HIGH MELT FLOW PROPYLENE IMPACT COPOLYMER AND METHOD

BACKGROUND

[0001] © The demand for propylene ii;npaci copolymers with high melt flow continucs 1o
increasc as the need for more sophisticated polymers continues to grow. In-reactor propylene
impact{ copolymers are copolymers produced by way of polymerization, and do not inciude
visbreaking, for example. [t is difficull. to produce high melt flow propylene impact
copolymers directly by polymerization. Conventional polymerizalion catalysts typically
require the use of very high hydrogen concentrations for the formation of a matrix phasc.
polymer with a melt fiow greater than the melt flow of the final propylene impact c'opolylzncr.
In many cases, provision of a high hydrogen toncentration is not possible due to reactor

operability limits, safety concemns, and/or cconomic considerations.

[0002] Desirable is a polymerization process for the produetion of a high mell flow
propylenc impact copolymer, Further desired is a process for the production of a high melt
flow propylene impﬁcr copolymer with high impact strength, Further desired is a process for
the production of a high melt flow propylenc impact copolymer with high impact strength

with reduced risk, or no risk, of process disruption,

SUMMARY

[0003]  The present disclosure provides polymerization processes for the production of a
propylene impact copolymer with a high mel flow rate. The high mell flow propylene
impact copolymer may also have high impact strength. The present processes are in-reaclor

proeesses and do not include visbreaking.



[0004] In an embodimeni, & polymerization process is provided. The polymerizalion
process includes gas phase polymerizing, or forming by way of gas phase polymerization, an
active propylene-based polymer in a first polymerization rcactor, The active propylenc-
based polymer has a mell flow ratc greater than about 100 g/10 min as measured in
accordance with ASTM D1238-01 ( 230°C, 2.16 kg). The process includes introducing the
agtive propylenc-based polymer into a sceond polymerization reactor. In the second reactor,
the propylene-based polymer is contacted with at lcast ane olefin under polymerization
conditions. The process further includes forming a propylene impact copolymer having a _

melt flow rate greater than about 60 g/min.

[00D5] [n an embodimen!, the process inciudes maintsining a Hy/Cs mole ratio of less

than 0.3 in one, or both, reactors.

0006) [n an embodiment, the process includes forming a propylenc impact copolymer
having a volatiles conient of less than about 65 pp/g. Volatiles content is measured in
accardance with VW standard PV3341.

0007)  The present disclosure provides another process. In an embodiment, a
polymerization process is provided which includes contacting at least onc olefin with an
active pmpy!ene-'based polymer in a polymerization reacior under polymerization conditions.
The active propylene-based polymer has a melt {low rate greafer than about 100 g/10 min,
"The provess furlher includes forming a propylene impact copolymer having a melt flow rate

grealer than about 85 g/10 min.

[0008}  In an cmbodiment, the polymerization reactor is a gas phase polymerization

reaclor.

[0009]  In an embodiment, the process includes maintaining a Ha/Cs mole ratio fess than

0.29 in the reactor.

[0010] I[n an embodiment, the process includes forming 2 propylene impact copolymer

having a volatiles content of Jess than about 65 pp/g.



[0011]  The present disclosure praovides a composition, In an embodiment, a propylene
impact copolymer is provided which includes a propylene-based poiymer having a melt flow
rate greater than about 100 g/10 min and a propylenefethylene copolymer dispersed within
the propylene-based polymer. The propylene impact copolymer has an Fc value from about
5 wt % to about 50 wi % and an Ec value from about 20 wi % to about 90 wt %, The

propylenc impact copolymer has a melt flow rate greater than about 60 g/10 min,

[0012]  An advantage of the present disclosure is the provision of an improved process for
the praduction of propylene impact copolymer and the production of high melt flow

propylene impact copelymer in particulae,

[0013] .  An advantage of the present disclosure is the provision of an improved propylenc

impact copolymer.

{0014]  An advantage of the prescnt copolymer is the provision of an uncracked

propylene impact copolymer having high melt flow.

DETAILED DESCRIPTION

[0015} In an cmbodiment, a polymerization process is provided. The polymcrization
process includes gas phase polymerizing (or forming by way of gas phase polymerization) an
active propylene-based polymer having, a-melt flow rate (MFR) greater than about 100 g/10
min. MFR is measured in accordance with ASTM D1238-01 ( 230°C, 2.16 kg). The active
propylene-based polymer is formed in a first polymerization reactor under polymerization
(ie., gas phase polymerization) conditions. The process further includes introducing the
active propylene-based polymer into a second polymerization reactor where the active
propylene-based polymer is contacted with at least one olefin other than propylene under
polymerization conditions. The process further includes i"ofming a propylene impact

copolymer having a melt {low rate greater than about 60 g/10 min.

[0016] As used herein, an “active polymer” is a polymer containing an amount of active
catalyst (lypically embedded therein) that is capable of further polymerizalion upon exposure

to an olefin under polymerization condilions. In an embodiment, the active catalyst



embedded in tﬁe active propylene-based polymer is a sel{-limiting catalyst composition
which includes a procaialys! composition, a cocatalys!, and a mixed exlcrnal electron donor
{M-EED). The M-EED includes a first selectivity control agent (SCAT), a second sclectivity
control agent, (SCA?2) and an activity limiting apent (ALA). [t is understood that the M-EED

may include theee or more SCAs and/or two or more ALAS.

[6017}  The procatalyst composition of the present catalyst composition may be a Ziegler-
* Natta procatalyst composition, Any conventional Ziegler-Natta procatalyst may be used in
the present catalyst composition. In an embodiment, the Ziegler-Natta procatalyst
composition contains 2 transition metal compound and a Group 2 metal compound. The
transition metal compound may be a solid complex derived from a (ransition metsl
compound, for example, titaniwn-, zirconiume-, chromium- or vanadium-hydrocarbyloxides,

hydrocarbyls, halides, or mixtures thercol,

[00138] The transition m_etal compound has the general formula TrX, where Tr is the
transition metal, X is a halogen or a Cigp hydrocarbéxyl or hydrocarbyl group, and x is the
number of such X groups in the compound in combination with a Group 2 metal compound.
Tr may be a Group 4, 5 or 6 metal. In an embodiment, Tr is a Group 4 metal, such as
titanium. X may be chloride, bromide, Ci. alkoxide or phenoxide, or a mixture thereof. In

an embodiment, X is chloride.

[0019]  Nonlimiting examples of suitable transition metal compounds that may be used lo
form the Ziegler-Natta procatalyst: composition are TiCls, ZrCle, HIfCls, TiBry, TiCls,
Ti(OC3Hs)3Cl, Zr(0OCHs):Cl, Ti(OC:Hs)aBr, Ti(GCH7)Cla, TI{OCH )2 Cla, Zr{OCaHs)2Cly,
and Ti(OCHg)Cl;. Mixtures of such transition metal compounds may be used as well, No
restriction on the number of transilion metal compounds is made as long as at least one
transition ;netal compound is present. In an embodiment, the transition metal compound is a

titaniun compound.

[0020)  Nonlimiting examples of suitable Group 2 metal compounds include magnesium

halides, dinlkoxymagnesiums, atkoxymagnesium halides, maguesium  oxyhalides,



dialkylmagnesiums, magnesiumn  oxide, magnesium hydroxide, and carboxylates of

magnesivm. In an cimbodiment, the Group 2 metal compound is magnesiurn dichloride,

[0021] In an embodiment, the Ziegler-Natta procalalyst composition is a mixture of
litanium moieties supported on or otherwise derived from magnesium compounds. Suitable
magnesium  compounds include anhydrous magnesium chloride, magnesium ¢hloride
adducts, magnesium dialkoxides or aryloxides, or carboxylaled magnesivm dialkoxides or
aryloxides. In an embodiment, the magnesium compound is a magnesium di(CM)alkéxide,

such as dicthoxymagnesium.

0022]  WNonlimiting examples of suitable rilanium moieties include titanium alkoxides,
titanium aryloxides, andfor litanium halides. Compounds used to prepare the Ziegler-Natta
procatalyst compbsiiion include one or more magnesium-di(Ci.a)alkoxides, magnesium
dihalides, magnesium alkoxyhalides, or mixtures thereof and one or more titanium letra(Cy.y)

alkoxides, titanium tetrahalides, 1itanium{C,.s)atkoxyhalides, or mixtures thercof.

[0023] A precursor composition may be nsed to prepare the Ziegler-Naua procatalyst
cormnposition as is commonly known in arl. The precursor composition may be prepared by
the chlovination of the foregoing mixed magnesium compounds, titanium compounds, or
mixtures thereof, and may involve the use of cne or more compounds, reforred to as
“clipping agents", that aid in forming or solubilizing specific compositions via a solid/selid
mcetathesis,  Nonlimiting examples of suitable clipping z;genls include trialkylborates,

especially triethylborate, phenolic compounds, especially cresol, and silanes.

0024]  In an embodimeni, the precursor composition is a mixed magnesium/titanium
compound of the formula MeaTi(OR:)iX, wherein R is an aliphatic or aromatic hydrocarbon
radical having T w0 14 carbon atoms or COR' wherein R' is an aliphatic or aromatic
hydrocarbon radical having 1 to 14 carbon atoms; each OR; group is the same or different; X
is independently chlorine, bromine or iodine; d is 0.5 to0 56, or 2-4; or 3; Fis 2-116, or 5-15;
and g is 0.5-116, or 1-3, or 2. The precursor may be prepared by contrelled precipitation
through removal of an alcohol from the reaclion mix(ure used in its preparation. In an

embodiment, the reaction medium comprises a mixture of an aromatic liguid, especially a



chlorinated aromatic compound, such as chiorobenzene, with an alkanol, especially ethanol,
and an inorganic chlorinating agent. Suitable inorganic chlorinating agents inciude chiorine
derivatives of silicon, aluminum and titanium, such as tifanium ietrachloride or titanium
trichloride, and titanium tetrachloride in pané;:u}ar. The chlorinating agents lcad to partial
chlurination which results in a precursor containing relatively high level of alkoxy
componeni(s). Removal of the alkanol from the solution used in the chiorination, results in
precipitation of the solid precursor, having a desirable morphology and surface area. The
precursor was scparated from the reaction media. Moreover, the resulting precursor is
particularly uniform particle sized and resisiant to patticle crumbling as well as degradation
of the resulting procatalysl.  In an embediment, the precursor composition is
Mg TI(OEDCly.

[0025] The precursor is next converted 10 a solid procalalyst by further rcaction
(halogenation) with an inorganic halide compound, preferably a titanium halide compound,
and incorporation of an internal efectron donor. 1 not already incorporated into the precursor
in sufficient quantity, the internal ¢leciron donor may be added separately belore, during or
after halogenation. This procedure may be repeated one or more limes, optionally in the
presence of additional additives or adjuvants, and the final. solid product washed with an
aliphatic solvent. Any method of making, recovering and storing the solid procatalyst is

suitable for use in the present disclosure.

{0026}  One suitable method for halogenation of the precursor is by reacting the precursor
at an elcvated temperature with a tetravalent titanium halide, optionally in the presence of a
hydrocarbon or halohydrocarbon diluent. The preferred tetravalent titanium halide is
litanium tetrachloride. The optional hydrocarbon or halohydrocarbon soivent employed in
the produciion of olefin polymerization procatalyst prefcrably contains up to 12 carbon atoms
inclusive, or up to 9 carbon atoms inclusive. Exemplary hydrocarbons include pentane,
octane, benzene, toluene, xylene, alkylbenzenes, .and decahydronaphthalene. Fxemplar y
aliphatic halohydrocarbons include methylene c¢hloride, methylene bromide, chloroform,
carbon  tetrachloride, [2-tibromoethane,  1,1,2-trichlorocthane,  (richloroeyclohexane,

dichloroflluordmethane and 1etrachlorooctane.  Exemplary aromatic halohydrocarbons



include chlorobenzene, bromobenzene, dichlorobenzenes and chlorotoluenes. The aliphaiic
halohydrocarbon may be a compound containing at least two chloride substituents such as
carbon tetrachloride or 1,1,2-trichloroethane. The aromatic halohydrocarbon may be

chlorobenzene or o-chlorotoluene.

(00271 The halogenation may be repeated one or more times, optionally accompanied by
washing with an inert liquid such as an aliphalic or aromatic hydrocarbon or
halohydrocarbon between halogenations and following halogenation. Further optionally onc
" or more extractions involving contacting with an inert liguid diluent, especially an alipharic
or aromatic hydrocarbon, or aliphatic or aromatic halohydrocarbon, especially at an elevaled
ternperalure greater than 100°C, or greater than 110°C, may be employed to remove labile

species, especially TiCl,.

[0028] In an embodiment, the Ziegler-Natla procatalyst composition includes a solid
catalyst component obtained by (i) suspending a dialkoxy magnesium in an aromatic
hydrocarbon or halohydrocarbon that is liquid at normal temperatures, (ii) contacting the
dialkoxy magnesium with a titanium halide and further (iii) contacting the resulting
composition a second time with the titanium halide, and contacting the diatkoxy magnesium
with a diester of an aromatic dicarboxylic acid at some point during the treatment with the

titanium halide in (ii).

[0029] In an cmbodiment, the Ziegler-Nalta procatalyst composition includes a solid
catalyst component obtained by (i) suspending a precursor material of the [ormula
MpgTi(ORe}X; (as described previously) in an aromatic hydrocarbon or halohydrocarbon
that is liquid at normal temperatures, (if) contacting the precursor with a titanium halide and
further (iii) contacting the resulting composition a second time with the titanium balide, and
contacting the precursor with a diester of an aromatic dicarboxylic acid at some point during

the treatment with the titanium halide in (i1).

10630} * The procatalyst composition includes an internal electron donor. As vsed herein,
an “internal electron donor™ is 2 compound added or otherwise formed during formation of

the procatalyst composition that donatcs a pair of clectrons lo one or more metals present in



the resultani procatalyst composition. Not bounded by any particular theory, it is believed
that the internal clectron donor assists in regulating the formation of active sites, thereby

enhaneing catalyst stereoselectivity.

[0031) In an cmbodimeat, the internal electron donor is a bidentate compound. A
“bidentate compound,” as used herein, is a compound containing at least (wo oxygen-
.containing functional groups, the oxygen-containing functional groups separated by al least
one saturated C3-Cyp hydrocarbon chain which may optionally contain heteroatom(s). The
bidemate compound may be a phthalate, a diether, a succinate, a phenylene dibenzoate, a
m;::!ealc. a malonate, a glutarate, a dialkoxybenzene, a bis(alkoxyphenyl), a diol ester, a

ketoester, an alkoxyalkyl ester, a bis(alkoxyalkyl) luorene, and any combination thereof.

[003Z]  in an embodiment, the internal electron donor is diisobutyl phthaiate and/or di-n-
buty! phthalate.

[0033]  in an embodiment, the internal electron donor is 9,9-bis(methoxymethyl)-911-

{tuorene.

[0034]  Inan embodiment, the internal electron donor is a phenylene dibenzoate,

[0035]  The Ziegler-Nalta procatalyst composition may also include an inert supporl
malerial. The supporl may be an incet solid which does not adversely alter the catalytic
performance of the wansition metal compound. Examples include metal oxides, such as

alumina, and metalloid oxides, such as silica,

[0036]  The present catalyst cornposition includes a cocatalyst. The cocatalyst for use
with the foregoing Ziegler-Naita procalalyst composition may be an aluminum containing
composition. Nonlimiting examples of suitable aluminum containing compositions include
organoaluminum compounds, such as trialkylaluminum-, dialkylaluminum  hydride-,
alkylaluminum dibydride-,  dialkylaluminum  halide-, alkytaluminumdihalide-,
diallcylaluminum alkoexide-, and alkylaluminum dialkoxide- compounds containing from 1-

10, or 1-6 carbon aloms in cach alkyl- or alkoxide- group. In an embodiment, the cocatalyst



is a Cy4 trialkylaluminum compound, such as (riethylaluminum (TEA or TEAL), The molar
ratio of aluminum to titanium is 10-200:1, or 35-50:1. In an embodiment, the molar ratio of

aluminum to titanivm to 45¢1,

[0037] ‘I'he present catalyst composition includes a mixed external electron donor
{M-CED) which includes a first selectivity control agent (SCA1), a sccond selectivity control
agent (SCA2), and an activity limiting agent (ALA). As used herein, an “external electron
donor” (or “EED™) is a compound added independent of procatalyst formation that contains
al least one functional group that is capable of donating a pair of electrons 10 a metal atom.
Bounded by no particular theory, it is believed that provision of one or more external electron
danors in the catalyst composition affects the follpwing properties of the formant polymer:
level of tacticity (i.e., xylene soluble material), motecular weight (i.e., melt flow), molecular

weight disiribution (M WD), melting point, and/or oligomer level.

[0038] Nonlimiting ¢xamples of suitable compounds for the SCA include silicon
compounds, such as alkoxysilancs; ethers and polyethers, such as alkyl-, cycloalkyl-, aryl,
mixed alkylaryl-, mixed alkyl/cycloalkyl-, and/or mixed eycloalkyl/aryl-ethers andfor
polyethers; esters and polyesiers, especially alkyl, cycloalkyl- andfor aryl—csﬁ:rs of
monocarboxylic or dicarboxylie acids, such as aromatic monocarboxylic- or dicarboxylic-
acids; alkyl- or cycloalkyl-ether or thioether derivatives of such osters or polyesters, such as
alkyl cther derivatives of alkyl esters or diesters of aromatic monocarboxylic or dicarboxylic
acids; and Group 15 or 16 hetcroatom-substituted derivatives of all of the foregoing; and
amine compounds, such as cyclic, aliphatic or aromatic amines, more especially pyrrol or
pyridine compounds; all of the foregoing SCA's containing from 2 to 60 carbons tolal and
from I Lo 20 carbons in any alkyl or alkylene group, 3 10 20 carbons in any cycloalkyl or

cyeloalkylene group, and 6 10 20 carbons in any aryl or arylene group.

[0039] In an embodiment, SCA1 and/or SCA2 is a silane composition having the

general formula (1:

m
SiRm(OR Va.m



10040] wherein R independently cach ocewrence is hydropen or a hydrocarbyl or
an amino group, aptionally substituted with one or more substituents containing one or more
Group 14, 15, 16, or 17 heleroatoms. R coatains up to 20 atoms not counting hydrogen and
halogen R’ is a Cyap alkyl group, and m is 0, [, or 2. In an embodiment, R is €413 aryl, alkyl
or aralkyl, Ca.jz cycloallyl, Cs.iz branched alkyl, or Ca.iz cyclic amino group, R.' is Cy alkyl,

and mis |t or 2.

{0041} In an embodiment, SCA1 is a dimethoxysilane. The dimethoxysilane may
coniain at least one secondary alkyl and/or one secondary amino group directly bonded to the
silicon  alom. Nonlimiling  examples of suitable dimethoxysilanes  include
dicyclopentyldimethoxysilane, methyleyclohexyldimethoxysilane,
diisopropyldimethoxysilane, isoprapylisobutyldimethoxysilane, diisobutyldimethoxysilane, ¢-
butylisopropyldimethoxysilane, cyclopentylpyrrolidinodimethoxysilane,
bis(pyrrolidino)dimethoxysilane,  bis(perhydroisoquinoling)dimethoxysilane, and  any

combination of the foregoing.

[0042] In an embodiment, SCAl is a stiffncss-promoting composition. A
“sliffness-promoting composition,” as used herein, is a composition that, but for operation
according to the process condilions of the present disclosure, increascs or otherwise enhances
the stiffness of a resulting polymer under the polymerization conditions of interest.
Nonlimiting examples of suitable stiffhess-promoting include any of the dimethoxysilanes

disclosed above.
[0043] In an embodiment, SCA1 is dicyclopentyldimethoxysilane.

[0044] In an embodimeni, the SCA2 s a silicon compound selected (rom a

dicthoxysilane, a tricthoxysilane, a tetracthoxysilane, a trimethoxysilane, a dimethoxysilane
e

containing two lincar alkyl groups, a dimethoxysilane containing two alkeny! groups, a

diether, a dialkoxyhenzene, and any combination thereof.

[0045]  Nonlimiting examples of suitable silicon compounds for SCA2 include

dimcthyldimethoxysilane, vinylmethyldimethoxysilane, n-oetylmethyldimethoxysilane, n-
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octadecylmethyldimethoxysilane, methyldimethoxysilane, 3-

chloropropylmethyldimethoxysilane, 2-
chloroethylmethyldimethoxysilane,allyldimethoxysilanc, (3.3,3-
wifluoropropylimethyldimethoxysilane, n-propyimethyldimethoxysilane,
chloromethylmethyldimethoxysilane, di-n-octyldimethoxysilane,
vinyl(chloromethyl)dimethoxysilane, methylcyclohexyldiethoxysilane,
vinylmethyldicthoxysilane, t-{tricthoxysilyl}-2-(diethoxymetliylsily]ethane, n-
octylmethyldicthox ysilane, octaethoxy-1,3,5-trisilapentane, n-

octadecylmethyldiethoxysilane, methacryloxypropylmethyldiethoxysilane, 2-hydroxy-4-(3-
methyldiethoxysilylpropoxy)diphenylketone, (3-glycidoxypmpyl}mciby]dierhoxysilime,
dodecylmethyldicthoxysilane, dimethyldiethoxysilane, dicthyldiethoxysilane, 1,1-diethoxy-
V-silacyclopent-3-cne, chloromethylmethyldiethoxysilane,
bis(mc{hy!n:.ﬁe\hoxysilylpropy])amine, 3-aminopropylmethyldiethoxysilane,
(methacryloxymethylymethyldiethoxysilane, 1,2-big(methyldiethoxysilyl)ethane, and
diisobutyldicthoxysilane, vinyltrimethoxysilane, vinyltriethoxysilane, benzyltriethoxysilane,
butenyliricthoxysilane, (triethoxysilyl}eyclohexane, O-(vinyloxybutyl}-N-
triethoxysilylpropylearbamate, 10-undecenyltrimethoxysilanc, n-(3-
trimethoxysilylpropyDpyrrole, N-[5-(wimethoxysilyl)-2-aza-1-oxopentyljcaprolactam, (3,3,3-
trifluoropropyiytrimethoxysilane, triethoxysilylundecanal ethylene glycol acetal, (S)-N-
inethoxysilylpropyl-O-menthocarbamale, riethoxysilylpropylethylearbamate, N-(3-
iricthox ysilylpropyl)-4, 5-dihydroimidazole, (3-tricthoxysilylpropyl}-1-butylecarbamate,
styrylethyltrimethaxysilane, 2-(4-pyridylethyl)iriethoxysilane, n-propyitrimethoxysilane, n-
propyliriethoxysilane, {8)-N-1-phenylethyl-N'-triethoxysilylpropylurea, (R)-N-1-
phenylethyl-N'-tricthoxysilylpropylurea, N-phenylaminopropyltrimethoxysilane, N-
phenylaminomethyltriethoxysilane,  phenethylirimethoxysilane, pentyltricthoxysilane, n-
octyltrimethoxysilane, n-octyliriethoxysilane, 7-octenylirimethox ysilane, 8-
{ocranoyl)mercaptopropyliriethoxysilane, n—octadecyhrimethoxy'silanc, n-
octadecyltricthoxysilane, methylirimethoxysilane, methyltriethoxysilane, N-
methylaminepropyltrimethox ysilane, 3-methoxypropylirimethoxysilane,
methacryloxypropylirimethoxysilane, methacryloxypropyltricthoxysilane,

mct};acryloxymethyltrimethoxysi1ane, methacryloxymethyliriethoxysilane, and O-
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(methacryloxyethyl)-N-(triethoxysilylpropyl)carbamate, letramethoxysilane and/or

teiraethoxysilanc.

[0046] In an embodiment, SCA2 may be methylcyclohexytdiethoxysilane, di-
isobutyidiethoxysilane, n-propyliriethoxysilane, tetracthoxysilane, di-n-bulyl-
dimecthoxysilane, benzyltricthoxysilane, but-3-enyliricthoxysilane, 1-(triethoxysilyl)-2-

pentene, (triethoxysilylcyclohexane, and any combination of the foregoing.

[0047] In an embediment, the SCAZ is selected {rom a dimethoxysilane containing two
lincar alkyl groups, a dimethoxysilane containing two alkenyl groups or hydrogen, wherein

one or more hydrogen atoms may be substituted by a halogen, and any combination thereof,

[0048] In an embodiment, SCA2 may be a diether, a dimer of a diether, a
dialkoxybenzene, a dimmer ol & dialkoxybenzene, a dialkoxybenzene linked by a linear
hydrocarbon group, and any combination thereol. 1t is noled that the dicthers for the ALA

set forth below apply cqually as neniimiting examples for the SCAZ dicther,

[0049]  In an embodiment, SCAZ is a melt flow-promoting composition. A “melt Now-
promoting composition,” as used herein, is a composition that, but for operation according to
the process conditions of the present disclosure, increases the melt flow rate of a resulting
polymer under the polymerization conditions of interest. The melt-flow promoting
composition may be any silane composition suitable as SCA2 as disclosed above, a diether,

an alkoxybenzene, an cster, a ketone, an amide, and/or an amine.

[0050]  The M-LED includes an activity limiting agent (ALA). An “activily limiting
agent,” as used herein is a material that reduces catalysl activity at elevated temperature,
namely in a polymerization reactor at polymerizatian:conditiuns al & temperature greater than
about 100°C. Provision of the ALA results in a self-limiting catalyst composition. As used
herein, a “self-limiting” catalyst composition is a catalyst composifion that demonstrales
decreased activity at a temperature greater than about 100°C. In other words, “self-limiting”
is the decline of catalyst activity when the reaction temperature rises above 100°C compared

to the calalyst aclivity under normal polymerization conditions with reaction temperature

12



usually befow 80°C. In addition, as a practical standard, if a polvmerization process, such as
a Nuidized bed, gas-phase polymerization running at normal processing conditions is capable
of interruption and resulting collapse of the bed with reduced risk with respect to

agglomeration of polymer particies, the catalys! composition is said to be “self- limiting.”

0051}  As a standardized measure of polymerization aclivity at clevaled temperatures for
usc herein, catalyst activities are adjusted 1o compensate for different monomer
concenlrations due to temperature. For examﬁle, if liguid phase (slurry or solution)
polymerization conditions are used, a correction faclor (o account for reduced propylene
solubility in the reaction mixture at elevated temperatures is included. That is, the catalyst
activity is "normalized" to compensate for the deercased solubility compared to the lower
temperaiure, especially 2 67°C standard. The "normalized” activity, at 1emp-eraturc T, ar AT,
is defined as the measured activity or (weight polymer/weight catalyst/hr) at temperature T,
multiplied by a concentralion correction factor, [P(67NV|P(T)}, where [P{67)] is the
propylene concentration at 67°C and [P(T)] is the. propylenc concentration at temperature T.

The equation for normalized activity is provided below.

[P(67)]
Normalized Activity (AY= " [P(T)] x Activity(T)

[0052]  In the equation, the activity at lemperature T is multiplied by a ratio of the
propylenc concentration at 67 °C 10 the propylene concentration al temperaiure T. The
resulting normalized activity (A), adjusted for the decrease in propylene concentralion with
temperature increase, may be used for comparison of catalyst activities under varying
temperature conditions. The correction factors are listed below for the conditions used in the
liguid phase polymerization.

67 °C 85°C 160 °C 115°C 130 =C 145°C

1.00 1.42 1.93 2.39 2.98 3.70
[0053] The correction factor assumes that polymerization activity increases linearly with
propylene concentration under the conditions employed. The correction factor is a function

of the solvent or diluent used. Tor example, the correction factors listed above are for &
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common Cg.jg aliphatic hydrocarbon mixture (Isopar™J3, avallable frem Exxon Chemical
Company). Under gas phase polymerization conditions, monomer solubility is normally not
4 lactor and activily is gencrally uncorreeied for temperature difference. That is, activity and

normalized activity are lhe same.

[0054] " The "normalized aclivity ratio” is defined as A7/Agy, where At is the activity at
temperature T and Agy is the activity at 67°C. This value can be used as an indicator of
activily change as a function of temperature. For example, an Ajgp/Agr equal to 0.30 shows
that the catalyst aclivity ai 160°C is only 30 percent of the catalyst activity at 67°C, It has
been found that at 100°C, an A,e/Agr ratio of 35% or less yiclds a catalyst system that is

sclf-extinguishing sysien.

[0055] The ALA may be an aromatic ester or a derivative thercof, an aliphatic ester or
derivative thereofl, a diether, a poly(alkylene glycol) esler, and combinations thereof.
Nonlimiting examples of suitable aromatic csicrs inclede Cyp alkyl or cycloalkyl esters of
arornatic monocarboxylic acids, Suitable substituted derivatives thercof include compounds
substituted both on the aromatic ring(s) or the ester group with one or more substituents
containing one or more Group 14, 15 or 16 heleroatoms, especially oxygen. Examples of
such substifuents include (poly)alkylether, cycloalkylether, arylether, aralkylether,
alkylthioether, aryithivether, dialkylamine, diarylamine, diaralkylamine, and (rialkylsilane
groups. The aromatic carboxylic acid ester may be a Cy.20 hydrocarbyl ester of benzoic acid
wherein the hydrocarbyl group is nnsubstituted or substituted with one or more Group 14, 15
or 16 heteroalom conlaining substituenis and Ci.a¢ (poly)hydrocarbyl ether derivalives
thereof, or Ci4 alkyl benzoates and Ciu ring alkylated derivatives thercof, or methyl
benzoate, cthyl benzoate, propyl benzoate, methyl p-methoxybenzoale, methyl p-
cthoxybenzoale, cthyl p-methoxybenzoate, and cthyl p-ethoxybenzoate. In an embodiment,

the arornatic carboxylic acid ester is ethyl p-cthoxybenzoate.

[0056]  [nan cmbodiment, the ALA is an aliphatic ester. The aliphatic ester may be a Cs-
Csp aliphatic acid ester, may be a mono- or a poly- (two or more) ester, may be siraight chain
or branched, may be saturaled or unsaturated, and any combination thereof. The Cs-Cap

aliphatic acid ester may alsv be substituted with one or more Group 14, 15 or 16 heteroatom’

14



containing substituents. Nonlimiting examples of suitable Cs-Cyp aliphatic acid esters
include Cya0 alkyl csiers of aliphatic Cayp monocarboxylic acids, Cyap alkyl esters of
aliphatic Cg.20 monocarboxylic acids, Cj.4 allyl mono- and diesters of aliphatic Csag
monocarboxylic acids and dicarboxylic acids, Cis alkyl esters of aliphatic Cgag
monocarboxylic acids and dichrboxylic acids, and Cqzp monae- or polycarboxylate derivatives
of Caupo (polydglycols or Caep (poly)glycol ethers. In a further embodiment, the Ca-Cjp

aliphatic acid ester may be isopropyl myristate and/or di-n-buly! sebacate,
[6057] in an embodiment, the ALA is isopropyl myristate,

[0058] In an embodiment, the ALA is a diether. The diether may be a dialkyl dicther

represented by the following formula,

“'l
R¥Qmeer iy e € o Clly=—mme OR?

R}

[0059)  wherein R' 10 R* arc independently of one another an alkyl, aryl or aralky] group
having up to 20 carbon aloms, which may optionally contain a group 14, 15, 16, or 17
heteroatom, provided that R! and R? may be a hydrogen atom. Nonlimiting examples of
suitable dialky] ether compounds include dimethyl cther, diethy] ether, dibutyl ether, methyl
ethyl ether, methyl butyl cther, methyl cyclohexyl cther, 2,2-dimethyl-1,3-
dimethoxypropane, 2,2-diethyl-1,3-dimethoxypropane, 2,2-di-n-butyl-1,3-
dimethoxypropane, 2,2-diisobutyl-1 ,3-dimcthnx.ypropane, 2-ethyl-2-n-bulyl-1,3-
dimethoxypropane,  2-n-propyl-2-cyclopentyl-1,3-dimethoxypropane,  2,2-dimethyi-1,3-
diethoxypropane,  2-isopropyl-2-isobutyl-1,3-dimethoxypropane,  2,2-dicyclopenlyl-1,3-
dimethoxypropane, 2-n-propyl-2-cyclohexyl- 1,3-dicthoxypropane, and 9,9-
bis{methoxymethyD)fluorene. In a further embodiment, the dialkyl ether compound is 2,2-

diisobutyl-1,3-dimethoxypropanc.



[0060] In an embedimem, the ALA is a poly(alkylene glycol} ester. Nonlimiting
examples of suitable poly(alkylene glycol) esters include poly{alkylenc glycol) mono- or
diacetates, poly(alkylene glycol) mono- or di-myristates, poly(alkylene glyeol) mono- or di-
laurates, poly(aikylene glycol) mono- or di- oleates, glyceryl tri{acetate), glyceryl tri-csier of
Caz.o aliphatic carboxylic acids, and any combination thereof. In an embodiment, the

poly{alkylene glycol) moiety of the poly(alkylene glycol) ester is a poly(ethylene glycol).

[0061] In ap embodiment, the molar ralic of aluminum (o ALA may be 1.4-85:1, or 2.0-
50:1, or 4-30:1. For ALA that conlains more than one carboxylale group, all the carboxylate
groups are considered effoctive companents. For example, a sebacate molecule contains two

carboxylate functional groups is considered 1o have two effective functional molecules.

[0062]  [n an embodiment, the catalyst composition includes a mole ratio of Al to M-EED
0f 0.5-25:1, or 1.0-20:1, or [,5-13:1, or less than about 6.0, or less than abowt 3, or less than
4.5.

[6063].- In an embodiment, the ALM-EED mole ratio is 0.5-4.0:1. Not wishing to be
bound by any particular theory, it is believed that the AVM-EED ratio of 0.5:1 to 4.0;]
provides a sufficient amount of aluminum to support the polymerization reaction at normal
polymerization lemperatures.  Fowever, at clevated temperature (due to a temperature
excursion or a process upscl, for example), more aluminum species react with othér catalyst
components. This leads to an aluminum deficiency which slows the polymerization reaction.
The aluminum deficiency cavses a corresponding reduction in the number of electran donors
complexed with the aluminum. The free clectron pairs of the non-complexed donors poison

the catalyst system, which self-cxtinguishes the reaction.

[G064] As used herein, “total-SCA”™ is the combined amount (in moles) of SCAl and
S5CAZ. In other words, lotal-SCA = SCAl(molc) + SCA2 (mole). The amount of ALA in
M.IZED enhances catalyst self-limiting capability at elevated temperature, while the amount
ol SCA1 provides stifiness and SCA2 provides melt flow in the resuliant polymer. The total-
SCA 10 ALA mole rativ is 0.43-2.33:1, or 0.54-1.85:1, or 0.67-1.5:1. The SCAI to total-
SCA mole ratio is 0.2-0.5:1, 0.25-0.45:1, or 0.30-0.40:1. Applicants have surprisingly and
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uncxpectedly discovered that a controlled mole ratio oft (1) SCA1 to SCA2, and/or (2) total-
SCA to ALA andfor (3) SCAL to total-SCA yields a resultant polymer with the unigue
properties of high melt flow and high stiffness in conjunction with the operability property of

a self-limiting catalyst.

[0065] In an embodiment, the mole ratio of tolal-SCA to ALA is 0.43-2.33:1 and the
mole ratio of SCAT lo to1al-8CA 15 0.2-0.5: 1.

[0066]  [n an cmbodiment, the catalyst composition includes a mole ratio of Al to total-
SCA of 1.4-85:1, or 2.0-50:1, or 4.0-30:1.

[0067] [ an embodiment, the catalyst composition includes 1 mole ratio ol total-SCA o
AL A that is less than 1.0, Surprisingly and unexpeciedly, it has been found that maintaining
the mole ratic of 1otal-SCA o ALA to less than 1.0 significantly improves reaclor

opcrability.

[0068] In an embodiment, the M-EED comprises dicyclopentyldimethoxysilanc (SCAT1),
a ‘melt-flow promoting composition (SCA2), and isopropyl myristate (ALA). [n a further
embodiment, SCA2 is selected from methylcyclohexyldiethoxysilanc,
diisobutyldiethoxysilane, di-n-butyl-dimethoxysilane, n-propyliriethoxysilane,
benzylricthoxysilane, hutenyltriethaxysilane, (triethoxysilyl)eyclohexane, letracthoxysilane,
l-ethoxy-2-(6-(2-cthoxyphenoxyhexyloxy)oenzene, -cthoxy-2-n-pentoxybenzene, and any

combination thercof.

[0069]  The mole ratios between various components of (he present catalyst compaosition

arc scl forth below in Table 1.
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Table |

 Mole Ratio Range
Al T _ 10-200:1
Al to M-BED» 0.5-25:1
Tie M-EED 1-100 :1
Al to total-SCA 1.4-85:1
Alto ALA 1.4-85:)
total-SCA to ALA (.43-2.33:1
SCAT10 8CA2 0.i-1.0:1
SCAT 10 total-SCA 0.2-0.5:1
[0070] The present calalyst composition may comprise two or more embodiments

disclosed herein,

[0071] ©  Inan cmbodiment, the formation of the active prapylene-based polymer oceurs by
way of a gas phase polymerization process whereby the catalyst composilion is contacted
with propylene and optionally one or more olefins in the first polymerization reactor. One or
more olefin monomers can be optionally introduced into the first polymerization reactor
along with the propylene to react with the catalyst and to form a polymer, a copolymer, (or a
fluidized bed of polymer particles). Nonlimiting examples of suitable olefin monomers
include ethylene, Cy.ap e-olefins, such as [-butene, l-pentene, 1-hexene, 4-methyl-1-pentene,
I-hepienc, l-ociene, 1-decene, I-dodecene and the like; Capp diclefins, such as 1,3-
butadienc, 1,3-pentadiene, norbornadiene,  S-ethylidene-2-norbornene  (ENB)}  and
dicyclopeniadiene; Cgap vinyl aromatic compounds including siyrese, o-, m-, and p-
methylstyrene, divinylbenzene, vinylbiphenyl, vinylnapthalenc; and halogen-substituted Cg.qp

vinyl aromatic compounds such as chlorostyrene and fluorostyrene.

([0072]  As used herein, “polymerization condilions” are temperature and pressure
parameters within a polymerization reactor suitable for promoting polymerization between

the catalyst composition and an olefin to form the desired polymer. The polymerization

18



process may be a gas phase, a slurry, or a bulk polymerization process, operating in one, or
more than one, polymerization reactor. Accordingly, the polymerization teaclor may be &
gas phase polymerization reactor, a liquid-phase polymerization reactor, or a combination

thereof.

[0673)  [Cis understood that provision of hydrogen in the polymerization reactor is a
compoenent of the polymerization conditions, During polymerization, hydrogen is a chain
transfer apent and affects the molecular weight (and correspondingly the melt flow rate) of

the resultant polymer.

[0074]  In an cmbodiment, polymerization occurs by way of gas phase polymerization.
As used berein, “gas phase polymerizaiion,” or “gas phase polymerizing,” is the paszage of
an ascending fluidizing medium, the fluidizing medium containing one or more monomers,
in the presence of a catalyst through a fluidized bed of polymer particles maintained in a
fiuidized state by the fluidizing medium. “Fluidization,” “Auidized,” or “fluidizing” is a gas-
solid contacting process in which a bed of fincly divided polymer particles is lifted and
apitated by a rising stream of gas. Fluidization occurs in a bed of particulales when an
upward flow of fluid through the interstices of the bed of particles atiains a pressure
differential and frictional resistance increment exceeding particulate weight. Thus, a
“fluidized bed” is & plurality of polymer particles suspended in a fluidized state by a stream
of a fluidizing medium. A “fluidizing medium™ is onc or more olefin gases, optionally a
carrier gas (such as 13 or Ny) and optionally a liquid (such as a hydrocarbon) which ascends

through the gas-phase rcactor.

[0675] A typical gas-phasc polymerization reactor (or gas phase reactor) includes a

vessel (e, the reacior), the {luidized bed, a distribution plate, inlet and outlet piping, a
- cornpressor, 8 cycle gas cooler or heat exchanger, and a product discharge system. The
vessel includes a reaction zone and a velocity r_cduction zone, each of which is localed above
the distribution plate. The bed is located in the reaction zone. In an embodiment, the
tleidizing medium includes propylene gas and at least one other gas such as an olefin and/or
a carrier gas such as hydrogen or nitrogen. In an embodiment, the gas phuse polymerization

is perforned in condensing mode.
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[0076] In an embodiment, the conlacting occurs by way of feeding the catalyst
compesition into the polymerization reactor and introducing the olefin into the’
polymerization reactor. In an embodiment, the process includes contacting the olefin with a
cocatalyst. The cocatalyst can be mixed with the procatalyst composition (pre-mix) prior to
the introduction of the procatalyst composition into the polymerization reactor. In anather
embodiment, cocatalyst is added to the polymerization reactor independently of the
procaialyst composition.  The independent infroduction of the cocalalyst into the
polymerization reactor can occuy simultancously, or substaniially simulianeously, with the

procatalyst composition {eed.

100771 Inun smbodime'm, the process includes mixing or otherwise combining the M-
EED with the procalalyst composition, The M-EED can be complexed with the cocatalyst
and/or mixed with the procatalyst composition {pre-mix) prior to contact between the catalyst
composition and the propylene.  In another embodiment, the M-EED (or individual

components thereof) may be added independently to the polymerization reactor.

(0078]  In an embodimeni, the polymerization process includes maintaining a hydrogen-
to-propylene (“Hy/Cs™) mole ralio less than 0.30 (ie., 0.30:1), or less than 0.20, or less than
0.18, or less than 0.16, or less than 0.08 in the Orst reactor. Although high melt flow can be
achicved by using high level of hydrogen, it has been found that propylene-based polymers
produced by way of a Hy/C; mole ratio greater than 0.30 significantly accelerate an unwanted
reaclion of hydrogenation of propylene in the presence of oxidized carbon steel of a reactor
and reduce catalyst activity, On the other hand, the resultant propylenc-based polymer
formed by way of the present process avoids excessive amounts of catalytic residue as the

Ha/C3 mole ratio is less than 0.3.

[0079] Moreover, a low 1$/Cs mole ratio value, such as the preseni value of less than
0.30, improves catalyst productivity. As the value for the Hy/C; mole ratio increases, more
hydrogen displaces greater amounls of propylene. Mydrogen displacement of propylene
deereases the amount of propylene available for reaction with the catalyst composition.

Thus, a large value for the [1/C3 mole ratio indicates that less propylene is available to
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polymerize. Less propylenc available for reaction translates into less polymer produced—an

indication of decreased catalyst activity and decreased reactor productivity.

10080}  Conversely, the present catalyst composition enables the formation of high melt
flow propylene-based polymer by way of a low Ha/Cy mole ratio, namely, a Hy/C; mole ratio
of less than 0.3, Thus, the improved hydrogen response of the present catalyst compostion

improves calalyst activity and improves productivity.

[0081] In an embodiment, the polymerization process includes maintaining a hydrogen

partial pressure below about 80 psi, or below about 71 psi, or below about 63 psi.

[0082]  [n an embodiment, the process includes self-limiting the polymerizatian process

when the temperatore in the reaclor is greater than about 100°C.,

[0083]  Inan embodimend, the process includes forming the propylenc-based polymer in a

single polymerization reactor.

[0084]  Applicants have surprisingly and unexpectedly discovered that the presence of the
mixed external cleetron donor provides a catalyst composition that is self-limiting and
produces propylene-based polymers with high stiffness and high melt flow in a single
polymerization reactor under standard polymerization conditions. Not wishing to be bound
by ény particular theory, it is believed that the ALA improves operability in the
polymerization reactor by preventing a run-away reaction, palymer sheeting, and/or polymer
agglomeration caused by excessive heat. Provision of SCAl and SCA2 enables the
formation ol a high stiffacss (ie., Tur greater than 170°C)hiph melt flow (i.e., grealer than
50, or 60, or 70, or 100 g/10 mir) propylene-based polymer with utilizalion of standard

hydrogen levels.

[0085] In particular, the preseni process advanlageously produces a propylene-based
polymer with high stilfness and high melt flow without visbreaking-—a conventional
technique for increasing the MER beyond the hydrogen usage limitations of a reactor-grade

high stiffness propylene-based polymer as described previously. The term “visbreaking” (or
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“cracking”), as used herein, is the thermal and/or chemical degradation of a polymer into
smaller polymer chain segments. Visbreaking typically includes placing a polymer (such as
polypropylene) in a melt state in the presence of a free radical initiator (such as a peroxide) to
degrade the polypropylene inlo smaller polypropylene chain segments. Visbreaking is a
post-reactor procedure. 3t is understood that the present processes for producing propylene
impacl copolymer are in-reaclor, polymerization processes. Thus the present processes for

producing propylene impact copolymer do not include visbreaking,

[0086]  Visbreaking has many side effects such as formation of decomposition products

(which ofientimes cause odor and food incompatibility problems), added cost, and a
reduction in polymer stiffness. Visbreaking increases the melt flow yet decreases the weight
average molecular weight of a polymer, Visbreaking alters the physical and chemieal
structure of the initial polymer. For cxample, a visbroken polypropylene homopolymer will
exhibit a reduction in physical and/or mechanical properties (f.e. a lower tensile modulus, a
lower flexural modulus) compared 10 an uncracked propylenc homopolymer with the same
MFR.

[0087]  In an embodiment, the present process forms an uncracked propylenc-based
polymer. A polymer that is “uncracked” has not been subject to a visbreaking procedure. In
other words, an uncracked polymer is a non-thermally and/or non-chemically degraded
polymer. An uncracked polymer does not exhibit a decline of physical and/or mechanical
properties related to molecular weight (such as flexural modulus and/or tensile properties), as
does 4 visbroken polymer at the same MPR. In addition, an uncracked polymer does not
experience decomposition products (which ofientimes cause odor and ood incompalibility

problems) as does a visbroken polymer.

[0088) in an embodiment, the process includes forming a propylene-based polymer
having one or more of the lollowing properties: (i) an uncracked propylene homopolymer;
(ii) a MFR greater than 50 g/10 min, or greater than 60 g/10 min, or greater (han 70 g/10 min,
or greater than 100 g/10 min ; (iii} 2 xylene solubles content of less than 4 wi %. or lcss ihan
3% wi %, or from about 0.1 wt % 1o less than 2.0 wit %; (iv) a T greater than aboui 165°C,

or greater than [70°C; (v) an ALA content of at least about 5 ppm to about 150 ppmy; (vi) a
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post-reactor oligomer content (“oligomers” are Cjp — Czy compounds) less than 3000 ppm, or
less than 2500 ppm, or from about 500 ppm 1o about 3000 ppm; andfor (vii) a post-reactor
oligomer content about 10%, or about 20%, or about 40% less than the corresponding
oligomer content of a propylene-based polymer formed by a catalyst composition which
contains a singie stiffness-promoting composition SCA (and optionally an ALA) under
similar polymerization conditions. The term “post-reactor olipomer content,™ as used herein,
is the oligomer conient of the yesultant propylenc-based polymer immediately afier exit from
the polymerization reactor. In other words, “post-reactor oligomer content” is the oligomer
contenl prior 10 any post-polymerization washing procedure, heating procedure, and/or

refining procedure,

{0089] - In an embodiment, the uncracked propylene-based polymer is a propylene
homopolymer, In a further embodiment, the propylenc-based polymer has law or no loxicily,

low or na decomposition products, and low or no unpleasant odor.

[0090} . In an embodiment, the active propylene-based polymer may be produced as
disclosed in copending application

(Attarney Dockel No. 638316), filed on February 23, 2009, the entire content of which is

incorporated by reference herein.

[6091]  The present process includes iniroducing the active propylene-based polymer into
a second polymerization reaclor. In an embodiment, the first polymerization reactor and the
second polymerization reactor operate in series, whereby the cffluent from the first
polymerization reactor is charged to the sccond polymerization reactor and one or more
additional (or different) olefin monomer{s) 1sfarc added to the second polymerization reactor
1o conlinue polymerization. In anoihor cmbodiment, cach of the first polymerization reactor

and the second polymerization reactor is a gas phase polymerization reactor,

{0092]  7The process includes contacting the active propylene-based polymer with al least
one olefin in the second polymerization reactor under polymerization conditions, and

forming a propylene impacl copolymer having a melt flow rate greater than about
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60 g/10 min as measured in accordance with ASTM D1238-01. The al least one olefin

includes an olefin other than propylene.

[0093]  In an embodiment, the process includes forming an active prépy]ene-based
polymer with a MFR greater than 160 g/10 min and forming a propylene impact copolymer
with & MFR greater than about 85 ¢/10'min. In another embodiment, the process includes
forming an uclive propylene-based polymer with a MFR greater than 200 /10 min and
forming a propylene impact copolymer with an h‘fFR greater than about 100 ¢/10 min. In
another embodiment, the process includes fc')rming an active propylene-based polymer with a
MFER greater than abow 300 g/10 min and forming a propylene impact copolymer with a
MFR greater than about 150 p/ 10 min.

[0094] lropylene impact copolymer is a heterophasic copolymer. As used herein, a
“heterophasic copolymer” is a multiple phase polymer having a continuous polymer phase
(also referred 10 as the matrix phase) and a discontinuous polymer phase (also referred to as
the clasiomeric phase or the rubber phase, or rubber) dispersed within the continuous
polymer phase. The propylene-based polymer produced in the first reactor is the conlinuous
phase. The olefin is polymerized in the presence of the propylene-based polymer in the
second reactor and forms the discontinuous phase. A heterophasic copolymer may contain

more than {wo polymer phases.

[0095)  The olefin introduced in the second reactor may be propylene, ethylene, a Cago a-
olefin (such as 1-butene, 1-peniene, -hexene, 4-methyl-1-pentene, 1-heplence, 1-octene, 1-
dcccnd, I-dodecence and the like), or any combination thereof, Tn an embodiment, propylenc
and ethylene are contacted with the active propylenc-based polymer in the second reactor to
form a propylene impact copolymer with a propylene/ethylene copolymer as .lhe

discontinuous phase.

[0096]  [n an embodiment, the propylene impact copolymer has an Fe value from abour $
wt % to about 50 wt %, or from about 10 wt % 1o abour 40 wt %, or from about 20 wt % Lo

about 30 wt %.  As used herein, “fraction copolymer” (“Fc¢») is the weight percent of the
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discontinuous phase present in the heterophasic copolymer. ‘lhe Fc value is based on the

total weight of the propylene impact copolymer.

[0097)  The propylene impact copolymer may have an Ec value from about 20 % wi (o
about 90 wt %, or from about 30 wt % to about 80 wi %, or from about 40 wt % about 60 wi
%. Asuscd herein, “ethylene content” (*Ec”) is Lhe weight percent of elhylene present in the
disconiinuous phase of the propylene impact copolymer. The Ge value is based on the total

weight of the discontinuous (or rubber) phase,

[0098]  In an embodiment, the polymerization process includes maintaining a hydrogen-
to-propylene (“Ha/C3”) mole ratio less than 0.3 in the first polymerization reactor, and/or in
the second polymerization reactor. 1t has been found that propylene-based polymers
produced by way of a Hy/C; mole ratio greater than (1.3 contain excessive amounts of
calalylic residue such as titanium and/or chlosine. The resultant propylene-based polymer
formed by way of the present process avoids excessive amounts of catalytic residue as the

H2/C3 mole ratio is Jess than 0.3.

[0099].  In a further embodimeni, the process includes maintaining a Hy/Cs mole ralio of
less than 0.10, or less than 0.08, or less than 0.04, or less than 0.03, in the second
polymerization reactor. Applicants have surprisingly and unexpectedly discovered that
maintaining the Hy/Cs mole ratio to less than 0.3 (and/or maintaining the Ho/Cy mole ratio to
less than 0.1 in the sccond reaclor) lowers hydrogen consumption and improves catalys(
activity as a smaller presence of hydrogen lowers the partial pressure of the propylene and/or

other olefin.

[00100]  Not bounded by any particular theory, it is believed that the catalyst composition
of the present process contributes to the low level of volatiles contenl of the resultant
propylenc impact copolymer, In an embodiment, the process includes forming a propylene
impact copolymer having a volatiles content of less than about 65 ug/e. As used herein,
“volatiles” are carbon-containing subsiances that are driven ol as vapor at room temperature
or slightly elevated temperatures, from a polymer. The volatiles content is less than about 65

nelg, or less than about 60 pg/g, or loss than about S0 ug/g, or from about 10 pg/g to less



than about 65 pugfg. The volatiles content is determined in accordance with Volkswagen
(VW) standard PV-3341.

100101]  The low amount of volatiles content of the present propylenc impact copolymer
advantageously reduces, or climinates, a subsequent purge procedurc,  Conventional
prapylene impacl copolymers lypicaily require a nitrogen purge and/or a stcam purge (for
several days) in order to reduce the volatiles content (o acoeptable levels—particularly [or
applications requiring low volatiles content, such s food container applicalions. The low
volatiles comlent of the present propylene impact copolymer decreases purge time or

climinates a purge procedure allogether.

[60102] - In an embodiment, the process includes self-limiting the polymerization reaction
. when the temperature is greater than 100°C in the first polymerizalion reactor and/or the
second polymerization reactor. Not wishing to be bound by any particular theory, it is
believed thut the ALA improves operability in the polymerization reactor by preventing a
run-away reaction, polymer sheeling, and/or polymer apglomeration caused by excessive

heat formed during polymerization in cither reastor.

© 100103]  In an embodiment, the process includes introducing, M-EED, or one or more
components thereof, into the second reactor. Thus, the first selectivity control agent (SCAL),
the second selectivity control agent (SCA2), and/or the activity limiting agenl (ALA),

scparately, or in any combination, may be added to the second reactor.

{00104]  The process may comprise lwo or more embodiments disclosed herein.

[001065]  The present disclosure provides another process. In an embodiment, a
‘polymerization process is provided which includes contacting, in a polymerization reactor
under polymerization conditions, at [eas! one olefin with an active propylene-based polymer.

The active propylene-based polymer has a mell flow rate greater than about 100 g/10 min.

{00106] The process further includes l'érming a propylene impact copolymer having a meil
[low rate of at least 85 g/10 min as measured in accordance with ASTM D-1238-01 (230°C,
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2.16 kg weight). In an embodiment, the propylene-based palymer has a MIFR preater than
about 150 g/10 min and the propylene impact copolymer has a MI'R greater than about 100
8/10 min. In anoiher embodimeny, the propylenc-based polymer has a MFR greater than
about 200 g/10 min and the propylene impact copolymer has a MFR greater than about 130
¢/10 min. ' :

100107] In an embodiment, the polymerization oceurs by way of pgas phase
polymerization. In other words, the contact between the active propylenc-based polymer and
the olefin(s) cccurs in a gas phase polymerization reactor under polymerization conditions.

- The polymerization reacior may be the second polymerization reactor as disclosed above.

[00108] - In un cmbodiment, the process includes mainaining a Ho/C; mole ratio of less
than ‘0.20, or less than .10, or less than (.08, or less than 0.04, or less than 0.03 during

formation of the propylene impact copolymer.

[60109]  In an embodiment, the process includes self-limiting the polymerization with a
catalyst composition embedded in the aclive propylene-based polymer when the temperature
in the polymerization rcaclor is grealer than about 100°C. The catalyst cmbedded in the
active propylenc-based polymer may be the catalyst compasition disclosed herein having a
procalalyst, a cacatalyst and a mixed external cleciron donor (M-EED) comprising a first
sclectivity control agent (SCAT), a sccond selectivity control agent (SCA2), and an activity '
limiting agent (ALA).

{00110] In an embodiment, the process includes introducing, M-EED, or one or more
components thereof, into the reactor. Thus, the first selectivity control agent (SCA1), the
second selectivity control agent (SCA2), and/or the activity limiting agent (ALA), scparately,

or in any combinzlion, may be added lo the polymerization reactor.

[00F1] In an embodimeni, the aclive propylene-based polymer is contacted with
propylenc-and ethylene. The process includes forming a propylenc impact copolymer with an
1 value from about 3 wi % to about 50 wi%, and an Ec value from about 20 wi % to about
90 st Y,
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[00112]  Inan embodiment, the process includes melt blending a nucleating agent with the
propylene impact copolymer and forming a nucleated propylene impact copolymer. As used
herein, “melt blending” is a process in which a polymer is softened and/or melted and mixed
with onc or more other compounds. Nonlimiting examples of mell blending processes
include extrusion, meli mixing (batch or continuons), reactive melt blending, and/or

compounding.

[00113] The nucleating agent reduces the size of crystallites, thereby improving the
transparency and clarity of articles made from the propylene impact copolymer. Not wishing
1o be bound by any particular theory, it is believed that the nucleating agent provides sites for
more ordered and faster polyolefin crystallization during cooling. During the process of
crystallization, polymer crystals organize into larger superstructures which are referred to as
spherulites. The spherulites are more uniform and are smalicr in size than spherulites formed

in the absence of the nucleating agent.

[00114]  Various nucleating agents known in the art may be used without limitation.
Nonlimiling cxamples of suitable nucleating agents include sodium benzoale, aluminum
adipate; alaminum p-t-butylbenzoate; sorbito! acetal derivatives such as 1,3,2,4-
dibenzylidencsorbitol, 1,3,2,4-bis(p-methyl-benzylidene)sorbitol, 1,3,2,4-bis{p-
cthylbenzylidene}-sorbitol, 1,3-p-chlorobenzylidene-2,4-p-methylbenzylidene-sorbitol, 13-
0-2,4-bis(3,4-dimethylbenzylidene)sorbitol, (available from Milliken Chemical Spartanburg,
SC under the trade name Millad® 3988), |,3-0-2,4-bis(p-methylbenzylidene)sorbitol (also
available from Milliken Chemical under the trade name Millad® 3940); sodium bhis(4-1-
butylphenyl) phosphate; sodium bis(4-t-methylphenyl) phosphate;, potassium bis(4,6-di-1-
butylphenyl) phosphate; sodium 2,2'-methylene-bis(4,6-di-t-butylphenyl) phosphate (NA-
11}); sodium 2;2‘-ethylidene~b§s(4,6-di-t-bmy]phenyl) phosphate; tale; calcium carbonate; and

any combination of the foregoing.

[00115] In an embodiment, the process includes forming a propylenc impact copolymer
having a volaliles content of less than about 65 wg/g. The volatiles content is less than about
65 pg/e, or less than about 60 pug/g, or less than 50 pug/g, or from about 10 pg/g to less than
about 65 ug/p.
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[00116]  The process may comprise two or more embodiments disclosed herein.

(00117} ppe present disclosure provides a propylenc impact copolymer. The propylene
impact copolymer includes a propylene-based polymer (matrix phase) with a
propylenc/ethylene copolymer (discontinuous phase) dispersed therein. The propylene-based
polymer has ¢« MFR greater than about 100 g/ 10 min. The propylenc impact copolymer has
d rnelt flow rate grealer than about 60 g/10 min, an Fe value {rom about 5 wi % to abom 50

wi %, an Ec value from about 20 wi % 1o about 90 wi %.

[00118] In an embodiment, the propylene-based polymer has a MFR greater than about
160 /10 min and the propylenc impact copolymer has a MFR greater than about 85 g/10
min. In another embodiment, the propylene-based polymer has a MFR greater than about
200 p/10 min and the propylenc impact copolymer has a MFR greater than about 100 g/ 10
min. Inan embodiment, the propylenc-based polymer has a MFR greater thun about 300
g/10 min and the propylene impact copolymer has a MFR greater than about 150 p/10 min.

In a further embodiment, the propylene-based polymer is a propylene homopolymer.

001191 In an embodiment, the propylene-based polymer has one or more of the following
properties: xylene solubles content of less than about 4 wt %, or less than about 2 wt %; and

a I'wr preater than about 170°C,

[00120]  In an embodiment, no polymer component of the propylene impact copolymer is
cracked. In other words, the propylene impact copolymer is uncracked, the propylene-bascd

polymer is uncracked, and the propylenc/ethylene copolymer is uncracked.

[00121] [n an embodiment, the propylene impact copolymer has a volatiles content of Tess
than 65 pgfg, or less than about 60 py/g, or less than 50 pa/p, or from about 10 pg/g to less
than aboul 65 pgfe (VW PV3341).

[00122] In an embodiment, the propylene impacl copolymer has an ALA confent of at

least’s ppm, or at least 10 ppm, or at least 20, ppm, or at least 30 ppm, or from about 5 ppm

fo about 150 ppm.
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[00123] In an embodiment, (he propylene impact copotymer is & nucleated propylene

impact copolymer.

I0012I4g' ‘The present propylene impact copolymer may be used for a varicly of applications
suchas antomotive interior parls where low volatiles are required, and can be used for many
food contact applications such as cups and containers, Additionally, many ordinary molded
articles such as toys, pails, buckets, and general purpose articles can take advantage of the
high melt flow product and impact strength properties and/or low volatiles content of the
present propylene impact copolymer. The present propylene impact copolymer can also be

used to produce fibers for carpets, upholstery, and diapers.

[00125] The propylenc impacl copolymer may comprise iwo or more embodiments

disclosed herein.
[00126] DEFINITIONS

[00127] All references 1o the Pericdic Table of the Elements herein shall refer to the
Periodic Table of the Elements, published and copyrighted by CRC Press, Inc., 2003. Also,
any references to a Group or Groups shall be to the Groups or Groups rellected in this
Periodic Table of the Flements using the JUPAC system for numbering groups., Unless
stated to the confrary, implicit from the context, or customary in the art, all parts and percents
are based on weight. For purposes of United States patent practice, the conients of any
patent, patent application, or publicalion referenced hercin are hereby incorporated by
reference in their cntirety {or the equivalent US version thercof is so incorporated by
reference), especially with respect to the disclosure of synthetic techniques, definitions (to
the extent not inconsistent with any definitions provided herein) and general knowledge in

the art,

100128) The term “eomprising,” and derivatives thereof, 1s not intended (o exclude the
presence of any additional component, step or procedure, whether or not the same is
disclosed herein, In order to avoid any doubt, all compositions claimed herein through use of

the term “comprising™ may include any additional additive, adjuvant, or compound whether
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polymeric or otherwise, unless staled to the contrary. [n contrast, the term, “consisting
essentially of”" excludes from the scope of any succeeding recitation any other component,
step or procedure, excepling those that are not essential to operability. The term *consisting
of”" excludes any component, step or procedure not specifically delineated or listed. The term

3]

“or”, unless stated otherwise, refers to the listed members individually as well as in any

combination.

{00129) Any numerical range recited herein, includes all values from the lower value o
the upper value, in increments of one unit, provided that there is a s’eparaiion of at least 2
vnits between any lower value and any higher value. As an example, if it is stated that the
amount of a component, or a value of 4 compositional or a physical properly, such as, for
example, amount of a blend component, softening temperature, melf index, cle., is between 1
and 100, it is intended that all individual values, such as, 1, 2, 3, etc., and all subranges, such
as, 1 to 20, 55 16 70, 197 to 100, etc., are expressly enumerated in this specification, For
values which arc less than one, one unir is considered to be 0.0001, 0.00t, 0.01 or 0.1, as
appropriaic. ‘These are only examples of what is specifically inlended, and all possible
combinations of numerical values between the lowest value and the highest value
enumerated, are to be considered to be expressly stated in this application. In other words,
any numerical range recited herein includes any value or subrange within the stated range.
Numerical ranges have been reeited, as discussed herein, reference mell index, melt flow

rate, and other properties,

[00130]  The terms “blend” or “polymer blend,” as used herein, is a blend of two or more
polymers. Such a blend may or may not be miscible (not phase separated at molecular level),
Such a blend may or may nol be phasc scparated. Such a blend may or may not conlain one
or more domain configurations, as determined from wansmission electron spectroscopy, light

scattering, x-ray scattering, and other methods known in the art.

100131] The term "composition,” as used herein, includes a mixture of materials which
comprise the composition, as well as reaction products and decomposition products formed

from the materials of the composition.
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[00132] The term “polymer” is a muacromolecular compound prepared by polymerizing
monomers of the same or different type. "Polymer” includes homepolymers, copolymers,
terpolymers, interpolyrmers, and so on, The term “interpolymer” means a polymer prepared
by the polymerization of at least two types of monomers or comonomers. It includes, but is
rot {imited to, copolymers (which usually refers to polymers prepared from two different
types of monomers or vomonomers, terpolymers (which usually refers to polymers prepared
from three diflerent types of monomers or comonomers), tetrapolymers (which usually refers

10 polymers prepared from four different types of monomers or comonomers), and the like.

{00133]  The term "interpolymer,” as used herein, refers to polymers prepared by the
polymerization of at least two differeni types of monomers. The peneric term interpolymer
thus includes copolymers, usually employed Lo refer 10 polymers prepared rom two different

mononiers, and pelymers prepared from more than two different {ypes of monomers.

{00134}  'The term “olefin-based polymer” is a polymer containing, in polymerized [orm, a
majorily weight percent of an olefin, for examiple ethylene or propylene, based on the total
weight of the polymer. Wonlimiting examples of olefin-bascd polymers include ethylene-

based polymers and propylene-based polymers.

[00135} - The term, “ethylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized ethylene monomer (bascd on the total
weight of polymerizable monomers), and optionally may comprise al least one polymerized

comonomer.

[00136] The term, “cihylenefw-olefin interpolymer,” as used herein, refers to an
interpolymer (hat comprises @ majority weight percent polymerized cthylene monomer
{(based on the 101al amount of polymerizable monomers), and at least onc polymerized «-

pief{in.

{00137} + The term, “propylene-based polymer,” as used herein, refers to a polymer that

comprises a majority weight percent polymerized pro;iy]cne monomer (based on the total
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amount of polymerizable monomers), und optionally may comprise at least one polymerized

<omonomer.

{00138] The term "alkyl,” as used herein, refers to 8 branched or unbranched, saturated
or unsaturaled acyclic hydrocarbon radi(;ai. Nonlimiting examples of suitable alkyl radicals
include, for example, methyl, ethyi, n-propyl, i-propyl, 2-propenyl (or allyl), vinyl, n-butyl, t-
butyl, i-butyl (or 2-methylpropyl), ctc. The alkyls have | and 20 carbon atoms.

[09139) The term "substituted alkyl," as used herein, refers to an alkyl as just described
in which one or more hydrogen atorm bound to any carbon of the alkyl is replaced by another
group such as a halogen, aryl, substituted aryl, cycloalkyl, substiuted cycloalkyl,
heterocycloalkyl, substituted hewerocycloalkyl, halogen, haloalkyl, hydroxy, amino,
phosphido, alkoxy, amino, thio, nitro, and combinations thereof. Suitable substituted allkyls

inchude, for example, benzyl, trilluoromethy! and the like.

{00140]  The term "aryl," as used herein, refers 10 an aromatic substituent which may be
a single aromatic ring or multiple aromatic rings which are fused together, linked covalently,
or linked to a common group such as a methylence or ethylene moiety. The aromatic ring(s)
may include phenyl, naphthyl, anthraceny, and biphenyl, among others. The aryls have | and

20 carbon atoms.
[00141]  TEST METHODS

[00142]  Flexural modulus is determined in accordance with ASTM D790-00 Method 1,
using an ASTM D 638 Type | specimen tesled at 1,3 mm/min.

[00143] | lzod impact strength is measured in accordance with ASTM D256.

(00144]  Melt flow rate (MFR) is measured in accordance with ASTM [ 1238-01 test
method at 230°C with 4 2.16 kg weight for propylene-based polymers.
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{00145]  Xylene Solubles (X8) is measured according to the following procedure. 0.4 g ol
polymes is dissolved in 20 ml of xylencs with sfirring at 130 °C for 30 minutes. The solution
is then cooled to 25 °C and after 30 minutes the insoluble polymer fraction is filtered off,
The resulling [iltrate is analy:;:ed by Flow Injection Polymer Analysis using a Viscotek
ViscoUGEL H-100-3078 column with THI mobile phase llewing at 1.0 m¥min. The column
is coupled to a Viscotck Model 302 Triple Detector Arvay, wiih light scatlering, viscometer
and refractometer detectors operating at 45 °C. Instrument calibration was maintained with

Viscotek PolyCAL™ polystyrene standards.

[00146]  Final melting point Tyr is the temperature to melt the most perfect crystal in the
sample and is regarded as a measure [or isotacticily ‘and inherenl polymer crystallizability.
The test is conducted using a TA Q00 Differential Scanning Calorimeter. A sample is
heated [rom 0°C 1o 240°C at a rae of 80°C/min, cooled at the same rate to 0°C, then heated
apain at the same rate up 10 150°C, held at 150°C for 5 minutes and the heated from 150°C1o
[80°C at 1.25 °C/min, The T is determined from this last cycle by caleulating the onset of

the bascline at the end of the heating curve.

[00147]  Testing procedure:

|00148} (1) Calibrate instrument with high purity indium as standard.

[00149]  (2) Purge the instrument head/cell with a constant 50 ml/min flow rate of nitrogen

constantly.
{00350}  (3) Sample preparation:

Compression mold 1.5 g of powder sample using a 30-G302H-18-CX Wabash
Compression Molder (30 ton): (&) heat mixture at 230 °C for 2 minuies at contact;
(b) compress the sample at the same temperature with 20 ton pressure (or 1
minute; {c) cool the sample to 45°F and hold for 2 minules with 20 ton pressure;
{d) cut the plaque inla 4 ol aboutl the same size, stack them fogether, and repeat

steps (a) — (c) in order 1o homogenize sample.
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[00153] (4) Weigh a piece of sample (preferably between 5 1o 8 mg) from the sample
plaque and scal it in a standard aluminum sample pan. Place the sealed pan containing the
sample on the sample side of the instrument head/cell and place an empty seuled pan in the
reference side. [F using the auto sampler, weigh out scveral different sample specimens and

s¢t up the machine for a sequence.

[60152] * (5) Measurcnients:

(i) Data storage: off

(i) Ramp 80.00 °C/min to 240.00 °C
(iit) Isothermal for £.O0 min

(iv) Ramp 80.00 °Chmin 10 0.00 °C
{v) Isothermal for .00 min

(vi}) Ramp $0.00 °C/min 1o 150.00 °C
{vii) [sothermal for 5.00 min

{viii} Data storage: on

(ix) Ramp 1.25 °C/min to 180.00 °C
{x} End of method

[00153]  (6) Calculation: Twr is determined by the interception of two lines. Draw one line
from the base-line of high temperaiure. Draw another line from through the deflection of the

curve close to the end of the curve af high temperature side,

[00154]  Volatiles conlent—is measured by the static Headspace Analysis described in
the textbook: Pyrolysis and GC in Polymer Analysis, edited by S.A. Licbman and E.J. Levy,
Marcel Dekker, Inc., 1985, The pas chromatography/head-space gas chromatography (GC-
HS) analysis is s-;videly used in the aulomolive industry. The company Voikswagen AG has
developed a sandard, which is generally accepted and uscd in the plastic industry. It is
known as "VW standard PV 3341" (or “PV3341™). PV 3341 is a test in which a sample of 2
grams is placed into & headspace vial, conditioned for S hours at 120°C and then injecied
into a GC. Quantification is accomplished using an external standard technique based on

peak arca response of geetone standards.

[00155] By way of cxample and not by limitation, examples of the present disclosure will

now be provided.



[00156] EXAMPLES

[00157] (1) Procatalysts

}

[00158] © SHMAC 320 is a Zicpler-Natla procatalyst composition composed of (itanium,
magnesium, and an inlemal electron donor of di-isobutylphthalate and prepared according to
example | in U.S. Patenl No. 6,825,146, the catire conlent of which is incorporated by

reference herein,

[00159]  Procatalyst FV is a Ziegler-Natta procatalyst composition composed of tilenium,
magnesium, and an internal electron donor of a 1,3-diether as disclosed in Furopean Patent

Application No. 728,769, The ¥V procatalyst is preparcd as follows,

[00160] At ambient temperature, 350 g of a mixed magnesium/fitanium halide alcoholate,
72 g of 9,9-bis(methoxymethyl)-9H-(luorene, and 5.6 L ol & 50/50 (vol/vol) mixture of
titamium(iV} chloride and chlorobenzene are combined. The mixture is agitated al 105~
115°C for 60 min, allow to sellle, and filtered at 100°C. The solids are agilated in 2.8 L, of
chlorobenvene at 85°C, allowed to scttle, and filicred at 85°C. The solids are twice stirred in
5.6 L of a [resh mixiure of 50750 titanium{IV) chloride and chiorobenzene at 105-115°C for
30 min, is allowed 1o settle, and is filtered at 100°C. Afier cooling, the solids are washed
twice with 5.2 1. of hexane at 50-60°C, followed by a final wash with 5.6 L, of 2-
methylbuiane at ambient temperature. The solids are combined with 1,19 kg of mineral oil,

and the resulting slurry was subjected 1o vacuum to remove residual volatiles.
[00161]  {2) External Eleciron Donors

j00162]  Samples A-E include a mixed external electron donor (M-EELD) with the M-EED
components selected {rom the following:

DCPDMS: dicyclopentyldimethoxysilanc (SCA)

IPM: isopropyl myristate (ALA)

PTES: n-propyltriethoxysilane (SCA2)
TEOS: tetruethoxysilane (SCA2)

36



[00163] Sample F includes an external electron donor with components selected from the

following,

DCPDMS: dicyclopentyldimethoxysilane (SCA)
TPM: isopropy] myristate (ALA)

[00164] Samples G and H are conventional impact copolymers. Sample H is prepared
with a catalyst composition which includes dicyclopentyldimethoxysilane as the external
electron donor. Samples G and H are provided as comparisons and arc not embodiments of

the present disclosure,
[o0165]  (3) Polymerization

{00166] Production of the samples A - F and sample M is performed in the gas phase
using linked fluidized bed reaciors such as described in 13.S. Patent No. 4,882,380, the entire
contenl of which is incorporated by reference herein. Polymerization conditions arc those
listed in Table 2 below.

100167) Sample G is a conventional impact copolymer that is made in a Spheripol process,
a known multi-stage process using a liquid phase polymerization reactor in the first stage,
follawed by one or two additional gas phase polymerization reactors for the produciion of

the rubber phasc. The finished grade is a reactor grade (i.e., not visbroken),

100168] As a final step in the production of samples A-F, each sample is semi-
continuously discharged into a fiberpak und sparged (or deuctivated) with wet nitrogen at 22

°C, using approximately 3 kg of water per 10600 kg of resin for a period up to 3 hours.
[00169]  After resin from sample H is discharged from the reactor, it is deactivated by

purging for 1 — 3 hours with wet nilrogen at 22 °C, using | kg of water per 1000 kg of

polymer.
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[00170]  Samples A-F and H are compounded with the additives listed in Table 4 using

twin serew, intermeshing extruders. No purging is done on ihesc samples following the

comypounding,
Tablc 2
— — e e e e e e —
Conditiony A B_|__¢ n 5 F G* 1
Catalyst SHAC SHAC SHACU SHALC SHAC [0 SHAC 320
320 320 320 320 320
Rx | a1 {.144 0.15 177 {.188 0.192 0.075 0.174
Rx Temp (C) 70 70 70 ) Fiil 70 63
Malr 21.0 13.3 210 13.3 133 4,3 i
AYDCIPMS
Mular 3.0 n 8.0 B.0 n# na
AVTEOS
MolarfAMPTES .0 n 0 03 L an na
Molar/A 1AM 3.3 33 3.5 33 33 28 08
Rx | AUSCA 2.t 2 .t 2 2 1.7 1
R Al 19 A9 4 a9 f 4% 19 49 40
Propyleny 2208 2208 2208 2208 2202 2622
partial pregsure ’
(kP -
R¥ 1 rusidence 2.7 29 31 3 29 33 1.3
time (houss)
MIFR 139.0 153.0 210.0 1950 205.0 187.0 61
(hormopolymer)
do/min
X8 1.7 §.6 2.3 1.7 1.8 1.8 1.6
(himopohymer)
wi%
RXZ
Canditions
Tex 2 Temp (G 70 70 70 70 70 70 0
Rx 2 Propylene 93 78 g3 3% 21 2 A1
partial pressure
(psid
ix 2 residence 2 21 2.1 2 2 2 i
time (hours}
Ry 2 M {.023 n.022 1.023 0.022 0.021 0.017 0.0vs
Volutiles 47.7 55.40 58.45 469 A 125
Comenl (pefe)
Peliet Produet
Propertics
MFR (g/1 8 74 30 4] 108 82 82 33
min} —
Ee (%%wl) 44.5 452 43.4 413 44.3 434 4493 52
Fe (%w) 12.3 169 18.5 18.2 17.3 18.4 18.9 17
Non-nutlented
150 Flex 173,455 176,146 162,116 169689 170,574 157451
_Chovd {psi)
130 Plex 1,197 1,218 1119 1 [437 1.086
Ehord (vils) _
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Rel
Caonditions

G*

£l

IS0 Neched
tegrch 4230
sy
IS0 Charpy at
2390 (KM

247

D.85

831

.2

* = Comparative

Table 3

Nucieated
with 1000
ppmw NA-11

A

B

C D

E

¥

33

ISC Plex
Chard (psi)

221,003

221,552

210400

218,637

192,370

150 Motehed
fzod €230
(K I/

1,520,
iy

1329

1437

7.8

ROK

1507

PRI

10

a8t

130 Charpy 8t
AFCRIMT

7.21

7.63

8.27

6,38

10

Nuelented
with 500
ppmw NoBz

IS0 Flex
Chord {MPa}

1380

1,396

HAals

14934#*

150 Netchad
Lnl @23
{KJ/ME

114

8.03

14

83*7

(50 Charpy a1
23°C (KIivi™)

74

6.8

ASTM 1%
secant flex
motilus
{MiPn)

1539

ASTM T
Lod (Jm)

76

+ = Comparative

*4 = Values caleulated based on o correlation to the ASTM values Hsted in the table

Table 4

Additives (ppmw)

trganox 10 (hindered phenofic antioridant)
lrgafox 168 (Pansphite Antioxidunt)

GMS (glycero] monosteirare)
Calgivm Stearate (acid accepior)

[ nucleated with NA-1
WNA-E - nucleating ngent
1f nucleated with Nafdz
Caleinm Sweariie
7ine Chiide {acid acceptlor)
Nz (Sodiun Benzonte)

Examples A-G

1004
1600
GO0
600

1000
U

200
500
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Example H

frpanox 1010 750
P-EPQ - Phosphite Andioxidunt 131
Actsiwax C Lubricant 5090
DMT-4A Zealite Acid Acceplor 50
Mol e 340 —-

[00171]  Samples A-I have a lower volatiles content than comparaiive Sample H in spite

of the fact that Samples A-T each have a higher MFR than Sample H.

100172] Sample F shows that by using a different catalyst (FV catalyst) in combination
with IPM and DCPDMS the same result can be achieved, namely, the production of a
prOpylpne impact copolymer with high melf flow and a low volatiles content. Furthermoere,
by wsing IPM in combination with DCPDMS (and optionally the other silanes) a lower
amount of DCPDMS is needed, providing a further cost reduction since the DCPDMS is

more costly.

{00173] { Samples A and B each has the same, or substantially the same, impact and
stiffness properties as Sample G (using substaniially the same, or the same, additives).
Surprisingly and unexpectedly, the present propylene impact copolymer produced in the gas
phase is superior in volatiles conlent. In particular, samples A and B each have a smaller

volatiles content than sample G,

{00174] It is specificully intended that the present invention not be limiled to lhe
embodiments and iliustrations contzined herein, bur include modified forms of those
embodiments including portions of the embodiments and combinaiions of elements of

different embodiments as come within the scope of the following claims,
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CLAIMS

1. A polymerization process comprising:

contacting propylene and optionally at least one other olefin with a catalyst composition
in a first polymerization reactor under gas phase polymerization conditions, the catalyst
composition comprising a procatalyst, a cocatalyst and a mixed external electron donor (M-EED)
comprising a first selectivity control agent (SCALI), a second selectivity control agent (SCA2),
and an activity-limiting agent (ALA);

forming, in the first polymerization reactor, an active propylene-based polymer having a
melt flow rate greater than about 100 g/10 min as measured in accordance with ASTM D1238-01
(230°C, 2.16 kg);

contacting the active propylene-based polymer with at least one olefin in a second reactor

under polymerization conditions; and

forming a propylene impact copolymer having a melt flow rate greater than about
60g/min.

2. The process of claim 1 comprising maintaining a Hy/C; mole ratio of less than 0.3 in one

or both reactors.

3. The process of any of claims 1 -2 comprising maintaining a H,/C; mole ratio of less than

0.1 in the second polymerization reactor.

4, The process of any of claims 1-3 comprising introducing, into the second reactor, a
component selected from the group consisting of a mixed external electron donor (M-EED), a
first selectivity control agent (SCAI1), a second selectivity control agent (SCA2), an activity
limiting agent (ALA), and combinations thereof.

5. The process of claim any of claims 1-4 comprising contacting the active propylene-based
polymer with propylene and ethylene and forming a propylene impact copolymer having an Fe
vatue from about 5 wt % to about 50 wt % and an Ec value from about 20 wt % about 90 wt %.

6. The process of any of claims 1-5 comprising forming a propylene impact copolymer
having a volatiles content of less than about 65 pg/g as measured in accordance with VW
standard PV3341.

41



7. The process of any of claims 2-6 comprising self-limiting the polymerization with the
catalyst composition when the temperature is greater than 100°C in a reactor selected from the
group consisting of the first polymerization reactor, the second polymerization reactor, and

combinations thereof.

8. A polymerization process comprising:

contacting, in a polymerizatioﬁ reactor under polymerization conditions, at least one
olefin with an active propylene-based polymer having a melt flow rate greater than about 100
g/10 min as measured in accordance with ASTM D-1238-01 (230°C, 2.16 kg), the active
propylene-based polymer comprising a catalyst composition which comprises a procatalyst, a
cocatalyst and a mixed extemal electron donor (M-EED) comprising a first selectivity control
agent (SCA1), a second selectivity control agent (SCAZ2), and an activity limiting agent (ALA);

and

forming a propylene impact copolymer having a melt flow rate greater than about 85
/10 min, '

9. "The process of claim 8 comprising contacting the at least one olefin with the active

propylene-based polymer in a gas phase polymerization reactor.

10.  The process of any of claims 8-9 comprising maintaining a Ha/Cs mole ratio less than
0.20.

11.  The process of any of claims 8-10 wherein the active propylene-based polymer
comprises a self-liming catalyst composition, the process comprising self-limiting the

polymerization when the temperature in the polymerization reactor is greater than about 100°C,

12.  The process of any of claims 8-11 comprising contacting propylene and ethylene with
the active propylene-based polymer; and forming a propylene impact copolymer with an Fe
value from about 5 wt % to about 50 wi%, and an Ec value from about 20 wt % to about 90 wt
%.

13.  The process of any of claims 8-12 comprising forming a propylene impact copolymer

having a volatiles content of less than about 65 pg/g as measured in accordance with VW
standard PV3341.
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14, A propylene impact copolymer comprising:

a propylene-based polymer having a melt flow rate (MFR) greater than about 100 g/ 10
min as measured in accordance with ASTM D-1238-01 (230°C, 2.16 kg);

a propylene/ethylene copolymer dispersed within the propylene-based polymer; and

the propylene impact copolymer having a melt flow rate greater than about 60 g/10 min,
an Fc value from about 5 wt % to about 50 wt %, an Ec value from about 20 wt % to about 90 wt

% and at least about 5 ppm of an activity limiting agent.

15.  The propylene impact copolymer of claim 14 wherein the MER of the propylene-based
polymer is greater than about 160 g/10 min and the MFR of the propylene impact copolymer is
greater than about 85 g/10 min.

16.  The propylene impact copolymer of any of claims 14-15 wherein the propylene-based
polymer has a property selected from the group consisting of a xylene solubles content less than

about 4 %, a Ty greater than about 170°C, and combinations thereof

17.  The propylene impact copolymer of any of claims 14-16 wherein the propylene-based

polymer is uncracked.

18, The propylene impact copolymer of any of claims 14-17 comprising a volatiles content
less than about 65 pg/g as measured in accordance with VW standard PV3341.
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