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The molecular weight distribution of a polymer resin influences its

20  processability and physical properties. The most common measure of molecular
weight distribution is Mw/Mn, the ratio of weight average to number average
molecular weight, which is usually determined by gel permeation
chromatography (GPC). Resin properties and processability are also influenced
by long-chain branching and comonomer distribution, and this information is not

25 readily ascertained from GPC results.

Valuable information about polydispersity that takes into account
differences in long-chain branching is available from rheological measurements
on molten resins, i.e., from "rheoclogical polydispersity." An overall polydispersity
ratio (PDR) that uses complex viscosity data as a function of complex modulus

30 rather than frequency can be measured. An additional measure of rheological
polydispersity is ER, which is determined from plots of storage modulus (G')
versus loss modulus (G") and is a measure of high-molecular-weight-end
palydispersity. Both PDR and ER are conveniently determined as discussed in

R. -Shroff and H. Mavridis, New Measures of Polydispersity from Rheological
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with a Ziegler-Natta catalyst, ethylene, enough hydrogen to control molecular

25 weight, and enough comonomer to drive density down to a targeted value. The
resulting resins have more of the comonomer typically incorporated into the
lower molecular weight component of the resin. Dual reactor configurations are
also used. Even with two parallel reactors, however, manufacturers often
choose to make products of similar density and melt index in each reactor and

30 then blend them to give resins with narrow molecular weight distribution that are
valuable for injection molding (see Comparative Examples 2, 4, and 6 below).
Usually, these resins lack optimum ESCR.

Still needed in the industry are resins that have a desirable balance of
high stiffness and good ESCR. Particularly needed is a better appreciation of
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Molecular weights of the resin components are generally inversely related
25 to their melt indices. Thus, the high-molecular-weight component has a
relatively low melt index, and the low-molecular-weight component has a
relatively high melt index (ASTM D1238, 2.16 kg load). Preferably, the high-
molecular-weight component has melt index less than about 100 g/10 min, mare
preferably less than about 20 g/10 min. Preferably, the low-molecular-weight
30 component has melt index within the range of about 1 to about 1000 g/10 min,
more preferably from about 10 to about 400 g/10 min.
The high-density, low-molecular-weight component is a polyethylene. ltis
preferably a homopolymer of ethylene, but it can incorporate sthylene units and
a minor proportion of olefin comonomer units, so long as its density remains
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determined from plots of storage modulus (G') versus loss modulus (G") and is a
measure of high-molecular-weight-end polydispersity. Both PDR and ER are
conveniently determined as discussed in R. Shroff and H. Mavridis, New
25 Measures of Polydispersity from Rheological Data on Polymer Meits, J. Appl.
Polym. Sci. 57 (1995) 1605. See also U.S. Pat. Nos. 6,171,993 and 5,534,472.
As noted above, the rheological polydispersity of the high-density
component exceeds that of either the low-density component or the combined
resin components. Table 1 below shows blends of a high-density, low-molecular-
30 weight component (resin A) with a low-density, high-molecular-weight
component (resin B or C). Comparing blends with the high-density component
alone, notice that the PDR (4.27), and ER (1.52) values measured for resin A
exceed those of each of the blends (Tables 2 and 3).
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with relatively high rheological polydispersities. Additionally, preferred multi-

component resins of the invention will be essentially free of components having

25 both a higher density and a lower rheological polydispersity than that of any
other resin compcnent.

Resins of the invention are useful for making articles by injection malding,
blow molding, rotomolding, and compression molding. The resins are also
useful for making films, extrusion coatings, pipeé, sheets, and fibers. Products

50 that can be made from the resins include grocery bags, trash bags, merchandise
bags, pails, crates, detergent bottles, toys, coolers, corrugated pipe, housewrap,
shipping envelopes, protective packaging, wire & cable applications, and many

others.
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fed to each of two slurry stirred-tank reactors. The resulting polymer slurries are
combined and concentrated, and the polymer product is dried, compounded with
other additives, and pelletized.

25 Another convenient method uses two reactors, preferably slurry stirred-
tank reactors, that are arranged in series. Ethylene is polymerized, optionally
with a comonomer, in a first reactor to produce a relatively high-density, low-
molecular-weight polyethylene component. The high-density component is then
transferred to a second reactor where additional ethylene and 1-olefin are

30  copolymerized in the presence of the high-density component. Polymerization in
the second reactor produces a relatively low-density, high-molecular-weight
ethylene copolymer component. Overall, the rheological polydispersity of the
high-density component exceeds that of either the low-density component or the
combined resin. Preferably, catalyst is fed only to the first reactor. In this case,
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25  Ziegler-Natta catalyst (or another Ziegler-Natta catalyst capable of making a
resin component with narrow rheological polydispersity) is used to make the low-
density copolymer component (see Examples 1, 3, and 5, below). In yet another
parallel reactor method, a late transition metal catalyst (for examples, see U.S.

Pat. Nos. 5,866,863, 6,063,881, and 6,693,154) is used to make the high-

30 density polyethylene component, and a single-site catalyst is used to make the
low-density ethylene copolymer component. In yet another approach, the high-
density resin is made using a single-site catalyst capable of making a resin

having relatively broad rheological polydispersity, and the low-density resin is
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the highdensity page RESIN DATA and TEST METHODS

Table 1 shows properties of base resins used to make polyolefin blends.

25 Resin A is Alathon® M6138, a relatively low-molecular-weight HDPE resin that is
commercially available from Equistar Chemicals, LP. Resih B is Petrothene®
GAB01-030, a relatively high-molecular-weight LLDPE resin, also from Equistar,

that is produced with a Ziegler-Natta catalyst. Resin C is Exceed™ 1018, a
metallocene-based LLDPE resin that is commercially available from ExxonMobil.

30 Test methods used: Melt index and high-load melt index (M, 2.16 kg
load; and HLMI, 21.6 kg load): ASTM D1238. Density: ASTM D1505. Tensile
yield: ASTM D638. ESCR: ASTM D1693. In one set of ESCR measurements,
rectangular test samples are first notched and then stressed by bending. They

are then immersed in a highly active surfactant (10% or 100% Igepal® solution)
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Table 1. Base Resins

Resin Mt HLMI Density | HLMI | ER | PDR N*100 mp
(g/10 min) (g/10 min) (g/cms) M {poise) °C)

L—A 3.85 120 0862 | 31 |1.02| 427 | 7.67x10° | 133
B 0.95 27 0519 | 28 | 079 3.73 | 1.79x10% | 124

c 1.10 18 0.920 16 | 0.17 | 2.05 | 2.16x 10° | 119

25
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ER = (1.781 x 10"3) x G at a value of G'=5,000 dyn/cm
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for 50% of the S3a repor Tabl
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hexane, 1-butene, hydrogen, and ethylene to a first reactor {"the A reactor”) to
10 make a relatively low-molecular-weight, high-density polyethylene resin

component as shown in Table 4. The polymerizations are performed at 81°C at

the reactor pressures and vapor-space hydrogen-to-ethylene molar ratios shown

in the table. The table also shows properties of the resulting resin component.

A portion of the volaties is removed from this first polymer slurry after
15 transferring the product to a flash drum.

A relatively high-molecular-weight, low-density ethylene copolymer resin
component is produced at 81°C in a second reactor ("the B reactor") using more
of the same catalyst slurty and reactants plus an optional silane madifier (see
Table 5). After removing volatiles, this second polymer slurry is combined with

20 the first polymer slurry, and the mixture is centrifuged to remove hexane. The
wet cake is dried under nitrogen and compounded with a standard stabilizer
package to give the finished polymer (see Table 6).

11



PDR or "polydispersity ratio" is calculated as
reported by Shroff and Mavridis, J. Appl. Polym Sci.

wGZ20060895) 1605. h*too is the conpl ex viscositBpC(/UR2005/014403

poi se) neasured at 100 rad/sec. BLEND PROPERTI ES HDPE
(Al athon(r) M5138) pellets are first dry bl ended
(weight ratios are reported in the tabl es) w th LLDPE
(Petrothene(r) GA601-030 8) pellets
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As Tribke add @bﬁN@TO g8 g/ef t h}@n’(ﬁl@rﬂjsnd‘lae enaie Ifitali rasinsciess/ing

Egﬁ%gr ez CE@‘ %ﬂﬂsg nglgl PEESS BFF‘E&E% %@(n‘p?e?cﬂth ﬂ%nﬁor?h ve
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commercial resin, the blends have higher stiffness and
supePPigethyieser This is true whether the LLDPE

conmponent of the blend is produced u5|ng a metal |l ocene

(Re5| rﬁg—eﬁ—a—a—ggl?r——ﬁw at m n
EXAMPLES 1, 3 qesh N YRS o

PRCI:EDURE@AP'ZI gl et - Nat t % cdt aly/st slcd‘rry oY epar €&
accor ding [0t Nesaenhodoofoc’l7Sx 1Pat 5.0Ne° [3,0907, 759x 1073
di | ut ed %;dg hexaneto the esi red titani um

concerp The i utﬁf t-at tTst f sz fed
ayot 1+ 35 20
conti ru Ca‘t‘ ft%fdfr}i nn?g\/\n h tridthvl al L TFEAL) H

hexane, 1 buFanee 2 hdr 388 | '8t hif Bffe R
reactgr (" tmensA ré&ct or"P3td niile a r'&t atli v&’y | 85
| ow ngl ecularesenei gt , | hi gh- dendbty| pot§etihyPene| resi n
CONPOIENt @R I0OWEel N| Takll € [4 30 Theé pal yner Bzat | ons

are pe e at 8ot 0C =t 120 120 130 130
Ha/CaH, 2 1.3 0.8 1.5 1.0 2.1 1.3
Resin
Ml (¢/10 min) 16 46 25 7.6 67 16
density (g/em®) [ 0.960 0.952 0.950 0.952 0.961 0.954
ER 1.00 0.95 0.97
PDR 3.58 326 2.99

" Parts per hour ° Vapor space molar ratio
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0l ecul ar-weij nhf |l ow-density ethyl ene copol yner

=0-982 g/ cnB Exanpl-es 5 and
4
esins havi g rget ed M5216 and dendi " y=0 955

i ndé&emried dengity. Thus, when|[wecéonpare the ESCR

- hioh-ldensit\s oWA-npl ect =wel ght

V064 | 0.80 088

PDR 3.07 3.66 2.99 3.40 3.28 3.27
ESCR (50 mil), 7.0 5.0 5.1 35 2.0 0.55
10% Igepal (h)

Resin performance needs to be compared using resins of like melt index
and density. Thus, when we compare the ESCR results from Example 1 and
Comparative Example 2, we see the advantage of using a two-component resin
that has a relatively high-density, low-molecular-weight component (from the "A"
reactor) and a relatively low-density, high-molecular-weight component (from the
"B" reactor) versus the commercially available one-component resin (5 MI, 0.952
glem?®) of Comparative Example 2. The 10% ESCR value improves from 5.0 to
7.0 hours. Similar ESCR improvements are observed when comparing other
two-component resins of the invention (Examples 3 and 5) with commercial
injection molding resins of like melt index and density (C4, C8).
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5) with cHRef it Analyaseet itth eaN difngxanede nk Pwh i theclogical

mﬁ| t pdwdi%ber@iﬂdmém%st (%R( EER) 6he h?h-%eﬁé"t?fco@ﬁéﬂe‘xﬁﬂnsex%ss of
shows r heol ogi

|tooley2ﬁ gtpo < ?rﬁﬁ?n\;@sfﬁn@g TERrRen %;BF?J Qt"ﬁ’@eﬂlrﬁﬂ”dgﬁg?’ﬂﬁple

conpdhehrR df fheghighedsmsitf comtpaterdfs €0¢, mbich eheeek o thie dERN 61 EHF.;V] the

COFPABRRENGY cbifGoreRlBl4Phd BEER of @gg?ﬁmgﬂég bee

|g - densl onent

the ER of b@t‘\hCPh/é'}/'NG\/@ Nﬁﬁ%@t@éﬁ‘po?rﬁe%\lﬁs REAZTPRENd
t he ER of whbe rexoeti ﬂﬁdn\feﬂﬁdﬂ’hré Bro@Bded Usi %ﬁbl@ﬁﬁ%iﬂas

RHEOL OGY: Rl E resins IL.nvent |

ar e p&gﬁé gxabrgq‘?% 't nﬁ? aqaldgIreSF\e%?@?p8P%nt('%§a%'}ﬁ89\mp'Pg and
Exanphessured @or, tozmmb&)ng theroto detsiminecthapiosvinical solwiispeisities
S@Uplcﬁdth@n%gﬂeéﬁwrlgw dRhdiQr c péﬁ%ﬂi@' ni §g Lpem tt rhﬁol%ghcal

determ ne the rheol ogi ca E}/ ersities of t
and 1RO §ReTEIMS) the H@Hf%sm' heagifprsaiso qasly measyredgi cal

pol ydi SpeTthi tsUzUaﬁJén tldflend?@l’damﬂﬁﬂitefdeﬁhéh bSre%iﬁebfeﬂfet Rlention is
tuation IS

|
e onp ToaEed WTFE M Hrels gl i Bl SRR s prmusassy the
usi ngrecens regatstroads:, atfleast mrpartcomndatajyst pattidles wed itemakd the first
this r€§h$ e(In &L%okt F&?H" i théflrgﬁ‘gﬁn c%?én%ﬂtsrrnadi&m R deries

on cataly articles used Irst resi

(In tpr'i‘PC:?S‘?:oW har, itnhg thy hﬂ@m% loygepsiy gqmironentdsi While the

C onpohedsdgidan gelydisperdig @‘eﬂhbe‘ﬁstprfe@iﬁtaﬁﬁde \Mﬂ@&mrdeltetrmmed after
h n

e g UESETRU Ky SATRAIRE ) At N pgrrin

easi IP]OCt&Pét éqfhrﬁrnféa findltregin §a31nphhlmaj¢ raekier swcaofitbe fissamd sexond

neg Q:\éﬁipbr?é?lltse IBhe §ec%ﬁ9?ersﬁ1t|§n&ré%ﬂaﬁg%@&ﬂg@mf?ﬂéﬁﬂyCﬁow then

rather, the final resin is an
the f9° Lé!? %‘ﬁ@C@E@oHH rBRpiQsink mekdispersity b eAs avep sliow dslow, the
I S nohectoggiof tiel secarripasintcah ye t@tu/dteSirdrA @, théPdichi®Btraction of

the rheology of the first resin from the rheology of the “total” or “final” resin.
Blending rules for the calculation of the linear viscoelastic rheology of
25  blends are known in the literature (see, e.g., J.P. Montfort et al., Polymer 19
(1978) 277). The blending rule used in the present work is:

(G'@ )= p,(Gi@) )+, (G (w))" (1)

30 where ¢ is the volume fraction, A and B subscripts denote the blend
components A and B, respectively and G*(o) is the complex modulus at
frequency o. The exponent o is related to the zero-shear-viscosity versus

molecular weight relationship (see W.W. Graessley in Physical Properties of

14



do we characterize its rheol ogi cal polydispersity? As

we show bel ow, the rheol ogy of the second resin can be
waeadosobmied froma theoretical subtraction of POEUS2005/014403

rheol ogy of the first resin fromthe rheol ogy of the

"total” or "final" resin. Blending rules for the

calculation of the |inear viscoelastic rheol ogy of

bl ends are known in the literature (see,

Mbnt Polyinerst J.&l MarkRes|ay neds., 2ad (ed1 6P83) &@&)Wasmet%t Qn%naﬂ‘b IS

ruIe [ sent work is: ( fAGr ><B* )V
V\Att)gé?j:ﬁfavlglggtla Oé%\rfgl unme fraction, A and B subscripts

denote the bl end conponents A and B, respectively and

G (Wirnb %ortnbﬁx %@Bh@m*@d il disoraflext fi@sHee Ralatetivio feestorage (G')
exponent a i s rel ate the zer o-shear-viscosity

ver s@8d [p8f £e umarulvie 'E‘Htg rel ati onship (see WW
Graessley in Phys@g,t)ﬂv@pe,ntc;e@ of Pol ynmers . J (-

Mark et al., eds., 2nd ed. (1993) ACS, Washi ngton, DC)
and is fixed at a value of a=3.4. The conpl ex nodul us,
G (Whng i s ?heaim‘é? H‘Ec§/ @it H\H'ﬁ@e? [iPLpl Altedativelyt fpptarirgaiten as:
(G) and loss nod u us, through: and i is the

i magi nary unit nunmber (':i2=_ -1). Alternatively,
eq.(2) can be wit er«e Substituting int

e (1) and carryi I’%%@lﬁ@t(h conpl ex al gebra Ieac@ to:
The sfjfage nodulus, G (w), and |oss nodulus, G'(w ,
of the blend are then cal culated fromeq.(6) below In
the event that the rheol ogy of one of the conponents,

for exanple, conpggent_ ee ?pbe cal cul at ed from
t he known rheol ogj gfﬂt E; ([@I ergtbtsj(wt)qd t he rheol ogy(

conponent A, eq. (1) can be, rranged to give: or
wth: O i o The dg{my&ml@@@or the storage nodul us,
&B (w) , and | oss nodul us e (w (4b)

15
Substituting into eq.(1) and carrying out the complex algebra leads to:

al2
[(DA'

a «Va :

G| cos(8, ) + oy Gif “ cost8, 1) | +
We | sVa 2
[@A-IGA] -sin(8, /&) + @y IGB[ -sin(d, /a):l

Gi|" -sin(s, /) }
% e
o] cos(6 /@) (5b)

6" (@)|= (5a)

Y sin(S, /@) + @y

e

| cos(8, /o) +@p

5(@)=a-tan”l| X
P4

20
The storage modulus, G'(e), and loss modulus, G"(w), of the blend are then

calculated from eq.(8) below:

G'(@) =|G" (@)] cos(6) (6a)

G"(0)=

235

15



followsimlarly as eqs.(5-6): I5 20 Thus, it is

apparent that the rheol ogi cal polydispersity of all
waeopoomnt s of even a resin produced using twoPCEHS1005/814403

configured in series can be estimated fromthe above

cal cul ations. The precedi ng exanpl es are neant only as

illustrations. The follow ng 25 clainms define the

invention.We claim 1 Aresin conprising a relatively

hi gh-deigiavgnt thwh-the | reeadar olvengaf thel seatdoyérdmefor example,

conpq;e@]?abn@rﬂé ﬁ’edd@ltcﬁﬁé é’aﬁ’éli}‘atéooﬁ%nqmﬁdnt)\%n rheology of the blend and
hi gh- ol ecul ar_- wei yl ene copol yner conponent,

wher &P MENEOY ¢{£8MB e@%d\ eacﬂ Wf*@ﬁé?agfaﬂsedotp divRe

hi gh-density conponent exceeds that of the resin. 2 .
The resin of claim1 having enhanced environnent al

sty ess cra6ko d&istafceGtonpLr-ed-witt) ¥hat of a (7)
conventional ethyl effe copolynEr¢¢esin of simlar
densioky and nelt index. . The resin of claiml

havi ng enCanceSrstlff ess Sgnpared mnth that of a
convent i ongh@th @dﬁb net (FdeI A" of sinil ar@hrel t
i ndex and enV|ronnentaI stress crack resistance. 4.
The resin of claim1 wherein the high-nol ecul ar-wei ght
conponent, i nc@sporates a greaﬂer W . % of conDnoner

t han fhe Yﬁmmnoleg&&ar melght¢§onponent . The Se3|n
of cIa|n11 having a density within the range of & 93

t ¥ 0.708 dgrigatigns éor. the staniddei moduiyro gy (t), raegi Inssomodulas, NG (o),
thatﬁﬂ@W§§§@n§é@&k 5%yee of conponents having both a

| oner wei ght ‘average nol ecul ar wei ght and a | ower
rheol ogi cal pol ydispersity than that of any other

resin conmponent

al2

«|la s|la 2
[WA"GAI G -cos(é’/a)] +
= (10a)
« |V R «| Ve 2
[w G|" -sin(s, /c) +y- || -sin(é/a)]
Llia e
L valGa G| -sin(d/a)
O6p(w)=a tan T e
v, |G G| -cos(8/a) (10b)
15
G, (@) =[G, @)] cos(5,) (t1a)
20 Thus, it is apparent that the rheological polydispersity of all components

of even a resin produced using two reactors configured in series can be
estimated from the above calculations.

The preceding examples are meant only as illustrations. The following
25 claims define the invention.
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7 . Amulti-conmponent resin of claiml that is
essentially free of conponents having both a higher
waleonsioviand a | ower rheol ogi cal pol ydi spersi t pCT/082005/014403

that of any other resin conponent. 8 . An injection

nol ded, bl ow nol ded, conpression nol ded, or rotonol ded
article made fromthe resin of claim1. 9 . Afilm
extrusi on coating, pipe, sheet, or fiber made fromthe
resi'e§®I% aim 1. 10. A nethod conprising: (a) in a
first react arresipotoypasing ianglagivdly Ihighelehsityp tovdiiolecudar-weight
hl gh og%ﬁmg/fem( c%ﬁﬁ@ﬁ%ﬁgéngn%%la Ny (}P l@ﬁ&e%gg/ gl Crtnglecular—welght
| ow&i@ﬂﬁs\et gppekmsbn@mmeatnwhez@)n tbllee"haqﬂmgca‘l melywwgqﬁs'tyaq{dhe

| oW lan@drisiy M&ﬁ&ﬁ@k&e&@th@(&%@sﬁ resin of claim
1.11.” The net hod of t he hlg@ d Y
conponent i & %Feéﬁh%fecga"ﬂs{nﬁﬁ"'%g 2'%5‘5[3%1’ SNAPYE %ftsgreﬁ%tc ack
and refigah@nedherzsdd it thap oh e nonvehtiprad dthylede wspatgnex resin of
si | asr}g“aqgg'j\s“%g?d éle@%%{ Natta catal yst. 12. A nethod

I'r

conpt st reactor, polymnerizing

et hyl ene 3 JherredueksaimHi hghing enkanced §T5W9§m@mpfare(dbtylth that of
g arb%é&%rﬁtﬁ@altelﬂ@lehé GRS tdslh S QMIANABE intiek FhaS@GRithental
react or; r]%_ % i n the second reactor, copolynerizing
addi YeShUPCIERYPRFe and a 1- olefin to produce a resin

of cl ai m4l. THeBresiA ofedtdirod \eleemgn itisd high-rmclerulaRweighti costponent
r eacﬁ@orrporﬁ? fg'?éa%érn\gt ‘ft &%&ﬁcﬁ}oﬁfgg tﬁanl't@ ?JV\} Hol%&xlar—welght

uce a ensity co
component.

15 5. The resin of claim 1 having a density within the range of 0.93 to 0.96
glem?®,

6. A multi-component resin of claim 1 that is essentially free of
components having both a lower weight average molecular weight and a lower
rheological polydispersity than that of any other resin component.

20 7. A multi-component resin of claim 1 that is essentially free of
components having both a higher density and a lower rheological polydispersity
than that of any other resin component.

8. An injection molded, blow molded, compression molded, or
rotomolded article made from the resin of claim 1.

25 8. A film, extrusion coating, pipe, sheet, or fiber made from the resin of
claim 1.

10. A method comprising:

(a) in a first reactor, polymerizing ethylene to produce a high-density
component;

30 (b) in a second reactor, polymerizing ethylene and a 1-olefin to produce a
low-density component; and ‘

(c) blending the high- and low-density components to produce a resin of

claim 1.



(b) transferring the | owdensity conponent to a second

reactor; and (c) in the second reactor, polynerizing
wa@daisnomnal et hyl ene to produce a resin of cl apor/US2008/014403

A resin conprising a relatively high-density,

| ow nol ecul ar -wei ght pol yet hyl ene conponent and a

relatively | owdensity, high-nolecular-weight ethylene

copol yner conponent, wherein the rheol ogi cal

pol ydi spef &i t {eomethag ooy didnghargin daeniighetensibyx exsedsent is
i 120 bavLn, oo g Pon e 13 BhTS nfpnent i
claim

resi STAREET &3 3?@8@e\quﬂ'e$2§9'eﬁpn§ ?%Wim i onal

et hyl ene &bpﬁlnystmld cpmgiisingof simlar density and nelt
e 100 T0ea 831l UL RO SPARRE S, onsy

st ffness conpared wt
et hyl‘“é’ﬁé’oﬂ‘%iﬁ’ol ymer resin of simlar nelt index and

envi r onnme) atansferiag sheti g’#ﬁd@nélﬁﬁdo a:ﬁléh@to a’lgecoﬂ_dﬂ%a&@ns 'aﬁh

f cl ﬁ% [ an
P, 6 o6 okl B 38R TER tontbied FoafaREiton i 1
t hat ql@’négs@ﬁwe@a teginfof deimof. conponents having both a

| qyer wei g@tAﬁ,,\ég.r ags cul ar wei ght and a | ower
r heol ogi cal 1yél)l S @?%Ir? than that of any other

resin co rStl@aCtN Hﬁ'V'PP”ZﬁISrﬁSW%Wtaﬁde%ﬂﬁ'e(ﬂﬁ te praidvae a
14 thax/-dérssntgsaﬁpsﬁmaﬂ ly free of corrponents havi ng bot h

So Ihly g ihggegg ﬁ%héf%ma%g} ﬁa"{' ger}s'%\ r%/mep%f]ﬁrg f° ¢ é%‘?oﬁd reactor; and

conponent (c20n ﬂmwsacnm@teactgm poipineiizihg dslddinnateltgede to produce a
COIPress bdkiiol ded, or rotonol ded article nade from
the resin of claim14. 21. Afilm extrusion coating,
pi pe, shebt, Aofesi eRopPrighg R FelabMsly ighrdessity, ipw-rplasutaryweight

22. Anolyeihhlede CRAPOH Hd a relatively low-density, high-molecular-weight
ethylene copolymer component, wherein the rheological polydispersity of the
high-density component exceeds that of the low-density component.

20 15. The resin of claim 14 having enhanced environmental stress crack
resistance compared with that of a conventional ethylene copolymer resin of
similar density and melt index.

16. The resin of claim 14 having enhanced stifiness compared with that
of a conventional ethylene copolymer resin of similar melt index and

25 environmental stress crack resistance.

17. The resin of claim 14 having a density within the range of 0.93 to
0.96 g/cm®.

18. A multi-component resin of claim 14 that is essentially free of
components having both a lower weight average molecular weight and a lower

30 rheological polydispersity than that of any other resin component.

19. A multi-component resin of claim 14 that is essentially free of
components having both a higher density and a lower rheological polydispersity
than that of any other resin component.
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(a) inafirst reactor, polynerizing ethylene to
produce a hi gh-density conponent; (b) in a second
WO e@eaTo14 pol yreri zi ng et hyl ene and a 1- ol ef i NnPCDUS2005/014403
produce a | owdensity conmponent; and (c) blending the
hi gh- and | owdensity conponents to produce a resin of
claim14. 23. The nethod of claim 22 wherein the
hi gh-density conmponent is produced using a .
Zi egl er - K8t t e dtiagtipat malRgd.t Rlaw) H\Rﬁdﬁévn§8'ﬁ’9reé%i%dﬂ%?d' or
i S PrAsIHOGSH aisdid@ade Forh BRra=smeli ddiad4Zi egl er- Nat t a

catal yst._24. A nethod conprising: . (ak.i firs .
react or, Zﬂol%fﬂ’ﬁr g&ﬁ”ﬁ'@“ 8?33')%)’% ' flgeeﬁrocr))ga%gﬂ %de fidPhe resin of
hi ghediem$d.t y conponent; (b) transferring the

hi gh- densj,t ¥ £ARRPLY isi%?. a second reactor; and (c) in
the second reactor, copofynerizing additional ethylene
and a 1- (@ drianfiloregeign e "’5”?"&%?%\/'8'?6&‘1 A998

met hegmgarepe i sing: (a) in a first reactor,

o dens 0y heoresgiaRzcoy by i RaLh o drfhd A hroduce
| ow thendarsiy eompeoerdrAndt o a second reactor; and (c) in
the second LRAGHOHe ML YRR LlidcAsiyaLfobhaiidlo (REdUKE 8M6sin of
to a I 14

produce a resin of claim14.
claim 14.

23. The method of claim 22 wherein the high-density component is

_-deﬂ\sity

produced using a Ziegler-Natta catalyst and the low-density component is
produced using a silane-modified Ziegler-Natta catalyst.
15 24. A method comprising:
(a) in a first reactor, polymerizing ethylene to produce a high-density
component;
(b) transferring the high-density component to a second reactor; and
(c) in the second reactor, copolymerizing additional ethylene and a 1-
20 olefin to produce a resin of claim 14.
25. A method comprising:
(a) in a first reactor, polymerizing ethylene and a 1-olefin to produce a
low-density component;
(b) transferring the low-density component to a second reactor; and
25 (¢) in the second reactor, polymerizing additional ethylene to produce a

resin of claim 14.
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