WD 03/ 042646 PCT/ US02/ 32767 ON- LI NE MEASUREMENT AND CONTROL OF PCOLYMER
PROPERTI ES BY RAMAN SPECTROSCOPY This application clains the benefit of

U. S. Prowseiodmade4dppl i cation No. 5 60/345,337, filed Novechdrso®3272001, the
di scl osure of which is incorporated herein by reference in its entirety.

1. FIELD OF THE | NVENTI ON The present invention is directed generally to
met hods of neasuring 10 pol ynmer properties on-line in a polynerization
react or system and using those neasured properties to control the
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reactor using real-tinme, on- Ilne pol ymer property data provided by 15
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2. BACKGROUND

Gas phase processes for the homopolymerization and copolymerization of

monomers, especially olefin monomers, are well known in the art. Such processes
20 can be conducted, for example, by introducing the gaseous monomer or
monomers into a stirred and/or fluidized bed of resin particles and catalyst.

In the fluidized-bed polymerization of olefins, the polymerization is
conducted in a fluidized-bed reactor, wherein a bed of polymer particles is
maintained in a fluidized state by means of an ascending gas stream including

25  gaseous reaction monomer. The polymerization of olefins in a stirred-bed reactor
differs from polymerization in a gas fluidized-bed reactor by the action of a
mechanical stirrer within the reaction zone, which contributes to fluidization of
the bed. As used herein, the term "fluidized-bed" also includes stirred-bed
processes and reactors.

30 The start-up of a fluidized bed reactor generally uses a bed of pre-formed
polymer particles. During the course of polymerization, fresh polymer is

generated by the catalytic polymerization of the monomer, and polymer product is



produced is generally withdrawn fromthe reactor via one or nore discharge
5 conduits disposed in the | ower portion of the reactor, near the

fluidi zatworsguiede The fl ui dized bed i ncludes a bed of gPEERIUSG2/EIbY MEr
particles, polymer product particles and catalyst particles. This reaction
mxture is maintained in a fluidized @ondition by the continuous upward
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through an external heat exchange hen recyc dto the
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mai ntaif, the fluid.ze ed.at the desired polynerization tenperature. In
this ZQ) mePRY erwlﬂbi’)c%?ﬁﬁ‘? THYSPYRE: ol efi ns, the recycle gas general ly

i ncl udes one or TRY GIAMAABEEAC eRlcf itRS boRBi O athk YrchQGEtHar isWbhdled,f OF
exanple, an inert diluent %as or a gaseous chain transfer agent such as
1

hydr ogen. Tieferably trengheastlvidizstion gridiawwenils typigh thedoidized kedt he bed to

fluidize the be t thin a desir t rature
range. Nbnomer s%o@l%ﬁtﬂh%@g@sén@ A Oyl%lc sk a’i@q 1§1§1ng(§(gﬁ¢se of the
pol yner i zatmsaessmactdoomharbedm@rréfﬁb\beythé ﬁ@dtaﬁ‘@dlytﬁyenzad@h.rlﬁ thdiRente JfONOMEr to

t he reg]yécl e gas strea V\D 03/ 042646 PCT/ US02/ 32767 3 The material exiting
t he reakct orsue (ﬂoﬁ 8% theebssh WA E fingieass dnatepmpetatire urdily demexamal @i fieng
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and m xed with fleethec injsliaedrites], polyerceugon af gdsfiphas aypinal methoduicd 5 phase
are then re}er%%@l%% the l}egte of %%f:};[n'?errization is by passing a cooling gas, such as the
fluidizing gas, which is at a temperature lower than the desired polymerization
20  temperature, through the fluidized-bed to conduct away the heat of
polymerization. The gas is removed from the reactor, cooled by passage through
an external heat exchanger and then recycled to the bed.
The temperature of the recycle gas can be adjusted in the heat exchanger to
maintain the fluidized-bed at the desired polymerization temperature. In this
25 method of polymerizing alpha olefins, the recycle gas generally includes one or
more monomeric olefins, optionally together with, fof example, an inert diluent
gas or a gaseous chain transfer agent such as hydrogen. The recycle gas thus
serves to supply monomer to the bed to fluidize the bed and to maintain the bed
within a desired temperature range. Monomers consumed by conversion into

30  polymer in the course of the polymerization reaction are normally replaced by

adding make-up monomer to the recycle gas stream.



The pol yneri zation process can use Ziegler-Natta and/or netall ocene
catalysts. A variety of gas phase pol ynerizati on processes are known. For
exanpl e, wbasnewycl e stream can be cooled to a tenperat ur@Cvaisomsi’he dew
point, resulting in condensing a portion of the recycle stream as
described in U.S. Patent 10 Nos. 4,543 399 and 4,588, 790. This intentional
introduction of aliquid into a recycle streamor reactor during the
process is referred to generally as a "condensed node" operation. Further
details of fl ui dibzedatosal exitiog dhs reantort heluden ler aviyolefiar andliasecpded i n,
for exanple, U S. Patent Nos. 4.243,6619, 4,5@3 399, 5,352,749, 5h436,304,
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variety of operating parameters, such as temperatures, monomer feed rates,

catalyst feed rates, and hydrogen gas concentration. In order to produce polymer
20  having a desired set of properties, such as melt index and density, polymer exiting
the reactor is sampled and laboratory measurements carried out to characterize the
polymer. If it is discovered that one or more polymer properties are outside a
desired range, polymerization conditions can be adjusted, and the polymer
resampled. This periodic sampling, testing and adjusting, however, is undesirably
25  slow, since sampling and laboratory testing of polymer properties such as melt
index, molecular weight distribution and density is time-consuming. As a result,
conventional proceéses can produce large quantities of "off-spec” polymer before
manual testing and control can effectively adjust the polymerization conditions.
This occurs during production of a particular grade of resin as well as during the

30 transition process between grades.
Methods have been developed to attempt to provide rapid assessment of

certain polymer properties and rapid adjustment of polymerization conditions.



physi cal property of a polyner sanple, preferably nylon, by neasuring a
portion of a Raman spectrum of the polyner sanple, determ ning a val ue of
a presel ewpadioaxpectral feature fromthe Raman spectrum &od/usompeasi ng t he
determ ned value to 10 reference values. This nethod relies on
identification and nonitoring of prestlected spectral features
corresponding to identified functional groups, such as NH or nethyl, of

t he pol yner. Additional background information can be found in U S. Patent
Nos. 6, 14£@ED 7pebhidations 5 W@ 741/0820 1o ped n Wt @H09203p |dischise oRaEm-Da®d1 078;

PCT 15 publication WO 98/ 08066; and Ardel.l, t al..., ."Nodel Prediction
For React o eBRgs BHne RGP APoERGTe GPAINGS MRGRY o8, PRliEk Feasin SRR ¢ ut o of

Chem cal  EpPUSnasr doterdise cod@ntratidns 080 -cofipoddtfi® id, a L83 reRRS The83 (I SSN
0360-7275). It would be desirable to have nethods of determ ning polyner
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al so be desdokxlohentt 0 Un®VRatefie No0 d59981 2 350 tistiobdsi  gnéthdd Fop hassuridguiadi zed bed
reactor to nmaintain desired polymer properties, based on a rapid, on-line

det er ni nat iRbASiSAl RARETOYE MBelymsr sweplei Brsferglly gylony RKARASEIMEZHEOTHYENTI ON | n
one aspect, ' ' ' s I.QiNg
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obt ai ni ng apeeepl éssure fronnthe| Rdncam ghetteunm) andrgmdaing jheeietqrmipsriajye tohe

regression 30 nodel includi.ng principal conponent .| oadi ngs and princi pal
conpo_né_th JEHTEEe V%Ee(iui rtig ’é‘eﬁ_QHHFF%%e‘H’c Hgf_fﬂt%fa%orbd‘WoF@Wﬂ”%rﬁl e

conpri sing r;ﬂeéel’é?zll:e%fs?ébtral G %ﬂ&?o@igt« iBEd el R ctoAAPABER skbQse from at
| east a portion of the Raman WO 037042646 PCT/ US02/ 32767 5 'spectrum and t he
princi pal Jdépomesthyl] dddd pgsmeand cal cul ati ng the pol ymer property by

appl yi ng the new, pt.j.nci pal, co nept score toq the regr [ el. In
anot her “aspect . ARUUGRLSBEERERERERERL Gl Gop dtele 1 R oNtrol 1 i ng
pol ymer prapes4,8%s ahd 521 PO MTERSBEdnO RatefB GbflicalivS PN 0 BEe PTRNCPSY i ncl udes
5 obtaining a regression nodel for determning a polyner property, the
r egr esdPon TrbtieationnWOLB/A0aGs: rne Apaell, CbFpeindnt ModabPisdistian dopReastdrpal
conponent n QUL x a9 F ! tr a | efi |l e
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Engineers, U.S., vol. 79, no. 6, June 1, 1983, pages 77-83 (ISSN 0360-7275).
It would be desirable to have methods of determining polymer properties
such as melt index, density and molecular weight distribution, on-line in a
20  fluidized bed polymerization reactor, without the need to preselect or identify
spectral features of a polymer to monitor. It would also be desirable to have
methods of controlling a gas-phase fluidized bed reactor to maintain desired
polymer properties, based on a rapid, on-line determination of the polymer
properties.
25
3. SUMMARY OF THE INVENTION

In one aspect, the present invention provides a process for determining

polymer properties in a polymerization reactor system. The process includes
obtaining a regression model for determining a polymer property, the regression
30 model including principal component loadings and principal component scores,
acquiring 2 Raman spectrum of a polyolefin sample comprising polyolefin,

calculating a new principal component score from at least a portion of the Raman



cal cul ating a new princi pal conponent score fromat |east a portion of the
Raman spectrum and the principal conponent |oadings, calculating the

pol ymer pwopani2646.0 by appl yi ng the new princi pal conmpone®CTAS02/8276D t he
regression nodel, and adjusting at |east one polynerization paraneter
based on the cal cul ated polymer propefty. In particular enbodi nents, the
at | east one polynerization paraneter can be, for exanple, nononer feed
rate, conmononer feed rate, catalyst feed rate, hydrogen gas feed rate, or
reaction t espeetranuand. the Sprineipah ecommpvaditinatings,hand egiceleting rihergpudimérs

constructed b talnin lurality of Raman spectra of polyo]efin

sanpl es, caﬁ’r(?ﬁffrg‘tbl?yn@)pb?g%@fﬁgw R otk 8?H1p°rfeg§§ﬁ°ﬁ @tgﬁaegﬁs!sﬁ) i%%‘ie?'corrponent
scores from the mpeeiheRadpett) thddfresnlt Pdlenti&® PRATRE . [RO&dsY $orScdniPotng and
formng the regression nodel usi ng the principal conponent scores such

that the reRplemel ppabidelin copelemgtigatiathecagisr syetempr dperprgees Onglodashe
principa c nt .es. | ot her .enbaodi pent , the ession nodel is
" ocal by vaTBRREY ~REEHET madh ROleR Sy g SRR mrb B afl FHFEE hoo

i ncl udes: ofabadlhélgdiag ;p'rihsﬂpar eahpSEIn® Noadifpdedndf @inciRl @bMipBhdi@ sdorkh,r St

pol ymer property, the first regression nodel 25 including first principal
conponent | IqHITHgsa dkaman ﬁBf?CU}BIFI} i dapolyehin famples sompasing eyl a second
regression JE‘P%?J’ti %rrfeg&g]?r cﬁ%ﬁ“c@ﬂl Bndift GOdHd q%% YBst BYRRESE ¥F the Rifnagecond
regressi on nodel Fncludi ng econd princi pal conponerit T oadi ngs and second
princi pal cspeponenahd deqrasjpahcomponany laadRapealapeiior thenpofynser pacpelts ‘
conprising polyalefin; calculating a new first principal conpopent score
from at'930 Yea_érfciyglgp ?tqeﬁ’npﬂ?‘_:l?ﬂeg%ﬂ‘ﬁﬁn% e 1) ﬁ{i%ﬁagr@fﬁéoq el fdnci pal
conponent | ing St lqa%&%&%m%a%ioﬂﬁ%a?ﬁ&%sw bH%@@élcﬂQﬂEHgﬁ%ersPor e
fromat |east a portion of the Raman spectrum and the second pri nci pal
conponent |mapértyydn pattwan cnbhadgments, tWOal0BAD 426 @y PETZAIRAaBRTBT Gnf i r St

pol ymer proper b plying the new first princi,pal conponent. score to the
PP ety o entmiR el REd . g Bhe et (ARl IR JPsb ey by

appl yi ng tigir6R¥ o8& e eht®ldrRedchish tGRpRANRNt score to the second regression
nodel . 1 n another enbodi nent, the sanple includes polyolefin particles. 5

I n anotlRer enboditn@nst embademegtnilie Egaessionnmpdel 48 ganytagiagyby obipining g a

sanpl e of i r&i i | at.l . ecting
scattered p@gﬁéﬁfoﬁ\hﬂgﬁrsﬁ)h@aﬁgﬁ?lkﬁ% gflg{ﬁ@%%@ gllc{l%gfl% gﬂg&ggﬁr%ﬁ}pﬁgg%r obe,
wher ei n t helbedihgs anél pdincyml nodrmeonehetseeen from sleppectandsinge paacipdli ng probe

during at least a . . . . o
g component analysis (PCA), and forming the regression model using the principal

component scores such that the regression model correlates the polymer property
20  to the principal component scores.
In another embodiment, the regression model is a locally weighted
regression model.
In another embodiment, the method includes: obtaining a first regression
model for determining a first polymer property, the first regression model
25  including first principal component loadings and first principal component scores;
obtaining a second regression model for determining a second polymer property,
the second regression model including second principal component loadings and
second principal component scores; acquiring a Raman spectrum of a sample
comprising polyolefin; calculating a new first principal component score from at
30 least a portion of the Raman spectrum and the first principal component loadings;
calculating a new second principal component score from at least a portion of the

~ Raman spectrum and the second principal component loadings; calculating the



portion of the sanpling interval. The relative notion serves to effectively
10 increase the field of view of the sanpling probe, providing nore

accur at e waetoa/o426m6 anot her enbodi nent, the pol ynmerizati on P€xAtS02/33767 a
fluidized-bed reactor. In other enbodi nents, suitable polymer properties
include, for exanple, density, nelt fPow rates such as nelt index or flow
i ndex, nolecular weight, 15 nol ecular weight distribution, and vari ous
functions of such properties. 4. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure
1 is a bl oclestipelymempespery daspplvingethe agpt st prigipalcomposend sedredk thti agr am of

amhoar ment 5t e PRER HatF AR I b SRR ooy by alBhhE *° O

enmbodi ment e nawseemideprieasabesmpdnegtidcerdtoithe secoBP FRF@BbA0del. Raman spectrum
of a granular linear |ow density polyethyl ene polyner sanple. 25 Figures

6a and 6b show pHeioghes gmbadimeat, theasarnieineliides polypleds peiiclesw and  hi gh el t

i ndex ranges, r i \ve r gi e J i 7 shows
pr edi ct gd versugﬁlﬁg@éﬁﬁe\r{e&!ﬁb&gﬁgi&? ﬂlggg%&rl%} %&Efgln %x%ﬂ%?‘geh %y PE}‘g‘ﬁ?g? 8a and
8b show pr edingiiedf pelyslesinmraiilssemdrielatiating ititee saniplo ahd Belledling sergtefman

anal yses in t.all pcene- and.Ziegler-Natta-catal yzed reactions,
y d& g 1

respect i vel §aHeR SAHINS R synpingNeryal ugng \wosamnlgigopebe. perereisoderriss 7 7

Figures 9a &&@iv@%%@&i"’lb'%\%@ﬁ qﬁ@ga AR ﬂﬁa%@gl_gggftag{; tdxuigg o104 |4l ne

Raman anal yses in netal |l ocene- and Zi egl er - Nat yzed~reacti ons,

respect i vel gortia oafr thenspnoingx sotpials 6ELE. reffatguer motion steows tor effiectively ver sus
measurtzalg melt i ndtilgg_sk{r m onf{]}igne f') Rarrgn anal ?/ses in a co rcial-scale
f1 ui di zed- BEHPEACE O, " DVET™ &' PErTHa"o% Pro B’d?f_fmid REIRESRE R gldr e 11 shows
predi cted ver susiyTaasHéedmBBMsicht, ethef pAlfmenzdtioRerdReldRNs AMRINAQSHIN 2
commerci al -scal e fluidi zed-bed reactor, over a period of about five weeks.

10 5. DETAITEEOIDESCRI PTI ON

In other embodiments, suitable polymer properties include, for example,
density, melt flow rates such as melt index or flow index, molecular weight,

15 molecular weight distribution, and various functions of such properties.

4. BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a gas-phase reactor.

Figure 2 is a block diagram of a Raman analyzer according to the
20  invention.
Figure 3 illustrates one embodiment of a fiber optic Raman probe.
Figure 4 illustrates one embodiment of a sample chamber.
Figure 5 is a representative Raman spectrum of a granular linear low
density polyethylene polymer sample.
25 Figures 6a and 6b show predicted versus measured melt indices in low and
high melt index ranges, respectively, according to Examples 1 and 2.
Figure 7 shows predicted versus measured density according to
Example 3.
Figures 8a and 8b show predicted versus measured melt indices from on-
30 line Raman analyses in metallocene- and Ziegler-Natta-catalyzed reactions,

respectively, according to Examples 4-5.



I n one enbodi nent, the present invention provides a nethod of determ ning
pol yol efin pol ymer properties on-line, i.e., as the polyolefin is produced
in a reacworo3system w thout the need for external sanpli mgTarsd2/aatet ysis.
15 The nethod includes obtaining a regression nodel for determning a

pol ymer property, the regression nmodél including principal conponent

| oadi ngs and principal conponent scores, acquiring a Raman spectrum of a
pol yol efin sanple, calculating a new principal conponent score from at

| east a porti on FgurthOa Radwb shepemtdiatedavedsisheegsuiadcdepsikty frompomding

| oadi ngs, and cal cul ati ng the | ymer 2Q pr.oper by applying t.he new
princi pal %@ﬁ‘t%‘ne?ﬂallﬁ%r ténegfﬁ@‘: or e@gi o%’e%ﬁi\%ﬁa'cf“ﬁ%ﬁ é%ﬁg‘al?smant , the
met hod is wsedctRifekesdinggo PRAnpRE 6properties on-line in a fluidized-bed
reactor system Fl'uidi zed-bed reactors are well-known in the art; a
particul ar, non-Higuiet lhghexappditef versps magiswied meltl indierst bemi gndisecri bed
herein, _.for, illustrative purposes.only. ose.skilled in the ar il
recogni ge %?Wr‘&fg ¢ W%’ﬁf?%nﬂsu-{alﬁé(‘fggﬁ(ﬁéﬁa(?goﬁ’em’esr LYt Ciomlde, as
desired, tapbhteivefwedkdi zed-bed reactor. 5.1 Fluidized-Bed Reactor FIG 1

illustrates a gas-phase fluidized bed reactor 20 having a reactor 30 body
22, which is geddguelly shawapraditied vsrpusiaessursh dangitigs fom en-beg Ramagri d 24

| ocated in_j o Lons. t i.di zed bed
zone. 26 worbubanoEzbohERF AL 5o Dl ARG 1AClk SRePUBLATER: Selt € 08
which is genekal |y of increased dianeter conpared to the dianeter of the
fluidized bed zone 26 of the reactor body 22. The gaseous reaction m xture
Ieavindothe top of the reactor body 22, terned the "recycle gas stream"™
cont ai ns pginciqﬁéfxﬂﬂgﬁqﬁﬁyﬁgpqgﬂgner, 5 unreacted hydrogen gas, inert
condensabl € gases—suchas Tsopentane, and inert non-condensabl e gases such
as nitrogen. Thdnr enyctmbgdimest, r thampiesentr amefigionegdrovides hi metl®d tod
conpressor 32, and from.conpressor 32 to heat. exchanger 34. An. aptional
cycl one sefSFEEPGEDS d’ogr‘é‘g}e’%é H?f?’ _raBrOQﬁ’_ES’\%, Obr'ét-et bl %Bs?@%%%ﬁﬁ%flg

conpr essor p3gduck® ik 8 MR ish A8, withodl 8 KRd -fobktOmbl ARMlingasd andyyzer 38 can
be 10 used if desired, to sanple the recycle gas streamfo determ ne
concentlfat iThesmethodviaciudes oblommpnene regressigrpimeade] yor determgaiggamaplymer is a gas
phase chronat ogr ap, GPQ)., or S t r aph. h -1 nfrared
Cpect r oot dToBPOA s, fEissbiop el SREFMIC TR SinB5d NERIRET TN m)
An addi ti opaincipaBtoRyeivang&ies, adiPirighe Ramanpecthsw obe pulettfinfsadpdd, r ed,

pref erably upstream of conpressor 32. i
calculating a new principal component score from at least a portion of the Raman

spectrum and the principal component loadings, and calculating the polymer

20  property by applying the new principal component score to the regression model.
In one embodiment, the method is used to determine polymer properties
on-line in a fluidized-bed reactor system. Fluidized-bed reactors are well-known
in the art; a particular, non-limiting example of a fluidized bed reactor is described
herein, for illustrative purposes only. Those skilled in the art will recognize that
25 numerous modifications and enhancements can be made, as desired, to the

fluidized-bed reactor.

5.1 Fluidized-Bed Reactor

FIG. 1 illustrates a gas-phase fluidized bed reactor 20 having a reactor

30 body 22, which is generally an upright cylinder having a fluidization grid 24

located in its lower regions. The reactor body 22 encloses a fluidized bed zone 26



15 The cool ed recycle gas streamexits the heat exchanger 34 via |line 40.
As di scussed above, the cool ed recycle gas stream can be gaseous, or can
be a m xworg/efe4gaseous and |iquid phases. Figure 1 showeCaruSopsizenal
configuration wherein at |least a portion of the recycle gas streamis
cooled to a tenperature at or bel ow the tenperature where liquid
condensate begins to form (the dew point). 20 All or a portion of the
resultant gas liquid mxture is transferred via line 40 to a separator 42,
where al |l @ndaa peldditynretuctidre zbia@Bdwhishr sneemsdally\ldf mcreasedodipinster of t he

as stream whic ontain.sone.liquid, is trapnsferre ia,line 44 to a
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An anount of  upmer ghkohd echen Rgture Walvingl 81t tdpoofMBhd kdkictor thogybEd in a

fluidized condition, is 25 provided in this way. Those skilled in the art
wi || under getared theat'réeysls gas stsamdqapntais t pringipalyaivmreaciedi Bopamebn when
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desired. Wing330 42 sewpresTrUSh ndofrem @myressgr 38 19oheat srckmgendd | ABui d phase

separated fr h r i 2.1 via line
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interior wl{lQPQ)f orthepecdngraph st sarnseariefrieduipdctrometeyoea dourtar | esser
extent, depending upon the, tenperatu ifferential. and the duration and
extent of ﬁ@gﬁfogﬁcﬁ%ﬁ@@r%ﬁtsggq% %r'l(ﬁﬁ-élq@ £ ! ?ﬁi‘ﬁéo?ﬂg’eﬁ ?lan%eﬁt ering
mani f ol d 5Qnéedehas niiBildotetisodf detirddaprefR 1P iBsteaieat @hrbsdbrB2Mhi ch may

have remained in an entirely liquid state or it may have becone partially
or totddly vaporThesepoletsresymaaas siremnExity thetheat pechesgerituiialipgdd 48d/ or
liquid) is ni V] ' t in ' ses

| eavi ng thed%%zlg%(raa{‘%)&% vf;&é&?ﬁi 2%(%13, éa%l%aﬂe%fﬁ} ggn tb% g%fgzriléls i%ﬁ\t,é%ﬂt eggr eact or
in the regimixtielcdwatdoas fahdilduiziaghasss. drigare 24shdws dn ketionaho@ifiguratioa- up

nononer can be jntroduced .i nt? the reactor in either liquid or
wherein at least a portion of the recycle gas stream is cooled to a temperature at or

below the temperature where liquid condensate begins to form (the dew point).
20  All or a portion of the resultant gas liquid mixture is transferred via line 40 to a
separator 42, where all or a portion of the liquid is removed. All or a portion of the
gas stream, which may contain some liquid, is transferred via line 44 to a point
below the fluidization grid 24 in the lower region of the reactor. An amount of
upwardly flowing gas, sufficient to maintain the bed in a fluidized condition, is
25  provided in this way.
Those skilled in the art will understand that less gas is required to maintain
fluidization when the reactor employed is a stirred bed reactor.
An optional compressor 46 may be provided to ensure that a sufficient
velocity is imparted to the gases flowing through line 44 into the bottom of the
30 reactor. The gas stream entering the bottom of the reactor may contain condensed

liquid, if desired.



gaseous formvia line 60. Gas and/or liquid collected in manifold 54 may

al so be transferred directly into the reactor (not shown) in the region
bel ow t hewofoBuosmitzati on grid. 20 Product polynmer particl epcarsobs27senoved
fromthe reactor via line 62 in the conventional way, as for exanple by

t he method and apparatus described in9 U S. Pat. No. 4,621,952. Although
only one line 62 is shown in the Figure, typical reactors can include nore
than one line 62. Catalyst is continuously or intermttently injected into
t he reactor usirgl er a Pbritet aff thstliquikease ceptratet divom) thrurdeyels strpam dievi ce

di sclosed in U.S.  Pat. . 23,779, 712. The I referably.fed into
the react orsCRAAGr %ﬁsﬁ{an%rrpg viggln @éﬁp@@?@h@h%@%&%ﬁ{ﬁﬁ%«%@p %gway from
the react oppvglabrofng Bkiréd, NEpERb I maP Vet probide® iRt 48® PRilEeRIthef t he

hei ght of the bed. The catal yst can be any catalyst suitable for use in a
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preferably wused to carry catalyst into the bed. Cold condensed liquid from
ei t her sepagastasr Tho passped pbhawdihroyeh trscopgdyta Pesopls the daterier WrlhREpor t

catalyst into t 0, i I Of ui di zed
bed react o& ﬁ‘? %eggg%gﬁf‘évﬁ%{ﬁ%énﬁ‘or‘%ﬂ %g}e};‘%%s{ gg%gt%{g%(?gyflﬁn%ﬁ p%{gyrrer or
copol yrer . t&dpdratatee differatiiab fand sthe iduedtiod eandbesttersir & heatt dxichdrige ccontact.

pol yet hyl ene, pol ypropyl ene, pol yi sobuty| ene, and. honop rs .and

copol yritrs jAt"hr‘ilér]i\é!o%.e tjipe 6%?@%8?"%?& ,map}f%ﬂa§0 |rgaches é‘i‘?éufgw%l B2 i ncl udes
pol yet hyl e i Rlined-MaHenaklyLRad ¥etdw gne

(" LDPE") CQBEC%IEQE?,%Q%%{;%{&? g\g‘gé}%)ﬁlﬁ?gﬁ%}/esslﬁere usi ng fryeé@?adi cal

i nitiators,mayrhava bgasngpatallpoowedlyesposiedg Zi egl er-Natta or vanadi um

catal ysts, and typi.cally has ensitydn the r . 0of, 0.916-0. 940 g/ cnB.
COPE o ai so knoetze B BREAC B8 e dbi S ApBfR i, et

pol yet hyl eng.BReass fiaQine 580 8mBIde Aty gdsed 198viRy MReyepatdrangd/i£hal 44, branches
extending fromthe main pol yner backbone. Pol yethylene in_the same 15

densi t Y5r armyier to ewry, indo dearepefonimibe regiemBelowrine Kluidizationegtid ¥hdndies not
contain | on chaij ranchi ' - this. L | ity

pol yet hyl er‘}gam(er” nﬂ%s%% mggglﬁgrb!éﬁlp?éogﬁrg é]g&\;\nwm @838%% Iﬁ%ﬁ%@%%‘g?&?- Natta
cat al ysts qfasstful orfletal lirecd &ascatl@k Yigiid. coRedtad i mlayifbidgifemaylelssibty LDPE,

typically in the range of 0.928 to . .
yP Y transferred di?ectly into t%e reactor (not shown) in the region below the

fluidization grid.
20 Product polymer particles can be removed from the reactor via line 62 in
the conventional way, as for example by the method and apparatus described in
U.S. Pat. No. 4,621,952. Although only one line 62 is shown in the Figure,
typical reactors can include more than one line 62.
Catalyst is continuously or intermittently injected into the reactor using a
25  catalyst feeder (not shown) such as the device disclosed in U.S. Pat. No.
3,779,712. The catalyst is preferably fed into the reactor at a point 20 to 40
percent of the reactor diameter away from the reactor wall and at a height of about
5 to about 30 percent of the height of the bed. The catalyst can be any catalyst
suitable for use in a fluidized bed reactor and capable of polymerizing ethylene,
30 such as one or more metallocene catalysts, one or more Ziegler-Natta catalysts,

bimetallic catalysts, or mixtures of catalysts.



0.940g/cnB, is sonetimes referred to as nmedi um density pol yet hyl ene
("MDPE"). 20 Pol yethylenes having still greater density are the high
density pwbyewvimshenes ("HDPEsS"), i.e., polyethylenes haviPag/usensizsi es
greater than 0.940 g/cnB, and are generally prepared with Ziegler-Natta
catal ysts. Very |low density pol yethyl éde ("VLDPE") is also known. VLDPEs
can be produced by a nunber of different processes yielding polyners with
different properties, but can be generally 25 described as pol yet hyl enes
havi ng a densi t \A passshith aninrt 94 ehegrataiBst, suylpacmitiogeogggon.tiop@fgady g/ cnB8 or

0.900 to 0.915 g/cn8. Pol r.s .having, nore than f types. of n rs, such
as terpol yte? to"cayy £a EBYI}qﬁgfeulbezldb\ﬂﬁjt?ﬂ“ﬂel{sﬁgﬁﬂgﬂd}fmgggg?m?r%éggﬁsed

herein.  Suid; §EmaGiRIBBAMRLSalEd6¢ HeE 18 trahfbitstalyiufifio B Yed:- C20 a-ol efins or
C3-Cl12 a-olefins. The 30 a-ol efin conbnoner can be |inear or branched, and

two or nore condhoriosls ofthe dyesens Byentidn, thesluidided bdaiepetes isopertaditabl e
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3,3-dinmethyl-1-butene; 1-pentene; 1l-pentene with one or nore nethyl, ethyl
or propyl - copolym@nBieigofh one or nore net hyl, ethyl or propyl

]
substituents; 1-hente h: o, e t;
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subst i t uenti®mobolyaite nedvadrt dopoiyanerorLovordensist hyllyethglehy | ("BDPEI oyt be

substituents; ethyl, nmethyl or. dipethyl-substituted 1-decene; 1-dodecene,
and st yPendrenaredsiely PEESSHE pISE gg%@éﬂ%;tlm{lﬂersb 05 {0 8fS PEHTINBTEPS above is

nerely exerﬁgilfgfz&egl@m 15 o Mnalifting BASYsts Qo Qyhib Ayt hddQ: denSH @ fhE %;higeormnorrer S
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-oct ene andfsd.9¥en840 @dret LIRE u$ atsorimowmeas "hrandhed: op Shetetogenepysly

conj ugat ed ,and. ngn- conj pygat.ed di en acety] ene and al dehyde noners,

whi th can. BEAHER el Sy et e B s Y oS iRt e TBRE
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3, 7- di met hydanIhebprodticadi Witk ;coanchtDnl BicgkiMNakta lcatalystd adivattemefatlpeaiengl e ri ng
catalysts. Relatively higher density LDPE, typically in the range of 0.928 to
0.940g/cm’, is sometimes referred to as medium density polyethylene ("MDPE").

20  Polyethylenes having still greater density are the high density polyethylenes
(“HDPEs™), i.e., polyethylenes having densities greater than 0.940 g/em’, and are
generally prepared with Ziegler-Natta catalysts. Very low density polyethylene
("VLDPE") is also known. VLDPEs can be produced by a number of different
processes yielding polymers with different properties, but can be generally

25  described as polyethylenes having a density less than 0.916 g/lem’, typically 0.890
t0 0.915 g/em’ or 0.900 to 0.915 g/em’.

Polymers having more than two types of monomers, such as terpolymers,
are also included within the term "copolymer" as used herein. Suitable
comonomers include a-olefins, such as C3-Cy a-olefins or C3-Ci; a-olefins. The

30 o-olefin comonomer can be linear or branched, and two or more comonomers can

be used, if desired. Examples of suitable comonomers include linear C;-Ci»

a-olefins, and o-olefins having one or more Ci-Cs alkyl branches, or an aryl



alicyclic dienes, such as 1, 4-cycl ohexadi ene; 1,5-cyclo-octadiene and 1,7
20 cycl ododecadi ene; (d) multi-ring alicyclic fused and bridged ring

di enes, swol3as$2644 et r ahydr oi ndene; nor bor nadi ene; net hyl - Perrshysh7et ndene;
di cycl opent adi ene (DCPD); bicyclo-(2.2.1)-hepta-2,5-di ene; al kenyl,

al kyl i dene, cycl oal kenyl and cycl oal kyli dene norbornenes, such as

5- net hyl ene- 2- nor bor nene (MNB), 5- propenyl-2-norbornene,

5-i sopropyl i dene- 2- nor bornene, 5-(4-cyclopentenyl)-2 25 norbornene,

5- cycl ohexygtdugene-Specific boremn@lesandnﬁlude nyl pr@pylendyo rmﬁwme(hvm)buter@nd (e)

cycl oal ken I- ubstlt ted al kenes uch as v cl ohex

cyclohexené %ﬁ%ﬂl?EﬁmﬁzjIﬁ?ﬁ“ﬁ?@hbﬁ@%B%QKH%fwﬁﬁﬁt§@WL§§cene and
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Raman specprefsgePycdnsonaméesd | inkladswprapglbid, i (];anlutetneoll Iﬁemtemfplébmﬂ@ﬂ 1-
char act erization, identification, and quantification. Raman spectroscopy
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synmetry a@ﬁorﬁ)%{e%:ﬁsnfe@&aﬁlylaﬁ@strﬁlg}i? tNaif "By drodaiidst dielef@k drh&cloaldedpint
radi ati on can be 15 inelastically and isotropically scattered, wth each
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alicyclic dienes, such as 1,4-cyclohexadiene; 1,5-cyclo-octadiene and 1,7-
20  cyclododecadiene; (d) multi-ring alicyclic fused and bridged ring dienes, such as
tetrahydroindene; norbornadiene; methyl-tetrahydroindene; dicyclopentadiene
(DCPD); bicyclo-(2.2.1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and
cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB), 5-
propenyl-2-norbornene, 5-isopropylidene-2-norbornene, S-(4-cyclopentenyl)-2-
25  norbornene, 5-cyclohexylidene-2-norbornene, and 5-vinyl-2-norbornene (VNB);
and (e) cycloalkenyl-substituted alkenes, such as vinyl cyclohexene, allyl
cyclohexene, vinyl cyclooctene, 4-vinyl cyclohexene, allyl cyclodecene, and vinyl
cyclododecene. Of the non-conjugated dienes typically used, the preferred dienes
are dicyclopentadiene, 1,4-hexadiene, 5-methylene-2-norbornene, 5-ethylidene-2-
30 norbornene, and tetracyclo-(A-11,12)-5,8-dodecene. Particularly preferred
| diolefins are 5-ethylidene-2-norbornene (ENB), 1,4-hexadiene, dicyclopentadiene

(DCPD), norbornadiene, and 5-vinyl-2-norbornene (VNB).



20 where the scattered photon has | ower energy than the incident photon (E
= hvo - | Epy - E1j | ), and anti-Stokes scattering, where the scattered
phot on hawohBgisne energy than the incident photon (E = heeTASh2/EBIs], - EILj
| ). Raman spectra are typically shown as plots of intensity (arbitrary
units) versus "Raman shift", where the Raman shift is the difference in
energy or 25 wavel ength between the excitation radiation and the scattered
radi ati on. The Raman shift is typically reported in units of wavenunbers
(cm 1), i.e., thhe amwnpobc«ahomfmermsed\mklmpgtdhum the desiresedansieoér s.

Ener gy dlffere and waven e rerel ated by the
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the speed Qéadhls/gdlb&eﬂﬂhecﬂifesappemla@@ chohdifier &ftdn®Gbpfopsiale ©f pv‘ob@cew@vel engt h
shift in centineters. The spectral range of the Raman spectrum acquired is

not parti cwolyolafin havingtaedesiredidengityisef ul range i ncl udes Raman shifts (Stokes
and/ or anti-Stokes) WD 03/042646 13 PCT/ US02/ 32767 corresponding to a

typi cal“range of polyatom c vibrational frequencies, generally from about
100 cm1 to aboq,tz 40QQneShectrdsceppul d be appreci at ed that useful spectral
information is present Tn Tower and higher frequency regions. For exanple,
nunerous | ow f r EARARC yPIeHPEORY ais o desl-ngriny jaatycalo taRhnies Bokserlarering i n
t he region . er ar noni cs)
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hereln can include, these | r and hi gher frequen spectral reglons
Conver $@1 y sovise Hpisatly V?’%&?Sﬁ ngigtined pdRtge SP‘é‘ég Sg‘ﬁ]ér‘i‘seﬂ [asgft ' he 100
10 cm -1 t QA0 Gt a@?ﬁtolﬂolegﬁlﬁr mPa)ﬁoHQll—%Paltlgﬁélrk%atest h, é@ief%ﬂ'ﬂo\ﬁ- of Raman
scatterlng Intensity will be present in a region fromabout 500 cm1 to
about 3500 iamring, non -refsmrmnt ﬁa@ﬁﬁ]loms -sdatteped3¢i@@icalip dnd iEh’eOpleghl}ofRﬂ@ghu red can
al so include |$,I rel%sthat ned t bec 3‘8 uous.
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properties of pol yol efin partl cles without the need to identify, select,

or resdbve lp%la&ticéﬂﬂ and isopepicely seatbreh @wth qshsinelpstically seattaied pEafARY t o
| denti fy aéﬁ?lrntlgl Ul {%ysfgsclhq% FLiEeat ;f!jé,f wﬁi%reblﬁ; qgt}%ue%e%ér &t {1)1@ }1&1%91 ar node

of a parti noi € olyo nor
sel ecti vel yphowi dndr | BRanex |Sisakd sbsbhge dtlﬂf‘efeelS@ﬁrBﬁefQ E@weemthbéimale(d,y)

and initial (i,j) vibrational-rotational states of the molecule. This inelastically

scattered radiation is the Raman scattering, and includes both Stokes scattering,
20 = where the scattered photon has lower energy than the incident photon (E = hvg -
|Ei- i - Eij | ), and anti-Stokes scattering, where the scattered photon has higher
energy than the incident photon (E = hvg + | Eij - Eij I )-
Raman spectra are typically shown as plots of intensity (arbitrary units)
versus "Raman shift", where the Raman shift is the difference in energy or
25  wavelength between the excitation radiation and the scattered radiation. The
Raman shift is typically reported in units of wavenumbers (cm™), ie., the
reciprocal of the wavelength shift in centimeters.  Energy difference
| Eij - Bij| and wavenumbers (o) are related by the expression | Evy-Ey| =
hew, where h is Planck's constant, ¢ is the speed of light in cm/s, and @ is the
30 reciprocal of the wavelength shift in centimeters.
The spectral range of the Raman spectrum acquired is not particularly

limited, but a useful range includes Raman shifts (Stokes and/or anti-Stokes)



20 spectral feature. Indeed, it has been surprisingly found that such

sel ective nonitoring di sadvantageously disregards a wealth of information
content wpolwaddsds i n the spectrumthat, heretofore, has gecgnsbd/§27been
considered to be nerely unusable scattering intensity di sposed between and
underlying the identifiable (and thu$3 presumed useful) bands. Accordingly,
in the nethods 25 described herein, the Raman spectral data acquired and
used includes a plurality of frequency or wavel ength shift, scattering
intensity ¢ogresppndingsus eypiodl samgees! palpdtamiordbsational dibqupedies, genereldy ons,

i ncluding regions conventionally identified, as, spectral nds regi ons
convent i on&PRY ag‘?:]’ér@pf‘i%g t%l§‘g?‘ﬁ't %¢®aﬁ‘8, ' Sh?lliﬁgsb(?l ?‘P@&eelartg‘gi%bags@g%g The
frequency §@%@ﬂaﬂ%t€ﬁnﬁﬁ)ﬂuisr Brtslat & CAerPEnd BaME! Yred8ERE M peshsDY Fope

skilled inthe art, based on considerations of machine resol ution and
capacity, esopplesituimerousi ey fiequenanamplicslar i medesasantiibfter ieit Remarlensi ty.

Simlarly, the WD.03/042646,PCT/ 2/ 32767 14 unt of .sign ragi ng
used i s% r e SEAtiepng dp %‘W%@l By O%gégqu?l gan?arq ?ﬁ%‘)gﬁ ov ré%neegv%%lat%éghi ne and
process ef (lifiRhkkfonditid ioRidih oSterild & SRELi62hbdvRJI000 cREaRkmAE can

include Stokes scattering (i.e., radiation scattered at frequencies |ower
than the exkift affhes if desiigdnagquisition andusk of a Ramam spesiupy af deseribed adi at i on

scattered at_frequenckes higher X tation frequency), or both.
Opt i onal | y,%e’i%rf %arl'IQ‘gIPC:ieotﬁeslenlg 8’%%1%41%%}1%%%% grgdg S?%l&tﬁ%ég man scattering
si gnal can al so (haversayl, thangeang rskioh|seduirdd tdnebaldss tieadall of ubel@08t ands

how to_acquire Raman pol arization information. However. determ ning polymer
proper 19 es cas' @989 rHedegienear paBE PAyeletiag e majordy gEBaan SEAtSFNg at i on

| nformati thte&s(ftyl \Qillsﬁe{TﬁrgF%qgia%gfoﬁ.g@g%%hgtefrboh&ﬁeit@’ Fﬁﬂhﬁ@r@ﬁl or

pol ari zation I s-essen random as a result of interactions with
the fiber din ¢O@Delid 306ednt o Themvgiyn atdueredicgmalsotincludeea pluyality ofinal yzer ,

as descri bed bel ow. 5.3%{551% | nstrunmentation 15 Referring now to Figure 2,
the i nst r uFBpTegiosihaioged 1 BEGPPEEYO%nd process Raman data incl udes a
Raman subsyst em A0 A8, 18 #P8 YoafRlaZ @vantisd of tHhRthoaslsysibed 300. As
shown in Figure 2, Ephe sanpl e subsystem 200 is in comrunication with

r eact ofl5 20 heiein ok Rawen seatisuing [inisnsivRdyts éeuseld dn Megumniming propegieh obf t hese
subsyst ens p&)fyo?&lsnc{amcezl%s bvvellﬂ(l)ovuv’c tﬁg nSe'eg’ 'tcl) iﬁ@rﬁﬁ?, §éi£’c°t}’%¥~ §8olve particular
spectral features. Thus, it is not necessary to identify a particular spectral feature
as being due to a particular mode of a particular moiety of the polyolefin, nor is it
necessary to selectively monitor Raman scattering corresponding to a selected
20  spectral feature. Indeed, it has been surprisingly found that such selective
monitoring disadvantageously disregards. a wealth of information content
embedded in the spectrum that, heretofore, has generally been considered to be
merely unusable scattering intensity disposed between and underlying the
identifiable (and thus presumed useful) bands. Accordingly, in the methods
25  described herein, the Raman spectral data acquired and used includes a plurality
of frequency or wavelength shift, scattering intensity (x, y) measurements over
relatively broad spectral regions, including regions conventionally identified as
spectral bands and regions conventionally identified as interband, or unresolved
regions.
30 The frequency spacing of acquired data can be readily determined by one
skilled in the art, based on considerations of machine resolution and capacity,

acquisition time, data analysis time, and information density. Similarly, the



The Raman subsystemincludes a Raman spectroneter, the principal

conponents of which are an excitation source 102, a nonochromator 104, and
a det ectwp 030&64Raman spectroneters are wel | - known anal yPCEaiS0/sessT unent s,
and 25 thus only a brief description is provided herein. A Raman
spectroneter includes an excitation sdéirce 102 which delivers excitation
radi ation to the sanple subsystem 200. Scattered radiation is collected
within the sanple subsystem 200 (described below), filtered of Raleigh
scattered aniayht pf a;gdalohvswgngeulsedlla reastilycdterminasr byl e sRifled dn dpepged Raman

scattered Iblg t 30 is t geﬂ. onto a gt ecé 106 and subsequently
processed iPRASHATHDAT %ﬁé‘ﬁ?cﬁ 1CHCKeg AR 4% i bed bel ow. WO 03/ 042646
PCT/ US02/ 32767 YheEpedtiadtdgdsh SRUNLE] JhrineMak ISadkied BeabeHhg & anfdfatieguency can

be readily determ ned based on considerations well-known in the art.
Typi cal | y, seiftereskcitt fequsncispulopeet 1tmnj ghey exmtzmonﬂ dregrensgar aptifStelesd | aser,

such as.a freqguency-dou | as h | aser
(633 nrrf TR (5’ st ?%a%"&“ @ﬁ gs%r %%g ?eSShL%g% ﬂ%n meTEQ& asgr can be
pul sed or gRQLEAYOUS bORY €Ot{dAkILly gﬂilauazieﬁi nﬁSrrﬁt&ii)hreﬁﬂ)eddied inahel Rutnan

pol ari zed, and preferably 5| ngl e- ypical excitatign lasers wl| have

100 to 400 spipiegesignebwy alge tbﬁdhﬁ@ia qnévﬁae Sckilleﬁh igrBe agardilycunslepdandsed as
desired. Li 5 ﬂﬁﬁltﬁ t hs and
| aser 10 t)}%g}st angﬁggggﬁlﬁé{} rlsa&%?ﬂ%dr t han tﬁ)ﬁos@&fﬁﬁqﬁt&%ﬁr\l}e x)a so be
used. It i si)rmmlnhes denloyanibed htreficddes et regpire ﬂwluselnﬂgol%zzﬂmnsnbtrﬂneﬂomg, is
proportion to the furth _po of the excitatiaon.fre bject to
the prdfti iawomerﬁma?cf TR0t Hlgscrt qudu%?rs@eéﬁx @H@ orutsetialy he
relatively WeafniRa R, /RisGP8k nﬁ&ra&icgﬂ%th Me%é?@%ﬁ@@ondﬁﬂ%ed I ebypreyf r equency
(shorter wavel ength) sources are preferred maxi m ze signal, V\:hl |l e

| ower fr equbasigndlito Hgesignabanalymaytah desoibed belowr e preferred to mininize
fluorescence. One skilled in the art can readily determ ne the appropriate
excitation source based on these and ot her considerations, such as node
stability, maintepangandnNBstaideftsdrs, capital costs, and other factors
wel |l understood in the art. 20 The excitation radiation can be delivered
to thel8anpl e sukafgminemeR0o Figie 2, thednspymendption usa@tcamlkﬂqt@zﬂpr@é@%d from

t he sanpl e t i €. uch as
convent i onaF H‘E%%%Eaﬁaﬁ%ﬁuag FI on gyt%?ktg?l 189?5?%@?%@%#8&0% fe %trﬁ an
on-1line pr@ubg&telﬂfﬁ&ﬁ)ﬂrentﬁntshowh ins Fpant i Z; uther haynpie)mubnyswn 201) is in

communication with reactor 20 via polymer output line 62 (see also Figure 1).
Each of these subsystems is described below.
20
5.3.1 Raman Subsystem

The Raman subsystem includes a Raman spectrometer, the principal
components of which are an excitation source 102, a monochromator 104, and a
detector 106. Raman spectrometers are well-known analytical instruments, and

25  thus only a brief description is provided herein.

A Raman spectrometer includes an excitation source 102 which delivers
excitation radiation to the sample subsystem 200. Scattered radiation is collected
within the sample subsystem 200 (described below), filtered of Raleigh scattered
light, and dispersed via monochromator 104. The dispersed Raman scattered light

30 is then imaged onto a detector 106 and subsequently processed in data subsystem
300, as further described below.



deliver the excitation radiation and collect the scattered radiation
fiber-optically. 25 It is a particul ar advantage of Raman spectroscopy that
t he exci twbiosm4x6aci ati on typically used is readily nani peicatusd2/sizber
optically, and thus the excitation source can be positioned renotely from
the sanpling region. A particular fibd? optic probe is described bel ow
however, one skilled in the art wll appreciate that the Ranman systemis
not limted to any particular nmeans of radi ati on mani pul ati on. 30

Monochr omat or THixcgetaert Bowde r adi ation is coll ected and di spersed by any
conveni ent nean known.in the art,. such as fiber tic probe as

descri bed bel ow.srh?heéicggﬁlqréﬁ‘%%%? W BHES6 5 %&f?a(@@fz‘%gef%'f%l%asg%g?t er ed
radi ation icendifldrh@6ROwWER-LhERRE tiRakel dhy t &g acitafich oRirtoned iyafiltered
to renove fluorescence, then frequency (wavel ength) dispersed using a
suitabl e dishlerasinear anfearediases yaeh a8 aarequenetdeutied h@:gAGalam @82 aphi c
grating. or__.nterferonetri Y. (.0, ealiSl . | nsf The
grati ngscar?n}}éaﬁifﬂ)’?é 'noeﬁorﬁééggggér%hinr@,’ "géﬁgﬁ‘gfﬁg‘* ‘Elggéniat%%re&tﬁ@lp% -{)k;sr%%)fect or
used. The mMyRORESOR G PlldedCan cobnirny wareh (GNP eoRirived ak afeiiéd oal ong with
associated filters and heam manipul ation optics. Detector . The djspersed
Raman scat te&rdoryyipolarigg e and pteéerably singde-Brodeosl yoiead xpitation lasess gill et ect or
is easily 0 i i . i i r,Lous
factors Sudh 40 KA B pbRE (Al it 1o P e R kB ange.
response tdesiesd. eLizht Sypresadthdethec laes dandeuded aardayaddngttsamd lgener al | y

used wi_th fixed- dispersive nopochromators, such as di ode, arr.ays or charge
coupl ed dewlaf‘ésanf‘@&%@?‘f?fso?’fh%fit @ﬂmé?ngﬁsﬂ@ba%% E3 Blse ﬁélﬁj%draftP? Willsd wi t h
scanni ng- d'ﬁB%%M@sc%ﬁeﬁﬁ?%Qﬁ&lﬁ&lﬂgt%n SHAIAS ib PRchostibrhi e Helaghor s and

indiumgal litumarsenide Tdetectors. In the case of array detectors, the

det ect or i poval it shedxsuatont frgqueaner, stibjeciudmcihe (praviedabgnitgtianothaéspondi ng

to each detector el enent,,is _kn . The et ect or, rresponse_is.del.i vered to
the data sdBoyEPEeagBaly &Xer&%%g}gsreégggfy dfeak s aé’gaﬁleﬂ%?fl HiHgeT 1 ensi ty
(x,y) data RuskcdesMTIER, Kigh&!fidgubyt (HieorRarmeRRLHY kbliftes addplefadred tSANpI €

Subsyst em The sanpl e subsystem 200 cou&al es the Raman subsystem 100 to the
pol ymedp z athesmigedgignat, whitplewer firqusaepilenges meaysleaghDeoress praetered e

yrrerl pies e 200 N
ol | oot s 1 A8 RHECRu R GHF SRR 08, O SohcRell VERaRRLYEL Ton 1o

radiation to
t he nonochrapprippibte]l Bxkitation source based on these and other considerations, such as

mode stability, maintenance time and costs, capital costs, and other factors well
understood in the art.

20 The excitation radiation can be delivered to the sample subsystem 200, and
the scattered radiation collected from the sample subsystem, by any convenient
means known in the art, such as conventional beam manipulation optics, or fiber
optic cables. For an on-line process measurement, it is particularly convenient to
deliver the excitation radiation and collect the scattered radiation fiber-optically.

25 It is a particular advantage of Raman spectroscopy that the excitation radiation
typically used is readily manipulated fiber optically, and thus the excitation source
can be positioned remotely from the sampling region. A particular fiber optic
probe is described below; however, one skilled in the art will appreciate that the
Raman system is not limited to any particular means of radiation manipulation.

30 Monochromator

The scattered radiation is collected and dispersed by any convenient means

known in the art, such as a fiber optic probe as described below. The collected



25 As noted above, the excitation radiation can be delivered to and
collected fromthe polyner sanple by any conveni ent neans, such as using
convent i owelo3/opté cs or fiber optic cables. In one enbodi PemtUSOY/B6sanpl e
subsystem i ncl udes a probe 204 and a sanple chanber 202. Figure 3 shows a
bl ock di agram of one enbodi nent of a 180 fi ber optic probe. The probe
includes a fiber optic bundle 206 including one or nore fiber optic cables
208 carrying the excitation radiation fromthe excitation source toward

t he sanpl e scatedecbradiasionrip fidtefedbe reropis Baleighl sestt@ing awl optiongllyt fikkergd

03/ 042646 PCT/ US02/.32767 17 col l.ect ed s(catter%&iradi atjon fromthe sanple.
Fi ber opti dO ASRPYs Typeescange.; the, freaveney (RaNelehatRhtiSRerSeh PHRS ASUHAIF at | on
source (10Zidpardibed\élenett, saddd ab i DeflaRBt bfatieabbES héb@raphR igfhtiap! igal
communi cation wth the nonochromator (104 in Figure 2). The excitation and
scattered rstgifaronmtriesaly (@@-,n@mgpmlmeedral}%fpﬁgs)m%hﬁ Riaong c8n bedkad glies. Thus,

it shoul.d be appreciated that.the paril opti cal s ) in Figure
3is nel5 el f"%&l@ %ﬁp fi}l.d?@%qolnat{l? gﬁ) °P gg%tggtﬁ%)ﬁge? 1glcl}esm(l%ﬁorcg}cob&gaéo r\t}@\gﬁ.&%ti cs 214
to a hol ogaphhg gicat idiperh@ ahghenpationl Witht @ksodifed diltegdTome Hedrhca Ranman
due to the fiber optic cable, then directed via mrror 220 and beam

combi ner 22ganipulatigiheitticiy optics 224 and sanpl e chanber 202. Scattered
radiation is colﬂ)éa[ 3t Id via 10 sanpling optics 224 and directed through beam
conbi ner 222, a—nﬁig—cg-filter 226 to renove the Ral eigh scattered

radi ation, and iTHeali§pebed Rupianccatatbingss 2iAped bt sdetpdter 106. tThe chairpl e
chanber, includes a pluralit f pol r. particles (granules), and
represéeft s qfrﬁ@teﬁmryﬁ@w&@a %By 4e &Kg]gﬁdpdg%l afty ptgnglto AEQERpYarious

Advant ageoyglofys duth b$rdd0iutiDECRRSRYY foNAE apPSpSAETHGulRy hER, Rlpbdsgui d 15
phase conponents, sucﬁ as residual 'solvent or other [iquid hydrocarbons
that may bengrasentypical dhteciord inebideianrayhdetetiters rgenerally iused ofithafixed-

fl uidi zed-bgd reactor. E{ﬂ?rran r obes s%{cﬁla as_descri bed herejgg (?re i magi ng,
in that t héySHPRE POSHOERET #G B NREWTBY Phadisg PrBte Y9°%Re nost
efficient qPUAEd! or GRHlE G Qldtectsl geﬁ@@meggehewﬁﬁn@anﬁh%aﬂbemﬁeweak t he
i magi ng probe collects 20 as nuch scattered light as possible. A

di sadvadt ageorsfchegmatpisgisneh 56 olbed isylfidgadetetpis prd B@diﬂg{e&%ﬁur@ﬁfsyni&e very
smal | amou nc#ete%toag.h?n ?@gzisg o?‘ta ﬂyde%@%]x%, gﬁ% dgtggt\rcl)r % cditRiER LucfhI t 5tdfhé ed- bed

process, a T1xed imagi ng probe has a I éw corresponding to only 1
or 2 pol ynefequendiu({vesielehgthd ,cotrbspodding to adatle deedtor rRleamsit a4 knowmoddenmay not

be representative of the |k material. 25 In one enbodi nent, the
di s ad\e ant agﬂétngtoréesmomsq gd{)eﬁlv%qe@ tcbﬁle\ﬂaagampq%éystem 3%8 wlmz)h generates a set of
frequency shift, intensity (x,y) data points which constitute the Raman spectrum.

20 5.3.2 Sample Subsystem

The sample subsystem 200 couples the Raman subsystem 100 to the
polymerization process. Thus, the sample subsystem 200 delivers the excitation
radiation from the excitation source 102 to the polymer sample, collects the
scattered radiation, and delivers the scattered radiation to the monochromator 104.

25 As noted above, the excitation radiation can be delivered to and collected
from the polymer sample by any convenient means, such as using conventional
optics or fiber optic cables.

In one embodiment, the sample subsystem includes a probe 204 and a
sample chamber 202. Figure 3 shows a block diagram of one embodiment of a

30 fiber optic probe. The probe includes a fiber optic bundle 206 including one or
more fiber optic cables 208 carrying the excitation radiation from the excitation

source toward the sample, and one or more fiber optic cables 210 carrying the



overconme by providing relative notion between the sanple and the Ranman
probe, so that the probe collects scattering from many pol ynmer granul es
over the wouws®&6460f the sanpling interval. Thus, for exampCe&/Usbha7pT obe can
be noved through the sanple during at |east a portion of the sanpling
interval or, equivalently, the 30 sanpl’e or sanple chanber can be noved
relative to a fixed probe during at least a portion of the sanpling
interval, or both can be noved. In a particular enbodinment, it is

conveni ent odleited peatieredgadiptien fheuthesanylat FibenoptiacedlasDO8 atciia oplicdl3/ 042646

18 PCT/ US02/ 32767 Raman. .probe into and of .t he sampl e chanber during the
sanpl i ng i nPEFUERCHiPn ‘f’iﬂﬁ rwté}}(’gﬁgwﬁ? m} fltﬁég'brfggear}@sfﬁ% 0&“‘1 ‘faﬁ?laeér
actuator. Q@ HKid dRital Corhi@nidtionvith therBkichyondAr @Ok & BiguRovyeviek, t hat
relative notion between the sanple granules and the probe can be achi eved

by numer ousexsitim randhapitioned redieHomscanf dre enamipilated Bsiag| vwlldgopel yner

granul ex t y t.af4l spegi fii.c ex e, ,a_particular
sanpl i ng% s&g‘%@?ﬁuueg'e P% lgé@%gfé%aﬁ{rggﬁg%ﬁ%%ﬁ}es anéwl%re(?glrc%bn%h{p Slhf) houl d be
appr eci at edntHgirethissmprtyt &xtanhplirys Vi icentidrs radeatonnt 1ar i dredtedaia bptibst i ng. A
fluidi zed-bed pol ynerization plant having two reactors was used, with 10

one react or21ﬁrt8&lh9il‘?€§a%’% arafing ehe archsratighidler 2l Bperqraaerpiliqdemanalust her
reactor prtBQﬁ& BEr cz]%tf‘cgcl:a%e‘, %ﬁ‘éx{ Bir &Ry ZRor Iﬂgﬁ%nﬁqj%h&' col?’t%ix?éé fhhg,now t o
react or (o as two

Figure 4, eac nly one reactor shown) unp val ves A
and B t hat sahtpiingaptcst224 ardrsamnplgehachbet 202. ofedttbredrradiatiar is coliectq@r viduct i s

pneunmat ] cal | onveyed ropgh duct .di scharge pipe 62 with 90 psi (0.6
MPa) nito Og%ﬁlpﬁpg &P8Be B?‘ijg‘ﬁ%‘?d’ %EP“E W’e@%?e_ TS | 1Jf'Hie§)-7~.26At this
speed the shuygnefe MERIUSGEL %Eéff%g réd’iaﬁf@n?aﬁazﬁ% fber opik atd y10pe present at

any one point in the pipe for a few seconds. However, it Is preferred to
aver age the Ranahhesisgmple frorth6Ganpl shandratsincidesr phealityeofipglyater t o- noi se

ratio. To acconplish this smal |, anmount of product out. 800 granms) s
trapped and R tgﬁatﬁﬁ%sg’n%rfdgre@ﬁegﬁlg@ Plipeki tpﬁ%&)%tjﬁ% df:?g]t%)%f%%d &ﬂ‘ino h the 20
product di sehasge ApvaRagedusihe is Hopheceshtayiirit ROZainpledbd &ebed lgaid-he
product _ di scharge pipe 62 by a_ 1 inch (25 di aneter pipe 62Zb and a

pneunat i>calRhypse eppppeal. suehve residieal plverh or oper Haridrmygrocerhony Blal@ey C and D
t e n y §S Tor a signar

auxiliary system anal yzer~wai romthe reactor
telling it that Raeamdpigbpey ahoheasAdayerii@dAerbiasare pngidg, ihnkhaRtwephaanal yzer

then opens f%gllls\ég gel(c)lr 0 giggvpec&ngmégri]r?g Sparo elz eis the most efficient optical
configuration, and because the Raman signal is weak the imaging probe collects

20 as much scattered light as possible. A disadvantage of an imaging probe is that
the probe "sees" only a very small amount of the sample at any one time. For a
typical fluidized-bed process, a fixed imaging probe has a field of view
corresponding to only 1 or 2 polymer granules. Thus, the data collected in a static
mode may not be representative of the bulk material.

25 In one embodiment, the disadvantage of a limited field of view is
overcome by providing relative motion between the sample and the Raman probe,
so that the probe collects scattering from many polymer granules over the course
of the sampling interval. Thus, for example, the probe can be moved through the
sample during at least a portion of the sampling interval or, equivalently, the

30  sample or sample chamber can be moved relative to a fixed probe during at least a
portion of the sampling interval, or both can be moved. In a particular

embodiment, it is convenient to keep the sample chamber stationary and move the



chanber 202 to the product discharge pipe 62, and waits for a tine
predetermned to be sufficient to have allowed the slug of product to have
passed bywODhaosmnpl e capture point. The Raman anal yzer n@xu/ushn3as’t he
sanpl e capture valve C or D, trapping the captured sanple of product in
the sanpl e chamber 202. 30 The Raman afal yzer probe 204 includes a probe
head 230 enclosing the filtering and optical (not electronic) signal

processi ng }gl ementg, .and a san})l e interface 232, which is an 8" long by
0.5" di ametRFMEDRIopeinto and ophy! thesample phambes dBingshe senplow WROZI 32767 19

232 is ins t h 2oppasite to where the
sanpl e ent gﬁﬂse,%g%gﬂ? ﬂ% %ﬂgg%ﬁggulﬁﬁg&ﬁ%eggga J\'}\Aﬁ?ﬁ ?ﬁg%is%%% lgﬁh%\aﬁﬁ@umti C

linear actwadibyrappBetidts, haticaet)deht teatieangrionbietROeh the samplal geariil@wntine probe
out of the ,sanple chanbgr}é%gﬂilthen reinsert it during a sanple collection

interval . THE&rdbeSapbe DURGEWS ofigriteshansms, sWch as.Jesexample.r ont  of
t he prole, NENAN ' | | e for neasurenent. The
oWASHANPmEr oGRAMES RHGHSE ¥y ﬁgﬁ?gﬂrﬁg‘g 8?(%%8

reactor 20 dunps on a-3-6 mnute cyc endent), alternating
bet ween 2 |ines 4&va spatifiotianthliya peaticids sAmalidg BystGampédin Bxapgllésetved from

only one qgf,the lines. The s I stem operates by waiting for, a Sanple
Ready 10 s?bge}uozﬂ’ 5 PO eﬁgﬁ?ﬁaacﬁgﬁoﬁgﬁ% ‘?’%’“’t‘ﬂ‘%e g??éﬁhlé SRS 1§ sanpl e

i s being duwxegglary dienceanmitigg Ready signal is in the formof a digital input
to the Raman anal yzer. Wen the anal yzer receives the Sanpl e Ready signal,

there is a sequehdidized-baskpolyneripationarant havingrtwooresebtsi wes useds ithval ves

for thgpCa r e LN, Whi Gch re.. 45 1. eck to determne if
t he Safrlr())l e gar Y §I§:}f5}9 #’%‘%C%? {en%%laé@f: ent ?aéag%edﬁf{“%]t)]%ée%rﬁgﬂ t@% QB FEASHH t war e,
there is a modean SegesMaga catalyztMBLDPE0pC RAFGFinS 8bW th Figdi&h! edche

anal yzer which reactor(s) to sanple and neasure. Typically, this would be
1,2,1,2, ettgactor2Q(onlyians reacirishpwayhasdwp dvmp vahrsrA ahB thitebemetedaces such

a0 - oaco T Rolh A RELEE. The hOGPRTRLALUTIA ol hRBRTP T '
the dunp i muodst discharge pipeei2veith i96 psD(056 MR mitvédeh ot Aespee 6LAHouS 5O €am

seauenss, Lok RSGARYES ol drones the, SLATEl o 2 Cleck Liat Lhe
e et D Ak S0 LR Y 20
upset. The PrefgiEedio gvstagieibe Remparsignel fiir §0+HI0 jespudsstofiopraacthe sigaglt or, whi ch
tell it V\'h%-ggfse Yiio. To accomplish this, a small amount of product (about 800 grams)
is trapped and held in a sample chamber 202 as the slug passes through the
20 product discharge pipe 62. The sample chamber 202 is attached to the product
discharge pipe 62 by a 1 inch (25 mm) diameter pipe 62b and a pneumatically
actuated valve C or D. The operation of the valves C and D is controlled by the
Raman analyzer, but could also be conirolled by an auxiliary system. The Raman
analyzer waits for a signal from the reactor telling it that the dump valve A or B
25 has opened. The Raman analyzer then opens valve C or D connecting the sample
chamber 202 to the product discharge pipe 62, and waits for a time predetermined
to be sufficient to have allowed the slug of product to have passed by the sample
capture point. The Raman analyzer next closes the sample capture valve C or D,
trapping the captured sample of product in the sample chamber 202.
30 The Raman analyzer probe 204 includes a probe head 230 enclosing the

filtering and optical (not electronic) signal processing elements, and a sample

interface 232, which is an 8” long by 0.5” diameter (20 ¢cm x 1.3 c¢m) tube. Tube



not to sanple a particular reactor regardless of the active or current
stream sequence list. 3. Wait a set tine interval between the Sanple Ready
signal ami0o0304xedti ng val ves for Capture Sanple. 4. Set Yarwss2/8267 Capture
Sanmpl e. WO 03/042646 PCT/ US02/ 32767 20 The val ve states are shown in the
tabl e bel ow for a sequence sanpling fthrough the A valve of product

di scharge line 62, with state "C' being closed, and state "0" bei ng open.
5 Valve States For Sanpling Val veABCDEF_ Wi ting for Sanpl eCCCCCC Capture
Sanpl e0CO0QG2 Nk adsserted Hrough ukCEOBLOT th sampBariplbeCoEposiRetvewhere dhe CCOCOC

Sampl e Capture is acconplished by opening.ihe sanple chanber.val ves C and
D. In the é@)‘ﬁ?]eg‘?ﬂt%{fﬁ %n%%grcgmﬁ?d’aﬁg?ta?ts‘%ﬁflgl&% gl t}ﬁrpgﬁlélﬂatf% DR val ve of
product di sghatdeshii9efhedad BOGRoNALYL tCsRMdLSy the phstEpbie dfothent er
sanpl e 10 chanber 202, and an open valve D serves as a vent. A portion of

t he di schansgadle guimberangrtbetuetinsent Fodypiigga rmplegeqildstipmgnierghspaist ed at

bout 69 mi| h ks .intg th I h 2 dt
bend i ot nE"BRITGLE SRRy GnplF(pdion s il Sapreten aibidig; [ o °
full, the agaiMesly R e S8 M&Sweennper ations to conplete data

collection and prepare for the next sanple. These 15 operations, include: |

. Vit a specif il reacias 20shusps oin aai-0apinpifecyciedeiade depspdendyalicpatisg at e i s

set. 2. Set_the r st ate. j aphie 20 4.

Reset 1o BESRETRRORE o ORECHELR WGSBS Sufrigieiplieelf sBRIMIE 20

Updat e t he oaibrfaiie IigsieTige samplersystehn operdiee byrwhiting Soatt Sahpld Raadyi near

actuator so that it can be npved in and out f the slan;/p{)e cHanbec{. In the
ple 1 umped.

Vai ti nd0f orsigahipe the keetor tlling the Rrmpneanalyzer fopha sam eing dumpe

The Sample Ready signal is in the form of a digital input to the Raman analyzer.
When the analyzer receives the Sample Ready signal, there is a sequence of tasks
it performs prior to setting up the valves for the Capture Sample operation, which
are:

15 1. Check to determine if the Sample Ready is for the next stream. In
the Raman control software, there is a stream sequence list that the operator sets to
tell the analyzer which reactor(s) to sample and measure. Typically, this would be
1,2,1,2, etc., for a two reactor system, but under some circumstances such as a
grade transition on reactor 1, the operator might want to sample, for example,

20 1,1,1,2,1,1,1,2, etc. Thus, the analyzer checks to make sure the dump indicator it
receives is consistent with the current stream sequence. If not, the analyzer
ignores the signal.

2. Check that the Reactor On-line digital input for this reactor is valid.
The typical stream sequence 1,2,1,2 ... may be in effect, but the operator may

25  decide to only monitor a single reactor, such as during a transition or upset. The
reactor receives separate digital inputs for each reactor, which tell it whether or
not to sample a particular reactor regardless of the active or current stream
sequence list.

3. Wait a set time interval between the Sample Ready signal and

30  setting valves for Capture Sample.

4, Set Valves for Capture Sample.



25 inserted into the sanple chanber so that the shaft of the probe is
imrersed in sanple after the chanber is filled. The Measure Spectrum val ve
state (2)woat/oeshy WO 03/ 042646 PCT/ US02/ 32767 21 cl oses wealruse2/227end D,
but al so actuates both three-way valves controlling the |[|inear actuator so
that the probe is slowy extracted fréfhthe sanple chanber while data is
being coll ected. Upon conpletion of the Spectrum Col |l ect operation, the
sanple in the sanple chanber is ejected back into the sanple 5 transport

| i ne by openi ng Mel vae GaesdrEsh®yiB 1B tidatableShtlewsfor m Rafienaei sagpdiggi n t o

Figure 2, the t.a subsystem. ncl.udes an | yzer 302,. which receives the
response sitﬂbrﬁﬁgﬁg?e ‘%H@%Q%B’Eﬂd%}?t %ﬁfg@rgﬁ?}gle%p%é@at%aﬁ B%l?gfg’rse&’fﬁgexarrpl e,
a conput er sgapait geigéoﬁgrpri ng and processing the Raman data. O her
functions of the analyzer can include, for exanple, devel oping the
regression nodel and carrying out PCA/LWR anal ysis, as described below. 1In
one enﬁgdi ment descri bed aboX/e1 the g%r%suqlsrystem controls the notion of
the sanpling probe. —tn-anot herSribod et 4ol i bed abeve, the data
subsystem 15 control|sValed ves for fill A ngBan& enpt yithg the sanpl e chanber.

npt
I n anot her enbodi mgmME, -t Ta . SUDSY 3L TES, (N al cul ated val ue of
one or nore pol yner W?WB%?‘?I?%@RI% a%tyar et ?ﬁal ge,%and%acj usts one or nore
react or paraneters ircaﬁ‘uﬁggglmg to tle |dev) @ ijop beat ween |cal cul ated and

target val ues. Reactler—eentroel—s—furtrher—deseribed-betgw. 20 5.4 PCA/ LWR
Anal ysi s The Raman s|p¥etspigminesévades G nferimétijor diGecQy or indirectly

related to various %98?%&{1&3 of tlhe pobyplefin sppl ¢ |Conventional Iy,
sanpl e conmponent s rd rdentitied y the presencel of Juni que spectral

si gnatures, such as |fwstiRubar 25 bafds Cecoyni Ced (as| bkiing due to
particul ar vi brati onat—modesof—=a tecute.—Quantitative i nformation such
as concentration can then be obtai ned about a sanple conponent by, for
exanpl e, i nt egr Bampie Chptuserie acemadished propeming the spmple chantbecvalpey Cng t he

SRR T g T S
conventi ongkodifit ARRNAE MRS 621 BE ogéﬁr%nie ¢ giéﬁﬁitﬁﬂfe Nk 80 eptet samgley found
that pol ymeér properties can be determ ned from Ranan sgect ra without the

need t d0i dehambyr 02, sed et operpuslye Euscavessisecyankl Af eation e thepdisabsiasd a
mul tivari atp%lynrggrell)roagct %264 %Ligtn?trggoelnyﬂg%g transported at about 60 miles per hour

packs into the sample chamber 202 attached to a bend in the product discharge

line 62. Once the sample chamber 202 is full, the analyzer performs a series of

operations to complete data collection and prepare for the next sample. These
15  operations include:

1. Wait a specified time interval after the Capture Sample valve state is

set.
Set the Measure Spectrum valve state.
Eject the sample
20 Reset the Probe Position.

Set the Waiting for Sample valve state

o v oA W

Update the stream sequence information.
The probe is attached to linear actuator so that it can be moved in and out
of the sample chamber. In the Waiting for Sample state (5), the probe is fully
25 inserted into the sample chamber so that the shaft of the probe is immersed in

sample after the chamber is filled. The Measure Spectrum valve state (2) not only



WO 03/ 042646 PCT/ US02/ 32767 22 properties with Raman scattering data. The
nodel uses |l arge, contiguous regions of the spectrum rather than discrete
spectral wemnds426ther eby capturing | arge anmounts of infor ®amriusn2/sEesity
unavai |l abl e and unrecogni zed in conventional analysis. Further, the
spectral data are correlated to polyn@t properties such as 5 nelt flow
rates (defined below), densities, nolecular weight distributions, etc.,

that are not readily apparent fromoptical spectra. In one enbodi nent, the
dat a anal yslsseslasves Geand Bl dbwt also ssbrtescbdilithige-avagt vadyss| gongrolhingdthet i ve

nodel for at |east one pr rty.of. t he pol yol efii ticle sel.ected from
nelt flow ?%%r, acklaey £9 %laﬁgﬁ%@%}fbgr lsvég?‘ﬁ t?%%Fegcﬁ?rgﬁmfe chagnber

di stributi QfhileaQeal WIGEIENEllbRAEOTUPAS cufpibtidar 6f Mhe tSpRch@hnTongitt f1 ow
rate" indicates any of the various quantities defined according to ASTM
D- 1238, i noperiting, 2. w@ple fie the sempleothamhes is sjectedebasl| ke therpample ed
according to ASTM.D-,.1238, . candi ti (2.16 kg load, 190 ©C, commonly
termed ? ettra%ﬁ’mnﬁedl@&c’?ehglﬁalafvf%.Cgé,hth]f;fe nmelt flow rate of the 15 pol yner
nmeasured according to ASTM D-1238, condition F (21.6 kg load, 190 O,
commonly terned the "flow index." Qther nmelt flow rates can be specified
at different terpePatd#aSubsystenfferent | oads. The ratio of two nelt flow
rates is the " t.] e , ' tio of
15106112, 16, kgl iR b Tt 2LHE il sper R RTINANEBES R O Py
rates 20 nddshiradivat tle lesgines sigoadf(the deteatoolP6.t dha ahayear chodd, for

(denom nator). As used herein, "?‘D| ecul ar. wei gsh.t " 'ngigcatgls ag{\é of the
monent 200f SKABPlENE] CORULE C\ﬂB‘?n%‘l’lP giosing; ag; praressivg ¢ AR Craver age,

vei ght averag&ionQlofZhe 3Gly28e AP iRTideafoBk A1S, dARD I HRCHLALsWRI ght
di stribution” indicates the ratio of two such nol ecular weights. In

gener al , nuhedall znd weirgihg so EEA/LWR amplysisd as28estribath thhlovexphesscon: N; M
M= E NN M ere Ni. s th unber. of, nol ecul es havi ng,a nol.ecul wei ght M
M hen = Gbodnets SRENG B e i Jo8 HEFGT A HRROHE RR S S §
is the wei ghinplidy §ha@e MPlpsHEREMBBdittnt MascriBb@nbbve; tRe dMal Subkerd- aver age
nol ecul ar wei ght 30 Mz. These and hi gher nonents are included i1n the term

"ol ecdbPar opsirglst valvehdonblisy ead egspivary Usosamplesghamber.  In another

embodiment, the data subsystem compares the calculated value of one or more
polymer properties to a target value, and adjusts one or more reactor parameters in
response to the deviation between calculated and target values. Reactor control is
further described below.
20
54  PCA/LWR Analysis

The Raman spectrum includes information directly or indirectly related to
various properties of the polyolefin sample. Conventionally, sample components
are identified by the presence of unique spectral signatures, such as particular

25 bands recognized as being due to particular vibrational modes of a molecule.
Quantitative information such as concentration can then be obtained about a
sample component by, for example, integrating the area under a particular peak
and comparing the area to a calibration sample, by monitoring scattered intensity
at a particular peak as a function of time, etc. In contrast to these conventional

30 approaches, the present inventors have surprisingly found that polymer properties
can be determined from Raman spectra without the need to identify or select

particular spectral features, by using a multivariate model to correlate polymer



23 desired nol ecul ar weight distribution (MA7D) function (such as, for
exanple, Mv M1 or Me/Mn) is the ratio of the correspondi ng M val ues.
Measur enewD 0004266 and MAD by conventional net hods such asPg&lUSpEB2TeAL | ON
chromatography is well known in the art and is discussed in nore detail
in, for exanple, Slade, P. E. 5 Ed., Pdlyner Mol ecul ar Weights Part 11,
Mar cel Dekker, Inc., NY, (1975) 287- 368; Rodriguez, F., Principles of
Pol ynmer Systens 3rd ed., Hem sphere Pub. Corp., NY, (1989) 155-160; U. S.
Pat ent No. pdoyﬁmﬁ)e;smﬁh Réers tseaiteeing datal The rvbdsl oed lerge] emtiguols. regibps ( 1988)

3360; and references cited there Vet hod ventl on incl ude

obt ai ni ng é’ E@r%@%%ﬁ ﬁﬂg‘%‘ R’Pﬁréls“fﬁtedsé:’teg?% ﬁ‘?"ﬁ% gheﬁ Yy FRFUTRG, JTEBy ¢ he
regressi on ,aRfigls bﬁﬁ{fyﬁhmnpaénei@y RibvailaBIEPRE nﬁréceglﬂtaagﬁl aoleRtibmgi pal
conponent scores; acquiring a Raman spectrum of a polyolefin sanple;

cal cul at i ngn@lysnew Fpnihnmtbalspactmh)«ia’seme eroalated rtcoppbrmer peeperties speh ason of t he

pol yer > pr Gitr E5 Vot (oRpPAG bE R SRR el SRR BBl s 19 10

regr essi on thnded no{Egﬁlw @fgﬁﬂfgﬂn@pﬂ@ﬂ spéetial ef erable a locally wei ghted
regression (L)vVR) nod usi ng princi pal conponent anal ysis

ei genvect ors. PdAong embaginent, dherdia analysis dessribeabbelow is nyrd to Hull s’iédl) bed, for

exanpl e, i r ivar of t var e
manual , In%gﬁfg,{%b}%&&l?tﬁ%%% oaqnl\?l |e%p@%é@5‘gé’8§{‘ﬂ%{“s§% oxTM
sof tware masleated frbgemwdeiflow riteselansity, hokculaMbrsdgin, nWledl&98)kighand
references cited . therein. LMWR is _described, for exanple, in Naes and

| saksséf, Astribytionapndimgiiensitherey 664-673 (1990), Sekulic et al., _
Anal yti cal Chem &{ f¥ed ﬁée1n8%e%5'%éltl?l%§) rat@Nfhdi a%fs O%’lea% ahﬁﬁ!lst herein.

25 Principal Conponents Analysis is a mathematica forms
| i near confyunatiticsrdefioféd a@amdmg tcaASEY Dol 238 snalurting &, 1a€the ofelinilcw ahte y

or t hogonal i vect ors |nc C nt...l.oadi n e.th

ol gonvect ot B EOER Sepyh Lt AT REDH s A (21 BRE 100
uncorrel at gdg ° 9'réd?ﬁhonl Q@rnfc@”théah{élﬂ ai&"t Bed 1,81,008 R4t QbW e erd@ler of
decreasi ng vari ance. h the anaIyS|s conputes a 30 nunber of

ei genvéét orp@bé@ﬁlameﬂ%ﬂ@d@wmﬁtb@rtOoASEM gPriaB8y gendiivred] (2hopkmdedde, the
15" e SSROIEEA OGRS . PRER ARV 0L WIS BABG B ARCY,, M
capt ure t hepdifi&Ba0di2eAnt Rolpetdtiyes 32 aﬁferéiﬁ loads. The ratio of two melt flow
rates is the "Melt Flow Ratio" or MFR, and is most commonly the ratio of
Lie/lr16. "MFR" can be used generally to indicate a ratio of melt flow rates
20  measured at a higher load (numerator) to a lower load (denominator).
As used herein, "molecular weight" indicates any of the moments of the
molecular weight distribution, such as the number average, weight average, or Z-
average molecular weights, and "molecular weight distribution" indicates the ratio
of two such molecular weights. In general, molecular weights M can be computed
25  from the expression:
Z Ni Min+1
M=

SN M
where N; is the number of molecules having a molecular weight M;. When n =0,
M is the number average molecular weight Mn. When n = 1, M is the weight
average molecular weight Mw. When n =2, M is the Z-average molecular weight

30 Mz These and higher moments are included in the term "molecular weight." The



vari ance, and a | arge nunber of eigenvectors capturing mniml variance can
be disregarded, if desired. The data are expressed in an m(row) by n

(col unmm) watosioxeexe with each sanple being a row and eachpganisabbxen col umm
optionally nmean centered, 5 autoscaled, scaled by another function or not
scal ed. The covariance of the data n8&rix, cov(X), can be expressed as:
cov(X) = XTX/(m 1) where the superscript T indicates the transpose matri x.
The PCA anal ysis deconposes the data matrix as a |inear conbination of
princi pal desipanantecatzorvesightl distribationr §MVDafungidnn(suplalas.compeampte, | oadi ng

vectors (eigenvectors i, as follows: X= S1LiT+ S2L2T+ S3L2T+... .The

ei genvect o!l\gwf_ Fﬂ&@%@rﬂ?éﬁ? W@.%ghiW%B ?%M_é‘aﬂﬁ%r asuEgit o o .

cor r espondinigngNIRRY BY ¥ESyetttiondd epRids REcH el PbAhda¥ion RAPMM0R4ptayar i ance
captured by each eigenvector. Thus, the |inear conbination can be truncated

after 15 tedl lwownoin thtertraadas diseugsesl igemergldgtegl ingfor tsaample, Slededt &bl y smal |

val ue. el ,can b onst ruct orr t t.he ma C r4

i nt ensi ?yn%%i’t%&gnffo%zeﬁ’? r%’gﬁg]& ‘{"{111; rg%g%%ﬁﬁ&ﬁﬁ& E\Qf’i@%’éﬁl%fﬁgar or
nonl i near 3gBi R%Hﬁgﬁ&z@IF.,rrp%kzpzessgcpo@me;pts'yﬁ_gﬁzpadrdcaﬁpﬁembﬁeréelgrbessi on
(PCR), parti al |east squares (PL ), projection pursuit regression (PPR),
al t er nat i néaepndN¥i olaB9Rd S5éxksectlat oé)%ef{tAt‘iE) , 450 ¥ 5 aVieetiateaghpli ve

regressi on i -1 | to name a few. In a
particul ar AZCP r%%?%ﬁ%%%%ez1&%@%’%@%%5%&%%%%@&9r ession nodel.
Local | y Wi ght edMEagdessi e (dvdRlomssdids obtading & niegichsiow mddeh efor

function can be_approxinated by a linear or relatively sinple, non-Ilinear
(such a8 2u5ctsrmbnng i &)Palymer insoper tthe oreiessine modeledbclyding MHIMA pei ng
used in th o' Co e i . - By i ghted by
proximty, %%%%ﬁgﬂ%g}ggs%? ﬁlﬂ‘”%%?ﬁ&’ibéﬂgﬁg I?Sé ctagllljit%%ceé | oc a%ﬁc‘[%ght ed
val ues. | n ofheotalléfbr sanme; qahadeing Rawsnprépée camapaerd coprt fioth atdagbtt he

pol yner properties. of the sanple are asured jn the | ahoratory. .The

P oper i eb nsisiha PSoRFHEF RO SR (PaPTrREhGRoPORIT MW 509 such as
density, m:é!afcufakiﬁ%’ﬂ'i@b& melBldPEHY B 2 the ¥R SSadisHl cHRIpERnt score
distributions, and functions thereof. For a desired polyner property, the
data sdb i nethedieagssitremedelsur ed pol yner properties WO 03/ 042646

IPSTG ggg r2r{) g g (73 g ! in gt rggf&g a0y ln?osdef1 Psdpr%%%?ablﬁea g%(r)]casﬂgfe&fgirgﬁ%ed q@ér%ssfio%r (ﬂ\i}'ﬁ) sanpl es

model, using principal component analysis (PCA) eigenvectors. PCA is a well-
known analytical method, and is described, for example, in Pirouette™
Multivariate Data Analysis for Windows software manual, Infometrix, Inc,

20  Woodinville, WA (1985-2000), PLS_Toolbox™ software manual, Eigenvector
Research, Inc., Manson, WA (1998), and references cited therein. LWR is
described, for example, in Naes and Isaksson, Analytical Chemistry, 62, 664-673
(1990), Sekulic et al., Analytical Chemistry, 65, 835A-845A (1993), and
references cited therein.

25 Principal Components Analysis is a mathematical method which forms
linear combinations of raw variables to construct a set of mutually orthogonal
eigenvectors (principal component loadings). Since the eigenvectors are mutually
orthogonal, these new variables are uncorrelated. Further, PCA can calculate the
eigenvectors in order of decreasing variance. Although the analysis computes a

30 number of eigenvectors equal to the number of original variables, in practice, the
first few eigenvectors capture a large amount of the sample variance. Thus, only a

relatively small number of eigenvectors is needed to adequately capture the



space to obtain a calibration data set. No particular nunber of calibration
sanples is required. One skilled in the art can determ ne the appropriate
nunber ofwomalbidsu@t i on sanpl es based on the perfornmance ofeCrhusornsatel and
the incremental 5 change in performance with additional calibration data.
Simlarly, there is no particular nu@ber of PCA eigenvectors required, and
one skilled in the art can choose an appropriate nunber based on the
anount of variance captured a selected nunber of eigenvectors and the

i ncr enent alvagdricecandé ladedinuinbanbf eigenpentoet capteringl Mifinal vyyRnep det bean be
val i dated usin t}%od%s Iﬁpown inthe art. It is convenient to divide the
cal i brati o' EEAHE 9" wo sets: a calibration data set, and a

val i dation dat aTsgetdatalfte ekpldsf¥daihi RmAAWA $eh (bSukhsP chatix UG wethogch he nodel
and to predict the appropriate polyner property for the sanples in the

val i dat i on sanipleabeing , a uewngnd teacly alatigkle | dolimm optipnathymmeas pestered. Since

cal cul abed “ARacengteh b7 Riatbs hRsubi G BB Pl hBiARe GURUER ) Doy

by conpari RghttifiRoeeX); dhiebeexpaed agasur ed val ues. The validated nodel can
then be applied to sanple spectra to predict the desired polymer property
or properties. 20 If desired, ach(ﬁ%Iﬂr?é/@’é‘rl)can be used to predict two or
mor e pol Y el herd Hpd %P@érg“&impfeifnﬁfc%g Ythe ﬁgﬁg?@&elﬂmgﬁl STRY ?C;?\éﬁlﬂl?ﬁ@d. for
each pol yner property. us, I'n one enbodi ment, the present invention

i ncl udes: detanpusegtte data wittrixraagrlassi ambinaein dforindghbcomponent sofesr st

pol ynmer. property, the first regression nodel i.ncludingfir rincipal
conpondft [VE&ATSY €0 REN¢ipRlgo Pﬁ@ﬁﬁ?n&mﬁéﬂgelﬁ@c@{?g%& ?%@tevél ning a
second regression nodel for getenm pigngTa $g5onRd pol yner property, the
second regression nodel including second principal conmponent | oadings and
second pri niepeigeawmponeht seorigenvectorpuiof | g zoRarmane spelixs uwitbfthea sanpl e

conprising polyolefin,.calculating.a newfirst .principal conponent score
From at I edoneopding: sisBraitio MrandiedRabs iaul RRGRR ofRARGRE 5
conponent  3@nthiRANNERh eforhoett@l i Tihs Ath Eveaavaitihpiohrah palruaen@pieat score
from at IeasIt) a Eorti on of the Raman spectrum and the_second pri nci pal

conpondidt |thagiinhgEthe rempiningsigenyalusereprhosangerspiably ppalhalg. by appl yi ng t he
new first principal 1,04 PCI/ ] / 0 : to the
first regr gssi orfp %no%aeéﬁcggnb% %%%%%g?f%&gﬁgg s:[g%gﬁ%n %O%ﬁe&r?ﬂg i3ty

with a polymer property in PCA space using various linear or nonlinear

mathematical models, such as principal components regression (PCR), partial
least squares (PLS), projection pursuit regression (PPR), alternating conditional

20  expectations (ACE), multivariate adaptive regression splines (MARS), and neural
networks (NN), to name a few.

In a particular embodiment, the model is a locally weighted regression
model. Locally Weighted Regression (LWR) assumes that a smooth non-linear
function can be approximated by a linear or relatively simple non-linear (such as

25 quadratic) function, with only the closest data points being used in the regression.
The q closest points are used and are weighted by proximity, and the regression
model is applied to the locally weighted values.

In the calibration phase, Raman spectra are acquired, and the polymer
properties of the sample are measured in the laboratory. The properties measured

30 include those that the model will predict, such as density, melt flow rates,
molecular weights, molecular weight distributions, and functions thereof. For a

desired polymér property, the data set including the measured polymer properties



property by applying the new second principal conponent score to the second
regression nodel. OF course, nore than two pol yner properties can be

det er m newOwy/042%46 ncl udi ng third or nore regressi on nodel PCTASVABR7aYeousl y,
mul ti pl e pol yner properties can be determ ned essentially sinmultaneously by
usi ng the same Raman spectrum and appiyi ng several regression nodels to
the spectral data. In a particular enbodi nent, two regression nodels are
used, and both a nelt flowrate (such as nelt index 12.16 or flow i ndex

| 21. 6) andtidsasiples aadehe Ramdetspeatriahdata 5 .the Reaples trieGomposed intp Péide

enbodi nent, the cal cul ated pol yner operty.is c ed.ta a target

pol yner pré@?@?fﬂ/,‘)g@ﬁbﬁ %ﬁlﬁﬁr%tg@%a/ t.%g@%ﬁkﬁpg@&ggqa@bg&%ge{%@e ased on

15 the deviatdsaiebet vRenkhiite Halheuatad RREmRY SRt afRbptims nkiepebry. The at
| east one reactor paraneter can include the anmounts of nonomer, conononer,

catal yst andibratboasahylss basedeonoibe matformpence mpehamads] end theeineremendt | t he
rati o of copononer(s) to nononef,.the ratio of, hyds.o t oper or
com)nomg;'r, ¢ ar?ﬁeolphéﬁr%%%%f’vé sad’d{t}%l?le‘é?l%abé%t%ont ﬁgabﬂ%lsng%ﬂﬁbﬁ?%{rl %?operty.
For exanpl @atichilal RANBROSE PAWleidBVects Péqided  ¥nd snélelkifled ¥n @idart leen densi ty
calculated fromthe PCA LWR nodel is lower than a target density, a

reactor pacherseedn eapropsiatdpubedbissd i o thtagemoyah f t Yariager Kaptered 4 or
S I PR

feed rate. I exarnp case o ed polynerization of
olefins, 2behysdtergen can serve as a chain transfer agent. In this way, the

nol ecul ar wei ght _of _the pol ynmer product can b ontrol |l ed. Addjt.ionally,
varyi ng0t he hydﬁ@@énWRc&Qé@n?qnahqYﬁ%‘dﬁtﬁgé‘ﬁ@girﬁetg@&%/ﬁ%qw&ﬁ Tt Cej]:'ldfors can

al so vary the Ry ﬁr@ai\gﬁ?é[ the Ja!ligf’é(tif)ﬁl%ﬁg}?léé’%o Aol 38 TRhfibhfcledath 2e16 (M).

The present 1 nvention ows contro the reactor to produce polyner
havi ng a sehéatvadidMionr duigeet. Thhe cilbraiooalad s e dsgDtobdevkiopwthergodple

rel ati onshi p. bet ween drogen concentrati on and the .of | [s
pr oduced bﬁg‘?at% ngiimft itﬂg F‘%%ng’rd?t,e pgﬁ(aneb PB%?Fstmhﬁ?et ??Qp?ﬂeérlaé?e Wldéﬂglﬂ/l range
into a reagh@rset ARidOthe SUSHABIIRL 8% FimanBipeb®A| Saick ik tiRePpblyiRE M dat a
WO 03/ 042646 PCI/ US02/ 32767 27 generated by the Raman anal yzer and

conpar ilfg tpripsristafion theovalidation datetsetvamplgrgis both pelcylpiedsand mpsredehei nto t he
o ot e 5t B HERE(cAont MohubS B o5 Bl LiGuRA] wRET Product
measured values.
The validated model can then be applied to sample spectra to predict the
desired polymer property or properties.
20 If desired, a single model can be used to predict two or more polymer
properties. Preferably, separate models are developed for each polymer property.
Thus, in one embodiment, the present invention includes: obtaining a first
regression model for determining a first polymer property, the first regression
model including first principal component loadings and first principal component
25  scores; obtaining a second regression model for determining a second polymer
property, the second regression model including second principal component
loadings and second principal component scores; acquiring a Raman spectrum of
a sample comprising polyolefin; calculating a new first principal component score
from at least a portion of the Raman spectrum and the first principal component
30 loadings; calculating a new second principal component score from at least a
portion of the Raman spectrum and the second principal component loadings;

calculating the first polymer property by applying the new first principal



It wll be understood by those skilled in the art that other reactor 5
constituent properties and other reactor paraneters can be used. In a
simlar vaQ o3aedescri bed above, the final polynmer properPCeaSIEy27HE
achieved by controlled netering reactor paraneters in response to data
generated by the Raman anal yzer. 6. BXAMPLES 10 Laboratory determ nations
of density (g/cnB) used a conpression nolded sanple, cooled at 15 C per
hour and conditioned for 40 hours at room tenperature according to ASTM
D1505 and AGTpdrohORBre forthe i repr&sioh awieltaod waltetatingitheatecandspadfmerel t 1 ow
rates were carried out .at 190 C %gﬁordin to ASTM D-123g;}J21.6 i s the
"1 ow i ndeRIOPEHLY | APPAYIREy e PV SEC rl%&&&ompe%%gg{ﬁ dUSSESTH ng to
ASTM D- 1238, . Lapditdgen F. and 12.16 is the "nmelt index" or nmelt flowrate
of the polyﬁer measured according to ASTM D-1238, condition E. The ratio
of 121.6 to |2. OF ¢msgchenduethenf twowpelymics propertitFRan bEXCEEDTRL 350 is a

- ph L duced LLDPE ethyl gne/ h a Melt
Pndex (1. Hejucie HE6 g Trrreresing ogans 0 nage oo gl Bl . Abi o
from Exxonﬁﬂagihie%m‘ﬁaéteﬁ@med EQHrﬁiaﬂg,SirﬁﬁﬁtmEB@sly BXCEEPTM 350 Resim i s now

mar ket ed as CEEDTM 3518. EXCEEDTM 357 i s a gas-phase netal | ocene produced
LLDPE et hstleetramiradapplydugssvoisbregidstipn gmogglstto %hmct(aiéatfs) of 3.4 g/10 nin,

and a density f 0.917.9/ . i i |, Co.,
Fouston. X, Thih et R, ﬁk%%%?w‘%@%%ﬁgegg%téﬁm 3518.
ExxonMobi | plelt- @R 2ratess (fuchass pleiis@dd eéglsesr Naivt indpx el enhd L dedFiEy are

et hyl ene/ but ene copol yner resin having a Melt Index (12.16) of 2.0 g/10
mn, ahe adet@é]i%lp‘{l-y of 0.918 g/cnB, avail able from ExxonMbil Chem cal Co.
Houst'on, TX. ExxonMbil LL-1 107 is a gas-phase Ziegler-Natta produced
LLDPE 30 et hyl ene/ butene copol ynmer resin having a Melt Index (12.16) of
0.8 ¢g/10 mn, afd a Reectsint @omfol 0. 922 g/ cnB, avail abl e from Exxonhbbi |

Chem | Co., ton, TX. 3/ 042646, PCJ/ US02/ 32767 28 EX Mbobi |
L8100 i s 5 gnid ReEnbAdugPD, Tk pGAPd FRCEHO, DIBED At ROPBNES itane
copol yrer fﬁ@t’})&?ﬂﬁéﬂ%ﬁ?eﬁﬁ'&ld'dﬂ%& §rd2rchbtbr Phradfidd/id Qdfibed basd én density

of 0.925 g/cnB,” avai e Trom ExxonMobi | Chem cal Co., Houston, TX
ExxonMbhi | tHeldefigion bstvecegdke ethedasedransiipeget pelymgr propetite dhe pioeast one

and’a qendil T orB SRRy AR LRI e b S e gl g, T

Houst on, TXecatalyst, the operating temperature of the reactor, the ratio of comonomer(s) to

monomer, the ratio of hydrogen to monomer or comonomer, and other parameters
that affect the chosen polymer property. For example, if the chosen polymer
20  property is density and the density calculated from the PCA/LWR model is lower
than a target density, a reactor parameter can be adjusted to increase density, such
as, for example, reducing the comonomer feed rate and/or increasing the monomer

feed rate.
For example, in the case of the fluidized bed polymerization of olefins,
25  hydrogen can serve as a chain transfer agent. In this way, the molecular weight of
the polymer product can be controlled. Additionally, varying the hydrogen
concentration in olefin polymerization reactors can also vary the polymer melt
flow rate, such as the melt index I, ;¢ (MI). The present invention allows control of
the reactor to produce polymer having a selected MI range. This is accomplished
30 by knowing the relationship between hydrogen concentration and the MI of
polymers produced by a specific reactor, and programming the target MI or MI

range into a reactor control system processor. By monitoring the polymer MI data



ExxonMobi | LL-6201 is a gas-phase Ziegler-Natta produced LLDPE

et hyl ene/ but ene copol yner resin having a Melt Index (12.16) of 50 g/10 mn,
and a deweiosp4whic 0. 926 g/ cnB, avail abl e from ExxonMobi | @oenisezbs27€n. ,
Houston, TX. 10 Exanples 1-3 Exanples 1-3 were used to show the feasibility
of enbodi ments of the invention. In Ekanples 1-3, neasurenents were nade
in the | aboratory, sinulating the neasurenents that woul d be made on-1line
in a polynerization 15 reactor. The Raman system used for Exanples 1-3 was
a Kai ser Optnerated HltxpRainen aRalgne sed Ramparidgthliy dan to theaitgabMa réngsm Kai ser

Optical Systeps, lLnc., Ann rbor, M chigan., The Rapan_ syst used a 125 nW
di ode | angheofg‘_g‘?’é’f !hﬁéfc’&‘?n %@)ﬁ‘%ﬁ?d%rn@s%g@gq]{ﬁ ?fﬁ‘éﬁeﬁot W%ﬁ’ﬁ?@b@n&?t h 2.5
(6.3 cm 'Bfﬁle'rpm%é}q)_remdt?e%néihm{thi%%@@}ge@@iﬂrﬁng@um ed to the instrunent,

a hol ographi c notch filter, holographic dispersion grating, cooled CCD

detector (-40 CJt valdbe amdetstrodf by thosel pkidled imothe ett thatl abarareaefar ysis. A
nore coppl ete .ges ription of %his commer ci ?I ingtrurérlgrr]it can..be ;ound in
"El ect r - OFPFHUSHA PEAREHES NS Feagioq PHaEISFF S Rtk 0° 3% 8Iaosé]?lg§r Yor online
Cheni cal ProgessibMRbb @, ithd finalPpsleRecpgertiePfay o hchidRd3H3dontdfled 200- 212
(1998), the disclosure of which is incorporat eg herein_by reference for
pur poses ofneterig nsagtenparpneletsi io sesporiedo dateigererpise bidke Remangnalywed by
positioning the Ranan probe above the surface of a polyner granule sanple
at a distance of about 2.5 inches (6.3 cm. The probe was fiber optically
coupl ed toet he RammmiPaEs yzer for both excitation 30 and scattering
signals. Data were colTected fromeach sanple;for three mnutes i

i.e.,
si gnal 18ver aged Lpgpratpriidsiprainationy,ef density &4/emplosed @ %?@F%S}O&‘én?]ée‘ios mc

rays, whic C I5] [ | 5,4l £ I t s CAspidm r ay
checki ng" S@ﬁg%i O%g%§6§gg15/%{sjg)§?§%%7ﬁl 9%@%%&65%9 f‘ﬁ‘ﬁéti on that checks
for these ahpdramtesacanriinh tocas sl D édhantd ASTM D 28| prwcergireianpl es, the
Che T egi on of - 106DVGIE Gl CRRE oM PGBl R GHEE MFee CHEEt et fel &G | ect e
for each sapR| gingsedaSTREDSEMR! €5, WRr e "BloAPindbRedr e Sk irhierofOthe t WO
gas- phase fluidized bed reactors produci ng copol yners of ethyl ene and

3

but ene 16r Ipekeme messined ageqrdinigde évid M &-423% ccenditipabopad bnyisibasSmeément s of
mel t index iI?A]eg(l' e n%ieeip %llc);[)vy raleof th%lp%?yrrrf’eardr%egs%edea?c%grding to ASTM D-1238,
condition E. The ratio of I1 ¢ to I 16 is the "melt flow ratio" or "MFR".

EXCEED™ 350 is a gas-phase metallocene produced LLDPE
ethylene/hexene copolymer with a Melt Index (I2.16) of 1.0 g/10 min, and a density

20 of 0.918 g/cms, available from ExxonMobil Chemical Co., Houston, TX. The
EXCEED™ 350 resin is now marketed as EXCEED™ 3518.

EXCEED™ 357 is a gas-phase metallocene produced LLDPE
ethylene/hexene copolymer with a Melt Index (I2.16) of 3.4 g/10 min, and a density
of 0.917 g/cm3, available from ExxonMobil Chemical Co., Houston, TX. The

25 EXCEED™ 357 resin is now marketed as EXCEED™ 3518.

ExxonMobil LL-1002 is a gas-phase Ziegler-Natta produced LLDPE
ethylene/butene copolymer resin having a Melt Index (I,.16) of 2.0 g/10 min, and a
density of 0.918 g/cm’, available from ExxonMobil Chemical Co., Houston, TX.

ExxonMobil LL-1107 is a gas-phase Ziegler-Natta produced LLDPE

30 ethylene/butene copolymer resin having a Melt Index (I2.16) of 0.8 g/10 min, and a
density of 0.922 g/cm’, available from ExxonMobil Chemical Co., Houston, TX.



sanple. The data were divided into calibration sets, used to develop the
PCA/LWR 10 nodels, and validation sets, used to evaluate the accuracy of
t he nodelwo$gpavat e nodels were devel oped for a rel ativelPgTIusaz/sa8bt | ndex
range, a relatively high nelt index range, and density. Exanple 1. Low
Melt | ndex Model Seventy-three pol yner28sanpl es were eval uated. The sanpl es
were divided 15 into a group of 50 used for calibration (nodel

devel opnent) and a group of 23 used for nodel validation. Each sanpl e was
a net al | ocene- cdxadopkedill LDRH 00r és iangaswihiabe WerglaeNetaomwodwed LhDBEnel t

d f f bout . 0. 6 to about d
| Bbor at o 5 <Bilen AURIE saealdieS e BAGE:  MefiHst oo B b aiiBove 20
The | ab val 4e8§tyobt 01833 gicRf exvanitsle tam MABANMHIECKR A Cd. B0, xat i on data

set were used to create a 1ocally wei ght ed regression nodel for | ow range

melt i ndex, u5|E?g<0pM0rbd| Bt 61c§BrrwonegaS-1ﬂ@a@hZigglelatht@rprnqugél LikBRBonent

h d d d
(P06 GovielTIBRY 6 polmdiFiR Bk BRG! FitsTlne' BPBH R R 0% he LWk
rmdel ) are &aawnof Mgk’ Rhaildble WOHDBHAREHA GenTiolll @o. 1Hobston, VK.

Cal i bration PCIT/ US02/ 32767 M _(Lab)M (Nbdelirpw( M (Lab )M ENbdeI)AM a)
(dg/ m n) (dg/ m n)RagpMabyl d&+eaM) (dg/ ssmheay/ Zirglpr-Natta produced LLDPE

0. 6780 675713510 8%%%%%%%%3%%9%%% Index (1) of 50 /10 min, and a

. 6790. 6855R:h6ity0EBEIND/BR:T PavaN&Se Brof?RdxonMobil Chemical Co., Houston, TX.
. 6790. 653462- 0. 025540. 840. 819804- 0. 0202
. 6870.1999420. 0129420. 840. 838078- 0. 00192

. 6870. 7094330. 022433Q 230. 9343140. 014314
.6960.7004810.06ﬁé§%ﬁ#920.938590.01859

. 6960. 6963090. CE}G@QQGS 061 wer0uBe-10. 0d@8ibe feasibility of embodiments of the

. 70.689811-0. 010 1. 07 01161
' 70. 6946 581n6en8|633 4 1 0 Xagg §7€§ Jigsypments  were made in the laboratory,
. 7050. 690587ufatiRgd 4A¢ baddddrehéBtEOh: BHIA0Be made on-line in a polymerization

15  reactor.

COO0OO0O0O0O0O00O00OO0O

The Raman system used for Examples 1-3 was a Kaiser Optical Holoprobe

Process Raman Analyzer, available from Kaiser Optical Systems, Inc., Ann

Arbor, Michigan. The Raman system used a 125 mW diode laser operating at 785

nm, and was equipped with a probe with 2.5 (6.3 cm) inch imaging optics fiber-

20 optically coupled to the instrument, a holographic notch filter, holographic

dispersion grating, cooled CCD detector (-40 °C), and computer for analyzer

control and data analysis. A more complete description of this commercial

instrument can be found in "Electro-Optic, Integrated Optic, and Electronic

Technologies for Online Chemical Process Monitoring," Proceedings SPIE, vol.

25 3537, pp. 200-212 (1998), the disclosure of which is incorporated herein by
reference for purposes of U.S. patent practice.

Data collection was accomplished by positioning the Raman probe above

the surface of a polymer granule sample at a distance of about 2.5 inches (6.3 cm).

The probe was fiber optically coupled to the Raman analyzer for both excitation

30 and scattering signals. Data were collected from each sample for three minutes

(i.e., signal averaged for 3 minutes). The CCD detector is sensitive to cosmic

rays, which can cause spurious signals in array elements. "Cosmic ray checking"



. 7050. 7065910. 0015911. 081. 0904370. 010437

. 7060. 69476-0. 011241. 081. 055101-0. 0249

. 7060. 7188468040042 3461. 0981. 1173670. 019367 PCT/US02/32767
. 7140. 706535-0. 007461. 0981. 092972- 0. 00503

. 7140. 703178-0. 010821. 11. 083835-0. 01817

. 75460. 7866020. 0320021. 11. 071211-0. 02879

. 75460. 7746160. 0200161. 111. 1157560. 005756

. 7720. 781622 @e2006 Zdictidbd thdt08R2Ks ﬁ)raﬁésfwartifacts and discards them. In the
. 7720.779 110 0076111. 111. 085486- 0, 02451

. 7730. 7753 0ving esi%hf’ OFBECAY §hepkiag function was used.

. 1730. 7773780, ﬁcgl }%ec%rg]wéré%gﬁéjc’téh QRF 42 region of 100 to 3500 cm™. Three
. 8080. 800435-0 é 7571.151.1283-0. 02

. 8080. 8248&&6cxﬁﬂy@8§1@dﬁra&&&m.czneaasdomw%@mple used. The samples were

Lab. (e uPBRPeR Dol FhRRro SN0 st ror ndwyedudt o Bl Bofthing’e ™ ™

col l ected, ;ghflyMENY of eltiyldiel BRl HRRSHRODE Hex QN gWeietallb@biid! lcataBdtsf r om t he
val i dation SEpctra Usi ng the | ocal | y-wei ht ed regressi on nodel, the nelt

i ndex of ehehoratary deesusementflf eakhindnoapdPD4oBits e pisSy/ BtRIR 236y t hen
cal cul at ed. Thle nmeasured nelt indexes, predicted nelt indexes, and

devi ati ons P&, deviation of the actual nelt index from the prediction of
the LMWR nodel ) Tae ﬁa@W@divﬁde'ﬂahfoecaﬁbraﬁabkets Aised enddvlelopathe BEA/DWRM  (Lab)
M ( Model) AM (a) M (Lab) M ( Mbdel) AMé)‘ (dg/ min) (dg/mnn) dg/m n)
(dg/mi H) ( gnd vrdidation sats. serl teaiahiste (e AeaBREYeRIbE BERSE5 2S¢

. ggg g;g?égo%ﬁgz\%§§9%§§§ﬁg g% %Z% t&; %2(7»3 melt index range, a relatively high

0.

0

0. 6160. 6542(5&41Qn@é3&25gﬁ)aﬂ(5&l61&&31230 133123
0. 6160. 6370830. 0210830.
0
0
0

OO0OO0O0O0OO0O0OO0O0O0O0O0O0O0O

. 6160. 6673280, d&ampied: oY Msidndex ,‘.n

. 6220. 65040. 02%%@%6%@&?&% Qangﬁg@@ere evaluated. The samples were divided
. 6220. 6358630. 0138631. 0650: 950208- 0. 1147

15 into a group of 50 used for calibration (model development) and a group of 23
used for model validation. Each sample was a metallocene-catalyzed LLDPE
resin, with hexene comonomer, in a melt index range of from about 0.6 to about
1.2 g/10 min. Raman spectra and laboratory melt index measurements were
collected as described above.

20 The lab values of melt index and the Raman spectra 6f the calibration data
set were used to create a locally-weighted regression model for low range melt
index, using principal component loadings and principal component scores. The
measured melt indexes, predicted melt indexes, and deviations (i.e., deviation of
the actual melt index from the prediction of the LWR model) are shown in Table

25 1.



0. 6220. 6691560. 0471561. 0650. 978949- 0. 08605

0. 6790. 644011- 0. 034991. 1421. 147520. 00552

0.679' 0. 682820440463 71. 1421. 12363-0. 01837 0. 6790. 634522- @COABAB3567 a)

Model (predicted) M mnus Lab (nmeasured) M Figure 6A depicts the data
from Tables 1 and 2 graphically. The IBPne in the Figure is the nodel
prediction. The calculated R2 value was 0.99 for the <calibration set, with
a standard error of 0.0155, and 0.92 for the validation set, 10 with a
standard error of 0.059. Exaﬂiabb ]2LoMrMi (dibibtatibndex Mbdel An anal ysi s was

carried out Ex (amrg I) T rrpl e I(d)n ty-four

pol ymer Sc %re%{%}s‘lﬁ? e%%b rf\gle@/s[ ifbration

sanpl es fqr @&AEN dev (B%(fm%) val {984RI%N s&%@’cm W@m ed. Each

sanpl e way a ggi@ll ocg &@qt aI y@qﬂ%LD E res 6;@3@25 eneo.o@mgnorrer, in
m n.

a nelt index range of rom abou about 60 Raman spectra and
| abor at ory| nmed.678 ndex0.68528r eme®0823kr & cOI8Béct edO&éléﬁ&crl(b@H)M&bove. VO

pectra of| tHEOLAI | br GoFon dat 5 OBET Mhr e0udha To R8T 2"TRRER) vl gnt e

regressi on rm@ie79 for fbsdtepange0 b4 | ndex84 usi ng.§eBMti palko. OmmOrlent

| oadi ngs a cip onent es. Th measuyy. It | es,
predi ct ed dexeé68929 0&??%#1 (i .Oe§4, dev@%@ggﬁf @'({bﬂ@act ual
nel t index fr@m he pp.egdgsi onoco‘zznm L\/\Rm@del) 819848 wown 001413abl e 3.
Table 3: High M Calibration M@Lab (Model ) AM (a) M (Lab)

( Model ) AM (a)Oé%(g/ mi n§-7eRf84i n) O dg/%i%) (dg/H¥H¥Pdg/ mOfQ)l859
4.3414.5130 682 1.5 14. 4676 1263 112

5 6135, 433- 0. 1842, 9333 4240, 4%’093%%33 31400, 20057 Ghe. 6580, 902
10. 4999. 978- 0.052133. 6883981330, 568141 49910.-7680. 269856437, 2060164 6

U

0.7 0.694658 -0.00534 1.07 1.080271 0.010271
0.705 0.690562 -0.01444 1.07 1.079701 0.009701
0.705 0.706591 0.001591 1.08 1.090437 0.010437
0.706 0.69476 -0.01124 1.08 1.055101 -0.0249
0.706 0.718346 0.012346 1.098 1.117367 0.019367
0.714 0.706535 -0.00746 1.098 1.092972 -0.00503
0.714 0.703178 -0.01082 1.1 1.083835 -0.01617

0.7546 0.786602 0.032002 1.1 1.071211 -0.02879
0.7546 0.774616 0.020016 1.11 1.115756 0.005756
0.772 0.781622 0.009622 1.11 1.106827 -0.00317
0.772 0.779611 0.007611 1.11 1.085486 -0.02451
0.773 0.775132 0.002132 1.11 1.096664 -0.01334
0.773 0.777378 0.004378 1.15 1.142874 -0.00713
0.808 0.800435 -0.00757 1.15 1.1283 -0.0217
0.808 0.824823 0.016823 1.1811 1.200165 0.019065
0.82 0.825021 0.005021 1.1811 1.198869 0.017769

(a) Model (predicted) MI minus Lab (measured) MI

" The Raman spectra of the validation data set were collected, and new
5  principal component scores were calculated from the validation spectra. Using the

locally-weighted regression model, the melt index of each validation sample was



12.
18.
19.
21.
22.
30.

54713. 0130. 46636. 636. 9890. 389 12.54712. 9710. 42445. 1544. 433-0. 717

6117. 955-0. 65545. 1545. 001-0. 149 18.6117. 885-0. 72548. 0748. 9660. 896
8121. OWOD308848. 0749. 2071. 137 19. 8120. 8931. 08351. 4149. CIABIHRT67
5922. 0110. 42151. 4150. 554- 0. 856 21.5922. 3140. 72455. 5657. 2131. 653
7922. 291- 0. 49955. 5656. 6671. 107 22. 7923. 1090. 31957. 4157. 9420. 532

6828. 212- 2. 46857. 4158. 2170. 807 (a) Mdel (predicted) M mnus Lab

(measured) M 10 Figure 6B depicts the data from Table 3 graphically. The
line in thtenFicgltlatads Thve nxadetd pmeli otderes, filedictdl metatimdExB wml ue was

0.99, with a standard_ error

42646 PCT/ US02/.3

of 0.91. 33
Exanpl e 3: dpdaiensy(-gpdeiatgn of by %ﬁ‘é Wﬁi\ongﬁ’f @b gredigtion 9 é}é’nﬁ’ 1, using
density rahﬁg&l)momhthbg@ex as the predicted property. A subset of 22
of the polyner “sanples used in Exanple 1 were evaluated. These sanpl es
were used as calibration sanmgr ¥ 9owbMIOGgdaeyv el opment, but a validation
subset mabnet—u&ed—Eaeh—&ampl—e—wp;r—j—ﬁe%a#eeﬁm—e&F&l—ﬁedﬂé;DP_ resin,
wi t h hexeheMidkebbneM] (Kedelh spdMiira afdl (Jabdr adbrPMagehsi t pMeasuf ement s
were col | =c(@lmals) des(lgiisd abélghminhe I@E/mﬂa]) ues (&/midnsi t(jg/ane) t he Raman
spectra o atToT gat “WET e, d-To Vi wei ght ed
regression @é for @é@yé @Q?ﬁ%ﬁ 10 pQ i pal O%Qﬁ@énent b%ggé ngs and
princi pal | conpssent sg97B39 Theowmr ed olegsi ti eg 35627di ct-ed26eENs| ti es,
and deviations (i.e., deviation of the ac den from.t redi ction
of the LWR rm%lé%) ar eOsH8lh i n O¥E81e 4. Tétgg% 4: %@ﬁéﬁ % Caplog?h({) bn p
E'—fbang) E 'V‘Jd%o)eﬁﬁ( ﬁ% I)O(d 5594@”%51)@( (}\/9@9!;;)54) (a) 033 1083123  0.133123
c c c [ cm cm
J J 6g 09637083 J 002% 33 0.95 1.022883 0.072883
0.616 0.667328 0.051328 0.95 1.021329 0.071329
0.622 0.6504 0.0284 1.065 1.006358 -0.05864
0.622 0.635863 0.013863 1.065 0.950208 -0.11479
0.622 0.669156 0.047156 1.065 0.978949 -0.08605
0.679 0.644011 -0.03499 1.142 1.14752 0.00552
0.679 0.632626 -0.04637 1.142 1.12363 -0.01837
0.679 0.634522 -0.04448
5  (a) Model (predicted) MI minus Lab (measured) MI
Figure 6A depicts the data from Tables 1 and 2 graphically. The line in
the Figure is the model prediction. The calculated R? value was 0.99 for the
calibration set, with a standard error of 0.0155, and 0.92 for the validation set,
10  with a standard error of 0.059.
Example 2: High Melt Index Model
An analysis was carried out as in Example 1, using higher melt index
samples. Thirty-four polymer samples were evaluated. These samples were used
15 as calibration samples for model development, but a validation subset was not

used. Each sample was a metallocene-catalyzed LLDPE resin, with butene
comonomer, in a melt index range of from about 4 to about 60 g/10 min. Raman
spectra and laboratory melt index measurements were collected as described

above.
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nmet hods ony line in a polynerization reaction system for nelt index
determination. 5 The Raman system used for Exanples 4-5 was as descri bed
for Exanples 1-3, except tha“ablétaeHiganS‘ﬁI Oahbraaoﬁoo nWm)de stabilized di ode
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group of 69 Us&®P for nBdé$ val i dhtilon. anpl e a
met al | ocene- kg9 yzed 10,768 0.269 36.6 37.216 0.616

12.547 13.013 - 0.466 36.6 36.989 0.389

12.547 12.971 0.424 45.15 44.433 -0.717

18.61 17.955 -0.655 45.15 45.001 -0.149

18.61 17.885 -0.725 48.07 48.966 0.896

19.81 21.009 1.199 48.07 49.207 1.137

19.81 20.893 1.083 51.41 49.879 -1.531

21.59 22.011 0.421 51.41 50.554 -0.856

21.59 22.314 0.724 55.56 57.213 1.653

22.79 22291 - -0.499 55.56 56.667 1.107

22.79 23.109 0.319 57.41 57.942 0.532

30.68 28.212 -2.468 57.41 58.217 0.807

(a) Model (predicted) MI minus Lab (measured) MI

10 Figure 6B depicts the data from Table 3 graphically. The line in the
Figure is the model prediction. The calculated R? value was 0.99, with a standard
error of 0.91.



LLDPE resin, in a nelt index range of fromless than 1 to about 15 g/ 10
mn. 20 Raman spectra and | aboratory nelt index neasurenents were coll ected
as descrwbadossave. The | ab values of nelt index and thePRansn2/3ertra of
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nodel for nmelt index, using principaB3conponent |oadings and princi pal
conponent scores. The neasured 25 nelt indexes and predicted nelt indexes
are shown in Tables 5A-5B. The deviations are not shown in the table, but
are readi | Exembled: Depditf Mudel he tabul ated data. The data are shown in the

order taken (by colum, within each table), to.  illustrate the
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(Ml\/bggl I) ,r\/latni%q(zdgbfieR & ?gé%ﬁépblﬁcglvgﬁga%{o%zsﬁgzet I\\/Jvas( rlic?tb&selgl. E(acl\ﬁ) %grln le l\\/zlvas( L ab) M
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0133.5063. 4400. 9670. 973 4. 4134. 3903. 5543. 4010. 9520. 961
. 5594. 4103né bbaraama0less BOmeFsPreagnas gere Igkicater & dsonbeaylshove 40

3013, 2863, 6303 Mk EYOTVignsy HiH Bipdn diireg e falfaiit se
. 4603. 607 3yp2 3ed 3 LerdBB1a 200a1B-3BikBted SikbgresdiBa. mbaAdl. I@2derBsl, using

. 3803. 3013. 3463. 2571. 1301. 104 oL
10 principal component loadings and principal component scores. The measured
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densities, predicted densities, and deviations (i.e., deviation of the actual density

from the prediction of the LWR model) are shown in Table 4.

Table 4: Density Calibration

p (Lab) p Model) p® p (Lab) p (Model) p®
(g/ cm3) (g/ cm3) (g/cm3) (g/cm3) (g/ cm’ ) (g/ cm3)

0.9183 0.919018 0.000718 0.9218 0.922121 0.000321
0.9183 0.919053 0.000753 0.922 0.921901 -0.000099
0.9185 0.917859 -0.00064 0.922 0.922797 0.000797
0.9185 0.917786 -0.00071 0.9226 0.921872 -0.00073
0.9195 0.918575 -0.00092 0.9226 0.922369 -0.00023
0.9195 0.918499 -0.001 0.9244 0.924316  -0.000084
0.9196 0.919342 -0.00026 0.9244 0.924075 -0.00033
0.9196 0.919943 0.000343 0.9249 0.924893  -0.000007
0.9212 .0.921674 0.000474 0.9249 0.924031 -0.00087
0.9212 0.921701 0.000501 0.9262 0.926252 0.000052

0.9218 0.92193 0.00013 0.9262 0.925936 -0.00026
(a) Model (predicted) density minus Lab (measured) density

15
Figure 7 depicts the data graphically. The line in the Figure is the model
prediction. The calculated R? value was 0.95, with a standard error of 0.00057.
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were taken using the sampling system described above.
The data were divided into calibration sets, used to develop the PCA/LWR
10  models, and validation sets, used to evaluate the accuracy of the model. Separate
models were developed for a melt index (Examples 4-5) and density (Examples 6-
7). In addition, separate models were developed for each of the two gas-phase

reactors. The two reactors are denoted "Reactor 1" and "Reactor 2" below.

15 Example 4: Melt Index Model, Reactor 1

Two hundred eighty-five polymer samples were evaluated. The samples
were divided into a group of 216 used for calibration (model development) and a
group of 69 used for model validation. Each sample was a metallocene-catalyzed
LLDPE resin, in a melt index range of from less than 1 to about 15 g/10 min.

20 Raman spectra and laboratory melt index measurements were collected as
described above.

The lab values of melt index and the Raman spectra of the calibration data
set were used to create a locally-weighted regression model for melt index, using
principal component loadings and principal component scores. The measured

25  melt indexes and predicted melt indexes are shown in Tables 5A-5B. The
deviations are not shown in the table, but are readily calculated from the tabulated
data. The data are shown in the order taken (by column, within each table), to
illustrate the effectiveness of the model under changing polymer conditions. A
symbol "Vn" before an entry indicates that the nth set of validation spectra were

30 taken before the marked entry, as shown by the corresponding notation in Table 6.

Table 5B is a continuation of Table 5A.
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3.369 3.211 3.630 3.664 1.135 1.083
3.460 3.607 3.626 3.563 1.188 1.209
3.391 3.481 3.618 3.652 1.182 1.231
3.380 - 3.301 3.346 3.257 1.130 1.104
3.523 3.629 3.409 3.399 1.138 1.193
3.370 3.294 3.409 3.426 1.015 0.996
3.537 3.522 Vb 3411 3.342 0.977 0.967
3.534 3.559 3.572 3.743 0.965 0.973
3.432 3.407 2.351 2.402 0.970 0.980
3.518 3.671 1.544 1.574 0.985 0.990
3.555 3.562 1.348 1.364 0.952 0.962
3.380 3.299 1.163 1.140 0.923 0.918
3.320 3.308 1.106 1.095 0.921 0.900
3.470 3.523 1.072 1.100 1.017 0.981
3.380 3.405 1.098 1.103 1.005 1.061
3.380 3.277 1.071 1.110 1.010 1.012
3.370 3.328 0.987 0.971 1.030 1.078
3.370 3.400 1.009 0.994 0.986 0.979
3.354 3.290 1.005 0.998 0.944 0.937
3.354 3.540 0.978 0.980 0.947 0.953
3.523 3.327 1.009 1.010 0.955 0.972
3.523 3.473 0.991 1.039 0.932 0.928
3.491 3.551 1.002 0.991 0.947 0.944
3.582 3.613 1.038 1.094 0.984 0.990
3.582 3.612 1.035 1.000 0.972 0.994
3.493 3.464 1.016 1.023 0.998 0.990
3.493 3.375 0.940 0.932 0.991 1.039
3.523 3.596 0.970 0.980 1.060 1.004
3.506 3.483 0.980 0.979 1.041 1.013




The Raman spectra of the validation data set were also collected, and new
princi pal conponent scores were calculated fromthe validation spectra.
Usi ng t hewolosoadee/- wei ght ed regressi on nodel, the nelt inaex/usbh2/zaech

val idation sanple was then cal cul ated. The neasured and predicted nelt

i ndexes are shown in Table 6. 5 Acqui8étion of the validation spectra was
interspersed with acquisition of the calibration spectra, at the
correspondi ng "Vn" positions. Table 6: M Validation, Reactor 1 M (Lab)M
(Model )M ( Lab) M ( I\/bd@hblh/BB( L/Ht()dilbre(tMndBée)ctor 1, continued
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0.998 1.092 1.040 1.019 3.437 3.572
0.983 0.963 1.080 1.103 3.397 3.429
0.985 0.973 1.020 1.031 3.449 3.401
0.990 0.999 1.040 1.039 3.513 3.329
0.990 1.024 ¥ 1.061 1.092 3.771 3.702
0.993 1.003 1.546 1.552 3.986 3.918
0.968 0.982 2.043 1.993 4575 4.428
0.997 0.971 2.381 2.402 5.000 4.892
1.006 0.982 2.751 2.772 6.054 6.203
2 0.939 0.926 3.054 2.994 7.452 7.624
0.966 0.953 3.414 3.540 8.392 8.012
0.992 1.017 3.342 3.254 10.630 10.171
0.989 0.993 3.550 3.453 10.630 10.171
0.951 0.937 3.580 3.429 12.530 12.779
1.030 1.018 3.550 3.445 13.110 13.671
1.000 1.005 3.610 3.454 13.879 13.698
0.959 0.939 3.528 3.310 13.952 13.498
0.954 0.957 3.246 3.152 13.627 13.593
0.940 0.910 3.523 3.391 13.295 12.998
0.985 0.991 3.620 3.662 13.393 13.876
0.980 0.991 3.691 3.604 13.146 13.029
0.955 0.931 3.713 3.700 12.810 13.014
0.930 0.909 3.451 3.619 11.989 11.903
0.910 0.891 3.439 3.293 10.670 11.003
0.940 0.963 3.501 3.701 12.181 12.292
0.980 1.003 3.263 3.331 12.711 12.625
0.980 0.993 3.433 3.383 1.120 1.204
0.960 0.968 3.477 3.579 1.002 1.002




Figure 8A depicts the data from Tables 5A, 5B and 6 graphically. The line
inthe Figure is the nodel prediction. The cal cul ated R2 val ue was 0.999,
with a swandasdserror of 2.78% 5 Exanple 5: Melt | ndex Woaaisp2/BRgertor 2
The procedure described in Exanple 4 was fol |l owed, except as noted,
sanpling this time fromthe Reactor 23polymer. Two hundred ninety-one

pol ymer sanples were eval uated. The sanples were divided into a group of
266 used for calibration (nodel devel opnent) and a group of 25 used for
model val i dat i ofThe Konfaacipestangdlthe walsdagioZidatyl set wikedt 4lso caleatedzadl ndvwDPE r esi n,

inamlt index range of fromles han.1 to ahout. 60 g/l 0. n.. Raman
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above. Thewcgg ¥ i%!’?eiéd plordteibh nhd?i‘éﬁ)%h@ﬁ{élttihée&ﬁ@déh%ﬁ%tfo% Qnpldieras

calibration t were used to create a |ocally-weighted regression
nodel for thentcalouiesd. Tieimepsue8 apdimedigiad nedhindensstar¢ sadvmisTabld 6pri nci pal

Chown 1 TABAEGIIPR, 96 e RAMAGER PR S b BRAT EhO P CHOL A6 but ar ¢

readily cabgl%raﬁ@rgsﬂewgpa&ﬂ@cbﬁggﬂoﬁaﬁg "Vadtpdsitibhe data are shown in the
order taken (by col'um, within each table), to illustrate the

ef fecti veness of the nodel under changing pol yner conditions. A 20 synbol
"Vn" before an entry indic ) nth_set of validation spectra were
t aken before the marked enﬁai’feégﬁipéﬁ%tw’{{ﬁ@t@&rrespondi ng notation in

Table 8. [Tabl @aBB | MIgModel)i nMt(Lab) of MTahlodely A. MINLaa)p! el Podelll | 7B, the
units of Teldgningex (Woinds d0/min VORI 264608 TR0 (oA
(Lab) (Mbdél YELRBY E Nodebitab) ( MIHED) ( Lab) 9-kBbel ) 0933 0.960
0. 6780. 6638. &gmz. gggggaﬁ@gzzgslmééggg 697907 0.859 0.811
i: gggi: %%v’ %7‘.@&3018. 06'%2 .6605%‘2%)35220. 4'4@?? o5 0934 0.903
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0. 8320. 85920.28021. 0214853047. §iL9. 974200977 0.910 0.880
3.354 3.365 0.946 0.967 0.890 0.920
3.454 3.604 0.943 0.920 0.900 0.899
3.531 3.594 0.928 0.892 0.970 0.992
3.557 3.500 0.931 0.950 0.980 0.962
3.521 3.498 0.967 0.972 0.990 1.053
3.440 3.352 0.949 0.957 V4: 3.470 3.625
3.507 3.521 1.025 0.980 3.620 3.772
3.596 3.569 1.029 1.089 3.420 3.400
3.659 3.623 1.032 1.012 3.504 3.387
3.554 3.648 1.025 1.034 3.682 3.598
3.565 3.662 0.999 1.004 3.597 3.784
3.605 3.807 0.995 0.970 3.531 3.724
3.573 3.531 1.009 0.998 3.399 3.412
3.456 3.604 1.035 1.029 3.590 3.498
3.501 3.586 1.048 1.011 3.520 3.500
3.500 3.398 1.012 1.029 3.431 3.548
V2: 0.980 0.998 V3: 1.095 1.118 3.391 3.293
| 0966 0.982 1.114 1.092 3.288 3.412
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nielt Tidexey and predicted mielt 1n exes are s in Tables 7A-7B. The

+ deviations are not shown in the table, but are readily calculated from the tabulated

data. The data are shown in the order taken (by column, within each table), to

illustrate the effectiveness of the model under changing polymer conditions. A

20  symbol "Vn" before an entry indicates that the nth set of validation spectra were

taken before the marked entry, as shown by the corresponding notation in Table 8.

Table 7B is a continuation of Table 7A. In Tables 7A and 7B, the units of melt
index (MI) are dg/min.
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spectra, at the corresponding "Vn" posltions.
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0.970 0.978 0.980 0.980 0.734 0.720 9.130 9.297

0.965 0.954 1.061 1.046 0.711 0.720 12.063 11.999

1.281 1.299 1.005 1.018 0.763 0.777 13.815 13.684

1.445 1.455 0.961 0.967 0.778 0.801 13.262 13.555

1.502 1.552 1.005 0.997 0.685 0.673 16.134 16.643

1.373 1.299 0.980 0.977 0.769 0.776 15.180 15.322

1.365 1.399 0.864 0.877 0.760 0.743 15.845 16.015

1.420 1.390 0.891 0.903 0.738 0.750 15.730 15.926

1.462 1.442 0.996 1.043 0.726 0.701 12.221 12.442

1.674 1.739 1.054 1.044 0.719 0.742 11.531 11.735

1.868 1.920 1.017 1.009 0.706 0.688 12.532 12.221

2.168 2.122 1.023 0.995 0.781 0.743 12.358 12.471

1.979 1.948 2.079 1.997 0.797 0.822 12.538 12.882

3.279 3.309 1.963 2.047 0.750 0.770 12.549 12.555

0.969 1.002 1.963 2.065 0.779 0.788 12.948 12.507

1.018 1.040 1.880 1.841 0.806 0.810 13.413 13.119

1.078 1.039 2.070 2.109 0.768 0.773 12.543 12.629

1.009 0.988 2.180 2.116 0.896 0.910 12.500 12.409

1.034 0.992 2.290 2.341 1.142 1.172 12.111 12.427

1.005 1.056 2.150 2.098 1.176 1.149 11.957 11.883

The Raman spectra of the validation data set were also collected, and new

principal component scores were calculated from the validation spectra. Using the

5  locally-weighted regression model, the melt index of each validation sample was

then calculated. The measured and predicted melt indexes are shown in Table 8.
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18.399 18.519 20.760 20.008 1.930 1.947

19.844 19.492 18.667 18.903

21.480 21.018 16.682 16.822
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Figure 8B depicts the data from Tables 7A, 7B and 8 graphically. The line
in the Figure is the model prediction. The calculated R? value was 0.997, with a

standard error of 2.86%.

10 Examples 6-7

Examples 6-7 demonstrate the effectiveness of the inventive methods on-
line in a polymerization reaction system, for density determination.
The measurements were carried out as described above in connection with
Examples 4-5, except that a PCA/LWR model was developed for density. The
15 samples used, and spectra acquired, are a subset of those of Examples 4-5.
Laboratory measurements of density were made on the samples in addition to the

melt index measurements described above.

Example 6: Density Model, Reactor 1

20 One hundred forty-six polymer samples were evaluated. The samples
were divided into a group of 109 used for calibration (model development) and a

group of 37 used for model validation. Each sample was a metallocene-catalyzed
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10  effectiveness of the model under changing polymer conditions. A symbol "Vn"
before an entry indicates that the nth set of validation spectra were taken before

the marked entry, as shown by the corresponding notation in Table 10.
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0.9202 0.9202 0.9159 0.9154 0.9187 0.9185
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0.9195 0.9193 0.9162 0.9164 0.9141 0.9143
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0.9192 0.9187 0.9160 0.9163 0.9149 0.9151
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0.9155 0.9157 09154 0.9151 0.9167 0.9164

0.9164 0.9159 0.9157 0.9157 0.9168 0.9170
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0.9162 0.9165 0.9153 0.9154 0.9155 0.9161

0.9156 0.9153 0.9161 0.9165 0.9166 0.9167

0.9156 0.9160 0.9150 0.9153 09173 0.9175

0.9162 0.9165 0.9155 0.9152

0.9159 0.9162 0.9150 0.9151
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92350. 91780. 9182 0%92200. 92170. 92460. 92500. 91780. 9179
92460. 91900. 9187 0. 92180. 92190. 92560. 92570. 91970. 9192
92530. 91840. 9178 0. 92200. 92200. 92460. 92460. 91840. 9190
92530. 91990. 9198 0. 92170. 92160. 92600. 92590. 91820. 9186
92680. 91770. 9174 0. 92250. 92240. 92650. 92640. 91800. 9178
9260V40. 91590. 9161 0. 92160. 92170. 92510. 92560. 91690. 9169
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@ yabdaep spegifa was interspersed with acquisition of the

calibration spectra, at the corresponding "Vn" positions.

Table 10: Density (p, g/cm’) Validation, Reactor 1

p(Lab)

p(Model) p(Lab) .= p(Model) p(Lab) p(Model)

V1:0.9199
0.9205
0.9205
0.9199
0.9200
0.9196
0.9200
0.9198
0.9190
0.9195

V2:0.9159
0.9188
0.9159

0.9202 0.9160 0.9159 0.9149 0.9147
0.9202 0.9155 0.9152 V4:0.9193 0.9191
0.9207 0.9158 0.9155 0.9182 0.9184
0.9198 0.9157 0.9153 0.9192 0.9193
0.9198 0.9158 0.9158 0.9197 0.9196
0.9195 0.9157 0.9154 0.9196 0.9200
0.9199 0.9158 0.9156 0.9195 0.9196
0.9201 0.9158 0.9153 0.9189 0.9185
0.9187 V3:0.9157 0.9160 0.9192 0.9192
0.9192 0.9149 0.9150 0.9198 0.9197
0.9161 0.9168 0.9168 0.9192 0.9193
0.9188 0.9149 0.9146
0.9161 0.9150 0.9153

Figure 9A depicts the data from Tables 9 and 10 graphically. The line in

the Figure is the model prediction. The calculated R? value was 0.978, with a
standard error of 0.00028 g/cm’.

Example 7: Density Model, Reactor 2

The procedure described in Example 6 was followed, except as noted,

sampling this time from the Reactor 2 polymer. One hundred sixty-four polymer
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densities and predicted densities are shown in Tables 11A-11B. The deviations
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10  are not shown in the table, but are readily calculated from the tabulated data. The
data are shown in the order taken (by column, within each table), to illustrate the
effectiveness of the model under changing polymer conditions. A symbol "Vn"
before an entry indicates that the nth set of validation spectra were taken before
the marked entry, as shown by the corresponding notation in Table 12. Table 11B

15 isa continuation of Table 11A.



48 Table 12: Density (p, g/cn) Validation, Reactor
p(Lab) p( Model ) | p(Lab)p(Mdel)p(Lab)p(Mdel) V I:
0. 92160. R006/022620. 92650. 91840. 9181 0. 92210. 92190. 92500. P2F4G0HIBED. 9183
0. 92200. 9218Vv3: 0.92380. 92430. 91850. 9188 V2: 0.92540. 92570. 92280. 9230

0. 92500. 9247Vv4: 0.91820.9180 Figure 9B depicts the data from Tabl es 11A,
11B and 12 graphically. The Iline in the Figure is the nodel prediction.
The cal culated R2 value was 0.989, 5 with a standard error of 0.00034
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0.9255 0.9260 ¥30.9216 0.9213 0.9177 0.9176

0.9250 0.9246 0.9168 0.9153 0.9173 0.9169

0.9264 0.9267 0.9184 0.9186 0.9176 0.9174

0.9259 0.9258 0.9191 0.9189 0.9178 0.9181

0.9253 0.9250 0.9188 0.9187 0.9180 0.9181

0.9247 0.9245 0.9185 0.9186 0.9182 0.9185
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The Raman spectra of the validation data set were also collected, and new

5  principal component scores were calculated from the validation spectra. Using the

locally-weighted regression model, the melt index of each validation sample was

then calculated. The measured and predicted melt indexes are shown in Table 12.

Acquisition of the validation spectra was interspersed with acquisition of the
calibration spectra, at the corresponding "Vn" positions.

10
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Raman probe (approximately 150 m distant) was a 62 um excitation/100pum

»ON

collection step index silica fiber.
Melt index and density models were developed by continuously collecting,
15 and saving Raman data as individual spectra every 3-10 minutes, on each of two
reactors. Validation of each model was accomplished by then using the model on-
line to determine the polymer properties.
Example 8
Polymer melt index was predicted on-line in a commercial-scale fluidized-
20 bed reactor forming various grades of polyethylene copolymer. The prediction
was carried out approximately every 12 minutes for about 5 weeks. Nearly 500
samples were also tested the laboratory, using the standard ASTM D-1238,
condition E (2.16 kg load, 190 °C) protocol. The results, are shown in Table 13,
where "MI model" indicates the melt index 12.16 predicted by the model, and "MI
25 lab" indicates the value obtained in the laboratory by the ASTM method. The

same data are shown graphically in Figure 10, except that the Figure also shows
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‘The 3o accuracy of the predictions relative to the lab values over the entire 5-

week period was + 0.069 g/10 min.

10 Additionally, to test for model precision and long-term drift, the predicted
MI of approximately 2200 samples of a particular grade was monitored for a static
sample over a four-week period, in each of two commercial-scale fluidized bed
reactors. In each reactor, the data showed a 3o standard deviation of 0.012 g/10
min (for sample with melt indexes of 1.0 and 0.98 g/10 min; i.e., about 1%), and

15  no measurable long-term drift.

Example 9

Polymer density was predicted on-line along with the melt index
predictions of Example 8, applying a density model to the same samples and
spectra as in Example 8. Nearly 300 samples were also tested the laboratory,

20  using the standard ASTM D1505 and ASTM D1928, procedure C protocol. The
results, are shown in Table 14, where "p model" indicates the density predicted by
the model, and "p lab" indicates the value obtained in the laboratory by the ASTM
method. The same data are shown graphically in Figure 11, except that the Figure

also shows the predicted density for samples not corresponding to lab
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g/cm’ (for samples with densities of 0.9177 and 0.9178 g/em®), and no measurable
15  long-term drift.

Various tradenames used herein are indicated by a ™ symbol, indicating
that the names may be protected by certain trademark rights. Some such names
may also be registered trademarks in various jurisdictions.

All patents, test procedures, and other documents cited herein, including

20  priority document U.S. Provisional Application No. 60/345337, are fully
incorporated by reference to the extent such disclosure is not inconsistent with this

invention and for all jurisdictions in which such incorporation is permitted.

What is claimed is:



i ncorporated by reference to the extent such disclosure is not inconsistent
with this invention and for all jurisdictions in which such incorporation
is perm twod3/ov¥ad is clainmed is: WO 03/042646 54 5 10 15PR0/UBS2/32767

PCT/ US02/ 32767 A process for determ ning polyner properties in a
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regression nodel for determ ning a polyner property, the regression nodel

i ncludi ng principal conponent |oadings and principal conponent scores; (b)
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cal cul ating a new princi pal conponent score fromat |east a portion of the
Ranan spect r um &YfEnRke PIOFesiCPRIPTIE@Fponent | oadi ngs; and (d) cal cul ating

t he pol yner propgrty iy i HOgd SRake re to the
regression rmdeFaf3 2. 0@%@%%%@%%@%@2&#&,Ha\%lg?gligngﬁhe stggo%?@’obt ai ni ng
a regression nodel thenpgiesdsn niddel olvtwedimd pgncpgd| comglonent lofdiRzavaml spect r a
of sanples conprising. polyolefins; (ii) calculating principal conponent

| oadi ngs and pri nci pBIRRRISERBARCIISESFESs from the spectra obtained in (i)
usi ng princi pal (@OUPQ ang ARENUR kSectBE It 2 ARPI donprisiiy polPdlefikie regression
nodel using the principal conponent scores calculated 1n (ii) such that

t he regression fodel caoratgigd pew phiscippotopmenenirsopreritgm eblepsia poriieni pal
conmponent scores. 3. e _process .of clajml wherein t ession nodel
is a locally weight eBP:[tP‘P SSPB?{r%a%‘ﬂhef.rlh‘i)ﬁ%ﬁe%’Wco g@%8§£g§sa§1§nd 1, wherein
the pol yner propgrty cisuls@he ehee PolyhMprogdsi by appBidg tHeomew giripabl ecul ar
wei ght, nol ecul ar wei ght distribution,

10 component score to the regression model.
2. The process of claim 1, wherein the step of obtaining a regression model
comprises:
@) obtaining a plurality of Raman spectra of samples comprising
15 polyolefins;

(i)  calculating principal component loadings and principal component
scores from the spectra obtained in (i) using principal component
analysis (PCA); and

(iii)  forming the regression model using the principal component scores

20 calculated in (ii) such that the regression model correlates the

polymer property to the principal component scores.

3. The process of claim 1, wherein the regression model is a locally weighted
regression model.
25
4. The process of claim 1, wherein the polymer property is selected from

density, melt flow rate, molecular weight, molecular weight distribution,

and functions thereof.

30 5. The process of claim 1, wherein the sample comprises polyolefin particles.



and functions thereof. 30 5. The process of claim1, wherein the sanple
conpri ses polyolefin particles. W 03/042646 55 5 PCT/ US02/ 32767 6. The
process oWoamBaiwued, wherein the step of acquiring a RamanPSpaisn/sams7
conprises: (i) providing the sanple of polyolefin particles; and (ii)
irradiating the sanple and collecting>scattered radiation during a

sanpling interval using a sanpling probe, wherein there is relative notion
bet ween the sanple and the sanpling probe during at |east a portion of the
sanpl i ng i 6t er vahe processhel qlaiac @swhereincthai splof asjeirimgre Ramapspgatwni zat i on
reactor is a fluidized- 10 bed reactor. 15 8. The process of claim1,
further conpri sFAYPIIS) obtai ning a second regression nodel for determning

a second - pol yigs br gRRKSiNe eEmBREGIALAGTARRIAR; EREC! | ncl uding second
princi pal conponént [ oadings and second principal conponent scores; (ii)
cal cul ating a néi) sedadiatingi theispeiple e ooldssting seatierdd: meiation| &uBE &  portion
of the Raman spectrum and t.h{a s?co.nd pri ngi é)al0 ecorrponent | oadi ngs; and 20
(iii) calculating th&CRNEIGDE e o oRePs I By’ appl yi ng the new second
princi pal conpoRgRfeis f® i Pelhii® BREPAbAREEHR Rmpwded .thd safppfigcess for
determ ning polynmer properties in a fluidized-bed reactor system the
process conpri siphepe deging af leat ngorionoidbe saepling inierght ed regr essi on nodel
for determning a polynmer property selected fromdensity, nelt flow rate,
nol ecul ar wei ght, nol ecul ar wei ght distribution, and functions thereof,
the |ocal ity weiTgbtpestesscef @sigi Onwherdal the polyattriagtiqar feactopéd a foidiedent

| oadi ngs and principal conponent scores; 30 (b) acquiring a Raman spectrum
of a s&mpl e conmped &8 -pol yol efin particles;

8. The process of claim 1, further comprising:

(@) obtaining a second regression model for determining a second

polymer property, the second regression model including second
15 principal component loadings and second principal component
scores;

(i)  calculating a new second principal component score from at least a
portion of the Raman spectrum and the second principal
component loadings; and \

20 (iii)  calculating the second polymer property by applying the new

second principal component score to the second regression model.

9. A process for determining polymer properties in a fluidized-bed reactor
system, the process comprising:

25 (a)  obtaining a locally weighted regression model for determining a
polymer property selected from density, melt flow rate, molecular
weight, molecular weight distribution, and functions thereof, the
locally weighted regression model including principal component
loadings and principal component scores;

30 (b)  acquiring a Raman spectrum of a sample comprising polyolefin

particles;



WD 03/ 042646 56 PCT/ US02/ 32767 (c) cal culating a new principal conmponent
score fromat |least a portion of the Raman spectrum and the princi pal
conponentwbDmagixgs; and (d) cal cul ating the pol yner propePCy/usy2/a3q9pt yi ng

t he new principal conponent score to the locally weighted regression
nodel . 5 10. The process of claim9, $herein the step of obtaining a
regression nodel conprises: (i) obtaining a plurality of Raman spectra of
sanpl es conprising polyolefins; 10 (ii) calculating principal conponent

| oadi ngs and pr{¢)ci pailc@ioNset pricipalesniponenttsoeresen bt agbtmirned in (i)
usi ng principal conponent analysis (PCA); and (iii) form t he, regression
model using the pri néf theRagsmFardnim apbihspringippls é‘ﬂmilﬂa({}ggs; adich t hat

t he regression del VRET, iqar i nci pal
conponent scores. 11?&%ﬂé%%$?%§ggggfr%Fgggﬁb??fﬁg§ggﬁH%%gaggggﬁggracquiring
a Raman spectrum coupmp&est sdord tophe Wicdllngreightedsagnessormmogell yol ef i n
particles; and 20 (ii) irradiating the sanple and collecting scattered

radi atidon duri ng a sanpling interval using a sanpling probe, wherein there

is relativeynmot ’I‘fi’i? p{i’(ﬁ%gﬁmlfﬁ? 9SAHPch ﬁl@%téggﬁf]_&ﬁilﬁﬂn'grbgregﬁisﬁbﬁ il ng at

| east a portion'o e sanmpling interval. 2. The process of claim9,
further conpri sicomppri¢as) obt ai ni ng a second regression nodel for determ ning

a second polymer property, th co regressi,on del .in I: second
princi pal corrpgﬁlént © fé&ﬂ#ﬁg? Bﬁ‘ﬂﬁgﬁcﬁg‘aﬁ‘%lnsﬁef)% Oggsr@rf)né)rlléesngnﬁg%%g%s; 30
(ii) calculating a newyergard principal conponent score fromat |east a

portion of the Raman spectrum and the second (Pri nci pal  conponent | oadi ngs;
and WOL®3/ 042646iiPCTcusulatize parcipgl component loadings and principal component

scores from the spectra obtained in (i) using principal component
analysis (PCA); and

(iii)  forming the regression model using the principal component scores
calculated in (ii) such that the regression model correlates the

15 polymer property to the principal component scores.

11.  The process of claim 9, wherein the step of acquiring a Raman spectrum
comprises:
@) providing the sample of polyolefin particles; and
20 (i)  irradiating the sample and collecting scattered radiation during a
sampling interval using a sampling probe,
wherein there is relative motion between the sample and the sampling

probe during at least a portion of the sampling interval.

25 12 The process of claim 9, further comprising:

@) obtaining a second regression model for determining a second
polymer property, the second regression model including second
principal component loadings and second principal component
scores;

30 (i)  calculating a new second principal component score from at least a
portion of the Raman spectrum and the second principal

component loadings; and



(ti1) calculating the second pol yner property by applying the new second
princi pal conponent score to the second regression nodel. 13. A process for
control | iwQ opo#aemer properties in a polynerization reactoPCTHSSY3d76ém t he
process conprising: (a) obtaining a regression nodel for determning a

pol ymer property, the regression nodéf including principal conponent

| oadi ngs and principal conponent scores; (b) acquiring a Ranman spectrum of
a sanpl e conprising polyolefin; 10 (c) calculating a new princi pal
conponent scor e (fif) omcalculbt@s tthe speortd pnlynsf properBarbanaspriogr i Bevd t he
princi pal component | oadings;, (d) cal cul ating the po]yner .property by

appl yi ng the new pri fBOP4PIMEH CRIS5PE @QWégWJe%ggé%‘g%H%ﬁﬁldel .~ and
(e) adjusting at |east one polynerization paraneter based on the 15

cal cul ated pol ynmer property. 20 25 14. The process of claim 13, wherein the
step of obtlai ni my peocessgioe sentoriling gelymerqrppértiesin ¢ ipplyoirigpttmeeagiopl ural ity
of Ramag spectra of S@rrgl es conprising polyolefins; (ii) calculating
princi pal conporditm} YS4r6E LRPBHMenci pal conponent scores fromthe
spectra obtaineqaj N (hlaitiSs AGeebdiéi RRIdLRAMRALRINIn@BHoYTh& HrBfeMy, and
(iii) formng the regression nbdel using the principal conponent scores
calculated in (ii) sukhregressionineodeddraduding priveivel caepenenhioadinghand pol ymrer
property to the pri nci.;r)la,l component scores. 15. The process of claim13,
wherein the regressi GRERBASGOTROVEIYSSRES) ¢ \wei ght ed regr essi on nodel . 30 WD
03/ 042646 58 PCTB}JSO%«?M@Z a RomahRpeqiruae 668 safiple canprisig pullpeleinn t he

pol ymer property 1s selected from density, nelt flow rate, nolecul ar

vei ght 10mol ecul 48) weicgistlating & mEpuRingipal coipponeghsor oM 3 deagiyr portion

of the Raman spectrum and the principal component loadings;
(d calculating the polymer property by applying the new principal
component score to the regression model; and

(e) adjusting at least one polymerization parameter based on the

15 calculated polymer property.
14.  The process of claim 13, wherein the step of obtaining a regression model
comprises:
(1) obtaining a plurality of Raman spectra of samples comprising
20 polyolefins;

(ii)  calculating principal component loadings and principal component
scores from the spectra obtained in (i) using principal component
analysis (PCA); and

(iii)  forming the regression model using the principal component scores

25 calculated in (ii) such that the regression model correlates the

polymer property to the principal component scores.

15.  The process of claim 13, wherein the regression model is a locally
weighted regression model.

30



5 17. The process of claim 13, wherein the sanple conprises polyolefin
particles. 18. The process of claim 17, wherein the step of acquiring a
Raman spewoOramizeeonpri ses: 10 (i) providing the sanpl e of Ppmluset/saX7sn
particles; and (ii) irradiating the sanple and collecting scattered

radi ation during a sanpling interval3%sing a sanpling probe, wherein there
is relative notion between the sanple and the sanpling probe during at

| east a portion of the sanpling interval. 15 19. The process of claim 13,
wher ei n t hgs.pol Themraats efclsieadspowhesintlel pilpngepopby iy sdedted from. The

process of claim 13, wherein the | east . one | ynerization..paranmeter 20
is selected froffHsHE Beb %%@i@?eﬁﬂaﬁwefgg‘ﬁdﬁggcqiﬁrege’rgﬁ gfsl[}(]:lglﬁl@ﬂbner f eed
rate, catalyst fged talRthd¥se ogen gas feed rate, and reaction

tenperature. 21. e process of claim13, further conprising: 25 (i)
obt ai ning a second regression nodel for determ ning a second polyner

property, e second regressjon del, includin eco - Rrinei conponent
| oadi ng{ am‘ se&gﬁdprﬂi’ersgc‘? pﬁia“@o:frg’o disrein stg’Sr%agn;pSI? iclo)%%ég’%tﬁ& ﬁq‘fﬁ%n a new
second pri nci pabaﬁigfggonent score fromat least a 30 portion of the Ranman

spectrum and the second principal conponent | oadings; and WO 03/042646
PCT/ US02/ 32767 59 (iii) calculating the second polyner property by applying

the new segond.principal. ¢o e I i nodel ,

and wher ei pix e 10 GBXSR SR R st Cakd oh ARRARER Kok REEERRAT

pol ynmeri zati on pamafgiser based on the cal cul ated pol yner property, the 5
P

cal cul ated second pol yner. property, or both calcul ated pol ymer properti es.
22. A Hocess &Y comravatipg gy Sﬁmpien%frp()& ﬁ@??%ée?;ﬁn‘i fl ui di zed reactor

Lot e B AP ARt P opng dcrblaan gy
density, nelt flow rateplinginecwdlasing a sampling probe,
wherein there is relative motion between the sample and the sampling
probe during at least a portion of the sampling interval.
15
19.  The process of claim 13, wherein the polymerization reactor is a fluidized-

bed reactor.

20.  The process of claim 13, wherein the at least one polymerization parameter
20 is selected from the group consisting of monomer feed rate, comonomer
feed rate, catalyst feed rate, hydrogen gas feed rate, and reaction

temperature.

21. The process of claim 13, further comprising:

25 1) obtaining a second regression model for determining a second
polymer property, the second regression model including second
principal component loadings and second principal component
scores;

(i)  calculating a new second principal component score from at least a

30 portion of the Raman spectrum and the second principal

component loadings; and



wei ght, nol ecul ar wei ght distribution, and functions thereof, the locally
wei ght ed regressi on nodel including principal conponent | oadings and

pri nci palwomaspesent scores; (b) acquiring a Raman spectr umcofusa2/sanpl e
conprising polyolefin 15 particles; (c) calculating a new princi pal
conponent score fromat |east a portidh of the Raman spectrum and the
princi pal conponent |oadings; (d) calculating the polynmer property by

appl yi ng the new principal conponent score to the locally weighted
regressi on nodel(jianccaRlatiey thdj sesonchpoliimdreppeityn dypebylimei st new

par anmet er based on the al cul at ed pal r praoperty.,23. The process of
clai m 22, wherein theseg‘?‘@ﬁrwlpgt‘foé?%nﬁép%Ofegtﬁ(r%ges%eicé?\d rr?gﬁeé?loflgg%%lﬁi ses: 25
(i) obtaining a pluidkidy B sRpmen shetinbacathpSREPARSHBENRY &N ®ne

pol yolefins; (ii) calculating principal conponent |oadings and princi pal
conponent  scor e®lymeniaatipe pergastar basest anribel chleulaiell pedymer proPeREY ple

he o hei pal combETk i AR b L i D R R ORI C 12 TS

nodel correlates the polyner property to the principal conponent scores.
WO 03/ 042646 PCT/ US02/ 32767 60 24. The process _ of claim 22, wherein the
step of acddiri Yy PEOGRERA capedling prlymshpropsics i p fluhzed; 1gaqiey BB anpl e of

pol yol ef i n part itﬁéﬁﬁi eﬁr&gm%rigiin.g) irradiating the sanple and collecting
scattered radiatioh duri ng-a Sanpling interval using a sanpling probe,
wherein there i qa)yel adttaigingei looallp etergaed rdpeessmnphedafdr deersarimd ang pr obe

during_at |east a portion of the s | j interval. 10 25  Th ocess of
claim 29, wherein th@?&xm?réggferﬁ’ngﬁ?%gqfi/ﬁgﬁ ’i%ﬁn‘ﬂ%lglgwg’r m ?%"puiaél ect ed
fromthe group consisgiig, %wsmr%éﬁtesgumﬁsn SRITRALHBSs 1eRBY 1Rt €,
catal yst feed rate, hydrogen gas feed rate, and’ reaction tenperature. 15
26. The process of cllacally2@sightad trignesseemprodsi ingluding principal component
loadings and principal component scores;
(b) acquiring a Raman spectrum of a sample comprising polyolefin
15 particles;
(c) calculating a new principal component score from at least a portion
of the Raman spectrum and the principal component loadings;
(d) calculating the polymer property by applying the new principal
component score to the locally weighted regression model; and

20 (® adjusting at least one polymerization parameter based on the

calculated polymer property.

23. The process of claim 22, wherein the step of obtaining a regression model
comprises:
25 (1) obtaining a plurality of Raman spectra of samples comprising
polyolefins;

(i)  calculating principal component loadings and principal component
scores from the spectra obtained in (i) using principal component
analysis (PCA); and

30 (iii)  forming the regression model using the principal component scores
calculated in (ii) such that the regression model correlates the

polymer property to the principal component scores.



(i) obtaining a second regression nodel for determ ning a second

property,

the second regression nodel including second principal

pol ymer
conponent

| oadi ngs Wod3sexsend principal conponent scores; 20 (ii) earasbas7ey a new
second princi pal conponent score fromat |least a portion of the Ranman
spectrum and the second princi pal coﬂbonent | oadi ngs; and (iii)

cal cul ating the second pol yner
pri nci pal

the step of adjusting conprises adjusting at | east one pol ynerizat

par amet er sedan
pr gg'er t 5/1%

pol ymer

10

15

20

25

25.

26.

comprises:

1) providing the sample of polyolefin particles; and

(ii)  irradiating the sample and collecting scattered radiation during a
sampling interval using a sampling probe,

wherein there is relative motion between the sample and the sampling

probe during at least a portion of the sampling interval.

The process of claim 22, wherein the at least one polymerization parameter
is selected from the group consisting of monomer feed rate, comonomer
feed rate, catalyst feed rate, hydrogen gas feed rate, and reaction

temperature.

The process of claim 22, further comprising:

@A) obtaining a second regression model for determining a second
polymer property, the second regression model including second
principal component loadings and second principal component
scores;

(i)  calculating a new second principal component score from at least a
portion of the Raman spectrum and the second principal
component loadings; and

(iii)  calculating the second polymer property by applying the new
second principal component score to the second regression model,

and wherein the step of adjusting comprises adjusting at least one

polymerization parameter based on the calculated polymer property, the

calculated second polymer property, or both calculated polymer properties.

property by applying the new second

conponent score to the second regression nodel, 25 and wherein

i on
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