5 The invention relates to a chemcal plant and to a nethod of controlling

cheni cal prgeaaefsri N a chen caly bliakias Bles ticularly, thpcTwsgmaTen
relates to a nethod for control Il j{Hltosity, polyner unsaturation,
conononer incorporation, hal ogen ' ul ar wei ght and nol ecul ar

wei ght distribution during polynme r hal ogenati on precess—of
isolefin 10 copolymers and nuitiolefins, in particular butyTHSBHBET HAS BEEN
Description of the Related Art A proninent nethod fok_cont3ESLACER

t he polynerization of olefins in a nmedium15 of iner nt r diluents
i nvol ves neasuring t@N-bIVE GRNIRQI, QFf AGHEMICAL PRéFFE%%EH@T‘ m and t he
viscosity of the polyner solution in order to calculate a single

variabl e-the "Money viscosity.” The Money viscosity then is used as
the single Vaﬁélﬁ'@fﬂié Nfvemitioe entire process is controlled. 20
ell

"Single varia process control works well where the quality of the

desired product is directly proportional to only one vari abl e. '
"Single varialle", . process contr.ol does not rk wel | .wher . re
vari abl es #r e%l‘ier EE’FW"R relates, to achemigal Rigit aﬁ% {q & mlgg?oifir%q\,@foq("l’go
quality of bu : | L ect | ; te i Vil hih Y
and nol ecul ar %P‘gﬁ%bﬁosdte Fs’lsgttlﬁoqh %e”{?%l P %en% .259166%' ﬁ“g'?”'?g%? 'i"gnlhgﬁ???l%
processi ng. relates ¥nai methad famgontrdlting Meeneyrwiscosity ppolymer uns#turation,

ol ccul ar vl GOSN IBGRRABLPN, 1aI0gPRSAUPYEIHCU RE METR: B MRRyar
viscosity. UnLalighhaishititidn Guiifiy BeRneiizatittP8r haldiuritiBh! jtBbess ¢ ifdigfin

inefficient o een base
10 copolymers and multiolefins, in particular butyl rubber.

Description of the Related Art

A prominent method for controlling the polymerization of olefins in a medium

15 ~ of inert solvents or diluents involves measuring the concentration of polymer
in the medium and the viscosity of the polymer solution in order to calculate
a single variable_-the “Mooney viscosity.” The Mooney viscosity then is
used as the single variable by which the entire process is controlled.

20 *“Single variable” process control works well where the quality of the desired
product is directly proportional to only one variable. “Single variable”
process control does not work well where two or more variables are directly
related to product quality. For example, the quality of butyl rubber is directly
related to both Mooney viscosity and molecular weight distribution within the

25 polymer solution during processing.

Various attempts have been made to provide additional process control for
the production of butyl rubber based on the molecular weight distribution of
the polymer as well as on Mooney viscosity. Unfortunately, the methods
30 used to date either have been inefficient or have been based on
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2 insufficiently conprehensive data to effectively control the process

on the basi s of 1 —as-.wel | as Mboney viscosity. A
need exi stswf ,zg.ﬂneffi ci ent g WE2BERe fmet hod to contr ol--the—proswatison
of 5 butyl er usi ng—beth--N Y- Vi scgsi ty./énd pol ynmer nol ecul ar wei ght

as process control paraneters. Sunmakiy Steét Hagdeen R i on

10
The invention is a nmethod for online control of havi ng a
plurality of steps producing a product wth2a pr ' a desired
value'D. It obtains a set of neasured spectra for set of calibration
sanpl es representative of at |east one internediate step in the
process and ripmgufficiently compeehsirisiva data heeffectiveit cenirel the progass on the

calibration sanples tqo produce f correct spectra for the set
np, eg 3 %ﬁg p

) 15 et
of cali brati ohasig@fraaleculag weigh %Y"Sﬁ@ I\ﬂooneyé(f%&q "the corrected
spectrum of each of the calibration sanples to a set of or t honor nal
basis functions, including for exanpl e ei genspectra, are det er m ned,
gi ving a mat r pnedd existshios anefficientand précise mogiinodytorcartrat e produgtion efhed
product corresponding to each of the calibration samples is 2 obt ai ned.
Next, a predi sutw subbereusipg bath Moengy yiscgs! 5@%80%&"9 cl‘-”?qffw?\@t%%
product corre NG l[oration sanples to the set of weights is
derived. Next ?ché%gre%&rt@%?garrﬁg@tr%st sanple at the internediate step in the
process is nmeasured and corrected for neasurenent errors. A value for the
property P of the predicted product corresponding to the test sanple is 25
predi cted froSummasyiofithednyeaont hat uses the set of weights derived from

the calibration sanples and the corrected spectrumof the test sanple. The
di fference between this predicted value of the predicted product and the

desi red vahue The iHveRtibATisCoMétAbYi fos drlineptontrsk of @ prouess! plankdiving el
property neasurenents of the calibration sanples and test sanple mag/ .beea
plurality of steps producing a product with a property P having a desir
value D. It obtains a set of measured spectra for a set of calibration samples
at least one intermediate step in the process and removes the effect of
measurement errors for the calibration samples to produce a set of
15 ~ corrected spectra for the set of calibration samples. A set of weights
relating the corrected spectrum of each of the calibration samples to a set of
eigenspectra are determined, giving a matrix of weights. A value of the
property P of the finished product for each of the calibration samples is
obtained. Next, a predictive model relating the value of the property P of the
20  product for the calibration samples to the set of weights is derived. Next, a
spectrum for a test sample at the intermediate step in the process is
measured and corrected for measurement errors. A value for the property P
for the test sample is predicted from a predictive model that uses the set of
weights derived from the calibration samples and the corrected spectrum of
25 the test sample. The difference between this predicted value "and the
desired value is used for controlling the process. Optionally, measurements
may be made in addition to the spectra and used in the derivation of the
predictive model and the predictive process.
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2a made and used in the derivation of the predictive nodel and the

predi ctive process. REPLACENMENT SHEET

3 " Briwd3e9vs7i pti on of the Figures Figure 1 is apé'r/ﬁﬁb'}/ij7§4j
fl ow di agram of a plant for butyl rubber pol ymeri zati on.

Figure 2 is a sinplified flow di agramof a pl ‘ant for hal ogenat i Q_r_l_.gf/.butyl
rubber.. Figure 3 illustrates the equi pment used in-the"
instrunentation and control of 10 the procéss. .~ Fi gur

conpari son of the measured and predi cted Mooney vi scrgigs\teyt \“\\‘\rdl—rg to
t he met hod of B}i@'f?)és@“?&%or? of the Flgures , \\\\\\\\\\\\\\\\\

Figure 1 is a simplified flow diagram of a plant for butyl rubber
polymerization.

Figure 2 is a simplified flow diagram of a plant for halogenation of butyl
rubber.

Figure 3 illustrates the equipment used in the instrumentation and control of
10 the process.

Figure 4 is a comparison of the measured and predicted Mooney viscosity
according to the method of this invention.

15~ Figure 5 is a comparison of the measured and predicted unsaturation
according to the method of this invention.

Detailed Description of the Invention

20 The invention is best understood by reference to the accompanying figures
1- § illustrating the preferred embodiment of the invention.

-The bulk of the world production of butyl rubber is made by a precipitation
(slurry) polymerization process in which isobutylene and a minor amount of

25 isoprene are copolymerized using aluminum chioride in methyl chloride
‘diluent at -100 to -900°C. Halogenated butyl rubbers are produced
commercially by dissolving butyl rubber in a hydrocarbon soivent and
contacting the solution with elemental halogens.
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15 Figure 5 is a conparison of the neasured and:predicted unsaturation
according to the nethod of this inventi-on. Detai |l ed Description of

t he | nvent iwagm%7 The i nvention’i's best éﬁlﬁéﬁ%‘é‘{ ood by ref ermigesdrRstiae

acconpanyi ng figures THls sk i@sﬁgaéﬁWpr ef erred enbodi ment of the

I nventi on. The bul k ofrEh on of butyl rubber is nade

by a precipitation urry) p n process in which
i sobutyl ene and a m nor anount of soprene are copol yneri zed using
al um hum chloride in methyl chloride diluent at -100 to -900[err]C.

Hal ogenat ed butyl rubbers are produced comercially by di ss?I Vi ng
butyl rubber Figuee hyginsimphtied dlow diggramef the PQ!HH?EE?H'%‘@S?%O%Q Bty wi t h

el enent al hal . . . . . 4
Figure 1 is SEPRET APRRMYIeNG 10105 driest and dractionated 1o A Sving dpwer 1935
slurry PTIE Yeeiter HBBAULYePRGVe) Sndsther fraétiem tdrsistingobRissbutiepedyi ng
t ower 103. The water 103a is renpved and the fraction consisting of

i sobut yl ene, Butenes aralihighebolling tomipobents A§3boispputified inOthie isohutyleneed

bl ends %S%Et,ft ebieation taljen 105 afﬂe?%eb&“ﬁ%g%%Shbﬁﬁfeﬁgfcﬁ%ghé%s%ég%g%g 4
- 1.4% ' | : '
ubbor to be By a8 RS G iscHutylene 168RGA T 4P 8D virl6ntbrkPpfind 1bY, 1

chloride puri(de?' ahting Lpwsthéldrade of bGBI tubbét & e brbdigsed)samd Febpsiddby
passing pure neth Imcghlgri de iélrlb 10 tgﬁlrough beds 1?56.0f gr)anul arugtlgum num
chlori de at 3vetwC. chivride 111a droment methyl schiatiden purifipatien dtawered 4.t h

e o ool o TS, eropusShis ohSe R ot el aFha
-90 T i | b4 t LAt b g t 3 e Th
reaE:'?(r);] Sgﬁp?@gﬂgjﬂa lg%%ét:?‘a vgrat cgﬂjﬂagr zﬂlt?mirﬁg% gﬁfror?@gn éd3fl)5 by'r s ©

concentric r ogencehtrated isofutiorb 44 3bTisediletedt withi additiond! methyl eRloridef and/
punp | ocated at the bottomof_ the draft tube that circulates slurry through

t he .cool i ng t&teesd inrdeura 38t yHise idibtechmixtues is ehilled ié)&ﬁtmﬁhﬁbi,"ef%ﬁéﬁsmng
a temperature of -100 to -80°C. The chilled coinitiator 117b is fed to the

reactor 119. The reactor comprises a central vertical draft tube surrounded
15 by concentric rows of cooling tubes. The reactor is mixed by an axial flow
pump located at the bottom of the draft tube that circulates slurry through
the cooling tubes. The copolymerization reaction is exothermic, releasing
approximately 0.82 MJ/kg of polymer (350 Btu/lb). The heat is removed by
exchange to boiling ethylene supplied as liquid to jackets that enclose the
20 tube section of the reactdr. The reactor is constructed of alloys that have
adequate impact strength at the low temperature of the polymerization
reaction. As shown in figure 1, the blended feed 109a is chilled by feed
chillers 121 and fed into the reactor 119. A branching agent 109b may be
added to the biended feed 109a to control the properties of the polymer
25 formed in the reactor 119. The output of the reactor 119a consists of butyl
rubber, methyl chloride and unreacted monomers. Warm hexane and
hexane vapor 125 and a quench agent 125b are added to the reactor outlet
line 119a and solution drum 123 and most of the methyl chloride and

unreacted monomers are vaporized and sent to the recycle gas compressor
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approxi mately 0.82 M/ kg of polymer (350 Btu/lb). The heat is renoved by
exchange to boiling ethylene suppl ied as liqui-e:to jackets that enclose the
20 tubé seqybosref7t he [rEastor. The reactor is constructed ofpci/usymsvivat

have adequat e i npagt st re‘% aﬁastgb@lﬂepmefl enperature of the
N

pol yneri zati on reaction ure 1, the bl ended feed 109a
Is chilled by feed chill nto the reactor 119. A

branchi ng agent 109b nay be he bl ended feed 109a to control
the properties of the polynmer 25 forned in the reactor 119. The out put of

L eact ed mondhids oThe U ruRaRsdktion in HohikBrkans s fec BLINE cemefl Siriper
agent 125b ar g@‘l\g}ﬁéggeﬁﬁi RExkii8 Gapbr 4'bb8d 133, ThBthdy'Ckingfit1394 fid thd U

123 and nost Ior| € an unr eact ed nononers are

vaporized and pstithm L6F lﬁ@ depserst etrifferc 989" €6teains the polymer in solution in
5 151. The butyl rubber solution in llg'rrld hexane 1s fed to the

cement stri ppdrexane. 1Thenhot eement HEXkan flowspthroughadingeflasiz oncestmier d8%ent
131a fromthe botto Qf the c str| er. 131 contain olvner in
colation 1B ¢ wharg aRment 1S GRIICERERE by: vaPRIEWD AnPoinl & ¢he hBRenéh
concentrat or r ti of
Che. hexane 1 n Strea 18181 76 Eod Rek8RS 4 Hcychel By ther 881N M ARY) BAG
sol ution dr Umtﬁ@%u@mﬂ 137b tdfethel flagh d@?&emfatbhésftlimfeed)rfoemmmmaum t he

feed for hal ogenation, described below with reference to figure 2, All
the Methyl chidescibed belawnwithr eeference Ao nfigusedint Al thexMﬁihxlsph!pﬂanm

e SETT o RRSReB) ol miAS i bt A BB R A0

111, recy?fe e E&géle383191‘% &Ufélggle gas lconiressor ﬂﬁl i 88s6&iatioR MItH d ers

chl ori de la | sobut yl ene a. Stream I's purged fromt
process. 15 187 mbﬁwyiadh)gmatpwri cption dewes it lrecyble;;mwea 188handhpqrge
rubber sol ution tore& n tanks, 153. The sol rql’on éeac s wth
chlorine or brtgwend85 recygl@g ﬁ rpathys ehiaside 11 Taepdlsebutyiene 18 ream

vessel s 157 at r safety reasons, chlorine is
i ntroduced as %\é@)aﬁo‘? '@r%drfk‘ﬁﬁ thtpéoge§ Siti on because | | quid chlorine

reacts violently with the butyl rubber solution. 20 However, brom ne may

be used in liquid or vapor form because of its |ower .
15 In the halogenation process shown in figure 2, the butyl rubber solution

137b is stored in tanks 183. The solution reacts with chlorine or bromine
155 in one or more highly agitated reaction vessels 187 at 30 - 60°C. For
safety reasons, chlorine is introduced as a vapor or in dilute solution
because liquid chlorine reacts violently with the butyl rubber solution.
20 However, bromine may be used in liquid or vapor form because of its lower
reaction rate. The halogenation by-product of HCI or HBr is neutralized with
dilute aqueous caustic 163 in high intensity mixers 159. Antioxidants and
“stabilizers 167 such as calcium stearate and epoxized soybean oil are
added. The solution is sent to a multi vessel solvent-removal system 171
25 where steam and water 165 vaporize the solvent and produce crumb like
rubber particles in water. The final solvent content and the steam usage for
solvent removal depends on the conditions in each vessel. Typically, the
lead flash drum is operated at 105-120°C and 200-300 kPa (2-3 atm).
Conditions in the final stripping stage 173 are 101°C and 105 kPa (1.04
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reaction rate. The hal ogenation by-product of HCl or HBr is neutralized

with di | ut e aqueous caus %B;g&e{memi gh intensity mxers 159.
Ant i oxi dantg apberes stﬁ?’iﬁ% ch as cal ci um st ear at&@-@wi zed
t Wi Is sent to a nulti vesse
7 eam and water 165 vaporize the

soybean oil "are adde

sol ~-system 1

sol v&HIS SHRETpadEceN cir unb |i ke rubber particles in water. The final

sol ent ®ERLAGED and tlhe steam usage for 6 solvent renoval depends on the
conditions in each vessel. Typically, the | ead flash drumis operated
at 105-120[err] C and 200-300 kPa (2-3 atm. Condi tions in _the final
strippi ng st agten)1 7BhahexaneCl Zz6alisl ecyclad while4the halobutyl slurry 173a is sent

6 atm. The_ hexane 175a is recycled while the halobutyl slurry 173a is
sent on f e fanfnishingg . Figure 3 is an illustration of an
apparatus useful in the present invention for 5 online nonitoring of a flow
streamin a manner that enables a prediction of the properties of the
fini shed prodpigiure Bhissarpliiedtrationofian apparatus usefiddn the presentrinyentiorefarhe

i nputs and the operating conditions of the equipnment to obtain . .fi nifshed
product s Vv t honline monitosRgRdEpw slteam inca "‘Iﬂ'@%rnm ghahles: A Aredictionfy

500 is gener aj] . £ . LA, : [ s b0 W, m of
t he process. @B@%gggg{}gj@&?éﬁ?ﬁé&m Tg%hﬁcﬂgtﬁéﬁéﬁ‘hitﬁh{edrﬁh\t/%%?iq%n,
this is done manigifatel taitinpatst BAdCikige Bperating Tonditions &8 the cequipment tohe

cement solution 13la (figure 1) and to nonitor . the output 157a after
hal ogenat i on thadﬂjﬁﬁlsbﬁ'd produsis With Hhg desirethPreRerti®s. 15 stripper 131, the
measurenents are used to determ ne Mooney viscosity, Unsat urati on and
Mol ecul ar Weight Distribution, while at the output 157a after

hal ogenat §@n fThbGnsRurmentativh &B8e 00Sisagéngretig mountetidsotas e monitor
Hal ogen content of the finished product. Flow into the instrunentation

assenbly is i fldidsairedhatflow Istreameof ke qorocess, | Asi difcuased akove3in \nen
inthe ppabediaant Aoieineren Adis i shheb At FRooRAET I SEheRC”,
spectromet er, s@inHet RIEISE Maltdr thb TENFER $616tIOR ABIL edPvaRe tomonitor
figure 3, the spectroneter is shown at 501. In the preferred enbodi nent, it
the output 157a after halogenation (figure 2). At the output of the cement
15  stripper 131, the measurements are used to determine Mooney viscosity,
Unsaturation and Molecular Weight Distribution. while at the output 157a
after halogenation (figure 2), the measurements are used to predict the
Halogen content of the finished product. Flow into the instrumentation
assembly is indicated at 491 while the outflow is indicated at 493, with the
20 direction of flow of the fluids in the process stream as indicated. In the
preferred embodiment of the invention, the assembly comprises a
spectrometer, a viscometer and a temperature measurement device. In
“figure 3, the spectrometer is shown at 501. In the preferred embodiment, it
is a Fourier Transform Near Infrared (FTNIR) spectrometer. As the name
25 _suggests, FTNIR is a spectrometer designed to make measurements in the
near infrared region and includes appropriate microprocessors (not shown)
to compute Fourier Transforms of the input data. A fiber optic link 507 from
the FTNIR spectrometer sends an infrared signal across the flow stream

between the gap 503 -505. The output of the FTNIR spectrometer is
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Is a Fourier Transform Near Infrared (FTNIR) spectronmeter. As the nane 25

suggests, FTNIR is a spectroneter designed'to nake neasurenents in the

near infrared regi on and rQpriate m croprocessors )
t o conput e WOIBREBTTY ansf%élgjﬁjﬁigﬁﬂ&lzﬁﬁ fgaha) A fiber opti%éﬁ%%%ﬁw

from the FTNIR spectr ﬂl n infrafed signal across the flow
stream bet ween t he gal e outptt of the FTNIR spectroneter
S : 7 7 spectral data N
detailing the absorption spectra of the fluid being nonitored and is
used by the process control conputer, not shown, as described bel ow.

5 The instrg%sgékgﬁi i ﬂ]ggﬁimuﬁabeoﬁﬁtmwa of fifH flaiceldeiny rabRitotetht

has a pr ow stream The probe nmeasures the,
viscosity amd dgugsed [byothe tprotess scortral ycamplutesn giot yghawn,t B8 desgribech
the flow stream The vi scosity product nmeasurenments are output at P for
use by the prbelevs control conputer, not shown. 10 The next
conponent of the instrunentation is a tenperature nmeasuring devi ce 512
that conprises a probe 513 that nonitors the tenperature of the fluid
in the fl oy stheanstrdmentationdisofintiodes anviscameter, indisateidat S09ithat hasa a
tenperature neasurenent 0 of the tenperature_of the fluid in tBe fl ow %yS

stream The t probe &Adr in thasiignfiaw streamusctheyproke piessuEas dhg: Yigrosi
ter, t sh . d | bed. bel . di ,

Che” pat h' 1 engPredust (pREICE B WsgiSer §hddensity) of ti ARG TS sfgainC THHT

path length gyeapkyy fpﬁgtaﬁ? B%a%qasmnw 2t oGIPRR SR fort lise s tHidiprodess

spectra for changes engt h conpar ed to conventi onal
met hods wher e cbhirobedplUterghot slsowmich smal | er. The conponents of the
I nstrumentation (the tenperature neasuring device, vi sconmet er and

spectronefl®r) are not di scussed in detail as they would be 25 famliar to
those know edgeabhgyi Bohifornt - of the instrumentation is a temperature measuring

device 511 that comprises a probe 513 that monitors the temperature of the
fluid in the flow stream. The output of the temperature measuring device is
a temperature measurement O of the temperature of the fluid in the flow
15 stream. The temperature measurement O is used by the process control

computer, not shown, as described below.

in a preferred embodiment, the path length for the infrared signal is
approximately 0.8 mm. This path length greatly reduces the need to

20 compensate the absorption spectra for changes in the path length compared
"to conventional methods where the path length is much smaller.

" The components of the instrumentation (the temperature measuring device,
viscometer and spectrometer) are not discussed in detail as they would be

25 _familiar to those knowledgeable in the art.-
The outputs N, O and P of the instrumentation assembly are transmitted to a

computer that analyzes the measurements, as discussed below, and
predicts properties of the finished product that could be expected from the
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The outputs N, O and P of the instrunentation assenbly are transmtted to a
conputer that analyzes the neasuremnents, as discussed bel ow, and

redicts pr i es of the flnlshed product t hat could be ex t he
50 e b

This Sheet Has Been Replaced

Di fferences bet weez‘ ““mlmmlﬂmg and desired propertles of the

product are use rocess paraneters, also as discussed
bel 5 Thej three neasuring instrunentsgdisclosed here (spectroneter,

Vi sconet er and tenperature gauge) are for illustrative purposes only.
Those know edgeabl e in the art -would recognize that other neasurenents
coul d al process.miffereroescbetsdien theapremaedrmrdesmdepndpieﬂr@hedf tthe be

Wi t hin t he sco e of pre i nventi on. Anal ysi s_of Data
Brown (US 51Predd %f € c"l'?%‘J;S‘J acoréqu diper Brocess B@fﬂ'ﬁ@t%ﬁe@i%lasd gisgussed
data due to tmoﬁ,pectral neasurenment process itself and estinating 15
unknown property and/or conposition data of a sanple using such net hod.
This patent is incorporated here by reference and forns the basis for the

anal ysis of t ectral data.derived fromthe FTNIR spectroneter.
As d?/scl oed ﬂ"ﬁ %E&ﬁlr{"e?ﬁ\ér“?g instrupents fiseiesed hargsispectiometer, oiscometer

d
o o Y EfoaBRRL Yaute)® a8l idk Rohiile SBARERET e, InTbLd | o
of cali brati dmowledgeable inTihe &itrwoulsl rscoghize thatedthed redslirepserits Sbitd ng a

correction matrix- Um of dimension f x mconprising mdigitized
correction splg® ke madese Theseradditional mﬁﬂéqtﬂiﬂ%ﬂ'@saﬂe ll"ttﬁ Qgrlﬂdm Mathin

spectra sinulggi e 25 neasurement process itself.
The next st enPavapr R e Fraat inteHlion 20
10

Analysis of Data

Brown (US 5121337) discloses a method for correcting spectral data for
data due to the spectral measurement process itself and estimating

15 * unknown property and/or composition data of a sample using such method.
This patent is incorporated here by reference and forms the basis for the
analysis of the spectral data derived from the FTNIR spectrometer.

As disclosed by Brown, the first step of the analysis is that of calibration.
20 The spectral data for n calibration samples is quantified at f discrete
frequencies to produce a matrix X (of dimension f x n) of calibration data.
The first step in the method involves producing a correction matrix Um of
dimension f x m comprising m digitized correction spectra at the discrete
frequencies f, the correction spectra simulating data arising from the
25° measurement process itself. The next step involves orthognalizing X with
respect to Um to produce a corrected spectral matrix Xc whose spectra are
orthogonal to all the spectra in Um. Due to this orthogonality, the spectra in
matrix Xc are statistically independent of spectra arising from the

measurement process itself.
30
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respect to Unto produce a corrected spectral matrix Xc whose spectra are
orthogonal to all the spectra in Un Due to this orthogonality, the spectra

in " mat Rjgs ogfSe78i € Statistically independent of spectra arigdygsd3m4 he
measur enent process itself. 30 i

9 The spectra _can be absorption spectra and preferred enbodi nents
descri bed bel ow al| THrvsHB®Er ARSIBHENNGY absorption spectra. However, this is
to be considered as exemsPBAgERND not |initigg on the scope of the

i nvention as defirned by the appended clains, since the nethod

di scl osed herein can 5 be applied to other types of spectra such as
refl ecti on spddter aspedira can sbet absorplidpespaciry sand prefemedn arobodisnenty) .

(rawi ngs 16l a@BSEDRR R AL oI BERSUNNG SHGTRATD ERPAL aniHAYELS!, T i
T e oy oo th he'borlsideradnareRidiBfark dd AoKinifihGdsh the scdpd BPtRPRVeRRbhOTS

I n ot her spectr measur enent wav ranges I NC or exanpl e,

ul travi ol et, \dssdéfired pyctheappemndednciaivos,| since the méthpdediscloBeddiereire cahiviy)
spectroscopy. ner the data ari si n8$f romthe neasurenent

Ge |1y,
process it 8el PeaapRligd &g other typesefaf c8pactrangush ras feflegtion; speslkka| AnRd
ces: \ T b . e . _
variations in écggeﬁﬁéﬁ%ﬁéé%ﬁar gguér? as, g%gﬂér{wsc&ﬂéhﬁﬂ.owt%dﬁ thé gi%%gﬁﬂgher

of causes such a erature vartiations rmn

measur enent, rgivérebepeineandwithireferegceto the dedwingstrelzte by NIRe(nedrdinfraret)ws,
and changes in.the tenperature (and thus . the sensitivi tyij’ of the
i nstrunent detand MR (middpirapede nenerthglass: itomdl be unglerstpadi thabihe method

spectral feat ' bt oa or, | de u
ange) - The- s dbERe FbaBbRao T PtisE bBHARE BUERyARILAL viRhelonG FaRbes
ex- sanpl e 1ghenheladiry Mot ngtamples e Diltralidietd Visiblarespedt y and’ Nueksar
which give rise to sharper |ine features in the spectrum For current
appl i cati ons, MagreticResenanee (NMR)ospaptrascapyy i ncl udes absor ptions

due to water vapor and/or carbon dioxide in the atnosphere in the 25
spectroneter. Absorptions due to hydroxyl groups in optical fibers could

al so be treat qGenérdllyi thd dati arisingofroRCtheomeakrerfignt proceeBtitsal &&catieitd
t he sanpl es can al so be nmade, but generally only in cases where the

concentrati on twp effectsontharifitshnis iduesta thaselinel yaniationss in dhgospectra. The
significangly paseline variations arise from a number of causes such as light source

temperature variations during the measurement, reflectance, scattering or
absorption by the cell windows, and changes in the temperature (and thus
the sensitivity) of the instrument detector. These baseline variations
generally exhibit spectral features which are broad (correlate over a wide
20 frequency range). The second type of measurement process signal is due
to ex-sample chemical compounds present during the measurement
process, which give rise to sharper line features in the spectrum. For
- current applications, this type of correction generally includes absorptions
due to water vapor andfor carbon dioxide in the atmosphere in the
25 spectrometer. Absorptions due to hydroxyl groups in optical fibers could
“also be treated in this fashion. Corrections for contaminants present in the
samples can also be made, but generally only in cases where the
concentration of the contaminant is sufficiently low as to not significantly
dilute the concentrations of the sample components, and where no
30 significant interactions between the contaminant and sample component
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dilute the concentrations of the sanple conponents, and where no 30
significant interactions between the contam nant and sanpl e conponent
2 6 JUL 1998 98129787 10 per/UsyReSHkS-
It is inportant to -recognize that these corrections are for S|gnals
that are not due to-cemponents in the sanple. In this context, "sanple"

. , $l*al \upon which property and/or conponent concentratlon
ed for the purpose1of providing data for the 5
"contam nant”, we refer to any material which is
physi cal |y added to the sanple after the property/conponent neasurenent
but before oroogurs.ndt ishimpgréantrtal renagnize el these correctionsaape dor signelsway
of perforn1n8hthe | nv. n addl i on

|
ei he! o0t hoodhat foe, HoF Hus’ R coptinta. 38 the, SBhbIR:, o Hhis, EOnte3® eanipie® ™ @
spectra or Qb o hatiafér) UoriWhiehl propRrty aBF comBect edHeshpaih (e
C

matri x Um havi ng nut ual orthogonal spectra“or col um an be achi eved
by first nodeheasyremertbasam cendustedt fosnthebpuspese aff pravidingodala foreduency

I h) .d I I wh t t ed
" 1 RS AR b b IR
t I Gﬁ@b
2hem’ cal ea%h@%x%séb?fgagdé,/scaﬂ)on EI' II)I’II? ggag.% I’@P“&QSE’I I IH?II @I?n(t;lr e
act ual spect rbut before aroduring thb spedtiad measurement, are supplied to formthe

matrix Xs. Next the colums of Xs are orthogonalized with respect to
Up to forma new matrix 20 Xs'. The precedi ng steps renove baseline
effects from ng rechd h

col ums of Xsﬁx&l?ﬁel or 0go0 Pﬁ?egonnm?c%@%'v%gg'éclﬁ %%&gélg %n mI Ij?o form

a new matioi x spgectrahdatabeing Mmh@gmalizealr relative to ttwborredt«cbw nﬂatnm lmlme the
correction matri x Um whose C?-II'“ reth col ums

arranged si deSRSFa QLolumngal Jauiy YtQI‘Q‘?%FII’Iﬁ- ke P"?GIUCBI;Bé}f tIB‘F t he
steps such t hﬁétr&@pﬁﬂéﬁﬁﬂ%nﬂfu@ﬁ O'I‘Etﬁq‘é tsp%fcIrQOHPE&IhWﬁg%ﬁIﬁy’ rl])g n?%IfIgI’Qa m a

new matri x of vecCto al'l'y ‘ort’hogona

form ng the rmyfirsk mdaleling the thaseline variations byta set tborthegenal érdquencyr(@rt hen
conbi ned with themto formthe correction matri x Um However, this

changed or derwaveleagth) pdependent heelynomials, uhieh s are e camPatier ggenRerated
gener ating t g PRigHSAHe Basdlifle PartitidHiP8Ra ol th8mbtricUpP! 4% théi %t t

least one, and usually a plurality, of spectra of ex-sample chemical

compounds (e.g., carbon dioxide and water vapor) which are actual spectra
collected on the instrument, are supplied to form the matrix Xs. Next the
columns of Xs are orthogonalized with respect to Up to form a new matrix

20 Xs'. The preceding steps remove baseline effects from ex-sample chemical
compound corrections. Then, the columns of Xs' are orthogonalized with
respect to one another to form a new matrix Us, and lastly Up and Us are

- combined to form the correction matrix Um, whose columns are the columns

of Up and Us arranged side-by-side. It would be possible to change the

25 order of the steps such that the columns of Xs are first orthogonalized to
_ “form a new matrix of vectors and then the (mutually orthogonal) polynomials
forming the matrix Up are orthogonalized relative to these vectors and then
combined with them to form the correction matrix Um. However, this
changed order is less preferred because it defeats the advantage of

30 generating the polynomials as being orthogonal in the first place, and it will
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11 al so mx the baseline variations in with the spectral variations
due to ex-sanpl e chem cal conpounds and nmake them | ess useful as

di agnostic 4? i nstrument performance. 5 Once the '

(di mensi on qusﬁ)"? as been orthogonalized with respect to m{’éﬂg’esgsmn“
correction matrix Um (dinmension f x m, the resulting corrected spectral

matrix Xc will still contain noise data. The noi se can. be renpved in the
following way. Firstly, a singular value deqenpositijom:isperioldEd: o1
mat ri x Xc in the formXc =U Vt, where Uis a trix pfp dqgmnsmn f xn

and contains 10 the principal conponent spectra as col unns, TS adiagonal

matrix of alsb miRs tie baselineavdrigtisrisiinswithetive rgpéctral V\Jénaimnsaldﬂlevms a
mat ri x of di mrension n x n and contains the principal conponent scores,

Vt being the ex-samplenehprsicabrompoundgeand make e ess usaful EhpiRgaasy C8hat
correspond to ectral measurenments in the original n
sanples w |l ﬁgwtﬁgﬂééfﬂﬁ?@?gﬁues which are small in magnitude relative
to those due to the want ed spectral data, and can therefore be

di stingui shed fromthe princi pal conponents due to real sanp
conponent s5 Adngaitheymatrix Kgdiragnsiondx mhhas beeneorﬂmmlzﬁdommsespﬁﬁi\t@ ng

the ot sat o e EarstofnAfi OrPldifigndn ¢ x mf ARBYRSMh AateGRE FPRAH | °
x k and n x kmé@&pxetwmeém cmh%‘iﬁé‘ d®." | T8 noise c’ﬁrﬁb@%‘ém@&éc?% the

together, the resulting matrix, corresponding with the earlier
corrected specfolkawmwax Bicstly, SIngelaowahmedecmhpdamandaepemrm@cb@n matrix

25 model . o Ve MRS EEEV WerBad S el B oERaTRIa | i aPd cortABR
be used Ctagnera% &Hﬁcfp‘é’l' ﬂﬂnéﬁte Eeﬁﬁéeageéaltfn%g‘dléChgdl‘épohaﬁ R&fix of

results. e spectr noi se | evel known from experience
wi th the inst rdimemsiorFnosn and aomtammlthermpgularovaluest aadeVgienspmatmix qft he
colums of matrix U, resultln%3 m t he SIE ul ar val ue dec osi ti

a trained spediMeBsS) 8X pAR @Pmﬁéﬂ%ﬁ?ﬁ PINCIRAL FRMPONRAE RCPIRS: pgt Bgel s
' n the ei genspegididsd 8f V. In general, the principal components that correspond to

noise in the spectral measurements in the original n samples will have

16 = singular values which are small in magnitude relative to those due to the
wanted spectral data, and can therefore be distinguished from the principal
components due to real sample components. Accordingly, the next step in
the method involves removing from U, and V the k+1 through n principal
components that correspond to the noise, to form the new matrices U', ' and

20 V' of dimensions f x k, k x k and n x k, respectively. When these matrices
are multiplied together, the resulting matrix, corresponding with the earlier
corrected spectra matrix Xc, is free of spectral data due to noise.

For the selection of the number (k) of principal components to keep in the

25 model, a variety of statistical tests suggested in the literature could be used

" but the following steps have been found to give the best results. Generally,

the spectral noise level is known from experience with the instrument. From

a visual inspection of the eigenspectra (the columns of matrix U resulting
from the singular value decomposition), a trained speciroscopist can

30 generally recognize when the signal levels in the eigenspectra are _ |
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12 conparable wth the noise Ievel By visual inspection of the

ei genspectra, an appr oxi mptﬁﬁ Ret Qs 1 &nTT8, k, to ret ain can be
sel ected. Mdel s_can t hen umJ;ILA?th for exanple, %ﬁgjﬁé%" 573
k+1, k+2 teM@%FBhem and t he st-andare—errors and PRESS e

Resi dual Error Sum of Squares) 5 values are inspected. The snal | est

nunber of terns needed to obtain the desired precision in the nodel or
the nunber of ternms that give the minimum 45 PRESS value is then

sel ected. The selection of the nunber of steps is nade by the
spectroscopist, and is not automated. A Predicted Residual Error Sum

of Squares is gathgatatie Willy tHd Ploide teve] PBY diisiialVinspeetidn fwrthéiagéﬁspectra

estimation of property and/or conponent values for a test set o
whi ch were notamspgreximate nsmbar of tesmsb i to dsetamucm b@n@e!sqiedvulqsi@ls)panhe

property or cq n

estimated and tﬁgﬁg’ &f"'ﬁggﬁtﬁs%@a@éﬁﬁﬂie zﬁ% 0rk+ eﬁre?@% ?ghmaggd tﬁst he

test set (the ﬁﬁhééﬁi 'ePfrs CAnd thesst (W@d@‘vet R%s&!ﬁélOErréﬂl&IrﬁSoﬁis ubPés)15

nunber of test sanples is sonetinmes cal cul ated to express the PRES

val ue on a fervalueplareinspegtedATheESBallestuoumber (of teemsmadaui tos ohtgin the
cedur.e i.n whi ch, gne ,or nore of, .t he |bra®aon .sanpl e

lid
el purt Sesifhe St e it BY 1o e i oifs TR gtV E the iR BN
with the PEEQS falue' 18 98én salsbtédeTIig Qé@étlbﬁ dfthé ﬁ&ﬁﬁié?%fl&épé iSale

sanpl e has 20 een left out once. he thod further requires that
c properties abyl tbe/spegescopist, andasbrot automaitlelded% dretlioted Residuat kRsror
calibration sagples tggforma mat,r

1.
For each of . ¢ BUMaAf GRS garfaleeét%ﬁ%sappewnseepaﬁaé"ﬁ V& JPflr B S o
represente byﬁs"t;msﬁ&%“d?dpregsay%q/eﬁ c%hneponentt\}é?ué’é 'fé‘tch a%‘régﬂg% Ie%t he

col umms of ese wei ght's are”cal scores’ enoted by
si. A regressiwhicheWere mot iusedhimthie calibriatiod but forbﬂhmladhet maepraitperdfythe

reacr emont o (PSS RTPERRELPURSENAN o, BT S ST SrERCH RARRED fa
have been usedgifimhitdi & HEBlvAINS Y sQiardtCahdB3ummed for all the samples in the
' ~ test set (the square root of the quotient of the sum of squares and the
15~ number of test samples is sometimes calculated to express the PRESS
value on a per sample basis). A PRESS value can be calculated using a
cross validation procedure in which one or more of the calibration samples
are left out of the data matrix during the calibration, and then analyzed with
the resuitant model, and the procedure is repeated until each sample has
20 been left out once.

The method further requires that ¢ properties and or/composition data be
- collected for each of the n calibration samples to form a matrix Y of
dimension n x ¢ where ¢ 1. For each of the calibration samples, the
25 corresponding column of Xc is represented by a weighted combination of
“the principal components (the columns of). These weights are called the
“scores” and are denoted by si. A regression relation is then determined
between the property (dependent variable) and a combination of the
“scores” and other measurements (independent variables). The additional
30 measurements that have been used in the present.....invenﬁ_o_ll_. are. ;he |
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13 vi scosity product cosity and density, denoted by v

) and the t enperat ure hese [ egression coefficients have been
det er m ned, wo ogrobdtey are ArHADREENE onl i ne predicti pRTAIO%ES34 | N
the prediction pr ocess;the—peEASHd spgctra are corrected for
background effects as 5 discussed above amd the "scores” with the

determ ned princi pal conponents cal cul ated. The scores, the neasured
vi scosity product and tenperature, and1d he regression coefficients
derivéd in the calibration process give a _prediction of the property
under consi derati on. 10 It has been found that the Money viscosity can

be accur at el yigcesitycpeatiuct (produst ofiiviscosityiand densify. deneted by spkendathe

This 15 o corerialie  nonspdhest rearesginiicptiGpney flavd e BEldihhée,
content and St 68844y g‘éﬁ”oibfhe fglinécﬁf'éﬁi’étﬁirv pPo&EsCL 4l thy phetifstion

correlation wth the FTNIR spectra. Those versed in the art would
recogni ze t hapradesseitiye mapastned spectracarebgorrected Hos backgraunsh effectsigs t he

P 5o A ARG hc b e AR AREHBE °0

basis functio tynQf ki ' ' e N
any ot her ne eﬁngﬁe?hgﬂger 1% ngngogr':égﬁ ng%?é%%édé‘gfsspgb?%?gé?%ﬁsgﬁGQeﬁﬁgP Ia"ltgrré'

ort honor mal band stheuregressien ccosfficiehts) desivedein thre tdatibristiorv processofgive a

the predictive npdel including Legendre polyngm als and trigononetric
functions (sipPadigien ebtheRrrepertydindescopsidsrali®nor t honor mal  basi s functi ons
is intended to be within the scope of the present invention. 25 Fi gure
4 shows a conparison of results of prediction of Money viscosity from

the FTN Ri@peltthas beeaFoundehat tie ddreyeissosigreansbefaccuratelyi predicted (
product and tenperature. The abscissa is the neasured Money vi scosété@
wiacHS ty

of |aborat oryW il i) vaingh ey RTINIR especttal cmeasyrementsvisierg

viscosity product and the temperature. This is a considerable improvement
over prior art. The unsaturation content and halogen content can be
accurately predicted by direct correlation with the FTNIR spectra.

15
Those versed in the art would recognize that the eigenspectra obtained by
this invention through the singular value decomposition form a sst of
orthonormal basis functions for the range of wavelengths used: any member
of an orthonormal set of basis functions has a dot product of unity with itself

20 and zero with any other member of the orthonormal set of basis functions.
Other orthonormal basis functions could also be used in the derivation of
the predictive model including Legendre polynomials and trigonometric
-functions (sines and cosines). The use of other orthonormal basis functions
is intended to be within the scope of the present invention.

25
"Figure 4 shows a comparison of results of prediction of Mooney viscosity
from the FTNIR spectral measurements and the measurements of viscosity
product and temperature. The abscissa is the measured Mooney viscosity
of laboratory samples while the ordinate is the predicted Mooney viscosity

This Sheet Has Been Replaced
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14 based on the regression relations. As can be seen the fit is very
good with a standard error of prediction | ess than one unit.

Figure 5 i sy egh#sgyar plot conparing the predictions of unsat ' 5
hal obutyl rubber wth known val ues of unsaturation based on sﬂg@{"é@?}?’g“
measurenents only. The abscissa is the nmeasured | aboratory val ue of the

hal ol +Ho] .)mration content while the ordinate is the predicted
val u _ﬂrﬂstsﬁég ébu’t‘yl unsaturation from aqaegressi on of the spectral
val ug. 1REP t+ctions made as in figures 4 and 5 are accurate enough

to be able to provi de feedback control of these properties, described
bel ow. basedwrs theCregression retatiolse Ascantbe deearthe fidtis wenp fobt avidy
viscosity made by the nethod .. .. dFscr'{‘bed abov,g can be used as input to a
control | er t &$t@REAN GFQfé’gpf?péChon essdpbanwae Wik ti on or coinitiator rate
at 117b in figure 1. Unsaturation can be controlled by using the
In-situ saturation neasurenent to a controller that mani pul ates t he

i soprene contfagureo®s tisea fsimilan @lot cofripawing the Gorasiivtions 8 urisatwatiohabf on
can be contrqlled by usjing the in-situ conobnonmer content as t he i nput
to a cont Pol ﬁ]glow;x 'HS“"I?‘?)[W'QI doowie valss of clipsaturationy kasash enerspectral t hat

in a preferr | ' 0O.¢. i

di stributi on%ﬂ%n em(%}ﬁ%]rbg?)ﬁegﬁ%% b.l;slél?srlsg% 'tghtge:\ﬁ? ggp%@éﬁ%&\( V\%fegﬂf the

di stributi on hedobutyl rulpher unsatucatiorr eohtenttwhile rthei erdimatesist five preaieted | ow
25 125b and/ or br&rﬁ‘%hi ngea ent 109b flow to the butyl reactor. Butyl

react or vRlHe.§ | upratsationmfrom asagrgssinn atthenspeciral yaiue.
hal ogen cont ent measurenent as the input to a controller that
mani pul at es the hal ogen fl ow to a butyl hal ogenation reactor (156 in

figure 2§10  Thelpredictions made as in figures 4 and 5 are accurate enough to be able
to provide feedback control of these properties, described below.

Process Control

15 The in-situ determination of Mooney viscosity made by the method
described above can be used as input to a controller that manipulates the
catalyst addition or coinitiator rate at 117b in figure 1. Unsaturation can be
controlled by using the in-situ saturation measurement to a controller that
manipulates the isoprene content of the feed 107 in figure 1. Comonomer

20 incorporation can be controlled by using the in-situ comonomer content as
the input to a controller that manipulates the butyl reactor feed comonomer
that in a preferred embodiment is isoprene 107. Molecular weight
distribution can be controlled by using the in-situ molecular weight
distribution as the input to a controller that manipulates the quench flow

25 _125b and/or branching agent 109b flow to the butyl reactor. Butyl reactor
halogen content can be controlled by using the ins-situ halogen content
measurement as the input to a controller that manipulates the halogen flow
to a butyl halogenation reactor (155 in figure 2).
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The exanpl e given above is for illustrative purposes only. The

I nvention can be used for a wide variety of processes and

manuf act uri Ls. The processes for which the nethod can sed
i ncl ude, ‘?85?)3%0t limted to polymerization, steam cracki np@rmswéz373“J
olefin purlflcatlon aromatic purification, isonerization, catal ytic
cracking, catalytic reform ng, hydrogenation, oxidati opg—partiad

oxi dati on, dehydration, hydration, nitratiom epoxidati o‘r’ifis éﬁgﬂ IﬂlAétﬁf@h
conbustion, al kylation, neutralization, amm nation, eslerifi

di meri zati on, nmenbrane separation, carbonylation, ketonization, 10
hydr of or nul atTten examplé gyiven iaboiveois, for ilyusteatiee purposes balyat Tdwe invention
crystallization, adsorpt lon, extractive distillation, ydrodeal k}/‘ at Ll'?\
dehydr ogenat i@ baused: o & Wide vanetyiof frpeassas,ansanarytaeiuring pla e

hydr odesul ph”éf ki85 rwﬂ?&ﬁrtﬂg‘%ﬂbﬁ{o‘ﬂgggﬁtﬂ sed xrﬁﬁu@%’t&?ﬁ% not ljited to, |
|

deashi ng and ogena 1'on he~properties are CO

i ncl ude Moonegyolymerizatibi, steanimeradkitigt olefin Purificationoraromatic purification,
I ncor por at i on, al ogen cont ent p0| ymer concentration, nononer

concent r atsi onisomerigation; wetalytic ~eeaakingdesatalyticeaFeleBniRigh eiydrogenation,

Gi st but  on. PRl RERACRBRESH: benddfadh, HrEfiol” hERion. eppdcation
made in addi t#igtilltior, tdnRestiona lalkBaten, siRitdlizatibhdamnsihatien, esterificaiomng
ot hers, tenperature, VISCOSIt% pressure, density, refractive i ndex,

pH val ue, condimrmat@nand reersbeane i c separation,.  carbonylativnes e ketenizatien,

easur emont < MBTOEIHE, B er R  Plslfys? sofshatily' R Eih,

are intenged s@sdiptivh! héﬂtré&%é%l&ﬂlﬁﬁoﬁheh?h:ﬁ.‘id&‘alkylatlon dehydrogenation,
AVENDED SHEET

aromatization, cyclization, thermal cracking, hydrodesulphurization,

hydrodenitrogenation, peroxidation, deashing and halogenation. = The
properties that are controlled could include Mooney viscosity, polymer
unsaturation, comonomer incorporation, halogen content, polymer
15 ~ concentration, monomer concentration, molecular weight, melt index, stream
component composition, moisture in the product, and molecular weight
distribution. Depending upon the process, the in situ measurement made in
addition to the spectral measurements could include, among others,
temperature, viscosity, pressure, density, refractive index, pH value,
20 conductance and dielectric constant.

These and other similar variations in the process, property being controlled
- and measurements made for prediction of the property being controlled are
intended to be within the scope of the invention.
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16 VWhat is clainmed is: 1. A method for online control of a

process that produces a product wth a property P having a
desired val y reby the jspectyEe0fHs €St [5 sanpl éﬁ%&ﬁ Al an
i nt er medi at yg %%%2 sai d prdcess REpPUAEESuUred and uI“‘s%:e'lt o}}3 .
control said product property P, conprising: obtaining a
set of neasured spectra havi ng neasurenent _errors-forTa
set of calibration sanples representative ofjgat least - one

i nternedi ate step in said process; 10 cor ' M\L “
measured spectra for said nmeasurenent errors \\‘ﬁ“\“\“ﬂ“\? e a
set of correc\Whatsisataimed izt said set of calibration ikt L R

sanpl es; determning a set of weights fromthe set of
corrected calibration sanple spectra relating said

corrected speqgtr um"f"}g%@?ds for online controF6F4 p?é%%% gbn é%ddﬁ@éiﬁadﬁémltﬁ% to

a set of orthohorma

obtai ning a val ue gqropertyl Poitanieg byddsiid vdlae D edmprisitnt
corresponds to each calibration sanple of said set of .
calibratiof sanples; 20obtaining a set ofjmmeasyradngractia Rvingy measyeement

a1 d st of weights, | SHOrsfora setof oglioretion FinER ot loaf i et ©

sanpl e at said at |east st in said process; internmediate step in said
process; . obtaining a corrected spectrumfor said test
sanple at said at 25  correcting said npeasured spestrarfoe rick measyemantarrars

et IR L U TYER Gt A A

test sanpkhg fromsaid samples; predi ctive nodel and said corrected
spectrum of said test L sanpl e; and i
16a determining a set of weights relating said corrected spectrum

of each of said calibration sampies to a set of orthonormal
basis functions; '
obtaining a value of said property P for each of said calibration

15 samples; -

determining a predictive model relating said value for said
| property P to said set of weights;

measuring a spectrum for a test sample at said at least one

intermediate step in said process;

20 obtaining a corrected spectrum for said test sample at said at
least one intermediate step; _
determining an estimated value E for said property P for said
test sample from said predictive model and said corrected
spectrum of said test sample; and

25 controlling said process using a calculated difference between

' said estimated value E and said value D.

2 The method of claim 1 wherein said product comprises a polymer.
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controlling said process using a ca ference bet ween
said estimted value E of said pred sai d
desired valyg oihors75 2 The net hod o‘f re| N sai dpPfrB8eYPia734

conprises a polyner. : The rret hbd of claim 1l wherein

sai d neasured spectra are sel ected fromthe group consisting of:
Raman spectra, NWR spectra, and infrared spectra. 5 4. The
met hod of claim 1 wherein said measured speztra conpr Sgys SHE T HAS BEE:
absorbance spectra in the near infrared region. 5. Lgcgg od pf
claim4 wherein said predictive nodel is determ ned a—+-+near

| east squar e8. r egridwes mathod ©f claim 4. whereme said nmauredlspeotr:a araeselem:teml d

process conprises _a cedur e osen fro c n3|st|ng
bt ol yer | zat | offorSy i piUR. iongisting of.°Ratah, ey NHIF Sheci:
aromatic purificatihpgred mfd zation; catalytic cracki ng,

catal ytic reform ng; hydrogenat I on; oxidation; partial 15
oxi dati on; dehydrati on; hydrat ion; nit rat | on; epoxi dation; distil I at i on;

conbusti on; aI kyl at.i on; | i zation; on; esterificatio

di meri zat Pon4: n&&'éﬁé"% r8 %m é‘aMB'lﬁf?\rh .measyed, specia compnse
hydr of or mul ati on; ,%gwg sol fonati on;
crystallization; a sorp i on; 6é fé enee(\ﬁ-‘ﬁ r%ﬁ{%hé%n; " hydr odeal kyI ation; 20

dehydr ogenati on; aronatlzatlon cycllzatlon t hermal cracking;
hydrodesulphurlzatl

and hal ogenatton The metégéo‘%‘?ﬂné't e ﬁ’gg’é}?‘n@'gﬂfgéﬂﬁg@Pﬁeg ée'tﬁr}g@a%%
conprises a proceqﬂiﬁlmear least squares regression.
10
6. The method of claim 3 wherein said process comprises a procedure
chosen from the group consisting of: polymerization; steam cracking;
olefin purification; aromatic purification; isomerization; catalytic
cracking; catalytic reforming; hydrogenaﬁon; oxidation; partial
15 - oxidation; dehydration; hydration; nitration; epoxidation; distillation;
combustion; alkylation; neutralization; ammination; esterification;
dimerization; membrane separation; carbonylation; ketonization;
hydroformulation; oligomerization; pyrolysis; solfonation;
crystallization; adsorption; extractive distillation; hydrodealkylation;
20 dehydrogenation; aromatization; cyclization; thermal cracking;
hydrodesulphurization; hydrodenitrogenation; peroxidation; deashing
and halogenation

7. The method of claim 4 wherein said process comprises a procedure
25 chosen from the group consisting of : polymerization; steam cracking;

' olefin purification; aromatic purification; isomerization; catalytic
cracking, catalytic reforming; hydrogenation; oxidation; partial
oxidation; dehydration; hydration; nitration; epoxidation; distillation;
combustion; alkylation; neutralization; ammination; esterification;

30 dimerization; membrane separation; carbonylation; ketonization; '
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25 chosen fromthe group consisti ng of : polynerization; steam

cracki ng; ol ef4fis RHEET kGat  ar omat ic purification;

i someri zat i @iy og99e?! Yt i j P,..;)L‘Alfg(éﬁcérl}”\ ~catalytic ref OBP?: s97_/23734
hydrogenation; oxi dati orm—partiea : OXI dation; dehydr n;
hydration; nitration; epoxidation; distillation; conbust I on;
al kyl ation; neutralization; amm nation; esterificat mll““lum“\“\

di meri zation; nenbrane separation; carbonyl egion; mﬂm

18 ' hydr of or mul ati on; ol i goneri zati on; pyreol ysi §;

sol fonati on;
distillation;
cyclization;

hydr hydmﬂa;mulation
t her mal

crystallization; adsorption; extractive

odesul phuri zati on

hydr odeni t r ogenat i §¥$ (iﬁ'gF%g(‘?rga?%?fPt‘BBasQﬁt'}r[ﬂ?t'B’e dISt'"aﬂo%;ntH‘Yﬁéﬂdﬁlﬁ)d@ﬂ@h
8.  The nethod of d@h?ﬂfﬂg%n B8hE! TarSMlatlzSionOf c9§:ﬁ£§’li?:?1[ gfibgﬁ'ﬂ% L ® cracking;

functions characteriz

ng Ssail corrected Sp ectra’ftor saf

sanpl es conprise ehgdmd&sdpfmrmatlennhyldtbdemwo@mrﬂrpéf@kid@tléﬁ deashing

Deconposi tion.

ort honor ma! basi s
spectra for said calibration

% Ei net hod of claim7 wherein said set of
and alogena fQhctions characterizing said corrected

by a Singular Val ue 15 Deconposi ti on. 10. The net hod of
cl ai m 8 wher e8n saTuepmsgtbodyoP dlains e ewherbihr eaid "éet of orthonorntdlObBsis

consi sting of:
i ncor porati on,
concentrati on,

15

20

9.

10.

11.

VISCOSIty, pol ymer unsaturation, conon
hal Bg‘é?ﬁ

ohgomenzdhbmplr og@yemlyas ar wﬁbhaﬁmm'on;

sanpl es are eigenspectra determ ned

oner

iongreharactepiging said: sarestacabsarbance spectra forosaider
aﬁh% |

stream conponent corrpo"s%:ft'to }A@dn n'glss n*pﬁ%éﬁ@@;g%&géggcqe’te%@ed. by ad§1ngui%f'

nol ecul ar10wi ght dVatue Det:omposmon. 11. The nethod of claim9 wherei

said property P is selected fromthe

The method of claim 7 wherein said set of orthonormal basis
functions characterizing said corrected absorbance spectra for said
calibration samples are eigenspectra determined by a Singular Value
Decomposition.

The method of claim 8 wherein said property P is selected from the
group consisting of: Mooney viscosity, polymer unsaturation,
comonomer incorporation, halogen content, polymer concentration,
monomer concentration, molecular weight, melt index, polymer
density, stream component composition, moisture in the product, and
molecular weight distribution:

The method of claim 9 wherein said property P is selected from the
group consisting of: Mooney viscosity, polymer unsaturation,
comonomer incorporation, halogen content, polymer concentration,

- monomer concentration, molecular weight, melt index, polymer

density, stream component composition, moisture in the product, and
molecular weight distribution.
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group consisting of: Money viscosity, polyner unsaturation,
conononer incorporation, hal ogen rrﬁgfs RETAPAY BEEN concentration, 20
we

NDNONET CONGRYYsiBtd70n, Mol ecul ar ghtpepIRERD | NdeX, pol yner porpmsoss~—--
density, stream conponent conpositiefa—orstUre 1 n the product, and

nmol ecul ar wei ght distribution, 12. Thé net hod hew “\/
wherei n sai d nmeasurenent of near i nfrared 'sa ﬁhﬁr\mm a
Fourier Transform Near Infrared 1TNIR) spe .m  $5 %13,

The nmethod of claim 11l wherein said neasurenent of near * i nfrared

spectra are made by a Fourier Transform Near Infrared (FTNIR
spectroneter.12. he 1methorthef slaimo8 whersinisaid measyrement pfdnean diffarednt

0 2 5,10t o, SPOFA 'Y Wl 50 ot Nl (e

measurement of sai gpgctrometer, SPectrumfor said test sanple is perforned
at | east once 15 every two m nutes. 16. A nethod for online
control as claimed in claim1, further i ncl udi ng:

cach cal [t at 13n sahgielioias §n; T bwnetpiys 8 Bigaslrdtent of near infrared '
sanpl es; and spectra are madRABY! gg?oéﬁénd TransRaT Nep Fﬁn‘ﬁrédog’éf NIR)

property for sanple at sald at [east o
i nt er medi at e step spectrometer. in said process; 25 wher ei n,
said predictive nodel is determned relating said val ue for said
property P of said product to said set of wei ghts and sai d val ue
of said at |eqgl OffedHdiHdLBPLIaim 10 wherein said measurement of said spectrum

10 for said test sample is performed at least once every two minutes.

15. The method of claim 11 wherein the measurement of said spectrum
for said test sample is performed at least once every two minutes.

15 ~ 16. A method for online control of a process to produce a product with a
property P having a desired value D comprising:
obtaining a set of measured spectra having measurement
errors for a set of calibration samples at least one intermediate
step in the process;

20 correcting said measured spectra for said measurement errors
to produce a set of corrected spectra for said set of calibration
samples;
determining a set of weights relating said corrected spectrum

~ of each of said calibration samples to a set of orthonormal

25 basis functions

' obtaining a value of at least one additional property of said
calibration samples;
obtaining a value of said property P for each of said calibration
samples;
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property of said calibration sanples; and said estimated value E

for/said property P of the predicted 30 product corresponding to
saifd test saﬁ;gﬂgg,z' sgydet er m ned PCTIUS97/23’734 20
fromsaid predict |bve nodel, said corrected spectrumand said.

val ue of said at |east one additional property of said test
sanmpl e. 5 17. The nethod of claim 16 wherein s
add| tiHeNQLEET Has pgeN | Property is selected fanomt hﬂlmﬁﬂm mlﬂmﬁmurat ure,
vi sgosi tmgpmgglgure Hensity, refractive index, pH Vvaltie,t ™
conductance—and—di+ekectri ¢ constant . 10 18. The nethod of-claim17
wherei n sai d product congetesmining a predictive mdthEIating said value Toe said hod
of claim 17 wherein said _spectra,are,.

f th
consi sting of: Raman speliPX SIYNR D §5§€§§tap?vvi%ghts and sa%@'&%&&?ﬁhgg% ra.
20. h hod of cl
ool o771 edd ot g s

conpri se absorbance spectra
measuring a spectrum and said at least one additional

5 property for a test sample at said at least one intermediate
step in said process;
obtaining a corrected spectrum for said test sample at said at
least one intermediate step;
determining an estimated value E for said property P for said
10 test sample from said predictive model, said corrected
spectrurh and said value of said at least one additional
property of said test sample; and
controlling said process using a calculated difference between
said estimated value E and said value D.
15
17.  The method of claim 16 wherein said at least one additiona!l property
is selected from the group of: temperature, viscosity, pressure,
density, refractive index, pH value, conductance and dielectric
constant.
20

18. The method of claim 17 wherein sai'd product comprises a polymer.

18.  The method of claim 17 wherein said spectra are selected from the
group consisting of. Raman spectra, NMR sbectra, and infrared
25 spectra.

20. = The method of claim 17 wherein said measured spectra comprise
absorbance spectra in the near infrared region.
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AMENDED SHEET

21 21. The nmethod of claim20 wherein said predictive nodel
5 e A ez
22. The nethod of claim19 wherein sai‘ |l ses a procedure

5 chosen fromthe group consisti*ng ‘of! L pbl yher'i zation; steam
cracki ng; olefin purification; aronatic puri fication;

i sonerization; catalytic 21 cracking; [caHE SHEET 113 GERLNY:
hydr ogenati on; oxidation; partial Xi dat R8PLACED _!
dehydrati on; hydrat lon; nitration; epoxidation; distillation;

corbustion; &@tkyl ZAhemethedof glaizn20 ovhersinisais pradictia siadel dsdetermined

10 di meri atl separatian; carbonyl ation; ketonization;
hydr of or nul at i on; 8inﬁagf%qtfgpp{ﬁ§0regre5?pgt ysis:  sol fonation:
crystallization; adsorpt lon; extractive distillation; hydrodeal kyl ati on;
dehydr ogenati on;. aromati zat i on; cyclization; thermal cracking;

hydr odesul phi22.zatThe métbdd of chaitr 99 wimr'eimsaiﬂqmmz'edsicbmnrisesa proggdure

15 and ha of claim 20

| t
anerei n 58 4 pr oo AJBRREILDE AroP GoRiatis of polymerization, stedm. ERHNG: o
the group consistigggAf pd?f?ibéﬂ&ﬁf Z&onistic ShEAfIEAGH: Kli86merization; catalytic

cracking; catalytic reforming; hydrogenation; oxidation; partial
'oxidation;. dehydration; hydration; nitration; epoxidation; distillation;
combustion; alkylation; neutralization; ammination; esterification;
10 dimerization; membrane separation; carbonylation; ketonization;
hydroformulation; oligomerization; pyrolysis; solfonation;
crystallization; adsorption; extractive distillation; hydrodealkylation;
dehydrogenation; aromatization; cyclization; thermal cracking;
hydrodesuiphurization; hydrodenitrogenation; peroxidation; deashing
15 and halogenation.

23. The method of claim 20 wherein said process comprises a procedure
chosen from the group consisting of: polymerization; steam cracking;
olefin purification; aromatic purification; isomerization; catalytic

20 cracking, catalytic reforming; hydrogenation; oxidation; partial
oxidation; dehydration; hydration; nitration; epoxidation; distillation;
combustion; alkylation; neutralization; ammination; esterification;
dimerization, membrane separation; carbonylation; ketonization;
hydroformulation; oligomerization; pyrolysis; solfonation;

25 : _crystallization; adsorption; extractive distillation; hydrodeaikylation;

' dehydrogenation; aromatization; cyclization; thermal cracking;

- hydrodesulphurization; hydrodenitrogenation; peroxidation; deashing
and halogenation

o —— e e i e e
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olefin purification; aromatic pur| fication; i"'s'o'rrer i"zéf”i”ori catal ytic

(Z)Si dati on: _cracki ng; 2 A [ﬁp oxljflat I on; par'F I al
oo SR o S ! SEhkH A0

conbusti on; n ses erifica | on;

di meri zation; nenbrane -paratlon carbonylatlon ketonlzatlon,

hydr of or mul ati on; ol i goneri zati on; pyrol ysis; sol fonati on;

25 ' crystallization; adsorption; extgactive distillation;

hydr odeal kyl ati on; dehydr ogenati on; aronmati zati on;
cyclization; thermal cracking; hydrodesulphurlzatlon

hydr odeni t r og@dat i Jhe peethaddef mhalm @ sbihergin said set of orthonormainbasis
hal ogenati on REPL ACENMENT SHEET

22 24. The nddmdions: charactarizingusaidcarregtad absotanse: SRR DT Baid <
f h
cal i brat 1 on sampl oSBT EtAmBRE Gihited BREBSERacMIeHh gLy Bobhoutar

Val ue Deconposi ti ON/a!uefDecEﬁlposﬁitm nmet hod of claim 21 wherein sai d set of
ort honor mal basi s functions characterizing said corrected
absor bance spectra for said calibration sanples conprise

260 The nbi nat of \eMPD98 LT 21 wnersin, 98595 T COARBAN A Resis:

group consisting offunctmerxammng %aid ebireeted ababtbaticeospectra for said
conononer |ncorporat|on hal ogen content, polymer concentration,

monomer concent r at icfibratigresamples,gomprise giganspesty, detsrmined by a Singular
density, streamco on, noisture in the product, and 15
ca P k"

nol ecul ar wei ght d The net hod of claim 23 wherein
said property P is selected fromthe

10 26. The method of claim 22 wherein said property P is selected from the
group consisting of. Mooney viscosity, polymer unsaturation,
comonomer incorporation, halogen content, polymer concentration,
monomer concentration, molecular weight, melt index, polymer
density, stream component composition, moisture in the product, and

15 molecular weight distribution.

27. The method of claim 23 wherein said property P is selected from the
group consisting of: Mooney viscosity, polymer unsaturatioh,
comonomer incorporation, halogen content, polymer concentration,

20 monomer concentration, molecular weight, melt index, polymer
density, stream component composition, moisture in the product, and
molecular weight distribution.

28. The method of claim 23 wherein said measurement of near infrared

25 spectra are made by a Fourier Transform Near Infrared (FTNIR)
spectrometer.
- This Sheet Has Been Rep
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group consisting of: Mboney viscosity, polyner unsaturation,
conmonomer i ncorporation, halogen content, polynmer concentration, 20

NDNONEr coNGEHbLERAEPN. mol ecul ar wei ght, el  por/US97/23734
density, stream conponent conposition, mHm l!"ml "!lﬁf ',oduct an

nol ecul ar wei ght di stribution. Ok claim 23 wherein
sai d neasurenent of near infrared 25 spectra ar de by a Fouri er
Transform Near Infrared (FTNIR) apectroneten.T

The met hod of claim25 wherein said neasurenent of nea
spectra are nmade by a Fourier Transform Near Infrared (
spectrometer.29.5 Th®. me‘tmd ofclainh 25 wherein saidvmeasurersantiofragan infrared of
said spectrum

every two minutes. SPectra a'f?l ma‘#%dé;ysnsé ﬁ@&"q'gf eE'IaQIs efrﬂ%%&?é?m% §§?§I’Tﬁn£)e

nmeasurenent of sai ¢naBREHIHER. for said test sanple is perforned

at | east once every two mnutes. 10 32. A process plant to produce a
product with a property P having a desired value D, the process
pl ant conpri sing: a first device for nmeasuri n ectrum
cont ani nat®d 8§ The method of c'a-m&émﬁrsea#rra%swsm&s qﬂgpfegﬂam

east one 15 for said test S4B rorfietfiaf 1Bkl 6 8683 wo Riflise, 2 et

of neasured a set ration sanpl'és and
for a test sanple; a second device for measuring said

val ue of said property P o t he product corresponding to
each of said @3; i Efi’g\qymtlgw giaim 25 wherein sard mgaw@nﬁm of sarclzcl) spectrgm a

comput er adapted t g, sgjg test sample is performed aﬂ%é&?&ﬁéé‘gvérg‘s o”i‘é?n;délé%dt ost

spectra of said calrbra
sanpl e forgneasur enent errors

32. A process plant to produce a product with a property P having a
desired value D comprising: .

a first device for measuring a spectrum contaminated by

measurement errors at least one intermediate step in the

15 process, to give a set of measured spectra for a set of

calibration samples and for a test sample;

a second device for measuring said value of said property P
for each of said calibration samples; and

a computer adapted to:

20 correct said measured spectra of said calibrations
samples and said test sample for measurement errors
to give a set of corrected spectra;
derive a predictive model relating said corrected
spectra for said calibration samples to said measured

25 value of said property P for said calibration samples;

' predict an expected value E for said property P of said
test from said predictive model and said corrected
spectra for said test sample; and

cet Has Been Replaced |
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to give sets of corrected spectra; deriving a
predictive nodel relating said corrected 25 e spectra

for said call n sa “ al ue
of said pro 85?@“[5 of said pr f t“‘éd%ﬁ’iés on \“l TroseT23T to
each of said calibratio ‘j\“\“\\“‘““‘““‘\‘“) di cting an
expected value E for said property P of the

predi ¢ted product corresponding to said tes sarrpl e 30

fromsaid predictive nodel and said corrected spectra

for said test sanple; and REPLACEMENT SHEET control ling
sai d process plant using a wm'olsa&ﬂprocesdrplamrasmg meaim&tedadlﬂemwe E

of the predicted d said.de
val ue D. 5 33 Thetypepssid pxaﬁete@rveusrbﬁr%‘? SR dosif e el
product conprises a pol ymer . 34. The process

pl ant of claim32 wherein sal?'d nmeasured spectra are
selected fromthe group consisting of: Ranan spect ra, NWR

spectra, and infrared spectra. The process nt of claim
32 wherei & s&3d wadameﬁquaef:@aun 32 wherein said prodt@éﬁgvméeaéra&wme
spectra in the near infrared region. The process plant of
claim 35 wherein said predictive nodel is 15 determ ned by a

linear |east gguarffe fiRANES of Blaim 32 wherein said easured spentresarepselecten
claim 34 wherein said process conprises a rocedure chosen

from the group corfmmtﬁf'ﬁggfﬂllp plﬂn,%lﬁémzafr Baman spectra, NMR’ spegirag An

cracking, olefin, ur| aromatic purification;
| sonmeri zation; cd? 4%"98&3 a‘ackr ng; catal ytic ref orm ng;

10
35. The method of claim 32 wherein said measured spectra comprise
absorbance spectra in the near infrared region.

36. The method of claim 35 wherein said predictive model is determined
by a linear least squares regression.

16 37. The method of claim 34 wherein said process comprises a procedure
chosen from the group consisting of: polymerization; steam cracking;
olefin purification; aromatic purification; isomerization; catalytic
cracking; catalytic reforming; hydrogenation; oxidation; partial
oxidation; dehydration; hydration; nitration; epoxidation; distillation;

20 combustion; alkylation; neutralization; ammination; esterification;
dimerization; membrane separation; carbonylation; ketonization;
hydroformulation; oligomerization; pyrolysis; solfonation;
crystallization; adsorption; extractive distillation; hydrodealkylation;
dehydrogenation; aromatization; cyclization; thermal ' cracking;

25 - hydrodesulphurization; hydrodenitrogenation; peroxidation; deashing
and halogenation.
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20 hydr ogenati on; oxidation; partial oxidation; dehydration;

hydr ati on; nitration; epoxidation; distillation;

conbustion; (?J bél,@,tion' tratzath hon; anmbAatton,
> 8 oh FHI HEE

esterifi cat?von; I merization; nenbr $S HIHA% é'é

REPLACED separ at i on;
carbonyl ation; ketonization; hydrvf-m%f—eh—»—en* “‘\‘)“1\“\

ol i goneri zation; pyrolysis; solfonation; crystallizat Lﬁ m‘\u““r

25 ' extractive distillation; hydrgsleal kyl ati c dEhy'Hrogenat i on;
aromati zation; cyclization; t her mal cracki ng;
hydrodesulphurlzatlon hydrodenltrogenatlon per oxi dati on;

deashi ng and3Bal oJ#eametinod of claim 35 wheredg said’ pmqﬁm\apmeﬁha proceduiem 35

wherein said process co 30 ur e, chosen fr mthe
group consi stlong osEBr}B}m?@g{q%conslstmg o§5polynl?erlza%on steamp clack hg!

cracki ng; olefin o|é)ﬁHl Pbﬁﬁ&ét% a%ﬁllg%l ?éjtrigi;éétlahcafsbﬁfbrlzatlon catalytic

| soneri zati on; cataly cracki ng
hydrogenati on; oXictatking; pataiytid mommgpnhydmaﬂomn O)dldai_rcm i qpartial

nitration, epOX|dat|on istillation; ystjon; .ation;.. .5
neutral i z&ti on; aridatian; e@éqr@'r'?"ﬂxl B)ﬁ@"aé‘ﬁn m‘ﬂﬁiﬁ“?‘}:aﬁpﬂﬂ&h@%ﬂgﬂ@at'on
separation; carboaylialdip: IM’Q Z%hﬁgllza " ofrniR4t R Ogster{ﬂcatlon

ol i goneri zati on; pyro%m S; crystal'lization; adsor

extractive disti |d|mbrﬂattonhy|¢iemahéy|sebata1ion dedaybbmgatm Oketonlzatzon
aromati zation; clization; t her mal cracki n%[
hydr odesul phur i zath oformylationieni toliggmerization; pdveRlyas i on: solfonatlon

deashi ng and hal o nt

wherein said pr op%??érag%gosblaedcsoe%% e)-&chtR/r ﬁfsctﬁlal%ﬁ h@%ﬁ%é“c(gray stl ng
of i Mb@gey Vi scafdhydrogenation:; ér@matlzatxon unyalization; onthermabnawracking;

i ncorporation, halogen content, poly concentration, npnoner

concentrati on, mo|wpdeswlehgﬁzatl%|hydrodemtrogenatwm.dBﬂroxmtmrdQ?éh%mg Y,
stream conponent ¢ i sture in the product, and
nol ecul ar wei ght ﬁﬁﬁ?lgﬁeﬁgﬂoﬁo 40. The process plant of claim 38
wherein said property Pis sel ected 20 from the group consisting
of : Mooney viscosity, polyne
39. The method of claim 37 wherein said property P is seiected from the
15 group consisting off Mooney viscosity, polymer unsaturation,
comonomer incorporation, halogen content, polymer concentration,
monomer concentration, molecular weight, melt index, polymer
- density, stream component composition, moisture in the product, and

molecular weight distribution.

20 40. The method of claim 38 wherein said property P is selected from the
group consisting of: Mooney viscosity, polymer unsaturation,
comonomer incorporation, halogen content, polymer concentration,
monomer concentration, molecular weight, melt index, polymer
density, stream component composition, moisture in the product, and

25 molecular weight distribution.

41. The method of claim 39 wherein said measurement of near infrared
spectra are made by a Fourier Transform Near Infrared (FTNIR)
spectrometer.
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unsat uration, conononer incorporation, halogen content, polyner
concentration, nmonomer concentration, nolecular weight, melt

i ndex, pol yner ity, stream conponent conposition, noistur
in the pr odW?Ps’ggﬁé nol ecul ar wei ght distribution. 25 PZEI‘/US&'H%%HAS

process plant of claim39 wherein said measui enent of near
by a Fourier Transform Near. Lnfrared.

I nfrared spectra

(FTNIR G eeiasrBEEN {30 42,  The proceggs plant of claim 40 wher ei n

sai d ngasur egemtadED ne i nfrared spect :’rﬂl m ourier
Tr ansf ntrared - (FTNIR) spectro n"ﬂ"m I Imm

26 43. A process plant as clained in claim43 farther"iricl adi ng:
a third device for_obtaining a value of at |east one )
addi tional pH@per tTheomeathod of dliaim 40i whereimsiaid measusement of near infrared

el ating said  Spectra ags e e, Fieh FiArouR RS et (YRR o

one addddcdmetsr.operty for said calibration sanples to said
nmeasured val ue of said property P of said product correspondi ng
to each ob said calibration sanples; and 10 sai d expected value E
for said prop ty of the predicted, rroduct corre ndi,

said test sa B0S8RE At Pharcing a product Wi, ACRIGRATDE Fraeing & o

g?g;gft gdf ifeggf g t?ée%rte?i:%érirgié@ itfa f%urality of stepé, thid rokbss Bt cBRfprisitl:t | onal
a first device for measuring a spectrum contaminated by
measurement errors at least one intermediate step in the
10 process, to give a set of measured spectra for a set of
calibration samples and for a test sample;
a second device for measuring said value of said property P
for each of said calibration samples;
a third device for obtaining a value of at least one additional
15 property of said calibration samples and for said test sample;
and
a computer adapted to:
correct said measured specira of said calibrations
samples and said test sample for measurement errors
20 to give a set of corrected spectra;
derive a predictive model relating said corrected
spectra and said value of said at least one additional
property for said calibration samples to said measured
value of said property P for said calibration samples;
25 predict an expected value E for said property P of said
' test sample from the predictive model, said corrected
spectra and said value of said at least one additional
property for said test sample; and
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20 27a 44. The
process plant of claim43 whereih 88 dupET LRAYQME addi tional

property ‘s iﬁﬁb?ﬁﬁ g fromthe group ofgegigppgrature, viscosit JIS0713734
pressure, density, refractive index;—pHvatte—eoenduct ance -and

di el ectric constant. 5 45. The process plant of \‘\\

43
wherei n said product conprises a pal \M\m‘m‘ ﬁ“ 46.
The process plant of claim43 wherein said 2ypect rao\e\‘ML s » 10

fromthe group consisting of: Raman spectra, NVR speetr8, tand

I nfrared spectra. 47. The process plant of claim43 wherein
sai d nmeasured spectra control said process plartiising ancalcylated differenche
near infrared region. : 5 48. The prqcess,plant qf cl.ajm. 45 erein
said predictive nodel is betwaen sad%xg%ﬁ@&rﬁ%‘é%lﬁ?”é qqsﬂé{gslrpga\\é%\ué
squares regression. D. 49. The process plant of claim44 wherein
sai d process conprises a ) procedure chosen fromthe group
consi sting of: polynerization, 20 steam cracking; olefin

purification; aropatic _purificatian; . . i so&F{,i zeﬁt i on;
catalytic§ cfécki dge meg}gpacpfﬁla@n 43, wherein ﬁal,d at least one additional property
hydr ogenat i on; oxi gatd. L. Lala-QX| | Q& b Oy t QR
nitration; epoxi dgiégﬁ&egﬁr?hfltggi gﬁa}d é.dghbt%s |é()}%?kéhlr‘i<‘§/¢%€ﬂl’ygn?%sure’
neutralization; andensity,onefrastivey iihder! ipH; vaiuepr carductancereahdadielectric25

separati on; car bonyl ati on; ket oni zati on; hydr of or mul ati on;

ol i goneri zation; ppeAsiEt.s; sol fonation; crystallization; adsorption;
extractive distillation; hydr odeal kyl ati on; dehydr ogenati on;
aromati zation; cyclization; t her mal cracki ng;

hydr odesujgphugbzat T methtiddsfasiain 48 adwitaln Said prodnet corhprsé®a;polymer.

46. The method of claim 43 wherein said spectra are selected from the
group consisting of: Raman spectra, NMR spectra, and infrared
spectra. |

15

47. The method of claim 43 wherein said measured spectra comprise

absorbance spectra in the near infrared region.

48. The method of claim 45 wherein said predictive model is determined

by a linear least squares regression.

20

49. The method of claim 44 wherein said process comprises a procedure
chosen from the group consisting of: polymerization; steam cracking;
olefin purification; aromatic purification; isomerization; catalytic
cracking; catalytic reforming; hydrogenation; oxidation; partial
25 oxidation; dehydration; hydration; nitration; epoxidation; distillation;
- combustion; alkylation; neutralization, ammination; esterification;
dimerization; membrane separation; carbonylation; ketonization;
hydroformulation; oligomerization; pyrolysis; solfonation;

crystallization; adsorption; extractive distillation; hydrodealkylation;
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30 deashi ng and hal ogenati on. REPLACEMENT SHEET

28 50. The process plant of claim46 wherein said process conprises a
procedur e clwgéggbj.,rspm,t he group consisting of: polynerizati ONpCT/USITI23734
steam cracking;, olefin purification; aromatic purifi- cat| on; -

I sonmeri zation; catalytic cracking; catalytic reformng

o L1 R SHEBAOMHET o G sti Tatton SE%SEP.VSLHIIlﬂPNWﬂlmjlﬁﬂl

neut rlal i zaREBWACER M natli on: esterification: dinerizafi on nbr ane

separatrton; carbonylation; ketonization; hydrQfornul a&_'

ol i goreri zati on: ehydyegenation;  cvematizationy steyclizatian; ont e&ﬁ‘?!)r JrAeNNgs o
extractive distilla r

aronmati zati on; %Pﬁ?ﬁlflpaﬁ%&?ﬁ?H@q‘}gﬁéﬁﬂogeﬂgﬁé&l’kpﬁ@%ét% deashing

hydr odesul phur| zatém[-,md@é@hgggﬁm trogenati on; per oxi dat i on;

deashi ng and hal ogenati on. 15 51. The process plant of cI aim47 wherein
said property P is selected fromthe group consisting of: Money

bl ogen cont G, TG mthod of oS Whierd i PGSR roRERSBE Riteaurs,

mol ecul ar gwei ght, %éen from the grou?%ﬂ%tsttﬁ@'df”?folﬁﬁéﬁ.téﬁbn steqmerackipgnent
conposition, noisture he product, "and nol ecul ar wei ght

di stribution. oleflﬁz purlﬂcuatlpnpcarmqtkanpumﬂcatmb mismgneizatian, satajytic
property P is sele

viscosity, polymer® Crtacﬂmg’ catalytic o ﬁ&é‘[“ﬁ q‘%ﬁgg ﬁl Sﬁ%é@ﬁﬂ%ﬁ‘% oﬁgﬁ%l

hal ogen content, pgliWaRon; dehydratloa rBrf ahitrafionMepRRRIatiOAN i stillAionon.
nol ecul ar wei ght melt 25 ol yrmer density, stream conponent

conposi tion, noi stmmbustton alkylaiwnt maemramatton aammination)| astewficstion;

distribution 53. ess ant ere sai near
i nfrared 1s°pect ra dlmenzatlon rrPerrcl)brane pseparato ion; carg]on)]ﬂa%n i«gtonlza ion,

hydroformulation; oligomerization; pyrolysis; solfonation;

crystallization; adsorption; extractive distillation; hydrodealkylation;

dehydrogenation; aromatization; cyclization; thermal cracking,;

hydrodesulphurization; hydrodenitrogenation; peroxidation; deashing
15 and halogenation. '

51. The method of claim 47 wherein said property P is selected from the
group consisting of: Mooney viscosity, polymer unsaturation,
comonomer incorporation, halogen content, polymer concentration,

20 monomer concentration, molecular weight, melt index, polymer
density, stream component composition, moisture in the product, and
molecular weight distribution.

- 82. The method of claim 48 wherein said property P is selected from the
group consisting of: Mooney viscosity, polymer unsaturation,

25 - comonomer incorporation, halogen content, polymer concentration,
monomer concentration, molecular weight, melt index, polymer
density, stream component composition, moisture in the product, and
molecular weight distribution. e
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are neasured by a Fourier Transform Near Infrared (F | R) 30
spectroneter. \I‘w

968092/ 2 M!!\“ m P
8/29787 process

cl ai m 50 an%?n 9sar d nmeasurenent of \ L '|“nf rared spect Fgrar 27 rrggi% by

a Fourier Transform Near Infrared (FTNI R) spectroneter.

29

THIS SHEET HAS BEEN
REPLACED

53. The method of claim 49 wherein said measurement of near infrared
spectra are made by a Fourier Transform Near Infrared (FTNIR)
spectrometer.

54. The method of claim 50 wherein said measurement of near infrared

spectra are made by a Fourier Transform Near Infrared (FTNIR)
spectrometer.
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