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(57) Abstract: Resins comprising a relatively high-density, low-molecular-weight polyethylene component and a relatively low-
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has 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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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 ethylene units and

a minor proportion of olefin comonomer units, so long as its density remains
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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, pipes, 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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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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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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RHEOLOG CAL MEASUREMENTS AND CALCULATI ONS Rnheol ogi cal
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95a, which neasures dynam c rheol ogy data in the
frequency sweep node. A Rheonetrics ARES rheoneter is
used, operating at 150-190C, in parallel plate 5 node
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in the parallel plate
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s UtHeQRA is Q\Iamné%/?»@,ogr%ﬂaﬁvé?ﬁyv—mgé{'-@ééﬁt%PE 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 0.962 31 | 1.02] 427 | 767x10° | 133
B 0.95 27 0.919 | 28 | 079 3.73 | 1.79x 10" | 124
c 1.10 18 0.920 16 | 017 | 2.05 | 2.16x 10" | 119
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Table 2. Polyolefin Blend Properties Blend (wt:w) M
HLM Density HLM/M PDR 1°1'100 (gll D mn) (g/10
woreep/o¢micn) (poise) A/ C (70:30) 2.35 60 0.948CRESRD0HBI4403
1.23 '"x10 A/ C (65:35) 2.24 54 0946 24 2.82 1.27 x 10
A/B (65:35) 2.15 70 0.946 33 4.17 1.Mx 10 0 2.07 51
0.942 25 3.04 -T2-9 -x 10 Table 3. Polyolefin Blend
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first_polyne and the mxture Is centrifuged
to rengwiuty @g(tgp,[%t slufrp,iés fed continuously along with tnethylalummum (TEAL)

hexane, 1-butene, hydrogen, and ethylene to a first reactor {"the A reactor”) to

e)

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).
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wet cake is dried under nitrogen and conpounded with a

standard stabilizer package to give the finished
w@ologneni{ see Table 6). 11 WO 2006/ 007014 PCT/US2005/014403

PCT/ US2005/ 014403 COVPARATI VE EXAMPLES 2, 4, and 6 A

simlar approach is used except that the silane

nodifier is omtted from the B reactor, and the

resins made in the A B reactors have identi cal

targeted nelt i nd&M%ﬂAﬂgﬁﬁwp\Fgﬁl}’eé andSe Tabl es
4- 6. S Eﬁaémia@%pybroﬁfhds Qé’eo"@&@ptﬁhdﬁ&ie dileved msditfexvs orgitted from

t d M it [
and B8 AraREKE A TGRS AT R A1 B8 B OLA R dentica
denst’atgete@l B8 8ndpxcams demmhm Fednrblecd-fnake fi nal

?S' ns h%%rﬂ@es targetes M=dh q'@gnsd%\%hé ytmget%§5Mlz—5 and

cn8. The e Ies of the invention have i sti
h| ghd%"éﬁié'lot%ﬁz(g/% nBxameigs § 284 ¢4 Bak B eSS VW fﬁisiﬁ"e"
W )Mﬁemﬁ@aemﬁy-ol@azvmtm% Eﬁ&\p@é@@@’&ﬁ@@ viake Xaapeeiss fEving

S' n %ﬁrdgﬁg %%&d %Hs'g' S%Eé\la}'c " Feac%/% h%xog%eel mve}ﬁ%ﬁaoye

C4 5d|6ﬁhct b@h}ierﬁsltﬂ)(lmﬁ .. md?oqur@ltss(rrmwollwt cgomponents,
O; Ox%glle Fagds .cababiet Sk ffeX 2962253810 k8ackR " 2 DziediEeNatta
x10 7.4x10- 4.0x10- 1.0x10 5.4x10' hexane
174 mfeisesh\demsws 167 185 1-butene 0.4 1.0 0.5 0.8 0.6
0.9 ethylene 30 30 30 30 30 30 Pr ess. (psi g) 100 120

12 1’m 130136 g 1
Regl niMm?2 \(ng 10 Tﬁplﬁ) Vi%s'ﬂpéepféﬂ;n "t@%%igealct gnsn \TL
(g/ cm|0. 9€0r9. 952 0. 960 @ 952 (. 96{l (k“954 PER 1, 006
0. 95 0. 97HOR J.63% 18° 26021099 75x10° | 5.0x10° | 1.0x 107 | 5.0x10”
Feeds'
catalyst slurry 29 22 32 18 35 20
TEAL | 62x10° | 5.8x10° | 74x10° | 40x10° | 1.0x 107 | 5.4x 107
hexane 174 183 170 183 167 185
1-butene 0.4 1.0 0.5 0.8 0.6 0.9
ethylene 30 30 30 30 30 30
Press. (psig) 100 120 120 120 130 130
Ha/CaH, 2 1.3 0.8 1.5 1.0 2.1 1.3
Resin
Ml (¢/10 min) 16 4.6 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

12



Parts

per hour Vapor space nol ar

ratio 15 12 WO

2006/ 007014 PCT/ US2005/ 014403 Table 5. Resin

w@r@pasmid on - -

the "B"

react or

Exanple 1 C2 3pc¥uUS$200XD14403

Feeds catalyst slurry 15 26 15 20 25 24 TEAL 6. 2x10-

5. 8x10-"

175 177 182 177 1-butene 3.8 0.9 4.2 032.0 0.9

7.4x10- 4.0x10 1.0x10 5.4x10 hexane 179 176

ethyl epe_30.30 30 30 30 30 _silane nodifier 1.1 x 10
--- 1.l x 10 ---Tablg5: Resin Breparatignethe "B jgetlg) 100 120
120 1 Z(Ex&n:uéo 301 1Jlf/cg,14 qU?\/—,L{ /SwoaLu g 1.1 f;gs
Resi n M2 10 mn) 20512 73 gefstty
(g/cn) 0-942 0. 0852 0 0942 0 952 8 I ER 0. 4]
0. 40 0| £8PBEY™[ 43" 44 354 6 Pé\isrtc og? h ur®> _ Vapét
space pol ar At 82THb! |65 1TChAbr Hed *ReSPn| PP opfer| thi4edo”
Exanplp | CRxB=2(C4 89 CG M62 (gl1D m n)774.9D 5882 7. 2177.5
155 17 densitdny | (ggecm| 0085272 0.4363 0. b1 P. P52 0. 965
0. 956 Bend | 943064 Qg 90670 3%8 094, PPR3 073566
2. 99 31403 28 B2 =BSERA50 05 P-5-1-+3-5
20 0.  Elane oy 3.1';’;‘1?0“) Besih b Ofrrrrﬁhce HEEHS [t 0 he
conpar ed"EsPHY f es®hs |of 4% ke r’r%CIt intfdx | 130 130
Ha/CoH,, 0.7 0.7 0.9 1.1 13
Resin
MI, (g/10 min) 2.0 5.1 2.9 7.1 7.3 20
density (g/cm®) | 0.942 0.952 0.942 0.952 0.948 0.954
ER 0.41 0.40 0.48
PDR 2.43 2.44 2.46
" Parts per hour 2 Vapor space molar ratio
Table 6. Combined Resin Properties
Example 1 c2 3 C4 5 (075
MI, (g/10 min) 4.9 52 7.2 7.5 15 17
density (g/em®) [ 0.952 0.953 0.951 0.952 0.955 0.956
ER 0.65 0.94 0.64 0.90 0.88 0.94
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

5 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

10 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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and density. Thus, when we conpare the ESCR results
fromExanple 1 and s Conparative Exanple 2, we see

wo bmeadroant age of using a two-conponent resin pEUSII8S014403
a relatively high-density, |ow nol ecul ar-wei ght
component (fromthe "A" reactor) and a relatively
| ow-densi ty, high-nolecul ar-weight conponent (fromthe
"B" reactor) versus the comercially avail abl e
one- conpoleft e sAnalvgis ®fi thep repip of gExamme of shows rheological
CO”'pQfoWdIsM@rsnEtXrﬁé‘@u%s&ERThﬁRﬂ&O&gﬁ%dE@lty‘ %omw{eﬁyﬁ%xcess of

from nprovenent s

are oﬁ%teqf\?g'&m&ﬁﬁee[’?w J:?HBQWWOB?% of thet%@*’&'ﬂ?ﬁﬁ%ﬂ’é ntor example,
r esi rise BR df ine highvwiensityorompbreant (sl 1630, @hiam dxd@pedsMheER of both the

oo @iy bINEAERI TP ROER GG B i 5 B 6h)
PCT/ US2005/ 684GUBATINGtRESIN RHEQRRIG)'s iSERYES REACTORSN of

Exan‘pl e 1V\MB|QVé%m% Beﬁmb‘hﬁ)eﬁﬁﬂn a‘i’é’b%guéﬁ%&fﬁb kWo Hﬁ@ﬁ%’ﬁe@étors (as
mponent i n excess

{hat SPR&IT ARG DA ehe o) oS B RIGRREN 6 SAE samped and
conbimesdured prior. toFombaiartpére o dét%n@ﬂhefrhdoib@cal polydlspersmes

h'ugh d‘?eﬁ‘é' h%rcgﬁ@qg\ﬁ%%néltgoa‘&gpon\éﬁgCh Qfx%ggrgd trhe rE%l%qjcal

ow densi t
t he dO@HBiSPRiaWrOémeﬁowmewesm@\mmlm elaesl MeaRHEAL OGY:

SER:j ES REATGRStIMGN rﬁoﬁ&lcﬁﬁpmfeteﬁ h@hdrn¥ eratih Odri]\‘ ﬁ%emventlon is
roau usi n react ors as snown

P o Eost® L S BN B aleCE RO bosesine. 118 b dps, the
sarrplsedominelsm iseaesier adeapt in@artt o cacatgst pnrmyestd%emd i@ake the first
det errgglﬁle I tlﬂf% a:ént@ﬁl qgs't Fe@.‘n" %%é’ ﬁlrjslsr%qﬁ z%r%f.l)o%%n rﬁﬁaoefm wé series

hi gh and nsity
rheolpé‘ﬁﬁeﬁsal Wh%'ﬁryﬁlb:,ep&eslhtgy @r lw@e@&ﬂmcm@nwéé. nWVhie the

t her eaédlc@rcaab&@dlmﬁdltk/yof nlﬁéS‘WtQ@sm ThaueS|st sy %térﬁm@@ ldfter
resi vention is

I ed
ot e, b Sabofa vt Pl QTR HS Byt apl depgndent
t hi s peesiet; rathes, ths ca mebin Bsinnntingteredetor mix dieks first énd second

P& T .cofPorctsd! iRt s@.:%ﬁ& Pe%ln?n&%@glalilg sg&h&eﬂ/l?ﬁr té%ﬂ;}? I}o\rvsthen

resin. ? this co
r esi r?'%%‘?r‘pfﬁﬁ@ﬁ"?”%ﬁad% rh?P'QQ*Fél selydigeersitiy? oo g shavetorlow, the

i L blehéohfgy dF Hb-se€indlredn dfmsé %a/%mmm Btthéoré%hﬂs@lbfrahﬁon of
r heol,0 per s 0 nade
easi I y %qyprﬁ?h.ég'r%ﬁsérﬁm%g'ﬁﬁh?oﬁéy ot tﬁ% tQ@EBﬁgm?'eEeF'ﬁ i s

not avai Ilﬁmolmgalsﬂea feie fhar loslatiord of tmdepeard@srioelapu‘oom;clbgy of

r?st h%[end§ he }tdomllnrt Iét ra‘ciﬁ:’l Fé'ﬁi %Jn‘t:‘fg‘rcf l nﬁléun%r 19
the

first and secon I'f the
reS| 11978) Hgp- Eheblendinoguise Bfegent werks & i ng how

t hen

(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
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do we characterize its rheol ogi cal polydispersity? As
we show bel ow, the rheology of the second resin can
wheneadowl at ed from a theoretical subtracti on efT/us0es/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 25
bl ends are known in the literature (see, e.g
Mbnt PolyﬂnenetJEl MarkRe 2y nests., Pad ef 10983) A(’ﬁwashm@n DC) and is
bl en b n the present work is: (C (wwa=
(A ( l‘l'v\/iigfs%g’(dw)) " (1) 30 where (p is the vol une
fracti on A and B subscripts denote the bl end
CoanH@@BI%plé( ﬁBQuIE’e GRHPRE bordiek mintbeBidjatdd tSthe hetorage (G)
conpl ex nodul us at -~ frequency Co. The exponent a is
r él a?@%l'%“’%(q hBogHise tEMgH - VI scosity versus mol ecul ar
wei ght rel ati onshIGp dsee @aessl ey in Physjgal
Properties of V\&) 200(6 007014 PCT/ US2005/ 014403
Pol ynmers, J.E Mark et al., eds., 2nd ed. (1993) ACS,
Vashingt Qe i \qgémﬁ'%g %ﬁxmtfe'rﬁ%)aﬁlt&né‘tf%lyee ) @ndbedvritiEhas:
conmpl ex nodu , I's a conplex nunber related
to the storage (G) 5 and loss (G') nodul us, through:
G (co) =G (0) +|G§J).q ll]@)mandi istheirraginary
um t nunber (i2=-1). 'Al'ternatively, eq.(2) can
wittenas: 10 Go)=1G'(o)le. iws (3) where U2 )1
S(o)=tau’” GO0 ~G( )ill (4b) 15 Substituting into

(1) and carrying out the conplex algebra |eads to:

eq.
12 [cP4lGly lczs&%??ﬂ LG(HQLB[G%%\T& cos(c8H a)] + IG

(=) (5a) VA I n(SA / + ~B G-w a sifig)ss /
a)] 2 @)
5(&))—tan"1£ J
G (@) (4b)

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

[or

[¢A.[G;]”“ sin(8, /a) + - |G3| " -sin(s, /a)}2

Gi|" -sin(s, /) }
% e
o cos(d,y /a) (5b)

al2

2
G:llla -cos(5A/a)+(pB-lG;[” -cos(SB/a)} +

6" (@)|= (5a)

M sin(s, /e)+ -

S(w)=a-tan™ P4 7z
P4t Uy -cos(d, /@) + @y

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)

GH

sin(5) (6b)

235
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~A I G'~ sin(SAla)+co5I GH ~~~ sin(SB la) g(o) =a tan-,
CpAl GAh~~cos(Sgl a) +t OB-1 & 1~~~cos(SBla) (5b) 2a The
wetmsageiaodul us, G (o), and | oss nodul us, G'(eoO)/USmH5/014403
the blend are then calculated fromeq.(6) bel ow
G(o)=IG(wWI cos(8) (6a) G'(o) =G (o)l sin(s)
(6b) 25 15 WD 2006/ 007014 PCT/ US2005/ 014403 In the
event that the rheol ogy of one of the conponents, for
exanph éhe ayenipthaéribe Breaimedsf boe bé thal @ulpabatds, f fooraxamele,
kno‘“"&oﬁﬂb@r@nﬁ’g}’né&js Echt?e &\'I&lﬁl@ed&?ﬂﬁn thtetp(ﬁO\X/rbﬁ\%laBg}/ of%he blend and

conpone rearranged
(GB(H R%l‘ﬂgwgﬂneoreﬁkwew( Cao@e(wf)evged(tvaeor | G
(~D) ~,ia= YA ~ GA(co) A ~aty (Gw)va (8) SpA 1 VGA
V = with: gla and ~9a (9) io The derivations for the
stsorage npaitiy’” GE {4 ¢ @nd’1-08s (aadplus, GB' (W)
followsinmlarly as%qs.(5-6): #42 z VrAG
Iv"-@os(SA/a)+VG*h cos(S/a)J + @ (Wl (1 Ca) [WA
| GA | vaéln(SAl\/a/ + V.16 | Zia, S|n(S/ a)l
Ss(w) =a ta@® V== G 1T (@ NCSH(GEWNFIG 1" ~a sen(S /
a) VA-pGAh a cos(SAla)+vf Gva cos(S¥a) (10b) 15 GA
(W =1G (Wl . cos(S5 (11 a)
— @4 1
Va="— v =
with: Ps and Ps 9)
10 The derivations for the storage modulus, Gg'(w), and loss modulus, Gg" (o),

follow similarly as egs.(5-6):

al2

«|Va Va 2
[V/A"GAI -cos(é'A/a)er/-‘G*l -cos(é’/a)] +

« |V 1a 2 (10a)
vl sin(s, 1a) 4y |6 -sin(5/a)]
flia . e
. l//A-IGAI -sin(d /a)+1//-yG l -sin(d/ &)
O6p(w)=a tan T e
v, |G G -cos(d/ &) (10b)
15
G, (@) =[G, (@) cos(8,) (t1a)
G, (0) =G, @)|-sin(5,) (11b)
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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15

20

30

B (w =l B(w sin(Sx ) (1ib) 20 Thus, it is
apparent that the rheol ogi cal pol ydispersity of al
conmponents of even a resin produced using two
reactors configured in series can be estinmated from
t he above cal cul ati ons. The precedi ng exanples are
maametclgif:y as illustrations. The follomﬁng 25 cl ai ns

define the invention. 16 W
conpri sf'ngAarerSéﬂ é’PmPé!sV‘Qh?gW ebtg/ﬁg; mgh densnty low—molecular—welght

| %Iy”@thﬂéﬁé adorMBoriHt armplav&bi&yb@welov@a@wnth@mﬁmaecular-welgm
tively | owdensity, gh- nol ecul ar - we

C1atpYIene ARSOMATCROTERARS e eI dng AP REIcAhpalvgigPerty of the

p%é{l‘?"d%ﬁ@i[yséérﬁp&ferkEﬁceédshhﬂhoﬂﬁ@%élﬁ conponent
exceeds that of the resin. 2. The resin of claim1l

haV| ng &nhBhedesierefi ¢lainmdnbaying anbasced gonironragntat shiess crack
\%[a‘?@e%érﬂpérgatwﬂﬁ tﬁatCGF%eéHHv@Hﬁéna?té?WI?ﬁ@ copolymer, resin of

co ol ynmer resin of imlar density and ne nde

Tmmrlersdensdv apdanelt mdexvi ng enhanced stiffness

conpar eg Whter}ekiﬁaéf Him f ﬂa@i ‘ﬁ%ﬂ&éd’gt'ﬂ# (f%"s%ln'?ﬂé‘?ed with that of

copol ymer resin of sim I ndex an

ers conventionall ethﬁem@ggp@vmekrm pEsimilgemelt indereandenvironmental

of [ t he hi gh-nol ecul ar - wei ght conponent

| nsct'(c)érs%oc?aé%(eﬁgga ag'ilrcgater wt . % of conononer than the

| ow- nol dcuTle resé g tclaimotpdresein. theshigh-nileculasweight component

cl.qj [ b r f1.0, e

0. BESThgreY 4 B 4 @\é”n%%h*é"‘%'“?regﬁ%gﬁtrgcwgﬁ moiEciar-weight

t hmpanepdsentially free of conponents havi ng bot h a

0 oot e LA o SRR Y 0 00

r egem>conponent. 20 7. A multi-conponent resin of

clai m 15t hat ,Jnﬁmec%ﬁﬁ%tn'em |r¥s|[1r of gl"ﬁ'eol Mnﬁﬂme&é}ﬁ’éwgfree of

both a ﬁlgher densi and
podo;nbcs‘pmts haying tieén atlawer wéxmhyuvemauermolesular weight and a lower

CTEBBERR B 5 S i

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.

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

10. A method comprising:

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

(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.
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15

rotonol ded article made fromthe resin of claim1. 25
9. Afilm extrusion coating, pipe, sheet, or fiber
made fromthe resin of ‘claim1. 10. A method
conprising: (a) in a first reactor, polynerizing
ethyl ene to produce a high-density conponent; 30 (b)

in a seqongheeAfetd owlaimeﬁozwnsrem hivé @iigh- a&%n@ component is
l-olefin to produce a |owdensity conponent; and (c s)

bIRspdkiaeg t‘ﬁ@gh?‘gﬁiﬂglﬁﬁd‘lﬂmtﬂ%ﬁtt%%dﬁ%dﬁyrﬂej\stty) component is
prpqsidi&%d%sf rg?é gile- mb'dls’ﬂgﬁ\% %;1-7 Nha chREystet hod of

clarm1 ein the sity conponent is
pr oducé@ fsmedhad KIreRfisig'Nat t a catal yst and the

| ow- den a:?ogll)l,ﬂ&(”ﬁmz{é%efor §ﬁ}gt te‘?ﬁggfg h@@n@gtfzprogugr% tahggh-density

si | ane- a yst
caoprpasent;: 5 (a) in a first reactor, polynerizing

et hyl e [
Cranst ztr?)r II %BQ‘%& Ctﬂe?u%{ensﬁt?%rﬁr%oneﬁf’{g’é’ Q&%ng lfegzttgr and
react ong) dandh¢ cecond reacter copd!ymerizing addibpnal eteylene ragd a 1-
a - olefin to produce a resin
doq‘%:ff @ﬁ&d@éehgk%rﬁxﬁagwﬁod conpri si ng (a) inafirst
react or3. poingtherd cirmprisindiyl ene and a 1-olefin to
produce_a . |0 nsi.ty , t t
o dotd ¢ 2 b i pERARGRHR, atrvhel St 3 Fhepf o riBauce o
t Hewsiepsitydcorepottent, pol yrreri zing additional ethyl ene )
to pr o%&c ﬁ'a%sfe{'ns’ngr ﬁ%'l@w— ensi kyat':om&onelnz% to a second reactor; and
(c) in the second reactor, polymerizing additional ethylene to produce a
resin of claim 1.
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