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Background of the Invention 10 Et hyl ene copol yners are a
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dies of various configurations, was designed into product finishing manufacturing processes

20  with optimal design features based on the processing characteristics of the LDPE.

However, with the advent of effective coordination catalysis of ethylene copolymers,

the degree of branching was significantly decreased, both for the now traditional Ziegler-
Natta ethylene copolymers and those from the newer metallocene catalyzed ethylene

25  copolymers. Both, particularly the metallocene copolymers, are essentially linear polymers,
which are more difficult to melt process when the molecular weight distribution (MWD =
M./M,, where M, is weight-average molecular weight and M, is number-average molecular
weight) is narrower than about 3.5. Thus broad MWD copolymers are more easily
processed but can lack desirable solid state attributes otherwise available from the

30 metallocene copolymers. Thus it has become desirable to develop effective and efficient

methods of improving the melt processing of olefin copolymers while retaining desirable melt

properties and end use characteristics.



2 The introduction of |long chain branches into

substanti aw(%s,sl,ﬁp&ar ol efin copol yners has been obser vedriisosiorp4sove

processing characteristics of the polymsys. Such has been done usi ng
nmet al | ocene pol ynmers where significant nunbers of olefinically unsaturated
chain 5 ends are produced during the polynerization reaction. See, e.g.,
U S. patent 5,324, 800. The ol efinically unsaturated pol yner chains
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greater  assuitablpdmaa@rdance withthe inventionaghen activated by eithat abunpxanestonionigiogi t y

pol ynmers are _addressed.in .._patents 06, 303 and 5, 294, 678.
"Brush" po?%%‘?““gﬁeﬁ‘?‘?% ﬁ%gi?%gd%‘g{???ﬂgg&%%g?‘gnﬁ'he branched copol yners
have side chains that are of nolecular weights that inhibit

ent angl enent of the backbone chai n. )
0 U.S. patents 5,272,236 and 5,278,272 describe "substantially linear" ethylene

polymers which are said to have up to about 3 long chain branches per 1000 carbon atoms.
These polymers are described as being prepared with certain monocyclopentadienyl
transition metal olefin polymerization catalysts, such as those described in U.S. patent
5,026,798. The copolymer is said to be useful for a variety of fabricated articles and as a

25  component in blends with other polymers. EP-A-0 659 773 Al describes a gas phase
process using metallocene catalysts said to be suitable for producing polyethylene with up to
3 long chain branches per 1000 carbon atoms in the main chain, the branches having greater

than 18 carbon atoms.

30 _ Reduced melt viscosity polymers are addressed in U.S. patents 5,206,303 and
5,294,678. “Brush” polymer architecture is described where the branched copolymers have

side chains that are of molecular weights that inhibit entanglement of the backbone chain.
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of a IkiGhear ol efinic pol ymer ofth Ly ioBonposi ti on and wei ght
average nol ecul ar 20 wei ght, preferably at |least twce as great as that

of said linear polyner, B) a ratio of the rubbery pl at eau nodul us at
190[err]C to t ha&theGfiventibh Redifected!ty 'ﬁﬁfol)%fxertcbﬁlp‘éﬁﬁﬁn @Blﬁx[ghﬁﬁé eSsefily shtupited €SS
t han 5, preferably <0.3, C ratio of the Newtonian |inmting
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Drawi ngs 3Qyolymers having : A) a N (G YW@%WB@W@%&@MM

et hyl ene- butene copolymer o 'hmit}ﬂg' ikgb\?/tgntl on I n conparisoh with
sim | arly aifadineasdlefinicpolymer bfthel sdntechamidabsuntposition md)wbxghﬁdvytaga molecular
20  weight, preferably at least twice as great as that of said linear polymer, B) a ratio of the rubbery
plateau modulus at 190°C to that of a linear polymer of the same chemical composition less than
0.5, preferably <0.3, C) a ratio of the Newtonian limiting viscosity (1) to the absolute value of
the complex viscosity in oscillatory shear (n*) at 100 rad/sec at 190°C of at least 5, and D) a ratio
of the extensional viscosity measured at a strain rate of 1 sec” , 190°C, and time =3 sec (i.e, a
25  strain of 3) to that predicted by linear viscoelasticity at the same temperature and time of 2 or
greater. The invention polymers exhibit highly improved processing properties, improved

shear thinning properties and melt strength.

Brief Description of Drawings
30

Figs. I-IV illustrate viscometric data of an ethylene-butene copolymer of the

invention in comparison with similarly obtained data for traditional low density polyethylene
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t he | nvenii@ftdsthe storage modulus ¥4)ehdfredieieatmodPOCRICh IV ilyiatesthe storsgeor di ng
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20,000 to about 200,000 Daltons. The side chai ns have nunber-average
mol ecul ar wei ghts from about 2,500 to about 125, 000 Daltons,

preferably from about 3, 000DetailedDescription®f pRLioRpst preferably from
about;44, 000 to about 60,000 Daltons. As expressed in Merr], side

chai ns have nunber-average nol ecul ar 20 wei ghts rangi ng fromabove 2 to
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chains have weight-average molecular weights from about 2,500 to about 125,000 Daltons,

preferably from about 3,000 to about 80,000 Daltons, most preferably from about 4,000 to
about 60,000 Daltons. As expressed in M.”, side chains have weight-average molecular

20  weights ranging from above 2 to 100 times the entanglement weight of copolymer,
preferably 3-70 times the entanglement weight of copolymer, and most preferably 4-50 times
the entanglement weight of copolymer. The number of side chains per backbone chain is
determined by the average spacing between the branches, the backbone segment between
each branch averaging a weight average of at least twice the entanglement molecular weight

25  of polyethylene, preferably 3 to 25 times the entanglement molecular weight of polyethylene.
In practice this establishes a number of arms of from 2-100, preferably 2-70, most preferably
3-50.

The MWD, defined as the ratio of weight-average molecular weight to number-
30  average molecular weight, for both the backbone chain and the sidechains, independently,

can be from 1.0-6, preferably 1-5, and most preferably 1-3.5.

This Sheet Has Been Replaced
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30 average nol ecul ar wei ght, for both the backbone chain and the

si ‘dechai ngyo sgnsk@gendent | y, can be from 1. 0-6, prefer@anyuskss64dnd
nost preferably 1-3.5. The mass ratio of backbone to si dechai n can
be 0.1:1 to 10: 1, 0.3:1to 3:1 or 0.5:1 to 2:1.

5 Rheol ogi cal Properties
Definition of linear viscoel asti RhpologicabProyfertied yneric materials is

conpl ex, but utilizes wel I known concepts. Thus, the invention may be
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fitting equation such as the Cross” equati on when the data extend into t
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frequenc ysgmegm rjhe v&[%e'pgw maybg ehiaiped from these methods by direct observrargon of the

= |} WAr i i i f
LS bt SR Bidngent e e O URA el 1 e W S HRE R ©
Vi nogr adoan appropfiate fitihg equatibii @h @gthe Cro&iaiquainswheltiie dtbbitamitintothe Moscow,

Spri nger - . Verla p. 153 (1980)). Direct observation ofthe frequency
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frequencies the nelt viscosity expressed as the absol ute val ue of the
conpl ex

n0=MG”/m|m—;0,

20 or by linearly extrapolating the reciprocal of viscosity vs. shear stress to zero shear stress (e.g,,
G.V. Vinogradov, A. Ya. Malkin, Rheology of Polymers, Mir Publications Moscow, Springer-
Verlag, p.153 (1980)). Direct observation of the frequency independent value of the complex
viscosity, n*, from rotational oscillatory shear and/or the fitting of the Cross equation to the same
data were the methods used for this descﬁpﬁon.

25

At low frequencies the melt viscosity expressed as the absolute value of the complex
viscosity (n*) of high polymers is independent of the frequency, i.e., it is constant with frequency
and is called the Newtonian limiting viscosity, 1o. At increasing frequencies n* decreases with
increasing frequency in a manner determined by its relaxation spectrum and this decrease in

30  viscosity is called shear thinning (or, pseudoplasticity in earlier nomenclature). The plateau
modulus may be defined in several interrelated ways, e.g., the value of the storage modulus (real



viscosity ([err]*) of high polynmers is independent ofthe frequency, i.e.
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fromit as in blown filmoperations in industry. A measure of the
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ext ensi onal Vi SCOSi woul d. be if the pol yper obeyed |inear
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Lodge (Chang, H ; and Lodge, A. S.; Rheologica Acta, 11, pp. 127-129 (1972)). This is shown
in the Figure V as nex(linear). This can be compared to the experimentally measured

25 viscosity, called N (measured) in the figure. The sharp rise of Mo (measured) over the
predicted value neq(linear) is the result of strain hardening. To extract a number from the
data that expresses the degree of this strain hardening, we. selected the value of Ny
(measured) at conditions characteristic of film blowing - a strain rate of 1 sec™ , temperature of
190°C, and time of 3 sec. The ratio then becomes the measured value divided by that predicted

30 by the Chang and Lodge model at the same temperature and time. This ratio must be greater than

2 for clear evidence of strain hardening, so it can be represented as the following;
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greater than 2 for clear evidence of strain hardening, so it can be
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This instrument is based upon a published design, see Meissner, J., and J. Hostettler,

Rheological Acta, 33, 1-21 (1994), and is available from Rheometrics Scientific, Inc..

The rheological behavior of these polymers with controlled branching shows
25  surprising and useful features. These polymers have a zero-shear viscosity that is larger than
a linear polymer of the same molecular weight. They show a rapid drop in viscosity with
shear rate (large degree of shear thinning); and a plateau modulus that is at least two times
lower than that of prior art linear and branched polymers. This latter characteristic is
especially surprising, since ethylene polymers of various types exhibit essentially the same
30  plateau modulus. This was thought to be intrinsic to the monomer type and not dependent

on polymer architecture. The lower plateau modulus means that the comb polymers likely
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ani onk@ ssatunated versions of polybutadienes of a range of microstructures are identical in structure
to a series of ethylene-butene copolymers. Similarly saturated polyisoprenes resemble an
alternating ethylene-propylene copolymer, and other polydienes can give the structures of
polypropylene and other polyolefins upon saturation, A wide variety of saturated
hydrocarbon polymers can be made in this way.
25
Thus linear ethylene-butene copolymers can be made by the saturation of linear
polybutadienes and linear ethylene-propylene copolymers of the invention can be made by the
saturation of linear polyisoprenes. The linear polymers can be prepared by anionic synthesis
on a vacuum line in accordance with the teachings of Morton, M.; Fetters, L. J.; Rubber
30  Chem. & Technol. 1975, 48, 359. The polymers of the invention made in this manner were
prepared in cyclohexane at ~0°C, with butyllithium as initiator. The polydiene polymers
were then saturated under H, pressure using a Pd/CaCO; catalyst of J. Polym. Sci. - Phys.
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An alternate method of preparing the branched olefin copolymers of the invention,
particularly ethylene copolymers, is by preparing olefinically unsaturated macromers having
25  molecular weight attributes within that described for the branch or arm polymers or
copolymers and incorporating those into a branched polymer by copolymerization. Such can
be done, for example, by preparing branch macromers from olefins such that there is vinyl or
| vinylidene unsaturation at or near the macromer chain end. Such is known in the art and the
teachings of the background art as to the use of metallocenes to prepare these macromers,
30  and then to insert or incorporate the macromers into a forming polymer as long chain
branches, are appiicable in this regard. Each of U. S. patent 5,324,800 and international
publication WO 94/07930 are incorporated by reference for purposes of U.S. patent practice.
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coordination polymerization. Useful comonomers include ethylene, propylene, 1-butene,
isobutylene, 1-hexene, 1-octene, and higher alpha-olefins; styrene, cyclopentene, norbornene,
25  and higher carbon number cyclic olefins; alkyl-substituted styrene or ; alkyl-substituted
norbornene; ethylidene norbornene, vinyl norbornene, 1,4-hexadiene, and other non-
conjugated diolefins. Such monomers can be homopolymerized or copolymerized, with two
or more copolymerizable monomers, into either or both of the branch macromers or
backbone chains along with the macromers. The teachings of co-pending U.S. provisional
30  patent application 60/037323 (Attorney Docket No. 96B006) filed 7 February 1997, is
incorporated by reference for purposes of U.S. patent practice. See also the examples below

where a mixed zirconocene catalyst was used in a fluidzed gas phase polymerization of an
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Cl 15  0.3-50 wt.%, more preferably 0.5-25 wt.%, and even more preferably 1.0-5 wt%, the

remainder comprising an essentially linear ethylene copolymer of weight-average molecular
weight from about 25,000 Daltons to about 500,000 Daltons, typically those having an
MWD of from about 1.75-30, preferably 1.75-8.0, and more preferably 1.9-4.0, with
densities form 0.85 to 0.96, preferably 0.85 to 0.93, as exemplified by the commercial

20  polymers used for comparison in this application. The blends in accordance with the
invention may additionally comprise conventional additives or adjuvants in conventional
amounts for conventional purposes. The blends according to the invention exhibit improved
processing, largely due to the inclusion of the branched ethylene copolymer according to the

invention, and can be more easily processed in conventional equipment.

25
EXAMPLES
Example 1 - Preparation of C1
30 A comb polybutadiene polymer (PBd) was prepared by coupling hydrosilylated

polybutadiene backbone chains with polybutadienyllithium sidechains, or branches. The

polybutadiene which was used as backbone for the hydrosilylation reaction was prepared by
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20  was terminated with methanol. The comb polymer was protected against oxidation by 2,6-

di-tert-butyl-p-cresol and was fractionated in a toluene-methanol system. Fractionation was
performed until no arm or undesirable products were shown to be present by SEC. The
comb was finally precipitated in methanol containing antioxidant, dried and stored under
vacuum in the dark. Characterization, which was carried out by SEC, membrane osmometry
25  (MO), vapor pressure osmometry (VPO), low-angle laser light scattering (LALLS), and laser
differential refractometry, indicated the high degree of molecular and compositional

homogeneity. Molecular characterization results are shown in Table I. Using the M,, (MO,
VPO) and M,, (LALLS) of Table I the number of arms experimentally obtained is calculated,
which is smaller than the theoretically expected, indicating a small yield in the hydrosilylation

30 reaction. Fractionation and characterization results are shown in Table I and II.
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copol yner.
CaCO3. The reaction was allowed to proceed until the H, pressure stopped dropping, or
about 24h. The polymer solution was then filtered to remove the catalyst residues. The
saturation of the polymer was seen to be greater than 99.5% by proton NMR. The polymer
15 was thus converted by hydrogenation to an ethylene-butene branched copolymer. See Tables
I and II, below.

Example 2 - Preparation of C2

20 8 grams of PBd (M,, = 87,000 by MO, prepared as described in Example 1; BB5)
dissolved in 150 ml THF were hydrosilylated in the same manner as described in Example 1,
using 0.5 ml of trimethylchlorosilane and 2.43 mmoles of dimethylchlorosilane. The
hydrosilylated polymer was freeze dried under high vacuum for 5 days. PBdLi (M,, = 4,500
by VPO; Ts) was prepared as described in Example 1 by reacting 11.5 grams of butadiene

25  with 2.550 mmoles of initiator. 1 gram of T's was removed in order to be used for
characterization purposes. The coupling reaction was accomplished as described in Example

1. Fractionation and characterization results are shown in Table I and Table II.

The resulting comb PBd (C2) was saturated catalytically as in Example 3. The
30  saturation of the polymer was seen to be greater than 99.5% by proton NMR. The resulting
saturated polymer had an My of 97,000 by LALLS.
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Exanple 2 - Preparation of C2 20 8 grans of PBd (Merr] =
87,000 by Wbospiggpar ed as described in Exanple 1; BB3) PCTANSOSHOR648d i n
150 M THF were hydrosilylated in the spgyre manner as described in Exanple
1, using 0.5 m of trimethylchlorosilane and 2. 43 mol es of

di et hyl chl orosi | ane. The hydrosilylated pol ymer was freeze dried
under high vacuumfor 5 days. PBdLi (Merr] = 4,500 by VPO, T[err])
was prepared as described in B%mple.ﬁ-lb;epammn ¢iC31.5 grans of butadi ene
25 with 2.550 nmoles of initiator. 1 gramof T[err] was renoved in order
to be used for characterizati on purposes. The coupling reaction was

acconpl i shed as; gaggioriped (ML, = 108,000 by 8RP) Sreﬂsareﬁraﬂ%h&ib%h&l?,xﬁﬁﬂel BB4)
characterization results are shown in” Tablé and Table II.

The resul tdisgived ibsdPid Tfmwemagdfoanylataa @rithe airBe yianfied dsydesctibed irEaampie 13.
The 30 saturation of the p mer was seen to be greater than 99.5% by
pr ot on NVRisingH®5 ﬂ&@ﬁtﬁmﬁbylcmom angsnd Ot Teamelss phimethylchlarastianse The 000 by
LALLS.

Exarpl e 3 hydwSéﬁlgpgtpo%ne&waégreeze dried under high vgcuéﬁ;% for2 Qayﬁ,é’OB?l%;[A(lth}T 23,000

108, 000 b y " n
50 THFyb\kS%C h c?f‘gi’s.r‘?g? %té%%e?ér%&'lt eq's1 Sl ﬁ e;mr%?sa 7 ag’gdof?’?%gé’\rém%gi 1

using 0.5 @rb3 Qﬁlrﬁdlésfﬁflimiht%h' Pigfsih bETE m%eeexﬂm?ea 1H'6Bdé? 30 bk used for

di et hyl chl or osi | ane. hydrosi |l yl at ed pol ymer was freeze dried
under 180i ghchasactesizaticn pxﬂ'pdm}s TheBaupling veaxtioh was a8cdifjflished as described in Example

2. Fractionation and characterization results are shown in Table I and Table II.

The resulting comb PBd (C3) was saturated catalytically as in Example 3. The
saturation of the polymer was seen to be greater than 99.5% by proton NMR. The resulting
15  saturated polymer had an My, of 598,000 by LALLS.

Example 4 - Preparation of C4

6 grams of PBd (Mp, = 100,000 by SEC, prepared as described in Example 1; BB5)
20  dissolved in 60 ml THF were hydrosilylated in the same manner as described in Example 1,
using 1.0 ml of trimethylchlorosilane and 3.83 mmoles of dimethylchlorosilane. The
hydrosilylated polymer was freeze dried under high vacuum for 2 days. PBdLi (Mp = 5,100
by SEC; T7) was prepared as described in Example-1 by reacting 27 grams of butadiene with
5.370 mmoles of initiator. 1 gram of T-7 was removed in order to be used for

25  characterization purposes. The coupling reaction was accomplished as described in Example

2. Fractionation and characterization results are shown in Table I and Table II.

The resulting comb PBd (C4) was saturated catalytically as in Example 3. The saturation of
the polymer was seen to be greater than 99.5% by proton NMR.
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aTHF at 30°C, Phenomenex columns (Type P Phenogel 5 linear, pore size: 50 to 106A).
bToluene at 35°C, Model 231, Wescan. Cyclohexane at 30°C, KMX-6, Chromatix.
dToluene at 50°C, Model 833, Jupiter Instrument Company.

Table II: Number of arms

Comb | Maximum possible® Calculated® | Measured® | Yield (%)
C1 100 29° 34 29-34
C2 -- 3.9 24 -

C3 -- 22° -- --
C4 - 19° - -

a. From total number of pendant vinyl groups. b. Calculated from My by MO and VPO.
c. Calculated from My by LALLS. d. Measured by 13C-NMR.

Example 5 - Preparation of Blend 1

Blend 1 : 6.8685 g of EXCEED® 103 (“ECD103™), a commercially available
ethylene-1-hexene linear low density polyethylene of Exxon Chemical Co. having a density of
0.917 and MI of 1.0, and 0.1405 g of C1 (above) were dissolved in 100 ml of xylene at 130
°C. 0.0249 g of a stabilizer package (a 1:2 mixture of Irganox® 1076 and Irgafos®168

from Ciba-Geigy, Inc.) was also added. The solution was allowed to mix for 2 hours at- 130

°C, and then the polymer blend was precipitated by adding the xylene solution to 1800 ml of



(SEC) [err] (MO J[err] (LALLS)[err] (VPO) [err] Backbone BB2

106. 103 . 05 Ar pCTUS98/026481 3
6.4 - Whusions 6.51¢ 1. 03 Conb C1
274 1.07 Backbone BB3
99.0 87 90.0 --- 1.04 Arm
Tlerr] methdnd chilled to 2 °C. The precipitate was washed withdmére methanol,]mﬂahe Conb
. CB?C kbone ISmaining xylene waslrgglgged by drymgéry a vacuum ovemg 88 °C for two days
05 Arm T6 23 23.5
04 Conb C3 --- 612
. 07 Backbone BB[ er r] Example G-DPre aration 6 Blend 2 --- ---
04 Ar m .1 --- 4.75
04 5 194 198

PRRRRe

:1

i near poEZrL?ﬁﬁend% ?gk%skﬁheﬂm DR ot o O48Bo m oY Wi d,.

Weéscan. COM@b@klsmﬁ%ta%mz&%a%kige%rKWx& m@ﬂé Q5 h¥nne? as Bl&idr1 Tol uene at
50[err] C, Mbdel 833, Jupiter Instrunment Conpany.

Table I1: Nunber of arns Conmb Maxi mum possi bl e[err] Cal cul at edb
Me d Yield (9 1 00 29[ err
pauredernh o @9 (G H.shaped Polymer Examples 3.9 e
-- 10 3 -2 ) . - -
o 19 err] i‘iample 7 - Preparation of H1 o From total
nunber of pendant vinyl groups. b. Calculated from M by MO and VPO

13 10 Cal culated from Mv by LALLS. d. Measured by C- NMWR

Exanpl e 5 P’%ﬁ? iBWSof Bl end 1 Blend 1: 6.8685 g of

EXCEED 103 (" ECGHIgj je O 8) F3BidenR wal dRYRUIP 75 fl benzent (bR TOMRY

i near | ow density p yl ene S|ty of
0.917 and bblutibn Wwadaddedd 6B milsteBul.i 0{06CM {rﬂbhwfa}ne\@oe xmofsnbmdBulxﬂO&ﬁéﬁ
of xylene at 130 [err] C. 0.0Q249 g of a stabilizer package :

mi xt ur® of f‘rhga&ﬁ%‘%n 1emperatHes the geachan was completer 18 of phe rtadygt Pobfl?é‘ta)d‘%§Y

al so added Jhe ﬁﬁllﬁts 1%% r@lsbﬁggﬂvJaQ réfhdveld! aﬁl Eb?lgfaﬁt glgan&nsé}ﬁcedur

[err]C, an Yhet th was precipi e xy ene
sol ution t ghelRSoMy v@ﬁ xmxed with 8.3 ml CH3SiCl3 0.046 M in benzene (0.38):10‘4 mol

CH3SiCl3). After 7 days at room temperature the reaction was complete and the
Y2Si(CH3)Cl was formed.
20
Preparation of connector:
A difunctional initiator was prepared by the addition of sec-buty! lithium to 1,3-bis(1-
phenyl ethenyl) benzene, resulting in 1,3-bis(1-phenyl - 3 methyl pentyl lithium) benzene,
called here DLI. 15.4 ml (11.4 g) 1,3-butadiene was diluted in 355 ml benzene (2.3% w/v).
25  To this solution was added 33.8 ml of DLI 0,0225M in benzene (7.3 x 10"4 mol DLI) and

8.4 ml of sec-BuOLi 0.10M in benzene (8.36 x 10'4 mol sec-BuOLi). After 4 days at room
temperature the reaction was complete. 1.0 g of the product difunctional polybutadiene (X;
Mpn = 27,100 by SEC; My, = 24,500 by LALLS) in 35 ml solution was removed for the

characterization procedure. 4.8 g of X in 175 ml solution was removed for the formation of
30  the Y28Si(CH3)X(CH3)SiY2.



[ 16 met hanol chilled to 2 [err]C. The precipitate was washed with

nmor e et harad os/8498s t he remai ni ng xyl ene was renoved by PROTYUSRS/02648a
vacuum oven at 88 [err]C for two days. 17
Exanple 6 - Preparation of Blend 2 5 Blend 2: 6.8607 g of the
EXCEED 103 (ECD 103), 0.1402 g of C3 (above) and 0. 0248 of the
stabilizer package were m xed in the sane manner as Blend 1.
H shaped Pg), %ﬁmpl es 10 Exanmple 7 -

" Preparation %’pﬁ{—lf Preparati on of armns: 6.3 m (5.0 g)

1, 3- but adi ene Wa9 glof Y SIACHR)Cland134(8 sENowére nlifedV T9 thelsohitivnowas added 1.0
soI ution was added 16.3 m sec-BuLi 0.062Min n-hexane (1.01 x 10[err] nol
. sec- BuLi ) . mh\THE: After 7 d>a4's lat eiom temperaureche formmtivh ef theddt ivas completonil et e.

i 1.0 f th t t. adi Y, :,OOb SEC' 18 ni
© sol utgi n V\&éngé \%g‘ %‘@’?&:‘;’rg&g@g’ﬁ? P&%%H%P%’Zdﬁ Ao alngttWQ r est
. of Y was ”bﬁ&ﬁ&he‘ﬁk”egbh%f%b% 525[, ]%{s?”] 0.046 Min benzene (0.3

err

8x10[ err] nol err After 7 days at roomtenperature the
: reaction was corrplete andthe Y[err]Si(CH err])d was forned. 20
Preparation, of connector: A difunctional initiator was
prepared b "‘iq‘IQ”%’l’Rﬂtlon of sec-butyl lithiumto 1 ,3-bis(1 - phenyl

bengene, " The pfithc} bbfhe pfevioutrBiciohPRgNL it 1 PI008 ol i W)
in 3530 beﬂiseelved (IQQ(BP/andh)ene (P% w/v)'045(mnﬁ nfeﬂia!nbl whs adied a.ddleh“b ﬁﬁutibmivaﬁf

DLI 0.0225M.i n_benzene (7.3 x 10[err] z
sec- BuOLi SHITes\at, fﬁ°@éﬁ&‘§ﬂ’@t‘{f8 tygeagh &lwé@uq-pwa é@et thatdq ylorwn! ef msrﬂtaayls at

100+ on OB AR YR, el it SR 51 e S G 0 Fren

24,500 by kAldsIpft itdcad] downsalduiekOday¥he sépaiated® gart OF tHe!181 was collected, as the
characterization procedure. 4.8 g of X in 175 m sol ution was renoved for

the for mat lQ¥erghasyin a tweephasssystsp.c Toltheqrper phase)vsiswdded 25 ml methanol, to reach

15  again the cloud-point and then 20 mi more methanol. The temperature was increased slowly

and after the clearance of the solution, it was left to cool down. The newly separated part of
the H1 was mixed with the previous part from the first fractionation and it composed the
final pure H1. By LALLS the H1 had an M,, of 50,000.

20  Saturation:

The H1 was saturated in the same manner as in Example 3, except that 0.2 g of
triphenyl phosphate and 0.0366 g of tris(triphenyl phosphine)rhodium(¥)chloride were added
to the reaction for every gram of polymer. Essentially complete saturation was achieved.
The resulting saturated polymer had an My, of 48,000 by LALLS.

25

This Sheet Has Been Rep

T

"REPLACED



97B008. pct Formation of H: 4.0 g of

Yl err] Si (CRi§oihdogs and 34.8 g of X were mixed. To the sol ut perrusesezsdsied
1.0 nm THF. After 7 days at roorgtenperature the formation of the

H1 was conplete. Hl conprised a structure having a backbone of about
38,000 Merr] plus two Y arns each of about 5 5,500 Merr] (Y arms).
Fracti onati on: TEsamplei8ie Pregaratien of 82 ous reacti on was
precipitated in 1000 m methanol and was redi ssolved in 900 m

toluene (1% wv). 450 m methanol was added and the solution was 10
stirred at prappadceyrasure to reach the cloud-point. After that 20 nore ni
of nmet hanol were added and the tenperature was increased slowy,
until the sol ut Pdmbichgrl,dtbatadiene was dilited mn 65 mlheniene (10.3%cwbl). Towhisand
next day the separated part of the HL was collected, as the | ower
phase isn asblutiowivas addedS0chinl seo-Bulst 0082 inhhexanedS.66K10Ed nitl sed-Buki)h aAftdr,
to reach again the cloud-point and then 20 ml nore nethanol. The

t enper at ur @it 98 terapasetunethe reaction yaspempleteerl @ gof thepredustobibutadiene (Z,

P s i Ol 0P SR M SRR o PALFSR 13 Lo SR R BB iy
composed iy aatarBoddhure g Wil eR e kil v VoS dr s RIPDRAsM in

Sat ur ati on: was saturate e sane manner as iIn
Exanpl e 3, ,exce at, (3 2 f riphenyl phosphate and 0.0366 g of
Cr ot i phORAeB KR EDR i) PaECRANCIY ) e TSR AL woms ehubegiuieqbe fiapiion ws
reacti far [ a r.o.Essentially conplete saturation was
achi evfeH(;. ‘Fﬁren%}/eges%qﬁﬁg‘bggp%i\qle s;f81§9?1£r had an Mv of 48,000 by LALLS.
18 Exanple 8 - Preparation of H2

Preparation of arns:
Preparation of connector:

3.4 g of X in 125 ml solution was removed for the formation of the
Z28Si(CH3)X(CH3)SiZ2 (H2) in the manner of Example 7.

15 .
Formation of H2:
5.7 g of Z2Si(CH3)Cl and 3.4 g of X were mixed. To the solution was added 1.0 ml
THF. After 7 days at room temperature the formation of the H2 was complete. H2 had a
resulting H-shaped structure like H1.
20

Fractionation:
The procedure followed was the same as in Example 7. The resulting polymer had an
My of 67,000 by LALLS.

25  Hydrogenation:
The procedure followed was the same as in Example 7. The resulting saturated
polymer had an My, of 64,700 by LALLS.



9.0 n (6.7 g) 1,3-butadiene was diluted in 65 nl benzene (10.3% w v). To
thi's 5 . w9486 was added 10.7 m sec-BuLi 0.062Min n- heRERHESIBO2648
(6. 66x10[err] nol sec-BuLi) After 1924 h at roomtenperature the
reacti on was conpl ete. g of the product pol ybutadi ene (Z; Vh =

11,000 by SEC, Merr] = 10 8 LA ution was renoved for
t he characteri zation p&gl"é’g'lﬁ‘ Ir?ﬁépetrﬂés? f‘"ﬂpiei was mixed with 5.8
m of CHerr]SiC[err] 0.046Min benzene (0.27 x 10[err] nol
CHerr]SiCl[err]). After 7 days at roomtenperature the reaction was 10
conpl ete and t hEheznelt shear fiRidlegicd pehaviom of thervasdus resulting copolymer exdnplesowas
connect or: f. X i.n 125 .M spl ut.i for the

formati on WeasuRd by well h?z'?éi%eﬁp@ﬂogyX(f@np@lpﬁlg}nzf@éﬁ]osvéﬁem?15) ear hetwegn
7
rzrggln(e [erﬁi’?g? b ué&?h eomfgtrsggv\ere m Xxe 3 oMteﬁléanéc ?%t%on\}\%gr acfgg"génfyo m

THF. After ra?lgemfsfrcan Orlomnmeadtsacmmﬁrom 0. heo i:mrzsmradﬂsec)ér from - toves 400Nl et e.

H2 had a resulting H-shaped structure llkgm@
Fract i onat Tagfpec or from 0.0T to 100rad{secprdfeqm dP@ te 801 epwgretq%e@aﬁéaa%quence

Fydr bgeriat PEimperatires ranging irom §20%s i SEhRCeandin sBE §2158 0 B BEBMEHEC)
Exanpl e 7. tihiealfySfidl debifles Herd fsff at isothermd bXdEbnd BEm@M MY ¢ angez Q)Q &Y

LALLS.
Rheol qgi cat, B5oRgd/tdcat 1200EXBHRCE3700C, 190°C, and 220°B‘§u65%§§w ‘iﬂﬂ then from

rheol ogi cal behavi or of the vari ous resultlng copol yner examnpl es was

measur ed by 0aeb 106 PRIECcTER RHOCID! ZHUPC dr-Hegher hOkeRbisRRA atbEudIR eéﬁlnuﬁméalr atory
shear between 5 paral l el plates in a Rheonetrics Scientific RVS-8

Mechani cal vispesidstio negime.. Répreatyiesting/was periodicaliygpafarmef onrth same spel:i)ﬁhmdt sec
or fromO0.1 to ca. 250 rad/sec or fromO.1 to ca. 400 rad/ sec or from

0.01 to 1045QRF &emetimes 22006 to sherkoeprodugibility. walk messrements aereperfarmed e

strains within the linear viscoelastic regime, and either one or two specimens were used to

15 cover all temperatures tested. The parallel plates were 25mm in diameter and the gap
between the plates (sample thickness) was precisely set at values from ca. 1.6mm to 2.3mm
for different test specimens and temperatures. Use of successive temperature testing on
single specimens requires compensation for tooling expansion with increasing set
temperature in order to maintain constant gap distance at all temperatures. This was

20  accomplished in all cases by raising the upper platen (plate) at each new increased
temperature by the amount 0.0029mm/°C. Additionally, in some cases sample expansion
evidenced by normal stress increase was compensated by maintaining a constant (low)
normal stress in the sample at the various temperatu}es. The above methods are all well
known to practicing rheologists. All samples were stabilized by addition of 1%(wt) of a 1.2

25  mixture of Irganox® 1076/Irgafos® 168 (Ciba-Geigy, Inc.) prior to compression molding

test specimens in a Carver Laboratory Press.

The resultant linear viscoelastic data, which may be expressed in numerous ways, but
here were expressed as complex viscosity, n", elastic storage modulus, G', loss modulus, G",

30  and complex modulus, G*, were then superimposed to the 190°C reference temperature by

well known time-temperature superposition methodology, yielding master curves of the



of tenperatures ranging from 120[err]C to 250[err]C and in sone cases to as
hi gh as 33Qlgdsishiéss Typi cal ly, the exanpl es were testedcayusosoréssr mal
conditions from0.1 to 100 rad/sec or tgy 10 ca. 250 rad/sec at
120[err]C, 150[err]C, 170[err]C, 190[err|]C, and 220[err]C, successively,
and then from 0.01 to 100 rad/sec at 250[err]C, 280[err]C or higher
as necessasbpve parametess vs. fisquencyrioveti upl torseven orders of magoitedescit fresuencgyi fiem the

Repeat testing was. i odj cal | erforned .on, the sa i mens. at
| TSOrer r] ¢ el Rt tcth Gftmbpy PlafbalireR cufifre FRETEF | SupeRuicon
. Measur enend3cifeiIg %:ﬁe?ﬂ‘oﬁﬁgd By vertical shiftirgfiife Wgﬁﬂoﬂxﬁ%ﬁ&ﬁlﬁ@ﬂccﬁhﬁﬁ@% fiRtiC
i regime, and eithér one or two specinens were uSed to 15 cover all '
t enper at urepatiest ed. The parallel plates were 25mmin dianeter and the gap
betvvee? the plates (sanple thickness) was precisely set at values from ca.
1.6m to 2.3mm for different test specinens and tenperatures. Use of
successi ve terrpg,{.a_.t I /M;-sti ng on si-ngl e speci nens requires
conpensation forttodihg expansion with increasing set tenperature in
order to maintain constant gap distance at all tenperatures. This was 20
acconplished in all cases by raising the upper platen (plate) at each new

i ncreased where b is tiyneeticl shif fixyor, pds thewnsld ddsidpaYemperature, T's Addibsolareal | y,
in sone cases sanpl e expansion evi denced by normal stress increase

was Conpengigachtiings FPORI! didthd)eablerif) G réfdks foltA¥) 900C refereRd¥ @RipedtgSS i n the
sanpl e at the various tenperatures. The above nethods are all well

known 100 piVadicakshifting mas Fallpwet by aftlitraryhopizestalshifting tfloiglyi coapldymeadiding i on of
19wt ) of 1 5 m xture of |rgapox 1076/ 1rgafos 168 (.Ci ba-Cejgy, Ipc.)
prior to cglﬁﬁﬁ é&épﬁlﬂ fregnency gxis to yiefd ‘B%g?“%"&é?é is CLOFS 81> G&P%\”eﬁéﬁ?g"ﬁ g’ﬁ%‘{ly
Press. to an ; LR tHe s SEY I & W be
expr essed ionmnﬁ%ﬁ%ﬂ%fogéﬁ?éﬁ# blyfeid tle eﬂﬁ@é)\f\i‘ver eﬁéggéﬂe‘gg%gg gg boﬁp%égpﬁ’
vi scosi ty, igderiveéd froml astic storage nodulus, G, |loss nodulus, G', 30 and
conpl ex nodul us, G, were then superinposed to the 190[err] C reference
tenperature by wel | known tine-tenperature superposition

met hodgl ogy, vyi gl di ﬁ%ga&t B C of the

20 abovegjf)areg t%rge\//ls‘. lt?")'/r‘gguency over up to seven orders of

magni tude of frequency fromthe term nal reginme through the rubbery
pl at eau regi on (where possible). Superposition specifically was

perfornmed kyd whelelFE2l1 od¥xi 6P fikcalfimbht | og[ err] conpl ex nodul us according to
t he

The following critical melt shear rheological attributes at 190°C, derived from the
20  master curve data, describing aspects of the invention are given in Tables III and VI for each

of the examples:

Newtonian viscosity, 1q, in Pa-s
25 Plateau modulus, GN©, inPa (evaluated at the frequency of G"minimum)

Ratio of Newtonian value to viscosity at 100 rad/sec, 1, /‘n*(morl) ’



equation 5 b[err] = p[err]T[err]/pT where bT is the
vertical "shivbtosfsasgeor, p is the nelt density at tenperature, PCRUSI802648
absol ute tenperatures in [err]K, @nd the subscript, o, refers to the
190[err] C reference terrperature 10 Verti cal shifting was fol |l oned by

arbitrary horizgnt.al .shiftin f, err X rmd o~ along the
| og[ err] yf requeg{&’ &&‘5 Yi rfgﬁ%tragﬁp'fet éE‘E o'r]s90 Cypamd
whi ch were then fittade (e, astrﬁ.rﬂo?‘?bt@‘rtﬁ%?erlréfedf%ere 1y cﬁfaﬁh@iaﬂxet he

energy of activation for vi’scous err

derived from 15 temperatar® and @xp[qnli[ err ]/ R) (1/ T - 1/ To) ] and
where R = 1.987x10[err] in kcal/nol [err]K The foll ow ng
critical melt shear rheological attributes at 190[err]C, derived fromthe
20 mgst er cur [ I ng aspects of the invention are given in
Tabl es III and Sl%e &ac foh, E of the exanpl es:

Newt oni an vi'scosity, [err] In Pa-s 25- Pl at eau nodul us, [err]
in Pa (evaluated at the frequency of G'mni Rati o of

Newt oni an val ue khg highsNewtanjanatiscogities efthe é’(Yent{Oélrlﬁg‘lcﬁte pdyantageously high
extensional viscosities (at low strain rate). The low plateau moduli of the invention, as well

as the measures of shear thinning, are indicative of low viscosity at, e.g., extrusion, blow
10  molding, and injection molding shear rates.

EXAMPLE 1-1 (C1)

C1 was ground into coarse powder and dry mixed with 1%(wt) of a 1:2 mixture of

Irganox® 1076/Irgafos® 168 (Ciba-Geigy, Inc.). This material was then compression

15  molded into 1 inch (25.4mm) diameter x 2mm thickness disks in a Carver Laboratory Press
(Fred S. Carver, Inc.) using a cavity of these dimensions and Teflon® coated aluminum sheet
hiners. Molding was performed at ca. 190°C and 10,000 psi. The melt linear viscoelastic
testing as a function of frequency was performed at the various temperatures given below on
two such specimens in a Rheometrics Scientific RMS-800 Mechanical Spectrometer in

20  parallel plate sinusoidal oscillatory shear mode. Plate diameters and specimen diameters at
test conditions were 25mm and gap setting (sample thickness) at the initial 150°C was
1.865mm. Measurements were made on a single specimen at 150°C (0.1 - 251 rad/sec,
1.865mm gap), 120°C (0.1 - 251 rad/sec, 1.865mm gap), 170°C (0.1 - 251 rad/sec,
1.908mm gap), 190°C (0.1 - 158 rad/sec, 1.993mm gap), and 220°C (0.1 - 251 rad/sec,

25  2.071mm gap). On a second specimen, measurements were then performed at 220°C (0.1 -
251 rad/sec, 2.081mm gap), 250°C (0.01 -100 rad/sec, 2.111mm gap), and 220°C (100 -
0.01 rad/sec, 2.081mm gap). Maintaining the gap setting constant with increasing
temperature at the jower temperatures was accomplished compensating for tooling thermal
expansion/contraction as described in the general section above. The increased gap setting at

30 higher temperatures compensated both for tooling dimension change and for sample
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Ratio of the extensional viscosity neasured at a strain rate of | secf[err]

, 190[err] Q,ogg%ﬁ(i e = 3 sec (i.e., a strapprakosiizei®
that predicted by linear viscoelastici t poat t he sane

tenperature and time, and 5 Energy of activation, Eferr].
The hi gh Newt oni an viscosities of the invention indicate advantageously
hi gh exparsiom svhenathedatter owdstacesmplished bynmaintadning e gowstant (o) normpl Biressiu
nmoduli of the invention, as well 10 as the neasures of shear thinning,
are indi caP’i’\a@ s&?“"ﬂ”ow viscosity at, e.g., extrusion, blow nol di ng,
and injection nolding shear rates.

EXAMPLE 1-1 (C1) Cl was ground into coarse powder and dry
m xed with 1 9% Wh} res@ltant inedt rhicolbgical pafanieric dita geeneefpressed 29d&ctibehindbe 168
(G ba-Ceigy, Inc.). This material was then conpression nol ded into 1
i nch (25. 4gegeralisestionaaboxe @rdwerei superaposdd sk $900C refefancedemperiasture musier Puryes

(Fred S. Carver, Inc.) usin cayity of these dinensions and Teflon coated
51 uni num s AEYAFin seven deciifes of sstufR fipdhs Rl R wel ER sanger SR APPES anc
10, 000 psi uifd MAPdomplité soRWard (IRERVersion 2.5, IRISDEGRISpthért, ARbIsOMAY. @
function of frequency was perforned at the various tenperatures 20 gi ven
bel ow on t Wpedificialsgsaditineparameters, Newtoradn viswsiSy, i plateau modtiv-r8d® of\thehani cal
Spect r onet in .Er?r.al | el ‘?I ate si.nusgi Sal oScCi IJ at or hear.. node. . Pl ate

di aneters nian VisCasiR 10 HhevisgPsieatdi0D rag/saceand ensrgy of acH¥atipn for ¥isaons,ng
gap sefgtin gltg% t:hi s) at the initial 1 50[err]C was
1.865mm I\/gggvare lﬁ%nslﬂ\/\qg@gqﬁde on a single specinen at 1 50[err]C (0.1 -
251 rad/sec, 1.865mm gap), 120[err]C (0.1 - 251 rad/sec, 1.865mm gap),
170[err]C (0.1 - 251 2: rad/ sec,, .1. 908mm gap). 190[err]C (0.1 - 158 .
rad/ sec, 1.993nH&ablV lysteatothy supisies feaf ng%iflascomparﬁﬁm s of cogmegsigl

(071 - o1 A SRy ARG dERAS JOSHBALE Miirh O P°100 rads cec. 2. 111mm
gap), and 220[err]C (100 - 0.01 rad/sec, 2.081nm gap). Mai ntaining

the gap setting constant with increasing tenperature at the | ower
t enperat ures was acconpli shed conpensating for tooling thernmal 3

0
Thereased gap sand Fibofy PRI C1 ARIGFH B diee BEMEAS) FPGHRRccithe
tool i ng di nviscesitynhanaay gfthe oomparativeermhples A, B, C, and D. This translates into lower energy
input per throughput unit for the invention polymer. Note, this plot is dependent on the
temperature and molecular weight of the example polymers, in addition to MWD and molecular
20  architecture.

FIG.Il is a plot of these variables in a reduced variable manner that renders viscosity
curves which are independent of the temperature and the magnitude of the molecular weight,
hence the comparison was made on equal footing. The differences were only due to the MWD

25  and the branching characteristics. Note that the reduced viscosities of the two LDPE examples
' (A & B) were on top of each other. As for FIG. I, this plot clearly shows that for high
throughputs, as desired in melt processing, the invention Example I exhibited lower values of the
viscosity than any of the comparative examples (A, B, C, & D). This translates into lower energy
requirements per throughput unit.
30

FIG. III shows that C1 exhibited a region over which G’ was essentially frequency

independent, which can be taken as the plateau modulus. The behavior of the storage modulus of



22 expansi on, where the latter was acconplished by maintaining a
const ant’ (iw0W8/349861al Stress on the sanple. PCT/US98/97648
resultant melt rheol ogical paranetric d@8a were expressed as described in
the 5 general section above and were superi rrposed to 190[err] C reference

tenperature master, curve ean sev cades of frequ ency
o el the RTBRRAYE g ope) EIPhID iheese With thg Somo e ceer G1FS Chedoas

(IRI'S ver t ty, es of
the. par anet ey fegvehibeieRUEs BTG, As HERFICFhd Uiets of the moRERY “{ﬁ%‘*%a‘

Newt oni an t¢mperatiré havemot beenvermovedi ty at 100 rad/ sec, and energy of

activation for viscous 10 flow, are given in Table III.
Figs. I-IVillustrate the surprising features of the Cl as conpared to

e, 81 ST hows ok AR S 0o

exhi bi t ed zeré klieareisosity ammqamogletnm@&mﬁg tHeteffects of temperahie asd myletdlan any
of the corrpar ative exanpl es D. This translates into | ower

ener gy wei ﬁrﬁﬁ&prqywlymmkttgpﬂmtsoalythemﬂmen@mfthﬁma@dbmmr. Note

this plot rat r

t e exanpl SRET AP o e BeLdPt pishe warekb EOAME ot uBbBEhaeR i ot

FIG 11 i sstorape flodaihs bf ExeRnplel feadted thel riibtry Rt Adglsn WheRhthaRtdiaie rhdtiili of
renders viscosity curves which are independent of the tenperature
and- t B8 nathsicomparative expmples wers still inoygaing with frequency.hence the conpari son was
made on equal footing. The differences were only due to the MAD 25 and

t he branching characteristics. Note that the reduced viscosities of the two
LDPE exanpl es (A & B) were on top of each other. As for FIG 1, this
plot clearly shows that for high t hroughputs, as desired in nelt
processi ng, the invention Exanpl e EX&AMPLE:2H (C2)er val ues of the

viscosity than any of the conparative exanples (A, B, C & D). This

translates into | ower energy requi renents per throughput unit. 30
FIG Ikl shows tahgholéleseiiickhdbst @ mgb&guewﬁh%ua&a%nwc&ﬁﬁﬁ%@ ly
frequency |nde endent, which can be taken as the pl ateau nodul us.

The behavi moldifg ahéessnbecbngethcrgmﬂaj gdlisoission above and tested at the sequence of
temperatures, 150°C (0.1 - 100 rad/sec, 1.221mm gap) 120°C (0.1 - 100 rad/sec, 1.221mm
gap), 170°C (0.1 - 100 rad/sec, 1.221mm gap), 190°C (100 - 0.01 rad/sec, 1.221mm gap),
220°C (100 - 0.01 rad/sec, 1.221mm gap), and 150°C (0.1 - 100 rad/sec, 1.221mm gap).

20  The resultant melt rheological parametric data were expressed as described in the general
section above and were superimposed to 190°C reference temperature master curves
covering six to seven decades of reduced frequency in the well known manner described
above using IRIS computer software (IRIS version 2.5, IRIS Development, Amherst, MA).
Specific values of the parameters, Newtonian viscosity, plateau modulus, ratio of the

25  Newtonian viscosity to the viscosity at 100 rad/sec, and energy of activation for viscous

flow, are given in Table III
EXAMPLE 3-1 (C3)

30 A single test specimen of C3 prepared as in Example 2-1 was tested at a sequence of

temperatures ranging from 1200C to 3300C with repeat tests at 150°C performed after the



23 t he conparative exanples showed each to increase with the

frequency,vﬁy% er the frequency at whi ch the i nvenpépiiséganedsed a
pl ateau. As W |G | the effects of Ege mol ecul ar wei ght and

t enperature have not been renoved. 5 FIG 1V shows the storage
nodul us of the exanple polyners against the product of the zero shear

Vi scosity spoci nddHeBe00C feaisS 'I?h%’lﬁ\ihé}ﬂ:ytr S hf B liRdittudl SSREsRiurESveeds
nmol ecul ar wei ght. Accordingly this plot reflects only the influence

of the M\Dleaeribedrim thergengral descriptidraefauetbodaogyaborn. The réssltanti oglt dieotogizal
storage nodul us.. Thi s %I ot unngestion b(w hows that.th%\% st or age
modul us of PAESTAFHEF 4218 Werg KRGS &5 AEssnie nﬁﬁssmlrsegfw BARh¥eihe storage
T ! dDerimbd 18 TR0 hahen AR St chiVes bBSEBERR AR, ( )

15 5  decaddd of'rédilced Tﬁ%lﬁﬁen?,? 8¢ thPRetAbd{ destiedih TXxampibs WL T Bnd2 2Didpe&@it | ON

and conpression nol'di ng as described in the general discussion above

and t est edvalgestdf¢chespayaraeters, diewtonian viscasityypdatesuumedylug, 5atie of th€ Nedvtonian 100
rad/ sec, 1..221ngm ) .12Q[ err .1 - 100 rad/{sec,,.1.221mm ap),
0L err] C 18R R st 100 it prt el aetyitan r Hhtousdlon aedrebe.
1. 221nm gap)Table I 220[err]C (100 - 0.01 rad/sec, 1.221mm gap), and

150[err]C (0.1 - 100 rad/sec, 1.221mm gap). 20 The resultant melt
rheol ogi cal paranetric data were expressed as described in the general

sectiqn above and were superinposed to 190[err]C reference tenperature
mast edOcur ves EXAW$ ﬂgln&"?“g'bssle\@ﬁ’ Bbmé, BLENDY 2% &, #HBquency in

the well known manner descri bed above using IRI'S conputer software
(IRIS version 2.5, IR S Devel opnent, Amherst, M. Speci fic val ues
of the paranet eEzxamplest<inthecughisst erid prepired anditesteddiatioasly withinche gendesl 25

Newt oni an vi scosi ty to the viscosity at 100 rad/ sec, and, energy of
acti vat i on™Methodoiogy dgscribed in the pbeyg segtiensgThedatafromphe.varjous temperatures for

EXAVPLE 3- %acglceBx)ample were superimposed to 190°C master curves as described in Example 1-1.

15 Specific values of the parameters, Newtonian viscosity, plateau modulus, ratio of the
Newtonian viscosity to the viscosity at 100 rad/sec, and energy of activation for viscous
flow, are given in Table III. Wl;ere specific values are omitted, they could not be determined

with reasonable certainty from the data.
20 EXAMPLE 9-1 (ECD103) (Comparative)

Example 9-1 was linear polyethylene used in the blends, Examples 5-1 and 6-1. It
was stabilized as described in the general method description and compression molded into a
2.5in. x 2.5in. x 2mm plaque from which three 25mm diameter x 2mm thickness disks were

25  cut. Melt viscoelastic testing was performed on the first specimen from 0.1 to 400 rad/sec at
the succession of temperatures, 130°C, 1200C, 115°C, 1500C. Subsequently tests were
performed on separate specimens from 0.1 to 100 rad/sec at 170°C and at 190°C. Data

superposition to 190°C master curves was performed as described in previous examples, and
specific values of the parameters, Newtonian viscosity, plateau modulus, ratio of the

30 Newtonian viscosity to the viscosity at 100 rad/sec, and energy of activation for viscous



30 A single test specinen of C3 prepared as in Exanple 2-1 was
t est ed .at. ycpoamaegee of t enper at ures rangi ng from 12BCBUSPEN2648
330[err]C with repeat tests at 150[err] gsperforned after the

24 250[err]C and the 300[err]C tests. The frequency ranges at the

I ndi vi dual tenperatures were as ..described in the general description
of net hoddlaygaresivea in Takle [ sWhereppegiic valuesase omitted, they couldynot hegletgromedt o
wer e expr SCri ' eneral section above and were

superi mosggﬁ?e&giﬁfeec?eﬂa@?fg g‘r%’%?%ﬂterrper ature master curves covering
seven to eight 5 decades of reduced frequency by the nethods described in
Exanples 1-1 and 2.-1 Specific val ues of the paraneters, New oni an
viscosity, plateau nodul us, SamplePreparation\Eor BExtensional Rhealpgosity to the
Vi scosgty at 100 rad/sec, and energy of activation for viscous flow, are

gi ven in Table I'11. 10 EXAMPLES 4-1 through 8-1 (4,
BLEND 1, BLEND Zampibs iddatified in Tables ITI and VI wer@f83tedsSn 4-Rhebhiefitd Pomieriatie
prepared and tested variously within the general met hodol ogy

descri bed ElongitéorabBheometert (RME) fofiike vidnenof the m,t fatiov aTheyywepareg es sictangslaf or

each exanpl e re superinposed to 19Q[err]C master curves as described in
Exanpl e 1- Raraljelepipegsahase  gadthgn Lfn@qsa%aaﬁeparpgmwweniaﬂvdvhémi ty,

pl at eau ”ngébﬁiarelgat'{ihgsé)g Iés were Pfegg%mb&@oﬁ@ré/sisﬁﬁ%&a%gﬂ?e Oéé]?rg}ﬁ SfifRrdy at

100 rad/ sec, nergy of ‘actlva VI SCcous re given in
Tabl e 101 | . withiybragemadk. ¢ val ues are omitted, they could not be determ ned
Wi th reasonable certainty fromthe data. 20

EXAMPLE 9-1 (ECD103) (Conparative) Exanple 9-1 was |inear

pol yet hyl ene us ' . - .

stabilized as dgggrki?%tggk%i1&%8@%@%%2@9@%&%%%%%%% Jc‘)'%s tgnwde l%%\grrgfessi on

mol ded i nt Qp]&oximateli D.%¢ Bg pdlﬁﬁieé iwhich b Sfivicie U corplelehfill thetrhdske Whéithe
S

di ameter x_ 2mm t hi ckness s were 25 cut, Melt viscoelastic testing was
per for med Bulkinpaterial was in pellst oE Rowaerfoun, the weighing prasess svag straightforward.

15 However, when the material to be tested was received in hard chunks, an Exacto knife was
used to cut small pieces of polymer from the bulk until the aforementioned mass had been
collected. The next step was to stabilize the polymer, which was only necessary for those
materials that were not in pelletized form. This was accomplished by adding one weight
percent IRGAFOS® 168 stabilizer (Ciba-Geigy, Inc.) to the weighed out polymer. The

20  brass extrusion die was then filled with the stabilized polymer, and sandwiched between
heated platens at 190°C that are mounted on a hydraulic press (Carver Inc.) The purpose of
the die is to mix the melted polymer so that the resulting test specimens are free of air
bubbles and weld lines. The presence of either can cause the test specimen to break at lower
total strains versus the case in which the polymer chains of the test specimen are fully

25  entangled. Note that 1" x 1" x /16" sheets of mylar were used to cap the die in order to keep
the polymer within the die from contacting and sticking to the platens.

Once the polymer had melted within the die, the bottom sheet of mylar was removed,
and the plunger was placed into the hole of the die. The brass mask was then mounted onto
30  the bottom platen, with a sheet of mylar (3"x2"x1/16") being placed between the mask and
the platen. The die and plunger were then placed onto the brass mask, so that the hole of the

die coincided with the geometric center of the mask slit. The polymer was then extruded
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the succession of tenperatures, 130[err]C, 120[err]C, 115[err]C, 150[err]C.
Subsequent 'Wo§9§J9§6 wer e performed on separate speci mpagnfsosioneds 1 t o
100 rad/sec at 1/0[err]C and at 190[errlyg Data superposition to
190[err] C master curves was performed as described in previous exanples,
and specific values of the paraneters, Newtonian viscosity, plateau

nodul us, riatd the ofask by ctusmg the platenis afithe; mwswhych tdooverthe vhmggtsmtq/thatdxei (khe

rad/ sec, and.ener ctivati Vi Scou oW, .are

G ven 1 TBNCAR Y wie e koot e RSP sliwed taicoq e grreGitsiBy be
det erm nedjggeC, at Whith Pﬁﬁ@%}ﬂﬂkew Rh@r'afé@fr&ﬁ%@&@eB@&ﬁ.@e the sample held within
Sanmpl e Preparation Fof Extensional eol ogy Sa

i denti fi edthemablk fid mm dimensmmny/homegmebesaﬁm‘ extrusaoﬁ;htemtemuide@aiﬂyxmhe Priesst
El ongati onal . Rheonet er

ez for the val ue of the er‘é%I ratio .
prepar &d a&t ]r9Qc@e§H§39QQ PSlb ween w4 &P el fe a&vﬁbﬁ@g Qftapp mgdmt %‘3
thi ckness QJ é""QrPd' r?lééép%} gé%ro%atgly t%[‘rgmﬂl}]e% owert t}{ng)sfﬂgl? fl % as Iln'ﬁ%?

sanpl es were pr epar e rest
 within a bpfséhdThe kample and mask were allowtd@o fcbéIStb r&bﬁ&eﬂnﬁeﬂaﬁﬁe g[pgmﬁhm@ly@ ed
i to nold t hese sanpl es was to wei gh out approxi mat el y

' pol yner, whowm. Jh¥vas neqessare fa slowlyennb the polymer specimen lmmwamthanhemolded

bul k mat er owd t he wei ghi rocess

ot ai ght £ oP A e BPieafbalircid SinalV 1R el R SRR SRR B e e
in hand chyale its@iménsisik Wef@ ine@suted and it wasue§ted wWthfithe RWIE! pi eces of
polymer fromthe bulk until the af orenent i oned nass had been

col | ected. The next step was to stabl lize the polyner, which was only
necessary fo t. wer el | zed fo hi s
s acconp! | SHEHfestiain e Rbepmednts Potyier et bianeRepsiihb dmces BiME
stabilizer (G ba-CGeigy, Inc.) to the wei ghed out polynmer. The 20 br ass
extrusion die was then filled with the stabilized pol yner, and sandw ched
bet ween hédiee dllgwing dorsthatoven of therRME th ieatarpetortbe desingd desting Ingmhematurec

Ca Th f t
Dy oo Cebrttar the Gk TR was pegforaris. TS wes apogpihed Wit Foe iy o
and wel d I lcmﬁfps ({mﬁ sTAlrE&S BeRl mtsyinkmﬁemtma %‘Fﬁﬁ%ﬁ ﬂ:%ttra?@cﬁfdef*ﬁ&ef\l bR eak

at | ower total strains versus t case | t he pol yner chains of
. the test sphaud side) ofthe tbtdnlx;xth!ﬂowee&ntmgioad Witlyhe mdssihargingdrarh the trarsGiices 25. 4

m X 25. 4m"r]_my& and5 puqreq' loc ?eedta% the bara/clo%the oven the force calibration window was brought

up in the data acquisition software. After choosing the desired force scale, the force gain

20  was set to unity, and offset values were input until the average force readout on the screen
was zero. A mass corresponding to that chosen for the force scale was then attached to the
transducer shaft and hung over the pulley. The gain in the calibration window was then
adjusted until the average measured force was equal to the mass attached to the transducer.
Once this was accomplished, the mass was removed from the shaft/pulley and the offset in

25  the force calibration window was adjusted until me average measured force. was again zero.
The mass was then re-attached and the gain was readjusted until the proper force readout
was achieved. This procedure of zeroing and scaling the transducer readout was repeated
iteratively until values for the offset and gain in the calibration window of the data
acquisition software were obtained that simultaneously yielded a zero force when the

30  transducer shaft was load free and the proper force for the attached mass.
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used to cap the die in order to keep the polynmer within the die from
cont acti ng vemE8/34986 ki ng to the platens. PCEEI08(0pe48
pol ynmer had nmelted within the die, the WTtom sheet of nylar was renoved,
30 and the plunger was placed into the hole of the die. The brass mask

was then nounte nt Q.. ... t he m_ pl at.en, w.th f | ar
(3"x2"x1/ 16") (%%%ﬂ{b{atg}g@ﬁg??g%%%ﬁﬁ% %‘Si"hﬁs‘mﬁg th%g?*ﬁ%@i?ﬂgg{m{%en t he
mask and t hgraidlepipet] tedtpedinfendfiid tehpéiafire WRAR thé 6VerPivas etibcRéd © énld6re that the
brass mask, so that the hole of the die coincided with the geonetric center

of the maskven was at the appropriate test tepnperpurey rithe velve arhibe gax flowdregulater was aen
mask by cl osin e plat o,O0f the press, I C drpve the pl unger
"o the. dREneE 0ol S8y Ture AfuRen Bas deistaltorthe Ve 0t Srngag ontol

allowed to ; ' Jﬁg,{ : | ' t

separ a? ed ro%ﬁag@g%?f!@‘%\{‘égftggégégge t t%%%’%?%@%%‘? sl)’nﬁlt%ﬁg@a n’g‘SWS
not di mensicadad bgtweentigermeaylanigsaisingghe RBAE foadingrblodkt (i.ecthe teprelanipslansiit hi n
the press at 190[err] C and 2000 psi 514 MPa) between twg 4" x2"x1/ 16"
(102mm x 5d9 % uppesqiositiony| Aypicallyel & (coifmia) ofgan wersglehvered tthegy tg@ﬁsm e

e e | B R 68  L clEGRANE PApERARUEE Bt

t enper at ur ehd giepinten MMt e kouch thotopsof.thd dir table, bedaise thiscesvanse the spdoiménytoc ool

t he pol yner specinmen in_ this _way so that the nol ded sanple 10 was free of
resi dulfl stshels ardsan extrasforge wilkhe measuredulyripg sloagatianal testif®noved from t he
mask. Its dimensions were neasured, and it was tested within the
RMVE. Sanpl e Testing in the Rheonetrics Polyner Melt El ongational
Rheonet er (RVE) Imniddiately after reféabinf tid speeinied abéve thBQira¥kle, 1k righthdfdclimp heat
up to the desired testing tenperature, calibration of the force

t ransducer wasdoyeteride holil theispecimeninnlacsriiie sample wias then allowest tormpelt, while being

Cr aneducer 'Sy e T abiETor Sctipalehis miftten o T beCharinfery SRapOyes en
posi tipn. \Mdsed éhdhe Spdtanien Was EneRied Rendure it @ not stick to SHeAdif taBRd pul | ey
| ocated at the back of the oven, the force calibration wi ndow was brought

20 up i n Generallyt theaoeltadspecioen bed sagged soméwkat betwrepithetablesanddbeé elaops,or ce

scale, the farce gain .was set to ynity, and offset  val ues were input
Gntil the aYBFEGHY St some siiRE Bifhe ol 1k el erfoneols {6 daff o i, ‘T
cor r espondi ii@rddind thit! prebIRAE thel PicktvAR drk 8p %91 P ginPhe chigipsat bR ahgdar RIdci§
transducer shaft and ‘hung over the pulley. e galn in the calibration

wi ndow was oftlerev/min. Sample testing was then initiated by setting the VCR to record mode, initiating

20  the video timer, and choosing start test in the data acquisition software, respectively.
Subsequent to the sample being elongated, the valve on the gas flow regulator was returned
to the air side, and the required test parameters were entered into the data acquisition
software. The rotary clamps and oven door were then opened, and the clamps were
removed. Finally, the tested polymer was extracted from the stainless steel belts, and

25  recycled for additional elongational tests.
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20 ., the,video tinmer, and choosing start test in the data acquisition
sof t war e, - "E@9834986¢c| y. Subsequenézfgto t he sanpl e bei ng"

the valve on the gas flow regul ator was Téeturned to the air side,
and the required test paraneters were entered into the data acquisition
sof twar e. Elxsmpbd b \ Inl sitep Miaed| ZirconochnerCatalyst Ekamnplpened, and the cl anps
wer e renmoved. Finally, the tested polyner was extracted fromthe
stainless steel belts, and 25 recycled for additional elongational tests.

. i, [ 1ke i . |
Thi s exanpl e i1 1S, PRFAREfstotes tidebhchtil SCUladeHeA URRRREAL B Yok L e ©

situ coadimition polymepizhtioremethat using aahiked zinsonogere citatystl ag descabedmié.S.
catal yst as described in U S. 5 patent 5,470,81 1. 1)

Prepar & i oRa6At HHO.84L of isomers of (MeEtCp)[err]zrd[err]

[ bi s(1, 2- MeEt Cp) Zr A 2, bis(1,3-MeEtCp)Zrd[err], and
(1,2-MeEtCp) (1,3-MeEtCp)Zrdcerr], where Me = nethyl, Et =
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di rer was cr ack&is(l.3-MgEt Ka&%brand (LA-MeEtupr(113-MeEtCp)ZrCly, where Me Fanesbylt v

o 1096 ol ) v P (e Sxsitpenthclen SREGSARATEAIN (1) SBEBTHEAC DO Y
The flgsk was Methylcycl%ﬁéﬂtﬁ&iﬁdﬂiﬁt@r Wa§ chrkdd fodhe E’tﬂfnb]n@f]ia uitPOGer high

W cnferr] of 1.4 Msolution of methyllithiumin exane was

1 added sl ow y. Afvissositosiiitanesiladtsample ofthetfhashiyipreparédmethylcyclopentediernies(100.5

] renoved and stirri conti nugd. f.ar howr t . raomtenperature...Then the
flask was & 1756 580y @ieesa sto £5 igteiteimn b Srita ik TheLa vy,

| L.28 mol) was addgfeashailide Bith to 0°C and 900 orm’ 014N BiutiBn b ethifthilhnth U ©

was then stirred for 15 hours. The resulting product was

washed wi th di sthexhbsotwanaddedatowly hafier gampletd aiditionvaftheMetdltirvies-bathavasm

sul fate, This was then filtered and concentrated under vacuum
and t h® concent r’§Movesh andgprring continued fof; L heyry atragm tempegatwre; o hep thglaskevas

The fraction boil{ gy ARl btofbehhde (1982 g, 1.28 mol) was addef¥iS¥ty as

solution in THF. The mixture was then stirred for 15 hours. The resulting product
was washed with distilled water and the organic layer was dried over sodium sulfate.
This was then filtered and concentrated under vacuum and the concentrate was

20 dissolved with a gentle N, sparge. The fraction boiling between 118-120°C was

saved.

Freshly distilled methylethyl-cyclopentadiene isomers (41.9 g, 0.388 mol) as

above was dissolved in 30 cm® THF. 242 cm.3 of 1.6 M solution of n-BulLi in hexane

25 was slowly added to this and stirring was continued for 3 hours after all the n-BuLi
had been added. This solution was then added slowly to a slurry of ZrCl, (45.2 g;
0.194 mol.) in 200 cm® THF at -80°C. Stirring continued for 15 hours as the
temperature slowly warmed up to 20°C. The solvent was removed under vacuum
and the solid recovered was extracted with toluene. The toluene extract was

30 concentrated and pentane was added to aid precipitation of the pure compound at
-30°C.
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Fl ui di zed-Bed Pol ynerization. The polymerization was conducted in a

conti nuous Fluidged aSPoliefisitiend Tla%%olﬁ?&izgﬁon J&H&éﬂdﬁb{éﬂ%@ﬂ cBftshubas
made up of pol ymer granules’ The gaseous feed streans of ethylene and
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Feoycle — EassOIeed Frpameidetiviong 80 fdrpeat tassHish e 1o SIRARAE At Fitee

| (TEAL)svesioghedin rhﬂnrg‘ﬂeé arrangemeht W%%lau@ﬁd]bélm tEredtor BEY Hﬁdﬁi& rb cle
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ethylene, hydrogen and comonomer were controlled to maintain fixed composition targets.

The ethylene concentration was controlled to maintain a constant ethylene partial pressure.
20  The hydrogen was controlled to maintain a constant hydrogen to ethylene mole ratio. The

concentration of all the gases were measured by an on-line gas chromatograph to ensure

relatively constant composition in the recycle gas stream.

The solid catalyst (above) was injected directly into the fluidized bed using purified
25  nitrogen as a carrier. Its rate was adjusted to maintain a constant production rate. The
reacting bed of growing polymer particles was maintained in a fluidized state by the
continuous flow of the make up feed and recycle gas through the reaction zone. A
superficial gas velocity of 1-2 ft/sec was used to achieve this. The reactor was operated at a
total pressure of 300 psig. To maintain a constant reactor temperature, the temperature of

30  the recycle gas was continuously adjusted up or down to accommodate any changes in the

rate of heat generation due to the polymerization.
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catal yst preparation above. M xed Zirconocene Catal yst Copol yner

("EXP 10")
This experimental copolymer was an ethylene-hexene copolymer produced with the

15  mixed zirconocene catalyst described above. This example had the following properties:
0.9187 g/cc density, 0.91 dg/nun I, 6.53 dg/mm 10, 21.1 dg/mm I, 7.18 Im/Iz, 23.2 I/,
31,900 M;, 98,600 M,,, 23,1700 M, 3.08 M/ M,, 2.35 M,/ M,, and 10.9 cN melt strength.

Commercial Resins

20
Comparative Ex. A is ESCORENE® LD-702 from Exxon Chemical Co., a commercial
ethylene-vinyl acetate copolymer (LDPE film resin) having a Melt Index of 0.3 g/10 min. a
density of 0.943 and a viny] acetate content of 13.3 wt.%. Comparative Ex. B is ESCORENE®
LD-113 from Exxon Chemical Co., a commercial homopolyethylene polymer (LDPE packaging
25  resin) having a Melt Index of 2.3 g/10 min. and a density of 0.921. Comparative Ex. C is
EXCEED® 399L60 from Exxon Chemical Co., a commercial ethylene-hexene copolymer
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20

Description of Supercritical Fractionation

The use of supercritical fluids as solvents allows for the fractionation of polymers by

either molecular weight or composition. For exampie, supercritical propane is a good

25  solvent for polyethylene and other polyolefins (homo- and copolymers) at high enough
pressure and temperature. If the temperature is kept constant and is high enough so that the
polymer is totally non-crystalline, then one can fractionate the sample by molecular weight by
varying the pressure. The critical pressure for solubility (that is, the pressure below which
the polymer is no longer soluble in the supercritical propane) increases with molecular

30 weight, so that as the pressure is dropped from some large values the higher molecular
weight fractions will drop out of solution first, followed by progressivély smaller molecular

weight fractions as the pressure is lowered (Watkins, J. J.; Krukonis, V. J.; Condo, P. D ;



20 Description of Supercritical Fractionation

The use.of. womsnsasset i cal fluids as solvents allows for the frBRECTIUSASP264% of

pol ymers by ei ther nol ecul ar wei gh83or conposition. For exanpl e,

supercritical propane is a good 25 sol vent for pol yethyl ene and ot her

pol yol efin opol _ r

i t enper at urg Wéml&é?a ﬁ@'ﬁérn‘zttal?ﬁlC%g%?%ﬁgl?.s%tgﬁﬁgﬁggg slf;)th?hat
t he podsyurelis held t:omidtxanm chie-tempetatire islewerdi; thenthe a3t Erystallizablat e t he

sanpl e by nol ecul ar wei ght varying the pressure. The critical

pressure f pertinns@fihe mqurp@mwdl dome quidirgr Sinngrfor ethylene-wholefin copolymersdhe

ol scul ar - Sty S GetafiepuatolE BY B S o et BRI erchin SRTER ar ge
val ues 4 he 1§Ubgﬂ@fen'iﬂblrﬂﬁi=€ %’&ﬁlm g will ﬁ‘\ﬁ!tﬁﬂﬁteftﬁéﬁérﬁﬁgﬁ benboﬁlﬁ@ﬂ(W‘dkaﬂH J 1

§ solution first, foll progressively smal l'er ol ecul ar ght
fractions ukoss V. eTs,s(Dmndq, ®. Do\Rradivin( D4 tBtirlch, PJ;.J. Super‘dntzkdd?lmds\l%] 4, 24-
Condo,

pr adnan, - DI EFith 1D Satkoyvsk M, Birkch, Prs Wetkins, o Koukopis, Y3 Pelymere
other hand, Pr’reﬁnﬁﬂﬁ%ls,tﬂc( |)°§9f| Pﬁga‘gﬁush%@'h{s%éb bn BFH étlﬁ?xaﬁﬁé%%éﬂﬁéfr .el : S

| owered, thert the np sta ons o

cone out fimsleculd welghtfmfcomﬁmyﬂnen&obeﬁfe]sambeﬁpércﬂﬁm kylaton, byharying either
crystallizability is generally controlled by the amunt of ethylene.in the
chai n, I&ucpressuss or tp@aﬁramre, refnesuyely. uinthe rsemphes Hepd hereing waebmﬁat@t%e

sanpl e by Condo, P. D.;
Pr adhan, Dcﬁ)&ﬁﬁﬁ O&M#c%per%lﬁsl l?‘f lsoﬁheﬂ] é‘s%%svfn on] 31,
Smth, S. D.; Satkovvskl, M M; Ehrlich, P.; V\atklns J. J.; Krukonls V.
J.; Polyner Preprints 1991 32(3), 291-292). Thus one has the option
of fractionating by either  Supergpitice tionation Esamplemosi tion from t he
same supercritical solution, by varying either 10 pressure or
tenperature, respectively. In the sanples used herein, we chose to obtain
fracti phs of varlamgraﬁﬁbfmlofé&h@h&&abﬁoﬂa‘ﬁé&ﬁﬁ@ﬁhuﬁ&@&ﬁﬂﬁo‘pﬁéﬁﬂﬁﬁtﬂ}m
Supercrl tical Fractionation Exa 100 grans of EXP10
resin was fthemannerdeseribediab gV%l 'Eﬁp@raeucmedamt by Bpasex %Puﬁﬁ@MﬂnmaCk St., t he

St AR MK R 38 ot B P mgiépled BT

foll ow ng nol ecul ar wei ghts:




Table V Fraction Anmount Merr] Merr]
Merr]/Mer 6 (9) (1000 g/ mol) pcrAésHiidess
g/mol) Wb RBPE. 1 18. 50 34 18.8 88. 8
4.72 EXP10- 2 24. 62 31.5 87.9
2.79 EXP10- 3 15. 7 23. 6 85. 0
3. 60 EXP10- 4 10. 246rable v 17.0 80. 9
4.76 Fracton P Amoufit 3 M, 1416 M, 44
3. 01 EXP10-5 MO 51 o 3001 w g2 P

: 2.08 EXP10-} (2)5. 93 (1000 g/mol)37} 3 (1000 g/mol) 72.9

1. 96 : EXP10- 8 A (H A81 0O Q1. 9O
1.91 EXP10r19 18.50 12 188 63.7 88.8 110. 4.72 1.73
EXP10- 10 338 78.ﬂ 129 4] 63
EXP10- 11 | EXP1&23F  24.62 g 315 87,95 279  1ls6
EXP10- 12 =88 88 : 126" 1165
EXP10- 13 Expui.gg B 15.76 13123 6 85?30. 360 Jlgs
EXP10- 14 | EXP16496 10.24 14517.0 802638. 476 1185
note: Mol dcular we nhf g (wm i _average nn ecul ar weij ght { MA/) and

nunber averEXElﬂ‘ﬁl ecul 836nei ght (Mé6r]) w=re meslred by GeB.GRer nedqtion

Cal Dr\ L

Chr omat ogra €55—oa-her msc Rot-ed—us-Rrg—a—Ait-ers—-50—Cef ation
5 Chromoaj 33}‘831 equ p“a ith a3 11fferewtial @e?rach e |ﬁcp§x defect or

(DRI') and Or 3lggd usf g PEHYSTYTEfTE St ras. run in
1,2,4-tri orogenxene ' (145[erv] ©) uging three Shodex AT-80 M S
colums i Em)l]e.ss. Thi g.gsenerial 48.0 techhi que 919di scussedigy "Li quid
Chromat ogrjaphy _of Polyners a Rel at ed

EXP10-9 2.12 63.7 110. 1.73

EXP10-10 3.30 78.9 128. 1.63

EXP10-11 3.38 88.1 138. 1.56

EXP10-12 1.83 88.0 146. 1.65

EXP10-13 1.98 131. 220, 1.68

EXP10-14 1.96 145. 268. 1.85

note : Molecular weights (weight average molecular weight (M) and
number average molecular weight (Mp) were measured by Gel Permeation
Chromatography, unless other wise noted, using a Waters 150 Gel Permeation

5 Chromatograph equipped with a differential refractive index detector (DRI) and

calibrated using polystyrene standards. Samples were run in 1,2,4-trichlorobenzene
{145°C) using three Shodex GPC AT-80 M/S columns in series. This general
technique is discussed in "Liquid Chromatography of Polymers and Related
Materials III" J. Cazes Ed., Marcel Decker, 1981, page 207, which is incorporated

10 by reference for purposes of U.S. patent practice herein. No corrections for column
spreading were employed; however, data on generally accepted standards, e.g.
National Bureau of Standards Polyethylene 1475, demonstrated a precision of 0.1

units for My/Mp, which was calculated from elution times. The numerical analyses

were performed using Expert Ease software available from Waters Corporation.
15
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note ; The values of the plateau modulus Gy

were calculated according to the

equation G\’ = 4.83 G”(®)max , Where G”(@)ms stands for the value of G” at the frequency at
which G” is maximum, see R.S. Marvin and H. Oser, J.Res. Nat. Bur. Std., 66B, 171 (1962);
- and, H. Oser and R.S. Marvin, ibid., 67B, 87 (1963). For comparison, the 1 for a linear

equivalent (same Mw) polymer is shown in col. 2 using the equation 1 (190°C) = 5.62x10™*
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Discussion

My’ **(Pa-s) derived from Eq. 16, Mendelson, et al, J. Poly. Sci., Part A, 8, 105-126. (1970).

Therefore we expect that the multiply branched coomb and H-shaped polymers of the

invention and comb/linear copolymer blends are expected to exhibit high levels of melt

strength at low MIR in view of their strain thickening in uniaxial extension. The comb



10 Merr](Pa-s) derived fromEq. 16, Mendel son, et al, J. Poly. Sci.,

Part A 8, w@bs3#ss (1970). PCT/US98/02648
Di scussi on Therefore we @fpect that the nultiply branched
coonb and H shaped pol yners of the 15 i nvention and conb/Ilinear copol yner
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1.  Essentially saturated hydrocarbon polynmers having: A) a backbone
chain; B) - wW09834986a plurality of essent !39' |y hydrocarbon si d®&FA/§98/02648
connected to A), said sidechains _ ‘each havi ng a nunber-aver age
mol ecul ar wei ght of from 2,500 Daltons to 1 Dal tons and a
MAD by SEC @lhiMs 0 - 3.5, and, O anﬁ\“ﬂ%i“ﬁ@&“@“&m dechai ns

nol ecul ar mass to backbone nol ecul arli¥ +01:1 to 100: 1, wherein
sai d "hydr ocar bon pol yners have cD) an Merr] greater than equal to
§20, 000 Dal tons, 0t V.. SEC of .. l.e h 2.0, F)
= Newtoni art-1 1 i PRGRsT Semepyijort appifsniyesiiaty Satutaf e Mo RS pduys”: oo,
 great er t hajavingatA)af bazkbdreahhinOBY b ipRiralith Af ¥§sRAtislly Hydfodastith dRAhiAS bonnected

conposition an \(\/el_ght average nol ecul ar wei ght, "preferably at |east twce
fas grea! ado A), said sideghains ea¢h kaving 4 nymber-aystagemnolec@larawveight of frgm 2f00rDaltomsy

| S chem il 2s R0 RMORERn SROV T SREE 1 05 3% puf ) B B i ot Stechilt

a ratio of hbRcllErhayditdBadlibGhé mdtbcklad &S b6 01:) thQodhe absol ute val ue

of the conpl ex viscosity in oscillatory shear ([err]*)at 100

rad/ sec at 190[err]C of at |east 5. 2. The hydrocar bon

pol ymer conposition of claim1l wherein said sSs ratio, is. . .0 l:1to
01 1 20”0 iighyrocasin P LorRO DB G AR doNpR IR ik e Fefiisd 1o
wher ei ggsai gh.yass ratio is 0.3:1to 3:1. 4. The

hydr ocar bon pol yner conposition of claim1l wherein said mass ratio is 25
0.5:1to 2:1. 5 The hydrocar bon pol yner conposition of claim

1 wherein said backbone chain and said sidechains, are derived from
one or more-of e E}gﬁ%c,aﬂ?ﬁxbw%qegoniposmon of c&mmb\u‘fv grein sg;dpt@msgﬁgg 180.3:1to
1-hexene, 13.9ctene, 1-decene, 1-dodecene, 4-nethyl-pentene-1, 30

styrene, alkyl styrenes, norbornene, and al ky-substituted norbornenes.

6. The hydrocarbon pol ynmer conposition of claim1l wherein said backbone
chain ?d sili d sigechdai ns, are essentially of an ethyl epne-butene copol yner
struct dre. * The hydrocarbon polymer composition of claim 1 wherein said mass ratio 1s 0.5:1 to

2:1.

5. The hydrocarbon polymer composition of claim 1 wherein said backbone chain and
said sidechains are derived from one or more of ethylene, propylene, 1-butene, 1-pentene, 1-
20  hexene, 1-octene, 1-decene, 1-dodecene, 4-methyl-pentene-1, styrene, alkyl styrenes,

norbornene, and alky-substituted norbornenes.

6. The hydrocarbon polymer composition of claim 1 wherein said backbone chain and

said sidechains are essentially of an ethylene-butene ;:opolymer structure.
25

7. The hydrocarbon polymer composition of claim 1 wherein said backbone chain and

said sidechains are essentially of an ethylene-propylene copolymer structure.

8. The hydrocarbon polymer composition of claim 1 wherein said backbone chain and

30  said sidechains are essentially of an ethylene-hexene copolymer structure.
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7. The hydrocarb l ition of claima1 wherein said backbone
5 . C 9g/54986 S %jﬂm m’im iﬁT%ﬂ essentially of an et hpcensogowmpy| ene
copol ymer% ' ' 38 8. The hydrocarbon pol yner
conposi tion of claim1l wherein sal d backbone chain and said

si dechai ng are | I\ o
9. heghydrgg f‘{éééag% ﬁ'y%@&m 5" FSi ln?)gln o%ﬁlqgnﬁn%q%gvﬁer el‘:%ﬁd;ngl E’Hi% bone
chain andsasaklde@mﬁhems@amnyeoeasanyleﬁ-bateﬁ copalysidistrasare)ct ene copol ymer

structure. 10. The hydrocarbon polyners of claiml
addi ti onal | y having I) a ratio of the 15 extensi onal viscosity

nmeasur ed rai,n _rate of. secl. 0 G 3 sec,

t hat predi ted h P‘?‘Y’H%fa“r"“k}"’%%‘é?fe“i{“?‘ c]tog}ipg?mgﬁg é:i?rth /é’rr%gdr éﬁf%ﬁgﬂ%nd ti me
of 2 @r gsfafa8id hydrocarbon polymeks.and 99.09. V4%, d3scpbiallyE RiERP sthlleAd cOFBIhES i0FY
0.1-99.9 wt.%of "the essentiially sat ur at éd hydrocar bon pol yners of

cl ai m 10 wieighpaygage molecularweight fromlabout 256000 Daltons to abeut!HP0N09 Raliess.yandr s

of wei ght; a\zera I | ar about | t ons to’
about 50018 é %ffg?ﬂ %ulg}g}t%@%@? f’ﬁig?g%gl.? 1.75-30 and density
of , 0.85 to 0. 96. The conposition of claim 10
conprising 0.3-50 wt[err], said essentlal |y saturated 25 hydr ocar bon

pol ymers dihd 5@ pelgmer mﬂ;bos'sbarmmﬁki;ag lessentiallysatuyited bydroparbgmpolymefs
wei ght - av | ecul ar ht . fr om about 000 Itons t out 00, 000
Dal t ods, iﬁ‘ﬂg&fﬁ) fwssaqﬂauﬁus : ﬁeleaaﬁé }B@; & ofg linegg 93

sat ur a;rgg o%g%%aweﬁ&(}ﬂocar %(%I yﬁ@é{@{n g’ge.légg.ge}-x%ﬁo/%lgessentégﬁn;l fi: lngar

et hyl ene @egerhblyray least)iwme as great as that of said linear polymer, B) a ratio of the rubbery plateau
39

modulus at 190°C to that of a linear polymer of the same chemical composition less than 0.5,
preferably <0.3, C) a ratio of the Newtonian limiting viscosity (o) to the absolute value of the
15 complex viscosity in oscillatory shear (n*)at 100 rad/sec at 190°C of at least 5.

12,  The composition of claim 11 additionally having D) a ratio of the extensional viscosity
measured at a strain rate of 1 sec” , 190°C, and time =3 sec (i.e., a strain of 3) to that predicted
by linear viscoelasticity at the same temperature and time of 2 or greater.

20
13.  The composition of claim 12 comprising 0.1-99.9 wt.%, said essentially saturated
hydrocarbon polymers and 99.9-0.1 wt% essentially linear ethylene copolymers of weight-
average molecular weight from about 25,000 Daltons to about 500,000 Daltons, and having
an MWD of from about 1.75-30 and density of 0.85 to 0.96.

25
14.  The composition of claim 12 comprising 0.3-50 wi%, said essentially saturated
hydrocarbon polymers and 50.-99.7 wt% essentially linear ethylene copolymers of weight-
average molecular weight from about 25,000 Daltons to about 500,000 Daltons, and having
an MWD of from about 1.75-8 and density of 0.85 - 0.93.

30
15.  The composition of claim 12 comprising 0.3-50 wt%, said essentially saturated
hydrocarbon polymers and 50.-99.7 wt% essentially linear ethylene copolymers of .weight-
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wei ght - aver age nol ecul ar wei ght from about 25,000 Daltons to about 500, 00
Dal t ons, arWOR#I498¢ an MAD of from abouégl 75-30 and densi ty R§T/95%42 948

0. 96. 14. The conposition claim 10 conprising 0.3-50 wt %
said essentially saturated 5 hydr ocar bon polyners and 50.-99.7 w %

essenti al | gverageansleqildrwieigle foon abyute25s000fDaltons to abowtei0fi000D e tomy camdchawing| ar
wei ght from about 25,000 Dal t ons to_about 500, 000 Dal tons, and

havi ng an MWHWD offeam bt @-%W%ﬂyeé%?r@%ﬁ 0.93 - 0.96.

15. The conposition of claim 10 conprising 1.0-5 wt.% said essentially

saturated 10 hydr ocar bon polyners and 95-99 wt % essentially |inear
et hyl ene cogol yThé Somfosition of claim Vécpirising IR avtive| said bssentintlyGhturitedm about
25, 000 Daltons to about 500, 000 Dal t ons, and having an MAD of from

about 5. 75hpdrgearbenpelymerssnd §5:29 wt% essentially linear ethylengcopolymaers of wysightt i on

Pyl ocar bof" Ry RePeUlE e ghC 8 by PRy et S S B bavine,

of an WEWIN6 feorR aB6Le 1M78-8 GHE densigioglotssfy@o3 about 25, 000 Dal tons to
about 500, 000 Dal t ons, and haV| ng an MAD of from about 1.75-30 and
density of 0.93 - 0.96. The conposition of claim10

wh ' t ed | kb
chai n and. ddecHe fumetes 30%%?#&? ° S0 g peid SRR SBhurfted Q0 1°
one orygror ﬁy@ocﬂb@ﬂﬁb@ﬂﬁm ahd D8L 8% ks RATAE Theard 2§88 Bop élyxﬁ&tspdf;?velght-

1- decene, 1- dodecene, 4-nethyl-péntene-1; styrene
styrenes, merbgemnbpulmwdelghkﬁam about 25 OOQ;Dbkmsttotabduhiﬁ(b@ﬁO@ahms andbaving

18. The co [tion of claj 5 erein i.d kbone chain and said
si dechai ns a® °%§%?F‘é[’8‘é‘s]e#fnﬁélap B‘Fs“%{r?@%r?y'l (gﬁ - but ene copol ymer
structure. 19. The conposition of claim 15 wherein said

backbone chain and sai d sidechains are essentially of an
et hyl ene- hd8ene Thepompostions bf claimii 2 whaf2in said saturatedthydrochisoncpoiypmerstconsistaff

claim wherejn sajd ba K chai n echai ns are
esaent 150 | f%ﬁfc‘me #Hp pRd & sfrr}@wdme we?ba&? esaf Nfcr fthylene and one or more of
propylene, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 4-methyl-

pentene-1, styrene, alkyl styrenes, norbornene, and alky-substituted norbornenes.

19.  The composition of claim 18 wherein said backbone chain and said sidechains are

20  essentially of an ethylene-butene copolymer structure.

20.  The composition of claim 18 wherein said backbone chain and said sidechains are

essentially of an ethylene-hexene copolymer structure.

25 21.  The composition of claim 18 wherein said backbone chain and said sidechains are

essentially of an ethylene-propylene copolymer structure.
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