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ULTRA H GH MOLECULARWVEI GHT POLYETHYLENE FRACTI ONS
HAVI NG NARROW MOLECULAR WEI GHT DI STRI BUTI ONS AND
wORDDEIEES11OF MAKI NG AND USI NG THE SAME The pr eSBCIL/US2005/000227

i nvention UETREAIGA MOLYCULAR WIGHPPORVETHYLENE

charged €TIGRS HAVINGRARRGPWMOLECHIAR Wﬁw RIBUTIONS
uttra high BRISHHETHOBS FYARINGANY RIRG |
ght di'stributions

fractions having narrow nol ecul ar wei
for use as reference standards on anal ytical tools
such as a gel perneation chromatography tool. There is

an THRoRERE: [He8klichOreRRY Qb GRIAM patubion? Snd® ShafsBriz8tion, and more
materials for a wi de range ‘of applications. Various

pamhmp% plobaGALIE hh R LGB PBLHhIRYE (IBAWPE) fractions having
devel oped to determ ne the propertieS and conpositions

nar@(v ﬁ&&rﬁl:ﬂ %Jéﬂ?ﬁiﬁt@ib%ﬂl? f’cjr %Lesas r@dnlef?é’gi s%d&rﬁss&?{r&gﬁgﬁ tdo® such as a

etter assess thelr next step In obtalnlng us

gel@%&%%ﬁmicﬁro%ko?g(})gs@ol For exanple, gel perneation

romat ograp ‘i's one type of size exclusion

oo B FHLORS B okt Auf aP Dbt B eEGges foFa wide range of
i strihutions.of pol rs,. Differential scannin :
spefiglihs. oG osesr e e ER e bash ik determine the
t her mal tranthioEs %ycz as. the ,g$s transition that
ProReit kPSR S Sud RS PalsE Bl ANCQIFIBE SIS, to better assess
There are, many. ot her techni ques known in the art for )
theig gkh Pn Pﬁél% Pi5fYin RREMEC FENSyiRtSr | FoRatiample) sgek (pepeation
as rheagl o peasuring techniques and |ight scattering

Chr?‘gitﬁ%’ﬁ‘%e(g%ché? MedmReeolsize frgligen shramplagigphyePEC that is commonly
calibrate or test the instrunments enpl oyed for such

empleyednior agskstr diet arojesdlay Frest sadnelerdar mas disibutienss off polymers.
_reference standards for calibrating instrunments such

Diffggenjgl scypingealorimatre H%nds digeliyinns uses te siudy dhejthesmpl transitions such
narrow nol ecul ar-wei ght distributions. Unfortunately,

as the glapd transigion et polobyongr axpeviericghas ith tsmpérblutei changsk. There are many
pol yet hyl ene, which is one of the nost w dely used

othgrdtopnignes, knhws ipptheagifort ayalpatingahe/patfofriidncel bf polyihericl raatériabs such as
good pol yet hyl ene reference standards |limts the

rhealbgyt me¢agunirfg techamaescing lighttscattedrtecdinigugs. det er mi ne t he
properties of polyneric nmaterials.A need therefore
eXiRdfgerice sthedmdope pajuiredkto datibratei @nast tHeOnstex@ARlemployed for such
pol yol efin fracti ons and

polymer characterization techniques. The most useful reference standards for calibrating

instruments such as gas permeation chromatographs have relatively narrow molecular-weight
distributions. ~ Unfortunately, minimizing the molecular weight distribution of polyethylene,
which is one of the most widely used polymers, has proven to be very difficult. The lack of good
polyethylene reference standards limits the ability of researchers to accurately determine the

properties of polymeric materials.
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nore specifically polyethylene fractions, that would
serve as good reference standards for polyner

WEhmsaetser i zati on instruments. In particular, PECT/US2005/000227
desh had tﬁer&@rectﬁ}é%lt@@everah Y6l 8R0S ﬁ@&m%'iﬁ W61, fractions and

narrower nol ecul ar wei ght distributions ymer

0 afedch R dy lag fe
mof¢ Fmgfﬁh@ilygﬁog fr allé{el onslglgszrg be dpl)lghogﬁgéea t 9& r%gr\%ceasmndards for

pol&tgkryﬁ{a%%hﬂtﬂ)}{ 1h§l'1%ﬁ?én(§ Pqn) palr@t%ﬁrt RQE‘ d%m%bl%nig @evelop polyethylene

aver age ecul ar wel greater than

fraérogﬁl% i) Qlar%\@lmoléulgp\?ex thg‘{lﬁmms or 6, 000, 000 g/ nol .

ositions or ctions can have an Mv in the

AR S0 T B o o
pmguc&;g %ha'ayz'évgegep&yf FoHb 8 [ guifge e b A sve{age molecular
o Y 3 B M . o
corﬁr?o'gl‘étgl'a°°3&%t2°%e 55 iyt L VoS TR aes 5t Do 8 LTl 000 o
T

n155 rpmto 65 rpmwhile heating the mxture at a

lgb é‘i‘ﬁi@%‘ t ieight eplygthidene (HHM W BEhparent ﬂ?@lymsr By figst diseqlvipg, the parent
of the UHWMAPE parent polyner to 30 OC above its

polymagr inriy rebasively goednselvent e dornmr palyethylenst pasmt spldtione o he gonditions
of the mxture may be perforned for a period of tine

emplpyesiciof gucht disseliuenirg seleetprd toamadycs [theydegradatidn ofitbe UHNWWEE parent
parent polyner in the solvent. After this dissolution

polgmen In particulasthe UHAMGWBE petnt pobimer auskih¢ spltehmay be agitated at a rate of
transported into a fractionation colum in which a

fromu@dopm to e6Hpm whiskeahegttie mixteredi 8 powenturdtapging from the melting
fractionation colum may be scaled-up in size to

poift ahpeature |ofitthy A YMWERE] argtapdlyrhére® Of 3¢ W€ above its melting point
pol yet hyl ene fractions. The fractionation colum is

tentpeRhRAl THE agiREbRbROhating oNGe hiRbee By RCHriveméDfol Qrpatiéd of time
preci pitate on the support conprising one or nore

effElaSs fofssBE YRSttt 8N anlor et UMV PE Rddnt %)§Iym51hﬁ the solvent. After this
tenperature of the columm is | owered t enperature

d1$£0‘f1§§m sﬁﬁnthéQesQQnQ?at@ntr BhBioRts tinrPHir{lspgeB linthb G &cﬁoxglM column in

he polyethylene“fractions may then be recovered from

wh‘cﬁ% stqﬁa%ft %'@&%s BLads, ql éﬁ s "Iqilla %Qéti%ﬁe i OP ufnﬁ%%#%rg&aled-up in size

sol ve vent ture into t

to &8&\@% l‘e]‘lla%gap ?a‘?gét Jx%&ﬁt%@%ftﬂé %élil:?lin iRk ¥Eon@nd the

ent gradlent profile of

t heThe fractionation column is thereafter operated at conditions effective to form a
precipitate on the support comprising one or more desired polyethylene fractions. That is, the
temperature of the column is lowered to a temperature less than 40 °C at a rate of from 1 °C/hr
to 0.5 °C/hr. The polyethylene fractions may then be recovered from the fractionation column

by displacing a recovery solvent/non-solvent mixture into the column. The relative
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pol yet hyl ene parent polyner. The tenperature of the
columm is raised to a tenperature ranging fromthe
worelosiossgipoi nt tenperature of the UHMAPE par eneCpuSon®000227
contcdtrdbnd Of eRQYRehttand MR AdnRElveIRiaid bds€THeh AEIVER grddR@T fBHile of the
heating the solvent/non-sol vent m xture. The
polyettBfehé piait Pofynted! TN tehnpediddfahd\ sl istriddd beBRp&htHeGanging
while a portion of the polyethylene parent polyner is
frorit! | BWRRIHE ik 3QhYFark® drfi EAMARPE HBRRr o i
On1xture.n$ﬁg nixt%r% subsequent |y gﬁﬂ%éﬂ%¥§g%acgﬁ C above its
L om. I gnatiqn_.caolyum .and conbi ned. wi th .
melihE R EmpliRle, AR i AR PSSR, e The faionason
fraction. .di ved therein. The foregqoin t eps .
colr S0 A STRFERPe S OB L ORAo B P Bt petymer s
eat il the sol vent/non-sol vent Xt ure

be,. til '
oG 3T (5 o TRG 1 Ao EATARIERE0) TIPS LUDSUNE| Sppenty can be

s oS Tofiol SOBHe G OB WIS & tcetp e g © recovr the
lag$gnt es thereof, may best be understood by
polycfyiepe NREIoIss0bvel dhereii nbfeaiosePingsiaph related o ithe recovery of the
conjunction wth the acconpanyi ng drawi ngs in which:
polyethylene factipns,3n be espepted; yiil pihg nsolyeatiponisolyante Fbeure neviting  the
of a fractionation systemused to produce a UHMW\PE
fractipngtion epurpmisisphytaatizlly ahsentefithe mé}feﬂwfwm@ewar wei ght
di stribution, wherein the fractionation systemis
shown as it appPEPSRERFIONOFHHE BDRAWINGS a par ent
pog%ephylene solution. Figure 2 illustrates a side
pl dite vnventiarf, togeshef matht fugthert advantages tteemeofismiy bag pdeeaurslerstood by
during the recovery of the UHWWPE fraction fromthe
refefeneec toi the &llowmgodsbwnption fakguineco8jundtion stithathe sccampalyndrawings in
gradi ent curve used to produce the UHWAPE fracti on,
whigtherein the | ogarithm of the Mv of the UHMAPE fraction
is plotted as a function of the anount of TCB sol vent
i N Figuso] Vmstrdtesansidoplue nibw rof ¥h emBodimed of @ fraeedidesn dyBem used to
UHMAPE fraction.Figure 4 illustrates a sol vent
prodycaal UBTN WP frae tioks ReVirigQr Rlatehile garfolvembletiRky dighe aisir®ition, wherein
wherein the total anmpunt of UHMAPE produced is plotted

the &ctidnhtiohClysem R shb W@ ag IDAPEard [durdfeBihie Ob¥@RY of B Rrent polyethylene
sol vent/ non-sol vent m xture used to recover the UHBM%E

solufier@act i on.

Figure 2 illustrates a side plan view of the fractionation system as it appears during the
recovery of the UHMWPE fraction from the fractionation column,

Figure 3 illustrates a solvent gradient curve used to produce the UHMWPE fraction,
wherein the logarithm of the M,, of the UHMWPE fraction is plotted as a function of the amount

of TCB solvent in a solvent/non-solvent mixture used to recover the UHMWPE fraction.
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS | n
accordance with one aspect of the invention, a polyner
w@owpoessii on or fraction, for exanple a pol yol BETS2005/000227

fraghired MadraflR L sHREAE gfauml durveP@¥el @6 PYJIBEE e BIMVIPE fraction,
suitable for use as a reference standard has a

whigih Yistl SREERbUnY of UﬁWéEg&duée%$§¥lbﬁéirhs?a fdnction of the amount of TCB
alternatively less than 2. 2, ernatively less than

sol@en%n a%blﬁ/&{tfﬂ@ﬁ SR mb@se ugeh recovlr m@bWW@ 941 | ess

, alternatively, less than 1.8, ternatlvely

| eSS ﬂ}i}m (151)7 DFg{S:gzﬁf'ﬁﬁiN gﬁgﬁ# ?ﬁiFEMEﬂES«BGﬁIMENTs

alternativ n one aspec

po'mg maﬁ&e“ﬁtﬁ 6L LGRS tﬂeapk&no b'o(ﬁgg?r)co% oSE?rLgrnﬁ‘%ﬁon for

st an as a y I Spersity 1 ndex

exa \e g&lgolg OH’IEFQIOQ %3&1 “1% [ sZntec(:)x? gz*lly gsyg{hgf %rgcrn%n r%\eurta%ie for use as a

to var

ref%%?‘w%%}% %peo‘?m" Iaw?a( o st o PR e 22

alteﬁr&tl gf 1 &;F'ggt{‘% 'ésﬁ an F&P %%Hsggei)éleasft anexla9 altematwely,
| apat i on, e invention wl e described f

lessptB et ﬁﬂlt@qqénvegrolﬁg\}ga[n la]a?ltwtvﬁl%rlesg) Fhaﬁm )ﬁopréqlﬁrqagvely less than
|ntended As used hereln t he tern1 pol yet hyl ene

1.5¢  laceneoppestet golyethylene fraction; yitakle fi “’rcE‘ﬁF asj & Gfgienes ?t‘i“@ﬁ’id has a
a polyethylene ar ent mer - that is a portion,

polyhispriiy inggx @B ’gﬁﬁd happ | c‘Mfl/ ijrit sheplg e undsrstond| t};re@lmsewéwerem may
polymer that is less than that of the entire

be appliod tchy [varety 9h cesiellipe oy semi-crysidlinpmolymerste.g. npesat gplymers), the
the breadth of the nol ecul ar-wei ght distribution (MAD)

majgtityznf thsl dispbasurg ndifocused quiembddiments to préviacererieghiimay polpger fractions,
nmol ecul ar wei ght of the pol yner divided by the

for gwarhde, - pelywtedige onpblyethylene. wWeirghitposeds dfeaplemdtipnethe (investign will be
MIM n). In one aspect, the polyethylene fraction is an

descriitied dortpioylathyiehe hivever,vamy gblymprodrypelyblelie txeinehidi\RE)used herein, the
fraction having a nol ecul ar wei ght greater than

terrl ,“PlPetiydéhe gt avtibn” mfere ton@frhstivh yor et titatddfiom 3, FEMLIOMAe parent
g/nmol, or alternatively greater than 6,000,000 g/ nol.

poljzrnerarthz& sx0osbirfid@N hs defii@l 1 PDTRAAE motdbMittwdigha Gt pElpethyTege ﬂé@mer that
produced from a pol yet hyl ene parent pol yner using the

is Idsk &ah iHanef th Bntihy Hd1RdIhy3dHe Wirehtpolyin@u I €e LDIB @n Zhde\65tHOWRadth of
in Figure 1, the fractionation systemincludes a

the fnﬁo@&hlaﬂwarghmstﬁwwﬁmmmﬁ&ﬂ DEblAnd?QAld iR ARhi 09hd REikBLaverage
10 and a correspondi ng heating/cooling bath 12. In an

moﬁﬂheﬁdﬁ/d@ﬁﬂ bf thé 5@%&%&@% tﬁeq{umr-&eﬁgy nlaﬁcaalsmgﬁ A 40 polymer
colum, for exanple a cylindrical um. As used

(ie., M/M,). In one aspect, the polyethylene fraction is an ultra high molecular weight

polyethylene (UHMWPE) fraction having a molecular weight greater than 1,000,000 g/mol,

alternatively greater than 3,000,000 g/mol, or alternatively greater than 6,000,000 g/mol.

In an embodiment, one or more UHMWPE fractions may be produced from a

polyethylene parent polymer using the fractionation system shown in Figures 1 and 2. As
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herein, "scal ed-up" refers to the size of the colum
being sufficient to produce greater than 1 gram of one
wm200506881TUHMAPE fractions, alternatively greateeT/USBNS/@0227

sho@maf¥s F@ﬁreonemarfrmeﬁaddhﬂ\waanf nBldsORN SracRbdaBbN¥biu¥fl ¥ having a
greater than 3 grams of one or nore UHMAPE fractions.

heaThgcéorllﬂ zicQQlafd | §36§&€s‘ﬁb1§ilﬁé3héaﬂﬁé/&%%ﬁg %aihapj(ehﬁgn emb%dlment

di Ssol u |on vessel 14 and a corresponding heating b

ﬁa@t@natﬁm cgﬁq{n@m BPa géled%p%ﬁxﬁﬁm Yo‘?%§£ﬁplgg cylﬁldﬁ%l\égmbn As used

cooling unit 22, a solvent vessel

herbi B&%Edlém%”' er&rsch'ﬁ%ﬁ fqr? cl:dhli}gn Uél sﬁgm&g% }o'aﬁc eater than 1

neans for cool Ing t vent SUC as cool | olTs.

grapﬁhcﬁ' Jnk 3F Ho%hwmwl MEHQM%W?@Q@{ 24 E Q{H?Sf one or more

I nto one or ractions’ Pirst |nvoI
Ul-ﬂl\fl)@' Erfgci&ﬁ ﬁ%u[n?xgi/e(}? %lée\é{ggmpé gp&at‘x?se%f{ on% yrrer I3 PE fractions.
I I d di
Thei ﬁra&%ﬂéﬂxﬁéygtgr?xga o {ngllugelf_?:a? ?acfﬁet?cﬁglss gq%\?gr\]/ sse]I LZP gxhci “;’chrrespondmg

the anou t he ar ent

heafa%?%%@da.lﬁadgweiwa? f; e Wﬁéég' s aﬁl/agﬁcfeo fﬁqlz% a solven
vesg o %Cﬁ‘g‘éﬁmﬁaﬁﬁﬁ (reogRpPes SapiaHe ErYp paoling the

deflngd as éstall|ne or sem -crystalline
solysat SHe ﬁ@?ﬁ’@gf% t may be a honopol ymer or copol yner,
may be |inear or_ branched, and has a Mv greater than

1, OB, Brersiongtien| of p rpokythyiAne cRash tPobymer HBle enss eF ininsel UHMWPE
hereln the parent polynmer is an UHWAPE honopol ymer.

fractiqas {irshineeverolresie (rmaienypalynertinie the fmtiopatientsstern.h Anmixture of
2, serves as a "parent" of one or nore UHWMAPE

an HH%‘MPB perenbipelgeraandry sqlegtistitieead i disgelusionrvessel bf toadissolve the
sui tabl e |i near UHWAPE honopol yner for use as the

UHpAY BRtpatsht pelgmeiHipe sélventt iloas embodiivratl 8@ acvgt ef the UHMWPE
Natta pol yet hyl ene, which is comrercially avail abl e

par¢nt palyTier orndainddCn thehmixphy s io dhe pngepdiftone s 7.6 gramdiitetofahesolvent
listed in Table 1. Table 1J | | i Physical Properties

to 125 [@eamsy/litgr df B® sbv8Bt. FBNiskdjharkis, the UHMWPE parent polymer is defined as a

crystalline or semi-crystalline polyethylene that may be a homopolymer or copolymer, may be
linear or branched, and has a M,, greater than 1,000,000 g/mol. In an embodiment further
described herein, the parent polymer is an UHMWPE homopolymer.  The UHMWPE
homopolymer, which has a PDI greater than 2, serves as a “parent” of one or more UHMWPE
fractions having a PDI less than 2. An example of a suitable linear UHMWPE homopolymer
for use as the parent of the UHMWPE fractions is GUR4150 Ziegler Natta polyethylene, which
is commercially available from Ticona LLC. The physical properties for which are listed in
Table 1.

Table 1



Wat er absorption (23Csat) 1SO 62 01 %' Humdity
absorption (23C/ 50%H) | SO 62 01 % Mechani cal
weropesssies i Tensile modulus (1nm min) | SO 520CRU92405/000227

| Physieyl Bropenies A 20 % Noni nal strain at break (50mm min)

I p8&527-2/ 1A >50 % Tensil e crigepsdrodul us9th | SO 8883

| 33 Beptign (Bemsit)l e creep nodul us 00Ch | SG1899-1 22@

! Nﬁ’rﬁ\d%s&smh 2PeRpRtyi es | DTUL @b 8 MPa 1§0 75-1, <2

. : E}TU @0 A NPa | S@w it ey @rb oW @@t s

Msbim@hngemeenperature B50 (50C/ h 50N) |1SO 306 80 0OC

| Garfeno@ius Lim@@) t her m expanss@serepar al | ebgp | SO 11369 2

Fersile Siress at é;.ﬂsm th)gall IF’r %pleﬁ!sdn 85.oRR! at { ;/37 pter mi t tll Miat Y
e rm Lyity -

F%‘&géﬁaﬁ?&)y'egé %Qnm?mm ation fact Ei é’ﬁﬁg % 60250 g/l—}z

pominapstaia ptorepk ALt or - |\/H§ 1280250 TV E-4 Vol dhe

rersiestepr/modyus|'EC 60093 1E12 oHPR P4 Surfat® resi stu“o"’aty

FE@G@@@Q@dQE]!QOOOhm El ectric SJW@ﬁgt h | EC280243- 1 4"3’3

T KV 'Co rTBar attve™t'racking imdex CTI™TEC 60112 600

Thermal Properti

DTUL @ 1.8 MPa ISO 75-1, -2 42 °C
¢ DTUL @ 0.45 MPa ISO 75-1, -2 65 °C
! Vicat softening temperature B50 (50C/h 50N) ISO 306 80 °C
; Coeff of Imeartherm expansnon (parallel) ISO 11359-2 2 E-4/°C
i

; Electrucal Propertles

% Relative permittivity - 100Hz IEC 60250 2.1
| Relative permittivity - 1MHz IEC 60250 3
| Dissipation factor - 100Hz IEC 60250 3.9 E-4
Dissipation factor - 1MHz IEC 60250 10 E-4
i Volume resistivity IEC 60093 1E12 ohm-m
| Surface resistivity IEC 60093 1E12 ohm
‘ Electric strength IEC 60243-1 45 KV/mm
Y Comparative tracking index CTI IEC 60112 600 -
: LT i e e R R B R B S T IR At R R L T e TR e e

Test Specimen Production

Processing conditions acc. ISO Internal 11542
Comp. molding mold temperature 1SO 293 200 °C

Comp. molding cooling rate I1ISO 293 15 °K/min

| Processing and Delivery Form

,  Injection molding Internal No

The solvent in which the GUR4150 Ziegler Natta polyethylene is dissolved desirably has a
boiling point temperature higher than the melting point temperature of the UHMWPE
homopolymer. For UHMWPE having a density in the range of from 0.9564 to 0.9620 g/cc, a

mélting point temperature in the range of 128 to 132 °C, and a crystallinity in the range of from

83 to 85 %, examples of suitable solvents include hydrocarbons recovered from petroleum
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; Test Specinmen Production t Processing conditions ace
| SO Internal 11542 1 Conp nol ding nold tenperature | SO
wQ@9®s5868310C Conp nol di ng cooling rate | SO 293 BAGI/KS20051000227

cradRirC BNS1RAVARNE DEebdcH 8 iroEabdRs! Bl &sbuiRtionDhifdidag The solvent may
Internal No The sol vent mwhich the GURA150 Zi egl er

4, @ gPifrbdenedie (vépyli ssol ved desirably has a
Coaﬁﬁ |§g p0|5t tenperatﬁre hi gher than the nelting

powtbegmpeea@stomn oF kAN ?mg{r?.n@l WTRE oI, g@gﬁc@g rod or

havi ng a en3|ty In the range of 0.9564 to
padg{e%c}%%c%%%? &)Igtgdng{essl%ﬁ d. ?Iﬂ{e%g dhA;Str 1 @%@égﬁppého%g The tid

of s(g%lﬁéo 0/9 sk ?Efps Fosed fan%% g ﬁ o Vdetntﬂ%w tﬂ{(ough 8‘!6 lid into vessel 14

ons recovere euncr ac

via %\ ﬁxtro e meThe e\égxfc{}tg%ntss % E%%)B o2 tg%Bglg\iHPErhogx%p Iyx[r]mgrt 1;1 A solvent
o A R BB R LR o
o SRR 2 S e A SRS W

i ssol uti on vessel 14 is cl ose and nitrogen. is
deS'aweé\%%“&fg fi1sﬁﬂl}‘tt%‘r dig HHMWPFEHWH?%W%@%‘@N mixtyze gay be heated

nitrogen line. The conditions used to dissolve the

to IqMREE e 1B IbY JARgF of fiahe Uismeliing apiat damseatee of ghe UHMWPE
reduce the degree of degradation of the UHWAPE

homppalypst {nelessdiian thg boiliag @pins of the iselmentdoh examipdeto a30 °C above the
particular UHMWAPE fraction that it is desirable to

melfisppaintgempagiturelnd tibdSHMOYRIH hatoopiotygpet.hEhid heminp of the mixtliteamay be
UHMAPE honopol yner/ sol vent m xture may be heated to a

achieeatigyrdculatng akiidwe heangasfof flfid awhtab ethyiend glp@! fGmMHeating bath 16
tenperature of the UHWAPE honopol yner to | ess than the

throagh lthen@ckediofitdiRblutibre vesediveNt Hedtitg RXRNP | eayt Be BELQICio the target
above the nelting point tenperature of the UHWAPE

temPEARRAISIHEEE. g., I Réat chd@hden ITIRS mixbife HakhWpRatERWitR fhe stirring rod at a
achi eved by C|rculat|ng a known heat transfer fluid

rateSofGondS 58trpi |18 N&5abMeAMilef it ABehRatechid BRE Mekfig and agitation of the
mixture may be performed for a period of time effective to dissolve substantially all of the
UHMWPE homopolymer in the solvent. In an embodiment, this period of time may be, e.g., at
least 4 days.

The operation of the fractionation system shown in Figure 1 next involves preheating the
fractionation system and loading chase vessel 20 with a solvent, for example by displacing a
solvent contained in solvent vessel 24 to chase vessel 20 by operating fractionation pump 26 to
pump solvent in the direction toward dissolution vessel 14. This solvent is the same as that used
in the UHMWPE parent solution and is heated to a temperature ranging from the melting point

temperature of the UHMWPE to 160 °C. In an embodiment, the solvent is heated above the
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through the jacket of dissolution vessel 14. Heating
bath 16 may be heated to the target tenperature using,
we2@s/06sE1heat exchanger. The mixture is al so apit/a$m®0s/000227

meMih{ bmﬁth@mﬁérétﬁfe' fo9 efa%l@ﬁy lﬁat‘i@ttﬁ‘e Rtvehtif Ws@;ﬁag@ RALLA/Bir BPby heating
rpmwhile it is being héated.” The heating and

the %?l'v&ﬁtdhﬂﬁ‘% ?1e u'ie{ﬁgn gkt I%Etee gQ? of %{htexoﬁegﬁﬁ% glrsasuglf bd ﬁéejcxt tapes

ctive to dissolve substantia

s RGN bk RS U e bR S 054 fs pumped

east 4 days

via pra%{u%a{l&{] engWtf&eth;J ﬁt | 81?:8611 ﬁﬂe ?Msatngrﬁléhﬂl r%]hnlul: 'ts Y fd 40 to

1 next es pre eatln ractionati o SyS

frac%l gatlo]q @Qgﬁg gc f}@% ef‘he\ﬂﬁ)%ﬁ'lg!ed &?ou n%rlgctl%n %h\ég ¥n’n o cPase stsel 20 via

ISp acl con alne
hnefs ?gi ecll %%a 1ve:s"15|2a5c'6e %diféf.' in lmes 55) ySéio %‘gn re%y%gthvelyd are og%ned to allow

for gy B eﬁtfw'vl?l 3%%?‘1‘13%%% 5 320150 i B8 3
§%§$ﬁ%§p@%§%ﬁ%§5ﬁ%@;§wﬁ SiEd S ¢ %ygﬁé%%%%ﬁ%gﬁ?m chase

t he solvent is heated above theneltlng

veSfeé%é?da@aﬁeéﬁerfsblft odly dfdh emBgdimenit i g0l Y%‘szé’fﬂ\lﬁ'é rl?PmP‘i"f‘ through line

torage .reservoir, or by heating the solvent duri

28 equ@%fplgfl?wswl f visagiersiedeadingeuard S, themlay hagting shﬁ gemamder of the
means such as heat tapes disposed along the

fraqtiopation £y tem apdtremovieg air JpRse fibme aChase vesel 3| fastienatipn pump 26,
sol vent vessel 24 is punped via fractionation punp 26

colurip 8and leadingarumpnl 8 prvethe hinesribere hetyeantare thyh heaterlday te solvent to a
and 40 to fractionation colum 8. It is then punped

temppraabory the miadtingtioom tamapicramne 8f the UENMMWEEY ds gebmb@liménd, transfer
lines 28 and 32. Valves 52, 56, and 34, in lines 50,

linds 4¢.g.alt 282 forrchgigngtriolymiey fromrdissolporerkssed 14kd aalnrimB may be heated
passage of the solvent while valves 46 and 48 in |ine

additbnallydonedtemeti 3y bynothérrheatd naaes, fdraxerdple Vivea heating jacket or heating
fractionation punp 26 is operated until a desired

tapepu dniking joadihg, Sakt@ntion ®liniedishBo bpdatédita teiRsurd &mgl from the
20 and thereafter shut off. In an enbodi nent, the

meRiak ¥6iRt teinperhtufel dFahic OHVPRPE I AT, For RRangse | ‘3‘(5 @C above the melting
di ssol ution vessel 14 via reversing | oadi ng punp 18,

poihf e e afHeNEhclibfatbe bRl AN %rm;gf bd Rt C%‘I " R6ch 3y 'cprghlatmg a heat

system and renoving air there from ase vessel

trarrsfe@@]mdosﬂax hObh e&mog@(ga ORI T, tﬁr@db Lpesli %}5& tr{ﬁaé&%ned at the

and the |Ines here et ween a eale .
o 55, A, B ENAP L i g
prevent cooling of the UHMWPE parent solution, which could result in undesirable early
precipitation of the polymer, for example in the transfer lines resulting in plugging.
Upon loading the chase vessel 20 with solvent and preheating the fractionation system, the

UHMWPE parent solution may be charged from the dissolution vessel 14 to the column 8. After

closing valves 34, 52, and 56, opening valve 30, and slightly cracking valve 46, loading pump 18
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lines (e.g., line 28) for charging polyner from
di ssolution vessel 14 to colum 8 nay be heated
wazihsnéssmal |y or alternatively by other heati neCTesa085/000227

may 86 stEXRNMUAIE o thd UMMBPE fagent ShliRY cOfitai&Pil Qo luBRESessel 14 is then
ring | oading, fractionation colum 8 is al so

. Ik i . i . .
T Rt e R Uy

and")’fgedqgﬁe QQ.O Ynethfs %n%h%écggnﬁaggﬁ éur*n{lj ?’w%é%t é&ﬁﬁﬁls a?gp&mg,yls loaded with

fractionation co prene
' t toa: L |
eGP O LR B BBt B B S0 prvent

oo R g J5ELE 67 AR UL mhLbPHRO PR e e

racti omati o
soly %}Ea‘g %’ﬁ?‘g WFIHQ%“%?&%@% 9 %f‘g%‘?%%“%g?éi%w Aoy golumn 8,
in? Ao % g"‘%{iﬁg {5%%28 %wgf_x‘l?‘ef%égﬁ St}l‘gegqueqﬁeﬁ o4 Theapening 6P valye 46 can be

20 with solvent a reheating the fractiqQnati
corg Ui BrGERE B BECARIRT S S o B Prepgf of the
the dissolution vessel 14 to the colu 8. After )
SyS{eoBIRY, ae Jyagigfaigeds at QEI?OSEIHEBIC FHEESSYH R ishg;?ly Avore gl@l’oslgﬁac pressure

slightly cracking val ve 46, |oading punp 18may be,

du@lga’%‘t pigduchpp 06@63%%%&@9&% eArdingopumn %mé?é%? aWitgwd off after
in dissolution vessel 14 is then displaced to the top

loading fraciiendtion aelhwn SogthithnUBMIYPE parpit sgfutione Sebleud frapnchase vessel 20
t hrough suction line 17 and feed line 28. In this

mayrthen b¢ intrbdured viehiag 32mdoelve fhin®, comnch cont ai ns a
support, is |oaded with the UHWWPE parent sol ution
whi The fradtiohationi qodpnirt 8 ¢omimpdneather BHMWPE qiaeent kglutiinginay ghen be
prevent the polyethylene fromprecipitating out of the

opesatdudticomlitiovia leffertidd tonmyse@lyape nettctles @lpr@withie@uhaftthe solution and
sol vent ahead of the UHMAPE parent solution to flow

deplobit onghe huppert ABposed ag icolomats. oin paticutar, Be temperatdfd, ofl frav€onation
42, cooling unit 22, and line 44 to sol vent vessel 24.

collif 8 ARG e MGveddd t¥ Msy thaf 64C aNathiGrae @R EbAI [1€d/Hr o "B PEAL By cooling
a desired back pressure on the system e.g., 3 psig.

healilScaVIiRS HARE 19T ustdpe S/ Sh SBTRYchBfeF A $HoRAA ah an embodiment,

at nospheric pressure or slightly above atnospheric

cofpuftetzbd &)ngb'lﬁg d H‘&nﬁslqgél%toii%agfof hlla.%olyﬁg@ﬁﬁ? ];he UHMWPE parent

fractions. Loadl ng punp e e swtc o after

sollslt&%qilé?&n.f FI@% %d\ygﬁr?h{‘ AL 6D ltimoh?m% g{éyg%ea rplad)t/ﬂ\é:é\ﬁ)g% BE%E%Lely small

ut1 on. rom chase vess
oo B Sy Kb B A R R S M 0
pre:g’ecr)llcel:'I E)% ¢ U%XWE’E%Qregte solution at the operating conditions of fractionation column 8.
Its presence in fractionation column 8 helps distribute the precipitated polymer molecules along
the length of the column, thereby preventing the polymer molecules from lumping or globing

together. Examples of suitable support materials include glass balls, steel balls, and combinations

thereof.
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operated at conditions effective to cause pol ymer
nol ecul es to precipitate out of the solution and
walepeséssion t he support di sposed in colunm 8. PET/US2005/000227

ﬁgr,igbs%gqu F g @Q@stsﬂ% E’Johﬁ%@ t YD pupd) W"Bncﬁthe lines

ower ess t at arate of froml

asscgiated tﬁe?evglth ng g%dl&}@mﬁ:% Iﬁ‘ggl t@cb%ﬁ& st{eﬂxgaf{%ﬂhg fdrfration of the

exc ange not shown). In an

ten I
pre(%lﬁg ec%no e nsblpprogttnpfﬁ lé FEIQQWHQ 8\!6%%1 d&tsﬁgy Big’_' m‘%é&t%g Irtoetrllle top of

cohgn Vlagléle taGBeggfk%rH z%“rR yol?e ft'lllerc] ]{hadCI;Olﬂ%Pﬁ'éIIgope %ﬁ&ﬁfﬂ“m which

Ive

D|Id ces up ch th t C )
33&9’% S Bl oS qcfrfgv”%ﬁe orrsirep Eécélﬁdgeﬁ%ﬁyotxﬁ%thanoh 2
UHMAPE parent so] ution at t eratin ondi t s of

butexy, gthpnshagthyirnec 8Vepin menorhy ﬁ}h@g &ithenck %cﬁi(‘i?rﬁc tt?%ﬁyg?‘}eoﬁlyml’ of
colum 8 he| ps distribute the preci ol yner S

comphimatieny wereaf. oNgWP&héZ P a? e '?'eli ﬁ%en(é& flaﬁw,ve%t ‘ﬁYeFé‘ng fractionation

preventing the polyner nolecules from|l [.ng pr .

purgw 8bith §isp @f‘eflﬁé’fon'sét/é‘ﬁph@ggfb?“"&?ﬂ {ingPpR fgin%b’é‘%? and fractionation
materials include glass balls, steel balls,

colemmiSi nig # aesylttofh e gfsplagensenbm Jovert Wagd do oreate HB% QHMWPE parent
vessel 20, cooling unit 22, |oading punp 18, and

soltiongs washsd dioat Gactionatioagolumnnty Thieneii-sodvsAinis duaher fdrsalﬁwed through
the fractionation systemafter the formation of the

fragsioeatiopicolima Hand lirs lioposeiving vessell@?+ i Oficr 2l efelbeUHMYPE parent
vessel 62 may be connected to the top of colum 8 via

solitioneis6@ashBd| fremt thy efastipnaian rsugerpeandli gdnsiebedi tohregeiving vessel 62,
non-solvent, i.e., aliquid in which the UHMAPE is

ﬁmﬁh&ﬂkmbhmpZExaypbmmmdhﬂSUitable non-sol vents i ncl ude
2-et hyoxy ethanol, 2- butoxy ethanol, ethylene glycol,
MonKexat Dirhctiohdien techbifidnie lempgat onesovérrdne tohyloenedHMWPE fractions
gl ycol, or conbinations thereof. Valves 52 and 56 are

or th@Nfr&R ehe hordopbll R¥e Prebipitate Nidpogdf natik | Raabhadion egmn28.  The
to di splace the non-sol vent through suction |ine 50,

frabiRRAstidnite¥Bnigde indd1fesiat REdt o @l itgicallph PRivali8: of ARsifing Q&pslvherein the
of this displacenent, the solvent used to create the

hotwbpdVrfer gﬁéﬁﬁnﬁ@al wish@ with s6R&kedn-b610dt fnfiretd, WRteidBach wash is
col umm he non-solvent is further displaced through

desg%'@@ td fasivt Ql'ﬂi R Tol8ke 3 PakiblIUIBAWIE fRE60. VIHRGoMESEBh-solvent
After all of tthe UHWAPE parent solution is washed

mikhQMhdy e ﬂe%&dv@t@é‘ta'n@ YRIEB AR HER E‘%@Mﬁéﬁ th&ein péempltated out of

rece|V|ng vessel 62, fractionation punp 26 may b
the M[}@&g ag(i recovered. By using successive washes with a solvent/non-solvent mixture

containing an iteratively increased amount of solvent to non-solvent, a corresponding number of
UHMWPE fractions can be recovered. That is, the homopolymer precipitate may be washed
with a first solvent/non-solvent mixture corresponding to a first desired UHMWPE cut, after
which the homopolymer precipitate may be washed with a second solvent/non-solvent mixture

corresponding to a second desired UHMWPE cut, and so forth with the solvent/non-solvent

10



20

25

Next, a fractionation technique is enployed to recover
one or nore UHWAPE fractions or cuts fromthe
whoosspedsyner precipitate di sposed in the fractPOnEs100$000227

miidtel BEinSréchRdiveAitebh ARhES A thea@iiBideing DUBLWSE f@ltion precipitated
| east one and typically a plurality of washing steps

thev @681 ITh hetathe HRRGALY BBthe REIO&t Rhd Bl GiohSolVEH fﬁ?ﬁﬁvﬂrmnd successive
sol vent/ non-sol vent m xture, wherein each wash is

waStemix@nedart 8asdil 91 QbIvént 3Rdich\RIHRE Yor (ROUANWERE RBMbpAINh@! examples
UHMAPE fraction. The sol vent/ non-sol vent m xture may

of WheR alR&h& A AMBLRES 3 A foPfe UMRE) {iRghpR ng&?@&l%&e qr(ltl Figure 3,

therein precipitated out of the mxture an covered.

theBbfgaHWQf tﬁé‘%%??ﬂev[ﬁ{w}k@§ac%ﬁ El o8 'aé’?@&da@&ﬁaf%ﬁé ¥ft8tint of TCB

m Xture containing an iteratively 1 ncreased anmount o

in %‘%:\%{g%{“{‘&%&%f %Q}Ltﬁ(t% rﬁ% a t&ne%paru[rg 3P %@l’@ 91 13'{,@9?%[]% (al{e amount of the

racti ons can be recovered. That 1s

r._preckpit may. be washed with irs
U BT BREL R AT PGt BERE Rty b potventinoi
desired UHW\PE cut, after i ch the honppol ¥mer ,
solf G ETTHE A1 & TRRG A GAASH TR s Sk bt for e in the UHMWPE
sol vent/ non-sol vent m xture corresponding to a second
pargri$pluen agrpuple rruse ke wash muxtutes.wilsp, thename non-solvents suitable for
sol vent/ non-sol vent m xtures bei ng recovered between
use istasking Mg sohentciem selvmnd #5gheseIdpREbEd shove ere suitable for use in the
precipitated there from The rel ative anounts of the
waghgpixgises. dndn embodimentsihe sobient is RCBhandfthenom-salvent is 2-butoxy ethanol.
successive wash m xtures are based on sol vent gradi ent
cur {dBstisplventiten-spianPmivieraspadsponsing te e irg| [EEMBFPEfactibn is placed
are shown in Figures 3 and 4 for the GUR4150 UHMAPE
in sebenipiessghddr Subseqicingierbéenging thesolveryapi-sdivanpmixtire ildvlvefit vessel 24,
the UHMWAPE fraction is plotted as a function of the
theayret maf beTdiiplacad intefrantionating toloma Soliassmntiomiinet S0raad &ted dine 54 by
tenperature of 140 OC In Figure 4, the anmount of the
opdgiivig\PEadtioaation o purpp o2l c edfters ppinping ethe asol@nf/nohesolvemt @fixture into
the amount of TCB in the sol vent/nonsol vent m xture at
fragtionaivpeohtmr & fiattichd@ondimpitemsabetusel \wehind valved SOl 56 may be
for use in the UHWWPE parent solution are suitable for
clostsle Befoteh @utiss for niftet dilling . fradtismitiod REuMANE wiBNths AbNEVnSn-solvent
suitable for use in washing the solvent from colum 8

midasre} Ao SE@npteME ob GectRAMIOA RuenSy!idaf bk Endr@ked /e iehptdire ranging
wash m xtures. I n an enbodi nent, the solvent is ‘FCB

froRNke MBEng PAIntStOh¥&Rirel of t-1UNPE Bt hemet fofobxfainﬁﬁg 30 °§3 above the

sol vent/ non-sol vent m xture corresponding to a firs

me ft {ehipelahBby RedRth@ 8fehehdheRBbMB at BS §&) €. aheat exchanger.

Su seque%ﬁt%5 to blendi n% t he sgftveﬁfg/ non-soﬁg\ﬁén Mioxture et
Frabton@dn/@imy & %ﬁ?lbe fbintained at this temperature for a period of time sufficient to
allow the solvent/non-solvent mixture contained therein to reach an equilibrium state at which
point the solvent and the non-solvent separate into two phases. In an embodiment, the

solvent/non-solvent mixture may be kept in fractionation column 8 for 16 or more hours.

During this period, the first UHMWPE fraction is dissolved in the solvent phase.
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the m xture nmay be displaced into fractionation colum
8 via suction line 50 and feed |ine 54 by operating

w0 e@spéssmat i on punp 26. After punping the PCT/US2005/000227
S Ol The ikt eovemBhoreddlvent mibinire rhait Be fréradvetl camat §uBseqGalk W8Nent/non-
8, fractionation punp 26 may be turned off and val ves

solvert Bikehir&tmilRle Pleced|saseskivelyeih @b10ent AedskINDl foP fenRfvir successive cuts
filling fractionation colunm 8 with the

fror Qhe/ BB bpHAAnet Oh Vg tioridh Us1Bmntde VaRRPSD adnd" %5 Bhy be opened and
fractionation colum 8 may be increased to a

fi Lib ©6' A 9 d B | ' t -
rach@ﬁEB@ﬁ %U k 6 &gbé‘ Bér%t(e:mf or?plgﬁ)‘%attrhr% Fg:og% (%Hg %E%Q\ﬁ{?é} sHvént/non

sol@ﬁtl r‘dxﬁge R Frﬁctfoﬁm‘ﬁ rBtubin®® RHild &R RG] hﬁplacmg the first solvent/non-
heati ng/ cooling bath 12 using, e.g., a heat exchanger.

solveh@fik B Rdrh C8lumR B Wcé%vé?@é’ssa @2 VR ?!fi egls BimpiRd §1a§{ be performed

terrperaturefor aperlodo time sufficient to al

ata rQSnéBJ AN WBP ﬁ%}é%'sg B X b h/fR NG AdN&HnE Eﬁé&‘ﬁ{t Bt In%ung at the

reach an equi | mstate at which point t sol vent

mterQn% bg&eeeﬁ] fHa t@ e\{ K V o ??e[] g%tgnsﬂg qg&t Eéﬁﬁbl@ %?@a%%% h{é fﬂa UHMWPE

I ment, ent m xture

fracﬁugrp fo se&ir tk g&ttdf %aﬁdﬂst%HQ%H (t)l§eL1}ng THSP g b@%ﬁ&dﬂg lf‘erct%rvmg vessel

IS perio ctron s

62. C%)ﬁ%ﬁ%iegﬁgsdltgblg :B?em ?Lt}r{n%%%erﬁy l%t?lude % toLeI: g \;gé{ and other polar and low

nhon-so € réno and

voifig RREFY In fieh DB 2R %'v‘\é@gfts@m%% BEF P Rug Kool 32 Ty then be
s t%?%%bﬁ@f 5T e e Mo openoa g o O

f di

G T a g SR BR RSPy E Pt AL PHONE 51 (¥Rt Foosel o clisplacing the

|nto fractionati on colum 8 while concurrentl
mixgrey P i“‘r‘i‘@“‘t‘i‘?& cpluma,s, §@‘?“{}%{hﬁ remesBPRAng: URMY E# éfa?‘}"arﬁ’ dissolve

olum 8 t elver vessel 62 via line 36. Thi
in %‘E rFB‘ixPr‘ée n@ﬁ i?é‘?%f H’Fn‘é‘ﬂ‘“ﬁ? 9 fF‘E?I“’é‘%% \Y%?S‘;‘/‘ %\ﬁ‘aﬁ’a?“e repeggpd until
e | ess than mn, to reduce the amount of
Subﬁ?rstlgﬁag al) the HEMWPE rlpaleéolwéﬁwwltaﬁewtrmvwitfwegolumn 8. In an

precigltatlng agent capabl e of causing the first

the 00BN Of solyenh amployedin the splyentipp-gelvent mixture may be

sol vent/ non-sol vent m xture nmay be added to receiving

incrgased between weshagpy ealectipg guamawitdhas dist ppiatsatvenfoeredient curve of the
i ncl ude acetone, CH3OH, and other polar and | ow

UHNBYPE fraction] Vre#rt embofiivesnt, jarveshiug-abiPEay barspeated one oomeredifes with
fromreceiving vessel 62 may then be anal yzed by GPC

the tsgme] el eantramesol viestvinvixiuhie tca fidly Bfdllate alpagtisulaiT fraction e feses clahging the
pl aci ng a sol vent/ non-sol vent m xture in sol vent

solvgnigoetsolzdnt rallics pf thei wrgh tnhigture to isolate another fraction. Likewise, the total

cm

number of washing steps and the composition of the corresponding solvent/non-solvent wash
mixture may be selected and optimized based upon the starting homopolymer material and the
desired polymer fractions to be isolated and recovered there from. The solvent gradient curves,

such as those shown in Figures 3 and 4, may be developed for a given UHMWPE homopolymer

12
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m xture into fractionation colum 8, allow ng the
correspondi ng UHMWAPE fraction to dissolve in the
woreoos068517 and di spl aci ng the m xture to recei vPEUS2005/000227

by ¥ ou® theBYveRodeSPORE didéthige of 6d18dn8 BéricahttaYiom dnd tahlyzing the
UHMAPE honopol yner precipitate is recovered from

rec6 R NTHBW P fradtiof B Qe RIAL thelr POI A& ITHIEe SLk¥ @ Having a PDI less
enpl oyed in the sol vent/non-solvent m xture nay be

thah NE h2AFAP1IABE WEBHN WR SHI0sht BMdiSRIcBEES 18 the UMW holdgblymer.
lies on a solvent gradient curve of the UHWAPE

fr agida@Re-of kit RRoRMAD, RN arios VAW P fradtRRs BAYseRR as an excellent
repeated one or nore times with the sane

refS@h ¢ 8BhARE BorSAl MERFicaMinshrithént o tdo¥ bded th SRIrAk&iz8 polymer molecules.
particular fraction before changing the

The Qée\é? Eucﬁ WWEfoa'raﬁor{s %.E 1‘6‘?@1‘%{0& Etglﬁlayé@ I{R%tﬂw cdrfey with which the

I sol at e anot her action. ew se, the total nurmer

ins%mgr\@ss Icqelnn ea?é{u%pt‘f‘lf %gog:teﬁtilgg of g%&] Irxbf?—:@ulﬁsf Wléﬁ the knowle%%e of such

correspondl ng so non- ent wash m Xture nmay

prcﬁ)g#rigsg grt?s%el}r@?eq%gﬁ 'bg&e]% eagsegs?tsaﬁgn% R, tﬂgg%,s haw ! 1!.0 nl?sF: and. o(?rt]irsnize the

ra n esire olyner actl
be i s0l d
bk 30 R0 S LBk 8T, 8L s

staﬁdarﬁc}/ cg)lleorﬂ?e \é{ezlﬁ O&g usiE)I(l) en@Bmalof %B@JM V(\)Agfé DR | 2% rTaerg%]ypermeation

carrying o e above Process ove e range

o S e 0 e RO R i v
fracti ..having, a PDl | ess an re.t.h tt%F tg

mdhEr . ABTEOR GilogE aeartri PG aan P Jouiddn G ipment No. b394,388,
}E%53£%&¥ner. Bec gﬁe of.the.nanrom;%%¥¢ hﬁﬁ ri ous

W Patefl by AECERse MERsit &) troengietay i VHMWEE faptpng may also be

standard for an anal ytjical jnstrunment or tool used to
usenas & delerenseestise qiderentig) scanning, calgametss (R togHfARpethat the
fractions as reference standards inproves the accuracy )
belgvion ofyRplyethylens meletwlesrip AssRonsa tp WeskaRiFa bossraspEptely dlgtermined.
of polyner nol ecules. Wth the know edge of such _
Fuphesthe bi}’é@WPEé@éﬁ?f@ meaybecisefl asex referenge standard tg ppfalish athaseline for
_things, how to use and optim ze the polyners they have
lingps pelymers dn theplpeiemeasyiements peng JipalEy nstraments puch ga g Viseometer.
used as a reference standard to calibrate size
excPihst sramples ehanabiea fnols forspayh the JHMWEEHragiong mgg|be employed as
permeation chromatography (GPC) tool, providing for a
a rpfsreaceatandard tiecheiet lighhicatigring hoods such as dbjatf light ssattering (SLS) detector
nmol ecul es. Additional disclosure regarding GPC can be
and @ dpichmiq light ScatteangeLINdete@or2 X SRS Feteqtbi ¢an begised to measure M, and
i ncorporated by reference herein in its entirety. The
thdeilil\FEgytatian (R Hnfa palymerl is dilld@solution. A DLS detector can be used to measure

the fluctuations in the scattering signal as a function of time to determine the diffusion constant of
polymer chains in dilute solution or of polymer particles in an emulsion. Additional disclosure
related to light scattering tools can be found in previously mentioned U.S. Patent No. 6,294,388

and in Helmstedt et al., 42(9) Polymer, p. 4163-4172 (2001), which is incorporated by reference
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used as a reference standard for differential scanning
calorinmetry (DSC) tool such that the behavi or of
w@oiogesdsyt ene nol ecul es in response to heati ngPCEUSI085/000227

her{ﬂ'? (Bt nhidhAt @Jh% » H8k/AETdeRor WhER MEUHNMVPEUEHMARE may be used as a

actions 'may be usSed as a reference standard to

refeSHLARMAER AsLARHe! f&ﬁ'ﬁflgb 4. IFIRAI NP Y WIBRS. IIt"ls LRE bfiéplated that

measur enents usi ng eol ogy |nstrunenfs such as a

the %}ﬁ\ﬁﬁ’% CUﬁMXEEB Q0 pE 48Rk %%o%eﬂ@ﬂa%hhl%bh E%éyﬁé}rblend to study

fractions may be enpl oyed as a
{ e £ tHelpabss iRy bthé Py Ratdibgh
the S0 ARGEARLAHCRISheEaite elpbilbesRARY bORE PlyhOR B
dynam c light scatteringgpiling ector. A SLS
detector can be used to Freasurléﬁf/w and the radii of

He2 at 1.ofof Fi%kbof benP e{xxeaig}é delntlld Yhe (iafzw Bl S% given as

or can use asure fhe uct ua

paré%?aé rem%t (ér%%xli;]tg ¢ &1' v‘:-’elntlo‘r%lxs’an{il to rﬁ?o‘ﬁk oa? I‘acg& dn advantaiges thereof.

USIOﬂ cons ant yner cnal ns
Ion o tIC

Higipgpapef e %&%ﬁ%’ eaegh@abusay B “a{“’“q*‘“fi Jr g pgended to limit he
scattering fools qgn Jbe found in previously nmentioned
SpeEJﬁSatlopﬁf@%FlaWtoéo ¥4 ABEOURE - i 0 Hel st edt et al.

42(9) Poly . 4163-4172 01
Gl RbBRIOb SR ard kel ROTHUTY of s e ff/actle&aﬂg? system

anal ytical tools for which the i.ons may,

desgbed aReveaWpISFEIPAYER t%mﬁbfgradplawag@'\%z‘ﬁﬂm Gt o %‘“Eimdma‘
Patent No. 6,294,388. It is alsp conte Iateghthat th%

frag AP GP’r‘l&Elt‘f’%ﬁr}‘sse‘Eﬁﬁﬂ%m%gI%é’aa S éswp%*%md Y gheght of 6
such as a yner blend to study the effect o E

feebwdtarfaarmtemér tI(Ze@Ofaervsb p0 ers pelnf dasFHRH SPW%MWlﬂg omopolymer

ynmeric material. EXAMPLES The invention havi ng been

ancE& titeradL) yof F&Ecsalvsatiwere ddaddp |tesliprgluginm essds Which Wgs @ -L round
as particular enbodinments of the invention and to

botttwmflagk equinped hthps séwing sohindhadirBYiVEgekomapelyass/ TCPy mixgure was
under st ood that the exanples are given by way of

agitatddusing &teistringmer for & denstat & rateerf @8 aprn whil¢ heating the dissolution vessel at
specification or the clainms to follow in any manner.

160TRE, tHemby i cansdig dre WHMERE dothopdipngetoedisdolvprioctbel (iGB ofd form a

using the fractionati on system descri bed above were

UHVIMPRYSibnt QolRfisd Uohila pid- Waﬂﬁ% thy fRktiddahidPEysferagt 150PE, R parent
cylindrical fractionation colum was used contai ning

solghmasgﬁﬁaqja%e@‘ﬁlté e rakRRMidn ARthr\RKieNE Radlfl Pihp. OfI'hesfractlonatlon

di anmeter of 1/2 foot. First, 60 grans (gQ)

coﬁfm%@ th%lJRoc;llé(p slwwgle bﬁw YR to a temperature of 40 °C, resulting in the

precipitation of polymer molecules of different compositions out of the parent solution onto the
glass beads. The solvent was then flushed out of the fractionation column by filling the solvent
vessel with a non-solvent, i.e., 2-butoxy ethanol, and pumping it through the fractionation column

using the fractionation pump. The solvent vessel was a 15-L round bottom flask.



and 8 liters (L) of TCB solvent were added to the
di ssol ution vessel, which was a 15-L round bottom

wo b@skessaqui pped with a stirring rod. The UHMAPBCT/US2005/000227
horfofist OB (JoRER)/Aibatony ethaed (mgisblatimugiragras hibsequently placed in
stirring rod for 3 days at a rate of 60 rpmwhile

the elatrt ngsseh dolthived dyupurmping desmixta¢ idt6 Qhd Gactionationbgolumn, thereby
causi ng the UHWAPE honopol yner to dissolve in the TCB

disphaeihgf the moa-se-dvid\Flonp eeefidctiomitioh icolnmn\WiThecarpsigrt EATB¢h the first
the fractionation systemat 150 0C, the parent

mix&ed @b swbReqidst ik sipdspizaet fofilh i TR ¥ 4ndGhds GEladtédDbhs€DhofTihe solvent
usi ng the | oading punp. The fractionati on colum was

gradifif Rue OB Sh GVduyesa® addne  watie tef firkk. TCE butok® ethanol mixture was
tenperature of 40 C, resulting in the precipitation of

disgoQddYiiBke FRIiBRAHOR SoRMndink fidhRidure QMR Jolunfiatdlse®lo 140€°C and
parent solution onto the glass beads. The sol vent was

mai]Elt_Qtl‘?llgd bl Hah %ﬁlp@ﬂdﬁt&ogvéxﬂghtf f()ﬁgms ithﬁﬁ‘l@td) Aok & Hgg?iop%f the precipitated

I'1ing the solvent veSsel a non-solvent, 1.e

UHRTWPRE R&X%pt%m%?% iR iR H{E%ﬁlﬂné. Uriefla RO B dilRE TCB/2- utqy cthanol

fractionati‘on colum usi ng the fractionation punp

s JELHS D R R S e e
ol SRS LS55 18R ILNT T 53l o e

intocfﬁ!a act’ionta S gotft).(m d iu%i%'g %1%1 ﬁgct}ogﬁiﬁg %g@%.?%‘éﬁ Fh%t Itl%eg H%sf &g%?,/}butoxy

fractronation col um: e anou
ool i AR B ot B ot g\ ionfiriodd o e
recetiny S eyt eV HRR PR Focta o BPCpIRSL I ph e TOB2-butory
e g he 4 AR e Mo R4 R e st TCBI2 butoxy
el PR LA BRI SOy Hor Fhofih SebMGdbbe pea

the m xture. Thereafter, another TCB/2-butoxy ethanol

molggular yreighha vig gecand AEGE-bwtesycdivneldnixtyre Was afrogicaigd ahk#0 °C in the
sol vent gradient curve than the first m xture 0 was

fragipragien celemn peermight\fernt1 S\hegrsetp allow mogeeaf dhedse Tl PHIMW Rk fyaction to
et hanol m xture was then displaced into the

dissblvact ithgraixiuon dbé steps eSplagng & dCBr 2abritoxynethanohmpuwrp is tiehsolvent
that the first TCB/ 2-butoxy ethanol m xture was

vesghl, sSizbaciegl the muxtutehiato¢ia fetiortatont dvdumrewkileiongprieegd s dibplacing another
Acet one was added to the receiving vessel to cause the

TCBRrmtoxdMARE hixact ifom the q@hedi i thatrecebuiig 0dssdl hfer tdcb&dhry of the
TCB/ 2- but oxy et hanol m xture. The first UHWAPE

UHMWRE ifedtionadndtHegihgi thOomadnge irf the 0dILRR af 14054C fHEBS BoldyWaXepeated
until substantially all the UHMWZPE homopolymer precipitate had been removed from the
column. As shown in Table 2 below, the concentration of TCB, i.e., solvent, in the TCB/2-
butoxy ethanol mixture was increased each time the step was repeated. The amount of the

UHMWPE fraction recovered with each wash step and the M,, M,, PDI, and M, of the
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55.4878 41.70 1.3731 2.4746 96.6115 5848 | 2565 | 2.28 | 7343
55.4878 41.80 0.0724 0.1305 96.7420 5528 | 2602 | 2.12 | 6794
55.4878 100.00 | 1.2002 2.1630 98.9050 4648 | 2120 | 2.19 | 3046

While preferred embodiments of the invention have been shown and described,

modifications thereof can be made by one skilled in the art without departing from the spirit and
teachings of the invention. The embodiments described herein are exemplary only, and are not
intended to be limiting. Many variations and modifications of the invention disclosed herein are
possible and are within the scope of the invention. Use of the term "optionally" with respect to
any element of a claim is intended to mean that the subject element is required, or alternatively, is

not required. Both alternatives are intended to be within the scope of the claim.
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of the invention. Use of the term"optionally"” with
respect to any elenent of a claimis intended to nean
that the subject element is required, or
alternatively, is
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not required. Both alternatives are intended to be

within the scope of the claimAccordingly, the scope
wmtoopnessecti on is not limted by the descri pti®BrI/8s005/000227
cLAtisabove but is only limted by the clainms which

follow, that scope including all equivalents of the
whitibtigrleai@t t er of the claims. Each and every claimis

I ncorporated into the specification as an enbodi nent

1. of & RJ%P@%Z&EQEO&&%RBB W ng 4 PUBlessihh O 8quEB1o. £

furt scription and are an addition to the

2. Pr e’Ifh% Ef&h?%?g gc&rﬁg‘;ogltt@n 81‘ cl&llﬂlel ﬂ?ﬁﬁ%eﬁ/l 'gﬂe\éfemﬂagn 1 0661 §00 g/mol.

dISCU srron erence scrlp I on of

3. Rel 'ﬁhSSBNh&lehg cc;}lqné/ éﬁ‘?? gﬁmnéi;f 5 gngklnﬁ??}v[ ' grrea'te? tﬁ%ﬁ' @rOO@f)@O g/mol.

y any reference

a. tha’f’heg)%%'e 1NE. & &Qlt oﬁ%%él?lﬁlhfj%g ]f, éa&-‘?t b @fobé,ﬁoo g/mol.

dat e r's app i catl on fres o

atgnt s I [ i
© PR R -
of lgeil(rgggqgg%%s[]aartefetrerﬁg%%g rd?l}/ an 0 ?lti)ca osepr ocedural or

ement ary set forth
: ;,:@}fsl? egqulsfg\ypwgosglofgdf C aéxgg {Nﬁ%‘rﬁm tpe qa Jg?é fogl%nies a SEC
Th | yet h t 1. hav
too}y Iag%é) OWX]? A Héht%g%tﬁgggg’ﬁf I@ i #%PSIW gieasmgg f B ?m?lgﬁgmé\%{ereof.

conposi tion ofcla|n11 Vi n ter th
7- 3, 080 hBYsPRFicTeRce sm@a% g’@ﬁ’y%‘n ok kb Myt areater than

claim1, having a Mv greater than 6, OOO 000 g/ nol. 5.
10?%8“%@F§Ethylene conposi tion of claim1, wherein the

pol ymer conposition is capabl e of being used as a
8. 1 ef Rmesthod ‘%P%‘H%W%iaaﬁy%ﬁ*yl%‘}%ﬁ*\ﬁ‘?’b SPMPEHE 6. The

pol yet hyl ene conposition of claim5, wherein the

anafayt i cligsolving| 2 WPEepargntgpbymiesgn 2 splysgete &ﬂm agpolyethylene

light scattering tool, a viscosity nmeasuring tool, or
pargeirsolubign;i ons thereof. 7. A pol yet hyl ene reference

standard having a PDl |ess than 2 and a Mwv greater

t hath) 1, Gmsmmgrhmolye@mymem%doleflorpruﬁwc%ﬁ@m&aﬂon column in

pol yet hyl ene fraction, conprising: (a) dissolving a
whigHNAAREDqpiale dispospdil ymer in a solvent to forma

pol yet hyl ene parent sol ution;

(c) operating the fractionation column at conditions effective to form a precipitate

comprising the polyethylene fraction on the support; and

(@ recovering the polyethylene fraction from the fractionation column, the
polyethylene fraction having a PDI less than 2.3.
9. The method of claim 8, wherein the polyethylene fraction has a M, greater than

1,000,000 g/mol.
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(b) transporting the polyethylene parent solution into
a fractionation colum in which a support is disposed;
w@ egosoassiat i ng the fractionati on columm at conedT/USI985/000227
10. ef e el dtdT cladh B whaddie ah pinbait &f GRMPHMV PR pibet polymer dissolved
pol yet hyl ene fraction on the support; and (d)
in theeoDxeat isng theh@ngeadfyfednhy 7 8NRarhd/met dOme E6106ht td1€25 grams/liter of the
fractionation colum, the polyethylene fraction having
solvanfPDl less than 2.3. 9. The nmethod of claim8, wherein
the pol yethyl ene fraction has a Mv greater than
11.1, 690, ReMod/ sokiadf- 8, ThdeRE hRd (AIMN M PRI Sdnprises a
amount of the UHWMAPE parent pol yner dlssolved in the
hontpbNGRE 1s in the range of from7.5 grams/liter .of the
solvent to 25 grans/liter of the solvent. 11. The

12, Metfh %eﬂ’fod%lf iR @1 \Waf%'{r%é‘ h&]a e ol ﬁn@?{) g@URQ%(y ﬁfﬁ{/’ethylene.

conprises a honopdl ymer. claim

13. Whefrh@' etfn&ﬁ opgﬂgﬁ’%l YWefeif emi’ rdw?@l% g‘é%%‘%ﬁges heatm nd .a%itating a

pol yet hyl ene. The net Wher el

mlxgléﬁggr}lgﬁ&% ﬁ‘lge Marl '3 n‘%g?(grarag#etx% 'o@%n%eériﬁ}f i é}ﬁ?o dissolve
sub{tﬁx_myﬁ Ef t%l %rl‘}MfN%Ed Pﬁé&'p‘éﬁrm%%' thggc{lve% le]e thtg mlxtuFe is heated

ar ent vihere
ed t
B N L O T —
30 %ﬁ@p&q% PRE R e e Ap o RePRarE My PR gt of from
rpn1to 65 rpm 14. The nethod of claim 13, wherein the

SSBtPo BM-time is at least 1 day. 15. The method of
claim8, wherein the solvent conprises a hydrocarbon

14. r o A9 atedpdiof skinh &3, reieecimihe periadiod gime as 4idqaet dedebvat i ve
of the hydrocarbon, or conbinations thereof. 16. The
15. retThe dnaghodcoflameas, whisesimths solyentseompeipas acldprciathes recovered from
trichlorobenzene. 17. The nmethod of claim8, wherein
petiglgin oracking pohale-Aerivatyantithehydmeatbpm gr torabipasiopethasebbne
16.  The method of claim 8, wherein the solvent comprises trichlorobenzene.
17.  The method of claim 8, wherein said transporting comprises pumping the polyethylene
parent solution into the fractionation column.
18.  The method of claim 8, wherein said operating comprises lowering a temperature of the
fractionation column to a temperature of less than 40 °C at a rate of from 1°C/hrto 0.5
°C/hr.
19.  The method of claim 8, wherein the support comprises glass beads, steel balls, or
combinations thereof.

20.  The method of claim 8, wherein said recovering comprises displacing a recovery

solvent/non-solvent mixture into the fractionation column, raising a temperature of the column
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parent solution into the fractionation colum. 18. The
nmet hod of claim8, wherein said operating conprises
WO 280683y a t enperature of the fractionati on ceEdTISR00T000227

to adetBdTRBeah U oPbf H6RS alntMiheddin? tendHeraturt 8f Ge Bb1yEthPEhelfraction t
0%§h$&?oeo.5 hr.r19.aThe ﬁé?hodng%rcfain1§? %hegein action o

1602"2%85%9 Heltfﬁg It & e%ﬁ?é §1}]J3Qﬁ>%ng asﬁ(ﬁ‘%n ng%“lfn ﬁoé},/é?ﬁylene fraction

I nat1 ons ereof. 20. The nethod of c

to d\Maawmhé@Lgegi%%eﬁ&&o%gﬁomm&&?é di spl acing a

recovery solv on-solvent mxture into the
fragti } O ugm, LS r . th
21. g oerangd A2 S whb B9 B ERPRIF Bnflycs,F hydrocarbon
ogint.te rature of th ol yet hyl f tion to C
ree R b8 TRRRRHE FrRipen drt v B e DRR P o Glifbinadons
th{gogtion of the polyethylene fraction to dissolve in
“he recovery solvent/non-solvent mxture. 21. The

nmet hod of cl.ajm 20, wherein the recovery solvent .

22, ol neiodpi Aot SR avoe e sv BT LI T P el fobenzene.
crackin al o-derivative of the hydrocarbgn, or

2.0 en*a?%ﬁg?tcwgf?f wheisin HecnqpsORSE SRSy yedgyoxy ethanol, 2-
wherei n_the recovery sol ven onpr.i ses i

butpxy, E‘ﬁ?‘&l’oﬁgﬂ‘i’@n@.yc‘ﬁ% mow-é&wfaﬁ‘iasrdn%&han@r aFFi9nsg tristidens; glycol, or

the non-sol vent conprises 2-ethyoxy ethanol, 2- butoxy

conghipaliqpy thergefhy | ene gl ycol , nono-ethyl ether, ethanol
acetone, triethylene glycol, or conbinations thereof. .

24.24 Thepmethed REGlagn 30 ayhsfesd saideqoxstings Birger exprrises digplacing the
further conprises displacing the recovery ] )

recaysry sAkVEHERDSelve nmixR fipe  theo firgtivaatianagelp@papidantroducing a
colum and introducing a precipitating agent to the

pPregipiiating agenp ) thamiéxtyret hod of claim 24, further

conprising repeating said recovering until the _

25.¢ ecr:%\?éﬁfgﬁh@cﬂf\? RaoHrthes|comprising sepeating eatd recaygring antil the recovery
fractionation colum is substantially absent of the

solysol/ pant-dojieah mixingcéxitintgathe . frGonatibe coluirino swbstentiailynapeent of the
wherein a concentration of the recovery solvent in the

polyainderempyecipitate.

26.  The method of claim 20, wherein a concentration of the recovery solvent in the recovery
solvent/non-solvent mixture is based on a solvent gradient profile of the polyethylene parent
polymer.

27.  The method of claim 8, wherein the fractionation column comprises a scaled-up column.
28. A method of using a polyethylene fraction, comprising: using the polyethylene fraction
as a reference standard on an analytical tool, the polyethylene fraction having a PDI less than
2.

29.  The method of claim 28, wherein the analytical tool comprises a SEC tool, 2 DSC tool, a

light scattering tool, a viscosity measuring tool, or combinations thereof.
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sol vent/ non-sol vent m xture is based on a sol vent
gradient profile of the polyethylene parent pol yner.
wQ@Xs/eéss1net hod of claim8, wherein the fractiBpCERUSN5/000227

30. COITHITI RIS 385 1B, VhdeRCthd BolgShy8RE fr28on Aad B 1 0dar0f 1,000,000
usi ng a polyethylene fraction, conprising: using the

g/mBpl yethylene fraction as a reference standard on an
anal ytical tool, the polyethylene fraction having a

31. PDITHe Essthd 3P lclzcn'm 2@; wm{%il{m{e%éﬁ{ 1énke Ard%Yi 88 ,h%%’% emi ater than

the anal ytical tool conprises a SEC tool, a t ool ,

30@“khgﬁhm$cattering tool, a viscosity neasuring tool,
of combinations thereof.30. The method of claim 28,

wh . | i . eater than
2.y 81‘813"%%%&8 /olfrgraYrﬁtsip vfli_ﬁf‘euf E}é%d&%@;lm fRactfbh tHBQ1 Az, greater tha

e netho " claim 28, wherein

et hyl ene fraction has a Mv greater than
69@?@88@%%0 g/ nmol. 32. The nmethod of claim 28, wherein

15 P S, AR ey y o oo

t he p&%&ﬁ%@¥ ne &ﬁ@f%&gﬂ i s produced in an anount

equal "to or greater an'l gram 34. A polyolefin

it havi .a PDI. | h I 2. 3.
g A S
i.Si ng: [ | vi UHMAPE ent I [
$Sg01 Oariit Fhdhe EE fayeRer BRSSP SOF Ut | on (1) |
v 26k | oRLeNSHE ST RN T RIFI ROEE DD oo © HrE sebiaietin paren
(g) operating the fractionation colum at conditions
sol¥fPfiect i ve to forma precipitate conmprising the

pol yol efin fractjon on ihe support; an%agh r.ecovering ..
t he(¥)pol yBPPPrRe Ry A inmAesH afdiop inge t&%ﬂfﬂm ol hich 2
the pol yolefin
support is disposed,;
(2) operating the fractionation column at conditions effective to form a precipitate
comprising the polyolefin fraction on the support; and

(h) recovering the polyolefin fraction from the fractionation column, the polyolefin

fraction having a PDI less than 2.3.

36. A method of using a polyolefin fraction, comprising: using the polyolefin fraction as
a reference standard on an analytical tool, the polyolefin fraction having a PDI less
than 2.

37.  The composition of Claim 1 or 34 having a PDI ranging from less than 1.5 to 2.3.

38.  The composition of Claim 1 or 34 having a PDI ranging from 0.1 to 2.3

39.  The composition of Claim 1 or 34 having a PDI of 0.5 to 2.0.
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fraction having a PDI less than 2.3. 36. A nethod of
using a polyolefin fraction, conprising: using the
w@ealogoéssiin fraction as a reference standard OPCEDS2005/000227

apal YaigoBlthiRat fradtfdf pRALYRISfai rhethddatinéinAay bNUlafnsPb 33.
| ess than 27 37. The conposition of Caim1l or 34

Ravi Ngs@offaliolyefRYBnd GradtioRMatiBS & PDOREs thabaiolt Zas?h refefence standard
The conpositiion’of aim1l or 34 having a PD ranging

from Q, dn {1yfical tod. The conposition of Claim1 or 34
having a PD" of 0.5 to 2.0.40. A polyethylene fraction
produced by a nethod defined in any of Clains 8 to 33.
41. Use of a polyethylene fraction having a PD |ess
than about 2 as a reference standard on an anal yti cal
t ool .
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