ULTRA H GH MOLECULAR VEI GHT POLYETHYLENE FRACTI ONS
HAVI NG NARROW MOLECULAR WVEI GHT DI STRI BUTI ONS AND
METHODS OF MAKI NG AND USI NG THE SAME The present
invention relates to polyner production and
characterization, and nore particularly to producing
ultra hi gh nol ecul ar wei ght pol yet hyl ene ( UHMAPE)
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that a polymer experiences as its temperature changes. There are many other
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techniques known in the art for evaluating the performance of polymeric materials
such as rheology measuring techniques and light scattering techniques.

Reference standards are required to calibrate or test the instruments employed
for such 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



A need therefore exists to devel op pol yner fractions,
for exanple polyolefin fractions and nore
"specifically polyethylene fractions, that would serve
as good reference standards for polyner
characterization instrunments. In particular, it is
desirabl e to devel op pol yethyl ene fracti ons having
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such dissolution are selected to reduce the degradation of the UHMWPE parent

polymer. In particular, the UHMWPE parent polymer and the solvent may be agitated
at a rate of from 55 rpm to 65 rpm while heating the mixture at a temperature
ranging from the melting point temperature of the UHMWPE parent polymer to 30
°C above its melting point temperature. This agitation and heating of the mixture may
be performed for a period of time effective to dissolve substantially all of the
UHMWPE parent polymer in the solvent. After this dissolution step, the resulting

parent solution is then transported into a fractionation column in which a support, e.g.,



That is, the tenperature of the colum is lowered to a
tenperature less than 40 Cat a rate of from1 C hr
to 0.5 C hr. The polyethylene fractions may then be
recovered fromthe fractionation columm by displ acing
a recovery solvent/non-solvent mxture into the
colum. The rel ative concentrations of the solvent and
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subsequently can be displaced from the fractionation column and combined with a
precipitating agent to recover the polyethylene fraction dissolved therein. The
foregoing steps related to the recovery of the polyethylene fractions can be repeated

until the solvent/non-solvent mixture exiting the fractionation column is substantially

absent of the polyethylene precipitate.



Figure 3 illustrates a solvent gradient curve used to
produce the UHMAPE fraction, wherein the | ogarithm of
the Mv of the UHWAWPE fraction is plotted as a '
function of the anpbunt of TCB solvent in a

sol vent/ non-sol vent m xture used to recover the
UHMAPE fraction. Figure 4 illustrates a sol vent

gradi ent curve 3&H§®EQQHN§P fraction,
wherein the to Eség%gﬁ% NQﬁﬂ produced is plotted
as a.function of t e u of TCB sol vent
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fraction, wherein the total amount of UHMWPE produced is plotted as a function of
the amount of TCB solvent in a solvent/non-solvent mixture used to recover the
UHMWPE fraction.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with one aspect of the invention, a polymer composition or
fraction, for example a polyolefin fraction and more specifically polyethylene fraction
suitable for use as a reference standard has a polydispersity index (PDI) less than 2.3,
alternatively less than 2.2, alternatively less than 2.1, alternatively less than 2.0,

alternatively less than 1.9, alternatively, less than 1.8, alternatively less than 1.7,
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nol ecul ar-wei ght distribution (MAD) of a polynmer and
is equivalent to the weight- average nol ecul ar wei ght
of the polyner divided by the nunber-average nol ecul ar
wei ght of the polymer (i.e., MM ). In one aspect,
the pol yethylene fraction is an wultra high nol ecul ar
wei ght pol yet hyl ene (UHNMPE) fraction having a
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22 contains a nmeans for cooling the solvent such as
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ulgyadngh Imdlesulapfwaiplg 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 shown in Figure 1, the fractionation system includes a fractionation
column 8 having a heating/cooling jacket 10 and a corresponding heating/cooling
bath 12. In an embodiment, fractionation column 8 may be a scaled-up column, for
example a cylindrical column. As used herein, “scaled-up” refers to the size of the

column being sufficient to produce greater than 1 gram of one or more UHMWPE
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solvent. As used herein, the UHWAPE parent polyner is
defined as a crystalline or sem -crystalline

pol yet hyl ene that nay be a honopol yner or copol yner,
may be |inear or branched, and has a Mv greater than
1, 000,000 g/mol. In an enbodi ment further described
herein the parent polyner is an UHWAPE honopol yner.
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from Ticona LLC. The physical properties for which are
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UHMNEE fractions fiestgpyalves lqedipg dheiparenmedvmer) infoghe fractionation
527-2/1A 20 % Nomi nal strain at break (50mm nmin) |SO
syERT.2/A mixBe W dhieW$iIMWRE payentpayings ahth d SOv@BAs Pplac80 in
di';/;?ution vessel 14 to dissolve the UHMWPE parent polymer in the solvent. In an
embodiment, the amount of the UHMWPE parent polymer contained in the mixture
is in the range of from 7.5 grams/liter of the solvent to 25 grams/liter of the
solvent. As used herein, 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.



Tensil e creep nodul us 1000h I SO 899-1 220 MPa Ther nal

Properties DTUL @1.8 MPa I SO 75-1, -2 42 C DITUL @

0.45 MPa 1SO 75-1, -2 65 C Vicat softening

tenperature B50 (50C/ h 50N) |1 SO 306 80 C Coeff. of

l'i near therm expansion (parallel) 1SO 11359-2 2 E-4/C

El ectrical Properties Relative permttivity - 100Hz

| EC 60250 2.1 Relative permttivity - 1 MHz | EC 60250

3 Dissipation factor - 100Hz I EC 60250 3.9 E-4

Di ssi pation factor- 1MHz ]| EC 60250 10 E-4 Vol une

resistivity | EC 60093 1E1%2¥fd m Surface resistivity
E

PhisidalPe&SIri ..,.r"e Aa,x'" Ys vt ., . _.Pt

ng,;sitySpeci men Production Pr ocess,gag1é§ondi tiogg acc. kg/m*3

%3@@9@%}3%12 Conp. ol di ng ,gpLa terrper%q ure ISO
01

. ) i ng cooling e 1SO 293,15 K/mn |
idi P tig ﬁ% f-g r c el@ %20 ; %

fillemhﬁiimlPrd}brtﬂél%e sol vent in which the GURA150 Zi egl er

Naddsi iRRbiyeidhene is dissol vedsogesiipabl y has a MPa
bl G091 Rl (ﬁoﬁﬂﬂﬁ'ﬁ)]?t urhe hi ghgg, Eham At Ihe ek ing MPa
B%ér%r@?iglg%d&e/mi@. the UAMARE, E?;@?%? yr7rer 20 FOr %

Nomina stra%\élt tggak%Om%?mlrh)t y int he 1589%?2/1

>50 %
Tensile creep modulus 1h ISO 899-1 430 MPa
- Tensi dulus 89 22

Thermal Properties

DTUL @ 1.8 MPa 1ISO 75-1, -2 42 °C
DTUL @ 0.45 MPa . 180 75-1,-2 65 °C
Vicat softening temperature B50 (50C/h 50N) ISO 306 80 °C
Coeff. of li th i llel ISO 11359-2 2 E-4/°C
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
Volume resistivity IEC 60093 1E12 ohm-m
Surface resistivity IEC 60093 1E12 ohm
Electric strength IEC 60243-1 45 KV/imm
Comparative tracking index CTI IEC 60112 600 -

Test Specimen Production

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



fromO0.9564 to 0.9620 g/cc, a nelting point
tenperature in the range of 128 to 132 C, and a
crystallinity in the range of from83 to 85 %
exanpl es of suitable solvents include hydrocarbons
recovered from petrol eum cracki ng, hal o-derivatives of
such hydrocarbons, or conbinations thereof. The
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the solvent, a stirring rod or paddle is placed in
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lid into vessel 14 via a nitrogen line. The conditions
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are selected to reduce the degree of degradation o

LEMAD (gﬁﬁgpolyner during the dissolution.
ngﬁgrmnség particular UHWAWPE fraction that it is
desirahle. to isol ate mght troyed, duri.ng, th
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may be heated to a tenperature in the range of from
stiriag wed oF Ayldipisrilagedipdhatispution vessel agdpprected to a stirring
honmopol ynmer to | ess than the boiling point of the
msgirv@nt shdvar). Ekerpl ef dzsA0tich abssek 18 his dledetlj mgd pdiogen is
tenperature of the UHWWPE honopol yner. This heating
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heat transfer fluid such as ethylene glycol from
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vessel 14. Heating bath 16 may be heated to the target
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al’'so ™ agi Wi th rerng r
rate, of from 55 S rpmwhile it.is bei.n .
Ofhentise, 2 ?%CH@&H%‘ZL%% Egliom Bt TsofesithBlertt itirie might be
be perforned for a period of tine effective to )
degirewest dering dhss diapalpten. y Thel UBMYVWRE bpmowsymerisndeing raixture
in the solvent. In an enbodinent, this period of tine
manye hegtedtga tengterdter@sh the tiags of Boithethe pealtarig erintotemphmature
fractionation system shown in Figure 1 next involves
of the UHMWPE homopolymer to less than the boiling point of the solvent, for
example to 30 °C above the melting point temperature of the UHMWPE
homopolymer. This heating of the mixture may be achieved by circulating a known
heat transfer fluid such as ethylene glycol from heating bath 16 through the jacket of
dissolution vessel 14. Heating bath 16 may be heated to the target temperature
using, e.g., a heat exchanger. The mixture is also agitated with the stirring rod at a
rate of from 55 rpm to 65 rpm while it is being heated. The heating 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.
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preheating the fractionation system and | oadi ng chase

vessel 20 with a solvent, for exanple by displacing a
sol vent contained in solvent vessel 24 to chase vesse

20 by operating fractionation punp 26 to punp sol vent
in the direction toward di ssolution vessel 14. This
solvent is the sane as that used in the UHWAPE parent
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54 and 40 to fractionation colum 8. It is then punped
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sudh 5 BbattthR dYpo&al alddl e irb@NES Iﬁ!f)amg MadsngiR4NP thdsolvent
0

t hereby heating the Tenainder t he fractlonatlon

PR GO R o ol e
a@f’fﬁ%ﬁ% R AR B EabHE EAL B orns
erature of the naneMmdwmm transfe

enp
ff?‘i“ﬁ@%“"(necoé‘m ﬁ.t%hazs)veqselﬂocﬂarhgﬁﬁq?gi% sl JareYalves Fmdo, and 34,
di ssol ution vessel 14 to columm 8 nmay be heated
indeigh t500fal dnd 335 resbeativalyt axeedpened to alldve forrpasagn @f iecasdyent
for exanple via a heating jacket or heating tapes.
whilly vabges 48 ant d8d fige 44 sralCtdl 30 indihe O8ladhtiosedl SThalf@etionation
operated at a tenperature ranging fromthe nelting

pdﬁ%& D4 ist PRREIPBIH] & defirddNRiabtiiyNPEOILont 16 Radsterfrin@ RAR! Ressel
30 C above

20 and thereafter shut off. In an embodiment, the solvent is further pumped through
line 28 into dissolution vessel 14 via reversing loading pump 18, thereby heating the
remainder of the fractionation system and removing air there from. Chase vessel 20,
fractionation pump 26, column 8, and loading pump 18, and the lines there between
are thus heated by the solvent to a temperature above the melting point temperature of
the UHMWPE. In an embodiment, transfer lines (e.g., line 28) for charging polymer

from dissolution vessel 14 to column 8 may be heated additionally or alternatively by

other heating means, for example via a heating jacket or heating tapes. During
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the nelting point tenperature. The fractionation
columm 8 may be further preheated by circulating a
heat transfer fluid such as ®thylene glycol from
heati ng/ cooling bath 12, which is maintained at the
desired tenperature, via feed |ine 38, through jacket
of columm 8. Pre-heating the fractionation system

s 0
IJ%E“% RN, R sl %’%rat WLRRERERE AL RGy, he
of . the. poly r ex le in the transfer |ines
meging quwgtemaera'futf‘g@ﬁp PE dadil A thr@ﬁ%@eve@s& above
20 with sol vent and preheatlng the fractionation
theystleng poine tephiektize p dihe ritacs aatibn enlumay8 beydedugkd frelwated
t he di ssolution vessel 14 to the colum 8. After
b khsilighgvahste sradder Bdid satlladbhylenepiydd fYsh \h@atﬁ%/coaﬁﬁig bath
slightly cracking valve 46, Ioadlng punp 18 may be
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I’'n di ssol ution vessel 14 Ts’ then dlsp aced to t
f fractiopat, o t he sol.uti
o ko kiR ss OPErsAteg 7% 1ichaRin, BHSRR 180 Bref B ?ﬁOng of the
fractlonatlo colum 8, which_ contains
U@ﬁ\éﬁﬁ’ﬁ pargrd splytiefs Jvhig fﬁesulmmmesl lecirly SBtcimtagion of the

while maintaining its tenperature suff|C|entIy high to
Pelyaveier exhplsdn yhetthapslenbndsireswltingdn ippiggingi ng out of the

solution. Valve 48 may be opened to allow the hot

sol vBpon hhadiad tlaf cHabevdddVidPhviflasobreht &l pitheating thefftaothonation

through line 28, fractionation colum 8, line 40, |ine

sydtem, EROUHNIWPBI Jared solgfish miaf Be ¢Hark® 68! tHEBssol@fHessel 14
24. The opening of valve 46 can bé controlled to

to”E’f'}é %l"ﬁlh&réﬁ ARSI digsh e@aﬂ‘?é‘st%é% SaldCs e %BEIHE%%XI% 30) arfet sgréhtly

e pressu syste mai nt al ne
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fractions. Loading.punp 1 _% be smntched off after
sojufiop qopigHieA gn ﬂw%wwmeéﬁ‘* dothgrrrisplagad te theiepgifiapEonation

parent solution. Solvent from chase vessel 20 may
coltram 8y pumpiogl teesblutica thiqugh 3ctmndingal hand3ed fine 28. In this

colum 8. The fractionation colum 8 containing the
mbiid\PEagtionetién Solusid @) whigh ddpginsbe apeoal ed lédded with the

conditions effective to cause polyner nolecules to
URMWPB! pAER Qiltion while maintaining its temperature sufficiently high to
prevent the polyethylene from precipitating out of the solution. Valve 48 may be
opened to allow the hot solvent ahead of the UHMWPE parent solution to flow
through line 28, fractionation column 8, line 40, line 42, cooling unit 22, and line 44 to
solvent vessel 24. The opening of valve 46 can be controlled to maintain a desired
back pressure on the system, e.g., 3 psig. The pressure of the system may be

maintained at atmospheric pressure or slightly above atmospheric pressure during the

production of the UHMWPE fractions. Loading pump 18 may be switched off after
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of the solution and deposit on the support disposed in
columm 8. In particular, the tenperature of
fractionation colum 8 may be |owered to | ess than 40
Cat arate of from1l Chr to 0.5 C hr by cooling
heati ng/ cooling bath 12 using, e.g., a heat exchanger
(not shown). In an enbodi nent, conputerized control is

1@%&%&%@&93 GRR! o ﬁﬁfvﬁpﬁ p.?.heli]l? s81% m S%Iv%ﬁtdfrom

aren ution t ereln. pport

racti o ion_colum 8 . bed.
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whi ch the precipitate can deposit. The support is

i ner tThefractipeationeepbipipe %ﬁomm@nngWMé}V%lgtpa@m geluben may
at the operating conditions of fractionation colum
tien Hetpepiteisa rorditiond e¢ffectivotvatangnpad phemmolkBcilied psprecipitate out
distribute the precipitated polyner nolecul es al ong

of iR $cdRtbnhanaf de{ﬁpbﬁt 6R i BuppbR&figRYedPmedRithh 189 I 1cular the
polyner mol ecul'es from | unpi ng or gl obing toget

e Ye B Luapg n% R @18l uzpbeocgg%sr%te of

Phat | ons t ereo
in F| ure 2 chase vessel cooling unit 22, Ioadln%
figtmp 11°§/hfa‘iﬁ>d 0.5 h &/ b %egocd@gd@m%@%lné el 1husiag G, 2 heat
di sconnected fromthe fractionation systemafter the
ekchangdri(aot shbwhhe [ip e empbiiaieat, @ontpherigedp pattiol id wsed to control
addition, a receiving vessel 62 may be connected to

tﬁeh@ouiﬁg 18 FOh&IBIE 8 Akl (B OVIWIR: artht YEIE68] thefeifBYhe

be filled with a non-solvent, i.e., a liquid in which

st diEEFohRion \RAHP s ’E‘%@@?ﬁ‘?ﬁ%‘? “*%é’%"&oy ;ma“ objects
t.h
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Val ves 52 and _56 are then opened, followed by running
they grepssRach die SR VERE t Rrentsilaion ehdhe ppergting conditions’ of
non-sol vent through suction line 50, feed |ine 54, and
fraotipoaiioneelilon & olltsrmessnceain factiogatidnt cadpmn 1§ kelps distribute the

di spl acenent, the solvent used to create the UHW\PE
pieaipiated polyttict avldcales wpag et 1Eighof thaebiuamaticesbypadvuenting the
8. The non-solvent is further displaced through

p(ﬁlgﬁ% NREIe® RrofP Wn%oﬁ @bink N6 geitbr ‘Ex ??e's\b'f@glta\b?es%ort
After all of the E "parent solution is wash

ma{eﬁﬁ‘sﬁﬁi‘o‘?ucferg']‘&sg bR AbaftY ShE D ABHAGMESESE L O

rece

As shown in Figure 2, chase vessel 20, cooling unit 22, loading pump 18, and
the lines associated therewith may be disconnected from the fractionation system after
the formation of the precipitate on the support. In addition, a receiving vessel 62 may
be connected to the top of column 8§ via line 60. Solvent vessel 24 may be filled with
a non-solvent, i.e., a liquid in which the UHMWPE is insoluble. Examples of suitable
non-solvents include 2-ethyoxy ethanol, 2-butoxy ethanol, ethylene glycol, mono-
ethyl ether, ethanol, acetone, triethylene glycol, or combinations thereof. Valves 52

and 56 are then opened, followed by running fractionation pump 26 to displace the
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vessel 62, fractionation punp 26 may be turned off.
Next, a fractionation technique is enployed to recover
one or nmore UHMAPE fractions or cuts fromthe '
honopol ynmer precipitate disposed in the fractionation
colum 8. The fractionation technique involves at

| east one and typically a plurality of washing steps

wher ei he ho ol vne recipitate,i.s washed wth

SRR0 SR, bl SRS 10 MR SE b RelROGE el 8. Asa
designed .to di ssolve and thereby isolate a articul ar .
r@Hﬁ%ﬂ% 1§ digplacement, thesadying usad/ta &??-ageéh@/ LHMWBE parentsglption is
then be recovered, and the UHWWPE fracti on contai ned
vialeadefromplrastiopitioat esdunow . ofhe hen-sotveut us &urthed displaced through
recovered. By using successive washes with a

fimotiorativn oaloma@ arerine 601t kece i ipOvessd] B2 NOA fdt allltefitled UMBAYWPE
i ncreased anmount of solvent to non-solvent, a

paRhf SRRRdisNadhedtR e HMOREIN &&lchPRSd 68MVeD& to receiving
recovered. That is, the honopol yrner precipitate my

ML ' n-sol vent m xture
Vg%?l\rl%z %g‘%@%ﬁg&l @" nféb ??%lsa? %g\é@ﬂ%c{e UHMAPE cut, after
whi ch. t he honopal yner . precipitate may be washed
s ol e SORvaRaph braaht B hie st §o Bl out SomarcigM e
a second desjired UAMAPE cut, and so forth with the
fraefiaps mr/ eiEh-feoan e homioRelymes presénitate ispesedriadthp elfagiiepation
washes and the correspondi ng UHMAPE fracti on
cplnmei §i The Fdctiohetien feclongueTingolved attlease oaeranrhtypicelly ttpdurality
sol vent and the non-solvent in the first and
0B WaSIEES kiéps WhsRInThetHoRpoRmeer Predsita@NisSwhshed it i atthon-
curves for the UHMAPE honopol ynmer, exanples of which

@iVt ShaWhe, | Wh&EQUERE WasBNd dbsfoffd tt(g Qissdive aﬁlﬁﬂé‘ré@r isolate a
UH I I 3, the | t he

MAPE horopol ynmer. In Figure™3, ogarithmo
1. 0F E fragtion i lotted as _a function
pieyind e b een | e SbRBIRphER Maflpe s ' ve
m xture at a re.of 140.C. |n Figure 4, the
ekt BF te UUMARE Trich icewalﬁr%&ia%r@a oipitgied et f the
a function of the anpbunt of TCB in the sol vent/non-
meghigetitd meopvered abBy ausingnpeocessivieewashes 4pitlca steeng/apme-solvent
solvents suitable for use in the UHWMAPE parent
mealngt canaining auiitebivelyf mereasd hmotteofvaslventi tot nomesolvent, a
Al so, the same
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 mixtures
being recovered between washes and the corresponding UHMWPE fraction
precipitated there from. The relative amounts of the solvent and the non-solvent in the

first and successive wash mixtures are based on solvent gradient curves for the

UHMWPE homopolymer, examples of which are shown in Figures 3 and 4 for the
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non-sol vents suitable for use in washing the sol vent
fromcolum 8 as those descri bed above are suitable
for use in the wash m xtures. In an enbodi nent, the °
solvent is TCB, and the non-solvent is 2-butoxy
et hanol . A first sol vent/non-solvent mxture
corresponding to a first UHWWE fraction is placed in
t bsequent. t o bl endi ng..t he

AN HERPE, G RE FChihot FEbetie et e My gt

' may he displaced into_fractionafjon colum 8
L{ﬂl\g@ﬁ frﬁsa%m I ROUSE a4 3@%@@ of ﬂ}?ear%%mby} Sg&latthwlvenﬂnon-
fractionation punp 26. After punping the
s@wéni enkiureort-agohpenturedidir€. i Inttogure dcthe ematmterf tiooUHVGWPE
8, fractionation punp 26 may be turned off and val ves

fradticansto®@edny pleed k9 a&tinctBafdITtRe akh8luhtF TOB in &d &llvent/non-
illing fractionation colum 8 with the

f

sfl%n\f ?ﬂ&é&oﬁ'astglng)?ﬁ{urgngﬁw &‘% "h{%esan{ees E@tsﬁ{tgblé) ];‘or use in the
ractionation colum may De 1 ncrease 0 a

rature ranging fro the nelting point

U .Egmﬁ-ré seﬁmpﬁéf e forousean tee WaSE mixtash| Alsggthe same
above the nelting point tenperature by heating the

néresalyandy saable der usatih washing thagolventgrom caluhmwad as those described
exchanger. Fractionation colum 8 nay be maintained at

alidve aird auifableaforiuge frotheavaspanixadef Ihianeenshddimheitethe sbvent is
al l ow the sol vent/ non-sol vent m xture contai ned

TERe#RI the héh-sd16a% s ABulQY bthbll um state at whi ch poi nt
the solvent and the non-sol vent separate into two

phasgs n di t,.: . - sol t
it Bt AR EER" il SHUBOAGRP 1a°8 Sl urpwrs
for 16 .or nore hqurs. ring this ri.od, the first
iR Seer R et vessal 26 orbaereen o R evhs Tyt sotvent
The first solvent/non-solvent m xture nmay be renoved
miiere 4y, vt seisel Lo theapixiure may e disptaced nfq fregiopgjongelumn 8
pl aced successively in solvent vessel 24 for renoving
vig socteys lige S0uarsl faed nhirteh®4 hynoeodtingefradtionéiticac purop ada. o fter
colum 8. Valves 52 and 56 may be opened and
punipiag itensdl Ve npieplve mikyurb 6nto pdctibastionocdlingp | Sa daictibi@tion
second (and successive) sol vent/non-solvent m xture

punil 96 a9 Vel tRRRE loPMarfIO) iR 58 anWhiigl BaF BOEIMSEL MBfbre, during, or
di'splacing the first solvent/non-solvent mxture fro
affef l ﬁﬁfﬂg 8fr£1(9ionation column 8 with the solvent/non-solvent mixture, the
temperature of fractionation column 8 may be increased to a temperature ranging from
the melting point temperature of the UHMWPE to 160 °C, for example 30 °C
above the melting point temperature by heating the heating/cooling bath 12 using, e.g.,
a heat exchanger. Fractionation column 8 may be maintained 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
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recei ver vessel 62 via line 36. This punping may be
perfornmed at a relatively low rate, for exanple |ess
than 40 m/mn, to reduce the anmount of mxing at the
interface between the two m xtures. A precipitating
agent capable of causing the first UHWMAPE fraction to
separate out of the first soIvent/non sol vent m xture

t s lL.es
sw‘% ag? egog?@glg fg{ aféls:%lg agen s [ n%r n@ﬁgls pS%er?gﬁe ﬁ“@W
and ot r.a b0|I|ng solvents. The first
frepiaRpE wﬁﬂgﬁi 6W3$g E@E from recei ving vessel 62
may then be analyzed by GPC to determne its My,
M , , ThadimDisolvgnimon-sotteat pnixéwe smey ke gempyeda and subsequent
sol vent/ non-sol vent m xture in solvent vessel 24,
sadivaphacisolgenth@ixtires ey bertpiactd aatdessiadly am solvkntnesSsl 24 for
all owi ng the corresponding UHWWE fraction to

reh S MRcésFive RAtsMoth %@horﬁﬁ%lﬁh&pﬂna@dcﬁGnéﬂ%% dHABE Veldves

rece|V|ng vessel 62 may be repeated until

S ST e M SRR sl o

PR Lo S ot %3 ol ERDRSY SRl et et B SR B e et

an anmount that lies on_a saolvent gradient curve of the
wiyle capsprrentiadisplaging the fitghselyasgaprraplvent anixasn (e eqlapn 8 to
may be repeated one or nore tinmes with the sane 14
reseivereyassah 63-Gollive 36. riihis pumeping rhayt by perfohmtieat a relatively low
particul ar fraction before changi ng the

ra&y forertrhpleness @hane A0 miahing toofediideahsasburtiof hﬂilﬁig tothe interface
i sol ate another fraction. Likew se, the total nunber

bédvedRSH BEo ShERGeaNdAl pl%cﬁﬂﬁﬂﬂ%s labéM ncagfablE hf causin theb grst

correspondi ng soIvent non-solvent wash m xture
e d
URSIEPETHadB QRE s 4P HRE RPN M onT skt Phur g e
0 be |solated a oveyred ther from. The sol vent
ad&‘?é.&? SRerE vvgésequgch%égmp S SHElR MRCPiEEeaReats Hlyde
be devel oped for a gi ven UHMAPE honopol yner
acé‘éi’ﬂﬂy HeOHuend ogher 219b7 candr lowe beiling splvaniai dbher &g éJIzWKVPE

sol vent concentrations and anal yzing the recovered
frageivi\PREcdveatt frons receiviles eesseh@2t may rthétDibevadalyersd Bh@GRE to
fracti ons having
determine its M,,, M,,, and PDI values.

The process of placing a solvent/non-solvent mixture in solvent vessel 24,
displacing the mixture into fractionation column 8, allowing the corresponding
UHMWPE fraction to dissolve in the mixture, and displacing the mixture to receiving
vessel 62 may be repeated until substantially all the UHMWPE homopolymer
precipitate is recovered from column 8. In an embodiment, the amount of solvent
employed in the solvent/non-solvent mixture may be increased between washes by

selecting an amount that lies on a solvent gradient curve of the UHMWPE fraction. In

an embodiment, a washing step may be repeated one or more times with the same
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a PDl less than 2 are then plotted to formthe sol vent
gradi ent curves for the UHMAPE honopol yner. Because
of the narrow MAD, the various UHMAPE fractions can
serve as an excellent reference standard for an
anal ytical instrunment or tool used to characterize
pol yner nol ecul es. The use of such UHWAPE fractions as
[ S . i i ch
sPRLFLERESLRATRERLCTo MIPLONES, PASCAREHRARG b LA e
|l ecules, Wth t know edge of .sych properties, .. .
splReuPRREMenAHo B ioResh, bR 1o ABeHer TesioRgsLikewise,
how to use and optim ze the polynmers they have ]
thee Wdplopaberrof wgehingl stept Had UbRVWPEnpesiioni oh sheregpriseponding
used as a reference standard to calibrate size
s@xaitimmen-colveltr oadt miptarghyay SECGeldctal ands uptimasd dagel upon the
perneati on chromatography (GPC) tool, providing for a
StERg ReopoBinter dedt@idNanatthd festbd tHo&mdr irRfionsP@! BEBblated and
nol ecul es. Additional disclosurée regarding GPC can be

rdcGYHEd ‘[H%req“r(in %%%vaent’%adi?nt%e@?&ch%'t%@ Kfown in EIJ ures 3
incorporated by referente hereinin Its entirety. Re
E fracti.ons y also as a.reference.
ol oy e 0 B i VR Rl P Tinmeyt the
tool such that the behavigr of polyethyl ene nplecul es
ahqye POBEHsEVer 185 Wide gapgsaof nglveah g9aceRyRdonsc ad #nalyging the
determ ned. Further, the UHWAPE fractions nay be used
reggveged BHM Wikt elrastiangit@rdtterminestheib PDS valaeh aBledise fimctias having
linear polynmers in rheol ogy neasurenents using
a tHHolesgthah NS Or argethérs phitied tasfoin ihe Golvehtegradiehhetirves for the
exanpl es of analytical tools for which the UHW\PE
i ~ enployed as a reference standard
include light scattering tools such as a static |ight

scat [ ¥9ﬁ?p ¥ﬁ§?j | Gh

scat ?ggﬁh%ﬁ%ﬁ{%m&g ec Ogbeq%gigﬁss@ de gé%t%ércgg}ésnc%es Vs

t o, nmeasure and the radii, .of ration (Rg) of a .
s EHGFRa Ereice H b I G Bhoa AP T o6 et b parecterize

used to neasure the fluctuations in the scattering
palygeramolesules.£ uket isnolosuchi WEM W Pdre fragtipnp eastigterence standards

di ffusion constant of polynmer chains in dilute
imgodesi the aoeurady pathyweich ghe tinstiuesnisncaanmeasuts ittenproperties of

Addi ti onal disclosure
polymer molecules. With the knowledge of such properties, researchers can better
assess, among other things, how to use and optimize the polymers they have
developed. For example, the UHMWPE fractions may be used as a reference standard
to calibrate size exclusion chromatography (SEC) tools such as a gel permeation
chromatography (GPC) tool, providing for a more accurate determination of the M,, of
polymer molecules. Additional disclosure regarding GPC can be found in U.S. Patent
No. 6,294,388, which is incorporated by reference herein in its entirety. The

UHMWPE fractions may also be used as a reference standard for differential scanning

calorimetry (DSC) tool such that the behavior of polyethylene molecules in response
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related to light scattering tools can be found in
previously nmentioned U S. Patent No. 6,294,388 and in
Hel nstedt et al., 42(9) Polyner, p. 4163-4172 (2001),
which is incorporated by reference hereininits
entirety. OQther analytical tools for which the UHWPE
fractions may be used as a reference standard al so can

SN g S e, R LA gy o
o RO MTEEA S B SN A5, UYL Bl o,

the processibility of the polyneric material. EXAMPLES
m@@ﬂfﬂﬁ@éﬁwlﬁ&ﬂwakﬂgﬁglsﬁé@ﬁmgév@r@élal WSc@BSEH i bed, the
foll owi ng exanples are given as particular
enmboditherexsmples b endlyticahtobrfoantlichahe &iHVIStREafractione may be
practice and advantages thereof. It is understood

efnpRiyed RS aG¥RFPCE StadliRd Ghohede 3ht WedtteBihg itbd14 Slidhadsi Hatic light
and are not intended to limt the specification or the

s&altt@h d>f 9#88\! hil 3RO b ﬁeﬁg%agﬁtgnaété&&. A SLS

syst e general proce re o
SRR AT 0, R R ST B

ylln9r|cal fractlonatlon colunn was used. caont ai ni ng.

difitg solysiendsAaRlendeteiygpenn; bavaed mmmssgirs theitlygtuagensgin the
feet and a dianmeter of 1/2 foot. First, 60 grans (Q)

septteritgsig@URS 250nctiamaBEntecTistsinpins: the diffugion; cosstent(df)potsfmer
TCB solvent were added to the dissolution vesse

chatinscih ditate salutibn lor bOpElIgmbOpdricied inaskenadsibmpadditibiidd d&closure
stirring rod. The UHMAPE honopol yner/ TCB m xt ure was

refddéd & Bsht Y&BEng BR1Sdah el fBShd i%rta\%us?yy n@ﬁu&leatu s P@e&rﬁ No.
of 60 rpmwhil e heating the dissolution vesse

t he 0 S
SRRl IR, oL 1o A Bl A lpepls
the fractlo ation systemat 15
n%%ﬁP@W? o e teeh i SpeubEn’) et @Wéytfqaﬁm of?mhe,w the
col um using the | oading punp. The _fractionation
UERWHRE fraionnary ksorsed a8 Iadﬁ}fei‘ﬁnﬁﬁ stapdard plse ¢op by, fpuid y U.S.
to a tenperature of 40 C, resulting in the
Pye N i, 284388. df ispdsoyemterplhted that sheoVHMM P& feamttions could be
composi tions
used in a polymeric material such as a polymer blend to study the effect of high M,, on
the properties and/or the processibility of the polymeric material.
EXAMPLES
The invention having been generally described, the following examples are given
as particular embodiments of the invention and to demonstrate the practice and
advantages thereof. It is understood that the examples are given by way of illustration
and are not intended to limit the specification or the claims to follow in any manner.

The fractionation system and the general procedure of using the fractionation

system described above were employed to produce a plurality of UHMWPE fractions.
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out of the parent solution onto the glass beads. The
sol vent was then flushed out of the fractionation
colum by filling the solvent vessel with a

non-sol vent, i.e., 2-butoxy ethanol, and punping it
t hrough the fractionation colum using the
fractionation punp. The sol vent vessel was a 15-L

ey 501@%5?'@?%%?@%5 ALY Y e
i ORI P act RO bAEISIGG, | hdPby T GePh el Plthe

non-sol vent fromthe fractlonatlon col utm. The anount
GoiR41 68 UHIMWAE homepolymsitand & liters (sLifske splventivergiadsisyl to the
is set forth in Table 2 and was sel ected based upon
distvdutiml wessel, varieldivant 1641 somad dbwwn flask Equdpedsyvith a atirting rod.
While the first TCB/ 2-butoxy ethanol m xture was
TH SRIRPPHE RothbidlyrhérAPd B it © Wa$ QLitHIRY udiRe tHe QRS ltourfer 3

of the colum ‘was ralsed to 140 C and nalntalne

o PRIl ot DB s
to dissolve in the mx ture Thereafter anot h
the SEAMKBE dieynopplyanss to slisselie én Hiev TR ardi farg ar URMWPE parent

concentration of TCB on the solvent gradient curve
sdlitaom. t Weile ipre-heatingtthe érastenapbmsysten rat t1he °€okheeprrent solution
vessel . The second TCB/2-butoxy ethanol m xture was

bhensficed! A6 dhé NidctioRgtidy aehungNalsiden &0 16483 Th
vVthe gﬂ%ctlonatlon punp éuch t hat fﬁ%pflrst ngﬁﬁmﬁb ©
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recei ving vess one 'was a
t he rece|V|n vessel to cause the first UHWAPE .
off405€+, ireshlting ip hegiresipitation @b polymet melacples of diffiegnpcynpaesitipns
et hanol m xture. The first UHWAPE fracti on was then
out b ltlat ederitrsohation lvatd the $asT GBIAR- Hikieawiveat Wanthlen Miuxhiedr @it of
and analyzed using GPC to determne its M M PDI,
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TCB/ 2- but oxy ethanol m xture was al so heated at 140 C
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dl sP) acﬁlrsntg T(?B (solvent)/2-butoxy ethanol (non-solvent) mixture was
subsequently placed in the solvent vessel, followed by pumping the mixture into the
fractionation column, thereby displacing the non-solvent from the fractionation
column. The amount of TCB in the first mixture (as subsequent mixtures) is set forth
in Table 2 and was selected based upon the solvent gradient curves shown in Figures 3
and 4. While the first TCB/2-butoxy ethanol mixture was disposed in the

fractionation column, the temperature of the column was raised to 140 °C and

maintained at that temperature overnight for 15 hours to allow a fraction of the
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m xture into the fractionation colum while
concurrently displacing another TCB/ 2- butoxy ethano
m xture fromthe colum to the receiving vessel for
recovery of the UHMAPE fraction, and heating the

m xture in the colum at 140 C for 15 hours was
repeated until substantially all the UHMAPE

I i DI d,. . T fr. t
PR ARMTRRPEE oRlob Y el AR in G er ARIafier, gnother
i.e.,. solvent,.in {he TCB/ 2-but ox hanol
T Bhloxy S OLYE ezt [arie COMSIERE LGB on (he solvent
repeated. The anpunt of the UHWAPE fraction recovered
guddicmt enon thesthedirsipmixdwg waseplpgedvin theisolvertavenssl.ofThesecond
UHMAPE fraction recovered are also shown in Table 2,

TE2-eutoxREthdbol meitues eat theh kisplaced intwthe dakcti@ction calimdhising
Cin 100% TCB. As desired, the recovered UHWAPE

tHer Eati@RGoN A suMaltHAS e Eiadt eTCBITAPutdx P Qehakel Wikiure was
wi th sonme being higher than 3,000 kg/ ol and one being

' , DO - kg . M acS
YRR HRE e SO0, e R RERL, PR RE L RS the
than 2, wi.th sone,. bei s.1.5. Therefore, C
SN Fr D B Wi URBNYBE Bt % aFSRERACOS of e s
standards for analytical tools such as GPC, DSC,
TCRGPugyy sthgnolmighire.s dhe st LHEMMRE fractioppwves themrgolgted from
Amount of Conc. of TCB Anount of Amount of Running
thedtratl TOR/2Nmte! ethiol EiRuklBd daBlyred BEng-GRE! D clateRHEne its M,,
Fraction of Conc. of (kg/nol) (kg/nol) (kg/nol)

MoPDR ahy Mo (i.&0the @Bl Noleculkr welighed TRe svad 8dB/Pbutoxy ethanol
Fraction Loaded Sol vent (g) Anmount of Produced Based

ofBsad v B RI90 R AL sy Pl e 1
125, 48 18,25:.90. 1. 8757 2B A0Fk: 28,4536 1942 3%, 9% The
steps of placing a TCB/2-butoxy ethanol mixture in the solvent vessel, displacing the
mixture into the fractionation column while concurrently displacing another TCB/2-
butoxy ethanol mixture from the column to the receiving vessel for recovery of the
UHMWPE fraction, and heating the mixture in the column at 140 °C for 15 hours was
repeated until substantially all the UHMWPE 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 UHMWPE fraction recovered are also shown in
Table 2, wherein RT-35 represents the fraction collected at 35 °C in 100% TCB. As
desired, the recovered UHMWPE fractions had M, values greater than 1,000 kg/mol,

with some being higher than 3,000 kg/mol and one being even higher than 6,000
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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
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above but is only limted by the clains which foll ow,
that scope including all equivalents of the subject
matter of the clains. Each and every claimis '
incorporated into the specification as an enbodi nent

of the present invention. Thus, the clains are a
further description and are an addition to the
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that may have a publication date after the friorjty

dat e Aseorglingly. slispicopaef preteciine iynetclipiesd by thef deggription set out
patents, patent applications, and publications cited
abereebut &renlpeireigd bpcthe pdaiatsedthioll follefvertlen ceppd dndidrkng all
extent that they provide exenplary, procedural or
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erein. 20 CLAIMS Wat is clained is: 1. A nethod of

g %%ﬁéﬁﬂcﬁioﬁ %ﬁ%@%&ﬁ&%n{ 5fa[ﬁ% . Rlent Mﬁér?' s &@Llaims are
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VBRI bR BRGIHIER OF BITERFEISE 1t BiSdPEFRpHOT# Relfieg i 5 ot an
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pol yet hyl ene fraction fromthe fractionati on col um,
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2. The nethod of claim 1, wherein the pol yethyl ene

patERE LAt icatid¥ls, SEERIHatidRate@Retin dre HRRHLY AL oBhFREd by
3. The nethod of claim1 wherein an anount of the

HRNEC T BT, T30 Ky | B SAAED s

s&pglementary to those set forth herein.
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about 25 grans/liter of the solvent. 4. The nethod of
claiml1l, wherein the UHWAWPE parent pol ynmer conprises a
honopol ymer. 5. The nethod of claim4, wherein the ’
honmopol ymer conprises a Ziegler Natta polyethyl ene.
6. The method of claim1, wherein said dissolving
conprises heating and agitating a m xture conpri sing
.g NEWPE par ent pol ynmer for a period of tine

I'Cient to dissolve substantially all of the UHMWAPE

% Edener in the solvent, wherein the mxture is

al & tenperature ranging from about a melting

21 O poi nt tenperature of the UHMAPE parent polyner to
labouth BeBodbyeodupiag waolyethylensdiastion.coprriging e, and
wherein the mxture is agitated at a rate of from
abouta)55 dpsolving abOHM $PH paren? .polmeernmat hosoleéntcloaiform a
6, wherein the period of tine is at |east about 1 day.

pSlyethiRnBphRALsMitigk ai m 1, wherein the sol vent
conpri ses a hydrocarbon recovered from petrol eum

crac ng h r:ban
combiat; St BEHRUFIAL bt UHIBREIRGT Plotionaton
gpereln t he sol vent coq&alses trichl orobenzene. 10.
B YR BHReP ihfi£PoNGtker ei n said transporting

conprlses pu t he . pol yethyl ene parent sglution

i nt o(@he Pp%rgfg HeoBgiamFolims. at KORGEABY effctive to form a
produci ng a pol yethyl ene fraction, conprising: (e)
prcipitetevdonpriging yethylene fipetignay the supposiohiént t o
forma polyethylene parent solution; (f) transporting
the pdl yeidplaig harpifetivdénd fradtionnfromathé faetibmutiahi iumn,
colum in which a support is disposed; (g) operating

He R ARRLD AR AR WIPDIGkssGRREA 8] ons effective to
forma

2. The method of claim 1, wherein the polyethylene fraction has a M, greater

4

than about 1,000,000 g/mol.

3. The method of claim 1 wherein an amount of the UHMWPE parent polymer
dissolved in the solvent is in the range of from about 7.5 grams/liter of the solvent to
about 25 grams/liter of the solvent.

4. The method of claim 1, wherein the UHMWPE parent polymer comprises a
homopolymer.

5. The method of claim 4, wherein the homopolymer comprises a Ziegler Natta
polyethylene.

6. The method of claim 1, wherein said dissolving comprises heating and
agitating a mixture comprising the UHMWPE parent polymer for a period of time
sufficient to dissolve substantially all of the UHMWPE parent polymer in the

solvent, wherein the mixture is heated at a temperature ranging from about a melting
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preci pitate conprising the pol yethylene fraction on
the support; and recovering the polyethylene fraction
fromthe fractionation columm, "the pol yet hyl ene
fraction having a PDl |ess than about 2.3, wherein
said operating conprises |lowering a tenperature of
the fractionation colum to a tenperature of |ess than

about 40C at r from about h bout, 0.5, .
pdtRbing it b e SRR bE o) ARG er o Rl 30 ARG InpBing
conprises gl ass beads, steel  balls, or conbinations
peipkleaperaturs, and whereip dhombpisdsiagifdedeat gapigef mipmpahout 55 rpm
fraction, conprising: 22 0 (h) dissolving a UHMAPE
topboen®S pol.yner in a solvent to forma polyet hyl ene
parent solution; (i) transporting the polyethyl ene
7.par eMhe methdl io®BlaiM 6O whedelatht ipefiéd bOime &0dtUen3t Abduhiden
a support is disposed; (j) operating the fractionation
g.col uppe %etﬁ&ﬂ Gt él?l?ns 1ef $RGENY thet Soll @t M Gnpie€Cd mgaﬁkgrbon
conprising the polyethylene fraction on t%e support;
and r vering,the polyethylene fraction.fromthe
reoead GFAY T BSAOLT RN e Pl EHRY TG OF JAE (vgfpcarbon. or
havi ng a PDI | ess than about 2.3, wherein said
“W@BBV&W?H&”%Sﬁprises di spl acing a recovery
sol vent/ non-sol vent m xture into the fractionation
9.col uhleg methadl of plgina 1t whereinathe selverit compriges triphlorabenzene.
tenperature in a range of fromabout a nelting point
10 enpElieaettmdodf ¢lhien Ao wyheidiy Iseidetrartsperting reoirpridéo pimping Ghe
above the nelting point tenperature, and allow ng a

pcﬂﬁe“tﬁj"l@rﬁb PrerdtREIuBGh Yieth i @AiohsdstdoPinhO0 di ssol ve in
the recovery sol vent/non-sol vent m xture. 14. The

o Sy e Db e
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polyeihylent parent solagen: ) SO Vent comprises

() transporting the polyethylene parent solution into a fractionation
column in which a support is disposed;

(g) 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 about 2.3, wherein said operating comprises
lowering a temperature of the fractionation column to a temperature of less than
about 40°C at a rate of from about 1°C/hr to about 0.5 °C/hr.

12. The method of claim 1, wherein the support comprises glass beads, steel
balls, or combinations thereof.

13. A method of producing a polyethylene fraction, comprising:
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trichl orobenzene. 16. The nethod of claim 13, wherein
t he non-sol vent conprises 2-ethyoxy ethanol, 2-butoxy
et hanol, ethyl ene gl ycol nono-ethyl ether, ethanol,
acetone, triethylene glycol, or conbinations thereof.
17. The nmethod of claim 13, wherein said recovering
further conprises displacing the recovery
sol vent / ngk; ent RS racti ;O
col um a% S(?lg%n 0 ulé]?i‘r% a prpél(r??gqiéo Z}tﬁ? ‘%gﬁlatéae%?a%dé ?’hgorm a
n%% u[e. 23 g i8. The nethod of claim 17, further
PR ﬁ%‘?’??ﬁ’ﬁrep We%g said recovering until the
recovery solvent/non-solvent m xture exiting the
f r ac{®) onateBoEBIzuthe Pelyctylsse aparenf| sajutigis éife ®firackanation
pol yet hyl ene precipitate. 19. The nethod of claim 13,
colnamei iwhachcosuppnttiadispesedf t he recovery solvent in
the recovery sol vent/non-solvent m xture is based on a
sol vgnt  gopethiy ther @idtiogatddn Edlemnpelcyedifivhesediat @0tform a
pol yner. 20. The method of claim1, wherein the
A ) | l.eds ol um.
D e e e St P
i sing: i he.. I hyl ene fraction as a
o SPRe hEB ERYI b AT Y Pl B L B pBiveinytene
ol yethyl ene__fraction having a PD  |ess than about 2
i hAaTRE T PR f@éﬁ NG QBfhe? r AT Sidls TROVIE comprises
greater than about 1,000,000 g/nol. 22. The met hod of
displaging 21 reophiery esobvaniaormelvent maitutcoiplo darmpetsmation Selomn,
tool, a DSCtool, a light scattering tool, a
raviisg agempenaeas of itheg célamin, tooa tenopddatnst inom sartdeesfefddbm about a
23. The nethod of claim 21, wherein the polyethylene
m%gﬁgzlp&ﬁk Raperitdtt &{tﬁetp%rzyetﬂﬁm{e RR%h t%,é%%fat @chgéyale- the

he method of claim 21, "wherein the pol yethyl ene
mfagtl% ltpl)o(i)rrllt t%%%el%tu%,ual%’ gl%v%%g at {)]c?rrtllog boc%u(he %bgfggfy?e%% fraction to

dissolve in the recovery solvent/non-solvent mixture.
14. The method of claim 13, wherein the recovery solvent comprises a
hydrocarbon recovered from petroleum cracking, a halo-derivative of the

hydrocarbon, or combinations thereof.

15. The method of claim 13, wherein the recovery solvent comprises
trichlorobenzene.
16.  The method of claim 13, wherein the non-solvent comprises 2-ethyoxy

ethanol, 2-butoxy ethanol, ethylene glycol mono-ethyl ether, ethanol, acetone,
triethylene glycol, or combinations thereof.

17.  The method of claim 13, wherein said recovering further comprises
displacing the recovery solvent/non-solvent mixture from the fractionation column

and introducing a precipitating agent to the mixture.
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25. The nethod of claim 1, wherein the polyethyl ene
fraction is produced in an anpunt about equal to or
greater than 1 gram 24 0 )

18. The method of claim 17, further comprising repeating said recovering until
the recovery solvent/non-solvent mixture exiting the fractionation column is
substantially absent of the polyethylene precipitate.

19.  The method of claim 13, 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.

20. The method of claim 1, wherein the fractionation column comprises a scaled-
up column.
21. 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 about 2 and wherein the polyethylene fraction has a
M, greater than about 1,000,000 g/mol.

22. The method of claim 21, wherein the analytical tool comprises a SEC tool, a
DSC tool, a light scattering tool, a viscosity measuring tool, or combinations thereof.
23. The method of claim 21, wherein the polyethylgne fraction has a M,, greater
than about 3,000,000 g/mol.

24, The method of claim 21, wherein the polyethylene fraction has a M,, greater
than about 6,000,000 g/mol.

25.  The method of claim 1, wherein the polyethylene fraction is produced in an

amount about equal to or greater than 1 gram.
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