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1 TITLE OF THE I NVENTI ON: METHOD FOR EMPLOYI NG

SEC- FTI R DATA TO PREDI CT MECHANI CAL PROPERTI ES OF
POLYETHYLENE BACKGROUND OF THE | NVENTI ON [ 0001] The
present invention is directed to nethods of

determ ni ng val ues of physical or chem cal properties

val e 0f & 5specifi o iy PEHEIRVERTIEN ol “pr oper ty.

certain qu S
I S
then the resu ticlée or specl nen was
subsequent |y tested via the prescrlbed anal ytical test
procedure to determ ne the value of the physical or

chem cal property.gAGKGEROUNOSHITIE INVENATDRT SONE not
only due to the tine required for fabricating the

ar[djooa! emé pr"e@é‘rﬁ ing&Rioh raadirect@uto @abodd dtelettehinimg valeegibfiphgsical

t |
or Bisica PiogeRes (B Giom bR, SRt kBl e ora
papemﬂmﬂhaslcat esthemicaliprdperty)acertain quagitity fithemagicyfr polymer resin
9\,3])!; %5degﬁ£e a}%ﬂczﬁ@ af ﬁrtt PI@ '3 § %é Shedftndnr %ﬁ&gﬁhg Resulting article or

tory or

a sk spaCiReN \{fwtz?ememtb/éest@dw‘é@ e pxasshasc araBisH fest praoedure o

”%Et%ﬂﬂm@ihe%tu@ roﬂ"th@'pﬂ%léhl ¥ednagicaf pr@péi@s ﬂh@fﬂ)r&,’édlh@ 8 &lbersome
or

I
ooy irdp IR Rv s frRainorBs Riaey Bpispedeh il aso the
t ki réﬁﬁlﬂbdd} semiotrh thepespectie dnalytidahiesiabessuet Futier, the traditional

ph € ﬁocﬁ%i]eengndlﬁgﬁ ntctﬁl+ 3%#‘?‘@% Ieéfn c%[ﬂdtrgtﬁxtirgﬁﬁ%e éﬂ&ﬂtt@oftspgly%r

s pﬁem mere. tha&t ¢duld Heprediused insmal- srmle res@arsh oty porijot plant
bgaradu8at i on of the value of the physical or chem cal
pro erty of the test sanple wi thout performng the

a'ﬂ@ﬂdﬂ] | H@hcet Bsle dxidts 2Rédtondiyiaineabf dbtermiring aowiue of a desired

£ gﬁg lCMR 'CSE Arp%egtygﬁ?oﬁe&g%aéﬁpﬂf ﬁ% reqtgte\%/a?ll a sn?all%%%nt of
deslymedfoc reafysisalFudherplhissietadd smoolp@rm/yiedor the valga ofdhaphyesical or

! tcherﬁlcg H htathe te% éjﬁﬁ;ﬁé f@ﬁé%eté?ﬁw‘é@bﬁtﬁotﬁfab%‘ﬁmg an article or a

chem cal out having to inve l%
th@tﬁmemsn%m tig ﬁvsthwn e@stwlotaetewlde@frama%n.%tteéfatfﬁ° the

?snc%‘i’@rcdh%\‘& r%er@@fﬂé%@ Bémaé lithiGit PerfidiMingttie Araisal test for
he 25 t BEPE’ e needed to performthe

aﬁ%ﬂR}tyP'E%llorF*&‘t'c re, which dependent upon the

t I
S ﬁ@i@al E ngﬁu %s%%? ﬁine eeCFIS \pgg‘% fr%(r) 9 @e}f%ﬁ@;@% ffﬁ?&ﬁml value of
ofa degisedcheminaber pd;vﬂicafj, pogdertt of@etesg |sg|pnl§nﬁt ig I@pnggﬁaléq,getgrmme the
d%l‘u& %fjthP h,He:tﬁlEQlor Bﬁysﬁ:@%ﬁ@t‘y wWRhQRBRiNg Rtikveshks ﬁm@ QHH xpense

gr eat nmet hod that rovr'ﬁ:gyls ’i’ h
f @eactﬁ&dk fqﬁ»gpat@ a@ﬁ'ﬁ‘}/%\teétr?&??'maﬂ%fﬁ{ UosegentanFysiFnRgY 1q iygst the
S %H%' #hd N6 Bbsticddd Yerfdrienanariayicts teat probetups, eichidependent

BN o SR R oG N T g B

ﬂ@tdnedy o hedgytlertimervf m}unmswesandbrqdhqﬁezetwmnt tﬂmiﬂeaea desired
| Rvg {aﬁ bEchef ca%hﬂé@raﬁrlblh@ 8&[‘&b@§r@§ﬂ redide8 with 85dthod that

provi
provided rapld 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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of determ ning a value of a physical or chem cal
property of at |east one polyper 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
nmet hod of determ ning a value of a physical or

chem cal property of the at |east one polyner test

sanpl e conpri ses: %@EEISQQAM'%%@??FH?% MI/ RS | east two

polyner training g sanpl e having

d;ogg%égﬁrg%]én ‘?We o?%@ﬂse%%&g@h@&%te\‘nﬂ'n%ﬁ leLeg &gshysmal or
deh@wml prapgriigs 01 r@émers vio ofie pgfeck aﬂedqf%%e@t ip¥gniign provides a method
r %ﬁcﬁlﬁé}mlﬁf@ M!@&é’fla&ﬁh%/éﬂ@él ghélfenﬁéaq’ﬂﬁpérm)f M’\@asﬂ bAé pblEmenest

or eac e at le
t ﬁ%mphengh%atdfﬂ%gnwr@%esaﬁamﬁg%s %W@gﬁﬁﬁvﬁ@“#@w“tw”
S aviwing proﬁ%cdhd\a&hgdﬂbiﬁaﬂw erandtng dstribution (SCEIHd ¢t thisrmispent], tees

ﬁ%]%g}g | ;Pgl : cat I V?I%gfd Cntysnggl OI[]PP(P%%ICJI ?ﬁg%ﬁyg@%ﬁ%\f&a one

r pslprsetttevtesample@ombasesmel ght and (3) the number of

short chai n branches per 1000 carbon atons at the .

r espect) Rievidieg aldeashvaragif raping)sapplop 93 algtry sample having a

WRIVEIDt R6kiIE T & STHIE T dRdV2 kpbwn hakiel G0MET febsactVe bical or chemical

respectlve nol ecul ar wei ght for each of the at | east

t (EPEHyner training sanples and the at |east one

pol yneb) dmmlrdngrmhast two weighted crags teheseat mespiectiye tnhgdecular weights
?%Hg%é %}& UQI‘Fue the®8EBD C1bY \6305 3 ?’Feegt l‘égsrt] tw? poh/mer fraining

rre respec rve areas )
| earples \md pﬂ@ﬂ 9h’@astt ng| Wﬂ')fﬁ'gefZQ%taﬁiiﬁlp@s eagh yveighted)crogst igrm being
t BStekMAM I fb H%It@fcaﬁ&?prb&ﬁﬁ@ﬁt i ve physical or chem cal

property; an ing the correlation of
step e) to (ﬂh‘@efeégﬁ%'&??'\?@cgﬁlé‘é{e'&f the at |east one
pol ymer tesp) lﬁﬁW{élgBt ftaeticlestananespedtivemuietular vadight aad

physi cal or )CE§ Liﬁ%er %E&F%ggléiﬁﬁraﬁ'ngﬁes erlﬁﬁétca%ﬁoaftoms at the

pol ymer t et n another aspect
the pr esentreanMinﬁculaer@ighﬁt hod is directed to a
si ngl g p@bt‘ﬂﬁ g&r?wadﬂ?eh' &Bss 1AL vérsus ¥h@elo§\@rlttgﬁtd¥‘3{he respective

cross termi1sS determned at a sin nopl ecul ar we

| moleshiar weighider eacheof Hiecaldeast M%ﬂ?fv%frffaﬁm/?%esaandgtne at least
rrgﬁ@p&lyrﬁértglﬁts@mmgm ng a value of 3 a phyS| cal or

chem cal op a east sanpl e.

The at 0@5%‘9"‘ ép{%r(?ﬁ%fé‘(e geaen ea(r?ﬁ&ec mg ﬁ%? ‘ecul ar

wei ght e) emetsiigh thefrespectienaraas tdn@aﬂeefpfdaetalt \eashiwbaplymer training

Bgs masrﬂ%sﬁ a\l/?llﬁ[[ﬁ Eknddln VAR tl‘?el"r@ meaﬂ?ygi@é o?@ﬁerﬂljgggroperty

car on at e respective m) ecul ar "wel ght
méfthod conprises: 5a) providing at |east two polymer

tr i'i' ni 1)191 §I§|ﬂ8|ﬂ%9corﬁa@éixbnto¥ t@t Id)do $W@st§ec{ﬁzé’ g d thet= at least one
nmol ecul ar.’ wel raction a respect i
BPEGEN 5t SAEPp SeBriice fevabe o skl or iR RebeniEef te a
16t arerpolymeatestsmmile. t he respecti ve nol ecul ar wei ght,

and a known val ue of the respective physical or

chemi cal property; b) determ n;m(? @?ht ed

c {0908] t loranptaer aslpectroémp@mevtenmn@t thearetiied igidireqtest to@egingle-
1?8f1t digmatio® aﬁﬁt Ve Relgniza rcrds% rii i Qetéﬁﬂfﬁ&oea?t a%l'h@letrﬁ@ecular
a

| east one PO ner test sanp . each
t@?ﬁhbépﬂbs%%’?@r ﬁeeae%n\teﬁ%owmw'?emres %ﬁ Jﬁ%’atﬁ‘wava'ue of

of :
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(1) the respective nol ecul ar weight; (2) the weight
fraction at the respective noBecul ar wei ght; and

(3) the nunber of short chain branches per 1000 carbon
atons at the 15respective nol ecul ar wei ght; C)
correlating the respective weighted cross terns for
each of the at least two polyner trainin Les i n

s BPRYHGRl A EheMIGRLPTRARSINP! GHIPRRL 0Bt PelyBRe ey ﬁg’E lpy dhe atleast one
pbyly:héﬂbst%n@m (aaholaruwp %Igyt a&@weipht fraction at thelespective

appl yi ti [

Clng)ée\éu@ lgtf c{]aér%gﬁb %t}ort éﬁga%\):hes etr W?OO@HQPESES at the

t cespettive motesulaheeightl dbisofetihddecopipyisdscal or chemi cal

pr opert y of the at |east one polyner test sanple

[ 0006] a)i RTOYjding alrieash Yo RalysRes ralingtSARIPISS 2ASh trainkigesamplg having a
a n@t&nﬁnﬁé@hma wetghpmbcﬁanatbﬁe ké‘és&tlt'é)md%b@éméi@wtaa Mﬁi\be@ of short

o6 Brahssibes Sbacitiion forssh e festeeble, Roiep i gy g known
saamé ef thasespediVM®plipyshi drehanidalprGEBR. Thi s et hod
conpr i t??edse‘rermlqmé; a \%xgﬂ%g %5 ogé {égm%ﬁ the?@ﬁ%teclh/%&&!uy ight for each

traini ralni ng avi n
ppbithe|aé) Ieaat msmlyrrsaﬁ drammgrﬁ@mle&aandéh@ﬁt ieasd qnespsb'mer {pst sample,

PRYSH wéght&d cr6§ke(€?n$ BeinPHABRIAY asIFOhukiBIcaiidH grbdit Gt

| east two V\BI% cross terns at respective nol ecul ar
wei ght's al dikf ?ﬁ’@pﬁfif\ﬁeﬁp@cf‘%"@% the SCBD, for each
of the at |pat wbtgﬁt fpehiyriTBtithd regpatiivigmsieopéregeighmchntihe

at |east Oqg)eﬁ,gr%”%geato?gﬁ?rﬁﬁuﬁ angt?ecsh "P’en'o%HtcS%gﬁ ra?c?h?s at the

term bei ng |p||ca|on pro
of : (1) theespesivectdleaiarwiegblil ar wei ght; 35(2) the
wei ght g fc!og'w‘érawm%t regﬁb%tnyeeﬁﬁﬁﬁt%& \éﬁ)sg%r%%aea&quhé at least two

and 4 nber of hai n branches per 1000
c BPlWBer tﬁlwmsa@p'%@ ¥eR phwith e 'WBW@d’éiuﬁrOf Wi §Ripsctive physical or
c,\,hdwcégb Aglhéic anal ysis, defining a nmat herratl cal

rel ati gnsh es of t respecti

Phyai ¢ |p8!y%eﬂaﬁ°ersl?ﬂm§fa¥ o g welol iRy & g east one

t aolymerftest samaleto détetrhive tie Vakiast thewwbygicd! pnehrenticahproperty of the at
) applying the mat hemati cal

toﬁgﬁsﬁﬁ‘%”oftsam@bedc) to the respective wei ghted

cross terns of step b) for the at | east one pol ynmer

Efabsp alﬂf?bﬁaﬁo%eﬂ&épféﬁmﬂﬂ% 6r8&n¥ﬂbéiﬁio@{a dhbmom@mlmamodwan be
as
2 %etfgr't}ge’ff'ﬁ? ﬂI %P*&YSFg'é’f 83?"“85 fré ?ﬁ%g‘ﬁ‘@rﬂ"@mef test

| nampﬂé | Oite trienst olesspaiynnee tdsdshngdle bt amwmpnogleand alS@BDofThis
%8'08@@. QL. chem cal property of at |east one
pol“yer ™ sanpl e using tie nolecule probabilities.

For exampbiin Q%e@ﬁ Mo%ﬁné?ﬂﬁlnmﬁlsﬁ%festé‘a%ﬁ trﬁﬁmﬁlsﬁmbﬁ%avmga

a conposite density, MAD profil and
NI PrFe. o S 1Aga ATOWD HBIGT Ol HpSReRare pivsical or chemica
chepewal property of the at |east one polyner test

f r g’IDLIGkdeO @r r‘c’ngsat Iegg@?av gq%mdncdgngtﬁrglrsea E%gp%%ﬁe%élé’cﬂ%? weights
c alopg dhet MW:{Elpmfrtwanchthmlﬁ!Dofor leach af 3@3@ Iewidwa plelyanen training

b?éngtﬁ?éé%%ﬁ %ﬂﬁ@l@?ﬁ%ﬂe\/ﬁo Ws’tggﬁég@{/ tceg ?hte@rc%’&r{e)ﬁl being
ré@ﬁéﬁ@qw th%F‘é&'Q'FCéFOWP@M ef:al ong the MAD profile and

the SCBD, forimens ea.t/ehla%cathdv@gﬁt two pol ymer
traini ng s

SRR i 8 T o S M b R
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conposite density, the MAD profile, and the SCBD;, c)
determ ning a respective nelti4ng tenperature from each

density termin step b); d) determning a
respective probability for tie nolecule formation from
each 25nelting tenperature in step c); e)

determ ning a respective weighted tie nole
probabi | i t y3) BRCHMRS ShEhYt £51dn REAnehas Rer 1P§§a?ﬁfqof‘t‘§}°ms at the

bei ng det erraspfeeﬁk/eaﬁoléémarmght plication product of:

\(Nél) g:]? ggerrtlonﬁertr?ccgna ysis, deF nn?g e?ﬁ&ﬁ%&é’t\égl )&%gﬁsﬁ aﬁ?tween the
t wduembfebeu respéativerabysinal ormehetmégal pipperty anddhe weigbled ictass terms for
3000 &% Qrea\é'?t\/\)gg%kln]er traininf) 5aRbigd;th@9 each wei ght ed

tre nolecule versus t' he Iogarlthm of the
r especti W’Ymﬁll tee lﬂ‘%‘?em\?é'icﬂrf@’af‘?ﬂs“'@a‘lf I$tepr C)ttRdhet esp%%{gg weighted

t WRsORIMEBf stbs BY fot g o REW B8 p@l?ﬁhef et Qimdl@@&:tet@mme the value of
ctive

a%&ﬁ%{ﬁésﬁéﬁgﬁcﬁgp@@@ cﬂ(lirget agéhef lfast gge poelymers(gﬁ)sample

correlating the respective areas for each of the at

Lm] the Cf?fﬂér%(ﬂ'ﬁépécf %e{}k n?‘ﬁ'l tlSﬁ 1d§§ §H1e9')odvé9f H%\ertnhﬁng a

val'ue o ere hem ca
prapepiaphysiag or chemical prqp}-:-magfrﬁt ap,tg)npwgly@@f }eéq SMPUSiT tie

StRRcE ptdbabififes! ‘F@p%Hp\ée tr@raQ fadfonk Iﬁ)@lylfiliter ie@taébtnpib’}%s a

5pol rrertests Ieto

oRyrEpesie desi olif B W “Piranegfq 2ol a vlue of a
pphysival ortcasmicslgmdetty of 106 @Blead ohe pblyaer tastpacipleaonpliges:
present invention is a single-point nethod which

uti | i zagprovidingrallleastiive goiyoieialningisespleFheach trginingts@mple having a
WebBBsRd cfehgtyma' R St halkideD, YankiSa RRER Vaklg b dthe ¥88bective

single nolecuflar weight. 'I'n thi s aspect, the present
i ASife] & ehoPisaRIeReMY net hod of deternining a val ue of

a physp Cdﬂter@ﬁnnfd’@ﬂbé‘s@'tw@ﬂ@r&ﬁ*] 'temefat Béspbcﬁlaéfmdlﬁwlar weights along

Clm)B/0 875 B8 T SpeC: e Rert 7P o BRaf oSl Jaking samples

aantj Me\mlegklttorkrp@q«neotesai;am;tie gaels pmsity tﬁemrhelngc;i@leammed using the
V\@é)rgwsllte 38H<hy TR DiOD a.%ﬁer@qﬁe sdBg) providing at | east

raining s training sanp
havi ngc ede&ﬁmm 3 Eesgeqive mﬁ'tma tﬁfap%retureaﬁrorm/@aghﬁensgy term in step
wgj.ght fraction at the respective nol ecul ar wei ght,

i‘ﬂgmacé g . respchve RO oF o fPFIGE 4 Tretionram each
noletiay keengeengelmn §topcia tie nol ecul e (ad-La) using the

Conmposj toeeteq%ﬁ?ﬂeqt d résgécit“eg% gﬂFedtt,aem@%cdlee @%Batflmg‘s&% W@Fgrhted tie

traini g Sa ast
s mojsicele probablhty being deteaminechasigje muitiphigation pr@éuqt Pbbabl i t y

for tie mol %Héwefgﬁ{f%hbmtﬁé re%b&tm@ﬁqe@s&wwe@mlae@ul ar
wei ght fromeach ZLe+lLa of d

det er mi ni ng2hathe dEpRabiiviar %p@lﬂcgla f?rp@tl%rrbga;% g) at the respective
pr obabi | i tynolaan‘dawmght ed tie nolecule probability

bei . 't : .
2o 1) IR, B0 FRaed of el ERBBRAEGER e Byt of e
wessgédtive enotbeyla) weibie fprreablabi the aljedsh twa patyrmasitraiminigesamples and the
fgtrlg%It br‘?é‘pdlﬂné‘rttgé? sGhp@!l the respective nol ecul ar

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



10

15

20

25

30

e) correlating the respective weighted tie nol ecul e
probability for each of the at | east two pol yner
training sanples in step d) with the known val ue of
the respective 30physical or chem cal property; and

f) applying the correlation of step e) to the weighted

tie nolecule probability of the at, | east one pol r .
oot oBrareaiiS e areacine hes X et of 75 1 g, SR Ay waining
c banplesiin gepogarvithithekndwnevahte df dieesresmattivepatygicairor thertical property;
sg le. 6 DEFINITIONS [0009] The foll ow ng

definitions are provided in order to aid those skilled
i n t hei) @pplying thenewsrelatian of algptido dha pspeatvel aeer9fdbe ghleast one

EE%%R_% BE23RRIe th QYRS the VLD HDh)ica6F Q’@miédl\ g@ b®of the at

Envi ronnental Stress Crack Resi stance,
DipgstPnepelmer lesksanPleNot ched Creep Test, |SO 16770,

FTIR - Fourier TransformlInfrared spectrophotonetry. M
or MW- Ml ecul ar weight. MAD - Ml ecul ar wei ght
d{a008] bAifurthar. asphct-of Merpbesentireantioreis laingledddint magiagiwhich utilizes

a . - . i . -
€ RGuRPlochbifes. i Ho blaMpfTRe et bitbabitis dfemined at
N8 stralednafeastar waiginy I thisraspegteths rasantiifventiny Rovides gragtpod of
f’ﬁét@ﬁﬁibﬁn@bwlﬁé d{ﬁprﬁ}@fgalrﬂi’bﬁémif&éltp@@eﬁ bitaét %fils?%hedﬁo‘&!n@r t@t

e re unger e curv 0 e 0 0 e.\Wwel e
(DG o Stet onb nebe lneEsdtu B 2ehacte BB Befbciier
Pweighr, §ncdé naighifragtigraataimetespeclye malecuihrateight. byhis method

n‘g&*'rgggj ng the area under the curve of the plot of
t he I'ghted tie nolecule probability versus nol ecul ar

wei ght o016 at?&@erogiB)Bﬁle'r trﬁﬁi‘ﬁ?@thblb&,léaé@fraiﬁih& sample having a
nol ecul’e fornmati on. SCBD - Short chain branchip
PRTPOSHREPTSHY. Aeiedular Walalh &t SRBIOD SLS FosPEF A Staleeular
PREighDERY & RidWINaRle@Tthe r&édfectivePhysicdbscthesiicanproperty;

g: gﬁ)ggiegrﬁﬁiﬁg (a?é%?r]urmeingf’e{:ﬁg Ietn8th%sr acétleeI mgigéd?ee (325_|c+?_5 using the
composite density for each of the at least two polymer training samples and the at least
one polymer test sample;

c) 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.
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25SP-NCTL - Single Point Notched Constant Tensile
Load, ASTM D5397, 30%yield. \&ighted cross term -

Mul tiplication product of a nol ecul ar weight, the

wei ght fraction at the respective nol ecul ar wei ght,
and the nunber of short chain branches per 1000 carbon

atons at the respective wei ght; al so 30shown
as Mdwd(Log M * SCB. %%ﬁ%i@)'\ﬁe m)l ecule

pr, i cation rodu
P IGHREF , he e vty 4 fyicBu oG8 e BbaiiTh et
t |uedemﬂaedmg the fetaitaxt desarigion phibe pesspridtvientionnol ecul ar
wei ght; al so shown as dWd(Log M* PIM 21 0-La -
M ni mughVbles-Veighidreptioner a tie nol ecu 1, is the
cryst aFBEHe lfnmmm%t ﬁtfﬁﬁ%@'ﬁ‘é% Beﬁﬁanq_eaA%MtWé%
anor ph !;l ¥ %41&#\‘ g ‘ﬁ BESCRI PTI ON OF THE
”97: @?:?Sfar SEEE tsgecéroalpq;?m%tfy t he nol ecul ar
‘?Cé' &J ofile and the short chain
,\ﬁj% E\ELI;V Bt or an exenpl ary
w. 40[0011] FIG 2 presents a plot
_g%gﬂ,al 61 t|BeA§‘TM®r6§8'S the logarithmof the
ol couhar s SHalt PhieITeRN 198 €8hoar Y pol yol ef i n
copol ypeRT -FéAAsivahia®otcheB TRSIEAE BME 1 BT D' necaburb® HOENT
(in hopgp) fﬂirlm% VRAreEIr SHSte DT cERIINted by Uiditgehe area under the
par anet er ihe digilof theavesntstidredsyterdevdres nidlecular weight by
pol yol ef i n molopmers 7 [0013] FIG 4 presents a plot
i || ust PEP2 rprimaryestqoctureqadrarceter Zcalculated by mubiplying itiesarea under
densi ty vertsesurvdef theplat oftteweightee tigmpleavie progalllity versus
mol ecul ar veblgtidariweighilpy ¥80enpl ary honopol yner .
[ 0014] PGP 5 @b@@léhtosﬂamle@tﬂeéﬁrmﬁm MAD profile and

t he r eSEBPH Shertichaip Peanghipg digkiguindopo denS| Ly
E%gr@éé‘h

terms HEPS S's'\'Lt"F@rmc%PB?'Nb@“F'ﬂﬁs%?ﬁ

|O|0: yol 8FFA ] %ra@]yéls%r RS gl Flgﬁrrg[eatlon
I L A o
[ 0016] \ufel

o rds S MurfpyRhn 55 u%ilefarhol!;&m(r% Py ght
in nm a§ dt tl%nreggg d mble¥uldbeigh uﬁ% Gitshg chain
a net hod OfbrE e$p&S190 cérﬂ?f@%h@"étﬁ@ 6@( e Wdidtular weight; also
reported |idngivaks Ve Mmg_dg% 411l Fl 8 presents a

pl ot ofvelghtsdWeintidcar grotabifg!-exutiicRiiohbdduct 61\he/@sightsraction at
t he | ogari tawivletulirivighd bed the pfobabilig iér tieGioldcue formation at the
exenpl ary peépeotivafmolecutopeightalss . shDASIWRKIGg ) * Pry.

pr esengls+ia, -plioimund mbleeuleEngthufbrea tieveolgtile;dl. sttine drystaltme lamella
( MAD) pr of ithiekreeaslandhle, is theramarpreius layershickrieag;

di stribution (SCBD) for binodal polyethyl ene pol yner

BM 1.
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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15[ 0019] FIG 10 presents a plot of the nol ecul ar
wei ght distribution (MAD) prof7ile and the short chain
branchi ng distribution (SCBD) for binodal polyethyl ene
pol ymer BM 2. [0020] FIG 11 presents a plot of the
nol ecul ar wei ght distribution (MAD) profile and the
ort c |n branchi ng. distribution for bi
eqvgl he ﬁ@re&sp@@@loq[gkw@tmg an empﬁgéf])rre[_?% n o_ft%omposne densuty
plversamme layapihot of edeighhay eraged endleuulaneeighit forcarsdxemblaty on
(grﬁél | e and 20t he short chain branching
d| PPN on (SCBD) for binodal polyethyl ene pol yner

Wiq’ g q [ p@zglrpr{ sbfits a #ﬁ) Bf tﬁé ®WS Pﬂ)ﬂ%l 4 é&‘R—:f reEﬁ&tl\FE)Ao‘?r?dbb@Fner and

di st utio the short chain

bfsaﬁﬂbﬁn%@e@ﬁﬂgwmﬁ GProéﬁth(*é@@B)quﬂ&r omwmp'%\bw@éqw cepRiymer.
23 t
nOtoBE] S Garegrets et SiRITO AR PRRES 3Py Hiog oARglip Bmperature

skhenstis ddmaitynfobpalyatthiemg pdiysters. but i on (SCBD) for bi nodal

pol yet hyl ene pol ymer BM 6. 25[0024] FIG 15 presents a
p[AX16bf FiGh& praskeis alpkt ofRlictfhat(measired ipnm) asia funpin of density for
p'bﬁ’é aép%c%i% rhdifocbdi e premt mvémen e&hweaw e?@#@d l&’éiature
(SCBD)" for binodal polyethylene polymer BM

FI"@‘GSLG presents a plot of the weighted cross term

Y e,l o arlth of.. the. npl.ecul ar wei ght..f or

iR FISoP PR 8P Bnt HERR TR Hoie BB PRub Bhreys s
BMgarithm of the[r@@)&fi)ar Wb@ht foftworeasmplayy plyplebh cadolviregs. PENT

(in hours) at 2.4 MPa versus PSPl for 30bi nodal .

p {08l hEIGeB erasenty awfot oirthe AiolpgulsavgioRt slispiautiory (IVIBR) profile gnd the
[ SR dnalil dranchig Hfsﬁ%ﬁfErﬁ(S@B@? & b%odhmlyémyehé B6lyGBOSN-1.
termversus the logarithmof the nolecul ar weight for

p{dm e} hylGen@plesénts® plot @fahenmaec@mnm dlefrmdme(chwm )i phgfileand

e O
@gﬁt Bl #16: eg&ﬁﬁé él%%f thed ﬁFl@bl‘ﬂQr vf%%@é%ﬁn&gﬁgﬁqm profile and
A

g gf?azrg gqaa@h"wd'ﬁw&%ttﬁc PirforRimeds pelyetylepengolymer BM-3.
versus hted cross terns divided
o189 FlgoT2 BiepgienBiop e @piopyiay "I‘ﬁ'%%%ﬁﬂ I8 profie ano
[ H30brt Elhaﬁin brahchrigedisntgion (FCRD) forf bipods p@lyald,lleﬁ’iél‘ﬁly(ﬁem BM-4.
hours) at 2.4 MPa using chenonetric anal ysis versus
ni92e) SdGPENTresents & piot fulse polegdarydigt distiiblijameg MW D) profile and
U fRIsRbi8h 5@%}] r?gsdlﬁLtQﬂngr S@@fc%%&ﬁ&%t@l&eﬂio%e‘?%M -5.

predi cte ours MPa usi ng chenonetric
a[mbypl laevm §r’é§erﬁ§9@§16f @fdhé%ENEcm@rrwé@ﬁ brRUBUTI (MALNré&ileand

D hgieBon gt HgrRg S TR (D) or By goay pavamishg Bob &g bR
 BozdP By B B BR| ST pbbBl %%ﬁﬁf"&%ﬂﬂ%@% and

ptheséort shain wamhlrtgfdls_ﬂtgﬂ@lp(?r@m f@ri bimédal) p@yetm&f‘@lp@lWSPBM -7.

for pol yet hyl ene polyner trai ning sanpl es produce

ubBogel il bg RREenina APt afthasyaighing crOFwanyeremhe @gamhm of the

ph@ﬁz@ﬁ]hx&v@glﬂ|fd?1b|nﬁda%e%@l@@%oﬁ&@?trélﬂhg pahples Byl 1ep BM-7.

pol ymer training sanples produced using different

C fI026]y SEIGS Y& presants Qﬁlo[@(h.ﬁfyPENfrC(in Hd6rspates€ MPa varsps 86Pbfor

L t ighted tie
Qﬁogﬁ:ﬂgly%%%ﬁ%ﬂﬁh@rtr nﬁn% \éeé“ﬁgﬁ%gﬁh& ene pol yner

trai ni ng sanpl es. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON
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[0036] The present invention is directed to a nethod
of determ ning values of phys8cal 25or chem ca
properties of polyners. Exenplary physical or cheni cal
properties of interest in the present invention
include, but are not limted to, PENT ESCR, SP-NCTL

N , , i.zod | art ct, Char .
bzl ik bisberd R0t A beio 38 protilRn grot e baritm of he
s oo gitiihweiditéor aléthylahegolyeer thadingetaeples pewtiuadd using a chromium-
db%sf ?):sggyspondltl ons, such as, for exanple, 2.4 Mra,

of 3.8 MPa. 30[0037] The nethod of the
p[(ﬁ%ﬁf‘t FIGnYS?Pr%gﬂﬁs b ?lo?&ﬁ'ol[; @@N}T%nth‘aufék bt ZCA m%rs% PSP1 for

yners he ne I's particularl

sBﬁ"Y%W'?r@rCOB%'W@ FajrétdamAiRe Rieugerp<ing arﬂaomgm ‘Pﬂ?@ﬁ??télMSt

Etdf’%?ﬁuﬁ@??@&'ﬁ%@% Ao aTaS RoNE ol i 8% P80 weptoo

| trosstetmsidividéadiod! QOO foribimgtabsa@ysthylemegolyimentraising eamples.
limted to the aspects and exanpl es outlined herein,
al@30In Jt!Gt Aieprgsenteaplo quwthn@wlmw )&t B4 MPa using
a&ﬁe%‘cfr‘r‘?étr‘lcvﬁw%lysﬁ‘ggﬂsﬁé ﬁ‘:@&é&ébSPEl@f‘%r PEHALY ﬁbl?&ﬁ;ﬂerﬂﬁpd%ér B8ining
|nclu ed wthin the spirit and the 5scope of

si%%ﬁ?%catlon and clalns that follow [0038]

|nthe tur.e as_ t he
MBS T 62 rfepine PR L i i 34 g
i cifdmosredric arlalysis @snslis inagsupdtyRithior variogh polyethylene polymer training

PL &%ﬁé dies of that polymer. Thus, in one aspect of the
present invention, the nmethod described herein can

dﬁﬁ)ﬁﬁ]m me. ﬁi‘&eé(eﬂtél@ﬁloﬁff LB PENTG 3h h@ﬂrs aen ek versus PSP2 for
peryﬁles of test sanples u °88 govvle el? %
Yruuengoolyaet raigipg B p'ms%v Upiag xffare YS! Rystems.

a er s r

R0al R P AP Lot S NG 0RED Pl RS er

omolydﬂwlqm\elpwymer traising sampieeepropl@@a g}?mqhéfemqﬁlyﬁt SYSéen@ﬁf

a Bolyner can be provided by any neans known to one or

of08BHark)Cs28 presanis a plat of NDR \Rr%rf’sﬂﬁprt RohGtryleapelemestraining

aghnddled producal uélﬁglbiﬂélﬁhl&afa%/sﬂ%% ne 15the MAD profile

of a polymer is SEC or GPC. Inherently, as used in

t [0035]di H@G| 265pressnts ahﬁloﬂ\df\Dogg) PBNT [(ie hofirs pat{204 e versasiweighted tie

p&g,\ghlﬁ(g?rogggﬁgﬁ,qg gﬁmknggwgeg%rﬁ%ﬁ%n SOCI at ed

useful in the art such as Wand M [0040] Slnllarly,

the SCBD of a polynmer can be provided by any neans

known to one 20pfAIskD DESCRIFTIEONDH THE 8O/ENTIORS coul d

i nclude, but are not limted to, tenperature rising
el0086]0 ITherpaesiehidmaintiamis (ifédde) to amiethehef detegmizirigavalues of physical

SRR AREC R of Bl s by NG b Afodagfs &
ninietrst indlie priessnt inyertion insiudadié sregnet iMigido NG FS&Fe E-NCTL,
(19eB l—"‘?s)CTaNDﬁanBd MWa%P 69& ﬁnﬁa@? C ﬁ?ﬁ&i‘ci |p§nctt2r5, rés@s%’ribla or

One met hod t ow de rofi|

Jemendart tsarp%'iey r P%PE;EEWW F@m%%ﬁ’ﬁj f&?féeﬁ’[ﬂﬁgtffﬁeet Bhions,
adieh yis|if6r, exdepel 2.aaub4, B.0WIR:, oPaBeMRa. No. 6, 632, 680 and
U S. Patent Application Serial No. 10/463, 849, the
di0837] o She ersetindd ofttieqinesentinvamtion [sapglicatleitmalt ¢tlagses of polymers,
e T-
bl e e SR R 5 C0 AP RRI pofrert T
is the small quantity of the polyner training sanples
and of the 30polynmer test sanples that are required
for analysis to determ ne the MAD profile and the
SCBD. I n one aspect of the present invention, |ess
than about 5 granms each of the respective test or
training sanples is provided for determ nation of the
MAD profile and the SCBD. |In another aspect, |ess than
about 1 gramis provided for analysis. In a further
aspect, less than about 100 mlligranms is provided.
Furt her, another advantage of
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10 the present invention is the quick determ nation of
a physical or chem cal propergy of a test sanple as
conpared to conventional testing and measurenent

nmet hods. Using a technique such as SEC-FTIR in

conmbi nation with the nethods of the present invention,

the val ue of a physical or chem cal _ property can P?
dBverian Wikpe deseibed It saReRR B RUNVRIRINScRICH Y Rlpethyiene

aﬁ&ﬁ@ﬂolyrﬁéﬁ@ar\tﬁddé@lymﬁrsa ltﬁé‘ll\lﬁdeﬁ‘e@éodﬁhat eegsresemt inperipe istnot limited
aH’otP?] g§pegt§§g81 anr{\;p{%s Q)ﬁl tsp%n a@mg '}R%iprcégeAt q}]v%ﬁﬁon includes all

paicgpeativys, caxdifibatiode tand nqmmientsmaé, mewbe inalndeshwitHirothe splnt and the

[Q (?oég]ofﬁggB%cmcgﬁonra%%'cﬁugfmﬁf follow. | kewi se can be

rmne nmeans known to one of ordinary skill

' [b0§§’]e ﬁfféren&@%ll bﬁb'p@?l'neF ﬁ%tb%krGéi@(% dUR |a§€Hé M\W@tpré’fﬂ@amhe
lTmted to, 10refrac

é.' % é I erﬁs tggl ;P rties of
ASFRPHT 2. 978N pq*weeresﬁ*ﬂja enge 8§?SH t‘&%ﬁ YS! prenpigal Prope
d&i&ﬁpdlym@f Thing lrmie)ersﬁéct aftha prdseténveatiomothe nadthod described herein

: ﬁar} %{ﬁ{r@f e.gag -of gg 213 or\éméijn%al érﬂ!?t%% oﬂ?@t &ﬂﬁﬁés é}gf?ﬂ

varil ous
c empvaddge of the m@psctlves‘.@émmrdes WWGEF profde and:ﬁﬁBDst Inggnothepgspect, a

vg.‘(r%, ﬁﬁfﬂ a?c@r%ﬁnce]vﬁthaﬁk M%B%oﬁfm tdkir A MipbERR bsib B@Péﬁ/ of

e aspect of the present invention provides a
rﬁi‘lerﬁ)@ mef tegetaB1- ni ng a val ue of a phyS| cal or

5 E@ C%@Q@‘& él}f%gfl l %ergélte b‘gg’%ﬁ‘ﬁgd %ger ! eeaipts KRl %ne or

rmrld&tam skill imidiegirtt Achiasitlimiitingtexemple ot/ D) analybical It@:hmque tp determine

S%%rl\’l étbg‘%f{}’ &ﬁ@@%@%ﬁ éﬁég g%t lnﬂ@reﬁt@cgpbsed-m%ﬁmmsure the

pr of| determned via

alNBlY§y piofilglof & pelmietias rkeMsion amendmeihersiatap Hgi M‘é(P;ﬂaé%flq aspppiated

t 8ighl tactic & Rad® MBAE Srcluliing.corhhn Ry WBétulie fe HEstibh @s Maand
aI SO be referred to as an experinental sanple or an

Menown sanple. The nmethod of deternining a value of a

pm@hfeaé'{"@%f E‘Sm %f By %Py%er%a Ofie ﬁrg\(? a8 b)} ﬁ?%ea(ﬁg ?aown to one

abf dkilars thetanio Tpoinjques courldunniud@ bgtaafp Ineldimited éh tqm@ﬁrﬁwﬁglsmg
S@Iﬂ%nefr%ﬁéfmaﬂgn g R@—ymcl@étorﬁéén%nc %s&%@e (), @nJSQEWFTIR

val ue setlvepy3|ca or emca E) u% ¢
binhaenty. as HEaegn Htls qigglagurs;, (e %@%ﬁf@e@ ¥pessan P@? i9g theynumber o

I eEREHainRaritBbessH 1800 ¥@bGNEIEME|STRs)td eadiNDAHondss ftiee WD
the SCBD, for each of the at |east two polyner

t PRfl§i ng sanples and the at |east one pol ymer test

RRAE) RSB GRS DT AR 1 FOdeor\pasnars
nmBEEdUIIR Lsing Chgmometiy) analysisigasgihediin & Paignbhlo. G382, 680 and U.S.
r ﬁﬁ@ﬁFAﬁp\i@atlﬁP S8R/41 INRY 100d 080, th@ @%cloédreé SwHidreard kﬁ&’@@bra@é‘d in

short chain branches per 10
” BeiserPy oY i BiATPaRe- giagheaos of SECFTIRGS tagiet fjge metnods
earthe pRIEGHIMSNIINIS metsafarmuamws tiehmlyineey &raining samples bed of the

ROV B s A AR OR BB Bghe en e

pSCBDen oresaspsetopthe;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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d) determ ning the respective area under each curve in
step ¢); e) correlatifpg the respective areas

for each of the at |east two polynmer training sanpl es
in step d) with the known val ue of the respective

physi cal or chem cal property, and 10f) applying the
correlation of step e) to the respective area o[ﬂ'
athe|psesent inypationip W'%&ﬁer@@ﬁtﬂn@fﬁ@hwaéwrﬁhﬁ@mﬁ operty of a
v @lstigantie ié‘tﬁmiﬁéb@iil 6 @bnv@htldhbﬁﬁstmglan@ mepsurénieraimettivels Afising a

ldfee% 'tagtgq%cﬁ %g&rmﬁﬁ W??B‘Pb%%t g egto%? 8@%%@@%% invention,

_attematdla ota phystcal drsherhiealmeedenty sarmbe detqnmegg@ less than three hours.
| [V t{epgsge-crﬁr ﬁt'e'%@g OEQBWS%%l @’%ﬂerﬁllcé%réﬁén{/ @&r%é @éﬂeﬂwﬂte@% less

con training s
km@wtwmr% rloy#i anoketasperRh brakests P"Bﬁt@a'l\ﬂI\Bh?fF 'St'uﬂffépeﬂy can
apgl gbtBeniRieER1ea thah@nd@b@ M ned using a techni que such

as SEC-FTIR, as nentioned above. For an exenplary

p[dOMQI e(ﬁomﬁbsﬁ@waln)daéamty likbise &an b dﬁérm&teds)ytahyemwm known to

PRES TPy ml S ns = RlauiPE cepRibedTitue Bt afs fillimindo,
s radractveandes or moldae density her ASTAE Di1888.a heeQ%HPOﬁ*tﬂ regindgpsity is the

W?ér%;t%of tﬂ@ﬁolfrﬂ@r ds' AMold) 2Bds$ hifRolkcdariveignts. t he number

re c n branches per 1000 carbon atoms (SCB'Ss).

G[@ﬂb]d C\ghtfléjfﬁétﬁoébsaré Hbéb‘ﬁbécﬁh&é*msrd)f febfaprising® aaridis steps, the
provi de

in
D EiRloaS Canlea Rkt cpeativ SR eyl e G ot he. "
[ 0046] Further, each polyner training sanple has a
known val ue of the respective 25physical or chem cal

p?ﬁRﬁAﬂz\Ys‘thebTUﬁE%Hm@@ﬂ (PdFA5 i nstance, at |east

two polyner tralning sanples can be provided that each
hﬁ)(ﬁ4 @ﬁ@ﬁbe&ﬁii uR ésenbihlentibn fp’roétdé@&lmeﬂtb& oRfiEmirdhg wevalue

agf\;zit ;rgflskgglforgpg%lg@t ?Forfo% aﬁF Qs y S' n%g{ J%%Wgeeﬁ%ea% éa\éteone
t paymerrtgstsampleemwag e modexdiar wergtnteilsmﬂ:tun@”d@ll\uﬂ prlq@e and a short
I?a%r? Brtangherlr#W &mdtﬁﬁ] SCAéIS er‘rﬂ?'MV\Vﬁ lp%'merh‘HWéeéCB@Ear{ FSt

Rree tra st "four trainin
saatprn@eed via ammtytwal tﬂ@ht"ﬂ@ﬁ I¥1oM te eRyPi@Edinay S*t"g'aé'te grpguch as
t GRCHHTIG. $ROOIRRer 1t sérﬁ‘ﬂé‘baﬁ bf&é E@féférfealt@ h&8n 8xeAMestal sample
or at | east tvvent%( tra fg rrP \faﬁ{?n be uslcag r chemical
TREARUTKEOR SR ThemBBR P deiaimnng A VS 9 b
dipidpemedstithd stacast og: miymuresst sdmaple camprises:used with the
present invention. It is beneficial that the trainin
sanpl es) preddngdtdeashiworpolyyres trainisg sarsplap leach traiping aample gaving a
t E/ﬁ/vt')gfb% ggé%egtmba/krfm ValLRioR{hB JeshRBivE PhySaE ordtaRal

mer test sa but this i's not reqwred
FquPﬁ@t the training sanples can include duplicate or

redund rHete‘izﬂﬂng%‘i lladt tivD Welgﬁ%dt&tﬁs itarida@ @t regpective molecular weights

@Ee ! Ittgﬁ\@r\}\l@fpr&ﬁpregr{detb% gbgﬁ)v%)e %%ﬁ/ of gtgl W?Stqﬁlg I%B%r%fe?t?aqmng

pesapples yndthe atibast esé polEhetdS|safple, esmb welghtedrasossttermeeing
t and the at |east one
\é?te%hgﬁgtpé%n‘@"&goﬁ@%&éd cross terns can be
det er m ned (dksthegespadive ler yeidfat a for each sanpl e
as exenpl i fibpe WRight fractidn athdRispédiesimeleosiar wagimdrel t he
mul tipli catl on product of a nolecul ar weight, the

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

and the nunber of short chain branches per 1000 carbon
atons at the respective nol ecul ar 10weight (i.e., M*
dWd(Log M* SCB s). Wiile not intending to be bound
by this theory, Applicants submt that one factor
related to polynmers with inproved toughness (e.g.,
tear, inpact, puncture, or stress crack resistance) is
the presence of nore short chain branching at higher
nol ecul ar weights. That is, the presence of high

| evel s of branching at | ower nol ecul ar wei ghts does
not contrlbute S|gn|f|cantly to |nproved toughness

—p— . p——
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chain branch content present on the high nolecul ar
wei ght end of the MAD profilelican contri bute
significantly to inproved toughness of pol yners.
Again, not intending to be bound by this theory,
Applicants believe that the weighted cross term as

br anchi ng_ ONTERIMB 4 AR hGRGP A REPRE BP0 PO o the

20f racti on re$pecie maeguteemeighf049] |1 n accordance wth
one aS th feat:th%eﬁsl%é%mss tdPh&R sh?ﬁ‘rel rl{hﬁ\aéltt ectxve

at respective no

SS ter
m%gulahwewnprmaem of the arieast ho EOBIS" Hpiaing éqmpheéa Ea@hleast

WBh&IPSIRHerabRs8mpIBr Mi s plotted versus the |ogarithm of
the respective nol ecul ar MEIEW%i for each of ghe at

| east EARSIGHBINGEhe Eels%efc,qu]areg reachGiiva R&eRC) east

250ne galoyrekting tae tessaTmé aread fur @acdhsofithd a1 sdasitive holymeHrdBning

2 ennl: : . .
e s SASTHP L Bl 05 oS ABBLITE s Bt I BB rovory
bem&ficial to have many nore cross terns across the

range f?fa?ﬂﬂhdeﬂ:l@ |c§r"rel¥YﬁJ'ngﬁ‘§fép t:e?toftﬁ’é' fEsFech ¥ea aﬁhe at least one
illustra i n accordance

W t
aRelyReriegspaple t‘bf‘etFWé”%ﬁhéé’é'H? of the ansicaler Cﬁ?m'lcé'é’é?peftv gkthe at
Welagidnegolymepesttsampie. at | east ten wei ghted cross
ternms, at least twenty-five 30wei ghted cross terns, at
Ieast fifty weighted cross terns, or at |east one
d r

Fﬁb : %tvf%éggg\;roequﬁe%rﬁ fﬁélxﬁlg{]@nlrlﬁ%é?n&@s é?agtq)vﬁg@ﬁ’\ a%cbraa% with

t mermethmtof tfrsrpr%s@nm\@mw t Haiping spnpleeean alw@ﬂere@rﬁd toas

Nchﬁtﬁrolf\ﬁan@se a6k i&?rnéﬁfd‘fﬁn@s! Iéjl‘ihsf:h mamlyem Pﬁ‘dﬂlfeVé?Id%%nown
L or each o
56BB" 1 Kb Brelie ane e D bathit wetd Tinsrtaito Srteqlfaug suoh as

oBECFRﬂIIy reermdnticriedsdoye. efortah exanﬁarymni;}elefnt dupolymepEtG.itve

Cfﬂﬂ%{%tgsgﬁe W@pr%ﬁ\%h& th'e":ﬁ._(‘.?@ gfgﬁ% @ofpg{yH\ePrTW&si J§"the IQ&anthm

curve I n e exe
coffbé meteculprswelght dherefiddnd side yrauxis jscibe wechtdra@h@ %tma@@h molecular

t WSlgﬁtuétY@thE %ht‘ﬁ@ﬁ@s@é y-tat@ﬁ ithe h&AB4r of %rch‘%M'B?inches per 1000
hen correl at ed

5training s es_are Wt
r e’ B%Q:%tP'Wé Seﬁgﬁp e %?P'I‘%éd%ﬁ 8 lusfrategyin EGa i °@8 IIoe Prayjsied {gy both
Othe[aKt RRS D POlyrAér thalifigy €Miples! dhd@eatdetsearte plynidh st sample.
present invention, the area under each curve is
d[00|461]e dF ustper] 885hQd0/nten treiaing shaple hps akaown wtiveuas ther respective
y@l&if&? rch%rn & gﬁojplart)é ﬁ'{aﬁs o?m réét’sﬁ rHhcd, é?gaég\‘lrn]@#%?@er

a speci or c en1ca propert

cﬁ@@mg BRYPIEERn @tprtzv'dﬁdwp%t)eavfétha iwsm V?'é? oft T at2.4 MPa, the

ewsmp ALY heig Ren AbteRAMYO F@fnbasm@ehmé fospddlive andiRrHI tést for
Eghfate that there is a linear relationship between

t ogarithm of the property of interest and the PSP1

h@gﬁﬁ e%a%pdosp\?é( Eﬁ% Fiq%g%mélhg a?ru?sﬁcg M érgeo@%ﬁ%s &fthé ﬂgsent
[ DoOStipn. Bedt%pmwv d@wavqoatrl@saﬂﬂrmralrmg:sanmée& aﬂ lgast foyt waining
%n'fdléé Beadt Avd ﬁ‘ﬁnnﬁ?%éé Yfledt &R tHﬂﬁWd saHb?esCé'tr |&43t F?ffeﬁn

east one mer test samnp , he vafue Of
phay@'n@aqimra?s pEaiest wmvﬁfawm%mﬂs Fants et Fire 0 specii

| @t liripen helnynBer df effereniiihifg @tiplbetheitdal eiusediwittl thie Present
urt.her . i ustr at ed

met hod i

FBrgtn- Fische e e bF Talfasm e (3R e dRe Ao B eraRle
provi des a nethod of determ ning a value of a physica
or chem cal property of at |east one polyner test
sanple, the at |east one polyner test sanple having a
nol ecul ar weight, a weight fraction at the respective
20 nol ecul ar wei ght, and a nunber of short chain
branches per 1000 carton atons at the respective

nmol ecul ar wei ght. These paraneters can be determ ned
froma MAD profile and a SCBD via any anal ytica
techni que known to one of ordinary skill in the art,
such as SEC-FTIR This nmethod of determ ning a val ue



10

15

20

25

30

each wei ghted cross termbeing determ ned as the

mul tiplication product of: (192 the respective

nol ecul ar weight; (2) the weight fraction at the
respective nol ecul ar weight; and 14 (3) the nunber

of short chain branches per 1000 carbon atons at the
respective nol ecul ar geig,ht; 51%) @rreI tinsq |
t fBd frakihe ;anag SOVRET i 188 eI DY SAPRPRHENOBIPAEHIR PRYMEHES SAMPIe:
| eatghis isvint pealulyed: rFurther, thengintrgrsamgesican sitiege w)plmte br tebiendant

kngr\r'l\@e%/ f%l ch?uo%fthé Pn%agt 8§§etrh\éﬁtapé}}{o? mCl% tdils f? W o 3¢Ie and

he corre
sS@ﬁDc gmct o tmm@smnwwc@mg@m@ properit ¢fdnterest east one
w}émar test sanple to determ ne the value of the

BL afrorgack ﬁféh? ddeaspigRoimer Spining sagples aagihe ghlgast one
pﬁblyrlﬁﬁrr te&t%&ﬁwpféamblﬁed 38EHRABS cahhe dhpmmettingtheirsspactive data

” 1o Bpib s Slatped iR 40 e e B B aor
t producitof a melacglheweightctbe I\Aarght/\imogm atj tlse @epemlm meldcdlarrweight, and
eﬁférh ﬁ'fbleF 88 arttcljla%@&%néﬁ@ BOj dﬁ@%ﬁrbﬁ{ﬁ Q{omfrh@th%%gﬂegtg/e%cular

eas one

f weighte-ed M @Wﬁ@p@éﬂ 6§C§>§&nwihée @tﬂnﬁ%nd"fgdp P feunditydiga fheory,

| Kpbli%aﬁ!@ BarRitthat dn@%dfdr%lat%dﬁchﬁélyrﬂ&E w&lh |mﬂ?@Je)ﬂﬁ@Ighhé§§€(§ g.
he sane correlatio

C R CEC R BTRr § S ¢ RGN tnt Desreb A gie Plshai
Fbrantiisd armigher @alebulfravdighys. ofhapis| the bessemcerat bigh gevels of branching

%ﬂg%grﬁn?ﬁ)l% e!? m{% eq“s%?? Bot%%hitﬂ ?E@é%é&nﬂgﬁa d‘n?ﬁ\ﬂ’/g? %E%hness (e.g.,
c brasppestiassneh aﬁ%EI‘éBf%P NETinidar impact. @nd ihe liselo Rather, dtigh short

pE:I%ﬁr? Brafich &o%%hpr@%rﬁ bHfﬁe)hl%rﬁ%lb'édlé?erldﬂlﬁéndﬂ”fmmoﬁle can
or conbi nations thereq

|1 ke,
dp?rftrétr%%lgr&%qanwrtafmrefﬁveﬂ}fwne%ﬁ of QOWP%’% Aghih. ot intending to be
r fabl_ﬁfdl [$04f 515 tmo@gmptnbadt@eelphgmamb welghteherdse edrmpasogiingy above,
of I.nterest o) :
S bEe Bl A HAGE Ao e loh oty velon
c biactioe otithe@olymedet er m ne a val ue of a physical or
chem cal property of at |east one polynmer test sanp

{ FIO4BE Inaesrdase Wb PyerasPertal thesumssbInVaiP it Kampe o Reghted
PERES ?ﬂn@éﬁe@pe@@%?m%lé—dmﬂa‘i V\lé@hﬁ%btn@(ﬂﬁ@mmﬂﬁﬁrohla 8Ad the SCBD are
pr ovj as r trai
P et el st B auish i RO st siodh BotiR oF B pesgecive
kanUlualveJ@t,ofbr ¢duh of the peiehshiteo phiyrsertedining saniptasi apdlthe at least

pBr?eﬁ@Jl%r%(er tgs)t sgrﬁélg r an ﬂxsﬂ%\teh A8k, %Y@ a%k&@glgrg g&mﬁ

secwermecuarvve ts al
pearolymer aﬁ&houﬂfeamtwq whiGdd 61057 lorPRargreqUiadt s hgneficial o

pﬁé\lérfﬁénytrﬁ@b B}d38 te?rQs §&H§§ #e rzﬁﬁg of r'?qSIeéﬁlarl vﬁéﬁ@rﬁs l@ﬁ'@rm acurve as
mer test sanp 0SS

R 2" FREotN FCBICREER YA GUaRect o Pgoetventin,
r eﬁ@mtwe/\ﬁeumb@@rumbrm Iaglbhst tdrdyeigtied svesgiotmd, aeleast ewenty-five

a\t/veltgnt%d rc%% e?rtn's v Ff‘ Ien?t f‘?t():/ e%%te\é%' o%h Rérm@l ncgr at least one hundred
weighted cross terms, can be used. There is no specific upper limit on the number 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.
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15 (3) the nunber of short chain branches per 1000
carbon atons at the respectivis nol ecul ar wei ght;

c) by chenmonetric analysis, defining a mathemati ca
rel ati onshi p between the values of the respective
phy3|cal or chem cal property and the ME|ghted Cross

E‘ﬁ‘gﬁb; grﬁgghacﬂhg :fﬂ Iéasﬁ}wao%%%sr &ramtnﬁ é%ﬁ;ﬁ% %ﬁﬂ ngiasr%%ne
r pblgmeopsttsamplef the taega un)ierttbe tdsseeones pae¢ fov eachesagiptedsidetermined.
¢ ?Srs&ahﬁpelnﬁe%ﬁea?q%er tm curg% hteﬁéa or h%%?%mglgslho%g)lgrﬁ?rr
c Hetafnoiagd. p?r@g@neyﬂvefareasemder thm@w@@s Pacﬂilrﬂéth?cﬁt \pagitwe @@'vmer
S ﬁfﬂ‘ﬁinﬁ sarhBlel 9@3kdn Me%t&hﬁﬁﬁ@?e%b@ctﬂ@ﬁ?@of@l@é’btﬂ@icél %?Qnemlcal

when the at | east, two r trajni
aProPeRser REPRESS 1O Inisrest: e%‘toné éﬁ%CéOfaIF%p%F"éB 2[?’8’3'0{] Fﬁ grea finder
Cahdt gudie iS yﬁaﬁecmsy tdr(mooab ealtinge pamaryatructue pardnicsranPSP1).

f Eﬁ %X@gpr%tﬁé S 8Prr rflt é)lnlo g g%ec"f}ﬁ gggsma? grdchg%lcaféroéeergye(mtthls f:ase
choaPENT asgxét\/@aﬁve(rsm:ﬂ’sl%fsfocmocmemmaryaeegs efpoNaletimpolymers.

m?ﬁﬁ égﬁrfs‘%ﬂé%eaté‘{ﬂx@t t‘h@«% i b Hifoar RliatoRSHA Blﬁ\tvéé?ﬂﬁeid@ﬁﬁtﬁﬂfo} tHar

ferent UCtI on ETOCGSSGS such as s
4

s BIoReNGeT inteygst a@ﬁ&w’s%hwl% ich iedmpggte B\hbsﬁﬁéﬁn%ﬁ@ten)( of the
t high eleculat WEGHtraCierey Rt dop6ly@Bal ysi s was descri bed

also in US. Patent No. 6,632,680 and U.S. Patent
AR0b1 ) aBy applyBeyd adrreldtion, 50¢M&S|IB48ted imFICh8, tptiesresyective area

; o . :
B WS FAREN! 30 b BB R 580 o Borld afor
2chemigrt orapedy gitiyieieetdpr the aUh@&?P@%\P°'W@m@ﬁ‘rttsﬁ'@§'e&ﬁ'ﬁi be getermined.
W‘?hlg MeBthdGd RaperliREiBed WEX@F&?I&S af2 hhGoiRhy. | €ast two

pol ymer training sanples | east two pol yner

t [(0852) ?m&mhmt &frtiee prassht inleritidh rovikips atmedtiodidh éetermining a
inve

Al h
PARET i aPHE st Pl bhaR orelleo ol BB et ol sgBohhe a it
sameppatgyeraest kaagle havinga mokkculanyeigidnpiveight feactidnes dte respective
t Fn%|e@bl eas?rmn%% nlﬁ“bet' Sia:ﬁbrtghélﬁ St%ﬂcﬁc—fs"ﬂem (gﬂ) c%ﬁglpétﬁﬁls at the

tralining sanple can Sused
Tﬁ;@p@:’nyg nyq@cglpre\@qlghtc TogssearaMmaters c%bq g@erﬁmﬂgéfonw MWD profile
darﬁd‘ £5esb \Aawyryna@n@m@mrﬁ@etmawn Eashela otdfRey Kl it thesart, such

et Rt 14 s RBPOFPI s ecsl BV 1 @ i property of

f thkelablwasteiRE pbiRYieSERYETIPREEOMARMEETER 2 ( PSP2) 30[ 0058]
I n anot her aspect, the present invention provides a
met hode)provitingsat isast twg palymer tieinisg samples; shetuirairipg sample having a

Cﬁ‘n%@bl‘ﬂﬁfl wé?él’ﬁpf\ﬁléléfht(?ﬂcacﬂin dt ﬁésrﬁs&@f?ven%lé!é[ﬁﬁr wWeRht, as@RBbEsf short
| east’ one mer test sa

he
c@ﬁﬁ!{b%’?{’@ea Rt q09 ca q\mn?) gidhe ”Pé‘»ngfglﬁa mgleg@%@velgrﬁeand a known
CROSTi theeregpattivd phyeieal dpehaltitgtproperyt vi a any anal yti cal

;?f hni @Eﬁﬁﬁmﬁ é‘fj"(’) &t c% tér(rsnn%ttﬁé %%é%ctlggtnglecu@ vstlé1 tfor each
veil tb@atdéasawﬂm@wrmﬂrammg@amnm ahd theap erstyonefpolymer igst Sample
l@éb‘f’ltw rf@ﬁ'n E(ﬁ de?@r e L WBNLFGRation product of: 2)
provi g east yner tralnlng sanpl es, each
traini ng séwﬁh%rqsaeﬁﬂh@ma'eéwmghe density, a MAD
profile, a(3GRPweighdradtidiQ\We rédpdiavedrholebigarvesgheahive
5physi cal or chem cal property; b) determ ni ng
at least two density ternms at respective nol ecul ar

wei ghts along the MAD profile and the SCBD, for each

of the at |east two pol ymer training sanples and the

at | east one polyner test sanple, each density term

bei ng determ ned using the conposite density, the MAD
profile, and the SCBD;, 10c) determi ning a respective
nmelting tenperature fromeach density termin step b);
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d) determining a respective probability for tie

nol ecul e formation fromeach nelting tenperature in
step c); e) determ ning a respective

wei ghted tie nol ecul e probability, each weighted tie
15nol ecul e probability being determ ned as the

The. 1 espoctPiide RUPBH G sorgebitancastpe (590 gl aoidatthe

pr obabi | i tyeépyzbtl\tenﬁaolmnlleewelget formation in step d) at

the re j QR

wei ght %gﬁ'&hﬂ/n%nﬁ? e%ﬁégtle %@gtg{%rosé g/eérﬁés %&E%(ﬂ}gof aﬂleasthtwo
oﬁO'th@r tedringsgRemidsie siep b)awm the kwrgwuefqiﬁheersénecme Rhpfeical or

athdnfiést brdpbky:RRYYMer training sanples and the at Ieast
one pol yrrer test sa oqﬂagegp determ n|n the res

area UNWEePYiRg e <olfe é:étqtye weight cross |tﬂrm 09 %e at Ieast one
C pdilyrﬁér&éﬁrsgmblb@o t&epecd ine @alas eatte bl@,rsmemﬂmhaﬁlchlhﬁomﬂy of the at
ner. 1 a| ning sanples in step g) with the

|
k%S%?ntsﬁ?"&'& %Sttsﬁl Pespective physical or chenical

property; 25 and i) applying the correlation of
L@B%Q)T%%bBO@mﬁﬁﬁﬁ RS di Ogﬁe %lﬁlade@grmmaﬁor%f tﬂl@rﬂ%o@ﬂ@strated in
-d

test sa he val ue
2 loiniER A SW%\&@QW %fPSSt e ata ?*@%l%fﬂ%%'af weight is
p@étymaﬁedfaﬁéacﬁ anpk %t le8&[NOp& thralmg’wnpldstaaa thed Idadt one

S T L AR e e
nwgggl I?IS apgérgrgiﬁr g{ﬁ?hb tHan f\& ﬁ?élgﬂhgﬁ?ﬁ s%% the éame%o]:rﬁlgtlon

us | NCreases
pb@wam lheppys.iqaa@r qhh@gpawrpmeru@nd e weighteghressipegor PSP1. For

heb@h&g e&@ﬁaﬁ’:ﬁﬁbf dél’y)ﬁ%flﬁl’ésln@ %rdéi%é(ﬂﬂfh d?f?éréht’éafa@gl@ygt@ms (such

These tie nol ecul can contribute significant
i ADFBYBYM Sﬁg'ﬁh@’s‘%a pretpliaranecandtae [, 0%51”5%{}3“ sn%%rew ) or with
p&ﬁ@rbhtfpﬁodt.@t’orsﬁrbéh&Sesl‘(fsw@gmrysécﬂmbﬁ) g&3fphped, yne the.liké, or

t he ' . .
B S PEE o G e BB b BHGT Rhar  Btnen
pwmihe@hysmal thélmrml prppastyef injeredt. a poI ymer test sanple
using tie nolecule probabilities. [0060] This nmethod
of00p%le Ipreensiance Wik AfUrHier aTRSFICY §etreqeghigyentige a chemometric
dinkined e b@@%e)dﬁ@ﬂetbfnﬂhé‘a Uﬂuééﬂ%r@&ca@a@ﬁbrﬂ@émr‘ﬁb@ty of at least

KPP S SRR o R R eeatst SACAR BrUp o P profle ang

paS@BDuﬁh;s,méthmimmueemte density can be determ ned

via ASTM D 1238, while the MAD profile and the SCBD

can bea)deavisting athprmglysewmnmsammes eremipiring sasmplehaving a

emwmbfamx POCHO! £ldl Akl %Mér%r the Fésg»ect;be lohysital sradhgmickhe
profile and the SCBD of the copolyner. G aphi cal

d@f’aerﬁ’s illustrated in FIG 1 can be provided for both

t he atb) |d§®&h|nwg/@t I@Qét)m@flvebhtad Bioag te3aspl respetihantoleitaraleights

ast on r tes W
s R Rt naa SRR G SEiB AT oae e byl B Hitine

psajmlmmdhe atfieast ord palyrogrdest garpiateack wefghtedtcmseﬁrm being
i r training sanples can be
p@ao%/ atsﬁge 'lngg@hz ﬁd’?ﬂarB&J %Wﬂ val ue of PENT at 2.4
MPa, the PENThe eespRCtine Folegulakidet er mi ned previ ously
usi ng the neIRewbigharaaticd attheabpdcdd mbieulddight; and
15[ 0061] At least two polyner training sanples are
used in the nmethods of the present invention.
Al ternatively, however, at |east three training
sanpl es, at least four training sanples, at |least five
training sanples, at |least ten training sanples, at
| east fifteen training sanples, or at |east twenty
training sanples, can be used. There is no specific
upper limt on the nunber of different training
sanpl es that can be used with the present
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20i nvention. It is beneficial that the training
sanpl es resenbl e the pol yner t&st sanple, and that the
range covered by the training sanples enconpass the
pol ymer test sanple, but this is not required.

Further, the tralnlng sanples can include duplicate or

dund h
expor | mont 48 B FOmbf e Sher B bR B 1B rrons e
MAD pr of i | eespativeSoBELulameighf; t he respective physi cal
or Chegs]bg%herﬂ&@\gtﬂé ‘éf(alge s, LB easﬁwathgrﬁgt%gﬁr%]atl tp":i%ﬁmfaeﬂf’(he

t he at ast trail n| ng sanp [ 'es an
| Balyes & e rgepopkver PW@@@' os gigsniea! p@perrhfs%@tth% weigler srosg terms for

t 8hdHof e 4t REBEGRHIPY niémraﬁmggaamy\@é ﬁhas al ong the MAD
profile and t

r
P oo o BPiBRTa DA e a Bl B A SIPIAL Stoh Loyt Seastive yisjoMted
ocn«bes: tetros ofeiteqr byiforahd idesmst ohea;atﬁ;tmetrﬂmst gange tcyddle&mme thavalue of

et O e BRI S P TEEBohir B
can depend on, anong other things, the MAD profile and

t tUﬁSﬁf?EPnsoéheHb%e@@ MERED cdnbeQU3Bd ﬁfﬁ@@ﬂﬁb aPleadihifo Bélﬂﬁ@rrﬁammg

i nve each densi t termis determ ngg USI ng
ey lpg31d the, PF'%?%PF%HO'HEW%% SRBRBIRRERAERHENG §P %lYﬁEl systems
natare ey savk @tfake différentC ot etampi) MO EYIoE tan ISeigded & different

for . I high d lyet h i .

R Bl B 50t R B g B, o

18ieglsi-Ngtten rr@@lloq.:e_fnenmth|m dootbinationsrteersof) or with different

( Br%gg(ﬂlgﬁ Féste%{ ﬁéu%ﬁ&ﬁéﬂ%{g%ﬁ@ﬁ%n ) §a§%ha§§ 1égigstﬁéaﬁéeéir doPhbinations
teracflcal correl ati on between conp05|te denS|ty and

gP“BSﬁ“ I e%gr R0 ﬁ@%@@g { o 542G ind

t bes. WateghApmvaba@enmNoe ¢0Me8,84%eilgttie phedeat ineemtiex ehgrhamstric
ﬁg? ééﬂ%@ usgd l%rqeﬂﬁ@é H B% é’a‘ﬂé&ﬁ'oﬁé@p ?cﬁ%eé}ﬂ% Vélﬂ@s %I the
|near correlation e dens
t fe@pmﬂg@phy@hﬁh asichermicalquonsrtiegand e watgmqve:r@sséﬁwlwr}eavm the
P&QEAs: fvd ddl)lr'rﬁatr 'ir@fnﬁ'@ sbfhp’ék GAt Iéast @ﬁd‘ﬁdlﬁrﬂerttl%l’rﬁ’@ s%hpleg C?re4 used in

respective ‘nol ecul det er m ned L 64]
FES‘#S 83 P&W@ Pgesm'wegm tA"@H‘a"F'YF'Sb Pa‘ﬁ%‘f‘?ésat (S training
thiihmes whiead fcmanaﬁmg tsbmblea,(m ippifies Faidieg Shaitnples aat least ten training

d h '
A LR L B PSS Pl g
bmd Toeretiied spacés persriling ondiegiumbler eicdiffesent reinegtsammales that
cé}ﬁgecdéleeﬁrﬁﬂls%gﬂ&'t bth8 prid Bt eRfdnS ARl ch@rlﬂ@r'n@tn@m%further

For exanpl e, assum ng copolynmer wth a conposit
dévsiraie bdeXaﬁ‘é'GF 4(5@3@0‘5’}%& the cal cul at ed densi ty
assum ng no short chain branches can be about 0.957
g/nm., a difference of 15about 0.006 g/nlL. A correction

f j j e conposite density
d?ehg{ %§ﬁﬁﬁgﬁgég?§ﬁéﬂfmﬁﬁ? IJéP%?SCB s in the SCBD can
t Rﬁ@?]b% Qﬁ’cﬁhéreaq éc{t’ tﬁ@br%%éﬂt r}ﬁ/eﬁ%ﬁ M'atrﬂetﬁ&f PdeR¥fmiRing a

copol y era S can

deleg qﬁaﬁﬂs'us'@?é Ph‘éj‘eﬁﬁ%ﬁ' 9@9@%}1 oftaé@ﬁﬁuoqa eglyglebﬁstae@mmhsrat least
S&%;E)T)Jnfér tdsPEarb I hANR P LG PosEOBSHSHYTRIMWD drflfe, abd atsmsBD The

SRR RS Can Ve Rl ey abal oI U i ohe of

each mol ecul ar wei ght for this exenplary copol yner
decreases about 0.004 g/nL (0.006 divided by 1.5) for
each short chain branch per 1000 carbon atons. For
sinmplicity, this assunes, although not correct, that
each short chain branch suppresses density equally at
all levels of SCB s and at all nol ecul ar wei ghts
across the MAD profile. This process is illustrated in
FIG 5 for the MAD profile of FIG 251. The top line
overlaying the MAD profile in FIG 5 uses the density
correlation of FIG 4, and assunmes honopol yner, i.e.
no short chain branches. The |ower |ine uses the



10

15

20

25

30

35

[0065] In accordance with one aspect of the present
invention, at least two densité/ terns at respective
nol ecul ar wei ghts along the MAD profile and the SCBD
are required. Although at |east density two terns are
requi red, it is beneficial to have many nore denS|ty

r a s the range of | ecul ar i ghts t.a

¢ RITEer CR e st BB HEras eBRe” e HetiE e BriangS he of 2
thmal orrt:ham(carpﬂepmtg ofvihelat asttohe polampetest samptetpempiges:
present invention, at least five density terns, at
| east amowmattlgaﬂ worpplymer trpiging samplesitepch rgiaing saraple ypaving a

t §5rﬁ§osnéherlls§}§‘sat MIND Srsrild eNSEBIY, dnllaPowR Valdé of tRéfdsp&tife
hundre densij tP’qrt erns, can be used. There is no

sPRYSIGE & NBPICATATPRAY: on the number of density terns
t hat ceyueheminggcht Wabttwbd ldensmly e3@B at feBpeiive moleciiirvieights along

SRS B R BED! 41 Iy RSB FOPLTEL b

| ahmmera’ateesi one phly@er Bst s{aﬁtb@@]aaqh deestyé@m wgmtermrnyd using the
n?JS% HERsit], &}ﬁb Mb\ﬁj‘lp,lgme qhdspge: from each density

One such e use of an enpirical
cor r el @tdelsAmiping\adespestive mﬂb“&téfﬂ?ﬁ%@ﬁ‘f%"ﬁn 3%&1 DR tegm in step
sygh as that illustrated in FIG 6 for a polyethylene

7 Ape) celsig phdcstpsonglyt et o5is MR amalPhgBine e
i melting ROpératB€lin stePART B: POLYMER PHYSI CS, 40 (2002),

:FL’?EZKI\/E%Q%%F@% aqgﬁa\@%éghtgcgéefnolggle grgrgve I%ach vr\]lgegighted tie
pOojssyle probabifisbeing determinechas hy muftiplicagian @rpﬁﬂict\ﬂfas

assi gned by1}hewbight fkééﬁéﬂ & théﬁbﬁ&tlﬁi r@me@marawé‘gm peative
mel ting ten‘gﬁe at u

Gonsi 1yt ortohtag igbeiah e £ piofes drtiedon 0SEd Stlog rsgective
tﬂe MAD pr oﬁmlécﬁzlanf/vef@hﬁ 5. 15[ 0067] In one aspect of
t e r r

the b @B{% ‘gﬁ&‘éé %@glgblﬁ@éﬁagﬁﬁllti {/é}gus tﬁ%’B@EﬂBM Fthe
ntsispedive mp@puiavt Weaight fcme@cln eldhmaldenst twmlm training samples and the

dgtt|84dTbRé ﬁfgym@rttesqgg,h pleespective MV the crystalline
| anel | a thickness and the anorphous | a &

t hi ckn@<EEDIRNY g ’ﬁﬁp ¥ Fep LngRy ep irsie@kn FIG 6
and t he cctrélbting tHdeBpeine maatdr esich offttiecdl Idast thegdiymer training

gg%Bﬁ’ %Sclp.s\?g)% gﬁtgg{ %g% '31)3%( |8 h%{egpéﬁtuveegﬁyéicgl cg'%nemlcal property;
ramcher to deternine 21 _,+La at each respective MV

2Lel - Liftg bq?yerggetHﬁEQ¥éléiuoH%ﬂﬁéﬁh ﬁt@s&&}] e bithdH{Rast one

nol ecu or atie nn ereln

nePeBe téSt§éf§H'§ tq grtergirg A yalLe pfatp% physica! &y shpricalgsoperty of the at
Cle¥sitonk lpbp@et @SRalple. FI G 7 illustrates that the

nmet hod of the present invention to determne 21..a-La
(measured in nn) as a function of density fits

R e s 5tht%&w‘épi‘gé'ﬁ?Qé'fs?é’%‘?f’“a““g
amgre-hranaiingtoalthe Igogas chizing-athie dighef mélh@llafrm'gm faction—forces
Pihesk SdirRNints &2 epﬁor&#&s 'i'&% ér?&tthé ﬁlﬁ}mér RRd fh%@ Q{cff&@eé/ Ak Yesbability

are at a_ nol ecul ar wei Si nce
2fabihey Willgghas tﬁé%eW@sePW'%@eéFmEQXﬂa' ‘?V\?@trmgether
t 'ﬂlﬁbs@m@ br&ilnchlets )tarf @dntrtbuge igfifeantyao frﬂfrgﬁd toighniess dreperties (e.g.,
termn at e { each.l. e
SRRk AR S BtsSindte e ieat orbelipE T 4 ERREL YR
a distance greater than 2La+La at that respective MN
Huang et at, in J. MATERIAL SCl., 23 (1988), 3648,
described a nethod to cal cul ate the probability of a
nol ecule with a particular nolecular weight (M) to
forma tie nolecule by traversing a distance 2Le+tlLa,
using the foll ow ng equati on:
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5 3 1r2 exp(-b2r2)dr 10where 172 = -3 2 and F2 -=
(Dnl1l2). 2F The synbol s above 17ave the foll ow ng
nmeani ngs: P = Probability of tie-chain formation L =
Critical di stance = 2L + La L, = Lanella thickness La

Annrphous Iayer t hi ckness D = Chain extension factor

= 6.8 uper. of | inks =

B ingpBB e b Rdnliod i o etied Yot BiRGR o s VR T
f piysjzal or ehdayica peapefi) 6icDpolBperdest shreple uang:lﬂ@moleomip ptobeabilities.
based nmet hods can be used to determ ne the 25val ue of
PI086OIPi This methedieliihg prepend invertiomartolayaat laast W&@té@ent\miymer

nﬁélhlh@ Garh§89 eéa%h %B@mepl@élfﬁh'é §érﬁﬂe Hé’é é‘ ﬁr%vmcoﬁpoéﬂelbﬁahﬁ
pr esent h val ue

me
o DtRio U, araa KERIERSGED bys paed preousl: ag,faEtposts dersty
I caml t!se(?jdetaﬁmqeeﬁnat;tsm DEQg&dvrﬂ@thed@\Nermfm agl tRT BCBATan be
ude_ t hat e _doe t
L P ST R BE . 1k B o bames. i
pbillyst_eatas the MWD protilpsindl trerB @R afng¢ eonshimern@iapsicahdatesrs
) H{]’éﬁa‘t Mn F@i l‘itcﬁn Bé P’b’%’dlaa for% &‘?é/a%f woPlyhep irdihing shinBles
nol ecu I n these

evel accounte o
cancie at 'P@‘-ﬁ §n%lwavra%f e e2amplel EH@"%&%CF PRIYRRaiRing sample has a

( Mﬁmaﬁj)a ofjfh@tres’g‘)@ftivﬁ @hV@i%ﬂggrod]@rEﬁoanﬁbbﬁfy tl?dt iisﬂdf mgeralst. &or
result o ormation. . or each a
B3t SHer<T AT anieaavich aop RESDy Bpdfedgh g5 Eknoun
pdlyenefrP BENT At 291dvipd, ¢he MIENT lndleeihavirg) beeh detetnained previously using the
P/, etg &Q{,é Mdﬁéal?&?fop%Eﬁ% ernined using the 35respective
or e

wei ghted tie nol ecul e
p[o@bﬁbl Atildagét i pb%ewé.ﬁ.h@ Bérﬁﬁéé &8 u@é@mﬁé m@ﬂho@s mmg;mesem
fraction at a respective nol %cu ar MEI%1 ﬁ%ﬁtphrnwnmg

BN AESynatyplToBoYEs) BeRoL S TR
rmﬂ@i aMeasTEVeteaing santilg bt 16ast €en, traﬂWg:k(dntmsMﬂed%{ fiftgen
ﬁ%él% §!%er!3 C?)P :Igti a%f@e%ﬁ%énﬁ’r&?s{a@%?e{%ﬁéanﬁ% JS§§-| gﬁe‘?@ ﬁs‘ﬂo specific
pnumi@atunt bt theguamben dé siiffetsnt aning saroRlesihatren dirtusetivighige present
|'H§erl}lMp P fSQJehJef?clla"f‘fP\g} L ?raﬂ@@@%@pl@é ‘?es'é%lé' tﬁ@ﬁblyrﬁé}Q&t sample,

t1e nol ecu proal ty potte versu

ﬁ@g theidhe fanameyerediy t?@e@@@&@ PBPIRRPEEIPETS R pejuper tpgg sample,
els’;lﬁ hi®is nbhr@q@fed| Fasfier! e traifing RBMples adminblgdesdupitas oaddundant
| ﬁmﬁ?srtg tdF ﬂ1n r_ulngact)é r Flﬁaétalsegrrfy? lnethe ’Egs]{s%orl c%mposite density,

MWD profile, and SCBD, and of the respective physical or chemical property of interest.

[0062] For each of the at least two polymer training samples and the at least one

polymer test sample, at least two density terms at respective molecular weights along

the MWD profile and the SCBD are determined using the composite density, the MWD

profile, and the SCBD. In order to determine the at least two density terms, a

relationship between density and molecular weight is utilized.

[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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exenpl ary pol yol efin copol yners. Al though at |east two
wei ghted tie nol ecul e probabi1id8ties are required, it
is beneficial to have nany nore probability terns
across the range of nolecul ar weights to formthe
curve illustrated in FIG 8. Hence, in accordance wi th

ot her spect sent i vent ea |ve
bR assr e e R PamBRaGta bR of ot A 2 ) b

\Nellsgbd;@idn tordemsndtat il ROIDER, 1] (RQA0RS7 175 tan| emepdrical correlation

t:
I Dets ¥r];| E#rﬁ&s\’t‘@ﬁ&ﬁ{t?%# Aa&e&[ﬁ’%rec kﬂh?czm %@%érﬁ n:elbzsﬁe o IIIustrates a
| elatef ocrn@omrv@nw Viksiig Hedepafithen @fémeewgfé qyer@%mew'ﬁre\gelght

cm ah%x&ﬁpaalry hzmsgs&ym& mgh §&%ﬁ* Bél)ﬁ‘etMﬂH?\@r dylaapxym@fmlmear
nber  of % Qfg kg’ﬁt b||| eISthahtt @e
béOf[%%@”\RPWﬁe ﬁ@“@ﬂ%@@?ﬂs't}’ﬁ e Qg Hahyeane
ﬁ@kej&ﬁrhldir? MWD baiﬁlel iliustratsd m’f?glo ﬂg]eas@n@msfaﬁ res}gentn;ema&cular
10i Str G 8 7 For each of the at
Igggkgcangég e"mn ‘rai ni ng sanples and the at | east

Etfbamo' P’&%Bp&l s mﬁ%&tc gmeoréwcﬁés Mchtamg whclﬁ RESTUrHEr

e for eac le I1s determ ned. For exa t he
o FURREeSS GBS HeoTeeaIyeaaioR appied BTeSPTIROS! & |4arT je density

C @Ak Wem/ea framerId &4 a@;auaﬁﬂbasw en tr@&p&p@cm vmgaasacma@ler
of the at

t he,

Bt Feje B sl pesuiaiocyPR Bhaip Bianlaeh P pample

I esspeing &/eppolymeewitif a térepgsity dercsity otabooh@9d lcgiinL pthe paleulated
o[ier& g?&ru @Sr{cxoghoh @ﬁﬁﬁ SrsaEchels'cag BE aBolt @%7 ?fmlf IA%ifference of

rese e area under each

rabaut BIOP& &/miy Pimrep@ndmt@rmaﬁ@@orpthiwlapg%m hecompestte density

DQAK/EBEB fhe%vérg Rumbdr 8t SC€Bs irBthe ISOBDANYREN b dﬁto ‘ﬂbt‘éhmne
t he has a PSP2 val ue of

pB? S% " aperoMEs Uieapiaps B\éfakefr?égcﬁ Sﬁ%ﬁg 93%”8“9(’
ofisify Snalﬁoai! tedhaigiesicivas NVR @EBEGRETIRL Copihy skeraplarg copolymer in
ngiI“r} ffﬁ a%r%?eﬁl}n)(be]lrj 3l &) L 'ASrogé the %ﬁfa ptﬁ%ggf)égﬁq 5. Thus, on

[ 0C¢Tage, By: dapwlywrngattea@h r@gheﬁtéarawgmfqmtftmexenwlane@qmlyme(/e

ah&3Sased6dut bldB4 SMLV(@%OQENH&@ b?ﬁ 5) RRskcH éH@rt RRAiY Hi%hch per 1000
training sanpl es to respectjve area un

cERroen @Pmﬁhgorgfmmhg%fhlq)@ﬁéu;ﬁlgc ﬁlfgqugpég{ cosrggﬁbﬁ@t ea(cﬁéhort chain
VBilaHéh mpptdseemsntmhalqrat aln RAGIS 8l SOB'SRARY hiyallodoléddiae veights

SbateiFa BB R TR R YT e B Fup i Bfrone o e
Exafiipe top lige @verlhyitg fhelMW. prc[fim'ﬁl&]G.'ﬂusgs thetdeosityi catrelatianmgj FIG.

Ul &R SGHES® rr%(gglgrlﬂ@r ré etb %ﬁrbﬁﬁin%ré?#héseaﬁ{e ISWR lme uses the

onnEr train es an east one yner
t@@'recmspter kased pp &ﬁaahérweug corgresite denadly diised Byherdygiage
aﬁlﬁnﬁé?%f §@B‘§ irPihe SCBDb WERFHIAE dersRy te‘i‘mgﬁﬂbgs thé hAWBD profile for the

nmet h d for 30diff rent

ORRPBIMSY  HoReating 2 soOUBELORFBHSHT rr PR repEaaMyLpan be
s@sémMmmisuch as chromum Ziegler-Natta, netall ocene,
and the like, or conbinations thereof) or with

d[0068k elmaccpnrdﬁmc wit angraspeeisd & Yresanhingention. @t legst two density

%lrd% bBepcd® ROlaRfar waliHistdishgl thé‘ﬁlW[@broﬁl@ Rl fatscBISare
ereof ). 22 [0075] Anot her azgg%éwo

r
i FegRd: GMhpHORA iRt denigi e derps FRAnit ﬁ3> Eef%ﬂ?waa? many
amlal‘éy@dncw teis hegitakangy @fmeméqma@ffve@htslt@asm tineirves and

Congons g 8 R b8 FBn i &R A Sl EBLa Bl o e,

and a weight fraction at the respective nol ecul ar
wei ght. These paraneters can be determ ned via
S5vari ous anal ytical techniques known to one of
ordinary skill in the art, as discussed previously.
This method of determ ning a value of a physical or
chem cal property of the at | east one pol ynmer test
sanpl e conprises: a) providing at |east two pol yner
trai ni ng sanpl es, each training sanple having a
conposite density, a nolecular weight, a weight
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c) determning a respective probability for tie

nol ecul e formation at the resy®ective 15nol ecul ar

wei ght fromeach 21 _0-FL, of step b); d)
determining a respective weighted tie nolecule
probability, each weighted tie nolecule probability

bei ng deternmined as the myltipl f:
(B3PI GIoGn T 940t SRS e ol e BT s et twenty-
V\ﬂ\vsgdunsltyaexﬂns at least fifty density terms, of &)easheneghunb@didengity térms, can

ZBS U{gy %g eqs R@é}%‘flc %?pérr\mﬁtoﬁg}ecr)unﬁ:te Btlb%nglgég%tthé{%an be

ing t he' Teg
wes;@rw@dhe pr@semiry@mﬂoe Mogrhdasisity teyns ean pseiide morerascyate
| %%tléﬁ’ﬂctﬁ%d@'ﬁ%ortera%blﬂhfég:oé@lmr%né@ chhvBRis dmsﬁﬁtéd"mtﬁf@ 5.
known value of the respective physical or chem cal

D[ODBE]T 19.% res@étfﬂlve meltlng tempefa)turala@th hieR Ge Hbiermined fedrﬁba@fdeﬁélty

I | |
1o, e SfebrBfin s Htsr o o plIBE o Bl Bofsob e Bl
t tempeaeltu:e aond derfséty, shetsascthht ikustrathe in Gl 6 for e pelyetpylerie mdinener
aﬁ'h%@%é n tAi8 %IoP@lf%ﬂPIBatélee? E/ ﬁ%”RbPL HAY! @b# -56?1 @‘%9‘7@9 erabella

IS a Slng ol nt termnatio
"B akdt ¥ QLY. B AT BPOLVWIRR FRYS (i 58002) 165 g Huang et

wai @ht pdm@cmmﬂcrté PAYNERPHYSIZS] 28 ded®! Pa07e Gobdure fitting
30si ngl e mol ecul ar .wej

h of t t | t.t.
ibtiae 2 ot Aol B8 gl yaiaeRia e BhalaiR, HaPS Fio.
t 85t respattiveemeltimy tehipsrahse eart he dedtermiredirosi dagh demsity teym at a

" &S e TPAGH oBhs B NS BRHiR SFRAGN ng_and

ar wei gh ross pol ymer. Using the

Cﬂﬁéﬂl ahbRE aéde'cf@ttﬁé%rgéien't v éntiGn, fr%m SR8 RSy e pekatlrefs-

val ues can determ ned fromthe respective conposjt
desieTtinedst reﬁW@ﬂ\t?&f&?W"tssfawtﬁ f@O'eertPﬁ for Pﬁo&’”PéeCPU'H%@YO ves
| Hdterainiag, @tledon redpesineI, e tiystallif®@lah@is thickdshs XN RS

Ao iRy iekdess, B Uit Thods g by <if FRE B 45 the Gions:
s Evaempsp @ pqlmEtiondelichie readiyngioan & @l oy wedisarpsiaitlio deedartisiheg
Zb%%‘u“l%e ishiRt §c%eé£%tc%¥éﬁ%i1 L, BhdS, ra?ne“i) #i&rmiile2 LMD 4t each

ese seven ﬁ{;er tral ni ng

s%@ﬁm@ge il Aetlhigaaneslly pmdesigast e be fie TR Balesde lonth for
aﬂﬁmbl@@mé iviHefsh REBPnetdcoe s@&msSE&E:{thbmbyar @HE spAS two

deSELLDA L, heS: 7 bl 18882 8905 SRSk Yrendl i ™

wastgrhtine 2136l i(onasatedie nn) bs gfunciidnexd dessity Vitsi rgdeopably well with
%JIL?E@ o(fj blf_ &Lcﬂé‘)&tetd m¥ fﬁgrllfé‘a%rg fr’gﬁﬂﬁé’ﬂ&%ﬁgp ‘R/Iu%ggla et%’i anﬁ Huang

ese res cation of’

n@ttaﬁo%@n@gwaltpg elise mde@rnre@twﬁ eambe guee @éaqt et theireperted
CUAAReS dr& A BmObclidi &yt B RNMtMAI Ni Ng sanpl es resul ted

in the curves illustrated in FIG 16. The areas under

t [mees]u ISifs® 2Lp+|Fh§5ve Been dlerraiaseatf Jadnrgspkaties MW aneprobability for

RO RS PR e pr Bp @indsn @Beliaed fo b B ' rGibcive
PEWT Pwais diee rrolbboBFthatf somoletide will pparyares@ncam@r than akoabat at that
Pt% ot MW V\Eﬂ.?anp &t a/e §1t ﬁtR}IAﬁElﬂﬁﬂ_ éﬁf 53“?%&'}431649 ‘He)ém%d a

S no NT val ue of
amﬁ@Q@ t%@iﬁyf;ée tbaﬁfQ!?ﬁR'Hbj\%a B'P'eawe it a PrrisHarINolgatiRs wejont (M
f @it e $1818BUIE by PakhsifPa MisBAcd AN, Yusithél idéwing equation:
determ ned by applying the correlation in FIG 17 to
the PSP1 val ue of the test sanple.
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20 EXAMPLE 2 [0078] Five (5) uninodal polyethylene
pol yners were produced using 2 chrom um based
catal yst. These polyners had conposite densities in
the range of about 0.948 to about 0.950 and KA, in the
range of about 260 to about 320 kg/nol. The PENT val ue
at 25 2.4 MPa, the MAD profile, and the SCBD of these
five polynmer training sanples were al so provided.
Although t he ofile and SCBD data are not shown,
this i h RMAg%déxenpllfledln FIGS. 9-15 rel ated
to ER&Elp!'—e—l_.—Appl—L-(-‘,atl on of the nethodol ogy di scussed
earlier3 re&atlv 2(3 the weighted cross terms of these
five trajhi /P gnﬁ d€ resulted in the curves
|IIustra?ed in FIG 18. FIG 19 illustrates that a
strong linear 30 correlation exists between the Log
PEN‘{;,hyI@Ibele_&L amoh2 £ @nitihese pol ymers. Thus, the PENT
val ue of a 2/@st sanple fromthe same pol yner famly
coul d be determ ned by applying the correlation in
FI GTha9mbels plipse lRGPthe {dloviag pPanings t est sanple. 24
EXAMPLE 3 [ 0079] Exanple 3 uses the sane bi nodal
pol {e;(]ﬁ ey ob B¢-shafemaii®cussed in Exanple 1. Table I
I |s %’“§ élffai“’rec%’récul ar wei ght, the weight fraction
g P"“é?‘ ht the SCB's at that nolecul ar

T mﬁ?ﬁx‘t’é‘ fac or i ﬁv ENT pél%ﬁ%§[e%é at 2.4 MPa for

v

) nmers. Wi ghted cross
ter cOf these six training
sanprf:ig\sq@ﬁn |1v egJ lg‘g % and pl otted agai nst the
nmeasur ed PENT val ue. Even with this single point

met hod t aki ng dat a n at._ope | ecu

WAL Siragshpes 30BEso RARsBRAY T G APE Lot Gelprmine the

stalodgf P brfef iat cavhredpativerMW)iost the tespeatiea mehiag tengpeRENE.

\.I/.ﬁlaféSla@ﬁ QIaIL;E{ﬂJ \Ml%h& g}ecd'{%%ﬁ} rhgtflgﬁ 96 n‘p;}aq&?elp%tnl\%%egqggmed in

b thedigraatursosupivess by Katel gt atoSierde laitatienselrifiametiog fersistepminigg Pr
t E?nmﬁgpéeeﬂﬁétt F"Tﬂ '&lo‘n@ dEéﬁmot?(QleElQh@a&uaﬂ OIY ﬁw&l’)%%ﬂ'&bﬁ&nﬁéﬁb‘ﬁlsn semi-
| p@fﬁ@lh%@ow%ra' @ @ap%d‘mmeotéwj%m%ms @angwrz%a in"ﬂzyn points s wel)
c Wersaved bhig siatiatie/mblecuelesels aﬁeraecasm.aemfmed tHasdEalvdhtioas and do

for..a serie ol yet h I
c P s ded e LY Fa| BECaR vk o PR g as  resut o
sysfbamgion.Thi s data i s |IIustrated graphlcally in FIG
21. The MAD profile and SCBD of these polyner training
s H070k sFaxeaeh irthr/atdeast iopoleer kgining SANPIRS a@qhthﬁ REleRgApNe
pb&f{ﬂnbﬁteﬁrégmm §Iﬁbé‘tl@ﬁ1@le6@é pﬁ)BQLWihes 264 bé 8etermined using the
information |Is exe

BT NI R RO RERT R
Méodpetof & M»elgaﬁchcn@eatgﬁBﬁbeWeen@Ientm weightiardidoPrvethe probhbility for
! BEr RN mbfd & RO RAIRE RrolbhEHRIGH I, o % lL8g ) L.

generat e a

p{)sg’i ah 'a@Ebrszw%E Wik ’Bnel;T_> EQEcVa |tnée§re<¥ngiﬂ/$lﬁ ﬁMVedt ehat@do weighted tie

terns subsequent |
nmo!e@Wﬁprq,babmtfeé|aanseWéw WOIerarsW%rtt%aO%thpl“@VDﬂof%aag‘d the
ZSCBUCke@@qdieéu Eeich Wamhesdttia Imyidcu\ssét2piligns piptaDessis tse d

I t he y ain sanpl.es. .Thus,, t -
P21 foe57peBisToicyles Bk B SRTERNGE &R Fug gfmer waiing
apaghpiesiand the adbastonepolyroerdestisgrepls. This ishktusaied inviElicu8 fasftwo
the test sanple. EXAMPLE 5 30[0081] Table IV Iists the
predi cted PENT value at 2.4 MPa using chenonetric
anal ysis versus the neasured PENT value for a series
of pol yet hyl ene pol yners nade using different catal yst
systens. This data is illustrated graphically in FIG
22. The MAD profile and SCBD of these polyner training
sanpl es were provided via SEC FTIR
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25 Al though the MAD profile and SCBD data are not
shown, this information is ex&nplified in FIGS. 9-15
related to Exanple 1. Respective weighted cross terns
along the MAD profile and the SCBD were determ ned for
each of the polyner training sanples. Chenonetric

th dt t th t] L.
g R T B
t bbakilitgh taetrequirssit iseensficiahtochase beeyjmerst prgbabdtyﬁé}ms across the
pa%gg%‘; F\ggmdér%?é f?se{tOQ6rh10tH§Q rQe l"llét}'é‘?édrlﬁkﬁg 'P-leﬁ!)ep" in gc%ordance
was I ndepen 'D ? system an I'OCESS
uwéll an@heprra@m ef the, érepmtyrrvgnthnr aAli leﬁSh@/es%ﬁbqﬂt%gﬂe mrejecule

t ﬁ)bgﬁ%sva"%llé@t 18h weighRatie HRERLR p?&iébﬂtlééeatd@sﬂw&wfme by
tH’@'Qx g the chemoneiric ana

ie3ic ipgtie PropSbicRR % DOBRITed F AP TR aRSs o a
t wasirefranasd wp@htjémﬁé nfoﬁm&ulelpe@bammta eanddeusbe.dThdré isano specific

gﬁ%%%l{ﬁﬁlﬂlog g?:riﬁl”g) éf vver erR(g%%/ule ér%%;ﬂ) Iﬁ?x%yl‘ﬁgfjcawb'e%ge@wuh the
hagsenttimveaibnMMore walehtad e apiecplepyabakifities Pravde ammqoﬂfeo purve as

t Wesifd yrers was about 30. Six (6) binodal
F?é#%?Pene pol ynmers produced using Ziegler-Natta

C ﬁio&by SkE& e\é@\' & t6chi8sdseivo ;SUIW&!E trb&hl’rﬁ@ damplpd biydmee 3t leas ofe

S\é&{j%gf tﬁgt %gﬂwﬁg ta?%é%%@ﬂ% Fe(.?]o?citlge c%%i%{ ﬁ%c-ﬂzs&n'gggbd%}grmmed
t Rersexaaipley the apsals yineer the aurvesnig FECa Bpbralse evenmplauy capolyewrs are

t
A 1 R SCH G e
t baipiogspinpleg aredgfpeesielatedddinghe feseediike walys & hediysigal@r chemical
Pl"éﬁgﬂy SRR inferdd VIntdPe %Qﬁé& ofdné® Eséﬂt ivert@h, thE @rea under

even pol yner training cation of _t
@@W%@%uwpbﬁém&e t%%ﬁlwr% SN PP Eﬁ%@d In
t Fﬁa rw{hecpalymepgamlqﬂ&)with thie éiyhef pdak @aea PBB2ehlew en10.9, while the

| nin I i Bhlqar
R OPTRrBE Plriie balr b\ PR B el ot BialidRiin o
CEWWG phiggical erexhemmarwdpeamdlsmltha qjlleaéblwsy)om@r tr@jnmg samples

CQEGHE@F\%&W%%@W@%M@ PSP2 val ue for each training
sanpl e. lustrates that a strong |inear

C grovs a&y quﬁv}g tﬁé §orké$ét?6ﬁ Qith tHé&eéﬂb@tl\B@@asmhéﬂhaﬁwvéﬁﬁ%e at
irrespective,of t

ese

o erp peio TG e TP P e en e U oble at loast
Thnes polérhest Parhdle ad valuebdf the ploisicatier chersital paapetteof interest for the
" : A ; _ ;
CHPAR B Ll 0 T o2 PG ERRRL ORIl P
FE@mples 6-8 thaylipgp2 val ue of the test sanple. 26
EXAMPLE 7 [0083] In this exanple, three different
plAOY ik ThismeinPR involpg i iofegHipR 68 BRHSTE 44PN Bm@@ﬁwg palymer
PehiMing sampleS anCiad atighsi@na polponstsahpieare prepaley ssingcalalyst

I d
gg){%%§ t%sg g‘ecﬁg[ngﬁz B%Qin%eﬁgrgs EérreN%Fn% %tn%tp{(’?c} S b%rlged for
Zd;ﬁgdeetfamares of pohyokefiy ssins pMc@pmN[ﬁﬂ_erermcg'@Iyst syétemﬂ}such as
PERbin, Z%g%r f\lgﬁa RreRoBbnd. Qrgfﬁeﬁlllﬁ B?@Jﬂn&ﬁa’ﬁbn@ﬂ%%ﬁﬁ or with

training es were provi
pﬂﬁerenboramt@wgsefa@%(sa%a%wrrys ﬁ@\mn 94?. &ha%@a? Fﬁ?t"?‘%r?r
| gorfdifaiRhs fher@ni N FIGS. 9-15 related to Exanple 1.
Conposite denS|t|es were provi ded and ranged from
about 0.93 to about 0.96 g/nlL for the fifteen pol ymer
training sanples. Application of the nethodol ogy

10di scussed earlier relative to the weighted tie

nol ecul e probabilities of these el even training
sanples resulted in curves simlar to those
exenplified in FIG 8. The respective areas under the
curves were determned and nultiplied by 100 to

cal cul ate the respective PSP2 value for each training
sanple. FIG 24 illustrates that a strong linear
correl ation exists between the Log SP-NCTL val ue and
PSP2 for these copolyners, 15irrespective of the
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these polynmers spanned a | arge conposite density

range. Thus, the SP-NCTL val ug2 of a pol yner test

sanpl e produced using simlar or different catalyst
systens coul d be determ ned by applying the

correlation in FIG 24 to the PSP2 val ue of the test

sampl e. 20EXAMPLE 8 [0084] .In this exanple

o TGOaT . ot Ayhrar oF ap P e pBpion TSR Adue o ot Hlgirining a
pehiiebhy pilesialn kiemita ppopecty okt laasi ong palyoter i samplea thedt least

8{1%{38@191’ téét%gllnglg hl\gh g cgrﬂé‘;‘%ﬂé%kr}ﬁt&a&} I%ﬁ%?rls gq%? %ﬁd a dvelght
uzf;nagtg)nat thglrespeflivetnzplesataaveights Theee pasambtetscan de determined via
C Qﬁﬁddé%;ﬁlytlc-gytgbfﬁﬁdue@ RibvirCBiohe Gfsorfilﬁérytshlﬁ §ﬁh@ QrLt %scussed

5resins includ but are not li1mteéed t

n@remqwg!v i @etr@e ShYsiRFiNed  alke i3 nhvalﬁﬂ of e%ﬁm'ﬁﬂ% Bropgfeof the
NeRe¥stloHe polyfier ibdBampleidoh@riseand t he SCBD of these
thirty-eight (38) polymer training sanples were
pr ovi dedbrovidibdhatuegst twoepolyiier prining lsemplies, e8CBMridiag saraple having a
n [

%&rgﬁ&;‘ﬁ?@”&{en%@ asmgg(&%r%df?rb&é rﬁ’frﬁ{:ﬂbln ggﬁgges‘ipg%tﬁ/b%lecular
p igightl @ad ahdowra\reg@cpf theoRsraEsHs phys'% of eheghenlProgeds g/

for 30ptdrin ﬁgya ﬁlnﬁﬁﬂm (n%%):u!@qd {Hebr 4 i @ﬂnﬁlb&ﬂe @QML &fing the
ear |

I t f
£ EPmpeYiE SPEY s A Qi 3L APGLE BB BABPPT prckie g leas
t bes polymertest-sainglbt tra| ning sanples resulted in curves
I
er renas a([} (} ?er%[?]gnéeacr%% es v\%bt?a% é{}Oll:drﬁcﬁ'\%lg()Ule @ﬁ’nét%ﬁ Ql?ﬁte réés%ectlve
bijl@QIat weighilfronl each 2td+é. ofesigredt | ve PSP2 val ue for each
trai ni goyRaRiR:a r%k;%ctl\?eswélbillté’@ﬁé ﬁb@@ul& F!%Ba@ll D% @Hﬂﬂelghted tie

i near correlation 27 exiSts between val ue
afiplgedieprobspility beiag dpisrpingd as thP Mipficalion predigt of he
catal yst sysy tﬁm&gﬂﬂfrddﬂorpéﬁdél feRpédiice m@leylﬂl"a’rwetlgm,l amdng

| es. | .
compos: t e deHOR plppiyior i plRel® SRANDE s 56 fa eoepgre
of end- use ragpdularaeigbhs. Thus, the NDR val ue of a
pol ymeg, {4 fatnr?gat FepBLod n@ﬂteﬁtb@%l&h%‘dr@d’abﬁyfor each of the at

dlfferentﬁ%cata yst syste coul et erm ned
affigsitva golymer %wwaam'%m.swm) with g kpgwi Malugpeipe RPéP‘%F@"e
Ehygt@ ér%ﬁbm@allmbp%rt 1fhdEXAMPLE 9 [ 0085] Exanple 1 uses

Exgn;flggggy%@pgoﬁﬁg@’ oE yg S@gﬁ? %/@Qhﬁp gI% fﬂ% r%glag oigﬁplglty of the

t hlemgiogdpolfmerdtstsample t¢ betbrmmind the vhlae oitbe ghysjcat drehemical

VERRRY SRR et R EATBECY) e pol yrer s,
2Le-i-La values were determ ned and wei ghted tie

nﬁkﬁﬁ}” PhPAR0& RetHok 'Ise§sM@é-%oiﬁ%é¥é+hﬁ{a@&1 bfQke @aGBd Mistrated in
ese six train

pFiE%-&cf- alggllﬁglﬁthpg,@ q)\g) %wglg@eg '% rqq%:\élg Hro@aglxty s dermined at a
péﬂbl@hhd!éci:laﬁ@elgﬁtS‘orSémbmf ihe abke&st Gpolfruerraninigsatrpies and the at

Bl I 5, o S PR BASgBpo oc
t htashoa chain (oragaclhln.&em meleeulari vesight Acresd toe whple pakvmer. t Wring the
B&%Hﬁ lll%gtréf@rLIHth@nfj rés%@ctW@ bgni efhiids@anBb 86tdHEined from the

pro val ué of_a test sanple
{ FasRpdiNe CaBpRSI® Arisitup! the PyiBer aale. yThisonshodis fu her ilustrated in

dgk@ﬁ@bgqanhmO@@plylng t he correlatlon in FIG 26 to a
single weighted tie nolecule probability of the test
sanple. 28 Table |I. Binodal polyethylene polyner

data. LResin
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MM Density PENT (h) (kg/nol)(glom -1 (2.4 MPa) . |
BM1 320 0.947 > 6000i BM 2 280 0.949 3028 BM 3 291
0.951 1046.5 BM4 270 0.951 625.5 BM 5i 2600. 953

EXAMPLES

EXAMPLE 1

[0077] Table | lists the Mw, composite density, and measured PENT (hours) at 2.4
MPa for seven (7) bimodal polyethylene polymers produced using Ziegler-Natta
catalysts. FIGS. 9-15 are the MWD profile and SCBD of these seven polymer training
samples. These figures illustrate the measured data and the fitted SCBD using an SEC-
FTIR technique, as described in U.S. Patent No. 6,632,680 and U.S. Patent Application
Serial No. 10/463,849. Due to the low weight fraction at very high molecular weights, it
is often difficult to accurately measure the SCB’s at these respective molecular weights.
Application of the methodology discussed earlier relative to the weighted cross terms of
these seven training samples resulted in the curves illustrated in FIG. 16. The areas
under the curves in FIG. 16 decrease from polyethylene polymer resin BM-1 to BM-7.
FIG. 17 illustrates that a strong linear correlation exists between the Log PENT value
and PSP1 for these polymers. Since an exact PENT value was not established for the
BM-1 polymer, it was not plotted on FIG. 17. Thus, the PENT value of a test sample (an
unknown or an experimental sample) from the same bimodal polymer family could be
determined by applying the correlation in FIG. 17 to the PSP1 value of the test sample.

EXAMPLE 2

[0078] Five (5) unimodal polyethylene polymers were produced using a chromium-
based catalyst. These polymers had composite densities in the range of about 0.948 to
about 0.950 and M,, in the range of about 260 to about 320 kg/mol. The PENT 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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_ 406 __1 BM62280.954 36.5 BM 71930.959 3, Table

1. Binodal polyethylene polyser data at a single
nol ecul ar weight. Resin Log M dW dLogM SCB' s PENT( h)
@.4 MPa BM2 6.05 0.201 2.96 3028 BM3 6.05 0.197
2.76 1046

EXAMPLE 3

[0079] Example 3 uses the same bimodal polyethylene polymers discussed in Example
1. Table Il lists a specific molecular weight, the weight fraction at that molecular weight,
the SCB’s at that molecular weight, and the measured PENT (hours) at 2.4 MPa for six
(6) bimodal polyethylene polymers. Weighted cross terms were calculated for each of
these six training samples, divided by 100,000, and plotted against the measured PENT
value. Even with this single point method (i.e., taking data only at one molecular weight,
Log M = 6.05), FIG. 20 illustrates that a strong linear correlation exists between the Log
PENT value and the weighted cross term divided by 100,000. Thus, the PENT value of
a test sample from the same bimodal polymer family could be determined by applying
the correlation in FIG. 20 to a single weighted cross term of the test sample.

EXAMPLE 4

[0080] Table lli 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
chromium-based, Ziegler-Natta, and dual catalyst systems. This data is illustrated
graphically in FIG. 21. The MWD profile and SCBD of these polymer training samples
were provided via SEC-FTIR. Although the MWD profile and SCBD data are not shown,
this information is exemplified in FIGS. 9-15 related to Example 1. Respective weighted
cross terms along the MWD profile and the SCBD were determined for each of the
polymer training samples. Chemometric methods were used to generate a mathematical
relationship, or correlation, between PENT values and the weighted cross terms, and
subsequently to PSP1. The mathematical relationship illustrated in FIG. 21 was
independent of the catalyst system and process used to produce the polymer training
samples. Thus, the PENT value of a test sample could be determined by applying the
chemometric analysis to the PSP1 value of the test sample.

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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BM4 6.05 0.174 2.65 625 BM5 6.05 0.166 2.65 406 BM 6
6.05 0.146 2.63 36 BM7 6.05 25 122 2.61 3 29 Table
I1l. Predicted PENT (h) using Chenonetric Analysis

ver sus Measured PENT (h).

Although the MWD profile and SCBD data are not shown, this information is exemplified
in FIGS. 9-15 related to Example 1. Respective weighted cross terms along the MWD
profile and the SCBD were determined for each of the polymer training samples.
Chemometric methods were used to generate a mathematical relationship, or
correlation, between PENT values and the weighted cross terms, and subsequently to
PSP1. The mathematical relationship illustrated in FIG. 22 was independent of the
catalyst system and process used to produce the polymer training samples. Thus, the
PENT value of a test sample could be determined by applying the chemometric analysis
to the PSP1 value of the test sample.

EXAMPLE 6

[0082] In this example, two different polymer families were evaluated. Five (5)
unimodal polyethylene polymers produced using a chromium-based catalyst were
selected. These polymers had a broad MWD; the average polydispersity index for the
five polymers was about 30. Six (6) bimodal polyethylene polymers produced using
Ziegler-Natta catalysts were selected. These bimodal polymers had an average
polydispersity index of about 17. The PENT value at 2.4 MPa, the MWD profile, and the
SCBD of these eleven polymer training samples were provided. Although the MWD
profile and SCBD data are not shown, this information is exempilified in FIGS. 9-15
related to Example 1. Composite densities were provided and ranged from about 0.947
to about 0.957 g/mL for the eleven polymer training samples. Application of the
methodology discussed earlier relative to the weighted tie molecule probabilities of these
eleven 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. 23 illustrates that a strong
linear correlation exists between 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.
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20c2* L35003376 J 30 Table IV. Predicted PENT (h)
usi ng Chenonetric Anal ysis ve2zssus Measured PENT (h).
Measured Predicted PENT(h) PENT(h) BM A 3028 3034 BM B
2877 3109 BM C 3172 2963 BM D 1047 1001 BME 1047 1001

EXAMPLE 7

[0083] In this example, three diffefent polymer families were evaluated: unimodal
polyethylene polymers produced using a chromium-based catalyst and polymers
produced using Ziegler-Natta catalysts, and bimodal polyethylene polymers produced
using Ziegler-Natta catalysts. The SP-NCTL value, the MWD profile, and the SCBD of
these fifteen (15) polymer training samples were provided. Although the MWD profile
and SCBD data are not shown, this information is exemplified in FIGS. 9-15 related to
Example 1. Composite densities were provided and ranged from about 0.93 to about
0.96 g/mL for the fifteen polymer training samples. Application of the methodology
discussed earlier relative to the weighted tie molecule probabilities of these eleven
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. 24 illustrates that a strong linear
correlation exists between the Log SP-NCTL value and PSP2 for these copolymers,
irrespective of the catalyst system used to produce the polymer training sample. Further,
these polymers spanned a large composite density range. Thus, the SP-NCTL value of
a polymer test sample produced using similar or different catalyst systems could be
determined by applying the correlation in FIG. 24 to the PSP2 value of the test sample.

EXAMPLE 8

[0084] In this example, five different polymer families were evaluated: unimodal
polyethylene polymers produced using a chromium-based catalyst, Ziegler-Natta
catalysts, and metallocene catalysts; and bimodal polyethylene polymers produced using
Ziegler-Natta catalysts and metallocene catalysts. Typical applications for these polymer
resins include, but are not limited to, blow molding, pipe, geomembrane, and film
applications. The NDR value, the MWD profile, and the SCBD of these thirty-eight (38)
polymer training samples were provided. Although the MWD profile and SCBD data 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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BMF 1047 1001 BM G 37 192 BMH 35 192 BM I 38 192
BMJ 406 469 BM K 386 474 BM27 425 465 BMM 3 -184

exists between the NDR value and PSP2 for these polymers, irrespective of the catalyst
system used to produce the polymer training samples. Further, these polymers spanned
a large composite density range and are used in a wide variety of end-use applications.
Thus, the NDR value of a polymer test sample produced using similar or different
catalyst systems could be determined by applying the correlation in FIG. 25 to the PSP2
value of the test sample.

EXAMPLE 9

[0085] Example 1 uses the same bimodal polyethylene polymers discussed in Example
1. Table V lists a specific molecular weight, the weight fraction at that molecular weight,
the composite density and the measured PENT (hours) at 2.4 MPa for six (6) bimodal
polyethylene polymers. 2L +L, values were determined and weighted tie molecule
probabilities were calculated for each of these six training samples. The Log PENT
value was plotted against the weighted tie molecule probabilities, as shown in FIG. 26.
Even with this single point method (i.e., taking data only at one molecular weight, Log M
= 5.7), FIG. 26 illustrates that a strong linear correlation exists between the Log PENT
value and the weighted tie molecule probability. Thus, the PENT value of a test sample
from the same bimodal polymer family could be determined by applying the correlation in
FIG. 26 to a single weighted tie molecule probability of the test sample.



BMN 3 -184 BMO 3 -184 CR-A 77 97 CR-B 69 100 CR-C 84
93 CR-D 374 483 CR-E 337 499 Z8R-F 411 466

Table I. Bimodal polyethylene polymer data.

5 Resini M, |Density PENT (h)
(kg/mol) | (giemd | (2.4 MPa)

BM-1| 320 | 0.947 | >6000
BM-2| 290 | 0.949 | 3028
BM-3 | 291 0.951 | 10465
BM-4| 270 | 0.951 | 6255
BM-5| 260 | 0.953 406
10 BM-6 | 228 | 0.954 36.5
BM-7 | 193 | 0.959 3

Table Il. Bimodal polyethylene polymer data at a single molecular weight.

15
Resin LogM | dW/dLogM SCB’s PENT(h) @ 2.4 MPa
BM-2 6.05 0.201 2.96 3028
BM-3 6.05 0.197 2.76 1046
BM-4 6.05 0174 2.65 625
BM-5 6.05 0.166 2.65 406
BM-6 6.05 0.146 2.63 36
BM-7 6.05 0.122 2.61 3




CR-G 506 590 CR-H 455 615 CR-1 556 564 CR-J 839 691
CR-K 755 729 CR-L 923 652 CR-2d 1395 1344 CR-N 1255
1413

Table Ill. Predicted PENT (h) using Chemometric Analysis versus Measured PENT (h).

5 Measured Predicted
PENT PENT
CrO-1 1 8
CrO-1 2 8
CrO-1 5 7
CrO-1 10 6
DCE-1 36 167
0 DCE-1 | 36 167
DCE-1 36 167
CrO-2 379 443
CrO-2 379 241
CrO-2 379 415
CrO-3 508 142
CrO-3 508 591
CrO-4 838 812
15 CrO-5 1400 1415
CrO-6 1872 2330
BM-1 2000 1791
BM-2 2000 2316
CrO-7 3000 2468
DCE-2 3000 3136
DCE-3 3500 3376
20 DCE-3 3500 3376




CR-0 1534 1274 31 Table V. Binodal polyethyl ene

pol ymer data at a single nol esul ar weight. Resin Log M
dW dLogM Density PENT(h)@2.4 MPa BM2 5.7 0.350

0. 9493 3028 BM3 5.7 0.336 0.9509 1046 BM4 5.7 0.317

Table IV. Predicted PENT (h) using Chemometric Analysis versus Measured PENT (h).

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




0. 9514 625 BM5 5.7 0.303 0.9527 406 BM6 5.7 0.268
0.9544 36 BM7 5.7 0.227 0.9591 3 32 CLAIMS W Cdaim
1. A method of determ ning a value of a physical or
chem cal property of at |east one pol ymer test
sanple, the at |east one polyner test sanple having a

o Ve Hirioa PahtRory et Bt SAmpieBisty Lo S ng

a) providing at |east two polyner training sanples,
each training sanple having a MAD profile, a SCBD, and

b N G T P M A O P
BM-2 5.7 0.350 0.9493 3028
BM-3 5.7 0.336 0.9509 1046
BM-4 5.7 0.317 0.9514 625
BM-5 5.7 0.303 0.9527 406
BM-6 5.7 0.268 0.9544 36
BM-7 5.7 0.227 0.9594 3
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b) determning at |east two weighted cross terns at
respective nol ecul ar weights 3 along the MAD profile
and the SCBD, for each of the at |east two pol yner
training sanples and the at | east one pol yner test
sanpl e, each weighted cross term being determ ned as
the nmultiplication productvéﬁjlﬁg) the respective
nol ecul ar weight; (2) the é fraction at the
respective nol ecul ar weight; and 15(3) the nunber of
SV&§ ain branches per 1000 carbon atons at the
respec{rve nmol ecul ar wei ght ; c) plotting each
wei ghted cross termversus the |logarithmof the

r QSpeCﬁ\'rﬁé%dEQJf @&H}nﬁﬁmd\’ﬁ '\/Qhé of é’b aﬁﬁﬁlfbr‘éﬁerﬁlbﬁ pﬁipeh?@fsdt least one

nmer tralnin the at | east on
paplyrﬁﬁrr epLsAMR 15 &l o ned&m%t?ﬁtﬁsmpﬁehayé@&emewaf weight
aﬂeﬁnblt,mme(mvmcmofwand@ $Hortsheip bedniching distributidh (SCBD comprising:
corre

ng.the re ectlve reas f a
| east ? \gcgp%/?}e?as? é)%olyr%erirg Mg S %p ﬁg ?ach?r]é gﬂ%{ﬁﬁbe having a
kivtViD prefilejea SSCRh eandes pgeowin v@lqehyfstheaﬂesmctlwemsml or chemlcal
p? and f) applying the correlation of
g’% zgeo the respective area of the at | east one
25pol yPedetar@iingsa fasstiwe veightes) ¢rpssdeiticatyegpgelivgmalgrylar weights

pBMﬁg G MWD CH?&!IB Qﬁ’d tHer SOBD! jor ﬁfagﬁ de trt at I@Qéittwérpalymer training
method o

P RetaRy ahd e 87 FBraiRec A dpth s BEReiegc gt oMy being

VBaterndfecBasTthe muitiplivatioropro@ichpin 1, wherei n t he physi cal

or chem cal %%Fee*éé{%éﬁhﬁe%rwé{ﬁe at 3.8 MPa. 33 4.

The net hod o ereln the physical or
cheni cal pr(@pe weightfrastion aldhmisspestivemplegdarayaight and

Resi st ance (§ %RQumber of siort & BRINBRE S 1@0@icEibbn atoms at the
wher ei n the ﬁ@ay cal, or chem cal property is Single

Poi nt 5 Not"8FREINMEIRUSHA WeIgRE | ¢ Load (SP-NCTL). 6.
The med)hpidttiog eatraiwsightedwtressitermt tersyshinei logdritton of the respective

BB GR PBASB, ' PSRN A5Vl BB 5 O e
ppageslynyeritest EampleNot ched Creep Test (FNCT). 8. The
gfgzg‘rj? ;Q/felte?nmr@tﬂe redhiREiRd Areh DRaR RYSH &ile iRteplepM cal
e) correlating the respectlve 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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Draw Ratio (NDR). 15 9. The nethod of Caim1l,
wherein the MAD profile and tsse SCBD are obtained from
SEC- FTIR anal ysis. 10. The method of Claim9, wherein
| ess than about 1 gram each of the at |east two
20pol ymer training sanples and the at Ieast one

pol yner test s le is provided for analy

hét hod o TePPIn o, ClATRr &i Y &L%apfvlﬁ'&% of h%’eElﬁavef”PR?”V Is
S tEapirathnental Slredsdﬂdcmesibwp@msmm). cal culate primary
structure paraneter 1 (PSP1). 25 12. A method of

determ ning a val ue of a physical or chem cal property
ob. at Teamethodef Glalny iewhereis thegwpical or eitaeieal prapady isiirgle Point
PRoYRB CBﬁsst&nt%@mle*Eog@bSFﬂlgCﬂ MAD profile and a SCBD,

conpri si ng: a) prOV|d|ng at |l east two

pol ynmer training sanples each training sanpl e having

ae30 Mk ﬁfeth;?'tﬂcﬁ,Cliﬁmmﬁrﬁm%ezl’ﬂpkﬁ@nnoN@ieuﬁcanrdpbgg is Notched
S ysi cal or chem cal property;

dg)fp%ﬁcrﬁstmﬁa?at | east two weighted cross terns at

respective nol ecul ar wei ghts along the MAD profil e and

the SGBR mEt‘ﬂE 5PEHInPT, v{ﬂ%?elr‘?{he gggs?éal B%eﬁwﬁ’éaﬁ@%ﬁeﬂy is Full Notched

training sam% es and’ one po
s &gfpl ese@lik Thei ght ed cross term bei ng 35det erni ned as
the nmultiplication product of: 34 (1) the respect ive
| ecular i ght; (2),the weight fra t|o at _th
Spool T BETERG T4 heVGHEn HR@NTS of RBetREpPe fs Natral
s Doavt Retite(NDR)r anches per 1000 carbon at orrs at the
respective nol ecul ar weight; 5c) by chempnetric
anal ysis, defining a mathematical rel ationship between

t Be valhemethbd o Elaimsheveraie thehy¥D alofils rang HaeSGRD are obtained

PHeRYE FARGNERSs Wei ghted cross terns for each of the
at least two polyner training sanples; and d)

appl ying the mathenmatical relationship of step c) to
t hle r esiEembinve of\Cialh b awherin $Ss ttiesnnaboof 1 gitaepedzh df dre dthemst two

ol 80} 005 ARHIS P Py B e PP SR B0 o o

t bealysiast one pol ymer test sanple. 13. The nmet hod of

G aim12, wher ei n the physical or chem cal pr operty is
PENT val ue at 4 MPa. 1514. The method of Claim

wher ei Fhe 'H@th%%?'é'&l T.oyhegsin tecaiea prdepHierGpryedn pERnd is divided by

Vv ahoieoth calcBat¥pimary 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:
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15. The nethod of O aim 12, wherein the physical or
chem cal property is Environnental Stress Crack

Resi stance (ESCR). 20 16. The nethod of O aim 12,
wherei n the physical or chem cal property is Single
Poi nt Not ched Constant Tensile Load (SP-NCTL). 17.
The net hod Claim12, g?ferel n the physical or
cheni cal gBE?f%?PFQ'VNH{O W weighine Test (NPT). 18.
The net hod (PY th€waigm fﬂa&tlow\ﬁtemeieepédnee mbigsularateight; and

3019, The mithaR WreEy l phorh S BancheE i \OR0 coifriloms at e

chemi cal prregpective m@equ@trmemht Draw Ratio (NDR) 20. The

met hodg)afy ge%dﬁér% arY!]}%fse'delrﬁ amé?ﬁaﬁlf:éﬂ r%laﬁ&%hlphlﬁ‘etween the
SCBD are obt ained from SEC-FTI'R anal ysis. 35

nédlvRseof de @8@%’%ehyseﬁﬁb?féhﬁmrcé's%m??{%(rﬁnaB'&Y"e@htﬁﬁ &Fﬂss terms for
easdh aihetdnfeaatttwb@aﬁymetwmp@bmés th@i ni ng sanpl es and

t he at Ieat r_te mpl.e, i s Y for .
anal ysfij E’ %ﬂ%ﬂga%}%'fr%% '8‘?3%‘&333 an f?p %ﬁ ?fé e%? %Céw%ltw eighted
| erass tetmmofmwg/h)éor the at least@ns aojymes teaheanpieetoadetdrmnstthe value of
0] ; t

S PRI refie PRERY R Biel BABRA Bk oy 63 5ape

met hod of determning a value of a physical or

cln@m CBle PEMBEIICIAM B, WRASH teBhybRALY eRmid Property is PENT

[{J\]g at | east one polynmer test sanple having a
15?']&18%‘% Bnsity, a MAD profile, and a SCBD,

conpri si ng: a) pr ovi ding at |east two polymer
traini .
e BRI 0B i ) B, S Bropery s et

vedlugcatP8 MR r especti ve physical or chemnical property;

15b) determning at |east two density terns at

respective nol ecul ar wei ghts al ong the MAD profil e and

Lo SGB, MeSiodRE OB (1R TS BABE PRUGICHOCY rsemical property is
t EavitohingntalcBtise SratR Rebibaned (BSEM!E one pol yner test

sanpl e, each density term being determ ned using the
conposite density, the MAD profile, and the SCBD,

c}6.det Breninglihag oh Glaispt twheeeinitiet phygicaleerpehenticat @rapedynis Single

eBGiRt eI IConb @R TdnBilesSdaR (ZPRICTL).

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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d) determining a respective probability for tie

nol ecul e formation fromeach 3&lting tenperature in
step c); e) determ ning a respective wei ghted
tie nolecule probability, each weighted tie nol ecul e
probability being determ ned as the nmultiplication

product, of: 25 1 he ight fraction at the

r éspect 1&/Behpf éé&ﬂ'?‘ﬁ} QQN&W\%@%U‘, Iesdsntgare ghoyt ﬁé’ra&l R g §) least two
f polyinkee traming caahlescdrmathiecat least sdneppalyment testheample is provided for
réﬁﬁﬁt i ve nol ecul ar wei ght; f) plotting

edCH ki ghted tie nolecule probability versus the

| ogarithm of the respective nol ecul ar wei ght for each

0bot herid mbfBd bt ERn RS WERin tHAAERY nAASBNrRs tl%ﬂﬁ’n% &fnples and
30at | east one polyner test sa

| e;
d&teertripast ABe PRYNPE B’eﬁﬁ%arﬁr%gg%% FinG SRR FYRIEMS dhat are the
Sk&fe B are different.h) correlating the respective areas for
each of the at least two polynmer training sanples in
step g) with the known val ue of the respective
pBgsi cAlmethodol detecihinga splee bia physidal @ 6hemical prapprty of at least one
a ' t 0 j r j i
2B B B ey it el A PR oy o
d MVER piofile. anska SGBUecopTPrisiRg physi cal or cheni cal

pr oper ajpr&fidihd'a 1edst t nf GraPRig)aRiplek Bstch Sraimplg&ample havi
24. The_)yr% ﬁdgof @@%ﬁﬂy& gﬁ rgi n tph hysi Igg]lb otml{_ae avmga
C ROTPUF srep VW ooy 8, SEED" o2 KoRihy Va8 of fhe respective
nphystd! @fchéhigaipré@rtywher ei n t he physi cal or chemi cal
properL.y. : ) .

of C a%’rﬁéé%?"ﬁﬁwl?‘\é%vs%@&%ﬁ}@%@? aE)r 8?1%'?5’ cr:naI BEEB’EW t)? along
i heEMWDr prafife rangl IthesBEBB s foceaeik ofiss jad legaiciwo (eSO trainjng samples

ThRd fHetdl RAsd gy %3t &, QiaBh HERIP YSiveRly defermined using th
chem cal p?ogeel(rato%h{é; Si %é&;%t%e%gént IKlotchedbConesrTIz!\]ﬁt Heng e

TEPEResHe pensy-HepMiErpryfile. g Het hod of O aim 23,

wher ei ¢) defempitigsa esbedive luttiny erhperainpeirdny eash Bierisiti édm in step
P'h)ge Test (NPT). 2029. The nethod of O aim 23, wherein

t physi cal or chem cal property is Full Notched

Creep dedeterriN@I ). re8pectine prakiahity fof tiel mplasuds formatioreifram each

thaH‘t%ftigB}/eﬁ\ﬁ[%?Atur%n &Q@gy'; cal property is Natural Draw

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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31. The nmethod of C aim 23, wherein the MAD profile

and the SCBD are obtained fraoge SEC- FTIR anal ysis. 32.

The nmethod of Claim 31, wherein | ess than about 1 gram
each of the at |east two 30pol yner training sanples

and the at | east one poI ymer test sanple is provided

for anaI Si S. d of daim?23

the at D IRBRIG g, AR PRI 1o ERRTANS Aiea s af east one
| @amnelolﬁﬁt saaiplee deteasihe fenalue ditre ghysipa oechenseahproperty of the at

3?&:‘63 élnsﬁ?g%siﬁegﬁsaﬂb"f‘et are the 35sane or are different.

Cl ai m 23, wherein the area under
the curve in step g) is nultiplied by 100 to cal cul ate
p?hmar YheSHe%BLHfGCIEﬁﬁ]r Wr?errexg thd’ph&lcal or §I§en:r bg d@eﬁ?ds PENT
Claim 23, wherein each density termof step b) is
dé@'é?ﬁﬁ%‘éMP@& ng an enpirical correlation betvveen
conposite density and nol ecul ar wei ght, and a

cqLrection fagtar.bas n hange

GG L TP RE AR a0 By e of R el s PEnT
bralne his%8 pia. 1000 carbon atons in the SCBD. 10 36. The

net hod of Cl aim 23, wherein each nelting tenperature

of ste I s determ ned using an enpiri cal

c8br el g‘?ﬁ dheteed ab| €lriry 3Benparalt uthe RPXSWaH@ﬁs?W'CaBPrQPe”Y is
mehhpfnehtadel &k Oribk Fbstanad escH). a physical or

chem cal property of at |east one pol ynmer test

sanple, the at |east one polyner test sanple having a

maV eculter mattioghdf , Claim1Z3)yevighdin ftlieapbyis@al ait chidmdcal property is Single

Y=Y nb f sh
b B T AR 8 2 T e respect ve

m)I ecul ar wei ght, conpri sing: a) providing at

! QQSt TNOmBRY B8 Cidirh %nWﬁé}eﬁﬁﬂmpﬁﬁsucaﬁaﬁ&eﬁﬂl@! BidpBrty is Notched
anpl_e havi ng a mol ecul ar wei ght,” a weight fraction at

tﬁé’erT@§Hé‘€the mol ecul ar wei ght, a nunber of short

chain branches per 1000 carton atons at the respective
ecular h Qv

B2 pecl @eTieop GRS A3, RN, e ysal br Ehéiical prgpert e Fui

délotehed Gieeg TestMENGRE ed cross term at the respective

nol ecul ar wei ght for each of the at |east two poI yner

trai ning sanples and the at |east one pol yner

safpl eTheaeHoder GHamR3: st BerRhyeirsl £ dapaichl PlBRPTyGis Natura

t peavitBbiid (NDRyat i on product of: (1) the respective

nol ecul ar wei ght; 25(2) the weight fraction at the

respective nol ecul ar weight; and (3) the nunber of

sBort Theamethod ahClags ZBewh&éiﬁahe:NWblbmrcaiteom the SORD are obtained

r | ar wei ght; c) correlating
éﬁfsg%dpgﬁlﬁ véf;ﬁ% ghted cross terns for each of the at

Ieast two polyner training sanples in step b) with the

kagwn ‘E’I@é MBthed of igin &5 meﬁelmes@inxﬁ Bt 1 @Fan? @iﬁcfh&mﬂ%’ﬂét least two
er correl ati

th
DoelRes Fiighg el eolte et e S an Piygeo or
pahalyey. test sanple to determne the value of the
physi cal or chem cal property of the at |east one

pol ymer test sanple.
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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34. The method of Claim 23, wherein the area under the curve in step g) is multiplied
by 100 to calculate primary structure parameter 2 (PSP2).

35. The method of Claim 23, wherein each density term of step b) is determined
using an empirical correlation between composite density and molecular weight, and a
correction factor based on a change in the composite density divided by the average
number of short chain branches per 1000 carbon atoms in the SCBD.

36. The method of Claim 23, wherein each melting temperature of step c) is
determined using an empirical correlation of melting temperature with density.

37. 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 molecular weight, a
weight fraction at the respective molecular weight, and a number of short chain branches
per 1000 carton atoms at the respective molecular weight, comprising:

a) providing at least two polymer training samples, each training sample having a
molecular weight, a weight fraction at the respective molecular weight, a number of short
chain branches per 1000 carton atoms at the respective molecular weight, and a known
value of the respective physical or chemical property;

b) determining a weighted cross term at the respective molecular weight 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

(3) the number of short chain branches per 1000 carbon atoms at the
respective molecular weight;

c) 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.



