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TITLE
PROPYLENE BUTENE COPOLYMER AND COMPOSITIONS MADE THEREFROM

RELATED APPLICATIONS

[0001] The present application is based on, and claims priority to, U.S. Provisional
Patent Application Serial No. 63/050,770, filed on July 11, 2020, which is incorporated

herein by reference.

BACKGROUND

[0002] Polypropyiene polvmers are highly versatile thermoplasiic polvmers thal can
ke used in numerous and diverse appitcations. For example, polvpropyiens polvimers can be
extruded to form vartous different shapes mcloding filims and fibers and can be modded into
articles having relatively simple or complex shapes. Polvpropylene polvmers are used to
produce, for mstance, carpets, carpet backing, food packaging, rigid packsging, techiucal
parts such as automotive parts, waste and pressure pipes, and the hike, and vanious consamer
producis inchuding fummiture parts, howsewares, and tovs, Polvpropylene pelvmers can, for
mstance, have low density, high stifthess, heat resistance, chenacal inertpess, good
transparency properties, and are recvelable, The properties of polypropyiene polvmers can be
modified and tailored to a particular use by combining propviene monomers with other
WMONGmRrs 1 order 0 1mpart varnous properties,

[0003] For example. copolymenzing propylene with small amours of ethylene
produces random copoly mers having unique properiies. The resulting copolvmer, for
mstance, can have a lower degree of crvstalliruly than a polvpropyviene bomopolvmer leading
to irnproved transparency, iropact resisiance, and lower heat seahing fomperatures,
Transparency can be futher enhanced by additives such as nucleators and clarifiers. The
random propyvienc-ethviens copolymers aso generally have a lower meliing temperatire
whitch can huvat thew use in high temperatie appheations. In addition, when subjected {o
higher temperatures. the fransparency of the polvimers has a tendency to degrade. For
instance, not only can further crvstaihization occur during aging but also biooming can seouwr
that produces a haey surface laver,

[0004] Alihough propylene-ethylene random copolymers have made great advances
in the art, as described above, the polymers do have various draw backs. Further, whesn
attempting 1o rmprove one product property, such as lowering hare, the improvement can

adversely affect ancther property. such as mechanical strength. Thes, a need exists for a
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propyiene polymer having an unproved balance of mechanical properties and good optics. A
need also exists for a propylene polymer as described above that can be used 1o form

mynerous arficles through injection molding, blow molding. and thermaoforming.

SUMMARY

[0005] In general, the present disclosure 13 divected to propvlens copolymers,
particularky propyiene-butene random copolymers, that kave been found to have an excellent
balance of properties. In addition, the propviene copolymers can be made without using a
phthalaie-based catalvst. The propylene-butene copolymers of the present disclosirs have
excellent optical properties and can form clear ariicles.  ¥o addition, the polymer can be
forroulated for any suitable molding technique, such as extrusion blow molding,
thermoforming, and the ike. For example, articles can be formed from the
nuclested/claniied propviens-butene copolymer that have lower have and higher stiffness in
comparison 1o articles made it the past from nucleated/clandied propvlene-ethviene random
copolymers.
[0006] In one embodiment. for instance, the present disclosure s directed to a
propyieng-bulene copolvmer that contains propyiene as the primary monomer, The
copolymer can condfain butene generally wn an amount from abowt 19 to abowt 12% by
weight, such as i an amount from about 29 to abowt 10 % by weight, such as m an amount
from about 5% 1o about 8% by weight. The propyviene-butene copolymer can have a xylene
sotubie fracton of from about 196 to about 10% by weight, such as from about 2% {0 about
8% b weight The polymer can have a xylene soluble fraction/butene content ratio of from
about 0.3 to about 3.0, such as from about 0.3 to about 2.2, such as from about 0.5 to about
1.0. The propvlene-butene copolymer can be made from a non-phthalate based Fiegler-MNatta

catalyst inchuding a substituted arcoafic phewvlene diester for producing a polvmer with a
molecular weight distribotion of greater than about 3.5, such as greater than about 4. In
addition, the propylene-hutens copolymer can have a heat deflection temperature of greater
than about 70 ° € and even greator thao sbout 75 7 C, especially when the copolvimer
contains lower amounts of biene.
[0007] Propvlens-buiene copolvmers made in accordance with the present disclosure
can be produced with a particular melt flow rate that matches later melt processing condibions
for producing polvmer articles. For example, n one emibodiment, the propyviene-butens

copolymer can have a relatively low melt flow rate, such as from about 0.2 o/10 mins to
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about 4 o/1¢ mins. Alternalively, the propviens-butene copolymer can have a melt flow rate
of fromabout 4 g/ 10 wans 1o about 220 ¢/10 oins.

[0008] Propylene-butene copolymers made in accordance with the present disclosure
can have refatively high stiffness vahees. For instance, the polymer can have a flexura
mioduhis of greater than about 1100 MPa, sach g greater than about 1300 MPa, such as
greater than about 1400 MPsg, such ae greater than abowt 13060 MPa. The polymer canhave a
relatively high melting teroperature. The primary melting point, for instance, can be greater
than about 133°C, such as from about 143° C to about 155 °(.

[0009] The random propylenc copalymer of the present disclosurs can be used o
form a peiymer composition for forming varous molded articles. The random propyiene-
batene copolymer, for instance, can be present in the composition in an amount greater than
about 70% by weight, such as m an amount greater than about 80% by weight, such a3 in an
amount of about Y% by weight, such as i an amountd greater than about 95% by weight,
such as greater than abowt 98%% by weight, such as greater than abowt 99% by weight. The
compoesifion can contain varions other additives and ingredients including an antioxidant, an
acid scavenger, and/or an andi-siatic agent. In one embodument, the polyroer composition can
contain a nucleating agent. The nucleating agent. for instance, can ¢omprise a noniiol,
[0010] The polvmer composition can be formuiated 1o have excellend transparency

characierisiies, For imslance, the composiiion can display a baze at 0.7 wam of abeut 15% or
tess, such as fess than about 8%

[0011] The present disclosure 15 also directad fo molded articles made from the
polvmer composition deseribad above. For example. the polymer composition of the present
disclosure, can be formulated s0 as 1o be used o produce wjechion molded articles, and
particularly blow molded articles, and thermoformed articles. For exanple, the present
diselosure can be used to produce blow molded bottles, thermotormed caps, and
thermoformed containers. The polvimer of the present discloswre s also parcutarly well
suited to producing packaging, including food packaging. For mstance, the propyiene-hutene
copolymer of the prasent disclosure can be used to produce a packaging film. The polymer
composition can also for fibers,

DETAILED DESCRIPTION

[0012] The present disclosure is directed to propylene-alpha olefin copolymer

compositions and methods of producing the propyvlene copolymer compositions. The

compostiions can include a propylene-butene random copolymer. For example, the polymer
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of the present disclosure can be made anly from propyiene and bulene monomers or can be
made from propyione, butene, and relatively romnor amounis of one or mare other alpha olefin
TONOMETS.

[0013] Propyisne-butens copolymers made m accordance with the present discloswre
have been found to have an excellent balance of properties. For instance, the copolvimers can
display improved stttoess, high beat defiection resistance, and good optics, especially 1o
comparison 1o many conventionat propylene-ethylene copolvmers. For example, the
propyiene-buiene copolvmers of the present disclosure can be formudated with additives to
have excellent opiical characierisiics, displaving a very low haze even at thacknesses of 0.7
nm. The propylens-butene copolymer 15 also verv versatiie and can be formulated over a
broad range of melt Sow rates that mabkes the polymer well swgted for use in all different

types of molding processes, such as injection molding, extnmsion blow molding, or

thermoformang,
[0014] The propyvlene-butene copolvners of the present disclosure can also be formied

esing Ziegler-Natta catalvsts that provide the polymer with a relatively broad molecudar
weight distribution. In one aspect, a non-phthalaie hased catalyst can be used including a
substituted aromatic phenviens diester, making the polymer more suitable for contact with
food and beverages. The polvrer 1§ also well suited for use in medical appheations.

[0015] The propylene-butene copolymer of the present disclosure can be mcorporated
o various polymer compasilions conlaining other addifives and nuclesting agents,
mchuding clarifying agents. The polvmer composition can then be used to make diverse and
numerous articles. For instance, the polymer composttion of the present disclosure can be
ased o produce ail different types of packaging products, wnchuding tood packaging, For
example, in one aspect, the polymer composiiion containing the propylene-butene copolymer
can be used to produce polvmer films having low haze for packaging food tems. In addition,
the polviner composition can be used to make all different tvpes of ngid contamners with
excellent stiffness properties corobined with great optical characteristics. The polvier
composition of the prasent disclosure contaming the propylene-butene copolymer can also be

psed io produce blow molded botthes, thermoformed cups, fibers and the like

I. Definitions and Testing Procedures

[0016] The term “propyviens-butene copolvmer”, a3 used herein, 13 a copolyvmer
contmning a maority weight percent propyiens monomer with hulene monomer 48 a

secondary constituent. A “propylene-butene copolymer™ {also sometimes referred tv as a

4
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polvpropylene-butene random copolvimer, 15 a polvmer having individual repeating unsts of
the butene roonomer present in a randorn or stafistical distribution n the polyvmer chain
[0017] Melt flow rate (MFR), as used herein, i3 measured in accordance with the
ASTM D 1238 test method at 230° £ with a 2,106 kg weight for propviens-based polvmers.
The melt flow rate can be measured in pellet form or on the reactor powder. When
measuring the reactor powder, a stabilizing package can be added including 2000 ppmoof

CY ANOX 2246 antioxidant (methvienebis{4-methyl-o-tert-butviphenal} 2000 ppny of
IRGAFQS 168 antioxedant {trist 2, 4-di-terl~bulyiphenyDphosphite) and 10040 ppm of acid
scavengetr Zni,

[0018] Xylene sofubles (X8} 15 defined as the wetght percent of resin that remans m
sotution after a sample of polypropylene randony copolvmer resin 1 dissolved m hot aylene
and the soluhon s allowed to cool to 25° ¢ Thus s also referved to as the gravimetne X8
miethod according 1o ASTM D3492-06 using a OO nonuie precipiiation tme and 18 also
referred to herein as the “wet method”,

[0019] The ASTM D5492-06 method mentioned above may be adapted to determine
the xylene soluble portion. In general, the procedure consists of weighing 2 g of sample and
dissolving the sample in 200 ml o-xylene in a 400 ml flask with 24/40 joint. The flask is
connected to a water cooled condenser and the contents are stirred and heated to reflux under
nitrogen (N2), and then maintained at reflux for an additional 30 minutes. The solution is
then cooled in a temperature controlled water bath at 25° C for 60 minutes to allow the
crystallization of the xylene insoluble fraction. Once the solution is cooled and the insoluble
fraction precipitates from the solution, the separation of the xylene soluble portion (XS) from
the xylene insoluble portion (XI) is achieved by filtering through 25 micron filter paper. One
hundred ml of the filtrate is collected into a pre-weighed aluminum pan, and the o-xylene is
evaporated from this 100 ml of filtrate under a nitrogen stream. Once the solvent is
evaporated, the pan and contents are placed in a 100° C vacuum oven for 30 minutes or until
dry. The pan is then allowed to cool to room temperature and weighed. The xylene soluble
portion is calculated as XS (wt %)=[(m3—m2)*2/m1]*100, where ml is the original weight of
the sample used, m2 is the weight of empty aluminum pan, and m3 is the weight of the pan
and residue (the asterisk, *, here and elsewhere in the disclosure indicates that the identified
terms or values are multiplied).

[0020] X& can also be measured according to the Viscotek meathod, as follows: 0.4 ¢
of polvmer 18 dissolved in 20 ol of xvienes with stirring at 1307 € for 60 minutes. The
sotution 18 then cooled to 257 £ and sfter 60 roinutes the wsoluble polymer fraction s fillered

5
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off. The resulting filtrate 1s analvzed by Flow Injection Polymer Analysis asing a Viscotek
YViscoGEL H-100-3078 column with THE mebile phase Howmg at 10 mi/pen. The colunw 1s
coupled to g Viscotek Model 302 Triple Detector Arrav, with light scattering, viscometer and
refractometer detectors operating at 45° £ Instrument calibration s maintamed with Viscotek
Poly CAL™ polysivrene standards. A polypropviens (PPY homopolvmer, such as biaxally
orimted polvpropylens (BOPP) grade Dow 398, is used as a reference material to ensure
that the Viscotek mstrument and samyple preparation procedures provide consistent resubis.
The value for the reference polyvpropviens homopolvmer 13 inutzally denved from testing
using the ASTM method dentified above.

[0021] The term “factictty” generally refers 10 the refative stercochemustry of adjacerns
chival centers within i a macromolecule or polvmer. For example, i 8 propylene-based
polymes, the chirality of adjacent monomers, such as two propylene reonomers, can be of
either like or apposite configuration. The term “diad”™ s used o designate teo cordiguous
monomers and three adjacent monomers are cabled a "iad.” H the chiraliy of adjacent
monomers 13 of the same relative configuwration, the diad 15 considered 1sotactic; if opposite in
configuration, i is termed syndiotactic. Another way to describe the configurasional
relationship is {0 term contiguous pairs of monomers baving the saroe chirality as reso {in}
and those of opposite configuration racenmc (1),

[0022] Tacticity or stereochermisiry of macromolecudes generally and polvpropylene
ot peivpropyiene randoro copolyiers w pariicular can be desenbed or quantified by refering
to triad concentraticn. An isotactic triad, tvpucally identified with the shorthand reference
“mim”, i3 mads up of two adjacent meso diads, which have the same configuration, and ¢6 the
sterzoregdanty of the triad s sdentified as “wan”. I bwo adjacent monorers w a three-
mionomer sequence have the same chiralily and that is different from the relative
configrration of the third unit, this friad has “mr” facticty. An ‘i triad has the middle
moenomer vt having an opposiie conliguration from etther neighbor. The fraction of each
tvpa of triad m the polyvioer can be deterroined and when nwltiplied by 100 ndicates the
percentage of that type found in the polvmer. The mm percentage is used 1o identify and
characierize the polymers herein,

[0023] The sequence distnbution of monomers i the polvmer may be delernuned by
SCNME, which can also locate butene residues m relation o the neighboring propylens
residues. 0 NMR can be used o measwre bulens content, friad distribution, and triad

tacticity, and 13 performed as follows,
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[0024] The samples are prepared by adding approximately 2.7 ¢ of a S0/5¢ muxtre of
tetrachiorosthane-d2/orthodichioroberens contamning 0025 M Cr{AcAc)3 t0 0.20 g sarople
i 3 Morell 1001-7 10 nun NMR fbe. The sanmples are dissolved and homogenized by
heating the tibe and 1tz contents to 150° C using a heating block. Each sample s visually
wspected o ensure homogeneiy.

[0025] The data are collected using a Bruker 400 MH» spectromster equipped with a
Bruker Dual DUL high-temperature CryoProbe. The data are acquired using 512 transients
per data {ie, a 6 sec pulse repetition delay, 90 degres Hlip angles, and mverse gated
decouphng with a sample temperature of 120° C All measurerents are made on non-
spinning sampies i focked made. Samples are allowed to thermally egumilibrate for 10
mirntes prios to data acquisition. Percent num lacticity and weight % butene are calculatad
according to methods conwnonly used i the art, which 13 briefly summansed s {olows.
[0026] With respect to measuring the chermcal shifls of the resonances, the methyl
group of the third unit 1n a sequence of 5 contiguous propylene units consisting of head-to-
tail bonds and having the same relative chirality is set to 21.83 ppm. The chemucal shuft of
other carbon resonances are determined by using the above~-mentioned value as a reference.
The spectrum relating 1o the methyl carbon region (17.0-23 ppm) can be classified o the
first region (21.1-21.9 ppmy), the second region {20.4-21.0 ppmy), the third region (19.5-20.4
ppm} and the fourth region (17.0-17.5 ppm). Each peak in the spectrum i3 assigned with
reference 1o a ltlerature source such as the articles in, for example, Polvmer, T. Tsutsui et al.,
Vol. 30, Issue 7, {1989} 1350-1356 and/or Macromolecules, H. N. Cheng, 17 {1984} 1950-
1955, the contents of which are mcorporated herein by reference.

[0027] For convenience, buiene content i3 also measwwred using a Fourter Transform
infrared method (FTIR wihich is correlated to utene vaiues determined using '{ NME,
noted above, as the primary method. The relationship and agreement between measirements
condncted using the two methods s described m, eg, IR Paxson, IO Randall,
“Quantuative Measurervent of Ethvlene Incorporation e Propylene Copolymers by
Carbon-13 MNuclear Magnetic Resonance and fnfrared Spectroscopy”. Analytical Chemistry,
Vol 50, No, 13, Noy, 1978, 1777-1780,

[0028] The Flexural modulus is determined in accordance with ASTM D790-10
Method A at 1.3 mm/min, using a Type 1 specimen per ASTM 3641 and molded according to
ASTM D4101.

[0029] IZOD impact strength 1s measured in accordance with ASTM D 256 and
D4101.
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[0030] Haze is determined according to ASTM Test D1003, procedure A using the
latest version of the test. Haze can be measured on a test plaque or on a molded article, such
as a bottle, cup, container, or film. Haze can be measured before and after thermal aging.
Haze can be measured using BYK Gardner Haze-Gard Plus 4725 instrument. Injection
molded test samples that are tested for haze measurements can be injection molded at a
temperature of from 200 to 230 C when a nonitol is present as a nucleating agent, at a
temperature of from 250 to 260 C when a sorbitol is present as a nucleating agent, or at a
temperature from 200 to 260 C when a non-soluble, particulate nucleating agent is present.
Thermal aging is conducted by placing the samples in an oven at the desired temperature (e.g
121 C) and for a desired time (e.g. 30 min.) and then retested for haze.

[0031] The heat distortion temperature (HDT) is determined according to ASTM Test
D648 entitled deflection temperature of plastics under flexural load, 66 psi on samples
prepared/aged according to D4101.

[0032]  The melting point or melting temperature and the crystallization temperature are
determined using differential scanning calorimetry (DSC). The melting point is the primary
peak that is formed during the test and is typically the second peak that forms. The term
“crystallinity” refers to the regularity of the arrangement of atoms or molecules forming a
crystal structure. Polymer crystallinity can be examined using DSC. Tme means the
temperature at which the melting ends and Tmax means the peak melting temperature, both as
determined by one of ordinary skill in the art from DSC analysis using data from the final
heating step. One suitable method for DSC analysis uses a model Q1000™ DSC from TA
Instruments, Inc. Calibration of the DSC is performed in the following manner. First, a
baseline 1s obtained by heating the cell from -90° C to 290°C without any sample in the
aluminum DSC pan. Then 7 milligrams of a fresh indium sample is analyzed by heating the
sample to 180°C, cooling the sample to 140° C at a cooling rate of 10° C/min followed by
keeping the sample 1sothermally at 140° C for I minute, followed by heating the sample from
140°C to 180° C at a heating rate of 10°C/min. The heat of fusion and the onset of melting of
the indium sample are determined and checked to be within 0.5° C from 156.6°C for the
onset of melting and within 0.5 J/g from 28.71 J/g for the heat of fusion. Then deionized
water is analyzed by cooling a small drop of fresh sample in the DSC pan from 25°C to -
30°C at a cooling rate of 10°C/min. The sample is kept isothermally at -30° C. for 2 minutes
and heated to 30° C. at a heating rate of 10°C./min. The onset of melting is determined and

checked to be within 0.5°C from 0°C.
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[0033] Mw/Mn (also referred to as “MWD”) and Mz/Mw are measured by GPC
according to the Gel Permeation Chromatography (GPC) Analytical Method for
Polypropylene. The polymers are analyzed on Polymer Char High Temperature GPC with
IR5 MCT (Mercury Cadmium Telluride-high sensitivity, thermoelectrically cooled IR
detector), Polymer Char four capillary viscometer, a Wyatt 8 angle MALLS and three Agilent
Plgel Olexis (13um). . The oven temperature is set at 150° C. The solvent is nitrogen purged
1,2,4-trichlorobenzene (TCB) containing “200 ppm 2,6-di-t-butyl-4-methylphenol (BHT).
The flow rate 1s 1.0 mL/min and the injection volume was 200 pl. A 2 mg/mL sample
concentration is prepared by dissolving the sample in N2 purged and preheated TCB
(containing 200 ppm BHT) for 2 hrs at 160° C. with gentle agitation.

[0034]  The GPC cobumn aet s calilwated by running twenty narrow molecular wesght
disinbution polvatyrene standards. The molecular wearght QAW of the standards ranges from
266 {0 12,000,000 ¢/mol, and the standards were contained 10 6 “cockiall” mistures. Fach
standard mixture has at least & decade of separation hetween mdividual molecular weights.
The polystyrene standards are prepared at §.005 g in 20 mL of solvent for molecuar weighis
weights fess than 1,000,000 g/mol The polystyrene standards are dissolved at 160° € for 60
win under stirring, The narrow standards mixtures are run first and in order of decreasing
highest molecudar weight component to muniroize degradaion effect A logarithmie
molecular weight cablibration s generated using a fourth-order polynonal Bt as g function of
eluticn volume. The equivalent polypropviene molecular weaights are calculated by using
following equation with reporied Mark-Houwink coefficients for polypropviens (Th &
Scholte, N L Meyennk, H M. Schoffelesrs, and A M. G Brands, L Appl Polvim Sa,
29, 3763-3782 (19841 and polystyrene(E. P Otocka, RO1 Roe, N Y. Hellman, P M

hughia, Macromiolecules, 4, 507 (1971

where My, i3 PP equivalent MW, Mesis PS eqpavalent MW, fog K and a valuss of Mark-

Houwink coefficients {or PP and PS are hated below .
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TARLE 2
Polymer A iog K
Polypropylene | 0725 -3.721
Polysivrane 8,702 -3, Q)

I1. Propylene-Butene Random Copolymer and Compositions

[0035] Propyiene-butene copolymers of the present disclosure can include a maorty
wetght percent propylene monomer with a bulene monomer as a secondary constituent. The
butene content of the propyiene-bulene copolvmer of the present disclosure can be from
about 1% to about 12% by weight inchuding all increments of 0. 1% by weight therebetween.
For example, the propyiens-botene copolymer can contain bulene in an amount greater than
about 1.39 by weight, such as greater than about 2% by weight, such as greater than about
2.3% by weight, such as greater than abmpt 3% by weight, such as greater than about 4% by
weight, such as preater than abowt 4.5% by weight, such as greater than about 5% by weight,
The butene content of the propyiene-butene copolymer 1s generally less than about 11% by

weight, such as less than about 10% by weight, such as less than about %% by weight, such as
less than about 8% by weight, such as less than abowt 7.8% tv weight, such as less than abow
7% by wetght, such as fess than about 6% by weight, such as leas than about 5% by weight.
The amount of bwtene wcorporaied into the copolvimer can be varied w order to change
various physical properties of the polyroer,
[0036] The syiene soloble (X5} fraction for the copolymers of the present invention
can be less than or equal 1o {238 0% by weight of the copolymer, or 7 (% by weight, more
preferably £6.0% by weight, and stili more preferably S5.0% by weight. The xylene soluble
fraction 1 generally greater than about 8.5% by weight, such as greater than sbout 1% by
weight. The xylens soluble {X8) fraction is preferably i the range of from 1.0% 0 8.0% by
weight, such as from 29 1o 7% by weight. Of particnlar advantage, propylene-butens
copolymers 1o accordance with the presend disclosure can have xviene soluble contents of
greater than about 3% by weight whiie still having excellent fow haze properiies. The
polymer can have a xylene soluble fraction/butene content ratio of from about 0.3 to about
3.0, such as from about 0.3 to about 2.0, such as from about 0.5 to about 1.0 or less than 1.0.
[0037] The melt fow rate of propyione-butene copolymoers made 1o accordance with
the present disclosure can varv. For mstance, the melt flow rate can be from sbout 0.2 g/10

sy 10 about 220 /10 nun, including all mcrements of 0.1 therebetween.  The melt flow
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rate of the polvmer, for mstance, can be varied and controlied based upon various factors and
the desired spplication. When the polymer 18 incorporated o the composition and blow
miclded or thermoformed, for instance, lower mel flow rates may be desired. For nstance, e
onre aspect, the melt flow rate of the propylene-butene copolymer can be lesa than about 20
2/10 min, such as less about 15 g/10 mun, euch as lese about 10 2710 man, such as less than
about 8 /10 min, such as less about 6 /10 nun. such as less about 4 g/10 mwan, and generally
gregter than about | ¢/10 min, such as greater than about 1.5 /10 nun. When the polymer is
gsed 1n injection molding, however, 4 higher melt flow rate may be desired. For example, i
one aspect, the mell Jow rale of the polymer can be greater than about 10 g/10 mimy, such a3
greater than about 20 /10 nun, such as greater than about 30 /10 nun, such as preater than
about 40 g/10 min, and generally fess than about 110 g/10 min, such as lees than 80 ¢/10 mun,
such as less thao about 60 g/10 o

[0038] The copotvmer of the present disclosure generally has a relatively broad
maolecular weight distribution. For instance, the molecular weight distribution {(hMw/hMn} is
generally ereater than about 3.5, such as ereater than about 3.8, such as greater than about 4,
such as greater thao about 4.3, such as greater than about 4 5, such as greater than about 4.8,
such as greater than about 3, such as greater than about 5.2, such as greater than about 3.5,

Il
'
I

such as greater than about 5.7, such as oreater than about & and 15 generadly less than aboul

i, such as lese than aboul §, such as fess than about 7.5, The weight average molecular
weight 18 determuned by GPC.

[0039] in ong aspect, the propviene-butene copolvmer can be fornmiated to have
excellent stiffness properties. For instance, the copolymer can have a flexural modubus of
ereater than about 1100 MPa, such as greater than about 1150 MPa, such a3 greater thay
about 1200 MPa, such as greater than about 1250 MPg, such as greater than abon 1300 MPa,
such as greater than abouot 1350 MPa, such as greater than about 1400 MPa, such as greater
than about 1450 MPa, such as greater than abowt 1500 MPa. The flexural moduhs 13
generally less than about 3000 MPa, such as less than sbout 2000 MPa

[0040] {f parncular advantage. the propvlene-buiene random copolvmer can have a
high heat deflection resistance, especially when the polvmer is formulated to contan butene
i lower amounts, In general, the polymer can have a heat deflection lemperature (HDT) of
greater than about 70° €. When containing butene in an amount less than 8% by weight,
such as in an amount less than 6% by weight, such as in an amount less than 396 by weight,
the HDT can be greater than about 75 ° €, such as greater than about 767 €, such as greater

than about 77° €. and generally less thas about 90° . ko addition, the polymer can be
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formutated io have a melting point of greater than about 135° C, such as greater than about
1457 €, such as greater than about 1477 €, such as greater than about 1487 € such as grealer
than about 149° ) such as greater than abowt 1507 £ such as greater than abowt 1517 ) and
generatly less than about 165° C. In one aspect, the polyimer can have a primary melting
point of no less than 147° ¢

[0041] in addition 1o excellent stiffness properiies and heat resistance properties, the
propyviene-buiens copolymer can also have good toughness characteristics. For instance, the
copolymer can have an IZ00 impact strength of greater than about 40 Fmy, such as greater
than about 45 J/m, such as greater thao about 30 Fm. such as greater than about 58 ¥y, such
as preater than about 60 J/m, such as greater than about 65 Jm. such as greater than ahout 70
Jimy, such as greater than abowt 75 Ve, such as greater than about 80 ¥, such as greater than
about 85 Fm, such as greater than about 90 Jro. The opact strength 3 generally less than

about 200 Sy, such as less than about 150 Jm
IIL. Propylene-Butene Random Copolymer Production

[0042] in ong aspect, the propyiene-butene copolvimers of the present disclosure can
be produced using non-phihalate based Ziegler-Natta catalvets. A non-phithalate based
catalysi includes 2 catabvet systern that contamns ne phthalate compounds, &g, catalvst
support, wiernal glectron donors, extemal electron donors, activity Hmiting ageot and
activator are all phthalate free. Phihalates were used in the past as internad electron donors.
Non-phithatate intermal electron donors iochude diethers, succinates, ethyl benzoates,
phenylene diesters, and the like. By using s non-phthalaie based catalvst, the polymers are
more suitable for food contact and medical applications. In addition, using a Ziegler-Natta
catalysi can produce 3 broad molecular weight distribotion that can provide mumerous
advantages and benefits,

[0043] Propylene-hutene copolymers can generally be made in any sutiable reactor
uging any suitable process to produce propyiene based polymers. This mcludes the
PNIPOL® PP gas phase process, using 4 supported Ziegler-Natta catalyst, Particularly
preferable are CONSISTA® catalysts avaitable from W.R Grace & Co., Columbia,
Marviand. Switabde polvpropviene random copolymers oy be produced using a single
seactor or muliiple reactors. Examples of processes that mav be used are described in US
Patent Mo 9,624,323 and US Patent Publication No. 2016/0289357, which are incorporated

hereirn by reference.
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[0044] Procatalyst compositions suitable for use i producing the polvpropylens
random copolvmers include Jiegler-Matta procatalvst compositions. In an embodiment, the
Ziegler-Natta procatalvst composifion contains a titamum motety such as Hanium chionde, 8
miagnesium motety such as magnesium chionide, and an internal electron donor.

[0045] i an ersbodiment, the internal electron donor comprises a substinted
phenylens arovoatic diester. Iran erobodiroent, a 1. 2-phenviene aromatic diester 1s provided.

The substituted 1,2-phervlens aromatic diester has the structure (1) below:

(h
Ry Ra
Ry Ry
O O 0 0
R Rig R Rs
Ry Ry Ry Ry
[0046] whereinn Ryj-Ruq are the same or different. Each of Ri-Rus 15 selected from a

hydrogen, substituted hydrocarby! group having Lo 20 carbou atoms, ao arsabsiituted
hydrocarbyl group having 1 1o 20 carbon atons, an alkoxy group having 1 o 20 carbon
atorns, @ heteroatom, and combinations thereof. At least one of Ry-RBus 15 not hydrogen.
[0047] As used heveiny, the term “hydrocarbyl” and “hydrocarbon™ refer to
substituents contatning only hydrogen and carbon atoms, including branched or unbranched,
saturated or unsatwrated, cvelic, polvovehic, fused, or acvclic species, and combinations
thereof. Nonlimiing examples of hydrocarbyl groups include alkol-, cveloalbvls, alhenvi,
atkadienyl-, eycloatbenyi-, eycloaliadienyl-, aryle, aralkyl, alkylarvl, and allvevl-groups,
[0048] As used herain, the ferms “substituted hydrocarbyl” and “substituted
hydrocarbon” refer to a hydrocarby] group that 1S substitutad with ong or more
nonhydrocarbyl substibiont groups. A nonlimiling example of 2 sonhvdrocarbyl substihuent
group 1s 4 heteroatom, As used herern. a “heteroatony” refers to an atoro other than carbon or

hydrogen. The heteroatom can be a non-carbon atom from Groups V. V., VI, and Vil of the
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Periodic Table. Nonhmiting examples of hetercatoms inchade: halogens (F, CL Br, I}, N, ©,
PR, 8. and Si. A substituted hydrocarbvl group also meludes g halohvdrocarbyl group and a
silicon-comtaimung hydrocarbvl group. As used herein. the term “halehydrocarbyl™ group
refers {0 a hydrocarbyl group that is substitited with one or more halogen atoms. As used
heretn, the term silicon-contamng bvdrocarbyv group™ i3 a bvdrocarbyl group that is
substituted with one or more stheon atoms. The stheon atomds) may or way not ba i the
carbon chain.
[0049] The procatalyst precursor can inchude (1} magnesium, (11} a transition metal
compowd of an element from Pertodic Table groups 1Y to VHE, (it} g halide, an oxyvhalde,
and/or an alkoxide of (i) and/or (i1}, and (iv) combinations of (i}, (11}, and {111}, Nonlimiting
exampies of suitable procatalyst precursors inchude halides, oxvhalides, and atkoxides of
magnesium, manganese, ttannan, vanadiorg, chromion, molvbdenuro, zivconnan, hafmuom,
and conmbinations thereof
[0050] in ar embodiment, the procatalvst precursor 1S 2 magnesinm moiety
compound (MaghMo}, a mixed magnesium titaniem compound (MagTty, or 2 benroate-
coutaning magnesiuro chlonde conpound (BeoMag). In an embodurent, the procatalyst
Precursor is a magnesium motety {“Maghe ") precursor. The “MagMo precursor” containg
miagnesium as the sole melal componet. The MagMo precursor includes 2 magnesiom
moiety. Nonhumuting examples of suifable magnesium moteties inchude anhy drous magnesium
chlorde and/or 115 aleobol adduct. magnesiurn alkoside or arvioside, mixed magnesium
atkoxy halide. and/or carbonyiated magnesium dialkoxide or arvioxide. In one embodiment,
the Magho precursor is a magnestam di{Crajalkoxide. In a further embodiment, the Magho
precursor is disthosvioagnesiam
[0051] in an embodiment, the procatalyst precursor 15 a muxed magnesiurm/Hiani
compinid (CMagTi7y The “MagTi precursor” has the formula MegTHOR X, wherein R s
an altphatie or arommalic bydrocarbon radical having 1o 14 carbon atoms or COR wherem R
is a0 atiphatic or sromatic hydrocarbor radical baving 1 to 14 carbon atoms: each OR® group
is the same or different; X is independently chlonine, bromoine or indine, preferably chioring;
dis03tws6, w204, fig2t0ll6orSo S and gis 0540 116, or | 1o 3, The preqursors
are prepared by controlied precipitation through removal of an alcohol from the reaction
nuxture used in their preparation. In an embodiment, a reaction mediiyn COMPrISEs a pUNE
of an aromatic Hguwd, especially a chloninated aromalic compound, most especially
chlorobensene, with an alkanol, especially ethanol. Swuitable halogenating agents include
it tetrabromude, tanium tetrachionide or ttamum tnchlonde, especially flaniur
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tetrachloride. Removal of the alkanol from the sohition used n the halogenation resulis n
precipiiation of the sclid precursor, having espeaially desirable morphology and surface area.
horeover. the resulting precursors are particularly wuform i particle size.

[0052] In one embodiment, the procatalyst precursor contains magnesium as the sole
metal component. Non-limiting examples include anhydrous magnesium chloride and/or its
alcohol adduct, magnesium alkoxide, and or aryloxide, mixed magnesium alkoxy halide,
and/or carboxylated magnesium dialkoxide or aryloxide.

[0053] In one embodiment, the procatalyst precursor is an alcohol adduct of
anhydrous magnesium chloride. The anhydrous magnesium chloride adduct is generally
defined as MgCl2-nROH where 7 has a range of 1.5-6.0, preferably 2.5-4.0, and most
preferably 2.8-3.5 moles total alcohol. ROH is a C1-Cs alcohol, linear or branched, or
mixture of alcohol. Preferably ROH is ethanol or a mixture of ethanol and a higher alcohol.
If ROH is a mixture, the mole ratio of ethanol to higher alcohol is at least 80:20, preferably
90:10, and most preferably at least 95:5.

[0054] In one embodiment, a substantially spherical MgCl>-nEtOH adduct may be
formed by a spray crystallization process. In one, embodiment the spherical MgClz precursor
has an average particle size (Malyern dso) of between about 15-150 microns, preferably
between 20-100 microns, and most preferably between 35-835 microns.

[0055] In one embodiment, the procatalyst precursor contains a transition metal
compound and a magnesium metal compound. The transition metal compound has the
general formula TrXx where Tr is the transition metal, X is a halogen or a Ci-10
hydrocarboxyl or hydrocarbyl group, and x 1s the number of such X groups in the compound
in combination with a magnesium metal compound. Tr may be a Group IV, V or VI metal.
In one embodiment, Tr is a Group IV metal, such as titanium. X may be chloride, bromide,
Ci1-4 alkoxide or phenoxide, or a mixture thereof. In one embodiment, X is chloride.

[0056] The present procatalyst cornposion can aleo mclode an mtermal electron
donor. As used herein, an “internal electron donor”™ 15 a compound added during formation of
the procatalyst composition that donates a pair of electrons 1o one or more metals prasent in
the requltant procatalyst composition. Not bounded by anv particular theory, it ts believed
that the internal electron donor assists n regulating the formation of active sites and thus
enhances catalvst stereoselectivity. In an embodimaent, the internal eleciron donor includes a
substiiuted phenyiene aromatic digster of structure (1), tdentified above.

[0057] n an ersbodiment, a procatalvst composition s provided which includes a
combuaiion of a roagnesium mosely, a tlanium rooiety and an inieroal electron donor. The
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mternal electron donor includes the sobstituted phenylene aromatic diester. The procatalvst
composition 1s produced by way of a halogenation procedure deseribed i detal 1n US. Pat
Mo, 8,536,372, mcorporated herein by reference, which converts the procatalyst precursor
and the substinited phenviens aromatic diester donor mto the combination of the magnesiom
and tanhum moietiss, into which the internal electron donor 18 incorporated. The procatalvst
precursor from which the procatalvst composition s formed can be the magnesiom moely
precursor, the mixed magnesinnvtitanium precursor, or the benzoate-comiaining rmagnesium
chioride precursor.

[0058] in an embodiment, the magnesium meely 13 2 magnesiom hablide In another
embodimernt, the magnesium halide 15 magnesium chloride, or magnesium chiornde alcohal
addoct. Inn an embodiment, the titannum motety 13 a titaniom halide soch as a utannmm
chionde. In another erabodiment the taniure moiety 1 Btantom letrachionde. To another
smbodiment, the procatalyst compostion includes a magnesium chloride suppart upon which

a trianium chionde 15 deposited and vpon which the miternal electron donor 15 incorporated.

[0059] in an embodunent, the miemal electron donor of the procatalvst composifion
mchudes the subsiitied phenvlene aroroatc diester of siructure {1}, dlustrated above, wherein

Ri-R4 are the same or ditferent; each of Ri-Rus s selerted from hvdrogen. a substituted
hydrocarbyl group having 1 10 20 carbon atoms, an unsubstituted hydrocarbyl group having 1
0 20 carbon atows, an altboxy group having 1o 20 carbon atoms, a heteroatom, and
combinaiions thereol: and at least one of Ri-Risis not hvdrogen.

[0060] in an embodiment, at least one {or two, or threg, or foury R groupfs) of Ky~
Rais selected from a substituted hvdrocarbyl group having 1 to 20 carbon atoms, an
prsubsiituted bvdrocarbvl group having | 1o 20 carbon atoros, an alkosy group having 1o 20
carbon atoms, a heteroatom, and combinations thereof

[0061] tn an embodiment, at least one (or some, or alhy R group(s) of Re-Ruysis
setected frow a subsittuted hyvdrocarbyvl group having 1 1o 20 carbon atorss, an unsubatiiuted
hydrocarbyi group baving 1 to 20 carborn atoms. an alkoxy group having 1o 20 carbon
atoins, a heteroatom, and combinations thereaf In anothar embodirnent, at feast one of Rs-
Roand at least one of Ru-Rus io selected from 2 substituted hydrocarbyl group having 1 1o 28
carbon atorns, an unsubstibuted hvdrocarbyl group having | io 20 carbon gtoms, an atkoxy
greup having 1o 20 carbon atoms, a heteroatom, and combinations thereof

[0062] fn an embodiment, at least one of Ri-Raand at least one of Rs-Ras 18 selected
from a substituted hydrocarbyl group baving 1 to 20 carbon atoms, an unsubstituted
hydrocarbyi group baving 1 to 20 carborn atoms. an alkoxy group having 4o 20 carbon
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atoms, a heteroatorn, and combinations thereof In another embodiment, at feast one of Ra-

R at least ome Ra-Rs of and at least ome of Rue-Rus s selected from a substiuted hydrocarbyi
group having 1 1o 20 carbon atomss, an unsubstitited hydrocarbyl eroup having | to Z0 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, a heteroatom, and combinations thergof
[0063] {1 an erpbodiment, any consecutive R groups n BBy, and/or any consecutive
R groups in Bs-Re, and/or any consecutive B groups in Bae-Ris may be hinked 1o form an
imter-cvelic o an imira-cychic structure. The mter-/intra-cvelic structure nay of nay not be
arpmatic. by an embodiment, the inter-/intra-cvelic structure is a Usor a Us membered ring.
[0064] In an embodiment, gt feast one of Ki-Rais selecied from a subsittuied
fydrocartwl eroup having 110 20 carbon atons, an unsubstinitted bydrocarbyl group having 1
to 24 carbon atoms, and combunations thereof Optionally, at feast one of Rs-Rumay be a
balogen atorn or an alkoxy group having 1 to 20 carbon atoms. Optionally, Ri-R4, and/or Rs-
Rs. and/or Ri-Rusmay be hnked 1o forman irder-cyehe structure ot an iotrg-cyvehic structure.
The mter-cyclic structure and/or the wira-cyclic struchiwe mav or may not be armmatic.

[0065] in an embodiment, anv consecutive R groups m Re-Re, and/or i Bs-Ro, and/or
i Rie-Ris, voay be members of a Cs-Co-membered ring,

[0066] in an embodiment, structure (1) includes Ri, Ko and Ry as hvdrogen, Rois
selecied from a substitwted hvdrocarbvl group having 1o 20 carbon atoms, an wnsubstifnied
hydrocarbyl group baving 1 10 20 carbon atoms, and combinations thereol, Rs-Ruy are the
same or different and gach of Ra-Risis selected from hydrogen, a substituted hvdrocarby
eroup having 1 0 20 carbon atoms, an unsubstituted hvdrocarbvl group having 1 to 20 carbon
atoms, an alloxy zroup having 1 to 20 carbon atoms, 2 halogen, and combinations thereof
[0067] In an embodiment, Rots selected from a Ci-Cralbvl group, 8 Os-Os oveloalkyl,
or a substituted Ci-Co cveloaliov! group. Rz can be a methv group, an ethy! group, a nepropyl

group, an isopropy group, a t-butyvi group, an sobutvi group, a sec-butvl group, 8 24.4-

trimethyipentan-2-vt proup, a eyclopentyl group, and a cvelobexyl groap.
[0068] i an ernbodiment, structure (T} inchudes Rothat 1s methvl, and each of Rs-

Ris 15 hydrogen. In an embodiment, structure (1) includes Ry that is ethwl, and each of Rs-
Risis hodrogen. In an embodiment, strocture (B} includes Ro that ts t-butyl, and each of Rs-
Rig1s hydrogen. In an embodiment, stracture {1 includes Bo that s ethoxvearbonyl, and each
of Bs~-Rusis hydrogen.

[0069] fn an embodiment, structure (1} includes R, Reand R each as hydrogean and
Biis selected from a substitied hydrocasbyl aroup having 1 1o 20 carbon atosms, an
vnsubstituted hyvdrocarby] group haviog 1o 20 carhor afoms, and combinasions thereof, Ra-
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R are the same or different and each 13 selected from hvdrogen, a subsiituted hvdrocarbyl
groap having 1o 20 carbon atoms, an ursubstituted bydrocarbyl group having 1 to 20 carbon
atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations thereof.
[0070] tn an embodiment, structire (1} inchades Ry that 13 methyl, and each of Rs-
Risis bvdrogen.

[0071] i an ernbodiment, structure (T) includes Rz and Ra that are hydrogen and

R and R are the same or different. Each of Ry and R 15 selected from a substitited
hydrocarbyi group having 1 to 20 carbon aloms, an unsubstituted bvdrocarbyl group having |
to 20 carbon atoms, and combinations thereof, Ba-Risare the same or different and each of
Rs-Raa s selected from a substituted hvdrocarbvi group having 1t 20 carbon atoms, an

unsubstituted hydrocarbyl group having 1o 20 carbon atoms, an alkoxy grow having o 20

carbon atoms, 4 halogen, and combinations thergot
[0072] i an: ernbodiment, structure (T} includes R: and Rathat are the same or

different. Hach of By and R s sefected from a {-Csalll group, a Cs-Co cveloallov! group, or
a substituted {3-Ce cveloatkvl group. Rs-Raa are the same or different and each of Re-Ruis
selected from hvdrogen, a C—Cralkyt group, and a balogen. Nonlimiting examples of
suttable £-Cs alkovt eroups include methyl, sthyl, n-propyl, isopropyl, n-bulh, +-buivl, -
butyl, nepentvl, t-peniv, neopeniyl, tpentyl, nrhexyl, and 2.4 4-trimethyIpentan-2-v1 group.
Noubimiting examples of sustable Cs-Cs oveloalkel groups nchide oyclopeniyi and
cvelohesyt groups. In g lurther embodiment, at teast ome of Rs-Rusis a Ci-Coalkyl group ora
halogen.

[0073] I an embodiment, strocture {I} includes Rithatis a methyi group and Rs that
i3 a t-batvl group. Fach of Rz, Raand Bs-Ruis hvdrogen

[0074] in an embodiment, structure (1) includes Ko and Re as methvl groups and one
of BsorRats g hvdrogen and the other 18 a cycloalkyi group, such as a ovelohexal group.
[0075] I an ersbodiment, struchure (T} inchudes R and Rathat 18 an isopropy! group.
Fach of Ry, Reand Re-Ris s hydrogen.

[0076] in ar embodiment, structure {1} includes each of By, RBs. and Ry as a mathyi
aroup and Rais a t-butvl group. Each of Ro, Ry, Re-Roand Ry-Rusis hvdrogen.

[0077] In an embodiment, stracture {1 includes each of Ko, Ry, and R as a methyi
group and Biis a byl group. Each of B2, Ba. Rs. Re, R, Re, Rao, Ras, Ris. and Rugss

hydrogen.
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[0078] in an embodiment, siracture {1} includes R as a methvl group and Rats at-
butyl group. Bach of Ryand Bits an ethy! group. Each of Ro, Re, Rs, Re, Bx, Ro, Rug, Rur, Rus,
and Raais hvdrogen.

[0079] in an embodiment, structire (1} includes each of Ri, Rs, B2, Ro, R, Rz, and
Risas a methvl group and Rais 4 t-baty] group. Each of Bo, Re, Re, Re, Run, and B is
hydrogern.

[0080] in ar embodiment, structure {1} includes R as a methvl group and Ksisat-
batvl group. Each of Rs, Ry, Be, R, Raz, and Rys s an tpropyl group. Each of Re, Re, Bs, Rs,
Rii, and Rists hydrogen.

[0081] in an embodiment, the substitited phenviene aromatic diester has a struchiye
selected from the group consisiing of structures (H-{V 3, including alternatives for each of
B:io Rug, that are deseribed i detarl in U8, Pat Moo 8836372, which 1s incorporated hergin
by reference.

[0082] in ar embodiment, structure {1} includes Rithatis amethvl grovpand s s a v+
butvl group. Each of Rrand Ri is an ethoxy group. Each of Ro, Re, Rs, Re, By, Ro, Rae, Run,
Rz, and Risis hydrogen,

[0083] in an embodiment, structure (1) includes R thatis a methy group and Ryds a t-
byl eroup. Each of Ryand Ruis a fluorine atom. Each of Re, Ra, Bs, Bs, Rs, Ro, Rio, Ruy,
B3, and Rusis hydrogen,

[0084] in an erobodiment, structure {1 iocludes Rithatis amethvi grovp and Bsis at-
butvi group. Each of Rrand Risis a chioring atom. Fach of Ko, Ry, R, Re, Bs, R, Rio, Ry,
Rz, and Rysis hydrogan,

[0085] In an embodiment, stracture {13 includes Ry that amethyl group snd Res a ¢
butyl group. Each of Rvand Rix1s a bromine atom. Fach of Ro, Ra, Rs) B, Bx, Ry, Rug, Ry,
Ri3, and Rusis hydrogen.

[0086] I an ersbodiment, struchire (T} inchades Rothat s amethvl grovpand Ry s a -
buty! group. Each of Boand Ruzis aniodine atom. Bach of Rz, Ra, Rs. e, Re, R, Raa, B
Ri3. and Rysis hydrogen,

[0087] iIn an embodiment, structure {13 includes Rithatis a methvigroup and Rets a &
butvl group. Each of Re, Ry, Bii, and Rizis a chlonine atom. Each of Bo, By, Rs, R, Re, Rio,
Rus, and Faais hydrogen.

[0088] 1 an embodiment, structure (1} includes Rothat iy amethyl groupand Rsisa
buty! group. Each of Bs, Rs, Ruy, and Risis a chlorine atom. Each of Ro, R, Ra, By, B, Rug,
R, and Rusis hydrogen,
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[0089] in an embodiment, sirocture {1} includes Ry thatis amethv]l grovp and Rass a b
butyl group. Fach of Rz, Raand Bs-Ruis a fluorine alorn.

[0090] in an embodiment, structure (1) includes R thatis amethwl grovp and Rsisa t-
byl eroup. Each of Byand Ruis a tnfluoromethyvi group. Each of Ro, Ry, R, Re, Re, Ry,
R, Riy, Rus, and Rysrs hydrogen,

[0091] i an ernbodiment, structure (T inchudes Ruthatis amethvl grovpand B s a -
butvl group. Each of Koand Ry 5 an ethoxycarbony! group. Each of Ro, Be, B, Re, Ra, Ry,
Rie, Ru1, R, and B s hydrogen.

[0092] In an embodiment, Riis methy! group and Rais a t-hutvlt group. Bach of
Rrand Ruis an ethoxy group. Fach of Bz, B, Rs, Re Rs, Re, B, Bip, i, and Rugss
hydrogen.

[0093] I an ersbodiment, struchie (T} inchades Rothat s amethvl grovpand Ry s a t-
butyl group. Each of Koand Razis a disthylanuno group. Bach of Ro, Re, Be, B, Bz Ko, Rug,
Rii Rus, and Rugs hyvdrogen.

[0094] in an embodiment, siracture {1} includes Ry thatis amethv]l group and Rass o
2.4 d-trimethyipentan-2-vt group. Each of Ro, Reand Re-Rusis hydrogen.

[0095] in an embodiment, structure (1) inclades R and B, gach of which 15 g sec-
byl eroup. Each of Ro, Reand Rs-Rusis hydrogen,

[0096] In an erobodirsent, struchure (1) mchades Riand Rathat are each a mathyl
group. Fach of Rz, B3, Ks-Reand Rie-Rusis hvdrogen.

[0097] in an ermbodiment, structure {1} includes Rithat is a methyi group. Rais ani-
propvi group. Hach of Rz, Ra, Re-Reand Ru-Ru i3 hydrogen.

[0098] In an embodiment, strocture {03 includes B Ko, and Ry, each of which is an 1~
provvt group. Each of Ry, Ra-Ro and Rie-Rus1s hydrogen.

[0099] tn an embodiment, another procatalvet composition 1§ provided. The
procatalvet composition includes a combination of 2 mwagnesium moiety, a tilanium mwoiety
and 2 mived niernal electron donor. As wsed herein, 8 “mwised intermal eleciron donot™ s (Y a
substituied phenyiens aromatic diester, {11} an electron dovor component that donates a pair
of electrons 1o one or move mietals presant in the resubiant procatalvat composition, and (11}
optionally other components. In an embodiment, the electron donor corponent 15 a diether, a
henzoate, and combunations thereof The procatalvst composttion with the mived internal
glectron donor can be produced by way of the procatalvst production procedure as disclosad

ut the previously granted patents and publications dentified herem.
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[0100] For example, sortable catalvst composiions comprise a pro-catalyst
compasition, g co-catalvst, and an exiemal electron donor ot a maxed external electron dovnor
{M-EED)} of two or miore different componerds. Swtable external donors include one or more
actvity Linuting agents {ALA), one or more selectivity controb agents (SCA) or both an ALA
and an SCA. As used hevein, an “external eleciron donor™ 18 a componant oy 2 composition
comprising & mivture of components added fndependent of procatalyst forroation that
maodifies the catalvst perfornmnce. As used herain, an “activily linuting agent” 15 a
composition that decreases catalyst activily as the polymerization temperaiure in the presence

reatet than about 85"

4
&

of the catalyst rises above a threshold temperature (e.g | teroperasture
() A “selectivity contrad agent” 18 a coraposition that improves polvimer tacticity. wherain
unproved tacticity 15 generally undarsicod o mean increased tacticity or reduced wylene
solubles or both, B should be understood that the above definthions are not mutually exchusive
and that a single compound reay be classified, for example, as both an actvily hinvting agent
and a selectivity controf agent.
[0101] in an embodiment, the extemal electron donor inchudes an alkoxystlane. The
atkoxysilane has the general formoula

SIRm{OR m (13
where R independently each ocourrence is hydrogen or a hydrocarbyl or an aming group
optionally sabstituied with one or more substituents conlaining one or more Group 14, 15, 16,
or 17 heteroatoms, said R containing up to 20 atoms not countimg hydrogen and halogen; R’
is a Crgalkyl group; and mis 0, 1. 2 or 3. In an embodiment, R is Ce-iz arvlalky! or aralkyl,
Canzeveloalkyl, Csaz branched alkyl or Cs.iz cyelic or acyclic aming group, R 18 Cras alkyl,
and mis or 2.
[0102] Monlimiting examples of suitable sifane compositions nclude
dicvciopentyldimethoxyailane: di-tert-butyldimethonysilane;
wethyvicyclobexyldimethoxysilane: methvicovelohexvidiethoxvsilane;
sthvicyclohexyidiroetboxysilane; diphenvidimethoxysitane; dusopropvidimethovvailane: di-
n-propyidimethoxysiiane; dusobutyldimethovysilane; diusobutyidiethoxysiiane:
isobutylisopropvidimethoxysiane; di-p-bayldimethoxysidane; cvelopentvitrimethoxysilane:
ssopropylinmethoxy silane; nepropviinmethosysidane, n-propyvlinethoxysiane;
athyHrigthoxvsilane;, tetramethoxystiane; telragthoxysilane; disthyvlaminoiriethoxysilane:
ey clopentyipyrohdinodimethoxysilans: st pyrroliding pimsthoxysilane:
bist perhvdrosoquinohnodimethoxrysiane; and dimethyldimethoxysilane. To an embodiment,
the silane composition 15 dicvclopentyidimothorysilane (DCPDMS);
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meihyicy clohexvidimethoxysilane (MChIME): or npropvitnimethoxysifane (INPTMS ) and
aoy combination of thereof

[0103] in an embodiment, the selectivity condrof agent component can be & mixture
of 2 or wore alkoxystianes. In a fither embodiment, the rxture can be

dicvciopeniy ldimethosysitane and moethvieyclohexyidimethoxvsilane,
disvelopentyidimethosyaitane and tetraethoxysiane, or dicyvclopenvidirosthorysilane and o-
propyvhrngthoxvsilane. In an embodiment, the muxed external electron donor may mclude a
benzoate, a succinate, and/or a dio ester. In an embodimant, the mixad extemal electron
domor includes 2,26, 6-leiramethvipiperidine as an SCA. In another embodiment, the mixed
external electron donor includes a diether as both an 5CA and an ALA

[0104] A mixed external electron donor system can aleo mciode an activity hmiting
agent {ALA} An ALA mhibits or otherwise provents polvimenzation reactor upset and
ensures contmuity of the polyvmenzation process. Tvpically, the activity of Ziegler-Matta
catalysis mcreases as the reactor temperature rnises. Ziegler-Matta catalysis aiso typically
mantain high activity near the melting pownt temperatare of the polvimer produced. The beat
generated by the exothermuie polyvinenzation reaction roay cause polymer particles o form
apelomerates and mav vlitmately tead 1o disruption of conunuity for the polymer production
process, The ALA reduces catabvst activity at elevaied temperanire, thereby preventing
reacior upset, reducing (or prevenhing) particle agglomeration, and ensuring condinuity of the
polymenzalion process.

[0105] The activity imiting agent may be a carboxylic acid aster, 3 dicther, a
polvialkene elveol}, a diod ester, and combinations thereof. The carboxylic acid ester can be
an aliphatic or aromatic, mono- or poly~-carboxyhic acid ester. Nondumting examples of
suitable monocarboxyviic acid esters mciude ethyl and methyvi benroate; ethyl p-
miethonybenzoate; methvi p-ethoxybenzoate, ethyi p-ethoxybenzoate, ethyl p-

wopropoxy benzoate; ethyl acrviate, methyt wethacrvlate; ethyl acetate; sthyl p-
chlorobenzoaie; hexy! p-aminobenzoate; sopropyl naphthenate; reamy! toluate; ethyl
cvelohexanoate and propvi pivalate.

[0106] The ahiphatic carboxviic acid ester may be g Coaliphatic acid esier, mav be a
mono- 07 8 poly- thwe o mored ester, may be siraight chain or branched, may be saturated or
mnsaturated, and snv combination thereof The Co-Cho aliphatic acid ester may also be
substituted with one or more Group 14, 15 or 16 heteroatom containing substituents,
Nownlimating examples of suitable Co-Csp aliphatic acid esters include Crz0 allyv esters of
aliphatie Coanmonocarbosyiie acids, oo stk esters of aliphatic Csoo momocarbosyviic

22



WO 2022/015564 PCT/US2021/040822

~

acids, Craallyl mone- and diesters of aliphatic Caoe monocarboxyiic acids and diearbonylic
acids, Crasalkyl esters of aliphatic Cearmonacarbosyviic acids and dicarboxvhic anids, and Ce
o mono- of polycarboxylate derivatives of Crgoo {poly} glyenls or (e (poly iglveol ethers.
iy a further embodiment, the Ce-Cso aliphatic acid ester may be g Imurate, o mynisiate, 8
palmitate, a stearate, an oleate, 3 sebacate, (polv Malkylene glveol mono- or diacetates.

{poly jalkviene glveoly mono- or di-noristates, (polvi(alkyiene glvend) mono- or di-lawrates,
{polvialkviene glvcol) mono- or di-oleates, glveervl n{acetate), glveervi in-ester of Co

s0 aliphatic carboxvlic acids, and muxtures thereot. In a further embodiment, the (-

oo aliphatic ester iz wsopropyvl movnstate or di-n-buiy! sebacate.

[0107] in an embodiment, the activily linuting agent includes a diether. The diether

can be a 1, 3-diether compound represented by the foliowing struchrre (Vi

(VI

wherein R: to R are independently of one another an alkvl, arvl ar aralky group having up to

20 carbon atoms, which may optiopaily contain g group 14, 15, 16, or 17 hetercaton, and K
and Rz mav be a hydrogen atom The dialkylether may hinear or branched, and mway include
one or more of the following groups: alkvl, evcloaliphane, arvl, glivlaryl or arvlalkyl radicals
with 1-1% carbon atoms, and hydrogen. Faand Ry mav be hnked o {orm a ovelic structurg,

such as evelopeniadiens or uorene.
[0108] En an ernbodiment, the achivily limitiing agent includes a suctinale composition

having the following siracture (Vi)

(VI

RQ R’
O 0

wherein R and R’ may be the same or dilferent, B and/or B ineluding one oy mwwe of the

foilowing groups: hydrogen, linear or branched alkvl, alkenvl, eycloaliol arvi arviallyl or
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atkylary group, optionally contamng heteroatoms. One or more ring struchwes can be
formed vig one or both 2~ and 3-posttion carbon atorn,

[0109] In an ermbodiment, the achivity hreting agent fncludes a diol ester as represenied

by the following structure (VIH})

VI
<{l) Ri Ry R (fi
N
i VS N, PR VI, SNV =
f'R;\'y\)” B ' l l l Ryl
// Rq R: Rh /

wheretn n 18 an ideger from 1o 8 K and B, may be the same or different, and each may be
selected from hvdrogen, methvl ethv, n-propyl, tpropvl, n-butyd, t-batyl, t-botvl, allyl]
phenyl, or halophenyi group. Rs, Re, Rs, Bs, By, and Rsmay be the same or different, and
cach may be selected from hydrogen, halogen. substituted, or unsubstituled hydrocartyl
having 1 o 20 carbon atoms. Ri-Re groups mav optionally contain one or ymore heteroatoms
replacing carbon, hydrogen or both, the hetero-atom selected from nifrogen, oxygen, sulfur,
silicon, phosphorus and a halogen. Rrand Be, mayv be the same or different, and voay be

honded to any carbon atom of the 2-. 3+, 4-, 5-, and 6-position of either phery! nng.

[0110] individual external eleciron donor components can be added mto the reactor
separately or two or more can be mined fogether in advance and then added into the reactor
as & mixdure. In the mpxdore, more than one selectivity control agent or more than one activity
Hroiting agent can be used. In an embodiment, the misture i3 dicvelopentyldimethoxysilane
anid tsopropvi myristate; ditsopropvidimethoxysilane and isopropy! myristate;
dicyclopentyidimethoxysilane and pobv{ethylene ghveol) laurate;
dicvclopenividimethoxysilane and sopropy! myvristate and polv{ethylene glveol) dicleste;
miethvicy clohexyldirethoxysilane and 1sopropyl nvnistate; n-propyitnmethoxysilane and
sopropy] myristate; dimethvidimethornysitane and methvlevelshexyldimethoxvaitane and
wopropyl mynistate; dicvelopentvidimethoxvaiiane and v-propyliviethoxysilane and isopropyl
mvristaie; diisopropvidimethovysiiane and v-propyiiviethoxysilane and isopropy! mvristate;
andd dicyclopentylidimethonysilane and tetracthoxysilane and isopropy] myristate;

dicy clopentvidimethonysitane and dusopropyidimethoxysilane and n-propylinethoxysilane

and isopropvl vovristate, and combmations thereol
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[0111] The catalyst composition inchides a cocatalvst. The cocatabyst for use with the
Fregler-MNatta procatalvst composition may be an aluroinum contmning Comaposiiion.
MNonhimiting examples of suttable slununum condainmg conpositions inclade
srgancaleminum compounds, such as riathylalominum; dialbvialumimun hydride:
atboviahumiman dhednde;, dialkylaburoinoem halide: slbvislumunumdibahde; dialkvlahmmimun
alkovide; and alkvlalurowum dialkovide-compounds cortaming from 1-10, o1 1-6 carbon
atoros in gach alkvl- or alkoxide-group. In an embodiment, the cocatalystisa i
stnatbvialuminum compound, such as tnethylaluminam {TEA}. The catalysi composition
meludes a mote ratio of slummnum (A o (SCAGHALAG) of 6.5-25:1: or 1.0-20: 1 or 1.5~
15:1; or less than about 6.0; or less than sbout 3; or less than 4.5, In an smbodiment, the

AL{SC A ALAL)) mole ratio 15 1.5-4.0:1. The iotal-5CA to ALA mole ratio1s G.01-20:1;
010-5.00:1, 0.43-233 1, or 0 54-1 851 o1 0.67-1 5.1

IV. Applications

[0112] The propvlene-butene copolymers of the present disclosure can be used n
numercus and diverse applications. As described above, the nucleated/clanified propviene-
butene copotyimers have excellent stffness characteristics and excellent transparency
properiies,

[0113] in one embodiment, the propyiene-butene copolymers of the present
disclosure can be incorporated 1o a composition for forming injection molded articles, sach
as contatners, When used for injection molding, the polvimer can have a meli fow rate of
greafer than aboul 4 ¢/10 roin, such g3 greater than about 10 ¢/10 min, such a8 greater than
about 2 o/14 min, such as greater than about 30 2/10 nun. such as greater than about 35 p/16
s, The containers can have a bottom that defings a hollow inferior and a top that mechades a
flange that seals fo the bottorn. In addition to contamers, 1 general any iection moldable
article can be produced in accordance with the present disclosure that requires a certain
degree of rigidity in combination with good optics. For instance, the propviens-butene
copolvimer of the present disclosure 1w parficutarly well sunted to producing packaging,
mneiuding all different wypes food packaging,

[0114] in addition to mjection molded articles, the propylene-inene copolymer of the
preseni disclosure can also be used 1 extruzion blow molding and thermoforming
applications. When used for blow mwolding or thermoolormang, the polvimer can have a melt
fHow rate of less than about 3 g/10 v, such as less than about 4.3 g/10 min, such as less than

about 4 g/10 min, such as less than abowd 3.5 /10 min. The polymer can have a melt flow
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sate of greater than about 0.2 ¢/10 min, such as greater than about 1 ¢/10 min. When
forroulated with a relatvely low melt fow tate, the copolymer displays excellert mclt
strength allowing for the formaftion of vartous different blow molded articies having
relatively untforn wall thickness. For mstance, the propyiene-bulens copolvmer can be used
to produce all different tvpes of plastic bottles for containing, forinstance, beverages. As
described above, because the polviner can be foroed from non-phthalate based caalysis, the
polvmer is exceptionally well swited for food contact applications.

[0115] in st another embodiment, the propyiens-butens copolvmer of the present
disclosure can be used i thermoformoing applications. Formnstance, the polvmer can be usad
to produce thermoformed containers including drink cups. Dirink cups made according 1o the
present disclosure, for mstance, can be display lower haee and higher stiffness in comparison
to cups wade with ethylene random copolymers,

[0116] The propvlene-buiene copolymers of the present disclosure can be combined
with various other components and ingrediernis in fornwlating a polvmer composition for
making molded articles as described above, For mstance, in one embodiment, the polymer
composition can condain antiovidanis and acid scavengers, and o some applications may
preferably also contain other additives such as nucleators, mold release agents, anti-stats, slip
agents, anti-block agents, processing aids, UV stabilizers, and colorants (pigments}. The
antroxidant can be s hindered phenol, which may be used with a phosphite stabtlizer. Acid
scavengers thal may be used mnclude a metal stearate such g8 caloium stesrate. a hvdrotaloile,
or mixtures thergof. Fach additive can be present m the composition in an amow of from
about 1.01% 1o about 2% by waight, such as from about 1% fo about 1% by weight.

[0117] In ooe embodument, the copelvimer composition can Nurther contan a
nucleating agent. The nucleating agent can be added to further improve the transparency
proverties of the composition. In one aspect, the mucleating agent can be a clarifVing agent
that can comprise a compound capable of producing a gelation nebwork within the
COMPosIon,

[0118] in ong embodimerd, the nucleating agent may comprise a sorbitol compound,
such as @ sorbitol acetal derivative, In one embodiment, for matance, the nucleating agent
may compnse a dibeneyl sorbiiol

[0119] With regard to sorbited acotal derivatives that can b wed as an additive some

embodiments, the sorbitof acetal derivative is shown in Formula ()
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wherern R1-R5 comprise the same or different moteties chosen from hyvdrogen and a C1-03
abiyl
[0120] i some embodiments, R1-RS are hvdrogan, such that the sorbitol acetal

devtvative is 2 d-cdibensviidene sorbitol ("DBS™). In some embodiments, BE R4, and RS are
hydrogen, and RZ and R3 are methvl groups, such that the sorbuiol acetal denivative s

1,32 d-di-p-methyldibenzylidene-D-sorbitol {("MDBE"). In some embodiments, R1-R4 are
methyl groups and RS is hydrogen, such that the sorbitol acetal derfvabive 1s 1,3:2,4-Bis (3.4-
dimethyibensvlidene) sorbuiol ("BMDBE™) In some embodiments, R2, R3, and B3 are
propvi groups {-CHZ-THZ-UH3), and B1 and R4 are hvdrogen. such that the sorbiiol acetal
derivative is 1,2 3-trideoxy-4,6:5,7-bis-G-{4-propviphenvt methyiens) nomtol ("TBPMNT}.

[0121] (her emsbodiments of nucleahing agents thal mav be used include:
1.3:2 d-dibenzylidenesorhitol;
1.3:2 d-tsp-roothy theneyhdensisorbiiol:
Difp-methvibenzyiidene}Sorbitol;
Di{p-ethylbensviideneysorbital; and
Bis{(57.67,7 8 tetrabydro-2-naphiy ideng }sorutol,

[0122] tn one embodiment, the nucleating agent mav also comprise a bisamide, such
as benzeneiricamide. The nucleating agents described above can be wsed alone or in
combination.

[0123] The one or more nuclealing agents can be present tn the polvmer compostiion
i an aroount grealer than about 100 ppmy, such a3 i an amount grester than about 300 ppm,
such a5 10 an amound greater than about 1000 ppm. such as in an gmount greater than about
2000 ppm, and eeneratly less than about 20,000 ppm. such as less than abowt 10.000 ppm,

such as less than abowut 4000 ppmy
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[0124] Whern the one or more nucleating agents are clarfving agents, the dartfving
agents can be added n an amound greater than about 1,306 ppm, such as i an amount greater
than about 1,800 ppin. such a5 1n an amownt greater than about 2,000 ppm, such as i an
araount greater than abowt 2,200 ppm. One or more clanfving agents are generally present in
an amount fess than abont 20,000 ppwy, such as tess than about 15,000 ppro, such as less than
about 10,000 ppen, such as less than abont 8,000 ppro, such as less than about 5,000 ppro.
[0125] As described above, polvmer composifions containing the propyiene-butene
copolymer of the present discloswre have excellent fow have charactenstics, which ¢an be
enbanced when one or more tucleating agends are added and combined with the polymer,
For example, when measured at a thickness of 0.7 mm, the propvlene-butens copaiymer or
polymer composiiion containing the propylene-butens copolymer can have a have of less than
about 12%, such as less than about 10%, such as less than sbout 8% Molded arficles, such ag
bottles, contamers, ms, and cups made with the polvmer can have a haze of less than sbout
10%. such as less than about 7.3%, such as less than about 7 %, such as less than about 6.5%

such as less than about 6 %, such as less than about 3.3 %, The haze 13 generallv greater than

about 1%,
V. Examples
Example Set No. 1

[0126] Propylene-buteng random copolyraer samples were produced and their

properties tested wy accordance with the procedures outhned above, The propertics and

axperimenial results are outlined 1n the table belov

[0127] The propylene-butene random copolyvmers were produced with 2

stereospecific 6% ceneration Fiegler-Natta magnesium supported/titanium-based catalvst.

The catalyst contaned a non~-phihalate wternal dovor producing polvroers baving a broader

miolecular weight distribution than polymers made using 2 metallocene catalvst The process

used o produce the polymers is described i the art as the UNIPOL gas phase process. The
catalvst used (o produce the polvmers nchided a substituted phenviene aromatic diester

uttemal electron donor. The catalvstused 1 coromercially avadable from WR. Grace and

Company and sold onder the trade name CONSISTA. All copolymers were made using an

external electron donor and triethylaluminue as a cocatalyst

[0128] The varicus different random copolyroers that were produced were cormbined

with a nucleating agent except for Sample Nos. 1, 6, 19, and 14 where no nucleatiog agent
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was added. Two different nocleating agents were used. The nucleating agents wers (1)
TPBMMN {a clanidier) and (2) HYPERFORM HPN-G00e {a nucleaton) marketed by Mitliken
Chenucal, Samnple Nos. 2,711, and 15 cordained HYPERFORM HPN-600e1 at
concentration of 400 ppmy. Sample Nos. 3, 8, 12, and 16 contaned TPBMN at a
copceniration of 2000 ppm and Sample Nos. 4, §, 9,13, and 17 contmned TPBMN at a

conceniration of 4000 ppm. Each sample also contained g hindered phenol anoxidant,

phosphite antioxidant, and an acid scavenger (hvdrotaictiel.

[0129] The following resulis were obtainad:
Tensile Tensile
) 1ZOD (/M) Flex Mod i )
Sample No.| MFR{g/10 min) | Strength@ | Elongation @ | %XS Viscotek Bt (% wt})
@23°C @1% Sec(psi} ) ) )
yield (psi) Yield (%)

1 3.47 41.922 192990 5252 11.5645 4.963 2.32

2 3.24 71.993 213640 5528 10.2826 5.16 2.43

3 3.00 48.697 213740 5499 10.8095 5.115 2.69

4 3.14 59.595 220430 5569 10.8818 5.268 2.47

5 3.14 39.868 213390 5536 10.8089 5.119 2.62

6 2.83 39.729 188330 4873 11.065 4.632 4.23

7 2.76 83.778 202670 5359 10.6176 4.759 4.22

8 2.84 82.035 203440 5358 11.0179 4.75 4.19

9 3.30 56.806 211460 5431 11.2834 4.939 4.51

10 2.68 62.442 175320 4624 11.400 4.902 5.80

11 2.47 85.453 187410 4839 10.798 4.684 5.90

12 2.52 79.571 190630 4793 11.377 5.065 6.00

13 2.66 93.884 196950 4854 11.018 4.806 6.15

14 2.74 69.173 164140 4431 11.415 4.347 7.66

15 2.85 99.446 173650 4614 11.010 4.506 7.73

16 2.82 90.03 175420 4556 11.862 4.83 7.75

17 3.05 90.514 180360 4632 11.462 4.615 7.75
Sample No. AHTc ()/8) T {°C) AH Tm {J/g) Tm (°C) 1mm 1.5mm 3mm
1 103.7 111.59 100.4 153.34 65.74 78.40 97.58
2 103.8 122.94 101.5 156.65 25.28 37.42 80.30
3 103.2 125.71 103.1 157.21 23.00 42.84 64.44
4 110.1 126.7 105.5 157.21 15.62 29.36 56.58
5 100.2 125.07 98.35 157.2 21.72 39.50 63.60
6 92.58 114.42 88.31 150.93 54.76 66.74 96.86
7 99.31 120.14 97.85 152.69 23.08 33.76 74.98
8 100.7 122.86 100.3 153.39 22.66 40.72 60.30
9 101.1 124.26 96.27 153.31 6.19 10.04 35.28
10 84.95 111.56 93.85 147.17 56.28 67.72 96.68
11 93.67 117.21 93.14 149.2 218 31.26 71.26
12 96.79 120.88 93.91 150.09 14.42 26.88 47.06
13 96.91 121.44 94.6 150.04 6.12 9.72 31.44
14 90.3 108.39 91.14 143.85 59.28 70.46 96.38
15 91.94 114.08 90.57 145.77 23.4 33.1 74.14
16 92.26 118.37 87.47 147.31 15.18 25.9 47.32
17 94.09 118.96 98.15 147.21 6.24 9.94 31.48
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Fxample Set No. 2

[0130] Propyviene-butene random copolvimer sanples were produced and their
properiies tested 1 accordance with the procedures outlined above. The properties and
experimental results are outlined 1n the tables below,

[0131] The propvlene-buiene random copolvmers were produced with a
siereospecific 6% generation Fiegler-Natta magnesium supported/tiianium-based catalvst.
The catalvst contained 2 non-phihalate internal donor producing polvmers having a broader
molecular weight distbution than polymers made using a metallocene cataivst The process
nsad to produce the polymers is describad in the art as the UNIPOL gas phase process. The
catalvst used 1o produce the polvmers inchided a substituted phenviene aromatic diester
urtermnal electron donor. The catalystused 1 coromercially avadable from WR. Grace and
Company and seld under the trade name CONSISTAL Al copolymers were made using an
external electron donor and methylaluminum as a cocatalyst.

[0132] Propyiencecthylene random copolymers were also produced. In the table
hetow. for instance, Sarople Nos. 20-28, and 32-36 are directed 1o propylene-butene random
copolvriers while Sample Mos. 14, 19, 29-31, and 37-40 arg directed o propylene-ethylene
random copolymers. Sample Mos. 18,19, 37, and 38 were made with the same catalyst that
was used o produce the propylene-butene copolymers. Sarople MNos. 29-31, 39, and 40 were
made using & phthalaie-based catalvst Some of the polymers produced were cornbined with
etther 2000 ppm or 4000 ppm of a nucleating agent. narogly TBPMN, while Sample Nas. 20,
23,26, 29, and 32 did not conlain a mucleating agent The polymer composiiions where then
mection molded mito contaners or blow molded mito bottles. The following resulis were

ohtained:
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Sampie Nos. 19 and 22 above were also tested for haze on the mjechion

miolded article after one year of production and comparad to a coramercial grade propvlene-

ethviene random copolymer having the following characteristics,

Sample | MFR XS Et%
No. (g/10min) | (wt%) | (wt%)
41 50 6.3 3.7
[0134] The followmng resulis were obtaned:
Sample Haze % (1 year Aged haze % (50 Aged haze change % after 1
later) C, 24h) year
19 3.8 4.9 33%
22 4.2 4.6 10%
41 7.8 11.8 94%
[0135] These and other modifications and variations to the present invention may be

practiced by those of ordinary skill in the art, without departing from the spirit and scope of

the present invention, which is more particularly set forth in the appended claims. In

addition, it should be understood that aspects of the various embodiments may be

interchanged both in whole or in part. Furthermore, those of ordinary skill in the art will

appreciate that the foregoing description is by way of example only, and is not intended to

limit the invention so further described in such appended claims.
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What Is Claimed:

1. A propylene-butene copolymer comprising;
propylene as a primary monomer;
a butene content of from about 1% to about 12% by weight;
a xylene soluble fraction of from about 1.0% to about 8.0% by weight;
a molecular weight distribution (Mw/Mn) of greater than about 3.5; and
a substituted phenylene aromatic diester.
2. A propylene-butene copolymer as defined in claim 1, wherein the butene content is

from about 2% to about 8% by weight, such as from about 2% to about 6% by weight.

3. A propylene-butene copolymer as defined in claim 2, wherein the copolymer has a

heat deflection temperature of greater than about 75 ° C.

4, A propylene-butene copolymer as defined in any of the preceding claims, wherein the

copolymer has a melting temperature of from about 147° C to about 155° C.

5. A propylene-butene copolymer as defined in any of the preceding claims, wherein the

xylene soluble content is from about 2% to about 7% by weight.

6. A propylene-butene copolymer as defined in any of the preceding claims, wherein the

copolymer has a melt flow rate of from about 0.2 ¢/10 min to about 8 g/10 min.

7. A propylene-butene copolymer as defined in any of claims 1-3, wherein the

copolymer has a melt flow rate of from about 8 g/10 min to about 220 g/10 min.

8. A propylene-butene copolymer as defined in any of the preceding claims, wherein the
copolymer has a flexural modulus of greater than about 1200 MPa, such as greater than about

1300 MPa, such as greater than about 1400 MPa, and generally less than about 2000 MPa.

9. A propylene-butene copolymer as defined in any of the preceding claims, wherein the

polymer has been Ziegler-Natta catalyzed using a non-phthalate catalyst.

10. A propylene-butene copolymer as defined in any of the preceding claims, wherein the
polymer has a xylene soluble fraction/butene content ratio of from about 0.3 to about 3.0,

such as from about 0.3 to about 2.0 or from 0.5 to about 1.0.

11. A polymer composition containing the propylene-butene copolymer as defined in any
of the preceding claims, the propvlene-butene copolymer being present in the polymer

composition in an amount greater than about 70% by weight, such as in an amount greater
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than about 80% by weight, such as in an amount greater than about 90% by weight, such as in

an amount greater than about 95% by weight.

12. A polymer composition as defined in claim 11, wherein the composition further

comprises a nucleating agent.

13. A polymer composition as defined in claim 12, wherein the nucleating agent

comprises a nonitol.

14, A polymer composition as defined in any of claims 11 - 13, wherein the polvmer

composition displays a haze at 0.7 mm of about 8% or less, such as about 6% or less.

15, An article made from the polymer composition as defined in any of the preceding
claims, the article comprising an injection molded article, a blow molded article, a

thermoformed article, a film or a fiber.

16.  An article comprising a blow molded article, a thermoformed article, a film or a fiber
made from a polymer composition comprising a propylene-butene copolymer comprising:
propylene as a primary monomer;
a butene content of from about 1% to about 12% by weight;
a xylene soluble fraction of from about 1.0% to about 8.0% by weight; and
a molecular weight distribution (Mw/Mn) of greater than about 3.5.
an antioxidant and antacid

17.  An article as defined in claim 16, comprising a cup, a bottle, or a container.
18,  An article as defined in claim 16, comprising packaging.

19.  An article as defined in claim 16, wherein the butene content of the copolymer is from

about 2% to about 8% by weight, such as from about 2% to about 6% by weight.

20.  An article as defined in claim 19, wherein the copolymer has a heat deflection

temperature of greater than about 75 © C.

21.  An article as defined in any of claims 19 or 20, wherein the copolymer has a melting

temperature of from about 145° C to about 155° C, such as from 147° C to about 155° C.

22, Anarticle as defined in any of claims 16 - 21, wherein the xylene soluble content is

from about 2% to about 7% by weight.
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23, An article as defined in any of claims 16 - 22, wherein the copolymer has a melt flow

rate of from about 0.2 g/10 min to about 4 g/10 min.

24, An article as defined in any of claims 16 - 23, wherein the polymer has a xylene
soluble fraction/butene content ratio of from about 0.3 to about 3.0, such as from about 0.3 to

about 2.0.

25.  An article as defined in any of claims 16 - 24, wherein the propylene-butene
copolymer is present in the polymer composition in an amount greater than about 70% by
weight, such as in an amount greater than about 80% by weight, such as in an amount greater

than about 90% by weight, such as in an amount greater than about 95% by weight.

26.  An article as defined in any of claims 16 - 25, wherein the composition further

comprises a nucleating agent.
27. An article as defined in claim 26, wherein the nucleating agent comprises a nonitol.

28.  An article as defined in any of claims 16 - 27, wherein the polymer composition

displays a haze at 0.7 mm of about 8% or less, such as about 6% or less.
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