WO 20101048143PCT/US20091061270 METHOD FOR PREDICTING HYDROCARBON PROCESS
STREAM STABILITY USING NEAR INFRARED SPECTRA TECHNICAL FIELD [001]This invention

relates genefa yzg%%r;%%gting hydrocarbon process stream 5 stability. More specifically, the invention
relates to creating a corrélation model to predict hydrocarbon process stréarfy S8t t&thg near

infrared absorbance. The invention has particular relevance to predicting stability of a hydrocarbon

process near infrared absorbance and comparing the measured absorbance
against ai%;%%%g%%%f%ﬁ@ﬁ%ﬁﬁf}“ﬁ%ﬁ%%ﬁ%i|S[%%&&ﬂg ofitHiHs EeVeraFRbfidted

thousand compounds. A common simplified analysis system classifies these compounds into four
groups according to their solubility. This system is known as "SARA" analysis, where the groups are
saturates, aromatics, resins, and asphaltenes. The least soluble of these groups are the asphaltenes,
which can be stabilized by association withf FésiIsHd/dBidnatics but are destabilized by association
with 15 saturates. Asphaltenes typically exist as nano-scale stabilized dispersion in the resin,
aromatics, and satifdies rHise lintisatioalarletsoiztnesdlcom porntseishedstuihes, poiteagReuring

thermal Tragiiplintondlio NS AL AVISEIVRSLERSPRAIENES RISGIRIRLE figm solution. Among, other
problems, tqlisdgggr@al cracking can Ie%:iqéo coke formation at higggéfmperatures “ané §Pud%e in
visbreaker tat resiaue. 201503 AEBHAITEREL 588 J4rE ISR etbertantte péholswmtianiegy because

of their depasitiowal effeenin protditiop edilment Wapbatienss alsaimpatyighsisgositto crude
oils, negativgyamgﬁgﬂgg%ggggga%%r{gp@emm@&% acn%@%%{ﬁ%@g%&%e g rgrglen {%"Ig? within individual
reservoirs creates a myriad of production problems. Refining of ‘heavier crudes poses problems to
petroleum producers and refiners. During production, unwanted asphaltene 25 precipitation causes
well plugging. During refining, asphaltenes cause refinery heat exchanger fouling, as well as catalyst
poisoning by coking or binding of active sited ﬁﬁ{ﬁmmls. [004]Asphaltenes in crude oil, fuel oil,
distillation residue, and the like are insoluble in heptane at its boiling point and soluble in benzene at

its boilitly point. Tﬁgﬂ?‘]are %‘?&é"l&@&@w{ contains several hundred thovsand compounds. A common
simplified analysis system classifies these compounds into four groups according to their

solubility. This system is known as “SARA” analysis, where the groups are saturates, aromatics,

resins, and asphaltenes. The least soluble of these groups are the -asphalienes, which can be

stabilized by association with resins and/or aromatics but are destabilized by association with

15 saturates. Asphaltenes typically exist as nano-scale stabilized dispersion in the resin, aroﬁaﬁcs,

and saturates mix. If the balance of these components is disturbed, as it can be during thermal

cracking, conditions may arise where asphaltenes precipitate from solution. Among other.

problems, this thermal créqkiﬁ'g can lead to coke formation at high terhperafufes and sludge in

visbreaker tar residue.

20 - [003]  Asphalienes are of particular inierest to the petroleum industry because of their
depositional effect in production equipment. Asphaltenes also mpart high viscosity to crude
oils, negatively impacting producﬁ_on. Variable asphaltene concentration in crude oils within
individual reservoirs creates 2 myriad of production problems. Refining of heavier crudes poses
probiems to petroleum producers and refiners. During production, unwanted asphaliene

25  precipitation causes well plugging. During refining, asphaltenes cause refinery heat exchanger

fouling, as well as catalyst poisoning by coking or binding of active sites with heavy metals,

{004]  Asphaltenes in crude oil, fuel oil, distillation residue, and the like are insoluble
in heptane at its boiling point and soluble in benzene at its boiling point. They are typically black
to dark brown solids having a_mglecul'ar structure of pbiynuciear aromatic rings with alkyl side



to dark brown solids having a molecular structure of polynuclear aromatic rings with alkyl side WO
2010/048143PCT/US2009/061270 chains and heteroatoms, such as nitrogen, oxygen, and sulfur.
These solubilitg gq%lre%cszt%istics allow its indirect measurement. [5] For example, U.S. Pat. No.
4,940,900 to'Lambert distloses measurement of the flocculation threshol§OF X BAYSIEGH product
containing asphaltenes by continuously adding a 5 precipitant and measuring the near infrared
radiation transmitted though a sample of the product in relation to the quantity of added precipitant.
The method“hegireé Aearasiamet 15aeh 25 SHReerR: ardgsre aipitanifn thbesspilabidinecbentasnitigsproduct
tested. U.S. dRatte iRiddemadienkapinosa et al. discloses a method of determining properties and
yield of a hydrocarbon conversion product from the NLR spectrum of the feedstock.Mid infrared has

also been used to dgigming: ingnffunslipnalarauns ineaPhalisaes A me i (alg.payafinic and
naphthenic garbons, and all%é%de chain length. [6] Current practice for determining the

asphaltene StaiTHR! G GhiSFBluEL R colviBive e warkgnes M aotinusrsbhadstiaae phase

separatidn mestigtninit atemethgdhheptdnisdaddaddotmsanpie fronioydmeatipnpreesss stream,

which civtesti, 881,06k dPcreRP G naofianiend S RIY PRIk s shaoliance begins
oun fion. %\qunaltene

. 1
to increase due to as_%?gltene (or other condensed aromatic com precipita

stability is tHEH FEERIER Pohs APhAYEre Bl Britee’ festein g5 S PRI EHR3A tof Bpinsppe is

described iretletaifiicliStandathie st Methaibifer Reperisinaiidyiofi RrinSigdaialbity enversion

AsphaleneConiaieiya RESksS.HERRRIELQIS. 1 Che QIS Heprane Phase Separaton
n May

Optical Detection), 20 published by ASTM International | under™ egigna ToaN 157-05)."
In additibn tél’b%iﬂ@a]tiﬁﬁ%‘%ﬁ%ﬁ%ﬁéﬁﬂﬁ%&éﬂ#ﬁtéﬁ@dﬁﬁﬁ@%ﬁé@%@ﬂiﬁ rediaheendwliple dilutions
of the sampi&jeeshein thegibeing titrated with the n-heptane solvent for evaluation. These methods also
significantly limit the ability to optimize the cracking process, especially under conditions of frequent
changes in the tygeosf crudeneilip-ibedaedsiaamiRalROb e tus xisis,An.00eqingnagd for
improved me thodss ogﬂetermining stat%ilit ighy rocarbqQn process streams. A particular need exists for
quickly and Bficiently determirng procads Srfedik RUS it VTR e leRe CAdn desthitaddindoe
SUMMARY heptane is added to a sample from a hydrocarbon process stream, which ditutes the sample and

15 decreases its absorbance. At the end point, the absorbance beging to increase due {v asphaltene
{or other condensed aromatic compound) precipitation. Asphaltene stability is thﬁn calculated
based upon the absorbance feadings, A typical method of this type is described in detail in
“Standard Test Method for Determination of Intrinsic Stability of Asphaltene-Containing
Residues, Heavy Fuel Qils, and Crude Oils (n-Hepiane Phase Separation; Optical Detection),

20 published by ASTM International in May 2005 under “Designation D7157-05).” In addition to
being time-consuming, a.disadvantage of this method is that it requires multiple dilutions of the
sarmple, each then being titrated with the n-heptane solvent for evaluation, These methods also
significantly limit the ability to optimize the cracking process, especially under conditions of

frequent changes in the type of crude oil in the feedstream.

25 [007] There thus exists an ongoing need for improved methods of determining
stability i hydrocarbon process streams. A particular need exists for quickly and efficiently
determining process stream stability with frequent changes in feed type,

SUMMARY

[008]  This invention relates to a method of predicting stability in a hydrocarbon
30 process stream using a near infrared spectrum combined with a correfation model. In an aspect,

the method includes measuring a stability vatue corresponding to each of & plurality of samples
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[008This invention relates to a method of predicting stability in a hydrocarbon 30 process stream using
a near infrared spectrum combined with a correlation model. In an aspect, the method includes
measuring a stability value corresponding to each of a plurality of samples from the hydrocarbon
process stream to produce a first dataset; selecting one or more wave numbers in the near infrared
("NIIC) spgefrum.as,afrshRpeRii: dsing the firRhsPeckinda Aetetipe.anAbIerhiaRcave
corresponding to each of the pIurallte{‘ of samples to produce a second dataset; incorporating the first
dataset a6 8 de SRt fatadeiRto(at | Bak eostd st enif anes fuRctisinoor it tRECESRefation

model; selgeding RN AbHRERWAVEAYONARIS i dhe MRIBPEIGHIRY a5 ARFIROMG SPEGtI Uskag the
second spcfctrum.to measure an ?I‘.gso bance cor ﬁ:espondlg%to one ?Or mare ?ddmon sam&li?s,

a A
calculatindZpFedied LB Varie S8HEsBNainG 1 IRE A8EHTORA s AmBtE <P by g the measured

absorbancfena‘g‘dmput ctmatheﬂ@mmatﬁﬁnmd@lamdlwbgvm as cnmmum plmadmdirst&milwﬁand _
optionally SIS ING 1 (ecalethaulant nan.eIget eI oraas e e ANRaL dspingihe recelved

output on y device. [009]In another aspect, the method includes categorizing the hydrocarbon

process sHEEHPRIGRE ploraley 6f dieterijiiostlssawpisste caity s of tREHirseb sédlalifiesdiifing a
stability valie.gosresRoRding jasaaholanplu@lity eksamples foamenepithe pracpgsesdo produce a

first 15 dataset; selecting}one or more wave num%grs in.the NIR spectrum as, a first spectrum; using

the first sFEEEHITCT BELSHAR S N B AS B E h Spohiivty T8 e aeh BIrPPiTriNy S Lantiies to
prodiige arsedtonichbdatasetzirdanparatingdnedirst datase tignth ithe; second datasguinio atligdst one
mathemat(ii%ggél_nction to create the correlation model; selecting one or more wave numbers in the MR
spectrum as a second spectrum; using the second spectrum to measure an absorbance 20
corresponding ta one or more additional samples; calculating a predicted stabjlity value corresponding

to the additional €4Hpled® HPHEME MR R RFBI BSOSt ARt T PRE RBHRMBR S del and
receiving aseatiputt thelpredicte diiftrinsioctabdityscbndmpiiendl ictosingthemesaiedoutpiltyn an
electronic storage device and/or displaying,the receiv. utput o isplay device, 25[0 Itis an
evantage B S R R e e
strealfh byddéfiningsgatangene othad Ry syretrabarsdriribe iybi e o as wréts bipseiyar csirgdisne or

more mathepatical MnGlignsmine APHbHARANGHAMVRARIAYS.fAEINURNNIAMISIQ PRviFesadmethod of

gathering stability data from a plurality of hydrocarbon process streams and creating a correlation

model froMFRAEESRH Waraddintih Loebrntnedhe It drnsat cabife Bermsianral T gt W 8pectral

measuremeni@matical function to create the correlation model; selecting one or more wave numbers in
the NIR spectrum as a second spectrum; using the second spectrum to measure an absorbance

20  corresponding to one or more additional samples; calculating a predicted stability value
corresponding to the additional sample(s) by using the measured absorbance as input for the
correlation model and receiving as output the predicted intrinsic stability; and optionally storing

the received output in an electronic storage device and/or displaying the received output on a

display device.

25 [0010] Ttis an advantage of the invention to provide a method of predicting the stability
of a hydrocarbon process stream by defining a range of the NIR spectra and incorporating

measured absorbance into one or more mathematical functions.

f0011] Another advantage of the invention is to provide a method of gathering stability
data from a plurality of hydrocarbon process streams and creating a correlation model from that

30  datato allow calculation of a predicted stability based solely upon NIR spectral measurements.



WO 2010/048143PCT/US2009/061270  [0012] An additional advantage of the invention is to
provide a method of analyzing a feed sample to select an optimum correlation model for use in
analyzing thg 60H&esRNdINg cracked residue sample. [0013] A furthg&gﬂﬁ?@gﬁlgﬂthe invention
is to provide an improved efficient method 5 for analyzing cracked residue samples that reduces the
amount of time required as compared to existing methodologies.  [0014] Another advantage of the
invention is to proyj user-friendly method of apalyzing cracked residue samples that requires less
skill and training tp:ggn?zciljrr%ﬁta 1?%%3 Vﬁf’é%gelﬁ[a%fé‘f@%?%ﬁ&ﬁ%?‘&&%ﬁﬁ?ﬁ&’@%ﬁﬁﬁ@ﬁ%ﬁﬁon is to
provide an dattheamplthtsd sefeanaityeimigporackudatsiduedshfoplestoinptintyziag hbecraokipgniigress.
[0016] Additippatieatidiesand.advantages are described herein, and will be apparent from, the
following Detailed Description, Figures, and Examples. BRIEF DESCRIPTION OF THE DRAWINGS
15[0017] Figure 14 at ACHA i tahility values using a representativ
correlation model.[%&%[goésjfﬁl%ﬁre 2 sﬁ ﬁggg{fégﬁ%%%ﬁgéoﬁé%%%gn Hot%%}%?%% o?\]}tflgeélﬁrcF
concentratidRritraiERe Rk dptidne saumieh Gt redecetimamp s idad et ebrs fompaed s dissolved
asphaltenestisiigaipfiaielagidslack particulates. This precipitation creates a sudden increase in 20the
absorbance and is the titration end point. ~ [0019] Figure 3 represents derivation of FRmax and

1/Xrnin, where FRuta%]is ligfleculatinnd aianynandds 30 M aminis amsas urehidhg heptane
volume neede(il forjloccq(l%lon néthe und Iuteﬁgﬂ(t)ll.éOQZO] jé%urgtﬁ depjcts a typical MR spectral
absorbanceBlot1of vidBioken Tesiiu& BB S0 S FIgIHES dASwith 8dnipiiier SR 4R terization of
feed MR spesthedaiogies.

10 [0015] Yet another advantage of the invention is to provide an online method of

analyzing cracked residue sample fo optimize the cracking process.

[0016] Additional features and advaptages are described herein, and will be apparent
from, the following Detailed Description, Figures, and Examples.

BRIEF DESCRIPTION OF THE DRAWINGS

15 [0017] Figure 1 illustrates the accuracy of predicted stability values using a

representative correlation model.

[0018] Figure 2 shows an exemplary absorbance plot of a 25% vistar concentration
titrated with n-heptane. At a point, the sclubility balance in the solution czuses dissolved
asphaltenes to precipitate as black particulates. This precipitation creates a sudden increase in

20  the absorbance and is the titration'end point,

[0019] Figure 3 represents derfvation of FRmax and 1/Xmin, where FRmax is the
flocculation ratio when 1/X = 0 and 1/Xmin is a measure of the heptane volume needed for

flocculation in the undiluted oil.
[0020] Figure 4 depicts a typical NIR spectral absorbance plot for visbroken residue.

25 [0021] Figure 5 shows an exemplary PCA characterization of feed NIR spectra, as

explained in Example 4.



explained in Example 4. WO 2010/048143PCT/US2009/061270 [0022] Figure 6 illustrates an
example of the stability predicted by the method of the invention as compared to the experimentally

determined g§tghiliynasgXxplained in Example 4. DETAILED DESCRIPTION [0 dhe-glisclosed
method may be applied to any number of process or refinery 5 streams in which-asphaltene

components are stabilized or solubilized and is not limited to any particular type of hydrocarbon

process steam, R entative examples include cru O”l‘; nning the range fr i QFasphaItic or
sour to low aspha |05%? sr\]/;tv%%ﬁ,ﬁg)frﬁ%ts‘%ﬁsé?ﬁc %‘laslﬁﬁé"ti%%%of ogrﬁl%éggs, %{eggiéﬁg%,né%;néqﬁ% Sracuum
bottom feedsyvpipetinteberatd sithserrenmioadpdakiminedmebisip wdantainehs Suaswkefinery streams.
The method may also be applied to, 10 for example, heavy fuel oil. Application of the disclosed
method is envisioned in any type of petroleum product in any phase of the refining process in which
asphaltenes are stabilized or solubilizegzPgpengingsoRethiype of sample used, the number of
samples required to produce an accurate predictive correlation model may vary, as explained in more

detal below. [002fgs o aheRImPal 408 MEIACfEIle I GHlaB0 S BRL B:a yigearbon 15

process stream using MR spectral absorbance measurements combined with a correlation model. The

method-incIERRELHThTEGR SSehaliens fapRases g e & sphshibarr g e P RS dRIEH a
preferred embaditaetypdhe stabditywhemobes! atpluralifcpfsanyples dremplite inglddocardemiprocess

stream is m ING.RBYrRIA t ] sHCRLechnigue is NseRiang.p. separation
as describeggif%gi% I\lt;I%Des?ng%%lln{?m 7195 gik'?y p%rbﬁ%gﬁedgag"s%gﬁ%#g 'I&erskga I(%h%%l é}(? ?g?

DeterminatiSitbetion PRt st gl nafe i eanim by et Sedreingined e BiIRM%AY Crude
Oils (n-Hept&a@ﬁhh@q:&mmrm@m;@pﬁdakiﬁete&ﬁ@}uImséhahm&m@m&ntaemmﬂiﬂde@ a f!rst
datasefghatagre ysad IRGODIEENAN WHRONGLLMR!G:adpilonakdataselsin aeales,porgplation

model. [0025 | Based upori the first dataset, the method includes selecting one or more wave 25
numbers in BRENARISHEEYRG AR A8YaPHrst SpARenRHPRSET SRk raRhAlFne saoiliidaured, an
absorbanceschiigispbndisgshdinachal the phaalfty-aflbasedampiRmirmdasuisicstepitelice a second

dataset. The fi taset and the s t ' int tical function t
e, LA g B e e e ron

create the c%rrre ation mo nanem udes class

plurality of Sample[amﬂ {n one smbodiment, the method relates to predicting stability in a hydrocarbon
| 15  process stream using NIR spectral absorbance measurements combined with a correlation model.
The method ncludes numerous sieps and datasst generation to create the correlation model. Ina

preferred embodiment, the stability of each of a plurality of samples from the hydrocarbon

process stream is measured using any suitable technique. One such technique is n-heptane phase

separation as described in ASTM Designation: D7157-05, published as “Standard Test Method

20 for Determination of Intrinsic Stability of Asphaltene~-Containming Residues, Heavy Fuel Oils, and

" Crnde Oils (n-Heptane Phase Separation; Optical Detection). This set of measurements produces

a first dataset that are used in conjunction with one or more additional datasets to creats the

correlation model.

_ [0025] Based upon the first dataset, the mefhod mcludes selecting one or more wave
25 mumbers in the NIR spectrum as a first ‘spectmm. For each sample having its' stability measured,
an absorbance corresponding fo each of the plurality of those samples is measured to produce a
second dataset. The first dataset and the second dataset are then incorporéted into a mathematical

function 0 create the correiation model.

[0026] In an embodiment, the method includes classifying the plurality of samples
30 based upon the first dataset and/or the second dataset. The classification is typically done in one

of two ways. In one embodiment, for example in thermal cracking processes, along with each

3



30based upon the first dataset and/or the second dataset. The classification is typically done in one of
two ways. In one embodiment, for example in thermal cracking processes, along with each WO
2010/04814%’&%}3,?289939/061270 sample of the cracked residue (vistar in the case of Visbreakers) a
corresponding samplé is taken of the feed to the unit, from which the crackEd Yé&8U& ¢ Gerived. The
NTR spectra of the feeds is recorded and analyzed using a statistical classification technique, such as
Principal Cogn%%o?e ‘Senalyls(is, Neéjral Network Analysis, etc., to create a third dataset The
classification for the: 5Ti6. effldnbesd ThEVHTEE Brfe SasorliVostrsdsr peeresnondinssemnie dataget. In an
alternative emiltisdieedtetttheni(| Rospebich e thecbidckedhedsithiesampienthemaevesagedised in the

initial classificalieRanalysit2eRaRle Ratialicask PLS) mogdels. are then derived for the
identified. [0027] T%l%%%gggae{%%mrﬁ%d&?gﬁ @ﬁ?&%ﬁ%”b‘%&f& a stability

different clas%%fation %rougélsq (

value for oné BHHigré" ek AnaSie Sy & eeHR G chisloianeie WhvelatsHitaiafotBeNIR
spectrurh astecddonndispedinimuah deusiidgdthasserond-apestmimn darineasisie an ahsarhangg value for
the additiongl MSE i calculating. a predicted stapility value
correspondinhﬁ%a?hﬂﬁlg%on_al sa%lé%gg t%{%%#g%ﬁgnése%n u?%%hgé)%%}rﬁsaﬁrgeuﬁ% Hléé%é’b‘ﬂﬂ spectrum
as input for S LBFPERRBRH G ePeitpre farim J-easiobrpietHB TS o tiodel stalifity dimiwd émidediment, the
first 15 spedciifiimrsntitificséeondapedittitat least partially overlap. In another embodiment, the first
spectrum and the second spectrum are identical. It should be appreciated that generally NIR spectra

differences are subiiRANCrApRGASIRRH bddaniisAbio.lbe Raes Ve HRiFal. Hioblshoylders and

broademng 9&({3@&@ Vé{r'xlal li)ee %t/)ssgt{é/ed. [002811 Ty'%)ically, the main region of the MR spectrum that holds
information 20 prediciive ot the's SPTE R PIHERIGINE ThE Aress fo dhNPA assinteas dctsendpectrum
have wave rBFABERs 6 hstsole ZE00dceittbuab buttB06 amdbsdihmseledtioofregianssaithe NIR

spectrum fokinglusiormi hevnodalis:ypicely araemi hed BiRuaAN LBIRANYE plogess Using PLS
(or other sui@b&g d‘%nct'onzn I gis and suitable statistical software known in the aft. Models for
tions &4 g’f%%sl}/erﬁ R AT ApeTRanse FBeseend GReefEr epimstrigions of the

different classifica lons for
spectrum. Al eaiatitiay Bedoharsbietsivingan pigpwo e pedicndotebitgionsas uabanbased aathree

regions inclugingufomiaReut A% .cnilio Abous %a%@a@l}p%éﬂzgﬂpmn a&%&?%ﬁ%?e%%%&ﬁ?éﬁt‘%b%b ut 5,900

cm-1, and from about 7,000 cm-1 to about 7,500 cm-1. Alternatively, a single region suc "Hs from
about 4,500 EM T To 2Bt FUBHG SRR BGREE THesherd RecrpameiateA djeamatelbeNiRon any
pre-processingFtiadifiersiseemeantidd oult gpehenbasjciapeicilabalsaienS0daahich-may include
baseline cogggtin SaleHAIMLObHRLA SRGNAQJS] derivatives, or other suitable techniques,

[0029] Though a variety of highly condensed aromatic compounds may be detected in determining or
predicting the stabjijyeof apartiyian sample. agphaltenes gpd/or asphaliene.  « information
20 prcdiétivé_ of the stabilit;k and including'i.:he first spectrufn and/or the second spectrum have Wavé
numbers from about 7,500 cm™ to about 4,000 c;ﬁ'l. The selection of régions of the NIR
spectri:m for inb_lusioﬁ m the model is typiéaiiy accomplishe& tﬁmﬁgh an iterative process using
PLS {or other suitable function) analysis and suitable statistical software known in the art.
Models for different classifications for different degrees of robustness may be based on different
25  regions of the spectrum. A model may be based, for example, on one or more regions, such as
based on three regions including from about 4,400 em” to abont 4,200 cm‘i, from about 5,600
em™ to about 5,500 em, and from about 7,000 e to about 7,500 em™.- Alternatively, a single
region such as from about 4,500 cm™ to about 4,000 cm? may be used. The selected region may
also depend on any pre-processing that has been carried out on the basic spectral absorbance

30  data, which may include baseline correction, calculation of first or second order derivatives, or

other suitable techniques.

[0028] Though a variety of highly condensed aromatic compounds may be detected in
determining or predicting the_stability of a particular sample, asphaltenes and/or asphaitene-

6



WO 2010/048143PCIMS2009/061270 containing residues typically are the detected species. In
creating the first dataset that will comprise part of the information used to create the correlation model

using the ma\;pgrzrg}%tpi/%gllzunction, the plurality of samples measured may, in alternative embodiments,
be either from a Same %yarocarbon process stream or a different hydrocafdriyy5f8¢¥es E¥eam. For

example, a 5 subset of the plurality of samples may obtained from a particular type of hydrocarbon

process stream (e.g., bottom fraction, blended fuel oil, gas oil, etc.) at a particular location and another
subset may BE BB EF R tricdbnmecyie R ceerson broesssios theafiradansthériowdtion. The

measured stabilitysvglaresithbamples fsamdhebroiocaliensdnarRe cembinethigumane dataset.

10[0030] It i tasets may be.formed from samples obtained from one, two,
or more hyd?ﬁ%gdwé%%%&?e%ﬁ%%%fI%ﬁgsgtfnlﬁwe Koo, ArEnher 2 g@ﬁ?‘én%c §i6PEr Eefent

locations. PrECESLYSHRSATRRE ALRRFRS EFREm (it AiTarstt oy drentibrartmiypss mimpmlsGdeusads,n the latter
case, thé diffeventdyprypbiigceSeaiRamMs: ypisRlY ﬁﬁﬁ%tﬁa%ﬂmi%%&a%ﬁﬁ&eﬁewa
standpoint. I%Qdﬁfiﬁb/ tryg tg%qul}s qﬂ?'h%%bijue It(())ipydroc rbog groces‘s 5 streams where the solution
stability of the asp a%f’enet%ﬁ_r ofher Righly condensett afonTatic LB ar Jasstinn et 8Pt solvency
power of the®*¥sRigAtbbuRirirshEasn hp stren tio thbhlijuedamh proc T etsalutiopisthbil iyt italso
dependent gereratiyiea tisila/ance:olsalARIBNSRAIRaHE SURRADSRL 1haLMaks P e solvent or

dispersing corpoRent. [0031] In an embodiment, the samples (including the samples for creating the
first 20 dataset, second dataset, other datasets, and the samples to be predicted) are derived from an
uncraclfgd hydrocgéaspé]( process stream, In another embodiment, such samples are derived from a

cracked hydrocar ocbECeptamR prakiih idetatas mad aémved Forsanmiainbidnstsoarces
including, forrex&maple, reeudey Gitsadnderaitatsneaphefitdiaiiaion, msitupshCds Rilvaguym
distillation regigies: 1plended peavy. fugl.oils..orgesidues, from thermal cracking process, that 25 contain
asphaltenes, cracked asphaltenes,so%polyczilclilc spgﬂ%%(tjﬁg% ﬁ%vgrpbaeé%r%g%te egl%}[u?fﬁ%%ﬁe cracking

process.  10032Pth&FISh il AUFaE AR sHPBrshyemwenimirrivceredy heotoupagitlospheric
residue or héemyauaEiuspaesiduadpoierm$yplidispatentatieifaudsphaliasichy3tabilit d6%.

Charagteristj , crude.nre fouling, vacuum fur. 30fouling, visbreaker
furnaccei: ?oulgggﬁﬁ&ulg#ﬁr%ﬁa%g%%ﬁ%é% %?rht e{)lﬂﬁt%.g %Pg&ggfo 82§%f§é§$%%6@f36%m
mathematicHIEEelA MR SERnoBr i SRlErBHa PR iefi & raaduntronisreoringlesrtrtummt oD te vast range
of componemgdrdeabexafiplecinidevalipingsakodelain:iehvean el iR shectiaand:stahility, a
range of "vi§@;§§u@/m§mg{&ga@.&%ﬁtg§@i&%0 gesnfi%t%rsmé%%d E)%/ a standard method and the MR

Ic conditions. In §) &

spectra were recorded under speci this examp er 3”6%trtial least

[0031} In an ;f:mbodirhent; the samples Gnciﬁdin_g the sami::leg fdr creating the first

20 dataset, second dataéet, other .dataséts,_'and_ the éamples to Ee prec-licted)l are derived from an
uncracked hydrocarbon process stream. In another embodiment, such samples are derived from a
crac_:kad_ hydmcarbon process siméi_m Sampl_e sets could be deﬁved ﬁﬁm a mulﬁﬁida of sources
includihg, for example, crude oiis; émde oil aﬁnes;)heric distﬂlatibn'residues; c;:udé oil vacuum
distillation residues; blended heavy fuel oils; or residues from thermal cracking process that

25 contain asphaltenes, cracked asphaltenes, or polycyclic species that have been generated during
the cracking process.

[0032] Other potential characterizations of a hydrocarbon feed may inciude
atmospheric residue or heavy vacunm residue in terms of fis potential to foul, or a basic
“Stability” index. Characteristics could be related to crude preheat fouling, vacuum firnace

3¢ fouling, visbreaker furnace fouling, coker furnace fouling, or the like.

[0033] Many of these characteristics are reflected fo some degree in the NIR spectra,
allowing the SARA analysis for crude oils to be predicted from those spectra using a

7



5 squares analysis was used to develop a correlation between certain regions of the MR spectrum and
stability. A number of models may be generated with different degrees of predictability depending on
factors, suc% Et?ﬁ) ific regions of the spectra used and the type of preprocessing performed with
the spectra using ba/tﬁz g%fund correction, taking derivatives, other mathen?ﬁf%ﬂ??ﬁ?%‘f%g@ and
transformations, etc.). Some of these models have very similar 10degrees of predictability. [0034]
Generally, a cotglrelatjon model. that includes datasets from a broad range of different process streams
produces a More 1?13‘8%%‘:%1"’&0.Wh@ﬂ?@ﬁ?&%ﬂéh%@s%?%@r%@?iP\E@Fﬁ%‘?&ﬂ@éﬁﬂﬁ%&éﬁ%tion
model, the niowge rebustmednpo\Ferf ok shpice sultinglopite latondmusiehetv @artalNRS§Rcs4GAR@ robust
model may haygiipcieased.eonfidencenismaly A ieHRPEdisied result, Conversely, a narrower
class of materigals typically produces a mc%?e accurate co#?teﬁa;?or%%%ﬁg%aéér}%ée%gétﬁ%en ﬁrlﬁ?t%d to a
narrower rartj® B materPIT Mi5TD Ceradst duss serotfifirqraiineci da shis espmmaeriarstisblethe
apparenf to shogesskillgsswihesadt i deefitpseniatisGitaogynneiuder HERG IR Nik Spasha of
uncmcked s F%'ﬁﬁiﬂ%.c'%ﬁﬁ)ﬁﬁ@?&%@&%@?ge%‘é’&?ﬁgﬁé %Eﬁfﬁﬁ‘etr%ng%%%r%te%do ndeéxo b those

groups of samples to build different 29 correlation models. A wide range oA BREE AR is typically

required on B ARG PR ECIARy ik f5 durimrediicraiossinédpracarharsdeid dhareasésrsuch as
blended fueboitegrmopriteopdewiss samplesmay. peshuffiaitpidempragucaan adaguate.medel. FIG 1

illustrates thgzacciracy of Brﬁgli&;gg%%%%% gusin aJtepresentative P (%Icorrelation model (rank
indicates the number of Ecr:_inqiple components%l%]%t e bgtrct%éu gfggooffr%éﬁl‘ea?or?lofiﬁos Vﬁé’@ﬁ)?%‘[ﬁmﬁ]

Accordmg G HReEHRD B i&{ych a classification scheme would generally require running two
spectra initially, one for the feed to determine which regression model to use, and a second for one or
more of the crackeé’34mlencmlvale emeithenstapilitytiot 'Stlvddsicatiives chacked-saxhpiassperctra would

be processedfib-inaprians sinitiallybyclassification analyais (613 HRIAGIAIES compopent.analysis),
followed by %naFlﬁ/giﬁefé)riéhe sta 'Iitg or"S" vaé%e using a 30 suitable correlation model. Alternatively,
MR spectra of THS eracked reSiaia Samisids Uit TeTtus Mokl desetinmoamsiijes Separate
models (e.gm@ER) Imegrttie pabe. duriveddorsthecdiferenbelassificationaibispssidestindotnghis case,
the MR spegtealanadysis. OCSHISHRIWD S0 jFshatags | S, & pringcipal component
classificatioﬁ quﬁel tobdetéermine c_g;s WO ?0%%%%%%%%%%%%%&%%%%7%%%%? %xrg%sociated
correlation MOTAT She U8 AR HTE A AR ABHISHhE thaSRiT JAate HfraRjaieieRhpliefses (ET6rmRLS) to
predict stabliefining [6836] Hasteslildbhaappieciatel thataapymatoethaticatirehniqie and/op statistical

technique thaaydealcalilscaineialcadhs it and seeand fajassialorgilics the gonglation 5

model may be used. In an embodiment, the mathematical function includes a statistica treatment

method. In SRGHREPSIHh BaMHTE e TRE bR ATHAS Caf fariet rrin eRoeRS o4 nyutiveis| buikbsitiateot computer
algoritét-basetigwtoeskio prodieetige domelation fkrasdsl nhrpresentaty erilyReg @invatiapatical
functions inglding ek als i IRear regressi onlinear regression,.and neural network
analysis. It should be app%%?ggg%%%# gr%l]l %g%ﬁgé?%ﬁ:%%r% ﬁ?b%%rﬁé%%{g%gﬁf%ﬁlbéaséﬁ%i?:tﬁble for this

described mMEHTbF TR G BOBFERR thapditkamadaierie rdrinElen ilsstites cheatemaeyadirelation

model may treditiethgadiibtyadiliste dsdgpe neing snpaid T gengraigon M AL qWrRdigatassts,.  [0037]

In alternative, embegimants, é&ﬁ%@ﬁgﬁgﬁg{%@m@&be{ Jgad online gﬁontinuous or intermittent) and
' atio '

using the described classification/corre strategy the

25 [0035] According to an embodiment, such a classification scheme would generally
require running two spectra initially, one for the feed to determine which regression model to
use, and a second for one or more of the cracked samples to caleulate the stability or “8” value.
The cracked sample spectra would be processed in two steps, initially by classification analysis
(e.g., principle component analysis), followed by analysis for the stability or “S” value using a

30 suitable correlation model. Alternatively, NIR spectra of the cracked residue samples could be
used in the initial classification analysis. Separate models (e.g., PLS) may then be derived for the
different classification groups identified. In this case, the NIR spectral analysis occurs in two

stages. The first stage includes a principal component classification model to determine class



15 determination of stability or "S" value could be automatic. Such online measurements may be
analyzed in real-time or with a user-defined or other delay. For example, online measurements may

take place by gsingasige-stream, inline, or other suitable flow-through deyig@s00d@9384 A manual
operator or an electronic device having components such as a processor, memory device, digital

storage medium, cathode ray tube, liquid crystal display, 20 plasma display, touch screen, or other
monitor, and/qr other components ma b to exe ut ﬁ Is of the described method. In
certain instZRGeES HREEHT o?fgfef[ﬁtéﬁﬁb 3%era e Yoriitdgratid % B ROr Epﬂ@i;ffb% -specific
integrated dwduds%@f@%m,mmfbat@wbkewtable instructions, or algorithms, one or more hard-wired
devices, wireless devices, and/or one or more mechanical devices. Some or all of the controller
system functions mayshe at shatbdceantspbladationhsletyamaneiniodrk sehvidond@memiikization over a

local area ngl = Invﬁﬁ&% ”eaéwm%owﬁ%@%ienﬁé‘é’%ﬁ sé%%d‘%%m HoR iGLOAYEk, infrared

link, and the i d|t|o components such as a signa condltl ner or system monitor may be
included to ﬁ‘é‘iﬁlé‘ﬂéysli’ﬁﬁa?dp recERg Rt B2 bsiss &ﬁ%ﬂﬂ?@@mﬁﬁ%ﬁ?%%ﬁ@&%ensors

couplers, coRABREIOrSn Qﬁ&iﬁe@d@mmswér@mmliwpmm&my keibrRdiameapitire and
transmit 30data, WO, ZOJﬂ%Q§3%1§3P%T/p 15200 06 7 uela[:OOSQ e fare 0{{‘ .may be better
understood%y Pui%rerigce {0 the folfo\ wing exapmp are intended on?y or Mustrative purposes

and are notTfapIzE ﬁliﬁﬁ*t“m%%@éé‘égo'ﬂthWW%%QWP@%&%@?%@%P%4 vistar
samples, thendHabilityetRmat %ﬁ@e@ﬁéﬁdﬂﬁ%@@f@é&uﬁad}ﬂﬁﬂﬂg @a@@.@tﬁﬁ-@@aﬂ%&mt{m@logy

Using %pargﬁa,%’}fe mﬁg? %%%%atl leg: nghegtgogolo%ﬁbadcorr%l%ll a{rgnu aerIV\(/3 \Izlmgtped %tween the

standard sta measuremen Sorbance measuremer selecte reglons of the NW
spectrum. TherenselElenpasslaiereielsnwy hecpbareediih ativaiad dapradiag whey e gensaiaplendt a time
was left out pf;thed&iensiglation model and predicted from that correlation.  [0041] For purposes of
this Example, the stability of a series of vistar samples was deteiuiined in accordance with method

ASTM Designations R7L57%:05.publisherdassstandard Test Methagk{er Retersaination afjptrinsic

Stability of Asphaltenc- Contalnlng Residues, Heavy Fuel Qils, and Crude Oils. (n-Heptane Phase
Separation: EBHERPHBE HETIHMY fRdnbring shssSamies %ﬁgF‘%ﬁ‘)ﬁP{é"Bﬂ]EB%rfﬁ@t?ﬁ% Jeneral
conceqtsof akphaiiemerstdbitiviiiy an“sll mateixoddbexampleicthBuoll enbiychesnsodealedsasagdrsisting of

asphaltenes exisingas Asialle &feﬂq'qeér%ﬁ%&mme@aeﬂst AL mpl042Ld ESdilntigns were

prepared for each vistar sample using toluene as a diluent o fji)roxmately 25%, 50%, and 70%
concentratidfl G2t BYdINHE A Ydtrireewalasfeafiftsuitable fow-through device.

[0038] A manual operator or an electronic devme havmg components such as a
processor, memory de‘vwe d1g1ta1 smrage medivm, cathode ra,y tube, liquid crystal display,
20 plasma display, touch screen, or other monitor, and/or other components may be uscd 10 execute
all or parts of the described method. In certain instances, the controller may be operable for
integration with one or more application-specific mtcgrated circuits, programs, computer-
executable instructions, or algorithms, one or more hard-wired devices, wireless devices, and/or
one or more mechanical devices. Some or all of the controller system.fuhctions may be at 2
25  central location, such as a network Sefver, for communication over a local area network, wide
area network, wireless network, Tnternet conﬁectiom smicrowave link, infrared link, and the like.
In addition, other components such 25 a signal conditioner or system monitor may be included to
facilitate signal-processing algorithms. It is also contemplated that any needed sensors, couplers,
connectors, or other data measuring/transmitting equipment may be used to capture and transmit

30 data.



20 an apparatus fitted with a stirrer and an optical probe for measuring the absorbance of the solution.
The solution was titrated with heptane and the absorbance measured as a function of added heptane,

as describe%’g %?JMsﬁgsignation: D7157-05. Titration with n-heptane ir@%a%%scz%%z‘?&za)({eduction in

absorbance as a function of dilution. At some point, the solubility balance in the 'solution causes
dissolved asphaltenes to precipitate as black particulates. This 25 precipitation creates a sudden
increase in the absorbance and is the titration end point. The ratio of toluene to heptane in the solution
at this end point id {&ffHed iieoremsat it Rt e Enordsmmse adys SoHpTée stssuiBance plot for
such a titratiokicitearaifedisiar LornaentatiofufR-was deterninrddaer vathivikiaceoneenlation.

[0043] FR V\{gg,c%%%ed against the ratio of vistar to solvent (i.e., toluene + heptane) that 30 existed at

the end point, termed 1/X. A least squares linear regression line for the three points was then plotted
(shown in FIG 3). Two points were determined % extrapolation from this plot: (i) FRrnax: the
flocculation ratio when 1/X = 0 and (ii) I/Xmin: HS & measure of the 10 WO
2010/048143PCT/US2009/061270 hcptane volume needed for flocculation in the undiluted oil. This
data was used to EfitatEthé rArsvinG Hre® BN Stmiay (hiamehiis (fsa NIR ptRss BRIty oF

asphaltenesiin:thenwiStiadig eccapme asurkndf frehinfodrent Sokirylisy patibe iasphalieseskailidab: peptising
power of the qi ix (e ility O j | tabili ublili ; [i) S:
intrinsic sta%ﬁg]%i)}gg 55 é %if?ﬁg%{%%égﬁéﬁ?%%%g%%ﬁ gﬁ{}gaélt%%gﬁét%?? %%?t‘?f%sl%%nﬁﬁ%ystem).
Where, Sa 20 Hepgbrexbanes MAsmRaRy Ll SiRehmh regivasse] tﬁ)zﬁw sproiuR) THE eddp&ra of the
samples wevgldeter mingd: usig aiRkdserddiRdie] NiRrinsiusmepls The fheasdsasienis wete made in

transmiﬁsiogom%%% H;i]ggegag %%%%%tﬁdgrg%tg ﬁﬁﬁ%@‘? spectra were recorded at a sample

temperature o . An exam a typic spectrum of vistar is shown in P104. Example 2
[0045] This Example js.a model for predicting stability baseq.on a partjal least squares analysis of 24
istar” samplos oA Ine ECHITRTS dLdiAaa R xR Hh BRI o0RRS RS Tine MR
spectrum indhidting @10 2t005146: onith andhe6 01516V B4 FanaiinaRd 15365, 7paBigndcip &S todapbnents.

The compongitaRiR.stRlisisa-RihRana yatRRigs: g ek &bﬁ@-@?ﬂénﬂ{ﬁ}é%ﬁaé@ﬁéﬁ@“ﬂicm
parameters for the modgl were R2 = 0.13348 and RMSEV = 0.0423. Re%rese,ntatlve results are shown
for three of ﬁlfléﬂs Hﬁblg% irp‘-lugﬁl é)]is {n-Heptane Phase Separation; Optical Detection). This metho

15 assumes a model of the oil covering the general concept of asphaliene stability in an oil matrix.
For exampile, the oil may be modeled as consisting of asphalienes existing as a stable colloidal

dispersion in an oil matrix,

[0042] Three ditutions were prepared for each vistar sample using toluene as a diluent

of approximately 25%, 50%, and 70% concentration, In tuwrn, the diluted samples were fitted into

20 an apparatus fitted with a stirrer and an oﬁﬁ_%:ai probe for measuring the absorbance of the
solution. The soiution was titrated with heptane.anci. the absorbance measured as a finction of
added heptane, as described in ASTM Designation; D7157-03, Titration with n-heptane initially
éauses 2 reduction in absorbance as a function of dilﬁﬁon. At éome_ point, the solubility balance

in the solution causes dissolved asphalténes to precipitate as black particulates. This

25  precipitation creates a sudden increase in the absorbance and is the titration end point. The ratio
of toluene to heptane in the solution at this end point is termed the “Flocculation Ratio™ (“FR™.

FIG 2 iliustrates a typical abserbance plot for such a titration with a 25% vistar concentration.

FR was determined for each vistar concentration.

[0043] FR was plotted against the ratio of vistar to solvent (i.s., toluene + heptane) that
30 existed at the end point, termed 1/X. A least squares linear regression line for the three points
was then plotied (shown in FIG 3}, Two points were determined by extrapolation from this plot:
(i} FRmazx: the focculation ratic when 1/X = 0 and (i) [/Xmin: which is a measure of the
10



Table 1 Actual "S" Stability Predicted "S" Stability 1.70 1.64 1.45 1.53 1.98 2.05 20Example 3 [0046]
In principle, the described system could bc adapted for online monitoring. A side stream from the

cracked wstgrubﬁtit@m%goduct could be fed to a monitoring unit where t%%@ﬁﬂ%&ﬁ'ﬂ% could be

measured. A computer system would be operable to compare the spectrum of the vistar with the
correlation model and calculate the predicted stability result. This

heptane volume needed for flocculation in the undiluted oil. This data was used to calculate the
following three oil stability parameters: (i} Sa: peptisabiﬁty of asphaltenes in the vistar (i.e., a
measure of the inherent solubility of the asphaltenes); (i1} So: pepfising power of the oil mafrix
(i.e., ability of the oil matrix to stabilize/solubilize asphaltenes), and {iii) S: intrinsic stability of

5  the oil (i.e, measure of the stability of asphaitenes in this particular oil system). Where, Sa=1—
FRmax; So = (FRmax} x {I+Xmin); and § = 1+ Xmin.

f0044] The NIR spectra of the samples were determined using a Bruker MPA FTNIR
instrument. The measurements were made i transmission mode using a . 2mm path-length cell.
The spectra were recorded at a sample temperature of 60°C. An example of a typical NIR
10 spectrum of vistar is shown in FIG 4.

Example 2

{0045] This Example is 2 model for predicting stability based on a partial least squares
analysis of 24 “vistar” samples using the technique described in Example 1. This model covers
regions of the NIR spectrum including 6102 to 5446 cm™ and 4601 to 4247 cm™ and uses 7

15  principle compoenents. The components are statistical orthogonal variables derived from the PLS
analysis. The statistical parameters for the model were R* = 0.948 and RMSEV = 0.0423.

Representative tesults are shown for three of the samples in Table 1.

Table 1

Actual “S” Sﬁabﬂity Predicted “S” Stability
1.70 1.64
145 ' 1.53
1.98 . - 12,05
20 ' : Example 3 -

[0046]. In principle, tile described system could be adapted for online monitoring. A

side sixeam from the cracked vistar bottoms product conld be fed to a monitoring vmit where the

NIR spectrum could be measured. A computer system would be operable (o compare the
spectrum of the vistar with the correlation model and calculate the predicted stability reselt. This

25 resolt could be transmitted 1o a control system and acted on manually or infegrated info a control
scheme whereby, based on the result, the thermal cracking process seizerity would be increased or
decreased. The specific calibration model for this mode of operation could be automatically

determined with & similar online system monitoring the feed to the unit, Alternatively, because

11



25 result could be transmitted to a control system and acted on manually or integrated into a control
scheme whereby, based on the result, the thermal cracking process severity would be increased or

decreased. W% %ri%i %q&alibration model for this mode of operation could be automatically
determined with a similar online system monitoring the feed to the unit. AIfErHARGER/'BEuse WO
2010/048143PCT/US2009/061270 the feed need only be tested each time it changes, the required

increase or %%c[iﬁeeﬁs% iB th?rrglal cracking severity could also be determined by taking grab samples of
the feed for analysis and manvuaiiFSSEEg e tyretatis ot Rsrare oifagamiydiermdample 4

5[0047] Initigrinalsprerénteofidadivedtiolemoiedyfekinpiementipestoe meethadeiihe invantion may
include collegfifehiposh ﬁ@%}gﬁ&:m%p&g%@%%gg%es on a regular basis. The sampling
g con

period, for example several weeks, would cover operatin itions including the range of conditions

that the unit could potentially experience under E%@‘?}' peration. In this Example, the collected

samples (both feed and vistar) were analyzed using B commercially available FTIR NIR

spectrometer. Th tra were, run in transmission mode using 0.5 mm pathlendfir cells. The vistar

sampl,e? were alsiéé)&aiyﬁgl e g‘éep?%ﬂ%lﬁ@g éTﬁ@“ﬂ%?Sfﬂﬁ% 7%%’[‘]’?8@%@% By Isthebofdseexplained

above). Thiswestessirednuds ooildoting belludedomé adtiavistasaimplef@0ddirThafesskspactra were
p g

analyzed usigdhersiaisipth iopaRIaE oL pAPaL LA OIRENELANSISS (AL Aypicl scors
e

plot for the sa{r:’ﬂl%&g set is shown.in E%G 5 It was observed that feeds run ove st perlo%swere of

two types, Shown &5 "CIaes CArEEIRus 212fn e mll yoHd, ratiali prarspesaviisre npranlseparated

into two grodpssatier-espdrifrgtwihdifecdiciagsinphsibich tea\wevRiagrived «Reyial Least Squares

(PLS) analysiswasitien.catigd PH%F@JQ@%%&Q{?&%?Iatfﬁ@%g%?ﬂ’!‘?&%t%‘@%t gn%%ec”a absorbance
ility (i.e.,

and the pre%igous%/ eterm{lgfd 20 ASTM D7157 intrinsic st values .lglélaa?}é) € correlation

models wers devaoPEY B R Srodpe Briistarelaeauairsmomered frs spndimg grbilits of feeds
as classified iyeptinaisaiccorPovient Eitalysis: Anplexesnary)comalation:baiwesan tee stahiily predicted
by the methgg,ef ;Qpeji@y%@g@m@@he experimentally determined stability (from fccd "Class 2") is
shown in FIG 6 (rank indicates the number of principle components used in the particular 25correlation

model). [0048] The feed spectra were analyzed using the stafistical technique of principal

15  component analysis (PCA).‘ A typical scores plot for the sample set is. shown in FIG 5. Tt was
observed that feeds ran over the test period were of two types, shown as “Class 17 and “Class 2”
i FIG 5. The vistar sample spectra were then separated iito two groups corresponding to the
feed class from which they were derived. Partial Least Squares (PLS) analysis was then carried
out to develop correlations between the vistar spectra absorbance and the previously determined

20 ASTM D7157 intrinsic stability (ie., “S” values). Separate correlation models were developed
for the two groups of vistars derived from the corresponding groups of feeds as classified by
principal component analysis. An exemplary correlation between the stability predicted by the
method of the invention and the experimentally determined stability (from feed “Class 2) is
shown in FIG 6 (rank indicates the number of principle components used in the particular

25 comelation model).

[0049] In operation, the feed and vistar samples would be collected on a regﬁiar basis

{batch, onlinc, sidestream, efc. as explained above) and fthe NIR spectra collected. The feed
spectra would be analyzed using a, for example PCA classification model, to determine the
corresponding feed class, which in tumn is used to determine the proper correlation model to

30 predict the stability from the vistar spectrum. The predicted stability is then used to adjust

variabies controlling the severity of the visbreaker to optimize its cracking operation,

12



[0049] In operation, the feed and vistar samples would be collected on a regular basis (batch, online,
sidestream, etc. as explained above) and the NM spectra collected. The feed spectra would be
analyzed usi%%{%% ple PCA classification model, to determine the corresponding feed class,
which in turn is used to determine the proper correlation model to 30prediBfHERMHHfom the vistas
spectrum. The predicted stability is then used to adjust variables controlling the severity of the
visbreaker to optimize its cracking operation. WO 2010/048143PCT/US2009/061270  [0050] It
should be underszgg%s%a%ﬁﬁ&lﬁ&&ﬁ&ﬁ@%@%@%%%ﬁ@ﬁ%@m@ﬁ%m@f@mdsmmiments
described hevsfwl drsbapipanentse-thesenskittedsin taeapphrsuch ehanaesansh madificatigng can be
made WithOlghggég@r ' ifjt and e of the.invention and, without diminishing its intended
advantages. It is the%%!fgoﬂ%i%%gﬁ Et_%l&i%g%%&)é)‘cyr%ﬁ%e%egn Siific S0 LLFETRY By Hhe
appended clEVREONW B G dnising (ISpe0drd EPTOCEA MG Tivestiniiethdedetionds: 1. A
method &f prédigtingndtabdificdtoa-nydbosah BRpEAspsR&iraamsusing a near infrared spectrum
combined with a correlation model, the method comprising: 5(a) measuring a stability value
corresponding to each of a plurality of samples from the hydrocarbon process stream to produce a first
dataset; (b) selecting one or more wave numbers in the near infrared spectrum as a first spectrum;

13



(c) using the first spectnun to determine an absorbance corresponding to each of the 10plurality of

samples from step (a) to produce a second dataset; (d) incorporating the first dataset and the

second dataﬁ% %R @}slegst one mathematical function to create the correlation model: _ (e) selecting
LECY EX R )

one or more wave numlbers in the near infrared spectrum as a second spggﬂﬁ%z;of%%iagqng the

second spectrum to measure an absorbance corresponding to one or more additional samples; (Q)

calculating a predicted stability value correspondin% to the additional sample(s) by using the measured

absorbance from step (f) as input for the correlafit

el and receiving as output the predicted

stability; and 20(h) optionally storing the received output in an electronic storage device and/or

displaying t

HE'F EERRAPDEHOEE B a display device. 2. The method of Claim 1, including classifying

the plurality of samples based upon the first dataset and/or the second clataset 3. The method
of Claim 1, whereik tHe™#808 96 ptedipiiag aibilinde e dspacaanretdease@Bpsiripdlycovartapd 4. The

method of Gigéetidm shiespisa thenfir sbspestiumandibe sesopdspesiyum are identical. 5, The
methodsof Claim 1, Wt{%grein the first sl%ﬁctrum and/or the second sp(Ectrum have wave numbers from

about 7,500 wit'l to a

10

15

20

25

ty value corresponding o each of a plurality of samples from

Ut A B00%
the hydrocarbon process stream to produce a first dataset;

(b) selecting one or more wave numbers in the near infrared spectrum as a first
spectrum;

(¢} using the first spectrum 1o determine an absorbance corresponding to each of the
plurzlity of samples from step (a) to produce a second dataset;

(d) incorporating the first dataset and the second dataset into at least one
mathematical function to create the correlation model;

(e) selecting one or more wave numbers in the near infrared spectrum as a second
speciruin;

() using the second spectrum to measure an absorbance corresponding to one or
more additional samples;

- {g) calculating a predicted stability value corresponding to the additional sample(s) by
using the measured absorbance from step (f) as iput for the correlation model and
rec-eiﬁng as outpﬁt the predicted stabiiity; and
(h) optiona.lly' storing the received éutput in an electronic storage device and/or

displaying the received output on a display device.

2. The method of Claim 1, including classifying the plurality of samples based upon the
first dataset and/or the second dataset.

3. The method of Claim 1, wherein the first spectrum and the second spectrum at least
partially overlap. ”

4. The method of Claim 1, wherein the first spectrum and the second spectrum are

identical.

5. The method of Claim 1, wherein the first spectrure and/or the second spectrem have

wave numbers from about 7,500 cm™ to about 4,000 cm™.
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WO 2010/048143PCT/US2009/061270 6. The method of Claim 1, wherein the stability and the
predicted stability are based upon asphaltenes and/or asphaltene-containing residues in the

hydrocarbow%ﬁﬁ&&t{] am. 7. The method of Claim 1, wherein eachof s ghiglity, of samples in

step (a) is from a same hydrocarbon process stream. 58. The method of Claim 1, wherein one or more
of the plurality of samples in s (a) is from a different hydrocarbon process stream, each said stream
being a same type. 9. The method of Claim 1, hFer In one or more of the I‘u_ralr‘i?t% f samples in

f

step (a) are derivéd oM BRSCAES R dm dsTER ReBiohp REASERRF B RGeS ked
hydrocarbomprocesslistreamianespheitackechtaydngeenidors privdssisiraaom. p1@Ees shiisemmethod of Claim
[, including measuring a plurality of samples from a plurality of different hydrocarbon process streams
to compile the firsy datrsei-ard diekacandidaasekh of tid pikhtisnetbathtk Glaisp s)Whessia the
correlation modeﬁ igrg,%l cted fromsﬁnk]l:%\l rgt;iroup consisting of; linear regression analysis; nonlinear

r

regression Sﬁfgfyﬁfs; And neurar netwo analysis. 1512. The method of Claim 1, including operating

the method over a network. The method of Claim 12, wherein the_ network is an Internet.

14. A di&ital storage ﬁ[%dﬂffﬁ%a?%g&%i eé?—%)?&%ﬁfe{%?éeiﬂg Pt %Igﬁslt%faofrse%nﬁ%eesrgo%?%a fhstructions
operable to ExscutdftherrhpdhedrofCimresd stream, edh sidathodofipreditingstability in a hydrocarbon
process stream using a near infrared 20 spectrum combined with a correlation model, the method
comprising; (a) zategorizihg ifeChysd nceiben prece spstrdam phialipdl satitylafilifferéntprocesses;

(b) Selec'[in%@r?v%c? Eg%aoﬁ%%%%sﬁ%mn selected from the group consisting of: an uncracked hydrocarbon

process siream and a cracked hydrocarbon process stream.

10 10. The method of Claim 1, including measuring a plurality of samples from a plurality of

different hydrocarbon process streams o compile the first dataset and the second datasetf.

11. The method of Claim 1, wherein the comrelation model is selected from the group
consisting of: linear regression analysis; nonlinear regression amnalysis; and neural network

analysis.
15 12. The method of Claim 1, including operating the method over a network.
13. The method of Claim 12, wherein the network is an Internet.

14. A digital storage medinm having computer-executable instructions stored thereon, the

instructions operable to execute the method of Claim 1.

15. A method of predicting stability in a hydrocarbon process stream using a near infrared
20  spectrum combined with a correlation medel, the method comprising:
(a) categorizing the hydrocarbon process stream into 2 plurality of different
processes;
{b) selecting one of the processes;
{¢) measuring a stability value comresponding to each of a plurality of samples from
25 one of the processes to produce a first dataset;
(d) selecting one or more wave numbers in the near infrared spectrum as a first
spectrum;
() using the first spectrum to determine an absorbance corresponding to each of the

plurality of sampies from step (a) to produce a second dataset;
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(c) measuring a stability value corresponding to each of a plurality of samples from 250ne of the
processes to produce a first dataset; (d) selecting one or more wave numbers in the near infrared
spectrum as‘g(;lgﬁg (?f%)%%%rum; (e) using the first spectrum to determine an absorbance corresponding

to each of the plurality 0 3samples from step (a) to produce a second dataBbl/WifEy/ 061270

2010/048143PCT/US2009/061270 (f) incorporating the first dataset and the second dataset into at
least one mathematical fiinction to create the correlation model;  (g) selecting one or more wave

numbers in the near ifr &IPSR EBUfeadisris sletet spdctibin seemiudhiepth e cahdeapectitim to
measure an absorbatesaieicapaneding tennk-ebibitaddidional samples; (i) calculating a predicted

stability value corresquggiggtﬁggtg@e% '%941@;&%9%%@ Qy&sigﬂ%%grmeggurc"%glur%bassorbannc% from step

(f) as input for the corrélation model and receiving as output the pre ieted Mifinaic stélbsl?ﬁy? and 10())
optionally storing tH&Y&EBived output in an electronic storage device and/or displaying the received

output oh a display dewjeging the second spectrum to measure an absorbance corresponding to one or
more additional samples;
(1) calculating a predicted stability value corresponding to the additional sample(s) by
uging the measured absorbance from step (f) as input for the cormrelation model and
Teceiving as output the predicted intrinsic stability; and
10 () optionally storing the received output in an electronic storage device and/or

displaying the received output on a display device.
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