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aromatic ch rncreases t ness” of the fornmant
propyl eneapplisgtbng dbtyfiese polymers become more diverse and more sophisticated. Known are

Ziegler-Natta catalyst compositions for the production of olefin-based polymers. Ziegler-
Natta catalyst compositions typically include a procatalyst containing a transition metal
halide (i.e., titanium, chromium, vanadium), a cocatalyst such as an organoaluminum
compound, and optionally an external electron donor. Ziegler-Natta catalyzed propylene-
based polymers often lack the desired stiffness. Given the perennial emergence of new
applications for propylene-based polymers, the art recognizes the need for polymerization
processes that produce propylene-based polymers with improved and varied properties.
Desirable would be polymerization processes for the production of propylene-based
polymers that exhibit high stiffness.

SUMMARY
[0004] The present disclosure is directed to propylene-based compositions, articles and
processes for producing the same. The propylene-based compositions are produced with a
catalyst composition that contains a substituted phenylene aromatic diester, which increases
the stiffness of the formant propylene-based polymer.
[0005] In an embodiment, the present disclosure is directed to a polymerization process
comprising contacting, under polymerization conditions, propylene, and optionally at least
one other olefin with a catalyst composition comprising a substituted phenylene aromatic
diester; and forming a propylene-based polymer. In an embodiment, the propylene-based

polymer has a flexural modulus of greater than 260 kpsi as determined by ASTM D 790.
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[0009] An advantage of the present disclosure is a polymerization process that uses a
catalyst composition that contains a substituted phenylene aromatic diester and produces a
propylene-based polymer with a flexural modulus of 260 kpsi or greater.
[0010] An advantage of the present disclosure is a polymerization process that
produces a propylene-based polymer with high stiffness and a polydispersity index of about
4.0 to about 10.0.
[0011] An advantage of the present disclosure is the provision of a propylene impact
copolymer composition comprising a substituted phenylene aromatic diester.

[0012] An advantage of the present disclosure is the provision of a phthalate-free

propylene-based polymer.

DETAILED DESCRIPTION
[0013] The present disclosure provides a process. In an embodiment, a polymerization
process is provided and includes contacting, under polymerization conditions, propylene and
optionally at least one other olefin with a catalyst composition comprising a substituted

phenylene aromatic diester. The process includes forming a propylene-based polymer.



copol ymer conposition conprising a substituted phenyl ene aromatic diester.
[0012] An advantage of the present disclosure is the provision of a
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the int e'he lfor%la 168 0P Retive sites, (2) regulates the position of titanium on the magnesium-based
support and thereby enhances catalyst stereoselectivity, (3) facilitates conversion of the
magnesium and titanium moieties into respective halides and (4) regulates the crystallite size
of the magnesium halide support during conversion. Thus, provision of the internal electron
donor yields a procatalyst composition with enhanced stereoselectivity.
[0017] The procatalyst precursor may be a magnesium moiety compound (MagMo), a
mixed magnesium titanium compound (MagTi), or a benzoate-containing magnesium
chloride compound (BenMag). In an embodiment, the procatalyst precursor is a magnesium
moiety (“MagMo”) precursor. The “MagMo precursor” contains magnesium as the sole
metal component. The MagMo precursor includes a magnesium moiety. Nonlimiting
examples of suitable magnesium moieties include anhydrous magnesium chloride and/or its
alcohol adduct, magnesium alkoxide or aryloxide, mixed magnesium alkoxy halide, and/or
carbonated magnesium dialkoxide or aryloxide. In one embodiment, the MagMo precursor is

a magnesium di (Cpgalkoxide. In a further embodiment, the MagMo precursor is

diethoxymagnesium.



donor yields a procatal yst conposition with enhanced stereosel ectivity.
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[0020] In an embodiment, the BenMag procatalyst precursor is a product of

halogenation of any procatalyst precursor (i.e., a MagMo precursor or a MagTi precursor) in

the presence of a benzoate compound with the structure (I)

0y

wherein R; — Rs are H, C; — Cy hydrocarbyl which may contain heteroatoms
including F, Cl, Br, I, O, S, N, P, and Si, and R is a C; — Cyg hydrocarbyl group which may
optionally contain heteroatom(s) including F, Cl, Br, I, O, S, N, P, and Si. Preferably, R; ~ Rs
are selected from H and C; — Cy alkyl and R’ is selected from C; — Cy alkyl and
alkoxyalkyl.
[0021] Halogenation/titanation of the procatalyst precursor in the presence of the

internal electron donor produces a procatalyst composition which includes a combination of a
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[0020] In an enbodi nent, the BenMag procatal yst precursor is a product of
hal ogenatworzomfo7s4sy procat al yst precursor (i.e., a MagMpCpreseamw®»e0Dr a
MagTi precursor) in the presence of asSbenzoate conpound with the structure

I ) wh inR - R5 are H i .- : i i
het of ot OGETENIMaioig r e Bfintly. o GRRL U IREARE el TonlfF e R
C2ohydr OCﬁ}[e?}’llenOQﬁl‘gﬁﬁ&mii&ﬂ:rﬁﬂm APEhBhbt, e hainesiie! @id Bkt Shoibis aieli ng

F, d, Br, O S N P, and Si. Prefer.ably, R - RS are selected fromH
and G - ERfecavkhalidendsikhi s mepmesived chlodde @nd titapdeom sghigrideanBownded oyanky| .

[ 0021] Hal tion/tit; J f th i

of the i RERAN POt fon BURGH DrodcBB oAl et onBosr® BACAER
i ncl udes 0hi ' - i i: ' ' aeoll d th
internal e %@ r gﬁﬁ%ios;ﬁép&?tg@gﬁg@?ﬂv&mégﬁ :c} e}r%a}} gﬁ%{%radgmc ﬁ;ggatt%(?)n. I nean

embodi menfpg23jhe MEYB @&sultifganocaltdly s Bbmpositireidsestitanien @apacof fremhoutded,
such as magnesi um chl oride and titaniumchloride. Bounded by no particular

: Ego; yi i peréant biE !vge@lmo 3117{5\1& 6_t0{11eermg hés‘ieight,ﬁal}s@dﬂ@l th@ tatabﬁfé@éﬂelgl{hédﬁ fyg ch
itani.um i de | e ite t { i

"1 ncor pRH 03, PreebBy WeRE te S PR B D a0t B FRCIiRLA SHREE R on!

titani um t : : j X

by woi ght "ORACRIB FAAERCHS uhighy PIRERRat YatP) Olanifh @RS, BAReer

wei ght t oscdidoprbedalpst pempesitioys weiaglyt betoeerf atmnr doend 2bdut deltdent bbtyvewri ght
to about 5.0 Eercent b i The wei

o " . : . :
(1 the solf woaé@taahoy’éﬂ%Ebgptb@w%hbquﬁsém{diﬁybﬁ oBeviplsioh SBaton 8Tty
about 1: r bet wee : b ; ol:

o Themesrnlin 8T SARER R Hhaif o R % ROQN: 0.8 Lol EOASBOPO 1 SN
%to abou%bgﬁg }Q\rz%“;é g?h&htefﬂa@ BlegtBtdondr Majbe Yocként abthetprddatalist SompdRionid er nal

el ectron e present in the procatal yst conmposition in a nolar

rati o of a niotarmatio &l iretmbelectoomodonpotomggresivmmidfont alont 49901 t0 abos:111, 6

? Egut Otl ;ﬂfrgggir @]:];QEA‘? g]anll?lﬁgot agéu(% l(i.é:lL:l.t O\I\%?g%ltjtpe%eﬁf iLs be\lls\gé gorrllt th%et%a r\‘htleigih% ol%atﬁee d on
procatalyst composition.
[0023] Ethoxide content in the procatalyst composition indicates the completeness of
conversion of precursor metal ethoxide into a metal halide. The halogenated amide ester
assists in converting ethoxide into halide during halogenation. In an embodiment, the
procatalyst composition includes from about 0.01 wt % to about 1.0 wt %, or from about 0.05
wt % to about 0.5 wt % ethoxide. Weight percent is based on the total weight of the
procatalyst composition.
[0024] In an embodiment, the internal electron donor is a mixed internal electron
donor. As used herein, a “mixed internal electron donor” is (i) a substituted phenylene
aromatic diester, (ii) an electron donor component that donates a pair of electrons to one or
more metals present in the resultant procatalyst composition, and (iii) optionally other
components. In an embodiment, the electron donor component is a benzoate, such as ethyl
benzoate and/or methoxypropan-2-yl benzoate. The procatalyst composition with the mixed

internal electron donor can be produced by way of the procatalyst production procedure as

previously disclosed.
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internal el ectron donor can be produced by way of the procatal yst
production procedure as previously disclosed.[0025] The inter néﬁ) el ectron
donor includes the substituted phenyl éne/aromatic diester and optionally an
el ectron donor conponent (such as a di er and/or a benzoate). The
substituted phenyl ene aromatic diester y be a substituted 1, 2-phenyl ene
aromatic diester, a substituted 1,3 phenyl epe aromatic diester, or a
substituted 1,4 phenyl ene aromatic diester.| In an enbodi nent, a
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atoms, a heteroatom, and combinations thereof. At least one of Ri-Ry4 is not hydrogen.
[0026] As used herein, the term "hydrocarbyl” and “hydrocarbon” refer to substituents
containing only hydrogen and carbon atoms, including branched or unbranched, saturated or
unsaturated, cyclic, polycyclic, fused, or acyclic species, and combinations thereof.
Nonlimiting examples of hydrocarbyl groups include alkyl-, cycloalkyl-, alkenyl-,
alkadienyl-, cycloalkenyl-, cycloalkadienyl-, aryl-, aralkyl, alkylaryl, and alkynyl- groups.
[0027] As used herein, the terms “substituted hydrocarbyl” and “substituted
hydrocarbon” refer to a hydrocarbyl group that is substituted with one or more
nonhydrocarbyl substituent groups. A nonlimiting example of a nonhydrocarbyl substituent
group is a heteroatom. As used herein, a “heteroatom” refers to an atom other than carbon or
hydrogen. The heteroatom can be a non-carbon atom from Groups IV, V, VI, and VII of the
Periodic Table. Nonlimiting examples of heteroatoms include: halogens (F Cl, Br, I, N, O,
P,B, S, and Si. A substituted hydrocarbyl group also includes a halohydrocarbyl group and a
silicon-containing hydrocarbyl group. As used herein, the term “halohydrocarbyl” group
refers to a hydrocarbyl group that is substituted with one or more halogen atoms. As used

herein, the term “silicon-containing hydrocarbyl group” is a hydrocarbyl group that is



unsaturated, cyclic, polycyclic, fused, or acyclic species, and

conbi nations thereof. Nonlimting exanples of hydrocarbyl groups include
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cycl oal kadi enyl -, aryl-, aralkyl, alkylaryl, and al kynyl- groups. [0027] As
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t her eof . Ro@ROt least ane ehtfodiBreitselested feogs p sehsttuies hygdgaparbyh groyp INViRg 4 i@ up( s)

FOAIAL B Y3, R S S S R R R T A
atons, an%f%'uﬁﬁ Mn%g]?d‘@() SN orhs, tahe#Po 6 PAK coinBiition thatet oat om and

conbi nati ©ns” t her . I n anot her enbodi ment, at | east one of R- R and at
| east one[08BOR O -IRiad enbodimbent tat deabtr o of Rysaridt aitlenst pyedefoR ey is sglesiag

20 car bonTamoRPHAVEN LORPOAHBL SR PAYRE | 0 20 CHPToR Aol RSP at om
2? dl ggg?' @2&&&0 rBY; g%g\;%eﬁ%firiléQSQ%C%agbdﬁnatgfﬁp,OQ{ ARBky ofthup! B3R PRE 207 cafBon R and
atoms, a heteroatom, and combinations thereof. In another embodiment, at least one of R1-R4
at least one Rs -Ro of and at least one of Rjg-Ryq is selected from a substituted hydrocarbyl
group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20
carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a heteroatom, and combinations
thereof.
[0031] In an embodiment, any consecutive R groups in Rj-Ry4, and/or any consecutive
R groups in Rs -Ry, and/or any consecutive R groups in Rio-Ris may be linked to form an
inter-cyclic or an intra-cyclic structure. The inter-/intra-cyclic structure may or may not be
aromatic. In an embodiment, the inter-/intra-cyclic structure is a Cs or a C¢ membered ring.
[0032] In an embodiment, at least one of Ri-R4 is selected from a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1
to 20 carbon atoms, and combinations thereof. Optionally, at least one of Rs-Ry4 may be a
halogen atom or an alkoxy group having 1 to 20 carbon atoms. Optionally, Ri-R4, and/or Rs-

Ro, and/or Rio-Ris may be linked to form an inter-cyclic structure or an intra-cyclic structure.

The inter-cyclic structure and/or the intra-cyclic structure may or may not be aromatic.



froma substituted hydrocarbyl group having 1 to 20 carbon atons, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atons, an al koxy
group hawvogotb/d784820 car bon atons, a heteroatom and comoirnesteconsssvher eof .
I n anot her enbodi nent, at |east one BRI -R 4 at | east one R5 -R9 of and at

| east one R0 -R14 i el ected froma st.itutedphy

havi ng 1 U@‘t’% carB8A eH‘[%Bﬁ’Efengr?nﬁﬁg%g{qVF 3#gﬁﬁ’“ﬁ{/%ﬁ#@E‘é?ﬁgﬁ/%g?‘:ﬁ%kﬁ%?}ég 1to
20 car bon; gt ong, 1R KGrDEr S5 OUED;-OaMeRBerkd kg 20 carbon atoms, a heteroatom
and conbi nattons thereof. [0031] I'n an enbodinent, any consecutive R groups

in R -R 4[003a4]d/ or Iany aoslenentj stencRre (Bl pshides R RY andaRd/asrhydrogeodkdsut i ve

R in RRo -Ri 4 be | jnked to f i - | :

ntr a- by ciestag rar epbsieerEydrpcsroyl Qe © 2Drcriiop ks VEbH ot be
tic.,| i t, hen i -/ i.nt g0 i

& enver oy PodihyTEBBEATR Ny LIS hBh ek AR (AflibAicht sl R freaheor @

sel ected {pmadisteRat hid/eRH JDRILRGAE bylkcted Gum alvdgdeg, 4 stisstiBledchRydcvartal ons,
an unsubstituted hydrocarbyl group having 1 to 20 carbon atons, and

conbi nat i gnosp thaeingolf to PPtdachoal dtgms,zen husabstitead hydromebr1 gropphapiaga Haldgen
atom or an al koxy gro having.1 to .20 carhbon atons. tionall .R.-R 4,
and/ or R caray atg #Qﬁ’r"ﬂ%”@’- goun, hayipe o) J06azRpry Fopgrhir t‘1nnf“<1.Ar Q%IEP?@I}S

structurethg{eofn intra-cyclic structure. The inter-cyclic structure and/or
the intra-cyclic structure may or nmay not be aromatic.[0033] In an

enbodi menfp03siny Can %8 eHibodigndrt, gtro¢tne (I ifludds R, altd ivimetihpl, Bbd Bth d®iRy i n R
10-R14, may be nenbers of a C5-C6-nenbered ring. [0034] In an enbodi nent,
st ruct ur eistyfiogemcl udes Rj, R and R as hydrogen. Ris selected froma

substi t ut ydr ocar byl . gr.oup, havin to. 20 carbon at ons,, an upsulst. tuted
hydr ocar bﬁﬂ?’@r oup(iﬂé(}ieﬁ’ﬁg‘imle t ﬁ@““é‘é‘glgﬁhlﬁ%ﬁ%tﬁzg}? lsceglﬁ& %}gtela@hgpﬁﬁ Hedf .

R5- R14 arﬁy&rg% same or different and each of R5-R14 is selected from

hydr ogen, S tr)lstitut ed hydrocarbyl group having 1 to 20 carbon atons, an
unsubsti t [0087 hydrinaaehpbdigicat) srivae () ibcludesX), thatribobutgl embeachot Bi-Roxy
group having 1 to 20 carbon atons, a hal ogen, and conbi nations thereof.
[0035] | nhydiogebodi ment, structure (11) includes R2 that is nethyl, and

each of R["_b‘o%] * e embodiment, structure (IT) includes R, that is ethoxycarbonyl, and each of
R5-R14 is hydrogen.
[0039] In an embodiment, structure (IT) includes Ry, R; and R4 each as hydrogen and R,
is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an
unsubstituted hydrocarbyl group having 1 to 20 carbon atoms, and combinations thereof. Rs-
Ry4 are the same or different and each is selected from hydrogen, a substituted hydrocarbyl
group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1 to 20

carbon atoms, an alkoxy group having 1 to 20 carbon atoms, a halogen, and combinations

thereof.

[0040] In an embodiment, structure (II) includes R; that is methyl, and each of Rs-Ry4
is hydrogen.

[0041] In an embodiment, structure (II) includes R, and Ry that are hydrogen and R

and R; are the same or different. Each of R; and R; is selected from a substituted
hydrocarbyl group having 1 to 20 carbon atoms, an unsubstituted hydrocarbyl group having 1
to 20 carbon atoms, and combinations thereof. Rs-Ri4 are the same or different and each of

Rs-Ry4 is selected from a substituted hydrocarbyl group having 1 to 20 carbon atoms, an



i s hydrogen. [0036] In an enbodi nent, structure (11) includes Rthat is
ethyl, and each of R-Ri 4 is hydrogen. [0037] In an enbodi nent, structure
(1) inclwoesioR2s4siat is t-butyl, and each OR -R 4 i sPoydse@encopD038] | n
an enbodi ment, structure (lI1) include$ R that is ethoxycarbonyl, and each

of R5-R 4 is hyd n. 039] 4 n.a en tru e J: es R
" Rand rstBMEL ARG R AR e BEREE R by Bk bl byt ¥

hydr ocar by c.ghdUoe Wi adn 'aAd 26mBiRLRAR k@S, an unsubstituted hydrocar byl
group having 1 to 20 car gon’ atons, and conbinations thereof. R- R 4 are

the sane [0042]i f f eferih embbdaaett, issuctatee@h) edclidesRinyadd Rye that ares ties sameuoed
hydr ocar byl group havi ng to 20 carbon n unsubstjtute dr ocar byl
gr oup ha\/ﬁ%ﬁéfemt-t}gﬁcb@f&la Rs éﬁts@%ﬂegafwnhf‘%@Baa?yigf?uﬁaﬂ‘/ﬁﬁ?ﬁfy o ygEc’aﬂpbon Y
atons, a halo [ i thepe [ s

ot ruct ur ettt TpStef oo Ho AR 0% RERithe e gy WA SPERN BRI Rt e,
[0041] | njsaBle6Rd FnTBRdrogdit MUCE Weealkyll group) ahd delsaldgeanNomdmiting texampleh wlir ogen

and R and R are the same or different. Each of Ri_and R3 is selected froma
subst i t ut extably dtieCaalkyl grgnpu mchaeimehyl, ebyRo-prapHotsontopis n-buiylu irbUb i t ut ed

RE- R 4 artyine PR TN reRRRt, SO acon 8 ekt RCLaPEhEER - dEhEs
substi tUtﬁﬁnlmﬁ%gcﬁ{aﬁ}ﬂlesg%?U%itg@\éi each ERIGAGaERAP, ahald SBMPaHPSER Ut ed

hydr ocar byl "grou aving 1t carbon ato koxy group having 1 to

20 car boncyatohesyl geoupal bge furthenembadibimaiti leass onchefiRoR 14 i§ 8C4Z]s alkyl group or
enbodi nent, structure (I1) includes R and R3 that are the sane or
di fferentahdtogeh. of R and R3 is selected froma G -Cs alkyl group, a C3-C
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[0044] In an embodiment, structure (II) includes R; and Rj that is an isopropyl group.
Each of R;, R4 and Rs-Ry4 is hydrogen.
[0045] In an embodiment, structure (II) includes each of Ry, Rs, and Ryq as a methyl

group and R is a t-butyl group. Each of Ry, R4, R¢-Ro and Ry1-Ry4 is hydrogen.

[0046] In an embodiment, structure (II) includes each of R, Ry, and Ry; as a methyl

group and Rj is a t-butyl group. Each of Ry, Ry, Rs, Rg, Rg, R, Rig, Ry, Ruz, and Ry is

hydrogen.

[0047] In an embodiment, structure (II) includes R; as a methyl group and Rs is a t-
_ butyl group. Each of R; and Ry, is an ethyl group. Each of Ry, Ry, Rs, Re, R, Ro, Rig, Ryp,

Ri3, and Ry4 is hydrogen.

[0048] In an embodiment, structure (II) includes each of Ry, Rs, R7, Re, Ryo, Ry, and

Ris as a methyl group and Rj; is a t-butyl group. Each of Ry, Ry, Re, Rg, Rui, and Rys is

hydrogen.

[0049] In an embodiment, structure (II) includes R; as a methyl group and Rj is a t-

butyl group. Each of Rs, Ry, Ry, Ry, Ri2, and R4 is an i-propyl group. Each of Ry, Ry, Rg,

Rg, Ryy, and Ry3 is hydrogen.

[0050] In an embodiment, the substituted phenylene aromatic diester has a structure

() which includes R that is a methy] group and Rs is a t-butyl group. Each of Ry and Ry is



suitable C -C al kyl groups include nethyl, ethyl, n-propyl, isopropyl,
n-butyl, i-butyl, tbutyl, n-pentyl, i-pentyl, neopentyl, t-pentyl, n-hexyl,
and 2, 4, awonomat7eagspent an- 2-yl group. Nonlim ting exanplres/ustomosdsabl e C3- C
cycl oal kyl groups i ncl ude cycl opentyl1oand cycl ohexyl groups In a further

enbodi ne st ne XR.5 foibd! n

[ 0043] ?PYé‘ﬁ ﬁ%areé’?e.*‘t}? Sll?rf;gciﬁlrf]%nl nc(fmg%% 11éa}ﬂit hat chBSél l@ﬁ %}group
and R3 t hadd R$ aﬁs ﬁleljﬁb@rk’ bf Q@%mlﬁ%‘dhnﬁ%to%mn Rdotierd -iiphfRiof] insietyy CBtﬁ@&iﬂe
[0044] In an enbodi ment, structure (1I) includes R and R that is an

i sopr opyI(IIj)rsnppovul‘ealdi&lomfR 2, R4 and R5-Ri 4 is hydrogen. [0045] In an
enbodi nent, structure (I1) incI udes each of Ri, R5, and R o asliﬁ nmet hyl
group and R3 is a t-butyl group. Each of R2, R4, R6-R and RHR
hydrogen. [0046] In an enbodi nent, strtcture (11) includes each of R, R7,
and Ri2 as a nethyl group and R3 is.at yl..group. Each of R, R4, R,

r

R6, Rg, RO, Rio, R1, R13, and R] @ AT n. [0047] In an enbodi nent,
structure (11) includes R as amalogrou Ris a tbutyl group. Each
of R7 and R12 is an ethyl group. Each of R2, 4 R5, R6, Rg, R9 Ri o, Rn,
R 3, and i s hydroge 0048 e St.ru udes
each of IdRO ¥ ang: %“ 42% ?Q{Tb e r%(fnﬁ%ﬂc é%sg{feha %&?és a
t-butyl 9@2%105%&% E%lzat?famgﬁ?d oup ki RARY tiBud)] 'gﬁ)u@)’@ra&%ﬂéz arld@®9E 1n

an enbod structur I nc es R as a neth group and R3 is a

t butyl grlﬁgtdilaogeﬁam ot B are Rfemieds ofh Cs nithiberedan @i f@rmsa hmapht}hpyipyblet}r oup
Each of R2, R4, R6, RS, and R 3 is hydrogen éOOSO%n I.n an n§3
t he substRmmlédhpn@ntpp@h@s &f 8rfes Membered rigg t%g@ma Bhpylemeiety} ) WH“&%

i ncl udes t hat nethyl group and R3 is a t-butyl group. Each of R2
and R4 is@'b}s@%‘ﬂdd&g% RO are menbers of a C nenbered ring to forma
1- napht hoyI moiety. R and R[4 are nenbers of a C6 nenbered ringIWjo form
anot her 1-napht hoyl noiety. Structur

o, e

o

[0052] In an embodiment, structure (II) includes R; that is a methyl group and Rz is a t-
butyl ;group. Each of Ry and Ry, is an ethoxy group. Each of Ry, R4, Rs, Re, Rg, Ry, Ry, Riy,
R;3, and Ry4 is hydrogen.
[0053] In an embodiment, structure (II) includes R that is a methyl group and R; is a t-
butyl group. Each of R7 and Ry, is a fluorine atom. Each of Ry, R4, Rs, Re, Rg, Ro, Ry, Ry,
Ri3, and Ry4 is hydrogen.
[0054] In an embodiment, structure (II) includes R; that is a methyl group and R; is-a t-
butyl group. Each of Ry and Ry is a chlorine atom. Each of Ry, R4, Rs, Rs, Rs, Rg, Rig, Ry,
Ri3, and Ry is hydrogen.
[0055] In an embodiment, structure (II) includes R, that is a methyl group and Rz is a t-
butyl group. Each of Ry and R is a bromine atom. Each of Ry, R4, Rs, Re, Rs, Ro, Rio, Ruy,
Ry3, and Ry4 is hydrogen.



(11r1) is provided below. [0051] In an enbodi nent, the substituted phenyl ene
aromatic diester has a structure (1V) which includes R that is a nethyl

group andwB0ioa7s485- butyl group. Each of R and R4 is hyecogsecooBemnd R are
menbers of a C nenbered ring to form®A 2- naphthoyl noiety. R12 and R 3 are

menbers o C nenber ed tof n [ u V)
IS provi ﬂggggel OW. Eﬁ‘g%ﬁ?dlff’gn ﬁﬁg@ %IP%)SH{’ Hﬁ%tlﬂggfe?\w%mﬁﬁ. aﬁf&% {SeaF&( t hat
i's a met I R, %nd RGPty lio@hOMBm. BaRh 0OR,, Y, RORRRL RSRANREL hox
group. Eaclhygr%tp 4, g Rt]%d ¢ of,n n Rl:(%) ,iﬁ%‘d : Af |§ hgidfegggn y
[ 0053] InRgnareer)l@mh}ﬂrGgﬁnstructure (II) includes R that is a methyl group
and R3 is a tbutyl OIRB Each of R7

1

Rznb 54 RPOSH | RIman empediment, strygiuse aﬁdﬁ&*‘-‘ﬁ?ﬁ th%; %é@ﬁfy%?}é%ﬁ RE%%H °
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R6, Rs, RR, ﬁdqqmﬁrhydfg;ggn_, and R 4 is hydrogen. [0055] In an enbodi nent,

structure (31 includes R that is a nethyl %{ p and Ris a thutyl group.
Each of F{mésid R) 2n asembmhmnnmsnwtmrﬂlﬂaclhd@ xFehat lmmeﬂ&yl giRup amBR; RGL - R o,

Ri1, R13 nd Ri dr an e

i ncl udes lF%]t tgﬁ‘é‘ﬂp lesaE Eéﬁ gﬁg! %Qfgﬁﬁﬁﬁa pgneaa #%hgi‘u%agﬂe%%kﬁ)? and
Ri2is anp gsg%gggchofm R4, R5, RG, Rs R9, Ro, Rn, R3, and R
His hydro én r‘?‘é %5"an enbodi ment, structure (I1) includes R that is
a methyl @ossjp andn a@eﬂnbocﬁmbhwswdcugé (Illlpnclﬁd&le@hﬁ i6a nigthyl Broup andiRRE2 t s a

chlorine atom Each of R2, R RO, RO, Ri3, and R is hydrogen.
[0058] | nbuiyl @ﬂ%ﬁ%ﬁf&&u@dﬁuﬁm(Slalﬂuoiﬂﬁ@ﬁ@@es R that is a nethyl group

EQS h Rgf I SR@%@ZUJ[ %QI Q%O%ngl%%%] g%ccﬁrti (1I), 1thluéﬁs J(latga%%%mggngzgx%u}) Qhd R?ls%t
butyl group. Each of Ry and Ry, is a trifluoromethyl group. Each of Ry, R4, Rs, Rs, Rs, Ry,
Rio, Ri1, Ry, and R4 is hydrogen.

[0061] In an embodiment, structure (IT) includes R, that is a methyl group and Rz is a t-
butyl group. Each of Ry and Ry, is an ethoxycarbonyl group. Each of Ry, R4, Rs, Re, Rg, Ry,
Rio, Ri1, Ry3, and Ry4 is hydrogen. v

[0062] In an embodiment, R; is methyl group and Rs is a t-butyl group. Each of R; and
Ry, is an ethoxy group. Each of Ry, R4, Rs, Rg, Rg, Ry, Rig, Ry, Ry3, and Ry is hydrogen.
[0063] In an embodiment, structure (II) includes R, that is a methyl group and Ry is a t-
butyl group. Each of R; and R is a diethylamino group. Each of Ry, R4, Rs, Rs, Rs, Ro, Ry,
Ry, Ry, and Ry is hydrogen.

[0064] In an embodiment, structure (II) includes R; that is a methyl group and Rj is a
2,4,4-trimethylpentan-2-yl group. Each of Ry, R4 and Rs-Ry4 is hydrogen.

[0065] In an embodiment, structure (II) includes R; and Rs, each of which is a sec-
butyl group. Each of Ry, R4 and Rs-Ry4 is hydrogen.

[0066] In an embodiment, the substituted phenylene aromatic diester has a structure
(V) whereby R; and R, are members of a C¢ membered ring to form a 1,2-naphthalene

moiety. Each of Rs-Ry4 is hydrogen. Structure (V) is provided below.



[0059] In an enbodi ment, structure (lI1) includes R that is a nethyl group
and R3 is a tbutyl group. Each of R2, R4 and R-R 4 is a fluorine atom

[ 0060] | nwenosmbbegsnent, structure (11) includes R thatcrasacoeesdvgl group
and R3 is a tbutyl group. Each of R7®and R 2 is a trifluoronethyl group.
Each of R2, R4, R, R, R, R, Ro, Rn, R3, and R4 is I'Wgrogen. [ 0061]
In an enbodi nent, structure (Il) inclydes R that is a nethyl group and R3
is a tbutyl group. Each of R7 and Ri an et hoxycarbonyl group. Each of
R2, R4, R, R6, R, R9, R o, ald R4 is hydrogen. [0062] In an

enbodi nent, R is nethyl gro R i s -butyl group. Each of R7 and
R2? R&; , R, RO, Ro, R, Rh, and R
ment,/ structure (Il1) includes R that is

Ri 2 is an ethoxy group. Each™s
4 is hydrogen. [0063] In an embod
a nmethyl group and R3 is a tbutyl group. Each of R7 and R12 is a

di et hyl am grou , 1 :0di  ha Ri 4
is hydr ogL? 287][ 006%1 aFﬁe?]gbr?agn dd@%ﬁ?ﬁig%d?%%n@%e (Eil9 ?rﬁlﬂcncgfﬁe%ﬁﬁfm{%ggei s a
met hyl group vaiebbRR 4 sndaR2 afk, dheinbérs®ifhy Cpewnetnrcd-yg gr foum. a Edeimpbfhaltflc R4
and R5-R 4 is hydrogen. [0065] In an enmbodinment, structure (I1) includes
R and R3moisticEash ofiRs-Rim is Sydrogenc Birugturgy\dui 5. preieed fowro, R4 and R5-Rj s
hydr ogen. [0066] I n an enbodi nent, the substituted phenyl ene aQ tic

di ester has a structure (V) whereby-Ri and R2 are nenbers of a menber ed
ring to forma 1, 2-napht hal ene noi ¢ Each OFR 5-R] 4 is hydrogen.
Structure (V) is provided below. [0 In an enbodi ment, the substituted

phenyl ene aronmatic diester has.a s ture (VI) whereby R2 and R3 are
menbers of a C(, nmenbered ri

o f/or\n a /2,8 - napht hal ene noi ety. Each of
R5-R 4 is hydrogen. Structure (M) is>yprvided bel ow. [0068] In an
enbodi nent, structure (I1) includes R dand R4 that are each a nethyl group.

Each of R2, R3, R5-R9 and R10-R14 is hydrogen. [0069] In an enbodi nment,
structur %006!% i Ngh Yeesmbddith&ia! sthienie THY noludgs ®UPandRR, it are eqhopytetigd oup.
Each of , , R5-R9 and R10-R14 is hydrogen.

group. Each of Ry, R3, Rs-Rg and Ry¢-Ry4 is hydrogen.

[0069] In an embodiment, structure (II) includes R; that is a methyl group. Ry is an i-
propyl group. Each of Ry, R3, Rs-Rg and Rye-Ry4 is hydrogen.

[0070] In an embodiment, structure (II) includes R, R3, and Ry, each of which is an i-
propyl group. Each of Ry, Rs-Rg and Ryo-R4 is hydrogen.

[0071] The catalyst composition includes a cocatalyst. As used herein, a “cocatalyst”
is a substance capable of converting the procatalyst to an active polymerization catalyst. The
cocatalyst may include hydrides, alkyls, or aryls of aluminum, lithium, zinc, tin, cadmium,
beryllium, magnesium, and combinations thereof. In an embodiment, the cocatalyst is a
hydrocarby] aluminum compound represented by the formula RyAlX3., whereinn =12, or 3,
R is an alkyl, and X is a halide or alkoxide. Nonlimiting examples of suitable cocatalyst
include from frimethylaluminum, triethylaluminum, triisobutylaluminum, and tri-n-
hexylaluminum.

[0072] In an embodiment, the cocatalyst is tricthylaluminum. The molar ratio of
aluminum to titanium is from about 5:1 to about 500:1, or from about 10:1 to about 200:1, or
from about 15:1 to about 150:1, or from about 20:1 to about 100:1, or from about 30:1 to

about 60:1. In another embodiment, the molar ratio of aluminum to titanium is about 35:1.



[0070] In an enbodi ment, structure (lI1) includes R, R, and R4, each of
which is an ipropyl group. Each of R2, R5-R9 and R 10-R14 is hydrogen.

[0071] Thwocatoal7gsss comnposition includes a cocatal yst. ReTuseeoerei n, a
"cocatalyst” is a substance capabl e of3 converting the procatal yst to an

active po rization catakyst. Jhe cocat i

al kyl s, olwﬁyl s of & Sﬁgﬂ%ﬁ\m‘i’ b TRere ek clRbel %%‘%)é%“; Pl
magnesi ungle R ABRT AANIsON heleht R Okxtehal ARcEsDaskhITE (dr, “RET")doaadodippsid i s a
hydr ocar by? al um num conpound represented by the fornmula RnAl X3-11 wherein

n = 1 2, mke®indBpénsemtrof pkdogtalystfodmatidnsand inelbdadet teastaink dwictienal [geavpithattis ng
exanpl es of suitable cocatal

t include f trjnethylal um »
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200: 1, orpdri@iraky, ik bklibwedahapiod&h &f o orf e cateonsl eROirdn danosiatthe

100: 1, or from about 30:1 to about 60:1. In another enbodi nent, the nolar

rati o of atalyst mompositiv taffectsnthe solpwing Bepartienof 3he formant drboerntavel of he
present catal yst conpositi.on includes an exte | el ectraon_donof . sed
herein, afcte t(é‘?-néﬁgéq %’i‘f SRAlFSA rmO](ef)‘tr‘]aF' E@@Bg‘&ies ng?tctﬁ)q@ogwgecggag@fghy

i ndependent...af .. pr I : nat, i des at | east one functional
group tha@gt{lgatéoglp%@’o%{éﬁ 8%2%1?%%!1(2%%&?&%? R:Ié/%:ﬂ'ect rons to a netal atom A

"m xed exper4jal el ahrepbodiomat,” the @xteidERRt)ron slororninay be eseletted iimmooneror e
external electron donors. Bounded by no particular theory, it is believed

that provineteosf tbe follneving: movikcoaxaoamennd, & kideniain coBmerRd. jaR apHee, @ cthest
conposition affects. the follow n nopertie f.:the . level
of tactici¥ xé'fa?ee.a, kejome, A2 %ﬂﬁbgé’g%&g{er & @1,0%%{‘%0%&)%%%’9%3) lh%(%{iﬁéte, a mel t
flow, mo ara b, sifetiad, BH b eon¥iion RRlHeifB@opiaE Nt . and/ or ol i goner
| evel . [O%I%iﬁtl’na an er’rbgg]i m;nt’, t he externlal el ectr%n %onor may be sel ected
from one [@073jor e &f ah embbdinlentyitiegEER is alsilzon comppainiiving the gemeraltfermula
conpound, an ami ne, an ether, a carboxylate, a ketone, an am de, a

car bamat e(VIA: phosphi ne, a phosphate, a phosphite, a sulfonate, a sulfone, a
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the EED is a silicon compound havi ngiRt ?SRgener al formula
m
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wherein R independently each occurrence is hydrogen or a hydrocarbyl or an
amino group, optionally substituted with one or more substituents containing one or more
Group 14, 15, 16, or 17 heteroatoms. R contains up to 20 atoms not counting hydrogen and
halogen. R'is a Cyy alkyl group, and m is 0, 1, or 2. In an embodiment, R is Cq.17 aryl,
alkylaryl or aralkyl, Cs.1; cycloallyl, Cy.p0 linear alkyl or alkenyl, Cs.12 branched alkyl, or Cs.
12 cyclic amino group, R' is Cj4 alkyl, and m is 1 or 2.
[0076] Nonlimiting examples of suitable silicon compounds for the EED include
dialkoxysilanes, trialkoxysilanes, and tetraalkoxysilanes such as
dicyclopentyldimethoxysilane, diisopropyldimethoxysilane,
bis(perhydroisoquinolino)dimethoxysilane, methylcyclohexyldimethoxysilane,
tetracthoxysilane, n-propyltrimethoxysilane, n-propyltriethoxysilane,
diethylaminotriethoxysilane, bis(trimethylsilylmethyl)dimethoxysilane, and any combination

thereof.
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process. activity limiting agént may be a carboxylic acid ester, a diether, a poly(alkene glycol), a
succinate, a diol ester, and combinations thereof. The carboxylic acid ester can be an
aliphatic or aromatic, mono-or poly-carboxylic acid ester. Nonlimiting examples of suitable
carboxylic acid esters include benzoates, Ci.4o alkyl esters of aliphatic Ca49 mono-/di-
carboxylic acids, Cj.40 mono-/poly-carboxylate derivatives of Ca.j00 (poly)glycols, Ca-100
(poly)glycol ethers, and any combination thereof. Further nonlimiting examples of carboxylic
acid esters include laurates, myristates, palmitates, stearates, boleates, sebacates, and
(poly)(alkylene)glycols, and mixtures thereof. In a further embodiment, the ALA is
isopropyl myristate or di-n-butyl sebacate.
[0079] - The catalyst composition may include any of the foregoing external electron
donors in combination with any of the foregoing activity limiting agents. The external
electron donor and/or activity limiting agent can be added into the reactor separately.
Alternatively, the external electron donor and the activity limiting agent can be mixed
together in advance and then added to the catalyst composition and/or into the reactor as a
mixture.
[0080] The process includes contacting, under polymerization conditions, propylene,

and optionally at least one other olefin, with the catalyst composition containing the

substituted phenylene aromatic diester. As used herein, “polymerization conditions” are



[0078] The ALA may or nay not be a conponent of the EED and/or the MEED.
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It is understood that provision of hydrogen in the polymerization react
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polymer having high-stiffness and a polydispersity index less than 8.0, or about 5.0. In an
embodiment, the substituted phenylene aromatic diester is 3-methyl-5-tert butyl-1,2
phenylene dibenzoate.

[0084] In an embodiment, the process includes adding an ALA during the contacting
phase of the process. One or more than one ALA may be added. In an embodiment, the
ALA is isopropyl myristate.

[0085] In an embodiment, the catalyst composition used during the process comprises a
substituted phenylene aromatic diester, aluminum and an external electron donor (EED). The
EED can be dicyclopentyldimethoxysilane (DCPDMS).

[0086] In an embodiment, the EED and aluminum are maintained at a molar ratio of
less than 5.0, or less than 4.0, or less than 3.0 during the contacting. Maintaining this molar
ratio may be accomplished by (i) pre-mixing the EED with the catalyst and/or cocatalyst
prior to introduction into the reactor, (ii) separately adding cocatalyst and/or EED to the
polymerization reactor in response to reactor/polymerization conditions.

[0087] In an embodiment, the process further comprises nucleating the formed

propylene polymer, and producing a nucleated propylene-based polymer with a flexural
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the resultant polymer. The polynerization process may include a
pre-polymerization step and/or a pre-activation step. [0082] The process
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(ii) separately adding cocatal yst and/or EED to the polymerization reactor
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the process further conprises nucl eat] .ne formed propyl ene pol ymer, and
produci ng®4 pﬁr?'&eéiiaéﬁaﬁ%b%w -egtgggodn%giabgr%r with a flexural nodul us of 300
Kpsi to 3@@8@!@8! . MUnliAREn K Beindl@ A0QitkRS nuclektingOdbeli@Sheltde BAW-Bpshis(3@r 300
kpsi to 332 Kpsi, or 300 kpsi to 325 kpsi as determ ned bégASTM D 790. As

used her edimetiythenrydateng)nsorbitolt (herepratice IMPP SihavdilablenfsomnivElikern Chemical

conpositions are used tQq rggwcefast r .
P under the trade name MHla - 3988, sod?um benzoate, sodium 2,2'-methylene-bis-(4,6-di-

tert-butylphenyl) phosphate (from Asahi Denka Kogyo K.K., known as NA-11), aluminum

bis[2,2'-methylene-bis-(4,6-di-tert-butylphenyl)phosphate] (also from Asahi Denka Kogyo
K K., known as NA-21), talc, and the like.

[0089]  In an embodiment, the process includes forming a propylene-based polymer
having a melt flow rate (MFR) from 0.1 g/10 min to 500 g /10 min, or from 20 g/10 min to
400 g/10 min, or from 40 g/10 min to 300 g/10 min, or from 50 g/10 min to about 100 g/10
min. In a further embodiment, the propylene-based polymer is a propylene homopolymer
(i.e., polypropylene or polypropylene homopolymer).

[0090] In an embodiment, the process includes forming a propylene-based polymer
having a xylene solubles content from 0.5 wt % to 10 wt %, or from 1 wt % to 8 wt %, or
from 1 wt % to 5 wt %, or from 1 wt % to 3 wt %, or from 1 wt % to 1.5 wt%. In a further
embodiment, the propylene-based polymer is a propylene homopolymer. Weight percent is
based on total weight of the propylene-based polymer.

[0091] In an embodiment, the process includes forming a propylene-based polymer

having a polydispersity index (PDI) from about 4.0 to about 10.0, or from about 4.0 to about



crystallization and/or higher polymer crystallization tenperatures.
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fluidized bed of polymer particles. Nonlimiting examples of suitable olefin monomers
include ethylene (for purposes of this disclosure, ethylene is considered an o-olefin), Cs.20 0~
olefins, such as 1-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-heptene, 1-octene, 1-
decene, 1-dodecene and the like. In an embodiment, the olefin comonomer is ethylene.
[0096] In an embodiment, a propylene homopolymer is produced in a first reactor. The
content of the first reactor is subsequently transferred to a second reactor into which at least
one olefin is introduced. This results in production of a propylene impact copolymer in the
second reactor.

[0097] In an embodiment, a propylene homopolymer is formed via introduction of
propylene and any of the present catalyst compositions, cocatalysts, external electron donors,
and activity limiting agents in the first reactor. The propylene homopolymer is introduced
into the second reactor along with ethylene (alone or with propylene) and optionally an
external electron donor and/or an activity limiting agent. The external electron donor and the
activity limiting agent may be the same as or different from the respective components used
in the first reactor. This produces a propylene-ethylene copolymer in the second reactor.

The propylene/ethylene copolymer is dispersed (discontinuous phase) in the propylene-based
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a substituted phenylene aromatic diester. The propylene-based polymer may be any

propylene-based polymer (nucleated/non-nucleated) as previously disclosed herein with one

or more of the properties as previously disclosed herein. In an embodiment the composition

is a propylene homopolymer.

[00101] In an embodiment, the substituted phenylene aromatic diester of the composition

is 3-methyl-5-tert butyl-1,2 phenylene dibenzoate.

[00102] In an embodiment, the propylene-based polymer of the composition has one or

more of the following properties with ranges/subranges as previously disclosed herein: a

flexural modulus of greater than 260 kpsi to 290 kpsi, a polydispersity of 8.0 or less, a xylene

soluble content from 0.5 wt % to less than or equal to 1.5 wt %, an isotactic (mmmm)

pentads higher than 97%, a MFR from 50g/10 min to 100g/10 min, and/or an oligomer

cohtent less than 1800 ppmw.

[00103] The present disclosure provides another composition. The composition may be

produced by aﬁy of the foregoing processes. In an embodiment, a composition is provided

and includes a non-nucleated propylene homopolymer having a polydispersity index of less

than 6.0. The propylene homopolymer also has a flexural modulus greater than 283 kpsi and



into the second reactor along with ethylene (alone or with propyl ene) and
optionally an external electron donor and/or an activity limting agent.
The ext erweal2oslesisson donor and the activity limting agemtusowy/ob®ot he sane
as or different fromthe respective coOnponents used in the first reactor.
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the propyt@RRISA¥e 6 merearrhodspenthdisg &} on has one or

[00109] The composition may be formed into an article. In an embodiment, an article is
provided and includes a composition of propylene-based polymer and a substituted
phenylene aromatic diester. The composition includes any of the foregoing propylene-based
polymers.

[00110] In an embodiment, the article is a molded article. Nonlimiting examples of
molded articles include an injected molded article, an extruded article, a thermoformed
article, and a blow molded article. In an embodiment, the article may be composed of
nucleated propylene-based polymer or non-nucleated propylene-based polymer. .Nonlimiting
examples of suitable articles include film (cast film and/or blown film), fiber (continuous
filaments, spunbond filaments, melt flown filaments and stretched filaments), pipe, tubing,
cable, sheet, cups, pails, bottles, containers, boxes, automotive parts, appliances, consumer
goods, closures, and lids.

[00111] In an embodiment, the procatalyst composition, the polymer composition
produced therefrom, and/or articles composed of the polymeric composition produced from
the procatalyst composition is/are phthalate-free, or is/are otherwise void or devoid of

phthalate and/or phthalate derivatives.
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[00109] Tﬁl% onposition may be formed into an article. In an enbodi ment, an
article is provided and includes a conposition of propylene-based pol yner
and a subpi1isjt ed THaee eétﬁnr&fsﬁ?ﬁt arel dhreatiws .théfoed, sanp dstetdedrio ierdlidedths any
of the foregoing propyl ene-base )

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

polymeric or otherwise, unless stated to the contrary. In contrast, the term, “consisting

essentially of” excludes from the scope of any succeeding recitation any other component,

step or procedure, excepting those that are not essential to operability. The term “consisting

of” excludes any component, step or procedure not specifically delineated or listed. The term

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

combination.

[00116] Any numerical range recited herein, includes all values from the lower value to

the upper value, in increments of one unit, provided that there is a separation of at least 2

units 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 a compositional or a physical property, such as, for

example, amount of a blend component, softening temperature, melt index, etc., 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 to 70, 197 to 100, etc., are expressly enumerated in this specification. For .

values which are less than one, one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as
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i nconsi stent” with an definitions provided herein) and general know edge in
the art. frOfilidhatthias bethmcbmpogtiorsi ng, " and derivatives thereof, is not
i ntended to exclude the , -
[00119] The term "polymer" is a macromolecular compound prepared by polymerizing
monomers of the same or different type. "Polymer" includes homopolymers, copolymers,
terpolymers, interpolymers, 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
not limited to, copolymers (which usually refers to polymers prepared from two different
types of monomers or comonomers, terpolymers (which usually refers to polymers prepared
from three different types of monomers or comonomers), tetrapolymers (which usually refers
to polymers prepared from four different types of monomers or comonomers), and the like.
[00120] The term “olefin-based polymer” is a polymer containing, in polymerized form,
a majority weight percent of an olefin, for example ethylene or propylene, based on the total
weight of the polymer. Nonlimiting examples of olefin-based polymers include ethylene-
based polymers and propylene-based polymers.
[00121] The term, “propylene-based polymer,” as used herein, refers to a polymer that
comprises a majority weight percent polymerized propylene monomer (based on the total

amount of polymerizable monomers), and optionally may comprise at least one polymerized

comonometr.
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[00126] 13C NMR characterization (ethylene content, Koenig B-value, triad distribution,
triad tacticity, number average sequence length for ethylene and propylene (i.e, /e and Ip

respectively) is performed as follows:

Sample Preparation

The samples are prepared by adding approximately 2.7g of a 50/50 mixture of
tetrachloroethane-d,/orthodichlorobenzene containing 0.025 M Cr(AcAc); to 0.20g
sample in a Norell 1001-7 10mm NMR tube. The samples are dissolved and
homogenized by heating the tube and its contents to 150°C using a heating block and heat
gun, Each sample is visually inspected to ensure homogeneity.

Data Acquisition Parameters

The data are collected using a Bruker 400 MHz spectrometer equipped with a Bruker
Dual DUL high-temperature CryoProbe. The data are acquired using 1280 transients per
data file, a 6 sec pulse repetition delay, 90 degree flip angles, and inverse gated
decoupling with a sample temperature of 120°C. All measurements are made on
non-spinning samples in locked mode. Samples are allowed to thermally equilibrate for 7
minutes prior to data acquisition

[00127] Flexural modulus is determined in accordance with ASTM D790-00 Method 1,
using an ASTM D 638 specimen tested at 1.3 mm/min.
[00128] Gel Permeation Chromatography (GPC) Analytical Method for Polypropylene.

The polymers are analyzed on a PL-220 series high temperature gel permeation



scattering, x-ray scattering, and other nmethods known in the art. [00118]
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aryl Cycllligﬁ‘e!st< ynlnélecsulljaes;[wieitgﬂz Eé((j)m(;:>%)/r(1:cﬂ,ln(’c)atlo kl%lmliriimize degradation effect. A logarithmic
molecular weight calibration is generated using a forth-order polynomial fit as a function of
elution volume. The equivalent polypropylene molecular Weigﬁts‘ are calculated by using
following equation with reported Mark-Houwink coefficients for polypropylene (Th.G.
Scholte, N.L.J. Meijerink, H.M. Schoffeleers, and A.M.G. Brands, J. Appl. Polym. Sci., 29,
3763 — 3782 (1984)) and polystyrene(E. P. Otocka, R. J. Roe, N. Y. Hellman, P. M. Muglia,

Macromolecules, 4, 507 (1971)):

1

K ]M"!)s+1 app+1
PP — K
PP

where M,, is PP equivalent MW, Mps is PS equivalent MW, log K and a values of
Mark-Houwink coefficients for PP and PS are listed below in Table 1.

Table 1
Polymer A4 log X
Polypropylene 0.725 -3.721
Polystyrene 0.702 -3.900
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Met hod 1, pethod at 230° with a 2.16 kg weight for propylene-based polymers.
[00134] Molecular weights (Mn, Mw and Mz) and MWD’s (Mw/Mn and Mz/Mw) are
measured by GPC. Polystyrene standards are used for calibration.
[00135] Oligomer content is measured by extracting 0.5 g of polymer with 5 g of
chloroform for 12 hours at room temperature. The extract is injected into an Agilent 6890
Gas Chromatographer with a flame ionization detector (Agilent Technologies, Inc.,
Wilmington, DE). The column is 2 30 m x 0.25 mm i.d. fused silica capillary; 0.25 pM film
thickness of methyl silicon (DB-1). The oven is operated at an initial temperature of 50°C
for 4 minutes, program to 340°C at 10°C/minute and held for 30 minutes. The oligomer
quantification was done by comparing to an internal hexadecane standard.
[00136] Polydispersity Index (PDI) is measured using a Rheometrics 800 cone and plate
rheometer from TA Instruments, operated at 180°C, using the method of Ziechner and Patel,
(1981) “A Comprehensive Study of Polypropylene Melt Rheology” Proc. of the 2™ World
Congress of Chemical Eng., Montreal, Canada. In this method the cross-over modulus is
determined, and the PDI defined as 100,000/cross-over modulus (in Pascals).
[00137] Xylene Solubles (XS) is measured according to the following procedure: 0.4 g
of polymer is dissolved in 20 ml of xylenes with stirring 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 resulting filtrate is analyzed by Flow Injection Polymer Analysis using a Viscotek
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PS are |i|I%H°Hel ow in Table 1. 738 (¢, 2H), 7.34 (1 2H), 721

(d, 1H), 7.19 (d, 1H), 2.28 (s,

7 3H), 1.34 (s, 9H).
3,5-diisopropyl-1,2-phenylene 3 8.08 (dd, 2H), 7.00 (dd, 2H),
dibenzoate 7.53 (tt, 1H), 7.48 (tt, 1H),

7.39 (t, 2H), 7.31 (t, 2H), 7.11

(d, 1H),7.09 (d, 1H), 3.1

{3 )\Q (heptat, 1H), 2.96 (heptat, 1H),

1.30 (d, 6H), 1.26 (d, 6H).
8 8.08 (d, 2H), 7.51 (1, 1H),

3,6-dimethyl-1,2-phenylene
dibenzoate 7.34 (d, 2H), 7.11 (s, 2H),
d;i" Y 223 (s, 6H).

4-t-butyl-1,2-phenylene dibenzoate 0 8.07 (dd, 4H), 7.54 (m, 2H),
7.30-7.40 (m, 7H), 1.37 (s,
9H).




Tabl e 1[00130] Isotaticity is neasured using a Bruker 400 MHz spectroneter
equi pped with a Bruker Dual DUL high-tenperature CryoProbe. The data is
acqui red weiny/@B843st ransi ents per data file, a 6 sec pulpse/use@etsd9pn del ay
(4.7s delay + 1.3 s acq. tine), 90 degree flip angles, and inverse gated
decoupling with a sanple tenperature of 1200C. All neasurenents are nmade on
non-spi nni ng sanples in | ocked . . Sanpl es, are honogeni zed i nmedi ately
prior to insertion into the hea[rggﬁﬁg@f@‘@ uspR Sanpl e changer, and are
allowed to thermally equilibrate in the probe for 7 mnutes prior to data
acqui si t i|@mpolie 13C NVR chemi defftrugié ft s are i nt er hdl NYR(80 MHai®SH. t b t he
mmm i sotjactic pentad at 2 1.90 ppm [00131] Izod impact strength is
measur ed |i4medglclPmenylsee diietdatASTM D . [ 00132] Li $&(ppinsti7as tie7-H (bek
o

| ength) i|s defined by the folldwi ng{ejuation: (2 nam¥ manh #3727 ($.001B3]
Melt flow rate (MFR) is neasurdd-in Jaccordance wit hIRSINI®HRBE-B1 test
nmet hod at 230 with a 2.16 kg vvei%fopyl ene- baPet2dbPhers. [00134]
Mol ecul arf wei ghts (M1, Mv and ) and M\D's (MM Mhjand Mz/ Mh) are neasured
by GPC. Pol ystyrene standards dre used for calibration. [00135] Qi goner

cont ent i|d2nmepisalerediblnzoaaxt ractijng 0.5 g-of pol yrmer | W82R8.B (g, 2, 8 or pf orm
WQ o

for 12 hours at roomtenperaturle. Th ract is ipp.&ximed)i M0d.94mm.Ag| | ent
6890 Gas |Chr omat ogr apher with a ixation det®ct.&r(d, (A7 peim
Technol ogi es, Inc., WI mngton, 4 THT@I um i s | #3650 (8,485 Tden | . d.
fused sillica capillary; 0.25 niVifilmthickness of n&t28I73%{t12Hon (DBf1).
The ovenl|is operated at an initjiial tenperature of 5Q0C for 4 m nutes
pr ogr am tj @,33dihdeleratdibd2Gtemi nut e |and d for 30 m nus&88-8.He, 4),7geer
guantification was done by conparing Yo an internal 7bexadecaiig.s§trmndar d.

[ 00136] PRol ydi spersity Index (H i\symeasur ed usi hgha’7 Riiedetri cs 800 cone
and pl ate rheoneter from TA | ngt : perated at 1800C, using the
nmet hod off Zi echner and Patel, (]198%) mpr ehensjve Study of
Pol ypr opyl ene Melt Rheol ogy" Prijoc. of the 2nd Worl d Congress of Chem cal
Eng., MoMTEalyis ABRHA 2 fhfhylld § MeThod The CroSS- oY e {ppRPasl(@SH), $93 (d,
di(4-methylbenzoate) 2H), 7.18 (d, 4H), 7.15 (d,

2H), 2.38 (s, 3H), 2.36 (s, 3H),

\©\r° 4 \"@/ 226 (s, 3H), 1.35 (s, 9H).
Q (o]

3-methyl-5-tert-butyl-1,2-phenylene 6 (ppm) 7.25 (s, 1H), 7.21 (s,
di(2,4,6-trimethylbenzoate) é 1H), 6.81 (d, 4H), 2.36 (s,

3H), 2.30 (d, 6H), 2.25 (s,
\qr" ow);jf 6H), 2.23 (s, 6H), 1.36 (s, 9H).
[o] o]

3-methyl-5-tert-butyl-1,2-phenylene 57.98 (dd, 4H), 7.36 (dd, 4H),
di(4-fluorobenzoate) Aé 721 (s, 1H), 7.17 (s, 1H), 2.26

. ‘ (s, 3H), 1.34 (s, 9H).
R
[o] (o)

3-methyl-5-tert-butyl-1,2-phenylene 6 7.98 (dd, 4H), 7.36 (dd, 4H),
di(4-chlorobenzoate) é 7.21(s, 1H), 7.17 (s, 1H), 2.26

Q( 7‘/@ (s, 3H), 1.34 (s, 9H).

[00142] 2. SHAC 320
[00143] II. Procatalyst Compositions



determ ned, and the PDI defined as 100, 000/ cross-over nodulus (in Pascals).
[00137] Xylene Solubles (XS) is nmeasured according to the follow ng

pr ocedur evoQoth/agses pol ymer is dissolved in 20 m of xylpemas2009t0bv98tirring
at 1300C for 30 m nut es. The solutiomr7 s then cooled to 250C and after 30

T TEr ot o PBASr b BieBishP et b ot OB LR b el dani B haliBE ML b
Vi scot ek\@ssagﬁ%& it HARAO 681 69! KgroT derHoeﬁlzﬁeranaui 88 kbas atafrﬁm@‘m)gcmmue 0

m/mn. The colum is coupled to a Viscotek Mddel 302 Triple Detector
Array, wi Afted @gminesa?itemlngf,a dllsmbﬂmt:m scdutibnreohtadrdng hed &g o Stled tbykyd-3-

POl y CAL( LRPB0T gohsmdans Shaints’s ostoaplayhely o dRanEnd 20" ket by
limtati O&I&Ff?}%ﬁe STF% gﬁ%@{‘? %egﬁﬁ edddtsﬁ)b% ‘f&ﬁw"' ihutBOUIBG @10\ dtﬂé’dthen

[00139] | Sts stTtuted phenylene’aromatic gster

[00141] Shhstd butleePMhamy! wlies areongitatedl i 836 &g ofwyhlombsyshiasi7at fom15
accordance with U S. patent application serial no. 61/141,959 (Docket No.

68188) f i méuitasnalDavedrid eettl® the ed a9 entlhe solidsrrrepgitagsd ipgi raiiuyre of 2.36
Subst |1 Lﬁég?dqu%iqxr f%%él%%nﬁﬁ&e g %}* R RBhOSH SR SRR g B v
o0y g e TR gl 1000 Pt 20
of a m Xe&ﬂdﬁ&,@fbﬂ&ﬂv&:ﬂﬁ b adthmnah aJ20d:g oflchpbhabeazene. The mixture is agitated at 105-
110°C for 30 minutes, allowed to settle, then filtered at 105-110°C. The solids are agitated in
a mixture of 3.10 kg of chlorobenzene and 4.84 kg of titanium(IV) chloride at 105-110°C for
30 minutes, allowed to settle, then filtered at 105-110°C. After cooling, the solids are
washed twice with 3.47 kg of hexane at 45°C, followed by a final wash with 3.47 kg of 2-
methylbutane at ambient temperature. The solids are subjected to vacuum to remove residual
volatiles, then combined with 683 g of mineral to generate a slurry.
[00145] IIL Polymerization
[00146] Polymerization is performed in a gas phase fluidized bed polymerization reactor
(14-inch reactor diameter). The cocatalyst is triethylaluminum,‘ the external electron donor is
dicyclopentyldimethoxysilane (DCPDMS), or n-propyltriethoxysilane (PTES), and the
activity limiting agent is isopropyl myristate (IPM). Specific reactor conditions an resultant
polymer properties are provided in Table 3 below.
[00147] Example C is provided as a comparison and is not an embodiment of the present
disclosure. Example C is a propylene homopolymer produced from a SHAC 320 procatalyst
composition. SHAC 320 is a Ziegler-Natta procatalyst composition composed of titanium
and magnesium and an internal electron donor of di-isobutylphthalate and prepared

according to example 1 in U.S. Patent No. 6,825,146, the entire content of which is

incorporated by reference herein.



is agitated in a mxture of 1.69 kg of chl orobenzene and 4.88 kg of

titanium(1V) chloride.

Afte

r

10 m nutes,
cont ai ni NyoL6w/Bsgsof 5S5-tert-butyl

-3- e

750 nL of a chl orobenzene sol ution

thyl -

, 2- phenyl| eoe/us2denzpdat e i s

added, followed by an additional O.4&8kg of chlorobenzene. The m xture is
agitated at 1000C for 60 m nutes, allga\/@dﬂo settle, then filtered at
1000C. The solids are agitated in 3.1 g of chlorobenzene at 7Q0C for 15
m nutes, [alTowed to settla, then figdtered atc 70C| Thebsolilds aEe agitated
in a mxt WieR FRI (dymik K9 0% Chl probgnzene andg4. 84 kgowf tijt aniem(|\)
chlori de, X@,Qggs%glgsr I0 mnutes| a solutifon of 109.7 g of {-tert-butly
1-3-net h)IWt ¢y 2- pheny| ene; di bepzoate in|41619 of chl asobenzenad s gdded,
fol | oned Dy an additibnal 0. 20/ kg of chlorobenzene. The mjixture is |agitated
at 105- |'1CKJM>“T or 30 MUy es, 'Towed 10 §gA&sR, [then TiTtlerediat 105-1
100C. The RIS are agi b(fl4eu T g ofg XLUTe Ok; 3 [0 K 691 f:nl Of penzene and
4.84 kg of L an —HHY)—€chtort+de at 057110 fror—36 T nuties; g o dto
settle, {58 :\remﬁd or odl-at— 405 1100C/0 Aftr epoHng—the—sohids—are—washed
twice wt D ﬁeﬁa?ﬁe_—a 4“5‘7é f ol I oUed—by—a $§a' vvas%@"oi—t—la 3.47 kg
of 2- net Mﬂlaﬁﬁwﬁ at| anbi-ent prmd'rnfure___‘l:he sol-ids are Sub}s"éute to
vacuum t ¢ MOV esi Hual2-650l af i | 683 t hén ch¥foi ned wish 683 g*8¢ milheral to
gener at e | &x3|Alffynpolar[ 014534 1 | | Pol4/ner il zat i46n [00146F Pollymerd2zatilon is
per f or med Propylenegatial phpse fl ui di zed bed pol yneri zation readtor (14-ilnch
react or dipmmeré®y. The co@ltal yst 328 triet hidlal umi nudil t he extét nal
el ect r on | Renmssidense tihiecy cl opent yl di met hoxysi | ane (DCPDIVIS) ar
n- pr opy! tficeshoxysi | ahe (PTES)| and8thelact@dity |l ini?t5ing lagertl is
i sopropyll_nyristate (I1PM. Specific reactor condiltions an |resul t ant pol yner
properti e3%=AF® (Vi ded 88.1Tabl e 35WE| ow. [200247]] Exanple |C is provji ded as
a conpar i|Ranzea(®big npt aseenbodi neast of t he3gpregent discljosure. Exjanple C
i s a propw-eneicharmapabopphiw pr ofuced from a SHAC 320 procatfal yst
conposi tijoa-11ISHAC 320 is a Ziegler-Natta procatallyst conpasition conposed
of titaniflumsandigaonesi unasand an ispternal epestrgn donor of
di -1 sobut y{lm k@bahe Rnd prepafed @pcordingodp exanple 1 in U S. Patent No.
6, 825, 146, € entire[content of which Ifs

PDI (Cone & Plate) 4.95 5.03 4,92

Mn 28,310 22,500 24,320 21,210 17,170

Mw 192,400 195,500 181,600 130,800 122,800

Mz 755,800 844,500 630,300 487,500 611,600

Mw/Mn 6.80 8.69 747 6.17 7.15

Mz/Mw 3.93 432 347 3.73 498

Oligomer

C12 (ppmw) 243 271 428

C15 (ppmw) 279 335 547

C18 (ppmw) 285 350 531

C21 (ppmw) - 302 350 523

Sum (C12 - 21,

ppmw) 1109 1312 2029

NMR

mmmm% 97.4 96.6 96.2

mm% 98.8 98.3 98

Liso 530 310 335

DCPDMS = dicyclopentyldimethoxysilane
PTES = n-propyltriethoxysilane

IPM =
[00148]

isopropyl myristate

W&P twin screw extruders.

Examples A-C are compounded with the additives listed in Table 4 using 25 mm



i ncorporated by reference herein. Table 3 DCPDVS =

di cycl opent yl di net hoxysi | ane PTES = n-propyltriethoxysilane | PM = i sopropyl
nyri st at ewpQOAB4sExanpl es A-C are conpounded with the aduiuseaescdonst ed in
Tabl e 4 using 25 nm WP twi n screw exruders. Table 4 [00149] Surprisingly
and unexpectedly, Exanple A which isy ﬁpﬁuced using a nol ar Al / DCPDVS
ratio of less than 5.0 in conjuncti on W substi tuted phenyl ene aromatic
di ester internal el ecyxrdg]@lvgp@gfrlw)has a higher fdasplssd-Orodul us and a | ower
xyl ene sol ubl € [ve Exanple C picalTy, | hi gher
stiffness is achlllg\/%'{’f(gé {)dl Wmﬁ&g@?ﬁ&%{l% PDI . The gpg(gent pr op) | ene- based
pol ymer produg pd—upexpesctedhy Dvh' bits—htgh—stiffness with
a PDl |ess thanlmafs IE&QMF@IWM@XQW || of 4 95, Q Q(vl ene _sal ubl e cont ent
of 1.1 wt. % and CalditmSteasdte (ididceepta) about 283 ki . Surprisingly, high
stiffness is achi e\qepj 18venicldagudipehhe PDl is less 10b@n 5.0, and as |ow as
4.0. Nucl eationm can be used to turther increase the stiffness of the

t b d I hat
Phe: pr es P oo SuafRBonbmd e S "Plonilie /S SRS i pFRLN, bt RO 101
cont ai nedy @C@DMS bib o et wdg 5rmﬁlct>ﬁ afction e wbstithies phayhadiarantis dieset udi ng
portions of the enbodi nents and conbl nations of elenents of different

enbodi meninger@s etotren dbhdrj has héaigheoflexwd] mbdulioiridoalewerolydangesolobly smBtenhat i s
clainmed is: 1. A polynerizatiqn pr r n contactin

pol yrer i zthen W%ﬁme%/%ﬁiyze Iréﬁ@/y}%éﬁ,\ém@ I?e:g$11§| %9165?‘{1 éwg%eaﬁn%ﬂwdﬁék
olefin with a ca :

oromti o ieZeSHt okSlepERIRRToLRP PO Slrffifis URP Lot Peastamen
modul us gdigakey witthaPD2 6Qs Kigi5. (ASEdeipds Kilasd M oRGPY| Dxyléfie soluble content of

1.1 wt. % and a flexural modulus of about 283 kpsi. Surprisingly, high stiffness is achieved

even though the PDI is less than 5.0, and as low as 4.0. Nucleation can be used to further
increase the stiffness of the present propylene-based polymer.

[00150] It is specifically intended that the present disclosure not be limited to the
embodiments and illustrations contained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of

different embodiments as come within the scope of the following claims.



2. A conposition conprising: a propyl ene honopol yner;

phenyl ene aromatic diester. 3. The conposition of claim2 wherein the
subst i t utwo 2ptoentgdsene aromatic diester is selected fromPCmasSgromR901

consisting of substituted 1,2 phenyl exe di benzoat e,
1, 2 phenyl ene di benzoate, and 3, 5-di | yl - 1,2 phenyl ene di benzoate.
The conposition of claim2 wherein tﬁzggﬁﬁg

tituted phenyl ene aromatic

di ester iwharigeliétia-tert butyl-1,2 phenyl ene di benzoate. 5. The

conposition of any of clainms 2-3 wherein the propyl ene honopol yner

fl_lhexur al hodul us ?fp@ymammlonpmeﬁ@omppsng:as determ ned by ASTM D 790. 6.

e conposition of any, of c|ai 2-.3 Wherej.n the pr.opyl ene..homop roi
A L e Bk

nucl eated. 7. The®g

honopol y
by ASTM

propyl enedibasoped yner

conposi t
pol ydi sp

l'ains 2-7 whérein

1 .
800 ppmw a propylene homopolymer; and
a substituted phenylene aromatic diester.
3. The composition of claim 2 wherein the substituted phenylene aromatic diester

is selected from the group consisting of substituted 1,2 phenylene dibenzoate, 3-methyl-5-tert

butyl-1,2 phenylene dibenzoate, and 3,5-diisopropyl-1,2 phenylene dibenzoate.

4, The composition of claim 2 wherein the substituted phenylene aromatic diester

is 3-methyl-5-tert butyl-1,2 phenylene dibenzoate.

5. The composition of any of claims 2-3 wherein the propylene homopolymer has

a flexural modulus of greater than 260 kpsi as determined by ASTM D 790.

6. The composition of any of claims 2-3 wherein the propylene homopolymer is
nucleated.
7. The composition of claim 6 wherein the nucleated propylene homopolymer has

a flexural modulus of greater than 322 kpsi as determined by ASTM D 790.

8. The composition of any of claims 2-7 wherein the propylene homopolymer has

a polydispersity index of 8.0 or less.

9. The composition of any of claims 2-7 wherein the propylene homopolymer has

a xylene soluble content less than or equal to 1.5% by weight.

10. A composition comprising:
a non-nucleated propylene homopolymer having a polydispersity index less than

6.0, a flexural modulus greater than 283 kpsi and a melt flow rate greater than or equal to

and a substituted

has a

ene
T gt G4 PR ol G518 L S S25 Kot e
has a pol ydi spersity index of 8.0 or less. 9. The

conposition of any of clains 2-7 wherein the propylene honopol yne
xyl ene sol ubl e corfersxring & prylenerhased pekymer With aflexuiabipodidnggicater pan

ion,conprisi : -hucl eat ed propyl ene honmopol yner having a
\ &@i%ﬁ%@wﬁ%&&ﬁﬂﬁ@fo, a flexural npdulus greater than 283
kpsi and a nelt flow rate greater than or equal
with ASTM.D 1238 (‘eouy@sit@nrempyyingand an ol i gomer content of |ess than

i@dﬁas a

3-met hyl -5-tert butyl -

4.

tos neasured i n accordance
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50 g/10 min as measured in accordance with ASTM D 1238 (230°C, 2.16 kg); and

an oligomer content of less than 1800 ppmw.



