METHOD FOR PREDI CTI NG HYDROCARBON PROCESS STREAM STABI LI TY USI NG NEAR
| NFRARED SPECTRA TECHNI CAL FI ELD [001] This invention relates generally to
predi cti ngohydvoagsmsbon process stream stability. Mre spetidse@alobierot he
invention relates to creating a correlation nodel to predict hydrocarbon
process stream stability using near infrared absof bance. The invention has
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streamypyrReasuring a near 1 nfrared absorbance and conparing t nmeasur ed
absor bance agai nst a correlation nodel. BACKGROUND [ 002] Crude oil
typically contains several hundred thousand conpounds. A comon sinplified
anal ysis systemcl assifies these conpounds into four groups according to
their solubility. This system i SrkeaNicas, FIRABA" anal ysis, where the groups
are saturates, aromatics, resins, and asphaltenes. The | east sol uble of
t hese groups E%ﬁbth .as. haltenes whi ch_can be _ stabjljized by association
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probl ens, this thermal cracking can |lead to cokKe formation at hig

t enper at a%f@&deﬁﬂ?aoréwse@r@ qomp@n%thea%ﬁurqdabsqr@@w%msqmzt]slangrpmaqiqlenes are of
particular interest to the petroleumindustry because of their depositional
effect in production equi pnent. Asphaltenes also inpart high viscosity to

crude oils, negatively inpacting gr i Vari abl e asphal t ene
concentration in crude oils wthi ﬁlﬁ%ﬂ{ﬁ}bm reservoirs creates a nyriad
of production problens. Refining of heavier crudes poses problens to
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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, aromatics,
and saturates mix. If the balance of these components is disturbed, as it can be during thermal
cracking, conditions may arise where asphaitenes precipitate from solution. Among other
problems, this thermal crackmg can lead to coke formation at thh temperatures and sludge in

wsbreaker tar re51due

20 - [003]  Asphaltenes are of particular interest to the petroleum industry because of their
depositional effect in production equipment. Asphaltenes also impart high viscosity to crude
oils, negatively impacting production. Variable asphaltene concentration in crude oils within
mdividual 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 sites with heavy metals.

{004]  Asphaltenes in crude oil, fuel oil, distillation residue, and"_che 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 molecular structure of pelynuciear aromatic rings with alkyl side



in heptane at its boiling point and soluble in benzene at its boiling
point. They are typically black to dark brown solids having a nol ecul ar

st ruct ur evof2opal4gnraacl ear aromatic rings with al kyl si deebaiusgooanei270

het er oat ons, such as nitrogen, oxygen, and sulfur. These solubility
characteristics allowits indirect neasurenment. [005] For exanple, U S
Pat. No. 4 940,900 to Lanbert discloses neasurenent of the flocculatjon
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Residues, Heavy Fuel Qils, and Crude Oils (n-Heptane 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
sample, 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 in 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 correlation model. In an aspect,

the method includes measuring a stability value corresponding to each of a plurality of samples
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determ ning process streamstability with frequent changes in feed type.
SUWMARY [008] This invention relates to a nethod of predicting stability in
a hydr ocawvbaniopsriedss stream usi ng a near infrared spectcumuseaisreed with a
correlation nodel. In an aspect, the nethod includes neasuring a stability
val ue corresponding to each of a plurality of sanplesfromthe hydrocarbon
process streamt roduce a first dataset; selecting . one or nore wave
nunber s (TP AE MAHE0RR PIcat oK o JPREER P v GBSt Frlpelibe 6 CF MAFF WS ng
the firstupestif e dear HERRATINRREpaReal0aANGe: HofhesReRgithdfilOsReein e the

plurality of sanples to produce_a second dataset; incorporating the first
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absor Band@icEigR rte SHadihe Porslabiers modelsplecting dinei GraPresuipysl ambesafte tlealihg a
predi ct edpghali bi ty s%ahd SpeQhuit SR R0 sERnd NeaRid th %ﬁJs S AP E6SbdR¥e UST NY
the measured absorbance as input for the correlation no el and receiving as
out put t Iserresperiling éel one oW Morey addifiehabsamplasi| ¢ajcuinting i an gradivtedr stebilityedaloit put
i'n an el We 0. dev ' ' ' on a
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first dadedet.; selecting one or nore wave nunbers in the NIR spectrumas a
first spectrum wusing the first spectrumto determ ne an absorbance
correspondi ng eagh I - e
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and/ or dlm%alle%{ipag f&nb; on %Cc?r!ag{ee %Le%%}‘rgllél.ttionogogel;dslefe%l:h?g one or more wave numbers in

the NIR spectrum as a second spectrum; using the second spectrum to measure an absorbance

20  comresponding 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 oufput the predicted stability; and optionally storing the
teceived output in an electronic storage device and/or displaying the received output on a display

device.

25 [0010] Itis 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.

[0011] 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  data to allow calculation of a predicted stability based solely upon NIR spectral measurements.



device. [0010] It is an advantage of the invention to provide a nethod of
predicting the stability of a hydrocarbon process stream by defining a
range of wbeoM@®ssipectra and i ncorporating neasured absechase@®9iont200 one or
nore mat hemati cal functions. [001 1] Anot her advantage of the invention is
to provide a nethod of gathering stability data froma plurality of

hydr ocar bon pr s.streans_and creating a correlatigon nodel fromthat data
to all ow cal C&(Fbg? oﬁn&fi%&o’i‘ﬁl é@‘fal?'[ag%loérh’am"le?‘i‘? B S RFQVide p drsfhod b nalyzine a
spectral forPsipRNEdect @0 bplimtn @niatib® MaldeP by ARé HY and¥zidd el VB Hoh@Rg i S tO
provi de a nﬁﬁ%{}gd of analyzing a feed sanple to sel ect an opti num

correl at i FfuggPPlise i n anal yzing the corresponding cracked residue
sanple. [0013] A further advantage of the invention is to provide an

i rrgr oved effi ¢ioaBf AEfuling a&mmg@afﬂrdia Eﬂ%@nﬁkﬂhﬁ@’ﬁﬁﬁmﬁ%iﬂ%x@@ﬂﬁffﬁ%ﬁi i(;h@tlﬂlod_
reduces the amount of fi requjred as conpared to_existing nmethodol ogies.
[ 0014 Arfg"t e ong o ?gfégg‘fe HBles Akp g 1 Ssampepng phtime) seqyrerk asy compared &9 y

met hod ofexitiad Memodlsgicacked resi due sanples that requires less skill and
trai ning than current nethodol ogi es. [0015] Yet another advantage of the
invention is oyi de an, onl i ne t.hod .of .anal yzj ng cracked residue

sanpl e to opt i%lﬁe %“H‘étﬁ?:rr%gﬁ?(‘?t?ﬁf ﬁ%égﬁ?ﬁhfﬁeﬁa P‘?é&’&?tai Bisarenglys wetbed ghd
advant agaesalg#ife desdked begidherainbles angdt Weddirebeleap paitenhd f frﬁﬂinFt BRnf ebdaw ng

Det ai | ed DescriOpIi on, Figures, and Exanpl es. BRI EF DESCRI PTTON OF THE

DRAW NGS P9I -gure 1 il lustrates the accuracy of predicted stability
val ues using a representative correlation nodel. [0018] Figure 2 shows an

exenpbary absobsNC¥ephmithed fad@an?dpo ofi the dfive@fGIC @Nt0 plokidd dni bkl edethbd Bf
n- hept ane. At a F‘g‘iﬁnt , . the sgl ubi l.ity bal ance in the solution causes
di ssol ved"2EPesL Esidye smpls iGiopdpEe e kiR PRSP cul ates. Thi s

precipitation creates a sudden increase in the absorbance and is the
titrati on end[Q8o6int AddiBGED feamirgguind advargipee aendescried hsrin] et @il GRaFpareand

1/ Xm n, ‘@f,}%{ %eFO ov\)r(mgl Bét%llftie(i 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 solubility balance in the solution causes 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 derivation of FRmax and 1/Xmin, where FRmax is the
flocculation ratioc 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.



flocculation ratio when | /X =0 and I/ Xmn is a neasure of the heptane
vol ume needed for flocculation in the undiluted oil. [0020] Figure 4

depi ct s awDypiooaB14Bl R spectral absorbance plot for visbrokars2eessae.

[ 0021] Figure 5 shows an exenplary PCA characterization of feed NIR
spectra, as explained in Exanple 4. [0022] Fi gure 6 i | lustrates an exanpl e

of the stabil di ct the neth of t t|o S conpared to
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DETAI LED ih¥efidi 2 tbiphrb AR expbeméetitsi] dbﬁdﬁdm@@ Etﬁﬁiﬂtyﬂ@skxbl@m@@ﬁi Ex@ehplet. any
nunber of process or refinery streans in which asphal tene conponents are
stabilized or solubilized and is not [imted to any particul ar type of

hydr ocarbon process stream Representative exanples include crude oil
(spanning the range from hi gh DESRAIAED BESCREBUKON 0 | ow asphaltic or sweet),
atmospheric distillation bottomfeeds, residuals, crude unit vacuum bottom

feeds, pipeli [U?ﬁs}?r@ﬂ@dﬂélbged%ﬂétﬂ&dﬁhaﬁ%@zapbﬂédtﬂon&ytl‘ bgff%f Bfo‘as’s‘d%sfeﬁ&&d

other refinery streans exanpl-e
heavy 5f usfreas in Wggh aspbalicon carpangels dtesﬁﬁabdgedi omllkh;hlzedsmé m/n@ﬂmn@d tp nnsany

type of ﬁ)ﬁﬁf QIEP%éf}ep P@ﬂ? Bnad?%()cie%éﬁixzngg %sernﬁz i 0108 Esotﬁﬁﬁﬁelc?u&é'hél?h

asphal tenes are ing u e type o
sanpl e ugempningehan maﬂgerfrcom heghnpépdgltic eqpusoue do tlowmsghame om rswaet) Uatenospheric

Foooa] | et R Mol efunalE ity BB 00 BB e IRl Bl HoBi 0

hydr ocar bbasp}mltu@lm&*toms rpeﬂm:ts;samd g»tl-Rs'lt Rﬁsm Gtrezauls. élhxeomdﬂamlcmaymg:slw @Ipihﬂl ®,

corrbl ed W|th a rrel.a des numerous ste S¢ and
ot 2ol g8 hreotls 8 ol ARREon 4 IR B 55 R P B2 lyB S
enbodi rre I‘pEtrolélh:E peddatr ihidny phiscedahe affinmgirodesd int Whiok asphlnes adk rseatsilize@ or
hydrocarbon ocess streamis asured using .a sui.t abl.e techni que, One
Such t ecARBHIES s DRRHRERIR JHE SEP%s i Siblq 5o e JERERReF BE GoPRIenafEed to
Desi gnat ipediucddhlacbutatd prediptitd écsRtBE oA oddnafdardaskaphin® ilhaske ldefkil below.
Determ nation of Intrinsic Stability of Asphaltene-Containing Residues,

Heavy Fuel O n Crud | s Phase .Sepa
Dot ett on) . TiR2Eof o balhieRne b D ifiads RRRRE SaliS e Biiethon used
i N cdsj upedceStrédnt hsi@gwmmgpeam absélhtd MeBhremaitasahiinddovit £edreldtibe model.

correl ati del.. : :
T%e m%%oﬁ includes numerous steps and dataset 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-Containing Residues, Heavy Fuel Oils, and
Crude 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 create the

correlation model.

[0025] Based upon the first dataset, the method includes selecting one or more wave

25  numbers in the NIR spectrum as a first spectrum. For each sample having its. stability measured,
an absorbance corresponding to each of the plurality of those samples is measured to produce a
second dataset. The first dataset and the second dataset are then incorporated into a mathematical

function to create the correlation 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

5



[ 0025] Based upon the first dataset, the nmethod includes sel ecting one or
nore wave nunbers in the NIR spectrumas a first spectrum For each sanple
havi ng i twobsi4Bi4By nmeasur ed, an absorbance correspondiPog/useccemactz7of t he
plurality of those sanples is neasured to produce a second dataset. The
first dataset and the second dataset are then incorporated into a

mat hemati cal. functio o.create the correlation del. [0Q26] In an

erbod: mert et SRR PR distr 1 e & 9T N GbieREr pHPRp Y etk Bebased
upon t |h|e dfzﬁe%eqiaﬂaasmt, f?aadmichtﬂtbecrms@ﬁdil dd@fﬁgs:gkd. Th@N?t &sesitrd 6111'&6 feBdd ib S
typically do in one two ways. |n one enbadiment, for exanple in

t her mal 6?‘5’6%5@8 6?%3@8@%‘? aa?l'aé%ﬁca@/\ﬂflﬁl AAstspRiqreofuch pe Papcipal £9mpesingiue
(vistar iAnalydB, Nag@l Netwdis Anagke dh., @ &6 8 SReD dithat. SapbRsdificatigk &t w t he
feed to the ynit, frogmwhich the cracked residue is derived. The NIR

spect Pa dFodehre b s Tirss apd sarond flatnet arhassylz e this thied dataseht 1§ ancalferative
cl assi fi Gaiboitheh® %W@ee@%@%ra&éd%&iﬁé' safB1ER ARGREVANGL YisdaSin DERERL

Network Analysis, etc., 'to create a third dataset. The classification for
t he nodelasgiication gpalysis sBengre Batiankeagtaaares (PLS)omedels a thewi derivpd fat the
dat aset. differa? cBLAMRLAGE f¥EpsGihedidrent, the NIR spectra of the cracked
resi due sanples thenselves are used in the initial classification analysis.
Separate Partial least Squares (PLS) nodels are then derived for the
di fferent cl af¥Rf chbs enrehion prodelaemt her ysedito prodiotA statility sighue dpraneon mstlel
may be usgsibRl RBiRsleChy Si&hiBPlohé by med! Wevel RImRACINOhe MR Spaddhd 40Dl onp P! es
by selecting one or nore wavé nunbers in the NIR spectrumas a secon
spect rums Bsidgusingeths seemd spparny tmmeesureeas absethanceayer Burtbe additienal f or
the addi tdanal) SEPMERSA furbeniRiR A hifild B prob i oo R
predi cted s{ﬂg(llg)! i1ty val ue co_rrespongllcn tgc]) f)ﬁgﬁgggﬁtﬁﬁlg’rzﬁl&%ﬁ%#&%@glgoy
usi ng t héhaasddiionasamblet banmeing the ménsured sborarbasgeaintthausecersl §pagiom fomputhier
correl ati I I VAL . |.C LLLLY, n, an
embodi ey PEatn Ak SRRt of QB R okl BUAHG e bRt e WL
over l1ap. spestramaanddhe sacbmtipeemnin at lsastfpartistly spelapr Udmaasttiertdndbodment) dhesPaet r um
are identj r.eci tha eral |y N pectr.
differ entgg%ﬂg?leéngl}g{l?ele&lgdn%eegl%%gg?e {rﬁlg}étr% 1y | }el?llg‘?@ glapPrS&fltﬁé Iﬁﬁ’i»@?&i’mé@em‘
Typi cal | ypecsh idiffrersbroare debtle anldappeaacenty idgntdal e diesnabitd bycb eTwtdadlyy aight
[ 0028] Typi call the main. region, of the N R spectrumthat holds
I nf or mat ?élgoﬁl?ﬂgefse%lfi@folaggmﬁﬁoq‘tpﬁégs“flgﬂﬁf Pl?steve%[nd I ncluding the first spectrum
and/or the second spectrum have wave ‘ i

[0028] Typically, the main region of the NIR spectrum that holds informaﬁor_l

20 predibtive of the stability ahd including the first spectrum and/or the second spectrum have wave

mumbers from about 7,500 em™ to about 4,000 cm™

. The selection of regions of the NIR
spectrum for inclusion in the model is typically accomplished through 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 about 4,200 cm™, from about 5,600
cm’ to about 5,900 ¢cm™, and from about 7,000 em™ to about 7,500 cm™. Altematively, 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.

[0029] Though a variety of highly condensed aromatic compounds may be detected in

determining or predicting the stability of a particular sample, asphaltenes and/or asphaltene-
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nunbers from about 7,500 cmto about 4,000 cni'l. The sel ection of regions
of the NTR spectrumfor inclusion In the nodel is typically acconplished

t hrough awoi20svEsisse process using PLS (or other suitablreTfuspaioorzyo

anal ysis and suitable statistical software known in the art. Mdels for

di fferent classifications for di fferent degrees of robustness may be based
on dlfferent | ans of .t ctr model . ma as for a on
one or  msPBRining TS dypitAl b de A PR r S PGS e, T et BT Bbut

4, 400 cmo&mpﬂseqﬁ@mf the Zﬁfemcamibﬂ, usdd Pror&ifothc oﬁn@l@@orﬁﬁib&clh@m@hmlfnaﬂnﬂﬁ@ﬁbacm 1,
and f rom_about 000 cnt about 500 cm 1. Alt atlve ngl e
regi on sdwid &%t??BWFQEbﬁq“ﬁmgﬁém@ﬁFi P8y 4B GHemative N n“Tmng%egErgggél The
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[0031] In an gmbédixnent; the 'samples (including the samples for creating the first

20  dataset, second datas?et, other .data_séts, and the Samples to be predicted) are derived from an
uncracked hydrocarbon process stream. In another embodiment, such samples are derived from a
cracked hydrocarbon process stream. Sample sets could be déﬁved ﬁdm a multifude of sources
includiﬁg, for example, crude oils;. 'cru'de oil. aﬁnospheric dist'illatibn'residues; crﬁdé oil vacuum
distillation residues; blended heavy fuel oils; or residues from thermal cracking process that

25 cdntain asphaltenes, cracked asphaltenes, or polycyclic species that have been generated during

the cracking process.

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

30 fouling, visbreaker furnace fouling, coker furnace fouling, or the like.

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



speci es) i s dependent on the solvency power of the solvent or dispersing
conponent of the hydrocarbon. The solution stability is al so dependent
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that | nClréf)g&%ntgtlaJeas % Sgyfi{lcﬁlrgaes usmgatge rl\ﬁﬂgspe&ra of uncracked samples to classify the
corresponding cracked samples to be tested and to use those groups of samples to build different

20 correlation models. A wide range of uncracked feeds is typically required on the actual cracking

unit to define such classifications, whereas in other cases, such as blended fuel oil, gas oil, etc.,

fewer samples may be sufficient to produce an adequate model. FIG 1 illustrates the accuracy of

predicted stability values using a representative PLS correlation model (rank indicates the

number of principle components in the particular correlation model used).

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 calculate the stability or “S” 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
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"class" of materials incorporated in a correlation nodel, the nore robust
and powerwol2otomasresul ting correl ati on nodel . I n certai RCTASR@Y/0612¢H a
robust nodel may have increased confidence intervals for the predicted
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sui tabl e manu
processor, memory dev1ce d1g1ta1 storage medium, cathode ray tube hquld crystal display,

20  plasma display, touch screen, or other monitor, and/or other components may be used to execute
all or parts of the described method. In certain instances, the controller may be operable for
integratioﬁ with one or more application-specific integrated circuits, programs, computet-
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 functions may be at a

25  central location, such as a network 'sei'ver, for communication over a local area network, wide
area network, wireless network, Internet comiection, microwave link, infrared link, and the like.
In addition, other components such as 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.



conput er al gorithm based protocol to produce the correl ati on nodel .
Representative types of nmathematical functions including but are not
limted twol2oraEs148egr essi on, nonlinear regression, andPogmsSadoonet2amr k
analysis. It should be appreciated that any general correlation method
woul d be applicable for this described nethod. In an enbodi nent, the
particul ar nodel or function used to create the correlation nodel may be
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dispersion in an oil matrix.

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

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

20  an apparatus fitted with a stirrer and an optical pfobe_ for measuring the absorbance of the
solution. The solution was titrated with heptane and the absorbance measured as a function of
added heptane, as described in ASTM Designation: D7157-05. Titration with n-heptane initially
causes a reduction 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 is termed the “Flocculation Ratio” (“FR™).

FIG 2 illustrates a typical absorbance 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.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 by extrapolation from this plot:
(i) FRmax: the flocculation ratio when 1/X = 0 and (i1) 1/Xmin: which is a measure of the
10



[ 0040] For a series of 24 vistar sanples, the "Stability" and NIR spectra
were determ ned using accepted standard net hodol ogy. Using a partial | east
squar es sweatward4salB mnet hodol ogy, a correl ati on nodel wagcCiasedopert7bet ween
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Representative results are shown for three of the samples in Table 1.

Table 1

Actual “S” Sfability Predicted “S” Stability
1.70 1.64
145 . 1.53
1.98 _ 2.05
20 ' : Example 3 -

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

side stream from the cracked vistar bottoms product could be fed to a monitoring unit where the

NIR spectrum 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

25  result could be transmitted to a conirol 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. The specific calibration model for this mode of operation could be automaticaily

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

11.



(1) FRmax: the flocculation ratio when |/ X =0 and (ii) 1/ Xmn: whichis a
nmeasure of theheptane vol une needed for flocculation in the undiluted oil.
Thi s dat awoasioumed3t o cal cul ate the foll owi ng three oil peralseé0oy1270
paranmeters: (i) Sa: peptisability of asphaltenes in the vistar (i.e., a
measure of the inherent solubility of the asphaltenes); (ii) So: peptising
power of .th i

il i i.e., abili of .the ail .matrix to .
b 11 2l Brdarear Bl b st BishaBe t hobety plousirp ifPhve P Oreamy i bmat ¢ ne
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t . ere, Sa,= - X; = ABX 1+Xmn); an = 1+ Xm n.
[8%84461?) Ttlf‘éanRi’rIFé sggg?ﬁgrt%eWeﬁaﬁgng’ﬁi%f@é%?t@%&%‘gm ned using a Bruker MPA
FTNIR i nstrunment. The neasurenents were nmade in transm ssion node using a

0.2mm pat h-1ength cell. The spectra Bsamelerdecor ded at a sanple tenperature
of 600C. An exanple of a typical NIR spectrumof vistar is shown in FIG 4.
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in FIG 5. The vistar sample spectra were then separated into 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 (i.e., “S” values). Separate correlation models were developed
for the two groups of vistars derived from the cerresponding 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  correlation model).

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

(batch, online, sidestream, etc. as explained above) and the NIR spectra collected. The feed
spectta 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

variables controlling the severity of the visbreaker to optimize its cracking operation.
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cracking severity could also be determ ned by taking grab sanples of the
feed for analysis and nmanually selecting the correl ati on nodel for the
vi st ar amaibysiocdstEHzanpl e 4 [0047] Initial devel opnent ofPcralsedmwatiom
nodel (s) for inplenenting the method of the invention may include
col l ecting both feed and vi st ar (cracked bottons) sanples on a regular

basis. The sa Ie.sev ral weeks, .woul d cover
operating conmﬁébﬂ ‘?gﬁ}“ﬁ% ﬁ’@%o‘ﬁfg%ﬁ%‘ﬂdl perifigagiges tofke RiFseRtE oul d
pot ent i aldr@fe@éﬁpaﬁbtﬂﬁtﬁ@ty a@beﬁbdmondwh WillSeahppafent td) tHobd SkiRB PR, art. NSuch

col l ected Sa (hoth feed and vjstar) were, anal yzed using a commercially
avai | abl ShingeRa 05&56’?9“6 fer d¢ maﬂ?ew’étﬂ%‘&d?}?i‘%r goth fhe jspirif Pﬁ‘ﬁ§?ﬁp§ Sfdhe node

usi ng 0. GnveEmisahdd RS daiklsing T enwﬁ@uaaavwé e§ Wk BleSieAdAl thAegch or
asphal tene stability using the nethod ASTM D/157-05 (as expl ai ned above).
This testh wﬁmr}déep%f#am@m%@tcaﬁmqlwhwpe@kdpbrm%ach vi star sanple. [0048]
The feed spectra were anal yzed using the statistical technique of principal
conponent analysis (PCA). A typical scores plot for the sanple set is shown
in FIG5. It was observed that feeds run over the test period were of two
types, shown as "Class 1" and "Class 2" in FIG 5. The vistar sanple spectra
were then separated into two groups corresponding to the feed class from
whi ch they were derived. Partial Least Squares (PLS) anal ysis was then
carried out to develop correl ati ons between the vistar spectra absorbance
and the previously determ ned ASTM D7157 intrinsic stability (i.e., "S"

val ues). Separate correl ation nodels were devel oped for the two groups of
vistars derived fromthe correspondi ng groups of feeds as classified by
princi pal component analysis. An exenplary correl ation between the
stability predicted by the nethod of the invention and the experinentally
determ ned stability (fromfeed "Cass 2") is shown in FIG 6 (rank

i ndi cates the nunber of principle conponents used in the particular
correlation nodel). [0049] In operation, the feed and vistar sanples would
be collected on a regular basis (batch, online, sidestream etc. as
expl ai ned above) and the NIR spectra collected. The feed spectra woul d be
anal yzed using a, for exanple PCA classification nodel, to determ ne the

13



correspondi ng feed class, which in turn is used to determ ne the proper
correlation nodel to predict the stability fromthe vistar spectrum The
predi ct edwetatwd4stay i s then used to adjust vari abl es comrCraliskémaget2he
severity of the visbreaker to optim ze its cracking operation.[0050] It
shoul d be understood that various changes and nodifications to the
presently preferred enbodi nents descy herein will be apparent to those
skilled in the art. Such changes and i cati ons can be nade without
departing fromthe spirit and scope of the invention and w t hout

di mi ni shiThgclainediintestioded: advant ages. It is therefore intended that such
changes and nodi ficati ons be covered by the appended cl ai ns. CLAI M5 The

clai med invenyi oQykfod of Efﬁ'%%&gﬂ@ lnwltg’q}o%&jb&g%rrﬁr% AL 1t:13{ls a%eﬁyxﬂﬁzﬁ'&f‘r bon

process stream using a rear rared spéctrumc |ne a correlation
nmodel , tHeecmmmmbmwﬂhs|Cﬂ'gelat(0a)modeh§mmqﬂg)da:0mpabng| ty vaI ue corr espondl ng

to ea%h of a pl lﬂ@%&&sﬁnﬁg a(%t@mt!é/l Alu Ic8H1> Q]?dngg%re%(&?gpg lup;{h n§ Ssam%ies

produce a first ‘dat aset n ers’in e near
i nfrared specthelpimearborfpirosss sttpanltcrm'ﬂduc(e(a)ﬁrslslata@tt he f| r st spectrumto

determ ne an absgr e rrespondin each of the rality of s | es
fromstep (a) t plr%g gn(,gegrzlf delona™adat & ase s Cn d)thel eor Fe fpr?& &5 ﬁ%?
dat aset and t fpecwenond dat aset into at Ieast one mat hemati cal function to

create the correlatio selectin Qne, or  nor e ve nunmhe in the
near infrared sz‘é)c‘f }%ﬁ%’ggmﬁsﬁfg&%%? & Ua%] (frs’a”tﬁ%f:?féﬂsf’ MER &R %fsﬁ]éectrum
to neasure anplam@rdfamﬁemdsmeepm)doptgdﬁcea@mn@ﬂatswe addi tional sanples;
(g) calculating redi ct ed st it vaI e _corres ding.to the additional
sanpl e(s) by usi(‘ibg‘g‘f‘Fi%orﬂﬁﬁ’ﬁsLtl}feeg1b bt e fl"reoﬁﬁcg‘ﬁcgrjf tapst éPéolaﬁp stf §8€ t he
correl ati on npd@kmamdl fusRin\b featatheQ@uirflitiontA&lepr edi cted stability; and (h)
optional Iy storing the received output in an el’ectronic st orage device

and/ or di spl ayi K ¥lfetineeensi Qféﬂorﬁd‘faﬁﬁﬁu’éheré ‘%ﬂ'@meéﬂlmgé‘(‘?ﬂééecm as a second
spectrum;

15 (f) 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 input for the correlation model and
receiving as output the predicted stability§ and

20 ' (h) optlonally stonng the received output in an electronic storage device and/or

dlsplaymg the received output on a d1sp1ay dev1ce

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
25  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 spectrum and/or the second spectrum have

wave numbers from about 7,500 cm™ to about 4,000 cm™.
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2. The nethod of Caim1l, including classifying the plurality of sanples
based upon the first dataset and/or the second dataset. 3. The nethod of
Claim1, wberwmstdhe first spectrum and the second spectcurusailoese
partially overlap. 4. The nmethod of Claiml1, wherein the first spectrum and
the second spectrumare identical. 5. The nmethod of Caim1, wherein the

first spectru d/ or, the.  second spectrum hgve e nupbers from about
7,500 cm 1 L& 3@6&?@%%%&@% > whorem{ae e ePERGHog, SHFEY GF DR
st abi | i t YupamskphdlRné¥88I0£ ispRalhabirtdififg REBuH3S 8F HyDRBarBGRad LR Emand/ or
asphal tene-contairring residues in the hydrocarbon process stream 7. The

met hod of O aim.], erein_each of the plurality of_ sanples in st (a) is
froma sanme h?dr%ﬁ&?vggm 06?%?6%‘513 Wg‘?ﬁe@eﬁ?f}?%f%"fﬂ Hsamp SB%?WE‘,S%%HE? ein
one or nNa@e BfdrbdatboRlptdcadsisiyanf sanples in step (a) is froma different
hydr ocar bon process stream each said stream being a sane type. 9. The

met hod of O aim.1, erei.n.one or nore of the pluraljty _of sanples in step
() "aPe der | v Tk SRR G108 She@lene 8 morte e Wikl SR Boke @0t ng
of : an urehs Eifdrehyddaeabbopropdsd Seafh, &ch eddsdath Rirgaaaledypdy dr ocar bon
process stream 10. The method of Caim1l, including neasuring a plurality

of sanples frgm | ural i.ty.of diff.erent hydrpcarpon., process stre to
compile the 1 o de Fistiolar iR, here R oBF b it CBE PP RRERRE: RSiFPIP e o m
1, wher eideritdddran® pelcadsisotaniedeited fBons teqedupohsisitigtdfeangmatipkeddiydtosirberyg Of :

| i near regression anal ysis;.nonlinear regression analysis; and neural

net wor k ZREFYSHeam rffla emq%%cdlb(?flpfﬂcﬁsls %M-i ncl udi ng operating the nethod
over a network. 13. The nmethod of Claim 12, wherein the network is an

| nt erlbet . 14. 10A Tdhe giettmli of Ctaira d eincleding melsaving g pmendipudfesampice fromalpheality of

i nstructions ored . thereon, the instructigon erahle to ecute the
met hod of (3" ﬁﬁ' ocajon PROCHN ISP C?}P%lg‘i tﬁ? ﬁﬁgdag%s‘tﬁﬂ?ﬂ%fe?%ﬁﬁ“ﬁiﬁ rocar bon
process streamusing a near infrared spectrum conbined with a correlation
nodel , the neihdde ooatiprd ofi Glgim 1, wherein the correlation model is selected from the group

consisting of: linear regression analysis; nonlinear regression analysis; 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 medium 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 model, the method comprising:
(a) categorizing the hydrocarbon process stream into a plurality of different
processes;
(b) selecting one of the processes;
(c) measuring a stability value corresponding 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,
(e) using the first spectrum to determine an absorbance corresponding to each of the

plurality of sampies from step (2) to produce a second dataset;

15



(a) categorizing the hydrocarbon process streaminto a plurality of
different processes; (b) selecting one of the processes; (c) neasuring a
stabi | i t ywoabwe4snsr espondi ng to each of a plurality of peamgsb@s/o6r2em one of
the processes to produce a first dataset; (d) selecting one or nore wave
nunbers in the near infrared spectrumas a first spectrum (e) using the

first spectrumtg determ. ne _an absqrbance carresponding to each_of the
plurality of sarfplBETPYEIRES (5 t?:%{) 8?%Sebr%u§1§ éec%‘go‘i?ﬁa%ﬁal‘%%e?t; {gest ome

i ncor por at i Ngniatembfidabfunétddnas eleatd AR doRelaS@CARR;dat aset into at | east one
mat hemati cal function to create the correlation nodel; (g) selecting one or
more wave number® JeRCHREOTEd MOTRIYAE SYMEFE AR thermeas Infrassd Rt sesARd ()
using the secgndmsRectrumto neasure an absorbance corresponding to one or
nore additional sanples; (i) calculating a predicted stability val ue

corr eSpondi ng t bk HELaHEiSETOHA SPeciEpiocmedsutsyan ahspryancs ccopespondigl tasoPbance
fromstep (f) @ dddRidhal’s@hpitde correl ation nodel and receiving as output
the predicted intrinsic stability;, and (j) optionally storing the received
output in an el d0tgabmlaginga predigted diabilisev uespanding toyhaagdditionalseoplefsbly

output on a dhsSHPé &6 HEMLLE - absorbance from step (f) as input for the correlation model and
receiving as output the predicted intrinsic stability; and
10 (j) optionally storing the received output in an electronic storage device and/or

displaying the received output on a display device.
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