;gqrstuve3ed\ 6Td4 June. 2003 POLYMERI ZATI ON PROCESS 33 OF THE

| NVENTI ON This invention relates to the pol ynerizat iégﬁrrd'wp‘ol ynEri zation
of a 3 10 nono-1-ol efin nmononmer) such as ethylene, with a higher

al pha-ol efin conmononer Supported chrom um catal ysts | ong have been a

dom nant factor in the production of high density olefin polyners, such as

pol yethyl ene As ori ginal | POLMMEREUATION PROGESE cat al yst systens were used

in solution polyneri zatﬁls&é%rm_e&ilﬁ V. T\L’hbﬁecane evi dent early that

a slurry process was a eeorotcal —rotute to ey conmerci al grades of
ol efin polymers, tihgtniedtiof r@RAey BRiheZR§RENABE 228 GREIVIRAZ AN & 2 _
tenperature | ow enough that the resulting polyner is largely insoluble in

t he di | mBne-l-diefin monemkr, knowas tthalengromoh k-loghet ialpha-clabin camoreted ene, can be
15 25 30 polyngrized . with .catalys st.ems . enpl oyi ng vanadi u chrom um
or gsto_her metal s o Upgogtﬁ%%.pqn}mg\u@f?{gis @‘ﬁrﬂaﬁﬁ,beglai%’g‘,’g%ﬂtﬁﬁ?t%% fiosphat c,
titani aprodhétiodtfUiigh TBGNOVILM BAYmeishQichl &f pAGERAYEnEB LRl orfliRAIRT TS,
Initially, such cafalyst systems prinmarily were used to form honopol ymers
of et hytammercBboed, shgseloptabyss sysgnes Werealsepenl solntipripelyruerizaboer s such as
propyl ene. 1- bw]glenev l. -bhexenev. r .ot gert azi gﬂerr mono- 1-olefins were

copol yn%r I %Séﬁf'. RaiN eetrhS}I SHEnt § ‘ﬁ?’&?ﬁ“% 1? SRR E ?%P%Hlafg 'E?)r&i fic end
uses. CdonBmidal edutdleNfahy cometeptialndrades el efid ablyheirghhatG@ppl yners can be
used for blow nol ding applications because the bl ow nol di ng process enabl es
raptd ppolz@ssaiigniprocess careist oat aino feparamisdont ¢n0ﬂl§bdh@tthea¢spﬁl,ngany type of
resin c de to. flow nor sily by nerely lowering the nol ecul ar

wei ght , Sgé\iyl.%gf @Sggeiyalné?‘r‘iget‘ﬁe‘ﬁ%gﬁ en|&‘ndex) . However, this is rarely
practical becauseltq vafinglowiemal inbes | tdIefinsQ GeH adebglese @h e hi gher nelt
index (M). A higher nelt index can result in a decrease in nelt strength,
whi ch cBRlYe%Ua withgatalish sysiemeaipplaying a@nadinma gheomivpsphethpemgtideon he

parison_i 0 jSt.its i . d_i his disclosure, a
pari sonaisép%bﬁegé'(%r %Sdaelé%%ﬁ’ iS'rlli é’ralgw}'r%}f P%‘%‘JB% ytrlréeéﬁ?abez*rg?%n':nt is blown by air
pr eBSur maggesiunh and othiel defradtishytmaslajuppgrtsa higdiBr, shth canlystgysentsot t | e

properties such as environnental stress crack resistance (ESCR) and inpact
st r engt ANIEHeWesdsed tofamypopppolypes ob ctensnt SpRmbeP S§SFPat ed with

raising i i Ty ] i bi by the resin
as it eg%{kgoﬂt\éhe‘b%fga &&%g@gg’ﬂ& h?ﬁho%g}&l g,obgﬁt\«%%ll ll‘.eﬁ%j? %fétg%el | are

criti cahigher nogolhsiefimoiveiengpdlyaseized evithvehyghtie ptdvidearesing diikomet &r swel | ",
the | ater g(lso is referred to herein as "die swell" As polyner) or resin,
is extr REBUHHEYS®Hr essure through a die opening and into a nold, a pol ymer
haspy@ tendency togagl #uigﬂsdénEit_ $idis bR pflieuldt Weibfit K5RYINGS capivght S5 swel |
and Is determ native of the thickness of bottle wall) as welt as the

over al | usgsi fpntbiof mdiding epplitations btcavsentb ddev praldingt profess eagblaprapid a resin

whi ch i truded t h .51 0.02 ir di i ght_yi.eld a bottl
wnl |t hPERRSE o § SSHA 8 e SR ST RGeS e s ce i s
sai d t 0niile 30 PP mbES 4Rily W3t mereB] loSvefif® (HBIERd I Rr PIAGhS 6., Bptditiggwi th too

thick of a wall. To conpensate, the die 10 openi&g or gap can be narrowed
by manu#ite mgjturdexdniovmnendhis inrafely dsactigalebgcguss of other penplissdbdlase t he
reshsta t f.l.ow of the. [ hr, t ] r .die gaps can
resg t gﬁaﬁib%ﬁélllggs(’lgga g ?{t%g?g{jj;%?rglgﬂ%xf\?lﬁg?%rna\%ﬁ}éﬁe%o%%@% "?hcrease t he
mel t fradetrdaR ihamelt St@erpth, avlioh9dh bakd h asibe acRar dhysy darif€skthusidti ch can be
descri bed as @asily processable nust exhibit |ow wejght swell, which allows
a wi de &reaugaphe pasispp anunable toresigh s owneygishief A ysedimibs AselRSYRe? pari son
flares . b r f J ¢ i ruded

t b ough PAsdiEis ch KA Eiigies of QR Goflnfer IR EHE b Bur by BF plestiie 172

pari son to dithea afol® ARitittonally,la highemkfhesn causedictie perpertidssudh @as swel | is said

to 50%. Die swell is significa cause nolds usually are designed for
" caPy AV ARG R shagk r@%amgﬁsgﬁbé% pagt SFrenipdprderiessy @psh mol di ng
of a botdrlige Prﬁ;agb:%vanén@rgme%%ﬁﬁ'&éd Whh $kingWRE MPid aDircAdase o igh die
swel | because of the narrow gap that acconpanies it Unfortunately)

i ncr easiampunhef swelf ekimbtidad by the reswias itiexitd thg dimcr eases bot h wei ght swel |
and die swell of the polyner. Thus, as used herein, a resin which is

consi dered easily processable al so should exhibit low die swell. 25 SUMWARY
OF THE | NVENTI ON Therefore) it is desirable to provide an inproved olefin

P otce copory NI creand momo- 1ot e ¢ o IMUMFUREIER S 5ceosea o

i ncreased product i«ggesat es and 30 have a decreased wei.glydrswel | . Again it
is desirable to provide a process to produce copol yners of ethyl ene and
nono- 1- ol efins that can be processed at increased production rates and 4
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4 June, 2003 -4 ingredients which do not adversely adf @‘hte gﬁggat al yst or

whi ch are present to produce sone unrelated results present. .
The support for the catalyst of this invention nust be a cogel of silica
and a titani um conpound Such a cogel_ fydrogel can be produced by contacting
an S alkali netal silicate such as sodiumsilicate with such as an acid,
carbon di oxi de, offvankm@s @f eweilate crificul Rueheriell rigigaedumesd sret 0 utili ze
sodiumsilicate and an acrd such as sulfuric acid, h drochloric acid, or
acetic awright swelh ang) fdyatm@tea&wdl'béh\mbttqrwéswytefq@feéft@%p@w @Fuele 6WeBss
corrosi wigt r. i nep st be

copr eci \él t%)tl)grggrwgf ﬁ@s§§ i %ﬁin‘iid [ﬁ&g&)pessql%ethw ﬁ"} (HF] é&{{ﬁ%’ a(g]l'éum conpound

si'l'ica an us “nos conv ni-en
10 wi || niwtd,cd psigpheedlas b téfienactalswell ad kadsitsrie dle STHit isakrm\ﬁobym&mt The
titapi um conmpound preferably is | ncorporated with the acid The titanium
conpoundVehAnbés feienipative eltherihickaessaf datiie way. Fowel Phthmrvanait will be
subsequ | 4 f.0 COMRL na f the
silicat g&ﬁ E‘geoée?:‘l?lﬁ g)(r?oe‘% '?n&l@?d E{)Od gtaaﬁgll o)fanqéggi n%‘gﬁf1 he "SI Insl %atm ? o the
aci d) amdotgomoniingh (b@Zmn&h)SilbtgapSm‘.gﬂbsl&ﬂwerﬁoh}e walnvecknekd € 1 62fnint ani um
oxi de on_ cal.cination. Suitable titani um conpounds include, but are not
i ni t ed(Q-8° ipehes)y s whichhcass the mewhaﬁwefhlmlyi tpiber3PEs, Adesip dhaswvelsal at es
and al kylg b ;u(:ﬁ“a?ﬁ ??odu'c@ a PR ANERSOURELE 73 e digod nﬂ% ndate, L{ﬁ@q the
titanium of cour e i ncorporate |ntoth | msta silicate
itsédf. operang wr fzhp aen 6emaaabvbd Uytmanmapladﬁermml &mwme@mpprda¢ma§eha titanium

conpound.in the alkali 20 netal si I|c te and in nst ances, preferred
titani u%iec%%’&ﬁreéff‘eﬂ\ﬁaﬂeﬂﬁta%%ﬂ t@he Tioay of g @SWWE&%&C PNHEYEt at e t he

silicat r S ol on such
ot B o PR B AR o o oyl
(NH4) ~ThCrampzHED iag do &l a0 LY B i8HAGace h& hus taamsmnwhxohrrpmuhd dpscefbedably i s

present in an anmount within the 25 range of to about. 10, preferably
about 1af8aSAB’ C?fsabamf‘%%h'gi‘é‘?%‘aﬁ& %‘B?Jhtwrﬁut? 6&%%%1?”‘%’ per cent ,

cal gyl ated as tit anhpiRterPased, el heedabAHw ﬁfuchhﬁe ﬁag;ah ﬂara%&raefﬁrred
titaniumranges result Iin a catalyst systemthat canh have | mproved activity
and a h|xsgh>etruc}¢é|from nbediep oFgmexampie mma@gtsxdedfthnohglsawm@lm dsnofrust

contain und.. 30 The chrom um co d ¢ Gor por at ed
in any 31‘654% gcfnﬁu(ﬁ 23 amfen ean yiegld g parisqn i %Egﬁﬁc‘Be@% 5? Sdnv\,her ein

the Chr%m%fbﬁ@ﬁ@@lé%elfiﬁ SOR] {o RS 5@t | DRNWET BNTRAHEH bb@augé fmoddsved in the
acidic material or the silicate and thus coprecipitated 4 June, 2003 -5

vvl th t haweallyl ere.desigoed forbd eertdin amount ebfare, tommuebdirouvell ¢asrintesteren t hi s

chr o uri mstling <7 ATbs s b L blen Yo ST OB Gl B B REHER 57 °°

chr om unwellrgeemnd ofQhy akirbWl gapt acdyconiptitied ltOXUdﬁ)rthﬁatblI?Dfr&gﬂ@ing thee support
after it |s spray dried or _azeotrope dried (i t he xerog} Exenpl ary of

such mat™¢lt & af@ WtUSHEEX/F“%?ﬂS%‘?@ waahbwﬂhmfc@ww&l!a dh%lte and the
li ke Swl;oqa:p.hgr S e d i oqg LflRGsdrexane,
benzene, an thei“?/i’Eg %é&ﬁ%#?lél nrg%”l vﬂg% gkgﬁoe'{gbd?sdg%atf T a chrom um
conpoundheuldpdxhitoalovbdiepdwei.cal |y nixed with the support 10 The cat al yst
systemused in the inventig aged twice, first at a
substantially neutral pH ame =2 ENTIO! pH This tw ce-aged
process is discl OS?ﬁerbfb{éJ iPis 5’& rgﬁ'lte té ﬁ@&d@%ﬁunﬁ%&:ﬁ%léfﬂ??ﬂ_ RleALesbPY
reference. Chrom um pre era ly 1's present 1 n an anount w n a range of
about 0O.@o¢essabout 3 wei ght percent, nore preferably within a range of
about 1.5 to about ercent chrom um a cu ah‘d as ~.Cr03, based

on the total weightt IBﬁFSPFF@SE%‘ﬁQIt?/ngV(’ ﬁ;%?‘fesf)f%gr FeTAPIRS S8 und) . These
ranges Odth@Bh®Bhd MonBNI-EREinP HIRY IcAS bR pradedbedSht inYehRM protfictibs rargsahdient in
activity. Opti onaII a pore perserving agent can be added during catal yst
syst¥®m phavgar decrense a@lghwwegsed in US. Patent 4,981,831, herein

i ncor porated by referen e. 20 The resultin stem can
be dried in any rranﬁ%m r‘ns \(/l\ﬁs"ahpettﬁeprg‘r”td ﬁ'@ﬁgéﬁgc?\?‘g“ﬁ‘qar%gwg?@ssp%y dryi ng,
azeot r opghgley¢ a6d nnoalnylefink ahiat rBaﬁtH&Cpiocesﬂ'éb?atdﬁ\bﬁdsddqiradimlbn Tyt amdt hen
must be cal ci ned/ activated. Calcination/activation can take place by
heating the dried catal yst systemin the 25 presence of an excess of

nol ecul ar oxygen at a tenperature within a range of about 800F to about
1300F (about 427C to about 704C), preferably about 900F to 1200F (about
482C to about 649C). Mdst preferably) the catal yst systemis
calcined/activated at a tenperature within a range of about 1 I100F to about
1200F (about 593C to about 649C) for about 30 minutes to about 50 hours,
nor e 30 pr ef er abI y for about 2 to about 10 hours Thi s
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within a range of about 0.1 to about 1 nole percent 4°5ub§a§dd§' m xt ure.

Product Pol yners produced in accordance with this i t be a 30
copol ymer of ethylene and at | east one higher al pha-ol efin. The conononer,
or higher al pha-olefin, is present im.the polynerization reactor in an
anount within a range of about O to about 1.0 nole percent. 4 Juae, 2003
- s Copdiayrardecpagdudhedwaticording to this invention have a reduced die swell
and a reduced weight swell as conpared to conventionally prepared

pol yet hyl ene copdfyasEprdaes yih this ipsniianrhergp iy peqvified roppipmerigasioar al |y has

a densi L LALRr8nd , > C bly

W thin ‘gx?%%tég"“g?a‘é{’ gggﬁtcmo". g%%ﬁsglqgggol}%ﬂgﬁg%ghgc? Sé:m sfﬁ %Fﬁ%&ﬁ%&y pol ymer
productwilensi taygé of abdthi2008F t@alyeit GRO6T Ghéut 93°0C @5bogl te83°CThe ad- | LM of t he
resyl tant, pol yper generally is within a range of about 10 to about 80 g/10
mn tes',so%ﬁaé\“ee({@ﬁﬁ/ about 13 to about 40 g/ 10 minutes. Mst preferably, the
HM is within a zf)a@ﬂﬁlé?lfe thorom& 30 9/ 10 m nutes. The sheer response, or
HLMIM ratio, is'wthin a range’ of about 100 to about 250, 10 preferably
wi thin a range ofb)aloidastlll@hdno-ablefih caGdnbinst hpried evabltyee theight ML/ M rati o
IS Wthi nba range of }25 to 175. Polynmers produced in accordance with this

i nvent | GRS YeMARGEMPI¢UEAd nol ecul ar wei ght distribution) as evidenced by
the ratio of M./N cl?}%lﬁltl ~ . i i Wl ver age
nol ecul ar wei ght é;ﬂng M 1's SY teerMncgﬁ{?g{lrsrn&%?%ﬁg%lmgﬁ%?%gﬂ%a%@ﬁ%/z\ieg?ggﬂl?, IS

wi tIfi n suppamgehetinataclisuppdrit @ngboet a0, amueflepabbyt Wi whight percemge of about

12 t bout 25. t f. bly, the MV M | i t hi f 1 Sto 22.
The. ESCRABENG B Hr GUBEEGR Hie HPOrR oo Peretssal Lot Bt LT OmHE e 200
hours, wilghenakiy aGhR@d 6f aBdud. PROMouSIS MPH! S sherehr@NwitRisld AGgRnder

Condition 20 A Mst preferably, the ESCRis within a range of about 1000
hours t@cabdbe tol80Q00/thend saidratalyse systethdias ds¢madsivaiediat ¢ tbwperagirght swel |,

which is.|lower tha iGab- St apdar J no] i resin as Phillips
Var | ox BUP{Pet kel epyhfiBen30 BPORoMirs ot AR oBpPfibRane 111 m 202
undegr Unil oy bl oviyml giangisbflicbmpdsnd, RHat her, resins produced in
accordance with this invention, have a low die swell, 25 which is at |east

| oner than typicat) seenvdang abledwlensirpnag lobdincopabiness Philli ps Marl ex~ HM
5502 or Phillips X" 5 rUni | di_n | tions.
The nor mal i zed di Q@ééwérqang?wﬁ& a?(r%élreg Q%%Sﬁ‘ﬁgéé‘:‘jguyﬁﬁ%gﬁgS%"née&&%W‘%rhi s

I nvent i compridigg bthylefie [af8 2 mbRi 1 defitt hakifD fropr sodit 3ktbyabb@ss caban 0. 90 Most
preferably, 30 the normalized die swel| of polyners produced in accordance
wi th t hGMs FEenen; asems et modeciieain ro\dded; ayherrin saidsiopplymep hatadugh hr oughput .
surS 5B e e (s A B e 80 B e L e er abl y

; r eat er dedsép VARGD agenge ofviistut Or9sf eradé /ccl hevetais atvetiflowed thak mbettur e f or
L A S
pol ymer (iSRG freieP HiCfbolf 200 hOkS, 4 REVW, Brinfedk@ (RAMRRIL ILNAAIhe currently
commercl al |y avail abl e et hyl ene polyners. "For exanple, relative to a

Phi | | i penseepdf oleitufindiRldDgreataSthan pbdute09PIsecie resin, pol yners of the

pr nt inventio . 0/ t he typical val ues
fo‘raf RLEX 5502;1D § r&‘y‘? “31{ t he standard

val ues for MARLEX" 5502, a M,/ M- Qfat;lﬂw_fﬁater t han about 110% of typical 10
val ues for MARLEX~"' 5502. Additionally, die swell and weight swell of the

resins produced i isaisednnlgiecéesaiiption kereiyy thectarms repsak’iavd "segell ower t han

typical v s for 5502 The nornalized die. swel T heyi tive resinis
gener al W(ﬂjloggls a{chgrrl? TRy ﬁefhoegﬁg?'h%fz?&zeggd t% %’?ﬁ“a}‘ tg%nelg'sjg[: Fgr\?/"gl ues for
MARLEX 5ggzt!"ancist@o dedcgibe tﬁd\?idduafreﬁdlﬁng froan élusor Rgether 6f kidiss t han about
90% of standard or typical values for 15 MARLEX~" 5502. However, density of
t he3® nv &fania, and chramias Rgferenpest the shicantgpr 2 sHHgeoNBNIBSORAteria) additi on, t he
ESCR of i i in X t ti ' val ues for
502, TAEFofY EEplD SO b Mo WRlchy T’ s, WERRraHRIEE ab BN

ski | | ed selactedhdronr alumihdy honce neigaesild, nbprid) eirconiendn miktureh chepeoft | Qthear
reactants, conditions, and 20 other variables are intended to be generally
illustrative of these inventions and are not meant to be construed to be
unduly limting the reasonabl e scope of the invention. EXAMPLES Et hyl ene
and hi gher al pha-ol efin copolyners were prepared under continuous particle
form process conditions, conprising contacting catalyst system 25 with
nononers, enploying a liquid full, 15.2 cmdianeter, |oop reactor, having a
volume of 23 gallons (87 liters)) isobutane as the diluent, and

occasional ly sone hydrogen, as shown in the follow ng Exanpl es. Ethylene

o "




applications. In these exanples bl ow nol di ng eval uahi e 800 onduct ed by
30 blowing a one gallon ( 105.0 + 0.5 gn) bottle on—ﬁ—j@rrﬁw'%m single

head bl ow nol di ng machi ne using a 6.3cm (2.5 inch) dianmeter die) 20 degree
di verging die, 32% accunul ator position, 8 5 second blowtinme, 0 10 second
bl ow del ay, 0.75 4 June, 2003 sec’oﬁd pre-bl ow delay and a 7. _'C (45
degree ; - s - e6d. r ' r S 5 was used,
provi di lrlr_} rﬁérn%s%ﬁlgg%oﬁog iao}/]ergtflf g ggtrtﬂ(régc%{ea é?)g(}f?] \é\érh ?rﬁgﬂes%t @b%'%@ [e]%:e t hr ough
t he di esdiensnreltedaiendl)s aoTddnDbel m@Een®8 and ASTM D 1928, Condition C 5

Det erm ned on a cgnpression nol ded sanpl e). cool ed at about 15C per m nute,
and condi tioned aln¢ gmpptteepdicasaialpstiobthisipyantion mettbe afags! pbaidicael t 1 ndex

(HLM ) ( i 38, .condi fii j ith a 21,600
gram \Ae%d%? t lEQI{I/D e?ﬁ%ﬁ) %i g?ﬁh %Qgéf’eﬁ Ihﬁﬁg{aﬁglﬂ%@é %&ggﬁﬁéégﬁ%m\;ﬁe% hts and
10 rfol edbhlameyaisghratediush as bodivonslivaee evithbduah e dinugid)gadoatieride &0 CV gel

pernmeati on .ghroaﬁt_ﬁ]grap wi.th trichl orobhenzene (TCB) as the saolvent, with a
f1 ow rateagficsaly /TReRieierad ProGedwssds &2 yHBzg Fodiumcsiliqatgrand an acid such

(2,6-di; = 4 | n : [ 1. was used
as a St%.SE)I lfu?g;&?ﬁlhhty E’?EQJ y‘.c & ﬁl ?h%%ég{cl %}l&\c}gll?lﬁrgr%ﬁ%ﬁd %ﬁ%gfefﬁm‘g%%&s%d with a
nom nal prefdrymietueaories’niorativin aoll gdeaBergicid §tadngtiooMha bitdréurp exoatponhent

Di ssolution of the sanple in. stahilized TCB was carried out by heating at
160- 1708 ghe SO SoRILed I isaodhus znogfe?&wvemagﬁx 8t BANUThEOBBPYh was two
VWt af s : . T m e calibrated with a broad
|in§j<:il’ gjg? ggtdﬁsg lgga;%sghgn%ﬁgpmlf ﬂ%sﬁggr exli 1B S003) for which the

mol ecul ar wei ght Whel tieaarm detpoundprtfer@fly Seidacpordted avidntheRmice Yakune: A

"Quant achrone Autosorb- N trogen Pore Size Distribution lInstr nt" was
used t o"HBIURN ﬁ?‘ﬁ@%‘"‘t‘% n ’F‘ﬁ%’é’g%i’lteé’;" ﬁa agidh o ) R 1BrWRIAR “sYYHEggts Thi's

instr umuse(}(@(ﬁg/gim;scﬁgeé QM hﬁc&@{?&ﬁﬁw O ROGBIAAbAIF e sifKASSAl, N Y.

Wi ght Swel | . Percent weight swell neasures the anount the 25 nolten
resin ethsaavis (irefiesdiyabr imeaas of adding the tiheatelite the acid)sand fremswhieh dbrmhe
"meppry., .of the | yner ins.as they,seek to relax and thus reformthe
ool Phes st EreEpre S 3idium s Shalsiehfhe S Tae uFor ot nes how
tight tBempbehdd MRCIIS bub8reattt Ustifd thOhAIRYisdén As TS hAMITION! hit@tesei ght . | f
a resin has high weight swell) the die gap required will be tighter to nake
t he propdfatgsapkalaies ghd alky! sitanades.ddi ingtances whete ¢asean diexideghasedtthess to
push the resin through the die than a.lower,weight, smell.resin, Wight
swel | i glta g‘ﬂ"noeac OB RSt g? f'goEﬂor{%ﬁde‘%? gheggg\é\ﬁﬁ%ﬁlem??aﬁaftsegﬁt ?1‘%0 wal |

t hi cknesdth acidic daleeit i?PRBerredlid incdshevart @k tithhitm &Mpdundrintiherikaiasur enent
of swell is die swell or dianeter swell. This is the ratio of the parison

di afet emetd stliateand i supl drstanses tPREErrodhjitagiure cempeundigargi vateiilubles ¢ o

ref eren j . dar. Cj ; i yet hyl ene
Fesi . RS B W pdchrblfiont N RACETUSEELRY; BV B MGy Ot Y e
cal | ed bkeleror caidinatg slick as\vfek lexarhple 0K BIO(ECONYH A (titahinm pdressdire swel | of
the resin by t e | 1. of MA measured on the sane occasion, on
t he sanﬂxﬁlﬁ(v'?péi &ﬁfggr@?%bﬁz{)ﬁédi{%z(ﬁjgﬁpne conditions Bottle Stress Crack
Resi stance (hrs) Bofelilgnigh' &tipduhd prefb@blysisqtesntad ah GiloR Ushiigideen 105
gram one gal |l on bottles lrnatde as descri begsaagﬁt non g Uniloy 10 2016 machi ne
The2hot rangs ofeabeuf i Itd ebowsi 1t0h peef@r@bly@bous 1 Ko dboetr §emtd modtireferably apped, and
placed ip a 60C (14Q degree F) hot roo Bottle failures were nqted each
Gy anabaRtebih Hiskh S bk et tehes it PO Badhe SHEMEIIE O vl ¢
Fract ur @of&ecrie) ére@ﬁeﬁL{ﬁﬁ{inﬁl%h%és%éhlﬂlnea ERhiyst SR kiRt (B8 Wals Were
obtained Using a 2.54cm ( 1 inch) Killion single screw extruder (KL-100) 15
fitted wnprpvgdiaavyityeand e hégher Gl indew polgtives. were attached to the end of the
extruder with an aptor. The .adaptor was fitted with.a ni pressure
transducer (nodel a&ﬁ?‘f@ﬂw O&Aﬁplﬁ "é‘Per?gg% muéﬁﬁ%?ttaV]a%\éfé}OB}mW%ﬂ}%gﬂg 0- 5000

psi B0 WTHehché@siun® eainpeuridisdn Bpicoiparataf inf gy eNtdvgrd Gepdigtecapisl | Birgt, die. A
two-pi ece capillary die was used The first section consisted of a

det achalf €8s icin be prepatedywherginsthe ghipmjpmecorapriinge ppwell asHaBIWYt h) with an
entry di 0.15
nchs) . eaadds dnsaeh ok AARLlndaia) Br e i@l uortedbiled” 0%, 5o

i nch) dianeter and 5.71cm (2.25 inch) land length (L/D=15) A typical
experinment woul d consi st of extruding a polynmer over a range of |ow rates
(screw RPM using extruder, adapter, and die tenperature setting 25 of 170
C. Using the capillary die (described earlier) fitted to the orifice die,
the pressure in the adapter) flowrate at various RPM were noted along with
the RPM at which the onset of nelt fracture occurred. Pressure drop versus
flow rate data was al so collected using the orifice die alone. Using

. - r N . o I



the reactor and | ess chrom umon the catal yst systegémg §%
characteristics that 4 Juae, 2003 - 1G distingui I n Exanpl e
| also are evident here Notice that conparative Runs 201 and 202 exhibit

consi derably higher die and weight swells, and that they could be processed
at generally narrower die gaps in this Exarrple This in turn permts Runs

203 andwZR%ht 9111'3@ B %ﬁﬁ@e&llr@t{udﬂjgbntlaﬁlw cérhﬁéﬁndr@ﬁ' @Se 0@ this 5
indi cates an "easy processing resin” despite the generally higher nol ecul ar

wei ght ehb®limeneder exsdnpf@ s Noromoe salfsio i n Exanpl e | | that Runs 203- 207

b t It f t t. th Ru
'bggiaﬂseoopet he \r/mag‘é'f){ gf g’e BO‘gQP%EO%u% CE%’?‘EB‘?&&“@@?@ l%‘é?r Blcéltagh\rant age

i n procrssiudg-a hArdaiohesofltA Mbaém%hﬁurh%ﬁﬂ&uﬂa QBRVHitae 16 ERERuAf Run 202

I's considerably worse than control Run 207. The productivity of the
cat al ysexidg e empriegnatn\vlmsupmrtraﬁm it293pay7driesl oruaagotyenct éred gn thont rol Runs

201 - 202, de activation te ature The br.eadth of the

ol ecul KFORRN g RetapBry Pb ool Hs eF aerEBRY Ahvéimice $BreBH5Mo07) as

det er i E&dylbUetMatd Whd @ KBS, Saidbld BeveReaclii®S BADER ok tiMitdMl b al so i's

I ncreased which indicates the suEerl or nelt strength of Runs 203-207. Ea

al so i spefitgeehexdngdbeenegnd thﬁb @r Sugprasingdy, aromgle@lliﬁa?mutmfaﬁﬁ:hl ng for Runs
203207 B B S B JE RSN ST, 7 0, S o
~ 10~ WE' "l -~ ‘i@e*cataf\ysi\l@steni uSVih the iBPention”is Mrderebly Dged twiceCfirdd~ | ~O~
D MO Lt~a gjbs-tantl\é\l/ly neutral pH and second at an alkaline pH This twice-aged process
is disclosed in U.S. Patent 4,981,831, herein incorporated by reference.
Chromium preferably is present in an amount within a range of about
0.8 to about 3 weight percent, more preferably within a range of about 1.5 to about
15 2.5 weight percent chromium calculated as CrQ,, based on the total weight of the
catalyst (support plus chromium compound). These ranges of chromium content
provide a catalyst system that is excellent in activity.
Optionally a pore perserving agent can be added during catalyst system
preparation, as disclosed in U.S. Patent 4,981,831, herein incorporated by reference.
20 The resulting twice-aged catalyst system can be dried in any manner
known in the art, such as oven drying, spray drying, azeotrope drying, or any other
method.
The dried catalyst system then must be calcined/activated.
Calcination/activation can take place by heating the dried catalyst system in the
25  presence of an excess of molecular oxygen at a temperature within a range of about
800°F to about 1300°F (about 427°C to about 704°C), preferably about 900°F to
1200°F (about 482°C to about 649°C). Most preferably, the catalyst system is
calcined/activated at a temperature within a range of about 1100°F to about 1200°F
(about 593°C to about 649°C) for about 30 minutes to about 50 hours, more
30 preferably for about 2 to about 10 hours. This calcination/activation procedure results
in at least a substanial portion of the chromium in a low valence state to be

converted to a hexavalent form. Preferably, this calcination/activation is carried out
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in a stream of fluidizing air wherein the stream of fluidizing air is contained as the
material 1s cooled.

In order to achieve the desired resultant effects on the resin product, or
polymer, the catalyst system must have a low pore volume, usually about 0 5 ml/g to
5 about 1.3 ml/g, preferably about 0.8 mi/g to about 1 2 ml/g Additionally, the
catalyst system must have a low surface area. usually within a range of about 150
m*/g to about 400 m%/g, preferably within a range of about 200 m¥g to 380 m¥g
Most preferably the catalyst system surface area is within the range of 250 m¥g to
350 m¥g.

10 Catalyst systems of this invention must be used with a cocatalyst The
cocatalyst must be a trialkylboron compound wherein each alkyl group has from
about 1 to about 10 carbon atoms, preferably about 2 to about 4 carbon atoms per
group. Trialkylboron compounds must be used as a cocatalyst because the
compounds are effective agents to improve polymer properties, such as, for example

15 to decrease die swell and to decrease weight swell. By far, the most preferred
cocatlyst is triethylboron.

The cocatalyst is used in an amount within a range of about 1 to about
6 parts per million (ppm), or milligram per kilogram (mg/kg), based on the amount
of diluent in the reactor. Preferably the cocatalyst is used in an amount within a
20  range of about 2 to about 4 ppm, for cost effectiveness, best polymer properties, and
decreasing the amount of smoke resulting from the resin during processing.
Reactants
Catalyst systems of this invention can be used to polymerize at least
one mono-1-olefin containing about 2 to about 8 carbon atoms per molecule,

25  preferably ethylene, propylene, 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene,
and l-octene. The invention is of particular applicability in producing ethylene
homopolymers and copolymers from mixtures of ethylene and about 0.5 to about 20
mole percent of one or more comonomers selected from the group consisting of
alpha-olefins containing about 3 to about 8 carbon atoms per molecule. Exemplary

30 comonomers include aliphatic 1-olefins, such as propylene, 1-butene, 1-pentene,
1-hexene, 4-methyl-1-pentene, 1-octene and other olefins and conjugated or

non-conjugated diolefins such as 1,3-butadiene, 1,4-pentadiene, 1,5-hexadiene, and
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other such diolefins and mixtures thereof Ethylene copolymers preferably constitute

at least about 90, preferably 97 to 99 8 mole percent polymerized ethvlene units

With ethylene/1-hexene copolymers, about 98 to 99.8 mole percent ethvlene 1s

preferred, the remainder of course being comonomer Propylene, 1-butene,

5 1-pentene, l-hexene and l-octene are especially preferred comonomers for use with

ethylene

Polymerization

Catalyst systems of this invention must be used in slurry
polymerization processes. A slurry, or particle form, process generally 1s carried out
10 in an inert diluent (medium). The diluent useful in the practice of this invention
must be 1sobutane. While other diluents are known, or even can be used, other
diluents will not result in the decreased die swell and decreased weight swell as
disclosed in this invention.
The temperature of the slurry reactor must be within a range of 200°F
15 to 225°F (93°C to 107°C). Temperatures outside of that range will not result in a
polymer having the required resultant properties. Pressures in the particle form
process can vary from about 110 to about 700 psi (0.76 to 4.8 MPa) or higher.
The catalyst system is kept in suspension and is contacted with the
monomer(s) at sufficient pressure to maintain the isobutane and at least a portion of
20  the monomer(s) in a liquid phase. The isobutane and temperature thus are selected
such that the polymer is produced as solid particles and is recovered in that form
Catalyst system concentrations can be such that the catalyst content ranges from about
0.001 to about 1 weight percent, based on the weight of the reactor contents.
Hydrogen can be added to the slurry polymerization to control
25  molecular weight, as is known in the prior art. When used, hydrogen generally is
used at concentrations up to about 2 mole percent of the reaction mixture, preferably
within a range of about 0.1 to about 1 mole percent of reaction mixture.
Product
Polymers produced in accordance with this invention must be a
30 copolymer of ethylene and at least one higher alpha-olefin. The comonomer, or
higher alpha-olefin, is present in the polymerization reactor in an amount within a

range of about 0 to about 1.0 mole percent.
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Copolymers produced according to this invention have a reduced die
swell and a reduced weight swell as compared to conventionally prepared
polyethylene copolymer resins The polymer, or resin product, generally has a
density within a range of about 0 95 to about 0 96 g/cc, preferably within a range of
about 0.952 to about 0 958 g/cc Most preferably polymer product density is within a
range of 0954 to 0956 g/cc. The HLMI of the resultant polymer generally 1s within
a range of about 10 to about 80 g/10 minutes, preferably about 13 to about 40 g/10
minutes. Most preferably, the HLMI is within a range of 15 to 30 g/10 minutes.

The sheer response, or HLMV/MI ratio, is within a range of about 100 to about 250,
preferably within a range of about 110 to about 200 Most preferably, the HLMI/MI
ratio is within a range of 125 to 175.

Polymers produced in accordance with this invention also have a broad
molecular weight distribution, as evidenced by the ratio of M,/M,. Usually, M,/M_,
wherein M,, is the weight average molecular weight and M, is the number average
molecular weight, is within a range of about 10 to about 30, preferably within a
range of about 12 to about 25. Most preferably, the M, /M, is within a range of 15 to
22.

The ESCR of products produced from this resin is greater than about
200 hours, preferably greater than about 500 hours based on testing under Condition
A. Most preferably, the ESCR is within a range of about 1000 hours to about 10,000
hours. Further, the resin exhibits low weight swell, which is lower than typical
standard blow molding resin such as Phillips Marlex® polyethylene HHM 5502 or
Phillips Marlex® polyethylene HHM 5202 under Uniloy blow molding conditions.
Further, resins produced in accordance with this invention, have a low die swell,
which is at least lower than typical standard blow molding resin such as Phillips
Marlex® HM 5502 or Phillips Marlex® HHM 5202 under Uniloy blow molding
conditions.

The normalized die swell of polymers produced in accordance with this
invention usually is less than about 0.95, preferably less than 0.90 Most preferably,
the normalized die swell of polymers produced in accordance with this invention is
less than 0.85 for best polymer process throughput.

The onset of melt fracture for polymers produced in accordance with

~W eC p
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this invention is greater than about 2000 sec™', preferably greater than 2200 sec™
Most preferably, the onset of melt fracture for polymers produced in accordance with
this invention is greater than 2300 sec for best polymer processing throughput

Another way to distinguish polymer products produced from this resin
is to compare them to currently commercially available ethylene polymers. For
example, relative to a Phillips Petroleum MARLEX" 5502 polyethylene resin,
polymers of the present invention generally have a HLMI less than 90% of the
typical values for MARLEX® 5502, a HLMI/MI ratio of greater than 110% of the
standard values for MARLEX™ 5502, a M, /M, of greater than about 110% of typical
values for MARLEX® 5502. Additionally, die swell and weight swell of the resins
produced in accordance with the present invention are lower than typical values for
5502. The normalized die swell of the inventive resin i1s generally less than 95% of
the normalized typical die swell values for MARLEX® 5502 and the weight swell of
the inventive resin is less than about 90% of standard or typical values for
MARLEX® 5502. However, density of the inventive resin is within the standard
ranges of 5502. In addition, the ESCR of the inventive resin is more than two times
typical ESCR values for 5502.

The following examples are provided to further assist a person skilled
in the art with understanding the invention. The particular reactants, conditions, and
other variables are intended to be generally illustrative of these inventions and are not
meant to be construed to be unduly limiting the reasonable scope of the invention.

EXAMPLES

Ethylene and higher alpha-olefin copolymers were prepared under
continuous particle form process conditions, comprising contacting catalyst system
with monomers, employing a liquid full, 15.2 cm diameter, loop reactor, having a
volume of 23 gallons (87 liters), isobutane as the diluent, and occasionally some
hydrogen, as shown in the following Examples.

Ethylene that had been dried over alumina was used as the monomer.
Isobutane that had been degassed by fractionation and dried over alumina was used as
the diluent Triethylboron or triethylaluminum was also sometimes used as a
cocatalyst as indicated in the tables below.

The catalyst used for the production of the inventive resins was a low
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porosity Cr/silica-titania commercially available from W R Grace Company as 965
Sylopore. 1t contained 2.5, 3.5, or 5.0 weight percent titanium as indicated and
originally 1 0 weight percent chromium. In some cases, however, extra chromium
was added through impregnation of a 0.5% methanol solution of chromium nitrate, as
5 indicated in the tables. Sylopore has a pore volume of about 1 0 cc/g and a surface
area of usually about 350 m2/g Specific measurements may be shown in the tables
that follow
Control resins were made from three other types of commercial
catalysts from W.R. Grace The catalyst 969MS (sometimes also referred to as 1%Cr
10 on Grade 952 silica) has a pore volume of about 1 6 cc/g and a surface area around
300 m2/g Other control resins were made from 963 and 964 Magnapore which
contained 1.0 weight percent chromium on a high porosity silica-titania containing
either 2.5 or 5.0 weight percent titanium, as indicated. This catalyst had a pore
volume around 2.4 cc/g and a surface area around 520 m2/g. Still other control
15  resins were made by a catalyst described as Cr on HPVSA silica This silica was
also made by W.R. Grace and had a surface area of about 580 m2/g and a pore
volume of about 2.2 cc/g. The reactor was operated to have a residence time of 1.25
hrs. To control polymer molecular weight and swelling, the reactor temperature was
varied over the range of 200°F to 226°F (93°C to 108°C), depending on the reaction
20  run, unless shown differently, and the pressure was 3.7 MPa (530 psi) At steady
state conditions, the isobutane feed rate was 24 kg/hr (54 1bs/hr), the ethylene feed
rate was about 11 kg/hr (about 24 lbs/hr), and the 1-hexene comonomer feed rate was
varied to control the density of the product polymer.
Polymer was removed from the reactor at the rate of about 22 lbs per
25  hour and recovered in a flash chamber. A Vulcan dryer was used to dry the polymer
under nitrogen at about 60-80 degrees C. Polymer was recovered from each run and
tested according to the procedures described below
Polymer resins obtained by this invention are useful for blow molding
applications. In these examples blow molding evaluations were conducted by
30 blowing a one gallon (105.0 + 0.5 gm) bottle on a Uniloy 2016 single head blow
molding machine using a 6.3cm (2.5 inch) diameter die, 20 degree diverging die,

32% accumulator position, 8.5 second blow time, 0 10 second blow delay, 0.75
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second pre-blow delay and a 7.2°C (45 degree F) mold temperature. A reciprocating
screw speed of 45 rpm was used, providing parison extrusion at shear rates greater
than 10,000/sec through the die

Density (g/ml) ASTM D 1505-68 and ASTM D 1928, Condition C
Determined on a compression molded sample, cooled at about 15°C per minute, and
conditioned at room temperature for about 40 hours

High Load Melt Index (HLMI)(g/10 min) ASTM D1238, condition
E. Determined at 190°C with a 21,600 gram weight.

Molecular Weight Distribution M /M,. Molecular weights and
molecular weight distributions were obtained using a Waters 150 CV gel permeation
chromatograph with trichlorobenzene (TCB) as the solvent, with a flow rate of 1
mL/minute at a temperature of 140°C. BHT (2,6-di-tert-butyl-4-methylphenol) at a
concentration of 1.0 g/l was used as a stabilizer in the TCB. An injection volume of
220uL was used with a nominal polymer concentration of 0.3 g/l (at room
temperature) Dissolution of the sample in stabilized TCB was carried out by heating
at 160-170°C for 20 hours with occasional, gentle agitation. The column was two
Waters HT-6E columns (7.8x300mm). The columns were calibrated with a broad
linear polyethylene standard (Phillips Marlex®” BHB 5003) for which the molecular
weight had been determined.

Surface Area and Pore Volume: A "Quantachrome Autosorb-6
Nitrogen Pore Size Distribution Instrument" was used to determined the surface area
and pore volume of the supports. This instrument was acquired from the
Quantachrome Corporation, Syosset, N.Y.

Weight Swell (%6): Percent weight swell measures the amount the
molten resin expands immediately as it exits the die. It is a measure of the
"memory" of the polymer chains as they seek to relax and thus reform the polymer
shape. Weight swell is an important parameter as it determines how tight the die gap
must be adjusted to provide a constant bottle weight. If a resin has high weight
swell, the die gap required will be tighter to make the proper part weight In so
doing, it will require higher stress to push the resin through the die than a lower
weight swell resin. Weight swell is defined as the ratio of the die gap to the final

bottle wall thickness.
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Diameter (Die) Swell Another measurement of swell 15 die swell or
diameter swell. This is the ratio of the parison diameter to the die diameter Another
way of expressing die swell is to reference this number to the standard commercial
blow molding polyethylene resin, MARLEX 5502, obtained from Phillips Petroleum
Company This value, called the normalized die swell, is obtained by dividing the
die swell of the resin by the die swell of MARLEX 5502 measured on the same
occasion, on the same machine, and under the same machine conditions

Bottle Stress Crack Resistance (hrs) Bottle stress crack resistance was
tested using ten 105 gram one gallon bottles made as described about on a Uniloy
2016 machine The bottles were filled with a 10% Orvus-K detergent solution,
capped, and placed in a 60°C (140 degree F) hot room. Bottle failures were noted
each day, and a 50% mean failure time was calculated for each set.

Onset Of Melt Fracture (sec™'): Extruder-capillary die melt fracture
results were obtained using a 2.54cm (1 inch) Killion single screw extruder (KL-100)
fitted with a barrier screw. Capillary dies were attached to the end of the extruder
with an adaptor. The adaptor was fitted with a Dynisco pressure transducer (model
TPT432A) with a measurement range of 0-34MPa (0-5000 psi), which was located
just upstream of the entry to the capillary die. A two-piece capillary die was used
The first section consisted of a detachable orifice (entry angle 90 degrees and zero
land length) with an entry diameter of 2 54cm (1 inch) and a exit diameter of
3.81mm (0.15 inches). The second section consisted of a capillary with a 3 8Imm
(0.150 inch) diameter and 5.71cm (2.25 inch) land length (L/D=15)

A typical experiment would consist of extruding a polymer over a
range of low rates (screw RPM) using extruder, adapter, and die temperature setting
of 170 C. Using the capillary die (described earlier) fitted to the orifice die, the
pressure in the adapter, flow rate at various RPM were noted along with the RPM at
which the onset of melt fracture occurred. Pressure drop versus flow rate data was
also collected using the orifice die alone. Using standard calculations for flow
through capillary dies, this data was then converted to true shear stress versus shear
rate for each resin examined.

Example 1

The Table I below shows the characteristics of two resins, wherein Run

U

tia



10

15

20

25

30

~3~"§1_~D ~0 ~ 0., ~ x ~ N~ = ) 2003 9
~ | ~ U ~ >-~.a Vv n ~ BT

- 13 -

101 is considered an optimum of the present invention, and Run 102 is considered a
resin typical of commercial blow molding resins such as Phillips Marlex® HHM
5502 Both Runs were made under similar conditions and analyzed

Notice, under the "Blow Molding Data" section of Table I that both the
weight swell and the die swell of Run 101 are considerably lower than for Run 102
Actually, Run 102 already is considered to be a low die swell resin compared to
many existing resins or catalyst systems available Notice that Run 101 was
processed at a larger die gap than Run 102, which is indicative of its lower weight
swell. The wider die gap thus permitted Run 101 to be processed with less head
pressure and at a considerably lower shear rate (about 10,000 vs 20,000) These
characteristics justify the label of "easy processing resin "

Notice also under the "Resin Data" section of Table 1 that the above
advantages were accomplished at a higher, not lower, molecular weight, as indicated
by the M, data and the HLMI values Thus, Run 101 could be made still more easy
to process by lowering the molecular weight to be closer to that of Run 102. Of
course, die swell would increase, but since the die swell of Run 101 is already lower
than Run 102, this could be done.

The reason the invention resin could be easily processed, even at
higher molecular weight, is due in part to its broader M,, data distribution, as
evidenced by the M, /M, and the HLMI/M1. Both these values are considerably
higher for Run 101 than for Run 102, indicating greater ease of flow The higher
HLMI/MI of Run 101 also indicates higher melt strength, which is needed if the
molecular weight is to be decreased beyond the Run 102 value Melt strength is the
property that allows the parison to resist sagging from its own weight before being
blown into a bottle.

Activation energy, Ea, is an indication of the degree of long chain
branching of the resin In general, a high Ea imparts lower weight and die swells
and also gives the resin more melt strength Notice that Run 101 displays a higher
Ea then Run 102.

Notice also in Table 1 that Run 101 boasts generally equal or better
physical properties than Run 102, as evidenced by the ESCR-A, ESCR modified B,
bottle ESCR and bottle impact data. All this was accomplished at a slightly higher
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110% & ()-p/! 110% & ()-p/! 110% & ()-p/! !10% & () Phhe! 203X ()-p/! !10%
& ()-p/! 110% & ()-p/ gG+4! 110% & ()-p/! 110% & ()=prt TI0% & ()-p/! !10%
& ()-p/! 110% & ()-p/!T 110% & ()- p/' 110% & ()-p/ cC+4!l 110% & (1 110%
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& ()-p/cC+al 110% & (! 110% & ()-p/ " 110% & ()-p/! 110% & ()-p/! !10%
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& ()-p/! 110% & ()-p/! 110% & ()-p/T TI0% & ()-p/! 110% & ()-p/ cC+4! |10%
& (1 110% & ()- prablejm%ngﬁngz)mpﬁmnlimﬂwee(r)espvslwhim%:&ws)tpamhel10% & ()-pl!

110% & () -p/ ?+4! 110% & ! 10% - p/ ! /] -p/! 110%
& ()- pﬂ(i3 riEges of the_nore volusgg gnd su r&%“ﬁﬁée%d el%ﬁg/gs&%‘e%/ P‘/eif’og}‘gsws() p/ |
! 10% &wede RAdAHihilat FQdior! C%Q%l&n£ Jwit{ {he'sja%@ l&v&])dfﬂfocataﬂy@to/oa&t He) -p/! 110%
(g o R0 B B s iR st ey e T G0 (1 1 1006
& () - psame a@dREOH )erwdratum%@ the-goini 169098 gitgdiapirid” 2!118@)%1&' i.Mj/and! 10%
& [ #5&() % &' 110% &' 110% & () -p/!
1% R 0y 068 srfee aed e imis BF e 5B Reahle Bt 50 | Prose
& () - plverd &@Fb’@e&t,(t}lep/w\leré £0R6iderbbly Migher Because of the difference, the die

swell and weight swell of the resins were much higher and thus do not qualify as
“easy processing resins". This happened even though the catalyst system contained
10 higher levels of chromium than ordinary, in an attempt to minimize both weight and
die swell.
This example also shows the effect of substituting triethylaluminum
(TEA) as cocatalyst in place of TEB. Notice that the molecular weight distribution is
narrowed, as indicated by M, /M, and by HLMI/MIL. Die swell also increased
1S slightly, catalyst productivity decreased, the onset of melt fracture declined to much
lower shear rates, and the ESCR is severely penalized.
Example II teaches that although increasing the chromium level on the
catalyst seemed to help the swell for the invention resins, it does not improve weight

swell or die swell of resins made with high porosity catalysts.

20 Table 111
Run 301 302 303
Production Data
Catalyst Type 2% Cr 2% Cr 1% Cr
Magnapore | Magnapore | Magnapore-HT
Ti, wt % 25 25 5.0
25 | Surface Area, m%g 550 550 550
Pore Volume, ml/g 2.42 242 2.26
Activation Temperature, °F 1100 1100 1000
Cocatalyst TEA TEB TEB
Cocatalyst Concentration, ppm 2.0 2.0 20
30 Productivity, g pol/g cat/hr 4167 5882 3226
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HO%&bﬁﬂt-Iﬁ{pact'hO%&'() p/! 1110% &) - p| ! 'W%&'()-P/!Hblo‘%;&'g)-p/! 1'10%

& ()-pliX<dl 1101 110% & ()-pi!l 110% & L)-p/l 1109 o & ()-pl!
110% & ()-p/! 110% & ()-p/! 110% & ()-p/ | PAt X<4! 110% & ()-p/ & !10%
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This example shows the effect of using a silica catalyst in place of the
prescribed silica-titania catalyst Otherwise, all the other prescribed production
conditions are met by these runs A TEB cocatalyst is used along with low activation
temperature, and even higher chromium in Run 401

10 Run 401 was made with a high porosity silica-supported catalyst,
displaying high pore volume and high surface area. Run 401 exhibits high weight
swell and high die swell. Thus, Run 401 does not qualify as an easy processing
resin.

Run 402 was made with a lower porosity silica-supported catalyst

15 system containing no titanium. This time both die swell and weight swell showed
improvement, although not to the same degree Runs 101, and 203-207. However, the
breadth of the M /M, distribution was not as broad as when the catalyst was a
silica-titania support instead of a silica support. Most importantly, however, was a
decline in ESCR compared to Runs 101, and 203-207. Thus, Runs 401 and 402, do

) not qualify in every respect to the requirements of an easy processing resin.

Table IV
Run 401 402

Production Data

Catalyst Type 2% Cr on 1% Cr on

HPVSA Silica Grade 952 Silica
25 | Surface Area. m%/g 577 300

Pore Volume, ml/g 2.21 1.50
Activation Temperature, °F 1000 1200
Cocatalyst TEB TEB




110% & ()-p/! 1'10% & ()-p/! 110% & ()-p/! '10%&'()4 ) - p/tX<4II

110% & ()-p/!' '10% & ()-p/! '10% & ()-p/! 110% & ( )-p/! 110%

& ()-p/!' 110% & ()-p/ Pat X<4! 110% & () -p/ &P\ $[ ! ! I10%&'() p/I 1 10%

& ()-pltX<4ll 110% & ()-p/!' '10% & 4)-p/! 110% & ()-p/! 110% & ()-p/! '10%

& ()- p/I 110% & () -p/! !10%&'() pffX<4" '10%&'() p/I '10%&'() p/! 110%

& ()- p/ﬁ o9& C)=pr o9& 095 &) =pr 109 & ()=t X<4wP\ $[ ! !

110%|& ()-p/! '10% & ()-p/! '1031/‘0"1@{;(3I p/ gK/ 4! I10%&'() p/! 110% & ()-p/!

1'10%{& () -p/! & ()-p/t 110% & () -p @ - p7('., LI0% &) () - p/ cd 4!

| Tosolg (1 L1006 5ot Pl00afe (1001 | 000 8883 colll L1089 (1oof 1" 1 0%

& ()- pﬂ“ueﬂiﬂ)‘)ﬁb&lés) p/cq 4!l 1{10% & (! !10% & () - p/! 110% & ()-pf! !'10%

& (-l 11008 (yon/1 110068 (}-n/l 11006k & (V-p/dG A4l 110% & (1 110%

& ()- dESCRJ.B@ﬁr& () p/I 110% & () >[7K)D 1 10% &Y(()O- p/I 1'10%2&87()-p/ Y !10%

& () -lpfeer—-16% -8 A —pi-— 199§ 10%-e A1 1098 () - p/ | | 10%

& ()- p‘paﬂ'lmt&f‘() p/I '10%&'()-§/5CG+4 |1Gp/@&'()-p/| 110% & ()-p/! !'10%

&'() piH—+10% &)= H—+10%& < )pr+— 109 &) =pr+—+10%& (= I #$&' gG+4!
%& ()-p/! '10% & ()-p/! 104 /! I10%&'() p/! 110% & ()-p/! !10%

ey o tximble P

10

15

s

25

This example shows the effect of using a silica catalyst in place of the

prescribed silica-titania catalyst

conditions are met by these runs

temperature, and even higher chromium in Run 401

Run 401 was made with a high porosity silica-supported catalyst,
displaying high pore volume and high surface area. Run 401 exhibits high weight

swell and high die swell

resin.

Run 402 was made with a lower porosity silica-supported catalyst

system containing no titanium This time both die swell and weight swell showed

Otherwise, all the other prescribed production

Thus, Run 401 does not qualify as an easy processing

A TEB cocatalyst is used along with low activation

improvement, although not to the same degree Runs 101, and 203-207. However, the

breadth of the M, /M, distribution was not as broad as when the catalyst was a

silica-titania support instead of a silica support. Most importantly, however, was a

decline in ESCR compared to Runs 101, and 203-207. Thus, Runs 401 and 402, do

not qualify in every respect to the requirements of an easy processing resin.

Table IV
Run 401 402
Production Data
Catalyst Type 2% Cr on 1% Cr on
HPVSA Silica Grade 952 Silica
Surface Area, m¥g 577 300
Pore Volume, ml/g 2.21 150
Activation Temperature, °F 1000 1200
Cocatalyst TEB TEB




110% & ()-p/')*,./1gGr4! 110% & ()-p/! !10%&'()-p%%m-p/! 1 10%
& ()-p/! 110% & ()-p/! 110% & ()-p/! 110% & () - p/ 1455 =110% & ()-p/!
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& () - gr—r1ovs —pH—t10% —pr+— - 0% & (!
110% & ()-p/! 110% & ()-p/! 1109 &E¥Yp/! 110% & ()-p/! 10% & ()-p/! !10%
& ()- 7T cdgi KCQUAT T10% 1 110% & (Jop/T T10% & ()-p/ L TT0% & ()Fp/! | 10%

& ()-gLl r10% & - pr1 110d & () -p/KHor suxcadal 110% 01 10% & ()l p/t 110%
< 0 oo dakaidion 100 & ()74 o 10% & ()-p/! 116% & () - p/ x| } cC04!
1 10% ! m;llﬁ% “pl 1l T10% & ()-p/! T10% & (){p/! 110% & ()-p/! !{L0%

L

& ()- nO/n&'J\ p/_204! ()%LHQ%&'(\-D]I 110% & (Y=p/l 1106 & ()-pl/!
' 10% § l?l)OdDét'iw{grlg%dgf;,(cbt/%LA '9|10% & 7epz p/ _"Of“ ! 10:’/6 I :%%%p&/@ nI/O/ 1 10%
& ()- L & F—p—+10%-& P+ —204! 110%
! .10% 8 R?aqn;é)rln”l;t?rﬂm?’itge(m)’}? p/!{! 10J%4 %ﬂll)"& P{ ! |1 1$ % & gl) me!ZOI 10% &' ( -p/! 110%
g 8 p;ﬁmﬁ;@m -o!("/jtufﬁr P oA—E0% & —pt 1% &=t whh $fF+H X<4!! 110%
Resin Data
HIMI, ¢/10 mins 20.7 136
HIL.MI/MI 138 227
Density, g/cc 0.9539 0.9546
10 | M, (x 109 202 2073
M, (x 107) 11.5 14.3
Mw/Mn 17.5 14.4
Ea, kJ/mol 344 37.71
ESCR-A, hours 395 234
15 ESCR-modified B, hours 90 44

Onset of Melt Fracture

Shear Rate, sec’ 2455 2268

Blow Molding Data

Weight Swell, % 401 314
20 Die Swell, % 423 38.0
Head Press, psi 3350 5410
Shear Rate, sec-1 18604 13572
Die Gap, inches 0.0167 0.0208
Cycle Time, sec 15.4 15.3

25 Subjective Blow Molding Observations 1 to § (1=good, S=poor)

Smoke 2 2

Surface 3 2
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&'()'F/Easéb@%&eﬁs)m§/' 11094 & ()-p/ g5 41 110% & | 110%& ()-p/! 1 10%
& () - pL—110%-& O-plL 1104 & (Vup/ Ll 11006 & (Nup/ (1 11006 & (Y-n/! gK+4!
!10%&(Ddorp/l I10%&'() p/! I10%&' (3-p/! I10'6/0&'() p/ 2 I10%&'( -p/! 110%
& () - g 0%&—pHhthH-4H—118%& -+ 10% & O—pH—+0%&0—pH ! 10%
&'()-p/BOtﬂEdbrd)&e'(t)CSpll 110% & ()-p/! 110% & ()- p/ ! $&( cC+4! llO% 1'10%
& ()-p7 Q‘é, D& (J-p/ T TI0W& () -p/ T TI0% & () -p/! 'J.U%&() pr11!10%
&'()-FII%S AR 41 110% ! 10% & ()™Mp/! 110% & () - p/l4f’10‘V & ()tpl!

5 Dart Impact, ft nt 3.4

Examples 5 and 6

Finally, Runs in Examples V and VI show the necessity of using a low
activation temperature, and also of using TEB cocatalyst In Example V the catalyst
10 systems had the correct silica-titania composition and the correct porosity, but they
were activated at temperatures higher than in accordance with this invention The
catalyst support used in Run 501 was 5 wt% titania and the support used in Run 502
was 2 wt% titania. Notice that ESCR was not much improved over the standard blow
molding resin, shown in Run 503. This also is evident in Example VI which shows a
1S series of Runs made with the inventive catalyst system but activated at temperatures
ranging from 1100°F up to 1400°F. Notice the strong dependence of ESCR on
activation temperature. As prescribed, 1100°F appears to be far preferable to other
activation/calcination temperatures.
These two examples also show the effect of leaving out cocatalyst. In
20 all Runs the right catalyst system was used, but no TEB was added to the reactor.
Notice that the die swell, as measured this time in Example V by layflat, is not
improved over the standard resin, Run 102. Example VI lists the calculated die
swell. Notice that at the preferred 1100°F activation temperature, the die swell is
actually much worse than the standard blow molding resin, Run 605 Notice also that
25  in both examples none of the resins exhibit sufficiently high melt strength, as
indicated by HLMI/M]}, and that ESCR does not really equal that of the invention

Runs. Thus, the TEB cocatalyst is considered to be an essential part of the invention.
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& ()- pIVT bar garFar TI0% & (1 T Ihop \g) prT TI0% & ()-p/ T T10% & ()-p/!
110% & () -p/! 110% & ()-p/! I10%%48 )-p/gilogrxcC+a! 110% & (! 'j110%
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& () - pH—H0%-&—t)—pH—H0e-& - —pH—HIB%-& {13008 C+4l 1 10%
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Reactor Temperature, °F 214 213 217

HLMI, ¢/10 mins 41 4 258 35

10 HLMI/MI 115 136 105

Density, g/cc 0.955 0 954 0.955

Productivity, g pol/ g 3280 2530 2500

cat/hr

ESCR-A, hours 180 134 100

15 Bottle ESCR, hours 135 130 100

Bottle Impact, ft 8 6 7

Die Swell (Layflat), % 5.44 5.35 545

Smoke 1 3 1

Ease of Processing 1 2 1
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