A METHOD FOR | MPROVI NG THE PREDI CTI ON OF POLYMER PROPERTI ES AND A SYSTEM
HAVI NG | MPROVED POLYMER PROPERTY PREDI CTI ON CAPABI LI TI ES Cross-Reference to
Rel at ed Applications This application is a non-provisional
application claimng priority fromthe U S. Provisional Patent Application
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Background of the Invention

Polyolefin reactor systems typically rely on periodic or intermittent measurements of resin
properties. The measurements are generally determined from a resin sample, which is extracted from
the process system, Real-time measurements of polyolefin resin quality may be subject to
substantial errors due to different reasons. These errors may be due to sampling issues, laboratory
procedure misapplications, equipment malfunctions, or other causes. If the resin property
measurements have substantial error, and then are subsequently used for reactor control, significant
process disruption may be caused due to a response based on these improper measurements.,
However, if the sampled measurements can be marked as “likely erroneous,” then it may be acted
upon accordingly, and significantly better reactor control may be maintained. Currently, an operator

decides if laboratory readings are appropriate for enfry into the automation system, or for use in



measur enents being used to mani pul ate reactor variables and conditions.
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measured pol yner properties if said one or nore nmeasured polymer properties
fall within the feasible range or invalidating said one or nore neasured
pol ymer properties if said one or nore nmeasured pol ynmer properties fal
outside of the feasible range; (8) updating said prediction nodel; (9)
repeating said previous steps at |east one or nore tines; and (10) thereby
i nproving the prediction of polyner properties. The polynerization system
havi ng i nproved pol yner property prediction capabilities according to

i nst ant i nventifaignt Wp@ﬁg@ Zlesqribastapigridapeleyipsion 2ed jconningat pgymean

aut omat ed prediction nodel; nmeans for neasuring one or nore polymner

pr oper tsiregles welatesming rvetegeanslemdpr ereezhd moteruéar everghnh disuibutmasd védr pobyies
properties; and neans for updating said autonated predication nodel.

| n one iedibdeiedent, the instant invention provides a nethod for inproving
the prediction of polynmer properties conprising the follow ng steps of: (1)
provi di ng aumipyaat No (8 b8 REDVdelridgs cddhR@ithkiaRchROB} jrefidlindd ddsirgd ng sai d
predi ction nodel to define an average pol yner property prediction val ue;
(4) detyeqitdhmtBodhelBARIRE 8f FANEG:, ah@br NMRARYINEd A0S H g JIRRerPhaPSEhes of
said polymer; (6) determ ning whether said one or neasured pol yner
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embodi At OneoR orEtERHCal [T on provi des a method for inproving the
prediction of polymer properties, in accordance with_any of the preceding
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deviation of the sample polymer property measurements and/or (2) process models and estimates of
measurement uncertainty.

Summary of the Invention

The instant invention is a method for improving the prediction and subsequent control of
polymer propercies and a system having improved polymer property prediction capabilities. The
method for improving the prediction of pelymer properties according to instant invention comprises
the following steps of: (1) providing a polymer; (2) providing a prediction model; (3) utilizing said
prediction model to define an average poiyrﬁer property prediction value; (4) determining a feasible
range; (5} measuring one or more properties of said polymer; (6) determining whether said one or

measured polymer properties are within said feasible range; (7) validating said one or more



f)-dxand dt xh,gh =XP +21n(1- f )+ wherein the polynmer property prediction
value is non-logarithmc; and wherein is the | owest value expected for the
| ab val ue; xp,gi, is the highest val ue expected for the lab value; is the
probability that the sanple is part of the collection of sanples; is the
-standard deviation of the | ab nmeasurenent nethod; is the nodel predicted
bed average value; is the anobunt of tinme unce anty in he exact sanple
thme: glggSUI'ﬁd polymer properties if said one or more measured polymer properties fall within the

feasible range or invalidating said one or more measured polymer properties if said one or more
measured polymer properties fall outside of the feasible range; (8) updating said prediction model;
(9) repeating said previous steps at least one or more times; and (10) thereby improving the
prediction of polymer properties. The polymerization system having improved polymer property
prediction capabilities according to instant invention comprises at least one polymerization reactor;
an automated prediction model; means for measuring one or more polymer properties; means for
detecting one or more erroneous measured polymer properties; and means for updating said
automated predication model.

| In one embodiment, the instant invention provides a method for improving the prediction of
polymer properties comprising the following steps of: (1) providing a polymer; (2} providing a
prediction model; (3) utilizing said prediction model to define an average polymer property
prediction value; (4) determining a feasible range; (5) measuring one or more properties of said
polymer; (6) determining whether said one or measured polymer properties are within said feasible
range; (7) validating said one or more measured polymer properties if said one or more measured
polymer properties fall within the feasible range or invalidating said one or more measured polymer
properties if said one or more measured polymer properties fall outside of the feasible range; (8)
updating said prediction model; (9) repeating said previous steps at least one or more times; and (10)
thereby improving the prediction of polymer properties.

In an alternative embodiment, the instant invention provides a method for improving the
prediction of polymer properties, in accordance with any of the preceding embodiments, except that

the average polymer property prediction valueis x, .



dtis the derivative of x with respect to tine. - 5 - In an
alternative enbodi nent, the instant invention provides a nethod for
rnproving the prediction of polynmer properties, in accordance with the
precedi ng enbodi nent, except that the dxpx - x is determ ned via" wherein
dt represents the current tinme; and |lc-lrepresents the time one cal cul ation
i nterval previously. In an alternative enbodi nent, the instant
i nvention further provides a polynerization system having inproved pol yner
property prddpetlicorticagabidineitelbe goimpt ingdntign grovidea s megme fpoimpmetizzbt | on
reactor; an automated prediction nodel; neans for neasuring one or nore
pol ynerprptioperd! pesmengeapestidson adedréoice ngthangobthe pecelieg cohehusitsreasplrtbgt
pol ymer properties; and nmeans for updating said automated predication
nmodel . the feasiblirang@isaleteeminall viee enbodi ment, the instant invention further
provi des a nmethod and a system for detecting erroneous polymer property
nmeasur enent val ues befpre these valu?s re used to mani pul ate reactor
condi tions. qu&;gELafigLaaﬂivgi bgdr pent , the instant invention
provi des a pol yneri zationtsyst em hav) ngZi nproved pol ymer property
predi ction capabilities, in accordance with the precedi ng enbodi nent,
except that the nmeans for neasuring ene,or nore polyner properties is an
aut onat ed devicewwh=x4?+£1 -2hﬂbif§+—giu§
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wherein the polymer property prediction value is logarithmic;

or the feasible range is determined via

dx
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wherein the polymer property prediction value is non-logarithmic;
and wherein

X, 1S the lowest vaive expected for the lab value;
Xuen 18 the highest value expected for the lab value;

f is the probability that the sample is part of the collection of samples;

o is the standard deviation of the lab measurement method;
x, is the model predicted bed average value;
T is the amount of time uncertainty in the exact sample time; and

is the derivative of x, with respect to time.



In an alternative enbodi nent, the instant invention provides a

pol yneri zati on system havi ng i nproved pol yner property prediction
capabilities, in accordance with any of the precedi ng enbodi nents, except
that the neans for detecting one or nore erroneous neasured polyner
properties is an automated device. In an alternative enbodi nent, the
instant invention provides a polynerization system having inproved pol ymer
property predlctlon capabilities, in accordance with any of the preceding
enbodi ment s [0 @xdliepet versbadiac e Bn B ER VARG SR PrigidsaR ehesgt e vpredti cat i on
nodel is an automated device. hi an alternative enbodi nent, the
instanuﬂﬁhmémpfDﬂwpwnvwnﬂkmdn90kwﬁmp¢wahﬂ@nmsvémgWHma@hmgtbnmpdh&dmpolyner
property prediction capabilities, in accordance with any of the preceding
enbodi ngnts, except thgt te automated predication nodel is a conputer
nodel . tﬁ% ﬂkﬁssmcdparﬁﬁﬂﬁ;1¢Mﬂ@mamnngs For the purpose of
illustr&ing the inventioh, there is shown in the drawings a formthat is
exenplary; it being understood however, that this invention is not limted
to the precise arrandenment&asatsihictygReHtsndi es shown. Fig. 1 is a flow

chart illustrating how the instant invention operates; Fig. 2is flow
chart illustrating hdMﬂoneqﬁﬁﬁﬁﬁﬁéﬂéﬁ¢QMéﬁﬁym@ean@édIM@Mynbr properties
are detected: and Fig. 3 is a graphical illustration of automated

det ecti on ofn or@tcontinpmeba monigbe Bistmbiswngdn pothenpovideoppolymnesd ation sysprove
the prediction of such polymer properties. Detail ed Description of the
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of polymer properties according to instant invention conprises the
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nodel ; (3) utilizing said prediction nodel to define an average pol yner

properg&dghggh&h Qgﬂﬁa$y?md&4) determ ning a feasible range; (5) neasuring
one or nore prop rtles of "said polyner; (6) determ ni ng whether said one or
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manipulate reactor conditions.

In an alternative embodiment, the instant invention provides a polymerization system having
improved polymer property prediction capabilities, in accordance with the preceding embodiment,
except that the means for measuring one or more polymer properties is an automated device.

In an alternative embodiment, the instant invention provides a polymerization system having
improved polymer property prediction capabilities, in accordance with any of the preceding
embodiments, except that the means for detecting one or more erroneous measured polymer
properties is an automated device.

In an alternative embodiment, the instant invention provides a polymerization system having

improved polymer property prediction capabilities, in accordance with any of the preceding



nore neasured polyner properties if said one or nore neasured pol yner
properties fall outside of the feasible range; (8) optionally updating said
predi ction nodel; (9) repeating said previous steps at | east one or nore
times; and (10) thereby inproving the prediction of polymer properties. The
pol ynmeri zati on system having i nproved pol yner property prediction
capabilities according to instant invention conprises at |east one

pol ymeri zation reactor; an autonated prediction nodel; neans for measuring
one or CHBPEMSBISyHEED $has Hrngapsior ppdHae FYf cemat iPRgicate Bpdansra alorsivdous
measured pol yner properties; and neans for updating said autonated

predi cdetvyion nodel . The term "polyner"” is used herein to indicate a
honopol ynmer, an interpolymer (or copolyner), or a terpolyner. The term

"pol yner, " &saudedanies enbgdihat] themstanniheenioh prwidss a selghedstion oyste@xmvplge,

t hose nade by the copol ynerization of ethylene or propylene wth one or

mor e alimpmaeteid sy property predidiien tgrabilitie ntie bqoldaner widtsany € theheeetiing refers to
pol ymers prepared by the pol ynerization of at |east two different types of

ONONEr $mbdditcHRNGIES: tha FHP duibthREAQhsti®Eioh Mbgel 106 Lot SercaiiRl yer s, usual |y
enployed to refer to polyners prepared fromtw different types of

mononers, and pol ymers prepgiRe phiipiaR R didprdidg di fferent types of
nopoTr ymert zati o

nononers. Any conventional ol or copol ymeri zation
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reactiaqns include, bu re.pot limted to as se | yoerization, slurry
bhase goryaRn: aene ibe R BOhmst BB e B BAEERARBRAES: one. (her eol
usi ng conventional .reactors, for exanple, gas phase reactors, |oop

r eact oFSMEPIRF SR {SHROPEANES O g bat ch react ors. The polyner in
the instant |nvention may _be any polyner; for exanple, the polynmer may be
any pol yol eFf%ilTﬁgoﬁﬁF‘?f‘%}U@f@Wnﬁﬁ?‘” BAVHBYRBHB SRvErCSandJor copol yner of
one or nore olefins. For exanple, the polyolefin may be a_ honopol yrner of
et hyl ene or Fig. @dpBpywbirt Bisteating hew @nept mogeronguus meayugdriodyner greritissaguch
as propyl ene, 1-butene, 1-pentene, 1-hexene, |-heptene, |-octene, |-nonene,
| - decedetectaghdind- net hyl -| -pentene. In the alternative, the polyolefin may be
a honopol yner of propyl ene or a copol yner of propylene with one or nore

a- ol ef i ns st 3asa etaplicdniystritdudfenemated @entiend, ond ochexererondoul epheine],
1-octene, 1-nonene, | -decene, and 4-nethyl-1 -pentene. Referring to

Fi g. 1poReleypRipesianpl @srakehcatdiatdsed sheoplgn@aryperics.zat i on reactor. The
pol ymer sanples may be collected via any neans capabl e of collecting such

pol ymer sanples. For exanpiiRtaifed DcBaitsord STth€BlveRGdd Ng pol ymer sanpl es may
be an autonated device or a person. The pol'yner sanples are then

anal yzed t oTHehR DERRN AL ReMOd YITRhpRIVARARL fgz@éictidﬁ%%@lyﬂf&lr g&gémé’sr QBerties
i nclude, but are not limted to, density, nelt index, nelt tlowrate,

cl ude, but are o, density, felt [nde _
por cent Saat o Aln EnBP i SRy gt oh e P AR Pl TR e
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nol ecul e and/or part of a .nolecul g, . wei ercent age of. each atom
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group, nunber of each type and/or nunber of functiopal groups and/or their
per cenAG¥eTB$e RUPBE: AR ATt %ﬂ%ﬁlaﬁ‘g@) (Paning & cenBi QU PSR NS T Y,
glass transition tenperature, nelting point, solubility, cloud point, heat
capaci tere prppgitiegef sid panasord) dpRtaipmgeThsthehsbaicon mepBrehrRAl YY Hrengeies
stress rel axation, sheer, conductivity, perneability, diamagnetic
susceptarevithin paidiepsiiarangs hduetidapng yaid gpy oopprermagerast polyrads neogsetiop pfspid
property, or conbinations thereof. The polynmer properties nay be determ ned
vi a anyneeamsrecagmbied pofyngepwpertind fal vathmutie féasidle rmggewe iffvelidaing kaipooper t i es;
for exanple, the neans for determ ning such polyner properties nmay include
any anal ytical nethods such as, but not limted to, nuclear nagnetic
resonance, infrared spectroscopy, UV/visible spectroscopy, fluorescence
spectroscopy, quantitative hydrolysis, elenental analysis, chromatography,
mass spectronetry, |ight scatteriﬁg? osnmonetry, -9-- electrophoretic
techni ques, quantitative gravinetric analysis, and the |ike. Such

anal ytical nmethods may be conducted via an autonated device or a person.




Subsequently, these one or nore neasured polyner property values are
entered into a laboratory informati on managenent system ("LIM"), which may
be any conputer system The one or nore neasured pol ynmer property val ues
may be entered into the LIMS via an automated device or a person. The
conput er application then checks to see if the one or nore neasured pol yner
properties is configured to be auto-approved or approved by the operator.
The system may further provide recomrendations to the operator regarding
appr ov SOToRICHEF o RET FFOPBTIES B PrifPRR OB UREEEbPYIRES! IIPRIpEIsIRIE usifhe
operator may approve one or nore neasured polynmer properties, or the

oper at dre famyble gjnget(8 beritynalhyopdatgeaidrpretieicaasich @) perpeng jaebpriabi stegps at
outside of the acceptable range, that is, outlier values. The property
nodel issoaleouhatredmes ang(10hbepmeingronng éerpeauive df pdlyaeproproperfhees to
estimate polynmer properties in a cyclic recursive fashion. Ref erring
t 0 Fi gpoBmetiBRicdngsten hARALinlobidRblypied Reipkit fredicgot hQmbidnal yZedinker outlier
val ues, which are defined as those val ues residing outside of the

feasi bihdkdny ifveMas cotpricafat ReMA ohepainbel0vh reaseR i bitgmhed bheidieh kwiing

steps. The | aboratory fault detections may be achi eved by performng
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approved or if the Operator shoul d nmake the approval decision. First, the

ncert aj g i 0 : : are
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or usin olymer property nodel and input variati estimtes. The

ncer { SR RERIS GPORREN ol TG MoPE e dS Hied i JiraReD PRy 88, ey s ed
herein, refer to lower Iimt and upper lim¢t values _defining the acceptable
pol ynefosFapalet {hopeamptesdy thheoretyaisaartPrdd ¢ixtere i RIPPYES V38 Siiver npF ot y
measurenent may be determined off-line fromhistorical or other - 10 -

pr e- exioktfingg- data, as well as online fromrecent history. The uncertainty
estimates include nodel and input variable uncertainties, as well as

uncert ai nt y Tha tarhae interpeiymed” polsydrbereipr ipay oypolaeaseepare atlp pelytienmtioror
exanple, a nodel may used to predict the | aboratory neasurenent based on

i nput wénri labk evodifsuenetypate mohhingrsnite lgenesic tdrerinagpgiyert do:suwdiddes he
estimates of the input paraneter uncertainties, and the uncertainty in the
ti m ng capslyimvadshesubidy ddiglobedo rdiras polyRasitreiieidtfrom two differbhetypatcf nedhoftange
of one or nore polyner property neasurenents are estimated via a pol yner
proper tayid pENRlers ptiQirdine&h hidkdihih Qo QFEreal typRIGE ndAbMERr property
nmeasurenents is estimated for the tinme that the one or nore pol yner
property ”E@@g&%ﬁ@ﬂﬁﬁmﬁ%&n&&ﬂﬁh&ﬁﬁﬁof&ﬁ%@ whkﬁ%mB@&Qak&@%u@Qkﬁgghwafeperty
measurenents are estimated, for exanple, uSing the augnmentéd nodel.
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pol ymer__properties bas n di ¢t i del .. The sihility range is
Por heror SRRRFRh R RE RRG e s OE APL R e R s SRR Bl S o
val ues ob{the teazibilh%% b@nds QEfin amﬁarnow aqge“ The actual neasured
pol ymemOpspErTT e Sadf NG AR A FEHZ1 8 ™ O 8™ RIGH LA T OW PR ST PO BN s or
limts at the tinme the sanples were taken fromthe reactor. The neasured
pol ymeroLFapele pEPhAT T AT datRagr g VA Fag OB SLP R T mpar i son of

t he neasured pol yner properties to the high and low feasibility limts. The
val i dat ed andeipalvaler Hulbe rstBEBUGEHD BEYVRERY Pelopes fof cxample-dbe BRlENPPR S as
such, and theY are being used for controlling reactor conditions; thus,

f | aggi gy enkvelefiabTae polvglatn may bparst Somapebimcs redersopdimeeotdie semeradefinenent s
are acted upon, and facilitating appropriate reactor control decision

maki ng$For Thamplabbe palpelyiif may be dedrecptdlonersy efrsienentd @pelgmabofahyiene Wit one
repeat ed as necessary. The conparison of the one or nore polymer properties
with the high and low feasibility limts may be conducted via an aut onated
device such as a conputer or a person. The feasibility range may be
determned via - 11 - xxpil--.l-Zlgﬂ- fdxT ; and Pdi



dx XHigh = XP 1 +V-21n(1-f)T - xdt P wherein the polynmer property
prediction value is logarithmc; or in the alternative, the feasible range
is preferably determned via = xp -21n(1- f)--;T"; and dxd dx xHh =x +
4-21n(1- f)+---E-T" igP di wherein the pol ymer property prediction
value is non-logarithmc; and wherein is the | owest val ue expected for the
| ab val ue;

or more o-olefins such as propylene, 1-butene, I-pentene, 1-hexene, 1-heptene, 1-octene, 1—nonene;
1-decene, and 4-methyl-1-pentene. In the alternative, the polyolefin may be a homopolymer of
propylene or a copolymer of propylene with one or more a-olefins such as ethylene, 1-butene, 1-
pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, I-decene, and 4-methyi-1-pentene.

Referring to Fig, I,l polymer samples are collected from a polymerization reactor, The
polymer samples may be collected via any means capable of collecting such polymer samples, For
example, the means for collecting polymer samples may be an automated device or a person,

The polymer samples are then analyzed to determine certain polymer properties. These
polymer properties include, but are not limited to, density, melt index, melt flow rate, molecular
weight, molecular weight distribution, weight and/or molar percentage of one or all atomic elements,
average weight and/or molar percentage of each molecular group, number of each molecular group,
number of each monomer, degree of unsaturation, degree of branching within a molecule and/or part
of a molecule, weight percentage of each atomic element in a branching group, number of each
molecular group in a branching group, number of each type and/or number of functional groups
and/or their percentage of repeating units, monomer units or other subunits, viscosity, glass
transition temperature, melting point, solubility, cloud point, heat capacity, interfacial tension,
interfacial adhesion, refractive index, stress relaxation, sheer, conductivity, permeability,
diamagnetic susceptibility, thermal conductivity, any other quantifiable polymer property, or
combinations thereof. The polymer properties may be determined via any means capable of
determining a numerical value for such properties; for example, the means for determining such
polymer properties may include any analytical methods such as, but not limited to, nuclear magnetic
resonance, infrared spectroscopy, UV/visible spectroscopy, fluorescence spectroscopy, quantitative

hydrolysis, elemental analysis, chromatography, mass spectrometry, light scattering, osmometry,



xnmgh is the highest val ue expected for the |ab val ue; s the
probability that the sanple is part of the collection of sanples; ais the
standard devi ation of the |ab nmeasurenent nmethod; is the nodel predicted
bed average value; is the ampunt of time uncertainty in the exact sanple
time; and is the derivative of x, with respect toe. di dxk-1 X - x Theis
preferably determined via P ; wherein dilkk-1 represents the current tine;

and k-1represents the time one calculation interval previously.
electrophoretic techniques, quantitative gravimetric analysis, and the like, Such analytical methods

may be conducted via an automated device or a persen.

Subsequently, these one or more measured polymer property values are entered into a
laboratory information management system (“LIMS”), which may be any computer system. The
one or more measured polymer property values may be entered into the LIMS via an antomated
device or a person. The computer application then checks to see if the one or more measured
polyvmer properties is configured to be auto-approved or approved by the operator. The system may
further provide recommendations to the operator regarding approval or rejection of one or more
measured polymer properties. The operator may approve one or more measured polymer properties, |
or the operator may reject only those one or more measured properties faliing outside of the
acceptable range, that is, outlier values. The property model is calculated using the one or more
measured polymer properties to estimate polymer properties in a cyclic recursive fashion,

Referring to Fig. 2, the one or more polymer properties are then analyzed for outlier values,
which are defined as those values residing outside of the feasibility range,-as defined hereinbelow,
according to the following steps. The laboratory fault detections may be achieved by performing
calculations to determine if property values should be automatically approved or if the operator
should make the approval decision. First, the uncertainty bands in one or more polymer property
measurements are calculated via statistical methods or polymer property model input variations, The
uncertainty bands in one or more polymer property measurements, for example, may be calculated
by a sample standard deviation or using a polymer property model and input variation estimates.
The uncertainty bands of the one or more measured polymer properties, as used herein, refer to
lower limit and upper limit values defining the acceptable polymer property ranges. The standard

deviation of the polymer property measurement may be determined off-line from historical or other
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In the alternative, the feasibility range may be determ ned via
X,".=X,(1l-delta)u; and XH gh =P(1 delta), and wherein x is the node

predi cted bed average val ue. Exanpl es The foll ow ng exanpl es
illustrate the present invention but are not intended to limt the scope of
t he invention. The exanples of the instant invention denonstrate that
unrel i abl e pol ynmer property neasurenents are flagged before these
measurenents are acted upon; thus nmaking appropriate reactor control

deci si Bi¢-sRkna gy JEdiet e P?#ﬁwél o1} IFEEE AN e UnS RGN 53 tReinF g BAdel and

i nvention provides the neans for detectlng erroneous pol yner property
measur ewehtaiable yaeerisistior es vhbseungaituey imfhe mpgaded polymer popcatyealieaador
conditions. Exanple 1 Exanple | is a conparative exanple, show ng
unr el i abvhige pokyie exqnpo emydehmpas wed fepedichthy labagey titeswgramg basetd pompto be
taken. In a gas phase polynerization of polypropyl ene, the instant

I nvent vafubl@gedstriemezie dThio nfollelgs tion ebdnadnicel yid fhvesinpnape teyinpe astamerent s.
The data recorded, as shown in Fig. 3, shows that the operator ignored the
wai t i ngndef@mitd end @b ohabeinl ik aw tmidebet il tosysShBihtolshmsasu@pRAOVI Ng t he
sanple at "Tinme A" This caused the hydrogen to propylene nolar ratio

set poi Nt 1 OTREatHFRRERE b &lcdr¥ndr® Tﬁ&&ﬁ@r B¥pdrRan ROk RBAts RI-QR@LAYA ¢Rnt rol | er
in response to a "bad r eadi ng. e resu ¥ of this incorrect decision may

- be Seeggg&ei %&%{}é}gﬂh dde@b%@awemmﬁ Egtme'i pdga-tﬁneaw?&ﬁ&tme Mel t

Fl ow | rat ng was appa anple 2 is

an i nventive: £XAURLL. ¢ 5000 0q, mﬁe;pn;agﬁ& rge act§ ngﬁgmf&sémfﬁgegaa&%dmsur ement s

are flag e hese neasur e us na
approp |ate r@ﬁ%} ntro cision makin

eg emEents %es; e exan%ggsuesl B rrer | zation
of pol Xnﬁ%tpé?ﬂ 7 RVEHY T o' ﬁ]tn?al zfe ntg I ag
unrellable polyner ert%gge surenents. The data recorde as shown in
Fig. 320paed peaet. TR ROPEH METI R B REhTAIEb e t he
| ab sanple at "Tine C in agreenent with the recommendati on _of the
| abor at@yrey imaiand vgperdieai m%u% yefining the physically opaitg P ypsorerstich tepniten.
The present invention may be enbodied in other forns W thout departing from
t he spipradictignehodtle The Saapibiliay range wsifthes descrbaddwreinbeingy. Brelembdli, thyl lgwer limit
reference should be nade to the appended clains, rather than to the
f or egoiendjugpebinftiveats dithe fegsibiligi watls dagint heasce prelg@.f Thhetiahveaturgipolymer14 -
properties are compared to those high and low feasibility bands or limits at the time the samples
were taken from the reactor. The measured polymer properties are validated or invalidated based on
the comparison of the measured polymer properties to the high and low feasibility limits. The
validated and invalidated measured polymer property samples are marked as such, and they are
being used for controlling reactor conditions; thus, flagging unreliable polymer property
measurements before these measurements are acted upon, and facilitating appropriate reactor control
decision makings. The laboratory fault detection steps mentioned above may be repeated as
necessary. The comparison of the one or more polymer properties with the high and low feasibility

limits may be conducted via an automated device such as a computer or a person.

The feasibility range may be determined via

- 11 -



VE CLAIM |.A method for inproving the prediction of polynmer properties
conprising the steps of: providing a polyner; providing a prediction nodel;
utilizing said prediction nodel to define an average pol ynmer property
prediction value, determining a feasible range; neasuring one or nore
properties of said polyner; determ ning whether said one or nore neasured
pol ymer properties are within said feasible range; val i dating said
one or nore neasured polyner properties if said one or ore mnmeasured polymner
properties fall wi t hinf th@greasgbbg-r e or invalidating said one or nore
measur ed polynerxpwoﬁég $indg; 3¥‘W€re measur ed pol yner properties
fall outside of the fe SI | e range; optlonally updating said prediction
nodel ; repeating said previous steps at |east one or nore tines; and

t hereby i roving the pre ol ner roperties.
y inp gmgh:xf df\/ng%g—ai—b cyc _Prop

wherein the polymer property prediction value is logarithmic; or in the alternative, the

feasible range is preferably determined via

Y

dxp
X0 = Xp =0y=2In{1— f) - - T ; and

dx
xHigh :XP +to m21n(1_f)+_d—:—Tu;

wherein the polymer property prediction value is non-logarithmic;
and wherein

. 1s the lowest value expected for the lab value;

Xy 18 the highest value expected for the lab value;

f is the probability that the sample is part of the collection of samples;

o is the standard deviation of the lab measurement method;

X, is the model predicted bed average value;

T, is the amount of time uncertainty in the exact sample time; and

dx, . . : )

p is the derivative of x, with respect to time.
I
dx K-t
The 7” is preferably determined via i ;i — ; wherein
I i —r

k represents the current time; and

k-1  represents the time one calculation interval previously.

- 17 -



2. The nethod for inproving the prediction of polynmer properties according
to daiml, wherein said average pol ynmer property prediction value is xp

3. The method for inproving the prediction of polynmer properties according
to daim2, wherein said feasible range is determined via - 15 - XL = p 1-
c-1-21n(1- f ) ax T and di X Hgh = X p 1+:2:-.1-21n(1- f) P

In the alternative, the feasibility range may be determined via x,,, = x, (1- delm)u ; and

Xigign = Xp (1+ delra), and wherein x , is the model predicted bed average value.

Examples

Thé following examples illustrate the present invention but are not intended to limit the scope
of the invention. The examples of the instant invention demonstrate that unreliable polymer
property measurements are flagged before these measurements are acted upon; thﬁs making
appropriate reactor control decision makings. Furthermore, these examples show that the instant
invention provides the means for detecting erroneous polymer property measurement values before

these values are used to manipulate reactor conditions.

Example 1

Example 1 is a comparative example, showing unreliable polymer property measurements
may cause the wrong action to be taken. In a gas phase polymerization of polypropylene, the instant
invention was utilized to flag unreliable polymer property measurements. The data recorded, as
shown in Fig. 3, shows that the operator ignored the warning from the laboratory fault detection
systém; thus, approving the sample at “Time A.” This caused the hydrogen to propylene molar ratio
setpoint to be inappropriately lowered by the polymer property controller in response to a “bad”
reading. The result of this incorrect decision may be seen in the next laboratory sample, shown at

“Time B”, where the Melt Flow laboratory reading was apparently low.

Example 2

Example 2 is an inventive example, showing that unreliable polymer property measurements
are flagged before these measurements are acted upon; thus making appropriate reactor contrel

decision makings. In a gas phase polymerization of polypropylene, the instant invention was utilized

- 13 -



wherein said pol yner property prediction value is logarithmc, and wherein
X, 1s the I owest value expected for the lab value; is the highest val ue
expected for the lab value; lhgh is the probability that the sanple is part
of the collection of sanples; is the standard deviation of the |ab
measur enent nethod; is the nodel predicted bed average value; is the anount
of tinme uncertainty in the exact sanplee; and dx is the derivate of xi,
with respect to tinme, di 4. The nethod for inproving the prediction of
pol ymet® HRgcBeiiehle $olyBes POPHEY MERsEETEns 2 Ay é?Cﬁrd«ggaiaa shvgsin it 3y d0Ge i s
determ ned via dx

that the operator made the correct decision not approve the lab sample at “Time C” in agreement

with the recommendation of the laboratory fault detection system; thus, avoiding a process

disruption.

The present invention may be embodied in other forms without departing from the spirit and
the essential attributes thereof, and, accordingly, reference should be made to the appended claims,

rather than to the foregoing specification, as indicating the scope of the invention.
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= xp2111(1- f )Tn; and dt dx, xths," = x, +21n(1- f ) + -T" ; dt wherein
sai d polyner property prediction value is non-logarithmc, and wherein
is the | owest val ue expected for the | ab value; xthsh is the highest val ue
expected for the lab value; - 16 - is the probability that the sanple is
part of the collection of sanples; is the standard deviation of the |ab
measurenment nethod; is the nodel predicted bed average value; is the anount
of time uncertainty in the exact sanple time; and is the derivative of xp
with res}gect to tine.
WE CLAIM:
L A method for improving the prediction of polymer properties comprising the steps of:
providing a polymer;
providing a prediction model;
utilizing said prediction model to define an average polymer property prediction
value,
determining a feasible range;
measuring one or more properties of said polymer;
determining whether said one or more measured polymer properties are within said
feasible range;
validating said one or more measured polymer properties if said one or more
measured polymer properties fall within the feasible range or invalidating said one or more
measured polymer properties if said one or more measured polymer properties fall outside of
the feasible range;
optionally updating said prediction model;

repeating said previous steps at least one or more times; and

thereby improving the prediction of polymer properties.

2, The method for improving the prediction of polymer properties according to Claim 1,

wherein said average polymer property prediction valueis x,.

3. The method for improving the prediction of polymer properties according to Claim 2,

wherein said feasible range is determined via

_15_



dt 5. The method for inproving the prediction of polynmer properties
according either to dxxk -x1 Caim3 or Claim4, wherein said is
determned via wherein dttk -tk-1 represents the current tinme, and

k- lrepresents the tine one calculation interval previously. 6. The nethod
for inmproving the prediction of polymer properties according to Caim 2,

wherein said feasible range is determned via xxp(l-delta)"” ; and xll|iph=
xp(1l+ delta); wherein i s the nodel predicted bed average val ue. 7.
A pol yneri zation syste havnggngprﬁ ed*p r property prediction
capabilities conﬁ@r5|ﬁ g} I 5 ggl@né?lzation reactor; an autonmated

predi ction nodel;

dx
Xpign = xp(l—kf—— —2In(l- f)]+d—pTu;

P
wherein said polymer property prediction value is logarithmic, and wherein

X is the lowest value expected for the lab value;

Low

X 18 the highest value expected for the lab value;

f is the probability that the sample is part of the collection of samples;

o is the standard deviation of the lab measurement method;
x, is the model predicted bed average value;
T, is the amount of time uncertainty in the exact sarnple time; and
dr, : . :
7 is the derivate of x, with respect to time.

4, The method for improving the prediction of polymer properties according to Claim 2,

wherein said feasible range is determined via

dx

Xigw = Xp = Oy~ 21n(1—f)_..;i;”_fn - and
dxp

Xpgigh, = Xp 7O ~—21n(1—f)+~.;l?~fu;

wherein said polymer property prediction value is non-logarithmic, and wherein

X,,, 18 the lowest value expected for the lab value;

Xugn 18 the highest value expected for the lab value;

__16_



means for easuring one or nore polyner properties; neans for detecting one
or nore erroneous neasured pol ynmer properties; and - 17 - neans for
updati ng said autonated predication nodel. 8. The polyneri zation
system havi ng i nproved pol yner property prediction capabilities according
to Caim?7, wherein said nmeans for neasuring one or nore polyner properties
is an autonmat ed devi ce. 9. The polynerization systen1having i nproved
pol ymer property prediction capabilities_according to ai n?, wherein said
means for detecting dh@e@FﬁﬁB¢€f@FW%%%@E%“#@&%GF@ECb&W?WEPfﬁmﬁbértles is an
aut omat ed devi ce. 10. The pol yneri zation system having i nproved

pol ymer propertyopr eds geisanded dabatidntof € ladceessdiaagnt meGbd&i m 7, wherein said
means for updating said autonmated predication nodel is an automated device.
11. The polymeri zati QRms¥sideNprodi¥iedBed RFQY QupOl yner property prediction
capabili.tie accofding to aim7, wherein sai d aut omat ed predi cati on nodel
is a conputer nodel.

u

is the amount of time uncertainty in the exact sampie time; and

—2~ is the derivative of x , With respect to time,

dr
5. The method for improving the prediction of polymer properties according either to
k k=1
- X
= I—i——{;l—; wherein
k represents the current time; and

k-1 represents the time one calculation interval previously.

b. The method for improving the prediction of polymer properties according to Claim 2,

wherein said feasible range is determined via x,,,, = x,(1 —delta),; and Xgiign = Xp (1+ delta) ; wherein

x, 18 the model predicted bed average value.

7. A polymerization system having improved polymer property prediction capabilities
comprising:
at least one polymerization reactor;
an automated prediction model;
means for measuring one or more polymer properties;

means for detecting one or more erroneous measured polymer properties; and
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means for updating said automated predication model.

8. The polymerization system having improved polymer property prediction capabilities
according to Claim 7, wherein said means for measuring one or more polymer properties is an

automated device.

9. The polymerization system having improved polymer property prediction capabilities
according to Claim 7, wherein said means for detecting one or more erroneous measured polymer

properties is an automated device,

10.  The polymerization system having improved polymer property prediction capabilities
according to Claim 7, wherein said means for updating said automated predication model is an

automated device.

11.  The polymerization system having improved polymer property prediction capabilities

according to Claim 7, wherein said automated predication model is a computer model.



