Dried mineral oil
is charged to a clean mix vessel, in an amount sufficient to produce a smooth slurry with the
catalyst precursor powder, typically aiming at a 20 to 35 percent by weight slurry.

Once the powder is dispersed, the halogenation agent is added. The material is added at a
rate such that excessive reaction does not occur in the mix tank. The amount of material added
depends on the desired level of precursor halogenation. Typically, gas will evolve from the
reaction of the halogenating agent, e.g., alkyl aluminum chloride, with residual alcohol in the
precursor powder.

Agitation is continued for a time sufficient to disperse the reactants. If the temperature in
the mix vessel is lower than the desired final reaction temperature, heat is applied to reach the

desired final reaction temperature, followed by a hold period at that temperature to complete
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suppress the activity of the portion of the catalyst that gives a very high molecular weight tail,
too little halogenation power results in insufficient catalytic activity. Preferred levels of halogen
to residual alkoxide functionality (including both free alcohol remaining in the catalyst precursor
particles, as well as alkoxides that may have ecither formed by reaction of transition metal
components with the alcoholic solvent, or have been present as part of the transition metal
component, and measured by dissolution of the precursor compound in an aqueous media, such

that all alkoxides are converted to the precursor alcohols, and subsequent Gas Chromatographic
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the like, where a higher degree of resin swell or melt strength is desired for efficient processing.

The process is applicable to production of polymers that contain a measurable fraction of very
high molecular weight species of molecular weight greater than 10° g/mol, or 107 g/mol or
greater, with mass fraction greater than 1 percent by weight, preferably greater than 2 percent by
weight, and more preferably greater than or equal to 4 percent by weight.

Polymers obtainable by the process are described in PCT Publication No.
W02009085922, the disclosure of which is incorporated herein by reference.

Gas phase polymerization is employed, at superatmospheric pressure in the range from 1
psi to 1000 psi (7 kPa to 7MPa), and at temperatures in the range of from 30 °C to 120 °C.
Fluidized bed gas phase reaction systems are particularly useful. A conventional gas phase,
fluidized bed process is conducted by passing a stream, containing one or more olefin monomers,
continuously through a fluidized bed reactor, under reaction conditions sufficient to polymerize
the monomer(s), in the presence of an effective amount of catalyst composition, and an
activating cocatalyst, and at a velocity sufficient to maintain a bed of solid particles in a
suspended condition. A stream containing unreacted monomer is withdrawn from the reactor
continuously, compressed, cooled, optionally fully or partially condensed as disclosed in U.S.
Patent Nos. 4,543,399; 4,588,790; 5,352,749 and 5,462,999, the disclosures of each of which is

incorporated herein by reference, and recycled to the reactor. Product is withdrawn from the
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reactor, and make-up monomer is added to the recycle stream. In addition, a fluidization aid such
as carbon black, silica, clay, or talc may be used, as disclosed in U.S. Patent No. 4,994,534, the
disclosure of which is incorporated herein by reference.

Suitable gas phase reaction systems are also described in U.S. Patent No. 5,527,752, the
disclosure of which is incorporated herein by reference.

Definitions

Any numerical range recited herein, includes all values from the lower value and the
upper value, in increments of one unit, provided that there is a separation of at least two units
between any lower value and any higher value. As an example, if it is stated that a
compositional, physical or other property, such as, for example, molecular weight, melt index, is
from 100 to 1,000, it is intended that all individual values, such as 100, 101, 102, etc., and sub
ranges, such as 100 to 144, 155 to 170, 197 to 200, etc., are expressly enumerated in this
specification. For ranges containing values which are less than one, or containing fractional
numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to be 0.0001, 0.001, 0.01 or
0.1, as appropriate. For ranges containing single digit numbers less than ten (e.g., 1 to 5), one
unit is typically considered to be 0.1. These are only examples of what is specifically intended,
and all possible combinations of numerical values between the lowest value and the highest
value enumerated, are to be considered to be expressly stated in this application.

Numerical ranges have been recited, as discussed herein, in reference to density, melt
index, weight percent of component and other properties.

The term "polymer" is used herein to indicate, a homopolymer, a copolymer, or a
terpolymer. The term "polymer" as used herein includes interpolymers, such as, for example,
those made by the copolymerization of ethylene with C3-C10 alpha olefins, or propylene with
ethylene and/or C4-C10 alpha olefins.

The term "interpolymer," as used herein, refers to polymers prepared by the
polymerization of at least two different types of monomers. The generic term interpolymer thus
includes copolymers, employed to refer to polymers prepared from two different types of
monomers, and the term also includes polymers prepared from more than two different types of
monomers.

The term "olefin-based polymer," as used herein, refers to a polymer that comprises at

least a majority mole percent olefin, for example, ethylene, or propylene, or the like, (based on
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total amount of polymerized monomer), and, optionally, one or more additional comonomers. As
known in the art, the polymerized form of the olefin is present in the polymer.

The term "ethylene-based polymer," as used herein, refers to a polymer that comprises at
least a majority mole percent ethylene (based on total amount of polymerized monomer), and,
optionally, one or more additional comonomers.

The term "ethylene/a-olefin interpolymer,” as used herein, refers to an ethylene-based
interpolymer that comprises at least a majority mole percent ethylene (based on total amount of
polymerized monomer), an a-olefin, and optionally, one or more additional comonomers.

The term "inert gas," as used herein, refers to any gas, inert to the catalyst and reactants at
issue. Typically, such term refers to nitrogen and helium, but may also refer to unreactive
aliphatic hydrocarbons.

The terms "static level” and "static pattern,” as used herein, respectively refer to the static
voltage in the reactor bed and the physical appearance of the static voltage trace.

The term “continuity enhancing agent” is synonymous with the term “RSC”
utilized in the Brief Description of the Drawings.

Test Methods

Density Resin density was measured by the Archimedes displacement method, ASTM D
792-00, Method B, in isopropanol. Specimens were measured within one hour of molding, after
conditioning in the isopropanol bath at 23°C, for 8 minutes, to achieve thermal equilibrium prior
to measurement. The specimens were compression molded according to ASTM D-4703-00,
Annex A, with a five minutes initial heating period at about 190 °C, and a 15 °C/min cooling rate
per Procedure C. The specimen was cooled to 45°C in the press, with continued cooling until
"cool to the touch." Melt Flow Rate by Extrusion Plastomer Melt flow rate measurements for
the ethylene-based polymers were performed according to ASTM D-1238-04, Condition
190°C/2.16 kg, Condition 190°C/5 kg and Condition 190°C/21.6 kg, which are known as I, Is
and Iy, respectively. Melt flow rate is inversely proportional to the molecular weight of the
polymer. Thus, the higher the molecular weight, the lower the melt flow rate, although the
relationship is not linear. Melt Flow Ratio (MFR) is the ratio of high load melt flow rate (I5;) to

melt flow rate (1), unless otherwise specified.
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Examples
Catalyst Precursor Production
Catalyst precursor solution was prepared as follows:

Under inert reaction conditions, components (see Table 1) were charged to a solution
preparation vessel referenced to a 1000 kg charge of solvent (ethanol). The ethanol used was
specially denatured 2B ethanol obtained from Pharmco-Aaper and Commercial Alcohols

containing about 0.5% by weight of toluene and <100 ppm water.

Table 1
Feedstock Charge
Ethanol, kg 1000
MgClI2, kg 50.34
TiCl3 AA, kg 20.34
HfCl4, kg 33.64
Cabosil TS-610, kg 70.00

Ethanol was charged first followed by MgCl,, HfCl4 and TiCls (AA). Amounts listed
were aim values, some slight losses occurred although the amounts are all within 5% by weight
of the amount given. Magnesium chloride was obtained from SRC Chemicals, Hafnium
Tetrachloride (containing up to 1% by wt Zirconium) from ATI Wah-Chang and aluminum
activated titanium trichloride from W .R. Grace & Co. Cabosil TS-610 (the filler) was obtained
from the Cabot Corporation.

The mixture was stirred at 35 to 50 °C under a nitrogen blanket for about 8 hours prior to
the start of spray drying. A 2.5 meter Niro Atomizer spray dryer with the FS-15 atomizer was
used. Atomizer speed was adjusted to obtain an average particle size of the catalyst precursor of
about 30 microns. Inlet temperature was adjusted to achieve an outlet temperature of 105 to 110
°C and the feedstock was spray dried at a rate of 100 to 150 kg/hr.

Particle size data was determined using a Malvern Mastersizer 2000 particle size analyzer
and is given in the Table 2. Heptane was used as dispersant and the General Purpose (Spherical)
particle model was used to calculate particle size. Sonication was utilized (50% power, 30 to 60

seconds) to break up any agglomerates that might have formed in the sampling process.
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Table 2
Particle Size Volume
Microns %
0.55 0.07
0.63 0.1
0.724 0.12
0.832 0.15
0.955 0.18
1.096 0.21
1.259 0.23
1.445 0.24
1.66 0.22
1.905 0.21
2.188 0.23
2.512 0.3
2.884 0.45
3.311 0.7
3.802 1.05
4.365 1.49
5.012 1.95
5.754 2.4
6.607 2.76
7.586 2.99
8.71 3.07
10 3.02
11.482 291
13.183 2.85
15.136 2.93
17.378 3.24
19.953 3.81
22.909 4.63
26.203 5.58
30.2 6.52
34.674 7.26
39.811 7.64
45.709 7.52
52.481 6.88
60.256 5.8
69.183 445
79.433 3.03
91.201 1.75
104.713 0.73
120.226 0.11
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The precursor powder was first dispersed in isopentane, then the halogenation agent,
ethylaluminum sesquichloride (EASC), was added at a 2.0 “Cl to ethoxide” molar ratio. The
slurry was mixed at 35 °C for one hour, and then the solids allowed to settle. The supernatant
liquid was decanted, an additional volume of isopentane was added, and the step repeated two
additional times. Hydrobrite 380 mineral oil was then added to produce a slurry of halogenated
catalyst precursor. Vacuum was drawn on the slurry for approximately one hour to evaporate
additional isopentane prior to use. The precursor had an ethoxide content of approximately 25%
(ranging from 24 to 27%).

Polymerization
Comparative Example 1

Polymerization was started on an existing commercial reactor normally capable of
producing 10 to 25 tonnes/hour of polymer. Catalyst was present as a 21 wt% slurry in mineral
oil. The reactor was initially under nitrogen pressure. Ethylene partial pressure was slowly
increased to about 10 psia, then continually increased to about 65 psia. Catalyst feed began at 20
pounds/hour and was increased to 25 pounds/hour over a 3 to 4 hour period. Continuity aid (a
50/50 by weight mixture of aluminum distearate and diethoxyalted stearyl amine) was fed to the
reactor to achieve an approximately 20 ppm by weight in the bed. Reactor temperature was
maintained at 82 °C. Hydrogen was introduced into the reactor for molecular weight control and
a mole ratio H,/C, of about 0.12 was maintained. Hexene was introduced to keep an
hexene/ethylene mole ratio of 0.008 to 0.010. Triethylaluminum cocatalyst was fed to maintain
an approximately 15 to 20 added aluminum/titanium mole ratio based on catalyst feed.

The level of the fluidized bed was maintained at 3 to 4 feet below the neck of the reactor.
Reaction commenced smoothly. Some positive static was observed as catalyst feed commenced,
increasing to >1000 volts.

Condensing mode was achieved within 4 hours of start of catalyst feed. Some skin
thermocouple activity began to occur.

As reaction continued, Continuity Aid feed was continued and bed level was slowly
allowed to rise to with about 2 feet of the neck of the reactor.

Positive skin thermocouples were observed and shortly thereafter, even when in
condensed mode, massive sheeting occurred plugging all reactor product discharge systems and

requiring complete shutdown of the reactor system for cleaning.

33



Al /Ti

20.0 22.9 Melt Index (12) 0.24 Flow Index (121) 0.73 26.80 MFR

(121/12) 108.6 Density, g/cc 0.9397

WO 2011/126988 PCT/US2011/031111

Fig. 9 illustrates reactor static during startup for comparative example 1. The area within
the dashed lines indicates when ethylene feed was first begun to the reactor. Positive static was
observed which is typically not viewed as a problem in pilot scale reactors.

Fig. 10 also depicts comparative example 1. Specifically, skin thermocouples exhibited
cold banding. On initiation of ethylene feed, sudden warming was observed, and the skin
thermocouples went back into cold banding.

FIG. 11 depicts the smooth onset of reaction as catalyst feed is begun and the transition
from “dry mode” to condensed mode.

Referring to Fig. 12, note the sudden decrease in static as the reactor entered condensed
mode. Continuity enhancing agent feed was relatively constant at about 20 ppm based on bed
weight.

Comparative Example 2

Polymerization was begun essentially in an identical manner to comparative example 1
except that the catalyst feed rate was started at 25 pph (parts per hour) and the Continuity Aid
feed was somewhat higher initially such that when at full normal rates of 20 to 25 tons/hour that
the CA feed concentration would be 20 to 30 ppm.

Bed height was increased to within 1 foot of the neck of the reactor. Again, both positive
static and sheeting were encountered requiring reactor shutdown to clean the product discharge
systems that were fouled.

Inventive Example 1

The polymerizing bed from Comparative Example 2 was used in the reaction startup for
Inventive Example 1. Polymerization was begun in a manner similar to comparative example 2
except the differences as described. Continuity Aid feed was started at an aim 3 ppm based on
estimated production rates to account for the higher level of Continuity Aid present in the startup
bed. Bed level was maintained at a level above the neck of the reactor on startup and increased to
a level > 1 foot above the neck (range of 1 to 2 feet above the neck). CA feed was slowly
increased as the level in the bed decreased as reaction started and fresh resin was produced to an
aim level of 10 ppm within the bed.

Positive static was observed and some skin thermocouples began to go positive, even

after the reactor was well into condensing mode.
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into a second reactor running at different reaction conditions to produce the final desired product,

a blow molding resin with superior properties.

The second reactor also was run at a bed level above the neck of the reactor to avoid
formation of sheets. Catalyst was fed only to the first reactor. Cocatalyst was fed to both

reactors to maintain Al/Ti ratio in the 15 to 25 range. Table 3 includes the conditions of the

polymerization reactors as well as the resulting resin properties for Inventive Example 1.
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4. The process of claim1 wherein the polynerization occurs further in the
presence of nethanol, ethanol, isopropanol or a m xture of any thereof. 5.
The procewe 20ft/eb®sm 1 wherein the catal yst is a Zi egl ePCRatSt@ 1toypel
catalyst. 6. The process of claim 1l wherein the cocatalyst is a

trial kyl al um num conpound. 7. The process of claim1l wherein the conponent
(C) is added continuously to the polynerization reactor. 8. The process of
claim?2 wh%; added to the

t he conti nui enh cin i s continuousl
oy s i 2 nHE RO ETBICOUEES (he) FHORLGY ar O 4 mebth dhprie! eBhtrrbrs y
enhangROs@9RRE th Sadaed Pyl%hpaﬁ@% fins hAE tIRO 1M%r DEALIGMY KigRGMAn HO-
The reaction product of thé process of claiml

2011/ »26988baIcugROtUE(BEaMTed Using Eh@slﬁmtth@momahat eesfend$ abputl @ inches

Como! e s AR el A B e BT o i P B, AR rosaiViver

and whgtiations @A&o hﬂagbd mh&ﬁﬁhlag) W@ foembydreoa BRgRmMt meedey BRfhdRsctdr dansi t y
| ess than, or equal to, 960 g/ cnB, and wherein the blend has a high | oad

nel t imwemgqgup@seé@%ky arRdightlprclusigiad ap g0 valug/and genarallspbounsrteisi Ut ke
b'e”dgﬁﬂﬁt§1ﬁ$ﬁ%%%hﬁ%dﬂ@d Ph) hskLribution (MW M) greater than, or equal

rocess o aiml wherein the process is conducted I n
mul tiple re%citm))()shduns serig@s.l - 3, the CA feed was decreased from 10 ppm to 5 ppm and

water addition was begun. Note the rapid return of skin thermocouples into a tighter cluster that
is slightly below the bed temperature (82 °C). The use of both CA and RSC was required to
bring skin TCs back into a cluster. Once this occurred and they were held there, rubble
generation slowed, and eventually ceased.

Figs. 4 - 7 show the effect of addition of Continuity Aid and Reactor Static Control
(RSC) on Skin Thermocouples and static in the first reactor of a dual reactor system in which the
first reactor is producing a very high molecular weight resin.  Cold bands have disappeared and
there are no hot bands, indicative of good operation.

Referring to Fig. 7 and 8, RSC flow is measured in pounds/hour of nitrogen gas passing
through a vessel containing water maintained at about 25 °C. Due to the low flow rate, the actual
control of the gas was difficult, leading to the spiking observed in Fig. 7. However, note the
rapid response of the Static Probe to initiation of water feed.

Fig. 8 shows the use of RSC in the second reactor of a staged reactor system. Resin
transferred from the first reactor to the second reactor can cause excess static in the second
reactor. Although sheeting in the second reactor is somewhat less likely, high levels of static are
generally indicators of potential sheet formation. RSC addition in the second reactor maintained
static in a relatively tight bandwidth with no formation of agglomerates or sheets once the reactor

bed level was adjusted to the desired level of at least one foot above the neck of the reactor.
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What is claimed is:
1. A process for producing an olefin-based polymer, said process comprising polymerizing, in a
polymerization reactor including a fluidized bed, a disengaging section and a neck connecting
the bed and disengaging section, at least one monomer, in the gas phase, in the presence of at
least the following components:

A) at least one catalyst containing at least two transition metals, one of the at least two
transition metals being Ti;

B) at least one cocatalyst;

C) a composition comprising at least one compound selected from formula (I), and/or at
least one compound selected from formula (II);

wherein (R1CO;); AIOH = formula (I), (R2);N(R3OH), = formula (II), Rl is a
hydrocarbon radical containing from 13 to 25 carbons, R2 is a hydrocarbon radical containing
from 14 to 26 carbons, R3 is a hydrocarbon radical containing from 1 to 4 carbons; and x +y =
3, and x has a value of 1 or 2; and

further wherein the reactor is operated in a condensed mode and the average height of the
fluidized bed is maintained above the neck of the polymerization reactor.
2. The process of claim 1 wherein the polymerization occurs further in the presence of an
effective amount of continuity enhancing agent
3. The process of claim 1 wherein the polymerization occurs further in the presence of water.
4. The process of claim 1 wherein the polymerization occurs further in the presence of methanol,
ethanol, isopropanol or a mixture of any thereof.
5. The process of claim 1 wherein the catalyst is a Ziegler-Natta type catalyst.
6. The process of claim 1 wherein the cocatalyst is a trialkylaluminum compound.
7. The process of claim 1 wherein the component (C) is added continuously to the
polymerization reactor.
8. The process of claim 2 wherein the continuity enhancing agent is continuously added to the
polymerization reactor.
9. The process of claim 4 wherein the continuity enhancing agent is continuously added to the
polymerization reactor.

10. The reaction product of the process of claim 1.
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11. The reaction product of claim 10 comprising a blend, which blend comprises a high
molecular weight ethylene-based polymer, and a low molecular weight ethylene-based polymer,
and wherein the high molecular weight ethylene-based polymer has a density less than, or equal
to, 0.960 g/cm’, and wherein the blend has a high load melt index (I,;) greater than, or equal to, 4
g/10 min, and wherein the blend has a molecular weight distribution (My/M,) greater than, or

equal to, 15.

12. The process of claim 1 wherein the process is conducted in multiple reactors in series.
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