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(54) Title: POLYOLEFINS WITH HIGH LEVELS OF LONG CHAIN BRANCHING

(57) Abstract: The present invention provides a method of forming a polyolefin resin having a relatively high densities and a long
chain branch index ("LCB") greater than about 1. The method of the invention comprises forming a reaction mixture by combining
molecular hydrogen, a first olefin, an optional second olefin, a diluent, and a vanadium-containing catalyst system at a sufficient
temperature to allow formation of the polyolefin resin and initiating polymerization of the reaction mixture.
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30 Linear Low Density Polyethylene ("LLDPE") is another type of polyethylene
which differs from LDPE in several characteristics, The usual type of LLDPE usually
does not contain significant amounts of long chain branching instead, LLDPE usually
has only short chain branching. Short chain branching ("SCB") is defined as a short
chain coming off the main polymer backbone having a length of two carbons less than
35 the length of the comonomer. Long chain branching ("LCB") -



first olefin selected fromthe group consisting of
et hyl ene and C3-C8 a-olefin and an optional second

wo@b@biooowmhi ch is different than the first ol ef PET/US2004/014850

10

15

20

25

30

35

sel ected fromthe group consisting of ethylene and

C3-C8 a-olefin. The polynmer resin has a density

grigéererto nurnloagenehansomiag eél of thadeiynierdmckbons comprsing a
! CsiRRLnt miRREr Mok OMdr GRIR! MordBydt BUERRAN RftEXNBE between

gre t han not er enb
priddeife angvidRPEJA that thetewser aynoyrds af s§od chpisl hr@neligsnin HDPE

r er%’sﬁlté"htﬁ(}gf?ér H@hﬁ%y' Mgﬂe}’l nitgR oqif?é?r?’l?th}ﬁe[_ﬁﬂg o?Lk@F’E r ﬂ@t’ﬁ'?rom the

branch reater an about

i nEaEnh rﬁn@aﬁwpw& prﬁeﬁF?fg ofh LLORE: eod R ur BLRIE iy typically

S%rﬁb@é&ﬂbt hﬂéﬁabﬂbm&nﬁ&aﬁﬂré@%(ﬁ ‘{@)rrég%tu'ré’e{1 Hf cd- B@Iymenzatlon of
olefin resin nbi ni ng _35 nol ecul ar “hydr ogen,

fi ?téwea? W H%%uee'a AESRF BRETRS RgrameheRten W@C@ﬁs produces a
et;iwraene that ME 21 hatdldd MJdaisr R@ﬁk@&ﬁéﬂl%ﬂor{ Idn 40PE and

t d
S TP B Rt REPPRPS: 1P aRRCLI Gl @@ bdstibuton in

f rLdm)FPEE\ehm ORiPnifiems | éﬁ‘ed‘ﬂgomfsmhh)émmﬂle%n@s@héﬁlcal resistance,
a-ol e

R eRB s Rer e S Rery el Fikedtie e Hrack FeSBtance.
| Nt @etrisity opOLYAE id deeindnedby theeoneattdtion omrvetdmrraonoTh@r inthe

{388 enbfe! MeckS rfsmrifoti o Bat, G darer e

2(jerwiiyl ofithel remig. chai n branchi ng i ndex greater than

"o00. s oDE ARl Vo SN Rl el B R Hene are
THRORREFERRELY tEVB@EDE fPNTaIS) polyRe¢finsdhateaohidve enemnivderately high
"%sﬁtfég%eé a%;r'eafe? inneea%ﬁuggd% @(2))?\[/ tﬂ{]}%lﬁ 6HuEOBRAS \c{/\r}q%ﬂ%m%anchmg

s an e”i nvent i on,
cdhdex tliiod .t he best nodes of practicing the invention

presently known tos;ijMAp{we@f:qf}_gE INVERTIcaPodi ment  of

t he present i nvention, goe In resin with high
| evel s %ﬂnﬂt%ﬁp'&WﬁrW%k%’é‘ﬁ e PEeseRgDYeIdign mrrﬁ@desapolyoleﬂn

pq4e¥i@||h%|fvln@ d @%tlﬂels)fhlgth%nﬁftﬁm long FRAAIIREN (Q_Qﬁ‘@‘) IrRIBR greater

ymer med by the pol yneri zati on of

f .ﬁgglﬂ a?9”51e1§r hig %@P@e?w PfrEfﬁP?rﬁ'és GRS at ERYIqUSHY l?@enﬁhown in

et;m(ﬂf@@fﬁ\ @thsGRad@irea Qimﬁﬁﬂeﬁstﬁeqir@ﬁdésfswmlogﬂtlihle R hromium-
e first_ol ef

di ff t th
0 LTSl S P D b BT RAVENUET S, CTiH peletgesin of the
C3prEBerat-enhiaidimentidoen ngrsby aRblyes irdsif @mddﬁﬁﬁe bMIymenzatlon ofa
reater. tha out,, 0. om ut
P Bin SR ded B8 et TS trig AT s ST o and an
greagdaier! ddvand aledintvhich i$ different theanitiad figholefin séiested from the group

?nr@)ggfs Bf et‘wplgn%gnané tcg'toﬂgg%?% ni%%é%@nfgppetsh‘ has1 %%%15?’[9 greater

r va
chaan apoah®f2ng metierdéss frbmoab@lidu® 1 1o abo6t 20 nast ial Ibng chain

anQb AGing Hde?'or BRsatdr thah Sbout 1.

In another embodiment of the present invention, a method of forming a
polyolefin resin with a relatively high density and a long chain branch index greater
than about 1. The method of the invention comprises forming a reaction mixture at
a sufficient temperature to allow formation of the polyolefin resin by combining
molecular hydrogen, a first olefin selected from the group consisting of ethylene
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35 trichlorobenzene at 135°C.
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b) initiating polymerization of the reaction mixture;
wherein the first olefin is different than the second olefin and the polyolefin
resin has a density greater than about 0.92, a melt index from about 0.01 to about
20, and a long chain branching index of greater than about 1. Typically, the
35  reaction temperature will be from about 60°C to about 90°C. The method of this
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t Menb RN AL SatiSorRind fsidih Rk felktosi N9l e react or HDPE
Experinméent s B/msrl,zatlon is run until
10

.. _However, the po | ‘
Fegr S aioney e pecerd SR8 PobETERRE, o 25
pr essur &he sew nenconditivrestare invantoried dseneed pmy. haxerss bk, eandfethylene.
| SQRULARS FhickSu Hftihay yik Bt P ot d
[ sgﬁlutrgﬁe ?Eé'rcr%apn '5 [ﬁ&tﬁgwg{éﬁdo? al!?g'algf o-ﬁgflc o'ﬂg'hti oﬂ%ymer mace
305 o ungiefeagh sekri carditigas istcopispliahie ty meke Bie desirrd pRIST BrpPerties. No
conrdditiorah catalyet isnsdietor Optibnaly, reglditionat .cgcatdigst edteproidter may be
an(;dg&hyl ene.
4. Cascade reactor simulation - actual experiment
 In these examples (2-4), a polymer is formed by simulating a cascade reactor.
35 Specifically the comonamer is targeted to the high Mw side of the MWD, The examples

explore a range of hexene utilized thus offering a range of density of the resin produced.

')

Reactor conditions for the first stage of polymerization.

10



The run is typically run for 100 gram addi ti onal

yi el d. The anount of polynmer nade 30 under each set

of conditions is controllable to make the desired

pol ynmer properties. No additional catalyst is added.
Optionally, additional cocatalyst or pronoter may be

added. Ihe tHstagads sioyigted by PaRIRIAING B¢ reaciertal g|temperature of about

ex FBGPCWE@brokiﬁiatd'l\ﬁSEI 69)9%111&3 &alalst ) miQofonby MEAL ] ghd 3mis of 1.0M
for wgpél c]% '%#ﬂ % lhg %aé g é&c%%‘ﬁlsg%ﬁ& {'ngélf ?r u;\J’ ?{ﬁors resgﬁctwﬁ}y in the

Specifica
Si @veibox. hé' hM!MECtUT W@Seﬂi@an?ﬂt%%to tag ﬁﬁaéioé 1809 &gy ef sbutane diluent

shexgfLaddet td tz.s @eatc{w SNés&fr@rugn-ﬂqw doqgg GelféfP Sﬂm@w&}é aBded from the

St g3 VesEeio THE Fehser RS Siebbntin g amrdifige 5 {4 Pl vere

by imegdted tQiting regctph dhe etivleoe was addedderpive atfinalepredsuestg 22.9 ka/lom®
80 (§26 APPTAY caBk/&IWas | ecl&BarﬁirtﬁéTﬁmQEntﬁ\@E@iOYp%ducg am& 1@6 grams

cathpyEne FEreafbSye® whn Tl 4 FrE. By £ vBpor ressure o

10r edgpbutane)dd remave etiglengbndidz. box. The i nj ector was
Corﬁb@%?&nﬁﬂor@?ﬁl& tﬁ@@&oﬁ& staé@%om&nigﬂoﬁ sobut ane

di luent _5 were d.tqQ the reactor
(100" neThe Batn VS BB sraerre e B e 10 SUd § Merene, 5

vedglkem?® (Hﬂepsu)aaeﬂsole deaps obHp anrhethylpne v 4 6mgd gresbune of 8.9 kg/em?
thes gl@@r he In g&ﬁlﬁﬁleotﬁ ﬂr&fucé %QSJtOfDOng}ﬁs of additional

et hy Iene mas a Y final ressure
‘Skgmewer (3pE" ﬁ@wa'eﬂom%&w e etyge ﬁ?ﬁé‘ﬁse%opaﬁ% a?fﬁ@e reactor

I urwasoayidiy diechatged|ie 8 dump vedselto rehiie reaotileghsgsol yner .
The reaghopolRsr W%%e\ﬁﬁrﬂtﬁgn Hﬁ’ed]tﬂ rém&%l eddud %%n@%b%re further

(vapor .pressure renove -
an c?”F’ZS' ‘ReH& B’Pteé'B'nﬂ?st | Iﬁ‘ﬁ@zefdo}"‘“f ﬁ@““%‘l?@%tﬁ Pné '55 é%of‘ Wi were
polnyemsried & IWSTTM riétbod @tR3Bovithwarditivas oft i 190 AC 216 kG and HLMI 21.6

26 e%%ﬁeb’ﬁv@lyaﬂ% r{aéﬁt's‘é e}’MILQ) ﬂanefHLmh;%xene 3.5 kgl CWQ
réssure of to a fin
pr essur)ér E’F 29’°§'d‘ﬁﬂe@E‘E’ 5’80'}3@"3 '"ﬂéﬂl@ntgdar pPlyolain qo[mosmon

c omhadeusydhé mefodslofttbe atesentt iveftiogr Jakle @fpraihidstsemplas mide by the
POl y&RSds PR 1 ﬁ&&ﬂ%@t I@arrfafe § h@ d smgue Qsctcgt Qbﬁhfé{lﬁ Eﬁcﬁ,ﬁng the

S ed apd the . ra charg
TRt A el A ol o i St s 2.4
25po|wu@eswmmnacmmhmsfnemechasmwmutaeuuve r esi dual
hexene before further analysis. The material was
stabilized with antiogjg ’% and the M & HLM were
measur ed by ASTM net hd@2B7 o8P $ R ¢ i ons of M

190 #£xadplel 6 Thitpeand (Hirddd re2dor 6| SRdge K| reegpECit | Stedeyt. {Thetage 2
regults are Mcr 0.[21pessdeHLM =HE5. [Tabke 1 pluswdfdesvolume of 1-
reaction qgondition afsthylenagr ad'reamtes i:@ssuripolr peatre fralin| hexene (ml)
corposi ti gn made |byinttredinet hisn® of Hgiew® pr esent :
injentioni Tahle 2 fefewiGids! sdeehl ols restle fhy t he
netthodg of thﬁol nven§1lsq.{go) E(admkcge i@ Si | ngd e NA
r egector—sTmotatTon—stow g e

2 80 23.6 (335) 7.0(100) | 3.5(50) 0 10

3 80 23.6 (335) 7.0(100) | 3.5(50) 0 30

4 80 23,6 (335) 7.0(100) | 3.5(5D) 0 50

*NA means not applicable.




production of a higher nelt
significant
conditions for the cascade sinul ation.
Reaction conditions.
Stage 2 Stage |
vquneTbﬂé2=P@bﬂh&1@ﬁepmp@ﬁ&ure pressure

St age |

vol

LCBI .

ume of 1-

index ("M") materi al

W th

Exanples 2-4 25 provides the run

(C) pressur

Table 1.
Exanpl e Tenperature Tot al
Stage 2

react or
e H2 H2

he
kg

fad \ [}
efre— (1) NEXE

cn? fapge P (psi

£ 4\ Il [l
e () fncTru

lMe(t b’gﬁ?x) (/10 M) 0.

fed)—kgrcne—k

31M%“@%5@P 3.

cne

5( 50) Le@\

0N

NA -~ 2 80 23.6

U—'\\ 7- {'\ 1{){'\\

335) 7..0(100)

5 / Eﬂ\gs

3.5(80) 0 10

3 80 23.

7 {'\/1{'\\

(33
3 0

3
*

g (50) @ 50

0 Qr‘\
NA rrean.ss not a

Bo—23--6 (QQE

ppllcahhe t

O X OO

Tabl e 138

Pol
(gl

VOl €l Tn resin
10 ninf Melt

pr Operti es.

ndex Batio |

AMpr e 1D Vel T
1 985 . >

naex
2 0.%83

243

D
D

1.68 43 0. 57

218 2,62 4 0

713 223 2.57

Wi | & 57

en ui ITb‘III. b UF 1 1c I IIVEIIII OTTl TIdVeE UEEII I I_FUDL I cll. cu clIIU
descri bed is not intended that these enbodj nents

i | | ust r aYBi ea?{ab%@é%'ﬁ Héhednyenfipndave prenslisirated,gnd q?émbsd it is not
i nvéntgrided .thaRahéser embduiments diesttde dnd riesdniee &;ﬂemsélbieafbrrm of the

3r € ;BhtS. cﬁamé?gﬁé weﬁds%e& ﬁtmse%eckbé\an'ar E@L 0P BascAftidn rather
It | S un ers 00 varl ous cC
t M5 imitatiom - andn '? r%*ﬂ%ftsm dbat v Lﬁna’agg%sp@aéfbet fade without

| nveapartmg frofr2h BT an@ s@ipaloMEDinv&tiod.. A pol yol ef i n
resin conprising: a polynmer resin formed by

pol ymeri zation of reaction mxture conprising a first
olefin selected fromthe group consisting of ethylene
and C3-C$ a-olefin, a 5 vanadi um containing catal yst
systemthat forms | ong chain branches on a pol yner
backbone and whi ch includes a nodifier having fornula
l: (RO.SRM4.. |
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10 wherein R and R2 are each independently al kyl and
X is 1to 3, wherein the nodifier is added at any

poi nt during the formation of the polyolefin resin,

and an optional second olefin selected fromthe group
consi sting of ethylene and C3-C8 a-olefin, wherein the
fi PYHAT @%%'MEpé SWifferent than the second ol efin and
the pol yner A eslyolefinaesingorapridiagsi ty greater than 0.92,

a mel t index, ESI&H%(‘Q‘F)Q& tdred 9%_ g@v\?ﬂerﬂaﬁ&r@ ré‘alaﬁémrmxture comprising

branchi n reater
poI%/BIISbP%ﬁn iselgptgd dfrorrt thei aroup \gRRsiISting, of [eHhyieRe Aang ska-Cs o-olefin, a

ssysiaﬂéanﬂme&tmhg CERNER EYbteRd tiilifetNs 16ng dHth PRINYEsEdd B polymer
n, of cil is from0.1 to

re X
1. DU AP S Bt u e e i e
Iong chain branching index is 20 froml1l to 6. 5. The
pol yol efin resin (pfo)%é,aa L1 whereinjthe long chain
branching index is rom2 to 3. 6. The pol yol efin
resin of claim1 wherein the vanadi um contai ni ng
1 atwiepain R' anydsiReare senpindenssdertis alk)ang xd3ip o twhgrein the modifier is -

Catah"'dd&‘@’ét a:—@rmwemngnﬁ@m&dmw %Herb%lyﬁkﬁrpf%siﬂf ard an optlonal second
prenea era

D B el b G oS o MO e e s, Sherein e frs

pr ediefmtie diffarieht toan the tskcand otefit acd thegrolygentesindalvieg helénsity greater
fr ¥ Ofd 0820 4R .&%woﬁ# b B9 é@ﬁo (chd aqoﬁg)wmn&ﬁnégc.ﬂm &greater

I nclu | east 0 one carbon to magnési um
‘%o%ﬁ?"éht bond (2) ‘a conpound whi ch includes at | east
one car f2on t@ha&pdyﬂleﬁn whin@Gfougim| 1 wherkint the cBalyssistem does not
Tabl0f chid§iukl €ment s coval ent bond and (3) both a
conpound or co ex whi ch i pcl udes at
corbor i 3o mEGBRYCIR e FBR 1 BOERRITaL BRTIB G 01 to 10
whi ch i r40| udﬁlse pulydleﬁasesnmufe:lmranbnm:retxmthé}lmrnhbthIbremsmmb index is
.Y ov,%nemog)ond 35 (iii) contacting said product of
step (il hever

o5 Pt ) g e il St B PR e SRS indes s
stefn{BJo3.with the proviso that this step is omtted
I f sai d gCont gkd helghikAGBEin 6PdailnSt @ﬁmélem%hsum%ené.mn catalyst
%Y ?_lvgntactlng sai d product of step (il |||?
vv|t HRHP¥m conpound whi ch includes at | east one
2hal ogen at onfA)anch fuppodesittatatyst crgnrenend prepardd by thefsteps ep
(iv) with an al cofjol; prdrBhtirgitiies gﬁywpummmtﬁ@meyeﬂbemen
CoC ARl sof A
(ii) contacting said preheated silica with a contacting agent
selected from the group consisting of (1) a compound or complex which includes at least
30 one carbon to magnesium covalent bond, (2) a compound which includes at least one
carbon to a metal of Group 1li of the Periodic Table of the Elements covalent bond and
(3) both a compound or complex which includes at least one carbon to magnesium
covalent bond and a compound which includes at least one carbon to Group Il metal
covalent bond; )
35 (i) contacting said product of step (i) with whichever of
contacting agent (1) and (2) that does not contact said preheated silica in step (b), with
the proviso that this step _is omitted if said corrtactjng agent (3) is employed in step (b);

13



5 (C) a hal ogen-containing pronoter conpound havi ng

the structural fornmula C, H X2 +a, where X2 is the

same or different and is fluorine, chlorine or

bromne; t is an integer of 1 to 3 and s is 0 or an

integer of 1 to 7. The Polf%%lrefin resin of claim1l
N9

wherein the nol ar( V) at | E IorRreQuct ofj sian Gi) erdiil) wittea vanadium
s e omEousIdevtich includel @t keesioné baloganxdtam:ends from O. 001 to
1, 000. 10 B. The ol y
the first ol in ps ?Aé’g{agﬁhg Sg%ﬁ D&Et&s@) f(gilw%ﬁﬂ
%to 20 nol &5 offNF@anoRlAgLMERMRPYId Aoeatalystthndh e
52800nd ol efi ! (Iﬁ?)lt s aohﬂs@amtcohﬁmﬁﬁt GromBRE c@rﬁap&hn& BN 7R teructural
edo 2 o] m_xt ure.
ffr@?'é“f % RL X wheiB Ot 8 d st citefert apd 0§ ypine. chiorine o
m QFiRe: t isandrteger ofibtatendy is Rypdanipegensfdsedt i n an
zilgouqi of cl0 ﬂ&%@omh ees%dffélaﬁn Where?mﬁz Ir'r,g}far Faﬁ.@%? {hgrhst olefin to
tnfl ng?rg’o l%#g'sf'gtrr]‘te re%c W"aﬁﬁﬁﬁﬁtfms’f% e Q0 %io 15 nol e
l0% of thg ZOTheé?@lyPieﬁmramnMglam1wmtemhe second ol efin
5 present ithe it emH3bbuth oAb 4 89 il 8% Hole % of the

th Jon mxture. . |nres
cl gelarcn \fﬁ'gﬁ‘@f‘% the first ol efln i s ethylene, the

second ol ef ithe faropelolefit Echréseatintahen@iuAtisf 0COMBIeTh td190 Riole% of
pr gieb&IEEs mbapet ane, 1-pentene, 25

154 met hyé- - tene 1- hexene,. 1-octene, and m xtures
t her eof > and "EHRPYSIRMD JreR jof claig 1nWh$f§'nathHDE’@tlor1anxttﬁleelncludes
pofpteCeiAi Hydrogen Presént & AMAurtIy 6000 ok
i's presenf{y |cr?§aﬁ amount of 5 nole /oto ﬁfoé’déﬁlft?é‘reactlon

t hessapreacti on ni xture; and 30 the second oI efinls
presentid.n amegpolyoisfin @kindf daimet Wbdrein30 nol €% of t he

reaction m Hhe'fit o ifswe%e&%%ﬁy ouft Jf%%&e% toCJléﬂ‘hHFeL% of the

wherein t he st o I's et ene, second
20 | eseptipnaixtyes; 884 ed from the group conS| stl ng of
pr opyl ene, .‘lhé)sédbﬁe olefin pepressne in ardam@ind yt 6.5-nude tietoes mole% of

F‘ g@ x%‘rgene and m xtures thereof, and the
Inresin 35 is a LLDPE, 14. A rrethod of

f or mi nglt poihparapiefin resin Af clzime]Grbersip toe Al pleim§: ethylene, the

a) sécohdloltPn & $eddtdd fidim eXdrolliecankistngSeffgropyieR8t 1-butene, 1-pentene,

25t em’?Jtﬁ;II-lffp%nfeﬂe.alLIh&\é’ne. 1-octene, and mixtures thereof, and the polyolefin resin
is a HDPE. ' '

12.  The polyolefin resin of.claim 1 wherein,

the first olefin is present in an amount of 5 mole % to 15 mole % of the
reaction mixture; and _
30 the second olefin is present in an amount of 5 mole % to 30 mole% of the
reaction mixture,

13. The polyolefin resin of claim 10 wherein the first olefin is ethylene, the
second alefin is selected from the group consisting of propylene, 1-butene, 1-pentene,
4-methyl-1-pentene, 1-hexene, 1-octene, and mixtures thereof, and the polyolefin resin

35 isalLDPE. '
14. A method of forming a polyolefin resin, the method comprising:

14



~formation of the polyolefin resin by conbining
nmol ecul ar hydrogen, a first olefin selected fromthe
group consisting of ethylene and C3-C3 (x-olefin, an
optional second olefin selected fromthe group
consi sting of ethylene and C3-C8 a-olefin, a diluent,
and a 5 vamhdi uferpivatarescing idug phe syfisieatntertpgtature to allow

| NHARR o@tl‘ﬁ%lyﬁlbﬁr’i redi \dy 28mbiRing WoRechiar Hybroghn, 9 ﬂﬂ‘lﬂéﬁn lselected

wher ei n nd R2 are each |nde e den%l al kg a]n X
O fram 1B GroupyopaRYooL HeSTgRTEr TGy e o-plsT L By Sggyond olefin
pogéléctéhlfrbrﬂghé @GOprOdemEifsﬁr@nofOfthwd‘re mlt@pdzaemomﬂh £esidient, and a
an | NI ’

o U HEBE] S el B9

the second ol efin and the pol yol efin resin has a

density greater tRfa)siR?AR, a nelt index fromO0.01 to

20, and a long chain branching index of greater than

1. 15 15. The nethod of claim 14 wherein the catal yst

sy whereind® eand i tare eashdindeperdentinaliviend 6is e, whelendhe modifier is

10C! aﬂd@d]a‘ﬂarYWSdirﬁ HUnﬂJ}ﬁe fdrrﬁ§tton‘b|f ﬁE'pBIy@% 418 =ngcond
ng conS| sting of

olefin are Se ect
ethyl ene, pr® yI 5\4@ "%p@hnfeé'ﬁ%tm“f %@?ﬂag
met hyl - 1- pemiherain tis Hiest enlafin {5- difierantethamribe memnsﬂr elefin and the
t hFBI?@éf in ré&in ikgs a Jé}%ltﬁsrtegt@gthglf] 06b3 MbiliftaddiRneo.01 ’ém and a long
!Eﬁgtlo 0? rsthoeln to the second ol ef

|S°'F§"b BCW"Q%‘ 958 8 1 The nethod of claim 14

15wher ei n15.t Mbefmetsed of elhirm 14 svherais thet catalysh isysiero udoes giot contain
0. 2niRlm.%0to 20 nole % of the reaction m xt ure and

25 the eco unt  of
ol e 5 T 30 ER ¥ Mgt i G B0 tseCaiipolen are
neemem‘cteulf@mmegramhepmlshng bieetimidne cprbppienay tibdgmm 1ientene, 4-

Pr GREH-1-pontakk, 1%9&4@ 1-‘6&e9e %99%«&85 tﬁe/r%ofzo The et hod

of claim 14 ere vaya |n|

20gyst em 50 CHRIPRERLS! Qo) 4 b FEQuo et e st Slefin to the
comnéntefmsépar@doﬁp 1t0®9 steps of (1) preheat| ng
silica ¢ a HRMMAKKEH dclin M WhGehange of between 150 C

o onbacy| ndbe el el R g o ol o
comeAckan migtugd; ad) a conpound or conpl ex whi ch includes
2s5at | east Of{ﬁe SEHoRQ BIchR isBRELABI UM An YA & 811 RABD: to 2D méle% of
co eorggqlon m‘)gurel ncl udes at |east one
19.  The method of claim 14 wherein the molecular hydrogen is present in an
amount of 0.00005 to §%.
20. The method of claim 14 wherein the vanadium-containing catalyst system
30 comprises: )
(A) a supported catalyst component prepared by the steps of
(i) preheating silica at a temperature in the range of between
150 °C and 800 °C;
(ii) contacting said preheated silica with a contacting agent
35 selected from the group consisting of (1) a compound or complex which includes at least
one carbon to magnesium covalent bond, (2) a compound which includes at least one

carbon to a metal of Group |li of the Periodic Table of the Elements covalent bond and

15



carbon to a netal of Goup Ill of the Periodic Table

of the Elenents coval ent bond and 15 (3) both a

compound or conpl ex which includes at | east one carbon

to magnesi um. coval ent bond and a conpound which

i ncludes at | east one carbon to G-oup 111 net al

co(@ | hetit a isemgeund; eri gompiat gl iRgludes of 'sﬁ% et Cagiondlp gpagnesium
(i cavawdint Borthdriheyshpddhd which Githiies ah@agtgiicatbbh & GHoUp2N metal
t hat nfli r&ot contact said preheated silica in step
(bfSVaR the proviso that this step is onmitted if

sai d contacting &ijent cqnBictings saifpbrogusti df rsten i wit) :whichever of

3( I &Ant&ﬁmg agédt @g a%al(@} tﬁ’d’t ‘agéH?ﬁot esntﬁét%e.d réheatet s(li'cb ln)step (b), with
es_at

h a#@gf’éﬁv'sgtttﬁhth'%ﬁ‘ap "&%ft %i'tf’t ‘i°ﬁtj’°§f§. a@e\afr(i%)da EE“PWCLJP éE?P (®);
(iv) with an al cgfol ; coritectifgpaid prodiuctant steb (#ian (i) with a vanadium
COoghiA d%ﬁﬂﬁrﬁi%@%at léJéE*or(e%lo?;enﬁioﬂQSHd contai ni ng

pr onot er avin Structural fornmula C H,
X22"2, where X2 {9 théO% 6‘??*@9 &7id arodpe o siep GRavithen alcohol;
10f l uorine, chBpri g omyanoduinminim eompound cecatalystemar of 1

to 3 and s '(?;? O Qrpdidheh! Q:Br%&ﬁﬁw ﬁjron]fotglo f:c?mpcﬁlﬂg Xl‘tgnn% the, structural

initiating pol yneri z ron m
wh&spg Gihids %.zmtwnﬂf%f?ﬁ s the sAme e gifferanh aRd i uarise opfelorine .or
ol efdniingabid ahvegdp of yfmlseédd& i€ BSHﬁhlhié§e|6bfde51$'l dnd greater

t han 0. 92, rrelt LR f 0 l-ong
chai n br anch| ng I'mtcfexg %?'yr&qu] t{o(g o}fhﬁ%gc%bn %E;&Lr%h

15met hod of clwhemgin Cheiiest e@'?f'" ishdifferepts thag| e secpad olefin and the
Pr @egsIEfin resin RagdBentity leater 1Fah 6.9%) 4 Melt deRtfrém Yoato bh@nd a long

Fgcﬁﬁﬁﬁkh&ﬁnﬂéﬁfgr&a?ﬁrﬂg‘a Iqe second olefin is present

%to 5 rnol e of the
r eact i oAl-mi xthermeethaehof clpime2Qwkegif. of cl ai m 21 wherein -
the first oltaé ikt bisfireisiprésenicin ah@nctRCEEImokl%td M5 mdle % of the

seI e group consisting of propyl ene,
20 %{.&fjm Qénawene 4-ret hyl - 25 1-pentene, 1-hexe

ene -
1 oct ene, nge fpsand yolefin i @regast in amameynt op 85y TRl % o %mO'e% of
HDithe reactidn mblgreet hod of cl ai m 20 V\herel n, - the first

01 et 52 PrERSALLA oP AP BhrBh e B St sCorderkOhE secons

of thé  reacti
pr &finis seleced ff&ﬁ’dhﬁ grogp cngﬁbmgsof%mlea@ hlwt@% éfpe@th@. 4-methyl-
" 2530 1Rathe 0M-hBkereU R &cteld,. antihBixiRéd oRredf, sidathe pblymer is a HDPE.

wher el nyghe fid Sl §ddi b3 uRbH ene. the second

- the first olefin is present in an amount of § male % to 15 mole % of the

reaction mixture; and
the second olefin is present in an amount of § mole % to 30 moie% of the
30 reaction mixture.

24.  The method of claim 23 wherein the first olefin is ethylene, the second
olefin is selected from the group consisting of propylene, 1-butene, 1-pentene, 4-methyl-
1-pentene, 1-hexene, i-octene, and mixtures thereof, and the polyme( isa LLDPE.

25.  The method of claim 20 wherein the organoaluminum compound

35  cocatalystis Al(Et); and the halogen containing promoter is CH2Br..

16



i

20

olefinis selected fromthe group consisting of

propyl ene, 1-butane, 1l-pentene, 4-nethyl- 1-pentene,

1- hexene, 1l-octene, and m xtures thereof, and the
polymer is a LLDPE. 25. The nmethod of claim 20 wherein
t he organoal um num conpound 35 cocatalyst is Al (Et)3
and t h&6hal dhemethod obfiaim?g Wietpifothe mopiferds-p pprpponest segected

Th@orﬁfﬁlpmﬁl)zsf Ofle| (Moddh) sheme).MéSroneg] (-bayhSi®ne)s,

Pgﬁ?q&? "é@e)(sﬁ%aﬁza”%%f ﬁ%g‘gyl )2SIbl(J?)\//|E 3 éu (OVe) 3,

( cycl or?é'xy\l methed tSIW(WEQ)@O‘Y&IﬂBH rasi hedrethodeowpfising@7. A
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first olefin is present in an anmount 0

b O i G kel Rl B R B cr o
ol eefaptipnimixipreggmcht i n an anount of 0.1 nole %to 30
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the reaction mixture.

0 32.  The method of claim 27 wherein the molecular hydrogen is present in an
amount of 0.00005 to 5%. '
33.  The method of claim 27 wherein the catalyst system is a vanadium-~
containing catalyét system comprising:
(A) a supported catalyst component prepared by the steps of
5 (i preheating silica at a temperature in the range of between

150 °C and 800 °C;

17



the reaction mxture. 30 32. The nethod of claim 27
wherein the nol ecul ar hydrogen is present in an

anmount of 0.00005 to 5% 33. The nethod of claim27
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25  the reaction mixture.
' 35. The method of claim 34 wherein the olefin is ethylene, the second olefin
is selected from the group consisting of propylene, 1-butene, 1-pentene, 4-methyi-1-
pentene, 1-hexene, 1-octene, and mixtures thereof, and the polymeris a HDPE.
36. The method of claim 33 wherein,
30 the first olefin is present in an. amount of 5 mole % to 15 mole % of the
reaction mixture; and

O

the second olefin is present in an amount of 5 mole % to 30 mole% of the

~ reaction mixture. .
37. The method of claim 36 wherein the first olefin is ethylene, the second
35 olefin is selected from the group consisting of propylene, 1-butene, 1-pentene, 4-methyi-
1-pentene, 1-hexene, 1-octene, and n'{ixtures thereof, and the polymer is a VLLDPE.



25 the reaction m xture. 35. The nmethod of claim 34
wherein the olefin is ethylene, the second olefin is
sel ected fromthe group consisting of propyl ene,

1- butene, 1-pentene, 4-nethyl-1- pentene, 1-hexene,
1-octene, and m xtures thereof, and the polyner is a

HDPE. 38. Thee®bhed cﬁf cl&imais \3|$erémethsl &gar%enutnh@mf kbSbound
olefin to 15 nole
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of the polyolefin resin. 40. The method of claim 34
wherein the nodifier is added during step c. 41. The

nmet hod of claim27 wherein the reaction mxture |Is

formed by 10 charging a reaction vessel with the

first olefin, the second ol efin, the nol ecul ar

hydr ogen, the organoal um num conpound cocat al yst, and

t he hal ogen-containing pronoter and then initiating

the polynerization to formthe polyoiefin resin by

i ntroduci ng the supported catal yst conponent into the
reaction vessel. 19
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