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WD 2008/ 002969 PCT/ US2007/ 072219 TITLE OF THE
I NVENTI O\ METHOD FOR EMPLOYI NG SEC- FTI R DATA TO

wERERI02P69 MECHANI CAL PROPERTI ES OF POLYETHYLENBCT/US2007/072219

BACKGROUND OF THE | NVENTI ON [10001] The present
invention is directed to nethods of determ ning val ues
of physical or chem cal properties of polyners.
Traditionally, in order to deternmine a value of a 5

Guantity ot Léa'pa?I Tl 2 T PHERTIRY] ™ Las needec

to fabric R ERIPEOYiNG s %Sﬁﬂ%%%rﬁ?d‘méﬁﬂ:f hen
the resul '”ﬂEér—le Aﬂ_ﬁko ERYIESSHE E N‘ﬁr
subsequently tested via t e prescri bed analytical test

procedure to determ ne the value of the physical or
chem cal property. This procedure is cunbersone not

only due to the tBAGKGROUNDEF THE INVENTICRE i Nng t he
article or test specinen, but also the 10 tine
eapdi r €k presqne invention idwirectes emethods (ﬁm!aleytuhmglvaltlescbf physical

Q)[} gﬁe%qﬁdrl ggrldécul aryn{et%e 'Itrgcﬁt% %hpﬁzdr%er?i&%lgﬁnme e??aqu (%f%g

est, cou arge anmoun
@pecpfm p}hfﬁ!?al or gjfemigel WQP@J‘W ﬁ&ﬁt%’bwad't'%@f {he padicear potymer resin

sBInkagedb %bﬁ@ai@aﬁ 6l %pQEe@l Qfe)flnﬂern Md thkn ﬂﬂla@é?shltmg artlcle or
appar at us. nce, exli sts a nee

ﬁ%[t BRRFNAN Pﬁ.llcwprhta t%tSt%YI%I @e(p'resgnl?féiﬁnﬁlégcal tfgt procedure to
mbtemmatheoxaluptoymecpaysum orpmem)caqfroperttyestns $)amspdme tshaitnbersome

ﬂ%‘r{w i3 t?ﬂleytu %ﬁ[‘? dfﬁr"{%g&m the %—?&% e?ths bl ﬁ'b\(ﬁ%@o the

titne retiyret Eaperiorm thetiesriective qoakwr@t lteyt m@ceﬂhr@ fesmersthﬁba@tlonal
et 88IREIRY U;%ﬁ t\% Fé}ﬁéﬂlarfté&{’ rdoGilrédqife ?d?g@érﬁé&k@of%ly%er

test speci nen. this method should allo
P Ce il %Hﬁ"dcﬂe Rrﬂ‘éuc\“f%nlnlf@‘a&ﬁcﬁ'ﬁ éeseﬁﬁ?‘eﬁbEPi‘Fo%?r p"Ot p'a”t
chpsrawal property of the test sanple without
performng the analytical test for 20 the physical or
dom cubnqer thperdxists § 06EA39r d methodvivieterappgct valuehnd pelesised

Q:h e[?&ﬁlz]%o%t i"@dnﬁ’dl thg%guuﬁé's%hlg% s"f‘na‘ﬂ%H&ﬁnt%ff

eSI re ySI ca

Sabvpefor P’ﬂa'¥3§ e bieanerhas SAeviBPravide [4es vaks aidegihysical or
tchémeheRdfenl oftthe RIAY Sdnéid toﬂfeQié%rr&Me&\th}ﬂfabh@Bﬂh@ 8n bicle or a

invest the tinme and. expense eede te

A St Sl B3 fut REAE Shoy 0o Setstiundton ok s See of e

pbysidabon aemichl irbger® of thienest aandple wjtkous eerfoe@ohg dhet analytical test for
t est d whi ch d dent

upoé]hg,tgggéopghe%@?;opg@ est procedure, iC ependen

ecl est, could take days or weeks to

Ci@do%i mr{‘é?loihla?aé{)@l:tufﬁe%fls hiRged 1‘659 %ﬁio& Sf randR/Fb%[etrM rnln-b_rbevalue of
cycle tinme of resin design and product devel opment

ST ERACEMiFBLET PRYSICEH RRPRPTEIAT adpst éﬁ’@ﬂl?c Hjis %”Sfﬁf@l fcg,determme the
atlue bbtuk ehmuél @r bl@s@él&ﬁ(bdeyty K/\ﬂﬁblﬁ edeg tolnvastteé traelatd@tpense

neechdq gab aﬁe tartlclgs orbtssct sch:er% Pas%s?ci};entte]‘rpglygﬁi%ﬂgrg) |Xvefst the
ttlhe epd esreemlse neﬂp@dm patfoam ¢heddnalytitae tbstifyoseslureVi@hich dependent

%99@(@@89&% tE&TéoUﬁ%%Ua% 82\3‘(,9eks to determine the value of the respective

property. The cycle time of resin design and product development to achieve a desired
physical or chemical property attribute could be greatly reduced with a method that
provided rapid feedback using only a small quantity of a polymer test sample.

Accordingly, the methods of the present invention are directed above.
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2 BRI EF SUWARY OF THE | NVENTI ON [ 0004] The present
i nvention discloses a nethod of determ ning val ues of

wp@heosioeabs or chem cal properties of pol ynmers.PCHUS2I7/072219

aspect, the present inventiofB provides a nethod of
determ ning a value of a physical or chem cal property
of at | east one polyner test 5 sanple. The at | east
one polynmer test sanple has a nol ecul ar wei ght
distribution (MAD) profile and a short chain
branching distribution (SCBD). In this aspect, the

met hod of det er RERG AYARHBFOHEINYRKS|GR or

chenical property o t e at least one polyner test

360921 eTI@eOﬁFEEérﬁ ﬁﬁent@)\ dREIBYdsd rﬂ&h@é of o%?b?%mtn‘@@aﬂ@é Y PR sical or
trainin anmpl e each trainin aving a

m@nlﬁgl qgegles qf @@g@rs aR®ns ag n?s&@t @yervlﬁréprowde]fs a method
foeSgeaiinivea pehyéd)f@&ihyabalfbhamnﬂﬁl propér@pﬁrat pastlohe polymer test
?s%@@g?{ﬁ% gg?m one [?§¥mer test "‘%&QE a %r Fﬁaat vl d%]Eriletéon
AMWVDY) IpeofileCBD,a a°ngrt claic hraochlng‘mstabutlb@mBEt)v\m qdjtsla,%n@m the
trﬁe%c{&l'cﬁ@ete%ﬁ% Q%al@@ o 4 Dbl dr %ﬁé’ltlICé? Bﬁ)p@ﬂ’%&f RS atli&set one

, each hted cross term bel ng det erm ned
&g'ymﬁéteﬁ%ﬁamptﬂ@m'%eén product of: (1) the respectlve
nol ecu t he wei t fr ctlo
Fospettitoudfie Aean Y e iB i parafe: ¢80 ahisaioppie having
MWBt profiai a SCBM cdrels a paowi OGliecalr tmenrea;bemtme abysidak or chemical

E%:tlve nol ecul ar weight; 20 c) plotting each

‘ed cross termversus the logarithmof the

r es pe@i dejerminipg deashivomdigiied ¢rogs temmsat Gespeptve anolecyigs weights

taWPlg PR YARD dréid ah@%essapbeﬁ)reyaah toh@hea&t lk8a o dé@'ﬁ]er training
rm ni ng

e e
ROt gt e, 2L R ipe Py B SO cos eGP AE) Griss feEm being
Idetepeioéd asethamﬂ&lucfaoon padivtof the at |east two pol ynmer

training L& with the known val ue
of the resﬁztg??v o gl{bclzea |%"r’)"\lg%rllﬁt(em cal property; and

f) applying) wh@/e@ditif@tlam pighe whpeativpmelpcylar weight; and

respect i vesaiRan b RE sRért bRAS brdiBkes RS Y008 caftBfitatoms at the
sample to determ ne the val ue of the physical or

cheni cal prleﬁ??é?f“fey’“@?cuﬂq{é"eéﬂht | east one pol yner test
sanpl ) pB@ln@ %Gﬁ]wdugmtemnabb@nermsm@gts e Ibb@ltﬂﬂﬁ agané respective

dec%ec;}]ﬁ]lr 9v§ig fhr emﬁt I??rlle atﬁ? eCt 3ra(i:anr|rigsg th%S I%istné at least
@eeeolwnﬂretdstatamalem ngl e nol ecul ar \NEI ght. In this
aspec d&&%ur@&gﬁﬁ?%pédﬁ\/@%b%Hdé?fegé’ﬂ df% i@ stipichod of

determ ning a val ue of o
e) correlating the respective areas for each of the at least two polymer training

samples in step d) with the known value of the respective physical or chemical property;
and

f) applying the correlation of step e) to the respective area of the at least one
polymer test sample to determine the value of the physical or chemical property of the at
least one polymer test sample.

[0005] In another aspect of the present invention, the method is directed to a single-
point determination. That is, the weighted cross term is determined at a single molecular

weight. In this aspect, the present invention provides a method of determining a value of
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WD 2008/ 002969 PCT/ US2007/072219 3 a physical or
chem cal property of at |east one polyner test sanple.

wabmsae2obeast one polyner test sanple has a neCBUS108T/072219

wei ght, a weight fraction at 3the respective nolecul ar
wei ght, and a nunber of short chain branches per 1000
carton atons at the respective nolecular weight. This
rret hod corrpri ses: 5 a) providi ng at | east two pol yner

kit g SRR oo Bl Lk Pha o et stbr Tadatoasy ane
molyeeuﬂeatrsamleg‘rats a neolenurdn weigbtf, a sée@nt fracttraadtrthdreapecties

Wec%%p@eﬁﬁ'tr 2 Al ofgﬁho‘tr&ﬁ?iﬁ %ﬁagl@ﬁés' P&E 1600 &R Bbms alt the

wei ght nown ue o respective physica
é?SPSPFé’m”E%ﬁCUBFWE'EWt y hispetlepskcOPRTisisShg a wei ght ed cross

of |t ha) BP et BN e ol ARl <o e B edmpdraving a
aoldca@s tveighte a pelgynfedctibresttths espeatiye me@cllanvedigiitt eeclinatyen 88short
t t Li1pli ' :

AT AP BT o 15, UL L3 PGS o
weliughtthe Feseettive ph)tS'Olaht! chemgigelerengdy:nol ecul ar wei ght ;

and (8) dété}ﬁndmﬁélgﬁ’tfed %R)% terahaing r@sfp%@tﬁ@%l&%l’ar ilv@@ﬂt for each

carbon at ons respecti ve nol ecul ar wei
9 t@ﬁﬂ%lsa{won@our@?é tﬁaé‘é']@e%‘mp\ﬁ‘é %ut%?b'ﬁa%r"(% §°{Y6\e?r§’sf‘ gmple,
eacthweghtedierosd terreasmg tmermlmi asred muktiglicaiiongredugpdfes i n

step b) w f the respective
physi cal @pth esl%eaqu moy%ﬁllérﬁfvgghtand d) applying the

correl ati of@) bf weigbpfragion at théreespratighneldcdarowioht;eanth of

the at 'ea@ tt%nﬁ;mb’eﬁ) ol?’%hé/r{f%ﬁauﬁ %%ncﬁ»&”{ﬂér%b@ cgﬁioﬁrd%rﬁkeat the
the value o ysi cal ~or chem cal property of the

ph
at | east r&ﬁéecb\(ﬂ YR eSS anpl e. [0006] In yet
an oth hg)r cd:lfewgﬁg traf reg;b@t.w @8ighted icase NéMMor Badhheierat reia§t two
ne 0 c.an e use to ete
SEh R B SRt yog b BT HE.EEwE vée o v SN b5 Gicar o
saepica.propedy;andl east one pol yner test sanple has a MAD

profi gﬁa %g%esmiatlgﬁb ted B tOPE WY 'c?c?s§terﬁ1)of the at least one

provi r trarnin es, eac
PPHMAT 198t %‘ﬁ]ﬁﬂ te dgtRUTIAg ”H* XMD“ pegthysieal OEC@GB@' PrgRRIty=f the at
keravehevlyuer @t $dndbid. espect i ve physical or chem cal
property; 30 b) determ ning at |east two wei ghted

cross terns at respective nol ecul ar weights along the
NMD6pr f viel encdhred aseet SORDpre$ant ingexdibn,af chielmematricinestisid danbe

ngécy lrg%retetr#ﬁﬂb %' vg%ﬁ op QP@LS%%IJQQH&H&Q p‘%pehz gfsa& éé%@?or%%o)&%? test

cross term
GFé't“é'IemTh%dt thpn@pmqrutiﬁt paraRle bas p MY R erofilgfand a SCBD. This

method comprises:

a) providing at least two polymer training samples, each training sample having a
MWD profile, a SCBD, and a known value of the respective physical or chemical
property;

b) determining at least two weighted cross terms at respective molecular weights
along the MWD profile and the SCBD, for each of the at least two polymer training
samples and the at least one polymer test sample, each weighted cross term being
determined as the multiplication product of:

(1) the respective molecular weight;
(2) the weight fraction at the respective molecular weight; and



10

15

20

25

30

(1) the respective nol ecul ar weight; 35 (2) the weight
fraction at the respective nol ecul ar weight; and WO

WQO®8HIRO69 PCT/ US2007/ 072219 4 (3) the nunmbrCT/U82007/072219

short chai n branches per 10008 carbon atons at the
respective nol ecul ar weight; c) by chenonetric

anal ysis, defining a mathematical relationship between
the values of the respective physi cal or chem cal

property the Cross terns

the at | ea@? tt}eV\Bu %rfngﬁoq P%\a"}n r@c@egn%er 000 Cﬁgaoa)atoms at the
appl yi ng tﬂeepam‘tdmnlaculara\lelghel ationship of step c) to

the r@)S ChdnSindl Qﬁ‘élﬁ% d%%’rﬁr%satrﬁétﬁﬁnélfcalsrfe%ﬂor% tS’é’t een the

the at %ast oneg yner test determ n

valeeoighe respectiye paysical Oro“rheﬁ‘ﬁéhﬁ’r%?rtypﬁﬂéﬁ@? Pgioeied Ff?és éﬁrms for

tgafa} bfeasht I@d%ﬁtvx[bQJoWﬁﬁeFtr&ﬁﬁ@ s&AHBY; @nd 10 [0007] ln a

i fferent aspect e pres rovi

et hot) BIPHGE BP AT HER R DTS Bro 255 <p i regpcctl wegnied

closritaab opste;pbr’bytrmat st wagblyowre tesbdaymiy totdestrmparntd @lue of
' he at

A5k LE MRl SR tond By AR ok

density, a M/\D profile, and a SCBD. The nethod of

Jedo| mnra (ﬁlﬁer@nt‘é@bé&@ 1 pr@senpmyéitl6ﬁbro‘9ﬁe§Bﬁf&%@'of determining a

| east one
BB | & B3 eats" BT PHGOG HRELETE POUBpF GBI E using te
tniciecnlengotmaiiifdse For e@anipld, thai aticagt Gamplymehi@vi sagpi has a

\%grlqﬁgs%tlg%ig?%g naSI\/IWb pri |IQN¥Rd %régéd he%é%ﬁpof o%[elgm?nng UMe of a

respec physi c
phasicat @Qphem)cau@@reﬂﬂmoﬁthﬁ@t @@stloeeeolymwe@teﬂ@pEy:oméﬂ&ee at
respective nol ecul ar weights along the MAD profile
and t REPredding aflggst %W'Werﬂﬁé‘"‘@tsam@%teWaBWBfﬁ%‘P'e having a
tcbmpmtegde%@typleemwﬁqaranw 4 IseBE, dn@as tkn@ne vRIRE YoTRhe trésplective

g i ernS|ty term bei ng determ ned using the
@%Cc?? e&‘é‘?ﬁsﬁ?@ﬁ the MAD profile, and the SCBD; c)

det er hj deterqinang eislpast tww demsdy tarmg at easpedtiae mmodectilaoweightsfalong
EI\/\LE}/ qu%rgn'dr}héggﬁD ecuﬁ) oP'ﬂ%E%‘E r@agﬂ g ;ﬁ)l})’nﬁ %Hdg\sls%mples

or tie np formati on from each ]
r@eﬂ therdy 'qaéﬁmer@dxmeé tgshsyprRip egph densitgr@reingidetpmained using the
rc@ﬁ@@itbldté@slt\ﬁﬂhémﬁ/@p&)m@ anltes 9CBDPr obabi lity, each
ecul e P a rmn as
e N TR F GTPPHR Ba T PR rempaF e TSP Cor PR BT O, o7
&), the respective nol ecul ar weight; and (2) the

pr Obag ldbtta}fn In% 4 be%ﬁ%?bgm%b%bf rfgﬁttborﬁglb&ileﬂfc?rpwgan fbm each

th eres &cti Ve otting each
\)\mﬁlt@att@ﬁpqrateren@){stéegl e probability versus the logarithm

of t hS) determining a respective weighted tie molecule probability, each weighted tie
molecule probability being determined as the multiplication product of:
(1) the weight fraction at the respective molecular weight; and
(2) the probability for tie molecule formation in step d) at the respective
molecular weight;

f) plotting each weighted tie molecule probability versus the logarithm of the
respective molecular weight for each of the at least two polymer training samples and the
at least one polymer test sample;

g) determining the respective area under each curve in step f);



10

15

20

25

30

respective nol ecul ar weight for each of the at | east
two polyner training sanples and the at |east one

wp@ologieaed est sanpl e; g) determ ning the resperCT/Us2007/072219

area under each curve in step f); WD 2008/ 002969
PCT/ US2007/ 072219 5 h) correlating the respective
areas for each of the at |east two pol yner training
sanples in step g) with the known val ue of the

respe chem opert -
ooy FhesEERY Bl peius Y70 €7 s Ph§PRG o ioas P8 sobmeg raining
aepplesin stéreglarith thaknovaneluesof sl rgammctiteesitysisal op Cleenical property;
deyerm ne the val ue of the physical or chem cal

property of the at |east one polyner test sanp

[ 0008])) @rPling ttife ForEdasian of gferthdo ﬁ?eeéeéﬁ‘?Ct'Y%?‘%tqfd*ﬂﬁ Alslegst one

bRk PteBOdaitip B ldBRemnE e alel Jf theashysitd] 8r Efdnfsalbi®perty of the at
gro abi | t|e That is, the weighted tie nolecule

S bAISi 1OMRPT oSt $A51P i ned at 10 a singl e nol ecul ar

wei ght. In thls aspect, the present invention provides

a nethod of determ ning a value of a physical or

40081 cAlfurhepprpectyof dfe pagseninantiomie arsdigenrgint meghod which utilizes

Stl@'fﬂ%)'lé%‘:uIe-[)l?(fbaﬁﬁltl sezﬁ&t |Q rﬂﬁ‘e \D&%}MQ@ﬁe Fn@l%&ul@ ﬁ%ﬁélﬁllt@@%e%rmmed at
conposite densit | ecu and a wel

s otS ’B?fe‘a‘ﬂart"‘ﬁé’hil 8 H?é%?srp\?ét Ipé%sﬁ'[‘%{’?"exﬂfé‘?’wf?v'de?rﬁ @gth"d of
metehﬁldmg @oafpe IoS&ShysIbEI c&)ch@hmallmbﬁegy at atlle@asdnetptymer test
R8Il hEAL B SRR S oFRGE A SLEARSARYE AR
ensi ?X/ ecu ar wei'g £
fweagtt, |a0¢h aa\temhfeaqtlersptébe reéseeqlm wolebilar wajgt gﬁluls maﬂﬂdd a
Igg,qmegal ue of the respective physical or chemni cal
property; b) determining a m ninumnolecule length for
a ti eamrbﬁd:h@ gt |éa%L@va@l lymés traiging :@anp@@rmaslré.mngigmplé Waving a
east . r trainin
gﬂ@pﬁ?ﬁs iy o Bbuies i gy R Il ot G rfpBcing fieetiar

chesight, raineh b rgoven vahugpad dhe respeptialydlysital by cHeorical preperbt, ecul e

for mét‘gﬁfﬁﬁ”' J?m[nﬁﬁ@f&U \5@8 Ié‘ﬁg{hqgrtg @m%&@%ﬁ Wﬁ‘smg the

each mning ares
wemgesite gensity f%?@h:@)‘l”éﬁ w@@aw Potyjner EaiRiRG fRM R B @Uﬂ th@ at least
rasaéggw,:ngrtggt@mppel [ gy bei Pg determ ned as the f
mul ti ation product o t. fraction
bt hB) et SR P ThP Gl TOEGHE PaYetoRaf the respectie
pricddzalar Wiyt floar edch @Lymb), efcstdpeb)f or mati on i n step c) at
the r i

Sche“r‘é’rMn %e%g&ﬁ \ﬁ(%%l ec&l{‘ﬁnoleg& @%E{,bﬂt@ E}Qwé gﬁﬁd tie

respective wel
aolachle pmbabuu@@@mgmrm@e@n@mewupmaﬂgn grarwites in step

d) with t hﬁa iﬁ@%h\/@édﬂ@n Afthd RBpEBSPRBIeLUS weldhtRinYSi cal
or chem ca (2) Ele probab|¥ty for t|e molecule formation in step c) at the respective
molecular weight;

e) correlating the respective weighted tie molecule probability for each of the at
least two polymer training samples in step d) with the known value of the respective
physical or chemical property; and

f) applying the correlation of step e) to the weighted tie molecule probability of the
at least one polymer test sample to determine the value of the physical or chemical

property of the at least one polymer test sample.
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f) applying the correlation of step e) to the weighted
tie nolecule probability of the at |east one pol yner

wao e®B/oeanpl e to determ ne the val ue of the phyRCTEE2007/072219

chem cal property of the at 6l east one pol yner test
sanpl e. WD 2008/ 002969 PCT/ US2007/ 072219 6
DEFI NI TIONS [0009] The follow ng definitions are
provided in order to aid those skilled in the art in

under st andi ng the detail rigotion of the present
i nvention. dWd Log M - &%F@Hﬁf'gﬂrsgcti on. ESCR -

@@?i O'Ftﬁaf%f&{tﬁ@é@qr@g@ ff’in @%‘t aig %I%Qﬂeggffﬁtheaﬁm
ruat!ﬁrrstértdm@ﬁéﬁ@ﬂeﬁdeﬁﬁrﬂape@rtb@@f@@%pweftt@netry. M or MW
- Mol ecul ar vver - Mol ecul ar wei ght

di str ' ght fr ght
aver a m Bf;%gf’é% ’]%NX‘%]JS@H%8 NPT
. f%gt are s%ectrophénometwgﬁngsyL\éggl ?

Pri ”HI'\/MV HI"a w&@i‘it I b%{tonl cal cul ated by dividing
t he a|\,|ea,\|,gJ %Fa curve of the plot of the

vei ghied vadi gvgrgéémwarsus nmol ecul ar wei ght by

100, ORBR -ASkdrat DI RABYASTM BES8Ir € par aneter 2;

cal cuNatredNdihetWidel TRIsly 1ISW 1347@. ar ea under the curve of

t he pPBNTefPehhgy/Ivariagluteed Test, ADTN Eud 73, pleadiadid inihbyrs.

ver suBSPmelReiciahyestrusiaregiarangterl) Oalc@fte®PBWtioiting the area under the
Pr obabi | i tgurfecf thei potwbthe ougightefdarossitéranversusSGBIRculaSveigitt by
chai n brantM®id®§. di stri bution. SCB's - Nunmber of short
chai nPBPAnEREEnClIEIBIraeeteich calewaigd bsmaltiplyigg she area under
Excl usi on %P@fﬁ%tf’fdb? a' theavaighteeiieempleerle propabileyersus

Per rregtr onmo'ﬁ’ﬁ’H'% ‘S Q. .25 SP-NCTL - Single

Poi nt c r° : Eéor BM ASTM D5397, 30%

yi el d S %aﬁ E:I %&rcatr on, r oduct of

a ol F hro at & rrﬂeatron

respec |veC|q8 he nu er

chai ngp NcTL - Slngle Pornt Notched Constant Tensile Load, ASTM D5397, 30%
yield.

Weighted cross term — Multiplication product of a molecular weight, the weight
fraction at the respective molecular weight, and the number of short chain
branches per 1000 carbon atoms at the respective molecular weight; also
shown as M * dW/d(Log M) * SCB.

Weighted tie molecule probability — Multiplication product of the weight fraction at
a molecular weight and the probability for tie molecule formation at the
respective molecular weight; also shown as dW/d(Log M) * Pyy.

2L.+L, — Minimum molecule length for a tie molecule; L. is the crystalline lamella
thickness and L, is the amorphous layer thickness.

BRIEF DESCRIPTION OF THE FIGURES

[0010] FIG. 1 presents a plot of the molecular weight distribution (MWD) profile and the

short chain branching distribution (SCBD) for an exemplary polyolefin copolymer.

[0011] FIG. 2 presents a plot of the weighted cross term versus the logarithm of the

molecular weight for an exemplary polyolefin copolymer.

[0012] FIG. 3 presents a plot of Log PENT (in hours) at 2.4 MPa versus primary
structure parameter 1 (PSP1) for two exemplary series of polyolefin polymers.
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nmol ecul ar wei ght; also 30 showmn as M* dWd(Log M *

wEaBs/ovwsght ed tie nol ecul e probability - PCT/US2007/072219

Mul tiplication product of th& weight fraction at a

nol ecul ar wei ght and the probability for tie nolecule

formation at the respective nolecul ar weight; also

shown as dWd(Log I\/p * PTM 2Lc+La - M ni mum nol ecul e
h_for a tie sta

G0 1 ek S e B68ig 2 oPpbd S et o Wl ig consit

tvhisok e degariBRI &M elgRETRIFIEH QNIORIa wEig R fGUIRESe DI YO

FbSo 61} Rsesents a plot of the nolecul ar wei ght

di strl ution (MAD) profile and the short chain

lP(‘i(ﬂﬁP hiFrg SQJr&Jeﬁt% Rdt 8Nthé m))rcfflFéranérheerégd'ﬂgsl\gﬁbmopolymer and
Boed merwsrﬁw?%@S@P@§§thﬁ34&8»%9}@9 TR FeIRTG orer

u f [
TRUBI K& o"Rsgl o' O AR cd B Bh o pngepperar
(VErsuhdensty anpolﬂethbfleﬂea)OWmews primary structure
paranmeter 1 (PSP1) for two exenplary series of
pBQ)%‘ibl BIG- R Pseyieriot olgh-Hodmeerypessd NpTs eibpatery d #orsity for

6né Q83 offal fathdl gTriassBicht MvéHtioh corhpatsd wilkt fePdrtaNiterature
enpirical correlation of conposite density versus the
I 383% thm of wei ght aver aged nol ecul ar wei ght for an

j;ﬁﬂ‘iﬁe?m RATRR Al YUTBf e WBRARD t.E'm%lecae@rr@b%sn{ySvegu@lhgt

and he Frespective
dpoasiien of mm@wrwlqhéprOﬁp@Q@mn@é/oIvmbcqmmerSe for
an _exenpl ary pol yol efin copo

MUSENFE 3 p&?SSPtS il H'%Qiﬁh%mor'?ﬁuéhwﬁﬂ%dﬁ”@%l’b%v}’% | RipfipAand the

Qhorfreddin irgndhengmstrédutio re(SOBEY) St Dintteiaspdiyetty@he polymer BM-1.
pol yet hyl ene polyners. [0016] FIG 7 presents a plot
§0012]_c FIGa 10 peeasnts e ghlot of therjnoksular eight distibutipih (M&Y)iprgfile and

o shoﬂ%ﬁaiﬁﬁ{%ﬁ%m&&?tﬁggﬁr B for difod Eél Eyléd%vp%gﬁﬂ TBM -2,

conpare repo iterature 10 va ues
8F@ Q$ 9FHS§nt§aFé|o%f thé mbl%@ulé\ﬁh@@{tﬁgtrﬂohl%nﬂmvﬁﬁ%ﬂr&ne and

3@0519 b Vg iy SO i netaL ol sr o isp B
1

fodzn ? E*S{- ﬁ%ﬁ%(sm%f BloPl Rl ol RS R ARIIIWD) profie and

BreashoRichajn Hiaschinddistriewtion STERY) ferdyimbdatpelzsthylesieyslymer BNeA.

pol ymer BM 1. 15 [00191] FIG 10 presents a plot of the
2él:ulz@r TReregeits girkt ¢ tB%WP@ﬁU'?WhtHISB'PP‘I'Oé‘ (M¥EP) rrofige and

EOdHort @Raih BradE @R MistAButidh $SCBIDbI KModabe&dthfiee dolyimedaM-5.
pol yet hyl ene polynmer BM 2. [0020] FIG 11 presents a
[10023] of IQ. Hé preskrgs alpit ofitee glbtecaarsteighy distribnticnNWE))D) profile and

of :
Rl A e PR
[0024] FIG. 15 presents a plot of the molecular weight distribution (MWD) profile and
the short chain branching distribution (SCBD) for bimodal polyethylene polymer BM-7.

[0025] FIG. 16 presents a plot of the weighted cross term versus the logarithm of the

molecular weight for bimodal polyethylene polymer training samples BM-1 to BM-7.

[0026] FIG. 17 presents a plot of Log PENT (in hours) at 2.4 MPa versus PSP1 for
bimodal polyethylene polymer training samples BM-2 to BM-7.
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[0021] FIG 12 presents a plot of the nolecul ar wei ght
distribution (MAD) profile and 20 the short chain

whe@sobiosy di stribution (SCBD) for binodal polper/nyloener2219

polymer BM 4. [0022] FIG 18 presents a plot of the
nol ecul ar wei ght distribution (MAD) profile and the
short chain branching distribution (SCBD) for binodal
pol yet hyl ene polynmer BM5. [0023] FIG 14 presents a

I I i di, st
0047 b, A8 PRRES 2B o BPhmE ok itk V&Rt MY berigm of e
("mﬂ’)ar Welghtﬁomﬁfathypoé p@ymw tearengpssimplesPr@Med] us®y) a chromium-
% Q 15 presents a plot of the nol ecul ar wei ght
lstrlbutlon ( MAD) proflle and the short chain

%mthmm @tsémbu& BfFLI( (roouky) tamdama%bs@& b}Bbﬂtﬁ‘
sents a
I?Bzyé‘ﬁe'%e %"PB%G iy s TRaRPS SR & AReBIoT peo babiyst

u I I

S5 bk Loy BB B £ RO e
|@I’Q§§ ¢anms diyidpd! by 10f1,000dgr tREpdRI ()DlmetthQnes)Olymer fraining/e@mples.
versus PSPl for 30 bi npdal get hyl ene pal yner
19030hi RF- SARsserds BIQIOEO&RSGCB‘I\WP WD(iD b2 Xt 29gdPa using

ReI &R0 4 dER2Rus $heh@@ed PERT Gor vatoug HBFEmYIsnepdhnidr t@ining
t he vvel ghted cross termversus the | ogarithm of the

SATREY ar wei ght for pol yethyl ene pol yner training

e t
IBEBL P 22 Mgen ?‘O'P?"ﬁe&%?“éﬂ  RIRE A Blg
&herzometwpan%m@upsm@sm EBT|!R§IV?@%lﬁprfﬁtéylefaﬂamlmrtra'nlng
tshAplsNg sanpl es produced using a chrom um based
catalyst. [0029] FIG 20 presents a plot of Log PENT
(0032 0BIGS 23 dtesentd a yBRoMeG FENTWRI [Phtsp dt 2.¢ MPaS/etsts FBP2 for

tpogetﬂﬁﬁ”ge Reufi oy SRR oS pr rorf  B
CF@zEE@%&ﬁg I&@wgigswé B I/ﬁ’&,rg%&gsﬁ poRpyEtri C

naI SIS ve sure PENT or various yet hyl ene

|@ew pNe POAMAM Hgining Gaealep PEslucqdppmg|difierent Ca&'ysﬂ SetRIAt s

dicted P h t 2.4 MP
oDl 28 by €piot LR SRS b i Polet faming
pahples hyldecee ysiob yiflerent caalydt egstersanpl es. [ 0032] FIG 23

presents a plot of Log PENT (in hours) at 2.4 MPa
\E@Q3§hs FIesRo pr@ﬁntS aplopef LypetRiN Telinehopts) gt MPaaiersuggreighted tie

TR e o gl pabiglypt o

hours) versus PSP2 for poI yet hyl ene pol yner tral ni ng
sanpl es produced using different catal yst systens.
[0034] FIG 2BEPpAREBMESGRIPTION OF TNERNVENTON PSP2 for

pol yet hyl ene pol ynmer training sanples produced using
d0GIBE Ehe presanaInyentios jssdirepted to@mpOa 51 detr@ininzorapiee sEptysical
%r %é?ﬁlceﬁ’f)rob%egé%lyﬁieps homSlanAthysicdt oMERNY&S SidBerties of

|nter sttlnethetplresent invention include, but are not limited to, PENT, ESCR, SP-NCTL,
NPT, FNCT, NDR, izod impact, dart impact, Charpy impact, puncture resistance, or
Elmendorf tear strength. The PENT value can be determined at different conditions,

such as, for example, 2.4 MPa, 3.0 MPa, or 3.8 MPa.

[0037] The method of the present invention is applicable to all classes of polymers,

although the method is particularly well suited for semi-crystalline polymers. The
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nol ecul e probability for binodal polyethylene polyner
trai ning sanpl es. DETAI LED DESCRI PTI ON OF THE

WO DMBNITI9EN [ 0036] The present invention is di rBCt/Es2000072219

a nmethod of determ ning valués of physical 25 or
chem cal properties of polyners. Exenplary physical or
chem cal properties of interest in the present

i nvention include, but are not I|mted to, PENT, ESCR

EhaPley ik eeertia T porbthop uf B Aol B, part gy kB R,

mmep@yrners ThdcapeNmevaal lUie uodansthe tHatttiee priesard ingention is not I|m|ted
% {hfe%P;%Hs &Br&é%bpgéutlme%%rbn%%ndrﬁh%f thg)ﬁﬁéggrl\t‘??veg%o% |M?Lﬂjes all
@F%@@W?S iRAEfeations, gng e&B'ﬁP'P’@&B? gay ge gicluded wiip e spirit and the

REAILTB? ke, spedfidalon ey ddids IRt fslv.i s particularly wel |
suited for sem -crystalline polyners. The WO

20038] OD%%CMHHWH o2&lActul®, suvhesttheoMVME prbfildend the

. Lofi : _
%ﬁe&éfﬁfﬁ% @oﬁfﬁﬁp%gﬁ |nﬂﬁbn‘% tH r g&](l:t}ég 8&#&?? éﬂ?{nk:ag&&ﬁerrﬂéé of
diredi eplgmeyo I hupran omer]@ppqat@é@ﬁtpr&smtémqnmn the mejieod destiiked herein
thn b&ermasdee laiusdst pﬁi‘sﬁéﬂpbﬁé‘heﬁl%| ;‘)r&%ﬁ eﬂs‘%ff RlsNsanfiiéh Ushat

gresent i nvention includes ternatives

%W' Pee fhsrisPesiig ey sPelpe MVED a@f"ﬁﬁ’vd §QBPnCI"LFHE’H‘er aspect, a

Whettidrin bév@rdaptd with tsdnehtion fbrtist egeired a tdreposite resin density of
eC|f|c nd clains that follow [0038]

%Pefeoeyr'%eﬁ?ees‘gg?mnpq? he pol yner mcrostructure, such as the

I]SMBQPr ohd Mi%e&gmé Bf% pm @h p8 pfyv\fi@@ bggrﬁr}]yca%ns Kh8Wn to one or

i nfl uence resu I Ng ySI Ca or cC
SFbisey skilbg therart. phagn- 'wlwmpfmgn angiytispldechaigae to dptermine
HREMMDESEME of NYdHhdrGNSEC BRGRE! Nheredts @k ubirin i @dbsure, the

det. the val f | heni cal _
WB@%{“'&;@] a?pgly{nggfeyn?pa{ﬁg egmaggi‘; ﬁ@erl g, M@g%?ag?ndt gsgociated
vefghetddtive at exsb MY4ripdieingMabnmndénriseisefutin B@BIM such as M, and

qmother aspect, a mnmethod in accordance with this
invention further requires a conposite resin density

%040? hginfaghy R SEES be asp%mh& cah Qgsr%],.d&h@y ML khdven Bfone

can be provi ans. known to one_ or
6f g’i"h‘érﬂiﬁ Ak hechyi etsﬁeu'%ﬂcmd%« t’r‘ﬂ&%’elﬁoh‘i’?' feA P dsrapRspteredising
amtuamﬂ;hqnbnamh (TREMMuglear hegriet essomaree (NNR), bed SED-FTIR.

Fl)rl;h%aéntl}gi sgd @?I]%% {é’lcdéruie ﬁﬁfs%o lnrﬁ?r aﬁn ov¥ie tt]% number of
shert ﬁraovbra@chean@h@%pﬁépn dlama, S@Ehe) avmrduvvaam the MWD

ansgRci ated weight fraction at each MA including
common terns useful in the art such as MWand M.

[[66249] Ogé E‘ielf@ﬂ ey prohb@b@ﬁlﬁﬁ M\ZVDebr&ﬂ?é ¥itethe S@BDbﬁSa ponmteiq is
V n ans known one
R Ul s Btor i 2R et et u st ol N ioapiato it us

tFetqDEAthuat@n ISegaliNg. 1@!%& 8490 therdisclos wagibf varich( aFRkiEkEYrporated in

rl] i entifet Hl@tréf&reﬁ §nt£ bE@ﬂR%gq rglgtggté) the ][nethods

erently, as use I scl osure, the
,961h§ PEgSertdnveptiasn/p H@ sm@@ qH@mqt)@?f ther polymer training samples and of the

polymer test samples that are required for analysis to determine the MWD profile and the
SCBD. In one aspect of the present invention, less than about 5 grams each of the
respective test or training samples is provided for determination of the MWD profile and
the SCBD. In another aspect, less than about 1 gram is provided for analysis. In a

further aspect, less than about 100 milligrams is provided. Further, another advantage of
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short chai n branches per 1000 carbon atons (SCB s) at
each MV across the MAD profile. 25 [0041] One nethod

wa oo0pioa9sde both the MAD profile and the SCBD PET/EHS2007/072219

pol ymer is SEC- FTIR using ctenonetric anal ysis,
described in U S. Patent No. 6,632,680 and U. S.
Pat ent Application Serial No. 10/463,849, the
di scl osures of whi ch are incorporated in thel r

ret dv e
T Sl snd fS i BinetOn R B B ek Dt
itest sdmaplg g toémppiechtoi coyvepfiortahiestngl aﬁdmrreatsmramantngetmpwmg a
@&rﬂnaﬁe %Jbﬁ ag%EQOFL'MWCJWaHE@W &8 it I?)tds%ffﬁe gﬁé},ghtrmm.on

for ana ysis to det erm ne
drepglue 9 a pResIGas prebemise! RIpRe Ty IcaR] éﬁf’etpmm'n s thagdfyee hours.
timaibtiR ablech tr@r@m ot aphysifal Mtﬁemfc@ﬁﬂ@p“érty‘égn b&8éte@ined in less

raini rov
WD BPE P Bl 855 R AL e guapent car
tbh aateabioed inlesgitizem ane hpoovi ded for analysis. In a
further aspect, less than about 100 mlligrans is
0W] dedmpeaite reséT dengiokhwise gevmécig@ingt! bwane 0G8N0IRYe %

RBid 61534 /<K #ARD art. 1Qnél}h%alﬂé§éﬁ§ %Ués |hE]M(§’é"Bhtoel?e hét litrfted to

gw ck deteéerm nation ﬁ\é em cal g g
giragtive; igdax af gioHsled dﬁ?"%@ﬁ’g& Dt183§oﬁ*\‘ﬁ‘e?ﬂmp<9ﬁ%ﬂ rep! 'i‘ﬁﬁ% 's the
abosityeahd heRmBi ad@ivhae Sacrods angoculdreadightgque such as
SEC-FTIR in conbination with the nmethods of the

Sk ntVhileynethofinare desdiibed al terersaff “@nmphsisg” vatiousrsteps, the
%b%HdQ%n QIE&%Eé%e@%UQ@ JFer o'ﬂk.?ﬁﬁ thé‘v%r%ﬁéstfﬁﬁén three
hours. I'n anot her aspeéect, ue of a physical or
chem cal property can be determ ned in less than two
hours. In yet another aspect, the value of a physical
CRIMARYSTRUCITUREEARAMETER beegRthermined in | ess than
one hour. [0042] Conposite resin density |ikew se can
he04dbt Enerpsnedt ¢f yheaprgsambiamentiem pramidesa methed of deserdiinieg § value
Kk bhysiday ért&ﬁerﬁfcél pr&ﬁ%ﬂg}ﬁ 4Gt RGP RS éé?ﬁdléj% at R4t one

are not limt refractive i ndex or
deleet S?%?@F‘F’J&é}‘ﬁl‘(/l”g)amu'WW@'QEWW'?% MWYE) P\roﬂé ﬁg‘i’ ?37“0”
icRaih Beancileggistrivutioh ($EBD P alhg BAD fofik and BheeSCBO cas6e al |

no] ecul ar. wei ghts. [0043] Wil e nethod escri ped
Rl Pt %@ﬁ%w'i%ﬁa'ﬂl%mvvgﬁgog% 3 eindy Sl B A Stch as
&Ee-allBo The poighattest sgmple icamh bigo bé Yefared'tc eman sXpeofnbntammple
1

e S P e e
n?é%plt?ﬁﬂo“d\“e afé@@t APPIRGNSL t%ﬁ%réple 8PMR'Sghysi cal or
chem cal ro&o rty of at |east one pol yrrer t est sarTgL
the af)"@4dpd @ %ggt " fraigin samplps eRLR iraigng sample having a
rrleq:)tdflaar a\&ElB@hbncda Bridwinbiatue @i the M ctive @hy dieal amdiemical

pog) chai n branching distribution (SCBD). The MAD
% Ve and the SCBD can be 20 determined via any
anal yb) desgrminingratilegalewk eiahtedsrasaderos abredpastivg/mglkeylar weights
g &fd MV\@U&B‘ﬁI@%d tRESCBD! f3r eddheor B af 8REt thé %Blyl%@m%rﬁng

can al so referred to as an experi nent al
samples and the at least one polymer test sample, each weighted cross term being

determined as the multiplication product of:
(1) the respective molecular weight;
(2) the weight fraction at the respective molecular weight; and
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wo e@sHone pol ymer test sanple conprises:

or an unknown sanple. The nethod of determ ning a

val ue of a physical or chem cal property of the at

a) prPOVUSINY072219
at least two polyner trainint sanples, each training
sanple having a 25 MAD profile, a SCBD, and a known

val ue of the respective physical or chem cal

property; b) determining at | east two wei ghted cross

brof 1o artd) PRovebEs S haRintGneq b 9P Pt s e
pol ymer t rappechie melagyidreeighhd t he at | east one pol yner

test E‘ﬂﬂ&ﬁ%ea‘%ﬁ%@%’d%&?%rﬁﬁ@%ﬁs He'l akﬂfﬁ'nﬂ? tﬁ@respechve

det erm ne I cation product
Wé&‘?fé@f poightien eaeh pEihe @HP@%GWO F(%)mqrtﬁré'”W@lS@WP'eﬁ ?%ihie@h'eaSt
@he femeasfieambrse nol ecul ar wei ght ; and WO 2008/ 002969

7/ 072219 11 h
D Ao g sl et s 200 s’® 1 SBRL Tua "
nol ecsa) wrelaemg;tlhe ;respyctpb atelb g eectcdf thesat dhasttdopolyser traning

‘éﬁ%élﬁ? st JQQ/\gtﬂrttlle%Mh/ ath?ftES?é%?Q&lbé/ghyleBf&%Hérﬁ.%al property

east ['ymer trai ni
$8Apl es and the at least 5 one polyner test sanple;

d) def)%bﬁﬁ/lﬂ@ tHa dbhlgla{(ﬁ‘ns(ﬁgfé 'eY@) tAd %@gé&d@ére@@ﬂhe ‘éﬂlééfﬁ oh@
orrel atil n ectLv al eas for

S0V PREE: saeledn UEGEN RO oridiie PFRP AR yipa S Eel Rgpedy ahne a

Bastrietpotyiver kesosamplial ue of t he respecti ve physical or

chem cal property; and 10 f) applying the correlation
of step e) to the respective area of the at |east one

Q@%FEN Itagsﬂwogﬁﬁ@rlaﬁ p()@/n%ﬂrﬁﬁlﬂb Qﬁnﬁl@sear}é %Fd\‘/ﬁiemn ddd6rdance with

Slca or ch enlca roper | east one
;S'&ﬂ PaBeds; f St @%ﬁ?ﬁ 'QVGT'%@P"’J&B SP@B@? C?WSCU'PE? refsrier o as
RONtOIBIMbIER] FHich oy MBPIrBSn@sn 1M B8 debwnMED Geditkadteiea known

Bt g ML ol S bO T PERER it B i spon oo

Spf B8, asHaerttioper ghowe. Eoranrexemplsarmpolyelefirasoralykieo i MAD
Wuggrétésethé'ﬂ)ﬂ/v@ pm%%d tt?%D Inﬁe leﬂ{eﬁ)f Tllleex Qﬂglsttlthelogarlthm

can term ned usl ng t echni que such
QE@B p:ngquulaég/elg@tnws dﬁ{@@ngggg é{-axpdsr thg weigheirstion gt each molecular

RRIGNO 2R tHd rigAny BRI y-dRlsGs thd nunbérts bReH &l‘élntd'ﬂ@(:lw@per 1000

f th
RhGoT 608 B STo e Satas AETTarY B R @ o g 1o both
hizenat lesstevoypolymiestraiging bempied gitthd atdedst ome @lynesaddst sample.

mol ecul ar  weight, and the right hand side y-axis is
1046h uhyeher sRcls padyrberdiaiing sematedise @ kpewn 1@@0Of teareBpgttive

%h&’s!”ﬁgbl 6 =Bmicht %Ggeamﬂui)a@ &l of HdrastaBor ihdthiie! Aligdt b polyfrer 1
cah_ be provided for
training sar%ples can be provided that each have a known value of PENT at 2.4 MPa, the

PENT value having been determined previously using the respective analytical test for
PENT.

[0047] At least two polymer training samples are used in the methods of the present
invention. Alternatively, however, at least three training samples, at least four training
samples, at least five training samples, at least ten training samples, at least fifteen
training samples, or at least twenty training samples, can be used. There is no specific
upper limit on the number of different training samples that can be used with the present

invention. It is beneficial that the training samples resemble the polymer test sample,
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the at |least two polyner training sanples and the at
| east one polyner test sanple. [0046] Further, each

w@eiogoea964 r ai ni ng sanpl e has a known val ue of P¢EUS2007/072219

respective 25 physical or ch®mrcal property that is of
interest. For instance, at |east two polynmer training
sanpl es can be provided that each have a known val ue
of PENT at 2.4 MPa, the PENT val ue havi ng been

det erm,ned prev ng the [esn ective anal t cal

SR Bl lp PRI B Blhe WP sl ERRRRRYY Ee PRFFERemote
dantpisesnaireuiise dFurhet e tragtingoaspiss cahmcpd@sim’mcate Qoredundant
SQMEIQE tOQHcludr%thfugrnﬁb%H df%kyen ?Vé?é(r?d'r in Ak tdsRAB1 MWH rEfile art1d

tralnin 'east four tralning sanples,
IS8 ap Qféh‘? W&P?ﬁt'}‘@mﬁr’éﬁﬁ'l%§he’@?a'IP@:%'FY ?féfﬁe"te?tal ni ng

| east fi f een | nin
TRIB] ©Forsibt oftRS b by biehorrisk Foioh R ORR aET o pipattope
molyspeestfsamplelppighted icivs$ tedms tdnebendetdyminedfusidy tHeaegpattive data

Itf(%r%l Eﬁ%ﬁ@%é)&% |%t ?@1b§\t\)ﬁa§ﬁ%# tgllﬂrglsmeerﬁﬁ Ilcatlon

bene I c1al raining
mEasioplisf @ mairsulspveigkly the eeightiaptpreat tkmezmmmglgegar Welght and

e UHP2P B dhBr 2RA:P braﬂi&e@rﬂ)@r Mﬁ)@tcaﬁbhﬁ‘ afoﬁﬁgﬁ tt%QEﬁfeﬁﬂ/eb?{olecular

ikl 62" PLHIBTFR 2 teSTBRTR et Blna e po ey i ory

Wpaludahlrsgusraumlae@edamn ralated de palypérs 04th enmovedasclighdesst(e g.,

I f I '
%(%anplwg%%t ctu el\ﬁ{ﬁ%e ra?kg;‘%gg geéégéggrrels%%g?o? RF sh8rrt chaﬂn
esneking al\mrphy@lecdar \mlghmeThad: &l thppeysenaeyof bighilavelsoékranching
E_élt L)Q/Qflﬁlﬂegtﬂ’é'r V\‘fe‘?g@l'ﬂs &fes hgtecoﬁlnbbt@@%hlﬁEMy Rﬂhﬁém%d Uu@l‘nﬂe's@@e g.,

'es and |'east one yrer
Pr@Pﬁr[é?F %’P'@)é% PF@FH%P Bi&mL 6@%’@?@%‘ rﬁ”ﬁé*l? 'l!f% fga”ﬂerﬁé"gh short

[CRSIP BRItV Eoret aresérﬂ on eas:mgrsrampmaraﬁeughxermfltrﬁd d/D grofile can
S term

Shtieids sBpT GOl RRPLRT Cud TR SbalMeal e pdr s be
tbhend msthie deone Applicems believewhagthe wemhtbd crdse tarunrbsedefioed above,

%Q [JFes @Hbqfnﬁa& aﬁ]&/ﬂ%sa H&er %%qgn &?&p@?\t 5'5 fﬁ%(ﬁ\% (ﬁ]&@cular weight

respectlve 'ecul & 10 wei ght
fragjopof §he pplyMee not i ntending to be bound by th| s

licants submt that one factor related t
U] InacGoBincR A 08 St ke S E o s et i Blfec
[eeoss teune at @spektivecssle anackighessdilstgane RIWD srofilh @ngh the sSE1BEeare

%ciung(E eEg‘(!% eﬁgh?&)ad S tngﬁQgmt&gveﬁus%egﬁ%ntm lo?t%g {eaSpectlve

ence
srciaselar wgnghtator basieat theut lseeiitng pw@mgﬁt%mwpﬂﬂ@tand the at least

%ﬁé‘bél&xr‘%‘ﬁt@st%b%bf Wﬁ@hrkt .hoétrta@d I.m@oye&l ah %%&h@@@%o&@leﬁh

ro ertles such as PENT, dart i ct,,
&HQP %‘5 aHS??ﬁé"i’o Wﬁ'%‘ﬁd ERe% ierm%?féur‘?ﬂ%P%ﬁtdﬁ e”ef'c'a' to
¢ad ety mmesmts tedihs tab@sdrihg range loe moleaulavedighs toddreh Déurve as

|Im§trm 8 té(; Lig lhl%n%g in ]ac?c%ncfa Ic:?wﬁ r%tr%rr] 'agde%?(?ttthey Qrgsent invention,

tableb@ flvemalgutebyrosmesms taeleag,t tem\p@ghte@qpss toenhd, @lleast Itmnty -five
%%h%'o@&’s@é’rm%rélfie%sl ﬁfymeudﬁ%dct%ésfﬂ@rﬂwsa&%‘{ Rast dn@RLAIES

the i nmpact of having branchi ng content on

t he
Hiegihiad Cﬁ‘iﬂsé?flﬁ‘lsaqa”\%lué% T@Oe 'fSI”SéP?“cbe) U@f’ert'ﬁ?ét %‘dh%/ﬁ‘é?ber of

weighted cross terms that can be used with the present invention. More weighted cross
terms provide a smoother curve as illustrated in FIG. 2.



10

15

20

25

30

[0049] In accordance with one aspect of the present
invention, at |least two weighted cross terns at

w0 empeedsyve nol ecul ar wei ghts al ong t he MAD predi/Ug20arie72219

the SCBD are required. Eacht3weighted cross termis
plotted versus the logarithmof the respective

nol ecul ar weight, for each of the at |east two pol yner
trai ni ng sanples and the at Ieast 25 one poI ymer test

Thi j illu
YRE0L " Eor ohor Bl pral? Mttt Baning s Balk? bodfe hRAR oS
erhmer testrsamply theragepuindecthe respedive eured foc pagh samplehigdetermined.

'F%Pé%a%qee tHel PSS urldF 8 cAGE A58 G} ?%r Et%%@mﬁfag’%k%%éﬁé

ts to forma curve as | ustrat
FEiFEBING. i S EPRAIRISCREEaR RO EEs TOREHBC thofat {oet two polymer

%mﬁ@rstamb@u ard théMeorrefited mﬁhe fdsM&:tM@l/é]L'iH ﬁcﬂhé:ms@al or chemical

ey o rorsTioscst et P Bt D Pa rebaR 10 Bliop 7B breg uncer
weclyhireds divaisg by ¢0BQ0 tocalatlate @asarycrecthierpcrantbtevdl (FSEEX

FOSSiILSTEE o SANARE b SBecrT I S 5 BRABRGLELS, (AR Eace,
FRa ety &P Ry B

5@9 ngla a\?\l?l”fﬁ’”?ﬁ’) éerswee%ﬁ’ﬂ fOT mpe&wme\ary q%e%of\/p@lygﬁflregolymers

q1h@$§sult§ iﬁ&lE@te E}fa@thleﬁﬁs g Ilﬁé'ﬁP@élil;%BsSrgO%é;:}ﬁeéhsthb hdgHithiadr 81

P 1
Eﬁpe%e“H”tSfesﬁ%’ t%% é’g'gfﬁ"tg WST B&i 'W?é?te%) P%a% %F?@CE 8‘&%?’159 the
aiyth nidieculr weighisitactsreof tiiodopoigimet. est sanpl e, the area
under the respective curve for each sanple is
deasd} nBrephlyindFa corestadinpl sech ahidusinated iuhide B, totiee respogtve atea
Fih&r the Ve it ﬁ@@?’ér@%lﬁ%@sb’é&?ﬁplé the \%ﬁfe%ﬁ {Herbﬁ%?sucaTBre

respective areas under the curve for each
cBgfaicalipiRpepy Plifterestiof hajahleay) 0aarplyaer tﬁ?téa’lnﬂ'ér?a” be determ'”ed-
qulsmedtiedaasl furhhlidsheted @spe@iplede-vmbirsliodf. t he physi cal
or chem cal property or properties of interest. In
do052h s peatherahpednef the peeertt invant@ntpraties bmeetlaodes detedeining a

r
SRPRer Py Sy e ) R 48 OB AR bl TRl oo
©B¢ pelyaen test samplg hgpee pMotecplal weight] a weigktf@eiienat the reSPeCt'Ve

grgdg%@][at’ Yeighthaddd ﬁurﬁb"b‘i 8f shokQ@gaif’ EfH-ﬁcl?és p%lr @M@}tow Blomd 3t the
or two exe series o ol efin
RPoTHIOMARIPEC VPR JaFe Aol sPh by Yterpneaiam § VWS profe
raed atSOBmDs pnyerialyeen teich@quedgatvn tdoneadt otdivearypskillie teyaripbuch

PSSP G B oA 0L L BB B o

ar "wWei g

e atirastajsaloymer tes] OB CCB}P”a?ﬂpI ying a correlation,

such as illustrated in FIG 3, to the respective area

under 2t RVIGING dideast twq@lygterrr@g@g S%’ﬁ%‘%&la ginipgggmple having a

SGRURr wblbﬁt aa/blgat ffa‘ch(?rhﬁ tnidwmspemlbe rﬁbledtﬁar@%@jﬂilt, @alumber of short
t for t at ast _one pol. r test

BB B st Mg B 18frs o FsoR DR g e R Hifcind SHolown

ivhlue st tharesdedtime Ebwmpl @shdmialtpnertertf,ol | ow. [ 0052]

Anot hey 4 AsRG Ty PlveibhEd %§§1%FHA al tﬂ%( ?éébévﬁﬂe H{o%\éblgﬁﬁel&t for each

met hod of determning a value o si cal

OhBRiat 'gPStrQ PRy tifning samples ang Hie %&ﬁaﬁtrﬁé‘le ppb,@pr eargsmele.

teBen Réighte@Eross AR bEIRY MEBImitaSds tBamDItiglicaRoH JRedwRt of:

nol ecul ar \Qiss{hg respeghve mogecula”vg&t]tl on at the respective

(2) the weight fraction at the respective molecular weight; and
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20 nol ecul ar wei ght, and a nunber of short chain
branches per 1000 carton atons at the respective

woriosoeddes wei ght. These paraneters can be detReTUs®d7/072219

froma MAD profile and a SCBD via any anal yti cal
techni que known to one of ordinary skill in the art,
such as SEC-FTIR This nethod of determ ning a val ue
of a physical or chemcal property of the at | east

oast o gors R SR ofrE G Rles S Bho B fiy¥atthe

sanpl e haviesgechve molpedariverghtvei ght, a wei ght fractl on
at th ebéoﬁé Bﬁﬁgt th¥ ?esHBét% H/bghtelﬁ’%fo%‘ lerméforﬂ Bgfﬂﬁif R at 13Qf tho

chai n ‘branc rton atons respective
ﬁelywuwr%rﬂ'nm@m%s '” éﬁ’ﬁ béWR%W”O‘M’hY%'@ ‘?.Tfthq ’ﬁépqcé‘sedé‘dﬁ'w er
th,ﬁ.bgqﬂro@ﬁy -cdpgm cal  pr opert y; b) determning a

wei ght ed r ectl uI ar

For ScEApoRsg R SFiaidh of e W7 B8 Notgh{prtross S g ot #35t one

palypkesstaachptete daterniratie velne optbk yohmlcat eshem@aiyraperty of the at
Eggﬁ, term bei ng determ ned as the

?%g{]o%ﬁog}me?%n%p duct of : (1) the respective

m)I ecul ar weight; (2) the weight fraction at the

gﬁ'ﬂéé(/) %dgglg%%hag a %@ Igjﬁblnt SR &Q?Sﬁ@ﬁgfﬂ@@lllustrated in
er o S
k')szét 1hé In this mféﬁg TH? %%Wz"gli’tssrﬁroﬁf tefrpata i Bé]f)ch‘s}'ér weight is

nieleetineédfor eaihglfithe at Jeastawo eoblghemtciditesanedqsentitheeat least one

g@'y% [ 64 GHBRS %%ﬂﬂ&h{o"é fu%%ﬂ u%ﬁratfgp %%%%?]A]@g%tthaﬁ Wows.

nmer trarning sa

\[@dS‘AF ms éplagre'ﬁ@fﬁf?@ﬂd ‘é?hé?mﬁsdll%lym%ﬂypés I%N@rtﬂecs%lme correlatlon
property; and e correlation of ste

tbSt"‘teﬁ@”Wé%héﬂ?%ar‘E}GBE@YPréP?ﬁYﬁ‘dtt'i‘?eW%htP‘é%fng t§eor SP For
m&ahﬁ@ reat:l@fatml;s an;vﬂwemﬁ réb@iseirdtubed \B/Eﬁdlﬁabm%a@fysﬁ dy€tems (such
t he at

f .
RS ET oy LaoRlRRlF dne s oREh itk & ik G Slnpao R mEiREn gr vt
silﬁegalnéprpquhbn detessas (sath anslofy, sdletiomegdsqrhase, lang thedike dr
cemb.ﬁgt&ﬁs u{lere%f) rhgy ﬁapb $ dmm@ganb%néﬁ AHE oVs Ligbieh era&&fsﬁip

termat a sing ecul ar_wei determ ne
B heothypipgl Oéﬁhel”é%?éPrOPQ\VéV Cﬁdlt‘ifﬁiir traini ng sanpl es and

| east, one ner test sa This nethod is
i0HBshe i 4er e et St W ERseGl & 15 WRet P B0 CrepgrsiT
Intethosl cap pauest tofdetemiké Gvalde bhaphyfsmal calcherpodal;pmerty yiee goast

ryel .
SR olfr SRTEPR! 8 ofibo Bnc Bt UES BhaE BT B opie anc
R¥CBR. nBtl%'mé@Od eeremiisteimi |y of polyolefin resins
produced with different catal yst systens (such as
chr onPLRFPVIZiNGa leqst NerROYMeRERIZING SRIBAES: S3AHIAIRRT FarRRle hgying a
QWD iphaditd, @135 BON efic® knovwdrvawieton thededpleetive phy fidadeishemal
prOCﬁsses (such as slurry, solution, gas phase, and
PFE°Y'ke, or conbinations ther eof ) may have a
di f f ebkdetermalingat &eisigwo awighted oprss derahis faf spettive molecular weights
raﬁJnattHeQ\WW ﬂ?ofile and the SCBD, for each of the at least two polymer training
samples and the at least one polymer test sample, each weighted cross term being
determined as the multiplication product of:
(1) the respective molecular weight;

(2) the weight fraction at the respective molecular weight; and
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[ 0055] In accordance with a further aspect of the

wWEe@smemoed nventi on, a chenonetric nethod can PET/US®A7/072219

to determ ne a value of a physical or chem cal
property of at |east one polyner test sanple, the at
| east one polymer test sanple having a MAD profile and
a SCBD. This nmethod conprises: 25 a) providing at

|
samt e R TP E S S
Propegfy, ch@nomgﬂrlg AR A geﬂfngl aﬁrﬂéﬁm%%av\ﬂa%%ﬁg b%[vx%%ﬁ the

terms at respective no ar wei ght g
pRHEs Pidheaiegradhes usenl of ghendigd Rroperty #sl the weighise cto\ﬁbterms for

Raby skfe étﬂéﬁsﬂlvd%%o%eSﬂﬁﬁh@ﬁarﬁ@éls tah@ at | east one

ot or Tl et a4 REPRoREREFIRUGT G SBALE M FEPRye Prged

rcesp erns vistepb)dothant lewst ging polynar tesh same (phdetdrmiretthevalue of

S BB PR BP0 Bl B 03 Q0700

branches per 1000 carbon atons at the respective

858§ UrRE cheEdhBidtric rﬁ%th@cy c&f&'&@@%bﬁth@%@leﬁ&'tﬁo p@‘%érﬁfaﬂﬁhg
rel atl ons

t he
Pé@B'@%?%é‘eﬁh{%ﬁté’ﬁF p?ﬁ'Ym%rH‘é%SE’HP'eﬁf%‘ﬁf@?ﬁrﬁd ‘a\ﬂ’bg ‘Ear‘i%ySt SyStemS
Wt gietteel samessare gifferent tlor eXangses thioiethbe cart bd @sad fortdvilarent

%FJP K&Ec{f PBI&&HH r%gﬁc' @%‘ﬁ %Itci Bwtgggfe?e)nt (%Q@y%{ S}@%rﬁgﬁgcshpaesc hromlum,
vesiglpiriNetia, nestalloseneg prrsthe fikes pegoni)nations thereofapr W'é‘a@ﬁfer@fﬁe
RRINBRA pr&ebseadéh @s kRrfabrEien, 38s E)lli'b%evé'ﬂdL!ﬁe e, otddFbinations

phy3| cal or chemcal property of the at the |east one
r test sanple. 10 [0056] This chenonetric nethod

T8har o RRRamERE Sat e ks AR Do ED Y Belen i 2 heg anc
b2 faatend Apslicattpncierial Yo t1 04§38 B4hsn thehaeseat ievarntien, shenoretric
%ﬁ?lyﬂé %{n%%bd td &rﬂnﬁ X3l atlE ré?tﬁfgm&getﬁlééh ol vé‘lguce éhe

erent famlies o In resins
VPSPRCIYP PHEiGeher hahish &,{g@p%%ta@ e(%ﬁeda%fo%q‘t?@m farrgach of the

4t REStANO PByrhér traifigadalrReN At ledstawd PSlyrhékRinif samples are used in
Eonbl nat I er ent

et ML oy Ayl ioRe et k3RS Wiy

tsheples, kat Jeastrfow dnaipingssamples, atﬂdaerfe/eﬂr)almr{g&éﬁlii!les at least ten training

N e
1ePd) 6Ehegi9 no speaifliseiPperdigtton theyyapher @wlﬁ%ﬁéﬁr@mrs@@ples that

2BAby §ée% i€ 8 RPestSethehrosdrfihvaftich. MM @BRbEAL method is further

r.el at nshl n fhe values of the
|IIustrate by Exdpmpl?es 4-5 t%at follow.

PRIMARY STRUCTURE PARAMETER 2 (PSP2)

[0058] In another aspect, the present invention provides a method of determining a
value of a physical or chemical property of at least one polymer test sample, the at least
one polymer test sample having a composite density, a MWD profile, and a SCBD. The
composite density can be determined via any analytical technique known to one of
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20 respective physical or chem cal properties and the
wei ghted cross terns for each of the at |east two

wp@odogiea96d r ai ni ng sanples. At | east two pol ynePCT/US2007/072219

training sanples are used inl6this aspect of the
present invention. Alternatively, however, at |east
three training sanples, at least four training

sanpl es, at |east fi ve training sanples, at |east ten

traini a atf tee Ies
ShMD P PRRLA peflonef Aftyes ah FELob ol ahiah TR or o
Phei@l orschamicseepdiiy of tmp;aeteas;tuone polgmertt thet samlm@@pmoﬂses
different training sanples that can be used in this
aspecf) ievidingatpass Mot PAVEE HRINHA SaMTPIPS egpfeli@piag parpple having a
%EltnP&ﬂe lagndityr 4 IVW rofilb USE ¢ b &fhd RKnEX R UL EST the Rspdtate

ﬁ ?%/ PRI k/Agg RUCTURE PARAVETER 2 (PSP2) 30 [ 0058]
PAYSIGROPHEP ML IERRe™Y he present invention provides a
nmet hotl) defterch@tirey atilgaisnigyo aensita tarms af reapgakiyesinolatulariweights along

j 0 ..
NN ol BRERE LBl B p T e M BB IE kSRl RS s
@ofPesit teastdwaPobper lgsthaampsr 6#dh| densityriermebeBIBtermifed using the
%QME&%tdénéﬁ?ﬁﬁé WV@%fll@%rﬁlﬁﬁ@S@Bﬂed via any anal yti cal
techni que known to one of WD 2008/ 002969
PCT/ USXSEI M 821 §SPoLlV e PRineaiPPPERIUG e Spghedeqpify tergyin step
ment i oned above. The nmethod of determ ning a val ue of
SOI gnéfdegee}m%m@ a re?pec?v n%rfgbegdg?rf%ytjeorgwlgcu?e @hnéatgﬁ% Qgegl h
trmbt!np@qarymatumenrastﬁp Ay sanpl es, each training sanple
havi ng &ter&Wr‘e&ﬁecﬂWé@Med fle MYIBCRE Brfobjatﬁllty %amghted tie
and a novvn val ue of

respective 5 ysical or
AsReArORsPEydetng determined @Wﬁm%@"%om @rsgvctpfm density

terns at r@spmpealignefratiibesith@resp&dtighingleablangsight;@d MAD
profile an

h f h, of at | :
ol yrer ¢ 1) i Rroemseide ri el e Bk tRpsrgie
test sanplmoleadariwedgphsi ty term bei ng determ ned using
t he egmma'efa@n \Q&Bﬁtbé ¥e mbREWMVIBLA .I% bér@us tAE) %g%hﬁm%ﬂﬁ@

10 c) 'determ ni ng respective ne enperature
fr ?@ﬁ?tya@w'%ﬁswwhttf@rwh af 8¢ éfdea%jwo Y”ﬁPél”é'l”WQ §pmglegand the

rae@ggt@hway@éabgkgbhbby for t| e nol ecul e formati on from

each erature i etermning a
Feapeel TRmidiaft BRI fo dedi£ogt GBah sByT each
wei ghteebrielaéng thé respbaive beap fapleaddi dfittieyatbesishigrogetyeneniraiaidg

§m |'a§ A{é)ﬁhe(f@et Rn%Q/nQ/EIHQUPtB gel;s &l% aﬁﬁﬁ:ﬁf’@'cg%lc? é))roperty

thon respective no
@h@ probability for tie nolecule fornatlon in step d)

at theg ab@ﬁﬁ@ﬁk'c‘é@elaﬁ&'cﬁ§l@hﬂgto\’tﬁ‘é @8pectife ar@é @\t thé BQe@éﬁ@he
|%htedt|ermecue ro Lity verrc, arithm
ly ﬁbtest sample to determine the value of the physical or chemlcal pr perty of the at

least one polymer test sample.

[0059] While not intending to be bound by this theory, Applicants believe that having
more branching on the longer chains—the higher molecular weight fraction—forces
these chains into the amorphous region of the polymer and thus increases the probability
that they will act as tie molecules, holding the semi-crystalline polymer matrix together.
These tie molecules can contribute significantly to improved toughness properties (e.g.,
tear, impact, puncture, or stress crack resistance) of polymers. In this aspect of the
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20 respective nol ecul ar wei ght for each of the at
| east two polyner training sanples and the at |east

wop@spadyner test sanple; g) determ ning the rESpES100VET2219

area under each curve in stepy f); h) correlating the

respective areas for each of the at |east two pol yner

training sanples in step g) wth the known val ue of

t he respectlve physi cal or chem cal property; 25 and
I8 he correl ati o

lssBRlF B, oG ¥ Bl Pedeq BRR Msshinlhs e o -

paygitabort ahedd@arapeanty of A eolymentestsbmplreisiphyis moicule probabilities.

chenmical property of the at |east one polyner test

420691 eThigrefhod 9othe prfispet "H@ﬂt'qf\ﬁ'@qwsﬁg'eﬁ@ te difeigRiPabyner

ttrlalnﬁ]gtsﬁﬁ@fe}é EQ@PAdIﬁTﬂiﬂErﬁth'sb@Ml@ hb@éﬁ(nmwzdﬂrﬂ)osﬁ@de@lsny a

Ko g Rty aBfle e dRRRS SCBHoS Telrdipre ity gt Rarmbosts bonsit

Finz () b@bmesmmagnamsm O 1238 pothilg ey MaMoprofieland the ISEBDemntbhe

%%{%ﬁﬁlﬁ%é Hl]%g Ssée@%ﬁ-l(ﬁ’ Iﬂ)‘?‘)éx%ﬂdrlfglé Ié‘&rte\nae§er¥1blﬁg |y8fétl'rll g(g)'oh/mer FIG.
THéaskates @eMN@mf&ar@athﬁ cohb |0f 'd?etcep@yrmﬂ ﬁrm@rwl data a8

iR AYER HiQ VOt réVi &B%rtﬂoﬁhsthé 8t |8ast tﬁ&p&l}%"ér ’trainmla%‘é?‘hples
puncture or stress crack reS|Stance 8@y¥ners

In
@A e tf’ééttO”Sfpoiyﬁ‘ér 89 SPMwiS (?G'Q‘@‘ﬁgeﬁfﬁ‘?P'L@Q i3y 53mie has a
kﬁom es@ndf tmme;rdctnmphytsuh& oabmarrartobm/ that igofrietetestd For

SYV%ng Q%agtrtv% Inr%ert tpa?nlr\é%?a%erpee%fcta |de§ ﬁwat Qach haye a known

en1ca rope sanp e using ti
WB'U@QUH’@\IBW(%‘&MPBI the EENT vpme@a\]mgﬂbﬂef,l deterhioed pfeviphsly usmg the

[l ahBYRAfbQRorENOys at |east two different
pol'ymer training sanples. Each polyner training

Sfm‘ﬂfi] leAhléést @v&mr(ﬁr@mﬂ?@%lam@leé aRsdskY in the ekidaywbf tIW\Eesent
roril e

t.ed

iRt ASREnE e ahlges dved faiite STl anisy cpp Gaining
whinples,tdh Eadtife praioing semplasl a ieest&“o@Bmmag]samolesj at leagtiftesn

T . n
Lﬂr§|| g% Sgﬁ;fn <E Cdépo Esqrtwé?fﬁ?% iffg ifrﬁ’;fl?sﬁg%rfgeﬁggs%awermno specific
plp@?ruhmé on e MRDSSCReseNt fhging SpOPpathat canrhepisee with thetnsesent
c"{Fﬁmntﬁdn' wsd B@Ieﬁéialltlﬁlat E{et@ralrﬂngcs%%pﬁé% r@fé?ﬁﬂléjtﬂél pBI?r‘herb(@EtQaFnB@

r trajning sanpl es

P BTk e oD et Biot Y amD Ba Pt B o e RO BR Bt sample.
thugthisiisgpt sejupece  Fuaibiea thekraniny saadples caf inclide dgsipate b ie€undant
igg%ﬁleg%l m&uc{ectﬁg mspt%g{of%h?el?ﬂ{e%él 51? ‘in hg te%ts fbp(],;ol‘?‘r{é)%ﬂe den gl é’

ance raini

M\/lepdélte anhPCRRA N IPhthe rqsmemymhywl grech@mlcpmmp%w OQIntBrest
he PENT val ue havi ng? been det erm ned previously

lﬁ%qﬁﬁb Fereeach gife at Ipaat wonRaMer fgining ampiey AndiaRrpt legsy one

[0 mdE teditsalr@rS bt IEavd tviadeyiBB tetnisat RdsPECtH @ ModleBlaai€igits 8dng
t resent

A MR R0 R S SR herSHaPb e iosis fangiy: the MWD

vanfie, esd thaiSCBGadt ofdeuto deteaning Hy at Santiivesiensity tdreast

rélé(t%n&ﬁuﬁ‘b?}m??negﬁm%mé\éedla@%bhiﬁ%tiﬁz@&' ning sanpl es,

| east
[0063] The composite density of a polymer can depend on, among other things, the

MWD profile and the SCBD of the polymer. In one aspect of the present invention, each
density term is determined using an empirical correlation between composite density and
molecular weight. For certain homopolymers such as, for example, high density

polyethylene, the composite density decreases as the molecular weight increases.
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trai ning sanples, or at |east twenty training sanples,
can be used. There is no specific wupper limt on the

woenosee29ed di fferent training sanples that canP@EUS®ET072219

with the present 20 inventiot8 It is beneficial that
the training sanples resenble the polynmer test sanple,
and that the range covered by the training sanples
enconpass the polyner test sanple, but this is not

S o raob R s roriS | RET R R  phf i
offsclosgrbin iondatsadt aé fir B@LYMEIR e (2es).s7 17 brancomp@si ¢ogelation
(ﬂ)@{\)\%'eﬁ X?mpd\ﬁ@dé’ﬁsﬂ{/ bh&mol@&qar?% &gk &fteanl'h%gr ¢ Ql%tisf@tes a

ysi ca hem cal property I nt er est 0062
FP!S’F oRaIROge d(eﬁéltya’terquéﬁset'OQ%B‘”b@ItW?'Q*Btraé{PWBﬁ FOLEHBT waight
%}%ntelﬁ@m@bry”\@ﬁfébol@rﬁ@r higl birsry pw&ﬁy@@nmy%pp@hg trﬁealﬁ]tear

t
PR e lreeh P Mot oR™IR G Iné ToaBRey avlest Bt PR o the
esemglary VD ergitesilliserateed s Gy 1, dehsityNihs gpreshedtiee maledulathe

%%Qts da bgr(jggpmlhgd determ ne the at |east two density
ns, a relationship between density and nol ecul ar

Pt Fbrscoﬁ&yrhéré Wi’th sﬁ’&t &&mlmcﬁe@omlng evhﬂ;ﬁ '&§h tuythaf

&f ner can % on, armng ’b(%

SHeRTPEselensily- ¢ AT E%tfaé‘rbetﬁ%“%’ P;}}?BCP"G'PPP 51%§peTé‘F dS'FS'tY
térmsrmbes&eimtom m@embrmde@aaﬁed od e regpetdlerwdight fraction to
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deing talytealdecimiceesiuwh agdiMihior SFHIR. det thereixereplaryEbg&lynder in
'F'I('; Ulsweaatv@r% @nwﬁbé’rtof §EB%%%9§lh%%vt%r%rb%Mﬁér }éea{béb‘lﬁté h'Pnus on

ogarlt mo e wel t-average nol ecul ar wei
average s %'tm%ﬁfcﬂay*hﬁ\olecw?rgwﬁe ol fgithiy opp@nasy PRHOé’ﬁ‘@r
BEcragdds \abbg 0Ldvl4Sy/rhil (DEEU6 divdid g 18 o @a@ﬁéﬁ&ﬂ%ﬁa.ﬁ BFEAGIS h&r&1 000

d t the | ithm of | |
SRERDPP oGP 8® PHTGE ARt e . 13 crehshpy ohain
tbeanics smtprafssespmnsﬂwmmw @alllexels ohveCHkiasd ataall ri]x&ecular welghts

6 t i 0.
R g T W R
derTBp{3p,ing ovesiepies 1o WBAO TIN5 st denely correlaton of FIG

Q%rfc%s@ﬁh@@h&ﬁopayﬁer 4¢., B endiedainttranchss. n‘ﬁwed&ﬁér\rﬁéju:fers‘?ﬁ@
dded based on their respective

r
fCP%\%“tt'P’E)%’Cfobgasé’gtoi”ﬁ% agaRIceMPSite §e gi"t‘&‘?dgégﬁrﬂvﬁﬁ’gﬁo
shobér of 8BS ibtrersitBisto de@rmipk abpditg termaasions thg MWD profile for the

%?;ﬁgﬁ}lﬂ%ﬁ E:ro‘M H&; ? z? 9@8&15‘ ger}%ﬁ né% %t é)afch ?gsggétp{g 1\/3/5 %%n be

“the ca nsity assdning
ldetermained can be about 0.957 g/nL, a dlfference of 15

about 0.006 g/mL. A correction factor based on this
é@%ﬁbe n qﬁchrﬁ@c‘@dﬁtﬁ@gg egregkeidhea ;g;esent invention, at least two denS|ty

terms at respective molecular weights along the MWD profile and the SCBD are
required. Although at least density two terms are required, it is beneficial to have many
more density terms across the range of molecular weights to form the curves and

correlations illustrated in FIG. 5. Hence, in accordance with another aspect of the



10

15

20

25

30

di vided by the average nunber of SCB's in the SCBD can
then be applied to determ ne each density termfor a

w@oslyaye? The average nunber of SCB' s can be PCT/US2007/072219

determ ned using anal ytical1g echni ques such as NWVR or
SEC- FTIR For the exenplary copolyner in FIG 1, the
aver age nunber of SCB's across the whole polyner is
about 1.5. Thus on 20 average, the denS|ty term at

h h al
GRS P TRl 3 1p 5 i erg Rlie! o SUBAT R R R a5 ey
dige tersipterme Iaaieastkﬂfmd@hltpwma,met Iemmamlnurata@lmen&%erms can
Db TRLd. CTHeYe .s%B'sﬁec%E%gH&%mut%nttﬁ@h{Qﬁbe? gide?@.w €fls th%tl},%h be

each hort chai n suppresses density equall

&ped W@\/@P gregentgrypntiong Mpre fengity tepps ernraridee Mg re %Ccurate
R6iE%iSN tdarr MWDa RoRS ddcErateddbslyREQERSIS dubvel dslilstratad RAFIGNs.
FIG 5 for the MWD profile of FIG 25 1. The top line
(GOCH6] aylre&@etthe Dy penaddrdtarei can Fe@.beDleteseined fi@m decrsdengity
(fé;}Fnr u8ﬁ‘ mgIhog ‘sc[:he HsAé' of%Q%m%ﬁ%éﬁ%ﬁ?lgt%m%g)ve%éqﬁ]eeltin'g' e

hor t chain branc
émneé@twecmdﬁa@%ltm rsuga g thabilustraied ihlfeg  farm R@b’ﬁﬁﬂ@j@m polymer.

dﬁ@%bﬁayn misvdlcﬂ‘?sdfrd?b/Pgt@?et%VWﬁg\PPLWVS@f60$%§ 714@ m.heﬂaena

feéf” WHePO%p%ﬁ'yﬁé\PT BFP9h¥?°-"iE& P%YS'QSCA&;{GP%E}G?’aeE%q 'f'gﬁng ot
ta€lirm). POLYas 0. IRRIERIROL MER PEVISIOS, 2@(1@90)e2mn7nembr curve fitting
008Rl. LoRES Y HRNG R Hioh byaNGASRERLN BY b MRaRERRE Bing Fic.
rnven IOH, ? ensi ? g

Poh egsaedive mltlghtes;nmmwg cammbe wywma@lffrdnee@h dietmte t@m&ba
%s%ectfv@%lé'cﬁgr w@»gl‘itfb%l-bgb tt%tM\}VQEb%flléj&rﬁGté’ two terns are

required, 1t Is beneficial have many nore density
t[wems ﬁhczfn@%spédﬂerth@p@eer@invamloaCftdnaéadrﬁh@mg&gmerémrem

r at FI G . 5.
BRG] § PesBRav BB RO oh b hBRAup Bty ' foniiogiyiones
268Ni0Dg 9B @atPCEARISREOVND T2 21y3tallibe Igpredis Eritknessves andihe
%%oh@%ﬁé la n![\r\fﬁclgﬁgss t uanSftﬁEBmelgrqgh ?értatutreem F‘?@rhsérfdythe Gibbs-

east terns
flinpmpsateqgatiop, Wit re@*ly ownda gpe @rrfédln@m akibtn teprsi The
toBJTeBTE/e i€ solB® t&&&&m.m%raﬂd LS rﬁ@er&@@&ba‘m.ﬁe MRH_%rat badn t

??é’eﬁf"@w S'rCﬁb@éﬁP‘?’lﬁﬁa' %?%Sta%%@qﬁ}h% @F‘%“’EH\‘?F%F'SW”%‘ fora

die moiezule@cwheraih ¢heSieansle@itt dpans fhachorphansdlagerrabpd @pans two

ARG BRI ORIR DAY REFoR Sy he bSLIGN BRI,
KIS 24iétcimeRmee romas admctiensi depsiyiies repscongl sl it

%m@@k st ha%oH&beiﬁ t@\.t&aﬂgrerfrcfnabatsp& rafsl I\?i'ide@fb el WaRMuang
rat ure such

as

ief f"/u§9%5td§6‘a fiqp gtfhe, m%’ef %Pre%'cfw %PﬁQP%F?efa%h%P FP@rrePO“PHe
dalues ae at Anwlgaliat weightfeqoantddl,.el et al. in J. APPL.

PCLY. SCI, 60 (1996), 749; Mrabella 10 et al. in J.

Pa168] Sate 2L.PARBVBbedrCleVivEER ePIldYSIoTSespé Clive 200 2he p@Bability for
%Q%o@éﬁ@gorﬁtatlor%an HerBetjermPQd-?%bb%;’ated aF> /N:Q; FBM) E\%X&ﬁ&peawe
PHYSI CS, 28 (1990), 2007. For curve ur poses,
AW P mis e P é%‘HﬁFWa golepulg pilkgpan a\ﬁéféanﬁgﬁfeéli?é aB)?'—ﬂHeat that
AppktiaMe. HUsige afliks). MATERIAL SCI., 23 (1988), 3648, described a

method to calculate the probability of a molecule with a particular molecular weight (M,,)

to form a tie molecule by traversing a distance 2L.+L,, using the following equation:
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6, a respective nelting tenperature can be determ ned
fromeach density termat a respective nol ecul ar

waowriogho29exr oss the MAD profile of FIG 5. 15 [POBV$200T072219

one aspect of the present inention, fromeach nelting
tenperature is determ ned a respective probability
for tie nolecule formati on. One techni que involves
determi ning, at each respective MN the crystalline

| amel I a thickness (La) and the anorphous |ayer
thickness (La) using the nelting tenperature in FIG 6
and t he Cibbs Ih son equation, which is readily
known { ﬁép%;’ 9@?nary skill in the art. The 20
obJE@$+#e—+s—ﬂe+—se¥ely to determne L, and La, rather
to detdr ntn fb% at each respectlve MAN 2Lc+La is
gener al rst 60 to be the m ni mum nol ecul e | ength
for a fie nol ecul e, wherein the tie nol ecul e spans

t he anorphoys | ayer and spans two crystalline

| armkldear’ FHG afd | #lugdarat.es that the nethod of the
present in¥ention to deternine 2Lc+La (neasured in
nm as a function of density fits reasonably well wth
25 Wﬁ?%ﬁ@glsélf‘w?h%ﬁ@é flepBe edsy in the literature from

Pat el abella et al., and Huang et al. Sone
devi at} %ﬁ%@“ﬁlﬁgm atl‘§1pred|ct|on can be due to fact
tlca tan
thli % e values are at a nol ecul ar wei ght
quaL u;ﬁ% nce 2Lc+La have been determn ned
at ﬁae u{ SGELYG i 1t1&‘§ ALty for tie
mol,ec ﬁﬁagmﬁﬁyAéﬂh4¥yb ernlned (abbreviated as P

or /BT linkAbne@ach 15"3%&%%ly¥tﬁyler§%0 MN PTMis the
probability that a nolecule will span a distance

greater than 2Lc+La at that respective MN Huang et

i‘lt)e%’?l) dg?r‘%a%swgt d/Nrc?Srﬁuter b%g c{)r%?tﬁ?czs cag%é uSecPt%sd% errg?‘ugt

al CU at e
aalpept P euParat ﬁ@cthe*esneahvevbéwgwm wwespecttue fretting éenmeeature

|
PRSI e B M

She Iltqlatgreeﬁlbc@ a&ﬂyf}a&ql etjal. pome Il@lt@gng?fzhlém hogéqrzi)egﬁrmm@g Pm
kén Wﬁl@ﬁ@thfbfZPm alovadioy@nat réflond tRy actdal Ze- mﬂ‘fuléyzﬁi%ﬁn&atwa(w&ml-
the fo i ani nas: 15 = Probab
CPRBURE P e it RERT o <nepg'e np may SPR ab ot pBlpt ap wel.
Moreover, only static tie molecule levels are accounted for in these calculations and do
not include new tie chains (dynamic) that can form due to lamellar sliding as a result of

deformation.

[0070] For each of the at least two polymer training samples and the at least one
polymer test sample, weighted tie molecule probabilities can be determined using the
respective data for each sample. A weighted tie molecule probability is the multiplication
product of a weight fraction at a respective molecular weight and Py, the probability for
tie molecule formation, at the respective molecular weight (i.e., dW/d(Log M) * Pqy).

[0071] In accordance with one aspect of the present invention, at least two weighted tie
molecule probabilities at respective molecular weights along the MWD profile and the
SCBD are required. Each weighted tie molecule probability is plotted versus the
logarithm of the respective molecular weight, for each of the at least two polymer training
samples and the at least one polymer test sample. This is illustrated in FIG. 8 for two
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L, = Lanella thickness La = Anorphous |ayer thickness
D = Chain extension factor in nelt = 6.8 for

w@oiogeodeyd ene 20 n = Nunmber of |inks = MN 14 POF/US2007/072219

pol yethylene I = The link I e2igth = 0.153 nm for
pol yet hyl ene. [0069] Spreadsheet and/or conputer based
nmet hods can be used to determ ne the 25 value of P or
PTM at each respect ive MWfromthe respective nelting
u u at
SRR R DofER. Ao R BeSp HeH BulE e,
mhcéoabliltte@ram ereireds it stbeasficisy tofeve magy mate pr&zatiity terms across the
tﬁ%%@ﬁa%%ﬁé thﬂqur(/erluQPatt |mFr@- 39 FP-II;% nP ordance
ude t hat al one does not re ect the act
t"‘f't@-aﬁ%th%rceli"P%Ct ebihe erfeetinveRtiannatdedst ﬁved’lf%}@‘tt% LE ’ﬁ@ecu'e

@Qib‘ﬁﬁ'ﬁtie% 4tilecRt teh QRRHtekIti fﬂhc%thféﬁ%lﬁmﬁmssatﬂ@éét &RNYEIVaS

g@fﬁ?q n?oig}:éj er %ag%\g%scéu?ﬁsgaljtvb V&?Ia’l J l’fehrgglst\,/ules })r%E)abllltles %r at

demistaredtundied waighited die muddculerprdbatiditiasevan hecusethail mese is no specific

@gé&ﬁ‘i{ﬂlto tﬁé“rﬂﬁ%bﬁéﬁgrt V,B%%”@@F%e"}%f J'Eéaﬁ%lé%b@ﬁeﬂhh%a%e%e@with the
Iregsg bt invEptiaso | Mare eitohted die ﬁ@l@aﬁm@@b@m Prevédea smaoter curve as
QRStratePinIErg t est sanple, weighted tie nol ecul e
probabilities can be determ ned using the 35

I{Gal]ECde/e@cld atthe bidease e podmmg |tre|n|n6 sa@blgh tiedithtiatleast one
n18|| %%P tﬁ:?ts% %""Rg:@'r% unéljérr tég?eesg?clztltvé Eurlvcgcr:a %rsa\%é)% %gétemaned
Fﬁvwxam@ thectvedsi undenthe eyrvestin €1Gn8l ferché exefmﬁammn@iymem are
td@f;e/’rrﬁlﬁ?cp efd r‘é@pe@ﬁ)eeﬁé’elsalfnd&em@mrvé jor Bach o Wedit E%gt t\% polymer

I'n accordance wt one asp ect of
;sr@@geﬁ@mpﬁ 8t theyhcorefatgdantly the Wép%e‘é'r’%]}‘ﬁ"é%‘)fttheephyﬁ‘ﬁi"@é Giegnical
rprapbapbd properifesadf infe?&dbe Mtdne@spast ethie presstirgbit®natheBga under

SCBD i d
a8 el B0 Bt ey Sk Bty @16k
tAie 8, thegmiynteh sarofle witle thedaghecpeakdase PSd|value vel ghtwhilé the
%@G/P\epéﬂrﬁmeewm thb@@%ﬁertp% lﬁ%%l ayFE@fZ \;{L%I d?'g%g corERb RSyt

east one hisis
iSPeGifstnhysiead of ¢hemyiqg PrBPGFr%YrUSt“@/éhEV@'%D@P@@Q%Qtra'”'”g samples
Risd/chiSR8d (i e EEBP224Iexenpl ary pol yol ef i n copol yners.
Al t hough at | east two weighted tie nolecule
00T bBY Bpplvsy e eonraatioh métt thd respestileeaneds wnidat thé ourhies/e the at
f
R RE PARL Syiples B BB Carb e FREFE o e ot eas
Pn@polsmemﬁ@émpbnthaaelw dizthe ehysigkdi chgroicdl @ropagyeldetesst for the
tah%aaroﬁé sat/mbm&@tamg@,caﬁbe ld@t@ﬁﬁ.néd VigiisMRetadY 18 4rfhkeillustrated in
ecul e %roal Ities, at least ten weighted tie
Fé?@e'ﬁ?@ 83hgrRleM i ties, at | east tvventy five wei ght ed
ecu r ob east
T fTo S B 1 rebueSpart i e g Yie IR PG gotymer
Weinglgtseahples endithieat lebet ope pblainet testisemplecampispanes esing catalyst
Ep&érﬁs ih%té}@tﬁeos%m dr%re (Wf’é? ﬁt lFblnéxtamﬂfé Ehﬁ%éll%‘g) n b%fusgd for

tie nolecule pro lities can Dbe use
\gﬁeﬁanf ﬁlgnlles of polyolefin resins produced with dlfferent catalyst systems (such as

chromium, Ziegler-Natta, metallocene, and the like, or combinations thereof) or with
different production processes (such as slurry, solution, gas phase, and the like, or

combinations thereof).
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present invention. Mdre weighted tie nolecule
probabilities provide a snoother curve as 10

w0 kdosmodet ed in FIG 8. [0072] For each of therp@r/ubmaz072219

two pol yner training sanpl es22and the at | east one
pol yner test sanple, the area under the respective
curve for each sanple is determ ned. For exanple, the
areas under the curves in FIG 8 for the exenplary

G
e e
tvelae nf aphysealirekeraica prdperiy oicat ieabmreqbowmhtesmmple the at least
ofig B@I%bﬁ’t@st‘éﬁh hgt.né Q%or%%% G8hsitPla rﬁ&@éﬂleﬁ%eugﬁp AP Welght

or properties gg I'n one aspect
ﬁlaé@é‘@f theﬁg%pqvgﬁnoquq@r HP'@H Jhee par@a@ﬁw&a? Yo dptgrmined via

rw.hdusrahmgmtabnécﬁkﬁzﬁ;eg Rndvl 16 @héibﬁ)r@ihérm@klv inthé L€ ladldRcussed

pararrete FI G th ol ymer sanpl e
R b i gIRLIE0 SR S ol o S5 Bigpp ofthe

tahleastpot pofpmestastsb@phsicomptides: snal | er peak has a PSP2

value of 9.8. Correlations with a 20 specific physical

or chahireddingatderst twp Redimeg trainieg aemples each Yignipe Fgmrle having a

tcBﬁ\t;&ht@ Qle%m ﬁ§lec@é%@1@% W fraktoh at m@ r&’sﬁggtlvbf Aok ular

gﬁe a&? he correlation wth respective
ORE auﬁaép %@'ﬁﬁfxy”&‘sreﬁcfeci"f?e"hé{f'ca'Pé‘é&etm'qa\kbroﬁ%f Jmer

t r al nbm}at@’ﬁlﬁmig&smmmddﬂ moleesip &tiginvier aﬁﬂ‘e&ﬁolddflﬂt&@LHﬂ@ using the

gsng Tdeﬁ%htg foq each gﬁltle athea% Bv%l E/Fn rg ﬁl‘ﬁ? ?S‘rﬁﬁ?s ano{tng at I?ast

physi cal™ or c em'c prope er es
fooe polhreerztsstatampl@ast one pol ymer test sarrpl e can be

det er H}ed%?éilmmﬂﬁ' aSreQFéch\Qedprbl%bfhgfth%r mbibdtSofdtBH at lﬂe respective

Thi's met hod 1 nvol ving
tm%ecl‘fjéﬂé‘%'g'l‘té@”b%?h@é +l';rs%fcft%*§n the at |east two

|00| ynardetérmamy d@spei weigedtid Meleddle b@BSilitR RACIPRLYIEBY tie

d h
oot T AT R R e
nmet hod can(1piéeusatit frantiorB6k th fespeating mblepalarn vesghtfand
pol yol ef i n25 E'p%aﬂiL@%‘%@%oﬂcﬂl@ (fjrlnfafl&{ |ﬁ'gtep%§15tathé(%tspectlve

systens (suc Fonmi um er- Na
met al | ocen®@Ole@d weight| i ke, or conbl nat i ons t hereof) or

W t ht eﬂécfrr%%ﬁ@’lﬂhe PEPELTE | g@@hﬁa @e @r&ﬁéﬁﬁle(o‘ﬁdlféblht@?ror?elabﬁ 6f}’che at
| ONn ase, an,
A s B e R e S UL St

Ahgdidabor chspeat profertyhandpr esent i nvention provides a
met ho aPEI |q§{h%rcmrglb¥k91a s é%ﬁlﬂ)e[h@\];velghﬁggyg'ln%@culglbrobablrtéofthe

chem ert one mer test
tahleagfone é@'éﬂtﬂer t@ﬁéameleywéq?tem@q thg yplie e thgvhwg:abpr chemical

?)%Héﬂ?bﬁtﬁe gaBsst b peyrid &g vample Wei ght, and a wei ght
raction at the respective nol ecul ar weight. These

paraneters can be determ ned via 5 various anal yti cal
ffearishi Tueshdva asthoti@s @siegledoiat dhterainatiskoflthe inBthbdh @ustrated in

\?‘?claé’ | 52§ ulﬁ%lﬁg wef%g Vei Qrgcﬁé Xlﬁ 8H-tgb e@fﬂg Ip?)fbagﬁy F J&eﬂh[ﬁgd %t a

ue of
|3@g§thj¢p@|qu@y|e@h’efpr ¢ash of @g@plp@st@mrmlyrgggrammg samples and the at

least one polymer test sample. In this aspect, the composite density reflects the impact
of short chain branching and molecular weight across the whole polymer. Using the
correlation illustrated in FIG. 7, respective 2L +L, values can be determined from the
respective composite density of the polymer sample. This method is further illustrated in
Example 9 that follows.
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a) providing at |east two polyner training sanples,
each training sanple having a conposite density, a

woriosoeddes wei ght, a weight fraction at the reBEBEUS1008072219

nol ecul ar 10 wei ght, and a k2fown val ue of the
respecti ve physical or chem cal property; b)
determning a mninmumnol ecule length for a tie
nol ecul e (2Lc+La) using the conposite density for
each of the at |east two polynmer training sanples and
the at | east one polyner test sanple; c) determning
a respective probability gex\big nol ecule formation at
the respective 15 nolecular weight fromeach 2Lc+La
of step b); d) determning a respective weighted tie
nol ecul e probability, each weighted tie nolecule
probability being determmetMRE the nul tiplication
product of: (1) the weight fraction at the respective
riﬁmél: uTahie Wesisgh¢ Mvwanangd@lte tiéresity rapd alsiabure PENT (Hdues) at 2.4
[ G
t’%e%efﬁ & Bﬁ?}ddgfbolﬁt RO p6i %mé\rs T’c{?}igceg i Aidof-Natd

nDIec rre ctive

\weiryRieeflGY- 8- r%&@l'\éWBrpécﬁléﬁoﬁiﬂdu g@ﬁq %frth%sgéﬁva%weerérﬁmmg

lse@ples.t VWés@‘ﬂblfYrﬁitﬁﬂluét(a@é b ﬂ@a&ﬁ@@bﬁé ahdths fiegy glo\,Brwug.h bhSEC-
val ue o0 e

ey St e asp S T DR Balofne N2 b o st (3859 cation

tSerisiiNe. W&Heh845d Duedo thell@e wkightfraoticlat vetyyhighfmdldralar 8Bigats, it

lf@f%h dﬂ'@lt%)géé Eel)l rﬁ%&sulseatﬂp lS%Bt Gt ﬂ%gg FJ%)&?N& H%IeXfﬂgrLWet\lghts

Sl Ca or C proper t
eﬁ@é“qsmrwféhe m@@?dmllséussﬁ(b@?@?r r¢1nbveate theevaighteroetossderps of
swe@,s |s§\7thiam|n h\%l'e@réb%itécplﬂ 1 curit® .|rr§ir51@<§i.nlﬁ|d;uﬁd rm%éeas
this nmet hod, Ie m5|gh%§g
NBP%&*ﬂﬁ %’“ﬁ?ﬁd’bﬁ'& |1Ffi9cr?§seaw%eﬂy O'éimersrﬁ 8 B té’ B,
AG elqull trataethghd stfa liees lkoddlatiohexats Hemh thenmgRENM®Eue

ta'ﬁé”l’?bﬁ‘%r% lp8|§m8rr§d inlgg ﬁtexgc‘teeéf\ﬁ(\)/?lﬁe %gg X&Eerstaﬁa % d for the
sanpl e. aspec ects
B 1 polpaer it W@S ngtmintned Oh&I® 18r é’hvm |tfred°Es[Wava’ﬁﬂ @@defalsample (an

WRkrbh AGh @%rlﬁﬁﬁtam;ﬁe %Wﬁ@gaméﬁhﬂgaltpb@mer family could be
correl ation lustrated in gk ctive 2Lc+La

@éﬁeﬂﬁﬁe%@haw "geberereREn f”erﬁ1 %*8 the ESBLYje/d the test sample.

conposite density of the pol yner sanple Thi s met hod
is further illustrated in 35 Exanple 9 that foll ows.
WO 2008/ 002969 PCT/ U82007é>97,\;{13?|(k159 23 EXAMPLES EXAWPLE
1 5[0077] Table I lists the conposite density,

WSWP@&' (ﬁ@nl%w p()R/@MS/I%)Ie BdlyrRerd weMDpﬁocﬁ&Ed SENSH chréium-
bi nodal pol { | ene %%gro uced usin

28 %‘Fa'%ét hﬁse B%Jt’ ’8?'&?&?% COTRp depsiigs ifythe farﬁ‘g € Righout 0.948 to
fabetiol 950 and MG GBIRe ednge e sl us 2O0RID apout\Ba® kg/tbRI TheMENT value at

2.4 MPa, the MWD profile, and the SCBD of these five polymer training samples were
also provided. Although the MWD profile and SCBD data are not shown, this information
is exemplified in FIGS. 9-15 related to Example 1. Application of the methodology
discussed earlier relative to the weighted cross terms of these five training samples
resulted in the curves illustrated in FIG. 18. FIG. 19 illustrates that a strong linear
correlation exists between the Log PENT value and PSP1 for these polymers. Thus, the
PENT value of a test sample from the same polymer family could be determined by
applying the correlation in FIG. 19 to the PSP1 value of the test sample.
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sanpl es. These figures illustrate the neasured data
and the fitted SCBD using an SEC- FTIR techni que, as

walewsoiddedd in U S. Patent No. 6,632,680 and U. BCT/Pat0ari072219

Application 10 Serial No. 102463,849. Due to the | ow
wei ght fraction at very high nol ecul ar weights, it 1is
often difficult to accurately neasure the SCB' s at

t hese respective nol ecul ar weights. Application of

t he met hodol ogy di scusse ﬁg@&ﬁié relative to the

wei ghted cross terns of ven training sanples

é&)sl'éLt @ganll Elﬂﬁ osthE ¥éme b HoHiﬁitpg@Etﬁgellgych )ln(r%rs (]J?cusl&?m Example

rea e curves
dolTplle rw'rsmesps@f't‘yrﬁ@lpcwgveﬂghsrwelw@tEfm:hpn S habnglecular weight,
ithel SIS'6 At 1Bt rﬁa@dmaaw%rghpagd lhbmgur@@PEﬁmdm B2 U 4R for six

g@tt{’}ﬁ%& pg]gtwie%eapﬁ ygg%gfc tVVg@}\ﬁJ] Q;g%?tgrl@é\gerﬁ 8?|Clﬁated for each of

elstsabixitamed sfample%h&wddﬂl\ﬂyﬂ Op @0y reet ,plolttbd agesngh Oie nudasted PENT

Q/Qlﬁg ! Eben]w th tﬁ@% Ie %t ﬁ?ﬁgdg%' ltlérekr% dfa?a %ﬁeﬁ% oﬁé‘%’le%ulg?\ﬂeught

bpﬁM:I%lﬁ Oﬁj)o FV—"H@P '”ﬂétfﬁtq?%/th@tcﬁﬁt@n@) eneag earealation Q@Stbyetween the Log

@rmlmgnutg eagb%eqpé. tﬁéc%rbé%ﬁer‘nﬂdlb:ljéé 100tg@o! I‘rﬁusF’@BJPem* Wfue of

0 EXAVPLE E0007 ! Fi v
@ﬁ?ﬁhﬁa’HP'e;9’8[“9@%%%06%’9%?%“3%& B""I? Mé’p%!y'”g
iy cnfielatidn |bm&oaabalng&tweug'ﬁtmmOsmémnme tbstdaoprposi t e
densities in the range of about 0.948 to about 0.950
and MNVin the range of about 260 to about 320 kg/ nol.
The PENT value at 25 2.4 MPa, the MAD profile, and the
SCBD of these five polyner trai ning sanples were also
provi ded. Although the f| | e and SCBD data are
not shown, this inforrrat lsE‘éxen'pllfled in FIGS.

ie({’hﬁl)g??ﬁe ﬁHIS%Qhe pre P%NTAgBe aF?El I\&% using F%mometrlc analysis

SCUSSG earl l'er relative
wewsgﬁmednaaswgé PE&IT vglue foratseres dfipelethylanapaignesamalie gsing

Cﬁl%H‘l driefaddd, ¥i Q@erCN'étfée%d éJaPéJtél?sIt @gstérﬁ’s F‘I}h% datSis ilfibfated ©

Iustrates that a S correl ati on exists
@&Rﬂ/@é‘h’ ip RS E&gTh%MWQ/ aflog'é aa?l §C5§P’I thege Pelyperdraining samples
mﬁirefmmaed \]?lﬁ’ISEC AiFe Albgh mlag\wgo Pfofire etnasomméb grefrioO&own,

e. sane. po ermn . .
SR MR SR lnteth Rl Beteitpo EERINE Reshpcg vpightec
cfoss kems elng eriyiive.prafie &008¢ S0BD 6@ rdPEIéryBRAGGT eazi2 2flthe

7
B0l Sarhdiot! Mnok BBl ool e A1 PEnoh it IR iR omatical
|r¢'atiqn§fﬂ'@ oacgrpeéaﬂom Qetwn&EJNTa\falqﬁéuag%the w%t%r@qﬁterms and
fsueseuenty & Psmtwmhﬁﬁata’ﬂcawbmmsg.p g%&%t&ﬁa F$G.al1 Wd%at
noJ ecu e neasur e urs
TP e Lor e itiyst Sttt Aareersi Cavouts Dhepame! rding
\démgles.ethusr the PENTrvakie\oba éestednoue edultthd deterandnel befapplying the
t 100, 000, and
cfeRgahEald Rl I SR of Motldletnil, 200 0o T

this single point nethod (i.e., taking data only at
one nol ecul ar wei ght,

EXAMPLE 5
[0081] Table IV lists the predicted PENT value at 2.4 MPa using chemometric analysis
versus the measured PENT value for a series of polyethylene polymers made using
different catalyst systems. This data is illustrated graphically in FIG. 22. The MWD
profile and SCBD of these polymer training samples were provided via SEC-FTIR.
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Log M= 6.05), FIG 20 illustrates that a strong
linear correlation exists between the Log PENT val ue

wapashiemei ght ed cross term di vided by 100, 00BCT/Uk2087/072219

the PENT value of 10 a test Zanple fromthe sane

bi nodal polynmer famly could be determ ned by applying
the correlation in FIG 20 to a single weighted cross
termof the test sarrpl e. EXAWMPLE 4 15 [0080] Table

| | | t 2.
Althoush ISl iEpBhe ehE SR IRRER Yol s RPN Phpeitied
fioFIGS. 8-dbirelatedfo li)@hy)dﬁ ‘hyRespecte I\Nyembteg cromél éerms legg the MWD
t
PR ThERCE0 yofd Ellrirebitdricon 81 bbithortirfioipies,
eMpREtrimstiNcs ereusgA &P Bt ”PH‘@?@“??&)T%’@FSWH 8l ni ng
SANPhRS, béM@éeﬁ] RENOV VAR antd t'meSEéfglﬁaa (Ross%.trﬂso ugdws&b@mdww to

gl e a0 gL e T R e of Yat Pipagraentepte

Extalypl systém dRd ppmess weedveeprglitaedhe polyse tta@ingsaaipeag Thise the
MéRTWaﬂjl olf & te%pgaanﬁg]n?%o;@% &iﬁérﬁ] r%gﬁgng%gﬁg tﬁe%n%rtﬁﬁr‘ﬁogtgggnaly&s
wethe Pﬁédallléob@ﬁéﬁséf%mﬁe mat hematical relationship, or
correl ation, between PENT val ues and the wei ghted

cross terns, and subsequently to PSPl. The

mat hematical relationship illustrated in FIG 21 was

25 i ndependent of the catal yst system and process used
to produce the polyner training sanples. Thus, the
PENT value of a test sanple could be determ ned by
applying the chenonetri ceyaabesgs to the PSP1 val ue

of the test sanple. EXAMPLE 5 30 [0081] Table IV lists
t{dmszpr edhiebedmﬂ’&rtwo distbreat ;ailyn%rﬁanhd%a wisé e@umt@nmt(sj Cc
ana

u]nlm I)})e%yﬁ\ﬁl?/f’ene pol%merrsngro%%cedﬁgmg aNTwoml mf%}a Jce{flalys?were

yrene
@allegtb%fh®y®plemers Halduador@mltMWDsthuelalvergw peletispgrsp mdexafor the

Iti0e Fdiffherd dras EB‘(?ut WDSM%)CB%&%I 96]9&%@ (ngém%&epﬁ@d&% YIRd

tral nin wer e EI‘OVI

Z@@@m@g@eﬁa'wﬁ‘wg&ﬁ@m g72bess b'WaAPQ'WgﬁaQ Arravargye
@b@ﬁlhﬂ)eﬁs@nﬁbeﬁmdﬂjﬁiﬁ BePHENIT vahleasm2,.4 NiPd, Shd MMVDY grefilé, &ind the

-15
e Rk El S, e g P R ot TR Srdv
@radilet dnd SEEBDlake are noestommi thisdnfooratiemsrexedplifine inddGEneA5
trélgtb@ 'td'@xa%ﬁgj eéom o@ﬁ@ﬁ&%@%& WEré %M%n\ﬁ@%@ebﬁgﬂ a'bgut 0.947

g(gner ate a emat I ca [lat1 o

akasit %9%9{”1 ij@tt% elgvepEIqiyMes traieigg ﬁﬁ@plﬁﬁ e ARPAERjiRp efthe
GRedsoRlIology HSGUS@&%&IES@%&W@[H th¥ wte@hteBSE’]nole-EUI@ probabilities of these

thematical rel ati o I ] n FLG
e Ko Sr s Reb Rl st lahe bl et ige B g e
tresppctvd @acas uhéerprad gumess Wereadetenngnesicamp Inesdtipliéichiys1 00t ealculate

at%z’\ll-g yﬁ/e%l \%ePég2 IJeefgrtet'a%ﬁEFBmﬁg%QM})Ig ?[%i_)‘i%tll%gtgé%etﬂatk%/strong

the chenone
difear lgerrglation eglgmﬂetgveen the Log PENT value and PSP2 for these polymers,

irrespective of the catalyst system used to produce the polymer training samples. Thus,
the PENT value of a polymer test sample produced using similar or different catalyst
systems could be determined by applying the correlation in FIG. 23 to the PSP2 value of
the test sample.



10

15

20

25

30

10 EXAMPLE 6 [0082] In this exanple, two different
polynmer famlies were evaluated. Five (5) 15 uninodal

w@oiogeodeyd ene pol yners produced using a chrom RPOFD8eT072219

catal yst were selected. Thee polynmers had a broad
MAD; the average pol ydispersity index for the five
pol ynmers was about 30. Six (6) binodal polyethylene
pol ymers produced using Ziegler-hbtta catal ysts were
sel ected. These bi nodal q@%y had an aver age

pol ydi spersity index of a The PENT val ue at

sl B D 0 o B etrrfgen 7R S0 b o

mer tra|n|n wer e I ovi
pr'htBWQ'Fﬁ Wq%nEPW\E'Odequ@ a m@'@a%(@ta@’rséawlm
thUo%cédﬁsQ{ng?édlé?dettﬁ B4 58! érfd'bﬁﬂodaﬂpdﬂé@len@p@)@mef@r@dt@@d

LB AR S mE e Bl NG T Listti, o WP R e, SO D of

ethexw @fteqpall ety nter @aining garsalaspwbvers.prd\mebj aditaugh tr@fM\tVDeproflle
{Eﬁ& E%%FB 4 arQ 'n8t %8@#%.?%&}71%@ nt' ig 'e{e‘érﬁ;g@ec} ﬁ HES o' r%BEe%qo
I e ecu ese

Irties o even tralni
Sxpppled. rc@wpsl@dieunﬁtlmare@royldmi ped ranged frass about 0.93 to about

RGP tdr o flft@erF bSRmé&- traﬂ'h? saﬁﬁ%@eﬁbb%ﬁtlcﬁr& ﬁfﬁe rﬁ'élﬁ’&foldgpe

curves were determ ned an 9&

discussed earlienrplativede B@d’f‘?'%eo\d@pﬁo' '%%TO*P%W“t'%%%fﬁhetsﬁﬁﬂeﬁP%g

Srampig&amﬁlegresﬁlﬁed ihlclisés sitnis td hnake é\xeﬁtplhﬁnmgn FIG.18edhe respective
rrel i St ween, t I ng PSP2

Pl §s éﬁe Cﬂ%ersrewreie Qe%rp]r"éeg ae?gt e@fb%'\ﬂé) t@f@'a?%?“e

sgepeetive lE’§é’a Vtabe mfc@dmtealmlhfesqamlgz nlfalG 24 dHvstiateg thed apsireng linear

-Egﬁéatlo%%xfsg%em tl‘/eaLdéeSF‘)f\lC@L Pélhél 2l Pélﬁzsfor ﬁl@é@(l:o‘fool mers,

produced usi ng{ simlar or different cata%/

VERFPECtNR OtfBe E7 AN FSUSIER) uaprhioyrenyce His rebimee %F'P%ﬁamﬂe Further
g&ofe/ agmb@ st@eB%FPQrOU 3bidposité derdit@ rdngst Tﬁmb@gol\é%n value of
BT, DTG PEESR P P a5 g TREY P e g
eleiiaedby apphiingsbatorrgiatiby et G| 2ie tipplP§PRyatugrf dubutegidample.
using a chrom um based catal yst and pol yners produced
using Ziegler-Natta catal ysts, and bi nodal

pol yet hyl ene pol ynmers pr oduced 5 using Ziegler-Natta
catal ysts. The SP-NCTL var PR M profile, and the

h fif | e
TR Ol b ey b bl R s e S M b R R R
@ekethgenespadyomers plodgcednisiog wa;hroonumibasﬁdmmlysf iegler-hlatta
FEhHsts! ar%ﬁnét?ﬂo@&rﬁadcaﬁé]&sts'zéﬁd"Hh%d% ?&gﬁg@é ;%cgyngfgﬁﬂtoﬁh(%ﬁ using

wer e I‘OVI rang froma . Lo
@@r-@lﬁﬁﬁcqtelvstf A mpeliesene prRiplysier TyPical 3Apfigatigaspy Bese polymer
A’@elmisJ iGideOBut@fe Hdi@mE: B osiel ﬁ@ldlnboplﬁé sgéumsmd@a[ardnu & f
re at gtﬂ ?E/}Q OE [ es
e @aloR 7B NBR 2R PRk pioal s Bk SBb R e bidh Fert oo
polymeatrainiog sdnases \were ppivided edlthonglFth&.MBD pidfie anels3izRA date are
not shown, this information is exemplified in FIGS. 9-15 related to Example 1.
Composite densities were provided and ranged from about 0.91 to about 0.96 g/mL for
the thirty-eight (38) polymer training samples. Application of the methodology discussed
earlier relative to the weighted tie molecule probabilities of these thirty-eight training
samples resulted in curves similar to those exemplified in FIG. 8. The respective areas
under the curves were determined and multiplied by 100 to calculate the respective

PSP2 value for each training sample. FIG. 25 illustrates that a strong linear correlation
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areas under the curves were determ ned and nul tiplied
by 100 to calculate the respective PSP2 val ue for

WwW@2mR/002969 ni ng sanple. FIG 24 illustrates thaPCHUS2007/072219

strong linear «correlation eXi sts between the Log
SP-NCTL val ue and PSP2 for these copolyners, 15
irrespective of the catal yst systemused to produce
the polyner training sanple. Further t hese pol yners

SRARCR B G5 AP RN § s B Ben SRS el e g
§'V$t5er‘n apedlo pmomf:@themplymt tmdinisg stwiese reirtberuthdsdpolymers spanned
ér@é g&ﬂ&git?ﬁer%ﬂ %Eggna Qr% us&d ?ﬁ%l v@&é %l%&)f %h@usﬁ |9c1t|j)ns.

ue o test sanp 084
ITﬁU% fhesNighk é(ﬁ'tl? gf a pqlyrgerdest ﬁ@r‘@ﬁpmﬁéﬁ%@mgﬁwﬁ?r Prechiffafgnt

e:ualygtadyetdms %BUIHBQ abtemm@éovtgtJp)blym@ehaowrmﬁdsrs.nmmg%e PSP2
n}based catal yst, Ziegler-Natta

ngyﬁr%s %etallocene catal ysts; and bi nodal
polyethylene pol ynmers produced using Ziegler-Natta
catal ysts and netal | ocene catal ysts. Typica
applications for these polyner 25 resins include, but
are not limted to, blow nolding, pipe, geonenbrane,
and film applications. The NDR val ue, the MAD
profile, and the SCBD of these thirty-eight (38)
pol ymer training sanples were provided. Although the
MAD profile and SCBD data are not shown, this
information is exenplifi eXAMPUEHEGS, 9-15 related to
Exanpl e 1. nposi te densities were provided and
nEdEi‘?i“@ﬁﬁ’ agdrstthosyme P'B‘O%@Gb’e‘@y'g@ RYFers giscusser! ip frgample
t1h IMabig-\elisgh spedifi mprRbyaRieight ahdivBightSRBTIrES that molecular weight,

PRSP he R ey O el el X BT phiumege
trhipstbyletd palymess.gRit+itrvalups wgre detempined andeweiphtediti¢ molecule
?)\'Hb‘éﬁrﬁtrtﬂ%'v@ré @chdé?eéilapé‘&h%ﬁﬁﬁgpé éJ( {rﬁqmggarﬁéjg‘% '?he LT) quNT

espective areas under the curves etermn
IYﬂIP? W3k pletiedhyoaingbthe gveighted e giatecuisdrohasiins: ?Q/@‘OWID?JPEIG 26

\EbhRith Bis SRE it AMeMoagi. esaarrhgadatgbﬁ?y alénel thdlstsildr @eRBt, Log M

i) Bt 86 St 5 2000 el R P e O RPeER 0 hes BENT
REBP2 ahdthe we@heedgiel nyaleule, protrabdiyp dbts, Wiee PENT tedueceftagbst sample
T E%ﬁ%@%lc@ﬁelatron .

urt ese ners anned
(féﬁsﬂﬁtts? arswe@ewgrép rGé“QJ%Cé'éP RrebaRiliy of éhwtaﬁrtuselmy eof
end-use applications. Thus, the NDR val ue of a

pol ynmer test sanple produced using simlar or
different 5 catal yst systens could be determ ned by
applying the correlation in FIG 25 to the PSP2 val ue
of the test sanple. 10 EXAMPLE 9 [0085] Exanple 1 uses
t he sane bi nodal pol yethyl ene pol ynmers di scussed in
Exanple 1. Table V lists a specific nolecular weight,
the weight fraction at that nol ecul ar weight,
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the conposite density and the neasured PENT (hours) at
2.4 MPa for six (6) binodal 15 pol yethyl ene pol yners.

wWQh@sherdsal ues were determ ned and wei ght ed tiBCT/US2007/072219

nol ecul e probabilities were2&al cul ated for each of
these six training sanples. The Log PENT val ue was
pl otted agai nst the weighted tie nolecule
probabilities, as shown in FIG 26. Even with this
single point nethod (i.e., taking data only at one
nol ecul ar weight, Log M =5.7), FIG 26 illustrates
that a strong linear correlation exists between the
Log PENT 20 val ue and the weighted tie nolecul e
RE8RADBIH. poliBSlent ey FENRiaval ue of a test sampl e
fromthe sane bi nodal polyner famly could be
determ ned by applying the correlation in FIG 26 to

a single weighted tie noleculg pr y of the test
sanpl e. \/@%@J@S/ 0(M969 P '!EﬁM f?gg&z{b 28 Table I.
Bi nodal

0959 ...... 3 ............

....::...B|\/|7i

Resin Log M dW/dLogM SCB’s PENT(h) @ 2.4 MPa

.....BM2 . |..6.05. |Tabl2e111| Bizwglal ol yet aokgne
ol at a a sin I ecu wel ght . ReS|n
Eocy:\::ﬁ@‘;" d O“IV“IBQCB' O ELEII II WéL’ H- IVFag Bl\vlll' 21:b 6

0. 201BM-496| 30885 Bt 309785 0. 10%6%. 76, 1046 %#4 6. 05
0. 1748/d.565| 626.05BM 5 6,185 O 16628565 K06 BMygs 6. 05
0.1

:6°°| °®6.05 0.146 2.63 36
BM-7 6.05 0.122 2.61 3




BM 7 6.05 0.122 2.61 3 WD 2008/ 002969

PCT/ US2007/ 072219 29 Table I11. Predicted PENT (h)
w@gisgolhenonet ri ¢ Anal ysi s versus Measured PBMIT/(83007/072219

5 Measured Predicted PENT PENT

C0-1106 DCE 1 36 167 DCE 1 36 167 10 .....
DCE-1 36 167 379 443 OO 2

‘Tablelli.- Predicted PENT-(h) using-Ghemometric-Analysis versus Measured-PENT (h).

5 241 ... ...... O'O 2 ﬁzas&r:ba Predicted
....................... PENTPENT

10

15

20



3376 3500 3376 DCE-3 20 WO 2008/ 002969

PCT/ US2007/ 072219 30 Table |IV. Predicted PENT (h)
usi ng Chenonetric Analysis versus Measured PENT (h).
Measured Predicted PENT(h) PENT(h) B M A 3028 3034

1017 4o Fo R e St o7 gl O g T o
BM | 38 192 BMJ 406 469 BMK 386 474 BM L 425 465
BMM3 -184 BWMN 3 -184 BMO 3 -184 CR-A 77 97

CR-B 69 100

Measured Predicted
PENT(h) PENT(h)

BM-A 3028 3034
BM-B 2877 3109
BM-C 3172 2963
BM-D 1047 1001
BM-E 1047 1001
BM-F 1047 1001
BM-G 37 192
BM-H 35 192
BM-I 38 192
BM-J 406 469
BM-K 386 474
BM-L 425 465
BM-M 3 -184
BM-N 3 -184
BM-O 3 -184
CR-A 77 97
CR-B 69 100
CR-C 84 93
CR-D 374 483
CR-E 337 499
CR-F 411 466
CR-G 506 590
CR-H 455 615
CR-I 556 564
CR-J 839 691
CR-K 755 729
CR-L 923 652
CR-M 1395 1344
CR-N 1255 1413
CR-O 1534 1274




CR-C 84 93 CR-D 374 483 CR-E 337 499 CR-F 411 466
CR-G 506 590 CR-H 455 615 CR-1 556 564 CR-J 839 691
WEEOBOT®6 729 CR-L 923 652 CR-M 1395 1344 QORENMUSDBB072219

1413 CR-O 1534 1274 WD 200831002969 PCT/ US2007/ 072219
31 Table V. Binodal polyethylene polynmer data at a
singl e nol ecul ar weight. Resin Log M dWdLogM Density
PENT(h) @2.4 MPa BM 2 5.7 0.350 0.9493 3028 BM3

Jofied: Jot Bl boi Ca (o Ooils P U 7

5.7 0.227 0.9594 3 WD 2008/ 002969 PCT/ US2007/ 072219
32 CLAIMS W Clalm 1. A net hod of determning a

bl in 2T PLEGA ) gWinCI | o TerRigPel PenTnTo o R

t est BMf?pIt h&vl ng |a mSISchI ar 0\%93}1? 5 di s‘tOQBbuti on

(MID)grf |1 e s5nd 4 sigapp chai gobgganchi ng digjpi butio
(S(;DUé conprising: a) _providi ngﬁat Heast—two pUI ymet

tran rf‘ qarr'nquq, eacB-37 ai ni ng- I havi n62~h MAD
pr of | BM,5 a SCBY and a.3kaown veszy of the res@ective

phy5|§@ thg:.;nﬂ cal o%gpe tyb_gghr def erm ni rég at
Ye+rgi
5.7

—

1%

-

| et- nnnnn o SN 3
o U T VVU CIT'US S l C 1TO at T CO C\Jll VC IIUI C\JUI (@}
weilghiBM-7

0.227 0.9594 3
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10 along the MAD profile and the SCBD, for each of the
at least two polyner training sanples and the at

wo e@sone pol ymer test sanple, each wei ght ed PCDES2007/072219

termbeing determined as th& nultiplication product
of: (1) the respective nol ecular weight; (2) the

wei ght fraction at the respective nol ecul ar wei ght;

and 15 (3) the nunber of short chain branches per 1000
carbon atons at the respeﬁik%@$nnlecular wei ght; c)
plotting each weighted cro m versus the | ogarithm
of the respective nolecular weight for each of the at
\Gashint-wo pol ymer training sanples and the at | east
one polymer test sanple; 20 d) determning the
respective area under each curve in step c); e)

Qor r e hahdtma dfh@tefrﬁﬁﬁ@ﬁtvlal\d@ oPd @a,@.céwr cﬁélﬁlbalféfopbﬂﬁo@t least one

Rl TR e ot At S Bt e Sy B aha e whlefilarapeion
pifsoibetian(MWRITgoffly armpshortraain ihearcbing disaibiton (8EBB}, epmesing:

t th t t

{ost " DERBREH i R theridfiysahBRS! ot Fan ?SQQF%”'”? a
SR o pp SR, yanst & ieW valueoais theoisenasere, Aysiopbat chemical
sdmek@- 2. The method of daiml, mhereln the phyS|ca

or chem cal  pr r NT val ue 3.
The net %‘H”Hg gcﬁi?a,#tyvo Vﬁ@% (}{Oﬁsﬁgrmﬁ%gptlvsrmolecular weights

aheyitba MVPD gpefiid yind shePESBDY &ir wach af th. & IEa.twd\Polymer training

%?rgﬁl/eg %%8 V\ﬁe gpgagsﬁn%oéé]%grgté sa"r)‘r?pl eer?lllga f@reggg?%f telrns1 being
Eﬁ@hﬁ@ﬁﬁ@hwamuﬁmW§§QnmpéwROPES|stance (ESCR). 5. The

met hod of @ @kMshectB@iokichial REgRNYsi cal or cheni cal
property is Slngle Point 5 Notched Constant Tensile

Load ( SP- Neérihp weght fagkion gk thg,epspacties mpieruar WRkit & t he
physi cal 0(13) eHeeminstadr op shgre tiigin ibBanbladsChee di 00Picamot etdms at the
(NPT). 10 7 sn CB; n taugm%ﬁh aim1l, wherein the

physi cal or ietem car propé% 'y is Full Notched Creep

Test ¢FNOThg eBch Treightast bross tfrmClexsun the labaitlen roftthe respective
F(?rﬁ&(éch%@l/ve@ht BPEAERCAR thP5ABSE tWo bSyPNE tHfifklg sdfil &Rt the at least
one polymer test sample;

d) determining the respective area under each curve in step c¢);

e) correlating the respective areas for each of the at least two polymer training
samples in step d) with the known value of the respective physical or chemical property;
and

f) applying the correlation of step e) to the respective area of the at least one
polymer test sample to determine the value of the physical or chemical property of the at

least one polymer test sample.

2. The method of Claim 1, wherein the physical or chemical property is PENT value
at 2.4 MPa.
3. The method of Claim 1, wherein the physical or chemical property is PENT value

at 3.8 MPa.
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15 9. The nethod of Claim1, wherein the MAD profile

and the SCBD are obtained from SEC FTIR anal ysis. 10.
wab@soeohnd of C aim9, wherein | ess than abouPCT/Us0aTN72219

each of the at least two 2033o0lyner training sanples

and the at | east one polyner test sanple is provided

for analysis. 11. The nethod of Claim1l, wherein the

area under the curve in step d) is divided by 100, OOO

o calcul at ture
ATt ReBodrGEp i VB LSRR op Tl magpery s
ﬁmenmmwlntapsmmrﬁr&ckd?esmanb@&'ﬁCFdne pol ymer test
sanple, the at |east one pol ynmer test sanpl e having a
MAD profile and a SCBD, conprising: a) providing a
|5east Theveetied phelein f ai'hﬁr?i@t@aiiﬂps%% o eEncA PRPAdNG S'ng'e Point
IPEE COBAtEM TeRsile B0adMEP-Rcf)i | €, a SCBD, and a known
val ue of the respective physical or chenica
property; b) determning at |east two weighted cross
téer rrBTm mededex tGlai@ todteceih dre pigisght & chamaay prohertyMéDNotched
K%Hg the SCBD, for each of the at |east two
ner training sanples and the at |east one pol yner
test sanple, each weighted cross termbeing 35

get er mdRdind§ of O™ | viHeRdin @ietgphma%rocsiiuﬁﬁcapsropéi@ is Full Notched
OOS/&OZ&%S’CT/ US2007/ 07221 34 (1) the respective
ght; (2) the weight fraction at the
respective nol ecul ar weight; and (3) the nunber of

%hort Tﬁgﬂieﬂio%rcﬁrﬁpﬁiﬁ p@ﬁer%?QRtg%ﬁ%&?cgarll o?tcﬁémicﬁtprs&%y is Natural

respective nol ecu chenonetT
ahaw Retic(NDFBf i ni ng a mat hemati cal rel ationship betvveen
the values of the respective physi caI or chem' caI
propert%/ and the \/\E|1ght ed cross

48% Melod g ISR T s Hig '%'WPpPr@E'e a&ﬁdh‘%jﬁcﬁi?pﬁ”?.qi?&med
tfloe SEC-PEIRRdnalyaik. rel ati onship of step ¢) to the
respective weighted cross terns of step b) for the at
| east one polyner test sanple to determ ne the val ue
dp. 10he methotp§Claah 9owhereie tdss dhanpaboplet gyamodach loé thetat feaet two

f@@%%r %ﬁineoém LRPtheSANBLE - onl%?’pol%rilﬂ@ﬁ B8t Lt iofs g@ﬁ‘ﬁ% for

wherei n the physical or chemcal property is
PAPVES-at 2.4 MPa. 15 14. The method of O aim 12,
wherei n the physical or chem cal property is PENF

11. The method of Claim 1, wherein the area under the curve in step d) is divided by

100,000 to calculate primary structure parameter 1 (PSP1).

12. A method of determining a value of a physical or chemical property of at least one
polymer test sample, the at least one polymer test sample having a MWD profile and a
SCBD, comprising:

a) providing at least two polymer training samples, each training sample having a
MWD profile, a SCBD, and a known value of the respective physical or chemical
property;

b) determining at least two weighted cross terms at respective molecular weights
along the MWD profile and the SCBD, for each of the at least two polymer training
samples and the at least one polymer test sample, each weighted cross term being

determined as the multiplication product of:



10

15

20

25

30

35

value at 3.8 MPa. 15. The nethod of Caim 12, wherein
the physical or chem cal property is Environnental

WER00888296Y ack Resi stance (ESCR). 20 16. The nepdinusSmh7/072219

Claim12, wherein the physic# or chemical property is
Single Point Notched Constant Tensile Load (SP-NCTL).

17. The method of C aim 12, wherein the physical or

chem cal property is Notched 25 Pipe Test (NPT). 18.

The et hod t he physical or

cheni cal p@g{ Sf?sypeé?veﬁﬂﬁcugm%'ﬁed Creep Test (FNCT).

30 19. The2mbemeghbiradibmatthd @spedties mokculirovqidhy.sindal  or
chem cal b et h 0 t th
The met hod(r?’g?ﬁ%rCIL’\g]?tsrret$ e graé’? rgaﬁwe % pro?g?bgniago S a e
t he SCBD arreéo%BtedP?r'é@J'arf‘"te&‘N SEC- FTIR anal ysis. 35 WO
2008/ @PQ@@@en&fﬁTéthéSaszt&&m a IPathdmatithiEreHBEA @eftween the

?Iue%gtztgé tr%BeCt'ﬁ% |p9 ??r cgriem Bprgg1 @319%@%@3@&88 §foss ?erms for
leaetsof thmat lgest ywoeolyires traisiagpéreples apd ovi ded for
anal yﬁ Iﬁncﬂz%e rﬂ—gtﬁerﬁﬁfcgl%la%nsﬂpadf@egpgc) t}mﬁé ?elsﬁeét'bg vrfaghted

| east trarnin
Grass Eﬁtﬂn? @é?tet’ g);ior Eh&rﬁble@Sta?”é H@h’é}?é?eétjs%”w%@ Getaraingdhe value of
WS EBalloh Blendé® plobBrty SFaREEat e 185 ofd hdIEh&MEst s@Rple A
nmet hod of determning a value of a physical or
chem cal property of at |east one 10 polyner test
sanpl Ehe inethodt of| @aist 12nehgpeih tiee physiest oS atmgphieal peopierty isa PENT
Q/glggg[séwm:%ensr ty, a MAD profile, and a SCBD,

conprising: a) providing at |east two pol yner training
sanpl es, each training sanple having a conposite

dgnsi trije rRHMMDREIGH he witerSBi pﬁi&%aﬁok@%cﬁ@r%ﬁﬂgﬁs PENT
t he resgectlve physi cal or chemcal property;

yarerh? AMIG at 1 east two density terms at respective

nol ecul ar vvel ghts al ong the IW\D profile and the SCBD

f r each of a mer tr

1R RES afeneldy “Brst ol W= oled "BistE o AR AL ey o
@wummnwgsm@s@mmusmm@&&@ conposite density,

the MAD profile, and the SCBD; c) deternmining a

respect ive melting tenperature fromeach density term
- st @be method of Claim 12, wherein the physical or chemical property is Single

Pornt Notched Constant Tensile Load (SP-NCTL).

17. The method of Claim 12, wherein the physical or chemical property is Notched
Pipe Test (NPT).

18. The method of Claim 12, wherein the physical or chemical property is Full
Notched Creep Test (FNCT).

19. The method of Claim 12, wherein the physical or chemical property is Natural
Draw Ratio (NDR).

20. The method of Claim 12, wherein the MWD profile and the SCBD are obtained
from SEC-FTIR analysis.
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20 b); d) determning a respective probability for tie
nol ecul e formation fromeach nelting tenperature in

WGEL@p/0aps9 €) determining a respective wei ght edP€1/852007/072219

nol ecul e probability, each w&i ghted tie nolecule
probability being determ ned as the nmultiplication
product of: 25 (1) the weight fraction at the
respect i ve nol ecul ar wei ght; and (2) the pr obability

o mation in d
IZZ Sp eiﬁ? ghoﬁﬂgi g'@u %(?'Ta eé’h'FSS gl?o tIgraén S%C@hof the at least two
welyglet ¢dintngesamplescaridether @blasst| orleypcxbemeauestt $eenplleo gpapriovidled for
Qhaldie respective nol ecul ar weight for each of the at
 eaSt two polyner training sanples and the 30 at
| east one polyner test sanple; g) determ ning the

gs petrhé WRthdl @A CIHA 8D, WiRGEin Chy Maedsh tvi) Bilyrhdr.trafhing samples and
Gorre ﬁt}\ﬂ t he res ect |Ive areascie r. eachI f tthe ﬁ?t h
'éea'% €8P&¥W8"r %ﬂ”?ﬂ hg"e RIERASP L USRI g é% Sy -eWP i are the
tshe lonarendifieadntie of t he respective physical or chem cal
property; and WD 2008/002969 PCT/ US2007/072219 36 i)
applying the correlation of step hg to the respective
Zbea OfMmathnsl i detewrining gvalue piA phisicalas shensiggprapettyof at least one

%@Efﬁéme%amﬂ)% H@'éﬂ%a@ﬁorﬁh}%lyﬁﬁygs@ﬁm;ﬂg h&AHd Mposﬂe density, a

WBG Y Ss | east one polymer test sanple. 5
'errﬁ'fch%ﬁ B @™AR"93, wherein the physical or

chem eﬁﬂ)rO‘{DdIO@Qﬂ'lbg‘St bveo i er tramingesaaiple®, ghcVRainingsampleehaving a

%@E oéeng}ﬁéﬂ}&% %JEJ a% %?Blg)e ﬁggyas fﬁ%gglﬁlﬁ %‘?%% %sd)ectlve

@hymaaormhgwlcawi@weéﬁyn t he physical or chemnical property
I'S EB)’HéthPrﬁﬁr‘iH a8l 1ot rtﬁ@@er@’t?@?m@%? 're%bé‘é’&@@ n{oEe%QB) weiHlts along

Th t ho
ShrenRES Profie cser e STEBaas areh ohiBe b jeaet MatRONaL: e ameles
\Eﬁﬂmd ) Idaﬁ%e(;ﬁﬁfrﬂﬂ@ids) sarﬁ[ﬁe e‘ﬁhl@dﬁ@ith(yﬂm?fem@cﬁmﬁﬁd gsmg the
erel,n t roper | S che
AP ERSHE b Ry PGS bioe. SAGRE E8RRET P Y o,

wher endatéraninyigy s irespbctye nutttingi temperpiucgpeonn yeacfsdmity term in step
tched Creep Test (FNCT). 30. The nethod of C aim 23,

ere| n the physical or chem cal property is Natural
d) determining a respective probability for tie moleCule formation from each

melting temperature in step c);

e) determining a respective weighted tie molecule probability, each weighted tie

molecule probability being determined as the multiplication product of:
(1) the weight fraction at the respective molecular weight; and
(2) the probability for tie molecule formation in step d) at the respective
molecular weight;

f) plotting each weighted tie molecule probability versus the logarithm of the
respective molecular weight for each of the at least two polymer training samples and the
at least one polymer test sample;

g) determining the respective area under each curve in step f);

h) correlating the respective areas for each of the at least two polymer training
samples in step g) with the known value of the respective physical or chemical property;

and
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Draw Ratio (NDR). 25 31. The nethod of C aim 23,
wherein the MAD profile and the SCBD are obtai ned

wo csn®B® FTI R anal ysis. 32. The nmethod of C aPen/842007/072219

wherein | ess than about 1 gr3m each of the at | east
two 30 polyner training sanples and the at | east one
pol yner test sanple is provided for analysis. 33. The
nmet hod of Claim 23, wherein the at |east two pol yner
trainin anpl es _and. the at .| east ane . polyner tes
s & P EAGTE Sy BlFtau oh §teB Ly uF S Bl gL fioast one
trhigmeBBstsmmpledo dategmide tHeerakwetof thAMhROEB bOGRIBEI property of the at
5}@2& 7 34. The nethod of d aim 23,

\Tﬁ%—gel n B/ﬁgggerggia?nupr%er the curve in step g) is
multiplied by 100 to calculate primary structure
Rar aneh& nethodRSIRAXm 23,3bherdihehdTBhytR@l 6f ckdnaédNpdsherty is PENT
V\,hlere{g1 ﬁ@ph density termof step b) is determ ned
JAURG 4AMEdpi rical correlation between conposite
density and nol ecul ar wei ght, and a correction factor

sed i RN-E ' o TRVA
RS e RO KRtz AL phiRi P T ioniE praBfy ¥ pent
vakeahs 8 in the SCBD. 10 36. The nethod of Caim
23, wherein each nelting tenperature of step c) is

terpgj ned usin .enpirical correlation of neltin .
DB per b Pl (ol GBRE Ty o ANReeha0R dREBYGH (iR i
Envieddnoentl SeesslrsikdRdsistance (ESGR)al property of at | east
one polymer test sanple, the at | east one pol yner
test sanple having a nol ecul ar weight, a 15 weight
f2r act Mom methodhad Glaigpad twheseimiites plidisisal Qlethgintical arpedy is Single
MR RbtcREd SRt FhRlIOLSsaBeRSL) Per 1000 carton atons
at the respective nol ecul ar wei ght, conprising: a)
providing at |east two polyner training sanples, each
t28ai NiThg neaeploe G 230 waereliithe @by sigal wetighiical aropeitygitNotched
fF;ae eiP{F\IF'E]'i the respective nol ecul ar wei ght, a nunber
ofPs1Gt ‘hai n branches per 1000 carton atons at the
respective nol ecul ar wei ght, and a known 20 val ue of

the regpesdioteoPBisih Gl Werdi @ 5R)sidAl BPRdnficalMroperty is Full
det erm ni n%a wei ?gt ed cross term'at the respective

Motded CarerviesdRNCf br each of the at |east two pol yner
training sanples and the at |east one pol yner test

npl eac [, ght ross..term.bei ng, det erm ned .a
e it MBRHA Gl o el D T L5ed 18 ShETsaLPiRgy € Natura
vdve BaliaiNDR)I ght ; 25 (2) the weight fraction at the
respective nol ecul ar weight; and (3) the nunber of

short chai n branches per 1000 carbon atons at the
31. The method of Claim 23, wherein the MWD profile and the SCBD are obtained

from SEC-FTIR analysis.

32. The method of Claim 31, wherein less than about 1 gram each of the at least two
polymer training samples and the at least one polymer test sample is provided for
analysis.

33. The method of Claim 23, wherein the at least two polymer training samples and
the at least one polymer test sample are prepared using catalyst systems that are the
same or are different.
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respective nol ecul ar weight; c) correlating the
respective weighted cross terns for each of the at

WO e@so2oe® pol yner training sanples in step bCTMUS1007/072219

the known val ue of the respegtive physical or 30

chem cal property; and d) applying the correlation of

step ¢c) to the weighted cross termof the at |east one

pol ynmer test sanple to determ ne the val ue of the

physi cal or chemi cal property of the at |east one

pol ymer test sanple. WO 2008/ 002969 PCT/ US2007/ 072219

38. 38 TheAmethpt otiCleim 2 vérereimihagrea undentbe ofrvaingitgpsg)dainultiplied
i pol yner test

g)grjrg?E{Eaﬁﬁgtegérm%z}ggt}ﬁcgjnee%gkgéng test) sanpl e having a

conposite density, a nolecular weight, and a weight

fasact red mdthoihe cmﬁp@s:twnéeelmbaﬁué@rty \e@mgdsﬂstep b) is determined
trai n

CSRR P e ooy Bl R SaEra ks A ans REBteyE Rht &nd -
ademaxdtidy factor roabext ah archaegegm the a:omeosgthtd%ma/ccﬂwuoed by thehaverage
" GREHLNS IRl AFHIGES pYE080Ln NGl inpuBoKa! ue of the

respective physica chem cal property
determining a mninum nol ecule length for atie

fié@' eth@ nGé%Wbﬁ)Cléirﬁl pg M@e.n CEYEROMbitify d@ﬁl&grgt},,'ref g|r step ) s
he at 8 mer tral ni n% %n@) t
EREMafed baila o1 e bryAT LTS presTahty et densy.

determ ning a respective probability for tie nolecule

r mat,i { e ' I ' r
0 o RSl B RS Lo ED Gy 60 st on
welygiet gt samwlerthecatdast preopneritesy sarmple thavieg gmadeputar weight, a

WRIREHARoR baRaRIshi dtive p\%le@lgardﬁé@{trﬂnﬂee%tﬁ%e]? B€short chain branches
rrultqogllcatlon product of the weight fraction at

PR 1408 spde atoms ﬁb‘f‘%&?P%\‘?"V‘é\éﬁgﬁﬁ?'ar "é%l“l@”(pﬁﬁ'”ii he

pr obah) ﬂ)rb‘h(yné atrleztst e/vd‘liﬁﬂl}&ﬁetltremfr@rsﬁﬁﬁole@macﬁ trstneu. sebnpathaving a
! eoiecg@ F1t ﬁgpljaac on gt th regﬁ?cttWe m%EC %rlrv? ‘f or%mé%ecr: ﬁf short
@ﬁam Ib@nalnes neea@@o tanon @mnym;rthq mapemlvgmsanqdare@elgm adepknown
%lu&"bithe?é!s%e&ﬂ@}%ﬁ'y_s\é%l &%h%mél%ﬁeﬁ?pea ive physical or

chem cal proper pﬁ)ﬁyln the correl ation

of st Bpdei§rmining we%tp@ ﬁ'foé\‘{’i tetr Mt k§iresPsriyvegrdieralsr weight fgr each

tohehe atiedseast pcﬂyhﬁbrm(éin)f@eiantp%tan‘d&ﬁ@bﬁleé@ dﬁ@tpegyﬁ‘ieﬂﬁast §enple,
t he at

eg(étyfvelgtHEé fj@?{jﬁé? 'btte E%Feotg%qcﬂsclﬁe muﬁ’{)nch ornt ;}/rocs)uct of:

(1) the respective molecular weight;
(2) the weight fraction at the respective molecular weight; and
(3) the number of short chain branches per 1000 carbon atoms at the
respective molecular weight;
¢) correlating the respective weighted cross terms for each of the at least two
polymer training samples in step b) with the known value of the respective physical or
chemical property; and
d) applying the correlation of step c¢) to the weighted cross term of the at least one
polymer test sample to determine the value of the physical or chemical property of the at
least one polymer test sample.
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38. A method of determining a value of a physical or chemical property of at least one
polymer test sample, the at least one polymer test sample having a composite density, a
molecular weight, and a weight fraction at the respective molecular weight, comprising:

a) providing at least two polymer training samples, each training sample having a
composite density, a molecular weight, a weight fraction at the respective molecular
weight, and a known value of the respective physical or chemical property;

b) determining a minimum molecule length for a tie molecule (2L.+L,) using the
composite density for each of the at least two polymer training samples and the at least
one polymer test sample;

¢) determining a respective probability for tie molecule formation at the respective
molecular weight from each 2L +L, of step b);

d) determining a respective weighted tie molecule probability, each weighted tie
molecule probability being determined as the multiplication product of:

(1) the weight fraction at the respective molecular weight; and
(2) the probability for tie molecule formation in step c) at the respective
molecular weight;

e) correlating the respective weighted tie molecule probability for each of the at
least two polymer training samples in step d) with the known value of the respective
physical or chemical property; and

f) applying the correlation of step e) to the weighted tie molecule probability of the
at least one polymer test sample to determine the value of the physical or chemical
property of the at least one polymer test sample.



