WO 2013/ 016647PCT/ US2012/ 048573 1 PROPYLENE/ ETHYLENE COPOLYMER FI LM FOR
HEAT SEAL BACKGROUND [ 0001] The present disclosure provides conpositions,
filnms andwenbisliesi7cont ai ni ng a random propyl ene/ et hyl ereTaspakypnssr3

[ 0002] Optics, toughness, stiffness and seal strength are inportant
performance requirenents for packagi ng. Current random propyl ene/ et hyl ene
copol yners deliver optinmum properties at the expense of sacrificing other
properties. |n feaPYRIoNIE19PPLRNESCONGL PHIN #YEM POR HEAIOSEAL

propyl ene/ et hyl ene copol yner, the toughness and haze are inproved with a
reduction in stiffness and gl oss. g\ sRgRMGNFUCh et hyl ene can negatively
affect seal paraneters such as heat seal Tnitiation tenperature and/or hot
tack i ni {éeajon Tlenpesaitutislosion perviddsycompvsitionbefieshyhd psidesneatining & he
random propyl ene/ et hyl ene copol yner resin is reduced, the stiffness

i mproves f%ﬁ]iop’el’r??ﬁéle‘ﬂ%?}bﬂﬁ%%%"pﬁ d"dptics are adversely inpacted. [0003] The
art recoggjeafs t(ljgticﬁe,etguélﬁ{esﬁ, MR O RYAIERBESIRY hRNEemBORAtY PerforMahte

i nproved 'stiffness while si mil taneously mai ntai ni n/g or inproving toughness
and/ or optquirsmertsnéedphckagingr eSurseng fapdom  peomiltsne/ SO PE e ARTOBXIASIE edfdiver

copolymer filmwth . ved heat seal..properties that gdo t. risfil ce
t oughnes QP%WH%PTOBT‘)‘W%E{ %@Wﬁﬁ? ?%ﬁﬂ?gﬂ% bIed é?’ﬁehcljﬁfé's cll(ll‘o eﬁlre 1g‘?’plrf 33\?1? géé a
film I npane eaasicBNh, rahBémf ﬂ)ﬂo?ﬂ%ﬁ@étﬂ?‘l@ﬁe &opelpahem e opygiared ehdyHaeneare
copol ymer. The random propyl ene/ et hyl ene copol yner includes a substituted
phenyl enémproyaditwith airesueteon inmtiffesh gaheloss pytlihdeeigh &Qéfl?%pv@wwéﬁﬂ‘f& an
et hyl ene _ncorppration | rheat . . :

cont ent AHE0 Arpgers i S POurR; el ifich g, BGLECRIE Ihon o
total et hhsigued. Eonvérsdly! othah tat hyhyeae [QOAH] hthepraadent prdpplehaethylenc
provides an article. In an enbodi pent, .t he artic‘ltee i ncl udes a heat. seal .
The heat ceplympmgesin fis reduce@athepgiiness, improvgh il thet fpughness srd Qlig are
portion. i al portion and the second seal portion each is a
corrponentaa-%?s‘%élpg er %(such as a filmor a layer of a filnm. The |ayer

i ncl udes [@0034ndoTihe o pytamétes tthy Ineerk faopahnydver profiyéencitigdenc copolymer with
propyl ene/ et hyl ene. copql.ymer includes a substit.uted.phenylene aromatl.c

di ester. IHFH@‘%?II Pgt&neswq‘?%l%flbfi%ﬁ BIHE %4@%’?%“5% goe‘é:hn s raflfi@)ﬁ Ogerllc(f' t he
second sealediofiltheNeRY fH€a farkOAPHOBen@bthiREe SapByhel fim Alitteiabisdehaat

each seal portion is a conponent of a separate film [0006] The present

di scl osuwsenl prapeitits shas doesmadisesiiice tonghness#pd@r ARAS, the contai ner includes a
filmconposed of the random propyl esgﬁw&ene copol ymer whi ch contains the
substituted phenyl ene aromatic diester. e contai ner includes a heat seal.
The heat [goval] seBhespRsdnt didcldsitenpioeides arfilid & s embddinidnm therfilincinciudesdef i ne

a container interior. The first filmportion and thg s?cond fil mﬁfoﬁdléon
may be c&nseReprogylsre/ethrlesapepolymes  He repdein ipvRvIEneey 19ne copoly MERIS S on

and the SeGeNfudkh bIRALE SBnERCHeIRY P AndAARRARMnRIAGRA G nid: B an

[0007] I n"an e conestible is lo I'n the containér interior.
ethylene incorporation index greater than 0.65 and a xylene solubles content according to the

following equation:

wt % xvylene solubles — wt % total ethylene <0.8.
wt % total ethylene

[0005] The present disclosure provides an article. In an embodiment, the article includes
a heat seal. The heat seal has a first seal portion in contact with a second seal portion. The
first seal portion and the second seal portion each is a component of a layer (such as a film or
a layer of a film). The layer includes a random propylene/ethylene copolymer. The random

propylene/ethylene copolymer includes a substituted phenylene aromatic diester. The first



[ 0008] An advantage of the present disclosure is an inproved random
propyl ene/ et hyl ene copol ymer. [0009] An advantage of the present disclosure
i s an i npwowems/fibd4m cont ai ni ng t he present random propylpemarseaibphssne

copol ymer. [0010] An advantage of the present disclosure is an inproved heat
seal containing the present random propyl ene/ et hyl ene copol ynmer. [0011] An
advant age of the present disclosure is the provision of a heat seal |ayer

or film g?ané Biidh g d HRGse P RERA n%orrfi‘&g&g}/ BEQQB&%G@n@Eh&E@EHﬂe €0R0AREIatibely] Nng a

| ower |n|t|at|on tenmperature and/or a lower hot tack initiation
tenperatHmﬂanQmmmnmpamsdmmnmaoﬁeaumgéaﬁhhayer contalnlng conventi ona

pr Opyl € nf@)ﬁ C 0 q%léy Scioéaﬂ[ Prgy N 82%%/13%?1518‘9 EH%O(B{H% rHle gbl%glll’lgls ure

is thep resen

propyl eng{giday 'aeﬁlﬁl 6 HABE e FhnBSMi p}spylawc@yﬁéndwagiomﬁal w}mblﬁ) pemtameshe
[0013] An advant age of the present disclosure is the provisi g rando
A

propyl enelllle:tthCbp]eerthnglawmaﬁlcwilﬁﬁela e eoripinag ircluges ﬁét??‘tpﬁﬁa t iT9R hept seal"
3;1 |h>c/ Ihelng 5%3@ { ;(E) g&{@ﬁgg T tQ a%%&?n%%m ibir %oogﬁg#er%gco’i@aut iié/ﬂ efe 5l Ml es,

optlca prop res | An advant age of

the presepitiodizngliRssscend Gl lpenithﬂa}de)mmﬁorﬂntfslolfmmnteaﬁlm n@lttmetl\mlyaﬁbmt
random pr opyl ene/ et hyl ene copol ynmer having roved t|c€ﬁ? ness, and

sti f f nesdirstéimmerténsupndrthe eqcead BOT0557¢ ’é’al% ?r%cor[“@ e of the
present (ﬁﬁ OS U &y e?‘nbtolagncrfﬁoa %o?ﬁégﬂgl‘efls fRaRll i Gk %oﬁt@iﬁ%ﬁin&ﬁri&g V\?) heat seal

| ayer to an i nproved pouc for packaging f

2013/ ommq:w U&@d%%ﬁ@?&@r&éhﬁﬁs@ﬁﬁ@ﬂs%l ioRrased TaEopRAY Nas/cthylene
[0016] Figure 1A is a schematic representation of an article in accordance
with an &ARRIEMAENt of the present disclosure. [0017]Figure 1B is a

schemat | Z Er eS&ﬂtaé&dn%eQ)ff i prédent 8isBlobite ACALTIROER fithi dontdini@ghiadprosnat  of
t he pres i scl osure.

random propylene/ethylene copolymer.

[0010] An advantage of the present disclosure is an improved heat seal containing the
present random propylene/ethylene copolymer.

[0011] An advantage of the present disclosure is the provision of a heat seal layer or film
containing the present random propylene/ethylene copolymer having a lower heat seal
initiation temperature and/or a lower hot tack initiation temperature when compared to a heat
seal layer containing conventional propylene/ethylene copolymer.

[0012] An advantage of the present disclosure is the provision of a heat seal layer
containing the present random propylene/ethylene copolymer and having improved heat seal
properties.

[0013] An advantage of the present disclosure is the provision of random
propylene/ethylene copolymer with a more effective incorporation of ethylene into the
polymer backbone, corresponding to less xylene solubles, which leads to improved optical
properties in films.

[0014] An advantage of the present disclosure is the provision of a film containing the\
present random propylene/ethylene copolymer having improved optics, toughness, and
stiffness for molded articles made from the same.

[0015] An advantage of the present disclosure is the provision of an article containing a

heat seal layer to form an improved pouch or bag for packaging food.



[0018] Figure 1C is a schematic representation of an article in accordance
with an enbodi ment of the present disclosure. [0019]Figure 2 is a graph
show ng twe 2bsatie@ieal strength versus tenperature in aceordsoce/owdsvh an
enbodi ment of the present disclosure.3[0020]Figure 3 is a graph showing a
DSC nel ting profile for a random propyl ene/ethyl ene copol ymer in accordance
with an enbodi nent of the present disclosure. [0021]Figure 4 is a graph

showing a DSC cool ing PrglidkeEgtrTIBNomIoPRLaaaiGthy| ene copol yer in
accordance with an enbodi nen present disclosure. [0022]Figure 5 is

a graph §0aé] ng Hgme \Malines sthematit | rpresantaionovidamcetict tih agpordmissdWiran of
t he presen% (%I sctlo re. 4 g l].gggure 6A is a Transm ssion El ectron
M cr oscoPRFOPREG) ? %Breé ISCRAYSm propyl ene/ et hyl ene copol yner in

accor dan ”gﬁ) W th Bpue rfm%rae@éheﬁlfau& hepRi@eaidh 6 8612064¢ én dcORAdddei githearbB i s
a TEM i e of a corrpar ative sanple of random propyl ene/ et hyl ene copol yner.

[ 0025] Fi gmbedlﬁlensofahgpmpﬁtntsimlmswg seal strength versus tenperature in
accor dangihad] | Baue RO TP nclust NEpRIGRENG ) 561854E G OB GpncuP 1

a graph rsus hperat ure i n accordance WI
enbodi negﬁlb@aln{eheoﬂ}hggggéntdisamsmur e. DETAI LED DESCRI PTI ON 1. Pol yneric

Conposition [0027] The present disclosure provid | ymeri ¢ conposition.
In an ent¥dPhentFigeme2 ps| § nasaplt sBowPSs Fhe; g?ﬁtl @ lféféggtg ersusy LRRsprture 1n

PPV DL R SRR hpbramhnlgne | neorporatop | ndex gt cater

Pr opyl enggg2ohy| drigur€opoliymar grap® 20a@irgl 664PSCT/musiae 2p0fi8570r 4a  random
propylene/ethylene copolymer in accordance with an embodiment of the present disclosure.
[0021] Figure 4 is a graph showing a DSC cooling profile for a random
propylene/ethylene copolymer in accordance with an embodiment of the present disclosure.
[0022] Figure 5 is a graph showing haze values for films in accordance with an
embodiment of the present disclosure.
[0023] Figure 6A is a Transmission Electron Microscopy (TEM) image of a random
propylene/ethylene copolymer in accordance with an embodiment of the present disclosure.
[0024] Figure 6B is a TEM image of a comparative sample of random
propylene/ethylene copolymer.
[0025] Figure 7 is a graph showing seal strength versus temperature in accordance with
an embodiment of the present disclosure.

[0026] Figure 8 is a graph showing seal strength versus temperature in accordance with

an embodiment of the present disclosure.

DETAILED DESCRIPTION
1. Polymeric Composition
[0027] The present disclosure provides a polymeric composition. In-an embodiment, the
polymeric composition includes (a) a random propylene/ethylene copolymer having an
ethylene incorporation index greater than 0.65 and (b) a substituted phenylene aromatic
diester.

(a) Random Propylene/Ethylene Copolymer



[ 0028] The term "propyl ene/ et hyl ene copol yner," as used herein, is a

copol ynmer containing, in polynerized form (i) a najority weight percent
propyl eneworanmmasedand (ii) ethyl ene nononer. A "random pcopgsb@neisvhyl ene
copolymer”™ is a polymer having individual repeating units of the ethylene
nononer present in a randomor statistical distribution in the polyner
chain. [0029] The term "randont is defined by" B-value" which is a

nmeasure ft ' |kt { os Q! He8h, Ghal Ropolii@er

" Koeni g"masfue"h%aﬁ%ﬁg?@%eﬁgég{ylse??i %dt?tail}gﬁérbf %%tatlﬁ'EI ene units ofpam“
copol ynecomhinpreopy belymetinetl iy (i@ aenajorityaweighiopsreant podpypane pyoremer aae Kif) ene

and at | east one unsaturategd conononer ross the pol.yner. chajn. ig
B- val ues eﬁ’iﬁfﬁg PPEME -t o2 W‘?ﬂn 1pr88%|el&?4§tﬁylﬁﬁe aCOBglly st 1y & é’ﬁg}omr RS
di stri butidaidedl RPERMRMBAitUGE ithe cfitigerRi SBESmMEN@rdsomning aBraabieor blagstival e

alternating the conononmer distribution in the copolyner. The |ower the
Koeni g BdisgihpsionimherpohendsicbaiRy or cl ustered the conmoner distribution in

t he copol . TRe prese n Pyl ere yl.er 0

5 val e 1058 0. off BrE3HRhdE S MARGP Y “PGLGRE WG GOR HECRRE P e
random pcofgh@ng’ distiipucoe aapeldy pelyneaschain. etlhy| ‘@henig Bovghor atdl orates diex
greater than 0.65. The term"ethylepe in OI’pOIiatiO inchIex," or "E[Ii" a
Used her disbution of stilismsrints ol a dapp BHsT OF PESRYI<isiand IS ar £ GRATERRY Pone)
present i p C ! SlyRIcE2B&h. | N
- LR S R e A e T e

equat i onKoEhig B-vBhek bange faerhyd en@ veith rl adedigmatiing pyleefne e tdngdpmndisteibpadry abr

(Wt 9% Total ethylene t).of random.propyl ene/ et hyl ene copolyner (wt 9%
[0031] Th 8"‘?‘8’?%“3‘%% boﬁge l‘f’f&\?f éb?eﬁ‘)?‘%‘gt]%é(gé‘ﬁoﬁ’ﬁt m8¥e @W%gﬁgetlhg ncofnr?g‘OWI ene
i nsol ubl gjstrifutioR 3k theOEbpBIynidie ThaNeweR ME KEhBNB AIRY thenfore aRedky e clustdied

wei ght percent of backbone et (I;ﬁy‘l ene is determ ned via 13C NVR spectroscopy

of the xheepeminesen distribugion tihothe gfopelymer.andbln prespyf| whégrat pgpepre/ebyens mer .

Wi ght percent of t ackbone gt ne ol e n, t total weight of the
wyl one | RQETBra sty ORE RERE T (R Bkl PRt o8 e £ %L S (om0, 60, or
0.65, or [(5035!]'[ 0 The/fresedt &hdodrprOpydne/dtRIdE] topolymartasdh reylenetiherp@adam
propyl ene/ et hyl ene copol ynmer contains from3.2 w %fo 3.6 Wt % l}ulni ts.
derived fidsmeaasyiteand-ahd T haterman ethyleng irgerppraton igdex. gor “ERjyrps used herein, is
2013/ 016647 5735 Eﬂ%] y : 8Bne (
is the f?j;%c{ﬁl%é]nv?? %m&ég%b%&g{r g%%léne e:eﬁ{ﬂ@ élﬁ?;%%:eg%glléﬁ/qnﬂéérjpélgrg? P;bidkgg?%b
i n xyl eneompafyd enéhe tosd|etibllenepmedenoid’ thedXdopolymet HEER'). adhe dill of detdrmineanichom
propyl ene/ et E¥I e ﬁ copolyner that is insoluble in xylene. [0035] The "total
wei ght pdf¥ ohthedPllowingcgiy®ont or "Et ") in the random propyl enel et hyl ene
copol ymer, is_the ampunt of ethylene in both the xylene sol uble (XS)
portion and iRAlthe_xy3agkhone styyldng of randem; piapylsaefetitleng,copplymes fyvt 7o)

propyl ene/ et hyl ene cdpsil yilene TR of sndpmygepgiHenefehdent copplyateryveke i s
determ ned via 13C NVR spectroscopy of the random propyl ene/ et hyl ene

copol ymefQ03gi ghfhepterns éhackbbng bthylteoe’als tbe lyosnteofl ghylaseth ba xyleme tingoduble

i ght h I / et I 0036] | i t,
the pol yRebIerioR: PR SOBUER YT R EORET Lt PR el oEBRKRRRE D 1
" et hyl engthyRhE Qs 'deREmine@ d/id) €1 INMR CHERBIESpyt BE tiRt kylb@N esprBRepdrtibn of HRe
xyl ene i nsol uble portion (XI) of the random prof%l ene/ et hyl ene copol yner to

|l

t he et hyrasdemmrerdene/¢thylenrecopplergs. Yisight percpwirafi thy bickEpneethylgee is n

propyl en hyl I T t ene ratio is determ ned as foll ows.
Et hyl eneﬁ{regg)tl%wglggh?ﬁotggéylggéeisng%lg Slleﬁ)ogﬁn(wt % ethylene present in XS (wt %

[0032] In an embodiment, the EIl is from 0.60, or 0.65, or 0.7 to 0.75, 0.80, or 0.85.

[0033] In an embodiment, the random propylene/ethylene copolymer contains from 3.2

XS)
| e

wt % to 3.6 wt % units derived from ethylene and has an EII from 0.75 to 0.80.



[ 0037] Wi ght percent of Xl ethylene is based on the total weight of the Xl
portion of the random propyl ene/ et hyl ene copol yner. Wi ght percent of the
XS et hyl ewe 208/thewied on the total weight of the XS portipom/uskoizioessrandom
propyl ene/ et hyl ene copol yner. For Xl &thylene and XS et hyl ene, the anpunt
of ethylene is determ ned by way of 13C NVR spectroscopy. The ethyl ene
ratio is an indication of the effectiveness of ethylene insertion into the
pol yprop bagkb ¢ ] dv , i§ N@el 8RN of the random
propyl eng@?ﬁyl ene ggg‘m y’%%%hg(guglﬁ g?ﬁ& eggﬂg)ati o greater than 1.50,  or
greater prupylede®thytend cOpolymes gt issoluble in kplers] TRalery Insalblearaities GYh iS5 on

of the random.propyl enef et hyl ene ¢ | yner i s f : 0; w % or
4.0t ogTgrEsonET b o opa ey SIS Fod Siktider BT ebpiinflcte ot
the Copol[m!]- [BR4Qbthnwaihephesi bRathylehde(oXE@Nih thh earldomofropyiene/ethylene
propyl ene/ et hyl ene copol ynmer fulfill the foll ow ng %‘ﬂu&é on: .wt 0/?1)(8 - W %
Et <0.8 tepolwbems is die apount ofretlagem) inypothythe Xylgpe soluble (XS) portion and in the
2013/ 01664/PCT, 8 ' ty] ' er
[0041) TheY BrELERRCFIRGO (raes M SR Dbk EEL TR KRR, TR LI RS
subst i t upedemhesiy |ctiigerr aaideterdinedt efa AGpINMRNt spaisosdpmc ovlribd trivetom

cat al yst conposition with substjtuted phenyl ene o) ic.diester as
i nt er nal PEARYESNESRYEBR oAl EIEe Y BEh | PFTREN tg% t?tﬁ];etg?fen%gls P?‘F@gro oﬁ%gtt?tﬁlg

nmore et hx\{e%ﬁgf%g#&g&ﬁgﬁ%ﬁg&hmggcwﬁd to conventional catalyst

syst ens. stitlUted phenyl ene aromatic diester," (or
"SPAD') 4$8036$ed Inemeimbodimynththeapdyrhenid campasitionvhastransihdpre wiio gaeater than

di ester, bsti tut 1, 3 phenyl e aronmatic diester r ' 1,4
T b b o G MU AL oL

enyl en e @bpuTRineCtodhe [
gt r u%:/t ur zns(%lmlgﬁjdgﬁ%vém[ gghfléfﬁr\;ﬁer gli?oﬁpRl %RN}@arg t he samg ar di?fe?yewr)%g%l.eﬂEach

of R1- Rl4hd xylens| ssbubdelportiom(XShofithegardons propylene/eiy lang ¢ppRlumey | The &vi ng
1 to 20 carbon atons, _ap,unsubstituted hydrocarbyl group having 1 to 20
car bon atr%f?sl,sIagtﬁngllnﬁ%%sypoélrogép having 1 to 20 carbon atons, a heteroatom

and conbi nations thereof. At |east one of -, . SoQot hydrogen. [0045] As
used herein, the t%?‘m%‘}?fa dcar bypthygeﬁapxq%%rlr%#gg@ refer to substituents
ethylene present in XS (wt %) '

[0037] Weight percent of XI ethylene is based on the total weight of the XI portion of the
random propylene/ethylene copolymer. Weight percent of the XS ethylene is based on the
total weight of the XS portion of the random propylene/ethylene copolymer. For XI ethylene
and XS ethylene, the amount of ethylene is determined by way of 3C NMR spectroscopy.
The ethylene ratio is an indication of the effectiveness of ethylene insertion into the
polypropylene backbone.

[0038] In an embodiment, the random propylene/ethylene copolymer has an ethylene
ratio greater than 1.50, or greater than 2.0 to 4.0, or 3.8, or 3.5.

[0039] The xylene soluble portion of the random propylene/ethylene copolymer is from
1 wt %, or 2 wt %, or 4.0 wt % to 15 wt %. The XS portion is a function of ethylene content
in the copolymer.

[0040] In an embodiment, the XS and the Et of the propylene/ethylene copolymer fulfill
the following equation:

wt % XS —wt % Et < 0.8 (or <0.6, or <0.4, or <0.3)
wt % Et




contai ning only hydrogen and carbon atons, including branched or
unbranched, saturated or unsaturated, cyclic, polycyclic, fused, or acyclic
speci es, woaosahidnat i ons thereof. Nonlimting exanpl espofi/usgaroessrdy|
groups include al kyl-, cycloal kyl-, abkenyl -, al kadi enyl -, cycl oal kenyl -,
cycl oal kadi enyl -, aryI-, aral kyl, al kylaryl, and al kynyl - groups. [0046] As
used herein, the terns "substituted hydrocarbyl"” and "substituted

hydr ocar bon" ref@g R Mﬂﬁ@g%pmyo,g&&upwgtla,at is substituted with one or
nore WD 2013/ 0166 USZO /048573 7 nonhydrocar byl substituent groups.
A nonl i m[004dg ex"ﬂrqalpeesaﬁt aramfltminydlrotpw&nﬁytlhylsﬁnbsmnothﬁm §PBlaps; @ gubstitu lted

het er oat o used her teroato S t

car bon OPH]W&“SQ%Wmaﬁ*He‘%ﬁg?eroﬁ?@fﬁagt ﬁa reH 1s§o§%r§5 C%{Ir1 Cﬁgg?tt %%P%%?% aﬂgdsq 1V,
V, VI, apghsMhdted®phdnfRn® %fdrﬁkdiccdla_ﬂ@& intoeal blébﬁrd)rﬂgomxamipkl&stedfy ineteases alico s
i ncl ude: hal ogens (F G, Br, I), N 0, P, B S and Si. aubstltuted

hydr ocar Byl byrioeqrpetatiog imereuetbilene fatp othy chaskbansy Whep SaBPad 1 conventional

SI l'icon- conél {jnltn Shydrocar byl group. As used herein, the term

"hal ohydF8RaPE*™§r oup refers to a hydrocarbyl group that is substituted
W' t h one [gy42for eT lﬁbaieﬁgE‘@ul&tlumsd phayiese drdreata digstelie (dréiSRAD”) as used herein,
"silicon-containing hydrocarby|l group a hydr t hat |

subst i t ufeay be 2 subshiuted 17ophenylepy @W%Fo%ﬁsmrﬁ'ﬁes“g?ﬁ}@gr}’gtpg?@%ﬁnen%?/m%trw

not be i r iment, at |east one (or two,
or thr eeraletc#wfo%gl S)HQ%t&tQ@'l'lplieQQ?XJ Arpm?lﬂ? ggglglplect ed froma substituted

hydr ocar g043r oulp daembglimento tiROsubstitbied phtaytene anmatie disster iua éd-phigarisear by
group having 1 to 20 bon ato n_al koxy group having 1 to 20 carbon
atoms, a 2HERRIC ?S&ﬁWlﬁH&}eé}Sﬁ%}lrﬁgﬁ B% 8"t hereof [0048]In an enbodi ment, the
SPAD is 3-nmet hyl -5-tert-butyl -1, 2- phenyl ene di benzoate. [OQdAP] I n an

enbodi nent, the present pol yneric composi i on has an MFR from 1l to 100.

[ 0050] Appl i cant has discovered that ah_ethylene incorporation index (Eli)
provi des a nore accurate netric for ty ermal properties of random

propyl ene/ et hyl ene copol yners whefh cogparéd to the total amount of et hyl ene
present in the copolynmer (Et). As showm 1\n the Exarrpl es section, Applicant
has found a direct correlation Between El lb-apg®the thermal properties of
random propyl ene/ et hyl ene copol yrre . Thi S co relation to thermal properties
does not necessarily apply wreq : &t hyl ene content (Et). In
ot her words, although Et nay be o copol ymers the thermal
properties of the two copol ynmer di fferent. [0051] I n this way,
Applicant has created an i nprreved Jret ng forycharacteri zing thermal,

optical and heat seal properties f}{ br opyl ene/ et hyl ene copol ymer.
Eli, is particularly advant ageous when assessi ng the properties of heat
seal s of /I a p n I uch
2s heat. 404 streﬁvzlfwm”ﬁéimsea D R L el
and/ or hqlt dioaek, tubstituddd byd r@bup ehaviaigFl Iton 20\/\&rbon atoms, an unsubstltuted
2013/016647P /'US2012/ 048573 8 0052] The present discl osur.e %@ wa
film | n hadrospbybiersipt havipg { |t s%ﬁ?%\/mg& AR FNRY ) T E‘S}lg §poon
propyl en I o] S t ¥RIBYEbD tic
e N i R e S

xyl ene sqbedf]es Asnisehheressshd twm BiyOrogerb¥d" 4ral088ikeerboat mefer fq Wbsﬂﬁﬂe&ts

sheet, | am nate, r the or conbi nat i ons_ther eof i th and
br eadt h &OH@H%?%H’;Y?’ gﬁa{gr%gmaﬂ BN ARG 1@8’%1‘%%3 nggje r?rélnPWHa?\:rﬁlé%gurt% grog
bet ween. u%s%thﬂla'fedc che %o%?&ﬁ@}’ﬁfsed' b {chalvd Nge€ivd,y amheconiigdtion®r thareof.
mul tilayer fti (having two or nmore |layers). | n an_enbodi nent, ttﬁ‘lﬁmeIS

a nmonol ayoenlimiting vvexdmlzle& mfc lydesafybngouss ninkluder allkyl. nicloaylq alkenyly
ﬁg?gt | ;S ea[lnl‘lgaldlqzlggggyg:ﬂ egy rrloaﬂyadltelnlyﬁyﬁgfl-,fe{rglﬂyl, 'aﬁ<yparyl', L8 DiRyyng by, or
[0046] As used herein, the terms “substituted hydrocarbyl” and “substituted

a

hydrocarbon” refer to a hydrocarbyl group that is substituted with one or more



mul tilayer filmare bonded together by one or nore of the follow ng
nonlimting nethods: coextrusion, extrusion coating, vapor deposition

coat i ng, wolsntie@aat i ng, enul sion coating, or suspensi @OTASaM2OEIS73 N an
enbodi ment, the nmultilayer filmhas a7thickness from1.0 ml to 2 mls, or
3 mls, or up to 10 mls. [0055]The filmmay be an extruded film The terns

“extrusion,” and “extrude,” is/are a process for formng continuous shapes
by forcip ﬁd ﬁje ﬂaaf,ﬁm%nhﬁﬁmgg&aﬁlpqg 6f a aphlydnatattyl ebstinlerd by
cool i ng or % | mredi ately prior to extrusion through the

die, the grcmlpa&; ahetlex;oatung hAg ms@dmrely, ‘éhepqmzrti)m” nefersito an ajog pther thap garkon or
rotating s ew ich forces it throu r
single s& erogfofy §an;bg, aenoélc?agwn %’ (fgrrl Gw&pdc'ﬁ&r\}éj% § uxﬁ??ll%? ﬂge ram

extruder Per-f&ﬁc ChaBleC Noriligniing bxdmpleLof Kt@viofns linoladee hal@@a&t(FdEleBr p).pe, dj e,
tubing die or profile extrusion die. Nonlimting exa (? of extrude

articl esPi Bebuand Shi pesubstitiied hyfrpcanbyt gioup also jushxiss ?Hli‘é RF3rRY! geupand a
coextruded. film .The us u he” rkPCcess
For extr ticntug bR HEPE ol s g Rt R (gehdRaon TEne

ori fi ces r@eisapgenydserattidigréupethaisrsubaitesd nethgenecor rodieeraldgse avehel tegeecher
into a lamnar_structure. Coextrusion ma

b | t th
pr ocessederefrthe e n sdicongoRINgRg, NEHORY %ylc g’éo[%gﬁ g‘g %/a}e ?‘Hﬁ 08??3 yg)gF o hSL vLnet
coating Bﬁl?sflﬁrﬁné(ﬁ%th[o%g%z] (;}g shiido B, b ?h@ sﬁllcgﬂ‘”atofrﬂ(kmnay ke nh B He beblh Qe

filnm or I 'owi n re a process for making a filmin which a
pol ymer oarboophdigmer is extruded to forma bubble filled with air or

anot her n order to tretc t he neric.film

col | apsegﬁg‘ﬂ st étt 519 H]Qg%rv 0 0{/\81%fé/f8‘122{4$r|9g§953§€g1%‘/‘d48573
9 [0058] kpeard %Hpghd%ﬂﬁgtedt}ﬂ@h(ﬁdaww Igfoud HARIHG! 1B0ET0 ¢ath@CAtbDS, aii)lrd&bktlftutédn and
has a thickness of 20 m | a haze value less than about 6.5% CL 9] In

an enbodih[sféltt)t:arbylhgrcilplhwmg htWﬁ(ﬂad%mﬂr atprseat RERXeraghavingnl dRd

t hi ckness,  of 8 and haze s than about 20% [0060]In an
enbodi meAtoMY A ettﬁfqa}*ﬂnil §c ﬁoqagg%sﬁ?’leljr??gctl on nol ded filmand has a

t hi cknesqomfs 120mnEnl entiddirBeriahe SPAIDR 3asthykSraoit-Bingl 2aﬁ%1ylaneod1ber¢zoete

[ 0061] The resent di scl osure provides an article.. In an ﬂ%
article i[4049 ovi @é’@ealrh?dlrﬁ@tdg%’reéemé’aiyn%"élélCOF}P@F‘EIBP hgs ap %sémrggéf’ 1§@rt| on
in cont a q%t h g RGNS 8o vRAVAL 8N an yhg dnk rlﬁéorﬁ@tﬁhorp%dekqml?r}ﬁo&ﬂ& a

second s ort| each are a conponent a | ayer. | ayer "i ncl udes the
present medtel @ovypate pydteodbe theythemenl cpmqmﬁnyesewf mhiah mmlalerﬁh)tlﬁ@ @,Qn@é&tmql”%ut ed

henyl tic diest 0062 di t h |
P ool y moRRA ORI 6 AEBRRCT LR HaGR: o1 BiicapoS it CBY B Shihfith one
xyl ene S%&E&ﬁﬁp@&%ﬁaﬁ Aﬁafcaﬁﬂ% Bl Wdir¥et c{o%@%bh fbe%eﬁfﬁlpdhdmtthem{me

Iayer is a conponent of I'm or is otherwise a film [0064] The term
"heat se@kbpertsestdfeamdurm prawldnw@thyéﬁperogp(ﬂamet h& hisngasrelasionttadherinahBropgyties he

union of two fijl into n o]

appl i cat i98%° 8t ﬂ%cﬁ Sag dfl g'p‘?lé &%sulngg tg a? & y(feene\(,:\%%?eangtl fslpur‘8 eﬁ‘g\g) S

become mMplh&ihaBl rhalt ®eMh¥ Yntdh f&nﬁv@ﬂﬁbb@meri hiey efiyrmbb rpmpmleadhfesheo WO

between the two | ayérs. The heat seal is created by heating (for exanple,

by usi ng captipmersdnayabs quitstdilfereet. hot air, infrared radiation, or ultrasonic
seal i ng) éb{gﬁ]l AYEF $nif Uay> uALSl?c%ﬁt thqgrcquftéd 3 ﬂﬁpﬂo@@@tmétﬂ@d fof CRAGEEEYRg

softenin nts. _
thermal, optical and heat seal properties for random propylene/ethylene copolymer. EIL, is

~ particularly advantageous when assessing the properties of heat seals of films/layers made
from random propylene copolymer—properties such as heat seal strength, heat seal initiation
temperature, hot tack strength, and/or hot tack initiation temperature.

2. Film



[ 0065] Figure 1A illustrates an enbodi nent of the present disclosure in
which a filmof the polyneric conpositionis forned into an article 10.
Article MWoizooue@3 a heat seal 12 having a first seal poTtusee12D4857H
contact with a second seal portion 168 Each of the first and second seal
portions 14, 16 are conponents of a layer 18. In Figure |Athe first seal
porti on 14 and the second seal portion 16 are conponents of the sane |ayer,
| ayer dsbrs fﬂ{efBrE'&n{ &@cl%ﬁé lovidke alfﬂitno 18 aRQUHA dfenadfiln [ ovided and
enbodi rre t first seal potion 14 and the second seal portion 16 each is
a conponeniudef @) si magldent |plr¢py1€{r@®66]1¢n€gg®@1§mel' cpuigining substifntedripbarvient of

arti ol o SOmITRE 95 heREEea oo BEEa o8 T ALt B pEs BUTPREIT P 1
24 i n corylables Yhdtéht Fess @A €84, portion 26. The first seal portion 24 is a
WO 2013/ 016647PCT/ US2012/ 048573 10 conponent of a |ayer 28 and thg}f? %ond
seal por{0053] 26 The racipondnte Breta lamaipaie. »gb (Eaﬂilﬁ 1’(5? qrfeNEhiRationg

portion e AR th

P opy! ent dFprHEmEE5 SR TR noREk SR Rpfife b BRI BERARRN I ORRE, tere
portion Béwassl tAdilgecante sembnglaydri folm Zlﬁavaarrgaonlgrmmnmm oofa diuftileyesrfilm

| ayers. In a further enbodi nent, the E?({lst se ortion 24.is g}lcor@gnent

of a firé&taving AYQuea eE E¥eehdl 8 cHBeimeRL 2 MA1Scd SIENET ¢bnd
fiim  [ORRAITELOER ol bHER AL @ 1361 RN rmramsof the present disclosure
€ po

in which't ymeric conposition is forned into an article 30. Article 30
i ncl udes [@054}l tlThEyE:rmf inhuttlta?elhﬁlm hés a filinr Bavingywe OBSH@ﬂdaE?r%eé@M@FSICéyeer

39. The first er 3 a, heat seal a f tion
34 in com“é%]{‘ly IFP geﬁ?@@@% B?Srotnfc?ﬁ 1o 0%51% }’o(glfo%% é ?@tﬂﬁg 7tlpé|§{3rt| on
34 and t B@eﬁﬁ@i@ﬂde)&ﬁ@ionp&faﬁh}?ﬂ/ ﬁ@r E&Pakidion Tohtitey, ROI®SRMWoatifd) bdilsion coatmg,
propylene/ethylene copol e second | ayer 39 is coextensive

subst ant DaSLlSpemb(@@th v ar\/\ﬁrtﬁw(hlﬁéntf thegpulfilgyerr filgghasg thigkness fronp 3)10tr¥“6FP 34

and seco eal tion be conponents of the sane filmor |ayer.
Al t er nat ?\?él? %P[Pfgtorsu a‘%q&@ I'on 34 and second seal portion 36 are

Cormonem{(mssi di THeefileNinay ibk a8 ex{rQfQ8ilhn Bire Eﬁb@thmlmmbn,”fmdt‘ esteale, ’h?/,aramd/ or
heat seal 22, and/or heat seal 32 is a_ per mane at seal g‘?q@y n
enbodi nmeRtocesclor femmipg contingoys shanss Dy focing s m $Uch@a‘te“§1e Qle

rel easabl &ﬁiﬂb’ foﬁH&z@%a@t @%cgﬂ‘%l or %@émchIOQZIQLJ Hg aﬂl%@(ﬁﬁt'e%t BrifP R iegBhdion for

the artic ing a ependent on~the anount” of ethyl ene
cont ent . thkbeghathkidid, eheveeyativelyuis gl visaodiggmlyroerid m@d:rlphtskfa@ img a rotating agrewnack

food and/ The tlcles ith the heat seal ma sed to ¢ ain
f 1 owabl e“g‘é‘ihe% ‘Eﬂss‘t dyene éhel figui He P S&Q%F’E APge S\Xiﬁf’ve?% L%F{Jla[ rriuw ce,
emul si ongefRrexB¥adIPh 8isk @R trGA&¥MaTark, exBA8EE STHeQlie EaARIL Bl QR Blovialifilng Ehe
preservers, jans, jellies, doughs, ground neat, ng owders, nuts, sugar,

0O

the I keshe{e@@ikl]pm @m, mhbxgddlmtproﬁlheexamlp@ |dée | ahmﬁuwe%aml?wfeextmﬁﬁd

nol ded art| (%/ %ﬂ ({/ fe%artlcle an injection nolded article, a

bl ow ol geif ezir‘?‘i eeplp%[ B 4% V'ded article, and a thernoformed article.
" Mol di ng'fo0s6] @ PIIRCEES nly i cbex@ruged Yiliar Tie tBihd sberinasiorgtl ahdit coeatrndd,d,

which is the inverse of the desired shape, to formparts of the desired
shape and/&p Acropdsh dormextisid igniavopP e etsr @ﬁtle€§]§ thiough @ single digswitly fyg or mggs

2013/ 01664 ﬁgegr ély%g& 25'/|0 0 %5&1% é]x%ruhgtgg gllderg{'bﬁ %&%%13@%&3 NGgethét BtPhAGRRAr DY

which a p and’in ressure ntoam)d vvfnch
is the i @u@crtsle @oekmldemay éd emlp&ged a$ an fispeon qfa)rthes pofcetses, fdemistanet, Sthﬁkme and

5| ze. The nold can fe mad(? fromnetal, such as steel and al un num
" Rot at i oRMIWIR®I @t il ag E’FtB‘E:‘é@scol?rg’é%jp‘foﬁFssﬁsrodUC| ng hol |l ow pl astic

product s 1o¢3a§ at i pRag) Q'beabwﬁ BIA. ffh@i@n%h@lb“ﬂrfﬁﬁﬁ%?"‘ﬁ!}n%ﬁivhﬁgsxs!a&&hat

t he heatlng, mel t1ng, api ng, and cooling stages all occur after the
pol ymer ipsocpssafoe dndking heﬂmmlndwhncharmlmmer pocepolemerais gatreded toefare g pphhiled
during f %ﬁl@d rl)%'th air or another gas in order to stretch the polymeric film. Then, the bubble is

collapsed and collected in flat film form.



[0073] "Bl ow nol ding"” is a process for making hollow plastic containers.

Bl ow nol di ng i ncludes placing a softened polyner in the center of a nold,

i nfl ati ngwvohe13pabearer agai nst the nold walls with a bl orcpiusoiandss73
solidifying the product by cooling. There are three general types of blow
nmol di ng; extrusion bl ow nolding, injection blow nolding, and stretch bl ow
nmol ding. Injection blow nolding can be used to process pol yners that cannot
be extru St gt gh | a ie€idnf melell fileh Rh@Was a
crystall Fdr?(eésgnd Igr@sfgkﬁqyﬁg{’ gh%lﬁ’n{a}’r%qﬁ’?ﬁ%gq‘g& ypropyl ene. [0074]1n an
enmbodi methicknksseof0trit bed & bazz valwMesslithan-abouemb®d film [0075]1n an

enbodi ment, the article i.s a container. The cantainer | i The
filmis W9538bsednqm FWEO%F@%&% Rabndt &%ﬁyéhé‘?%?n[h"% }é’ﬁg‘iegg@o ;qi‘lr‘rérﬂagnr?d t he
subst i t uhREknRREROSHE aRd & HRlc valudi 168ttRen abbulZEW. seal seal s or ot herwise
joins a first filmportion to a second filmportion to define a container

i nterior [Q08A allscandembediment, dhetfdinn isr a anenolayst jinjeqtips melded gl aegﬂwﬁé‘ any
heat seal . .configurati.on as. dis 0 Jhe container heat seal can be
a per nanh’r\‘ﬁmﬁ?a&{ggﬂl %Qﬁ%harzglvceéglgg%gé eaét%u%%é;/? (i.e. , a peel seal).

Nonl i m tgng exanples of suitable containers include flexible packagi ng and
rigid packagi ng. [0076] 1 n _an enbodi nent, the heat seal ia. an arti heat

|
seal to [W6K an Bisepreeamtdisrsire poryrdes # &chéenb 8i ?Pgaﬁfn,bo_l et a%&ﬁ Ys a
full heabro%?&h’anﬁQﬁ?h&%%h}%egf Fl%\ll ARl D€ G BHI RSN inHoBfalPith O drliseal

ext ernal “environne an enbodi nent, ‘the first filmportion and
t he secopertibh) Mhpdirtt el gatbn andtte secposeehportipn aadhi arglaecofriponent|of adeyrsy

words, a_single filmis fol ded over upon itsel t he .heat seal for.

around t f&e B“f‘}f%lb‘él‘ﬁieﬁh FyPTESSTE BAOGPR PIORYIERY Et%g%ﬁ? SORUY™EY O%lfg] F%nqéﬁ?%e
enbodi ma&?bstiﬁﬂ&i fHeh$lend hloMaRetldsRP 1S a conponent of a first film The
second frImportion is a conponent of a second film The first filmand the

second f [0062hr e Imataed embodiménts othe i peapylamafetholengndopplygsedhao 4o ¢tBYlRRG
comon film periphery. The hea VO 201 1 P 4 A2 seal is
formed af¥aHETH I?ﬁﬁ%&rﬁrﬁag?rit %é'&s’ta&dfaoxry?nén% S? ﬁxéﬁqs%ﬁé@@éﬁ%ﬁflﬁlﬁéﬁ “define

the cont gjoss| | NMh@hicRbodn®MBAhE Riyanis awbagon@n bf a illmperds bihbtveisé s filmcat ed in
the container interior. A "comestible,” as used herein, is._.an gg‘]iﬂbl e object

such as 106d] or Eheyewe  hess sealt 15 the yripsrafitygdayarnfor dhe urign 9f &vo Sipsr thes” 5
conposi tion t i i I r LOR: DY ion QA ke
and/or f |u§ Onagrﬁwosﬁlﬁ%g)p h@?gpfﬂ%ﬁhgﬁﬁiﬁ%l&tggg,eat@ihgﬂgg%gg{% I etli’ogl a t
mat eri al atdiat prespt itesamktthe apmhitiabhefastandbeamesmotieragnd auermiyrwigh one
cosnetic (FD&C). regulations _in the Uni t%% St atles ang/ or, Eur o?ont ro}

e P R 1A % B ng

exper i meARgihere dhrey farmingoaghesionnbe{aen EGFop i 5% NSH?

exanpl esyofii Su OpR alihPh BSatb D 6AUHS: HRETRE hir ANBENKA FRiSdr2 b ultiRasTi@,
snack fog%{n%ggc%r%g%@g&éﬁggﬁsgsuc% as crackers anld snack cﬁi ps,

mar shrmal kealing) thaddyeiss®r syéices thorgof)aatnt lebstthkir fespaelive sfteningdioddfb.s, sausage,

and cheesg. _[ 00 Nonlimtjng exanples o itable ¢ ' i RC

f1 exibl ef‘ﬁ’ééi f ﬁ%&rgﬁ%ﬂl%h@@s %‘ESﬁn}%a@”éeﬁgc?ﬁHied’éﬁseBta%g&%%? g‘{ g’hkﬁi ‘J‘pH%gag,
retort p%&%‘tﬁ?m@ﬁé cbBpetdPiseRimEP Ao aR\eRioNE aD. fAticlel Painehuidesa heat seal 12
pouches, small flexible pouches for shanpoo, small soy sauce b cheese

over vvr apavibakdirst ssalgeortiom d4 épdreestivoHa? j7ceana5a! pAGLN %ﬁes?a%fﬁg% rst an
0002) LSS NF SRR T oA I PODL AL S0 Bt it
and propyhene td sc@ond ke&al podioh [l 6r £6 petipbivltsy)f ths spee layerdayead 8f tiuk dovsing

the article 10 into a pouch or bag. In an embodiment, the first seal potion 14 and the second

seal portion 16 each is a component of a single film.

[0066] Figure 1B illustrates an embodiment of the present disclosure in which the

polymeric composition is formed into an article 20. Article 20 includes a heat seal 22 having

a first seal portion 24 in contact with a second seal portion 26. The first seal portion 24 is a



Sanmpl e Preparati on The sanples are prepared by addi ng approximately 2.7g of

a 50/50 m xture of tetrachl oroethane-d2/orthodi chl orobenzene cont ai ni ng

0. 025 M GvQAoBMIB470 0.20g sanple in a Norell 1001-7 | OroTNSRR2/08573 The

sanpl es are di ssol ved and honpgeni zedidby heating the tube and its contents

to 150C using a heating block and heat gun. Each sanmple is visually

i nspected to ensure honogeneity. Data Acquisition Paraneters The data are

CO' | ect egoﬂ‘lﬁpr{égt 8r PIaykess &Q@tmc&ﬂ%alr&m@@ D6 @FlAlbAREchent bha ByBr 2 eEadhual
hi gh-tehperature”CryoProbe. The data are acquired using 1280 transients

per dat aof ithe first 6ea$em>rtpm1 24 amhéhd s¢®ndd@ab;port9m getipiae the ipsesgpgraglomang

i nverse gate W t h S t, Lhr

neasur e %8?/9 &WE%S °8ﬁ°1ﬁl61ﬁr Qﬁ\%ﬁ?ﬁ?ﬁ sanpl e %Qll'ﬁ %eq{gSttljs% %Iﬂ)ljé% apdthe e
al | oned %&ohﬁl 8&4TRbIONSBUrk b&rhpéiRentsast dTffereMUbgSs.pH ®further eiab@dlmequ,l tlei fission
[0083]Differential Scanning Calorinetry (DSC) is used to dﬁéer m ne the

mel ting pesil pertiond, 1Starv@rrm09@tta4f|a|fzraﬁt%ha%%éﬁ‘émﬂr%a (PREYORAY 1% hEARAE b
fusi on (Afggecohg'fﬁljﬂ' s method, the sanple is heated quickly and then held at
220C for "a"perrod of 5 mnutes to ensure that all WO _

2013/ 016 ﬁmBPpT/ USgert 21 0486stRitck3are reysodirhértt e thavpresalt tdistlosTive irs arhitle thes

th led at. 10C/ f Cto 0G . and hel . 0C f
3u§2e332a§uy9%np H@H@gﬁg%{%o hihisi st Al 7 it srudet T8 e
Per meat i ga,fhr,0fR Qagéﬁ%nén& ?&orﬁ[‘?ﬁyﬁ Boal TehRPthyEoB s RRdINsOP bR REal The

pol ymers are ana d on a PL-220 séries high tenperature gel perneation

chr omat obadphy f(rmeal nomiion qu et withia secprd seat poren 86. disceof 616 fisasepbur

PLgel M xed-A (2 colu Pol . r. Labor at ar The

t enper at BPEIOPS @{%{%’F SEE! e& aorln n% gq’ {Wé%ese tcra)n 08 ﬁ}ng&/etﬂylf "and
the war ”b@ e Bh@becdad fayendo l@@&xf&gﬂ@%ﬂ M@b&ntlé[beccﬁeﬂienﬁmé wish Khet figgen
purged 1, -trichl orobenzene (TCB) containing - 200

, 6-di -t lﬁymy 38. 4Fﬂ‘§1t sop] poréinn (34 (aBAEpcomifsal mmpm ap énqubelC%nmrsems PfAhRIsapfe

| I’lj ection,vol il e sRafied by
di ssol vi ?b 4 ayefat tgm%ﬁv‘?]\lpé’]ﬁrsfkgeéldgwlgkpre ea egafﬁ@%%%aﬁl ?108 00 ppm
BHT) for o?dﬁfeﬁmﬁﬁhs 160C with gentle agitation. [0085] The GPC colum set is
calibrated by running twenty narrow nul ec h ribution
pol yst yr & it an@a#ysmbadmeRp heaty fept l%eP@‘HPr {‘mseglf E% Z‘Fa@?&b?ﬁ’é Palides
from 580 é@na%eﬁ]t%apé%g g/ nol, and the standards were contained in 6

“cockt ai P" M Xt ur es. ]Each standard mixture has at |east a decade of '
separ at i {1}0619]3t wedanarni mdbvdidmal el slil1dy andpighea . seaihd2, poldjart ek aeal s¥2aisdar ds
are prepare @t 01005 8 0 rirL of solvent for nolecular weights equal to
or great &CARA sRloyeh ?)’bp%‘?rsr?ﬁ and 0.001 g in 20 nL of solvent for

mol ecul ajogyej ghtehd SpsoriaaNaphlPAHORP 1% srltle hEREIZROhS bl eNgeprhadiiandke ar e
di ssolved at 150 C for 30 min under stirring. The narrow standards ni xtures

are run fmosgnt dn@hylnnmc@@entofﬂ@eam@lggna}gbmuquegrt bags| @@fgogrpa\ﬁ}éqgjmﬁ Sé‘%‘hrﬁ%)nent
t | .
i g g]ema;ng%agﬁqegﬁq fcz)lgp '[21'; C?étl;&%soﬁl% thé Iﬂn&t seglD }n§§ Lﬂ)eq{sea\'% g@rtltal?lah(?\paﬁﬁé Ion

nom a a function ut1 on

vol une. m@erewsucal BNliqued YaT St phd enilkD vesdt| ﬁﬂhltvyaic@hbmum(ms cfat examapledcdy
using follow ng equation with reported Mrk-Houw nk, (lzoeffl cients f

pol ypr opyreamem{xTipagtes g spmple PRENUE PUtiffe PFeSETVAIR; Japisnie 1§éh6‘?‘%&’é‘ﬁe%ff’§ndo Bieh

pol yst yr Baares s QPR e 550 X0 VTR0 v, P M. Mighia,

Macr onol ¢EOFiES, I4,anSibddiBert) dhe artiole rsa moldedpstidd. PBe appdedlarkcigpnay be an
extruded article, an injection molded article, a blow molded article, a rotation molded article,
and a thermoformed article. “Molding” is a process by which a polymer is melted and led
into a mold, which is the inverse of the desired shape, to form parts of the desired shape and

size. Molding can be pressure-less or pressure-assisted.



WO 2013/ 016647PCT/ US2012/ 048573 14 [ 0086] where Mop S PP equi val ent MN Mos
Is PS equivalent MW | og K and a val ues of Mark-Houw nk coefficients for PP
and PS arwol2ostmaedbel ow. Pol ymer a | og K Pol ypropyl ene @CTA52013/078513

Pol ystyrene 0.702 -3.900 [0087]Haze =nd Clarity are neasured in accordance
with ASTM D 1003. [0088] "Heat seal strength" is a measurenent of the force
(in pounds-force) required to separate a seal after the material has cool ed

to 23C. i&%g] Then8idR mdkRheSRA picdbdsi Bt WARht £ FPSRRE W Gieltéd BRI Trjdctéd at
defined as the first tenperature above anbi ent at which a seal can he

formed bhighppessuregingo gimeld, phéchsiarthe inyesecifitbn desiredkihens tefform pats of the

Iven length of tinme, [00 The term"h Lnktiati rature:
OVt T PR b R St e Ao ik R s, SO el o8 fydef R it
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mold walls with a blow pin, and solidifying the product by cooling. There are three general
types of blow molding; extrusion blow molding, injection blow molding, and stretch blow
molding. Injection blow molding can be used to process polymers that cannot be extruded.
Stretch blow molding can be used for difficult to blow crystalline and crystallizable polymers
such as polypropylene. |
[0074] In an embodiment, the article is a biaxially-oriented film.
[0075] In an embodiment, the article is a container. The container includes a film. The
film is composed of the present random propylene/ethylene copolymer and the substituted
phenylene aromatic diester. A heat seal seals or otherwise joins a first film portion to a
second film portion to define a containier interior (and also defines a container exterior). The
heat seal can be any heat seal configuration as disclosed above. The container heat seal can
be a permanent heat seal or a releasable heat seal (i.e., a peel seal). Nonlimiting examples of
suitable containers include flexible packaging and rigid packaging.
[0076] In an embodiment, the heat seal is a partial heat seal to form an open container.
[0077] In an embodiment, the heat seal is a full heat seal, completely enclosing the
container interior from the external environment.
[0078] In an embodiment, the first film portion and the second film portion each are a
component of a single film. In other words, a single film is folded over upon itself, the heat
seal formed around the film periphery to form a flexible container. |
[0079] In an embodiment, the first film portion is a component of a first film. The
second film portion is a component of a second film. The first film and the second film are

mated in a mirror-image manner and aligned so to form a common film periphery. The heat
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1: Propefhi gslystyradsspradands are Seppsedat 00@ g in 20 mL of solvent for molecular weights
equal to or greater than 1,000,000 g/mol and 0.001 g in 20 mL of solvent for molecular

weights less than 1,000,000 g/mol. The polystyrene standards are dissolved at 150 °C for 30
min under stirring. The narrow standards mixtures are run first and in order of decreasing
highest molecular weight component to minimize 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 weights 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 Maps+1 app+1
My, =| -2
PP = %
PP



Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 Conparative sanples % of Xyl ene
Solubles in the whole Resin, wt %w %ethylene in the whole resin, wt %
Et hyl ene worbstiedsn t he XS fraction, w % Et hyl ene cont eotr/tusaoioessxs - PP-
backbone, wt % Et hyl ene | ncorporationi4l ndex (Eli) Ethylene Ratio (ER) 1
10.80 5.55 1.94 3.61 0.65

[0086] 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.

Polymer a log K
Polypropylene 0.725 -3.721
Polystyrene 0.702 -3.900

[0087] Haze and Clarity are measured in accordance with ASTM D 1003.

[0088] “Heat seal strength” is a measurement of the force (in pounds-force) required to
separate a seal after the material has cooled to 23°C. |

[0089] The term “heat seal initiation temperature” (“HSIT”) is defined as the first
temperature above ambient at which a seal can be formed by applying a given pressure to a
given thickness of film for a given length of time.

[0090] The term “hot tack initiation temperature” (“HTIT”) is the temperature at which
the hot-tack strength is 4 Newtons/inch, or 4N/in. Often the initiation temperature is
expressed as the minimum temperature at which 2 mil film forms a seal with a strength of
0.5N/in using ASTM F 1921, Method B. In general lower initiation temperatures are
desirable because less energy is required to form the seal and also the less time it takes for
the initial seal to form at a given seal jaw temperature. Thus production rates are capable of
being increased.

[0091] “Hot tack strength” is the measurement of the force (in Newtons) required to
separate a heat seal before the seal has had a chance to fully cool (crystallize).

[0092] Melt flow rate (MFR) is measured in accordance with ASTM D 1238 test method
at 230°C with a 2.16 kg weight for propylene-based polymers.

[0093] Xylene soluble portion is determined by a method adapted from ASTM D5492-
06. The procedure consists of weighing 2 g of sample and dissolving it in 200 ml o-xylene in
a 400 ml flask with 24/40 joint. The flask is connected to a water cooled condenser and the
contents are stitrred and heated to reflex under N,, and then maintained at reflux for an
additional 30 minutes. The solution is then cooled in a temperature controlled water bath at
25°C for a minimum of 45 minutes to allow the crystallization of the xylene insoluble
fraction. Once the solution is cooled and the insoluble fraction precipitates from the solution,
the separation of the xylene soluble portion (XS) from the xylene insoluble portion (XI) is
achieved by filtering through 25 micron filter paper. One hundred ml of the filtrate is
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collected into a pre-weighed aluminum pan, and the o-xylene is evaporated from this 100 ml
of filtrate under a nitrogen stream. Once the solvent is evaporated, the pan and contents are
placed in a 100°C vacuum oven for 30 minutes or until dry. The pan is then allowed to cool
to room temperature and weighed. Xylene soluble portion is calculated as XS (wt %) = [(m3-
m;)*2/m;]*¥100, where m, is the original weight of the sample used, m, is the weight of
empty aluminum pan, and mj is the weight of the pan and residue.

Definitions

[0094] Unless stated to the contrary, implicit from the context, or customary in the art, all
parts and percents are based on weight and all test methods are current as of the filing date of
this disclosure. For purposes of United States patent practice, the contents of any referenced
patent, patent application or publication are incorporated by reference in their entirety (or its
equivalent US version is so incorporated by reference) especially with respect to the
disclosure of bdeﬁnitions (to the extent not inconsistent with any definitions speciﬁcally
provided in this disclosure) and general knowledge in the art.

[0095] The numerical ranges in this disclosure are approximate, and thus may include
values outside of the range unless otherwise indicated. Numerical ranges include all values
from and including the lower and the upper values, in increments of one unit, provided that
there is a separation of at least two units between any lower value and any higher value. As
an example, if a compositional, physical or other property, such as, for example, molecular
weight, etc., is from 100 to 1,000, then all individual values, such as 100, 101, 102, etc., and
sub ranges, such as 100 to 144, 155 to 170, 197 to 200, etc., are expressly enumerated. For
ranges containing values which are less than one or containing fractional numbers greater
than one (e.g., 1.1, 1.5, etc.), one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as
appropriate. For ranges containing single digit numbers less than ten (e.g., 1 to 5), one unit is
typically considered to be 0.1. These are only examples of what is specifically intended, 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 disclosure. Numerical ranges
are provided within this disclosure for, among other things, the percent compositions.

[0096] “Composition,” and like terms are a mixture or blend of two or more
components. In the context of a mix or blend of materials from which a cable sheath or other

article of manufacture is fabricated, the composition includes all the components of the mix,
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Cheni cal (ﬁ@gpanyfheC‘KcP ?Agy BBali%8%44 QMneasurement of the comonomer distribution across a
polymer chain. The “Koenig B-Value” calculates the distribution of the ethylene units of a
copolymer of propylene and ethylene, or a copolymer of propylene, ethylene and at least one
unsaturated comonomer, across the polymer chain. Koenig B-values range from 0 to 2 with
1 designating a perfectly random distribution of comonomer units. The higher the Koenig B-
value, the more alternating the comonomer distribution in the copolymer. The lower the
Koenig B-value, the more blocky or clustered the comonomer distribution in the copolymer.
[00100] The Koenig B-Value is determined according to the method of J. L. Koenig
(Spectroscopy of Polymers, 2™ Edition, Elsevier, 1999). B is defined for a

propylene/ethylene copolymer as:
B = f(EP+PE)
2 -Fg-Fp
[00101] where f(EP+PE)=the sum of the EP and PE diad fractions; FE and FP=the mole
fraction of ethylene and propylene in the copolymer, respectively. The diad fraction can be

derived from triad data according to:
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[00102] “Polymer" is a polymeric compound prepared by polymerizing monomers,
whether of the same or a different type. The generic term polymer thus embraces the term
homopolymer, which is a polymer prepared from only one type of monomer, and the term
interpolymer as defined below.
[00103] “Polyolefin”, “PO” and like terms are a polymer derived from simple olefins.
Many polyolefins are thermoplastic and for purposes of this disclosure, can include a rubber
phase.  Representative polyolefins include polyethylene, polypropylene, polybutene,
polyisoprene énd their various interpolymers.
[00104] The term “propylene/ethylene copolymer,” as used herein, is a copolymer that
comprises a majority weight percent polymerized propylene monomer (based on the total
amount of the polymerizable monomers), a minority weight percent of polymerized ethylene
monomer. Ethylene is considered an alpha-olefin.

EXAMPLES

1. Comparative Samples 1-6

[00105] Each of comparative samples 1-6 is a random propylene/ethylene copolymer
made from SHACT™ 205, a magnesium-containing catalyst with di-isobutyl phthalate as
internal electron donor, available commercially from The Dow Chemical Company.

[00106] Polymerization is performed in a gas phase fluidized bed polymerization reactor
(14-inch reactor diameter). The cocatalyst is triethylaluminum, the external electron donor is
dicyclopentjrldimethoxysilane (DCPDMS), n-propyltrimethoxysilane (NPTMS), or n-
propyltriethoxysilane (PTES), and the activity limiting agent is isopropyl myristate (IPM).
[00107] The Comparative Samples (CS) 1-6 are further characterized below in Table 1.
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Table 1: Properties of Comparative Samples 1-6

Col 1 Col 2 Col 3 Col 4 Col 5 Col 6
% of
Xylene | wt% Ethylene | Ethylene
Solubles | ethylene | content | content in
in the in the in the the XI-
whole whole XS PP- Ethylene Ethylene
Comparative | Resin, resin, fraction, | backbone, | Incorporation | Ratio
samples wt % wt % wt % wt % Index (EIT) (ER)
1 10.80 5.55 1.94 3.61 0.65 1.86
2 13.97 6.62 2.65 3.97 0.60 1.50
3 17.68 7.16 3.54 3.62 0.51 1.02
4 16.51 7.11 3.30 3.81 0.54 1.15
5 16.51 7.47 3.47 4.00 0.54 1.15
6 11.00 5.70 1.98 3.72 0.65 1.88

[00108] Figure 2 compares the heat seal behaviors for the polymers for CS1-CS6. Table 1
and Figure 2 show that increasing ethylene comonomer using conventional catalyst does not
imprové heat seal strength. In Figure 2, CSS5, with 7.47 wt % ethylene, shows no
improvement to heat seal strength when compared to CS1, with 5.5 wt % ethylene. All other
factors being equal, Figure 2 shows that an increase in wt % ethylene in the
propylene/ethylene copolymer does not correlate to an increase in heat seal strength.

2. Example 1 and Comparative Sample 7

A. Example 1—Synthesis of procatalyst composition with SPAD
[00109] At ambient temperature, 351 g of a mixed magnesium/titanium halide alcoholate
is agitated in a mixture of 1.69 kg of chlorobenzene and 4.88 kg of titanium(IV) chloride.
After 10 minutes, 750 mL of a chlorobenzene solution containing 164.5 g of 5-tert-butyl-3-
methyl-1,2-phenylene dibenzoate is added, followed by an additional 0.46 kg of
chlorobenzene. The mixture is agitated at 100°C for 60 minutes, allowed to settle, then
filtered at 100°C The solids are agitated in 3.16 kg of chlorobenzene at 70°C for 15 minutes,
allowed to settle, then filtered at 70°C The solids are agitated in a mixture of 2.36 kg of
chlorobenzene and 4.84 kg of titanium(IV) chloride, and after 10 minutes, a solution of 109.7
g of 5-tert-butyl-3-methyl-1,2-phenylene dibenzoate in 416 g of chlorobenzene is added,
followed by an additional 0.20 kg of chlorobenzene. 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
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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.

B. Comparative Sample 7
[00110] The procatalyst composition for CS7 is SHACTM 205, a magnesium-containing
catalyst with di-isobutyl phthalate as internal electron donor, available commercially from
The Dow Chemical Company.

C. Polymerization
[00111] Polymerization is performed in a gas phase fluidized bed polymerization reactor
(14-inch reactor diameter).
[00112] For Example 1, the procatalyst composition is the SPAD-containing procatalyst
composition from 2(A) above, the cocatalyst is triethylaluminum, the external electron donor
is dicyclopentyldimethoxysilane (DCPDMS), and the activity limiting agent is isopropyl
myristate (IPM).

- [00113]  For Comparative Sample 7, the procatalyst composition is SHAC™ 205, the
cocatalyst is friethylaluminum, the external electron donor is n-propyltrimethoxysilane
(NPTMS), and the activity limiting agent is isopropyl myristate.

[00114] Table 2 below compares an the propylene/ethylene copolymer of Example 1 with
the propylene/ethylene copolymer of CS7.

Table 2: Property Comparison between Example 1 and Comparative Sample 7

Example 1 Comparative Sample 7
Starting MFR 5.6 3.6
Final MFR 7.9 8.3
Total ethylene, Et, (wt %) 3.4 34
xylene solubles (XS) in resin 4.7 8.2
(wt %)
ethylene in xylene solubles 15.1 17.4
fraction (Exs*) (wt %)
ethylene in xylene insolubles 2.9 23
fraction (wt %)
XS x Exs (wt %) 0.71 1.43
Et— (XS x Exs) (wt %) 2.69 1.97
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Conparative Sanple 7 contains 3.4%total ethylene content and 8. 2% XS.
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total ethylene content. However, Example 1 has a lower melting temperature and a lower
crystallization temperature when compared to CS7. Figure 3 and Figure 4 show that
although both Example 1 and Comparative Sample 7 have the same total ethylene content,
due to the effective ethylene insertion in the polymer backbone in Example 1, Example 1 has
a lower melting temperature and a lower crystallization tempefature than that of Comparative
Sample 7. In addition, the height of the melting peak for Example 1 has less intensity when
compared to the height of the melting peak for CS7, demonstrating that the ethylene is more
evenly distributed in Example 1 than is the ethylene in CS7.

[00118] Figures 3 and 4 show that Example 1 contains more backboﬁe ethylene than does
CS7—even though Example 1 and CS7 have the same total ethylene content. Figures 3 and
4 are consistent with the data in Table 2. Table 2 shows Example 1 with a greater EII (0.79)
than CS7 (EII 0.58). Example 1 has a greater ethylene ratio (3.79) than CS7 (1.38).
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D. Optics
[00119] Figure 5 compares haze values of Example 1 and CS7. Haze is measured in
accordance with ASTM D 1003. Clarity is measured in accordance with ASTM D 1746.
Example 1 has lower haze value compared to CS7.
[00120] Figure 6A is the TEM image of Example 1. Figure 6B is a TEM image of
Comparative Sample 7. Figure 6B demonstrates the distinct domains in the Comparative
‘Sample 7 which interfere with light and lead to higher haze values. Figure 6A (Example 1)

does not have these distinct domains, leading to lower haze values for Example 1.

Table 3: Optical Properties for Example 1 and Comparative Sample 7

Film Thickness Example 1 Comparative Sample 7
(mil)

Clarity (%) 20 99.5 99.4
Clarity (%) 40 99.6 99.6
Clarity (%) 80 99.5 99.4

- Clarity (%) 120 198.2 96.1
Haze (%) 20 6 6.7

| Haze (%) 40 9.1 8.9
Haze (%) 80 17.3 20.5
Haze (%) 120 313 37.1

Table 4: Optical Properties for Example 1 and CS7

Example 1 CS7
Coextruded Film Homopolymer Homopolymer
Polypropylene Polypropylene
Clarity, % 96.9 95.86
45-Gloss, % 73.14 70.14
Haze, % 2.842 3.526

[00121]  The 45-gloss measured in accordance with ASTM D 2457. Example 1 made with
the SPAD-containing catalyst has lower haze and greater clarity and higher gloss when

compared to CS7, made with conventional catalyst.
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[00122] Figures 7-8 demonstrate that- films made with the present random
propylene/ethylene copolymer (Example 1) have better heat seal properties compared to
conventional propylene/ethylene copolymer. Example 1 provides a stronger seal strength at
the same dwell time compared to CS7 (Figures 7-8). Example 1 has a lower heat seal
initiation temperature than CS7. Example 1 has a high er maximum seal stren gth than
Comparative Sample 7.

[00123] 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.



E. Heat Seal Properties [00122] Figures 7-8 denonstrate that filns nade
with the present random propyl ene/ et hyl ene copol yner (Exanple 1) have
better head wBalicq@roperti es conpared to conventional prepyluse@laissys ene
copolynmer. Exanple 1 provides a stromjer seal strength at the sanme dwel |
time conpared to CS7 (Figures 7-8). Exanple 1 has a | ower heat seal
initiation tenperature than CS7. Exanple 1 has a high er maxi num seal stren
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total ethylene <0.8 % total . eth figlgn of claim 1 wherein the
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3. The filmof claAUHEFE Mt he substituted phenyl ene aromatic diester
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havi ng a B-value greater than or equal to 0.90. 5. An article conprising:
a heat sé@)b’le%haé}Oigi:%i@fthafﬂ-Pst seal portion in contact wth a second seal

portion, the first seal portion and the second seal portion each a
conponenB. of Ah¢ ffraof clabrarlevirereindhd supstitutedmbenders aromahedigster is 3-methyl-5-

propyl eng/ et hyl ene. copol [_conprising a substituted phenylene aromatic
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copol yner, has_an_et hyl ene i ncorpgration i ndex greater {9 n 0.65 and a
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solubles - vt %total ethylene <0.8. wt %total ethylene :
5 An article compriSing:
a heat seal comprising a first seal portion in contact with a second seal portion, the
first seal portion and the second seal portion each a component of a layer,

wherein the layer comprises a random propylene/ethylene copolymer comprising a

substituted phenylene aromatic diester.

6. The article of claim 5 wherein the random propylene/ethylene copolymer has an
ethylene incorporation index greater than 0.65 and a xylene solubles content according to the
following equation

wt % xvlene solubles — wt % total ethylene <0.8.
wt % total ethylene

7. The article of claim 5 wherein the random propylene/ethylene copolymer has an

ethylene ratio greater than 2.0.

8. The article of claim 5 wherein each of the first seal portion and the second seal

portion is a component of a single film.

9. The article of claim 5 wherein the first seal portion is a component of a first film and

the second seal portion is a component of a second film.
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13.  The container of claim 12 wherein the first film portion and the second film portion

each are a component of a single film.

14.  The container of claim 12 where the first film portion is a component of a first film

and the second film portion is a component of a second film.

15.  The container of claim 12 comprising a comestible located in the container interior.



