PROCESSES TO CONTROL FOULI NG AND | MPROVE COWPCSI TI ONS
FIELD OF THE I NVENTION [1] This invention relates to

WO ppposaas processes enpl oyi ng a post-reactor heEE/US2009/046596
exchanger. In particular, the invention relates to (1)
reacti on processes resulting in | ess heat exchanger
fouling and (2) conpositions with inproved
characteristics, e.g., color. BACKGROUND AND SUVMARY
OF THE I NVENTION [2] Many reaction processes enpl oy
heairGX BRI FOSCONTRGIE FOULING RS DAMPIRVE ¢ GMPBITIONS

nmedi a to another wi thout the nmedia being in direct

FEQS aettHET RSy eAbonexchanger may be enpl oyed subsequent

to the main reaction and in such cases are called
-react or. heat exchangers. Unfortunately, in sone

S| li bat i onis IRusEOR Fr&ateste HpRTEYedrsenes ek eRRIAYAE & Phshyeactor heat

eRBa hPeHRMlad dR 1ﬁ\9<‘:nh&pﬁél'a|tés|t§§l) rdaBliorfpt88NeE resulting in less heat
i nsol ubl e conpounds building up in, for exanple, col

exhangsh iy lipg arldr{%) 1EROS B HEHGEProvEh ehapastrrisigs. ¢ Bderiers
t he cross secti onal ar ea for heat.to be transferred
BAUK GROUISED AND ISUMMARY OR THEENVENTDANCE to heat
transfer across the heat exchanger. ThIS i s because
is oft

t t her conductivity of the fo ay
ORI R OR RS G N A AR Y
frsmehé hﬁdﬁlﬁd arﬁ)ﬂfér efthout ltl%ﬁﬁédlaofﬁelﬁghﬁ dh@cﬁ%orﬁ%& hamgRsat exhanger
res i ncrease in % and mai nt enance cost

mARYe SPAE SAsiBienient Sythexpr rEEHY 1 inAHEh SRS pisSaied Papareactor

hdabENcaMRErsP mf&ﬁxﬁﬁ&y,\/\mls&he E'iﬁhétl&ﬁs&he%é pbsﬁ‘-réa@@k’ RdaR BxRhngers may
elimnatij t he foullng of equi pnment such

besgwe f ‘?"3%{1'6 fO IMPAFitiesy F9 S insp legqparind éblubm%/ur) in, for

eNafPIOVAH of RBES d AR IREOSLRHES:. Omm%dhﬁg rddBAG A GoR sectional area
mxture in a via a reaction in at |east one reactor to

fof Beatiodte transfetredomnd cpysstiricincredssyh the rqsigtaacatothaat teansdor across the

héﬁpé'ﬂé%}%gv TR i8be Qe 4R th%amcﬂiﬂ&ﬁnt& BEfe @(gullﬁg gaytenhig Gften low

passing said product to a post-reatctor heat exchange
Thsefopbigr redusaetihe ovasptblirdat sanstsn eoedfiicieny ped efficiemey of the heat
el Wm%geééo)ggfng%géag%ﬁnf?ﬂngm%g hag.gétaxé,&ce%gwag%%shn.
addlng an ionic surfactant to the reactor; or (3)
atli ng aAstordingly, whﬂﬁﬁrnegqiwgﬂr@mpawﬁ oseceraest Whigh mareassist in

re@ﬁc@%%hh{ﬂgﬁﬁ hO %‘l]h% Q@W@;{ Fst potstore Qllof%atf e%cﬁ%?&érgn

of S|gn|f|ca anoun nso
conpounds
4] Advantageously, improved reaction processes comprise reacting a mixture in a

via a reaction in at least one reactor to form at least one product comprising a metal alkyl
compound, metal oxide, or mixture thereof and then passing said product to a post-reactor
heat exchanger. The improvement comprises one or more of the following:

(1) reacting said metal alkyl compound with an acid to produce a soluble metal ester:
or

(2) adding an ionic surfactant to the reactor; or

(3) adding a mixture comprising an antioxidant to the product under conditions
sufficient to avoid formation of significant amounts of insoluble metal or metal compounds
derived from said metal alkyl compound; or

(4) purging said post-reactor heat exchanger with an inert gas under conditions to
remove metal oxide from the post-reactor heat exchanger.
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derived fromsaid netal alkyl conpound; or (4) purging
sai d post-reactor heat exchanger with an inert gas
wapwensasndi tions to renove netal oxide from tPEI/US2009/046596

post-reactor heat exchanger.[5] In another enbodi nent,
the invention relates to novel conpositions conprising

an ethylene/a-olefin nmultiblock interpolyner and a

netal ester. The ethylene/a- olefin nmultiblock

i nterpolyners may be characterized before any

crgssl i nkj pghuky eﬁ’tB@dlﬂﬁmnﬂBE tvehtidnelak ool r@%l'&gmposmons
characteristics aver age bl ock index greate

cQnppisingap 6thah=ae/m91qgfk9 n&ﬁwtvcklm@mawea aney Bel & mE'i'egfﬁ'@ylene/a-
ol@ﬁﬁ' Fulelbwdck QﬂerpMAMg ma$'bé %Baﬁﬁct@rﬂ@@ b@JQlQLJiBy drolinRihg nglm@(;r more

| east one nol ecul ar fracti on which el utes between 4
offheifollgpo@ ditfasieristigt t i onat ed usi ng TREF, characterlzed
in that the fraction has a bl ock index of at |least 0.5

and up t gl)aakﬁ(ﬁ%raée bI&k ihdbk g@éﬁtMaM%er{)raﬁ Q)Qi%utjl-.(y arldQ

about 3. at | east one nelting point i n degrees
m@@F‘ﬁPrd%e‘g}ﬁﬁ&”&’UH@hMWW“ areaﬁehth@? abast bémrc centi neter,

wherei n ey R:HH%BJ: %lecmal &b%aoptvhltm@fb@ b&wea{ JRERANTE O when
the relationship: Tm> -6553.3 + 1373

fr«m's&atqtt e TRIF, emra%ﬁlzwwhatﬁheofmca@bhﬂs ok e pbieast 05
l%togggn@wgeat of fusion, DHin J/g, and a delta
ntit i n degrees Cel si us defined as the
t enper at mwwww o eb@stl Wide abquin é.5t 2fll4astgme PREingealat, Tm, in

O L R e, LT TMRIAA L o
TiDRnd-d corespOstDH)e relabonsBip: f or DH greater than zero and

up tp J 1§83£§%§%2¥&§ 4§g17ﬁ§ gﬁtgreater than 130 J/g ,

wheréln t eak’ erm ned using at | east
5 perceni4)ah MWmfmulaatut\léf tpa&gutréﬁ andrad]ehtfof ifesgm, AHamJ/g,

é (E{ ngatg 18{% ,qgﬁ%%gﬁiséuh rg‘c{(]i alrs t I " tre d(l)t?R YR ﬁ‘etween the
taHés&@BC(p)exleam\tleertyl,lesF@RYS"nAE @eakewherain tﬁi@ﬂmp:eem:le/nluesmzﬁﬁ ind AH
R oy Pue RS, 1 0, o, corpr essi ol ded 1T of

densATy 0. DB99(/:(H)g+r @'J]Sl/ @ubﬁtgr@eaathane&erand whey 8on/g he

nurrer11 Ca§§° Vfar Xl-el greater than ??0 J/g, satisfy the

wherein the CRYSTAF peak is determined using at least 5 percent of the cumulative
polymer, and if less than 5 percent of the polymer has an identifiable CRYSTAF peak, then
the CRYSTAF temperature is 30°C; or
(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and has a
density, d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the
following relationship when ethylene/a-oletin interpolymer is substantially free of a cross-
linked phase:
Re >1481-1629(d); or
(6) a molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that the fraction has a molar comonomer content of
at least 5 percent higher than that of a comparable random ethylene interpolymer fraction
eluting between the same temperatures, wherein said comparable random ethylene

interpolymer has the same comonomer(s) and has a melt index, density, and molar
22-



followi ng rel ati onship when ethyl ene/a-ol efin

interpolyner is substantially free of a crosslinked
WEhb@sassiRe >1481-1629(d); or (6) a nol ecul ar fPETUBINI/046596

whi ch el utes between 400C and 1300C when fracti onat ed

usi ng TREF, characterized in that the fraction has a

nmol ar conononer content of at |east 5 percent higher

than that of a conparabl e random et hyl ene i nterpol ymer

fraction eluting between the sane tenperatures,

WS RleR cSRLA (&Qémrtﬁplvﬁolé B&gﬂ@) it l?ga%rdeﬁtt rtlpa‘t)l)y (e Ethylene/a-

has the sane conononer (s) has a
oigéindnterpolymay ohol ar cononomer content (based on the

whol e po'(yf@gtgraé\%c &Béltpus]a929e¢ “(?ngS 8 aL%%%to% etnlggulus at 100 °C,

et hyl ene/  a- In 1nter
Gid o FQs whereingheo@io @ 2% ‘@OZ)O Gdh@ﬂ °§) &tio Kla:gengmxﬂ a!qu; 1 dtto about
9400 0C, C(100 0C), wherein the ratio of C(25 0C) to
OO 0C) is in the range of about 1:1 to about 9: 1.
[ 615] The e"ltHe)ctlehw/a-Odﬂfeafmtntnhrmdlt mtelwtymar nbaeaquistiesEn ) through (7)

al?ov% ecc’g(gtlveernlvvslth:']r%sspe%t]fg 8 ﬁeét Pe%e/ Ze)ﬁn mte Iy%t%fey%léﬁ\é%g%wglﬁigcam
c@m}mkmgnlef Ibef?arttcr(nssh]ﬂ@rig rkhie leglylehe/e—o,leﬁneiﬁtenpelymers useful in the
crosslinking. The et l ef i i nt erpolyners .
pRAEF Tiverlith iy o PR Bt RO b e ol deS e opertes. By
ugn g)eﬁta'cmldetd:s depienaihing) aoeasirBebelesickRdlinRngPendt in&gnt tBYuggest
usi ng .ch racterlstlcs as neasure
R PG T oS be SR b lef o Sy HARS o
chal?dc&lhl@@d ¥ RAsur & WigOrdbpeedo Ee 1ﬁ1@ltporyﬁﬁblbv[tﬁ&lt tsl(gnfﬁ?i@ant crosslinking.
cr osil inked - only that the characteristic_is neasure

ed
Crastlking i may npdangsieari e Proprtiprpendingipon digrspecific
pélyA&SInt AkgrBdof F:Ekidgnki ng may or may not change each
of these properties dependi ng upon the specific

o B R e PSR [k ng- BRYEF DESGR Pl O

poi nt/density relationship for the inventive polyners
({Hpr eserfigree byhodis arvnnesg mentlongg reatidnship radhe inodmsile

d t d
PG Gr DRG] Oe B Rre T S AT by b APy
(r¢B¢sehte@ by EirclesP VG e Mo HtaRbpslghérd (BHEscaRY$Y MungRs)a

functi on of DSC Melt Enthal py for various pol yners.

C oldlyﬁe n%?e S o(vg% o[t]stofrdg]?adgg%-%tﬁygTeAr}:ee{s%Cqunecrti%n of DSC Melt

Enthalpy for varlous polymers. The diamonds represent random ethylene/octene copolymers;
the squares represent polymer examples 1-4; the triangles represent polymer examples 5-9;
and the circles represent polymer examples 10-19. The “X™ symbols represent polymer

examples A*-F*,

[9] Figure 3 shows the effect of density on elastic recovery for unoriented films
made from inventive interpolymers(represented by the squares and circles) and traditional
copolymers (represented by the triangles which are various Dow AFFINITY® polymers).
The squares represent inventive ethylene/butene copolymers; and the circles represent

inventive ethylene/octene copolymers.

[10] Figure 4 is a plot of octene content of TREF fractionated ethylene/ 1-octene

copolymer fractions versus TREF elution temperature of the fraction for the polymer of

3-



the squares represent pol yner exanples 1-4; the
triangles represent polyner exanples 5-9; and the

W@ R0ehs955 epr esent pol yner exanpl es 10-19. ThePGI/US2009/046596
synbol s represent polynmer exanples A*-F*. [9] Figure 3
shows the effect of density on elastic recovery for
unoriented filnms made frominventive
i nt erpol yners(represented by the squares and circles)
and traditional copolynmers (represented by the

rn}p%@ r@ﬁeé@ﬂﬂe@ By fHe QirV1ad) laRY SorAtAE B IMEX H 4nld F (represented by the

nmers) guares represent invéntive
%tﬁmbehbl"ﬁmdefm)n pfsoreyent fraditiefaéiranfiem ethylenelectensisppAwners
i nventive ethylene/octene copolynmers. [10] Figure 4 is

{ﬂl ot Ofrided £RG pfRBE &Réne%ﬁnt@rﬁ%? TREAG L G8iRAte@dthylene/ 1-octene
hyl ene/ 1-octene copol ynmer fractions versus, TREF

coephmebﬁaqtrenwr%l@ GREF glutioh&rinesiirs Bhne frctiondordhs pefwper of
n@@f%hﬁ/eﬁ) L £RF WF&Qe bﬁ(c&@)c he k@Rdes Rpesent Example F*;
arative polyners E F (represented by the "X
mgyhm@@eéeSWWﬁﬁqﬂEﬁﬂﬂWﬁﬁ represent traditional random
et hyl ene/ oct ene copolyners [11] Figure 5 is a plot of

og¢igne CORPuRNY is AfgrapREF te QLS seRBle@tbdaINE £ ARCtidir STadrRfeature

copol yner fractlons versus TREF el utjon tenperature of
for HeMIYRLE FOMIeRe)}-opthee BT (CBve EXafifreryiene ciipy)gney gopolymer

(C%Q 3%@{1 {608 I%ﬁén% -Jeteh€ Hro\dl@cc?pblymm%ﬁmave@oﬁ RRACH R
*; the triangles reﬁresent Exanpl e 5.

dn[fmn]g iagfifies O’GChasn hugingpgenicuryss 1)-og of storage nmodul us

as a function of tenperature for conparative ethyl ene/

1ip¢t ene F?ggﬂi(ﬁ WIRE a o b EMA) (1 ARE vBIQPIIdERSIulBtfhydofidenventive
copol ymer (curve g% and for two ethylene/ 1-octene

pcbyr@wremwn%éy thegliamands); $HFORPRGH IS KRPYR PAY e iTAS
tri HQ&&&&&%}]OE\EG{}?&\U V@R@ilﬂ’@ I\ﬂgylﬁg@ Nthe (ifds\Estesbht vakidd] random

igure 7 | ot of versus flex nodul u
etmdcnmelcnp@mi:l\?eanéﬂwss reprémne‘saéweaow%ﬁﬁ%‘w Polymefs
di anonds), as conpared to some known pol yners. The

DEfAfmj éﬁséﬁmﬁéﬁfm YAEITQYSNPOONVERSI FY(r) pol yners;
the circles represent various randon1ethy|ene/styrene

copol yners; and the squares represent various Dow
GogerplNpefipiti W“polyners DETAI LED DESCRI PTI ON OF THE

| NVENTI ON CGeneral Definitions [14] "Polyner" neans a

PPi4y Mer i ePSIOHIO titdngd BidAN &L d@mppmidypfﬁfa'rezii by@otymmmgs

whet her of t e same or ? dlffereﬂ] Xg %fne; C
MPRYTATS, bvélpgbﬁreq these gaggl ferent type e generic ter m po mer~ embraces

the terms “homopolymer,” “copolymer,” “terpolymer” as well as “interpolymer.”

[15] “Interpolymer” means a polymer prepared by the polymerization of at least
two different types of monomers. The generic term “interpolymer™ includes the term
“copolymer” (which is usually employed to refer to a polymer prepared from two different
monomers) as well as the term “terpolymer™ (which is usually employed to refer to a polymer
prepared from three different types of monomers). It also encompasses polymers made by

polymerizing four or more types of monomers.

[16] The terms “ethylene/a-olefin block interpolymer™ or “ethylene/a-olefin
multiblock interpolymer”generally refer to block copolymers comprising ethylene and an « -
olefin having 3 or more carbon atoms. Preferably, ethylene comprises the majority mole

fraction of the whole polymer, i.e., ethylene comprises at least about 50 mole percent of the
-4



the terns "honopol yner," "copolyner," "terpolynmer" as
well as "'interpolynmer."” [15] "Interpolyner"” neans a
w@lwnex1spr epared by the pol ynerizati on of at PEERES2009046596

di fferent types of nononers. The generic term
"interpolynmer” includes the term "copolynmer"” (which is
usual ly enployed to refer to a polynmer prepared from

tmo di fferent nononers) as well as the term

"terpol ymer" (which is usually enployed to refer to a

wiRild YOTBhe® NERR HRASH1P Bl BREQNHribE Qi RSt abMRSE nf(bﬁe percent at least
nmononers). It al so enconpasses pol yners nmade

abgw Aprraele prraentiasat lewst abayk 80 mpls@srepnt, Wﬁwﬁév@tanp'ﬂleﬂmaﬁﬁ@r of the

whdit E@rm@&ﬂpﬁﬁﬁé aefl @ﬁcel Jehe L @fdnohtdt 8PR |p)é@2§£bly ak-olefin having
ene/ a- fin multiblock interpolyner"generally,

3 @refl‘m? carbobtomk CarpreAny gy lene/esipiic coplymens e RisEerigéh gorappsiion
compﬁg{s an et ?eYlle BShteht g{eﬁt'gp{hgn %ﬁpﬂﬁmélte%g&ent R gl rak d()lymer and

ene conprises-the majorit fraction of
ammwlne cEadny rréfrom abaut 10 &t mufelrﬁepr@fymbﬂy ke abqut |12 E)s’ctboa‘b?@utlole

pe?cig.ﬂn?ltﬁe WS (ﬂ%mgrf ih ﬁ@%&d%é%ﬁﬁ% Stmg/a%ﬁﬁnqﬁ&w y

ene CO Ses east a e percent at
mteaxﬁstmeabmmotmmdplﬂ@spmmmﬂ in low yagldd arars ¢ mayo amno@0 onay aby-

prggltc? efn a dhe capproce S, S\%’Fﬁ% % h?ieng/g Ig%ﬁﬁ%?orck ertergﬂgmm Q!ir?be

conon
bwmh@meﬁenabhymamoammhemaash@vmmge&ybndwwk@néambmnmpdymas

t ... E t hyl ene/ oct
o T T BB SR e r
po@hﬁtzaﬁont ;hamsa tsault etBlemd-elefie boek intewpolyhers wlealkegribed in, for
t.e te t, .10
exBBlh s aeP ey Pr AT anous S0Pl 8B rzgefideeon

Sepeibent, 2006 Maianwﬁ;ﬁdrﬁe@ﬁﬂrwep reférBnc@oONMe enbodi nents, the
et hyl ene/ a-ol efi n bl ock interpolyners do not include

t Elgze pr gﬁ%%ﬁﬁ% "pg?pygengﬁweg%ln?eﬁ?ol né%rs Iglr ‘r\h%o;?y?enfs lg)&lsed p[astomers
or@tathﬁﬁQPBPEj ‘gkndnal bfl refektol d@bﬁyl}néﬂs yﬁiﬁpﬁsnﬁ@ﬂo@&ed&laemd @mnomer
su\éﬁ mﬂgﬁ%ﬁg&’m?%?ﬁh%g?% cre ?‘HP%‘PB% %S H@fogl%éwgg fraction of the whole
poﬁﬂmt@’ltp;rcﬁiy]!%e B(Mﬁ]ﬁlsa{lzd l@fsﬁafbﬁutgﬂmﬂéfeﬁa@l)éht ajtabout 80, more

conponent of th action pro
PrifPEBL Icassabept &0 Fpfecnteseal et opms et %gt@ﬁ@ ieainder

ofMcOwiBS 541V R@ ohPrisih@it l&?ﬁﬁdﬁﬁ'o@her tbnfonoht @at is Miﬁr&&yﬂéthﬂﬁne
Publication No. US 2006/ 0199930 Al published

on
Sudable erpprlencrethyloerainiame hinteoip disatied ihdpreiamply, WO 2006/115839

pubBirel 6A @J%ver{:l;e?b 2-666 aﬁ@fnﬂ&’po@fe@ RYERNE r8R%EL MRiitable propylene-
i nter pol ymer" (Propy ene based plastonmers or

etlmlealstlm‘e@lgm(epanaof epareareipliy by Biedpow Gherpisd)| Gammagy as
Qhﬁg{@b}p}g)&g;{gfogwAg){mnomr such as et hyl ene.
Y,

era propyl ene conprises the majority nole

fractlon,of t he whol e o . , ,
[18] “Composition,” as used herein, includes a mixture of materials which

comprise the composition, as well as reaction products and decomposition products formed
from the ingredients or materials of the composition. Specitically included within the
compositions of the present invention are grafted or coupled compositions wherein an
initiator or coupling agent reacts with at least a portion of one or more polymers and/or at

least a portion of one or more fillers.

[19] Unless otherwise stated, for purposes of this application the test methods used

are described below or are well-known to one skilled in the art.
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pol yner, i.e., propylene conprises at |east about 70,

preferably at |east about 80, nore preferably at | east
W@Rwats88s nol e percent of the whol e pol yner wi RET/ES2009/046596

substanti al remai nder of the whole polynmer conprising

at | east one other conononer that is preferably

et hyl ene. Suitabl e propyl ene-ethyl ene interpolyners

are described in, for exanple, WO 2006/1 15839

publ i shed on Novenber 2, 2006 and incorporated herein
[Qyﬁﬁeference. Sui t abl e propyl eneet hyl ene i nterpol yners

are'sold commercially by The Dow Chem cal Conpany as

VERSI FY(tm . and . by Exxon as V| STA trg . [18

B nost b Sen NS BN AR MRS O TG aetge. ASTM
DBb &I Mot mNsdpeiPand|S Spdchifers WFROGEd IR withm MRl ofafiolding

reaction_products and decongfsition,prodgpts formed,

alfsr spndippaing g thedpoprrand Pathat et 1aios 8 gtin tafshicymiberana pelibrium

prat QS hlehipdniene. | THel spel@dendivieid fontpi@sieR MRk hi@Rfindb AYT8v D-
a#esent invention are grafted or coupled conpositions .

HifMetimenn With # P atin it heasinppering hgpat 190 pd alp tHmig cooling

ratERS PrRe@RE E1 The YRR WAL cHBUL0 RSP iEthS pREI BN cditinued cooling
l'east a portion of one or nore fillers. [19] Unless

ugil feqohfostee sughed, for purposes of this application the
test nethods used are descri bed bel ow or are

MR Hiok RAWh Rx@iRforsHiabtbmdr i 0 the art. Density [20]
Resin density was neasured by the Archi nedes

di spl ace t _nmethod, ASTM D_792-03, Method B, in .
A oG NeSp e e SRS R BA i MAN AT P feopging o
ARPMIDNY38H3, &Ton8@BAlT 90 @I2.NGYkE nd terditRANPOPEMOL kbAtHickBdre

23 0C for 8 mn to achieve thermal equilibriumprior
knoyvnas dstdd metistpectiyrly- SYelbllon Féc REFsErersit f@é’ﬁl’&ﬁ"% progylene
pAGREE AieRpetBrmd BVt dPdind (PRSP IANIRX03ACWhditlorf2 3 “TV 16 kg and

initial heating period at about 190 0C and a 15 C/min
CerstitionngOr &t 18- Qegr Which esdinpan es hindlie proprarely wileltdlon) i is
int/Qrse‘}f’ pRGoitiBnd REHP LR ulh § B ofUPtHeHBhe? OPhisN@e Hidhir the

“cool to the touch". Melt Elow Rat € by Extrusion
mplegeromeght] tha jowseihe nfeltdlow rateealtheugh the reiatiosshippis not linear. Melt

b A U i e e

ac@brltl?nqa vidth, ASTHYI & 1 258 dadivien | 9(5°CY2 gﬁ l!ig,la'ndn is knewpege bi-VdEely Flow
. S .

AR DS RS BIPLlf OFRIR  RLGRA g

speoified.t i on 230 C/ 2. 16 kg and
DSC Glass Transition Temperature

[22] Using a DSC TA Instruments model 2010, data was collected and reduced
using Universal Analysis software package. Circa 9-mg sample was weight using a Mettler
AE 240 analytical balance. Lightweight (ca 25 mg) aluminum pans were employed
throughout. The pans were crimped to improve sample/pan contact. The below steps were

employed:

Equilibrate at 40 °C

Ramp 10.00°C/min to 250.00 °C
Air cool: on

Ramp 20.00°C/min to 40.00 °C
Equilibrate at 40.00 °C



Condition 230 0C/ 10.0 kg, which are known as h and

lio, respectively. Melt flowrate is inversely
wee@positsdnal to the nol ecul ar wei ght of the pedT/EE2009/046596

Thus, the higher the nol ecul ar weight, the | ower the

melt flow rate, although the relationship is not

linear. Melt flow rate determ nations can al so be

performed with even higher weights, such as in

accordance with ASTM D- 1238 Condition 190 C 21.6 kg,
Addol &known as 12 . Melt Flow Rate Ratio (MFRR) is

RLAE 16.86 POm@f toBbobdow rate (lio) to nelt flow rate
DhtadlordpR! @fs ot herwi se specified. DSC G ass Transition

Aleapebature [22] Using a DSC TA Instrunents nodel

RafE 90 o8&t AiyRSop@lkbect ed and reduced using Universal
Ahnalysis software package. Circa 9-ng sanple was

wei ght using a Mettler AE 240 anal ytical bal ance.
Lightwei ht (ca 25 m}l) ~al umi num pans were enpl oyed
t i¥Yughouthe ethplsngianieTiditerpely Meiscamprse shiyieg @nd one or more

cc%%[%le?iéﬂﬁé‘a—‘éféﬂh 8Ghonoha® iR %bgmeﬁi&ngnﬂy%hﬁa&me@w Bhultiple blocks
qui l'ibrate at 40 OC Ranp 10.00C/ mn to 250.00 OC Air
orsggmentypef tRaWp M. OB atized menareer goitotiiteing in ickanzied opphysical
o 00, e Lo SR R CLTy 3250, 0 s
m8 i-tg ocko @emioky megodr:cogfl ym¢re.3Thethansetinigrpelymper and cerfol ymer™ are

i nt | i .
oL ORISR 55 ENBULEOR, SRR TR0y o
repesenteddiydhaitlewingdéetmvia: nul ti pl e bl ocks or segnents of

two or nore polymerized nononer units differing in

chem cal or physical pr oper(giBgns. That is, the

et hyl ene/ a-olefin interpolyners are bl ock
whett e llepntelr prefamabdy ar iatgiggr greater than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40,

50, 60, 70, 80, 90, 100, or higher, “A™ represents a hard block or segment and “B” represents
a soft block or segment. Preferably, As and Bs are linked in a substantially linear fashion, as
opposed to a substantially branched or substantially star-shaped fashion. In other
embodiments, A blocks and B blocks are randomly distributed along the polymer chain. In
other words, the block copolymers usually do not have a structure as follows.
AAA—AA-BBB—BB

[24] In still other embodiments, the block copolymers do not usually have a third
type of block, which comprises different comonomer(s). In yet other embodiments, each of
block A and block B has monomers or comonomers substantially randomly distributed within
the block. In other words, neither block A nor block B comprises two or more sub-segments
(or sub-blocks) of distinct composition, such as a tip segment, which has a substantially

different composition than the rest of the block.

[25] The multi-block polymers typically comprise various amounts of "hard" and
"soft" segments. “Hard” segments refer to blocks of polymerized units in which ethylene is
present in an amount greater than about 95 weight percent, and preferably greater than about
98 weight percent based on the weight of the polymer. In other words, the comonomer
content (content of monomers other than ethylene) in the hard segments is less than about 5

weight percent, and preferably less than about 2 weight percent based on the weight of the
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mul ti-block interpolyners or copolyners. The terns
"interpolynmer" and copol yner" are used interchangeably
whereiss1si n sone enbodi nents, the nulti-bl ock POPUR20a%¥046596

can be represented by the follow ng fornula: (AB)n

where n is at least 1, preferably an integer greater

than 1, such as 2, 3, 4, 5, 10, 15, 20, 30, 40, 50,

60, 70, 80, 90, 100, or higher, "A" represents a hard

bl ock or segnment and "'B" represents a soft bl ock or

pSSBHEE Nh sorRk B 66 AREMs, tlﬁshaﬂpéigﬁgn@&ﬁnérls@‘ﬁ for sﬂbs@antlally all

substantial l'y I'i near fashion, as posed t
ethyilgse. arfofiaigmeptsaeicthe dtherrhasdbbsﬁeaﬁqthmkis gf @ﬂmagﬁhm@ in which

tfreac%mo%}ner camg h@gmeabut e %éothﬁtﬁk%ﬁﬁ%n@ﬂg gﬁa@l i Bout s

are random I stri
wetgheperegot. @sefer@lﬂle gtyhigcthan aimt &wmgbt mscmaﬂ, gl;tatdothmmbohakﬁbwelght

| B
T (T XETY A
einbadiments, e abntoppmerafontehioio khe saﬁlscgmantsrcpn bs grsateli thaireerbentt 20
w%\%ﬁﬁ;%?%ﬁg %ﬁe)dfér hlgn Xbeotut % lerghtg)%pc%% rezﬁer than a%OB Z@a rﬁl% lpFr)cient

nononer Noners su
grealadiban ybodi 3% weibhrtpedend grhate'r thareabblioiiweighn pacérergrounsraisan about
nprises two o
e T e e e e S
paugih as a tip segnent, which has a substantially
di fferent conposition than the rest of the block [25]

T mul ti=hl ock |ca c ri
a:]f%ﬁdn ts OTth s ﬁ:se presenr%nn @”& fc'erpd]Y meé r?g}ﬁbgutl
weightgrerdeot th Iab«nk §9 wen gbo;beycmer mfzbﬂtotamwteghn af thebladk isteipplyaree

ent,.in an nDunt a t han about. 95 we t .
B r ESR ap s R B BRNED LR Rt ettt Bhpeient
pgeanc erbolrd®edkighn pérbent iRing idouof 5 \t/hghtnﬁ}cydfimb abdun8 Divkight percent,
WOTI s he. nmonomner . co ent content o nmonponer.s
R 2l i Py abil DR gt PO dinp oty S VELR petee o
at@OTH woighvee @biit, 6 ABAL 30 dRiEhPpefeat @Qb&uth@&&léhhﬁdiceﬁb %tn

2 wej ght, percent based on the wei ght of thepol
At ‘gﬂ%&ewﬂtga FhES Walety pgécgﬁteﬂ% RYHAP nsight rFenbio hout

6(SNQ§ﬁtQ)@¥deﬁ| biyfrath bk By WEIBE: perceffth ab&@ §5R B8Rt pefdent dT€he total
ot her. hand, refer to bl ocks of polynerize unlts in

wiightah therlock dngrme brater- cornveisely(the Pard FREMSAS ra BRRiEss N i lar

rahQAN TR O LPAntivight B E Ee%'fagta Qﬁdqth@p%tse%ém{vg@ﬁt PREEAEE can be
preferably great er than about ercent,

sadrparilatatsbtrdned drofmelP 3k or HdtRe e?’mch m@thog$ atcelculatiens are
dlg?@&s%ngasco}hﬁdrggﬂy RRUGLEIPRAB RFpIRBi I RN INY /396 834 Attorney
Docket No. 385063-999558, entitled “Ethylene/a-Olefin Block Interpolymers”, filed on
March 15, 2006, in the name of Colin L.P. Shan, Lonnie Hazlitt, et. al. and assigned to Dow
Global Technologies Inc., the disclosure of which is incorporated by reference herein in its

entirety.

[27] The term “crystalline” if employed, refers to a polymer that possesses a first
order transition or crystalline melting point (Tm) as determined by differential scanning
calorimetry (DSC) or equivalent technique. The term may be used interchangeably with the
term “‘semicrystalline”. The term “amorphous” refers to a polymer lacking a crystalline
melting point as determined by differential scanning calorimetry (DSC) or equivalent
technique.
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enbodi nents, the conononer content in the soft
segnments can be greater than about 20 wei ght percent,
wQ@e@atsy1ss han about 25 wei ght percent, great erP@HES2009/046596

about 30 wei ght percent, greater than about 35 wei ght
percent, greater than about 40 wei ght percent, greater

t han about 45 wei ght percent, greater than about 50

wei ght percent, or greater than about 60 wei ght

percent. [26] The soft segnents can often be present

i 28y bl oCkeitdHremAMi-BIFK cdpoBMerDstteginenRE G601y T RIdrs fo
about 99 wei ght percent of the total weight of the

POV BEKCOMPIGInG &vwéﬁore pheatielyhisyingtregionsion aftg"?nkﬁ/éﬁe&ﬁ&ed to as
Eﬂgcfk‘gq%trefﬁr‘abl?l?&h@d ifa l‘ﬁ@ir%%n&%&tqma pofy%%&mmngl“gemlcally

ercent to about percent, from about

di@r%atggvmﬁerfwrﬂre p@eémto %19 "Wéll rgtrect e pRnerized pdenic
@@9&511 Oraw ght l,p&a&&,@sr S onB % Weiefiied | Q:%B&%Ent the

rom about 25 weig percent to about 75 wei ght
bloelsabifer, in fhe@moalmtyps of smiqghmeniagaperated theegip tie dpasity. the

rﬁgﬂlrg '8% rﬁ?ﬁlﬁ# W the c llﬂ@ q é{)at??t%u%fev\m Bﬁ?l[ﬁgre&tsuéh(%oﬁggyﬁon, the

¢ent’, rom about per cent .
tyab oudegﬁi@ cxﬁmcgchw (petactemr symfiotfqtiohregliosgul4bty\ge raght-irregularity, the

arggur{f\ ﬁp 6r61§c%1 abf?lghd%goc}lx? CHQB b thggrelﬁgéer-bh%chﬁgqg Wc%mlelty,

nter
osag et sheoacal beﬂpsne:ﬂqmtperm Elnamillafblcrc&ngmﬂymélfh aresbdracterized by

“%5&2@?%‘@@"% tt bO@'le Sé)u m e\bél @qule{g? locEtlenvg\ﬁll cgsmlbutlon
aﬁ&@mldBSGumberMAﬁnbdﬁm humtettllsmdﬂ;qua lpcbceﬂlnmkir@tdf drsopylgmers. More
ncurrent

fil Uus. P t
e Bar e bredif i s Y prscsSane BN e A T pepeRED!
fr|3|8\5105t3 29599&5&abl¢ﬁbmtll £ 2" Ehrloyd gefefabh-fidnet. 8o BRamM most
P Teraaly o L A0 244 kP Rt T ppich o S-paigh Progeas, thE Potymers

p@S&sh gDE o0l .AARW. SGpQIB@:Lle &sfhnoj t@QISQ&ol'd’b}efcrabﬂffrom 1.4 t0 2.0, and
di scl osure of which is incorporated by reference

mQgtesferaply fiopsl gt i$-ety. [27] The term "crystalline" if
enpl oyed, refers to a polynmer that possesses a first

onzyr tr ansetfblswing ddsay;ﬁba,l dlli rinén bem ldist IdgedtRteit aré Imroﬁﬁlate

determned by different canni ng cal.orinetr
e e EB O AL O 8 CBPEN AP B GGt ome:tion”
theRGWEh C TARGRADIaYy ¥4 | Perbdi@ 2 RFd¥h, S PERC Y51 Bhietifes, 10 T percent.
term "anor phous” refers to a polymer |ackin

Wé\legpglp%ﬂ pqmpélcﬁlgpqgeﬁ@thﬁdpwgr ligmit, &etaéﬁi AR vRPgT B:g)lt gRUrjl is disclosed, any

nithtek %m{gwmm afeamgb NGp eI AREbI( @ﬁ@nn&ﬂaretﬁélfo\n@{vﬁi@t
technlg}‘e[z The term "nul ti- bl ock ooI or

nemshegiisigtie ghedaips laiernpecifigally disslosed: &—RL+k*( wherem kisa

variable ranging from | percent to 100 percent with a 1 percent increment, i.e., k is 1 percent,
2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent,
96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical

range defined by two R numbers as defined in the above is also specifically disclosed.
(A)  Ethylene/a-Olefin Interpolymers

[30] The ethylene/a-olefin interpolymers used in embodiments of the invention
(also referred to as “inventive interpolymer™ or “inventive polymer™) comprise ethylene and
one or more copolymerizable a-olefin comonomers in polymerized form, characterized by

multiple blocks or segments of two or more polymerized monomer units differing in



pol ynmer conprising two or nore chem cally distinct
regions or segnents (referred to as "bl ocks")
wee@basably joined in a |linear manner, that i SPCEUS2009/046596
pol ymer conprising chemcally differentiated units
whi ch are joined end-to-end with respect to
pol yneri zed ethylenic functionality, rather than in
pendent or grafted fashion. In a preferred enbodi nent,
the bl ocks differ in the anbunt or type of conononer
cHeR%QI BUhie plopekisd Block lﬂﬁerﬁ@?ﬁér‘) Ypreftfag! %mmbl&f( copolymer
crystallinity, the crystal e Size at rlbutable to
Thpoitipiene’ oble§u aiterpdipers preicbaracterived by pee grmetegf e a@ﬁcts
m%@ﬁ;h%éﬁm %gsotactlc or syndiotactic),
I'o-regularity or regio-irregularity, the anount of
branchlng i ncl udi ng 1 ong chain branching or
h{ddér - br dnertsiasggct. theethybmplgeniedintigterpolymgrsused imeambodiments of the
m%?]%[ﬂ\ ﬁeﬁje aq\/lw/mm%h{:ﬂoutpf pR)earbBM 3 STQ\% aﬂéh& mplngf'ﬁg% Pomt T, in
copol yners are characteri zed uni que di'stri I ons
degfeehOtlhiupaidydngiped.sn grpmisiqulgx cinﬁmetedmwrmy nuip¢rkvalues of
i EAAHIS S SAEADYS @D AALR! b1 OCK nuber a1 strl but on
ocess naking of the copol ymers.
Nbre specrflcally, mhen produced in a continuous
pr odess 655 he+eT3pdrs/0dkdidabt y possess PDl from 1.7
to 2.9, preferably from1l.8 to 2.5, nore preferably
from b 80h09 24333 ﬁHPL mtzmr eh&pRRIapf rom1.8 to 2.1 .
When produced in a atc or sem - batch process, the
pol yners_possess from1l.0 to 9, preferably from
1. 3 lmg 52881 i"rd?b‘“b@ef@?%% d? T"lddﬁ‘?ri PRl 0, and most
preferably froml.4to 1.8. [29] In the foll ow ng
desdar,i>pgison,— @bk 3pyrherssdi’scl osed herein are
approxinate val ues, regardless mhether the word

t ﬁigfew' t glrlch.lrﬁ ggﬁpg)mr}@gr}srty B%Iatfns 1s 1lrl](f5 ratﬁgper glprﬁtl‘ Ué\like the
trdd&foﬁﬂnﬁndoﬁf c;opslgmm‘Erts Ioﬁ&ﬂyleﬂe@a-bbﬂ&vlﬁreé aehing p\ﬂhfsﬁ:&théﬂse&vrth
nuner i
aepiepnte depie P Syt RO vy (RO R aREp melting
poﬁdﬁea:cbaldgeuy SmdS;blﬁﬂérft btk Hehﬁdy .yatiesatdy whén @aEity i§ bEt@een about
eTo ers wt nt,eraneare
0. %%eq P E%Ht P;?% $icE o | rssample ke g leeaomr?&f)sucw?érrarrﬁ arg i the
raﬁge\baarb@bh £ TR AbsgG 150 mﬂlerp&fng%née@ b0 OB G&Nb aWbut 0.945
per cent | ncrenent | per cent, 2

g/cp:elha; e en@oﬂ@e@@n@e mf'ltmgrp@@ﬁt)f su5h Eféyregﬁ@re in the ragyge of about 115

°CREB6&NT 25 T Whddeh§iBran 9glégert?rr()Cil@'@tg/cc 1o abouP0.DEY é‘/@d’“ 96
percent, 97 percent 8 percent, 99 percent, or 100

percent. Moreover, any nunerical range defined by two
R3Almber & Seterpiih g SIS e einiegohass SPRREISEiRal |y
pofliniGilz QB e, £ty lefeldAY lbROS mde QL AING ahdArE CRRANBESDY a AT, in

degree Celsius, defined as the temperature for the tallest Differential Scanning Calorimetry
(“DSC™) peak minus the temperature for the tallest Crystallization Analysis Fractionation

(“CRYSTAF”) peak and a heat of fusion in J/g, AH, and AT and AH satisfy the following

relationships:
AT > -0.1299(AH) + 62.81, and preferably

AT > -0.1299(AH) + 64.38, and more preferably
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[30] The ethylene/a-olefin interpolyners used in
enbodi nents of the invention (also referred to as
WO pewastisve i nterpol yner” or "inventive polynePCh/US2009/046596
conpri se ethyl ene and one or nore copol yneri zabl e
a-ol efin conononers in polynerized form characterized
by multiple blocks or segnents of two or nore
pol ynmeri zed nmononer units differing inchem cal or
physi cal properties (block interpolynmer), preferably a

nul t At BlL@¢koogappl y®y. The ethylene/ a-olefin
interpol yners are characterized by one or nore of the

aspects described as fol |l ows.
fos (M tRdnd PR )8 Morgpveimdrineghia ngra%tsro*ﬂ%&e E@%@gﬁ&ﬁ ﬁ?ﬂn 130
Jghehd OREBTAPPedkaY BetdrnlWedNRink ra@l@hs@b Qb%enl of tht Quiabiatie pdlymer
and at | east one nelting _polnt, i n degrees Cel
(tha és- Herpsih Rust geprgspnt g 'ﬁ?ﬁgﬁ PEISFY Oé@ﬁw%&aw POl ??f’s i Eﬁ‘és than
5 BH@E& bEak ﬁy@lnuﬁ%s ah ideh€riabd ¢ RPSEAF P@akr BSPHe @Rt\QSTtAhE
relations Tm > -6553.3 + 13735(d) 7051. 7$d)

teyperaturoisG9°Cg and 48 3gthe pemericabveur of he)hmat of figsiqerin@r Mﬂ“g/

%ﬁpg%éyr gr%%ghlr%t]tﬁﬁgsgwlﬂ%éam:omalﬁz a?tha's?‘t( ﬁ))p%rl 12“‘8* (t}gE;Lglﬁlu[lanEc]a

pEyoEr- rF&Utrff hehopsiphitied dais fqryn%eql\e?tnotymehﬁ 3 Wl ascpmBaratited
egapnp'@sh H@n&? |< Sk s Majehm @ﬁthgﬁ%@ lord ARHQARY 39@@ BB Rrized

efins ose OI nts ecCr ease
drajvirig pd@atre agiptied bjeths insirergent nfakser rT\he dtagwl limet shoyyo Ifgriis rgndom

) it
4B SRRPLTR LRI B0 yIRLAL R a1 o0
6lwWen density is between about 0.87 g/cc to about O. 95
g/ cc. For exanple, the nelting point of such pol yners

agﬁ;' n t ht‘? gt%ﬂ& er%g egpg'l\;gt%/}eQCQ-glé out l&bmﬂeﬁ@nagga%%ular

ity ra ges cc to a 945 g/ cc
ﬁ&mwa“éubGMHwﬁnW@enﬂﬁékméHBWﬁgﬂpomﬁﬂﬂmﬁwéu@hgE@hvn@ﬁ@lhﬂng

35 PHGECR L GBS0, A B B, 5

o83y h“c’“‘efa“ Q‘EWW @Elaﬂétnerdehtdngtehyrioemmk&:rabﬂmilemst 10 percent
hilgﬁ%’e %ﬁ‘gtlh%tro %P‘%gﬁ ro% Zafemom e%’ﬁ “é/ ln?e% %en(‘?erf o[ztnan e‘?%ﬁé'}p%g%en the

I'ns are ‘characteri ze
sk, terhperategs, echefedd e vempaaflé nedbnasthy e ihempdmatr yogaihothe same

o HOG e P S Py B P PPPUGY cobtelt (R4 dn he
whly pblgtnkd) Zathinorn pdrahtyitisat bf e biook axtdrmyr{.ercméﬁﬂﬂy,)the Mw/Mn
gtgf? %((gt?%gge‘b elgtsgnltofyg{ﬂr %é?slo%thlmnlo pegcent cl)_#' that ogthe-glocp mterpolymer

and/or the comparable interpolymer has a total comonomer content within 10 weight percent

of that of the block interpolymer.

[35] In still another aspect, the ethylene/a-olefin interpolymers are characterized by
an elastic recovery, Re, in percent at 300 percent strain and | cycle measured on a
compression-molded film of an ethylene/a-olefin interpolymer, and has a density, d, in
grams/cubic centimeter, wherein the numerical values of Re and d satisfy the following

relationship when ethylene/a-olefin interpolymer is substantially free of a cross-linked phase:
Re >1481-1629(d); and preferably

Re >1491-1629(d); and more preferably
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rel ati onshi ps: AT > -0.1299(AH + 62.81, and

preferably AT > -0.1299(AH) + 64.38, and nore
wee@basabd yDT > -0. 1299(DH) + 65.95, for DH upP@DUIB09/046596

J/g. Moreover, DT is equal to or greater than 48 0OC

for DH greater than 130 J/g. The CRYSTAF peak is

determ ned using at |least 5 percent of the cunul ative

polymer (that is, the peak nust represent at least 5

percent of the cumul ative polyner), and if less than 5

per Gen; spf. 13%)%%1&&@5 mbRréBabgent i fiabl e CRYSTAF

peak, then the YSTAF tenperature is 300C, and DH is

the nunerical value of the heat of fusion in J/g. Mre

pr efRerB | 163%D- hi ghest CRYSTAF peak contains at | east

10 percent of the cunulative polyner. Figure 2 shows

pizyyt ed dalupe I Mowk Mearffett\vd damlty &EélSstﬁS‘edbeérbf f@inoriented films

compar ati ve exanp] es. Inte%{ated reas an

e SH DS B GBS POt B EHRU Qe SR, Tor the ame

deRERMHRGN RAGEY iRIRpDWRRE S IR e Bbstahially MSdheLeTRL rdtbkeles. The
di agonal |ine shown for the randon1ethy|ene octene

“305. (o entipdenty B TR el h gt aRoHepLar  tre

stehilaBhR/ 19 l\@ll’e@f)#efbrzlbﬂji @feﬁﬂle}éﬁa{@h havelpr, MBﬂeQ@clﬂnably a tensile
fractign which el ytes bet 8
stiepgihes léwﬁ’taélad/amﬁéonsew SRR of i)l e e gore preferably a

leEﬁ agd heerat, hAly(p J@Eﬁy)at eG4 BO@BAr&Int, 2BAmbK Hidhdt pre@taBly at least
fraction has a nol ar conongner cantent higher,

909rneFespth p yrogthegdessRaratipngale b ht CHIMYMES- nore preferably
at | east 10 percent higher, than that of a conparable
r epzfs]iom etiyth&ghbobinRhiothy 88 lefid/@clefin mtebalymeg hbet(mpenorage

sane tenp eratures erein the_c
medRyTale O o sol UG REET Kok RE TS eB R repreerably
fr&d tH 3G, aAd/OELY a 7OFd%mpeteNSH §eY Of l@ﬁdhmo%r&mmﬁﬁm[y less than
content (based on the whol e wi thjn ég‘ferc ent

7(pergenesnseialibhiessynascal nerreat fse ti}ﬁ’eéo PW@% ar st reent, down

o MMoMAreQfiod feoPpR@NLADI e interpol ymer is also within 10
percent of that of the bl ock interpolyner and/ or the

arabl e interpolymer has a tot nmpnoner cont ent
W[:{rﬁ| n 100 §Hi ghar peﬁlg%)/qzl@ﬁ?ts dhe thg?negirolftﬁ%mmr@ ymers Ve a70°C

cdnﬂ)tr@sﬁlﬁﬁ Lot BB less thaP80 pefcedit, Idsd thal Pl f@Eent SRS than 60 B«ﬁcent or less than
thyl ene/ a-ol efin interpolyners are characterlze

SOawr@phg}rﬁfgrap@C@g, ap §l copgpressipn ﬁép@gﬁtnt%po oS bselFSéé}Hip 4% percent,
leStthaH I8 RAAnd RYCthsh TBERFLHE InPRa@go down to about 0 percent.

[40] In some embodiments, the ethylene/a-olefin interpolymers have a heat of
fusion of less than 85 J/g and/or a pellet blocking strength of equal to or less than 100
pounds/foot” (4800 Pa), preferably equal to or less than 50 Ibs/ft* (2400 Pa), especially equal
to or less than 5 Ibs/ft® (240 Pa), and as low as 0 Ibs/ft* (0 Pa).

[41] In other embodiments, the ethylene/a-olefin interpolymers comprise, in
polymerized form, at least 50 mole percent ethylene and have a 70°C compression set of less
than 80 percent, preferably less than 70 percent or less than 60 percent, most preferably less

than 40 to 50 percent and down to close zero percent.

[42] In some embodiments, the multi-block copolymers possess a PDI fitting a

Schultz-Flory distribution rather than a Poisson distribution. The copolymers are further
-12-



conpression-nol ded filmof an ethyl ene/a-olefin

i nterpolyner, and has a density, d, in grans/cubic
w@eewisaser, wherein the nunmerical values of ReCEOBS2009/046596

satisfy the follow ng rel ationship when

et hyl ene/ a-olefin interpolyner is substantially free

of a cross-linked phase: Re >1481-1629(d); and

preferably Re >1491-1629(d); and nore preferablyRe

>1501-1629(d); and even nore preferably Re >151

cﬂarﬁ%géc‘fjas ha[v%g]boﬂﬁ' 346 ﬁlsﬁe&bﬂg\@( (Lﬁﬁbl.?{ofr ﬁg& %ggé(ﬂﬁlgggﬂstribution

on elastic recover unori ente .
ot blp¢ladizes iapd/passdssing @ moetrpmﬂaylﬁérsglbah@ ofrtdebiktlengthal Predevchdmulti-

bﬁg?g&r%me?rsearrg G{c{sé cQ)%t ﬁ‘@rg4 Qﬁﬁ& F)%t:lﬁstcn% eénpe\{lfsqh%lb{cﬂng terminal

ave Su antla
bloekn \More peeferfitdy,]the crq)pglgmersémﬂmtman’eaﬂt é 10t dv@0 blocks or segments

. € I .2 f|n i nterpol yners have a tensile
'%%&%ﬁggﬁﬁ gbg 10 MPa, preferably a tensile strength >

11 MPa, nore preferably a tensile strength > 13MPa
arldlor arCaiangat jooisnamappenkesetd ating austit@dOtegwiquenyith

tcm?ﬁ’l ue@%g{eg ﬁ‘FLﬁMeaﬂnakrgegigtresZrQaQC@{aWt 5 &tr?&h?yg%rﬁ}med.

era ercen
Mnr@verr, ﬁdmlpylyatersloeabndsg(f@)omrersdrat/mgtelawcrydzs@défthF curves, the
separ f 8l. I n ot
o SRR AR S o AL A i Aol e e
tefrippragurs tangea«gfel Ol’fbdmlb&ss Thattis, each@lU(t&bS)ctiGh hﬁ&(&)}lleambn fdnq:mature

l. rom,l.to 2 refer
B0 ESS “Pofe S 50 R e B Al 1R
si@ fﬁeﬂidhdfat/r,ng phether rablhyconasmédtantertGhgnes @)&ﬁtpondmg fraction of the
esg %;allﬁ) ess than 60 percent, |ess than 50 percent,
¢ WSRO per cent, down to a compression set of
O percent. [39] In still other enbodinents, the
et[lry] | en e/lmamjtle:fr iafpeétnihe rrpyerhtwe)bs/niaa'rsen ale?rmﬁ‘crpolymer, preferably
res | ess | ess

n se{ of l F han Jp
C‘B‘é‘? thy QEATHEA" %repcé)PB é!ﬁ‘F”Z&B ¢ CP%‘S%"T‘H%\H‘ P§6Y merized form,
crmeerctberlzédi byRneitiple atm:cys (it ha 16308 o ITRS ) @8 seglmnserthf ortrhi@e
i.nter mers I s s than 40 ercent ess tha 0
DR morane: iR T En RS A T Prae e ors
m&bp'tﬂim&) m&fsﬂrﬁ%rab[y‘bﬂkulhfblc&ﬁ @Bp&fm@ddaﬂﬁﬂb&, infel@lymer havmg a
ethglene/a olefin inter heat of fus

Pk (Pt aat jpg gpnadesulyy aa%ﬁaf%rlcfaelb‘er Pf‘éwe%lr Ok eyl 98¢ ewgrvﬁhout

cAMfectp@ual/of @ol@l"n% iB&SidbAFRAANT), PRREszEPRthA s£id BOR, R,
preferabl§ equal to or |ess than 50 I bs/ft2 ( 400 Pa) ,

camaneprRioniEnesstispted By gyfrarred eestasrory Whsa errapdgdusmepdjll
wRIRThAPmAOWuASF W HNPSArEd 21 RtiBRhas an average molar comonomer content

higher, preferably at least 5 percent higher, more preferably at least 10 percent higher, than
that of a comparable random ethylene interpolymer peak at the same elution temperature and
expanded using a full width/half maximum (FWHM) area calculation, wherein said
comparable random ethylene interpolymer has the same comonomer(s) and has a melt index,
density, and molar comonomer content (based on the whole polymer) within 10 percent of
that of the blocked interpolymer. Preferably, the Mw/Mn of the comparable interpolymer is
also within 10 percent of that of the blocked interpolymer and/or the comparable
interpolymer has a total comonomer content within 10 weight percent of that of the blocked
interpolymer. The full width/half maximum (FWHM) calculation is based on the ratio of
methyl to methylene response area [CH3;/CH:] from the ATREF infra-red detector, wherein
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[41] In other enbodinents, the ethylene/a-olefin
i nterpolyners conprise, in polynerized form at | east
wGonsasper cent et hyl ene and have a 700C conpPEBER2909/046596
set of less than 80 percent, preferably I ess than 70
percent or |ess than 60 percent, nost preferably |ess
than 40 to 50 percent and down to cl ose zero percent.
[42] In some enbodi ments, the multi-bl ock copolymers
possess a PDI fitting a Schultz-Flory distribution
thE @Ju'a&f(mglt@{) pRakRO R AP ddtoR! fhi Bhdei 1B, and BRn ROV MIVEAISa R €

furthercharacterized as havi ng both a ol ydi sperse
destrovineddien a digribuiion magehred lgfmg;ﬁav’s%%@aﬁ th¢ F VUM pisa isgfefined

%L@&Jéa | #E e BfJe 98§/§§15ﬁ and Tf?‘ WIRRLT @ lT"?‘E’rleff)omts determined, to the
|str| uti on of [ engt hs. Pre erred nul tibl ock

1e&@p@rngm@rf§uea°f@&ﬂwgb oo ingiihsgeak hsighiy evaopestiben gawing a line
hcﬁ'ﬁgmgp&)gl? Ilﬂgé Mg-:l {ﬁgtl Jllgf:sg&tpﬁlle IJH eglglf%ht Mﬁ(ﬁls Bf‘ &k Qfﬁ*ﬁFyourve A

e co yIers e at |east b5, or 20 bl ocks or
calibgemtgvé foc qumlqm@gwt emtinh islmdgk geikg randcﬁm sthyleneremilshior

c%oﬂtﬁ%?t Bﬂﬁ %gmglﬁ Gy g(?rﬁienlf ?rjoﬂll%ﬁﬁyve?sué F@MI\? ale§ ‘FA?B' dtfe: TREF

ues asea on nucl ear rragne I C resonance
pdak NFR' t)ussrp‘@m:rted osdmpyh@caéibatme curvivisigemvased fof the spio¢ yareanemer

Yers | ¥
o6 pOBERSE B sBROIR: SR oEPSER bl of Htp Rl Ry g be
datainigd bR fedending thisaalibratiis oaaa(ehlsingwts A @/Pﬂ‘ﬂ ngdthytl edhethylene area
of 100C or less. That is, each
m@PﬁﬁéﬁghﬁégﬂF d§35 col l ection tenperature w ndow of
100C or less. Using this technique, said block
i 45r pol )Gmosorhaw@mant mmm@n@e@:m dny auitablgriedhaidupgyith

teP}ilug%u(%% Bﬁe%gg ?lgcgegpr%o nr%rlcé %(r)]galgnt ! pO @ctpoggc{pgife(?de@smg this

tealiigueesai disipaked mtd:rbkﬂymm et liigier polay c@norogcarontdngfhama

i nter olyner efer conpri sing ethylene and one
CHFeShRY @gégﬁngﬁ% 'Bxbonnnoners in polymerized

form characterlzed by multiple blocks (i.e., at |east

t ywo]bl oc lPS{:)ferably,Sfegimm@yrmefrs bimshydene and &-optehey therhlgekidnterpolymer
hzﬁragcggg{r\?lﬁcg th)%F% lthg Tll{ﬁ‘ flractl?n S[It‘ufg%w%P Qg%@# %"’% Freater than or
edild] foithdduastity CopTl 1P NEF-,2094] rdorhlpmf&ablm gmapothynrelr eqlualvto tg

a pea n L ust ol ecul ar_frac n
airiFeCo pRNIED seoresth Frapten s ok Bl flaspgerare
oPRENREF ifig@loatbeing compliryd, easurddiacCi ons) characterlzed

in that said peak has a conmononer content estinmated

LT 255 RS RSB AP Ao GARRR L SRl o
etBViehicodmd 1roteaE wﬁa’ﬁﬁl’p&ffef the ot éivimer content versus TREF elution
temperature for several comparable ethylene/l1-octene interpolymers (random copolymers)
are fit to a line representing (- 0.2013) T +20.07 (solid line). The line for the equation (-
0.2013) T +21.07 is depicted by a dotted line. Also depicted are the comonomer contents for
fractions of several block ethylene/1-octene interpolymers of the invention (multi-block
copolymers). All of the block interpolymer fractions have significantly higher 1-octene
content than either line at equivalent elution temperatures. This result is characteristic of the

inventive interpolymer and is believed to be due to the presence of differentiated blocks

within the polymer chains, having both crystalline and amorphous nature.
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hi gher, preferably at |east 5 percent higher, nore

preferably at |east 10 percent higher, than that of a
w@orpasabs e random et hyl ene i nterpol ynmer peak BET/URZ09/046596

same elution tenperature and expanded using a ful

wi dt h/ hal f maxi nrum (FWHM) area cal cul ati on, wherein

sai d conparabl e random et hyl ene i nterpol yner has the

same cononorer(s) and has a nelt index, density, and

nol ar conononer content (based on the whol e pol yner)

Wipfdii n 1Q-: : t t ' .
0L AR Al e A s et
1

palsmer feastioustfhii Examplepeandesampayhtiy scypsefl haloy) Jhg gk eluting from
| nt I o i nt: .
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edchatrt elittinghevebh olpedtirnaegpd lgavtan 191 Aqpd! dgip frkxpaple S is
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cUTRERY bedanstruced foreiheqiohmeryvaragiing different comononidrs gfidasline used

eak IS | tifie omth | i
oo 0 WO SRR By BRI o
sangel M@oafgrsAKIREFabﬂbetakdom tepoRVifdM razdeausing a aeetdlloeche @s othére

area under the curve between.Ti and T re.
& ptne s cerprepa; TERERepl st s R Rofe G rétar
ccﬁtﬁcﬁﬁﬁlgpﬁﬂnlﬁnt antldi tiarckh& galtidhdetp@ined froimghé cdbipratinmcurana the same

then drawing a |lin rizontal to the base |ine,, that
TRAF EEE e Pea. Brera T Tahs Postst Pafie” BPT mre Ryt st 10
p&tdnY Breatéy. Cal i bration curve for conononer content is

ane usi ng random et hyl ene/ a-ol efin copol yners,

t A A .

D, 50 R SR b e N bR
pSlahblcat beothabengdibg ogetehak addifiatal tHaeaceaisesc bnorasgct, the

O A T
ccfp%z}ﬁ{efiﬁéﬁlé"&infqdﬁnibﬁleﬁ&h b(ﬂyrﬁéﬂiz?@ fsHaAL mraéﬁha@ byt iBulEpEMocks or
nme . me ene area ratio 1 ].0f t .
SGEEERES of e Or@ﬂ%%%hle?rizes W@ﬂwefﬁﬁv%@feﬂ%@&&@aggﬂs%%i&ﬁb
pofértidbRck QGRRIpHSerMnbl ph@EHRY 4 WRHi-BRSIEEL PRy et Ghiddlock
_magnetic resonance (NWVR) spectroscopy preferr gw Usj ng
-~ intenpadypesdwning aanolesylag frntigp kB hichcs beBTeGHAYS aﬁ%i %Fgﬁ@%ﬂ

frARloRkte & TR ORE inERMRB chhRABR d GPhha AR GiThas a molar
conpar abl e |nterpol%ner. 46] Preferably, for

cimremgn et Bistst. rselRiyblisileasid percaRhigher morPBfersk at least 10.
435§ POLHIRS WIS, P QIRTEopGa8k SRl 8, Kt oo
eletinpbetweenttivesaopg samperapures, wherz@isa@)comparable rapdom gy iene

in errgglyenngt%lo%pggg HeShmb Qaﬂor%%e?(g)g Bllefetreﬁ)l)I 1% the same comonomer(s), and
a melt index, density, and molar comonomer content (based on the whole polymer) within 10
percent of that of the blocked interpolymer. Preferably, the Mw/Mn of the comparable
interpolymer is also within 10 percent of that of the blocked interpolymer and/or the

comparable interpolymer has a total comonomer content within 10 weight percent of that of

the blocked interpolymer.

[50] Preferably, the above interpolymers are interpolymers of ethylene and at least
one a-olefin, especially those interpolymers having a whole polymer density from about

0.855 to about 0.935 g/cm’, and more especially for polymers having more than about 1 mole
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quantity (-0.2013) T+ 2 1.07, where T is the nunerica
val ue of the peak elution tenperature of the TREF
WO e@etisass bei ng conpared, neasured in OC [ 47]PEi/ysnoey/d6596
graphi cally depicts an enbodi nent of the bl ock
i nterpolyners of ethylene and 1-octene where a plot of
t he conononer content versus TREF el ution tenperature
for several conparable ethylene/ 1-octene
i nterpolyners (random copolyners) are fit to a line
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t he pr I N
pg?bner Clﬁ%f?%gl? ﬁ)t thg a{x;v% rﬁgrtpb?%%% tﬂﬁéﬁ% %}4 amerelst OE(.e algha
ol&ﬁh Elsrpec@lfib&]]o%l lganpelyﬁlegsrhaplhg aa»lhbge pdlygpk dersity ﬁem'ﬁREFF 0.855 to
gg,gfﬁa /dm rrr]lorer‘reer C%ﬂt ?nt %l mers%av%mer ft'}\%%:g I (L)lplsmope ercent
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f t h f t t ed
e Doy G s paer B LR e R e Pk emore
pitefeaablyl §04Ter thai dfabual af the f;mfnn&xamme) B+ 2BOT, W&SEﬁttl&ﬁuh)Erlcal
les, The skill ed an, appreci ate that a

tri a
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i nterpolyners containing different conononers and a
| i[5 usednaﬂlamﬂmnm@ahsmmmﬁﬁtmedmymeﬁMenaﬁﬁfnmangmer

ined from arative inter of th
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péTRiharided CaRE citifacedriner byhﬁﬁllﬁgle m&mmorcsagmnyﬁftws oP@sietpobmerized
Inventlve | terp oL%gers e characteriz

by a nol ar
MOBRRH ST difigrireA ChgR s eePhysisalPronsgies Sl efﬁ@%‘a?w'ﬂ%@ most

prlefe@dply zhﬁuﬁﬁﬁlbék%@?dﬂ?ﬂﬁerc SHiy Eloéll inteAR [y BavilEr meledtilaOffaction
t enper at ur e, é east 5 percent greater,

whish glugss detaieghtdiC apd | >tW}fG fﬁﬂéﬁ‘%‘éﬁf‘ ugpe AREF mcremm» n

ciadickizQinkit ERSGy RROVR h@«srﬂgegé&n@eﬁtewoqfeﬁfaﬂaeﬁzag aBdif b sk
herein, the inventive gners can be characterized by
§

PeseRAL. RS Hveking aeint grem%utha@ Py d PTG dior these firgstignehayigigact |

anﬁkﬁroh@NﬁJMe'nVﬁorﬁ WX ';ndnépemnpdo%m 6 EFRUnY, WBLry fraction has a
pre era conprising e y ene and one or nore

Dgo pmlltymmomz abibeucdftfn OlhlEg@r i Mopsatrgfeesblyzesdt padymsr fractions,
thJ:Wgr a??etaﬁrll nzrcﬁg pQ’XenrtTy&ntndrBln%r, lﬂ!lsoeplb§C Qelting point that corresponds to the

equation;
Tm > (-5.5926)(mole percent comonomer in the fraction) + 135.90.

[53] In yet another aspect, the inventive polymer is an olefin interpolymer,
preferably comprising ethylene and one or more copolymerizable comonomers in
polymerized form, characterized by multiple blocks or segments of two or more polymerized
monomer units differing in chemical or physical properties (blocked interpolymer), most
preferably a multi-block copolymer, said block interpolymer having a molecular fraction

-16-



segnents of two or nore polynerized nononmer units

differing in chem cal or physical properties (blocked
WO pdoenfabymer ), nost preferably a multi-bl ock PCT/US2009/046596

copol yner, said bl ock interpolynmer having a nol ecul ar

fraction which el utes between 400C and 1300C, when

fractionated using TREF increnents, characterized in

that said fraction has a nol ar cononomer content

hi gher, preferably at |east 5 percent higher, nore
wﬁ[ﬁﬁfeﬁge%%%%ve%{ 4d o€ %%5 13]d3 \g‘lﬁe’n fl gtlc%rate%%sn &ﬁ%jn-tmcj?é s

an at of a conpara e random eth ne I nterpol yner

cara@rizahin eﬂamt\remgfrmnowdenhdshe AR ctllﬁrqneqrramuzrtws greater than or
e%uaFto ab%uézg‘i hassaa rrglE Cgéﬁaowg <l P‘; %FJA ?ngereeglgpé &y ?gty m%ﬁsepondmg
Kﬁaﬂanmmmnnoner(s), and a nelt |ndex denS|ty and

nol ar conmonomer content (based on the whol e pol yner)

W t
R L e R S T e T
is also within 10 percent of that of the bl ocked
i i24r pol yifve invamiiye dlock yderpelpmpars Abtea nplearpdiaptien whigk elytes
I s i €
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eqbaet 0. 935 g/cnB, and nore espeC|aIIy for polyners
havi ng nore than about 1 nol epercent conononer, the

bl ogge%gomg g,mgln;éf@ 1.188)ATRE RAOR nf ARl E0H @isidhe 22.97.

TREF fraction bet ween gr eat ef

than or equal to the quantity (- O. 1356) T + 13. 89,
AKBEE BeakComoppiperCompasitiomMeawyrementdly Infratied Refaetor t y

(-0.1356) T+ 14.93, and nost preferably greater than

ofsFqual The cdriéhofiéAbtn doitibn Bf RO Tﬂ(@}"keé‘k can be héasurddiaismg in IR4
iS the nunerical val ue of theVpeak TREF el ution
8

infranigsedetactor avapipble framiebmer Chat Vlengiai Wginc onpar ed,

hﬁswvﬁgowerggfcm@] Preferably, for the above
i nterpol yners of ethylene and at | east one alphaolefln

es eC|aII t hose |nterpok¥ners havi ng .a whol e poly
d&fdi ty Pemeawstitionmads Hieaiseefpr@eglgspeg/vew m%fﬁaremem

senwr@cm) RAE EhJo¥itibREenb& (Eﬁﬁ)’tﬁag:ﬁ?évﬂli(ﬁg nHertS\ﬁ bsmﬁfr@mtﬂmﬂs in the
e OCKe Inel‘E“:Oy yner has a
e

cent C nononer t
regl@ﬁeﬁg&%rw%ﬁﬂ ent NONEFSHENTEIREENSOF dietTie B (@ garbens on
thégolg (1\3\%@119&%@&% es %&ﬁ@p&%m&%ﬁéen’ér@ﬂ&nﬁﬁ s&lH@fht) WihYe {te

nor e erab t}|/( ar eat er han or
coemganom @nméetq@aw@mey\y { (2emupy ofthe @l&m@?Thwm@th@nalﬂcwsraﬂo

ofttpeecomf)%ﬁﬂbfgénal (CH3) divided by the measurement signal (CH>) is sensitive to the

comonomer content of the measured polymer in solution and its response is calibrated with

known ethylene alpha-olefin copolymer standards.

[57] The detector when used with an ATREF instrument provides both a
concentration (CH,) and composition (CH3) signal response of the eluted polymer during the
TREF process. A polymer specific calibration can be created by measuring the area ratio of
the CHj; to CH> for polymers with known comonomer content (preferably measured by

NMR). The comonomer content of an ATREF peak of a polymer can be estimated by
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val ue of the peak elution tenperature of the TREF
fraction being conpared, nmeasured in OC. [52] In stil
w@rwohssisaspect, the inventive polyner is an oPE@F/US2009/046596
i nterpolyner, preferably conprising ethylene and one
or nore copol ynerizabl e conononers in polynerized
form characterized by nmultiple bl ocks or segnents of
two or nore polymerized nononer units differing in
chem cal or physical properties (bl ocked
ap@%ﬁ%{ AR WiBEnce cﬁmﬁitlog LEfE kAR of tHR Jaak Fdrtkd iAgikidual CH; and CH,
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Faceeri"zed S or segments of two or
AhﬁEEcmmkynerlzed nmononer units differing in chem cal
or physical properties (blocked interpolyner), nost

p Ls‘?)l erab IT}{e nil’i'zlt%oh OP ln?r% Kf& %JQF{L&%?;{}%O ﬁ@hﬂr&h@ E&nonomer content
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Sthith, ahmm, ‘DS‘(E,lophast ﬁg&bﬂ)drmemtoh ahrpyla(ogeaahy—ﬁourfeugar@ﬁc)nnasfrared
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PR SO TAE " bt e, dae3eSt 5 bR R g updfacd by
reRSendB RS LR §:6lthBY efB6ty. COrresponding to the

[60] In other embodiments, the inventive ethylene/a-olefin interpolymer is
characterized by an average block index, ABI, which is greater than zero and up to about 1.0
and a molecular weight distribution, M,,/M,,, greater than about 1.3. The average block
index, ABI, is the weight average of the block index (“BI”) for each of the polymer fractions
obtained in preparative TREF from 20°C and 110°C, with an increment of 5°C:

ABI =Y " (w,Bl,)
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equation: Heat of fusion (J/gm < (1.13 12)( ATREF
elution tenperature in Celsius) + 22.97. ATREF Peak
w@ronsires Conposi ti on Measurement by | nfra- ReBICT/US2009/046596

Det ector [55] The conononer conposition of the TREF

peak can be neasured using an IR4 infra-red detector
avai | abl e from Pol yner Char, Val encia, Spain
(http://ww. pol ynerchar.coni). [56] The "conposition
node" of the detector is equipped with a nmeasurenent
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relates to the polymer concentration in solution)
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etiydeneanele lHWOM@%@a@aﬁfona“%I‘Wﬁa‘W"l?%"‘@%stur‘iﬁid’(yéﬂ“R
orQEaﬁp L4 P,Q rd tﬂehﬁﬁ[ﬁf @ﬁt%?\ct@m?@ﬁthll%raﬁg klﬁ@tl@ien& Rl fAdction ﬂfr pure

e areas or t he 1 ndivi dua response (i
“hardesagmentts’ dW@HB/r@HZO ﬂ@m@@llmm@ﬂmof@@nﬂ@w mepssﬁs El‘rfi'fét

orgérg‘@%r?% rrf pg n. g akﬁia&ﬁ?‘é\/\?ﬁescﬂl: ét”tc?tthggz fytsﬂlgtgdélswl!)dlyethylene

cul ation after agp&y %éh
hdnvpolaper, ofthé adten! balswe! fhrths “taed jeamenfs adre netiixaiiablel Jotaiqulations
nal, respons rem.the TREF chromat ogram The ful
p%ﬁﬁ?CJ '?Hgaxfﬁﬁgﬁgh éulatlon is based on the ratio
of nmethyl to methyl ene response area [CH3/CH2] from
t (2] ATREF b isftheaA TRIBF tetperstuss for e soptuneraif fhegpme

co%wg%iﬁ?raéer)dgwﬂé ah gth!,'llgrgé’]rhblta 'fr%gncfn @, L hﬁABQ%ﬁ’ Be LdIQBate PRSI the

ar ea et erm ned. di stribution
foiteampeqatiosi ng an ATREF peak, the FMHM area i s defined
as the area under the curve between T | and T2, where
T | and T2 are points [, p,.=wTs+p

where a and B are two constants which can be determined by calibration using a number of
known random ethylene copolymers. It should be noted that a and § may vary from
instrument to instrument. Moreover, one would need to create their own calibration curve
with the polymer composition of interest and also in a similar molecular weight range as the
fractions. There is a slight molecular weight effect. If the calibration curve is obtained from
similar molecular weight ranges, such effect would be essentially negligible. In some

embodiments, random ethylene copolymers satisfy the following relationship:

LnP= ‘237-83/TATREF +0.639
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determned, to the left and right of the ATREF peak,
by dividing the peak height by two, and then drawi ng a
WO 20ve/155083 zontal to the base |ine, that intersSRCI/ESI00%046596
left and right portions of the ATREF curve. [59] The
application of infra-red spectroscopy to neasure the
conononer content of polyners in this ATREF-infra-red
nmethod is, in principle, simlar to that of GPC FT1R
systens as described in the follow ng references:

T '\(/ﬁg Fag AﬁiEF t@rﬂ &hdreFor a Jﬁ'ﬁ@drﬁ tdpolylnRRBf ﬁe Game &M pobition and having

opment of gel -perneatio

ammmm ﬁpﬂwn bl B can BHEHGaNT T AP Be gpeethhLeapyssely:
P%,C{E ﬂﬁ% Igﬁlé%% fﬁole LA oPh rhoM |c§&¢yrpé3%? theR@hY 8drffdsion and

yneric Materials Science and
haEmglané*éFﬂiEqu@mggml)e of @5, wiggh qap(be; calahletef_b&@malm Porsa/Tx +B.
P.J.; Rohlfing, D.C.; Shieh, E. T.; "Quantifying short

*gﬁ%” br @RACHIKRSIdRk SIOSLH Yk VB rdpAra8L YR R Bractikma &ffthiRed. the
| ymers using size exclusion chronato rapq¥ and

wﬁemrauvmagq blegksindsxnt\ Bhiferahenhalp aely Meis@s by ot Qiete ETinRyme
erﬁl?cld}/rﬁ%lis ") %%eatéﬁan%@rojoﬁpfess tnglt zﬁ)oQtf 0. 3/\'91' fod @8BSt 0. 1 to about 0.3.

|ncorporate y rererence herein in their entire
ln[c@l@:]r einhodimbiass, AdHbogeaterthan abowe).3 andettp geousd fy |Pé‘-‘ﬁ‘%rﬁblys ABI

shkc)) uL {llla é%(ﬁtgg é\@?&x \?\E&H P]ﬁ 1§ NP6 Y Sikdik 86bUPY 5 Q@alﬁ%@@ aQ& from

IS greater t han zero and
am)bo(ms tohb@uta)w la som¢ ewbodamenisiAgH tis it nangsuafifiom abm«i/ to about

0. Pr c?nlt;1 gt;o& 8 % z?b%g% 8 JOr %*ogl %%ﬁut%vf{o%ggutkbc@ﬁ%?‘l' arﬂgl?t)@ 3 t‘g‘%bout 0.6,

averdge "Bl") for
freaabowdD.3tth ebcpmwrmrfrcﬁw aoui (bﬁsa abbutal.4 el oither pmb@yhmatw viBlis in

thg?f‘%gﬁ]é{ cgnr%%lg)cp ?g%@%%blqéf gg,kfrclm}] 20U u?‘? 5 t@%l{%ﬁme ptor?rfom about 0.6to
atdbit 1.Ogrdninat@it 0.9 & bbbyl @ fieheabolied.8 w dbattelrpor fmmrabout 0 9 to about
obtained in preparative TREF, and w, is the weight
‘percentage of the ith fraction. [61] For each pol ynmer
fraction, Bl is defined by one of the two follow ng
eqeat | onsm@thet cthamf:temmco:if t@ 1mnt1metb)dﬂ'@/<ﬂ>leﬂlaimﬁepolyrm¢r is that

PII
thﬁﬁgretétwﬁ)?t}]ygenfﬁ le&pégtgrrpg{yl 1 ccm.pﬁg&s efe]flleu ({nIAF‘gI'n%P ﬁactllon aﬁluch
cdn@e obtatet bl pfepaativieOrREH) maéemahd fractiop hassigock lndda(@rwem )han

alq%)f” QIH,] écl;lﬁ) tgté[}gtllt?%eangglmeolgc{laﬂvle@nt Jls(%lribl}tlo lidt )R/l f ér%gt'érl B about
1.3. In some embodiments, the polymer fraction has a block index greater than about 0.6 and
up to about 1.0, greater than about 0.7 and up to about 1.0, greater than about 0.8 and up to
about 1.0, or greater than about 0.9 and up to about 1.0. In other embodiments, the polymer
fraction has a block index greater than about 0.1 and up to about 1.0, greater than about 0.2
and up to about 1.0, greater than about 0.3 and up to about 1.0, greater than about 0.4 and up
to about 1.0, or greater than about 0.4 and up to about 1.0. In still other embodiments, the
polymer fraction has a block index greater than about 0.1 and up to about 0.5, greater than
about 0.2 and up to about 0.5, greater than about 0.3 and up to about 0.5, or greater than
about 0.4 and up to about 0.5. In yet other embodiments, the polymer fraction has a block
index greater than about 0.2 and up to about 0.9, greater than about 0.3 and up to about 0.8,
greater than about 0.4 and up to about 0.7, or greater than about 0.5 and up to about 0.6.

[65] For copolymers of ethylene and an a-olefin, the inventive polymers preferably

possess (1) a PDI of at least 1.3, more preferably at least 1.5, at least 1.7, or at least 2.0, and
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measured by NVMR or IR as descri bed above. PAB is the
et hyl ene nole fraction of the whole ethylene/a-olefin
W0 pdoengabymer (before fractionation), which al BOT/TS2009&46596

nmeasured by NVR or IR TA and PA are the ATREF el ution
tenperature and the ethylene nole fraction for pure

"hard segnents” (which refer to the crystalline

segnents of the interpolyner). As a first order
approxi mati on, the TA and PA values are set to those

mBQtpret?ér%]y dapst by, IR)QL)M%aQM’II]Lﬁ'ﬁ] ealh@mmny(ﬂ@brefelrszl}t o a maximum

ual val ues for the "hard segnments” ar
ofaiandspeciallyo te ameyinim ehd7; pi%}% l%ﬁah%fcf“ﬁ%“r %f %ﬁ’ Verog lgsg: (3) an

etg’ygrlé’coﬁ)ﬁt' of aflleaJt §@1ven£€ﬁ)e'rc%n@ S 2ATREFarlsfIMR W rlcttt@e f 0 ofdess

om copol sane comnposition and having an
then Y@ m@rﬁme’@rafbﬂbalé$5| tbem -éf"’CPNBVOYA agangenly aneliv-at ed
fromthe foll ow ng equation: + b where aand b are two

CORR3t ant g, M- e FRERE pIISIEFsEhN ﬁéi/ebédorﬁé&lrlnb&cﬂﬁﬁnﬁﬁﬁlohl%tﬂgny
a number of known random et hyl ene copol yners

otherpmdngrtise diselpsed hetsiy a slQrge @oﬁ@lys ar s}ylclp Hghiog ﬁ%t) rlslmqr than or
({ugl tb 286 RW?H—:(‘? oty %&&g%an AGureyl @ l\ﬂeaegt A OmpérBated 100°C.

el r own ion curve wth t pol ymer
Motepastht inyantofe polymersamsseariirelptisgly ﬂﬁt %régerﬁ‘q’déll‘us as a function of

teﬁﬁ]%larg&k’g il llmev\%h I'Hong 9'&9@ ;lﬁ]s‘%ra{eﬁ ACES tg%%) thaPR cRarhSerftic of

ar wei he calibration
bloa;lmo@ollymersbztr@ilhqs:@bfbne@nkmwm fowan qi@”lremplamemmh@lly a copolymer

ofr e?hn ané? H ehOé%Iofree §§g Mﬁ%t% opgle %ﬁ% {h%ltél‘}{”l QQ%JeW (lpalt’em this

I °Soms" enb om et e copolyners
camadxi Bineantikatfiied Goiv P@carleldatrie@nsw lpss tham dhe order of magnitude

237. F +.0 9Tco ihS JREF tenperature for
beéw?egnﬁg Hﬁlﬁg@g @fﬁ%rabovf eémé)éiprgél?@oo josi tion and having
an ethylene nole fraction of Px. Tco can be cal cul at ed

f r[@ih LnPX he ireeritoe 1me®01ym@ﬁvw§>glfyrthePRhﬁrfiosertZﬁéb)eit hyl ene
thg@rfgp ec{lafrllcf(:ta anahlagr er"laetrrai%}ld& SLM IX% ertam:r‘e mast 90°C as

t ure
welthachflaxaral heddad cnfl.ﬂcmt éﬁpSﬁ (2P tPdd kPSl GHOTMP@ b\ltetr@t;\]ely the

k d f h
m%/?rglé/? fnéﬁ{p‘?%“qgrﬁféﬂnt}?gg a l}eﬂéomgcrharﬂfaq an is?ﬁ% % Atl\éﬁ d%gﬁggfx l’ mm at
a RBiperafudy oftdh &Eawh 04°€ @MeylmEa ﬂeﬁnalbmoduais ofibtdeast kpsn(29dvia).

lgagbdﬁagll bge zti%?ter'lzrelgﬁ,? ga[\{ eat {fsltpg ?egggaﬁ%eo(epgélu?ﬁ?os%) I'f]ﬂ:ss than 90

meDPRBURENhS WS t‘Pth"M/S (Qihﬁi)tva’@ui fa @i forQhSinaenivel polymers, as
about 1.0. Prefer gSu Bl shoul d be in the

ange, of
CpRSFACABBET lrown gl Nl IR SR TR 6 R BT
f1&kibfilityHead e QfAnce balance than the other polymers.

[68] Additionally, the ethylene/a-olefin interpolymers can have a melt index, I,
from 0.01 to 2000 g/10 minutes, preferably from 0.01 to 1000 g/10 minutes, more preferably
from 0.01 to 500 g/10 minutes, and especially from 0.01 to 100 g/10 minutes. In certain
embodiments, the ethylene/a-olefin interpolymers have a melt index, I>, from 0.01 to 10 g/10
minutes, from 0.5 to 50 g/10 minutes, from 1 to 30 g/10 minutes, from 1 to 6 g/10 minutes or
from 0.3 to 10 g/10 minutes. In certain embodiments, the melt index for the ethylene/a-olefin

polymers is 1g/10 minutes, 3 g/10 minutes or 5 g/10 minutes.

[69] The polymers can have molecular weights, My, from 1,000 g/mole to
5,000,000 g/mole, preferably from 1000 g/mole to 1,000,000, more preferably from 10,000
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about 0.6 to about 0.9. In sone enbodi nents, ABlI is in

the range of from about 0.3 to about 0.9, from about
wQ2@uss1apout 0.8, or from about 0.3 to about BCTUSIODM6596

about 0.3 to about 0.6, fromabout 0.3 to about 0.5,

or fromabout 0.3 to about 0.4. In other enbodi nents,

ABI is in the range of from about 0.4 to about 1.0,

fromabout 0.5 to about 1.0, or fromabout 0.6 to

about 1.0, fromabout 0.7 to about 1.0, from about 0.8
g/k%lqu 9 o%) Qmofaf adee%Qcﬁhg%mQ 020b g/nﬁh@t&ob 000 ¢lnfAd. The

acteristic of the I nvent i
deesnnwfehpemaen@w@mlnmerﬁp@r bsor 80 0. Ohelems o el feethylene

con ap%{!éé‘bqélﬁerg b6l 84 %)c!rﬁr B9lay 'ﬁ%m3 C Wﬂaﬁlee?ntﬁﬁldeﬁﬁsﬁle Qéity of

raction wh can be obtained by preparative
thaaﬁﬂenmreén molyhersfranges from OF8 te0 B2 Dgkmi rdeB67ge B3 beg/cm’.
t han about 0.1 and up to about 1.0 and a nol ecul ar

V‘? ht dips g& Eé)@égs bpﬂaklh@’(hMBoly%%%?Beehﬂ%@lo@&l%the]fol%mhg'lpatent

enbo nts, the polynér fraction has a
apphehgiongy rLb%tPe@VlithAab‘t‘)@tlo’ON@ 683d3.ap0- fidedYargh ‘71 2@04 Us.

Pr%(ﬁ%kzﬁ%g&;h@%logmugw@@ 933NEhe 4RIt P bR T, SOProgfsﬁiﬂElQ(pphcatlon

to about 1.0, or greater tha
Nald(62039 fdﬁUngghﬂa, Qé)gﬁ;dﬂ S1Provisipippl @ﬂ)ﬁbqatlgm-blgoq%@@%% filed
X ri+t
Mtabcﬁ Oﬂgﬁg‘aﬁcf Aﬁ% ctaf?éh ﬂ@%ﬁ/@%ﬂfé%/robﬁaﬂgrmtg{] g%?gl 1 gu%tﬁ)@. PCT
Apmatamqm No P&ﬁ"dufBzOQS/tDQS%;ﬁef@lt@Matdhdﬁ A9é1andPCT @pRiIC@IpDHtNP
P@f@é?%(;s{ 89%gﬁeda arcllg?’g 2@850 ld OP wﬁltcggxgt;%rﬁoiat@lp@%fe;enge
h@élh |1d theit brieirete rBadixample sgnetsingh rp@hqm@mphsea@pntgﬁmlgagwgne and

opéloga | gg? @%ﬁgﬁ%ggélhi%gﬂzag%m %wsrs?gh agﬁugﬁlééggﬁﬁder addition

pdyRé@izAtior dvaditialxowith Hcadalgun dortiposition abroprisi: 5, or gr eat er
than about 0.4 and up to about 0.5. In yet other
nts, ol - hl ock i ndex
gr eag eggs htg e ongeac{J rnguct {fsnﬂ%% @%E%ﬁ?lﬁggg gr eat er
t han about 0.3 and up to about 0.8, greater than_ about
0. 4 (and ugirstoledip patyn@riZation r:atglwetéltaung & high camerma insogggption
g to about 0.6. [65] For copolynmers of ethylene and
f'a-oleftn, the inventive polyners preferably possess
( 1) a PD of at least 1.3, nore preferably at | east
1. 5,(Bat lasesond dlefin p@lwmatlzaltleragqtalzst@aVl%u%mnowémé?fa%P\}O"
in@dx l;regsah? % p%rcetl'to plIePeraﬁ) X tH&H@ Héﬁt 91fostgyr eraﬁ? rle%s than 5
pre erabl I mum of . specially up
pﬂamaomh«cmmmmmﬁr@cde@Gwlmmheépmdﬁﬂﬂ6S@mﬁ of 80 J/g or
l ess; (3) an ethylene content of at |east 50 wei ght
per t; . : ansition tenperature, Tg, of
Iesg%? aﬁgﬁ%g%“%mﬁggg%geferably | ess than -300C,
and/or (5) one and only one Tm [66] Further, the
i fdnt i v&Repishepiasive C%@ih“h%i\?‘é‘—ha'alsb}ﬁ'@mg) AESNRarE aHTIANE on
wi th any

[72] Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-
isopropylphenyl)(c-naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared
according to the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May
2,2003, and WO 04/24740.

in
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ot her properties disclosed herein, a storage nodul us,

G, such that log (G) is greater than or equal to 400
whRw9/15718% er abl y greater than or equal to 1.0 RECEHUSHDI/@46596
tenperature of 1000C. Moreover, the inventive polyners

possess a relatively flat storage nodul us as a
function of tenperature in the range fromO0O to 1000C
(illustrated in Figure 6) that is characteristic of

bl ock copol yners, and heretofore unknown for an olefin

copol y especially a copolynmer of ethylene and one
or no -@l@tiphatic a-olefins. (By the term
"rel at 2" in this context is neant that |og G

by | ess than one order of

d 1000C, preferably between O
an i nventive interpolyners nay be

fu by a thernonechani cal anal ysis
pengald alci _ch of 1mmat a tenperature of at |east
900C as welf as a flexural modul us of from 3 kpsi (20
MPa) to 13 kpsi (90 MPa). Alternatively, the inventive

i ptxr pol )G'li&i‘l)?t(m)}] ish[aue,éadi(henbmpl&&@balrdngmma?m-ys: s
penetrati o e lmm at,. a t ature of at |east

i b0 e helens Cr p S RbTine Ty oresiEy e eRR
adc3RlifYRathe (B IHYWDR3¢4029 8 COEIU DR S, SSN Mey423024, filed May
abrasion resjstance (or volume |oss) of |ess than 90
25083, apd NP 8424 ows the TMA (1 nm) versus flex

nodul us for the inventive polyners, as conpared to

ot her wn pol ynmers. The inventive polynmers have

si gni ntfNs better flexibility-heat resistance

bal an han tHe ot her polyners. [68] Additionally,

(ﬁ@?ﬁ t hyl @hed\ a-pl efin interpolynmers can have a nelt

I’nd N8, fremd. to 2000 g/ 10 minutes, preferably

fr Oi\tq(looo |0 mi nutes, nore preferably from
0

500" tes, and especially from0.01 to
10QHg/ }Qgﬁgs. In certain enbodi nents, the

et hyl ene/ a-olefin interpolyners have a nelt index, ,
fromO0.01 to 10 ¢g/10 mnutes, from0.5 to 50 g/10
mi[t es, atabyst (AYas BENGE102M.rut es, from1l to 6 g/ 10

PR RDe PR e gt BORAED 1 Cner el et n

polymers is 1g/10 mnutes, 3 g/10 mnutes or 5 g/10

m nutes. £69]cHThe pol yners can have nol ecul ar wei ghts,
Mv, fro 000 g/nmole to 5,000,000 g/nole, preferably
/mole to 1,000,000, nore preferably from
0, 000g/ npol e to 500,000 g/ nole, and especially from
Q-Of8, g/ Bl e t %-300¢HQ0 g/ nol e. The density of the
f nventivecpol ymers can be from0.80 to 0.99 g/cn8 and
r ef

Nabl y for ethylene
H;C
CH;

[75] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-yl)-5-(methyl)phenyl)-

/

2-phenoxymethyl)cyclohexane-1,2-diyl zirconium (I1V) dibenzyl, prepared substantially
according to the teachings of US-A-2004/0010103.
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containing polynmers from0.85 g/cnB to 0.97 g/cnB. In
certain enbodi nents, the density of the
werdvghsnesd a- ol efin pol yners ranges from 0. 860 POI/0SBBH046596
g/cnB or 0.867 to 0.910 g/cnB. [70] The process of
maki ng the polynmers has been disclosed in the
follow ng patent applications: U S. Provisiona
Application No. 60/553,906, filed March 17, 2004; U.S.
Provi si onal Application No. 60/662,937, filed March
Q05; U. S Provisio-al Application No. 60/662, 939,
srch 17, 200 Provi si onal Application No.
‘ , 2005; PCT Application No.
d March 17, 2005; PCT
2005/ 008915, filed March 17,
No. PCT/ US2005/ 008917, filed
of Ve fHare i ncorporated by
rei n o t hed entirety. For exanple, one
d ¢@fpri ges(contacting ethyl ene and
i ona one or @ addi tion pol yneri zabl e nononers
ot her thas/ et hyl ene—urider addition polynerization
conditions with a catalyst conp03|t|on conprising: the
admp xt ur tion, pr c
cml ni ngagl[y,&{&ﬁ?fs i;{"sé?g;éi‘ by ﬁ’bj?ﬂ%/ e’"%é[ ﬁ‘gm cat al yst
mhﬁﬂbﬁgbﬂnﬂh@hwﬂ@ﬂﬁh&ﬁ@bzh@mﬁmﬂﬂﬂﬁﬂnmn i ndex, (B) a
second ol efin polynerization catal yst having a
cononomner incorporati-gj)ndex | ess than 90 percent,
preferably | ess than pércent, nost preferably |ess
than 5 percent ¢ e Rnoner incorporation index of
cat al yst (A)—andoC aoshyttling agent. [71]

and chain shuttling agent are
yst (Al) is
(NG --thy et'hyl ) phenyl ) am do) ( 2-
|sopr00._erenyl) X=CH,C¢H;

a- napht hal d|y 5 CE2pyri di n-2-di yl ) met hane) ] haf ni um
di nmet hyl , p‘EHdTed according to the teachings of WO
03/40195 2003U80204017 USSN 10/ 429, 024, filed My 2,

[Zﬁﬁf gl"‘t\(/‘gf (ﬁéf Yt b kﬁ %ﬂﬁgﬁ@*'ﬁ%‘w %@‘32)% L, 2-methyleyclohexy)-

irrﬂ’ﬁhck)ﬂeﬂxbll&)(@}’(bxb@l) zirconium dibenzyl
1, 2- phenyl ene- ( 6- pyri di n- 2-di yl ) met hane) ] haf ni um
di met hyl, prepared according to the teachings of WO
03/ 40195, 202040@@;{3)3USSN 10/ 429,024, filed May 2,
2003, and K WO\Q

, \ 4740.
H
—N O C(CH
\/ (CH3);
S
(H;C1C 0 N

CHy o =CH,C4H;

[78] Catalyst (C1) is (t-butylamido)dimethyl(3-N-pyrrolyl-1,2,3,3a,7a-n-inden-1 -
ylsilanetitanium dimethy| prepared substantially according to the techniques of USP

6,268.444:
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[74] Catalyst (A3) is bis[N N"-(2,4,6-
tri (methyl phenyl)am do) et hyl enedi am ne] haf ni um
waleiwenzitbs [ 75] Catal yst (A4) is PCT/US2009/046596
bi s((2-oxoyl - 3-(di benzo-I H pyrrol e-1-yl)-5-(nethyl)phe
nyl)- 2-phenoxynet hyl)cycl ohexane-1,2-diyl zirconium
(I'V) dibenzyl, prepared substantially according to the
t eachi ngs of US- A-2004/0010103.[76] Catalyst (Bl) is
|, 2-bis-(3,5-di-t-butyl phenyl ene) (I -(N(Inethylethyl)
byl ) (2- oxoyl ) zirconium di benzyl [77]
is 1,2-bis-(3,5-di-t-butyl phenyl ene)(
1yl cycl ohexyl ) - i nmm no) et hyl ) (2- oxoyl )
i benzyl [78] Catalyst (d) is
}ﬁE ‘y am do) di met hyl (3-N-pyrrolyl-I, 2,3, 3ala-
"H- PHden-H¢ Y1 Y si | anet i t ani um di net hyl pr epar ed
subst#ntlally according to the techni ques of USP
6,268,444, [ 79] Catalyst (C2) is
(t- butylan1do)d|(4 nmet hyl phenyl ) ( 2- net hyl -
1 2,3,3a,7a-h- inden-l-yl)silanetitani um di net hyl
pyeRar ed catipst @ hsa(t bmyaﬁmﬁmd(m@etﬁgpm@l)czaaahylnlgm 64,7a-1-
USA- 2003/ 004286; éB FUS
indgn- bﬁwlaa?ﬁtwfa.d(faet%tpﬁwrﬁﬂ élﬁma)‘ yﬁé%%é}r'g jo the tgachings 9T US-
Abbossoeleeen- | -yl)sil anetitani um di methyl prepared
substantially according to the teachi ngs of USA-
2003/ 004286: [81] Catalyst (D) is

bi s(di di si | oxane) (i ndene-1-yl)zirconi um
HaichloriWe awailable from Sigma-Aldrich:[82] Shuttling
Ag¢ The 7tt||ng agents enpl oyed include

di e zi ney” Wi Gbutyl ) zinc, di(n-hexyl)zinc,

trieto I anLhUﬁﬁﬂtrioctylaluninun1 triethylgallium

ibut‘!ib WUn1b|s(d|nethyI(t but yl ) si | oxane),

i - bup um nym b|s(d|(trlnethyIS|IyI)an1de)

nH@EtyIaIun1nun1d|(pyr|d|ne 2- met hoxi de),

bi s(n- octadecyl)l-butylalun1nun] |butylalun1num
am de), n-octyl al um

bl[ﬁsi’a > b Ieaﬁ];% 3y Isg by lRmise)di ftpylahe@mmdﬁ?thyl 1,2.3,3a,8a-1-s-
mg Fz‘tlrw s(léneﬂéﬂtmnh}{mmp di@aared‘%hminﬁbl%c@&mng to the teachings of US-

but yl di net hyl si T oxide), ethylal um num

AdW@HD@@ﬂﬁlnethyIS|IyI)an1de) et hyl al um num
bi s(2, 3,6, 7-di benzo-| azacycl ohept aneani de) ,
nﬁmty. umnum

[81] Catalyst (D1) is bis(dimethyldisiloxane)(indene-1-yl)zirconium dichloride

available from Sigma-Aldrich:
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[83] Preferably, the foregoing process takes the form
of a continuous solution process for form ng bl ock
W@ opohsires s, especially multi-bl ock copol yner sSPCT/US2009/046596

preferably linear nmulti-block copolynmers of two or

nore nononers, nore especially ethylene and a C3. 20

ol efin or cycloolefin, and nost especially ethyl ene

and a C4.20a-olefin, using nultiple catalysts that are

i ncapabl e of interconversion. That is, the catalysts

are chemcally distinct. Under continuous sol ution

pol zation conditions, the process is ideally

suit o pol ymeri zation of mxtures of nmononers at
hi gh o!hh-r conversions. Under these polynerization
condik;on‘ shuttling fromthe chain shuttling agent
(ggkéhb cat gl¢yst beconmes advantaged conpared to chain

rowmb and mul ti-bl ock copol yners, especially linear
nultleoc copolyners are forned in high efficiency.
Nwentive interpolyners may be differentiated
fron1co'w- tional, random copol yners, physical bl ends
, and bl ock copol yners prepared via

at” nonomer addition, fluxional catalysts,
anionic or cationic livin poI nerlzatlon t echni ques.

| 182bar t i ShrtHing ALshp aheghytding ag%‘ﬁo“@?ﬁ lesp Hciudedi eafylwedl(l-
but AN cTRI(R tyf)znﬂ@%H%l&][fﬁfnuﬁpﬂb@@iaﬂmlﬁ%'t\’i@ﬂh?l@illlum i-

crystall'ini the inventive interpol

buidglemiremnt felﬁ(d(nmtfm%-bytyhﬁmaqeéswgtymnw@ brﬁéhéumétaywyl)amnde),
nfR glﬁiuﬂg%ﬁr‘?H*@ﬁeyndme@hﬁ&ha—%)ﬂﬁf{ﬁtoﬁﬁﬁé&ﬂn %ﬁy’]’&’lﬁ&%w e,

nperature tensile strenhgth,” and/or hi
blhylglhmur@n'pfes(ét(m’pentrlbﬂnsd@nn-gfttblﬁlalg@wmm@@sdlééku@dnhémﬁldﬁed—

ocyaﬂ%mm &i(ceﬂﬁ?(h%%kﬁ@l)taﬁg& Yeﬁ{ urRIR e g,qd,ﬁqe{hﬁgqme)

tai n mononers and nono
etkndaitnemum ctlfbes(urlnwérytSilyladnhidt)eﬂmdblymemm the(¥.8.6 Todibenzo-1-

azf'i ey ohep Snegrrﬁld% W@?als I SlSI( iigt7 lLe%gc?ﬁ %gachlohegtaneapmlde) n-

nperat ur es, él’axat i on,
odgeslummnﬂﬁs(dmegiym-bmtgm1ostde,artg,ﬂzhnc (Risghgrenblomiokide), and
3 st ance iaster setup due to higher crystallization
aéygp? P8l on) tenperature, higher recovery
partlcularly at el evated tenperatures), better
aﬁBaS|onPmﬁsﬂSyamtbﬁghmgmeme$aﬂxamtmmeuﬁ@moahmam$omﬁml
| Ler acce nce

prochetss For OI L@%loc fl%ol\ém%rs es e%ntaﬁ multl-{wlocqgc {)]lgmegvg Fera\ré)?y linear

erpo que Cry
malnd>l<tukanpd1ymgs df sordr lneire mnncnﬁramomspecpnlly'iéha/ﬂene and 4 Oex

t t | .
ol v e b B e P ARPasE BEAR eufplhr g mulipl
cafiBRGURL dreUﬁctaﬁ@alcCBY SfEkEn&ﬁdorDS(EaﬁS the Eaigstd DO clenikdigidistinct.

of fusion, eci as co r ran I r
Uxej&hf%ﬁtlml%ﬁ s?lH on po ym rlzatlson con lgonesdthg 8rocglss (IjSol ea? @Sne‘é'}%r S

polymerization of mixtures of monomers at high monomer conversions. Under these
polymerization conditions, shuttling from the chain shuttling agent to the catalyst becomes
advantaged compared to chain growth, and multi-block copolymers, especially linear multi-

block copolymers are formed in high efficiency.

[84] The inventive interpolymers may be differentiated from conventional, random
copolymers, physical blends of polymers, and block copolymers prepared via sequential
monomer addition, fluxional catalysts, anionic or cationic living polymerization techniques.
In particular, compared to a random copolymer of the same monomers and monomer content
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same nononers and nononer |evel or physical blends of

pol yners, such as a blend of a high density pol yner
wa@pwasitewer density copol ynmer, at equival ent PUEDS1009/046596

density. It is believed that this unique feature of

the inventive interpolynmers is due to the uni que

di stribution of the conmononmer in blocks within the

pol ymer backbone. In particular, the inventive

i nterpolyners may conprise alternating bl ocks of
atq:'qugl%t'%gxr%‘ﬁm %Frﬁlﬁdlgﬁ)@ﬂ%nﬁve(\h\%}lhﬂé%o%mm@ Bt Biigher) heat

l'ocks) he 1 hventive interpolyners may al so conprise,
resis@hestasintpasuireshbyi meltngsant. kigher & p@@tsatsqnz@nwatbréi Rjghsy high-
PR iR, B Mg fen R RD TP o RO B radulus as
deterdiingdduy,dy nameic mvleamcawaiyﬁs e pobyerkiog rafdem deaolemar containing
I

S FoRGEs [ chflheP Rt B REL Bl herps st
c<mf1prpasioy ey paﬂeqn@rlww elenodhdl tersperatings, ﬁwqxh@t&s glaxatipn. figher creep
rep stance fn fmjer cgitr) (s)(rje l{n IB?OCH] gge%%{a}@e, ﬁ% el‘ gle?u oJug %? hlg{]er

the § NSt PAat es Characteri stic s eru
c@ﬁtdlhlzaimie I(s*.oaénﬁkzhtain) anweldttmet hizher redvabilydpdrtioartyaa dievatet

temgﬁ%lt(uiesg%o%%n'gvgﬁn egg%n at PE)I rg\\;tgalc%’l \gesfogce anfi%rt?er oﬁsaﬁd filler
acke@ance86J Moreover, the |nvent|ve |nterpolyners may be
prepared using techniques to influence t he degree or

laﬁ%ﬁ : eg; i lc:gcvléntglv%su’?tergy} ers 510 ﬁb@%gi@ﬁge n%%sttglgggﬁgg gﬁcf
bah¢héngadistbyutioo mdzlat@)lnlshmgﬂualn &, thaﬁnvonta/ndnttlyopb/mfs howt atejasively

lag%ﬁcg/tﬁg%r%ctf g%tlas%ﬁnat%ggﬁjles% Mem raturrrgrr?ezaa rlgﬁg Lﬁsru% %’F)&F SpaeDSC as

a S er &lheg o @i dsp@f allyl'als Sqmdswmmnmlcsmlheersl cotavieg yhe

cag\%tar{q@g)?nte%,eaag é‘r‘?qnpr@gr Y& lgr? pchgltsnéi?gelnﬂs otjé)lg?g/rn%,?ss glgc‘n ats Q%lend of'a high

dérﬁi’tﬂaﬁcﬂ%waﬂd EW Gédéltp E&oBmier &5 e@ﬁvdldmeove%m&mr}g It is believed
O yner are

ove articular, haze decr
RS Bt v SRR BiTR CHGY GG g Bton o the
cErRERMRF M HSCRP Rithih &% foGhRBs&baR. INBarBMiBira@e ifvuither of
bl ocks in the polyper jncreases. By selectin

1r%qﬁmlrm¢rﬁgﬁaag@ﬁersseah%fnweéi%% ot RS RO BRI oty (inpluding

h&lRSHo ﬁlﬂtr elekd). Tﬁ@lﬂ&fnﬁw InRGpRhdri My GRS Bdnprat 8Kis@fbution in
shut t’l ow |l evel s of chain termnation) other
gqu;sm@p

nmqundﬁ«p f pféyrmfrrbéqqk&ﬁf diferingrdeagpjog gpryponomer content,
wﬁ“ép R LERER- FM?%@&f‘?ﬂtﬁ{butlbht fnl A8 dikibn, 3Yin Bty inkeiSolymers also

Imnation i S observed he polynerlzatlon f
have Iaylln@nepeaé nesiltéste] peing emdberprial Hzatipx fempergtuse profilgithey i ybstantially

i : e
BRSO 00 LI G0 LS ERUE e, o
mmasqnj/smlléﬂewrddr ioﬁélapolyplossiemgilsugtek thardcesrigtic spberubiaganshanellae

tha{ are glstmgglshable from random or block copolymers, even at PDI values that are less

than 1.7, or even less than 1.5, down to less than [.3.

[86] Moreover, the inventive interpolymers may be prepared using techniques to
influence the degree or level of blockiness. That is the amount of comonomer and length of
each polymer block or segment can be altered by controlling the ratio and type of catalysts
and shuttling agent as well as the temperature of the polymerization, and other

polymerization variables. A surprising benefit of this phenomenon is the discovery that as
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[87] Polynmers with highly crystalline chain ends can
be selectively prepared in accordance with enbodi nents
w@Roovhssishiventi on. I n el astomer applications, PEHUSI009046596
the relative quantity of polynmer that termnates with
an anor phous bl ock reduces the internolecular dilutive
effect on crystalline regions. This result can be
obt ai ned by choosing chain shuttling agents and
catal ysts having an appropriate response to hydrogen
th@ Beé%éqﬁf bISRAEE it REALRALhOGREIGNERrtieIROFisfréred, bid hibh
the” catal yst whi ch produces highly crystalline po
temperaireresQrstapenesics of te sesaiting PRIy MRHHE RO\ ey dhpagtc - haze
fo t h
O R b Snepase s
thagvdrkgeawgtvehifdineks ndhoprdyresr ingiasisp éﬁlﬁ‘anlg shuttling agents and
t
ca}ﬁg%%?orﬁtg IBZQL? S F:{vn éﬂ%%«%s&ﬁ%{?}aéggﬁ%fgﬁgl%&“18runghtrzn§srbf{shﬁtlmg
wph m‘velreem o%dhlaly tq:mmwham)@tlteh éorme phipakginerperminagng argfeffegively

s &pr edy ﬁccorém@ l}{tlearf gn); ﬁ]ﬁ#{rﬁi% lélutn'irﬁgoﬁgr E}ep\%ﬁ el bW RRrization
obﬁ&ﬁ&mhﬁohﬁnpmhyﬂnmrmmﬂmnngxamﬁahqgmb@$m€ﬂ$@thmeﬂmonaﬂd

th%%egurlﬁggqaygﬁaﬁwe Elg&?sr [ el ql tOII'%ISbS%p] ﬂ grcg)?xg rl]lglt gﬁyséegﬁng little

oiogbhgychainytsirahingne polyner segnent. Accordi ngly, both
ends of the resulting nmulti-Dblock copolyner are
preferentj al | Y
a_[g lefin ﬁoﬁtmee}r[s WIktglﬂéﬁllg Gf. ¥t‘§ 1@113 l:lllaqﬁendg (‘2%] I%T, sﬁgﬁtﬁéet}oérgﬂ&?ed in
adcondemteivath earb@dmreefswlf tibluyventmne rpelastomersapplicatioyy tedwang the

i,.th a ef|
Bihg b SR, STl RO B e
1np:rnaf)lemadilluﬂ%eef‘fenttcmrcpﬁtaylmrmglmy T‘hurredub parcbrmhtdi&d bg4h@sing

O s B b e D e AT AT ats SRR Shydboggp opother
clﬁ‘im&}nﬁﬁﬁmlgggédﬂ:d espeeflﬂcal1@x1amalcetalyett\hyuemmahi lylghly crystalline
unsaturated no onj, u d ' t
e A M e S
ca‘ié—l?s’f' réS PO IHRITRF oﬂwguﬁ@lewm&-pbﬂﬁfdr @égnﬁ:ucd@ucﬂh&is through

opyl ene, i sobutyl ene, 1-butene, hexe

pr
b GDRg RO JEATSFUON. TSl prane Mok BY BB TS hed he highl
cr}stglﬁﬁ@&ﬁfm&%ggrﬁaﬁs WillkeferbntidRy HhepRata id tdn@ el BREORI K the

especi al referred. Ot her suitable nononers include
PEY ekl omlwarfdhe P2 STIHBAtPY TowRs cotsiplagelut upon termination, the
hlghlgx I%Q @ %X&ln@pf&rﬁﬂg -catlbyé‘t e xAEENRin alailabRCbAR Biion of

t enrcs (e.qg., gyc opent ene, cycl ohexene and
p@yrntrdoumaélne) Thq igdipliyfrmed palyperdnibertass afothsr highly crystalline
nete {

pdl%g&@%{l? ol e CO%p%l ybr%)ghrgsnﬁﬁgfytng}egﬁgﬁﬁémﬂ@emg&éog?lyﬂg az?s
mﬁ&ﬁdﬂd@rbghypeéehmto a famly of

[88] The ethylene a-olefin interpolymers used in the embodiments of the invention
are preferably interpolymers of ethylene with at least one C3-C2¢ a-olefin. Copolymers of
ethylene and a C3-C2( a-olefin are especially preferred. The interpolymers may further
comprise C4-C1g diolefin and/or alkenylbenzene. Suitable unsaturated comonomers useful
for polymerizing with ethylene include, for example, ethylenically unsaturated monomers,
conjugated or nonconjugated dienes, polyenes, alkenylbenzenes, etc. Examples of such

comonomers include C3-C( a -olefins such as propylene, isobutylene, 1-butene, 1-hexene,
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unsat ur at ed hydrocarbon-based conpounds with at | east

one carbon-carbon doubl e bond. Dependi ng on the
waeloessiieh of catal ysts, any ol efin may be useBCT/HS2009/046596

enbodi nents of the invention. Preferably, suitable

olefins are C3-C20 aliphatic and aromati c conmpounds

containing vinylic unsaturation, as well as cyclic

conmpounds, such as cycl obutene, cycl opentene,

di cycl opent adi ene, and nor bornene, including but not

Eén%n% ed mte%yl r Bérﬁ’g{en? A&t DEbItEd! BloreRe,lID® ol the like. 1-

osition 0 hydrocar byl or cyclohydrocarbl
Bugersupd | -onlespare megra@aprafege«#n QR gy TeTmery ke Fge, halo-

ow% bRt dtﬂleé%%&%@ﬁfng@%’%cﬂk%maﬂ@ 1_ i G CAO- i a@le RS, laRd

l'es of ol efin nononers incl ude,
nabbluheraq:se(e gotydlopenterd cyaehskagphéaxsloocsabut yl ene,
1- butene, 1-pentene, 1-hexene, 1-heptene, 1-octene,

Ifﬁi NEne, Wﬁ‘rl’e@ﬂ)%ﬁ:ﬂ@/a -ofte lﬁtemg?ﬂﬁ%ea?eepreﬁnte&bdlﬁﬂ@@ Stigor

xadecene oct adecene ei cosene, 3-neth

ethiyléngtadafia, poBunenemaalso be ysedht QIgBns ag upgsks{AIn Tefen dmg @mély of
uratirafll d ?Jaﬁirboébgg&péoﬁ@%und% WY |G %h@&h@%ﬁl%rbon double bond.

Vi ny exane, norbornadi ene, ethylidene
Dmnéhog nethe Selegtion gﬁ@tﬁlmtﬁe anx@l@ﬁmﬂw%ed in embodiments of the

1nvenn%¥0|(fpgfe @égdéu EV&J &0 @% %ﬁ aln&éut a:gj gblﬁﬁﬁzsoompounds

Pirmted | ene,
co]ata@mrligeﬂhy?lﬂzl @bRuratlond ahex badi cgclix, cothpburhiexsach asrne/plobutene

1, 7-oct adi ene, 1,9-d di ot
coRIRRTE. SFCAP g T e SR RO O e oGy g tGrene
suB5tARYY BNBe 5 incb(U% fidn whth (Heﬂﬁ(ﬂli}fﬂroclrblyB(X@Iydoh)&ifmtbghgoms

a conbi nation thereof. Althou ﬁh any hydrocar bgn

Atso irtchided arg nixtuienpf sugh olgfnpB Rt al”ftyreﬁﬁ?wﬁ*éo‘ﬁ@'é%w“mc‘i -C40
odi nents of the invention, practical issues such as
Bﬁ@?mgviilability, cost, and the ability to

convenlently renmove unreacted nmononer fromthe
r e&ul]ll t : ndjxmoblynﬁrolert:myn@@mrmnﬂmeeblprawmoéh@ttﬁfbtoa’éoptmée
cu 0 C
sTRETES T Jibn e, 3BT O en AR ERR P e Aoy I
d(&ildd:dnedl-fet‘rﬁdet:dfre pheddatio h-oofadake, il riqoeingiemsthyl-1-butene, 3-

sin Lid I
R R T T R S
v1hyltbytﬂ()ﬂelﬁztnw figyrnaalitte teh@xhlid:deelorbbmep@lcydlopﬁln&n@, cyclohexene,

i nt er pol yner | Si t l. d
U RaH Ry T g e TER R ey Bon] o3 of Bfigiene
1 §%Qﬁlcﬂi f4%@%ﬁén§' lnﬁhégaHMh@m@*ocﬁaﬂiéﬁ@ ne- @d&gdlalecé’thm C40 a-
e optionally conprising a C4- C20 di ene,

olhﬁr\/sl, ﬁlgi thﬂbke()\lederranmﬁ(ﬁnwtscﬁm abpdefprie pappdne. [-D@ne, 1-
pegll{l%ntg, i;engh ap% ejolr g?&ﬁgiag%o%rtlﬁerm ”Rﬂﬁ‘&ﬁgh %ﬁyhﬁﬁoc%rbon containing
a vinyl group potentially may be used in embodiments of the invention, practical issues such
as monomer availability, cost, and the ability to conveniently remove unreacted monomer
from the resulting polymer may become more problematic as the molecular weight of the

monomer becomes too high.

[91] The polymerization processes described herein are well suited for the
production of olefin polymers comprising monovinylidene aromatic monomers including
styrene, o-methyl styrene, p-methyl styrene, t-butylstyrene, and the like. In particular,
interpolymers comprising ethylene and styrene can be prepared by following the teachings
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chain or cyclic hydrocarbon diene having from6 to 15

carbon atoms. Exanples of suitable non-conjugated
waelr@nassisiicl ude, but are not limted to, straiBEE/USIAY/M6596

acyclic dienes, such as 1, 4-hexadi ene, 1, 6-octadiene,

1, 7-oct adi ene, 1, 9-decadi ene, branched chain acyclic

di enes, such as 5-nethyl- 1, 4-hexadi ene;

3, 7-di methyl -1, 6-octadi ene; 3,7-dinethyl -

1, 7-oct adi ene and m xed i soners of di hydronyricene and

he% g fi 89&?1 ?SlgmgrlsQgpw?rlsrlhﬁah)lﬁ!:decé’t?rleh@arﬁii' ANEE () SlPkdoldsn,

ycl open I ene; 4-tycl ohexadi ene;

opliof 1§ ¥6ih poigdl pag( divde, baGng ingirodd pegadice pa, beamepared.
nultl-rlng alicyclic fused and bridged ring dienes,

d|u9§1, cl opé aé%hréﬂ-régpjgg E&Vlcql%le(n%)r%mﬁsec%rq ghé/ g ggl? %rl]r? ’branched
ch@*h'ﬁgﬂ)\ﬂllc hadrkyarborlenae hevied Pah Iﬁ&nyﬁ cah@h awmi; cﬁahdnylbs dfesneable
nogocgwgéag%?neg 1@@5B$uhgﬁ 8ot lante%rt]g sizralggt C?lglrl‘l r21lceyc‘1:31c gilenes) $uch as

I, Aﬁhéx%@i@ﬁ@ RLdceRnae, A; NedtIMNB ENe decadiene, branched chain acyclic dienes,
4-cycl opent enyl ) - 2- nor&llbi
sugh SRR PR rlob BSTHEnG-oc a7y -9mey b7 Rediene ond

mAPEisHAER OF M D'\gdr&ﬂ icefd ardtBhydkRAREnd, YiREIe Aink Mliti8 REdikfes, such as
lgre pare EP preferred dienes, are

t | arl
cyrlopsniadienm . 4(méphexgglééef1§i5?cgré%%ct@'%rﬁﬂ Me%‘og diene, and
ml"}_ltl\fl) g%h&ﬁﬁ@ ﬁJsgd zﬂﬁrbpig dHeiHE cﬂéﬁ%@)suchsa's ﬁ@ﬁahydr&ﬂ@en% methyl

nor bor nene , di cycl opent adi ene (DCPD). The
temé@l@pmajd‘gy@ﬂ@mﬁé@n%p@wég-(% &)-hepta-2,5-diene; alkenyl, alkylldene

cyF%gl?dergge Cﬁy‘gfoglﬁyli@égﬁ&ﬁor(lgwg)sum slméih @ﬁ@ﬂ-h@ﬂﬁ@mérﬁQMNB) 5-

ass o esirabl e polyners that can be nad
propengleooriamens, frisohropriststid-Rraptbermene. SHA-Cy eloRaRtSNY - 2arwéb0mene

5 (éyc"fﬁ%e%yq%reﬁecz h&‘)g& l X%’ngﬁz ggrbg%la)(é gﬁfnorﬁ(g'ﬁao%lg Of the dienes

, especially propyl ene, tionally one or
typival by wdedtogreparrdifEIMs, tHRerpefteniady p@femteéfdlqnss grot.4thsxadigne (HD),

S-gg%lfdéﬂg?—g]drbge nt @fl\%l% hbe -y Rgﬁ%ﬁg—g&%ﬁﬁ% S\E‘Neéjé?-r?esthyalene-}
ndrbonesme (INB)raad dh@domntﬁ}dleng fQIERD)oTFh& ¢spenidllytpoefarPedodigriso are 3-
BEeR e il LREES BTl cne. S butene ¢

1- pentene, 1-hexene, 4-nethyl- 1-pentene, and
1{93¢t ene OnAclpssrdl idesirable pylypesiteat caubeamaslean pgroidgnce with

Th bas
erf o BB s e DA GG BRDRE RO e IFCELFh bblefin,
espebiidi Bk y & NAS optnaliiSéheioR mdFEdiétel rﬁ@oﬁﬂ&h meéryd%iﬁf slefins for
especially multj-block EPDMty [
use anﬁhageatb@amnt cr&slw REBRUBYRHEN 2r€ fi?%%"gfv?fr{%as fhean %@%@H*C“R*

wﬁJP@Rm is a [ dr%ran@ﬁedﬁmy}’ﬁ% d;k bCfrorl il @ EB RN drSd. MkampRELF
20 carbons. Prefeéerred dienes include

su];alzle potefiag inslyde, but are pedtigtied fe propylene, isobutylene, 1-butene, 1-pentene,
1 ﬁex%fub}i rhcqurlene FnfL g% NSBEne. i pXEEARBBRI&N&olefin is propylene.

dhexa
The propylene based polymers are generally referred to in the art as EP or EPDM polymers.

Suitable dienes for use in preparing such polymers, especially multi-block EPDM type
polymers include conjugated or non-conjugated, straight or branched chain-, cyclic- or
polycyclic- dienes comprising from 4 to 20 carbons. Preferred dienes include 1.4-pentadiene,
1.4-hexadiene, 5-ethylidene-2-norbornene, dicyclopentadiene, cyclohexadiene, and 5-

butylidene-2-norbornene. A particularly preferred diene is 5-ethylidene-2-norbornene.
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butyl i dene-2-norbornene. A particularly preferred

diene is 5-ethylidene-2-norbornene.[94] Because the
waele@nasasht ai ni ng pol yners conpri se al t er nat i nBCT/US2009/046596

segnents or bl ocks containing greater or |esser

quantities of the diene (including none) and a-ol efin

(i ncluding none), the total quantity of diene and

a-ol efin may be reduced w thout | oss of subsequent

pol ynmer properties. That is, because the diene and

a-gefin gm g‘%}{esdn fe%to Eéiﬁfn pEIVeR dophifleAte &anﬁlégmb:ﬂ Br

one type of bl ock ' r rather t
blecky contdmiggredteron foh@uuuatnheeqoﬁ Itherdigne (inhleding nenayanrda- olef in

L B OO0 BARRLEDE b, IR B3 5h
SMngssmnmbaEkemwhasidﬁmtg,Mmdmtmedﬁmpemhppbﬁuotmomavem
p%?erglntla mco r%P ? u¥t|0 5 tgé?&l b%jck%g ﬂQ rp%h %{eétéa] helr khan umformly or

ter e ic recove
raadiyo tyl thnengh;)pt ﬂhh polymye ritey uee mort e‘r‘r‘p@hwrmn l&edrardsumehhemlwnhe

catal yst i oratln feri

cEnBkSARy REGE PETHE Re Piler S e OBk hsTRuths stavaamgys and
th‘e reored Pbidncts ba\& aﬁﬁama—gh@pr@ba‘eéso inetud g highymnesissle desigthaddld etter
laye an ethylene content of from20 to 90 percent, a
CATEAE Bt ent of from 0.1 to 10 percent, and an

a-olefin content of from10 to 80 percent, based on

t 25]t ot alln mhcghnbc@ﬁmetdme t}pobxyerm:‘re nnﬂémomms padefvarhaloycatalysts

.t he [ ti.- ast I C RO eth Ien
i BoaHbd TR kP aE S BEIR TS yRighEitho BERBuHFo GRS thereby
frbmei o 5:9450 The elpgoraeiit polyands dnirablphakian eth@féhﬁfﬂntemf of from 20
om 10 tq. 40 ce sed on the total ight o
QP e B g isin B3RS fa el and Pt folelR sdiitng from 1010
8mpdrgdm bBQH)beEh’eStotaTgM%%’[g)f&le\wlbygﬁt gugngg@gfgomlyewlfnann kl;}ock
om to about pr era
e'f‘%‘?fﬁ‘?rzcd’o@ﬁ'ﬁi’r% kv ap ehigne snpreat YriemsoGig %) Percsrh » ewnteat of
820, 0800 pafeht2and@h ﬁdjlﬁﬁﬁfoﬁtehﬁoﬁf@)ﬁﬁldthao pdrcent, BBddon the total

preferably less than 3.0, and a Mooney viscosity (M.
We@ hupf t*fzs%yn)eff Pesfrred pelymsts arbele mpleey e el poly gy, having a

wBightaVBlage MBMEuIA WEEHI Y ?roﬁlol@t(fbﬁtto 5509['2 §6v.600, Eréferably from
ercent, a diene content fromoO ercent and

2G,009) ta £ 0% Aroesreferabi fomm ?—Qa()@stor}éﬁ? e@h@nd 1 peydispgesity Tess than
3. 9trnaﬁle SRa5101e8S d t.'hQn 3 Ot SHRMIIIRY FisGRIY mLf(qu§tli§"@§|fr‘oﬁ1efjto 250.

I ncor porat i ng 1 east one functional group in it

M@cﬂ gmferab t ugk p@xlmers R eyl etiryent gprsent Gioal 6o G perceniya diene
cdgﬂ: ggnﬁ 0 tb 8" m%éﬁ%h%n a%lé}‘rﬁl St ol 20 psAtraLed mono-

Tfuncti onal . car bo c aci ethylenlcally
unsat urated nmono- and di - functlonal carboxylic acid
ab¥®ydri dde ethglenedo-pledip an¢rpalpigens serebesfundivnalized bgingprporating at

le‘féétl g{;ete f;u?ﬁ%lnal%%ﬁﬁ itETBMyrhgr Salfe %x@rﬂplgﬂf G dashg @ﬁfups may
include, for example, ethylenically unsaturated mono- and di-functional carboxylic acids,
ethylenically unsaturated mono- and di-functional carboxylic acid anhydrides, salts thereof
and esters thereof. Such functional groups may be grafted to an ethylene/ a -olefin
interpolymer, or it may be copolymerized with ethylene and an optional additional
comonomer to form an interpolymer of ethylene, the functional comonomer and optionally
other comonomer(s). Means for grafting functional groups onto polyethylene are described

for example in U.S. Patents Nos. 4,762,890, 4,927,888, and 4,950,541, the disclosures of
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interpolyner, or it may be copolynerized wth ethyl ene
and an optional additional conononer to form an

w0 pioengabymer of et hyl ene, the functional conoPORES20891046596
optionally other conmononer(s). Means for grafting
functional groups onto polyethylene are described for
exanple in U S. Patents Nos. 4,762,890, 4,927,888, and
4,950, 541, the disclosures ofthese patents are
i ncorporated herein by reference in their entirety.
thgéepaféﬁfstakecl%cﬁgdr%edﬂ 8&@EiH by FefehdeON Heir GhHR. iChe PRHBLIGHy useful
anhydri de he anmount of the functional group
fupgtiapalgroymis m‘i@lcf%ﬁb‘irldénal i nterpol ynmer can vary. The
functional group can typically be present in a
coPql yMerrht Mineurt Y@k ifgidadnal Z@dp br@§eﬂl’ Pahy/fBéEtionkl idRrpolymer can
ampunt of at | east about 1.0 wel g per cent,

vasy-dhe rf%rlg%"aéerowé%&W@%mbe@r%}tw C%P@fye&ﬁfype dgtinppliged

inRr ST RRE R ¥n AhounBaisd: 1aRQubut 1. ()\’Wé@m)erfé@ﬂt CBferabllN€ least about 5
functional group will typica resent _in a
weigh ety andypere P{?iff‘é%hlb?fd?asi @@afy 7 W?légtri’@w?fe?hq fingtipnal group

wﬁf@b’i@ﬁllyl tﬁ%ﬁes&n@rﬂa %64%1 \é@u&hgnaﬂ%@lﬁ{ébolﬂeﬁrﬁ{%dmt less

 eS5s t han about 30 wei percent, and nore preferably
thaahput %ﬁelalmstce%prﬁ%ragm legsdlhanaheut 3Prsighs pRseent.Bubmoreang
prefeRBRf 1o RERMBbut 8 e é%&{g@éﬁger [98] The inventive
reactii on processes e effective in virtually any
reaction which is capable of producing a nmetal alkyl
ProsessesUnyolviag gdiost-Reacterdleas Exghangeit ur e t hereof and in
which a post-reactor heat exchanger is enployed. Such

pl[m eSSeThé Mebiiie r&eflidH predesRE AP S eFectind mp/rmW hﬁbgreactlon
ynmers |i ke polyolefins. In one enbodi nent,

w 'ﬁK’/ rverable qferdiangn e alkylsamerty: ameshpeds of ‘bW‘Xt“re thereof

arfdQARhich la PBsttbdctod ﬁkdt)éxéhﬂb/ eP Q'e)/rﬁ)'lc%di NS ipfdle GOITROBHL doRRion
al so conprises a net al % onpound, a netal oxide,

pregesses fRnpredueing pely e likn aolweﬁm dhong eﬂé@émeéaéftednvqﬁé@t is
usefif F@Bgﬁﬁmhgc‘a @dﬂ%o@ﬁﬁ%ﬁ’ coJﬂrRﬁ@nﬁ&%? Ian)p]%l%’c%fﬁf which composmon

i ncl ude ormpo yners, COpO yners, t erpo ners,
alapomeesasacmtahehyheampopnd: @ n@myméh@r am@psﬁl thaseof and m  which a

pa?fr':lte%(#grm%at e%E}%nFJﬁgerhﬂ]Xy%ﬂt Fl“yﬁ]gH ?ef%}ﬁcplgf H&ﬁédﬁllymers

ose reactfions capabl e’of producing propyl ene
copalyedrspleepotyorees etorfoem@sftqmmpnormrefd@reimlgnemwremdm, buigene, etc.

T}Q:rlﬁ)\%ﬂﬁ% &8&@{(35 ﬁsg ?u%g r¥ hg%erea& QQ{J c% aeolé (?tp?(gaglg{r)% gﬁorg.ylene

nprisin nol e cen
baE@leas'ﬂ'dﬂl&:r or drm@wsmh%mblybéemuﬁ the rpcbdluct cbmppmbipmply kné-ythylene
mte ?Cter\cloem risin g eg t 90 (f‘é{)m O ctehte raf (Pr ement i oned
CHRVERtT Ve pefsh;ﬁ IS8 A0 &Y MR s R R AR ol yrers i n

mhlch a chain shuttling agent such as diethyl zinc is

e®9l oy ed Theprotmssep hoedssn foBut te tetphsticelady effatied inrthdprodiction of
the aforementioned inventive ethylene/a-olefin block interpolymers in which a chain
shuttling agent such as diethyl zinc is employed in the process. Such ethylene/a-olefin block
interpolymers may be characterized before any crosslinking by one or more of the following

characteristics:

(1) an average block index greater than zero and up to about 1.0 and a

molecular weight distribution, Mw/Mn, greater than about 1.3; or

232-



i nterpolyners may be characterized before any
crosslinking by one or nore of the follow ng

wW@b@pastes i stics: (1) an average bl ock index gPEEUS2009/046596
than zero and up to about 1.0 and a nol ecul ar wei ght
di stribution, Mwv M, greater than about 1.3; or(2) at
| east one nol ecul ar fraction which el utes between 400C
and 1300C when fractionated using TREF, characterized
in that the fraction has a block index of at least 0.5

and un t Qz)admuit ohé¢ moleckIay frRAoMWh VR efufed r&@é@mo‘@ afid 190°C when
, at least one nelting paint, degr ees
fr@éuogate%m%%ﬁ%t? gleasagtgrized i thatﬁhegffagﬁgv E%m béoctlséwteﬁ ﬁgﬁté?azst 0.5
t8hkbuk Mernumeri cal val ues of Tmand d correspond to
the rel ati onshlﬁ)\é‘rh m > -6553.3 + 13735(d2 - 705 _ )
1. 7(d) 2; (YranMy/MmfremaRertfl gmabpb de. at least e gisdting ring, Tm, in

%géis @eigsa'gltan@a dé&éﬁ% Qfin deiind/Bubdd &ntuﬂ@tgr Jnofeld e AHAGRIChE Vatues of
degrees Cel’sius defined as the tenperature

T@lailﬂéﬂ@lﬁ@éorb’ép\%e*ﬁlatlmmpal | est DSC peak and the

t al Ips; Y STAR~ 1. Ry the nunerical val ues of
DT and DH ?:ave t e fo?%w g fel ati onshi ps: DT > -0.

1299( DH) (4 a@21@/Mn fron abht drdarkqut B Jaandacieat ciifiesianp AHgn J/g,
r J
et . 5 T SAREL A0 i o
taBesp @SGepmk ayid tludtellfzsuﬂBHYQTAV Pegho Wﬂem,thcamdnqrfcall \@Blss ofvsihand AH

ercen he lymer has an identifiable CRYSTAF
ha@egkfg]? Vsm ehagm?ﬂg&%TAF tenperature is 300C, or (5) an

eI atTe-0. E‘Z99m§{)yh 628, for AHpedate thanatro30 uper Bértg, strai n
and Cc sured. W corrpr essi on-nol ded fil m of
the 1‘%%5?@8@3&%}%{}#‘@‘?&? pol yner, and has a density,
d, IWhegzﬁr&ﬂiBURMﬂT@\FQﬁllt lsnEteﬁﬁmedl\ﬁHﬁfgeit l[battf'ﬁepem&ﬁﬁdﬂtlﬁ‘ﬂadumulatlve
| ues of, Re, an thefoII
At B isrsr of e dessg rgnet SrutEpb Sl pegR. then
thé Cea SofFaeperaskiinked; ghase: Re >1481 1629(d); or (6)

a nol ecul ar fraction \Nhl ch el utes between 400C
1300C whéH 2P £R8S reryeyaRedh H?;’CQPRE@ @ﬁ‘ﬁ?‘&é%i’r’i&‘gbcﬁ#

méRaded Wi afcoMplebsidh-RaGeAfiPbRRe SRNBRAIBI(if ARBEYmE and has a
density, d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the
following relationship when ethylene/a-olefin interpolymer is substantially free of a cross-
linked phase:

Re >1481-1629(d); or

(6) a molecular fraction which elutes between 40°C and 130°C when

fractionated using TREF, characterized in that the fraction has a molar comonomer content of
at least 5 percent higher than that of a comparable random ethylene interpolymer fraction
eluting between the same temperatures, wherein said comparable random ethylene
interpolymer has the same comonomer(s) and has a melt index, density, and molar
comonomer content (based on the whole polymer) within 10 percent of that of the ethylene/a-
olefin interpolymer; or

(7) a storage modulus at 25 °C, G’(25 °C), and a storage modulus at 100 °C, G’(100
°C), wherein the ratio of G’(25 °C) to G’(100 °C) is in the range of about I:1 to about 9:1.
The ethylene/a-olefin multiblock interpolymer preferably comprise at least 50 mole percent

ethylene.
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at | east 5 percent higher than that of a conparable
random et hyl ene interpol yner fraction eluting between
WO b@9gsaTes t enper at ures, wherein sai d conpar abl BCT/HRH09046596

et hyl ene interpol yner has the sanme conononer(s) and

has a nelt index, density, and nolar conononer content
(based on the whole polyner) within 10 percent of that

of the ethylene/a- olefin interpolynmer; or (7) a

storage nodulus at 25 0C, G'(25 0C), and a storage

M&US HAs st Hove, @ﬁe(pl&@ssggave%&ff@hﬁﬂ tbIbe phrdtulf|éffective in

to (100 0C) is in the range of about 1: 1
th@@f%@&@k&n o the, afqrﬁ'@e@tonw ki BMUERfisfin blok b EYerpolymers using a

mel &It ARk Hﬁfﬁ&r a@h@ﬁ\%ﬁ@mng agé?fﬂpgdlﬁaﬁle@halh SRtlin® QgeRlifc lude
percent et hyl ene. stat ed above, the processes
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azgllcf’cg ot%rtleaa%eicheé ";O #?Hupnrglsggﬂet y JP Hu%} S ox%]e elthylzmc (2,6-

n- pen
dllphﬁl(yfbhﬁicdldel laod ythjdlmen (I)djudm,lde]n Whtlg/h(alvummgjmbe bound to any

il PR o Bk Pikgs St b T iteetive in processes

erplofing § thidimeHubhyin Sagei heeatiselty for&fah{yd & thrionlan or discolorant is
Slﬁl_stgrittza;l/lg sty ROSHEE or o ik R ePt aneam de),

bi s(2, 3,6, 7-di benzo-| azacycl ohept aneani de) ,

n{d] y| alWiilemonwishing do beeintiyd {riy-patticyla) ﬂn’mbnpxti isiBglieved that the

et hyl zinc (2, 6-,.di enyl.phenoxi d | zi nc, .
rot i s bt S B TR B BRORE S B PG e i, diethyt
ziparAd el bal&méhleiﬂ/feythetredcﬁar Jelcheyed zinhas 1nttli‘53foﬂ1|i oL &ipsiemeryl zinc

articul ar tive n I ocesses . e ovl n .
wih Sy e i fes oo gsiles T R BeT By R B bregon & Righ
tem@eth AR 0f@bod1196°0 Q1saBiid thén Bdebmt Aetdbih] for ExReHPELE carbon- steel

hi ndered, or even elim nated Wi l e not wi shin

01
shelh andiyhgipqshreacior hsater (PR 4¢ ff?‘ﬂé‘g‘?‘? 2%‘9 tq aboyed>P e @Ok tﬁat

detvbﬁtlﬁﬂHb@n@ﬁer{Tﬁé’f&@Qh@ﬁ&ﬂH&%Qlu{@h & fHReIpb QWG H&'&!?%rcatalyst
for exanple, diethyl zinc. As

n e oyl ng,
klﬁégwﬁwrmgs gdded fogdsegtioete amyeaalst lefira solptign. |T§Ie |Cﬁalvﬁéﬂ“
g%ﬁ’tr ﬂﬁs@glsgﬂé&elll%fﬁetﬁé’ bllpgl'yﬁ%ry\f“z&ptotﬁ’r‘@dLEQ b YRS stdier ﬁ)egi% before it

n rmol ecul e. The polyfer "‘may exit the reactor at
reghghthe PRH temperatures At temperatures above 140°C dipolymeryl zinc, as with many
metal alkyl compounds, is converted to a relatively insoluble zinc metal or zinc oxide
compound which subsequently results in fouling and/or discolored polymer product. It is
hypothesized that this decomposition may occur through a free radical mechanism. The

instant inventors discovered that improvements can be achieved by employing one or more of

the following four steps:

(1) reacting said metal alkyl compound with an acid to produce a soluble metal ester;
or
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tenperature of about 1400C or so and then becone

heated in, for exanple, a carbon-steel shell and tube
w@om/1588Tt or heater (PRH) to from about 240 tBRCHDS2009/046596

250 OC prior to devolatilization. Oten, before the

pol ynmer solution enters the post reactor heater a

catal yst kill agent and/or water is added to
deactivate any catalyst left in solution. The catalyst
kill agent nmust al so deactivate the dipol yneryl zinc

top Q6igan MRS usth@MierZn species before it reaches
t he E?QH tergrpgr aturues At rterrper at ures above 1400C

di pof3) raddipe azingre compriping amﬁssbxmtaw thalpkaductomdgreamdigons
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afr an sm VERtor'S
redie oveen! emide frain thefnpmemamntest aamnpe. achi eved by

Reegal 0 thlgﬁ(al ne'f'g{%"%ﬁ(ﬁﬂ h/g follow ng four steps: (1)

reacting sal ound with an acid to
produce a soluble netal ester; or(2) adding an ionic
sUl92dct ant hasdeen @jconeteld gt eue rwaxttmm@stemiarﬂv irglupg hawder, or even

eﬁmnameg(aggn%tfm?anpwyﬁﬁﬂgnw &&r&%&g%&;@&%& o

to avoi can NSOl
regetireg| anp mermb alhl | QDUIIFmeﬂmZiIQl aderitable dcifl rooprodiae d sotebla Imeail kgtér The

4 ng ,sai d S ctor
BTN o i e 4 e PR R RS bR bR aowsiat
amiéd}ra:hamxhtdélng RgHmt, tak) e/ekbastherrmobromnh&ﬂhs expivaligelie metal of the
| S th Acid 2] .1t
R SR g eRAER R 1P et asprapbyon thereor
Slicmd‘nkﬂﬁs ofnerndﬁyr inclode tﬁuﬁ?ele&tbdlfrblﬁltlﬁ: drb c;dﬁij;lﬁfrigtﬁy ziat, a(ljummum,
f oul ant PRH and/ or col rant romthe product
oy B e e b e P Bt 1OF s erbop may be
subltithi@ beurdGbsttiite. [@rfed! Utﬁ@ alﬁyl%%d{)tﬂoﬁlpﬁﬁis@ poBaiedit cha-m ®ith a
vary dependi upon

d
m”@a@tl 'é%aﬁégswgnu%@ 0 alipipeh semag %&af;%lndw o racted

whidh tdehhsntBat AGEMLy] gﬁ)‘ﬁ‘) Wﬁ% |sorﬁ§t1més Wﬁﬂfe?@&ﬁﬂr@@ aH‘(?lrgilb s@PSbout 2
Typically, the neta the netal al ound is a

car %ﬁsﬁﬁl%lyﬂ%f al#ylcﬂml@rcauwrqu%rombapt2 @aboalt P9 qaehon gtems,

prefREIHBOFom SR | 60RL8 hFou@ 56N afFBY aloRS! Ude those sel ected
fromthe group consisting of zinc, alum num and

ium _The al kyl group may be br anched or
ﬁwpbnc hg ae aeni]g Lgpq%&selﬁat%%orﬁg%ps%@nds that are soluble in the reaction

media employed. Suitable acids often include soluble carboxylic acids such as substituted or
unsubstituted aliphatic metal ester. Suitable soluble carboxylic acids may comprise from
about 6 to about 30 carbon atoms and preferably are saturated or unsaturated aliphatic
carboxylic acids having from about 6 to about 20 carbon atoms such as stearic acid, octanoic
acid, or a mixture thereot. Advantageously, the acid may be selected so that the soluble
metal ester produced is such that it provides a desirable characteristic to the resulting product,
i.e. one or more of the product properties are altered in a favorable way. That is one may
employ a suitable acid such that the resulting soluble metal ester is selected from the group
consisting of anti-slip agents, mold release agents, nucleating agents, lubricating agents, and
anti-fungal agents. In this manner, a desired additive to the product may be produced in-situ.

Desirable amounts of such agents would vary depending upon the application but would at
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substituted or unsubstituted. Oten, the al kyl group
conprises a polyneric chain with a nol ecul ar wei ght of
wo e®g/159180 about 50, 000 al t hough sone netal al RgI/USWYI/046596
not be reacted which neans that the al kyl group may
sonetinmes further conprise alkyl groups of about 2
carbons. Typically, the al kyl group conprises from
about 2 toabout 10,000 carbon atons, preferably from
about 1000 to about 5000 carbon atons. [103] The acid
IdaSt iHGUR| dnMmDBAES bEFhrin R HAB N @ oh dSg %tlasrllgpiﬁ% l?t%?:lt'ge
in the reaction nedia enployed. SU|tab e aci
amgent adeangdings| effesdyaamapnt. er avicdpstingieffective ubst.i t ut ed
or unsubstituted aliphatic netal ester. Suitable

sqhed)! e cpiehaxybd SerREendSetdTRN F@Um;oh&f:‘wftﬁ QgﬁléBQLéEldQS ¢fducted
about 30 carbon atons and grefera are saturated or
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d@RAlhg BpdnanaRMtbic Rta¢ QR?Q:Bm@BWa&&' GRd BfeSdo Bhrﬁis%ﬁe’sgvt

octanoic acid, or a mxture thereof. Advantageously,
Admantagepuslyrily cpedidens emplogeday simplythsdhesesindisions eppvesitionally used
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sSuc t1ng SO
the @bbyotedehtion pracedser, @TQD‘U]JCWH%}{ Qtel snigabdef acihits addelditgthe reactor
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Icating agen ungal agents
manner , deS|red addltlve to the product may be
pr[b%thced lil pnysdagauit ispéish pdmahiegeantoradd thefacsueb., afgmnysc acid, to

I
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ti noun 0
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conditio rodu qub e net
SR B ohieR g YO oL T RS oo FRutup SRl fiter i
erﬂmﬂicaﬂ batbieyshid pesdporothprisiag the n&ﬂ@olghbﬂﬁro@lﬁ:ﬂ Elrﬂuﬁl &Sldester is passed
sent . Advant ageousl the copditio enpl oyed may
togy Pr%t A RE G CaReR 1 DB hedRGRRBMSH BWOHW isupstensially free of
mﬂﬁtﬁi&@%ubi&@ueﬁﬁ@ltlﬁ@@adﬁ@h Mmﬂétapeﬂ@d W6tpouhBWath anfacidNahis facilitates
an ethylene/ a-olefin

desi r ed oduc or exanp
mypigiing th‘? @%ﬂb?ﬁ%%? efflqeneoridhg r?%h@a%rrhﬁq gxghagaes it o
coRE@AWOE aSahr lint afaﬁ@ritww(i RERhobBech BRb Q%@dj Bldist € efficiency
suitable acid be added to the reactor after

drppsdess &ag)ﬁéwtzamrp%wbbrl%@w agput | ppreterabhelessithas apouttOniyo per day.
suitable acid is added to the reactor effluent as it
| pagES t TRe MBREHRAS oPdciBiRh bd darBREERTd Bmetal may be any

convenient ratio so long as the desired amount of the desired ester is produced and/or the
majority of foulant of the PRH and/or discolorant from the product is substantially reduced,
hindered, or even eliminated. In many cases the desired ester and amount may be decided
based upon how much one wishes to reduce or hinder the foulant of the PRH and/or
discolorant from the product. That is, if one wishes to nearly eliminate (as opposed to just
reduce) the foulant and/or discolorant, then one will likely attempt to completely react the
metal. Typically, the molar ratio of acid to metal is from about 1:1 to about 10:1, preferably

from about 1.25:1 to about 5:1, more preferably from about 1.5:1 to about 3:1. It may be
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[105] In any case it is often advantageous to add the
acid, e.qg., carboxylic acid, to the reaction prior to
w@@aisileant devol atization, e.g., prior to angCT/US2009/046596
significant post reactor heating, to nore fully
reduce, hinder, or even elimnate the mgjority of
foul ant of the PRH and/or discolorant fromthe
i nt erpol yner product. Also, it nay be useful to mx
the acid wth a solvent such as an isoparaffinic
d&abMEe RS mix theadi SRR afet béthre b@fcﬁﬁgelt waacgilh Tﬁ@teﬂ hmyla@h@ound if, for

with the heat ed netal al kyl conpound. In ai
exanple, a selpblgrfomplex gpeial §5t§rdl5 d?ﬂ‘réd n%»tcawmegkeéfnef e%ﬂhef?fceéamplea

iR RO FHR sSIRvEh gRRORHEHIa ZRINTLIF, NOOLH D & hbRina! B %M%But 5 to about 20.
product and netal ester is passed to a post-reac

1‘]1'@5'6356?5?9&?{&@?"1‘3@‘9@@??’ the geid imay e HUxsAMEEh yterdo etmql@ ratio of acid

tosmét@%midom fioF ret% a%ut m%t lalpre@é?h@? fém%gme% aBQUtt7hle
reaction of netal al kyl conmpound with an acid. Thi

Aftgraptivelathe smenntraf aiaker iy ba&omadputeRdnahnge’ %mmwcth@ﬁwum of
miefal Brh§ me&? Bas'iseaff\%P{he Qﬁ%&m%&f GvQéP Q%n{ ﬁioﬁ{ i é’t%'a%od% 9D ghRthe

over onger time han 1 f he acid been
aapit @i/wi omhaplar éaSISt H&e 9$eﬁilép@rﬁ9ynmldﬂ>?s9 a@é gatiphgany depending

f I
of 18 tersicrt gl 5 1o 501 LRl by BECHERARLY obEBfin the
ms@atoxides lo atrekr@sqﬂﬂpcodacmgi etﬂmlen@wlef rr@jpcb énternglywens weing e ainc
[
s}{uat }ga%%gt Juglp%ucg B}gl ?tgf?a gl f?‘ruarﬁ%gﬁ%t ta%artgb@rlg ?&lﬁ{l‘%g}p H0:acid
ratinés 4BRd 1ahd4<26 ldl-B@oI orant fromthe product is
substantially reduced, hindered, or even elim nated.

AH@‘&‘?@%O'&@%?&WE‘ deS| red ester and anount may be

ased upon how nuch one wi shes to reduce or
hi nder the foulant of the PRH and/or discolorant from
t 7y odd@tas bagnadiscpeered thatgrethgy wayds syhstaniadly| rgduce, hinder, or even

elgﬁig% : é&‘ﬂ? oPi%'ai%ﬁF‘&% theOPR Y %ﬁd/«g%gﬁ)}ant ﬁgmft%r{p@afct is by adding

na, orant, then one wll Tikely a
an:r@mplsmfaetltaylt mhe:vteaqt@reaﬁmeﬂlapolymyma@an pspcess e mnd preferadlyi. the

109{c s?ﬁ‘rcgqbnlﬁ % ?Egodﬁ]l) é esfez{c'fo? %@%@S 1tjle%e§ e geg%& %r%s?gt:{'ly thereafter to
fopndfe@eahﬁdwré@ﬁﬁgbgmvlene/@okf ndblabouerp@yers. Advangageously, if the
detg{re V\ﬁ)rf){j]u%msef %éﬁ?%é)l)fe rl'nh Eth?lgne% me%m 8%’(‘)@!% t?r%cﬁgfr%r the %grg:dtltllorr]lg
n@mhubbémplomdnp bexucrshl mtexs)bs/mer Enayi bs empsldyedS‘atnd thecsomzrblleammc
t f h th
BRI ARy o545 P ol ot RS s 1o
about 20. In the case of conplex netal esters, the

a{:i%l] may The iqmiosecfamrtt tnamarerdepqmdmg npbrathe reatfants efid, dqirekent,
Lom about ra
 RaPaGaR" sl Ry oo B PR R on BhE TSRGEN
suﬁﬁblm&rsuffmyarb@cofnfmm apdart poRthntand aknombol?,ﬂpdrlncrmﬁretfdnﬁ)ly ionic
l.or L he anou

I NG ST N AT R AR T
alkali metal fatty acid salts, alkaline earth metal fatty acid salts, and mixtures thereof. A
particularly preferable ionic surfactant is a salt of stearic acid such as those selected from the

group consisting of zinc stearate, calcium stearate, aluminum stearate, and mixtures thereof.

[109] If desired, the ionic surfactant may be mixed with an effective amount of a
suitable antistatic agent. Suitable antistatic agents and amounts vary widely depending upon
the other ingredients. One suitable antistatic agent used when producing, for example,
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amount of acid on a nolar basis. The useful specific
nmetal : H2O acid rati os vary dependi ng on the
W0 pigeasiient s and often upon the val ency of thePE@EUS1009/046596
and ratio of metal to oxygen in the netal oxide. In
the case of producing ethyl ene/ a-ol efin block
i nterpolyners using a zinc shuttling agent such as
di ethyl zinc it has been found that a particularly
useful zinc:H 2g:acid ratio is about
ethy Bheld-oR6in blodk int@polpeielsig armakbamital aBuidnaiaé sueh af étﬁ(?\]yldtéd

been di scover ed, t hat ot her t s nti al
R ERp0E: Tin Been S o B e R PRy Gyt ik with a
seflmﬂs&atlc afid ﬁlbﬁb@ﬂm@mmﬁeam Gosudktamtallly ﬁ@lﬁb'&@,&nrﬂfe?ﬁig-t ot even
act or after

i.s. b d|n an |o ta to the r

elefﬂea%tﬂ %reet 54! Gl ﬁ@ 5%‘ ang}r%?'éc%tré?t& BP{pdugipgan
eﬂh?l@hé?a%léﬁfl@%ﬂﬂﬁerbcﬂyrﬂ&dﬁ&iubﬁ the reactor effluent as
it |eaves the reactor or shortly thereafter to form

| ATl ool e B Rad niSy Bt Yo PR PR esPradnging o specine

mlefill ofHef c@xRIMdseandarBactibMydriths. aF@licfly, RhdekKratio of ionic

sisPS S M 8 TR BrHo I etooHay | DaLirphis JOm SRt ¢ about 1.

MmOk préfefablylaBiita : 55 Wi 2k &Mbasis¥ raion@lishideradaads metat M8y be from
reactor effluent as it |eaves the reactor. 108] The

ahoyhf-a: 1 starabautt 8 magyprefambly dopeabarinlgd:d fogborhs | yate pisfrrably

3%92 11 WHh &he¥urfad M c6@pNiNeSE p AR PoRIon GR@k Horﬁ%&i&tﬂohnﬂ is added
ent, as well as, the reaction conditions i cal

mst s¢ ABPWILS diriag bestirfpudithas the apompiraf deposityel the p%retaftehheat

ex@RgheRr nﬂﬁ’)nbé)&'céﬁseﬂ (B&ta'f&@or o?ﬁﬁfea%f anl a)é’cotn9£}b@to%'l§efa%ﬁ Gt S
conprise a fatt % acid salt such as those selected from
psm

surfgetagfripngs ool inthgyreadtion pkagkss: netal fatty acid salts,
al kaline earth nmetal fatty acid salts, and m xtures

Ahﬁ'ﬁﬁ‘ﬁcmlxtlﬁem;irfsmg@m Antixgdagt abl e ionic surfactant is

a salt of stearic acid such as those selected frontthe

gro consi sting,_ of z stearate, cal cium stear

all num! %‘taég?eﬁtdésco‘é"u’iﬁp tﬁ‘i‘t TR iR ““"[TI G@‘;\uct‘ mder oreven
elhiRAte 8. mdjdiRy bORLBNSH rttfe@ﬂﬂ@ﬁ‘rtd/&@l‘isc@l@ram & th grbduRhis by adding

effective anmpbunt of a suitable antistatic a%ent

2 BiIYra BPBPTATRS A8eatip e dang orbspradist prsTFRNgitioas (i ienstqavoid

fortRRPAMF BignieaR aﬁqbﬁu%lge bmbRgS B a%ietv%ua@t%séuwl@&lle to the
antistatic agent used when producing, fo

predusindlf éselubly metnd pumefplkgopowids @R“‘feﬁtf@ﬂp‘@!‘vﬁ@iﬂlsalkﬁl sorgppund.
al koxyl ated al kyl am ne such as et hoxyl ated al kyl am ne.

I {11kps begibioinnexitifid dedeilint thdleBot @MU ot products but for many
et hoxyl ated al kyl ami ne nmi xed with a salt of stearic

POATE PrRSictp 8uG AP Ethyignedroipfia plask inteolymers skgbleraniiayidapts may
offeﬁ ql)H Gé18Ged fAb tjrfé rcofisti stﬂ¥ %pstﬁjic'am/ Hﬂ&ér@(gpﬂengls r@dr@!llbl Hindered

foul ant of the RH and/ or di scol or ant
plpmd drhesphigesa#nd mixtures thereof. Particularly preferable antnoxndants are selected
from the group consisting of di-octadecy!-3,5-di-tert-butyl-4-hydroxyhydrocinnamate (such
as IRGANOX 1076), benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, 2,2-
bis[[3-[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-1-oxopropo (such as IRGANOX 1010),
tertiary butyl phenyl phosphate (such as IRGAFOS 168), all of which are available from

Ciba, and mixtures thereof.
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et hyl ene/ a-ol efin bl ock interpolynmer product. [1 10]

The amount of ionic surfactant to be added varies
waelgpensiiny upon the specific netal, other conpPCFtis2009/046596
and reaction conditions. Typically, the nolar ratio of

ionic surfactant to netal is fromabout 1:3 to about

1: 10, preferably fromabout 1:4 to about 1:6, nore
preferably about 1:5. On a nass basis the ratio of

ionic surfactant to netal may be fromabout 0.5:1 to
alpoud] 10:The anfuxedapt redyeeabixyd #ito mhattmﬂibléccﬁﬁpollhds sabioaktcolor

SRS O b S BIAM SES RE D GTec G- SoNarison b G agiy1-4-
pipeletael 1j-pol e sethanmeHiichiord- 3t5aﬁnahe@meatﬁw&oadw§twime -butyl-1-

armunt 0 OS] on th actor heat exchan
g&f E@%‘&ﬁ 3’94%? y -P&frlgwam@a&m? AY H%ASgORB
2mmcegdi34)@%eaq @ﬂRG@MQBﬂW(ﬁ@@ taB 1 whith RRLaveTEdIOY&A Ciba and
in th reactlon process. Adding a M xture Conpri sing

MR PETERT: G cpraRands thatinay aBHULSEEENEAT FRaEIe from the

arMARIRR indNRY chidlySieadtiRibisaikb MeibRekiCRateNidMEHE profé qt?e\ﬂ@rpagents
elimnate the majority of foul ant of the PR?—|

©-gi BEGRRAL-APrIraRth QRN e SRV S UByaseRprig e ?ﬁl‘}ﬁn@rcémprlsmg

m&RARIkhids Tile RO Ol Aakirek thetddg product under
conditions sufficient to avoid formation of

nificant amounts, e.g., anounts that add visuall y
Hglé} vabll8e poYiee cpmprising %‘F‘B’&G‘H’E andy fif depjesd) oRs1 B Mgt &loror

stiBliRls, G&rﬂ?%!ﬂéjéit%ﬁsﬁ HMREAVakdrQ Th &8 SheR ke RIVENEs is added to the
co ound 112 tabl e anti oxi dants depend on the

raﬁtcgwéiﬁacoaf*ﬁl@?s Piiesdrng o vpidrfomitionrahsjendbgaphagpounts of

m_EHl@&‘éJﬁEt%l é%@al%@m?&dﬁﬁg 80REd BoflsEiliinedtbRGKcompound. This may be
I nterpol ymers sui l'e antioxidants may often be

acsempls @Hmfarlbmrwwéerg msaperc drirallyi saéd wixtue ésradded toyhe product of
B
ingreasté reatpketiant Thyindeasestemperawed ieasuelly belownthehapeizatipn
ter&?&%urcét CI%fngo%ent an%i ar%es he pr040eI§]s (for eth%lerae/a -olefin block

oct rox rocl nnamat e
m(ewbmeasroldmmxnaﬂdzﬁl) majp emchhé ptrzapapcratmreaﬁ‘ if@m about 120°C to

,-[L(l,l-gi hydr ox g)
st P b B IR Rk ST RSy Spiaagg o more
stmmmfcapﬂo(nehamc holassthﬁmN@(ta&&]dé)iqtnvm@r tsbl&éry dmhy bf qhhenyl
BHESFIR B Rl
R R T e e e b T U T S
anti oxi dant may be m xed with other suitable conpounds
sUdh] as thd wtatis¢ abouni gmgosdahams ifhiesicdr @ camionesldri ke
sta:l?)ﬂlzgrrsie 03\%%? %o%nggﬁfy&%&’a%&afﬁ)psl, %fga%rzo’ng ’or6 l_ntoreetsl(‘)f’j\l/gﬁts Uglrke_s Acliépending
uan meffbfdcéssc i ganeral, iR, dordunt @ zhiexidane ain.onripy dugheredigg wyioh Ithe
en[d\l- u?euat \t/ilréqluggr%gnqg nf]tﬂe final product. Similarly, the amount and type of color
stabilizer, if any, may vary depending upon the type of catalyst used. However, for
ethylene/a-olefin block interpolymer product the antioxidant mixture typically comprises
from about 0.2 to about 4.5, preferably from about 0.3 to about 3.5, weight percent
antioxidant. When color stabilizer is employed the mixture typically comprises from about

0.2 to about 12, preferably from about 2 to about 11, weight percent color stabilizer.

Purging the Post-Reactor Heat Exchanger
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and N-butyl -2, 2,6, 6-tetranet hyl -4-pi peridi nam ne (such

as CHI MASSORB 2020), N(C 8H 7) OH (such as | RGASTAB
wWoB004155 al | of which are avail abl e from C baPErtiS2009/046596

m xtures thereof. Other conpounds that may be useful

in adm xture or separate fromthe antioxidant include

catal yst deactivators |ike deionized water, sol uble

protic quench agents, e.g., methanol, isopropanol, or

a m xture, solvents such as isoparaffinic solvents

cdmps]i si Nget@hottet valykanestahiidie rédaCEARdE, oPd@n Blinindfe@e majorlty
[ ng ant i,oxi dant and

Th ture conpr
H% [f&%‘f’r“é@[d‘;‘g‘ilﬁ%d/%fredlﬁ?ﬁ éa%&teswaﬁfgcgttr% cf B by periodisally gyreppgitie PRH.
Saat éﬂ{])ty@d mspa@acbmpm&d in@AF Mahned BE: tPFicATRIiRyohRk B&RIng thSpost-
added to desi red product under conditions

reafier peef a'thf be*aasrss'ﬁﬁ*a% frem ngfosen. gHivisng 4 RiraAgyatageously,

thd, lik&rhe lothet ﬁe;ﬁerh@)t bOdonEBloAk o CIARBRABRGTonAIKH HE BthEr tﬁf& steps. It
al kyl conmpound. This may be acconplished in

I d netal
%ﬂi?e'b B)H%H‘iab‘?ﬁenme is Mgt gt when purgigthqpast-fegetor heat
eRNGRLr With hit@ g & AU bnOlir&BbHadBRGE ih AR RELCERS c?ﬂ‘ﬁﬁel done as often

passi ng said product to a post-reactor heat exchanger
agteceidner eased tenperature. The increased tenperature
is usually bel ow the vaporization tenperature of the

PERDRABE NcanAighf ¥ FHouRA HMt ERGaREAcess. For
ethylene/a ol efin block interpolymer product the

BT 200t esifan &S00l ety et cvpghminte the majoriy

oftfotlbmdh tH’ég’HTB%dhﬁ d@@@@ﬁﬁﬂ frsh e pbdﬁu@ﬂplo%éh&ﬂlcél%p&rate the heat
re streans of g dant, color stabilizer,
1g

exe %%Fryagllova RLESSUF &r &%Fﬁture 69nd§mr,15 rindyce flashing conditions

(edf. OcEHTRRGrb %%ﬂnts&&@&ﬁ@fh@'b}zhhﬁg p&AtybiIrRA G @&lllé@d/ondltlons are induced
Convenl ent tenperature an thgr essure. 115 ]

PrERTARIY @ NartoREnuscons Witionx | HtMaaAeY, foqllfngd@asfﬁrraésoﬁucfomscm,
pdh& rédueE, 1§Jr§‘z§’n'1d de%@int% s or@dhe &podii)! re@c Gl Bk Y&fuced or removed from

deacti vat ors /or one or nore solvents varies
the sysEagen o éhq}ﬁéfrﬁxﬁll*?é‘gﬁr(msﬁher pipgeiabeafitiing. lopevmedhm a gpor-

llcﬂm LePXh 8@ péifol R tbﬁy@ FI naﬁ‘epr og‘le@inH: Pﬂu P@Qfﬁi tﬁ)%gl

and requirenents of

mataiilhie.cardlirasly pre spstiab silventsseragsctive ehemidafs) aen:yl to h@a;ddv@tofhe
S yeyer fo

NERE PR R S Bily SIS She S350 LR Eher pBluc
soluent, and ahaty -pradutta mdrichyymayaaiiniay nooinplndestbe fduiamm ddbanitthed. 2
L
thaniﬂ‘yoyfatde surtacerargd off the equipntat,leye, aofipe oBiest dxclmezabaii¢h may be

9.%tt ?bout 12. preferably fromabout 2 to about 11,
SURET g””e%cent col or stabilizer.

[118] The temperature, pressures, and time employed may vary depending upon the
specific product, equipment, and potential foulants. In some instances it may be
advantageous to employ conditions such that the melting point, e.g., crystallization
temperature, of the polymer to be produced is exceeded. Similarly, in some instances a rapid
depressurization, a pulsing of pressure, or other non-steady state boiling conditions may

facilitate the reduction or elimination of the one or more foulants.
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Pur gi ng the Post-Reactor Heat Exchanger[1l 16] Yet

anot her way to substantially reduce, hinder, or even
we@pkoogitsraas® t he majority of foulant in the PRH BEHUS2009/046596

di scol orant fromthe product is by periodically

purgi ng the PRH. Such a purge nmay be acconplished in

any manner but typically involves purging the

postreactor heat exchanger with a gas selected from

ni trogen, ethylene, or air. Advantageously, this, |ike

¢hinpaithmk ofSiRlfventBY e done al one or in conbination
mﬁth t he other three steps. It has been found t hat

&eg the %; Egst effective when % g the
| eact BPPdians aldBR BREE MIFRHN SPTPGEER <y IeBy o0k fne
mhmtaocm mmpamnetr heda nBtat BeerOTHRREally, The Stheiakt/R8leAR ARt ock
as _necessar rcol ation G eani ng of a Foul ed

te Pe
R R AR G st ore A B Ol RCPHS dp 9Tt ojowing
chedstesstichi nder, or even elimnate the majority of
foulant in the PRH and/or di scol orant from the product

is to perj.odicall rate the heat exchanger at | ow

pressure QE@?%@“W%B%Q? ?@@EHEME@HHFFH@ﬁ%aWHIIHéﬂ%e

nidlas hi ngghnﬁdhbliti@ﬂSM(vWQ gré&?@ é@m aaarta.ﬁetd yf_nt s exceeds
oi | conditions are

the boili oi nt I.S
i nduced (?g? g?aébcl’ ecét frastion gy highe g&?ﬁé’e%eﬂl t#9%6rand |1 30°C when
ttfahﬁcﬁlatﬁ&ﬂﬂﬁg TRBH| dhatgctemea lih AhhSthd HEioABaSLRb&: m&w&tgﬁléast 0.5
W§S|du I norgani ¢ deposits, organic deposits, etc

Pldutied or renoved from the surfaces of the

heat eXChaNgevwiMh fidRYabBlies lRbB& 3.3 8 &t oe rﬁéli l{gpouRrTm in
vesseli via a vaporliquid separation or "percol ation

degrers CStsfuscand adsnoiyed. diviraams/ivitie centimeter. avhgreimibe numerical values of

Tad@huulceﬂ@tpon@toeﬁé.%laﬁo,(sﬁ,pg, abrasi ves, speci al
sol vent s reacti ve chem cals) need to be added to

the T 6\7\§5r§é 3vi BZéUE) sAPULH(DN onvhi ch of ten sinply
conprise @ﬁﬁ‘q I@&/MP?erOA%Ol&h% tBQll)(yLHg% Qnrdo gtndflt“ltngso'n ?E‘tlh g,

and any by-products
a’fdoﬁﬂe&ﬁﬂganmm Adnigtdegneescpdioal (h?ﬁntd asttllmetempmimta d])fﬁe}ence between the

taﬁé@b@tﬁg %@l )‘ﬂé@llésﬂ@ﬁ?@ﬁl F?)%IJ hogremft ett %ugr(t)%/%ﬁl ta M Xnd AH

nor e e sur area o
haye ghe followwiag eclasionsémt exchanger which may be subject to

f oul T, ture ressures

errpIAof]ng h%g%?AH bgzdéelggﬁghar%eaueﬁéq?%tzﬁré’ g up | q‘\%@q@r oduct ,

equuﬁh%ﬂS%Z%ndH@nﬁ&mﬂman30ﬁglants I n sone instances
condi ti ons such t hat

t
e T HE USRI BB i oo et famauiaive
poaymetrrmdpbne;smn 1 erdedt @bt aterings axiaafiasic CRYSTAR JeYk, then

the ER%ﬁFthnﬁge?QSr%sfs ?O 6a(Prl d

(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and has a
density, d, in grams/cubic centimeter, wherein the numerical values of Re and d satisfy the
following relationship when ethylene/a-olefin interpolymer is substantially free of a cross-
linked phase:

Re >1481-1629(d); or

(6) a molecular fraction which elutes between 40°C and 130°C when

fractionated using TREF, characterized in that the fraction has a molar comonomer content of

at least 5 percent higher than that of a comparable random ethylene interpolymer fraction
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depressurization, a pulsing of pressure, or other

non-steady state boiling conditions nmay facilitate the
WO ewdoasiieh or elimnation of the one or nore PCT/US2009/046596

foul ants. Conposi tions of the Invention [119]

Conpositions of the present invention conprise an

et hyl ene/a-ol efin nultiblock interpolynmer and a netal

ester. Typically, the ethylene/a-olefin nultiblock

i nterpol yner may be characterized before any

atlrtmgsbleumkm thg sirye mﬁ@e@furmﬁeraﬁ sdifd €orh rdBRMaRGm ethylene
.char cte vera e bl ock index greater

'Pfﬁanﬁ asa{f\tasam& “%6‘05 ) i“dd‘aéﬁ el infsetensiar andenefht
cdrmahdsm&mbmerﬁt (bdMied dithe MSQtp@fynkﬂaﬂdﬁb Wﬁeréent’-)’of R4t of b ¢ ?r%lene/a-

st _one nol ecul ar fraction which elutes between 4
(ﬁﬁa @@@%”Wﬁéﬁ fractionated using TREF, characterized

in that t{gakoact HRAulbas 2@ @l @‘%JD(S dCr, dgy ag{OB%E nlo?@@;g 160 oc,

8 about 1; or é h froma
Qgﬂt g“gewgph¢§ggpf@ﬁ 3ﬁ@ﬂ?Fh@o%dﬂn$mtmh@nﬁﬂﬁdégnédgoawmt
odel sius, and a density, d, in grans/cubic centineter,
wherein the numerical val ues of Tmand d correspond to

t H&24lel at Thsradizlsstemvaries depegBmauBn thelBFIBS!(diyracteTABs of the

«,émzés@l)& buplrypi(zgi)v i swlmd FQIEQ}JQSQQLHEd é'igyzzgecl rfgg%léltter 3N}e>}netdl

heat “of fusion,
°W Pf¢fﬁfaébf@9@éﬁse®é'10§1l ab’gutdﬁetf) iabad 3Qisarb¢reatd:resrrﬁe pa¢ embodiment the

d
St%sflﬂcu?eﬁ%p Gﬁsupﬁfﬂ“@cﬁg] g&gﬁc Vé%glip lgﬁépeﬁg %t P& Yotk CnPe %}glclﬁietgat Spay be

| est CRYSTAF
G‘DWIOaWSDHaﬁJWEdCﬁﬁe/afooI F@wmgple,et Itxhrorisvids emBIBvéd -tlQ:n aCé

han zero..and
n%%ggsg%?g%buggr\@%lei%%l ]@mp‘_rBHyler Ld mf’tﬁ q,?teitheJxrﬁa! of the metal
esigras eiransitive "TERY.ST: AFP beaketals(;mep Gnmmeﬁl L] b?g?laﬁtldneﬁﬁéof
t \Y; o] and i ess t han
PR SESN il I SUML BV RG IR A0l LSS LD i
alpeakl,m, tuegn| liune @RY&T&NE pmmaae atetsll ©5tdrS indAEa nRfal {tBArat@Buch as
ercent at 300 percent strain

¢ fegover
Z’ﬁi %ga{‘“e ¢ “n%%é%?'%ta w“ftﬁ' tﬂé’Bﬁﬁ?%gé? BAc %mé@ 919 (RixgRe
ﬂmhefethylene/a ol efin interpolyner, and has a density,
d, in grans/cubic centineter, wherein the nunerica

V?‘iz‘iFS OfT r%posmonss%tay t§ef %a&ehu%ing the methods employed above wherein
before, during. or subsequent to the production of the ethylene/a-olefin multiblock
interpolymer, a metal alkyl compound is reacted with an acid to produce a soluble metal
ester. Alternatively, the metal ester and ethylene/a-olefin multiblock interpolymer may be
simply mixed in any convenient manner. Advantageously, when made by reacting the metal
alkyl compound with an acid, the resulting compositions are often substantially free of metal
oxides such as zinc oxides. This means that in many cases the compositions comprise less
than about 100, preferably less than 50, more preferably less than 10 ppm of metal oxide
based on the weight of the composition. A relatively low amount of metal oxide in the
composition often reduces fouling of the PRH and may result in a whiter or less yellowed
interpolymer product. Preferably. the resulting product in one embodiment has a whiteness
index from above 50, preferably from about 50 to about 100, more preferably above about 70.
In another embodiment, the resulting product has a yellowness index of from about 5 to about

-30. preferably from about -1 to -15, more preferably less than about -2 according to ASTM
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followi ng rel ati onship when ethyl ene/a-ol efin
interpolyner is substantially free of a crosslinked
WEhb@sassiRe >1481-1629(d); or (6) a nol ecul ar fPETUBINI/046596
whi ch el utes between 400C and 1300C when fracti onat ed
usi ng TREF, characterized in that the fraction has a
nmol ar conononer content of at |east 5 percent higher
than that of a conparabl e random et hyl ene i nterpol ymer
fractionel uti ng between the sane tenperatures, wherein
D&R0DC AAParaabther dhﬂi@dﬂ’(éﬁﬁ&ﬂé}fb@[t?gipfﬂdgétpﬁk yotR b whatsndshmdex and
same conpnoner(s) .an as nmelt index, density, and
yekigIaFss dlsn Hatfrgth %@HF@W?“Tﬁgggémbn t he whol e ponner)
within 10 percent of that ofthe ethylene/ a- olefin
i e pol VITHE Binoit 0(" dneqrl st iage comphsition cart va2p d@Endit (2 the

00 a st ora t 100, 0C,
S R P R DT syl anctﬁyt’%fgﬁ?ﬁf‘af)%s S Thgg s if the
me@NGer ¥fenftd@iell adan dhtitslip afentthel it: sﬂ,@ulcﬂ Bezlﬁ}]ese'lﬁhla amahtéklipping
desire

ester varies de endi n n the
R BT SmUg o P e MeBh B b S B ples s AsioR Apti-Jmeal agent o
n&%@ﬁd gtadbRANGH it bm}%l!b&:tﬁrés@ﬁﬁﬂl ahritPfiadl 6freceilhabhmest Gf nucleatmg
he netal ester preferably conprises fr om{sabout

CTEaSE LA SO GBIV OB AT, G BOBHBD B FfE e only B presert

1nSsHQﬁtah1toHﬁt§ dr 18s th’d?\sélﬁ@&tﬁ \Léﬂl%fﬁ %en@bdtp P@‘férébl)g nQHExt bzﬁes the metal
dependent upon t type of acid that XQ be enp

estes nswresantanygpma@a@f frompbeut 1 gpmdgatioyt . Ofppﬁbﬁh‘?ﬁ?ip ebout 50
I t
p@t? eogarbI gt 52(5(;6'6 CP‘BX‘? dr fr&h %fi‘ouftl IW) dé[ﬁ{ @ ab&?t engthe;?;ﬁﬁ #]géweV%BgthOO to
atwfit H90pm, ahaseésméhe ﬁogll aeughtmféhqqomWOﬁm'hl G oup HA
nmetal, Goup Il A netal, or a conbination thereof.

P ﬁf.’,?r abhye afohEndmBLRd c@ifnbmldﬁﬁhﬁ& b€ BleRllediwWithSlk @€ MBEE suitable
from t he group consisting of calcium_zinc, alumnum

achiﬁwnglamllmﬂﬁ dipigg thequipdictign efrednianglrode fipgnulfibleg igfegpolymer or
sdbg%cI uﬁ] T ol%@r?{n@tuﬁe SHCampleZd E}Gpﬁ&%afa?etd%lé%fomer or

st eara a netal octanoate slch as zinc
elgeragroanéom @thylanemozo@lurnerStSh@T@dfF FINHIY® orrifdGAGE®, traditional

p&géﬁ@%{m% EL%H sc’ls bELﬁP@ & I%ILED g;dﬁﬁeangeﬂrw&e%d%%ers such

erei n ore during, or subsequent to
spromdm:»cllymonPlbfrzmdemabhqdlvrewé?PaOrdﬁPelfarsw astanien$/ d@ﬁkomers Or a

coiganbtirgagilgrgk ereo% T auagngotug! of S I,l&'ﬁthe?%gl?%léﬂ% i*fés Beepgx% ﬁéjuwnttllib desired

prAbdre¢srat] ncmebz;u,bllttjn witheteabecd$t @hylard- @tthyinanmﬂyruer@hémetal ester
en';%i!);eidbl ock interpolynmer may be

[124] Useful propylene based plastomers or elastomers include polypropylenes
formed by any means within the skill in the art. The propylene and optional comonomers,
such as ethylene or alpha-olefin monomers are polymerized under conditions within the skill
in the art, for instance, as disclosed by Galli, et al., Angew. Macromol. Chem., Vol. 120, 73
(1984), or by E.P. Moore, et al. in Polypropylene Handbook, Hanser Publishers, New York,
1996, particularly pages 11-98. Polypropylene polymers include Solvay's KS 4005
polypropylene copolymer; Solvay's KS 300 polypropylene terpolymer; and INSPIRE™
polymers and VERSIFY™ polymers, both available from The Dow Chemical Company.
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sinply m xed in any conveni ent manner. Advantageously,
when nade by reacting the netal alkyl conpound with an
W@eiod/1531k2 resul ting conpositions are often  PCT/US2009/046596

substantially free of metal oxides such as zinc

oxi des. This means that in many cases the conpositions
conprise |l ess than about 100, preferably |ess than 50,
nore preferably |l ess than 10 ppm of netal oxide based

on the wei ght ofthe conposition. Arelatively | ow

SEIPWBrahedBbA lerfeXaste) ﬁorynxeh@fop erép@metpre@éht afvegtonrgduces
foul i ng ofthe PRH and in a whiter or |ess

cyramprsialy ayadelle dor pprasce éﬁosuMe@te“ M@@h AMEpFy undashe trade
désﬁ-’g?ﬁ! M@%M ﬁd et addrppom @ﬂk%tw@mum& Ratied §HU88ed
I ndex from above 50. preferably from about 50 to about
prooplenarbased paleness adsl B patnated baisesians wighin fhe skitlde feart, such as by
B%ng &: ron qo@a‘?‘%frgﬁﬁ“ertt' t%gm%l%itéghlsaééd RM&W% in U.S.
ex o out to about - 30, erably from
P@tbr@@io 5 414 9b7 (the8ise piplrigh me&ve(roaiﬂnxg) rae@élon hvaanreémdmxygzn

i
oGRS & Po OGRS eqyiol ¥ ARRLOSE: AL ER By iene at
lopeek teovprgses):rideRatent Noi h4®4a%)7dﬁbz<eﬁeh¢d Nyl ¢ &g . Solvay

1221 Th 1 t .. r i,0
(Jggogl f é?ef}t% ié‘gga IUnsglgalS(%t {)lli‘cgnﬁﬁg 09 dl%%'?@ fgeoo‘mgg%'st 1391908
(azilrpogiling egenasndEdchef thesd raedtsfapplirationd it inpepahtet hercimdtyal
ster. That is, if the metal ester is enployed as an
At1®s1ip agent then it should be present in an
a7!1251 sl i pphargaekbledy suiablapmpplene-Gisad palyhyrs icfudt NERSIFY ™

o vnir ey Ko b or R R R ro e R

Cﬁéiﬁiicalf(w])g plcafEreE't™ pbeynaammanaao, m?m(elamxifg’ @wn&eih iPd&man
nmount re ect Y | cCa , t he
igal Cook Bﬁgﬁé&j Bﬁ%eﬁéﬁmsa%ﬁta"ﬁﬁ@%ﬁf*ﬁo Relxmes
(Ije%ﬁﬁaﬁ FatRerabieablle bl Rdrg klupepiropyItne-oRIiRY BBIKYcopsly OIS tand
cases, the netal ester |s resent in an anount of from

infgsenlymere and Aiheioprapdine bagsddinsk senrplyesrs $1ddRCERglmerSmoppi the
at, 0 about 5,000 ppm or from about 1000 ppm to about

2500 ppm or from about 200 to about | OO0ppm based on
the total weight of the conposition. [123] The
Reprssentasive; ipeiHh akihe IBYsalAy be bl ended with one or
nore suitabl e additional polyners during the

pdyct i aie &llodinyydneiodiments@heteprasditakité fpeoi€ilk embodiments of the
.interpol.ymer or subsequently. Suitable polyners
'“Ftﬁ'&tllﬁ‘ffét‘ %or exanple, a propyl ene based pl astoner or

el astormer, random et hyl ene copol yners such as

1.AFFI INIaTéé(cnon EocdsNGNCEComprises &ddthg@maktupe&lhyetahgﬂaaneﬁann at

such as,HDPE, LLDPE, LDPE and nyl ene-.base
leﬁ%P%%fP%ucmwrgg‘gﬁdﬁ%%&R?E% Ropnd. A, l%p%ﬁwreégﬂeof and
thew pERnpase@profhAsd A NRESIne B rQIRF BeaDExclanger, the improvement which

re,

comprises one or more of the following steps:

(1) reacting said metal alkyl compound with an acid to produce a soluble metal ester;

or
(2) adding an ionic surfactant after the reaction to form at least one product

comprising a metal alkyl compound, a metal oxide, or a mixture thereof; or
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conbi nation thereof. The anmount of such other pol yners

di ffers dependi ng upon the desired properties and
w@eovpasitbi | ity with the specific ethyl ene/ a- oPEF/UR2009/046596

i nterpol yner and netal ester enployed. [124] Useful

propyl ene based pl astoners or el astoners include

pol ypropyl enes forned by any neans within the skill in

the art. The propyl ene and optional cononomers, such

as ethylene or al pha-olefin nononers are pol yneri zed

undeys) %Biqg ta 'nQQtﬁreVUoHﬁhﬁné Rearriokidhnt] 't(pthE tEﬁﬁ)dﬁéttuandérQBndltlons
I nst ance, di scl osed by Galli, et al

SWHEIERD pvm@ﬁqgmtlon\yg signifipant amgur(tg_gigzgolu%? mwfq npz:tal compounds

déﬂ?\%ﬁ?nonﬁstalo%etal'a'&y?@érb(;ﬂfu%’ydrene Handbook, Hanser
Publ i shers, New 1996, partlcularly pages 11-98.

Pol y{ d’ﬁyglwldmﬂsyﬁ%q{@ hehtcﬂxghfég@w\hai}a irerksys Hadys conditions to

Y/ S 300 pol ypropyl ene
ré?tgérvléo e?/a‘?nélélﬁé‘?ro@QP{és&é{f}%ﬁetoﬁ%ht e]@(Yha% éé and VER S?/ EY ( %)

2pol y'hesr rsactionprocess af Chih é whersin thh probask/c@hpimdce a polymer.
3COMPANY. WOB p)lcgss BF ARCHGELEARY r@&%wgg?a%ﬂs ﬁér)é*}{‘%ﬂe orb@lct

use Int esent I'nventi1on ar

cavmmkabb@yowﬁn i nstance from Mont el | hbrth Amerlca
under, the tr esi gnati ons..Profa

4PF 8 re%tlf)e?%% S?Vé r%’or o of the LPIECE )éh gﬁIGa % th%rgm tl'lle epd'oduct

cpnppys £pdydeiedicpoet lefmrthe glanp bc&\sﬁqu&frpetyebnylenﬁanﬂypropylenes,
the skill i,n tEe art, such as by peroxide or

i £ hin
P@%%J¥F%ﬁEH8£H¥?F§§FH€ , for instance as disclosed by
5DeNi Tiad raactibn pfocess bflorld.cBmoRad e prideding cthlds BReteif thieeprodiet

of h| h ene n |at|on in a reduced
oSy Ses it Rratts sl ot SR 0 H rant (o cot r on
6 beanrherrea;ﬁb.abﬂoms of orleSPhRed 6 fBhPErteam@RIiRNRh@EIn Iucevﬁbduct
tenperatures); US Patent SP 5,464,907 (Akzo Nobe

CQRATiseE Proicng-c wl@sva%w Ve GRIPHing P‘e‘ﬁ?sﬁ%kf?f‘ﬁ 80 'aﬂ'a Pgrgent
pﬁgmem; Application No. 09/133,576, filed August 13,
azi de coupling agents). Each of these
Tpat eTheer%?ﬁBll\ PROsESP Bhieheios Moprefthsotretedine 1 #nas whasgin the product
coefrpeence. [125] Ocher particularly suitable
pyl ene- based pol ynmers i nclude VERSI FY(tm polyners
etgyﬂﬁr@/mkﬁﬁcn@mb@&ﬁ TYRYAY) and VI STAMAXX(tn) pol yners

Ex !
o e B e RIS SR ey

cameprises MEXTAC(t m) pol yners (Hunstman), and

et}()ﬁ%-r%&w&tumb C?SQ Lr?f%ﬁ&?mgmﬂyﬁ %arac%rgﬁ@ fe a@tg :crs)rsrséipls(ing by

yners inc yl ene-a-olefins cop
mﬁnmnumt@hp@kvnwmsCmamdathEr propyl ene based bl ock

copol ymer 19) a7 gerlagnet b%c%(.‘fn%n%%satelr( BAMero ané up'to about 1.0 and a

molecular weight distribution, Mw/Mn, greater than about 1.3; or

(2) at least one molecular fraction which elutes between 40°C and 130°C when
fractionated using TREF, characterized in that the fraction has a block index of at least 0.5
and up to about 1; or

(3) an Mw/Mn from about 1.7 to about 3.5, at least one melting point, Tm, in
degrees Celsius, and a density, d, in grams/cubic centimeter, wherein the numerical values of
Tm and d correspond to the relationship:

T > -6553.3 + 13735(d) - 7051.7(d)’; or
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art. Representative Enbodi ments of the Invention [126]
The foll ow ng enbodi nents are representative specific
wepipodsitent s of the instant invention. 1. |In aPCEHBI00DM6596

process which conprises reacting a mxture via a

reaction to format |east one product conprising a

nmet al al kyl conpound, a netal oxide, or a mxture

t hereof and then passing said product to at |east one
post-reactor heat exchanger, the inprovenment which

conpr i ses4PAEMAIMARIR Hhut lhﬁtofa(%ht@mﬂ RRd 2 hEP st fu%A AH in J/g,
reacting said netal alKkyl ound Wi th an acid

apg @éﬂ@éu@t%lﬂb!@eﬁ@?%&@ﬁ tnegps t{lg)errmemuﬁgdléfﬁrenmheéween the
ta‘ifé&frfs@ Ak 2R fh€falth %ﬁ%lﬂ &Qll((tv%eté?ﬁ %%%l:ﬁ%%%?é;ﬁ AT and AH

product conprising a conpoun
hawei tiefollowing rekaticngivips: t her eof ; or(3) adding a mxture

COMPRY SI DY>@MAANE O] 4N L Qatgnﬁaxpfe%h%tup%?‘f'% Vg,

conditions cient to a or mat
S|gnATEdéﬂfﬂmﬁwhmt%muhMﬂHQd&uble metal or meta

conp nes . or .
() &Hé&gllﬁ rt]%e(glg\ygﬂ\lt" E?arly i$ ("%t ni%h exc%st g &%ofitl’[]le gtrnlmulatwe
pMmmetaghﬁkundmm5oondubfmn$OWermnmuuwneﬁaﬂe@RYGEAFpGMQﬂwn

&J5h§§§xﬁ ﬁgﬁ&%ﬁf §@%:exchanger 2. The reaction

Process o 1 “whefei n t he product conprises a
pol ymer . (8)anldiatic &ac‘tem rRepmcpe&sm aOBO(Dm:eceﬁf stiabraad dfcytlbe

cl ai ns. mher rlses a
B o TR R P GRS 6 NTRAM PO e 2pf has
dérh&y,milt Eh?g@d’nsﬂ@nb@l cahtnfﬁ?t\fm e/henem thdeuniresluatue COMRY dnd @Ssadsfy the

ol efi.n C romthe.gro consistin

BB anEe et F ppibarlaadpeb B s BiaR g ofacross
unmquﬁﬁs thereof. 5. The reaction process of one or
nore_of the Erecedlng cl ai ns wherein the product
conpi§ sES1HR2YdhPbpyl ene based pl astonmer or el ast oner .

6. The 1 ad hOBcMrIRESS WhiclPOBeObetWBIEI08f aldB0°C when
precedi ng cl ai ns wherein theﬁg;oduct conprises an a

frafrt@mt%h%nge%@ﬁ ehaqtgiized pohst fr%ﬁ@hw hgjarzgomogerger content of
aBPRUS p8LeniRieRer REMGEA LT LRk SMNErandom ethylene interpolymer fraction

eluting between the same temperatures, wherein said comparable random ethylene
interpolymer has the same comonomer(s) and has a melt index, density, and molar
comonomer content (based on the whole polymer) within 10 percent of that of the ethylene/a-
olefin interpolymer; or

(7) a storage modulus at 25 °C, G*(25 °C), and a storage modulus at 100 °C, G*(100
°C), wherein the ratio of G’(25 °C) to G’(100 °C) is in the range of about 1:1 to about 9:1.
9. The reaction process of one or more of the preceding claims wherein the product
comprises an
ethylene/a-olefin multiblock interpolymer comprising at least 50 mole percent ethylene.
10.  The reaction process of one or more of the preceding claims wherein the process
comprises employing a catalyst comprising a metal.
11.  The reaction process of one or more of the preceding claims wherein the process
comprises employing a shuttling agent.
12. The reaction process of one or more of the preceding claims wherein the process

comprises employing a shuttling agent selected from the group consisting of diethylzinc, di(i-
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7. The reaction process of one or nore of the

precedi ng clains wherein the product conprises an
w@elyiignss a- ol efin nul ti bl ock interpolynmer. 8.PdHES2009/046596

reaction process of one or nore of the preceding

cl ai ms wherein the product conprises an

et hyl ene/ a-ol efin multiblock interpolynmer which is

characteri zed before any crosslinking by one or nore

of the follow ng characteristics: (1) an average bl ock

bdtﬂ?zg GK@E@)@J)Z%E‘QﬂetKﬂElﬁmW% %Fb&}%l@hi‘ﬁhih tlleﬁy@ﬁmiuﬂl i-

cul ar wei g di stribution
blﬁldé‘&i‘ﬂmlmels@ﬁne(t@)l(tﬁt'tyl)%%tm%nebuwl!é‘E‘l'}P‘arb‘%‘(‘i‘ ﬁewr:@ﬁlsﬂyl)amlde)

nWEY GRinGhith @ﬁpﬂ%‘n‘@eﬁﬁeﬁ%&)mﬁnlﬁ@ ﬁ%ﬁﬁylﬁfuﬁ\@ﬁdﬂp nat ed

usi ng TREF, characterized in that t fraction has a
blﬁylel@mmwm@x(ddﬂ peitylDaszide). mogylamlw bis(2efbdicftbutylphgpoxidp) n-

%?IWM cﬁlfe?r{pl(‘?m n‘)ﬂthﬂl)a?mée@ @Bﬁ?&fﬁm%uﬁ bls‘ﬁ(‘ttb dﬁ@ﬁeﬂ@%@loxnde)

rees [ sius, densit

etbb(lalwmllrgmaﬁﬁqﬁsﬁmtmedly&,selmk)mwé@)eﬂhylahémrémnblﬁ(ﬁé %ﬁ@?m@dl-

oS48l TG00 ORI RERIS 0 e oA O .
odtylalmmatyoubis(@inthyd( -l gilo3ids, etiadaina( 2tpediphenf Iphenokidn), amdH
LN g, an delta quantity, DT, in degrees Celsius
a@ﬂ?ﬁ%@&“angﬁe tenperature difference between the
11 aI | BstredoG6 preadss afiohe bhmotealfttegtrecERVSTlAM petakgin thieamegd] oxide
L %nerical val ues of DT and DH have the foll ow ng
féFgF Snshi ps: DT > -0.1299(DH) + 62.81 for DH greater
14. harThze¢aotiangtocsss 6faont 30maregyf tHalprecediB) Clafnor whdkbig the ategal alkyl

th 30 J ) th STAF k
ey Bresriedarngh SR el Gr T HE ARG mvE bR T
ao&igdmﬂérfcbﬁ‘g‘ﬁor{s?%ﬁgg?_ntgelbﬁﬁgie @follmt?ﬂaaley@’ngAhas an .

e | a e ea n
T enpic agasien peces @Sne g meef)ofﬁﬁ Regesdipg & awzescwéwhe@%luble

calrtﬂ)xﬁﬁkf &8s ad3tibsBRdRr ERBLtitetd Aliphai@ded] Siel € measur ed
a conpression-nolded filmof the

It hyihe FEPHILITBRFTOT e €F mereyAtdie Presheing glaimg vherdh thy solyble
carbbx 9 AP CIMPriGesGRIM hbBRE €10 abBSIDRhibok RGmRUMEr i cal

17vaI lJTeh% rgafctloF\r)leprggegs (()jf oigtolr r?l]:)%/e otf t[]hee preceding claims wherein the metal of the
metal alkyl compound is a transition metal or Group IIIA metal, or a combination thereof.
18.  The reaction process of one or more of the preceding claims wherein the metal of the
metal alkyl compound is selected from the group consisting of zinc, aluminum, and gallium.
19.  The reaction process of one or more of the preceding claims wherein the soluble
carboxylic acid is a saturated or unsaturated aliphatic carboxylic acid having from about 6 to
about 20 carbon atoms.

20.  The reaction process of one or more of the preceding claims wherein the soluble
carboxylic acid is stearic acid, octanoic acid, or a mixture thereof.

21.  The reaction process of one or more of the preceding claims wherein subsequent to
the reaction of metal alkyl compound with an acid the product is substantially free of metal
oxide.

22.  The reaction process of one or more of the preceding claims wherein the soluble metal

ester produced is selected such that it provides a desirable characteristic to the resulting

product.
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followi ng rel ati onship when ethyl ene/a-ol efin
interpolyner is substantially free of a crosslinked
WEhb@sassiRe >1481-1629(d); or (6) a nol ecul ar fPETUBINI/046596
whi ch el utes between 400C and 1300C when fracti onat ed
usi ng TREF, characterized in that the fraction has a
nmol ar conononer content of at |east 5 percent higher
than that of a conparabl e random et hyl ene i nterpol ymer
fraction eluting between the sane tenperatures,
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Fﬁ%mﬁW %%%“%Bﬁﬁﬂﬁgn Qﬁﬁﬂgatﬂ &3‘3gtalyst conpri si ng
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grocess conprises enploying a shuttl|ing agent sel ected
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adlll (sl RMEY WK WBGr inGi hélahaxy J)f)c%iﬂ@?yhctaudqg M{e@bﬂf%rﬁ‘ 46dut 10:1 to
trloctylalun1nun1 triethylgallium ibutylal um num

abqusP-dilet hyl (t-butyl)siloxane), i-butylal um num
2@' S (ﬁie(r@zfc'tlﬁi‘?gﬁﬁ%§ bf é/de)o@moﬁee&f’thé"prgé‘ehﬁk |24 WP in the amount of

y i ne hoxi d
Wb‘ieé(gﬁﬁoﬁb%badte?éyp phauh 3¢ ymm therpmownt of beteldred makankasis and the

j |
argélngf gf \gﬁallﬂg %%ua%o plﬁi% zét;(opaﬁefﬁr}{n‘%sgklé;{&wp’bf carboxyllc acid on a molar

bzt$iS(ethyI(I-naphthyl)amde) et hyl al um num

(gl ?E)Thse??ai Illr)r[g Iﬁg&{sgx{ )ogmo%: Cgf 'the e(i E@ép%% gmms le]lerem the molar ratio

oftyiaghoRy IR, 8d7is dwbidmmh -Waserac y olotin eqmb&lﬁ etahoxyhﬁ amd to water of from
“%Pg%%¥%ﬁ%?€’gfgénzo | -azacycl ohept aneam de),
3hoctHHeatastivmpiotess of one or more of the preceding claims wherein the resulting
soluble metal ester is a complex metal ester having the formula ZnyO(C,H2,+1CO5)s wherein
n is from about 5 to about 20.

32.  The reaction process of one or more of the preceding claims wherein the acid is mixed
with an isoparaffinic solvent before reacting it with a heated metal alkyl compound to
produce a soluble metal ester and then passing said product to a post-reactor heat exchanger.
33.  The reaction process of one or more of the preceding claims wherein the heat
exchange efficiency of the post reactor heat exchanger remains relatively constant over time.
34.  The reaction process of one or more of the preceding claims wherein an ionic

surfactant comprising a polar portion and a non-polar portion is added after the reaction.
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bi s(di met hyl (t-butyl)siloxide, ethylzinc
(2, 6-di phenyl phenoxi de), and ethyl zi nc (t-butoxide).
WA 09/THa5F eacti on process of one or nore of thBCT/US2009/046596

precedi ng clainms wherein the netal oxide is zinc

oxi de. 14. The reaction process of one or nore of the

precedi ng clainms wherein the netal al kyl conpound is

reacted with an acid selected fromthe group

consi sting of soluble carboxylic acids under
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ester. 15. The reaction process of one or nore of the
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[ transjtion.netal or Goup IHA netal, or a

ﬂ%%ﬁ%?%%??%hﬁkﬁé?%% & 18. The reaction process of one

38@r nbiegre@tion hecs efCadiongnoed aitispradedingichairhhehareihalhe iofic

the nmetal alkyl conmpound is selected fromthe group, .
st Fiss R T TRRP Gnsiing SRS S St Tu G Buminum
stegraetdndmifoes éeseoff one or nore of the preceding

| ai wherein the.sol uble carboxylic acid js a, . .
3 at uHETEHTEH PORRSAPLAROBIOR ¢ pheRTPRediog RNy Mot hedonic
sitidiaigs fli@@vaiiiteltBetive ambanitlof Zxﬁisfafaé bgﬁ:mt.at onr*séI 20. The

reactl on process o one Or npre O I he prece i,n . .
41 ai Hhs TGRtEPR PRCEshE! WisIon B Y dhRyRsrring D peeit thegnfigtatic
age@t dan AkbANAELalRAAHineOr @ M xture thereof. 2 1. The

reacti on process of one or npre of the precedin o
4L ai ThS resPRPIecest B 9B Aore f thegeqeding clagps %Perﬁﬁgkﬂ antistatic

aghk hn APRIHASINIAHIngn acid the product is
g%ubstantially f&%e of nmetal oxide. 22. The reaction

4Br ockhsgeastioppracess obpie o mpre Hfdheprecedi@e slgires whargin Wisepanyatio

of iBfic SFRhEoMRAks #RL&LbHIqduced is sel ected such that
it provides a desirable characteristic to the

4F.esulheireagtipn praerss ofxge oTmererad et irensding olenswiisfreip the reglar ratio
oigg{uig rsﬁ?asc{aggtloggﬁ%g%dfid&g?nﬂuﬁgﬁo WG £ig the soluble retal
group consisting of
44nt i Trelrégetiogemtess ofimpk dr mefead $iee mepeding clamucwleatin fhy ratio of ionic
surfactant to metal is from about 0.5:1 to about 10:1 on a mass basis.
44.  The reaction process of one or more of the preceding claims wherein the amount of
deposits on the post reactor heat exchanger is decreased by a factor of at least five when an
ionic surfactant comprising a polar portion and a non-polar portion is added as compared to
when an ionic surfactant is not employed.
45.  The reaction process of one or more of the preceding claims comprising adding a
mixture comprising an antioxidant selected from the group consisting of sterically hindered
phenols, sterically hindered phenyl phosphites, and mixtures thereof to the product under
conditions sufficient to avoid formation of significant amounts of insoluble metal or metal
compounds derived from said metal alkyl compound.

46.  The reaction process of one or more of the preceding claims wherein the antioxidant

is selected from the group consisting of di- octadecyl-3,5-di-tert-butyl-4-
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agents, lubricating agents, and anti-fungal agents.

24. The reaction process of one or nore of the
w@e@easilny cl ai s wherein the carboxylic acid PEI/HSME046596

to the reaction prior to significant devol ati zati on.

25. The reaction process of one or nore of the

precedi ng clainms wherein the nolar ratio of carboxylic

acid to netal is fromabout 1:1 to about 10:1. 26. The
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5@CI drHeSedtti¥@grovdst Bf MRtoe mokdbfahdmt@ding@lais Wherein the solvent is an

carboxylic acid to water of from about 4:1 to about

isgpajatfinic golvemd gompriging Mehplk¥EEs of one or more of the

5Pr ecaidirf@tich plobEs W@k hotd 6 thesrbdelinB @ 1a%Rd Whdréin ARt @lalyst
ester is a conplex netal ester having the formula Zn4q

er i st Vi ng
deactinapas i clsciy dromrbs onp ponsisting fideiopizad water golyblg protip guench

ag%gts’éﬁh%i&ﬁ%@ttﬂe%f'pr ocess of one or nore of the
SjE)recedi ng clains wherein the acid is mxed wth an

sopkheagdction progess olone opevorr @ theaesering claimsvhasein theesatudls
prgﬁ%%eﬁal Katht i€ QTR byt e %Fcﬁlglégﬁsis@iné ot M%%dﬁ@@topﬁi&é&fm

: en passing sald product to a post-reactor
mestwhsathereel. 33. The reaction process of one or nore of

53 he ﬂe?ga%gl)rpgrogésm)%ew ﬁlroﬁei dt tl’ié}ﬁ’eé@ﬁf’ﬂ% claims wherein a mixture

comprising antioxidant, color stabilizer, and solvent is contacted with a product of said
reaction process while passing said product to a post-reactor heat exchanger.

54. The reaction process of one or more of the preceding claims wherein a mixture
comprising antioxidant, color stabilizer, catalyst deactivator, and solvent is contacted with a
product of said reaction process while passing said product to a post-reactor heat exchanger.
55. The reaction process of one or more of the preceding claims wherein an antioxidant,
color stabilizer, catalyst deactivator, and solvent are contacted with a product of said reaction
process while passing said product to a post-reactor heat exchanger.

56.  The reaction process of one or more of the preceding claims wherein an antioxidant,
color stabilizer, catalyst deactivator, and solvent are contacted with a product of said reaction
process while passing said product to a post-reactor heat exchanger and said contacting is
accomplished by one or more streams of antioxidant, color stabilizer, catalyst deactivator,

solvent, or mixtures thereof.
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exchange efficiency of the post reactor heat exchanger
remains relatively constant over tinme. 34. The
WO e@onsams process of one or nore of the precedpP@myUS2009/046596
clainms wherein an ionic surfactant conprising a polar
portion and a non-polar portion is added after the
reaction.35. The reaction process of one or nore of
the preceding clainms wherein the ionic surfactant
conprises a fatty acid salt. 36. The reaction process
spf ofg rQJan{'PEn%cé%g oft 6 oP h%&e(g"tﬁkgprgéeéfng'élam%rantatﬂﬁxture
ionic surfactant conprises a fatty acid salt selected
cdmprisinglaatignidanp celonsabilizen gndsolednk irlcpntagiedatvith aproguci of ghid
al YedRfoh o
B s ALl B TR0 RS QB eRE) Bed i hpecl Merein s
mirgure cohpriseerpnabed0rgo ebait A wehght péraent hgioxishintc
ur fact e T n
8; : OC@\%&Q@[O&LO roé‘es§8‘}&ne %i m?)Fe ﬁ*’tﬁe Har@c%hgg cr%ﬁn al.l;]e?r%lﬁ \%ﬂﬁ%ﬂég
c<mlnmsnmgranno>sdmf a@lbem:tbllnzgr sed &dteadISfcmLtmwdTemga preguct of said
reaoﬁlﬁm pﬁouclgﬁss hlle ;stsﬂ]% sgltdeﬁaord"f}gtﬁg a po ost—r aé:{rn rg 3ang’f.hwherem said
mmmae toroprises fmreabouni) 3anebaut 3ﬁmeegtmf>ertema aquroacianh ng
ﬁﬁ mhgre n thEIéN1C su&k%p an S|, X8, W an
f f IS AS ARG RS OF AT MOFeat i %céﬂ‘{‘g C&B“ "f’hé P%S}% on
cqm;ﬁsﬁhg&mﬁﬁxldme c@lor stavilézentind hﬂevepf ecendadngi wittah pmdm ef @iich
t he antlsggﬁlc agent |sdan al kox ateg al%%
regCtiog REOCESS '168?155%86%‘8%0 gft ‘o8O eaﬁ%?F cahFx
mp&lﬁs e&rmeﬁfrar Es?mvo 2rte hsbut mawﬁl@tm fetaahi lARgabilizérs a P
et hoxyl ated a a 42. The reaction process Q
6bne gk risHen HPC%@%F SE TR e REFRENGABIE HhHR 2 iKY

cornﬂirism aﬁndxmw c8bf dadilizenind 1VERE Blodtsct@t witieaglod @l efdaid
ﬁ he reaction process of one or nore of the

“’B“r*@é EEARY Vﬁvlaupﬁ%mﬁﬁ@ﬂ @M«Mtﬁ%a RoT-aFactonhsap exshangghyvperein said
m§<‘t'Jr£ @&ﬁ&%@s frOm ABSRD td Soolt PMVaRRBercdntdolop st@lﬂﬁﬂatr 1:10.

. he reaction process of one or nore of
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fger wﬁerem said

64. A composition comprising an ethylene/a-olefin multiblock interpolymer and a metal
ester.
65.  The composition of one or more of the preceding claims wherein the metal ester is a

substituted or unsubstituted aliphatic metal ester.

66.  The composition of one or more of the preceding claims wherein the metal ester
comprises from about 6 to about 30 carbon atoms.

67. The composition of one or more of the preceding claims wherein the metal of the
metal ester is a transition metal or Group IIIA metal, or a combination thereof.

68.  The composition of one or more of the preceding claims wherein the metal of the

metal ester is selected from the group consisting of zinc, aluminum, and gallium.
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when an ionic surfactant is not enployed. 45. The
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80.  The composition of one or more of the preceding claims wherein the metal ester is
present in an amount of from about 50 to about 5,000 ppm based on the total weight of the
composition.

81.  The composition of one or more of the preceding claims wherein the metal ester is

present in an amount of from about 1000 to about 2500 ppm based on the total weight of the

composition.

82.  The composition of one or more of the preceding claims wherein the resulting product

has a whiteness index above 50.

83.  The composition of one or more of the preceding claims wherein the resulting product

has a yellowness index less than -2.

-52-



conprising antioxidant, color stabilizer, and sol vent

is contacted with a product of said reaction process
wWoR0vas33835si ng sai d product to a post-reactor PEHRUS2009/046596

exchanger. 54. The reaction process of one or nore of
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anti oxi dant, color stabilizer, catalyst deactivator,
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At aprg sure of%g 80 psi

Standard CRYSTAF Method

[130] Branching distributions are determined by crystallization analysis
fractionation (CRYSTAF) using a CRYSTAF 200 unit commercially available from
PolymerChar, Valencia, Spain. The samples are dissolved in 1,2,4 trichlorobenzene at 160°C
(0.66 mg/mL) for 1 hr and stabilized at 95°C for 45 minutes. The sampling temperatures
range from 95 to 30°C at a cooling rate of 0.2°C/min. An infrared detector is used to measure

the polymer solution concentrations. The cumulative soluble concentration is measured as
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mf) eficethen trhﬁpe@i&mﬁomhé tlﬁﬁnalfbel&?lbﬁbﬁﬂhé bahply isfinvestigafed z4ithahe
ition.o

Xi de. The nmore of the .
oG N PFL Kb G P BRSSP PorfOSoe e Giothermal for
3 inﬁiﬁﬁestuhar?eﬁﬁ @éthovkQQy pﬂ@moﬁi thﬂiﬁ{aahlst@)(}l dieeRangld 1sﬂﬁer¥ d@led to -

ht o e COﬂpOSI conpo itio one
4ot At e /Bin ORISR e@arfﬂé i ior St oh imple R ihed Rated to
1 HOORR$O40/Ath. heating rate. The cooling and second heating curves are recorded.

[133] The DSC melting peak is measured as the maximum in heat flow rate (W/g)

with respect to the linear baseline drawn between -30°C and end of melting. The heat of

fusion is measured as the area under the melting curve between -30°C and the end of melting

using a linear baseline.
GPC Method (Excluding Samples 1-4 and A-C)

[134] The gel permeation chromatographic system consists of either a Polymer
Laboratories Model PL-210 or a Polymer Laboratories Model PL-220 instrument. The
column and carousel compartments are operated at 140 °C. Three Polymer Laboratories 10-
micron Mixed-B columns are used. The solvent is 1,2.4 trichlorobenzene. The samples are

prepared at a concentration of 0.1 grams of polymer in 50 milliliters of solvent containing
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conprises | ess than about 50 ppm of netal oxide based
on the wei ght of the conposition. 75. The conposition
wW@R00onss185 nore of the precedi ng clai ns wher ei PCT/H82009/046596

conposition conprises |ess than about 10 ppm of netal

oxi de based on the wei ght of the conmposition. 76. The
conposition of one or nore of the preceding clains
wherein the netal ester is present in an anti-slipping

ef fective anmount. 77 The conposition of one or nore

2@oalrafie T AR FoRUREG] Fhflphge BRpRey B hfhulfianty for2
hdnfmit)(l)SO"Cl dhe Oijeconlevcdume‘rm’ed meOtdmerO}tiremdiﬂrﬁqu takenis 1.0
mﬁherein the nmetal ester is present in a nucleating

Pt i ve anount. 79. The conposition of one or nore

of the preceding clains wherein the netal ester is

ptdsSent  Calitati@nd trt GRE cdlnmnset boperfotraedypith 2 lonagtypunolecular

w%gl}r%bsgr?@?grh pgsﬁyre%stgnlagrdg %tﬁlmo\{@hgp&elgﬁts H?l% from 580tt o

osition o e or re of
8,400e0 dirrggad iaiorsoakiudl’ mlnuteh eithet lghst edtade plsseparagtgmrbetyyeqn
..an. anount of fr 0 0,to ab 0
malﬁlgu%g?(g?cu\%é iw&gﬁ{n %Ibni; %%n &r_)dﬁﬁae pure %ged":f@gﬁpol%gp 191%8&9)[‘@9
(SapEie] UKpnTief pobne rar st‘mdzedsafre bd&parpd g0 gepnol imid Prgilliliters of

erein the netal est en n t of
sofegr oL Bekt i grnts Rather Ssle Ban! Al R Ryt in 50
mmiitabbf Qflvefnhﬁ)r GOMROISH W Eigits [e82thanT heoCaitp A bolgstyr@fle gaelards
n?re of the pre edln mherg n the re ulti

o it o HEC AT G ) 0Fe: S s v HRErs s

ar€ ANAR&Iahdl for@ér of H&:r&{smglﬂ[gfhe@fndld&&lapwagﬁ(ﬂomgonﬁnalorminimize
wherein the resulting product ésllomness

d
degeadatiann Jfe polysuspg ﬁ@dﬁ@t%‘a@otei@%f]wa ' #8 CeRariE| @ONvethylene

mBl'@aIlar déh%’ﬁsnr{ghﬁe foﬂb\lvﬁ‘n@/'eﬂlgatlaﬁ ?ds)ﬂ%écﬁﬁéd i SR IMNnGUAS Wadrd J.
enp oye hod for mpl es 1-4 and A-C [128] An

i B-FAnHBhg Mp@b@ﬂenee it p¥ervmictch a heat ed
needle set to 1600C is used to add enough

LiBef-tr ngisvkmy1@@@&;@%&ns&amdlarmeghmn&ma@as pppedfaned using
to each dried polynmer _sanple to give a fina

V@@ﬁ%ﬁﬁ%?@?ﬂaﬁv‘%‘@oﬁép . Asmall glass stir rod is

Compression Set

[137] Compression set is measured according to ASTM D 395. The sample is
prepared by stacking 25.4 mm diameter round discs of 3.2 mm, 2.0 mm, and 0.25 mm
thickness until a total thickness of 12.7 mm is reached. The discs are cut from 12.7 cm x 12.7
cm compression molded plaques molded with a hot press under the following conditions:
zero pressure for 3 min at 190°C, followed by 86 MPa for 2 min at 190°C, followed by

cooling inside the press with cold running water at 86 MPa.

Density

[138] Samples for density measurement are prepared according to ASTM D 1928.
Measurements are made within one hour of sample pressing using ASTM D792, Method B.

Flexural/Secant Modulus/ Storage Modulus
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pl aced into each tube and the sanples are heated to

1600C for 2 hours on a heated, orbital shaker rotating
w@e00238516m The concentrated pol yner sol uti onPCBHUS10891046596

diluted to 1 ng/m wusing the automated |i quid-handling

robot and the heated needle set to 1600C. [129] A

Synyx Rapid GPC systemis used to determ ne the

nol ecul ar wei ght data for each sanple. A G lson 350

punp set at 2 O n1/n1n flom1rate is used to punp

chlorob ne st i th
ﬁ%g onoI glef )ﬁre ComBrefS'On rFmse * hnlgousarﬁvl kj h@gg' Hegurfﬁa%g 2
pendenr eo@it efod(lirage mvdasuect :Bcdi@ﬁgm XSTMIpAP @ o$tunge5mpﬂlaasend

in series.and nmer Labs ELS 1000
B pest & Gt 2P0l SEppafa GHEEE. 15 55000, the

Nebul i zer set to 165C, and the nitrogen flow rate set
Optical pBopfekfidsat a pressure of 60-80 psi (400-600 kPa)

N2. The pol yner sanples are heated to 1600C and each

Sog| € i 7 HSbRgd b a

TEB] G. UE Pl i R TR LA bl o bt press (Carver
Madd #9@3 54 RE¥1 00 H@ Hd)b pefists asapipded detwsim polyaisatiinr qedtytege sheets,

I ny [ f I
nesBRRE DL VS SERARS LT RAALE 10800 kAR n 20
M@ofdrianie. TRe flsisaian cnalndlajthgpnesst\elgTrannsdg acddi Wtaheat 1 3 MPa for |
mglgg?\ﬁg?rfqgreg\s% cflderdre}fr%@sg%gﬁg foFg 1%?1{ eeasur?%%l;t% qensﬁe behavior,
m&ha@damﬁn@RYSEAEothhod [130] Branchlng dlstrlbutlons

are determned by crystallization analysis

R T e T

178pai n. The sanples are dlssolved in1l 24
trichl orobenzene at 1600C (0. 66 ng/nL) for 1 hr and

Ll%?Ll ' Z@Sj‘) 65595519&5;1%5 uég%glr’gu(%aggn rHH%srﬁégp}/l loss 45° as

atures range from at a c
spoctlf'ﬂilECHSﬁI\mD -MY7infrared detector is used to rreasure
the pol yner solution concentrations. The cunul ative

S '4yf' e ?r%l%%{e% ;n%ﬂsgte% dgﬁng@@aﬁﬁérh%zp%M%ﬁs{ed op ASTM D

[1zes whil rature 1s decreased
IOQ?:I arcyt:dumah Aéin¢rolatii iv eppdied tchtée 6lmrsHrae¢ aeppysfsufface scratches.
reflects the short chain branching distribution of the

ME&a¥ fPrO[p%l?l;'e]s T"Qﬁsﬂ%yi{é%mp%ﬂg Tegfperature and area

are | ent| by the peak anal ysis nodul e |ncluded in
the CRYSTAF Software (Version 200 |.b, Poly
Vi aStrespairaiy behpnier wwmkteﬁélawm%mrﬁbww$w D 1708

micFbEild dp8SmRnd &Rl pled AR KB MdvifSanAnfFORIals ey doih et 21°C.
dWdT curve and the area between the | argest positive

Tenpifel serengto prel Wengatienyd bregk ars resfortedh om an average of 5 specimens.

[145] 100% and 300% Hysteresis is determined from cyclic loading to 100% and
300% strains using ASTM D 1708 microtensile specimens with an Instron™ instrument. The
sample is loaded and unloaded at 267 % min™' for 3 cycles at 21°C. Cyclic experiments at
300% and 80°C are conducted using an environmental chamber. In the 80 °C experiment, the
sample is allowed to equilibrate for 45 minutes at the test temperature before testing. In the
21 °C, 300% strain cyclic experiment, the retractive stress at 150% strain from the first
unloading cycle is recorded. Percent recovery for all experiments are calculated from the
first unloading cycle using the strain at which the load returned to the base line. The percent

recovery is defined as:
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identified peak in the derivative curve. To cal cul ate

t he CRYSTAF curve, the preferred processing paraneters
W@e@mhIIhs a tenperature limt of 700C and w t hPCT/US2009/046596

snoot hi ng paraneters above the tenperature limt of

0.1, and below the tenperature Iimt of 0.3. DSC

St andard Met hod (Excluding Sanples 1-4 and A-C) [132]

Differential Scanning Calorinetry results are

determ ned using a TAl nodel Q OOO DSC equi pped with

an RCS cooling accessory and an autosanpler. A

ni trogen purge gas @J@woogryiog_m_%mlmoi s used. The

sanple is pressed into a thin fijlmand nelted in the

press at about 1750C and then air-cooled to room

erature 50C . of erial is then cuyt

WheFG b SR STl SRhE wirabor et o g by o e
vabdhndadry@the & wildbgcpan (ca 50 mg), and then crimped

shut. The thermal behavior of the sanple is

investigated with the foll ow t enper at ur f
TR arpp e et §repidt o0 o RO Ly Seror 12 Murs using
ani 1 8@Mer B tunteat ecﬁlﬁiﬁb@tﬂtﬁ&n bifvirohflettaltchah DV Re gauge geometry was
previ ous thermal histor The ,?_gggg gs th?hn cool ed &g
76min 36 rin MG B eI S Al ohe gl T A
chEﬂ*nE’éi‘t 88 samplewsAIRIcRed tS SDmﬂaiﬂQaBBB(% N SreGvatrecorded as a
C/mn. heating rate. The COO|I . s ond heati N9.q
fU'@ﬁH'PVéEt"a? for 1 & boprete fine fetesay stregrdcl OPﬂé gl E'Obréé‘(f‘s Faculate
usmg@}%ﬁ,qﬂgs the maxi mumin heat flowrate (Wg) wth
spect to the linear baseline drawn between -300C and
end of nelting. The heat of fusjon is neasured as the
area under the ne%gg}rgg@y&y,%naeée@énﬂ@poc and the end
of melting using a linear baseling. GPC Method
(Excl udi ng Sanples 1-4 and A-C) [134] The gel

l;oﬁtgfhe n Chra(?g?trgg %ghl S ar Sé%ghe leri]dc' at% Ipercent% r£ ﬂ%ﬁerau

hoh@boratorl es Model PL-220 instrunent. The coI unm and
carousel corrpartmsnts are operated at 140 OC. Three

P@ é%f’ﬂﬂ hi % S%Ol{eh S %\prrlzner;\:tg o cl\{'lr?ég ut oncsgkyllggﬁavﬂ{gea density

O robenzene
of @E&X’@V@Sﬁ)r wseusﬁ)fgemahﬁﬂnm ingtroMEmC eTiter@bmeﬂ'b’ @fns@t.s of gpaugs section

| yoer 50 m | Ii |ter of . s | Q
Ofaemna% lémr t‘*éijer}E!rraoJ R ‘i?éH%‘“fOéﬁFriamp f‘fﬂ“’ S?& Men
le% 2 PRic@dmpY iadictcatd AF08 h@hfninj af Dr °Quiid htrtSeaat TG energy is

e injection vol une us? is 100 mcroliters andﬁ A
cafeplgiRd raéfhé areg updqy th IRISHANEI ML AT PEY R UH BT § n
avgi’gg@mtwmﬁsg&mm@nsg@rﬁemﬁmd with 2 1 narrow nol ecul ar

TMA

[148] Thermal Mechanical Analysis (Penetration Temperature) is conducted on
30mm diameter x 3.3 mm thick, compression molded discs, formed at 180°C and 10 MPa
molding pressure for 5 minutes and then air quenched. The instrument used is a TMA 7,
brand available from Perkin-Elmer. In the test, a probe with 1.5 mm radius tip (P/N N519-
0416) is applied to the surface of the sample disc with IN force. The temperature is raised at
5°C/min from 25°C. The probe penetration distance is measured as a function of

temperature. The experiment ends when the probe has penetrated | mm into the sample.
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wei ght distribution polystyrene standards with
nmol ecul ar wei ghts ranging from 580 to 8,400, 000,
wa@eeansaeds in 6 "cocktail"™ mxtures with at | eaBCT/HS2009/046596
decade of separation between individual nolecular
wei ghts. The standards are purchased from Pol yner
Laboratories (Shropshire, UK). The pol ystyrene
standards are prepared at 0.025 granms in 50
milliliters of solvent for nolecular weights equal to
pRia OF eater t han 1, 000, 000, and 0.05 grans in 50
$Ii|iters of solvent for nol ecular weights | ess than
1, 000, 000. The pol ystyrene standards are dissolved at
8O0 wi t [Pygemicl Mechghied vinahysis JPMAQ ismefsierad on qaepresgiop giglded
gﬁs%ﬁﬁé’dqﬁr 'ﬂ‘h ﬁsrsgtsl OEEC af Wt’é &Egsumgr § Rk hd Bkn water cooled
ecreasi ng est nol ecul ar I ght conponent to
intheprasszae 9QF€dm1dafF¢$§1mg istoadystadyising pe ARESteanfaelled sisankheometer
(FRIERIEs) S5 B Sl RaCARENE At RAbXRh feéghﬁgre
npf ul ts usingt omnng equat 1 on (as
descrlbed in Wllianms and Ward, J . Polvm Sci
P10 Le"t 1.5mmeplagp is grageByng: curvpérb;ae‘?frWeﬁ@““b‘d&em The
sa&(&@rs C am d gtri)%?wht enh}? AD qjix¥lﬁ%éqs)élg:§5]tgd 3 %n\{rﬁ égrﬂJ separatlon AL) and
calcufations are per or me
sd@é&&d&@kﬂcﬂ&’s&%@&ﬁﬁ%ﬂ@s\?@hﬁﬂ 00f C30 Q00°Corfse §€§te@h Aedach

te%@gra Uﬁ.'ogrng g%%rrs @8{1@3&? 15§1reg§1?%iuart§ anat(xﬁa? Frg%gcf oq lﬁ@JM I[%e
stmlﬁﬁmplﬁﬁder&higdnaﬂntaﬁed iftwn 2. Inpeyceidt Hd m’gercamdo ensdfe thanthe torque
ckness until a total thi Cknﬁ%iﬁgﬁ 12.7 mmis

SR i e S E SRy B 8% TR 12 7 om

conpressi on nol ded plagques nolded with a hot press

u r]ﬁ?ar] t heur ialtiabwdtiegorcontli @ g' ¢ msiintzierfdc(appeesigm enddertoPrevent
S st g bR RE e BB oM i P e
AWk @das@twifbhdRape RIS phryicdldB8dboGarkp Ineﬂilrfg@r safensigtpyint of the
measur enent_are prepared according to ASE? 192%.
NSRS e a7 ST R TREPTEUTE 1 EAfHsidah between th
fp&ﬁ§$&£ﬁ$%§hng ASTM D792, Method B. Fl exural/ Secant

dul'us/ Storage Mdul us[139] Sanpl es are conpression

nDIded usi ng ASTM D 1928. Fl exural and 2 percent

Meltdaflex npduli are measured according to ASTM D- 790.

St orage nodul us is neasured according to ASTM D

50252101 oMele@udxy ad et messakdiigsieordaindeivael AN per238 eGondition

190°C/2.16 kg. Melt index, or I} is also measured in accordance with ASTM D 1238,
Condition 190°C/10 kg.

ATREF

[153] Analytical temperature rising elution fractionation (ATREF) analysis is
conducted according to the method described in U.S. Patent No. 4,798,081 and Wilde, L.;
Ryle, T.R.; Knobeloch, D.C.; Peat, I.R.; Determination of Branching Distributions in
Polyethylene and Ethylene Copolymers, J. Polym. Sci., 20, 441-455 (1982), which are
incorporated by reference herein in their entirety. The composition to be analyzed is
dissolved in trichlorobenzene and allowed to crystallize in a column containing an inert
support (stainless steel shot) by slowly reducing the temperature to 20°C at a cooling rate of
0.1°C/min. The column is equipped with an infrared detector. An ATREF chromatogram
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[140] Filrms of 0.4 mmthickness are conpression nol ded

using a hot press (Carver Mdel #4095-4PR1001 R). The
w@eivasasare pl aced between pol ytetrafl uor oet hRCEOS2009/046596

sheets, heated at 190 0C at 55 psi (380 kPa) for 3

mn, followed by 1.3 MPa for 3 mn, and then 2.6 MPa

for 3 mn. The filmis then cooled in the press with

running cold water at 1.3 MPa for 1 mn. The

conpression nolded filnms are used for optical

cJWea@ ekt @?r@i’eﬁed w&lnggh@&whﬁﬂ polyReP¥RIpYe fr&h %e&bl’&ﬁ&y slowly

rel axati-on. arity is neasured usi
inGeasiirecthe ﬁalzperagm @lf tb%elstgi@cspfvre@tdtrlcwomwew)f%%zo [01149iC atarate
tﬁ}lSSOQ/nQ s is measured using BYK Gardner d ossneter

crog 0oss 45 as specified in ASTM D 2457 [ 143]
Internal haze is measured using BYK Gardner Haze-gard
PGB ArrlySTM D 1003 Procedure A. Mneral oil is
applied to the filmsurface to renove surface

IS-’I;FII?‘ chegpe B@ﬁﬂg@;ﬂr@@% diid}@ﬂfgﬂin@&pproﬂ]&ﬂ&il)l B of a 50/50 mixture of
steresi s, ,an ear { [ ess-stral be
teuﬁﬁhax?eé'paﬂ?@r{giﬂa?ﬁ'qh?r%%‘fﬂ? -hg P‘H@g‘ %\éh tibe. "The

sam pfsAteadISblved &m@h{&@aﬁzed%@m&t tiR t@beSandets chaentwot 08N The
nstron at 500 % mn 1

t Tensi |
s gl VB b i o PN Bepor el oy SP g U 1™

40?%@ AomdidrARkredRAImans, BO0% fivsd RERSHS Jf300.5 MHz. The dat
et % from g%/‘%llcgl oading to 100% aﬁd 300% oo

arg taq:caulrn@uusg HYO ABTIAND PET 082 fHecy it ahaseprd RpSEFRFEHN dilavh To
ac@l WL RS lér\gﬂl(sq%bﬂo%ﬂe 'ﬁ&%ﬁntlt:;m@ a§zﬁf§§ ﬁlult?plé &@'ﬁﬁlgs ABddded

oade %0 M N s at C. clic
toeextper lTﬂresnestr%lth@OG)%Sd}ﬁ)@ P&o&@ %mélllﬁwﬁdlﬁ:ftlé‘?o‘)fl}§l(rﬁj@ anints. The

é) es Ak a”%f}E?aci at cf@@‘{@ﬁlra lOlnq tbp&d%gncgﬁogé( PRI BRBhomd:r hrﬁ:orporatlon

brate 45 m nutes at the
1stde$hnmaimmrgdiamddl sbteﬁd)methbé(;lland@l JiGa JMHeRov. M@@m(ﬂid@%n

Pﬁ%%@b%%‘f}iﬁw ?lﬁ%éf Wthﬂ?Sp 1thc rEgI'g eﬁ S Fe?é}&{% %Féhrlf??é er?tFrety

't he d| ng
recorded. Percent recovery for aII experl nments are
Pagineu Fetctidndtiomrhyt FREF i r st unl oadi ng cycl e using the
strain at which the load returned to the base I|ine.

ngswir CQBF el S@QQYREV flaStidhefide @arﬁ@d 8 dsofig B0 CF_Of pélymer in

ere he strain taken for cyclic |oa
2 titeeh 9.2 @trtch@r@pnzanm(mféb:esttrﬁ@g fop éaowé@mﬁ(?sc t bhe ﬂ?éymer

sok?lﬂiso?n 1§ R)?ceg ‘69 151951§ Pﬁ)Ol{?’E) M?J)g%ﬁ%hﬂa% THe 8 4 foot (7.6 cm x 12 c¢m) steel
column packed with a 60:40 (v:v) mix of 30-40 mesh (600-425 pm) spherical, technical
quality glass beads (available from Potters Industries, HC 30 Box 20, Brownwood, TX,
76801) and stainless steel, 0.028" (0.7mm) diameter cut wire shot (available from Pellets,

Inc. 63 Industrial Drive, North Tonawanda, NY, 14120). The column is immersed in a
thermally controlled oil jacket, set initially to 160 °C. The column is first cooled ballistically
to 125 °C, then slow cooled to 20 °C at 0.04 °C per minute and held for one hour. Fresh TCB

is introduced at about 65 ml/min while the temperature is increased at 0.167 °C per minute.

[156] Approximately 2000 ml portions of eluant from the preparative TREF column
are collected in a 16 station, heated fraction collector. The polymer is concentrated in each
fraction using a rotary evaporator until about 50 to 100 ml of the polymer solution remains.

The concentrated solutions are allowed to stand overnight before adding excess methanol,
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[146] Stress rel axation is neasured at 50 percent
strain and 37 OC for 12 hours using an Instron(tm

W0 p@onsarent equi pped with an environmental chaPdBEDS20091¢46596
gauge geonetry was 76 nmmx 25 mmx 0.4 nm After
equilibrating at 37C for 45 min in the environnental
chanber, the sanple was stretched to 50%strain at
333% mn 1 . Stress was recorded as a function of tine
for 12 hours. The percent stress relaxation after 12

ﬂtﬁ%‘g; L@H&@%@@' S0P NEF rﬁéiﬁanmhaudn th%’&nalaﬁﬁe) The
Xa n = x 100 L- 1/4n where Lo is . the g%j
pm

fltm:tloﬁ@l%) smesfpnneéton@ &nq&éloaﬁ%?uam apystedflterigg atin usee
pog‘geat‘r roe%)}'la{elloﬁu ﬁlrtergf)apJP @Mﬁabl& féd bshenisd Ing., aatched

I ments rried out on_sanples haV|n8 o2
zsdmmsyo) oThd)ﬁlaste@; fregsions ark deied QrEIMght e Y4S¥P gHg 3iypY °C and

weégq\%%, rgH %anlyfﬁg%aﬁﬁce%wré/ fu%@ﬁtk&ﬁwg of a gauge section

2 mmnotch cut into
the sample at half the speC|nen Iength. The sanple is
Mdt satdikd at.508 mmmnat 2 1 0Cuntil it breaks. The

tear energy is calculated as the area under the

Aﬁ%?ﬁs eMRRgath 11\@9)r1¥ RehRrddDySbihgda Ba;ﬁﬂarﬂﬁ?ebmﬁm fimaidwith a
erage of a 3

east 3 specimens are re Thva
2.1 mnceqnarfrﬁerr Pl dived Hhcami cp RN CAAREIS O APPIOPURRE!Y g?o P?%’iees e
eq{"ﬁ gpagng fd rsﬁplpléssat QQ@’@%; ﬁﬂmﬁ’lﬂte@ QR icbR ¥R L E4t a)égé’ed%f mm

npressi on nol di scs, fornmed at 1800C and
indinMe (ErBh chin fgin e ) S Bﬁndlaml te5t ternpaudters is Y€ héhe sgmple is drawn

uriRb i bt i A BRI PR P ATE AT Qe RIS pecelerpn of

2. ﬂ-mﬁ}/{é@q rﬁ?'r irbd RngiR/fcNB rdDrded4d 6 Juncoraqsphd tel@b umspmbof the
S

nip ;}r’,lﬁgi%gq 18?@}111121 t?%{[g lggce%ﬁgglém fiﬁrﬂig;tl})\flz t]:ﬁ? 255%, nc;r(l?.zﬁs the melt strength

InRENGL SHtpoRied ek @ﬂﬁ@itlh§d1ﬁﬁ/&6§lﬂbhzﬁde ake @andilafiatd bﬁfor@fthe onset of
tenperature. The exPerl t end t he

drp\é FRSPRABE YA AR a8 M5 LS Hen gri]lhg]re P(:lr’%g 1n cenﬁ&ewtons

ghanlcal Anal ysi s (DVA) |s neasured on conpreSS|on

nDIded di sks fornmed in a hot press at 1800C at 10 MPa

pressure for 5 mnutes and then water cool ed
Catalysts

[158] The term “overnight”, if used, refers to a time of approximately 16-1 8 hours,
the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed
alkanes” refers to a commercially obtained mixture of Cs.9 aliphatic hydrocarbons available
under the trade designation [sopar E®, from ExxonMobil Chemical Company. In the event
the name of a compound herein does not conform to the structural representation thereof, the
structural representation shall control. The synthesis of all metal complexes and the
preparation of all screening experiments were carried out in a dry nitrogen atmosphere using

dry box techniques. All solvents used were HPLC grade and were dried before their use.

[159] MMAO refers to modified methylalumoxane, a triisobutylaluminum modified

methylalumoxane available commercially from Akzo-Noble Corporation.
[160] The preparation of catalyst (B1) is conducted as follows.

a) Preparation of (1-methylethyl)( 2-hydroxy-3,5-di(t-buty)phenyl)methylimine
-60-




in the press at 900C / mn. Testing is conducted using

an ARES controlled strain rheometer (TA instrunents)
weoquoppass wi th dual cantilever fixtures for toPGI/U82009/046596

testing. [150] A 1.5mm plaque is pressed and cut in a

bar of di nensions 32xl 2mm The sanple is clanped at

both ends between fixtures separated by 10nm (grip

separation DL) and subjected to successive tenperature

fteps ftrom 1000C to 2000C (5C per step). At each

e r [

angu A S e e e
solngdmgpidhi tntnabrig yblé(tWNe/éﬁer(}t”ImSéf @E‘i’i?"té‘ﬁﬂpeﬂat% (MU

ure that

vofHRE R e M GBI EL A0 Bt T pereen
vidldii tial static force of 10 g i s maintained

(auto-tension node) to prevent slack in the sanple

Whe'ﬂ) BASLARL, §X PAR. - GTHI SheAfleitGRSEUENCE, the
I'NCreases Wt e tenperature,
OB l¢th arinymathpi@-axhel) Ao jh'?_-»"'; of teni ng poi nt of
the pol ymer sanple. The test stops at the maxi num
“9\1 otk B%fﬂrmwﬂ)?&h he- @a@xg@tm&muwﬁhéﬂynwhe@sos mg, 2.2
reac Mel t i ndex
mmORSLT Bl tolnermwmwé@ede@ﬁolAch&r@z‘@gh» N oD in 50
mﬂ'?o(?ugng - Jégfltlr%%&t'k _r)fvlenlg@)%olufwn s is@rré BroRb G MiHTERIAEE rdnfbved
accordance w t , Condition 19Q0C/ 10 kg.
unAdiREFICEd p8Ysurrialiptd thadlesiredpredit o erefdish-hrgnasekd-on
fractionati on (ATREF) anal ysis is conducted accordi ng

I wsd, 798, 08
g G AR O 5 e ear

Determ nat| on of Branchi ng
PoI ylét 2alt e sthvieyalopexylethyll d
20, 441- 455 (1982) V\,hl ch are incor porat ed by

ref @[Iﬂ@t‘h?lcmérﬁkﬂaﬂnmet(MM mLe6t.0 metoy). is Theedripositnd G vl),

b
an DB S GSE b 0 T el o g A red
fo?fﬁp&q{ohrs(aﬁﬁ fef b&I& t5tERL f&hQthts. blSheS‘éanfg yélﬁﬂumlldg)rﬁtchﬁate IS
enperature to 200C at a cool |n %‘/
coélmteﬂﬁw fi léra@amnép‘@éhe\m'w cqH fr“ﬁ%‘arr% {3 Eseft‘[;%%({t e‘Aﬂ”%‘ﬁE%
reﬁWeQF&% aﬂﬁlﬁe\(@ls'ﬁ 1y l’g%rﬂagaw afigd 'HpWneR wtdongstérhevith the
crys I zed polymer sanple fromthe colum by slowy
ddsinert adichep qme&ﬂr@ﬁﬁj&"ﬁf%re of the eluting sol vent

(trichl orobenzene) from20 to 1200C at a rate
b) Preparation of bis-(1-( 2-methyleyclohexyl)ethy)(2-oxoyl-3.5-di(t-butyl)phenyl)

immino)zirconium dibenzyl

A solution of (1-(2-methylcyclohexyl)ethyl)(2—0x0y1-3,5-di(t-butyl)phenyl)imine
(7.63 g, 23.2 mmol) in 200 mL toluene is slowly added to a solution of Zr(CH,Ph), (5.28 g,
11.6 mmol) in 600 mL toluene. The resulting dark yellow solution is stirred for 1 hour at
15°C. The solution is diluted further with 680 mL toluene to give a solution having a

concentration of 0.00783 M.

[162] Cocatalyst 1 A mixture of methyldi(C4.15 alkyl)ammonium salts of
tetrakis(pentafluorophenyl)borate (here-in-after armeenium borate), prepared by reaction of a
long chain trialkylamine (Armeen™ M2HT, available from Akzo-Nobel, Inc.), HCl and

Li[B(C¢Fs)s], substantially as disclosed in USP 5,919,9883, Ex. 2.
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of 1.5C/mn. 13C I Vf MR Anal ysis [154] The sanples are

prepared by addi ng approxi mately 3g of a 50/50 m xture
w@Rowasy1sT hl or oet hane-d 2/ ort hodi chl or obenzeneP@LUS2049/g1#6596

sanple in a 10 mm NWR tube. The sanples are dissol ved

and honogeni zed by heating the tube and its contents

to 15Q0C. The data are collected using a JEOL

Ecl i pse(tn) 400MHz spectroneter or a Varian Unity

Plus(tn) 400MHz spectroneter, corresponding to a 13C

ajf&nance%osclatﬁg&%% %fC|10911k S pe}/lllgﬁlogﬁgnaﬁaﬂog

gurred at'a e wth a 6
b's(etmjp@tmmbwhmp@ﬂumanehz—dﬂadeayhmNia:zoadch ipeaperediacviordimg to USP

g ?gﬂlE 1()nmse for quantitative analysis, multiple
fes” are added together. The spectral width is

25,000 HZ with a mnimnumfile size of 32K data points.
THEH anpl ShettlareeA gentsl Virediu@lingl@ont9@nplnyeal induderdidshydzide (DEZ,

SREL PRI ine &2 f AMRATELANRE PRI AN [Alhyhiin M £ IR C

tr%&laﬁmhum@@? tri@h?/;graglrle(SA62G}bu@[bﬂm(ltilgﬁg)s(d.lmthﬁh is

oo BRI EIth LT ARG el Rty e“i%éﬁex-?ﬁ?ﬁﬁ‘“mi"um

di‘f(;ﬂ}iiﬂtnemméﬂhﬁmdeﬁ&@@)[ blls(eaebcthjde@ﬂ)gbtnb/kalwngmiﬁ(%mg pbutylaluminum
Lyne

o8Py SAE I e ke b G b S A G O GA D

oétﬂﬁmﬁﬂuhydlléih)p(ﬂLr@plﬁt&ﬂ@inﬁﬂ%ﬁx&tﬂlI)I?Eb&nﬂumﬁlhﬁl ts@ i nch by

AT KSR SRR AR T A ol O

ethﬂ@lhﬁinﬁﬂ{ b@(qaxl 4, I-Mlb@ﬁzﬂslsaza@&dﬁ\e&tmmhcﬁmﬂlf6)' @chqaltnﬁrnam
ndustri es, Box 20, Bro TX, . and

b‘é(tzaf’i thT-dbenzorp 'e@acycephs%nea("cﬂeﬂﬁﬁ‘ 7&.%%@9@14“15\9@ lw@éle&}a{b(f
bl,('{g] ysbkiablsa 18y, emyiPak k?@—%lfh&ﬁ}@pheﬁcgudel)‘ RIS 2Rl edR 1248 (t-butoxide)

Tonawanda, The columm is imrersed in
(%ﬁ4mernally controlled oil jacket, set initially to
160 OC. The colum is first cooled ballistically to

EidRpidC-4L Osfipsatve aael ed to 20 0C at 0. 04 0OC per
m nute and he |a for one hour. Fresh TCB is introduced
the.te ure is increased
Garera b Teofoot Patile! Fottagi-Rah CORMTETL! 5 2000

portions of eluant fromthe preparative TREF col um
ar[nssqcol | ®otyedtrizaioas %c@tdattied)msingmblgledlrdwgapmj pmrallel

P e igr BRI SETRYF BuBSOREt Br Mo Mottt g
sub@@ntflly aécotdigy 10 Q) yPaRINtsSIOb. 61I48)340,S0B019$7, 6,362,309, 6,306,658, and
6,316,663. Ethylene copolymerizations are conducted at 130°C and 200 psi (1.4 MPa) with
ethylene on demand using 1.2 equivalents of cocatalyst | based on total catalyst used (1.1
equivalents when MMAO is present). A series of polymerizations are conducted in a parallel
pressure reactor (PPR) contained of 48 individual reactor cells in a 6 x 8 array that are fitted
with a pre-weighed glass tube. The working volume in each reactor cell is 6000 uL. Each
cell is temperature and pressure controlled with stirring provided by individual stirring
paddles. The monomer gas and quench gas are plumbed directly into the PPR unit and
controlled by automatic valves. Liquid reagents are robotically added to each reactor cell by
syringes and the reservoir solvent is mixed alkanes. The order of addition is mixed alkanes
solvent (4 ml), ethylene, 1-octene comonomer (1 ml), cocatalyst | or cocatalyst /MMAO

mixture, shuttling agent, and catalyst or catalyst mixture. When a mixture of cocatalyst | and
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The concentrated solutions are allowed to stand
over ni ght before adding excess nethanol,filtering, and
WO povsiisgs{ appr ox. 300-500 m of methanol i ncl URCTGS200E046596
final rinse). The filtration step is perfornmed on a 3
position vacuum assisted filtering station using 5.0
mm pol ytetrafl uoroet hyl ene coated filter paper
(availabl e from Gsnonics Inc., Cat# Z50WP04750). The
flltrated fractions are dried overnight in a vacuum
et I
e e i i e T e R
1mS‘teElatB@t pricr M) ddltwn neths mag@r by hersa regeent saplittdddp ?n experlment the
abrggee(g gﬁ% itidd gdth\évI il RuifathedTRd qg{rﬁé}ﬁgt%n’s afQondillica iy th
e ang e of approximately 45 degrees. After
apﬁﬂ)bﬂnhdteby a2 miguted) emslamq:ﬂe@snatd aBYOE dopsunirdiony are teaghedy Péter
n.s.ru eed
e O B B P ARERf e DEDATRE Gk Gugl g wbes are
trahbferr&BRl c@ntrifugdvasmudiyiax Luat lapd ﬂtﬂ)edafosbl hawfs at 60 °C. The tubes

accelerating nips |ocate 0 t
cogapwgatrisd ipglymsy z?rg wglgﬁﬁé d;%e c9 ﬁf nq,ejaﬁgy\/%;g is e?f%ht and I{}leé}are
wdi grtcg?veb ﬁxernemélgi 8t @” Reqs bRoAhinkd @ Tabler. Up Taple¢dnd

he nip S. maxi num t ens rce attai
elgwhergdn the @pltl@sﬁeonp sowt'ﬁ% 80‘5%"‘{‘%@ ﬁgﬁtcasf‘ gé Ay ?ﬁﬁe”sp ﬁ*‘i.
the case of polymer nelt exhibiting draw resonance,
t @6} enskkenpley ce dapbtrae theyahsatof dihead bk capimancey the

was taken as nelt ength.. The nelt str
PresSBUPHRBHOR # f‘d&%ﬂ?eﬂéw'?ﬁfgmtaﬂewfa VERPUT]YS W’Pﬁéﬁ“t‘ﬂ?@
mgrﬁfnmdalcb\()ﬁélpﬂngmhen DEZ WpRdent bed £bisnodsl, Brodd meleaflar weight
approxi mately 16-18 hours

distel sion arasiuer (@ midpig o§ separagely @ﬁ%@ﬁiﬁmer& n 3k abseseo Qb Pue
tott a&t%eﬁb m%ﬁ%ﬁls@%mo ih&Jrfdrite hdrdodthaMRih Clatllysy (B1), the
talned mXture of C& 9 aliphatic hydrocarbons
ditforsl bk oL seEments plethy Feal/BngRaBP Yy MTSi 06 Hhe R yspten 4e distipgyjshable
e elgl\VieloTN QPﬁQkﬁ@' Conpany. In the event the name of
a conpoung herelr n does not conformto the structura
representatlon thereof, the structural representation
shal | codebll. The synthesis of all metal conpl exes

and ¢heaprepanatdoen ofivald siegkeeni ng experiments were
gQr r_(hﬁ]_)o mbif QuEsly @inbh Ogefit (b YiME®REMisi Nnwlivin hexls'
faechydeques. | o@bvents used wer e CHRI3C Go0&aoR 338d were
gri ed befare theimouses [159] MVAOOr&fler 36%9 rodifi éd
et hydeal urkane,0.136t ri.3 sobut yl al unOAH mdHRei 80° 5.5
et hydeal urfokane 0a92i |-abl e BBATREDCi Al1PT#F f PO AKZS- No|6|8e

Cor pobtat i dhl 0.192 - DEZ (80.0) 0.1468 2161 1.12 14.4
3 0.06 0.1 0.192 - TEA (8.0)  0.208 22675 1.71 4.6
4 0.06 0.1 0.192 - TEA (80.0) 0.1879 3338  1.54 94

Cs or higher chain content per 1000 carbons
Bimodal molecular weight distribution

(3]

[167] It may be seen the polymers produced according to the invention have a
relatively narrow polydispersity (Mw/Mn) and larger block-copolymer content (trimer,

tetramer, or larger) than polymers prepared in the absence of the shuttling agent.

[168] Further characterizing data for the polymers of Table 1 are determined by
reference to the figures. More specifically DSC and ATREF results show the following:
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[160] The preparation of catalyst (Bl) is conducted as
follows. a) Preparation of

W@ boogesiiys et hyl ) (2- hydr oxy- 3, 5-di (t - butyl ) phengd)/n81009/046596
imne3,5-Di -t-butyl salicylal dehyde (3.00 g) is added
to 10 nL of isopropylam ne. The solution rapidly turns
bright yellow. After stirring at anbient tenperature
for 3 hours, volatiles are renpved under vacuumto
yield a bright yellow, crystalline solid (97 percent

yilgb ?%e @é@@&‘r‘@é‘ or?he1 po enhe)r/ fe%xan]()le 1 S(hRIRSi 115.7°C melting point
(Tﬁﬁ@mly |a$1%hﬂf)°dsmmolﬂ (D}STEII/@yTFIhc( chrexmyitihg LRSI Fura shewg thie
ut i

alloL ik By et ﬁy‘f“ﬂ“(a?eﬁ'yﬂ%%@/”’ﬁ mregnt TS SHNATTISREAVEST e e C T

an@@,@&&gtaf%@ Hpol) in 5 L toluene is slowmy added to
a solutron O'Zr(CH 2Ph)4 (500 ng, 1.1 mmol) in 50 nL

tol uene. The resulting dark yellow solution is stirred
fB70B0 nihe DS Lyrsnforiths nobimsy etiexandisr2 shetsa eerkpyidsa L1%7°C

;![ %ﬁ,ﬁoﬂfﬂmg%ﬁ‘ gﬁ’:aﬁ %gfuglo? GF‘?M 5% aTlEeQ%%%nmE QWRY%Q'A'Fd;urve

repar ation of cata I's cohducted as
shbws thovlest apakPit ¢paT@wvitha pedk area of 57.0 percent. The difference between the

t cvel o )ethyl) (2-oxoyl-3,5-di(t-butyl
D#éﬁéi‘ Hﬁieh%é Ea%/b*t%ﬁ%ycl ohexyl amine (8.44 nlL, 64. Oy )P
mml ) is dissolved in nethanol (90 n), and
d{jlgl rd butT %'héSIaS'c cavel el yidepo(yhitr 00exgmph2 héwsapbak with a 120.7°C
added. e reaction mxture is stirred for thr rs
melirg ROAE AT Ry BItR A head of Bigien ph6011)/ %rJEhe cpHEshoBUng F?‘S{&t}% curve

sh¥d Jh@YXll%lek& a@B@ (F‘*(Pthi cdkSir&rl7estpereRy The biffforthtObbtween the
and washed w th col hanol (2 x 15 nL), and then

D&ETeadmdmstchryS@dwcﬁécﬁ ﬁressure. The yield is 11.17 g of
a yel l ow solid. HNl\/Ris consistent with the desired

uct f i o
D! B BTSRRI Sl SUERRERHY 101
mglhx)gmwnyh)]) withra hesx z>f fusiomio €101 g nEhye coespohding R YST AF Curve
o R DS Sh SR U e AU
DSy @Wa)sdﬂ@dl% sta@ isayageL Ut | ON O‘Zr(CH 2Ph)4 (5.28 g, 11.6
mol ) in 600 nL toluene. The resulting dark yell ow

solution is stirred for 1 hour at 25C. The solution is

dil73k ed The PHlerune fa5 comparpiverbshgana 9§ gmeling peif (fm)gyth a
hegt%\f'ﬁ%%n%f }6Hg tﬁh@%bl@é@p&fdlr% GOBBAM url L §lvs RaAIR peatt at

A mxture o I 8 al kyl )ammoni um sal t's of
48. 5°C with a peak area of 29.4 percent Both of these values are consistent with a resin that

is low in density. The difference between the DSC Tm and the Tcrystaf is 41.8°C.

[174] The DSC curve for comparative B shows a 129.8°C melting point (Tm) with a
heat of fusion of 237.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
82.4°C with a peak area of 83.7 percent. Both of these values are consistent with a resin that

is high in density. The difference between the DSC Tm and the Tcrystaf is 47.4°C.

[175] The DSC curve for comparative C shows a 125.3°C melting point (Tm) with a
heat of fusion of 143.0 J/g. The corresponding CRYSTAF curve shows the tallest peak at
81.8 °C with a peak area of 34.7 percent as well as a lower crystalline peak at 52.4 °C. The
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t et raki s(pent af | uorophenyl )borate (here-in-after

armeeni um borate), prepared by reaction of a long
waeb@bnsiiss al kyl am ne (Arneen(tm MHT, avai |l abP@T/U82909/046596

Akzo- Nobel, Inc.), HO and Li[B(C6F5)4], substantially

as disclosed in USP 5,919,9883, Ex. 2.[163] Cocatal yst

2 M xed Cu-is alkyldinmethylamoni um salt of

bi s(tris(pentafluorophenyl)-al unane) - 2- undecyl i m dazol

i de, prepared according to USP 6, 395,671, Ex. 16.

64] .Shut t A
A9 AR e PRI
lowctyRtall B b lyien CTHeSHYrence rbet&tebnythalDSﬁ Troemq fﬁEKCF}’SAﬂDS 43 5°C
trioctylalum num (SA5), triet hyI gal I'i um (SA6),

An_ﬂgc-}tmi;al um num d| (pyrl di ne- 2- rret hOXI de) (SA9)
b| s(n-octadecyl)i-butyl al um num (SAl O,

[lggt yla onm%ﬁ@ &%g‘pél'ilm&‘?{h'i 1115)59 (ﬁxzéd &u‘?"ﬁl é&né)uter controlled

n:octyl a um num uty noxi de)
autdevy k@btumqumppﬁdjw(tbahyitqrhal it Hyrllﬁﬁainﬂld@) al((@q_ﬂ. slvent ( Isopar™

E g\f h%l?lglfuﬁ I‘{‘l}ﬁ{l e(r{n}{al%l Eﬁg%l e%l’)l)) ??é %Q%ZS) b?@%ﬂ%(’l .22 kg/hour),

1-edténel aidutydmgan (where used) are supplled to a 3.8 L reactor equipped with a jacket
fohtea'&) Tuéci Wrﬂ(ﬂﬁ an mtérnzﬂ%}%%géo%gl%.p trﬁ@ go%ngﬁelzd (o%ﬁé r]eggtor is
m&isﬁr(ea b a Ehads-flbvo entotlbr: &Z@aryiblleeb@ptdmpblagmdmynp(c@mols?me solvent

n oct %d?P!EeuS%rllg ng b| Séﬂy?’f}ﬁ@%%‘?féﬁ t% pTﬁB’ aslaee ds§rAgf§zstakento

pr@%ﬂé’ h@dh?lb\&(stf'%\rhhlé %&llyb@)mc(&éﬁﬁl}'st lEEvga&minéSleslandl the reactor agitator.
arative A- ner Hi gh u

it Dt 5 erare B R YRLoT s P e e GBS bysgneo

va‘F\Q:Q drigyt e nitéﬁuaﬂ‘ Gdjastﬁ’qfﬁh)f hég’g%;&@h’@ﬂt Thenamal?inglsolvent is combined
ynerlza I Oon reactor aval e om

A thé:hydamné ere e el Sies rﬁ?ﬁtvy Ritass flow

coﬂﬁgl@err% di8d Fo%e“&r@ r% nSto m reftc?48n&Abd. theQ&pddidre of the

3009, 306, and 6, 316, 663. Ethyl ene

sob@p@hqur Z%it"i'%‘n‘é C‘H\t@”%(bl?i/o‘t?é pbahesf e’iiémef beiere spigrinsthe
rehcor? TMFas}rezW\ E;ﬁ}e@%ﬂ%oﬁ&ﬁ oPthe ASRBRATMSdalty sl eoAnponent solutions are

equi val ents of cocatal yst 1 based on total catal
metseed uging pureppsind aaenfley wisers UNAG dogbped svdththe caﬁ'@%ﬂv%ssolvem

an%fmtpo%lué{éﬁelmo%ﬁet Bo%lztﬂﬁgégae rgﬁﬂ)quﬁl@%aét& i rd?nqrq@id ﬁh at I500 psig (3.45

ssure reactor cont al ne i ndi vid
MlPemllﬂOVIgwehﬂ girting. Lr@lugt ig rearqvay thréygh eaut Bndsjat ﬂlé@omftth? rgactor.

ﬁ 81‘% Y‘%ers thtIhc(ﬁ:l re%gtéb%g ?tg%m -tl-tépgeg\ﬁm hllsﬁ]lgteé{.obé’l%eﬁﬂn@t‘?ﬁ Qtopped by
the addition of a small amount of water into the exit line along with any stabilizers or other
additives and passing the mixture through a static mixer. The product stream is then heated
by passing through a heat exchanger before devolatilization. The polymer product is
recovered by extrusion using a devolatilizing extruder and water cooled pelletizer. Process
details and results are contained in Table 2. Selected polymer properties are provided in

Table 3.
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1 0.06 0.1 0.192 DEZ (8.0) 0.1974 28715 1.19 4.8 2

0.06 0.1 0.192 -

wW@2®6/165135 0. 192 - TEA (8.0) 0.208 22675 1.71 4PGI/4SDIY®6596

DEZ (80.0) 0.1468 2161 1.12 14.4 3

0.1 0.192 TEA (80.0) 0.1879 3338 1.54 9.4 C or higher

chain content per 1000 carbons Bi nodal

wei ght distribution [167)

agent .

nol ecul ar

It may be seen the polyners
produced according to the invention have a relatively
narrow pol ydi spersity (Mv M) and | arger

bl ock- copol yner content (trimer,
than polyners prepared in the absence of the shuttling
[168] Further characterizing data for the

pol yners of Table 1 are determ ned by reference to the

tetraner,

or |arger)

figures. More specifically DSC and ATREF results show
the follbwing][[169] [The |DSC dqurve far |the pol ymer of
exanpl ¢ 1 {shows| a 115.{7C ne| t|i ng| poijnt (TmM with a
hééqggj fusijon of| 158.{1 |Jf gl |The| corir eéspondi ng CRYSTAF
cniéggshoms t he tlall esit |peak |at B4.3Ci{with a peak area
ofz2 5259, percent || Ihe| difiLer ence, petwgen the DSC Tm and
t ife STEI 51 |af Psc 81261 1707 | TRe PSE |€lr ve for t he
pol ymer pf| exanplie|2| shows a pgak wijth a 109.70C
mel tEng paint| (Tm (W tih|a| heat |of [fusion of 214.0 J/g.
The Egtrespgnian CRYSTAE | curive,. shaws |t he tal | est peak
at= A6Z2€ Wt h Pa??;:ga% ‘ares|of ?"%Tﬁtﬁ:ent. The
difference between|the DSC Tm and the|Tcrystaf is
63. 5. |[171] The |DSC curive fqr it he polymer of exanple
3| shdwso ~ |peaks Wi | th—p- 228 | F e |t licng| poi nt (Tm with
alhéar|g Ff@%@r?)ofwl ekl fﬁsf%l\cg r espondi ng
CRYSTAF curve|shaws the tall gst peal at 66. 10C with a
peak- e 515l (B 8| Brrlcests |SNhest Eier ence between the
DSC-Tmapd—trhe—trerystaf—-5p4-6CG—172] The DSC curve
for the pal ymer| aof jexaml e ¥4 |shows| a peak with a 104.5
0C neli [ P8I AL FiTH)= W | £ @ | Felar= 6|5 usi on of 170. 7
Jhg—Thel donrespdndihg CRYSTAR etbrva—shows the tall est
peak- at B0 QClw tth|a| pegk|argaof 1§.2 percent. The
diof%@ﬁngg bet ween |t he DSC uh and the | Terystaf is
742 50| FETS) A0S | BET EE{ 65 9 R | @piBagat | ve A shows a
9070 oC mMer i ngl point [ With a
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heat of fusion of 86.7 J/g. The correspondi ng CRYSTAF

curve shows the tallest peak at 48.5C with a peak area
wW®@200295:5per cent. Both of these val ues are conBCBHUSWD9/046596

with a resin that is lowin density. The difference

between the DSC Tm and the Tcrystaf is 41.8C [174]

The DSC curve for conparative B shows a 129.8C nelting

point (TmM with a heat of fusion of 237.0 J/g. The

correspondi ng CRYSTAF curve shows the tallest peak at

8 Cw

vifﬁis ar1tehg é%#&%??(élﬁ{ﬂ%g af teﬁgd lzsl|9§é ﬁﬁ@kTFEﬁ%pwﬁﬁ PFeQ%%?
exharpddst Resulthereds fdllmence betmeen t he DSC Tn1and t he

Tcrystaf is 47.4 0C. [175] The DSC curve for

c rat iy, T hhh o

TR, 2o R S o Rys Byt 57 IR TINRR Theol Mph o158 -c
n@ﬂ\@]ﬁ@lﬁt @r)wa thshimasoftfirgort d]dOé)slt/g pEﬁk:oatspSﬂ.dl& ORY®I AR carve

ea of , 34 7 per.cent as
S Sre iR P S g e Rb L St ohRistpbesbe DSC

Thwmdgem&%mhﬁﬁggnﬁcstent with the presence of a high

crystalline and a | ow crystalline polyner. The

di fference between the DSC Tm and the Tcrystaf is

4318bC.  BhamsCeirs. foothe edms%%ﬁeweeeeswseowﬁak MifBad 15-2°C
meRin ?bblqp(TPnglva He%ladf'f@‘on &%ﬁ)afl JYgStTh%:lsl)ggspa'ndg%ZCiﬂfgﬂ\F curve

I nuous ‘sol ution po yITEFI zations are carried out
sf@we ohrepaiest peslonit441°C edthaancok gy ef ¢2ebpdrennt. ddaidpel tden Fhe DSC

t rr.er. Purified m xed al kanes sol vent
TTﬁndng% n&ﬁ ‘gvgﬁlable from ExxonMobi | Chem ca

Company), ethylene at 2.70 | bs/hour (1.22 kg/hour),
1{queneThaﬂdChmdmdgemebm&meeﬁusmdMeasbm&up@hkedhhdza3°C

it P kPt SRl o hle bR The EYRT AR UhGetovs

tht @allefPedkOAAY OFC Wsth ARBHUrE&CLDY 4ebeFRES -The AvtLiRBldeatfleeDSC Tm
A variabl e %geed dlaphragn1punp controls the sol vent

arfd| thgnT ¢rattef infll ¥ressure to the reactor. At the
di scharge of the punp, a side streamis taken to

m 10'6 fﬂhyd@cféuweﬁfmftﬂs pdIDBeCAleRANSL 8 aRsys cag,feaxt @'itM%tlzélSC’C

tion [ines and the reactor agltator hese
malmeg pepsime dvithya Hwtmféuslmtqféﬁ Iriégs sThe Icqv@snertctmgsCl&n&T AF curve
con t, val ves or t he
shé)gs 'ihe(%alles&peggat;ﬁgg d ewnt\na peak are P]fe ﬁ¥7e creent. ng ¢ Je‘ta léerﬁ\tveeln Sthe DSC

Tﬁem@uﬂedqmmrn43ﬂd@1ene, ethylene, and hydrogen (where
used) and fed to the reactor. A mass flow controller

[ used to deliver en to the reactor as need
Th?] empéraPifevpe f?fﬁg e AR S P AR §?94 6°C
m@lﬂﬂé p&thd (@th) RithuSRaQt f@didAeAl3 8Xghamg @6rré%§&ﬂi'ir% @W ﬂAm&Hve
he reactor. This streamenters the bottom of

shntavadteéeirll.esﬂmek ABOR G stithageplorrene! 19d) perdesn sTfmdelta between the DSC
Tm and the Tcrystaf'is 43.8°C.

[183] The DSC curve for the polymer of example 10 shows a peak witha 115.6 °C
melting point (Tm) with a heat of fusion of 60.7 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 40.9°C with a peak area of 52.4 percent. The delta between the DSC

Tm and the Tcrystaf is 74.7°C.

[184] The DSC curve for the polymer of example 11 shows a peak with a 113.6 °C
melting point (Tm) with a heat of fusion of 70.4 J/g. The corresponding CRYSTAF curve
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nmet ered using punps and mass flow neters and are
conbined wth the catal yst flush solvent and
WO pioposfieed i nto the bottom of the reactor. ThRCT/ESIDI46596
is run liquid-full at 500 psig (3.45 MPa) with
vigorous stirring. Product is renoved through exit
lines at the top of the reactor. Al exit lines from
the reactor are steamtraced and insul at ed.
Pol yneri zation is stopped by the addition of a smal |

i Xi t al on
ShP b Bes ot Pl thdcieth venotive RaClP iR fysen e psC
ThRhOHE TR st At7sqomi Xer. The product streamis then
heat ed by passing through a heat exchanger bef ore

devol atilization. The ymer product_is recovered P%z

ekB8lisi off ha@ﬁﬁguaede\fbff e&'ym?rzqf repnanls s amerkaithet

m@lgf?% EAnREh) Qhith2Heat 0? RRFRST 4803l IThe abieksp&RMIgt SRBSBAF curve
contained in Table 2. Sel ected polymer properties are

shpwew ped eijval Tadyl aéO@ 3’Da°§l dToryppiderrupeses of fiher gglculation is

ar at i of . e r ol B2
e SRR B T s By o2
FIl ow Cone Fl ow Cone FI ow [C2H4]/ Rate 5 Com Sol i ds
E{<186]< g/ hTh& @SBrcusedon the polppen df gkdmple phshoghk hpedio wigh i 14.4 °C

r.9%% %
mEIBRE At 3y g o hei U ipnces 34 e, ThScadisPhaf R RES A curve
shdws the Wttt gedk &-39.85(00itir a peak @Ra0Gf 10 pBrcd@. THé el bdhvedBthe DSC
1.47 89.9 11.3 126.8 F* 11.3 25 1.6 7 1.7 0.06 30.8
Trg apdthe Terygtafiip 84.4°6G5 88.5 10.3 257.7 5 - 0. 14 30.8
0.13 0.17 0.43 0.26 4 19 1.64 89.6 11. 1 118.3 6 4.92

30. ?
[1]895_ 704‘89[8?@3%1‘ %38&6[%& cg’e;cﬁn[ﬁg% ého% a%gaki’vgllh 4 12]078'2 C7meltmg

pdint@T@Nwith & hgat 36{1QENEf 0%/.9 J/g Th@c@resp_pgdmgﬁ@YS@@Fgmr\@ shows the

BBl & 458 998 TP B B
the OdryQOfid4194c.1 13 1. 1 11 120 7 1. 0.16 0.17 0.80 0.15
1743 0. 10 249 .68 89.56 1.1 100.6 12 12 1 7 1. 0.15

0.07 0.09 17 07 3 .70 9 122 R
0186 a2 87 oo P B e o O 4 o
mé-lﬁn%&gnﬂ(T%) wWoth @heft-of Quston1? 38 24%. Ohd QordRpondihl @Oy FPARcyrve
shows the tallest peak at 32.3 °C with a peak area of 9.8 percent. The delta between the DSC

Tm and the Tcrystaf is 82.0°C.

[189] The DSC curve for the polymer of example 16 shows a peak with a 116.6 °C
melting point (Tm) with a heat of fusion of 44.9 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 48.0 °C with a peak area of 65.0 percent. The delta between the DSC

Tm and the Tcrystaf is 68.6°C.

[190] The DSC curve for the polymer of example 17 shows a peak with a 116.0 °C
melting point (Tm) with a heat of fusion of 47.0 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 43.1 °C with a peak area of 56.8 percent. The delta between the
DSC Tm and the Tcrystaf is 72.9°C.

[191] The DSC curve for the polymer of example 18 shows a peak with a 120.5 °C
melting point (Tm) with a heat of fusion of 141.8 J/g. The corresponding CRYSTAF curve
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015 2.45 7 1. 0.14 0.17 0. 14 1743 0.09 282 1.80

89.33 1.3 12 1.3 16 - 122 7 1. 0. 10 0.13 0.07 1743
wW@:2®9/1885 1. 78 90. 11 1.2 159.7 17 12 1 7 1. OrQOUM208%046596

0.08 1743 506 .75 89.08 1.0 155.6 18 0.69 12 1 7 1.

0.22 0.11 1743 0. 10 33 1 1.2589.93 ! .8 90.2 19 0.32

122 7 1. 0.06 0.09 1743 0.08 367 . 16 90.74 |1 .4 106.0

Conparative, not an exanple of the invention standard

cm/mn

shL) f%he’tgfegti Er%'bVJce w1hl¥ l %&Q%@élo} Bﬁ‘b %gr)cén% 'n? en%%X een e

Daen“&pmdhﬁé BetyRafdé y0.§ 6cpyri di n- 2- di yl ) met hane) ] haf ni um
di met hyI bi s- (

B it PSE1 REG vl e b ol Hgpioa etk VikedBhs °C
mBi@thy p&iAt (FFFr? GG tal HRAY dfaasﬂmnﬁfn ¢$R‘U/getfhé/l:&Fk§p&1@ﬂl‘g@'I{>\l’S3MF Airve
react or efficiency ner/ ?&M wher e

SAGTUIRARARIN: 1ot b UAARR N SR RIS
DSESFW dangk: P %{ﬁ{@s @ tested by DSC and ATREF as with
es

previ ous exa esults are as follows: [178] The

DSC curve for the polyner of exanple 5 shows a peak

wWit98] a 1T19¢ BSOCurvelfen thgpgphertof (:Crmar&ﬁweh) shoheatpeadf with a 37.3°C
f,usi on 0. /d. -FThe c CRY TAF
b8 S R abt s ER 31 SRS P SR £ e
shb®s ho pekegin] to aﬂd%bd@ 30aC bBbihes metd‘l\eil%@e'ﬁﬁhs’m@tw‘tﬁ a resin that

Tcrystaf is 72. [179] The DSC curve for
is oy WéPS"aff Tésza?ﬁﬂ bétve‘:eg H@@S%T@éaﬁ thj epysgf f1753 Q 0C

nelting point (Tm) with a heat of fusion of 60.4 J/g.

Th®4For r eapDBAichg e R YRRy BaHOY Cori oM e ENBok ah b&ktwilheak4.0
at 44.2 0OC with a peak area of 62.7 percent he delta
Cu@?lwc%wmtr{@mmehvrhﬁaw& ﬂtSrP@ of 47y {/af Tﬁ%correipcmé@g qRIGGIAF
of...e
cug\ggs&%%hﬁ@\éﬁ ﬁ%at8%§ ® IMn l::ak(_)alfrehat 3%\%@ cmrht I'[‘B%YF(%these values
aré cmisismntoﬁitfﬁegreﬂjn JHagis highein demsntgs Ploadtilta e SRYSRAP SELiFre @nd the
TSh(t)\fs A taIIest peak at 49.2C with a peak area of
lcie Spercg The delta between the DSC Tm and t he

Tcrystaf is 72. 1C
[195] The DSC curve for the polymer of comparative F shows a peak with a 124.8

°C melting point (Tm) with a heat of fusion of 90.4 J/g. The corresponding CRYSTAF curve
shows the tallest peak at 77.6°C with a peak area of 19.5 percent. The separation between the
two peaks is consistent with the presence of both a high crystalline and a low crystalline

polymer. The delta between the DSC Tm and the Tcrystaf is 47.2°C.

Physical Property Testing

[196] Polymer samples are evaluated for physical properties such as high
temperature resistance properties, as evidenced by TMA temperature testing, pellet blocking
strength, high temperature recovery, high temperature compression set and storage modulus
ratio, G*(25°C)/G’(100°C). Several commercially available polymers are included in the
tests: Comparative G* is a substantially linear ethylene/1-octene copolymer (AFFINITY®,
available from The Dow Chemical Company), Comparative H* is an elastomeric,
substantially linear ethylene/ 1-octene copolymer (AFFINITY®EG8100, available from The

Dow Chemical Company), Comparative | is a substantially linear ethylene/I-octene
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[181] The DSC curve for the polynmer of exanple 8 shows

a peak with a 123.5 0C nelting point (Tm with a heat
w@Robasiteh of 67.9 J/g. The correspondi ng CRYSIARUS2M0%@46596

shows the tallest peak at 80.1 OC with a peak area of

12.7 percent. The delta between the DSC Tm and t he

Tcrystaf is 43.40C. [182] The DSC curve for the

pol ymer of exanple 9 shows a peak with a 124.6 0C

melting point (Tm) with a heat of fusion of 73.5 J/g.

' Y, k
TR LTI ERATA e TyE PN bl elpgity e
Chwpaeter Jtihe hpB@eTatedsigrendfeutddiengStyadneitgblddk @pigmey (KGRI TON™

v I f ex le. 1 0 .
G5 R FUR ARE G BT B B S Pl gy
(TTRYs a@nlyokefif Bledd ddmpinitiy dispased elspamd icrogs BRSTAFonouy. VResults are
shoy\%.tﬁleotgl | est peak at 40.9 0C with a peak area of
PEnGd L IINGE  The delta between the DSC Tm and t he
Tcrystaf is 74.7C. [184] The DSC curve for the polymer
of exafigile4 Higk howmperatusddéchanicdh Peoperti®s 6 0C nel ti ng

ROt ATt g FstonT ol or S 97 9T coliGression
gorre R&Q@%nngs CU%@%@)’\’S ﬁl‘éggﬁag o%ﬁt gg@f}oé‘)[

3860 th ayhediespr ea of-(gincs PeEEGH! . The | geldd)
gwegn the DSC Tm and tige TcrySIafed S 74 1 0C [ 185}
i@ [OSg CUrve.for tne polgner of | exanpi e 12 $hows a

of

pgak g th a
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tg Ng poi
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W ation

& therefore

get at
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19 8§72C. [1

36] The DSC

curve fo

r- the pol yneri
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exanploge 13 s

hows a peak

wth a1l

1gh. 4 O0C nel ti

g poi nt

Tm| MOth a

heat of fusi
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.4 J/g. The

68

¢oR riggSpondi n

- CRYSTAF curve shows- the tall est 7peak at

3338 BC W th

a peak area

6of 7.7

cent. The

delta

hét weleh t he

DSC Tm and t

He Tcrys

taf is 84 .4

DE. [187]

The |BDSC for

the polvner

gf_exanp

€ 14 shows ¢

hSPeak

wité h 1d3120. 8

0C nelting

point (TM with a hei

at2 of

flugijoN8of 12

09)J/g. Th

dcorresp

of3di ng CRYST.

AF7 curve

shbwsl2bhe ta

t est peak

t1072.9 Q

Cwith a pea

K- area of

999 2 Igér cent

- The delta

et ween

the DSC Tm a

nd _t he

Failed
Failed

100
100
100
40

T&'yisaf _is A¥34200. 89
H*"] 70 213(10.2) 29
* 111 - 1 -
* 1107 - 5 Failed
K* | 152 - 3 -

[197]

resulting from simultaneous polymerizations using catalyst Al and B1) has a 1 mm

In Table 4, Comparative F (which is a physical blend of the two polymers

penetration temperature of about 70°C, while Examples 5-9 have a | mm penetration
temperature of 100°C or greater. Further, examples 10-19 all have a 1 mm penetration
temperature of greater than 85°C, with most having | mm TMA temperature of greater than
90°C or even greater than 100°C. This shows that the novel polymers have better
dimensional stability at higher temperatures compared to a physical blend. Comparative J (a
commercial SEBS) has a good I mm TMA temperature of about 107°C, but it has very poor

(high temperature 70°C) compression set of about 100 percent and it also failed to recover
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[188] The DSC curve for the polynmer of exanple 15

shows a peak with a 114.3 0OC nelting point (Tm with a
woeaw/15515% usi on of 36.2 J/g. The correspondi ngPQOQRYSIDAF 046596

curve shows the tallest peak at 32.3 0OC wth a peak

area of 9.8 percent. The delta between the DSC Tm and

the Tcrystaf is 82. C. [189] The DSC curve for the

pol ymer of exanple 16 shows a peak with a 116.6 0C

melting point (Tm) with a heat of fusion of 44.9 J/g.

ISR FARARING CRPTR SVEySuERRus, g ablgstryieat

e*mtphﬁemmlme@wwnnmd com@ma'cmny)];f propertiss mvala@ﬁ; evgniggpme
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fu3|on of 47.0 J/g. The correspondi ng CRYSTAF curve
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frmeakchmoﬂ)hnas daﬁ@s&séfﬁ]lymhmlby‘eg opei al’ttroz(d'lfn’)lpamttuh ranghe @his ddature
cors ndi n

oG meR o B el PR tirt BRI PORIARY wiebl tasomer
applicBiopesek as in piéyeurd ednbsigi vb edhasienfoihelafdms. Tm and t he

Tcrystaf is 45.0 0C. [193] The DSC curve for the

D sho th a C
i%ﬁg %‘Fﬁ gpa’frﬁ%tle %elis]o de on {ate %hgtft P(W}’] erfs o'&t% r‘é/erjt)oa.
pokkas hairoes poiid ibivgk CRYIEhAH. dtu parecigdroliganipte phata petjesdllocking

and, a 300C. th of, these v ues C i stent
sieth 920 Ny eting € Frer S driiahe SPho s SRR o hEPiekien
Coparidhes F’ﬁhcﬁﬁdvﬁuhﬁh&f@rc}é?slic&fabﬂébl&ckﬁ@ B[ldcﬂﬁﬂg stebrgttDSGnportant
curyv or the ner o co arative E shows ea
S e B G BT 1L B PR O SR sEml rpgroduc
clfiMpin@or chkﬂaZ Pogdthdf €pon Floeags OF §HRSIAH) lisigin R HodAan@ liigViRoperties.

shows the tallest peak at 79.3C with a peak area of

R T SR SR TR
ge@&@llﬂ' pocINGhedrlify generally less than about 80 percent, preferably less than about 70
percent and especially less than about 60 percent. In contrast, Comparatives F, G, H and J all
have a 70°C compression set of 100 percent (the maximum possible value, indicating no
recovery). Good high temperature compression set (low numerical values) is especially

needed for applications such as gaskets, window profiles, o-rings, and the like.
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Tcrystaf is 44.6C. [195] The DSC curve for the polymer

of conparative F shows a peak with a 124.8 0C nelting
w@oiais{133) with a heat of fusion of 90.4 J/g.Pdmnes2009/046596

correspondi ng CRYSTAF curve shows the tallest peak at

77.6C with a peak area of 19.5 percent. The separation

bet ween the two peaks is consistent with the presence

of both a high crystalline and a | ow crystalline

pol ynmer. The delta between the DSC Tm and the Tcryst af

is 47.2 0C. Physical Property Testing [196] Pol ymer
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(MPa)
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12
16
14
14
14
12
14
16
13
13
29
10
12
13
30
36
17
15
29
32

at Break'
(%)

951
846
785
961
1127

Tensile Elongation Tensile =T

Strength
(MPa)'
14
15
13
12

2

Table 5 Ambient Temperature Mfcgapjcg-&ﬂﬂfﬁieﬁ-, N

Tensile
Modulus
(MPa)
589
46

29

37

35

38

17

14
160
14

20

18
239
483

5

15
147

23
3

Flex
Modul
us
{MPa)
12
895
57
30
33
44
41
43
2
16
212
18
23
20
323
706
15
16
|

“ measured at 38°C for 12 hours

! Tested at 51 cm/minute

5

E
D
E*
F*
5
6
7
8
9
10
1
12
13
14
5
16
17
18
19
G*
O+
I*
T*
K*
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(high tenperature 700C) conpression set of about 100
percent and it also failed to recover(sanpl e broke)

wWa@lonss1ss hi gh tenperature (800C) 300 percent BECT/EHBIV09/046596

10

20

recovery. Thus the exenplified polyners have a uni que

conmbi nation of properties unavail able even in sone
comercially avail abl e, high performance thernoplastic

el astomers. [198] Simlarly, Table 4 shows a | ow

(good) storage nodulus ratio, G (25C)/G (100C), for

t hepdgpy ent iryfe 9%mé§llt9for CheBanlc8BSropEIT&aRe Aew polymers as well
phyS|caI bl end arative F) has a storage nodu
raatf@rcyaapusgtomwerls@n rpgg(ﬂ‘é’fﬁ aé?‘ﬁ?‘F@ﬁ*‘éY‘R?&t%'ﬁ% ‘661% b PRSP it the

(i E&EHH% A NEs RveQkrySloth 5@5516*?1‘3§1kt515/ceh@§n skl Q&c@&ﬁng to ISO 4649,
modul us® ratio an order of magnitude greater (8 I

9). It
i genefakly shabiing a yehtme lnes offess Hge abavtit) man’rpaefiegblyflesy than about 80
pr9+1y QEE e!}@ AR, ISASQ% 4b8 t]S@%rQDSlﬁ kHRd @st, bR n%h&%ﬁ&aw higher
atiively una al fect ed by tenperature, and
fabmieclassedd apseqlendy lvwdeatirassmreuddncpol ymer s can be
usefully enpl oyed over a broad tenperature range. This

feapgse of TLRWralal ﬁgﬁeam?gdﬂkﬁénsﬁl@%bl@h&ﬂgartsﬁm @\‘tthlé fventive

i ndependence is particularly useful in el astone

apﬁ»lmm:als |g9mallé/d@ﬁ0 ad of higpretsshewn wdrblets \}féa%t%fﬁé@h Ve the
RMHL dl?‘g ga]ﬁ hE'H%Is géﬁOamJ Br SRR |a§h1§h al 5890 mJ. Comparative

demonst mers of the I nvention possess
mqimwze@bnp@lly bavemao@ﬂmnng@ls o0 higheytthan 158 Ylar t i cul ar .
Exanple 5 has a pellet blocking strength of 0 MPa,
[2'0@9 |t Thife § LRE sHdwRWhdD Che pRARTerd dTRNCRNGibK RIS better retractive
tes , conpared to Conparatives F and G which show
@@nsua@éi%mﬂr@nbsn@mwgonsgmsé Ry highes reteagidtersiess viatusorthasrsome of
[
Sthggo(?ndﬂwstl%g gzﬂlllp?égg u@onﬁ%&raﬁ% Wgﬁe ma@ a'ﬂ@ H }?ag? Peér?{:tgfé:%{ﬁg@ value at
tldQ@trherrt stripiof 4Q(Page lass. “élltiﬁ mﬁllwntl‘rmmﬁfh@wﬁ Fetpseidye stress
v%pues atnl%()g)r LB rs{r# iffof %(L . E>l<_|I 19%0 a?q%ﬁ%ggwu?l I(OBQ(@’QXEX 17).
ression set for el ventlve I'S

qe)rlbemad; hqm@dogher ﬁnamﬁm@r@annetramlvy strees saludsa’fpuablmqmts @seful for
geiaﬁﬁ%?éaihfy]o'nsé Suc z1§| ae}%isté t hag fgbk?%y e?ﬁeglaﬁﬁ B&n%vrl)t\/e@ﬁ%ncs Other
Gpplartiaid indsderdiaper, hygnaml an]d raédncaih mea v?zﬁ@@nd @nqdrcetsmsmuch as
set of 600 ercent (the maxi num possi bl e val ue,
ﬁﬂ&ﬁ%ﬂfaﬂ& 8% ecovery). Good high tenperature
conpression set (low nunerical values) is especially
neeﬁmd]foerppBbbaMkmnsmﬁanhsa@x@@ﬂ@ﬂiﬁpﬂﬂﬂﬂﬁ@mn)EaBO

prof i Oz I and e. Tabl
TERpE Fi?fﬁs)efowg ﬁ’g"ﬁp Ve PO rmcgzpr)searstcf)@ ared % I?o %(amdﬁ tCog1pirat1ve G.
aArwer fitdserelxaiashiaas that thd B&g&némtam itk GuieesteBOLh aa';alz;bmlﬁ such
zﬁg?%{s gmggthQ?{Ega%en[crse&&?enrlege%{lorp &%Pa%&ct ;I)r%g’e 1é)sr0vterhlong time periods at

body temperatures is desired.
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15

as for various conparison polynmers at amnbi ent

t enper at ur es.

It may be seen that the inventive
WQEIgiex1ss have very good abrasi on resi stance WhERUS2009/046596

tested according to |1 SO 4649, generally show ng a

vol unme | oss of
t han about 80 nmB,
In this test,

m®.

| ess than about 90 m®B, preferably |ess
and especially less than about 50
hi gher nunbers indi cate higher

vol une | oss and consequently | ower abrasion

r @5tical PRER:

not che

the i nventive

[202] Tear strength as nmeasured by tensile
tear strength, of

polyners is

gener al IVabl?)@BOlWerdetW?]g'ﬁ%?em‘ﬁs shown in Table 5. Tear

str

g

Rlerdal§azt VRO

V@arﬂp{pyﬁaﬁ)s can

BEGIES (fr@h) as

300
pol

P,

0g; even as ni gn

a2s 5000 mJ. Cg

mpar ati ve

TS

enerally have

Bar strengths

@ hi gher than

750

L

PU3] Table 5 al

SO SNows t hat t

W@ polynmers of

t he

TglIVen

1N have bette

feof ELTactive st

rsgss at 150

perd

ent s

f@i N (denonstr

af;ed by hi gher

retractive

strg

S vVa

ues) than some

&@f the conpara

teeve sanpl es.

Cong

arati

ve Exanpl es F,

Ggand H have re

t4vacti ve stresg

val U

goat

TR0 percent str

aisn of 400 kPa

@7 less, while

t he
at 1

lnmven

[ive polyners h

o9e retractive

7r ess val ues

50 pe

rgent strain of

500 kPa (Ex. 1

2 to as high

as ¢

hout

1200 kPa (Ex. 1

7M. Pol yners ha

wong hi gher

t han

1150

& cent retract

i Me stress val u

& woul d be

$ach _as el asti
babrics. O her
i nedi cal

60abs and

$hat stress
8 | npr oved

dsuseful for elastic| dpplications,
fibearig and3¥ abrics, especilally nonwove
appllilGati p?s i ncl ude di apBr, hygi ene

gar meft _wadlst band appl i ca¥?i ons, such a
el agtlPc bards. [2041 Tahlld 5 al so sho

rel Xt iop’ (at 50 n@rmnn]ﬂaetrm n)_is al
(1 esd)* fof 2 he inventive nlvnprq as nnﬁﬁnrpd to_for

exa ‘Idfp, parative G lGwer stress ral8xat ion nmeans |

that the polyner retains its force better in

appliospt i ONfie SpAI FFEpclicd REYoe @M aBleedre Qa%édfﬁn&cﬁnpﬂébefbﬁ molded
retention of elastic pr opertl es over

lon er|
afimsoubstangiphelrdng B oripasatings pdee! epPritiss O%B%P?qﬁagrfra’av ge varied
BovePlyYdTBin LR UL SR vaP htRIAGH Ex‘y@tﬁlll[e%@z%] redl1@nRSrh Gadiation in the quantity
properties reported in 6 are based on
c@ﬁbmé§@ﬁﬁmgﬁﬁﬂﬁ@ﬂp$Y¢M%“@m@bﬁﬁﬁ?ﬁﬁp{y | acki ng in
orientation. Optical properties of the polymers may be

Vﬁit‘rﬁqlo%’@fMYMtﬂBloEﬁ@gﬁ§|¥m@k§e to variation in

crysta e Sl ze resu |ngfromvar|at|on|nthe

quantit
[206]

conducted. In the experiments, the polymer sample is weighed into a glass fritted extraction

qui t

Extraction studies of the polymers of examples 5, 7 and Comparative E are

thimble and fitted into a Kumagawa type extractor. The extractor with sample is purged
with nitrogen, and a 500mL round bottom flask is charged with 350 mL of diethyl ether.
The flask is then fitted to the extractor. The ether is heated while being stirred. Time is
noted when the ether begins to condense into the thimble, and the extraction is allowed to
proceed under nitrogen for 24 hours. At this time, heating is stopped and the solution is
allowed to cool. Any ether remaining in the extractor is returned to the flask. The ether in
the flask is evaporated under vacuum at ambient temperature, and the resulting solids are

purged dry with nitrogen. Any residue is transferred to a weighed bottle using successive
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of chain shuttling agent enployed in the
pol yneri zati on. Extractions of Milti-Block Copol yners

WOR9PEESRt ract i on studi es of the pol ymers of &%AHHPY/046596

10

15

20

25

5, 7 and Conparative E are conducted. In the

experinments, the polyner sanple is weighed into a

glass fritted extraction thinble and fitted into a
Kunmagawa type extractor. The extractor with sanple is
purged with nitrogen, and a 5007l round bottom fl ask
Ivﬁisﬁ&?_f E@Qgcwi THe oﬁfm@inmﬂ. h@fandliveshbydre eich evaportiied Withamkithesnitrogen
then fitted to extractor. The et IS heat ed .
e 484 dreganaer o RN e B R cther in the

ReGACAS i§ FurENFERHR nitRgen.t he thinble, and the
extraction is allowed to proceed under nitrogen for 24

hou At this tinme, heating is, stopped t.he .
soléﬁﬂon i SﬁVP%ﬁEﬂiPBn ‘%Pg‘@ﬁ§c%¥§§ﬁ“ﬁgﬁgﬁHr%Hwﬁﬁw‘Sme“
tCEﬁhef@t?éH Ecﬁt@é eXtrdctr.l EicieR&® i Reateldeo felflas kvith Ttieing ilbmaintuined at
t ask i s evaporated under ,vacuum at i ent .
cRpepat s disthene oSy TP o S s Hsagne isthen
WdpPedUnldItROMRK isAMYwEESIdble Ang Hekuo séreditiieg int the extweioghled
bottl e using su %ﬁssn vewashes of h&;{(ane. The conbi ned

nmb
Hesas{precdpach Rha ekt fBnheayaps Fearad fi £ YiPaRBRhigjder vacuum at

%Hbﬁe%%natp&ldfug@, and®dHd rtdMRicr@Rdifide irtkhé BEkkUNERTSfeVRE Wdveighed
over ni ght at 400C. Any renaini ng ether

th
dxttleasing udcesspyahgwde drsheni T ke dy B .ﬂalf‘gie?}a%ﬂra&é%ﬁd‘itmgen

ﬁJuF%%nar{dQH&@siH&HiE Qfbulihasikd 6Nakigrdt weeth 350 nL of hexane
i's then connected to the extractor. The hexane is

heated to reflux with stirring and intained at . .
ref RO f or TREPIReRAT S2aR'E EmAsGRdns Linls fer fsrenasgions i
GRRGERS fdn tHRtRmbRao b Nelhb@bottieald vaguunddridaene sigapgen C.
and the flask is allowed to cool. Any hexane remai ni ng
iResulparesantained it Tatde Tr ansferred back to the flask. The

hexane is renmoved by evaporation under vacuum at
anbi ent teeperature, and any residue remaining in the

f lask—+i-s—tr cfarrod ta A untahad hat ] o
SOOI T T T AT LIRY LI —JUL

: er [ et Texane .| hexape ' | Py . | residue
successi ye, hatglib Wailes. | the Netans, | doble 1hARK 1K mo
evapor.at e by g T 4 (QdEn) PHLAG: | AN NG ES] FY&edd | percent
VBESTTOT 5 [V des M S.‘é?} At TRV Yo THhes POTYERT — 165
sappl e renmaining in the thinblejafter the extractiopns
i
a
C

L 5 aNST EdsEd dai O ke T oI e [4h0,@ Weloghed [hpsTT el 116
L yaCUHTH N TR 7 0YeGoT gt 1 a8 4Pg% 2 ReJYpls qnes 9.9
mrar e L led@Pi@nvr Tapl e 7 Determned by C NVR

Additional Polymer Examples 19 A-J, Continuous Solution Polymerization, Catalyst

Al1/B2 + DEZ

For Examples 19A-~1

[209] Continuous solution polymerizations are carried out in a computer controlled
well-mixed reactor. Purified mixed alkanes solvent (Isopar™ E available from Exxon
Mobil, Inc.), ethylene, 1-octene, and hydrogen (where used) are combined and fed to a 27
gallon reactor. The feeds to the reactor are measured by mass-flow controllers. The
temperature of the feed stream is controlled by use of a glycol cooled heat exchanger before
entering the reactor. The catalyst component solutions are metered using pumps and mass

flow meters. The reactor is run liquid-full at approximately 550 psig pressure. Upon
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Addi ti onal Pol yner Exanples 19 A-J, Contiguous
Sol ution Polynerization, Catalyst Al/B2 + DEZ For

weEx@apsass 19A-1 [ 209] Conti nuous sol ution PCT/US2009/046596

10

15

20

25

30

pol yneri zations are carried out in a conputer
controlled well-m xed reactor. Purified m xed al kanes
sol vent (lsopar(tn) E avail able from Exxon Mobi |,
Inc.), ethylene, 1l-octene, and hydrogen (where used)
are conbined and fed to a 27 gallon reactor. The feeds

t exitifgthe eacton wad @andRRIRLE QEt iR ctBBEShE pEIVWNEOBIUEIO.| EeSwater
B%jtquerature of the feed streamis controlled by
yrglyz

StscHW) e AL theBAl RS Ao s: eTHFé?P?‘ﬁEfCtor

t b&lutﬁcﬁnﬁ@fl@ﬁ heaTéaian prebahiisit fowﬂnﬂﬂ@g%tdewhwatl@n STHR(s6lvent and
nmet er ed, usi ng nps and nmass f] ow neters. The_ reactor

| SRR PG Femarcgping derist aPratampey  Bregwbimes melt is

Up@ﬂ@@@ltbha&fbh&ldem&kgélletmﬁ@g’ and additive are
injected in the polynmer solution. The water hydrolyzes

tE§g§$%§§Z§§s, and term nates the pol ynerization

r B Dihe post reactor solution is then heated in
preparation for a two-stage devol atization. The

sol j2r an djotnﬁmeﬁs tcﬂdﬂﬂiﬂﬂl}ﬁ’f&hﬁatﬁhearﬁa enmieé dutdul b bdﬂﬁpdté]‘&ontrolled

SR Rl S e ST e R e e S Sdr?

[ aa@]arr@azmvammsors Gk xnMUbi IHeERI CEapangdN Sthdlefe 870 18&hour
[ uter c trollgﬂ]auto Iave re ctor

t
OQWH%@% i TRetens- ikt iregen Grherertsrd apympplieddo a ddgreactor

a&W& wa Ia\]@n&t for tsmpaﬁtﬁiembntEolamhrl gl Eﬂeﬂmcouple The solvent
Chemi cal y)., ethylene at

| f?@ff WB/B? regetqr i5 zleﬂsgqu#dw)m%i-ﬂawgwwlean@ vw&#w@w diaphragm

( MRy @nttSBMe BventSHMPatetld b&s@r&o%hé—reﬁc@(ﬁc taQ 'Ehe%ﬁ’ééhzﬁ@cegfthe
wth a jacket for tenperature control and an internal

t P\‘é‘i‘ﬁfﬁékﬁ‘ﬁ plrgam i fakens oy Ryvide fysh dlops fariike qaéaé:@t #id qosatalyst injection

NERS YhEle @éct%r £§?t§§>r frie AN 4:0 lrrle%ured%y\ﬁfck@plloﬁoﬁHggqlow meters
di ap hr%g controls the solvent flow rat

ptesepi@led @y tcmsroll wdasor by e malnealdd_@@th@n@qsf necfdlq Wévepu?'i’f.lﬁ
@e%‘aglﬁqg%kfv@@rﬁ é(ﬁnl}u?e'ﬁ%tht Po&én%vétﬁ}qer{ l Mﬁirhyﬁlog%%wh%f:e Js@c?) and fed

cat al yst and cocatalyst injection ITnes
riedlet reacterg i massflowThetsalef [somesd tadelivee hslio@d tcbshe reactor as needed.

[
o ol%trt?%wgth \r/l)(g g%g?lv%y%g%%g{?ﬁué%ﬂ gs ogg%lqe% bty ¢ Of ofya heali exchanger
viaifare snterfitpghe eaabmiTrhugs stredmy emtersitlge lmttnﬂmqﬁ dat ru'actdn The catalyst
- d.h d
1089}%8%%? SOIStionX a%&?@tergy usmgy ! %o n?dr rglﬁs ow ns1etar§ 8&(? I comgimed with

e reac nmass
ab¢ cardyst flyshr ofent dnd intfvduded attd die bagom eédledeactor. The reactor is run

liquid-full at 500 psig (3.45 MPa) with vigorous stirring. Product is removed through exit
lines at the top of the reactor. All exit lines from the reactor are steam traced and insulated.
Polymerization is stopped by the addition of a small amount of water into the exit line along
with any stabilizers or other additives and passing the mixture through a static mixer. The
product stream is then heated by passing through a heat exchanger before devolatilization.
The polymer product is recovered by extrusion using a devolatilizing extruder and water

cooled pelletizer.

[211] Process details and results are contained in Table 8. Selected polymer

properties are provided in Tables 9A-C.
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The tenperature of the solvent/nononer solution is
controll ed by use of a heat exchanger before entering
W@ b@Ingass or. This streamenters the bottom of PETTES2009/046596

reactor. The catal yst conponent solutions are netered
usi ng punps and mass flow neters and are conbined wth
the catal yst flush solvent and introduced into the
bottom of the reactor. The reactor is run |iquid-ful

at 500 psig (3.45 MPa) with vigorous stirring. Product

i's V[QI'B}VE‘d Ih %&HQB Bxditive ERRHIAL oF REd 1P sy bR8mmediate set of
reactor. lines fromthe reactor are steam

t?@&@ﬂf%na)%ﬁ@ﬁFﬁ?@ﬂSmm%ﬂ9W§PW2at|on is stopped by the
addition of a small amount of water into the exit line
along with any stabilizers or other additives and
passing the m xture through a static m xer. The
product streamis then heated by passing through a
heat exchanger before devolatilization. The pol ynmer
product is recovered by extrusion using a

devol atilizing extruder and water cool ed pelletizer.
[211] Process details and results are contained in
Tabl e 8. Selected polynmer properties are provided in
Tabl es 9A-C.[212] In Table 9B, inventive exanples 19F
and 19G show | ow i nmedi ate set of around 65 - 70 %
strain after 500% el ongati on. Tabl e 8 Pol yneri zati on
Conditions DE Coc Z at 1 Cat Cat Con Cocat Fl o Coeat
Coeat Zn Con H2 Al 2 Cat Al B2 Cat B2 CDEZ 1 2 2 in
Poly v( PolymCH4 CH 1 Solv. see T Cone, Flow Cone,
Flow W Fl ow Cone, Ib/h Cone, Flow polyner Rate' W er
Ex. Ib/hr Ib/hr Ib/hr mOC ppmIb/hr ppmIb/hr %IDb/hr
ppmr ppmlIb/hr ppmlIb/hr %WVo EfT. I A 55 29 32 03
323 03 10 1 120 600 0 25 200 0 42 3 0 0 70 4500 0 65
525 0 33 248 83 94 88 0 17 28 297 19B 53 95 28 96 325
3 577 120 600 0 25 200 0 55 3 0 0 24 4500 0 63 525 0 |
| 90 80 72 88 1 17 2 295 19C 55 53 30 97 324 37 550
120 600 0 2 16 200 0 609 3 0 0 69 4500 0 6 1 525 0 33
246 84 13 88 9 17 16 293 | 9D 54 83 30 58 326 33 60
120 600 0 22 200 0 63 3 0 1 39 4500 0 66 525 0 66 491
82 56 88 1 17 07 280 | 9E 54 95 3 1 73 326 75 251 120
600 0 2 1 200 06 130104 4500 0 64 525 0 49 368 84
11 88 4 17 43 288 19F 50 43 34 80 330 33 124 120 600 O
20 200 0 60 3 0 O 74 4500 0 52 525 0 35 257 85 3 1 87
5 17 09 319 19G 50 25 33 08 325 6 1 188 120 600 0 19
200 0 59 3 0 0 54 4500 0 51 525 0 16 194 83 72 87 5
17 34 333
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19H 50 15 34 87 3 18 17 58 120 600 0 2 1 200 0 66 3 O

0 70 4500 0 52 525 0 70 259 83 2 1 88 0 17 46 312 19 1
w®200025:345 02 323 59 53 120 600 0 44 200 0 74 3rOI/LIS2089/046596

4500 0 70 525 | 65 600 86 63 88 0 17 6 275 19J 7 46 9

04 50 6 47 120 150 0 22 76 7036 05019 - - - - -1

standard cm/mn [N (2.6-di(

I-nEth>IethjI)phen\l)anido)(z-isopropylphen>|)(

a- naphthalen -diyl (6-p)tidin-2-di\i)raethane)] haf hi um
8- o | 2wt B> g>cliohel y!') et hy!) (2-0\ o>
bufyr)ﬁhéhy1y1ﬁh1ho zi rconi um di met hyl ppm

Bl educt. cal.cul at ed by mass bal ance pol j mer
FaFe“MEjghL.QEFcent et hyl ene conversion in
I ciency kg polynerig Mwhere g M= g Hf + ¢
gl ¥mar zPhy¢i ¢alz RBroperties CC Olable 9B
sical Properties “of Conpr essi on Mol ded Film
388 143249 9786 & 8 1 19F 0.865 1 - - 70 -
8653059 * % %66 2 - |87 19H 0.865 0.92 39 87
Ayerage Bl ock I ndex|For exenpl ary polyners
&2 Avergge Bl ;Palymer F O O Polynmer 8 0.56
f 194 1.3 0.62°PSl ymer 5 2.4 0.52 Pol ymer
54 Pol ymer 19h 3.15(0.59 1 Additiona
mregar@|ngtﬁeocglculation of the bl ock
=\ “apods “p6l Snmers i $ disclosed in US
opl i cation Serial No 11/376,835. entitled
"Etlhylsenef| &- @ &f i Bl écki EntéerpoLyners”, filed on
Mar/ch “157 006, in the name of |C§lin L P Shan, Lonnie
szggugyggtwab ang @sslgnedcto D&w d obal Technologies
ng” " "t he dPsGIﬁse 6f “whi ¢h =i s|i gcor porated by

hgrgl %Sge%tlr@

<

2-isopropylphenyl)a-naphthalen-2-diyl(6-pyridin-2-diyymethane)hafni

* bis-(1-(2-methylcyclohexyljethyl)(2-oxoyl-3.5-di(t-butyl)pheny!)immino) zirconium dimethyl

4508
4500_

4500

V‘)
<+

DEZ
Flow
Ib/hr
0.70
024
0.69
1.39
1.04
0.74
0.54
0.70
1.72
0.19

Table 8 Polymerization Conditions-
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2 Zn/C, "K)OO = (Zn feed fl ow Zn concentrati on/
1000000/ Mu of Zn)/( Total Ethylene feed flow (I
wo tecaasiiehal et hyl ene conversion rate)/ Mv of Br¢iyUS2089/646596

1000 Pl ease note that "Zn " in "Zn/ C2*1000" refers to

t he amount of zinc in diethyl zinc ("DEZ") used in the
pol yneri zati on process, and "C2" refers to the anount

of ethylene used in the polynerization processkExanpl es

20 and 2 1 [213] The ethylene/a-olefin interpolyner of

Examples-20apd-2-1 were nmade in a substantially
si [ Isa rhanrer as E,a]rrpl es 19A-1 above with the
polfymef iczatd|or gadidi.ons shown in Table 11 bel ow. The
po Q‘ s|exhi bijted the|properties shown in Table 10.
Tapbt & 10| al so| shows|any additives to the pol yner.
Tabl e 10|-| Propertji es| and Additives of Exanples 20-21
[214F Arganaox| 1000 is
Tetd gkt|STeEhyFeRER|3|B-di - t - but yI - 4-
hydrgxyh‘droc nnamat €) et hane. |1rganox 1076 is
Cctadecy—3+H3+p+—dH-t - but yl - 4' -
hy ¥ oxylphenyl ) prppi pnate. Irgafos 168 is
Tr {362, 41414 - dulyl phienyl ) phosphi te. Chi masorb 2020 is
1, & Hextanedi| am| g, |7
N, N - bils( 2, 2,6, 6t t|et rlamet hyl - 4- pi peri di nyl )- pol ynmer
W T 21316 tri¢hfarp-iI] 3, 5-triazine, reaction products
Wi 15h, N—Bw%)i;l&; Jutaeam ne and
N- ?tyl 2| X B°6% Pet dmet hyl - 4- pi peri di nami ne. Table 11
- Polynerijzat)i on| Conditions for Exanples 20-21 Zn4 H
CalgVvV 1 2 ri Al\ Ca] |[B23 Cat B2 DEZ DEZ Cotat | Coeat
g %eat%@__@t%@ FfE|Holy Polyme C H1L Solv. seem T
Lone. Kl ow ne.| Ili pn Cone Fl ow Cone. Fl ow Cone. Flow
§)O YBET Rat conv 1T Ei . Ib/hr Ib/hr 1b/hr OC ppm
bise gpm|l b/hn W% libf hr ppm I b/ hr ppm I b/ hr ppm

J b/hE WEYS WNE | HEETS|S 12| 80942 20 130 7 1% 17 712 68
‘21767 5120|499 |98 [1|{06 (298 89 0 57 3 0 48 5634 36 124
40 25101 4781134 177180 25 16 94 252 04 132 1 4 99984
=2 %199 P2 ¥08{23 151421120 462 4 1 7 1 0 6 0 47 289 14
g 128|ABE |85 285 T 562 188 | | 3 298 89 7 5706 4 16
21 (@onpar atli Ve, |notf an exanpl e of the in\ention
st gndarnd{ gy i [ODEXanpl e 22 - I nproving the ethyl ene/
Ja- %efigggéél%%(.gég er pol ymer process of Exanples
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[ 215] Each of the above Exanples 1-21 to produce

et hyl ene/ a-olefin nmultiblock interpolyner

WO epedsdads and a net al
with an acid to produce a sol ubl e netal
ionic surfactant may be added to the reactor or
reactor effluent after the reaction;
conprising an antioxidant may be added to the product
under conditions sufficient to avoid formation of

significant anounts of

al kyl

conpounds derived from said netal

i Né
t hg
t ha
hi
f ol
t ha
i nt
col

=0 =< 355
—_—N O

—h

DD

Table 9B Polymer Physigal Propsrties,of,Cgmyp
o p @ ien i o)) 3

ester;

may be

conpound may be r eBCT/B82009/046596

or an

or a m xture

i nsol ubl e net al

al kyl

or Jret al
C

81-

rt gas Junder conditions to remove netaly pxi 8¢
> E“o%t-reactor heat exchanger. [216] It gé ex
't ét%é\r:@@tgv\w I be a substantial reduction
dgr@ancd, or even el ini nat-ati-pa—ef—the- mhs or £
Il'an® of| the heat exchanger| Also, |it isExpg
it _tbe rlesulting ethylenel a-pleflin nultdblog
eE‘@I r product wll have an| eqyal or%@rrpﬁ
0B ase q@@hrgd «t & t he product of| Exanples 12
gl 2 23 - Adding Cal ci um 8t em at|e:|E2R1]- Et hy
I €fFn njul ti bl ock i nter pol FIE[S i |pg<a Irel t 2
f 115 o\and a density of 0.877zg/ccl|ils prodpﬁ:ﬁ@d E
nE% mgnner to that Exanple [L9 Witer |isZenp
agcatil|ytl deactivatorat a [.5:| 1 follafirat
specE tq the diethyl zi cha| n| shyt il ij rgg age
n of “callci um st earate (&h[aypptrymer 'a‘,ié% i 8
t he pollymer streamjust2 priof to the pest-ré
& gxghgdnger (PRH). Thegheat triansflen efficie
‘gUE el By caleulati ng aXi nensi pnl s Uyal ug
h‘éﬁl‘om and tenperat @ es|of the pcl)rgieg St
I—=t heéz hgat transfer fl ui?g. Dn| ai contijnucls ba
er a five day period the heat|transfer eﬂic‘g
)% i s=lgss than about 1% pet day whereas : £
1.Uidgu§)g§l y producing .thg saMe|Prodyet i re ¥ hez
gaﬁ% WnStear ateaddi t Eonzcalses ibe-heat tE
EcRéncy] to drop approxidmatel y 5% per da@é TB
yunt “of |fouling is depe@ent ppon tlhe anmpunt <
ci um stlearate enpl oyedﬁas; shown |in tthe 2able
agag_dgti on of calciumstearate at| lleyels.pf =
pooxigrediel )y, from about % tofapout| 3 ti mess asg
s 2afmeAt|of—zh i'n 'the Z 3 g
EVS Q SE 3
- A sz %
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ZEE log_oag a Ll
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pol ymer (on a mass basis) |eads to post reactor heater
fouling at a rate approximately 1/1 O h that of

WO d@atsasd runs performed wthout the additi onP@F/US2009/046596
cal cium stearate. Effect of cal cium stearate and zinc
on ost reactor heater foulin Exanple 24 - Reacting
Cctanoic Acid [218] Ethylene/ a-olefin nmultiblock
i nterpolyner is produced in a simlar manner as in
Exanpl e 23 except that water was not enployed as the

cq;txqg%fgs 20qagbivator and cal cium stearate is not
added. Tnstea octanoic acid is mxed wth Isopar E

ggphg%mn;f e%wy/%nga?g%%{ Egn Eyér%p \Rﬂﬁl nt tzgteamd 21 were made

appa %sﬂafﬁﬂia@lly)ém%ﬁ@%m@dﬁ ds E%ﬂﬂ@d 9[&”‘ dbbvd \01tﬁ hne pE’Rhlerlﬂ'dﬁﬁn
amount of oct anol c aci d

f 6PndiesE ghary 18 Tgbleil helopn o Rgt eolps%'e%g@b%%drta%\ﬂﬁoperﬂés Shown i
eflbi18NG¥b1010 LIBSSHBRE ARl RIdRiveeRShd RAym&. 1% per day

over a six day period as conpared to an approxi mately
596drop per day w thaut, the %ﬁ ?ctan0|c aci d.

ExXaRs1 19 Eropenties and Addidvesof Z19] Ethyl ene/

ol nfl n n1||'l‘| h| nr*lz inf arprﬂ ynrnr | S prnrlnr-arl |n &

mlar manner as in E&&ﬂpk@024 exuept FRahpethgari c
cid is enployed_instead of octanojc acid %

Pewsiitgrig/gc)of the PRH de-88 | ess than 0. 198%¥r day
Usfp a four day perlod a$3conpared to an apprOX|nate

vocrop—per—day llll:‘ Use [RAG T aci v 73
Kanpl e 26 - Addi g xture I%riggf g%@n 1000

' d 220] / | ock
N T 4 Bt ool

]ASﬁaEELeSh,]:,‘E&” 1m ahprE)EﬁgO Vaﬁ uéhlfr‘\an as rb\ﬁ8§0 ar eSO

t noar-af - d
crrocarToutTTt allu LUIIPUI al ul

during the catal yst neutralization step as shown in
the el ow. 2 The a ne, i, n each
f|nd~‘ﬁrodu5$m9§”g§ﬂ f%ﬁ?@ﬂ?ﬁ %8%(BEP5§lcalculated
b%ydi?ﬁﬁﬁybﬁ)bﬂlﬁﬁﬁate)htetﬂaﬁe degaebm oveds Obradecvi® (B’ flediedagt-y'-

o eV b A i

l @Fﬁrﬁz@,l@imzb hel ,Mﬂ%ﬁne&l@tﬁﬁlé MANbE(Y 2. Bl6dErantettiylapigsidiny -
solubl i1t

X As the tabl e above shows white E % |Pgex

i ReBsswEh ¢4 oaickigiogh.f&iiardii Gartioa PRRIPSIE A fﬁ By
a@giafiinia0hdOXbdaNL 3. 6®{etrmemm siptradinsgdinreut ral i zati on
step, adding hot (>50C) water tenperature during the
catal yst neutralization step, and/or addi ng an al coho

(e.qg.

y

m“->mmommmm
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i sopropanol) during the catal yst neutralization step.

That is if one consider the third row as the control a
wokiwasass i ndex of 33 is obtained. When an anPCDXSZTIAN046596

is added before the PRHas inrows 1, 2, 7 and 8 the

whi t eness i ndex increases. Wien hot water is added as

in row5 the whiteness index increases. Simlarly,

when one adds al cohol with the water as in row 6 the

whi t eness
042(tm) sig
whi t eness
M xturie :Cq
Et hyl eng/ &
ina sjim.l
m xturie af
cat al yjst °d
added.| Lns
room tleRpé
appr oxji mat
appr oxii. Itz
prior ot
is 1 nole
process gtz
0. 75 nokés
process.stf
expect|ed 5§
day period
day MAth%%
28 - AddFa
Aci d [223]
i's prodgge
except| £Ha
enployeg;q
st ear at g2E
W th lisopa
the appk@x
appr oxXi raf
prior [to t
Is 1 noke:
progesscst
0. & noles
progessz$§H
expectled t
days | z:;
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1767

196.17 712.68

130.7

20

ndex
a@lg‘
ndex
oS S
ol ef

gets higher. Also if Irgastab FS

rer i s added before the PRH, then the
i ncreases. Exanple 27 - Adding a

ng Water and Stearic Acid [222]

n mul ti bl ock interpolyner is produced
nner as in Exanple 23 except that a
and stearic acid are enployed as the
vator and cal cium stearate i s not
stearic acid ismxed with |Isopar E at

dre and then punped into the

V% pol ymer stream which is at

100C along with the water and | ocated
H. The anpunt of octanoic acid enpl oyed
d for every nole of zinc in the

and t he anount of water enployed is
ater for every nol of Zinc in the

The efficiency of the PRH can be

b | ess than 0. 1% per day over a three
pnpared to an approxi mately 5% drop per
use of water and stearic acid. Exanple
xture Conprising Water and Cctanoic
ene/a-olefin multibl ock interpolyner

A sidilar manner as in Exanple 23

“m xtute of water and octanoic acid are

120

1572

708.23

5 the| cat@al yst deactivator and cal ci um
5 n@t | added. | nstead, octanoic acid is mxed
 E af ropm tenperature and then punped into
gna%e y 1% pol yner stream which is at
="y 1400CG al ong with the water and | ocated
he PRH. The anount of octanoic acid enpl oyed
pf7; ac| d t@ every nole of zinc in the
F eam pnd 1He anount of water enpl oyed is

of watersEor every nol of Zinc in the
 éam Thevgff|0|ency of the PRH can be
D drop es% than 0.1% per day over a three

gHf+g7Z

l-methylethyl)phenyl)amido)2-isopropylphenyl ¥ a-naphthal

nethylcyclohexyljethyl}2-oxoyl-3,5-di(t-butyl)phenyl jimmin,

n final product calculated by mass balance

oduction rate
kg polymer/g M where g M

- g s 27,

ppm Zinc¢

* Comparative, not an example of the invention
* polymer p

standard cm*/min

P INA2,6-di
" weight percent ethylene conversion in reactor

T bis<(1-(2-1
7 efficiency

}
4
G
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period as conpared to an approxi mately 5% drop per day
W t hout the use of water and octanoic acid. Exanple 29
WO 20t1sa§en Purge [ 224] Et hyl ene/ a- ol ef i n nul t PET/082009/046596

interpolyner is produced in a simlar manner to that

i n Exanpl es 1-21. \When pol ynmer production is halted, a
solvent is flowed through the post-reactor heat

exchanger at approximtely 185C to di ssolve any

remai ning polyner. Nitrogen is used to pad all sol vent

Ofikarf letzbe-lﬁﬁ% ity fHieletiffienRAGoll fin RIuRARSLIGURT pSHIR e Opitoces
OF ?hé PRH. it?ﬁ%en iﬁu%lomn t hrough t he e&c angg?kin
aof Examples k-2ktion toward the outlet. The filter bag is

renmoved and a new one installed at the opposite end of
the (PR NEERERAe hiovd EQMDIENT-DUGIpréduee exglbngelkfihn

the opposite direction. Prior to the nitrogen purge
t maltiplogk interaplmer may s repeatsdpnd p mefpbal ﬁol‘"gg‘r'@s@ayt t%a[ﬁa“ed
6R% Qh adill & HBUUE a EALbIR neRMBh@! & iGlieanfaemiaigRradded to
while after the nltggfen pur get he heat transfer

€

efheiresicton eyreagtorahifuepiyfer the grasHers Fr ¢ AAHUSSOBBES I val ue

fdf,’rhio%d%t ER%ANANG Y- préA e BAditioRakfRlct lo@Roid
eani ng 25J A post reactor shell and tube heat

efeematigperf sigaificant Remang ef insdbyhly merhyy meal coppeungg derived from
enpy %ﬁgﬁgﬁ ch%go pgeoﬂhé—;lrd-s)ggaétorjhe% excn@&On g/ BePlrded with an

| Sopar lynmer concentration. The pressure is
r edugeduraler ¢onditiond tetremrveseatal exide famithapost-fractprheepsi )
(qughxggessure-outlet pressure) varies as shown

bel OW.e Run DP (psi) Run 1-A 3 9 Run 1-B 3 8 Run 2 4 8

Run 3 111 Run 4 188 Run 5 197 Run 6 187
[216] It is expected that the result will be a substantial reduction, hinderance,

or even eliminatation of the majority of foulant of the heat exchanger. Also, it is
expected that the resulting ethylene/a-olefin multiblock interpolymer product will

have an equal or improved color as compared to the product of Examples 1-21.

Example 23 — Adding Calcium Stearate

[217] Ethylene/a-olefin multiblock interpolymer having a melt index of 15
and a density of 0.877 g/cc is produced in a similar manner to that Example 19.
Water is employed as a catalyst deactivator at a 1.5:1 molar ratio with respect to the
diethyl zinc chain shuttling agent. 500 ppm of calcium stearate (on a polymer basis)
is added to the polymer stream just prior to the post-reactor heat exchanger (PRH).
The heat transfer efficiency is measured by calculating a dimensionless U value based
on the flows and temperatures of the polymer stream and the heat transfer fluid. On a
continuous basis over a five day period the heat transfer efficiency drop is less than
about 1% per day whereas continuously producing the same product in the absence of
calcium stearate addition causes the heat transfer efficiency to drop approximately 5%
per day. The amount of fouling is dependent upon the amount of calcium stearate
employed as shown in the table below. The addition of calcium stearate at levels of
approximately from about 2 to about 3 times as high as the amount of Zn in the
polymer (on a mass basis) leads to post reactor heater fouling at a rate approximately

1/10th that of identical runs performed without the addition of calcium stearate.
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Run 7 210 [226] Extrenely high gel contam nation
| evel s are obtained beginning with run #3. This

W0 p@pasases when nmaxi mum tube boiling is reacheRlCT/HS20091046596
#4. During these runs a high degree of oxidation in
both | arge and small pellets nay be observed. This
oxidation turns the pellets and filmgray. M croscopy
of the gels and particles shows high concentrations of
severely oxidized, crosslinked polymer typical of
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QpﬂpOSltlon

0.5

conpri si

g am ethyten

e/ a- ot ef ol

tTbiock

i nterpolyner and a nmetal ester. 2. The conposition of
Caim1 wherein the ethylene/a-ol efin nultiblock

i Aixamplst 2AneRedcting Pstaneicekdided before any crosslinking
by one or nore of the follow ng characteristics: (1)

an ay fage @thﬂ@rke/d HEBX MAtBRICR intérPANmMZEE Proalebdui a bighilar
about 0 and a nol ecul ar wei ght distribution, Mwv M,

gIBAPE s tm%zﬁnw!fo?l}texgepgthabwaterz‘yasalof srapleyedgi thetgiabell ar
f riagkil 28 WaicaBiupl dafte BALVWRRL. 4RACd20GanbRORIE (WABRd with

fracti onated using TREF, characterized in that the
f hsppen Bopf rhen tenpsfadik andilienpustred inty s gpproximatghy! ppelymer

a@@éﬁ'in whicR{s at approximately 140°C and located prior to the PRH. The amount of
octanoic acid employed is 2 moles of acid for every mole of zinc in the process
stream. The efficiency of the PRH drops less than 0.1% per day over a six day period

as compared to an approximately 5% drop per day without the use of octanoic acid.
Example 25 — Reacting Stearic Acid

[219]

manner as in Example 24 except that stearic acid is employed instead of octanoic

Ethylene/a-olefin multiblock interpolymer is produced in a similar

acid. The efficiency of the PRH drops less than 0.1% per day over a four day period

as compared to an approximately 5% drop per day without the use of stearic acid.
Example 26 — Adding a Mixture Comprising an Antioxidant

[220]

manner to that in examples 1-21 except that various additives are added and the

Ethylene/a-olefin multiblock interpolymer is produced in a similar
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(3) an MV M from about 1.7 to about 3.5, at |east one
melting point, Tm in degrees Celsius, and a density,
wa@l2000n5536anms/ cubi ¢ centineter, wherein the nunRCT/T82009/046596
values of Tmand d correspond to the relationship: Tm
> -6553.3 + 13735(d) - 705 1.7(d)2; or (4) an M~ M
fromabout 1.7 to about 3.5, and a heat of fusion, DH
in J/g, and a delta quantity, DT, in degrees Celsius
defined as the tenperature difference between the
t ahdsindRSEpdRak ARdick RBafial 4wk eRYETAMdealkzatiwheeeisn
the nuneri cal vaI ues of DT and DH have the foll ow ng
r gloaniinhe fabjssbelqyr > - 0. 1299(DH) + 62.81 for DH greater
than zero and up to 130 J/g, DI > 480C for DH greater
hamol 30 1ndhtdx | IMAGAE] WhithesCRmidntpeak is determ ned
u{sdmg« at g)ast per cpaéx of the cunul ative pol yner,

g) %)t a2 peprcent of the polynmer hasg an
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abo%é‘r; soqub lﬂy,aabs%tll aﬁ%unt of an alcohol is useful to break surface tension.

Similarly, increasing the water temperature yields an increase in solubility. As the

r-t-c

[¢

table above shows whiteness index increases (gray color formation is mitigated) by
adding antioxidants during the catalyst neutralization step, adding hot (>50C) water
temperature during the catalyst neutralization step, and/or adding an alcohol (e.g.
isopropanol) during the catalyst neutralization step. That is if one consider the third
row as the control a whiteness index of 33 is obtained. When an antioxidant is added
before the PRH as in rows 1, 2, 7 and 8 the whiteness index increases. When hot
water is added as in row 5 the whiteness index increases. Similarly, when one adds
alcohol with the water as in row 6 the whiteness index gets higher. Also if Irgastab FS

042™ stabilizer is added before the PRH, then the whiteness index increases.
Example 27 — Adding a Mixture Comprising Water and Stearic Acid

[222] Ethylene/a-olefin multiblock interpolymer is produced in a similar
manner as in Example 23 except that a mixture of water and stearic acid are employed

as the catalyst deactivator and calcium stearate is not added. Instead, stearic acid is
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carbon atons wherein the netal of the netal ester is a

transition netal, Goup MA netal, Goup |HA netal, or
w@2@ondi1aat i on thereof. 4. The conposition of PEEUS009/046596

nore of Clainms 1-2 wherein the netal ester is zinc

stearate, zinc octanoate, calciumstearate or a

m xture thereof and wherein the metal ester is present

in an anount of from about 10 ppmto about 10,000 ppm

based on the total weight of the conposition. 5. 1In a
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efficiency of the PRH can be expected to drop less than 0 1% per day over a three day
period as compared to an approximately 5% drop per day without the use of water and

octanoic acid.
Example 29 — Nitrogen Purge

[224] Ethylene/a-olefin multiblock interpolymer is produced in a similar
manner to that in Examples 1-21. When polymer production is halted, a solvent is
flowed through the post-reactor heat exchanger at approximately 185C to dissolve any
remaining polymer. Nitrogen is used to pad all solvent out of the PRH. A filter bag is
placed over one outlet of the PRH. Nitrogen is blown through the exchanger in a first
direction toward the outlet. The filter bag is removed and a new one installed at the
opposite end of the PRH. Nitrogen is blown through the exchanger in the opposite
direction. Prior to the nitrogen purge the heat transfer efficiency of the PRH is less

than 65% of the value for a completely clean exchanger while after the nitrogen purge
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CRYSTAF peak, then the CRYSTAF tenperature is 300C, or
(5) an elastic recovery, Re, in percent at 300 percent
wa0ai1s518hd 1 cycl e neasured with a conpressi oPETOR202046596
filmof the ethylene/a-olefin interpolyner, and has a

density, d, in grans/cubic centineter, wherein the
numeri cal values of Re and d satisfy the foll ow ng
rel ati onshi p when ethyl ene/a-olefin interpolynmer is
substantially free of a cross-Iinked phase: Re
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TREF ?ractl on which el utes betvveen 400C and 1300C
geedegert han or equal to the quantity (0.201 3)T +
21.07, where T is the nunerical value of the peak

ARREh pR! 34t 'lﬁU}chW@Lth of the TREF fraction,
measured in 0C, or (7) a storage nodulus at 25 0C,

G (25,00, and a stora 100 0OC, oo 0
Merlaﬁl ! ek Pet Feaoior el and ety s Mpriat e elinety (i
c? BRasks islerdplb@dabpretiu®:all;L BB 1 (\), 032081kca) in dolsytl E
oun a netal oxide, or a mxture thereof and‘jﬁg](ﬁmt

pﬁts "/mgolgraﬁropomeaaﬁ&n I grestuss redyprd 4 GtnIFIBTF o
e?&h{}ﬁ@? Pﬁsh&eésm@rogﬁarﬂ?&gurmaﬁps £HQNPNA &swone or nore

ow ng steps: (i) reacting said netal alkyl

ound with a sol ubl e carboxylic acid under
con P i on8Psufficient to produce a sol ubl e netal
ester; ofpspii) adding an ionic surfactant after the
rgaotli-6n 3% form at | east one product conprising a
mekwal 1-Bl k38 conpound, a netal oxide, or a mxture
thddue@f; €% (iii) adding a m xture conprising an
antRupxdi dant to the product under conditions sufficient
t o Ramai d 188r mati on of significant anmounts of insoluble
nmetRain S5or 198t al conpounds derived from said netal alkyl
corfumwnd.188. The reaction process of Caimb5 wherein
t hkuwal uldie carboxylic acid of (i) is a saturated or
unsaturated aliphatic carboxylic acid having from
about 6 to about 20 carbon atons.

[226] Extremely high gel contamination levels are obtained beginning with

run #3. This increases when maximum tube boiling is reached in run #4. During
these runs a high degree of oxidation in both large and small pellets may be observed.
This oxidation turns the pellets and film gray. Microscopy of the gels and particles
shows high concentrations of severely oxidized, crosslinked polymer typical of
surfaces in the devolatilization system. Such material requires longer periods of time
to form and is likely not produced by the boiling heat transfer. Rather, the degraded
polymer may originate from dislodged long-term buildup in the exchanger tube walls
by the vigorous percolation effect of boiling. Gels decrease during run #4 and
following. This suggests that the boiling action may clean the exchanger. Run #7,

which is a repeat of run #4, also results in a high level of gel.

[227] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it will be
readily apparent to those of ordinary skill in the art in light of the teachings of this
invention that certain changes and modifications may be made thereto without

departing from the spirit or scope of the appended claims.
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7. The reaction process of Claim6 wherein the soluble

carboxylic acid of (i) is stearic acid, octanoic acid,
W@roog/1581%3 ure t hereof. 8. The reacti on processPOF/USI089/046596

5 wherein the sol uble carboxylic acid of (i) is a

substituted or unsubstituted aliphatic netal ester

conprising fromabout 6 to about 30carbon atons

wherein the nmetal of the nmetal al kyl conpound is a

transition netal, a Goup HHA netal, or a conbination

tRes8qf- 9- The reaction process of Caim8 wherein

the netal of the netal al kyl conpound is selected from

the group consisting of zinc, alum.num _ and galljium

10. Thé cPeaRYiBFopPHEBS 8N ghyleyeh-pleBn mﬂ&t@#ﬁ "%ﬁeolymef and a

resHl by soluble netal ester of (i) is a netal ester

having the formula Zn4q (CnH2n+i Cq 2)6 wherein n js
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othagdeisticsnet al fatty acid salts, alkaline earth neta

fatty acid galt gﬁ/eragé‘%ogﬁ, ﬁ]ﬁéﬂ &g%érnﬁd'nezgfo andZip t Mdut 1.0 and a

reacti on process o erein calcium stearate
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Stearate t tal, of fr 5. 140N
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Wha°€iwhen limctambied usio@REBfchgragtenizeid $n thet the fraddion hama blpek
grou nsi sting of sterically hindered phenols,
spgﬁfggqﬂvwﬂi%ﬂgﬁgéoﬁ(%%;fﬁphosphites, and m xtures

t her eof . 143) aidwMadiomorbopr ot esboaf3. Cheleast &1 méltngpaint,

the antioxidant of ,(i,ii) is.selected fromth r

s el SR Sho . pirshe 3 FUTEH AR D AFHED ndfefitRe
hM@hg&MhMﬂ&@@fmmamaﬁeonhﬁnmfmemwmhﬁmahm:acid,

2 3 b Ao

| ﬁt hy: ) - ;1- Wﬂ&rﬂ%}ﬂmﬁ gﬁbhﬂ aboilt- OX@RbORG, S, hed & haat yf fasidy,|AH in
phenyl phosphate, and m xtures thereof. 15. The .

r S&cAdgriefis Branty” Af - iExdagrrgsd- s&ﬁﬁa@rﬁarﬂ?estgfgperﬁtme)dlfference
agelivach Gatibymset Rak atEhaladies CRYS TIAggRhk Gfheldn e hahérizal
of calciumstearate to netal of fromabout 1.5:1 to

andues oA apd Adl bays ghefaldowing ilatispshingt | east one product
AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,

AT > 48°C for AH greater than 130 J/g,
wherein the CRYSTAF peak is determined using at least 5 percent of the
cumulative polymer, and if less than 5 percent of the polymer has an identifiable
CRYSTAF peak, then the CRYSTAF temperature is 30°C; or
(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and
has a density, d, in grams/cubic centimeter, wherein the numerical values of Re and d
satisfy the following relationship when ethylene/a-olefin interpolymer is substantially
free of a cross-linked phase:
Re >1481-1629(d); or
(6) has a comonomer content of a TREF fraction which elutes between

40°C and 130°C greater than or equal to the quantity (0.2013)T + 21.07, where T is
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conprising a nmetal alkyl conpound, a netal oxide, or a

m xture thereof; and (iii) adding a m xture conprising
W%@O&ﬂﬁﬂl&(l dant sel ected fromthe group consi SeCTGSNI/046596

| -

oct adecyl - 3,5-di -tert-butyl -4-hydroxyhydroci nnamat e,

benzenepropanoic acid, 3,5-bis( 1,1 -dinethy

| et hyl) - 4-hydroxy-, 2,2-bis[[3-[3,5-

bi s(Il,!-dinmethylethyl)-4-hydroxyphenyl]-I -oxopropo,

t ﬁ{etnhﬁ.%éfcaﬁ’ %Mé ofRERNk AATAFRNRIR termitehtiive ¥ the AR EFTRCESH,

he pr9 uct under conditions sufficient to avoid
fowwwﬁﬂom(bﬂWS|gn|f|cant amount s of insoluble netal or

gg;;‘guﬁgnpqw]éjéorg&r h¥&Hus 4t 95 & fhses ahd 8bddbe modulus at
100 °C, G*(100 °C), wherein the ratio of G’(25 °C) to G'(100 °C) is in the range of
about 1:1 to about 9:1.
3. The composition of one or more of Claims 1-2 wherein the metal ester is a
substituted or unsubstituted aliphatic metal ester comprising from about 6 to about 30
carbon atoms wherein the metal of the metal ester is a transition metal, Group 1A
metal, Group I1IA metal, or a combination thereof.
4. The composition of one or more of Claims 1-2 wherein the metal ester is zinc
stearate, zinc octanoate, calcium stearate or a mixture thereof and wherein the metal
ester is present in an amount of from about 10 ppm to about 10,000 ppm based on the
total weight of the composition.
S. In a reaction process which comprises:
(1) reacting a mixture via a reaction to form at least one product comprising:

(a) an ethylene/a-olefin multiblock interpolymer comprising at least 50 mole
percent ethylene which is characterized before any crosslinking by one or more of the
following characteristics:

(1) an average block index greater than zero and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than about 1.3; or

(2) at least one molecular fraction which elutes between 40°C and
130°C when fractionated using TREF, characterized in that the fraction has a block
index of at least 0.5 and up to about 1; or

(3) an Mw/Mn from about 1.7 to about 3.5, at least one melting point,
Tm, in degrees Celsius, and a density, d, in grams/cubic centimeter, wherein the
numerical values of Tm and d correspond to the relationship:

T > -6553.3 + 13735(d) — 7051.7(d)*; or

(4) an Mw/Mn from about 1.7 to about 3.5, and a heat of fusion, AH in
J/g, and a delta quantity, AT, in degrees Celsius defined as the temperature difference
between the tallest DSC peak and the tallest CRYSTAF peak, wherein the numerical
values of AT and AH have the following relationships:

AT > -0.1299(AH) + 62.81 for AH greater than zero and up to 130 J/g,

AT > 48°C for AH greater than 130 J/g ,
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wherein the CRYSTAF peak is determined using at least 5 percent of the
cumulative polymer, and if less than 5 percent of the polymer has an identifiable
CRYSTAF peak, then the CRYSTAF temperature is 30°C; or
(5) an elastic recovery, Re, in percent at 300 percent strain and 1 cycle
measured with a compression-molded film of the ethylene/a-olefin interpolymer, and
has a density, d, in grams/cubic centimeter, wherein the numerical values of Re and d
satisfy the following relationship when ethylene/a-olefin interpolymer is substantially
free of a cross-linked phase:
Re >1481-1629(d); or
(6) has a comonomer content of a TREF fraction which elutes between
40°C and 130°C greater than or equal to the quantity (0.2013)T +21.07, where T is
the numerical value of the peak ATREF elution temperature of the TREF fraction,
measured in °C; or
(7) a storage modulus at 25 °C, G*(25 °C), and a storage modulus at
100 °C, G’ (100 °C), wherein the ratio of G*(25 °C) to G*(100 °C) is in the range of
about 1:1 to about 9:1; and
(b a metal alkyl compound, a metal oxide, or a mixture thereof; and
(2) passing said product to at least one post-reactor heat exchanger;
the improvement which comprises one or more of the following steps:
(i) reacting said metal alkyl compound with a soluble carboxylic acid under
conditions sufficient to produce a soluble metal ester; or
(ii) adding an ionic surfactant after the reaction to form at least one product
comprising a metal alkyl compound, a metal oxide, or a mixture thereof; or
(iii) adding a mixture comprising an antioxidant to the product under
conditions sufficient to avoid formation of significant amounts of insoluble metal or
metal compounds derived from said metal alkyl compound.
6. The reaction process of Claim 5 wherein the soluble carboxylic acid of (i) is a
saturated or unsaturated aliphatic carboxylic acid having from about 6 to about 20
carbon atoms.
7. The reaction process of Claim 6 wherein the soluble carboxylic acid of (i) is
stearic acid, octanoic acid, or a mixture thereof.
8. The reaction process of Claim 5 wherein the soluble carboxylic acid of (i) is a

substituted or unsubstituted aliphatic metal ester comprising from about 6 to about 30
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carbon atoms wherein the metal of the metal alkyl compound is a transition metal, a
Group I1IA metal, or a combination thereof.

9. The reaction process of Claim 8 wherein the metal of the metal alkyl
compound is selected from the group consisting of zinc, aluminum, and gallium.

10.  The reaction process of Claim 5 wherein the resulting soluble metal ester of (i)
is a metal ester having the formula ZnsO(C,H2,+1CO5)s Wherein n is from about 5 to
about 20.

11.  The reaction process of Claim 5 wherein the ionic surfactant of (ii) comprises
a fatty acid salt selected from the group consisting of alkali metal fatty acid salts,
alkaline earth metal fatty acid salts, and mixtures thereof.

12. The reaction process of Claim 11 wherein calcium stearate is added after the
reaction in a ratio of calcium stearate to metal of from about 0.5:1 to about 10:1 ona
mass basis.

13.  The reaction process of Claim 5 wherein the antioxidant of (iii) is selected
from the group consisting of sterically hindered phenols, sterically hindered phenyl
phosphites, and mixtures thereof.

14.  The reaction process of Claim 13 wherein the antioxidant of (iii) is selected
from the group consisting of di- octadecyl-3,5-di-tert-butyl-4-
hydroxyhydrocinnamate, benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-
hydroxy-, 2,2-bis[[3-[3,5-bis(1,1-dimethylethyl)-4-hydroxyphenyl]-1-oxopropo,
tertiary butyl phenyl phosphate, and mixtures thereof.

15. The reaction process of Claim § which comprises:

(ii) adding calcium stearate after the reaction in a ratio of calcium stearate to
metal of from about 1.5:1 to about 3:1 on a mass basis to form at least one product
comprising a metal alkyl compound, a metal oxide, or a mixture thereof; and

(iii) adding a mixture comprising an antioxidant selected from the group
consisting of di- octadecyl-3,5-di-tert-butyl-4-hydroxyhydrocinnamate,
benzenepropanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, 2,2-bis[[3-[3,5-
bis(1,1-dimethylethyl)-4-hydroxyphenyl]- 1 -oxopropo, tertiary butyl phenyl
phosphate, and mixtures thereof to the product under conditions sufficient to avoid
formation of significant amounts of insoluble metal or metal compounds derived from

said metal alkyl compound.
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