METHOD OF NAKING ZI EGLER- NATTA TYPE CATALYSTS FI ELD OF THE | NVENTI ON
[00011The ‘invention relates to procatal yst conpositions rocesses for
maki ng sutf 85#38‘9?“ ons, and methods for using such co &Stz‘?lé/rqg”?% make
i mproved polynmers. More parti cularly, the invention relates to novel

Zi egler-Natta procatal yst conmpositions which in conbination with a

cocat al yst form catal yst conpositions for use in polynerization of olefins
in particle form ng processes, particularly in gas phase and slurry

pol yneri zati on prMESEP 0EMAKING ZIEGLER-NATTA MY PHEATAL SIS/ ner
properties. BACKGROUND OF THE | NVENTI ON [ 0002] The properties of granul ar
pol yners, polynmer powder recovered froma polynerization reactor,

substantially depend upon therpEpp@t TEHE INVENTEIOSNt al ysts used in their
preparation. In particular, the choice of the shape, size, size

distribution, and [B9Mdr ndhehevesten alatpy Bbérotcf“é]é[‘s‘o?o“’tlﬂ?é“‘%? |Rﬂ°‘i‘?§5te§tlf9frst s is
| nport ant t Rlaﬁﬁ% YW c?) Bhfds! dhﬂgtﬂo& {lﬁé élch%ﬁﬁx@@s?ﬁons?@ Infakb %nproved
particularly I ortan |n gas phase an utry pol ymeri zati ons.

successful paymabysMoropatisuleilnnthe Hovdnto eclbigs dol nomelaZigelor bipkd yytcatphlﬁit icle
havi ng good nechani ca ert.ies ingludin I St si on
and shatter F?@’Oaﬁrotlﬁfél"tcﬁén T ?}ﬂ@roflzvgﬁ’i aoﬁocatgafggiogn c?tha@(rgte%) p:ggrrgiar 1Er%grﬁg(j?egood

bul k densi t j @iméHIhfiar & d1yfidsdn tpblelcreersuhihg gocpszky rpamcpraﬂ;zluncgas Egsahddy
|rrportant are procat al yst co osrt ons t hat roduce$ h go ner. products
in high cat SP§ypolgpFRZeHgnpRpcesses resu t“FO’@E%‘]“%‘B APPEYS H‘éy‘in REHFS known

techni que for preparing sSoBACKORRQUSD ORUIEE pNVENGIONAL | on procatal ysts. In
spray-drying, liquid droplets contalnlng di ssol ved and/ or suspended

materials are ej edP¥@li nt dhe PegpsTise of M@W@Wﬁ&@@ﬁ@i@r%ﬂ’ge‘t BeperRsve
sol vent or ticle
size and shglﬁ% ?@l’éﬂ‘ gzt\cldé rega?llhg%csﬁagﬁglg ge egté :ug%he %ewﬁghﬁ gg?%et‘(g‘ta?%gsrred in
t he sprayi ngsef:b uxothels $rep8tmmcﬁ1upatlctﬂ@"oﬂigahmzaoﬁ tbﬂ slobe tskve, pzar distobetiomaandbe
| nf| uenced g Oleu 3’ oth 1 sts 18 1dmr %Pcaz%t urgengrla

condi ti ons % Iﬁ‘%rp P%wa FORAGS S e 8419 e Ras 15 pgEant S aggryegat ed
particles ca laemmlatcaal n@dcesg' h@hﬁoﬁdpﬁru&nsﬂyrampaitm ar gdsucpﬁasaamtd ches t hat
are conpositional %/ uni form o con{ ain voids or gl(()ires The use of jnert

fillers in PUPRFHIUPr Ay Secrstl §aRbEC FurPastionyieRldclmbasst oare procaiatyst
conposi ti onyffici ﬁl@wﬁ?%&%& fRehaRREE hob&Bies incRRABALINMEBAQUS Wk 3abrabidneshdol ef in
pol yneri zatl on procatal ysts contai ning magnesi um and titani um and

producti on w@mmlng n@lb(liﬂﬁ@zaaﬁ@ pmccss» erely timpattinageod bulk deagibyr andd,

i ncl udi ng for t 7 65._a 0, 745,
each of whi urh 8 0 ’r&f?or %ukﬁl%hg lé/ gd&c Egggl @%éarngl Bgcg‘%@’a
conpositio nmxtmmﬁoimethat gwctmdcmwﬂ pokyntehproﬂmcnmndﬁgmmysanﬂicmht}y spher oi dal

solid procatal yst |cI ng .avera artlcle di a tes froml to 100
ni crons, dependi ndﬁ)@{r‘? thegPrﬁt@ %% B %?otg?ltns‘/qugn %rﬁ%aétnﬁesoét rength
of the partZieplesNat pbigmadyatish gaodayalstse Im&@ra@fdrfflhg| Bqd dsoldts @sntainingca, and
bi nders, such as polyneric additives. Cenerally aﬁ]gl idr (tiher théa,n hol | ow
particles at&oted iaP‘gﬁr Hsrsoged @P@ﬁi‘léﬁresedfrcﬂ"@tlm"él chappbergmdes drymercqadipens, | t i ng

particles. {088t sPHREnH it Beiihi R 804 Yotz ahd %Bulﬁﬁ% %tmatess;ﬁr e
characterized in the use of flammable solvents to dissol ve e active

conponent s. and| shapeganrbated i@l thy charegiaristieyniape dioplergfopresciadhesprayieg paedssi ze
flammabl e sgly ﬁﬂél%&aﬁ?%oﬁ Dfthe 551%3)%9[%& Y€ ifluehbB By chan g‘éé Gy tﬂﬁ‘e A
utilized is recovered Tor reuse an e rnert gas used 1n t e spray drying
process i s ofgbydiopldts. Bepradiak loy combtiem| of elmt sprrzac@ymg@doom;sl, Eithiee larga)smdll,i n t he

preparation of ad dst.ock, . ipr.ov t he fici.enc

process as WeePe8e eﬁi\ e?’laantel?t 3?%%3?‘? ‘8¢ 1{]§]§grgayaﬁ%mogu§f aétb(tl‘?f’etﬂft

[ 00061Whi | ear@etxhp@mohmmmhalot Yoraifl vbids 6Rboris. TDYMEL ofSHER &S Vi foPmbly
inmpurities are present in the feedstock

sol vent can pose, chal | enges

S0l ULt on. 1 TRgaHEH Bcle IR OB aPR U b S BERPAAFS. b
recovered in the recycled solvent and accunul ate. Thus, inpurities such as
acidity will not only cause potential corrosion in the production of the
feedstock but wll also collect in the recycle solvent, potentially
damagi ng the spray drying operation. Al so, a buildup of inpurities can be
del eterious to the final spray dried catal yst product. [00071These spray
dried polynerization procatal ysts can be particularly valuable in

mul ti-reactor operation in which two or nore reactors are connected in
series to produce resins with fractions having | arge separations in

nol ecul ar wei ght and/or density. Due to these very large differences in
desired nol ecul ar wei ght, the reaction conditions in the separate reactors
may be radrcally drfferent as mell In particular, the IOM/nDIecuIar wei ght

e

o, . o



[ 0010] Pol ynmer fines are undesirable due to buildup in the polynerization
equi pnent, thereby causing problens with bed | evel control and entrai nnent
in the cywbeopasodieadi ng to equi prent failure, inpairedproparsamiilosidgg and
reduced efficiency. H gh levels of fines can al so cause problens in

downst ream handl i ng of the polyner once it exits the pol ynerization system
Fi nes can cause poor flow in purge bins, plug filters in bins, and present
safety probl ens. Such problens make elimnation or reduction of polyner
fines inportant to commercial operations, especial|l as- phase

pol ymeri zati on pri8edses Nupgyrs | THERY-dred | Qﬁ’gpef B?lﬁ%f”gzaﬁgphap\f%ca(t:agsgl yst
systems tNal. RLAJUGEIITRI Qe ok ST pRN@oh (h@Bssco &t hekisyianbaiifitlg y spr ay
dried to produce”t procat al ?/s'g particl es and_produce ’;{ogc%tgl é?% 5
particles temstaveherhrepert:ds iicludingyfor prampledy-St Patentdiashy BVi6R 2nt-$9nes
gener ation. n | ks | e.\8&icallyh Such

conposi ti O?P%%B?%Zlgpoﬁaélnerggs&%% %Z‘gcghﬁ}aat%(ﬁqe&g%g{)g?éﬁ?fg%g%act ors iys w del y
variabl e, bdpdRRiiesEnse bedn poducadin the frem df suptantialyspheroidahseligpgrcatalyst

conti nuous and snooth operation. ,This is du | 0po. p Y eci se
bed | evel B&HEIFDMaVIRG 2¥Lags RATICS d{aﬁg%ﬁsr %8510 t{’)ﬁggglr% tc%ogg’ (%%) tEelg ?llfl nal

pol yner ar e;SkitPae dsei Phicsnacdbysivh@rangihalfitepatdemntandfe agpisigdby ther oduced
in each reactor. |If the bec Weiﬁh,t are not El&eci.sel(ﬁ.kno AN ib,i .
difficult ve gridlses sychcanuior aphbinfihauchada PeRf BREMY LS ‘[r%} 1§i?'w_t h
respect {0,119 Dh3RAOT phitlIcobreRRLYAL dil§ el Grtial inighity! cmind sudiief | n
copolyners, it 1s preferred to produce polyner in separate reactors with
bot h | ar gepaitlecul ar wei ght differences and relatively large differences in
i ncor porated conp r. rod i nal bLEmMibdiohhecdasds pPhysi cal
properties, it ismgﬁf er ;@8%0 ﬁég\%’emcl)ér%g g?&itr%g‘ﬁr%act or_s0 pr%du?ﬁesa pol ymer
with high omdretetzad inviieght ofi fidminablersobreats ita gissolmather dctiye edmpangnisofdhoner
present. In the second reactqr, a |ow nolecular i .0 e

pol yner i s oBmaslliniadle Ry g{Yéfb% Wgﬁeegs??o%tn% her fly%%%eogoggééﬁg}ﬁg{f tfrllg(;r mal | y

i n an anduRl)odescithape i @hich AkOopRhetRZed ik fel@ehidgbr renieemid| the inemigght
portion. In sonme instances, the | ow nmolecul ar \{vei ght \porti on of tlﬂ pol ymer
' i wihge

is a honoposednierthe sway dminmpiearsads Bveled SeperllbfpbEC I Y St

di fferent E’ei%'séﬁ'?ﬁrtﬁe r@pérﬁﬁn%f'ahaiﬂbﬁl FRAGLAY, iyl R dFatiehsy dHRANGESON Of
hi gh- nol ecul'ar wel g’lﬁt polymer tfirst and | ower nolecul ar wei ght pol yner
second or wi well weaverlng thidisposalea ldreormupbyef selealt ysts will tend to have
significantly dif nt 2 P ' t han t hevdio by mer
granules. This i sfoﬁéﬁi evggh%gorgé% {?Sfe}&?%ént%ﬂg ac?gctla%%ltQ H%Aﬁé(g_écihnfeésy also tend
to be the yewagestppachilehgs if impttiéesraeaptsnt artbe fredsteskishlagioniolnrgsperale hi eve

conformation to the final, prodyct, pro ies before tr Lid e
second r ea@®prolpfleLoppaund %u@‘ﬁ %edaﬁ%f‘]f gvﬁliﬁ?gerecfoxexieﬁem fﬂilengggér%%d E(g %?6{1)+‘Iyner
properties aL&ﬁ%té.OTﬁ&kgtrh;Iﬁﬂﬁm siidh oI Railngt bhle dasdeypvintinintcoropiehliet s f or
end-use. 10015]1n particular with known catalysts, th«? fines are 1|J;]g)%mal |y
of si gni fi dzenproguciph foé ithenteedninck dyt avll W@Pg@ﬁhﬂé AN BRE FRE LS §O K Gt RRLT

conpared t | 0 AR dibesi@TadBs feléthigousud k

mat eri al a(r%lé&?%éé)ﬂeﬁgywl ?‘Peeﬁﬁoat @%&%E%&?"he sgrre tenperature, mxing is
hanper ed unhecfim! $rhey gieddatelyst tredust.a si mil ar i sovi scous tenperature (that is

the tenperature a i ch .the I I S
essentially the sg}#&} Ththe%eo%}@?%%ﬂ#dlsﬁ(g@é%%%53%52%%1\9%8 °E‘é?g"5§'§"§‘rﬁl?§’( cantly
di fferent Rraheslibmhuleeghér dagtions bvwsiclh tgo demperredctnre areltamected se sagies t he
bul k polynmer, are not readily. ho eneously m xed.wi th the bul mer,
but rat her ¢ FFefUe FFB A EY fip tfi“f)ﬁ‘g%inﬁq?rﬁ% Sg%@?ﬂgtnf Ay nﬂ)(g?cygaérweﬁ%}fl%lagl 0%{md can
lead to gelgn@y. abhlkel Hakastslade difforncedsiih mesifed rablbanarexdightdedd reactibel es
made therefrom [0016] Thus, generation of pol yper fines i r ef ratgly

avoi ded, espediiens|iy teoreryals rﬁ%&%’%“@?’é’Fir?fhE?glly FIERLAS WA p o‘g‘étécé@é fid, in
parti cul ar jof GholSduBOSetiR: r8RIIrQF Wikt 2eh@h1lS UsleCiBh ihydioherc borwemtatiohs, ak

pol yner conposition is achieved by control of the relatiye anount .of

pol yrer pr come eabcs A0 thd0 melY ofi the Feagler grssmay be hydrageor WITX?&PVF ERehgl i s a
need to mnimze polyner fines in an olefin polynerization process. It is
al so desirable to produce polyners with inproved properties, particularly
broader nol ecul ar wei ght distributions that are suitable for bl ow nolding
and ot her extrusion processes. SUMVARY THE | NVENTI ON [ 0018] One aspect of
the invention provides a process for nmaking a -




Ziegler-Natta-type catal yst precursor conprising contacting a G oup 4 netal
conpound with one or nore titanium conpounds selected fromthe group of

Ti C13 (Alwecbiviavad or obtai ned from hydrogen-reduced TiPCIrA)S2011/032330

(Ti C13(A1C13)033 is Al-activated TiCl3), and Ti (OR)4 where R is ethyl,

i sopropyl or n-butyl in the presence of an al cohol solution conprising at

| east one C2-C4 al cohol and at |east one of Myd 2 and nagnesi um conpounds
which form MgCl2 in the presence of the al cohol solution to forma catal yst

precursor solution. In certain enbodi pents of, the | ti o , the

al cohol sohi#essA %%@P‘g éée HNFERG) © -u%?%oqllfylo?ocgtglg/g@nbﬁegt P%rg TRar eof . I n
certain enfodifEnt smpiries 3La0ROIFe ST Wk i@mnthanager preest imgnosh ithatetanyte

car bonat e, magnesi um et hoxi de, or a conbi nation th F]eof ; I n.some

enbodi nent songértadn&omngEdasi Gehglidst dQ & 24 &AL G P“?)El A R D N

COMPIi S€S L bl Chfbtysbd GG, in SR, Gty e Ononior 3 cikahe 2 Thus

conbi nati ot tHereof. In some embodi ments of the inventive process, the

cat al yst peeousmsdlr amobis jafncortsian AcEying el 8| SITPOIDINS [F28n FERYadhect of

the inventi.ve_.proces n.eff ' t of at |east one filler to forma
spray dryi ﬁgmflga@gg?%@&e ]?hspa‘gtaoélggé éf\n\c{)l{?‘% ﬁlgp%g’t al yst precursor solution

[ 0020] I n” anot her egsict ofdditioealiy)vibat denerapioro b sethangnfremf ebyiene iahdtiht of
one or any conbjination of; (i) bulking agents; an k). di ected
from si| oxaagsiul gbmparReA @W&‘Oéﬁe{/%ﬁ ‘f‘g%:l Ofpégfﬁ%dlaﬁlscf (d{g’r &%ﬁgeldn #9%%%2@ or

di et her derd\ial inV8Si1dep 04y alektyineme 1g¥yaolesulandeighovaactet iGes. ssthapelathded t o
the catal yst precursor solution. [0021]1In anot hetérpl?]i\fj)ect of .the igventi on,

the processubisequents limipsh amaunt b mgnogiey; i e yrac ROy PGS ck to

obtain a pr i bdd s W Ve bt WEalleWbieé aricles akd om 1 to
20, y is ff%#%satg%v%rgn l:ézd %s?al?s?g?nﬁ%ﬁtygmlo, with the Srovi go tchat y +zis
> 0. In al h&ﬁm@tai}meleaﬁh@ipmide&,.x is from3 to 10, y is from0 to 2, and z
is fromO to 2. lﬁg@ﬁrtaﬁ]‘:&%&g %l{%gﬁ)zst}\g ttE@re'sﬂlY?é?ﬁditY IEE{eﬁ?&SasmetB&F spray

dryi ng feedstock neu not her "aspect o e invention

provi des t e pRidacd! [Zsedler NUR OftbEataysto hivdhg ethphoyed preafpriange rgonehiéess piay

dryi ng feedstock produced by the in}{pntive Erocess. lirh son ngrﬁgghlg}ants,

the precur SaticH#mAsAaEh CRPRPTHWS Shal ¢80 BIOFYS 1508 e} SRR S Rape

particles gﬁ)\%ﬁgs e PHRcASRy Shperi4fP50In afiditibaMhkf is0a 7ikedi for qnscata3023] | n

anot her aspect of theé invention, a process forgp duci gg g :on of

Zi egl er - Natompasitisas pyithc Hicepsedt repistagseotp; thatiering, ‘{)F S CLUCE g PPERY ©

hal ogenat i I%glly}nlépﬁﬁ)ersecursor. conposition produced by the inventive process.
€

[ 0024] Anot aspect of the invention provides a Ziegler-Natta type
cat al yst precur somom]eparfbwrmd'mcmrngnd@mbiedhm@émlii%mﬁh@ﬁ@ﬁ@?ﬂ{agw5] In

yet anot her aspect of. the invention,..the re | : . i zi ng
at | east oﬁ@“‘ﬂ‘gﬁﬁr@f’f‘:b’f friehe pﬁofier%%%%he?eq lﬁv‘?%éhgdr]gg&eggiégﬁg?&ft zr%% é@f east
one catal yghs Ragiey rts Gquiphetu &iidre ympairddacerabijity, Gidotadudedneffisiencorigund wi t h
one or nore tijitanlum conpounds se] ect.ed fromthe grou f T3 Cl3 .

(Al - act i vategsaf TRgHFEgRHe ?%E@Eiefnsdﬂ OWft%nZ&‘a\Rﬁléqga fF\;?‘F QOié/ S PR o pr opy !l
or butyl inRyid@e Bﬁﬁﬁﬁflﬁﬁioﬁfsyﬁﬁn.aﬁiﬁ@f&hcﬁﬁe bOflow G piings bitg, plug fitastin one

C2-C4 al cohol and at |east one of MyCl2 and magnesi.um conpounds .whi gh form
MyC12 in t thinsppeds present ohfetsh grobleatsh Sick grahismen meke cHmRaLoR OF APFSHODPEcur sor

solution, f ] I =Yr S0l Wi J belviaaitakieh €s and
subsequent Ip§fywaef]gaée%§%pﬁ%&t%gbg‘g{eﬁg&lpogrg{aitlé%’eg%ﬁegi%y ? %?ph;?é Feggt one

co- cat al ystpracsssps.ovi ded. DETAI LED DESCRI PTI ON OF EMBODI MENTS OF THE

| NVENTI ON 26] The terms " ystyr..and  cat i Lion" as
used herein, ref epkgg tr-zla:fr:%’suls’t i%ohS %e?%%&%o%pgﬂ%dg?wlgs %llsget%tsr gggﬁﬁg#%%f, t hat
are useful inprovét pllymem@opdites, ol hensacdeasfuilpspraf daetttiot producp dieyprecatadyi| e
nononers, generally in conbination w th one, or rm{he C ca}.glgyst#st Ol
activator ®8fskaneRd e Pogetelysta PYULES aPh PRSI Y GOV OEhEy A1y

non- net al | EnthtiNEl FneediBlaftbn. COMPounds and nmagnesi um conpounds, such as
magnesi um chlori de conmpounds, alternatively referred to as Ziegler Nana
catalysts or Ziegler Natta type catalysts. [0027] The term "procatal yst" as
used herein neans a catal yst




conposition ready to be injected or fed into a polynerization reactor and
that is activated to an active polynerization catalyst wthin the
pol yner i awoizon/mBeast or by an additional conponent, a coeatralsgstjo3seech as an
al um num al kyl cocatal yst. [0028] The ternms "precursor” and "cat al yst
precursor"” as used herein nmean a portion of the catal yst conposition
containing the transition netals that is subjected to an additional
reaction step to-convert it into a procatalyst. [0029]1n one aspect, the
invention conprises substantially spheroidal shaped parfi ofRfor @
magnesi um hal i de [B¥3H ai nihg “ﬂﬁ%%? r’,reatchoé Sﬁ%{?flig] es a{é/(%&gogglr? average size
(D50) of frapmd? phddudl i t6¢ edparatd feadokSs WaddP vaiiabiois, presente ofipdPmero 35
m crons, having been produced via spra @%{gl n&[ from.a n msngld{lgéymtral
acidity fe@m@tle_cp@rtwpbwmanﬁfuéﬁ%%?n“a%% t SPRHE REAURE SIS BY 6V de " et hod
For maki ”girﬁop%%?},&vo?g&}éc}'s@ bR RS @RfrolC AIRGRIAN Rfhe HOEW ipsipagies a) theifiaul di ng a
l'iquid conposition conprising i) a nmagnesium halide conpound gr_ nmagnesi um
conpound t palymersare otrongly iibfluencad bragwesslatine Baopeof pPAYRE FELHSE iBR2T i) an
al coholi c sol ve 0 iluent, i 10 aisk st td 19RLAbol ggrpounds
wher ei n th?a‘ftf’%ﬂ}s‘ihfiﬁ’f)ﬂwﬁ'@g{élage Ié?té)rescgﬁtel cltglgjg&lf rom tﬁe rret%(l%grg? G oups 3-10
and of theﬁﬁ)ﬁ?}&ﬂb@raﬁﬁie@, of the Elenents and wherein one of the metals is
Titani um and the ot her rretﬁll i S Zirconium or tHaf niumor., glt,gl ahV bther
optional Iy a filll@13lher VP vRPoGCiQi 1y BEPFALCY ;o uPAY e8RS ¥ on TS
;J‘P'i usted t%ﬂg%&&@bieﬁh L¥pdaitrs, al ispyefareldus prated pelymenipasparatorcactbrsevither t he
i tanium co

ound or the nagnesi um conpound h?t |%éonver.t i.ble t
magnesi um bbthdugelmoldsylas peight diffprenees:ane r@é?‘rﬁ%‘é ¥8%o f_ Wn‘éesdfldgcé)g)oé&:q e spray
drier to form %m%?rla&’ﬁxgﬁﬁc%q‘mgﬁéélyﬁ&% wighle GhstGRbies hidperieRat fseiefeirédg sol i d
particles I'ch are a precursor powder. Representative nagnesium conppounds
that converd hbhee MyClcZ the reheorprmrediveea ablsmire wite dHeh mAPeHar oveighic PRite
magnesi um al koxi des and. nesi I c atges 003 HehRo2ROIRET
aspect, t h&PRIBALE ™ og%?agsang@%&oﬁ%%erf giepe?rlgkilﬁgth? h% Fnvent | ve precur sor
conposi t i omotRbst Skighg pesisent ita polymér isafprpedowhidhmgayaalke avedcamemp®st t i on

conprising_ i) a magnesi um hali de conpound magnesi, U s
converti bl é‘l"E”é’Oﬁﬁ’ﬁng‘gi“ﬁFﬂlﬂ R awaeﬂﬁ?ﬁ g&@ﬁ%ﬁti“bcﬁfpoﬁt ﬁ&ﬁ%ﬁ%ﬁ%ﬁ@%ol vent
or diluent ,.jd jc%orﬁ&n.l RASneliM@aricsR B 1bivarol 8RRl wethi portiod Hf weqobinter ishe
transition netals are selected fromthe netals of G oups 3-10 and of the

Peri odi ¢ Tabhepadfmerhe El ements and wherein one of the netals is Titanium
and the other netglyis Zigeonium.p IR RLRAL T thd ¥FcRRE pRkA Y 2

T er S unerer "o Lo o epepti fhuec?aﬁiééoc POS] L1 0N | S ad| f sl
essenti al | yheneuitiplakeabotpr scifenstthat s prhductonpbhizh metecwlpr weighigrolons frsteathi um

conpound or the esi um conpaund j vart i j S
chl ori de; E‘)W%ﬁogaif%&fﬂe@t Pﬂ@%gf)ﬁ%:ﬁ)}s@?% Sir?giv(rélgg)’ ?feo{g]%lé%f:%i e sprgﬁil/ly%{%i er to
form a spr ayH énided hpar digifi@ntlpdiffeegnt polyer piopgtibhthan geuiulk nfths pblyder
particles which are a_precursor powder. [003 n yet .anpther, enbodi ment,

t he i nvent igemules rkbieis bplicygd foke ‘Hlerf\ﬁsgli‘?of&"t&gat 4%@? itﬁrbdotlonjg the %Oculﬂlgessgf
powder to fohMeath he\teRidr Wd BEREakay d6Shot achieve conf¢rBafiay] td the dinall freducaspect
of the invention, the procatal yst conposition progu es resi ns.V\{iht an

i nher ent | y phperigs hefpreciiaAnaiFing& é‘ﬁtse‘iﬂ’ingt“?qc@ﬁt‘ﬁ SHicEn e %d@%‘éﬁ‘fﬁ?ﬁ‘r F &8 n
particle r { : { 1 bl olahériht geBa@st i on
Cyst em ar e B B B e L e e of
granul ar pdbnemetusearticl e size. [0034] 1 n anot her aspect, the invention
provi des a net hod_f maki ng the inventiyv I SRQI it
conprising: a) prg\?i{@i ngklﬁ I?ﬁﬂdﬂﬁ?a& ‘évgrﬁ}pq{(%'é)i i gaﬁgg%%sﬁgtﬁ%gpggs%ﬁ?g I0§ of : 1)
a magnesi UMgadlchell digvmRatmoleailarmagpiasir branchinp eumgoditat congpacdrtv die bulk e t o
magnesi um hal i de via hal ogenation, il) _ a | cohal j ¢ | vent or, di] uent,
iii) at |eaebmenorithonghithy gartils of be%%ﬂ%@% SHRPL AT ?‘ﬁeﬁ?‘?ﬁa‘ﬁ% {“Fi% na?rret al s
are sel ect gglighlyori tsh@e MBhRrawef mXing pShdnfefedamnslessfthé prdRas ihedi ¢ sthdbke of -
t he El ements and wherein one of the netals is .TLtani u*p and .t h(gftﬁt her metal
i s Zi r coni USPVBFOUSHFRPRIRREsT (U i the) GPHRLTOAaRIgh A0G MRIt aFsCaiily i e £H
acidity of the liquid conposition is adjusted to essentially neutral by
adjusting the conposition of either the Titani um conpound or the magnesi um
conmpound that is convertible to magnesium chloride; b) spray-drying the
conposition in a closed cycle spray drier to forma spray-dried particle;
and c) collecting the resulting solid particles which are a precursor
powder. [0035] One enbodi nent of the invention provides an inproved

catal yst produced using the inventive procatal yst with greater nechani cal
strength that results in reduced polyner fines while, at the sane tine,
possessi ng good pol ynerization response



and efficiency. [0036] Anot her enbodi nent of the invention provides a

manuf acturing process for the inventive catal yst that reduces corrosion in
t he prepawvetzhom3efist he catal yst. [ 0037] Yet amatrhmseoienmbzsde nent of
the invention provides a method to produce resin particles that have a
narrow conpositional distribution such that they are suitable for end-use
applications in the absence of nelt honobgeni zation, i.e. as granular resins
utilized by the end-use fabricator. [0038]In still another aspect, the
invention relates to a process f maki n ol v LS kLG cting
at | east oﬂéd‘éﬁtsel‘si‘?%s%ﬂgvng]te WF%OI{]’ﬁé)(’r}ﬁ’(‘/ r{?lle\g;ew%?%g%ntﬁg ys?%l élg lvf\‘}l%fgﬁiyg
procatal ysg; H@mmécﬁlsyfwé@memdi Nevisetdheehpemnde shanobaseaifythe ballkpobpraronal |y a

continuity aird under olefin polynerizatiqn _conditions to form mer
product . [ @@30tieadilychomnerrgoud FHEEIEIR &e‘ﬁuﬁw@mgyg%r?%ar %’Paéaﬁs&%
particles are conbi {gg,gﬁ '%&yﬁeﬁﬁﬁé’éaﬁh%&{ 1eh®@tdf RAgBrichRr Aty & atafilnet

n’ nma

conposi ti of&°the et va occur prior to or sinultaneously with, or
after cont gcdthdr@xitadel attiekes mmdo therefiom. nononers to be pol ynerized. [0040]1n.

anot her enbodi nen he inventive. prg I i 1aldddar edobididl
activated outsi deﬁ)? poh@ﬁ%lgfnzeﬁ%logr? %@&g}egrﬁhﬁfg%r?\{r%éfh%dt h%ﬁfpprlqc}:&at al yst
with a por f(jrogas %;l—lasleh@eﬁﬁ)@alyﬁieysdﬁoh rpraqesien@nt, Ini partichldry drrotizgedol §ges
disclosed in U S. Patent .Nos. 6,187,866 and 6..617, 4Q% i .sql es of
whi ch are Faaeier paicardn VH%%?%“BE/O B RPN CAPORHPR /¢ %Cg‘:‘—:i 5(:1:![% ? r?gﬁt?[ﬂeo%w

procat al yS}eéﬁﬁgaﬂéﬁﬁtio?ﬁolvin%{prbﬂ\&e@Qﬁtﬁéﬁiuyc’f;ileread*lﬁrshydr ocarbon sol vent may be
renmoved by drying or, preferably, the cata

: 3 yst. canposition may be directly
fed to the pol ynel00¥At i ortceerdingls thiFrdls & ne toa%‘ml%r? P%ﬂn?rﬁrgﬁf%?ne‘g%%’ with

addi tional _anm f sajye Of1s @ dlifbRr eNtprsmeatipisdrs Wi 4hbioed
speci fical P@?mlgpﬁ%%lgﬁt%?%gsénbg?fne%t S, 1tahe i n\%nti ver%cat al yst pgﬁg&éor

conposi t i opgpksien pepaniedy byoadprmylediariwight diwiikitionn thab#fs sHbifg si um

conmpound and_ th ture of Group 4 metal conpounds in a primary diluent,
especi al | yn%&’k%i?ﬂ ﬁ{é’e&S’HB’rsfoélipﬁ%ce fi& or more C2-C6 al cohols, and
subsequent |y hal ogenati ng tSIBMMARYIOF TEHEINVENPIONi cl es. Preferred

transition netal halides are a mx l.fll’e. of rtitaniymtri c@ésgr;ﬂd%a&wﬁi%h may
be conpl exed wit h0AR#13 (Qneqasdptietf) ey NPT etY AANPEFT dé" alia Raf ni um

;[ ﬁf:lr 382' or iﬂ%lerh@ﬁé—@p%%{‘gl%cﬁ%%fckﬂnpﬁﬁng b@ekdtient Gronb 4t Metal congpoidn
with one or more titanium compounds selected from the group of TiCls (Al-activated or
obtained from hydrogen-reduced TiCly) (TiCl3(AlCl3)g33 is Al-activated TiCl;), and
Ti(OR)s where R is ethyl, isopropyl or n-butyl in the presence of an alcohol solution
comprising at least one C»-Cy4 alcohol and at least one of MgCl, and magnesium
compounds which form MgCl, in the presence of the alcohol solution to form a catalyst
precursor solution. In certain embodiments of the inventive process, the alcohol solution

- comprises ethanol, n-bufanol, or a combination thereof. In certain embodiments, the
alcohol solution comprises magnesium ethyl carbonate, magnesium ethoxide, or a
combination thereof. In some embodiments of the inventive process, the transition metal
compound comprises HfCls, ZrCly, Hf(ORXCly, Zr(ORKCly where xt+y=4 or a
combination thereof. In some embodiments of the inventive process, the catalyst
precursor solution is acidity neutral. _

[0019] In another aspect of the inventive process, an effective amount of

at least one filler to form a spray drying feedstock is added to the catalyst precursor

solution



conpounds that may be hal ogenated to the respective chloride including

Magnesi um Et hyl Car bonate, Magnesi um Et hoxi de, Hf (OR)00C1," where x is from

2 to 4, awo2Riso4ret hyl, ethyl, isopropyl, isobutyl or pargs2011/032330

TI(OR(4 y)dy, wherey is O0to 2 and Ris nethyl, ethyl, isopropyl,

i sobutyl or butyl, Ti(R)(4_y)R2y, where y is O to 2 and RL is a chelating

| i gand such as 2,4 pentanedionate and R2 is O or OR as descri bed above and

Titanium +3 Chloride, either as the alum num activated or hydrogen reduced

form Zr(OR)0_4Clz, where z is 2 to and R .is nethy i opyl,

i sobutyl or butyf0020] In ano{*‘@b%@j"’tﬁglﬂz?g‘é‘ﬁ%ﬁuivﬁé’macé%h%%eﬁicg% o Fﬁﬂ%

enbodi nent s _of aﬁgh gm}ﬂg]ﬁgmlioqn@j mkﬁdﬁ Qo@itgand iy dilmnnsdledtédrem sdeyret.al | y

al kyl al um nium sesqui chl ori des, such as: et hyl %I. m gum %es%_‘c{)%%&g,

Al 2( C2H5) 3GEakytend glyselbu€ ) CAlall ATRReaRse bt R IR S M3 By .

[0044] Ebod 1pnt § Of, LIl RUARAOheRbAKk R amcabYatich. t hat pr oduce pol yrer s
ght fr I

with hi gh S8R §° Ve actions greater than 106 g/l e and.

particularly >1070a1jol ein {106 psnecisoinbe éntsotpieht BTOCEH PP have a
relatively | ow decay rate, that i fi deatbbidn & t ant
(Kd) of | Lepea drsine Qb > e %"s%ka‘ﬁ"rdeb?%éé “3‘%?585_5 than 0.4 [‘8"8‘2’%] Yet

ot her - enbogh, @At sr,0khébB& i WeaNt tco20, prisvioted tatGindsz is fim K ta 1pavith Be si ze
di stribution span, "(D90-D10)/D50," |ess. than, .o Lo 1.0; 7] Yet

ot her enbogtpvienthet vf ztiha O Ay ?Wﬁweﬁf“‘g\?aﬁben%a% al fir/%lﬁgl{?ﬁg’t}pgrf% u{():g;_)?’esi ns

wi th high asn%t% s ‘%%npb' k&2 AN Sirtah @fsbdiawit bNes iheusveprof@OABt siras drying

enbodi nents of the Invention, the catal ysts produced from the inventive

pr ecur sor sfeadseockhsonewgalypthct i ve at | ow added cocatal yst levels, with

excel | ent pol ymer zati on ,ackivi JePErirb MRkt compaidny St
feed) Al/Ti ol o DGR oo ARGt dsdet BEGE i fifbrifrbyidd 2511, as | ow as 1711,
and as | owyggndDbylspra dfyigghe kirghdryimnisedstosk magduged by 8. IMVRENE BQERFSi n
multiple reactor systens, the catalysts pr f1.0 {allv NBBeAbiaye

precur sor slrhﬁmn%éf“ﬁﬁ%?e%’y&’?e?rﬁ%sof ik Bglflig/%?l?l g%eirso%b%%tﬁ%av?té in the
subsequent yeariid&haviay af avdladehzegbs@nd éroof 1Gdimiioreas. cocat al yst feed.
[0049] I n sone enbodi nents, the catalys recur.sor _c id.] LSinpr-epar ed
by di ssol ution ofm%?-”hagné‘éiaﬂﬂtﬁﬁroﬁi%ﬂnﬁ{ th% VP& g@n%gu%%?%ghﬁggni um
conpound a NBZ e ORISR NP QHBEIdd BE pRéeehobmprisind helopsnating tihre
presence o?wﬁggmépﬁ)h&?ki nd%ﬁ@;(ge?ti. [ 0050] The transition nmetal conpounds
may be hal petewsorabpsdidmsprodrcr@by B MBI BO%hent andi onat es, and mi xt ures
ther eof . Pref er abjyyt Ne dif,3181abhdd R i RRARP YRASIS N Ziigler g 1990 DI 11 ty
in al coholic sol Ventd. |4 speci fic enbodi nents, titani um conpounds

i ncl udi ng TatklyS ptetlirsacirepantdetcaring yelho gevientiedieesy: and Ti (2, 4

pent anedi onat e) 2( 0R) 2, ere Ris ethyl, d P L Rbadr BEtYl are
used. In other enWB%ﬁnem’é,yeEia?%tg?{i TFRY A %gﬁ{ﬁl‘?e&%h%o%ggn }sg l})geél are the
chlori des op HixaHg 8 KX ¥nchbAThaER, the pasl heicn iy the presencarwfl(8) aclemsnele,
propoxi de, "and butoxide. In certain _enbodi ments, . magnesi %nﬁlco%gpog%% used

i ncl ude MyCalystraenessr pioduserlY OatRBEA STOUR MRk FUPRnY RatheEF

[0051] Embog Bl 300bolaE kYA HAR th idrdieon! TotI0l(albalvaud corahydsoganent
i ncl udi ng al'cohol's having two or nore carbon atons, includi ng fqr ei<arrpl e,
et hanol,  reduced), and Ti(OR); where R is ethyl, isopropyl or butyl in'the presence of an alcoho |

solution comprising at least one C,-C4 alcohol and at least one of MgCl, and magnesium

compounds which form MgCl; in the presence of the alcohol solution to form a catalyst
precursor solution, forming the catalyst precursor solution into solid particles and
subsequently halogenating the solid particles; and (B) at least one co-catalyst is provided.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
[0026] The terms “catalyst” and “catalyst composition™ as used herein,

refer to transition metal compounds, or mixtures thereof, that are useful in catalyzing the



propanol , isopropanol and butanol. C2 through C4 al cohols are used in
certain enbodi nents and et hanol and n-butanol are utilized as the sol vent
i n speci fwo 2eniicaiigent s. [ 0052] The precursor conpositi orsTIaso1fivs13B@r
include: a) one or nore fillers or bul king agents; b) one or nore secondary
di l uents selected fromthe group consisting of siloxanes, polyalkylene
glycols, Cl-4 al kyl or phenyl ether or diether derivatives of polyal kyl ene
glycols, and crown ethers; or c¢) any conbination thereof. [ 0053]
Any solid finely dispersed material that is inert 1to thebiofguggrwiﬁlom%onents
of the catedlymstrizsijent ehaddiionoebaesizae MoBPYPHE: FLERIL A FERRETSR, Y imy be

enpl oyed as filler | ki ng; Nordpelindsh Prefeged! rcatatysto Ao S tues Sor

Desi r abl y,ort eor‘lf iﬁoféegrﬂy%érjod\?i %glg&gﬁ[k e}lﬁd strength taq tyhe rresul tin dsoI id,
spray- dri eebngdextes of een-metafieesve ﬁ@nsymm%tﬁlecqy?@iuﬂ%ﬁﬁddﬁ%ﬁ“%d’ﬂmﬁa‘g} Pcl e

formation, -dryi ng and. su e VET Skl EIOMeRrRAUIS Y ZidklprNa@d al yst .
O gani ¢ an¥® r?érg’ﬁgﬁeémﬁ ?@elg(ge E%@lﬁ%\ﬂg’s?}j&%nl e?v)bgdi ment s of Eftghe i nvention,

i ncl udi ng {Rily@xéRer NuttaitgR cataspeci al |y finned silica), boron nitride,
titanium dioxide, zinc oxide, pqlystyrene, and.calci bgn Funmed
hydr ophobi ¢, sur {881 nodilPf elf™s; Poc?%ltX]iy§t udd s %gr&?girqﬁlg%{rﬁbgdi%%gﬁtss of the
| nvent | on. o hiesfioh k&l iSbdmpten bt fbegobmahstueduatid that ssredtivaged
desirably surtface nodified so as to_renpve @eac.ti ve h%gro%(yyl gcfdit?c;[nh r
funct i onal tagmoeqtiye fpbymetipasion; cafalyist Withastht PRETEFFIOP FE Aot T f172€d to
provi de_anciighbeckPRaklyst QlcndeRoahkifih akylcataays! compositi on.
Accor di ngly, N g?fsur ace area filler materials are not gssent%%lﬁ or
desired for use. [0628]l | y TheHernfsi {‘requrspfoand) “aolestaPSeFsosc &S aia FFEEL t han
20 n2 /g, nore preferably | t : it I phkifidd LRts #aow d have
an aver agenﬁﬁl?taii?:‘fréo%iogetﬁ? I5§%§'Stnggg&?0égltog%x{n%gﬁ 5 11 111 and preferably
| ess than JyyRctedub b sddetiinal debdtion siep tqpeamivent ittty agnosa@stl to produce a slurry
suitable for spray-drying, that is, _ a.mxture includ] - R -di | uent
that is liquid at e{’ﬂ%?]rral qlét%saﬁﬁ%i"i @P’CIBHEEIPPOCI?%II ‘ﬁ% %“@g‘é??@gfv@%‘ﬁ zed
under r edug&ge@ﬁﬁ%}éé &f O mEbRYiaiekhlide ARy Precirsors drepatidiedhaving & t he
ta

slurry con ns such filler in an anmpunt from.O 8rc.ent to 15 &L e §1t by
wei ght, i nawtresrsizsr58) ﬁ%ﬁ‘t’@,loﬁpﬂﬁnﬂ.@@nﬁeﬁ%% t?g I”(’)‘Cﬁ‘f@?’d’érﬂonbg \{ﬁe ght .
Upon spray-dryin B Y QRS SryRbORMGEa HosfiiAly endhhbhidiy
particles g}lflé?s’ gn\%%gre%e[eﬁgﬁb%\k@?he p?lgar?ra‘%;}/, %i I uen?. In a?grre enbodi nent s,

t he anount fefistb¢k.| er present in the resulting catal yst particles is an
amount fromO to ercent., or alternatively : [eand based
on total conposi tﬁ)gﬁ wei ﬂta?m easg'f)ciatg?%’#V?ég%%c%%{é@éngg&%g%ll%gfrgjgn%'r'oduced in
this mannen,RaYR Precarer ageppstidd, Cbamprising: ( D5@rovidiogn 5 ligud 0@mpesitipn sone
enbodi nents, from7 to 75 min sone enphodi nents, or fro 10. t o 4 in yet
ot her enmbodPHBRTRS 1) PIGASRTSHR B‘Qldﬁfo‘[‘lﬁ% roég&ggﬁf%?%owmmgnls[cﬁﬁ%% some
embodi Ment §, fhedddGn KYBOViaQRlogbRBoR 16 GHIaSDholOITPAST brf diluent iii) hhleadt owen of a
solution, is prepared by dissolving one or nore of the | i des of t?e

netal s, i.d&anst@ petaligogpoundsrhencin /t@PSIEPtW‘afwsﬁel%ﬂt o Regperaiel | n

ot her enbodi nentss g rrad@ MthOBldnnRr-8R aiReiend ¢ thé mek)sds and/ or .
Zr (OR) 4. %w 331%%@506?&??1&{0?11% Tea%boc_ii ment u%l.i l'i zi ng Hf C14 and/or_Zr Cl4 as
t he sour cedithiuthendatieliotheometal tis Zirsortivro ror fiafainm oy bdibuty) BRiMELLESHE by any

particul ar theor t he. fol.l.owi,ng. I I =1Y ; 4 or
DrcLa’y 2w Nig o9y AL SR & TS B el Bl o &

bel i'eved t Qdpeting the BshisRitionof eitlee shedfitahitin @enpound er e ntagaessin canmpaved al due
to steric hindrance and the nmpderate. . tenperatures used in.the pr ation
of the predhgt é%)POl’é’éll“??{q @ﬁ?ﬂgnmé&’f‘f%ﬁ%’%&wﬁif %%%m[lﬁglﬁ?%ért her
di ssol ved i I Ldied paricdi 4 ¢ Qoledting the lreltid solidm
Ti 013(A1c:1§§)61.5§§r,a§f?%?g‘1’ (f%%% byl hpg/dr ooen raduct oﬁ of Ti clzzg% i f
present as patielen abhighe aregh d’l‘eFPJ(SQR)’@V%%rrpB‘ER’@FeW%EY"e TREPSIUGY KOPoYndy, thab hy | or
butyl. [00 i Ty | I8 dnclhde HbGRsiuMSAIRREERS ,

wi t hout be?ﬁééegto%n ?g@gﬂ% ﬁﬁ%%c%ﬁ%&%gcgrs? it is bel iw%i\?ed that the

f ol | owi ng rapdotapmasivocdkylsarbPhat®R) 4 +2 HC14 Ti (OR) 2C12 +2 ROH, thereby
allowing the titanium conpound to act as an acidity scavenger. That is, one
nole of the titanate would neutralize the acidity fromone nole of H or Zr
tetrachl oride. [0059] Further dissolved in the al cohol solvent is a

magnesi um conpound. | n sonme enbodi nents, one or nore of My(0CO2C2H5) 2,
My(0C2H5) 2 and ot her | ower al koxi des of magnesiumare utilized. In sone

i nstances, and w thout being bound to any particular theory, it is believed
that the follow ng reaction may occur: M(OCORC2H02 2HC1 4 MyCl2+2 CO2 + 2
C2H5CH t hereby al l owi ng Mg(0CO2C2H5) 2 , when used, to act as an acidity
scavenger while al so producing a conponent of the catalyst, i.e. MCl2.
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in the art. The addition of bulking agents or fillers to the precursor
conposition with mxing forns a slurry. Herein, the slurry conprising the
al cohol swbuviiooas the nmetal conpounds plus any bul ki ngcagmsedaiz/os233éil | ers,
is referred to as the feedstock. 10061] One exanple of a suitable
spray-drying nethod conprises atom zing the catal yst conposition,
optionally with heating, and drying the resulting droplets. Atom zation is
acconpl i shed by neans of any suitable atom zi'ng device to formdiscrete

dropl ets that upon drying form spherical or near S i
particles. Atompesijon ilsaptldraspest %%WV%‘PE&’I%@A%QS@%}ﬁ%d {bﬁ(kan %@gg@? ock

through the atom zi ng deyjce.togethesing tReamilynef:t adrpyovidingas , liqwdt is, a
gas whi ch“}"gmhvﬁnP@ﬁ%‘%?rvgxﬁlﬁ%éé&?he colrll_1 i ti ons SnPlgﬁéed. during atqpj zation,
and ai ds ic&n{)]&m‘{laion@ﬁsing)i)ailinbgle@mﬁﬁ@hé‘h?@?p%ﬁ at BRFS Y Rd2Z1°e or a
centrifugal high speed disc can 9 a8 Tl BBSlicdobrenzat ditwent, wher eby
there is ¢ eavergbls 1 BHaghes g?édﬁglﬁ%ﬁ%ﬁé%%@%lr’glgl et's ..Qflthe m xture. , The
vol umet ri g.f A&Xﬁsﬂw@ EMhd\brO@star espaiadaihyremxibe dussitione MeMUABFIEERS | ow of
the slurryto effect atom zation of the feedstoc avaRakdien of the
li qui d nediomrthe natalnaf Grapps ﬁelooﬂ"ﬁioﬁéhegg?l(ﬁécdﬁ%g? éfdﬁtg %ﬁégﬁ?errper at urle up to
about 250 C.1,0 4L, Akl 12t Rl kA iHelotidh el Liramitym oo Wsteder or bpth;
vol unet ri & fow o rying gas is maintajined at a.ver Y, qlisgg t$ Q%é@ﬂtiallgt is
possi bl e toptiemly ayfilleowdereineirp eeidityipete LARGHOFROTEN Br USRS SPYOM 0. 1 to
200 psig (700 Pa to 1.4, MPa) nmy 158 Ghe TIRR6RL Abrhprundtoe the, magackiwad
pressure i‘%’?“‘fﬂé’nglv&%%(c)@%?y sg(?)'?i?on ofe_tlhe dryer can be enplo elﬁ to
ef fect sol dophpBaid thet ie cérorniatd onmagSeviem chlgrat:Sd spypy-prag,thy Fﬁ?‘ﬁg“ et hods
suitable for use with the present c QTRAS i} EARCcHmCihy desultihgse
di scl osed 4ﬂcﬁgds}yclpa?Pféﬁgﬂﬂg{é’.fsogf‘fg%,%%ﬁeﬁ %%2,’314;;4, 3%61,(%62; 4,728, 705;
5,604, 172, ﬁdg%cﬁé&mcﬂg@?ﬁx&%%orﬁoﬂdk@., 558 and U.S. Patent Publication No.
ac

2007006072?; h of which is incorposated heyei.n & idb0@631l n
t hose enbodi ment 40621 t hell A§le ARTRH E‘PF’?‘L Fl?fg%ée é?‘ée?é?f( cyc engtg‘sqtem for the

spray dryi ng%g& gﬁg@@engﬁgg i predishofpSwdERYo foém e dyvehid mocitlysd al cohol

sol vent ma e recovered via refrigeration. The dryin S be
reheated for furt[pea3]dryimgnahert dsaect ¥ b dRYEntph dé%]ﬁr%a%%fsil g?%%‘?slﬂgﬁl?‘os ed
cycle spray drying. system; QYEREH-a8! V&t ditibutanindite: eayuliover

boi ling i ﬁg‘i‘%f éegmtsﬁvalt{h aélrlgﬁ%}ﬁmpﬁ% p(ec‘uﬁsor. Ig? a cyclone solids -

col | ect i onresiSiarivld @sultind framdolyntesizatianonedr 288 PEBICVE I FRUSP ST EBA%I n any
particles that have a cut dianeter | I LaRcdoRads sMuedh &)attele W | |
capture, i?‘@?‘a{lq?ilyf‘}“%@g? “bgf)ﬁ'}“]gf@rso,pe%é?gﬁtacan then be re i%&l ved in the
recovered golvent. A spray dryer systemthat utilizes a baghouse for solids
collection will typically recover the solvent as.well SR nlaR¥Bhdoi | i ng’
i mpurities. [0065&8-’?\‘8 r e bR PR 28R &t 10VE %8?,pr°avll%%ﬁor?$ﬁ? s ﬁleniegsed in
product i on; Q6 ARGddBALonl RSk BSkpriddietpiy vidlngiartiqpidipmpmsition <BSSRUSE t he
recovered al'éonol’ sol vent ‘i s re-used, the aHDunt of Impurities Ln, the
recover ed aisemhily ofs iprefegaesiun hplideniorapeund or magReSHEE £OYROSE e

enbodi ments of e inventi .8 I Q% &R alcShdisedlvemror sifluay, idy yi ng of
t he feedstGweﬂfbﬁlemqgﬁesé'f%%%%t\{lgﬁgg e(yélur,s’alz feédstock is iPtrg uced onto
or into a gPfeaditwg nahedn mFbcomehds whergoihe tansiiopraetas greofeleqts Ji9Y| e t hat
is conical to ease_centering, .fi.xi : BAnkas khdghsemigne of S used
to secure ﬁh@?ﬁé@faf?}‘pfﬁél%g‘ﬁfir?&@eeﬁ%vr\ﬁ%&ﬂ %ﬁ@@&%ﬁe cl earance between the
di stribut o, ApdANE Whiaskm dbdethes@haf metaf éedidomumi putleliu gidkdbsi)y at

hi gh atom zer speeds to mnimze vibrati.on.that coul
f eedst ock entienailng fisr yhesia o F’-‘i‘ih%"ftr)tge hlﬂ‘éld\ﬁﬂglgijs.ltlon[ %6‘ g@'ﬁ%ﬁ? %g%rgitx%l%nal

speed of the wh &5 | afuH BN ESRpdsHidn ¥ BiffieE @el Tithnium compound or the magnesium

* compound that is convertible to magnesium chloride; b) spray-drying the composition in

a closed cycle spray drier to form a spray-dried particle; and c) collecting the resulting

solid particles which are a precursor powder.



Typi cal peripheral velocities are in the range of 100 to 200 m's and
commercial atomzers will operate at rotational velocities of 6000 to 35000
RPM Feedwoaoki/Bmiers t he wheel and exits through eitherCcrases 10823680zz| es
in the wheel, generating liquid jets that break up into droplets. Rotary
atom zers are generally used for slurry feedstocks and generally provide a
narrower particle size distribution than pressure nozzles. [0068] By
adjusting the speed of the atom zi ng wheel and the size of the orifices of
the atom zer, enployed during spray-drying, it is .possible t i n
particl es havi ng[#8s] r edOmevembagemerdrafjths mveption pip ese%%‘f’rg‘,’éﬁb%?&\}\gén 5 and
200 um By adj ustling,the cannositi beerfreedstion kirémpth thet @bwdisiizer, t he
solidity ﬁ‘%%heéis‘ésérf ‘f/g%%%art I ?:#akeéé}%?rﬁ%téri s, internal voi.d vol ume ei S

af f ect ed, rudiic&hpolithér firles ovhilefas dte same timen BPsspSIg AP BRIV RSHENSE FPBF oper
control of bo%rh,the atom zation conditions and the feedstock conposition
results irmng§ KIS precursor particles that have narrow si ze )

di stributions, | gu3span Aadthessmimdingt odube irvestiorspiaides Bi IR ensi ty.

The very high speed of rotation al so makes corrgsi canw@si vity of
t he feedstm@d@ssaf%tﬂlieﬂliv@&tllvec‘@%yéPW?‘tr VKT HE o l?glgé)?%ragdﬁg?g{]ﬁg atgm' zer

wheel can result ggdg-,fat agtd Qktiet cHdBBigRNt biitHe ngerfrivagmevides ametiogho

vel ocity, occasionally through the drying cha r . causin S injury.
Thus, in smotucemisodparteiesthat have mwpwwp%weﬁgg@&&iﬁ%@ s %}Pt%tn@%é’é?d.
Drying Conditions [Q069] Dy.yi RdiahiABS o6l ABinSineai6m ippr adgremilar dry,
free-fl ow WYY go&f%gg?e %@ﬁv%éedrags S?’ﬁe Sutiet t enperature of the spray

dryer -t he fgnrpatiabdibethefend-hee fdbrydateg. gas as it exits the dryer-is the
primary control for solvent.remval f{r EEUeS Ry BROSIrinhaRihg The
inlet tenperatur 40038 adj ﬁnélcfmf’n%‘ernﬁp% t’q[{%;élqgnetg)?lr ed eoutalllgftg t enperat ure using
t he act ual , f@fehd lorpRiking N@nRIcERLIraS AEast @mp oslefin ononfogrd syide khe [yepi&ct i ce, a
desired outlet” tenperature and fee ate aretdefi% d, and .t N8 abRAeLnd

t enper at ur procatalyfieor dyiffed PERFPEYFEEAdS Ph RGBS G ﬁﬁ?pl cal inlét

t enper at ur es. L2586 1Rdek Qi polopensiiog condidensi togfogas: pélpmer at e and:
f eedst ock ﬁglgggggfgé%atnd ?he boi l'i ng pgi nt of the solvent alcohol. Typical
outl et tenpedatures range from 135 to 100 C and are adjusted to control the
residual sol vent | i BbAMEnRAhE | 186 pibRAthly@pattitiesatd cki ness
of the particl es.[bﬁéﬁecu?%%g%é%ﬁg%sét?%% ’[00%159{]5%%2 j_lrjlventi Ve, grecur sor
CONMpOSi t i OBoriSed With ARbaatalfsdtorfdrm theyadtivie-catalyzEr sompgsiics- Kby &uygligy Mak o 20, y
is fromO to 10 and z.is fromO t ' : AN IS RotRAbr Morforderd S

al ways > OQOEHEPRARIP %%ml'}]é?n&f’%bdwp ’oo%n%g%rwggslggn ally aci di ty neut r al
feedstock gplafotyderizbd? certain embodi ments, x is between 3 and 10, y is

between 0 and 2,” and z is between 0 and 2., [0072] Once . tal yst
precursor is hal o84t ed n spether %P@‘W‘thh&nmﬁ‘frﬂyf: pé?cﬁ%l?)%g%dgﬁpgﬁ gg

(ALR3_XC 1o WAGLE: Yutsile thOPIImbiRzatibn réictod GyOsdneibliny tidezodatalyst WABGL2 or
BC13). Thef‘fl me, tenperature and concentration of ,hg}léo(?en[? I gn at%?nt al I
can af f ect potien of thermtaalysitiay snert ligpishpxdsecaghos 45 4HASTT W &: FRE T Bsul t ant
precursorpraguel a1 B I BRSRLE R DRk S BB ARUERAbo eibenuashed (o

remove rea s of, in other enbodinments, used directly w thout
washi ng. | mfehasactng ddiprematatysi compositian tid the easaialyst, hehydiaserdor FaYPEd i n

the precursor feedstqck has a vale r : : i elky!
al um num h&g§e ﬁ%{F?V§H%§é1@H?g s pﬁieé%ﬁﬁ[t@%%ﬁqg%g(glﬂ#’%gt%l(%%iﬂ%eg?yal yst
precursor igg dddyrhdiafict #habr whGe el sativation pheompleted pathtadditiesal ameynts of

preferably with a relatively pnarrow particle size distribution, i.e. wth a
span ((mollﬁlsa@PP%éﬁeﬁltF@é@lytshan 2. Precursor particles are al so

essential |y soli diggign | QWoleNdpeEin@dilyy 8l Serivel bBGdimBltBCthe SB/enBonatalyston t o
Pol ynmeri zation Pr !)cat al yst [00741Thé solid catal yst precursor is .
hal ogenat egrdcorshorompdsiiops sscarepared by whia¥ Hiryige KRRy SBE AR " wi t h an
act i vati ng o, 6alalHhe hakObFTHS AGH:N riRAlyRla prinarg Uil eepcallpl ¢ he
i nvention, ‘RaPdgenati on may inclufe chlorination, bromi nation, .

a diluent comprising one or more C2-C6 alcohols, and subsequently halogenating the




and/or iodination. Therefore, any reference to chlorination hereinis
exenplary and not limting. [0075]1n enbodi nents of the invention, conplete
or subst awmDi2allngoasnpl et e hal ogenati on i s desired. Hal ogemaise@n/o8f33¢ he
catal yst precursor may be conducted in any manner with sufficient forcing
conditions to ensure conplete or substantially conplete hal ogenati on.
Forcing conditions include increasing the inherent propensity or strength
of halogenation of the halogenation agent, specifically the propensity to

exchange al kgxi de f nds i ncre the reI ount  or
concentr at Teélﬁmﬂﬁ S?lﬁjgpﬁag]ﬁ? %Sﬁlmg%&rlﬁg%é i}agg%sc Fdh 1>gtﬁr}:‘;“e(r’faflurle enpl oyed
in the hal egeRats omitleaey b@mmﬂ&e:drva&cmmmﬂcbmp,azﬁmemummtamhleﬂda md he

hal ogenat i on reactl 8{1 gﬂ be between 40 and 100 C, or alternatively,

bet ween 5ohafpiymAgirachlorie®76] Subj ect to such desired conpl ete or

substantial l'y cormzfzqe habegenrlki GRfult Be eRbeditlealsY 8 HRYnREHH SRaLRI, 1N
sone enbodi nents, as follows. Dried mneral oil is char‘%‘dd to a clean m x

vessel , i ncammpoandsutiet say foechabosenatesl pr gureerestieelderides ingludipevMegnesinam

cat al yst p 0 i Y rddA@ N t cent ecur sor
powder by &glﬁyg%%rfagef %&stﬂ)ﬂ %%%Ezdg t ﬁﬁe 8?‘%((:%? ?‘g‘?‘%g‘o& 1(ﬂao\r?‘éizg&gl %JgeI% Esred t he

hal ogenat i mathykgeﬂiyl iisopahyb dsatityd otrmezl,s”ﬂiﬁﬁR)(hﬁ(ﬁly,ewh@ss'i ise) teaand duisdoes not
occur in the nk. The.rati rsor er t.o.hal.o i ng agent

vari es dep®fi t&ﬁ’l Edsr?p‘forl?efd%’§}‘tryg8r F"étg]reef@f‘)( ?% V\Eé? YH&PB ezn%ﬁnlg‘n %N those
enbodi rrentelelaﬂng\m%&ia duble a2} g eRARdIHAteRGRM s Tlak IOR asa&esammrabsw gfd de, gas
may evol ve J‘romt e reaction of the alkyl alum numch]oride wth_ residual

al cohol i nTiaamy *dcthlstde. Fahete s t}[eoﬁl“?@}%@} petivalsd Pishydpgennigdered dery ti ne
suffici e”tht(QRﬂA ?(Elze,rv%f%retﬁ%% gaKd R%m@ﬂlweﬂhyﬁ%@plrogﬁ Rebegenaliyng agent. |If
the tenperature rn the mx vessel remains |ower than the desifed final
reaction tenperatl@43] helelogenpting agops i esdful oinr embedimhets f¢fn e ivgetidnon

t enper at ur I p t e, o0
conpl ete r@gg{‘é)&émgﬁwg%ﬁglt ?@e y &% %I Eﬂk& Mﬁ% é ciﬁg%a’l% ét eps if

t he hal ogeﬂh;tlalomixmerrpaqaichloadde&iz((éﬁ%)g@lgL cménsbhﬂyiaibhmxmerspmtmmndet he
reaction %ﬁé@ﬁ? uI d reach adiabatically. The resulting procatal yst is

t hen di sc stored under inert gas prior to use. [0079]In
alternative errboqomﬁpts EinBedifiefs UsS @e m\eﬁiw @pﬁovhﬁl egapat efatbprodhoel Ng t he

precursor powder and_ hal ogenating ent in I ght hydrocarpon dil uent,
such as |s@g’é’ﬁ?r%1%t %culﬁremlghte’g%ﬁtwﬁ% &r@ﬁrﬁe@%fw ob/Fle andgparticularly

hydr ocar bongy E@e di I uent is of |ow noisture levels, preferably |less than
100 pprn wat er and nore preferably I ess than 50 ppmwater. In such
enbodi nent s, the [P®S1| t|h)gscgmeumboctmyntelthheatabetthaw«t erreldtivaly dew aatagd t o
rem)vethe yd arho t ||l 0 an enat, 0.1 tlo ally,
the resul tT ng {I H)SP C{% Qie&blkl‘%lﬁ%q5 %ong tYiﬁ‘g%ffher ren@véeﬁany ‘edd %][I on
by- pr oductmefefabtyhemhlﬁn@g%ﬁa ion reaction. Finally, the haI ogenated

recursor conposi her be.dried. ta free fl o olid.
Brocgt al yst (r)nr) ad ‘55(44§Pd| e ?"R}b@"ﬂ?’#e?ahedwe gP’F B?ﬂ’(f a?%SFS:JWFl} 2 eed

into a polpapeid szﬁetdlgﬂbatmcsp@f “(M%@]/BS(D uldshfiandriegiidl @, ve hal ogenati on
procedure uses an in-ling, | ow type system such as that described in

U.S. Patent Nos. [¥47k7, gEe aﬁher emhqdim&ms offiie Hnysmtig rEevides cptalysls ghatat ed

herein by ;ﬁ@&ﬁé?éaﬁ@mmu@r@aﬁeaBﬁmtd%nstﬂ&lahmwﬂnésqmlsan In-line system the
catal yst precursor powder is first diSpersed in a mneral oil, mxed with

the hal ogenat i ng [t48ht , krsampgmbediments.of thednventioro thdretaﬂwtwgbnqchfmmn
reactor. %Hé fn@%}l‘u %&r’s&g Qﬁjso%%%{c Ac?ge 5915 %g e co%zttt% § I%}fré Wnit% %rc%ll?nged to

control the ac enpera ures he procata r
reaction tpol;mema&nh acsvm))r omudmg wih laé:mdc(&rac&)catalya feed)esl/Til mole @ntos in

enbodi nent smal | sel g | ternative
enbodi rrenttgéj TR ?fd%sa a&é fgt'ngs @V’ ﬁsﬂgf @%ﬁPWﬁﬁoﬁﬂﬁgﬂﬁgggﬁﬁ&Wﬁns used
in the halmgyetmtiednWaicr psdanini mbitibe resen sye@mis Otha GhialiiseprodiRed &bal Hhst
precursor) al so have an inpact on the anmount of high nol ecul ar wei ght
fraction produced by the catal yst, the inherent polynerization activity of
the catalyst at a standard set of conditions, and the final polyner
particle size and pol yner
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bul k density. [0082] Both the reducing power and the concentration of the
hal ogenati on agent are factors in conversion of the precursor to
procat al ywo.20fliosod15gh a reduci ng power of the hal ogenat iPom/isg@nin3zsan
suppress the activity of the portion of the catalyst that gives a very high
nol ecul ar weight tail, too little hal ogenati on power results in
insufficient catalytic activity. Preferred | evels of hal ogen to residual

al koxi de functionality (including both free alcohol remaining in the

catal yst precursor particles and al koxi des tha - Lhitinerinf@emed by
reaction oﬁve!lﬁmlﬂftci‘@ﬁrsné?%lm%g‘ﬁiﬁoﬂ’@?ﬁtrfg M tlﬁﬁté%@%(%%ﬁgﬁ C 15125{3 vent, or have

been pr esesﬁﬂsegéenpéﬁéto&ff), &g i tha BbdehdeqsT afditiahal covapdysefeed. and measured by

di ssol ution of the precursor conmpound in gn agueous Ime ira on@%gi%o{xh%; al |

al koxi des are coffdbl ed Inoseme HROGIRIEy P BT PRI uBEEqUen s

Chr omat ogr aphi ¢ defer m.nat4 24, h GitdhiumlcompoindCh heéitiemi ned i n
t he hal ogéﬁ%[afegnbyaglg%\otﬁgt{r%gl%p%#a%%%g% g‘g@%th a.preferr_eg range of .>1 to 3.
[0083] | n seApostbadisrentis:ontuecdiapagéiaen Gheohglinsadvert-dn dhe R afE2 o I ow
reduci ng power. Al um num al kyl halides are particularly useful with
conpounds @er/i’\‘l%méé‘ﬁ‘@?'al formula ALR Oy where x <2 and x+y=3. Preferred
conpounds have y [od3e} WeeThelirdnshiodl nztd rRdmpoursls amyeethalidesnallpiges mixedput yl - or
i sobutyl group. Especially preferred conpou t }:

sesqui chl o@lk@eie(%seytaaﬁanﬂé%)shfpgl %}}ﬁg‘ﬁﬁ% r %ﬁ?r"?afrﬁ%‘?@ah%“lnp “es ‘%Ejﬂl ctal

Conpar at i V&H}:l;saﬁagl £3ili0Q84d RoeBiES o Sholid colseftor InCoprsiicatinbediBriAp| es
(Comp. Ex. or CE) 1-8 and |nventive Eﬁarrglle (I ny. Ex._o(iu I(S)?Ad \ﬁ(ﬁg
prepared atitanfemceqnipeyndsT sludiigp 615l i(Ghagtvae o pPEER L F LT Ondi's shown
in Table 1. In cal eyl aghin K QYr6R 1 bPASuiyhartalbdde Inloth&@5 Wt %
al cohol i n&™ a??‘\@%na?eﬁz@ﬁgz’ %P% 3:%9 ‘a Eg%opﬁ%?p’f?;ée@gl coho,!ly or al koxj de was
assuned. Pesisidisats, Sodaniinoandaiiamabinpaulds 9s%l ¢ theshlosifes Of\x%%e‘g;]ja‘?’aed to a
m x tank under, nitrogen bl anket and m g ' [ aaRer
nitrogen (FHefifed M L%B@erfoﬁueéiﬁwge,’ Eiﬂl.ige;(fi?de,’Iﬁe(rgé { é\rll\glgr @88;3?‘ ?ggc ppm each
wat er and gxp@efdnts, Ti@nésask ebmpenpe nadiinaudd Mgk, magnesanketilscagiopateo 30 C
and the ethanol was heated to at |least 25 C. Pressure is nmaintai ned at
slightly a@lﬁ@x&ﬁ%%%ﬁfgri c. Once the ethanol reached a tenperature of at

least 25 C, NgClﬁgacﬁ; adgefolighehiRorth idvaiton Whilike alcohdld & 1Bx ab helventivas
observed as the 12 di ssolved in the ethanol. T&f re.wa

! . The tenper at
returned tmchidingrabehels haviag W8 oC THE GREOB ARTH dnsiuding o oxample, Sheq%) ang

Hf C14 were sinultaneousl t A8 #Miohoh ANK. alchRPREsR! 48 inNedrR@ses of
up to 20 cPRRB?f@h’oS%%fPBaélayé‘?&It ﬁe tr?gta c Iorgii;‘des ‘i ssolved in the ethanol .

The sol ut i efBodiems nindedhfiel atd Ineamanol dvoutdized tas Hhesgolyeyt gk @peciiic
tenperature to_ essentially conplete dissolution of the solids. Cabosil
TS-610 wasPhefmetied to the mix tank and mixed for a mininmumof 1 hour at
50 C jacket tenpepasayre. Theerdcesut tomgpspioas ureydinrtbal intlidm ) wee er meeh st or ed

prior to spray drying. The reagants used i reparing th rative and

| nvent i ve Blerfrr dubieg: ageabs by OP%IOf BPTP ﬁﬁqoﬂg@’g:ﬁéﬁlgﬁisglﬁtf/&gegﬁgﬁl %r%éﬁPZB

ethanol - obt g nee; fof A ERRL ixbvafiaRaie AREIOCTME rliyklor Ahemfiodther ar disthst di ary
n g

of GFE; technica rade butanol "obtained from Sigma-Al drich Co. ;. |ow

moi st ure Mj@htivdstadpolealkyleunglBrds. anderown pihgrsagre) Rrrgembpuaption thereals o)

obtai ned fromW j,ace : 4gisieb e dmaidalt Bhf & SQB @PeY bitkanat e
obt ai ned from Si ;r?g%ll dr i%%’cg%%d E&%C‘gﬁ%ﬁ% TS610 obt ai ned from Cabot

Cor por at i ORempdRfE]dfahb cafalyshsyspine cnd ssubseguénttiodsmeerightiqrh ecacip aRat P&e and

| nventive Exanpl es re then spray.dried utilizing. J}ﬁ‘ ndit gasghown in
Tabl e 2. - AswBlreas ier st pie et e FHBmit S BRaeYY, Bes
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. Organic and inorganic fillers may be used in embodiments of the

| invention, including for example, silica, (especially fumed silica), boron nitride, titanium
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dioxide, zinc oxide, polystyrene, and calcium carbonate. Fumed hydrophobic, surface
modified, silica is used in certain embodiments of the invention. The filler is preferably
free of absorbed water, and is desirably surface modified so as to remove reactive
hydroxy! or other functional groups from the filler.

[0054] 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 filler should have a surface area less than 20 m” /g, more
preferably less than 10 m” /g. Suitable fillers should have an average particle size (D30)
no greater than 10 pm and preferably less than 1 pm. 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. In some embodiments, the slurry
contains such filler in an amount from 0 percent to 15 percent by weight, in other
embodiments, from 2.5 percent to 10 percent by weight. Upon spray-drying, the resulting
droplets producé discrete catalyst particles after evaporation of the primary diluent. In
some embodiments, 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 prodﬁced in this manner have an
average particle size (D50) from 5 to 200 pm in some embodiments, from 7 to 75 pm in
some embodiments, or from 10 to 30 pum in yet other embodiments.

Preparation of the Precursor Composition

[0055] In some embodiments of the invention, the precursor composition,
in the form of a solution, is prepared by dissolving one or more of the halides of the
metals, ie. MgClh, TiCl;, HfCly and/or ZrCly in an alcohol solvent. In other
embodiments, the precursor solution is prepared using Hf(OR)s and/or. Zr(OR)a.

[0056] In the embodiment utilizing HfCly and/or ZrCly as the sources of
the additional transition metal, without being bound by any particular theory, the
following reaction is believed to occur: HfCly or ZrCly + 2 ROH -» 2 HCL +
HfCl,(OR), and/or ZrCl(OR),. The reaction is believed to only produce two moles of
HCI per mole of transition metal due to steric hindrance and the moderate temperatures

used in the preparation of the precursor solution.
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[0057] Further dissolved in the alcohol solvent is a titanium compound
selected from TiCl3(AlCl3)o33, TiCls (obtained by hydrogen reduction of TiCly) if present
as the halide, and Ti(OR)4 compound where R is ethyl, isopropyl or butyl.

- [0058] In some embodiments, Ti(OR); is used. Iﬁ such instances, without
being bound to any particular theory, it is believed that the following reaction occurs:
Ti(OR)4 +2 HC1-> Ti(OR),Cl, +2 ROH, thereby allowing the titanium compound to
act as an acidity scavenger. That is, one mole of the titanate would neutralize the acidity
from one mole of Hf or Zr tetrachloride.

[0059] Further dissolved in the alcohol solvent is a magnesium compound.
In some embodiments, one or more of Mg(OCO,C;Hs),, Mg(OCyHs), and other lower
alkoxides of magnesium are utilized. In some instances, and without being bound to any
particular theory, it is believed that the following reaction may occur: Mg(OCO,CoHs), +
2HC1 > MgCh+2 CO; + 2 C;Hs0H thereby allowing Mg(OCO,C,Hs), , when used, to
act as an acidity scavenger while also producing a component of the catalyst, i.e. MgCl.
Spray Drying

[0060] Spray-drying may be effected by any spfay—drying method known
in the art. The addition of bulking agents or fillers to the precursor composition with
mixing forms a shurry. Herein, the slurry comprising the alcohol solution of the metal
compounds plus any bulking agents or fillers, is referred to as the feedstock.

[0061] 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 devicé to form
discrete droplets that upon drying form spherical or nearly spherical shaped particles.
Atomization is preferably effected by passing the feedstock 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 feedstock and/or evaporation of the liquid medium. Ordinarily the drying gas is

heated to a temperature up to about 250 °C to facilitate drying of the feedstock; however,
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if the volumetric flow of drying gas is maintained at a very high level, it is possible to
employ lower temperatures. Atomization pressures from 0.1 to 200 psig (700 Pa to 1.4
MPa) may be used. | ,

[0062] Alternately, reduced pressure in the spray recovery section of the
dryer can be employed to effect solid particle formation. Some examples of spray-drying
methods suitable for use with the present precursor 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.

[0063] In those embodiments of the invention utilizing a closed cycle
system for the spray drying process, the drying gas may be recycled and the alcohol
solvent may be recovered via refrigeration. The drying gas may then be reheated for
further drying of the feedstock.

[0064] In a typical closed cycle spray drying system, the recovered
solvent will contain any lower boiling impurities that are in the precursor. If a cyclone
solids collection system is utilized, the recovered solvent will also contain any particles
that have a cut diameter lower than that which the cyclone will capture, i.e. the finest
particles, which can then be redissolved in the recovered solvent. A spray dryer system
that utilizes a baghouse for solids collection will typically recover the solvent as well as
any lower boiling impurities.

. [0065] The recovered solvent, i.e., alcohol, is then used in production of
additional feedstock, thereby minimizing waste. Because the recovered alcohol solvent is
re-used, the amount of impurities in the recovered alcohol is preferably minimized.

[0066] In some embodiments of the invention, a rotary atomizer is used
for spray drying of the feedstock, in which atomization occurs as feedstock is introduced
onto or into a rotating wheel. The wheel is mounted on the end of a spindle that is
conical to ease 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 feedstock entering only one portion of the wheel.
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[0067] 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.

[0068] 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, between 5 and 200 pm. By adjusting
the composition of the feedstock 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 atomizer wheel can result in catastrophic damage, hurling fragments at high velocity,
occasionally through the drying chamber causing personal injury. Thus, in some
embodiments, the acidity of the feedstock is minimized.

Drying Conditions

[0069] 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 adjusted to match the desired outlet
temperature using the actual feed rate of the precursor composition feedstock. In
practice, a desired outlet temperature and feed rate are defined and the inlet temperature
to the dryer adjusted as needed.

[0070] Typical inlet temperatures range from 250 to 100 °C, depending on
drying gas flow rate and feedstock feed rate and the boiﬁng point of the solvent alcohol.
Typical outlet temperatures range from 135 to 100 °C and are adjusted to control the

residual solvent level in the feedstock particles as well as the stickiness of the particles.
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e feedswockivms4istored in coated steel containers pri ®CTIUS26IPO33B3@r yi N '

The outlet tenperature was nai ntai ned between 105 and 110 C. The precursg%

powder was recovered and then converted into catalyst by suspension in

n-hexane and addition of EASCat a 2 to 1 " to ethoxide" nolar ratio. The

final reaction tenperature was 50 C for 60 minutes. [0088] After the '

hal ogenati on reaction was conpl eted, the reacti-on m xture was allowed to

settl e angréduesorWaipvaitant | i quid was decant ed. Additional hexane was

added, the mxture stirred for another 30 to 6
and decanted. Th{87Ht ep Thas inveetiver PFERFed 8 ost%ﬂ)‘gé tﬁé rf‘%]ﬁg\g?ﬁ?%lgrsﬁltel ©

second decant hexane
Second Ao i 2 SRSy SohR L 20! § EOMER (RS g zﬁ@iﬁ)ﬁdo o0, vtlﬁethsol i ds to

slurry of ARMAKAIRE Qlls/alaaysm%mdlwxdsbgedrbgmegl fgﬁ\fla .avsgwasgggaﬂmgld %31? q
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[0072] Once formed, the catalyst precursor is halogenated, preferably with
an alkyl aluminum chloride (A1R;.xClx, where X is from 1 to 2), or boron chlorides (i.e.
RBCl, or BCl3). The time, temperature and concentration of halogenation agent all can
affect the ultimate catalyst responses and productivity. The resultant precursor product
after halogenation may, in some embodiments, be washed to remove reaction products or,
in other embodiments, used direcﬂy without washing. In those embodiments in which
the titanium compound utilized in the precursor feedstock has a valence state greater than
+3, an alkyl aluminum halogenation agent is used.
[0073] Once formed, the catalyst precursor is in the form of essentially
spherical particles, most preferably with a relatively narrow particle size distribution, i.e.
with a span ((D90-D10)/D50) of less than 2. Precursor particles are also essentially solid
with low internal void volumes.
Precursor Cbnversion to Polymerization Procatalyst
[0074] The solid catalyst precursor is halogenated to form the procatalyst
which is subsequently contacted with an activating co-catalyst to form the active catalyst.
In embodiments of the invention, halogenation may include chlorinatioh, bromination,
and/or iodination. Therefore, any reference to chlorination herein is exemplary and not
limiting.
[0075] In embodiments of the invention, complete or substantially
complete halogena‘uon is desired. Halogenation of the catalyst precursor may be
conducted in any manner with sufficient forcing conditions to ensure complete or
substantially complete halogenation. Forcing conditions include increasing the 1nherent
propensity or strength of halogenation of the halogenation agent, specifically the

propensity to exchange alkoxide for halide ligands, increasing the relative amount or
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concentration of the agent, or increasing the reaction temperature employed in the
halogenation reaction. The reaction temperature employed in the halogenation reaction
may be between 40 and 100 °C, or alternatively, between 50 and 75 °C.

| [0076] Subject to such desired complete or substantially complete
halogenation, the procatalyst may be prepared, in some embodiménts, asv follows. 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 precursor
powder by weight slurry.

[0077] Once the precursor powder is dispersed, the halogenation agent is
added at a rate such that excessive reaction does not occur in the mix tank. The ratio of
precursor powder to halogenating agent varies depending upon the desired level of
precursor halogenation. In those embodiments in which the halogenating agent is alkyl
aluminum chloride, gas may evolve from the reaction of the alkyl aluminum chloride
with residual alcohol in the precursor powder. |

[0078] Agitation is continued for a time sufficient to disperse the
precursor powder and the halogenating agent. If the temperature in the mix vessél
remains lower than the desired final reaction teniperature, heat may be applied to reach
the final reéction temperature, followed by a hold period at the reaction temperature to
complete reaction. Alternatively, cooling can be applied at all steps if the halogenation
temperature desired is lower than the temperature the reaction mixture would reach
adiabatically. The resulting procatalyst is then discharged and stored under inert gas prior
to use. |

[0079] In alternative embodiments, the precursor powder is halogenated
by mixing the precursor powder and halogenating agent in a light hydrocarbon diluent,
such as isopentane, hexane, heptane or mixtures of other light hydrocarbons. The diluent
is of low moisture levels, preferably less than 100 ppm water, and more preferably less
than 50 ppm water. In such embodiments, the resulting slurry may either be filtered or
decanted to remove the light hydrocarbon diluent following halogenation. Optionally, the
resulting filter cake may be washed to further remove any reaction by-products of the

halogenation reaction. Finally, the halogenated precursor composition may either be dried
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10 15 Zn 20 15 Zr 85 85 Hf 1.31 wt% 1.33 wt% [0090]1CP was used for

el emental analysis using standard sanpl e digestion procedures. Values given
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resi dual ethoxide would be Iess than 0.1 wt% 100911The procatal yst was
then used in polynerization in a linked reactor systemin which two

reactors are linked in series. Polynerizati a i ' [
y i on dat ?Pilml%n\{ﬁn”h Tabl e 5.

DJ . . . . . :
ring opey fdd Muwitksteid drocalaot ereaseinghsPEBRd Mt 3 BHE™ oted ‘that et hane

| evel s in the second reactor increased substanti
. 14 . e ntially fromnormal |
t<% ol Ie (lett@aﬁ?i?’%ﬂ‘@)é’nf%ﬁt%ap ive of ethylene hydrogenation .ccurr?xgl isnOf
e pol yneri zat i gggieacturthe¥ hitondtive helogenabion mepeedira Hyes FRr P EfH P t heory

it is presently believed that {he.iran ) tel
hydr ogenatfioortypasysieps tsughgfethak ‘#éc’?:l??ﬂdf’ tl‘lg'%'nn%&%nrt] ﬁk’fﬂﬁé‘s’é g%%%%ﬁga’ggﬁ@’ ‘?’h i's

reaction cops (r,}ggqg&@,gor&mh&emv@rﬁfma.dnenmm)enmnﬂ@ng saeh #hir easi ng

the anmount®8f%ine gas 1 n the second.r L.t
_ .react.or, li. .
MONOMer i Nint kgstarabenchtalgs prasursor powder 1s 'ﬁ@b@‘éﬁeﬁfigﬁmﬁgl H%F‘lto gé{ﬁ %I}l{tﬂm g}c SO was
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to 8 m X Vﬂ?g Sr((a)lcate?lnsgt zgnrgiethe time for reaction to proceed is provided as residence tir?lz zrferse added
P yst, p p ‘
(in some embodiments, small vessels with minimal back-mixing or, in alternative
embodiments, extended lengths of tubing/piping).

[0081] The conditions used in the halogenation step (which is required to
activate the catalyst precursor) also have an impact on the amount of high molecular
weight fraction produced by the catalyst, the inherent polymerization activity of the
catalyst at a standard set of conditions, and the final polymer particle size and polymer
bulk density.

[0082] Both the reducing power and the concentration of the halogenation
agent are factors in conversion of the precursor to procatalyst. Too high a reducing
power of the halogenation agent can 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 Jevels of halogen to residual alkoxide
functionality (including both free alcohol remaining in the catalyst precursor particles and
alkoxides that may have either 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
determination) range from >1 to 4 moles of Cl contained in the halogenation agent/mole
of alkoxide with a preferred range of >1 to 3.

[0083] In some embodiments, the halogenation agents are of moderate to
Jow reducing power. Aluminum alkyl halides are particularly useful with compounds of

the general formula AIR,Cly, where x <2 and x+y=3. Preferred compounds have y
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tenperature was nai ntai ned at about 20 C. Ethyl al um num sesqui chl ori de was
added over approximately a 15 to 30 mnute period. The tenperature was

I ncr easedwoeobidi3@iand agitated for 60 to 70 m nutes. Af Pem/usgoiiasizen, the
slurry was allowed to settle. Tenperature was reduced to < 35 C. The

super nat ant sol vent was decanted. Additional solvent (isopentane) was added
and the suspension agitated for 30 m nutes. The isopentane sol vent was
decant ed, isopentane added and suspension agitated for an additional 30

m nutes. |sopentane was decanted again and mi neral. oi d . '
tank fol | obgwedsyl-agnd gt #onk 1TAR ety Eﬁ?ropgnﬁ?regﬂlﬁﬁ N ésong 1yg %go ﬁ\ x#sﬁaél@@s?er was
I ncreased f;xgﬂegxlw‘éd.té% Quifds RH! ABIalWntdin isésqoigrm0rian JEABES uid ectindalumignt o

remove rest i sopentane sol'vent. Wen the internal tenperature exceeded
35 C the cdikhlbyidd. slurry was ready for use. Table 4A provides the

conposi tiopn an Sis~0f |n | anple 1 procatal yst. Table 4B provides
t he condi tEﬁ%ﬁ8¥aTig°%FBa¥%§X¥§ﬁ%t ep. Table 4A Ethanol w_ % C I/OOet h

NEAT EASC gr/gr |pes)ti v@rdeursorlscd@ing for Gompregsive Eammplag {crmp- & 6% CEat i on
Step e oo Wshes MR N 28519 FARGe % fhed A TacRirtRR, Ofn 0% EASC
composition of the precursor solutions is shown in Table 1. In calculating the product
concentrations in Table 1, 25 wi% alcohol inclusive in the product as either free alcohol
or alkoxide was assumed.

Precursor Solution Preparation

[0085] Dry ethanol was charged to a mix tank under nitrogen blanket and
the mix tank was maintained under nitrogen (liquid nitrogen quality, i.e. ,less than or
equal to5 ppm each water and oxygen). The jacket temperature of the mix tank was set to
30 °C and the ethanol was heated to at least 25 °C. Pressure is maintained at slightly
above atmospheric. Once the ethanol reached a temperature of at least 25 °C, MgCl, was
added to the mix tank. A 10 to 20 °C exotherm was observed as the MgCl, dissolved in
the ethanol. The temperature was returned to no greater than 45 °C before continuing.
TiCl; AA, ZrCly and HfCly were simultaneously added to the mix tank. Temperature
increases of up to 20 °C were observed as the metal chlorides dissolved in the ethanol.
The solutions were mixed for at least 2 hours with a 50 °Cjacket temperature to
essentially complete dissolution of the solids. Cabosil TS-610 was then added to the mix
tank and mixed for a minimum of 1 hour at 50 °C jacket temperature. The resulting
precursor solutions were then stored prior to spray drying. The reagants used in
preparing the Comparative and Inventive Example precursdr solution included: Specially
Denatured 2B ethanol obtained from Pharmco-Aaper and Commercial Alcohols, a
subsidiary of GFE; technical grade butanol obtained from Sigma—Aldrich Co.; low
moisture MgCly obtained from SRC, Inc.; D grade TiCl; (Al-activated) obtained from
W.R. Grace & Co.; HfCly, ZrCl; and tetraisopropoxytitanate obtained from Sigma-
Aldrich Co. and Cabosil TS-610 obtained from Cabot Corporation.

[0086] Each of the precursor solutions of the Comparative and Inventive

Examples were then spray dried utilizing the conditions shown in Table 2. A Mobile
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Maxi mum Tenper ature during Addition 28.5 C Addition Time 33 mn Ti

70 mn Settle/Decant Wash Step |sopentane 2500 g (twice) Settll:} ge?c:;t °0¢
tw ce Reswormy/Sbap Mneral G| (HB-380) 1180 g [0094pCm/uskeig/oprseparati on
the Cl/0Eth nole ratio was set at 2.0. EASC was used as a 30 wt % sol ution
in hexane. The mineral oil is available under the nane HB-380 from Chentura
Cor poration. [0095] The procatalyst of Conparative Exanples 1 and 9 and
Lg?/)e/%lr?/ea{zxanpl e é }[N_ere eacg then used in a polynerization reaction.

_ zation conditions and properties of the,resul{i | Byrd '

in Tabl e Mindk gasy phase aveilabls @iﬁ’ﬂsﬁ%mcé’g‘ﬂ?‘%}%u %&n"‘%‘ﬁ?%‘f tvﬂagtﬁ gsg)rr i %lgdg: \I‘/len
VW)ZOQQOSSZOl .and _W2009085922, the disclosures of which are incorporated
herei n by ?‘@P&’rﬁgﬁte, were used. An operability jnprovenent aid as described
i n W2009088701was fed to the polyneri zatio]:?bi/ee]lact or at a rate sufficient

to maintain.5-to-1p-ppmry el gtz o ATy IPEEaNCE 6 {IeE pollyms. | IE1
Component
Ethanol, kg | 12.60 | 12.60 0.00| 12.60 0.00| 1260] 12.60| 14.00} 12.60
Butanol, kg 0.00 0.00| 12.60 0.00} 12.60 0.00 0.00 0.00 0.00
MgCl2, kg 0.63 0.90 0.66 0.63 0.90 0.63 0.63 0.70 0.66
TiCl; AA, 0.26 0.37 0.27 0.26 0.37 0.13 0.25 0.28 0.00
K v
Hng14, kg 042} 0.00 0.43 0.21 0.00 0.42 0.00 047 0.43
ZrCly, kg 0.00 0.00 0.00 0.00 0.00 0.00 0.31 0.00 0.00
Cabosil TS- 0.93 0.86 0.91 0.93 0.86 0.93 0.93 1.03 091
610, kg
Tetraisoprop | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38
-0Xy
Titanate
Total 14.8 14.7 149 14.6 14.7 14.7 14.7 16.5 15.0
feedstock
weight, kg
Wit% silica 7.4 6.8 7.2 74| 6.8 7.4 7.4 7.4 7.2
in alcohol ’
Wi% MgCl, 5.0 7.1 5.2 5.0 7.1 5.0 5.0 5.0 52
in alcohol ,
Wit% TiCls 2.0 3.0 2.1 2.0 2.9 1.0 2.0 2.0 0.0
AAin
alcohol
Wit% HfCly 34 0.0 3.4 1.7 34 34 0.0 3.4 3.4
in alcohol ‘
Wit% ZrCls 0.0 0.0 0.0 2.5 00| 00
in alcohol
Wt% total 10.4 10.1 10.7 8.8 10.1 9.4 9.5 104 11.6
metals
MgCly/Silica | 0.68 1.05 0.72 0.68 0.68 0.68 0.68 0.68 0.72
Weight
Ratio
Total 3.0 2.8 3.0 2.7 2.8 2.8 2.8 3.3 3.2

| Product, kg '

Product 5016 | 192.6| 202.6| 1853 | 1923 | 191.6 192.7| 201.6| 211.2
Cone., g’kg ' :
solution
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Table 5: First Polynerization Reactor Conp. Ex. 1 Conmp. Ex. 9 Inv. Ex. 1
REACTI ON CONDI TI ONS 1st Reactor 1st Reactor 1st Reactor Tenp. C 82 82 82 2
Part. Preseuns/i3pas 75.6 56.8 71.4 H2/C2 Mol ar Ratio 0. ®8%/U3209/0823805 C6/ C2
Mol ar Ratio 0.008 0.0102

Table 2

CE1 | CE2 | CE3 | CE4 | CES5 CE 6 CE7 CES | IE1
Inlet _
Temp. °C | 230 230 230 230 200 228 228 230 228
Outlet '
Temp. °C 105 105 106 105 120 105 105 105 104
Feed Rate
g/min 85 93 100 85 40 85 85 91 97
Atomizer
Speed
(kRPM) 35 35 32.5 35 37 35 35 35 35
Yield
grams 1300 1968 1690 | 2058. | 1130 2270 2468 2769 | 2333
D10 14.8 15 13.9 154 17.5 15.5 14.8 13.5 14.3
D50 26.4 25.5 30.6 24.5 29.1 24.9 24.8 25 |- 25.8
D90 47.8 45 53.5 38 78.6 59 42.3 42.3 47.1
Span ‘
(D90- '
D10)/D50 | 1.25 1.18 1.29 092 | 2.10 1.75 1.11 1.15 1.27

Comparative Example 9

[0087] ‘Feedstock of essentially the same composition as Comparative
Example 1 was prepared and spray dried.. The feedstock was stored in coated steel -
containers prior to spray drying. The outlet temperature was maintained between 105 and
110 °C. The precursor powder was recovered and then converted into catalyst by
suspension in n-hexane and addition of EASC at a 2 to 1 “Cl to ethoxide” molar ratio.
The final reaction temperature was 50 °C for 60 minutes.

[0088] After the halogenation reaction was completed, the reaction
mixture was allowed to settle and the supernatant liquid was decanted. Additional
hexane was added, the mixture stirred for another 30 to 60 minutes, allowed to settle and
decanted. This step was then repeated one more time.

[0089] After the second decant of hexane solvent, nitrogen gas was passed
over the solids to remove residual hexane and finally mineral oil was added to prbduce a
shurry of approximately 20 wt% solids. Table 3 provides the analysis of two separate
samples of this procatalyst slurry.
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0.011 Cocatal yst Type TEAL TEAL TEAL E.B. Production Rate,

| b/ hr

37 23.7

36.9 Bed Weight, Ibs 78.8 119.8 78.4 Residence Tine, hr 2.1 5.1 2.1 RESIN

PROPERTI B80 20111130418. 76 1. 07

Table 3: Procatalyst Slurry Elemental Analysis

Element CE9 CE9
Sample 1 | Sample 2

Al wt% 0.44 wt% | 0.43 wt%

Ca 45 30

Cr <1 <1

Cu 10 10

Fe 0.25 wt% | 0.24 wt%

Mg 0.79 wt% | 0.90 wt%

Mn 150 150

Na 70 65

Ni 1 2

Ti 035wt% | 0.39 wt%’

A% 10 15

7n 20 15

Zr 85 85

Hf 1.31 wt% | 1.33 wt%

PCT/US2011/032330

ICP was used for elemental analysis using standard sample

digestion procedures. Values given in Table 3 are in ppm unless wt% is indicated. In

this particular example, the residual ethoxide was not measured. However, based upon

intended complete or substantially complete halogenation, it is anticipated that residual

ethoxide would be less than 0.1 wt%.

The procatalyst was then used in polymerization in a linked reactor

system in which two reactors are linked in series. Polymerization data is given in Table

5. During operation under linked reactor conditions, it was noted that ethane levels in the

second reactor increased substantially from normal levels of <1 mole % to >5 mole%,

indicative of ethylene hydrogenation occurring in the polymerization reactor. Without

"being bound to any particular theory, it is presently believed that the iron contaminant is

converted to a hydrogenation catalyst under the conditions in the second reactor. This
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0.76 Density, g/cn8 0.9378 0.9368 0.9387 Titanium ppnw 4.28 4.52 2.49
Al um num ppmw 35.7 38.79 18.7 Al/Ti (analytical) 14.9 15.2 13.3 Bulk
Density, Wb/201131324153 26.6 26.1 APS, inches 0.028 0.05 PCT/US2011/032330

reaction conéumes monomer (by conversion to ethane) as well as increasing the amount
of inert gas in the second reactor, limiting the amount of monomer i the second reactor.

[0092] Catalyst productivity also was significantly impacted by the
presence of the iron contaminant introduced due to the acidity of the feedstock solution.
Chlorination Procedure—Inventive Example 1

[0093] Hexane and precursor powder were added to a mix vessel and the
temperature was maintained at about 20 °C. Ethylaluminum sesquichloride was added
over approximately a 15 to 30 minute period. The temperature was increased to 50 °C
and agitated for 60 to 70 minutes. After agitation, the slurry was allowed to settle.
Temperature was reduced to <35 °C. The supernatant solvent was decanted. Additional
solvent (isopentane) was added and the suspension agitated for 30 minutes. The
isopentane solvent was decanted, isopentane added and suspension agitated for an
additional 30 minutes. Isopentane was decanted again and mineral oil added to the mix
tank followed by agitation. The jacket temperature of the mixing vessel was increased to
45 to 50 °C, purged with nitrogen and pressure reduced to remove residual isopentane
solvent. When the internal temperature exceeded 35 °C the catalyst slurry was ready for
use. Table 4A provides the composition analysis of Inventive Example 1 procatalyst.
Table 4B provides the conditions of the chlorination step.

Table 4A

Ethanol wt % |Cl/Oeth [NEAT EASC

gr/gr
Inventive Ex. 1 30% 2 1.1
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0.025 Fines, W% LT 120 Mesh 2.33 1.38 1.06 Ka He *nd nd <0.2 *nd in the
Tabl e i ndicates "notdeterm ned" [00961The product fromthe first

pol yner i awoi2on/f3es1sConpar ati ve Exanple 9 and | nventive Bxamgsk@103(33ee Tabl e
5) were transferred in their entirety to a second reactor to produce the

| ow nol ecul ar wei ght conponent as described previously. In order to

mai ntain ethylene partial pressure at the desired level, a very high vent
rate was required to renove ethane fornmed. Ethane |evels varied as

addi tional reactor venting was doneé[{a]?J rﬁguce et hane buildup in the
reactor. Table 6: Second Pol yneri zath eactor Conp. Ex. 9 Inv. Ex.1

REACTI ON CONDI TI S Tenp  C 110 112 Pressurepsig——

Actual ’
Chlorination Step v
Hexane 3000 g
Precursor Powder 295¢g
EASC grams 1077 grams of 30% EASC
Start Temperature 20 °C
Maximum Temperature 28.5 °C
during Addition
Addition Time | 33 min
Time at 50°C 70 min
Settle/Decant
Wash Step
Isopentane 2500 g (twice)
Settle/Decant twice
Reslurry Step
Mineral Oil (HB-380) 1180 ¢

[0094] In this preparation the CI/OEth mole ratio was set at 2.0. EASC

was used as a 30 wit% solution in hexane. The mineral oil is available under the name
HB-380 from Chemtura Corporation.
' [0095] The procatalyst _of Comparative Examples 1 and 9 and Inventive
Example 1 were each then used in a polymerization reaction. Polymerization conditions
and properties of the resulting resin are given in Table 5. A gas phase reaction system
equivalent to that described in W02009088701 and W02009085922, the disclosures of
which are incorporated herein by reference, were used. An operability improvement aid
as described in W02009088701was fed to the polymerization reactor at a rate sufficient
to maintain 5 to 10 ppm by weight of the adjuvant in the polymer.
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397 400 C2 Part. Pressure, psi 106 116.4 Ethane nmole %5 to 5.9 0.6
, : : : .65 H2/ 2
Molar Ratio 1.79 1.3 C6/C2 Molar Ratio 0.00 0.00 Cocatal yst Type TEAL TEAL

E. B. Prodwotvomsfase, |b/hr 19.4 31.1 Bed Weight, Ib
Producti on Rate gnht, s 1POTAK201TOBBB0

Table 5: First Polymerization Reactor

Comp. Ex. 1 | Comp. Ex. 9 Inv. Ex. 1
REACTION
CONDITIONS 1st Reactor 1st Reactor 1st Reactor
Temp. °C | 82 82 82
C2 Part. Pressure, psi - 75.6 56.8 71.4
T12/C2 Molar Ratio 0.085 0.09 0.095
C6/C2 Molar Ratio 0.008 0.0102 0.011
Cocatalyst Type TEAL TEAL TEAL
E.B. Production Rate, Ib/hr 37 23.7 36.9
Bed Weight, Ibs 78.8 119.8 78.4
Residence Time, hr 2.1 5.1 2.1
RESIN PROPERTIES
I, 0.76 1.07 0.76
Density, g/cm’ 0.9378 0.9368 0.9387
Titanium, ppmw 428 452 2.49
Aluminum ppmw 35.7 38.79 18.7
Al/Ti (analytical) 14.9 15.2 13.3
Bulk Density, Ib/ft 27.3 26.6 26.1
APS, inches 0.028 0.05 0.025
Fines, Wt% LT 120 Mesh 2.33 1.38 1.06
KqHr' *nd nd <0.2

*nd in the Table indicates “not determined”

[0096]

Example 9 and Inventive Example 1(See Table 5) were transferred in their entirety to a

The product from the first polymerization for Comparative

second reactor to produce the low molecular weight component as described previously.
In order to maintain ethylene partial pressure at the desired level, a very high vent rate
was required to remove ethane formed. Ethane levels varied as additional reactor venting

was done to reduce ethane buildup in the reactor.
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Table 6: Second Polymerization Reactor

Comp. Ex. 9 | Inv. Ex.1
REACTION
CONDITIONS
Temp. °C | 110 112
Pressure, psig 397 400
C2 Part. Pressure, psi 106 116.4
Ethane mole % 5t05.9 0.65
F2/C2 Molar Ratio 1.79 13
C6/C2 Molar Ratio 0.00 0.00
Cocatalyst Type TEAL TEAL
E.B. Production Rate, Ib/hr | 19.4 31.1
Bed Weight, lbs 119 112
Total Production Rate 43.1‘ 68
Residence Time 275 1.65
RESIN PROPERTIES
I 30.37 279
I 0.262 0.222
Density, g/em’ 0.9557 0.9573
L/l 115.70 125.7
Titanium, ppmw 2.33 1.4
Aluminum ppmw 23.80 15.2
AUTi 18.1 19.2
Bulk Density, Ib/ft’ 31.00 31
APS, inches 0.06 0.025
Fines, Wi% LT 120 Mesh | 0.75 0.7
Split % by Energy Balance | 55 54.3
Split % by X-ray 52 56.2
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i nventive catal yst, on the other hand, generates little ethane, the desired
product requires |less hydrogen in the first reactor and the catal yst has
substantially better polynerization activity.

[0097] The inventive catalyst, on the other hand, generates little ethane,
the desired product requires less hydrogen in the first reactor and the catalyst has
substantially better polymerization activity. -

Comparative Example 10 '

[0098] Feedstock solutions equivalent to those of Comparative Example 1
were produced and spray dried into precursors using a closed cycle spray dryer. The pH
of thé recovered solvent was 1.7.

Inventive Example 2

[0099] Feedstock was produced according to the procedure given for
Inventive Example 1. The pH of the feedstock solution, before the addition of the
Cabosil TS-610, was >6, i.e. essentially neutral.

Test Methods _
[00100]  The following test methods were used:
Particle Size Distribution

[00101] D10, D50 and D90 were measured using a Horiba LA-950 Particle

size analyzer using heptane as the solvent.
Density

[00102] Resin density was measured by the Archimedes displa;ement
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

[00103]  Melt flow rate measurements for the ethylene-based polymers were
performed according to ASTM D-1238-04, Condition 190°C/2.16 kg, Condiﬁon 190°C/5
kg and Condition 190°C/21.6 kg, which are known as I Is and I;, 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
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Conpar ati ve Exanpl e 10 [ 0098] Feedst ock sol utions equivalent to those of
Conparative Exanple 1 were produced and spray dried into precursors using a
cl osed cywbeospespsdryer. The pH of the recovered sol verCTWES3011/032330

I nventive Exanple 2 [0099] Feedst ock was produced according to the procedure
given for Inventive Exanple 1. The pH of the feedstock solution, before the
addition of the Cabosil TS-610, was >6, i.e. essentially neutral. Test

Met hods [ 00100] The foll owi ng test nmethods were used: Particle Size

Di stribution [00101] D19, . nd D90 .wer.e sured _usin Hor i A- 950
Particle dined- Mgl yk’éﬁf gﬁéqDﬁgF ttlgnré’“%?ff”r'fgefg’& Vg%g?jbeﬁgﬁtﬂﬁw el

[ 00102] Regiidds 8@ASide¥sp¥igedreasur ed by the Archimedes di spl acement met hod,
ASTM D 792-00, Method B, in isopropanol. Specinens were neasured within one
hour of nol di ndesidga/dfer@pndi tioning in the isopropanol bath at 23C, for 8
mnutes, to achi gyfek er’ﬁﬂninﬁ-%%ﬁdﬁ%ﬁl%ﬁ%ﬁqﬂﬁn }&idﬂﬁlé%&&@ﬁé&hredﬁg?ﬂﬁpec! mens
wer e conpression nol ded according to ASTM D-4703-00, Annex A, W a five
m nut es i rvtwialsingeatayjffpstivntchtiqueb with appogriatasidnderdss C/ nmin cooling rate
per Procedure The.specj was, cooled to 45C in the press, with

conti nued cool ic}ﬁﬁt’cuﬂfllz"f)am)c%‘g?l)f'glq}he touch.” Melt Flow Rate by Extrusion

Pl ast oner - [00108]1 03partidit kizé Wawnicas@ed s 14 stamdurd sdt @f niekle sieves —

et hyl ene- based I rs, were rforpmed according to ASTM D-1238- 04

Condi +1on DOGOE0RED bt FOHRSDBRRS Tegnani t ETTEHE Yooer 258 kg,
whi ch are KAQWR @FindPas résin pitélclé2dn the 08P RetH ¥det andVBh thefpafW rate is

i nversely proportional to the nolecul ar wei ght of the gol ymer. Thus, the

hi gher the nol ecl#tP6hei G Bulk Renibigspasiirarchpes 3 Prd Blk denyity wengR t he
rel ati ons%@g%a 508t V+lw?f§gwlmlelt' Flow Ratio (MFR) is the ratio of nelt

flowrate to nme rate (12), unless otherw se specified.
Resi dual Met al Peactivation Re@Qe@stniTi t ani um al um num and haf ni um resi dual s

wer e nmeasured as y using X-ray Diffracti chni it
appropriate stané@ﬁng Pﬁﬁ?i cIreT g2 gar%%i @%I eDeC(r%{s?“lh%S)?/ %00%3%%5‘5?1 ib l e size
was mneasursadultediglyadisdoanislaiglpodiict dischasd fiomete Sirst rdddtckGihad Discdtihthig200/ pan
and cal cul ated usi ng.the mass of resin refained on each sieye. 4Fines are
defi ned asca}ag'ﬂ %eﬁa&PF BF‘@%aSBﬁn feqet ten‘éstiluens@f"é‘?éﬁag&ﬁﬁt BrreEng agly rorder
[00106] ThRaBuhkogRTohdariBASHEIBIEAL ces i poured bul k density using a
standard 500 cc volunetric cylinder. Deactivation Rate Constant
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[ 00107] The deactivation rate of the catalyst is determ ned by

si mul t aneousl y di sconti nui ng product discharge fromthe first reactor and
di sconti nwongiicavabyst feed. The decrease in reaction raCe/ussotilosrs3pl otted
against tinme and a 1st order deactivation rate constant determ ned via
curve fit. W claim 1. A process for making a Ziegler-Natta-type

catal yst precursor conprising contacting a G oup 4 netal conpound with one
or nore Ti &ﬁ?i“ﬁ'm conpounds sel ected fromthe group Ti C13(Al -activated or

hydr ogen-reduced),. and.Ti her j t i SQREME cotfactingaut yl i n
the presehcd pErces o %%ggéféﬁﬁggén%ggﬁ%%ygﬁﬂ%&gto I(gglgst one. Co- éwal cohol

and at | e@%{)@@ﬁ‘euﬁfooﬁ@&ﬁﬂ vathbrrwg mesd TitangonpoupasdwsalectrdfEm bR in the
presence of the alcohol solution ta for : ution. 2.
The procedildAl-estiated pr Hﬁr?%?é‘?e@’cff’f%ri ﬁgﬁ%m%h%&? E)S et%?g’q(kzg :f? ‘g{yﬁ‘f‘{ precur sor
sol ution é‘u’l%l% I‘I}ﬁgat:ésgl‘?ce%m Ribol s@htidrEdsipriing af lehdt ene CoCh olcohidd apatay dryi ng

f eedst ock: process of claim1 further_ conpri.si addi n t he
cat al yst Raeote stiylg€hland inegneawllbifoﬂ@@t‘ﬁldﬁé’vlﬁ%{?ﬁf’%éléwggﬁreileﬁﬁeq%%ﬁ%i nation

of : (i) bul ki ents: an i iosel ected from sil oxanes,
pol yal kyl glﬁ‘g“’gf?‘i}%&n@?%Hna{‘%}f(lgés:tt%r&%é&gﬁgﬁil et her or diether derivatives
of pol yal kyrefgrogdsy efdisimaintirtheraampesing pddingiio thineataly B PESUSEHF SOUAP AR 2 f ur t her

comhos: 1 S dmroel A rRyB 5 ol B BEROEMARONT S0 B PLEEIEON o
10 and z '?.S ThE HBL&s bEcldifh 1 Rirthbr dohriping wilding torthe cafalyst pricyrssr glutiog anThe

process of claim4 wherein x is from3.ta.10. vy is f - , and z is

from 0 t oeffectiveamqus ohpRsQE $8Y sqm‘e’fl%}%"_ﬁ' @\/r?élﬁ%?% g_ceﬂtes’ én%még dg%}l?ng f eedst ock

has neutr %‘éle&aj[ﬂhfron? Filo@ﬁﬁ%&fﬁ%ﬁe&“gb@om 01 4vdie et phenblectiadr ootiothes ol ut i on
et’hanol’, n-bu

conprises a anol’, or a conbination thereof. 8. The process
of cl ai m Henvasvesiaf polyelkalenogivtolsadFrowhetBeipri ses magnesi um et hyl

car bonat e, nesi u hoxij . 0 alyiANthe ing Bedstldle tr ocess of
claim1l \Aﬁeﬂglgﬂmf?‘?ég%&%aln%s? I on net}gﬁs'ﬁlggprrﬂggu{rrl}ld corrpbgﬁggiy ¥ Cl4, zrCl4,

H (OR) 4,  Zbfaa ghecudor sorapusiiionabinprisinhidieebiFfyZra gherpres frace©sVor 15c| ai m 1
wherein the catal yst precursor salution i dit; utral. 11. The
precur sor f"é’m'r%@slio%%néﬁl ?rﬁioﬁ%(rﬁo"”hls%?g?vgrgﬁagg t%%ﬁ)gray dryi ng feedstock
produced ky 1hB8rdRERE8IEnOE whkin R 2 froh?3 toTHey iy kougor, adiriofomiba 2of ¢l ai m
11 conprising substantially_ spheroidal . shaped riicl i ng an aver age
si ze (D50 d%epm%sj?@dﬁ’@l 4 yhrery g gpray &yin q%‘?dS{égléslasfnggé%l %Iéuci ng a

Zi egl er - Nat tge %}df,qgss@ﬁf a1 alsleiteRIchis] Belutied @eanBes nghdrok ngrugmal, sor

conposi tion produced by the process of claim4. 14. A Ziegler-Natta type
cat al yst preembinstion thereplar ed according to the process of claim1. 15. The

reaction [ gguct of PalIIPLElitnghichRASHANF:MIREPRageuiigngas phase, i n

t he prese PFOCfSR)O a ast one catal yst precursor produced by contacting
a Goup 4 dambidte, eouEpesitam ethbtilie,on e combinaiian tréreefni um conpounds sel ected from

th f TiC13 (A -activated or h i OR) 4 where R
o oyl - S dugRBTS FIRS BUVHI WP RS ERPRRom B BICLER S @

conpri si ngaf, HABRY,, ZRORGRoGHconlbhohioh tterdfat | east one of MCl2 and

magnesi um conpounds which form MgCl 2 i.n the presence.of .t.he ohol
sol ution ti§. flbe progessaf alpips{ WHEBHELUPS 63rt31¥?3lpﬁetcf’%ﬂr, SO?Lglroﬁilsn%méslg'in aé%t al yst

precursor Solyt 5&@1&3&1&3 olilish MRkihéChepranilyiay Beegtentyiyg Faliogdnat i ng t he
solid particles; and (B) at |east one co-catalyst.

produced by the process of claim 2.

12. The precursor composition of claim 11 comprising substantially spheroidal shaped

particles having an average size (D50) of from 10 to 70 microns.

13. A process for producing a Ziegler-Natta-type procatalyst comprising halogenating

the precursor composition produced by the process of claim 4.

14. A Ziegler-Natta type catalyst precursor prepared according to the process of claim 1.
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-1 5. The reaction product of polymerizing at least one monomer, in the gas phase, in the
presence of: (A) at least one catalyst precursor produced by contacting a Group 4 metal
compound with one or more Titanium compounds selected from the group of TiCls (Al-
activated or hydrogen-reduced), and Ti(OR)s where R is ethyl, isopropyl or n-butyl in the
presence of an alcohol solution comprising at least one C,-C4 alcohol and at least one of
MgCl, and magnesium compounds which form MgCl, in the presence of the alcohol
solution to form a catalyst precursor solution, forming said catalyst precursor solution
into solid particles and subsequently halogenating the solid particles; and (B) at least one

co-catalyst.
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