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FIELD OF THE INVENTION
[0003] The present invention relates to polymer characterization and more
particularly to the simultaneous analysis of chemical composition distribution and
molecular weight distribution of a polymer sample using a combination of analytical
temperature rising elution fractionation (aTREF) and rapid gel permeation
chromatography (rGPC).
BACKGROUND OF THE INVENTION

[0004] Knowledge of polymer microstructure is critical to understanding the
potential utility of a polymer blend. Analysis of polymer microstructure has typically
relied on analytical techniques capable of providing data on the chemical composition,
molecular weight, and molecular weight distribution (MW/MWD) of a polymer sample.
[0005] Temperature rising elution fractionation (TREF) separates polymeric
molecules based on their crystallizability. TREF separation is a two-step process in
which a dissolved polymer sample is deposited onto a column filled with inert packing

material by programmed cooling of the column. The sample is then redissolved into the
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differences in thermal histories experienced by the polymer in the two processes.

[0006] Gel permeation chromatography (GPC), also known as size-exclusion
chromatography (SEC), is a useful technique for characterizing the molecular weight or
molecular weight distribution (MW/MWD) of a polymer sample. Separation is
accomplished by injecting the sample into a column paqked with a porous packing
material such as a crosslinked poly(styrene-co-divinylbenzene) gel. Without wishing to
be limited by theory, GPC separation is based on differences in hydrodynamic volume.

Molecules too large to enter the small pores in the packing material elute from the
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characterizing the polymer sample by concurrently determining a composition and a
molecular weight distribution of the sample fractions. The fractionation may be
performed across a temperature gradient. The molecular weight distribution may be
determined via size exclusion chromatography. The size exclusion chromatography
may be rapid gel permeation chromatography. The method may further comprise
heating the sample fractions prior to the rapid gel permeation chromatography. The
method may further comprise implementing a valve scheme for completing concurrent
determination of the composition and molecular weight distribution. The method may

further comprise computer control of the concurrent determination of the composition



may be rapid gel perneation chromatography. The net hod
may further conprise heating the sanple fractions
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second colunn for concurrent determ nation of the
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anpl e. The device_ may further conprise a valy
physn:al property of same; and a computer that synchronizes operation of the TGC and

the at least one second column for concurrent determination of the chemical and
physical properties of the polymer sample. The device may further comprise a valve
scheme that regulates conveyance of polymer samples into the first column. The
second column may separate polymers from the fraction based on molecular size and/or
chemical composition. The device may comprise the capabilities of an integrated and
synchronized aTREF apparatus and an rtGPC, and in particular wherein the first column

is part of the aTREF apparatus (e.g., a temperature gradient column) and the second



schene that regul ates conveyance of polynmer sanples
into the first colum. The second colum may separate
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further advantages thereof, nay best be understood by
cbehufeRfce to the follow ng description taken in
conjunction with the acconpanying draw ngs in which:

[0013] Figure ?%@?R?%gﬁﬁfaﬁﬁﬁ335 GAReRt ation of an

aTREF-r GPC dev ( igure I's a flow di agram
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understood by reference to the following description taken in conjunction with the
accompanying drawings in which:

[0013] Figure 1 is a schematic representation of an aTREF-rGPC device.

[0014] Figure 2 is a flow diagram representing an embodiment of the components
of an aTREF-tGPC device.

[0015] Figure 3 is a flow diagram of a multi-port injection valve in position I.
[0016] Figure 4 is a flow diagram of a multi-port injection valve in position II.

[0017] Figures SA and 5B represent an exploded view of a multi-port injection

valve.



of an aTREF-r GPC device. [0015] Figure 3 is a flow
diagramof a nulti-port injection valve in position I.

wpQ0kBR7ATgure 4 is a flow diagramof a nulti-poTtUs2006/019933

injection valve in positionell. [0017] Figures 5A and
5B represent an expl oded view of a multi-port
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representation of data obtained froman aTREFr GPC
Gy idsce. [ 0019] Figure 7 is a two di nensional col or
graphi cal representation of a polyner sanple
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an aTREF-rGPC. [0021] Figure 9 is a two di nensi onal
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characterization of a polymer sanple by an aTREF-r GPC.

cﬁaQ&@&athnwa%o%%ef énl?mt@raﬁ@rﬂﬁmm.onal presentation
of the aTREF-rGPC da or sanple A in Exanple 2.

3] |
R RS A o

pr o) %Ctgﬂfl%?{&ga%&éﬁn&sgﬁﬁ% %}p;ﬁ JTI?%FQF%S(ES] nggR 5 rF e 13 is
@ZEI‘F‘SO%L&W*‘E?% %%ﬁ%ﬂé&gf(’n%?&ﬂ?&{% AR, Sl re

t] rofiles of aTREF slices of SaaneAln
F%Allgg‘émg%}f)gw] Fi gure 15 is a plot of aTREF slices

o 4B, T2 SEH Y 0 PRI B B e o

Sample% 1?1]]lzlxamgle|2n Exanpl e 3.

[0024] Figure 12 is a plot of the overall aTREF profile for Sample A in Example 2.

[0025} Figure 13 is a two dimensional contour plot for Sample A in Example 2.
{0026] Figure 14 is a plot of the molecular weight distribution profiles of aTREF
slices of Sample A in Example 2.

[0027] Figure 15 1s a plot of aTREF slices at a given molecular weight for Sample
A in Example 2.

[0028] Figure 16 is a two-dimensional contour graph for Sample B in Example 3.
[0029] Figure 17 is a two-dimensional contour graph for Sample C in Example 4.
[0030] Figure 18 is a two-dimensional contour graph for Sample D in Example 5.
[0031] Figure 19 is a two-dimensional contour graph for Sample E in Example 6.
[0032]  Figure 20 is a two-dimensional contour graph in a limited temperature range
for Sample E in Example 6.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



[0029] Figure 17 is a two-dinmensional contour graph
for Sanple Cin Exanple 4. [0030] Figure 18 is a
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5. [0031] Figure 19 is a two-dinensional contour graph
for Sanple E in Exanple 6 [0032] Figure 20 is a
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t hroughout this disclosure, and it is to be understood
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the sample is any polymeric material whose solubility changes as a function of solvent
temperature. In an embodiment of Figure 1, the aTREF system 300 is coupled to the
rGPC system 400, and the device controller 150 may control the two systems such that
the output from the two systems is synchronized in real-time. In embodiments, the
aTREF system 300 and rGPC system 400 may be coupled for concurrent, online
operation. In some embodiments, the aTREF system 300 and rGPC system 400 are part
of an integrated, linked device combined within a common housing or assembly. For
example, the aTREF unit and rGPC unit may be connected through a hot transfer line

whose temperature is regulated to match that of the rGPC column/detector compartment.



r GPC system 400, and the device controller 150 may
control the two systens such that the output fromthe
woOwwesgstiens i s synchronized in real-tinme. | n PCT/US2006/019933
enbodi nents, the aTREF syst&m 300 and r GPC system 400
may be coupled for concurrent, online operation. In
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secondary structure include .
polymer and the polymer chain configuration. Examples of secondary structure include

conformations such as random coil, folded chain and spiraled chain or helix. Polymer
chain configuration cannot be changed without breaking and reforming the primary
(covalent) bonds. Tertiary structure and higher refers to the interactions of one polymer
chain with another polymer chain. Examples of tertiary structure include, for example,
over-spiralling, also known as the super helix. Included in the tertiary structures is the
polymer morphology.

[0036] In an embodiment, fractionating via a TC is accomplished via TREF. A

device for characterizing a polymer sample may comprise the capabilities of an aTREF



conformations such as random coil, folded chain and
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pRGhH¥Eh Sterid] S0 GERRMI dRPositiorRsdch A6 biYBRPhEIL RasRHon
on nethods ot her than the conbi nati on of aTREF and

cSIERE 2MBYn DR &R RO N high FefforBaiRid {emAdREhy TRYLES
coupled to a device fhat separates a pol yneric

I
cﬁ%lgr&raéomﬁgnme&hﬁ Meal GRIRARKE RN BRIEH c88mA may be

ophobi c 1 nteraction colum, an ion exchange
, i | i d t ) .
TR a5 AN B L Bl AR i
| nent F :
ecg;%(jg'&qe& a%l{ﬁel?e 8@11%5 S%Qﬂ HoRee ou*ﬁfbé: Q éc‘? QO 'ﬂ'% f &gﬁén and

m capa carrying ou ractionati on

%jy%prLg terial eluting froman aTREF col um. Such
C 015 deSCTI1DE 6861%. . .
EeVI'CES Wou e subject to the design and controls

i hed her.ei 0 di. -
L O T e et
alREF d GP t | )
N e RO o R

such as a val ve schene incl uding %,Six_ ort val ve
device comprises a valve scheme, such as a valve scheme including a six-port valve

(SPIV), which regulates conveyance of fractions of polymers to a MWC.

[0038] A device and method for characterizing a polymer sample may be illustrated
by reference to the embodiment of Figure 2. The aTREF-rGPC device 100 of Figure 2
comprises the elements disclosed in Figure 1: the controller 150, aTREF system 300,
and rGPC system 400. In addition, Figure 2 illustrates some embodiments of the
components and functionality in each of the systems 300 and 400. A polymer solution
may be introduced to the aTREF-rGPC device 100 via line 190 at sample injection
device 10. Sample injection device 10 may be housed in a heating oven 35, which may

also house temperature equilibrium coil 15 and aTREF column 25. Line 190 may



(SPI'V), which regul ates conveyance of fractions of
polyners to a MAC. [0038] A device and nethod for
woheaoeaetari zi ng a pol ymer sanple may be il ust paras2dg/019933
reference to the enbodi nent1oof Figure 2. The
aTREF-r GPC devi ce 100 of Figure 2 conprises the
replessieary snediogl Ghpdeyed by ofd gilled idthe biéo dadiméragiolsamer 3&0ple to
aTREF system 300, and r GPC system 400. In addition,
a4 TRBFesy&ernl Tus tomdotiar 1SOne irglidated byreordnsctivh MAenay operate the
conmponents and functionality in each of the systens
he3@fs @RAl3408d conabitsBsussDitih the hemlyig been 35t r oduced to
the aTREF-r GPC device 100 via line 190 at sanple
[00B9]€Ct TIRY tekéiabfe 17 thSaMig bVehedd, imf weVdolinl Q5 Mewmphe
housed in a heating oven 35, which may al so house

inf RAREIRHcE 1 @ afdlithpbRfurdldfudblikm 16il 25 HodddRethis GelHdRtingDven
i ne 190 mayrepresent any nethod enpl oyed by one

35 Kﬁég'b% GhanBallyPetdd ok Qoudd t¥ @hd gaeméme gaid @nt6lleans0

aTREF system The controller 150 as indicated by

via QORREGdnOS0490th APYMIRREH&GH, &hd B@atih? LdMSs YEihe %mg@xﬂkﬂts it
conmponent s housed within the heating oven 35. [0039]

hof3&s Ihgim%aw Lt 1Rl ifa i&ﬁ@&ﬂaﬁﬁb YR FroRPabofE 48 268 Y5m
25, sanple injection device 10, and tenperature
%?%UiHE %&%.o%%H“c%%mﬂ056%9mﬁﬁthi” the heating oven 35,
n%fr e nanudfly opera?ed or coupled to and operated by
deyice control ler. 150 vi onnection.904. .In a
(doAfloGr At St Rrbbding o syt THGeE bt o Slye
house

may be coo] ed and_heated in .t.enperat.ure. range

PR 3 SO e G Op L SIS 580 o RpRALFaRS Tt O HB e
1 mnito 20 Cnoin._[0040] In the present .

1%@1‘6‘6 dc{‘erréﬁ’é“gF éog{??% g]ﬁ-l e1r£ ih \ﬂittﬁ‘l“a‘b‘?ei BP‘?fg‘PT“H’é 4 GRpropriately

sol vent reservoir 5 may carry the polyner _sanple from
sqlpiglized pplvEner sfnEds May, beyBpeuseq girertly e Hig a1 88T cgluppe?s. A
aTREF colum 25. In an alternative enbodi nent, an )
sepplespiveritiepye emplovad| by Geserkillpddt the agp Waichgyngsally remains
introduced directly into the aTREF colum 25. A
inpyfi and Biqeidswidetetie propossneondipisoip e desoribpd s Exaples efisuitgble
the art, which generally remains inert and liquid
selmetdy farheolysleime siscludm it prgnsott lgmited the  2rdrtbeldorobsaaenst s
of suitable

dichlorobenzene, 1,3,5-trimethylbenzene, 1-chloronaphthalene, and xylene. In an

embodiment, the solvent is any material capable of dissolving the polymeric sample
(e.g., a semicrystalline polymer) and that is chemically compatible with the sample and
aTREF-rGPC device.

[0041] Solvent originating from solvent reservoir 5 may be conveyed via line 195
and line 200 by pump 30. Solvent pre-heater 40 may heat the solvent as it passes along
line 200 towards the heating oven 35. Solvent pre-heater 40 and temperature
equilibrium coil 15 may suitably set the temperature of the solvent feed to the sample

injection device 10 and aTREF column 25. At valve 144, the solvent may be routed to



solvents for polyolefns include but are not limted to
1,2,4-trichl orobenzene, odichl orobenzene,
wa 2806821717 et hyl benzene, 1-chl oronapht hal ene, aa@/US2006/019933
xyl ene. In an enbodi nent, tihe solvent is any materi al
capabl e of dissolving the polyneric sanple (e.g., a.
the bynting §enald| whses iprspghepthe aEEEFtCﬁlatnnii’é véaveHew apth yomprising
conpatible with the sanple and aTREF-r GPC device.
lie @0 4, 1pmswhtviseauibibrivg ek §5n hng YYnsaswle/aisetionglsuies i), pndline
may be conveyed via line 195 and Iine 200 by punp 30.
1980 Hbernatpely, hesaley 1440 theasplientamay the rowted énbyress the aTREF
passes along line 200 towards the heating oven 35.
coBohv2nvia fine 20 alterpud® 3Ansblveatprethaster 49, enguivalietld? aray ca¢h
15 may suitably set the tenperature of the sol vent
bef mahatly opdrged angplemtddrijyebt cartrodevise evial @nagrtiorsTIYEFS02, and
colum 25. At valve 144, the solvent may be routed
9Mptespectiedy.i Ohechwealve 28 regubnta the flove af kavent fremaiREP2 to line
colum 25 via a flow path conprising |ine 201,
2(3e aplein phtticelaegay pretrmi back fow kestling fFbmeoi®fancsafiph dine 199
i njection device 10, and line 198. Alternatively, at
toViak 2€3. 1@Kkck havesTl menie ansgafic lfies. I“dutie’t) devdcdrp@asiss ricaperation
aTREF colum 25 via line 202. The punp 30, sol vent
o8 heaairhlléheratsdthr vialy be répdliatedy tieaohtrdlr fE0) asintigated by
operated or operated by the controller 150 via
campedtieabonns 901, 902, and 903, respectively. Check
val ve 20 regul ates the flow of solvent fromline 202
[002] | N@igARE3 pravibesiamdda Béthitod|iAist:hR I vEbddiBat ki & Buting
resulting fromconveyances fromline 199 to |ine 203.

o¥eRB8SKwidh eshé®n M6 2@s & padk bEthe bTREF sysebeiThi0)in HRVITREF-
requiring no operation or may be manual |y operated or

rERY dB8cd BBUl &Y 8AFiBYred DEnE ONHE %Aﬁg oveP35 3smpritdé AL EREF

by connection 905" [0042] Figure 3 provides a nore
c&i%ﬁ‘b'j,gﬁtefn érytﬁ;ereaami%n@t@@fs %@dingfﬂ@inje@fio@deb%@tlo.nﬁl the
ic

oven 35, is shown in Fi gure as a part of the
@b EEhet 8 FeRe 308 bdindi i RIS BT BG¥AEEs 2LR-pOR vaRe 71,
Figures 2 and 3, the heating oven 35 conprises an

PR T TSRS S o
valve 71 is a six-port valve having ports 1-6A, which is referred to herein as SPIV 71.
It should be understood that other multi-port configurations may be used having a
suitable number of ports for a desired operational configuration. For example, duplicate
or multiple components (which may be the same or different) within sample device 10
such as solvents, sample tubes, syringes, polymer sample containers, and outputs to
aTREF column 25, may be placed in fluid communication via one or more

appropriately configured multi-port valves. In an embodiment, one or more multi-port

valves is in fluid communication with one or more additional multi-port valves.



enbodi nent of Figure 3, the sanple injection device 10
conprises a multi-port valve 71, sanple tube 73 and
weyoienger174. I n an enbodi nent shown in the Fi gRCEAIS2000019933
multi-port valve 7 1 is a si2x-port val ve having ports
1-6A, which is referred to herein as SPIV 71. |t _
[0843dul dllsecmhodisnest ootigurh A tfurgichedmprses 3 PYyper sample container
configurations may be used having a sujtabl e number of
Tpohich rovides nobsier senplpeiodhs pelanecyApiegaiestor 4p viadge 190.
exanpl e, duplicate or nmultiple conponents (which may
Sdheent isdedseating 20 diofthetemperytuyg aqhilibrivn gpil &5,dyehclarthe passesh
as solvents, sanple tubes, syringes, polynmer sanple
sobvent taitiwesasyplaingectiont gevics WovimlfiREP4e ot envayapse fremythggample
pl aced in fluid conmunication via one or nore
ingepiomogrvicat1l ty toafRIGUrddnmid$ ts vipdine 19| apd sonvepyangn on the
enbodi ment, one or nore multi-port valves is in fluid
donnmean gdd (e@n owsrhdndpofthorolumnr 25 iasdiling 39| Linail 20i of Higute 2
val ves. [ 0043] The enbodi nent of Figure 3 further
cafanisesline 190l ey thappyeccanipki coafaiié? 72 wiiiFidure 3, which
provi des pol yner sanples to the polynmer sanple
carfigsegllyanier 1Ampiea tb ithe sdbfle ifakive devices 16.e Diviction ianew 610
to the tenperature equilibriumcoil 15, which further
thpagh 664,20l behthréughtdie nslivap! the flow datdtions thethe tises b Figuse 3
line 194. Conveyance fromthe sanple injection device
whéh SEvithes ia hRESR of Wal positdd (fgsivio@l™).i ne 198, and
conveyance on the downstream side (e.g., overhead) of
[Jolg COlrBondiRuiatonVbthd SIE M9 ustrated én h8 @rbbdife BT Fighre 3
corresponds to line 190 exiting the pol yner sanple
1289 Bdinaér szgxﬁléfintﬁitﬂélﬁcﬁyrﬁar s\ﬁhﬁﬂ@ Inj€ctdrI1i0e SVRI HEBPTV 71 is in
sanples to the sanple injection device 10. Direction
pEAHRAWSpRRA AL BA QHYBABRA R Ed Sdth JoR§ DAOMN, 6h8 cANREgeately.
the flow directions in the lines of Figure 3 when SPI'V
Sélvdnt S w fFonPpdrhy 36 is@bnteP@ioR@stdain0 hdlcal@ B tir&fioh antow 600,
[0044] The configuration of the SPIV 7 1 illustrated
viaink E%ﬁm%mkqaiibﬁ@wlﬁ 53 sb%@t%xﬁ\r;g RleXBB S SRHRL €94
Into the pol yner sanple injector 10. en the SPIV 7 1
iﬁd?cahe@ bg %ﬁl&&t{fﬁ b d09! thén fidvs tﬁl%uémglc PR E of qat £d 2A,
wth ports 2A, 4A, and 6A, respectively. Solvent tlow

i%fic%{pd I%'[;J 'Eﬂe&fgniaﬁo%’%\é,e%%}e Qﬁ%ﬁh& By 7i o8] ﬁé\;/ﬁg dB¥nstream
Irection arrow 600,

via line 198, indicated by direction arrow 603, to the aTREF column 25.

[0045] In the embodiment of Figure 3, the polymer sample originates in the
polymer sample container 72 so that it can be drawn to fill the sample tube 73 using
syringe 74. Drawing on the syringe 74 moves the polymer solution from the polymer
sample container 72 to port SA of the SPIV 71 via line 190, as indicated by direction
arrow 611. Port 5A is connected to port 6A as indicated by direction arrow 612, and the

polymer sample may thus be conveyed via line 222 from the SPIV 71 to the sample

tube 73, as indicated by direction arrow 613. Drawing on the barrel of syringe 74 may



via line 201 to tenperature equilibriumcoil 15.
Sol vent exiting the coil 15 via line 194, indicated by
wdiomaian arrow 601, then flows through the SPCYUB2M6/019933
at ports I A and 2A, indicatigd by direction arrow 602,
before exiting the SPIV 7 1 and fl ow ng downstream vi a
furthesemang goolymey iserple dhpyehythe samplg uber o Wdavs Jling 223 H@Nards
aTREF col umm 25. [0045] In the enbodi nent of Figure :
SRINepopSvyarirdicaieaby direftiogieHay 634 Fhetnelymiss papnmls ( oga%»sn lequld
container 72 so that it_can be drawn to fill the
e g apipP eolvapbén figntipdithfragip) flawgeliom porbdAvip mgrtdrh asriadicated by
syringe 74 noves the pol ymer sol ution fromthe polyner
digeaiigy! aroporid aidmether7ipllpy thlesy ternBA adknackeut §pi”\/9 may bgjiggerted
line 190, as indicated by direction arrow 611. Port 5A
betsecnprridbtad syrimge 34t T Angekonimiit ¢ mey fungtiafi tp preyen rolymer
arrow 612, and the polyner sanple may thus be conveyed
soitian fiiomebeftigrawmaimiot thesySREabatrell 74 whardithe sanplé eouldiprecipiBite
as indicated by direction arrow 613. Drawi ng on the
atlaanbicat temberstyre ang eaid thealjifeuo tlog pndfovdanped thasyringapl & an
through the sanple tube 73 and via |line 223 towards
efBRidimen rthe Bubckmut ipnd7 T &tackblloy shinless tsieohpaiwhose Gilvime When
pol ymer sanple (or other liquid e.g., pure solvent, in
added it thefoltrhe oftasredmfld s 73 fs@onlge than 8 volunparf thedfriag 74.
i ndicated by direction arrow 615. Anot her holl ow tube
I Araedative elobodiient] a plimers3mpBYs ibericddiesctle thtdde vegile tube
port 4A and syringe 74. The knockout pot 79 nmay
73 .UBC{et @ibtled ePbRUMBIL, PPleloatyd safblttiteris bt ibehie@haheidw
into the syringe barrel 74 where the sanple could
p#th @CATREFd R 252 Mdh etimplesadambléltehear3ds & Abkk@y khbidlekd il
to clog and/ or damage the syringe 74. In an
u@Fhaml fRed capk e bbMaHEOBENMBAE #8iné Bavind 19 it EBMNLBES]
steel pot whose vol ume when added to the volune of the

m¥BhRl @ abstheor/RillikeR0 | ess than the volune of the
syringe 74. In an alternative enbodi nent, a pol yner

[V3GP! € Ths, ks ed: #liJoSEbh ¥ pbibfi@ léaﬁﬁlg% Wo?y:ﬁe'ﬂ Q@mﬁl@ into
I'n yet another enbodinent, a preloadéd sanple tube is

s I‘I‘Elg nibR 7t.5 h@/[e%ﬂllﬁﬂféngol\telnp S;Pf%\b al Qeeﬁgﬁ% o?&éﬂé%f glli_’mp

exa a sanpl e tube I's a hollow stainless

dlﬁécﬁg ho & EQ?REW Ldhurh bS 16k fﬁ?@g rzn@da llqeoidi ﬁﬁbdﬁ%%lﬂf‘?&tp%ﬂ 2A,

aving a capacit
and line 198, and consequently bypass any polymer in the flow loop comprising the

sample tube 73.

[0047] Figure 4 illustrates aTREF-rGPC device elements identical to those shown
in Figure 3, but with modified flow paths. Whereas the embodiment of Figure 3, i.e. -
position I, permits loading of a polymer sample into the sample tube 73, the
configuration illustrated by the embodiment of Figure 4 (“position II”’) injects polymer
sample from the loaded sample tube 73 into the aTREF column 25. Thus, with SPIV

71 in position I, a polymer sample may be loaded into the sample tube 73, and



milliliter to about 100 mlIliliters. [0046] Thus, the
SPIV set in position | permts |oading of a polyner
weaonplie7iint o t he sanpl e tube 73. Meanwhil e, sobPuEmS2006/419933
fl ow as needed via operatiada of punp 30 directly to
the aTREF col um 25 through line 200, |ine 201, |ine
foll@ving lveding s, SPEG 1 n be siicher hepasipn Thipcompiriceiisetian §f
bypass any polynmer in the flow | oop conprising the
the sangile into ke 7BREF oolumh 25 gBFIY 41 imayylst manusly spmetied.gpC
device elenents identical to those shown in Figure 3,
cobpled i anth coriléd wuthd dayige genttodler MAer eas t he enbodi nent

of Figure 3, i.e. - position |, permts |oading of a
(0§48l y elin thaepbalithent of FigeredaSPIVe7t positiond] hagyeorts 1A, 3A, and
configuration illustrated by the enbodi nent of Figure

4/ cotipporeilt fooporisl 64, RAj end $ApakspasivelyamSobyetitr Bomws Hem the
| oaded sanple tube 73 into the aTREF col um 25. Thus,
tembérituSRiquilibridmi dvilpiSsyit ilina 1P4 imto pottylters dalivpted byadirebiéon
| oaded into the sanple tube 73, andfoll ow ng | oadi ng
artoRe6(BPl The SPIV 7 ythdnadisvés thehseeticto posgi6tAi asrindi¢at¢ddby direction

conplete injection of the sanple into the aTREF col um
arddw 628Phnd o b thayanipde B URkiaYine A2 epinbiested by acow P2 dTho
and controlled by the device controller 150. [0048] In
pdiyier 8aXRRIE @A leAlibe3 GidoBveled SRIMétréanl bp (s isblvan, skd difkaton
ports 1A, 3A, and 4A connected to ports 6A, 2A and
arRf 614?%9%\/5%%{& el 78evih 1ihé QU irfié € SHTE T efApertatAur Bhe
equilibriumcoil 15 via line 194 into port |IA as
sdlvegi eatefl chwet BRCHIIAReradahPW fiddugh The SPRV V/17tolpéhan as
directs the solvent to port 6A as indicated by
infHchB& thly UireBlidnOM 2 825, 2 tAdh 1R 1iiBe198ahe aTRBE céBmnl 25
line 222 as indicated by arrow 623. The pol yner sanpl e
adcBrdRRMPhifectibiPBroid6des conveyed downstream by the
solvent, see direction arrow 624, fromthe sanple tube
[0030]V1 2 AlalifiEnA193in Psfioh NE teFlyMnde 34 Rhn BOMbed3D- pubh§olymer
sol'vent turthér conveys the polyner sanple through'the
sag'?éeyba%k tb FheRRhple 2ohtaARer! 7D dhEEL18HinD Yhedinb &C &t BBt A, iRV24,
and then via Iine 198 to the aTREF col urm 25

port 4A, port 5A, and line 190 as indicated by direction arrows 631, 632, and 633.

Alternatively, syringe 74 may flush or clean the lines with another liquid (e.g., fresh
solvent), for example by using a substitute syringe loaded with a flushing liquid or pre-
charging with a flushing liquid prior to drawing the polymer sample from sample
container 72 in position I. The transitioning of the SPIV 71 between position I and
position II, and the resultant loading and injecting of the polymer sample, may be
manually controlled, or coupled to and controlled by the device controller 150.

[0050] In embodiments, a colummn for fractionating a polymer sample via
temperature gradient (“TGC”) as provided herein, such as an aTREF column, may be

about 4 - 30 inches (101 — 762 mm) in length with an internal diameter of about 0.5 —



according to direction arrow 626. [0049] Additionally,
in position Il the syringe 74 can be used to push
woabosner7isanpl e back into the sanpl e contai ner PCRUSRDED19933
clearing the knock-out pot 139, |ine 224, port 4A, port
5A, and line 190 as indicated by dlrectlon arrows 631,
3.6 3Rhes(h ~6/I3nmN Seenaeolysn jnay by rpiaﬁ@é Wztb Freipert [thegRostable
clean the lines with another liquid ( fresh
paskihywatedial hhving e kadink eafayityuis ithegargesd Blau g ta &0y Hi0rgle An
| oaded with a flushing liquid or precharging with a
exbinple hif popuitabie pabkngi roateriad inghugded, gt isinet Poltydrts; 88-ampsh glass

fromsanple container 72 in position |I. The
beadsaorsartdi oni ng of the SPIV 7 1 between position | and
position Il, and the resultant | oading and injecting

[0051]t heR¢falriipegais tonthé embattiyend ef Figwa d) polyrearsemplelledsd mto
coupled to and controll ed by the device controller

thd OREF @0bfin 25 newyhiheli hendded & dbiwupnysthitization axdt the pelymeg
a polynmer sanple via tenperature gradient ("TGC') as

safplevinftetie pedléigimatstidl in &8 caloma.T REprogainnred tempyatie geddzut
4 - 30 inches (101 - 762 mm in length with an

alloffs €srivdltiofl o heXymef saalpleutacors (PSEsPbisad e sryktdlBzabilify into
mm . Such a colum may be packed with an inert

tht RERAP $icdh¢ phd3ac REAYeltiiigidnd khe AREBFGoRmiroZdinfgline 199 are
capacity in the range of about 1 to about 100 m. An

c@XeRive 1afe 3 36/ htaRL e BRCs. MPealiBd BVl 45 MY biel ficatibgltoil
is not limted to, 80-nesh glass beads or sand. [0051]

thiRefs SfnfdeREBd @01 il b&h! NRnR ineeRAtingf coftiBalf & ContrBIRIdysyRL
sanpl e | oaded into the aTREF col um 25 may t hen be

pfofRhgfblk Aedtnl Eqwsé Yiedkdting a&vlgeInsqﬁaytﬂa%n@mem iR

onto the packing material in the colum pr ogr amre

thfeem@ Nalid eTRERAGhSIE 'ﬁ hcOMSa fipeRlnitt Istito® fdr POl HTRK
sanpl e fractions (PSFs) based on crystallizability

akdM@vd v RIREE IR cﬁm@@@ﬁ% A bedangliptdnaendd &%ﬁthﬁled by

aTREF colum 25 into line 1 are conveyed via line

}ﬁ:%w&@c&]ﬁ@ﬁ rqtg%gtg}ﬂldgc@te m% F; @&ﬂoﬂ@O?‘eYd ﬁ‘?%lﬂl?)ﬁ?{ﬁ%t,qﬁe 303

eatli ng COI sed 1n an oil

nﬁgr %€ %ﬁ]ﬁgédvoq | c}ﬂnslttla@teél1 624 M&ngloéai)ab%ayf é%gd aREhA Q:%hcﬁfétl&y sufh

as copper. A temperature regulator may then regulate the temperature of line 203 either
manually or through the use of the device controller 150.

[0052] In an embodiment, the PSFs flow downstream from the heating coil 45 into
a valve 50 that may split a PSF and direct one portion into line 208 that feeds a
detection system 55, while a second portion of the PSF is directed into line 204 that
conveys the PSF to an tGPC system 400. Alternatively, valve 50 may allow for flow of
the entire PSF downstream through line 208 to detection system 55. And alternatively,
valve 50 may allow for flow of the entire PSF downstream via line 204 to rGPC system

400. In some embodiments, the detection system 55 is an element of an aTREF system



programmabl e heati ng device. The heating device 45 may
be enpl oyed for maintaining the PSFs in the aTREF
woubislie7phase to a tenperature suitable for rGPCIr/uSm0a/019933
alternative enbodi nent, heasi ng devi ce 45 nmay be
manual |y controlled or controlled by the device
308onkr 1 PabodiBt.awlyendl swy & wynuebn sewtolled 09 @Fuplgdntogind
enbodi ment, |ine 203 may be encased or constructed of
Coaﬁﬁﬁﬂéyﬂamﬁdapabhémmﬂﬂbﬁ@dmwhéﬁﬂ§p8conduction such as
copper. A tenperature regulator may then regulate the
[00830p er Intanrembodinieity BSBOStaing Hime 20% max bk pulpect tchamsligh byte
use of the device controller 150. [0052] In an
deterbiardiystemtsS befoee F8ing id low H6\wnd beingenlleetodrint dheadtreraserveds
coil 45 into a valve 50 that may split a PSF and
58diIn embodimentp dinet ¢hemicah¢omplobitien RIIBSES raenalyesidsy aspectrometer.
detection system 55, while a second portion of the PSF
Such adpacgaheer mayt roeasim é tBO thfiatedtrange Ry’ sbine edBbdiments rthe
r GPC system 400. Alternatively, valve 50 may all ow for
chbin@ial @fimpofigoref PREs dPSknatkoed by & ehvtorhétero ligbh & pheoR€& thay
detection system 55. And alternatively, valve 50 nay
bead loowanigterlight euttaring tohetometet 61ea MbHankiehght cedsiing pholtdnitger.
204 to rGPC system 400. I n sone enbodi nents, the
InCsin@ G bediny S| Benchémicd cdmp6editse R PSFs al adiEd by viscosity
systenB00. In an enbodinent, valve 50 may be manually

méRiefnehts.ed T8 deMBRhE @oﬁlﬁosﬁﬂﬂ 60SE®| had vBYardahigedayi a8y
control l er 150 via connection 908. [0053] In an

coRTRHb mmB§E§r%H&&ﬁH&&ﬂdWﬁﬁo detB@dr. De subject to
anal ysis by a det'ecti on system 55 before exiting via

[0b5418 208 sREIn g5 %b@ﬁ&}hek RarBfola i Bard EREWP (FTIR P60,
I n enbodi nents, the chem cal conposition of PSFs is

a A2 idRY sAnSRBCILQME! MALS?% aav1§91%€1tef PYRICS70M8Y any
measure in the infrared rangé ([R). In sone

cRIRRELABNSE. TAR Chem 6ala %Qﬂ@%ﬂﬁ@@et@&otpﬁ:ﬁ f’ﬁE FT-IR
anal yzed by a photoneter. Such a photoneter nmay be a

1%» rﬁ@ga)(?cdrﬁrgé}&aﬁpﬁ‘ahﬁlé ﬁGm% LRERLE AQ exa ﬁ}él J’f'aasﬂg b?e

t scatteri ng ‘photoneter. nsorree nts,

Vlg&)ﬁ’{yte? @b 1sctﬁé19%§$tgﬂ PdvR \%QPERS,Fé ﬁ@}ﬁrﬁer@#aﬁgf X\;aﬁgblob ¥rom V1s<‘fotek

VI SCoSIty neasurenents conpaosi

AE §J(: %ﬁ?é’f a sﬁ1tﬁ)%¥lﬁ§r%lebl¥gh§%ttenng detector 65 is the Wyatt Dawn EOS

Multiangle Light Scattering detector commercially available from Wyatt Technology

Corporation. Suitable FTIR, MALS and VISC are those that would be employed by
one skilled in the art.  In an embodiment, detection system 55 may be manually
controlled or coupled to and controlled by the device controller 150, as shown by
connection 906.

[6055] The rGPC system 400 of the aTREF-rGPC device 100 shown in the
embodiment of Figure 2 comprises a SPIV 75, MWC 110 (also known as a r1GPC

column), and a polymer concentration detection device 115. Similar to the SPIV 71 in



conmbi nation of spectroneter, photoneter and viscosity
detector. [0054] Detection system55 nay be a Fourier

wonrersgionim i nfrared detector (FTIR) 60, a nul t PamgiSe006/019933

| ight scattering detector (INALS) 65, a visconeter
(MSC) 70, or any conbination thereof. An exanple of a
the sampAbingscionfl p af el 2BREResism 390 25 showmen Bigurerd &ﬂefumwnthe
2000 conmerci ally avail abl e from Per ki n- El ner.
SEYa?ﬁﬁfdh®fGEC swstera#)Ogregilatesomsetions phihie PSFhatosths d\éWékl 10.
150R vi sconmeter commercially available from Viscotelc.
ARp iefenplPe gtem 400i af diguee Balittei 200 gplpplies goivers ¢catieeiHIVIGS.
detector 65 is the Watt Dawn EQS Mul tiangl e Light
S@eat t(epi, nGPAetdamir isconaizediinld yoleanhitbblog 85 and eyt be
Technol ogy Corporation. Suitable FTIR MALS and VI SC
pratretddnader thhattd. wborl ekatplecthplsolved hay pase tlekighl £ degasvet
art. In an enbodi nent, detection system 55 may be
bafea beihg yrarctaniet b padp 03 themgp keh-line e 0d and botd tealSHY 75.
the device controller 150, as shown by connecti on 906.
S$106H Belservbie 85 GIRCbs Vistserne dddr diffferérn éhan FHREEnt résBCoit Svandén an
100 shown in the enbodi mnent of Figure 2 conprises a
eripbdditnef, a I chkbseltvalr suskhown as a rGPC col utm), and a
pol ymer concentration detection device 115. Simlar to
[00b8g SPFMue 4 id &if B@lcadPie® dMheSPDr 73 Ghadfis & REmpoBEFof the
system 300 as shown in Figure 3 and Figure 4, the SPIV

1R §stelOr s8R eusy/ s t BIheARbol Rt S8 Suré BALKIsitOR I rectshBe
PSFs into the MAC 110. Also in thegerDCelgdysstem 400 of

fibw @8 PSFLfroh AL, BOF SHBRI306% B MaNhrobeh 1BGPEPYY iéﬁs 5B

Solvent (e.g., rGPC solvent) is contarned in a sol vent

af EFEAY Cbine&od RYSHIRY aRECH r&bEBadIP dpaindh Qe FRALRHMe KOTV
exanpl e, the solvent may pass through a degasser 90

798 RUSEPRIAHhw £saiﬁ<§£a@édrk§r%118é’uoﬂlé%w%ltﬂt}5%h B, I MrdvhiQe
filter 101 and on to the SPIV 75. Solv reservoi r 85

fr%ypopteélﬂ ﬁfé o@sascﬁdlgdtédf l%f @%ﬁ&ﬂq%ﬁ%ﬁe @53 654 eaﬁg %55

5, 'and I n an enbodi nent a“common reservoir Is uUse

ﬂltrﬁ%tﬁ %ilagtf 53] %&9 68 tb ﬁn@ﬁbfo%ﬁ lRdedadl £ 08 58ETRE! ¥e §Brv 75

nmponen
may be set in position III in order to load PSFs into the SPIV 75 (more specifically load

into injector loop 970) for further injection into the MWC 110, as shown in Figure 2.

[0057] While the SPIV 75 is in position III, solvent pumped from solvent reservoir
éS by pump 95 may bypass the PSFs by flowing in line 206 to the SPIV 75 at ports 3B
and 2B, as indicated by direction arrow 661, and on to the MWC 110 via line 205.
Selective operation of pump 95 allows for the pumping of solvent to MWC 110 as
needed, for example to flush the columm. After loading the PSFs in the injector loop
970 in position III, the SPIV 75 may be switched to positi.on IV as indicated in Figure

3B.



r GPC system 400 of Figure 2. In the enbodi nent of
Figure 5A, position Ill directs the flow of PSFs from
woOherca?REF system 300 in |ine 204 through the BETNSZH6/019933
Ports 5B and I B are connecti8d to ports 4B and 6B,
respectively. PSFs in line 204 enter the SPIV 75 at
[0pR$1t 5B pasitiorf Nbwozs 3Braadl d Btod §PDY 7 precemicsted 40 porly BHand
t hrough port 4B. Likew se, fromport 4B the PSFs fl ow
2By sespevtivadat vy frdinmpowipi96 mn birer20Gsntes port §83nd §5ws togett 4B
655 through ports IB and 6B to Iine 220 and on to
andiais igjecteslenyy BT as58dicaldilly, dietten SRbWs 381 andyo8Be Ispasition IV,
position Il in order to load PSFs into the SPIV 75
thé sabveat smedyis PSEa(lbadedl eade ihaSBIV 7 B dt positioo d) 810 fhef igjector
further injection into the MAC 110, as shown in Figure
lo2p 97®OR HortyW1iBl &ndt 21 SRhdicafdl bys direstiposirdwon’3 hid 684. The
sol vent punped from sol vent reservoir 85 by punp 95
solfeyit hiyip dershet kerrPtes PEEs frbmvpong2B rvid line 209 6o tilee MECSRDV
75 at ports 3B and 2B, as indicated by direction arrow
Me&ulvhila Rirtied flo® dfIPSFVRAEM KHO2TREF dolunen 2085 dirSaédfrom lige 204
operation of punp 95 allows for the punping of sol vent
intcPpdVEB 2dd 0 %o p&edBths ihditate@xangiteetidnoarfdwushl. t iTRe Qow Uit
After loading the PSFs in the injector loop 970 in
2O ¢dh@ih 29 Wherd $XEVSAI Y in/fostiBy [V erlviieaivRdoft REHR @S ivhitO58
IV as indicated in Figure 5B.[0058] In position IV,
frslﬂg)bﬁ 6BB/iangk 108. ah t18PkYy, lowadfesto ABRGhedRED Paeh306H a
and 2B, respectively. Solvent frompunp 95 in |ine 206

MAEEN G miRPbE ciBoBdbY loadEg POFSIRF the ABVENd 0 tWifle ithY SV IS is
| oop 970 as indicated by direction arrows 681 and 682,
il fOsiROSITE, binjeViind PXEFs 3O 10 @ CCIAD WS tHBSPBYV (5 Raf gekitaiTve
the SPIV 75 1s in position Ill) fromthe injector |oop

Tgaﬁgti&l.i@gGMé SpTvE sy B podonk Ml bt REeFaP e Hah @il IcOfrolled

arrows 683 and 684. The solvent may further carry the

O@E_ﬁl\?\él{oﬁg{i g%utro%lﬁer}wfhlgg%&h%? ° PS_FSIt %ro om tohe a%%{@EOFg' col um
i s e - .
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wast e

than about 10 minutes thus the term rapid GPC. Examples of suitable columns include

but are not limited to the PLgel 10 pM HTS-B column that is commercially available
from Polymer Labs (Amherst, MA) and the HSPgel HT MB-H column that is
commercially available from Waters (Milford, MA). Examples of suitable GPC
devices that may be fitted to perform rapid GPC by one suitably skilled in the art
include the Agilent 1100 Series SEC-GPC, commercially available from Agilent Inc.,
or the 150C SEC-GPC, commercially available from Waters and the PL220 GPC-SEC,

commercially available from Polymer Labs.



fromport 6B via line 220. In this way, flow of PSFs
froman aTREF system 300 to a MAC 110 nay be
woanierietiied by | oadi ng PSFs for the MAC 110 whCE/USh®6/019933
SPIV 75 is in position Ill,19and injecting PSFs to the
MAC 110 when the SPIV 75 is in position IV.
(00604 ns i Ini therembodihent 6 Fgpre\2, BSFp etuiie fropobe MY Rscofunn 5y
IV may be manually controlled or coupled to and
arg oortveydd Tesdliley 2 i3histoddsidctien ssteny b13. ePeteg®n\dysiers oriAawayi h
909. [0059] In an enbodi nent, the MAC colum 110 is
minesky tchiarollaboutco@fedcta aml benigiléd Andhd devce pentroligroli0 40
mmin dianeter and all ows sanples to be fractionated
inflivatbe g dohmamtiabollt T0e metotias systems mah aleteamine rthgp inglegr@;
Exanpl es of suitable colums include but are not
wiightiof eleb BSFstiiven Bk EWCld@lumvl T 8n Bptiel devicet Haen embodiment,
commercially available from Pol yner Labs (Amherst, MA)
sualnan dteaHBRPge mekflireyBr tHe ddtatndnatddeatin amtteo ambeedimeadt] spch an
avai l able fromWters (MIford, MA). Exanples of
opfidaltdabik € meitiesl @ifferatal rdfaktivesiyddae The PEErdr eI WE solumn
rapid GPC by one suitably skilled in the art include
mb dikBgisk etd sitjeledSes | chemiSHCeéhfositivamialysésal | Such chemical
avai |l able fromAgilent Inc., or the 150C SEC GPC
cORPTBEOE hidllsys raneld cafled ohit G FR, endtiaaple lichtescite2iag) detector,
GPC- SEC, commercially avail abl e from Pol yner
a kia&sit) Q86&r, bincontbaferkarirEBEN PSP elfighUiidin detedtiOhSystem 115
eluting fromthe MAC columm 110 are conveyed by line
aré 3V P OvisIBLERY kdie RUHE SMedtibn veddet BCt i On system 115
may be manually controlled or coupled to and

[0eeNt r ol 85k B¥vdaEent e ERecEONtYs@inl 15 haP caspildi GiftSatial
by ‘connection 910. The detection system nay determ ne

redfil oL AR 2 PRI traforkhNB RSk JetbOnirting), b lgzglglénﬁght

via an optical device. In an enbodi nent, ‘suc

s@RLAHe etV INERT SR RSIM B telr (VISES, dr BhY @nfifhakiB @€reof. MBuitable
anot her enbodi nent, such an optical device neasures

piifFaRe %é,y@ Fn I%ML%%%%Q E}qg%ouﬁl%@ Sy Meoglmm &n WMGit,

col um’ may |1 kew se be subjected to chem cal
TEATRAE G 0 P EH R P AR, Py
dgtgc%rtagail Qc%li\ga?etn?%td%{ecﬁon system 55 could be placed in line 205 upstream of
MWC 110 or in parallel with MWC 110 via a slip stream from line 205. Such an
arrangement may greatly simplify synchronization of data for MPFs subject to tGPC
analysis, as only the samples loaded and injected via SPIV 75 would be subject to
analysis via detection system 115 and an equivalent detection system 55.
[0062] The aTREF-rGPC device of Figure 2 employs a controller 150 in order to
synchronize an aTREF system 306 and rGPC system 400 for characterization of a

polymer sample. In an embodiment, the analysis of PSFs by detection systems 55 and

115 are synchronized, thereby providing compositional data and molecular weight



a viscosity detector, or conbinations thereof. PSFs
eluting fromdetection system 115 are conveyed vi a
woiomw/120747t 0 the waste col |l ection vessel 58. [ ©0001f2006/019933
one enbodi nent, the detecti2on system 115 may conprise
a differential refractoneter (DRI), a Fourier
distribatinst dafanfor pechgiven PEBt BrancamboRiment, theesynelirenizatign ecopisgt
scattering detector (MALS), a visconeter (VISC), or
reah fiynec anbinan the mpleimented fvia SuirdlabyisemDRI0. FR RamplesCorirad
MALS are those that would be used by one skilled in
systelre] Hrmay chhmsedattefie taectiomsyptee 5P and i at koew intepalsiand
lieu of detection system 55. For exanple, a detector
matvhrdatg fexfhose antervels,tfor atemple by olvcls parckmmizBionpaidaintgeor other
pl aced in |line 205 upstream of MAC 110 or in parall el
incvdmietidddevict Oorwiler syneliroyizasivn mamsf r om | i ne 205. Such an
arrangenent may greatly sinplify synchronization of
[00d3) a florarkdbsmbodinens, stch syefEorarasiby siag compriniryctivheing
sanpl es | oaded and injected via SPIV 75 woul d be
a pdiahe@ciantple ahateypeatuyd gradienie cleicotings et @mpbdiforan sample
equi val ent detection system 55. [0062] The aTREF-r GPC
fracigonk;Gepitingipglyhrersdn ergphayls fractivanbased drediffdbices in moleke@iar
to synchroni ze an aTREF system 300 and r GPC system 400
welghf; defatirCthe fiolatlhoReight sad polestrf weighpdisribdtion @A polymers
enbodi ment, the analysis of PSFs by detection systens

in ¥R @H@lelﬁaﬁmaﬁ@ aBY AR RNz Ae Ahe f)&l%@rbs‘arrﬁﬂeowséd B8 concurrent
conposi tional data and nol ecul ar wei ghtdi stribution

defdatidatfoRlor @RCdnPod B, BSkculhnwaht QA adlddBRt weiblt@listribution.
synchroni zation occurs in real time, and may be

FradiBhA oia&sinyarﬁu@ %nameei m&YAiesP rdfeled o0k HAXRMMR, based on

contro system 150 may capture data from detection

poﬁ%‘rﬁ ARG oﬂ-ﬁ&tl%atlﬁg‘ﬂ%olklﬁ&e&é’s@iu%o@fé{%p%ﬁl@ dat a

ose intervals, for exanp e y cl ock

chrgn (Fo r
PR AL O 1 o
co}ﬁ%ﬂep 450 ATP&Q&HBQ LSyavi UG tknsy f%l%r@ﬁ'g ﬁf‘ 7 f“f(yr injection of

npri se. ractionating a poly e Vi a

saﬁqgﬂpﬁﬂ HLPrEF @;‘/js'te‘%f‘ﬁoo %ta%&tlﬁnﬁ)ﬂ/h?% fgloxﬂﬁgﬁﬁltedfgga}nn%%semto

ractions; separating polyners i

thé fasd 's;%ﬂ:?n E}(ﬁﬁ eflheo&ngtglfe; %(?ngye §eghﬂtermé S&s%o% of valve 50 and

SPIV 75 in order to concurrently receive molecular weight distribution and composition
data for the same PSF from the detection systems 55 and 115. Meanwhile, the
controller 150 may synchronize the determination of data via detection systems 55 and
115 with injections of new polymer samples into the aTREF system 300 via sample
injection device 10 in order to achieve a fully integrated, on-line process. For example,
a plurality of polymer samples may be made available via a corresponding plurality of
polymer sample container 72 and means for automatically changing sample containers

"

and for operating the syringe 74.



wei ght; detecting the nol ecul ar wei ght and nol ecul ar
wei ght distribution of polyners in the sanple
wonewtizons; and characterizing the pol yner sanpteusa®edi9933
on concurrent determ natiorelof the conposition,
nol ecul ar wei ght and nol ecul ar wei ght distribution,
(0863 c t  prea embedipeet the dpdreronidloy Ynshienda prograsygngssignal
referred to as fractionating based on pol yner
to dheGPg)| systern APQ forbpgia internal comdaytn Wepny samplg|iyippduced to the
di ssolution tenperature. [0064] In enbodinents, =
2 TR FFcdeluoni 20aeliovring for syphteviatiop ! ts TR Herd 1@IC frarsionations.
controller 150 to coordinate a val ve scheme conpri sing
Aberspivly,7thg aTREF isystese 80® andofGR asystems4G0rnay beheymaimpeped by
system 300, and another SPIV 75 for injection of
the demiteamnireiten 1 §0h suchGRE theydsvigerranboller The sigoals theINTWIC cognn
may regul ate the positions of valve 50 and SPIV 75 in
118r teaccend sarople Unjeaions fromethei SPEY 1791 & cfirled rtimyeinggmyals typically
di stribution and conposition data for the sanme PSF
cdrresponding tathe egtle dimesofshe VEWE S 1an d\lktiBtivdls dmenaT REE syskes
controller 150 may synchroni ze the determ nati on of
30ednd r@P@ sghiine 400 may By sinelrsnizdl tgnbe ddvicewottnlien | Hrdigratisg
of new pol yner sanples into the aTREF system 300 via
ths aWICecdluinre €10 Praccgw iserepld Ghjédtiony flen theoSRIVNT eatensar definkd/
i ntegrated, on-line process. For exanple, a plurality
in@drvaisadr progile, S kpdngde ayedofineda B ER ¢RLibmfehn@erdiugesa
corresponding plurality of polynmer sanple container 72
[0866] NMEBNSH EdbodatiédNRE idedtd YonGbe1IS0GnaSabEL eorapREraiuiEhiS
and for operating the syringe 74.[0065] In an

sEFFREOt RN of §MEhroEYing EheCaitd 1l frdib BofiBe S@PT add aTREF
programed signal to the rGPC system 400 to begin

frhdHoRAtioRd. 16QHBHBaNMeNNEL RLiEbls 3bMRp RerliSa HiBfti1RoMEREr, biRhlaben
aTREF col um 25, allowi ng for synchronization of the

TIVIRERE] PeAduh SR d fpeRbhdl 0aablt@NSpafl befeBabiny flp¥s frbA8nultiple
aTREF system 300 and r GPC systpem 400 may be

ISYARGE HRRE §Fia P MEesATUE ERnHRR IaPhlsEbe %ﬁ%%ble %P’ﬁ:l?eﬂriﬁ%ﬁser
the device controller 150 signals the colum 110

mF)Qt tﬁl%ﬁgrpﬁ st§rﬁf|§Ri lgeyi)&.k@ ?III drBfsr Joﬁ@mel;. aﬁlzékn\téoc?iawﬁf d 10)&9%

ime intervals typically corresponding to the cycle

F%g'ufé%, ﬁlfe utsé?qnt%e bife sy%tén%r &ﬂﬁ'&lfé? hé{l'icetllgs nﬂ@; %lr:s';gla§¥l§etr§§ats

of the rGPC and aTREF analysis as individual plots along with a contour plot of the
synchronized analysis providing for example at any given elution temperature a
corresponding molecular weight distribution profile and, at any given molecular weight
a corresponding aTREF profile. The resultant analytical data may be displayed in a
plurality of windows which may be sized and arranged in a variety of configurations on
the user interface (e.g., display screen).

[0067] Referring to Figure 6, displayed in the upper window is an overall aTREF

profile for the entire polymer sample. In an alternative embodiment, the upper window



300 and rGPC system 400 nmay be synchroni zed by the
device controller 150 signaling the MAC colum 110 to
weaeaeewp7aanpl e injections fromthe SPIV 75 at BEEMUS2006/019933
defined intervals or profil2, for exanple at
predefined aTREF el ution tenperatures. [0066] In an
mayntapdtit Ten e TRER @rafides fo e patien of therpolydaer rrayplee for example a
conmput er runni ng software capabl e of synchroni zing the
podndaging aipeedulbr mobedddr wetghe Re@Gng aghimbRiEure 6, displayed in
fractionations. In an enbodi nent, a suitable conputer
thé¢ Bowar (ifgwindbwde theutvernll nelchlaaweight diBNbutivhalrofile for the full
Penti um based personal conputer, capable of receiving
pollyiped tsarhple NMinnanl dliepbgvechatbedinents tHeHoweaglhft sendost may depict the
interfaces. The conputer may al so be capabl e of
maoleadir welht diseibutionudfilé for o gIREF sicaatagidekayivaastpedature.
anot her conputer. In an enbodi ment depicted in Figure
TI®, contt@r USEY inl hé ehiergightowinibe of Fgeds depistsriad bedudefitee
150 may display the results of the rGPC and aTREF
noRAHE | Weigh fradelbi odlualTIRIEDt Gicaltig the tdifeertian idensitp (it
of the synchroni zed anal ysis providing for exanple at

VAR08 NS Th Lhbleb 24} wWeRINPEERbHOA peolO4tagSRA Mbldddlar weight.
nol ecul ar wei ght distribution profile and, at any

[ogésien Hpéxﬁ&ﬁlbcﬂiméwlt%n@fﬁﬂ}ﬁ@mcﬂyﬁguﬁﬂiﬁ&l Bf O irdsQlts
The resultant anal ytical data may be displayed in a

ofPthé @R EF YiraRfionMiSi ST 6pariBon PRvRIEY & oK RRARIIEEEvo
in a variety of configurations on the user interface
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di splayed in the upper w ndow is an overal
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contour level in the | t w ndow of Figure 6
depi cts the product of %&ﬁ‘é\/ﬂg Egsh

[0069] 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 of the claims to follow in any manner.
EXAMPLE 1

[0070] A computerized simulation of aTREF-rGPC apparatus and method

described above was prepared and used to simulate fractionation of a polymer sample

containing a short-chain branched polyethylene resin such as the traditional low density



normal i zed wei ght fraction of an aTREF slice tines the
differential intensity (i.e dw d(Log M) in a
wounbmaatar wei ght distribution profile at a gi vemus2006/019933
nol ecul ar wei ght. [0068] I re3an enbodi nent, the
aTREF-r GPC devi ce synchronj zation of the results of
polyethy ETRADIE) Zetin ohthe Chavrem BhiligpEhemnisal Gamesy e olitcaelow
an online continuous two di mensional process where
depsityipolyepglest (IdDFBpheswaing 1FE dagraseaipitipypndodata pecessing
aTREF eluent for a tenperature range of |ess than
softyergtwede BB NoBGon (Modsd 2600eMbliple fatiumentClapmptography Software
t wo- di nensi onal analysis of a polyneric sanple by the
19884892 s Betkin T RERerGRO e wixt ghe rhetseon ¢ Bhitlipe d Chemicdl ninthoyse
t han about 24 hours, alternatively, |ess than about 20
DRbBalyser $dftvermatliowetey, dopwerdidilyravaitablet softerateomas be used. An
alternatively | ess than about 12 hours, or
exambler nftsiitedley sbitgae tfanatabpates8nd and sacqEMAMPLIESh (HBE
The invention having been generally described, the
Mhubidbtestbmn$pfveaniingserainkly giailebie fem Palyimec Lhlzratendso diraphckb
of the invention and to denonstrate the practice and
Sefehvaadtiisad) 68 thel B3y plof waslSigna®lat fra &Y indoodV drkiat 4.0 HeneSRY¥Hhe s
are given by way of illustration and are not intended
[00P1]l | NThe LREDEP@&iplds Gdd tamposdd dhbrandhad msolécmlel olithovarions
any manner. EXAMPLE 1 [0070] A conputerized simulation
1e0d1s aff Rigfe cRChHRPPIEAAT Derid e s@iunGidn A& PO st iabiesstreias
prepared and used to sinulate fractionation of a
1 palERsrobaaRlce AaOoMbdiaRt BY Fazusd M sbubiliad LIPHE &6 thiected at
pol yet hyl ene resin such as the traditional |ow
s@NSinfek e yeideyloane solvEREow @&l I 0 mi/hgh. CIRYLOPDE sample
Phill1ps Chem cal Conpany LP, linear |ow density
wh®loigddhkieng TREPFEumd YREwhEs ifthes (1GBGnARE® length with an
acqui sition and data processing software were PE

iighat AndeMp de b. 52R00s Ml hiPlagd pgEd WiBBE0 SRIABRSKAARINRM
Sof tware 1988-1992, Perkin Elnmer Corp.) and the

VieY BRG Fé@hﬂdl&g&i]{%‘fﬂpﬁ@% w%ﬁ}ir@%ﬁemp 28h¥ Wte%ﬁérﬁ%@g@a

However, comre y aval | abl'e software nay be used.
ra{f\g of 0.5-1.5 °C/min with a temperature ramping range of 35 °C to 125 °C and a total

ramping time of between 60 to 180 minutes.

[0072] LLPDE fractions eluting from the aTREF column were injected onto the
rGPC column via the SPIV 75 at temperatures of 35, 40, 45, 50, 55, 65, 75, 85, 95, 105
and 110 °C. The rGPC column was a PL Rapide column commercially available from
Polymer Labs that was 10 cm in length and 10 mm in diameter. The SPIV 75 had an
injector loop 970 size in the range of 100 pl to 500 pl. LLPDE samples loaded onto the
rGPC column were run at a flow rate of 0.5 -1.0 ml/min at a temperature of 140 °C.

tGPC data acquisition software recorded polymer concentration as a function of elution



exanpl e of suitable software for data processing and
acquisition is the Crrus Multidetector Software
woamsaetital | y avail abl e from Pol ymer Labor at or PE$/US2006/019933
Graphi cal Software used for24the 3D plot was Si gnaPl ot
for Wndows Version 4.0 from SPSS Inc. [0071] The
tinkg. PBERER rdsteeacagision saPuae deestrdddr eheatinall capPestipnedriaas (3
various | evels of single chain branching. During the
fumdtion pBalition topPEeesin i s di ssol ved in
1,2,4-trichlorobenzene. As illustrated by Figure 2,
(0873 ubi Sincedir flavPpie efdke 1GTCeysterd ipa consiap] erapvrjheqpatemam is
device 10 at a solvent flowrate of 0.5 m/mn. The
a plotRDEorsamypltion wasa funetibacdf elution eniueel REAN ouleuiorronteait thevay
6 inches (152 mm in length with an internal dianeter
chodmafoghanm nthéis MWD profile, analibpeiok échenfotnedBMgSSseEhbnarrow
obt ai ned from Vul can Bl ast Technol ogy. The conputer
MWAS3 palymgs ainedMivo areaipadytkaote npder dtespme an @ndigives wkd to
0.5-1 .5 Cmn wth a tenperature ranpi ng range of 35
frddGoriated RS IRD B sengsle. t Atcalibrataomyiurvg, Ldgne vefehidmhwebmeok) foro
180 minutes. [0072] LLPDE fractions eluting fromthe
the dikidardocah then bevestablishide Coegling ieara® Brom@idGratofcunie) wiith the
the SPIV 75 at tenperatures of 35, 40, 45, 50, 55, 65,
calibrati®@b cur9§, LakObr and, hfod Coluthbe it @RGasothtomateg@amacail be
Rapi de col um comercially avail able from Pol yner Labs
cdnb@tedWas 139 M MUkiAg kien@lléwiag dqukfomTthd fMunthed Bvdrefe. MTEM,,),
SPIV 75 had an injector |loop 970 size in the range of
wdigkt aldrageQnd BOlydibperdity fldex BV, Peanlteasiedaemt o the r GPC
colum were run at a flowrate of 0.5 -1.0 m/mn at a
tenperature of 140 QE-st @B-dapd)acquisition software
recorded pol ynmer concentration as a function of
elutiontime. aTREF dat cqui,sition software recorded
chemi cal conpositi og\/?"d% ZC* 5/2‘1 ¢°i3ncti on of elution
tenperature [0073] Since the flow rate of the rGPC
Thg digitingd KP4 serriayedas thovceiseditiobghsian timeyvelige) dfta
concentration ¢ as a function of elution volune Ve- In
paiis e cormpiier Giovage detitre withwaddns datasioeiwes i nto t he MAD
profile, a calibration is perfornmed using a set of
[08Z4]r owFigure 7 is a two dimensional plot of fractionation of the LLDPE resin using

the simulation of aTREF-GPC apparatus diagrammed in Figure 2. The two
dimensional data set shown in Figure 7 was constructed by plotting elution temperature
(temperature) v. molecular weight v. weighted weight fraction (dw/d(log M)). The
simulated aTREF-rGPC apparatus fractionated the LLPDE sample into three peaks.
Peak 1 is the narrow peak at approximately 40 °C in Figure 7 and corresponds to the
room temperature soluble fraction of the LLPDE sample. The room temperature
soluble fraction of the LLPDE sample contains highly branched polymers that do not
crystallize even at room temperature. Peak 2 is the broad peak in the middle

temperature range occurring at approx. 75 °C and corresponds to a fraction of the



MAD pol ymers whose MN are al ready known under the sane
run conditions used to fractionated the LLPDE sanpl e.

wé 2e@li2zbmnat i on curve, Log Mvs. elution vol uneprde/usSene/019933

t he standard can then be esxSablished. Coupling the raw
chromatogram (¢ - Ve) with the calibration curve, Log
LIMDE sgeplecthaficprsists/ef branghedimelachiss wihyvariaus sagloghaimbenshinge
converted into Log M Using the foll owi ng equati on,
coptget. Mgapa s aa?hétnoavgg( ooy kAt apReT imRielyaAPS "G @ad earepsponds to a
pol ydi spersity index (Mwv M) can be cal cul ated. The
fragiign tafzthd EGPOE dsemplendrag eonsistel ofs highelensity polyethylene and

concentration-elution time (volune) data pairs on
pobyetiplene hombprlages.d Bujectsg thetd Jdar toths >daphans tasultdun d
[0074] Figure 7 is a two dinensional plot of
tethpaethieenaltéuday veight brmtdut PIOE Figusd 8 Bimiilagy tpogecsingribe 8D dote
of aTREF-r GPC apparatus diagramred in Figure 2. The
tot the xdz rensz qimks destitedset thehmwoamal MWDgande cohcegimtion-elution
constructed by plotting elution tenperature
tefhp@apepadfiles Figure 30l ecul ar wei ght v. wei ght ed wei ght
fraction (dw d(log M). The sinul ated aTREF-r GPC
apparatus fracti onat eeKAMPLERRRE sanple into three
peaks. Peak 1 is the narrow peak at approximately 40
[00G]i N Polgtiére samidsdweer fepaped dind t Malybel L§iHgN ah eATRAFRIGHCE
soluble fraction of the LLPDE sanple. The room
delviBpetha trype @isslobddei. IBASIt ipolimef projeetidslabDEmsandiichs for the
contai ns highly branched pol yners that do not
polyié tsahpleg @ p@ued ard anhlp@datepiRehiad i BbleHeak 2 is the
broad peak In the m ddl e tenperature range occurring
at approx. 75 0C and corregpgads to a fraction of
t heLLPDE sanpl e that consists of branched nol ecul es

1el: TTT o ancir gy COMGERRun T EAK 3 S
szig,h rp peak |lobserved &t _approximately P@@ltw@sc nd
L ¢sponds tlo a fractifon of the TREFPDE sanpl e tjhatcPe
. . onditions ongition
anémpm sts of hi gh-densifiy polye .
~B8ropol ymers.| Projecting Folver 3P dabha t mestuimeerab- y| plicatae
Samgedy || t Setin e t | t eRpEY Ui e%g]!"ar ngggf nt
. e R olume
plot| Figure [8. Simlafly proj¢ckigg the datfa T,
the x-z or y-z planes esultedlnthe nor[:rllallC S\ndL
concgntrati onf gl ut iscn mgmt | *Ciminec ~ ™in “Gmin e
Ziegler-
Natta 1.0125- > 60 0.2 40- 0.6 0.1
A1 Polyethylene | M@ 0921 5 40 120 0.981 145
(Z-N PE)
Chrome
0.5145-  >600.5 40- 0.6 0.4
B Polyethylene | 0.2  0.923 10 ”
(Cr-PE) 40 145 0.975 145
Metallocene
1.0125-  >60 0.2 40- 0.6 0.1
C Polyethylene | 1.0 0.918 5 40 4130 0.970 145
(mPE)
mPE/mPE 1.0125- =60 0.2 40- 0.6 0.1
p Blend | (08) (0.931) 5 40 130 0.970 145
Z-N PE/Z-N 1.0125- >600.240- | 060.1
E -
PEBlend | 01 0961 5 40 130 0.975 145




tenperature profiles, Figure 9. EXAVPLES 2-6 [0075]
Pol ymer sanpl es were separated and anal yzed using an
waBRisA27®PC devi ce of the type di scl osed her ei RCTB®2006/019933
pol ymer properties and run 2onditions for the polymer
sanpl es separated and anal yzed are presented in Table
1. Table 1EXAMPLE 2 [0076] Sanple A was separated and
anal yzed using an aTRERKAMPEEZpparatus of the type
di scl osed herein. Sanple A was a conventional I|inear
[0076]- deSesipley Aprdsysepdngtbceand ahbly PREFIng @8 ah REF PG agpnaling of
of 0.921 g/cc and was produced using a Ziegler-Natta
the ayad stlosdd dibtead | BanFilguk ewds0 aj sorentipnale liggarelosi-density
presentation of the 2- D aTREF-r GPC dat aset for Sanple
polyethyttee (LIRPE)urgsioorith 4 donty bf 8021 gice afihblae producedotsimg a
that in Figure 10 the x-axis is the elution
Zitglepéatatcatalyst. Phetey iraRipwre il istallereerdinesnsibeal puwednggtion pfithe 2-
| ogarithm c scale, and z-axis is the normalized
DiaMRERSGPY dbdaset forsSampler A dudet thefrud benditenghigted ndiabiedn Note
an aTREF slice and the differential intensity of a MAD
thst ih Bigudei 10@he Bukisl (sltROeldoh tedipetange, e y-ntd 8 chel rasleontr glight
Figure 10 is a "snap-shot" of the 3-D plot at a
inf 10Attlinig sa41g)| #hd ZFhEs isehel nbsnaliediDinsnsiat that fsed erodu@ of the
three regions (or zones) in Figure 10: a | ow
whiSRRIcAb M b LaDEPRER Bk 260 tHeahfi@adil nfenbifieof a MWD slice (i.e.
roomtenperature (RT) soluble fraction; a broad peak

(LB M)Yiatla bREP BloBkuhew gl PlruRe@KSE “sHapa3hatibf the 30 plot
that is belreved to be originated fromthe |inear

at! a_qgfﬁﬁlﬁg"aﬂgley The kE1tE QIRAKERS therd B (Aol RIZRING (R€BKes) A Hidiee

hi tenperature region ranging fromabout 85 0C to

1:0p lonIt']eml-EQfaﬁlré lﬁieefkﬁth&teéﬁﬁle%ﬁaseflé PRA FSorh-SenkfleBird @RS §otuble

pol yet hyl'ene and honopol yner-1i ke conponents,

lou@ | p¥a a 1 a lo
ﬁ%%&% iaf%!l]& p}é k hOfhe REAKSAtan@D lqyg{ oﬁge RE anghoat |7i§ O Uhat 96

n Figure 1 1 is plotted the overa

bIRl&CH R rori\éﬁlatgﬁ trof] SE fihda ﬁdv@@engiWLD) component; and a double

peak in the high temperature region ranging from about 85 °C to 105 °C. This third
peak corresponds to high-density polyethylene and homopolymer-like components,
respectively, for peaks at about 92 °C and at about 96 °C.

[0077] In Figure 11 is plotted the overall molecular weight distribution (MWD)
profile of the full polymer of Sample A. This overall MWD profile is a projection of
the 3-D plot in Figure 10 to its y-z plane and it is the sum of the MWD profiles of all
aTREF slices presented in Figure 10. The overall aTREF profile of Sample A is plotted
in Figure 12; it is a projection of all the aTREF profiles in the 3-D plot in Figure 10 to
its x-z plane. This overall aTREF profile is a sum of aTREF profiles of all MWD slices.
Note that this overall aTREF slice can also be obtained independently via the detection

unit 55 (see Figure 4) in a continuous manner.



profile of the full polymer of Sanple A This overal
MAD profile is a projection of the 3-D plot in Figure
woQoden27113 y-z plane and it is the sum of the REDUS2006/019933
profiles of all aTREF slices presented in Figure 10.
The overall aTREF profile of Sanple Ais plotted in
[067ur e Theplowier righd veingpvojnelEipito i3 of a 31D cerlteur PRREFT Sample A.
profiles in the 3-D plot in Figure 10 to its x-z
Thik A2 confrir plapver atdjecHTiREFthp B ploé i BigereslQrir o xayT PlEse, in
profiles of all MAD slices. Note that this overal
whitREHe cgloi-caled aontair deyebepotentitirabringltred evabsityt 4syshowmint the
detection unit 55 (see Figure 4) in a continuous
z-agin melfig|fre OF. 8The Tipper| vongow aridghet lefvivirdlow in Rigkreglirage th8 aTRER
2-D contour plot for Sanple A. This 2-D contour plot
wirglow apd O EDtwiodovgfredpbaivaly D Thé tift -mxiFofphe eTREF tvindotvplots
x-y plane, in which the col or-coded contour |evel
theapmediedtt itehditg an o fumatiorzethitioh enpetayirashidhberightry-dxiseplots
z-axis in Figure 10. The upper w ndow and the |eft
thel cutlolative weightiifectiod &y e fhdveion DREERitioh nelaperatind. M2 aTREF
wi ndow, respectively. The left y-axis of the aTREF
wirdod@un plooths oddal sTRBFdrofle df the fdi®iyiner asshawh inBigien 2 of
elution tenperature while the right y-axis plots the
ai dMRERprofte W ighimek vaft 4 einagiven hdRehla0Weight. ekitilafR the
tenperature. The aTREF wi ndow can pl ot the overal

MW BEFindtw0dahn bt & dvérenl Wb paslly seke B8 pﬁﬁrﬁiéﬁasl showh GLHigure
12 or an aTREF profile for polymer wth same given

178} €6 MIVAD oYl dttan aiBREF kidelaya %1 LhesoR té&hﬁb@é@ﬂi’e.c an pl ot

the overall MAD profile of the full polymer as shown

[dorofFi 94he tlde Rhed RiMMNHRGATH F f?:floaﬂe &k fhb&SuAtRA
given el ution tenperature. [0079] The three zones

s&mﬁg L QR Sthe 3@ et BHDS 0RO and do&ﬂn@ LRvg hfgm%&ﬁ&w&re
sol ubl e zone,” the m d-tenperature LED zone, and the

}ﬂﬁiﬁkﬂlo‘ﬁqog&%%dhﬁyz%e CARS Rk Gn FigRE/Romopol yrer - i ke

zone n“al so be seen in Flgure 13.77[0080] In Figure

f
[&Sﬁnglr elﬁb%ﬁ?t héﬁlwﬁﬁven e ut i on %cﬁl& oefrq:g%fg?eg I(é{e%n%Ile i‘f f
th?é VR e‘i I%fitngﬁra%l;fss 011“1 leqél Sk thﬂQheC}QPts&%lﬂ§ ﬁla@tchl conta1n>s/

unt o ecurar wei g onen not

1Jrge%rﬁ%41{: 81“351&(‘ ffecular weight components, not simply low MW component.
In general, all the MWD slices are broad regardless of elution temperature. At higher
elution temperatures, such as the slice at 95.8 °C, it contains more high-molecular
weight components but their MW distribution is narrower, ie. with smaller
polydispersity index, Mw/Mn.

[0081] aTREF slices of Sample A at given molecular weights are plotted in Figure
15, in which the x-axis is the elution temperature and the y-axis is the normalized

intensity at the given temperature. Data plotied in Figure 15 were extracted from the

same data matrix used for Figure 10. Figure 15 shows that a large sample heterogeneity



In general, all the MAD slices are broad regardl ess of
el ution tenperature. At higher elution tenperatures,

woeurads/1as’ithe slice at 95.8 0C, it contai nsS nor eCT/US2006/019933

hi gh- nol ecul ar wei ght conpa8ents but their MV
distribution is narrower, i.e. wth smaller _
wag gbsgened peyasipesMiadex, KA Rnioog1q cirrremolequias gteight of
Sanple A at given nol ecul ar weights are plotted in |
10509 gémal 5i.e. i Lpg e B, flifee 6- nkioad ichemind comppsiten distribution
tenperature and the y-axis is the nornmalized intensity
(CED) t preseyi \fern thtee mpetomplsedes Pat the plapet MIVi dueilapgels tpsthe
were extracted fromthe sane data matrix used for
heferqpanaity k) shdFi-gaindranshinf diskibutiert inghd polyyeers dviphie MW, about
het er ogenei t ywas observed at vari ous MN For exanpl e,
Bawt¥aofyihe @nlymet Bduktersolnbledtactiaf, ah@® 3060%gyfifed pqlymes. in theg
Me5.0), there is a broad chenmical conposition
lingi v depsityi @GAD) BEO), goesImwt’ of the helymeacin tireol BB reggonofnd
the same MW due largely to the heterogeneity of
abstitwithalf the holanetin thg hdinspolyloertlikeegion. t Fre diftergntrenoleculor
this MW about 13 wm % of the polynmer is in the soluble
wdiglas thetry TRED uifil SGamtsUniffcafittye poFormesxainplef heorhpanieg the
| ow-density (LLD) region, about 33 wt% of the polyner
A TIREFt dlieesHDPRg Megh. Dind TaspdMabOpthe 2ékmst Yasahudhiigghen kolilde andn
t he honopol yner-1i ke region. For different nol ecul ar
LIVIe c@hpdhents hil¢ tha BREFhapith highter Wamhypotyrastilike eanpdnygnt. For
exanpl e, conparing the aTREF slices at Log M=4.5 and
[0b82g M-Bhdresiilid @lefnotisiele thaSTREICIGIU giiRratsdb dpb®ediilicdod! LB
conmponents while the latter has nuch higher

thé) ORBRBI Y MRIL-Jf b 6lyBeNPEeneN The (RR&2 infdmaticeslotddsin Figure 15
denonstrate the aTREF-r GPC apparatus is a powerf ul

cahf8t! bef Edily Bt Rk infeahd MeRfa @oRFWiBHati AR e ormdae
type of information plotted in Figure 15 cannot be

Clo8a8hdinAtdh airre iR e f)ol?ﬁ@inté MRS adRnt fractionation (SGF)
cross-fractionation is perfornmed. Cross-fractionation

tol §ép%fa;% %ﬁ@jp@ﬂﬂeﬂ gac&d?@ingoﬂoyﬁ?rm@)lgcﬁﬁl W@l%ﬁt‘ QLR ent aTREF
fractionation (SGF) to separate the polymer according

frfRiohdton TOLAGH G ovBicRhd BRIrPbRe S he SBEMabARS iha® AV 1RBn
I's carried out on each and every one of the SG-
c}ra{:a%fé}i.kéﬁr}ﬁ‘f-ﬁ&%vh@ﬁl}é% \}gﬁp@dious process.
EXAMPLE 3

[0083] Sample B was separated and analyzed using an aTREF-rGPC apparatus of
the type disclosed herein. Sample B is a chromium catalyst-based low-density linear
polyethylene (LDLPE) resin with a density of 0.923 g/cc.

[0084] Plotted in Figure 16 is a 2-D contour graph for Sample B run under the
conditions listed in Table I. There are three regions shown in Figure 16, i.e. the soluble

fraction peak, the broad linear low-density (LLD) peak, and the high-

density/homopolymer-like region; However in comparison to Sample A, Sample B



characterized off-line, which is a very tedious
process. EXAMPLE 3 [0083] Sanple B was separated and
weanadeyized7usi ng an aTREF-r GPC appar at us of t heprPCyms2006/019933
di scl osed herein. Sanple B29s a chrom um
cat al yst - based | owd It I pear pol yet hyl en |.DLPE)
cofians (ERSi TR dodBEh ey (K07 sortbls i o i ALEh Jebdd
Figure 16 is.a 2-D contour graph for Sanple B run
SH@H‘Hé?OI?%‘E@T SN FBRETT oS, oD FABRES p Pk g 0§ LLD
three regions shown in Figure 16, i.e, the soluble
fraptioqe (RusHO fidigrencestv rpcenditiqns.fesdatasehyserbin Pradyeq igysp 16 has
peak, and the hi ghdensi t_%// honopol yner-1i ke region;
lessarpelipEen When enmpaFadde A silandaiasrlegencraiad foy Senmleohy 555 Figure
| ess roomtenperature (RT) soluble fraction and the
135 dleffriee riEsys o3 thasRifaprlle indieapperayinggsy,gp tvhich broader
Furthernore, Sanple B contains a higher anount of LLD
aTREF peplgrire ghservedand; the dqubledeEigue 134ms deasasreiedimo onetsgle
dat aset used to produce Figure 16 has | ess resol ution
myghenoadenpake dNato that Simple Bris den wislet higherenodreay chrpentration,
Sanple A see Figure 13. Referring to Figure 13, the
lagFREP Coinjst fidnevolume dnd, ugpeer opplingoate buhhighdr diating gate during
aTREF peaks are observed and the double in Figure 13
JTREE etivige neccanaceditnBonmad si ngl e much broader peak.
Note that Sanple B is run under higher polymer
concentration, |arger EXgPLEj4ecti on volune and, a
sl ower cooling rate but higher heating rate during
[068PREF Simifi¢ CnwvassepapatgpbanddintlpzeSanink ean ATREKANBEE afpdrfi0861
Sanpl e C was separated and anal yzed usi ng an
tha TpeFdisc(dREd apphr aBasplofC ishe nieyflecede-sahlgsedlidear Biwdensity
Sanmple Cis a netallocene-catal yzed |inear |owdensity
pabethyhb hENBPE NetiDRiale wiHShrophsae tashidlogyriagm ChdvadnyPhillips
technol ogy from Chevron Phillips Chem cal Conpany and
Clis@i¢ad Compaienaidthiviag a QeBitB 00.013 /8. OPIREd i Fikirg Uy 6 Al 2D
is a 2-D contour graph for Sanple C run under the
coaiflplapR s $dngfled il uhad tBe dondid@s GEB®M Table 1. The graph

shows an extremely low soluble fraction having a very low molecular weight and very

narrow molecular weight distribution.

[0086] The results in Figure 17 when compared to conventional LLDPE (Sample A)
and Cr-LDLPE (Sample B) shows a very homogeneous chemical composition

regardless of the component molecular weight. However, Sample C contains small

amounts of a low molecular weight component which likely has the same chemical

composition as the high molecular component, although the low MW component eluted

at lower temperatures due to the chain-end effect. Figure 17 also clearly shows there is

no HDPE or homopolymer-like components which is a result that is in agreement with

the literature suggesting the homogeneous nature of metallocene resins.



shows an extrenely | ow soluble fraction having a very
| ow nol ecul ar wei ght and very narrow nol ecul ar wei ght
woiedorizbuti on. [0086] The results in Figure 17pGina32006/019933
conpared to conventional LLOPE (Sanple A) and Cr-LDLPE
(Sanpl e B) shows a very honbgeneous chem ca
conposi tion regardl essE¥AMPRE Sconponent nol ecul ar
wei ght. However, Sanple C contains small anmounts of a
0087l nobammnid @rwmeﬁewatecb andpamakyrad wshnigain JTREEEPRaapparhtes of
same chem cal conposition as the high nol ecul ar
the gipp diselnged hatetnh Glagiple Nas 4 b NN rclofpen etalledent eddinghaving
| oner tenperatures due to the chain-end effect. Figure
vely smliko neleealat weighowad trivtacelai seight HBEButam but with different
honopol yner -1i ke conponents which is a result that is
ddnsitiesgr Fégmenis wid B0 bentdur tgeaph tforr SangpligDash undertthe conditions
honogeneous nature of netall ocene resins. EXAMPLE 5
1i§t&108 ThblSa nHeaedltnamwsitanabtBte eonthoaciad iy Sechpledd sPample C,
aTREF-r GPC apparatus of the type di scl osed herein.
arSANPDEE,[2nd theatHzDisalo dlntddiotdne kasth bieésaddtialleid @ hor®pdlgmer.
having very simlar nolecular weight and nol ecul ar
Finetefiidre, ditSdugh Hétrh@suli tveipht distaibukibe behE peigmsd Blérddooks like
Figure 18 is a 2-D contour graph for Sanple D run
a Uital@sl tReliesndi feki@Nith | sl MWDbk €hak . cohbi@er I8 UtHetnical
show t hat one of the conponents in Sanple D is Sanple

cémposifionhdt&dBEenei®N dA lsH 8a@pB &) confid|I& s@ubtTe FradtlodGe ReSample
resin but essentially is a honopolynmer. Furthernore,

Caalnﬁ RRughible ffﬁacma]! zﬁMa@ Frey8b le%é tfedRd MWD @ta hBEhown).

pol ymer bl end | ooks |iké a normal netall ocene resin

Fidudel sNAer RYY e shbwh @ReCARd: RS g@ikeatcalﬂgﬂﬁ $AC in the LLD
composi tion heter ogeneity. Al so an‘pl e D contains | ow

e%iblnumdeanfofh@{:f)éa%li Satol @ﬁ"@ﬁrﬁth@ % dii&ne (HDPE
ra arrow

ction also has very | ow data no

%ﬁbﬂv‘ﬁ}h etF dngjdll'é ehBed %@gc Iuﬁ[htp E@&lbﬂo Qe régﬁUne 3n gﬁﬁéﬁﬁ

ne pe out e LL egl on,

T
hysoxlgﬁﬁjc%h Yb&f mlténiﬁ"y (aeb%iutog]()%)l A §ér’}nnlpalre% B the initial content (50%).
Clearly, some of the component of Sample C in this blend elutes at higher temperatures.
This result suggests some interaction, likely co-crystallization, may have occurred
between these two components in Sample D. The results demonstrate that the inventive
method and device disclosed herein can be used for the study of polymer blends.
EXAMPLE 6

[0088] Sample E was separated and analyzed using an aTREF-rGPC apparatus of
the type disclosed herein. Sample E is a bimodal HDPE with a density of 0.961 g/cc

consisting of two components: one is a high-MW copolymer and the other is a low-MW

homopolymer, both of which are made with a conventional Ziegler-Natta catalyst.



the LLD peak is shifted to | ower tenperature as
conpared to Figure 17. This peak al so has reduced
woav@l12inrensity (about 30% as conpared to theciraiskioain19933
content (50% . Clearly, somd of the component of
Sanple Cin this blend elutes at hi gher tenperatures.
Plgitadsin Fémud 19 is agde sensous graph ifertSemalst B om, unfi¢ricenditions listed in
co-crystallization, may have occurred between these
Teblwl. dogrpo he demonstiatSaihpl & Gpeditrefor FEMRE, Saveleoh sortainelow
that the inventive nethod and device disclosed herein
angamt o€ RTsetibfeofradtine that thdy both pddwy MW bidemaiow ERANPLEhS
[0088] Sanple E was separated and anal yzed using an
maoREFofr ceRPormaabdu SO) it Iempleple achi sloted et aththe IIPPE and
Sanple E is a binodal HDPE with a density of 0.961
hadapolyoenitikes teigiog (80 °Cu05 COpantiin ®ionns ths elatibn gmphidfure
copolymer and the other is a | ow MV honopol ynmer, both
inedeasak) i thh d@nigating dew-MWhadrowqueyle v et bafihegh- W blathpcament.
catal yst.Plotted in Figure 19 is a 2-D contour graph
Theoli g™ | compodetntré der cop itk ¢omipdndnt Sd-ekltel withl thb héghtMW
Figure 19 denonstrates that as expected for HDPE,

cobjtRéR fomCBO odi- M havopaiasat F@thefflors Fbihin®ld E aetd i9 Bbout
that has both a | ow MW and narrow MAD. The majority of

2090 Hp@dlﬁﬁér&h{tiag AUEMBO el PelSAODPE, d&s cal & BAllIEE oMWl PREF
t he HDPE and honopol yner-1i ke region (90 0C 105 0C).

profllet iR tBe LfBF VhdoRS THE RiwichPBratu@RETRh sRedd Ml RAS e ge
the dom nating | ow- MV narrow peak is replaced by

teHpBAnMNGITRQNRIAE in 1BREIAL SR £ ERANERE o rmhtr&ﬁlt, their

copol ymer conponent co-elute with the high-

pAPHRORBHbsifisRMrd A& Javy MU SRO ¥R Contbilt 1ERE i Plafre 19.
for Sanple E there is about 20% of pol yner el uting at

| - - | 2od f
Tﬁr%%l%[ Al 8 So B tf?é/\fs}ggn(gpco@sfggﬂ oPRw c%ﬁ!:e%ng\%qjon Joﬁ{ﬁbﬁe!'ﬁ%,

EF profile in the upper w ndow. These

lo%ﬂpg{h@tcbﬂt&;rﬁerv@%h&@s%a pread across a large
t enp

rature range, resulting in | ow concentration for

[0§§§e]h f E)i%‘&[a& ﬂxn}figlﬁg 28 i Q}?Jt :o A 1o ﬁR'vM{ﬂele ﬁ%HQ&?c&Ihile\%?

! not cl ear hown ( € gl ven contour ev_e
arﬁf gHt& t%l%%erﬁr? rreﬁlfgg Eéff)’ °C -rbOOJCie At {h% lﬁc'vge%ec} po%%o%p Ea%l,c s Es clear
conposition o w'concent rati on conponents,
that the components eluting at low temperatures are bimodals. The high molecular
weight species in these bimodals, presumably from the high-MW copolymer
component, co-elute at the given temperatures with species in the low-MW
homopolymer component. This result and that in Figure 19 strongly suggests that there
is a high compositional heterogeneity present in the high-MW copolymer component in
Sample E. Polymers with significantly different composition can co-elute together as
long as they have the same crystallizability. The results demonstrate that the inventive

methods and devices disclosed herein can also be used for the study of high

performance resin with tailored chemical composition.



| owering the contour level is necessary. [0089]

Plotted in Figure 20 is a part of Figure 19 but with
woauweviedricont our |l evel and |imted tenperaturePCaNg2006/019933

(40 C- 90 0C). At the |lowesxed contour level, it is

| ear e onents e tin al lowte ature
0upL biv{% ap@?e“f“'ﬁ crihogymens) %flc ca moa have p‘@gﬁ Sy, and
t hese bi nodal s, presunabl fron1 hi gh- MW cop Iyner
descpbrdomanitications Breleanbe PAE B e @ewé? VRO g
speci es in the | ow- MW honppol ynmer cgonponent .. Thi s
frome@a FRItih# teachings of the gm%@omg ¢ ﬁ@ﬁ@qhgﬁegta gepstbes heppigt are
there is a high conmpositional heterogeneity present in
exqrprlary OBl MAREDIG Iereed te Sprbiaiimgt Many Sapgsiors 4nd nmgifipaens
with significantly different conposition can co-elute
of the g@[eﬁ@qn ca@lqsgchbergg aqeméwm%w arwithin fhe scope of the invention.
crystallizability. The results denponstrate that the
Wheng apmenicel mageroerslimitione diecasreaily slatsd e lich erpiess @RS or
al so be used for the study of high performance resin
limjifationst shionldr eed vedeestaod e igengso demiivenr4ne@o0] limiaticas of like
preferred enbodi nents of the invention have been shown
magnithdd daling wiskin thesdpikistystateasitengeh or niationn(elge fronddolyl to
one skilled in the art without departing fromthe
abeyilp iitchwingl 2t Bdc b ngsatafthath®1( muleddsiOod, 0.Thd. Bnttodi Heeifs
descri bed herein are exenplary only, and are not
the tatne frghtidnally” tyéh kesprict foragy elbnent of arken isamisndad tb mean that the
nodi fications of the invention disclosed herein are
sulges sildphent ancbqarel, w thermtivile, scopae@fired.heBdtinvbkerhdtons are
Where nunerical ranges or limtations are expressly
intsiidatl eslbe withih texpoEss theadiges e df broatlatiérmn Sucihe ubtptes,
understood to include iterative ranges or limtations
incdiidek, Hgeingpg ishaitiEbe @ldbrsiogd wi grévide §uppore Fp hedsler i@hmatet
ranges or limtations (e.g., fromabout 1 to about 10
as cOBISUAESE, cobsisttg edsentdll§ .of, cafpiaded kulistidfial§.of,@td. ncl udes
0.11, 0.12, 0.13, etc.). Use of the term"optionally"
[0691] h f&@l@ﬁﬁﬁgli CheatBope @l BiSRITIoOE ndt 1Ghiedd Byt desdrpaoiestt b&
mean that the subject elenment is required, or

abdbd 8atat bv@l ¥mitddSby Qe CREMW WAL BAbW, &at %Ed’b@t inzﬂﬁeﬁng ra@
i ntended to be within the scope of the claim Use

eq R PRAS bf R B e WedtePS tROBMIsS 89ich and every claim is 1ncorporated

into the specification as an embodiment of the present invention. Thus, the claims are a

further description and are an addition to the preferred embodiments of the present

invention.  The disclosures of all patents, patent applications, and publications cited

herein are hereby incorporated by reference, to the extent that they provide exemplary,

procedural or other details supplementary to those set forth herein.



i ncl udes, having, etc. should be understood to provide
support for narrower terns such as consisting of,
woanwiigtiing essentially of, conprised substant pariug26/019933
etc. [0091] Accordingly, thé scope of protection is
not limted by the description set out above but is
only limted by the cl @ImINBi ch follow, that scope
including all equivalents of the subject matter of the
What iSkRim& isEach and every claimis incorporated into the
specification as an enbodi nent of the present
1. 'AWEM&WHBJH@ Srco %S %alns are a further description

and are an additio t he preferred enbodi nent s of
i nv

JaF choeBBhine ﬁfsﬁagrac%?%ﬁ BF 2 64BRb R nPle st PRI pnges
in crysl OB 1 BV G gy o B o °e@|nts;8rt ot her detail'e

suppl ementary to those set forth herei n. CLAIMS What is
dbai nmagrfosming aafrsharalysls aethe st kel samplei fdohigns; ( a)
perform ng a first fractionation of a polyner sanple
Hayed penfotinifzes sammd fravtionatwhadfl the dost sdt yoftsampicoibcd®na to
first set of sanple fractions; (b) performng a first
produc@nalkeysidse0sf daigld fhslonset of sanple fractions; (c)
perform ng a second fractionation of the first set of

S@IP! &ekfoRid (%’aﬂ&cbﬁ’d RLBAUGS e §é=c%ga geﬁﬁfsa Elesf?alml)ﬁs and

fractions; per f ornrng a second analysi§ on th

secon nchr.oni
N ffjsrﬁ?ﬁlrﬁ%a R sl G Ion00G 1 4R SRl PARSRIER' Bivice
about@)&%rf%%aga%yﬁ@ ncn%iség%fsa%? S e P E’Lyggfyner

sanpl e conprises a semcrystalline polyner, a polyne
2. pligvaethad sbiclarer | whesan & nobymen samaha AefaBTises aasemlcrystalhne
function of solvent tenperature or conbinations
polymehermifmer blend, a polymer whose solubility changes as a function of solvent
temperature or combinations thereof.
3. The method of claim 1 wherein the first fractionation is temperature rising elution
fractionation.
4, The method of claim 1 wherein the first analysis comprises determining chemical
composition.
5. The method of claim 1 wherein the second fractionation is based on
hydrodynamic volume.

6. The method of claim 1 wherein the second fractionation is rapid gel permeation

chromatography.



3. The nmethod of claim1l wherein the first

fractionation is tenperature rising elution
woOnamtizonat i on. 4. The nethod of claim1 wherePOTiU$2006/019933

first analysis conprises dederm ning chem ca

conposition. 5. The method of claim1l wherein the

7. Seh@nebiidistdanag figther SolpHseg ﬁéhtﬁ)ﬁdh@ﬁwﬂaéﬂcﬁ su@bléactions
6. The method of claim1l wherein the second

prior {d/ @64 ?&‘gélggﬂnéa%ioh%ﬁiﬁna 2B, Teat i on
chromat ogr aphy. 7. The nethod "of claim®6 further
c rishn | e f.ir set of sanpl ractions . .
. oATRRE0E P sl it REnd enPETR  Bylrifiy Effmining
The nethod of claim 1 wherein the second analysis. .
moleqiifp QB JBPIEFHAT] WEidHb) EAEer WEIGHET  WEIBE Liagribution or
wei ght average, nol ecul ar wei ght distribution or
combgwhpisiheicohs thereof. 9. The method of claim1
i npl enented via a conputer controlled device. 10. The
9.  méthkoktiodfd dflcddim Lirfpietheted eanprongiutg cgniapliddedevioe.
representing the polymer conposition, nolecular
10. waihghhethehdf bRiRClUfidtheweb@biisifll Staphtvdlly @6predentifg the polymer
pol ymer sanple. 11. A device for characterizing a
BAL¥ITBo ISR vei SR BbRBulafwhighBlisiBliHoMof 1 :
Compf ra{cti oonati ng tI%e pol ymerugavr‘ri?lge1 (g)lzsised onodtlﬂﬂgglyg}%g%mple
in tallizability to, obtain .a first. set of sanple
1§ ASEHGEB AR bR Slef cbbbindT i g

fractions;

co nictior}vvith,the.first ol um and recei Vi g%at :
| alist 89036?11 i fgptiening; thepdwperofardplppiaseq g Hitfsrances in
a second columm in fluid comunication with the first
crystalizalipiiy tembtafn 3 Srst geftadsempls fwetipre or both for
receiving at least a portion of the first set of
s anfpsiedeftativn desce whiwidicomhmiqation wdth thé fitsh eoliimsandsedeiving
of sanple fractions is fractionated to produce a
at leaStecsurios 6 thefirst set of sample fractions;

a second column in fluid communication with the first column, the first detection
device or both for receiving at least a portion of the first set of sample factions, wherein
the portion of the first set of sample fractions is fractionated to produce a second set of
sample fractions; and

a second detection device in fluid communication with the second column and
receiving at least a portion of the second set of sample fractions,
wherein the first and second colummns are synchronized to provide about concurrent
analysis of the polymer sample.

12.  The device of claim 11 wherein the first column is an analytical temperature

rising elution fractionation column.



sanpl e fractions; and a second detection device in
fluid communi cation with the second col um and
woeewiteing at | east a portion of the second sePCDfUS2006/019933

sanpl e fractions, wherein t#fe first and second col ums
are synchroni zed to praqvi de about concurrent, analysis .

13. ofhe Hevipp oy sims hhpyrherein she s¢cand colupan &F 2 dppidngel ppermeation
wherein the first colum is an anal ytical tenperature

chrompiogiaply eblutrinon fracti onati on col um. 13. The devi ce of
claim 1l wherein the second colum is a rapid ge

14. pEherdaticonl chimridt wheeiyhthe dobtusoiumi 4s cdipded ey b d@stofump for
claim 1l wherein the first colum is coupled to a

conveldrcd lof AT thQEtoCHRY B¥aReEnd bollii d dohpTedt 8 @/REcdnASump for
second columm is coupled to a second punp for

fluid thereto. 15. The device of claim
Conve{i éﬁye?g@ﬁh‘?ﬁgo'fi rst detection device conprises a

15 CORRidARRORL ehaPebt VRS 3 RGOy Bfvise, cpmprises o

wherei n_the second col um conpri ses hydr ophobi ¢
spectrpReteF, RAMOEIIEH AESCOBRLET G %R HateRs tg%‘]eﬁ , a high
performance |iquid chromatography (HPLC) col um, or .
16.  c@hbidavice efsclaihedéovheadin thheeemdi edumh eomagiripes 2 hydrophobic
wherein the second detection device is an optical
interacteni @déumid,&in ibhexdeanige @olminng batigh fderforimanceeliquiti lwhrdmatsgraphy
detecti on device conprises a Fourier transform

(HPLCNdlane brdehBeiMions theddft i angl e |ight scattering
detector, a visconeter, or conbinations thereof and

17. ' hGe G8GQNG H8hEeT Wﬂ@r&ﬂft}ﬁb $€cohd '&Q{e%}t&f?nsde%ﬁbei i85h 3p& device.

measuri ng device, a erential refractoneter, or
5 SRR SR AT bt IR O Xl o v
transfglg]rl] \ée étrre]:g ociﬁ?%:%fﬁ} gx{u?lg]@%%qs ?&E{agféﬁiﬁﬁé%t{qﬁ&? e} r\]/?scgringtse}r, or
combinations thereof and the second detection device comprises an infrared measuring
device, a differential refractometer, or combinations thereof.
19.  The device of claim 11 further comprising at least one multi-port valve conveying
samples from a sample reservoir to the first column, conveying at least a portion of the
first set of sample fractions to the second column, or combinations thereof.
20.  The device of claim 19 wherein the multi-port valve comprises at least six ports.
21.  The device of claim 11 further comprising a computer coupled to the first and
second columns and the first and second detection devices and synchronizing the device

to provide the concurrent analysis of the polymer sample.



first set of sanple fractions to the second colum, or
conbi nations thereof. 20. The device of claim19
wohersaizr7ithe mul ti-port val ve conprises at | eaBCTAISX006/019933
ports. 21. The device of clmim1 1 further conprising
a conmputer coupled to the first and second col ums and
22.  tAeafidlytidal arthesleoopdisthet ect i on devi ces and
synchroni zing the device to provide the concurrent
anabaise af sdrisie PRI ¥iBhaisAER! &vi2. hé\ﬂn@'l?hb’ﬁrbﬁi%d analytical
met hod conprising: introducing a sanple fo an
yti.cal ' ' QNi_ ze AN
e BEL YRG0 SRR SU0SREnLec ARl Calbmopmpi
eleme]_xé%se_rmaation chr omat ogr aphy el enents; operating the
rfal yti cal device; and determ ning the conposition,

nol ecul wei ght . ~and nol ecul ar wei ght distribution of
a°pﬁfﬂt&’/"ﬁg£e %%ﬂlﬁ%}cé‘l fi‘ﬁVI‘Fee'é’%éthan about 24 hours.

determining the composition, molecular weight, and molecular weight distribution

of a polymer sample in less than about 24 hours.



