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-1- METHOD FOR PREPARI NG BLEND PRODUCTS BACKGROUND OF
THE | NVENTI ON 1. Field O The Invention This invention
relates to a nethod for controlling the preparation of blend products from
bl end stocks bwolerpgssit 350[err] C or . less by predicting cheg 1 ’
"performance, perceptual of physical propegties of blend stocks, blend
products and/or other refinery or chem cal processes using a conbination

.of gas chromat ography and t LONE L ption O The

. e
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This invention relates to a method for controlling the
preparation of blend products from blend stocks boiling at 380°C or
leas by predicting chemical, performance, perceptual of physical
propertias of blend stocks, blend products and/or other refinery or
chemical processes using a combination of gas chromatography and mass

spectrometry.

2. pescription Of The Related Ar:

Refineries and chemical plants typically control blending of
various camponent streams and certain additives through the use of
both on~line analyzers and off-line laboratory analyses to provide
product guallty information. These quality parameters {chemical
composition, physical or perceptual or performance properties) are
then fed back into linear programs or other blend control software
which may be a series of simultaneous eguations which predict percent-
ages of refinery streams used to meet certain blend targets. The
eguations typically are executed more than three times psr hour and
their output is used to control proportional flow valves to vary the
guality of the finished product which can sither go to tankage or
directly to pipelines and terminals, trucks, or to ship-loading
facilities. Multiple on-line analyzers are typically required for
blend control.

U.S.- Patent §,223,7i4 describes a process for controlling the
blending of fluids using near-infrared spectroscepy by converting the
* near-infrared absorbances to signals and mathematically correlating

the signal to volume of component.

Gas chromatography has baen used to predict physical and

parformance properties of hydrocarbon mixtures boiling in the gasoline



vari ous conponent streans and certain additives through the use of both
on-1ine analyzers and off-line | aboratory anal yses to provide product
quality information. These quality paraneters (chem cal conposition,

physi cal or perceptual or performance properties) are then fed back into
i near prograyw @ies her bl end control software which nmay porsesmessi es of -
" simul taneous equations which predict percent-—- ages of refinery streans
used to neet certain blend.targets. The equations typically are executed

~nmore than three tinmes per hour and their output is used to co oIt
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magses in the mass spectrum, and correlating these ion intensities ro

cetane number using multiple regression analysis.

It would be desirable to have a single analyzer means for
rapidly measuring the chemical, performance, perceptual or physical
properties of blend stocks or blend products and using these

properties to control the blending process.

SUMMARY OF THE INVENTION

This invention relates to a process for controlling the
blending of a plurality of blend stocks each having boiliag points

less than about 350°C into at least one blend product which comprises:

{a) selecting at least one physical, perceptual, performance or
chemical property of at least one blend stock or blend preduct;

(b) selecting reference samples, said reference samples containing
characteristic compound types present in at least one blend stock
or blend product and which have known valuess for the property or
properties selected in step {a);

{¢) producing a training set by the steps of:

(1) injecting each reference sample into a gas chromatograph
which is interfaced to a mass spectrometer thereby causing
at least a partial separation of the hydrocarbon mixture

into constituent chemical components;
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-2- range. Crawford and Hel |l nuth, Fuel, 1990, 69, 443-447, describe
t he use of gas chromat ography and princi pal conponents regression
anal ysi s to predict the octane values for gasolines bl ended from
different * hedigifsy Streans. Japanese | ai d-open patent aRiAiseéesan JP
03- 100463 relates to a nethod of estinetimg the cetane nunber for fuel
oil's by separating an oil sanple into its conponents using gas

chr omat ogr apy, measur i ng the signal strength of ion intensities at

characteristic 18k s eEFPRUERS ﬁ’é%§°§’{fé€??‘\§n?heﬁfﬁflc‘f?ﬁma&ﬁr?§ #3f8se i on
intensities to cet anereferdnee =aspleg intd khelmess eprressieter anoderSdgnanmic
It would be desirable toghgvenditibidl € anal yzer neans for rapidly

nmeasuring the chemical, performance, perceptual or physical properties
of bl end stocks or blend products and using these properties to control
the bl endi ng procest3) obtaSlih/i¥eY dach TidEetdddENEIE a series of time

- resolved mass chromatograms; "

{4) calibrating the mass chromatograms to correct retention
times;

{8) selecting a series of corrected retention time windows;

{6) salecting within each retention time window a series of
molecular and/or fragment ions, said ions being representa-
tive of characteristic compounds or compound classes

expected within the retention time window;

{?) recording the total amount of each characteristic compound

or compound group selected in step c(6);

(8) forming the data from steps c¢(6) and ¢{7} into a X-block

matrix;

{9) forming tha property data selected in (a} for reference

samples selected in (b) into a Y-block matrix;

(10) analyzing the data from steps c(8) and c(9) by multivariate
correlation techniques including Partial Least Squares,
Principal Component Regression or Ridge Regression to
produce a series of coefficients;

{4} subjecting at least one blend stock or blend product sample to
gteps c(l) to c(3) in the same mannsr as the reference sample to

produce a serigs of time resolved mass chromatograms;

{e) zxepeating steps c{4) to ci{8) for each mass chromatogram from step
(d);



This invention relates to a process for controlling the bl endi ng of a
plurality of blend stocks each having boiling points | ess than about
350[err]Cinto at | east one blend product which conprises: (a)
selecting at | east one physical, perceptual, perfornance or

chem cal propgabyeress at | east one bl end stock or blend proptwisssnesss (b)
- selecting reference sanples, said refererce sanpl es containing
characteristic conmpound types present in at |east one bl end stock
or bl end product and_which have known val ues for the

_ | En;pert% or,
properties sel e e PHRYHF Ehp mactrix fremstap (8 OV Hfes SR EALHERT SEP by the

steps of: sted)c(10Nteairbaigect phediet @l gabe St Preperoy Rrgas

chr omat ogr aph properties e8DieEh oSy daBt QLL e Podk BRI ePELIabOTEL ET

t her eby causi ng at |east a partial separation of the

hydr ocar bon mi xt ur ¢#ample; and into constituent chenical conponents;

{g) using the predicted values of the property or properties of-the
at least ons blend stock or blend product sample to control the

amount of blend stock in the blend product.

In ancther embodiment, this invention relates to a process
for controlling or monitoring chemical or refinery processes which
utilize feed stocks and/or produce products having boiling points less

than about 350°C which comprises:

{a) selecting at least one physical, perceptual, performance or

chemical property of at least one feed stock or product;

{b) selecting reference samples, said reference samples containing
characteristic compound types present in the at least one feed
stock or product and which have known values of the property or

properties selected in step (a);
{¢) producing a training set by the steps of:

(1) injecting each reference sample into a gas chromatcgraph
which is interfaced to a mass spectrometer thereby causing
at least a partial separation of the hydrocarbon mixture

into constituent chemical components;

(2) introducing the constituent chemical components of esach
reference sample into the mass spectrometsr, under dynamic

flow conditions;

{3} obtaining for each reference sample a series cf time

resolved mass chromatograms;
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- 3- (2) introducing the constituent chem cal conponents of each
ref erence sanple into the nmass spectroneter, under dynanic

fl ow conditions; (3) obtaining for each reference sanple a
“series of tinewooeno1iss resol ved mass chromat ogr ans; PCT/USI6/06591 (4)
calibrating the mass chromatograns to corregct retention

tinmes; (5) selecting a series of corrected retention tine
-W ndows; (6) selecting within each retention tinme w ndow a

seri es of (4)  opdhbrating temopes chramgersmems §Assorsestdratentiobei ng
repr esent a- timkdye of characteristic conpounds or conpound

cl asses expected within the retention tine w ndow,

(7) Jsecording the total anount of each characteristic conpound
or conpound group sédecteedestingtaoperies)of corrected retention time windows;

-

(6} selecting within sach retenticn time window a serias of
molecular and/or fragment ions, said ions being represanta-
tive of characteristic compounds or compound classes

expected within the retention time window;

{7} recording the total amount of each characteristic compound

or compound group selected in step c(6);

(8) forming the data from steps c{6) and c¢(7) into a X-block

maé:ix;

{9) forming the property data selected in ia) for reference
samples selected in (b} into a Y-block matrix;

{10} analyzing the data from steps c¢{8) and c(9) by multivariate
correlation techniques including Partial Least Squares,
Principal Component Regression, or Ridge Regression to

produce a series of coefficients;

(d) subjecting at least one refinery or chemical process product or
feed stock sample to steps ¢(1l) to c{3) in the same manner as the
reference sample to produce a series of time resclved mass
chromatograms;

{e) repeating steps c(4) to c(8) for each mass chromatogram from step
(d);

{f) multiplying the matrix from step (e) by the coefficients from
step ©(10) to produce a predicted value of the property or
properties for the refinery or chemical process and sample or
samples; and



(8) formng the data fromsteps c(6) and c(7) into a X-bl ock

matrix; (9) formng the property data selected in (a) for

ref erence sanpl es selected in (b) into a Y-block matri x;

(10) analyzing the data fromsteps c(8) and c(9) by nmultivariate

torrel ation tgewedges i ncluding Partial Least Squares, PCT/US96/06591 i

" Principal Conponent Regression or Ridge Regression to pr oduce

a series of coeffici entS' (d) subj ecti ng at | east one blend stock or

. blend product sanple .t (12 é%FI n the same manner as
the reference s& ‘é“f‘% the p”““"ﬁ?ocﬁ’f&%‘ g §8? PESPFEY {FnRFIPRE RS &F Thess

chr omat ogr ans; rdfénenycme abenigal tsapsleCér] panipded (£8) cdndrole alid) ratisery or

chromat ogram from SieRical process.(d):

The gas chromatography/mass spectrometry (GC/MS) method
described above can be used to rapidly predict a wide ranges of
chemical and physical properties of complex mixtures such as blend
stocks and blend products. Such properties include octane number,
specific chemical constituents, e.g., benzene, H0 and HpS, additive
concentration, distillation characteristics, oxidative stability and
the like. The method can also handle the collinear d#ta generated by
the GC/MS analyses.

N _OF THE W

Figure 1 is a schematic flow diagram of the blend process,

contrel valves, GC/MS analytical center and computer control system,

Figure 2 is a graph showing predicted versus measured

research octane values for the training set.

Figure 3 is a graph showing predicted versus measured

research octane values for the test set.

Figure 4 i=s a graph showing predicted versus measured motor

octane values for the training set.

Figure S is a graph showing predicted versus measursed motox

octane values for the test set.

Figure 6 is a graph showing predicted versus measured D&L
valuaes at 158°F (70°C) for the training set.

Figure 7 is a graph showing predicted versus measured D&L
values at 302°F (150°C) for the training set.
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~4- (f) multiplying the matrix fromstep (e) by the coefficients from
step c(10) to produce a predicted value of the property or

properties for the at | east one blend stock or blend product sanpl e;
and (9) wosngdshe predicted values of the property orrguugeeeespes of -
‘t he at | east one blend stock or bl erd? product sanple to control the
amount of blend stock in the blend product. I n anot her

.enbodi nent, this inventiopn relates to a process for controlligg hso
moni tori ng chenical or refiSHEY ¥ Bt 8 ERRR LA BPEodtirT | PES 1 BYPS g
and/ or produce pfexisdecraning@eboi | i ng points | ess t han about 350[err]C

whi ch conpri ses: (a) selecting at |east one physical, perceptual,

per f or mance or chemical property of at |east one feed stock, or

pr oduct ; (b) sel ecti nGt9PES gr’e‘née‘i"?\éhﬁhég’;“gs%ﬁ"di"rtéf' (3 gl S 1 14) Ve

cont ai ni ng fox [the askixingtset. conpound types present in the at |east one
f eed- stock or product and which have known val ues of the property or

"properties selected in ste a); C roducing a training set by the
Steps of DEfALLED DeSBrbithi or mus ThveNrsen C O g y

The blend products produced by the process of the invention
include motor gagoline, aviation gasoline, jat fuel, diesel fuel,
heating oil, kerosene, LPG, furnace fusls, solvents, and refinery
and/or chemical plant intermediate strsams (such as process feed
stocka/products). The blend products are produced from various blend
stocks which are usually refinery or chemicals streams. Typical blend
stocks include rsformate, alkylate, isomerates, light cycle oil,
catalytic naphthas, raffinates, extracts, virgin distillate streams,
gas oila and other refinery or chemical plant intermediate streams or
process products; and can include individual componenté such as
additives as well as individual chemicals such as benzene, toluene and

xylene.

Figure 1 is a schematic flow diagram of an on-line blend
procese. In Figure 1, blending stocks are contained in Tanks 10a to
10n where n is the number of blend tanks. Each blend tank is con-
nected to a common gathering line 22 which feeds into a blending or
mixing tank 24. The connecting lines 12a tc 12n to gathering line 20
are interrupted by control wvalves 14a to l4n and sampling ports l6a to
l6n. Sampling ports 16a to 16n are connected to a sampling manifold
40 through lines 18a to 18n which are interrupted by control valves
20a to 20n. Preduct line 26 is also connected through sampling port
32 to sampling manifold 40 through line 28 which is isterrupted by
control valve 30. Sampling manifold 40 is connected to a2
sample/injection valve 46 by line 42 interrupted by control valve 44.
Sampling manifold 40 is also connected to Sump 50 by purge line 52
interrupted by control valve 54. Control valve 46 is also connected
to purge line §2 through line 56 intezrupte& by contrel valve 58.
Sampling manifold 40 and sample/injection 46 are purged by the sample



(1) I njecting each reference sanple into a gas chromatograph

which is interfaced to a mass spectroneter thereby causing at

| east a partial separation of the hydrocarbon m xture into
constituent chem cal conponents; (2) I ntroduci ng the .
constituent chweo®umisiconponents of each ref errenassog®B®ml € i nt o -
the mass spectroneter, under dynam c -8 - fl ow conditions;

(3) obtaining for each reference sanple a series of tine

resol ved nass cll quaj ; WO 97/01183. . -

PCT/ US96/ 06591 so a3 E %; mcmail“fgbtrhgt?uﬁﬁet e”rfagz"smpclﬁr‘grr%‘f%ﬁcrtgdrrsmt 0 €orrect
retention . tines; :

Once the sampling manifold 40 and sample/injection valve 46
are purged of any contaminants, sample to be analyzed is injected
through vaive 46 into GC/MS analyzer 60 which c¢an be purged to sump 50
through valve 62. The raw data generatad by GC/MS analyzer 60 is fad
to computer 64 where it is subjected to mathematical treatment.
Cutput from computer 64 is fed as an electronic signal through line 70
to blend control computer 72 which electronically controls valves l4a

to l4n thereby controlling produet guality exiting blending unit 24.

) For at-line operation, sampling manifcld 40 is connected to
a remote blend stock source 90 through line 94 interrupted by control
valve 92. For off-line operation, a remotely collected sample is
directly injected into GC/MS analyzer €0 by sample/injesction valve 46é.
Computer output may be read through display panel 80.

The operation of GC/MS analyzer 60 and computer 64 is
described in further detail as follows. Blend stocks and blend
products are complex hydrocarbon mixtures. The use of GC/MS to
analyze such complex mixtures for chemical. and physical properties
generates a large amount of collinear data. Multiple regression
analysis can be used for normal linear data. However, this type of

., analysis cannot be used for collinear data.

The methaod according to the invention involves a means for
predicting chemical, perceptual, performance and/or physical proper-
ties of blend stucks and product blends or refinery or chemical
pProcesses by quantitative identification of components using a
combination of retention times from a GC analysis coupled with target
fragment and/or molecular ions produced by the MS. The MS information
is compared against & set of one or mors known properties from refer-—
ence pamples which form a training set. By mathematically comparing
the experimental data against that of the training set, one may
predict the desired property or properties of the blend stock or blend

product or refinery or chemical process.



(5) selecting a series of corrected retention tine w ndows; (6)
selecting within each retention tinme w ndow a series of

mol ecul ar and/or fragnment ions, said ions being representa-

tive of characteristic conmpounds or compound cl asses expected .
within the regidrjopisti me wi ndow, (7) recording therushalsssanount
of each characteristic conpound - 9 er conmpound group selected in
step c(6); (8) formng the data fromsteps c(6) and c(7) into a

X- bl ock mat ri x; (9) formng the property data
selected in (a) for ref SCU% gtilizes o gas "h%%ﬁ*iﬂgé%i"’sé!"é’ﬁf%‘ifdl ¥ithpd ®f¥ft o a
Y-bl ock matriXx; spectrometer(1(hid@al yatangtdgrepriatmthsdrust epsuppbritiesdl c(9) by

MU IVATTALE  prusa ongouecBOlabE) AULAa! SRBRIANASH) 1) bR E IRl Loas!

Squar es, ncl pa nponent Sston, or ge Regression to
produce a seri eShRSPAYOGEABLY (FAF P, - used “Eo‘j‘%?é‘é‘ﬁ‘fﬁ“&f‘ F%%&F“T?ﬁé"’l‘%ﬁnery
or chem cal prosfasrdr edueﬁpcménts, gas bERedasigetdhys aFpheiallly shejisay(dds t O

c(3).1n the SalMRMGEady i Bur efe:yg; | BLG0CR:S B Eadifg RO U R SOTT €S
of tine resolved nass ofato
spectrometer. Both GC and Ms utilxze computer software for instrument

control, data acquisition and data reduction. The computer platform
should be capable of acquiring at least 2000 mass spectra in ahout 7
minutes.

The sample mixture to be analyzed is first injected into a
6C whers the mixture components are separated as a function of reten-
tion time, typically on the basis of boiling peint. Only partial
chromatographic resolution of mixture components is necessary. The GC
oven temperature is usually programmed for samples with a wide boiling
range. Components may also be identifigd by a detector such as a
flame ionization detector, atomic emission detector, thermal

conductivity detector or electron capture detector.

The separated or partially separated components are then
introduced into a mass spectrometer under dynamic flow conditions.
Since a GC operates under atmospheric pressure and a MS under vacuum
conditions (about 10~3kPa), the instrument interface requires a
coupling device such as a molecular separator (e.g., jet, membrane,
etc.), open split coupler or capillary direct interface to efficiently

transfer sample while minimizing carrier gas effects.

Depending on the nature of the sample, the mixture may be
introduced directly into a MS using a direct insertion probe without a
prior GC separaktion step. Other thermal separation techniques not
involving a GC may be used to introduce the sample into the mass

spectrometexr.

- In the MS, sample molecules are bombarded with high energy
elsctrons thereby creating molecular ions which fragment in a pattern
characteristic of the molecular species involved. A continuous series



(e) repeating steps c(4) to c(8) for each mass chromatogram from step

(d); (f) multiplying the matrix fromstep (e) by the coefficients from
step c(10) to produce a predicted value of the property or properties
for the refinery or chem cal process and sanple or sanpl es; and

WO 97/ 01183  woermss POF/DsdéReHE 06591

‘(g) using the predicted val ues of t he propgrLy or properties of the
refinery or chenmical sanple or sanples to control the refinery or
~chem cal process. The gas chromat ogr aphy/ mass spectronetry
(GC/ MB) nmet hod of gese spertda sive \abtatned Ryey Se ot camei @l §0 prevtiretdatessde
range of  chensak Rdade U3YHatednsD’ BRElak® Spdt 60 HREL haf 21 bdI b8 SacqitadS
bl end in the selected ion monitoring (SIM) mode. In the selectad lon made,
care must be taken to select ions representative of the components of
interest and to operate under repeatable conditions. A variety of MS
instruments may be used including low resolution, high resolution,
MS/MS (hybrid or triple quadrupole, ete.}, ion cyclotron resonance and
time of flight. BAny ionization technigue may be used, such as
electron ionization, chemical ijonization, multiphoton ionization,
field desorption, field ionization, etc., provided that the technique
provides either molecular or fragment ions which are suitable for use

in the analysis procedure,

The results of sample analysis are a series of % mass

spectrxa. The mass gpectra are divided inte n time intervals where n
is an integer from 1 to £. At least one diagnostic ion is chosen from
each of m time intervals where m ie an integer from 1 to n. The term
*diagnostic ion" refers to an ion which is representative of a com—
pound, a chemical class or a performance, perceptual or physical
property correlated thereto. Regardlesa of whether mass spectra are
obtained in the scan or selected ion mode, it is important that the

- mass spectra be obtained under conditions which will yield diagnostic

ions of suitable and rxepeatable intensity and accuracy.

If the mass spectral data are acquired in the scan mode,
the mass range covered during the acguisition should be gufficient to
provide acquisition of all of the ions which could be used as
diagnostic iona during mathematical treatment in each mase spectral
scan. If the mass spectral data are acquired in the selected ion
monitoring modé, then care nust be taken that the ions selected for
monitoring are suitable for use in measuring the components of

interest.

The sample mass spectral data are then compared to mass
spectral data from a series of reference samples with known perfor-
mance, perceptual, physical and/or chemical properties. In order to
compare reference mass spectral data with sample mass spectral data,



stocks and bl end products. Such properties include octane nunber,

specific chem cal constituents, e.g., benzene, Herr]O and H err] S,

addi tive concentration, distillati on characteri sti cs, oxidative stability
and the |like. The mnet hod can al so handl e the collinear data generated by
the GO/ M5 analysémmss BRI EF DESCRI PTI ON OF THE DRAWNG  perusosnssot
"Figure 1 is a schemafic flow diagram of thg bl end process, cont rol

val ves, GC/ M5 anal ytical center and conmputer control system

“Figure 2 is a graph show ng predicted versus neasured research octane
val-.ues for the titzieyi bgydesirable to time align the[pample Mktastoghejpogrisurshsbs ng

predicted ver Suana&aw Q¢ thel é‘oi@@ix@bu 00&:@9@ a\ealaﬁsemmtyhememeset

Figure 4 is a graph, show n&ngredl ct [Ti neasur ed m) t ane val ues
for the trainind °§%‘F“ stk P ﬁr’ﬁ?ﬁ? mlﬁg “predi ct ed
ver sus neasur ed Packagd Gc/uetmmloawcf vrsidreCi@is05set .

Figure 6 is a graph show ng predicted versus neasured D&L val ues at

158[err]F (70[err] C) for the trai ning set.
. he reference mass spectral data, and associated properties

data, are arranged in matrix form for mathematical treatment as
described below. In the case of chemical composition information, one
matrix is formed of reference sample ion intensities at given masses
and the other matrix contains known ion intensities for molecular
fragment ione of known components. The training set for chemical
composition data is thus made up of mass spectral data for different
components characteristic of compounds or molecular series expected to
be found in the sample mixtures. Similar training sets can be formed
for other chemical or perceptual or performance or physical praoperties
of interest. These training sets form one block or matrix of data
{¥Y-block or properties matrix). The actual sample mass spectral data
{which may have baen time aligned) form the other block {X-block) or
matrix of data. These two matrices are subjected to mathematical
treatment known as Partial Least Squares (PLS), or Principal Component
Regression (PCR), or Ridge Regression (RR) to obtain a mathematically
describable relationship between the propertiaes data and mass spectral
data, known as a model. Coefficients provided by this model are
mathematically combined with the suitably treated mass spectral data
from samples with unknown desired properties to:

a) predict desired properties,

b) assess the suitability of the model for such predictions,
and

e) diagnose the stability and general correctness of the
process that yielded the mass spectral data

PLS/PCR/RR are described in the literature, e.g., Wold S.,
A. Ruhe, H. Wold, and W. J. Dunn, *The Collinearity Problem in Linear
Regression. The Partial Least Squares (PLS) Approach to Generalized



Figure 7 is a graph show ng predicted versus neasured D&  val ues at
302[err]F (150[err]C) for the training set. WO 97/01183
PCT/ US96/ 06591 -7-

Figure 8 is a graph show ng predicted versus neasured T50 for the )
tTai ni ng set. wo97/01183 Figure.,9 in a graph show ng prcufsséessover sus” -
" nmeasured T90 for the training set. - REFAI LED DESCRI PTI ON OF THE

| NVENTI ON The bl end products produced by the process of the

. invention i ncl ude not or _gasol ine, aviation gasoline, jet fuel, diesel
f uel , heat i ng B"Pe**Rer SIBhE: SO Stk RompRt{1218¢ SEHI VEIRr 343, prdSeiett nery

P., and B, R. Xowalki, "Partial Least Squares Regression: A Tutorial",
Anal. Chim. Acta, 1986, 185, 1~17, or HSkuldsson A., "PLS Regression
Methods™, J. Chemometrics, 1988, 2, 211-228, or in many other articles
in journals such as the Journal of Chemometrics or Intelligent Labora—
tory Systems; Frank, I. and J. Friedman, "A Statistical View Of Some
Chemometrics Regression Tools", Technometrics, 1993, Vol. 35, No. 2;
Jackson, J. E., "A User’s Guide To Principal Components®, Wiley-
Interascience, New York, 1991; Montgomery, D. C. and E. A. Peck,
"Introduction Po Linear Regression Analysis”, Wiley~Interscience, New
York, 1990; and Marteas, H., and T. Naes, "Multivariable Calibration",
Wiley-Interscience, New York, 1989.

When dealing with a complex mixture, it is necessary to
salect appropriate massas or groupes of masses at specific retention
times for a particular compound or classes of compounds. The selec-
tion of such masses are the basis for a set of rules which then forms
the data for the training set. There are no set procedures for such a
s¢lection process. The researcher must select appropriate masses for
compounds of interest. For example, motor gasolines typically contain
paraffins, cycloparaffine olefins and arcmatics. It is known that
paraffinic hydrocarbons yield fragment ions at masses 43, 57, 71, 85,
-++ daltons, and these masses may be used as diagnostic of this class
of compounds. Moreover, when coupled with retention time data, it is
possible to identify concentrations of specific compounds within this
class of compounds. In a similar manner, training sets for other
chemical, performance, perceptual or physical properties may be
developed by correlating compositional data with other properties of
interest, e.g., boiling range, viscosity and the like. The result of
a wathematical treatment such as PLS/PCR/RR of the training set is a
set of coefficients for the properties of interest.

These coefficients are then multiplied by the data matrix
for the sample.. The result is a prediction of the desired property or
properties which can then be used to control the blend process and
product quality; or to control various refinery or chemical process
operating units depending on the quality of the faed stocks or



and/ or chem cal plant internediate streans (such as process feed

st ocks/ products). The bl end products are produced from various bl end
stocks which are usually refinery or chem cals streans. Typical blend
stocks include reformate, al kylate, isonerates, |light cycle oil, .
cat al yti c nap@ohaeigs af fi nates, extracts, virgin distill at ecsiusmsnes gas.’
oils and other refinery or chem cal plant jsnternedi ate streans or

process products; and can i.nclude individual conponents such as

additives as well as individual chem cals such as benzene, toluene and

xyl ene. producta. MNorgeweg. arianges dharapenti¢d gervdi typeempoly akexdn- | i ne

bl end pr ocessperungl &Bﬂ:ﬁs&s/éﬂaﬁm moﬁsﬁexﬁg sbaiehbainies comalanks 10a
to 10n where US the?gunber gl 3{; agh bLend t !lgchgs con-
nected to a conﬁ‘b“‘r} Hat%o B S b b U o T

m xi ng tank 24, iﬂllwetmﬁﬂévttmgfﬂlmgl%mwbsﬂn to gathering Ilne 20 are
interrupted by control valves 14a to 14n and sanpling ports 16a to 16n.
Sanpling ports 16a to _16n are connected to a sanmpling manifold 40

t hrough | i nes 1B3RMERE 231 which are int errupted by control valves 20a to
20n. Product line 26 is also connected through sanpling port 32 to

sanpl ing mani fol d 40 t hrid0fethbd God Griblice i é;&a gsﬁ;awt s&ebymax, GRPEdO!
val ve 30. Sanpl i g nanlfold 40 i.s connecte

I.njection valve
46 by line 42 i r A ERWIFY EEReFbtesV %‘%ﬁ“" hy"§8 gp’hd’iffﬁ}ﬁff’é'% #0 is
al so connect ed tcbliudr}prwcbyoqohlg'é #tiople obrefinexyt @y FhAsieal byocsemiteed. val ve
54. Control val !&%Aﬁtalé%mmeséﬁdxs dedRsOMEEE thi d1s dabdleOudlg | | Ne 56

i nterrupted by contr vaI ve“&§ Sagl i ngp ifold 4

sanpl e/ i nj ecti oﬁ’“f@‘ B (FHe Ffib‘f ecitic property or purposes of
i].luat:ation. '.l'he method is generally applicable to a range of other
performance properties as well as physical, perceptual or chemical

properties of such mixtures.

The initial consideration is to establish 3 set of standaxd
GC/MS operating parameters so that the GC/MS analytical data used for
predicting properties are obtained under consistent operating condi-
tions. The GC/MS instrument used in this example is a Hewlett-Packard
5972 Mass Selective Detector interfaced to a Hewlett-Packard S8%0
Series Il Gas Chromatograph fitted for use with microbore columns also
fitted with a Vortex Cooler for rapid column oven cooling and a liquid
sampling valve.

The GC/MS operating conditions are summarized in Table 1.
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to be anal ysed. During the purge phase,
Once the sanpling nmanifold 40 and sanple/injection valve 46 are purged of

any contam nants,
GC/ M5 anal yzerwo@7ot18xch can be purged to sunp 50

sanple to be anal yzed

PCT/ US96/ 06591

sanple is collected in sunp

is injected

data generated by GO/ M5 anal yzer 60 is fedto conputer 64 where it is

subj ected to mat henati cal
el ectronic signal
el ectronically controls val ves 14a

treat nent.
through line 70 to bl

quality exiting blending unit 24.

end control conputer 72 which

to 14Tablaereby controlling product
at-lipe operation,

For

sanpl i ng mani { @giCsuditioss connected to alrenote bl end stock source 90
through line $€okdaherrupted by control | ¥iehy Siliddhe (saciras¢iPrS) 10me bolpemat |
renotely coll ¢cted sanple is directly il msietosdin thickne$8C/ VS anal vzer 6(
sanpl e/ i nj ect | Tam: ddram COnputer output nmay be read through displg
.panel 80. Initial TemperamuRPENat | on o8s GC/ M5 anal yzer 60 and conput
is describedfTT T Upjidfrim&l@himitds) @S TOl | ¢@s. Bl end stocks and bl end
_Program Rate (°C/minute) 30
Final Temperature (°C) 230
Final Time (minutes) I
Iniection Vaive Temperature (°C) 70
Iniection Valve On (minutes) 1.01
Iniection Valve Off (minutes) 1.15
Iniection Port Temperature (*C) 275
Iniection Volume ul, 0.5
Carrier Gas Helium
Linear Velocity 25.6
Split Ratio 500:1
Column Head Press, kPa Approx. 260
Interface Temperature (°C) 280
Vortex Cooler
Deliverv Air Pressure (psi) 55
Cooler Off (minutes) 4.00
Cooler On {minutes) 10.48
Mass Spectrometer Conditions
Mass Spectrometer On {minutes) 1.00
Ionization Mode Electron Ionization. 70 eV nominal
Mass Range Scanned {daltons) 10-400
Cvcle Time (minutes) 0.003

In order to predict
wmixture, it ia firast necessary

known values of the property or properties of interest.

ence samples are used to form a training set as described below.

properties of an unknown hydrocarbon
to select reference samples having
Thesa refer-~
Six

hundred twenty seven (627) samples comprised the training set for RON.

These samples were analyzed under on-line conditiong over a 12 month

period and covered the range 89.3 to 96.9 RON (ASTM D 2885-90).

These

samples were chosen from over 26,000 samples acquired during testing

over & 14 month period as representing the variation in gasoline

50.

on,
by

er

t hrough valve 46 into
t hr ough vedmesse@eseilhe raw -

Qut put from conputer 64 is fed as an

a

64



products are conpl ex hydrocarbon m xtures. The use of GO/ M5 to analyze
such conplex m xtures for chem cal and physical properties generates a

| arge anount of collinear data. Miultiple regression analysis can be used
for normal linear data. However, this type of analysis cannot be used for
c¢ol l'i near dat VO9741183 The method_aggcording to the i PORUSIEOES9 .
I nvol ves a neans for predicting chem cal, perceptual, performance and/or
physi cal proper- ties of blend stocks and product blends or refinery or
~chemi cal  processenaity usingnd idhoferd®: kéEiRéhy sCidans nafmuromeeneptopastarg a
conbi nati on of rgetent] o] rom n S| I Lt t

f ragnent and/orélr%rgcdl? 'rnefgﬁgi%f%d‘ag}e’ﬁ%t gsﬁi’fﬁ%&% ﬁ% ?%1?2?’%1%’% iggn S
conpar ed agai nsvexs Sunthey chpsensuriny pedindsuefpstapls bLUWLRG FRPYAEIRR 2 ence
sanpl,es whi ch f g¥dFage bland kir@s St 2238y sEpbdRpRéd:cal | y conparing the
experinmental data against that of the training set, one may predict the
desired property or properties of the blend stock or blend product or
refimery or chemcal prok@ats treatment methyy)shoylgh hgyelectad prior to obtain~

" PCT/ US96/ 06591 ing raw GC/MS data. Two types of data treatmenfs which may be used
are Chemist’s Rules and Hydrocarbon Compound Type Analysis as
described, for example, in ASTM D 2789-90 "Test Method for Hydrocarbon
Types in Low Olefinic Gasoline by Mass Spectrometry". Chemist’s Rules
involve two separate sections: (1) & calibration section to correct
retention times, i.e., the time between zero and the time when a given
peak occurs; and {2) the actual Rules which are based on 2 selected
series of masses corresponding to prominent compounds or molecular
series expected for the typs of hydrocarbon mixture under investiga-
tion. These compounds or compound types are selected on the basis
that they have prominent molecular and/or fragment ions unique to that
compound or molecular series. A portion of the Chemist’s Rules are
shown in Table 2. A full set of Chemist’s Rules for motor gasoline
are shown following Example 6.



GC/ M5 utilizes a gas chromatograph interfaced with a nass spectroneter.
Wil e a chromat ographi ¢ nmet hod such as supercritical fluid

chromat ography, |iquid chromat ography or size exclusion chr omat ogr aphy
may be used to separate the m xture into conponents or m xt ures of

. conponents, gagosinigesat ogr aphy, especially capillary gas physgésesr aphy -
is our preferred neans for interfacing wti# 2 nass spectronmeter. Both GC°

and M5 utilize conputer software for instrunent control, data
- acquisition and data reduction. The conp, platform should be capable

of acquiring at |east 2000 nass sgectra ut 7 m nut es.
The sanple m xture to be anal yze it ' nto a GC where the
m xture components are separated as a function of reten- tion tine,
typically on the Hastsjol Dol lingjporpt. Oy paftial PR&ERA TihedPNi C
resol ution of m xtjgrEs ﬁg‘%{ sary. e Gp Y/ ETHIRT fture is
usual l'y prograned O 3 TES W AT g e Tt “x“ g PY S5 S may
also be identifie = (.C§CL ecTot $l2bll G.M Fane—rontZ LII Cr 5 = or,
atom ¢ em ssi on deesgF—i-herred € ety et tot—t—eat£ n
capture detector. p—3 liC4 2 —-pa-r-t-i-aJ-J#@é-e-pLE%ﬂ d
conponents are thdn# i8€3 odiiced 1 #Pal 43 Jas& [snodt 1oy L2440 iésr n c
flow conditions. LS nﬁS&GC opet e dddss |athsphéric| dré8édut.308%0d a MS
under vacuum cor{di4i ¢@8S (about L@Pek A3 KPEA | ¢ i ndtr ubEi0si|nt.&% sce
requires a couplfiny desece such|ag ldandl $5cil 2 |separ at pri.16.191.773 ¢t ,
menbr ane, etc.),] opencspl it couplaeri a3 [cspifly2mjy direct nmpvdariageito
efficiently trarSTgr |@eBpI € Whi | &7 B 189 NOzecar 1 € ORg Gp et vos

10 1C5/-2 39 | 53 | 68 1.775 | 1.796

11 IC5= 27 141 1 55 | 70 1.794 | 1.840

12_iC5/-2 | 39 | 53 | 68 1.796 | 1.839

13 |C5/-2 39 1 53 | 68 1.839 | 1.873

14 |C5/-4 390 | 40 | 65 | 66 1.856 | 1.882

15 {C6= 27 41 | 55 1 56 1 69 | 84 | 1907 | 1.934

16 |C6 20 143 | 57171 | 86 1.926 | 1.973

138 {ClBenzothio | 145 147 | 148 7.701 | 7.849

139 [2Me/-12 141 | 142 7.722 | 7.770

140 {1Me/-12 141 | 142 7.820 | 7.861

141 |C2/-12 141 | 156 8.285 | 8.382

142 |Phenanthrene | 178 9.500 | 10.000

a) Rule number, integer index
b) Compound or group of compounds rule applies to, for example
C3= refers to olefin or cycloparaffin with 3 carbons
CE/=2 refers to diolefin, dicyeloparaffin or cyclo-olefin
with 5 carbons
cs /-4 refers to triolefin, tricy.cloparaffin, dicyclo-
olefin, cyclodiclefin with a total of § carbons
ClBenzothic methyl substituted benzothiophene (CpHan-10S)
©) Masses used in Rule [up to n may be specified, where n is an

integer which is egqual to the number of masses scanned during the



Dependi ng on the nature of the sanple,
directly into a M5 using a direct

separation step. Qther thernal separation techniques not

may be used to introduce the sanple into the nass

Fn the M5, "sarggendtegsccul es are bonbarded with high energy pefbeghésens

the m xture may be
I nsertion probe w thout a prior GC

i nt roduced

i nvolving a GC

spect ronet er.

t hereby creating nol ecul ar ions which fragieat in a pattern
characteristic of the nolecul ar species involved. A continuous series
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of mass EeiPI AT dIbsEtRCtP SUty 283 PRYF PHFEESBPE 257 0r nore

dal t ons to at | emetitdblhgdmddedns. The nmass spectral data may al so be

acquired

node,
of

I nstrunents nmay be used including | ow resol ution,

in the §§iﬁ€1§{jﬂd}r‘f@9béh0§émy(qs'am HRAR elgdctdie-atheched i on

care nmust be taken to select ions representative of the conponents

i nterest and FWp’é?’&P@%ﬁtféP”r‘ébe‘é’Fﬁiﬁeé PoRtErPDNS.

A variety of M

hi gh resol ution, VS/ V5

(hybeid or triple quadjUuR@bfencEleteenrib®R ik GhOiHeRidtESNRANGEr WA mass

spectral ion grouping selected for use in the Chemist‘’s Rules for each

of the selected compound types or specific molecules identified in

Table 2. Such corrections are necessary due to slight shifts in

retention times which may result from column degradation, celumn head

pressure fluctuations, changes in column carrier gas linear velocity,

or minor fluctuations in the GC column cven temperatures or other

causes. The calibration step generates a series of correction factors

for the entire GC/MS data file. The resultz of applying such correc—

tionas are shown in Table 3.

Mass
{a)

58
78
92
106
128
142

{a)
{b}

{e)
{d}
(e)
(£}

TABLE 3
Reference Calibration
Time Type Limit Time Correction
—ib} iley, {d) {e) —y
1.652 ? 1.642 -0.010
2.556 P 0.100 2.549 -0.007
3.863 P 3.862 -0.001
4.917 P 4.933 0.016
7.148 P 7.163 0.015
7.746 P 7.770 0.024

Mass or compound selected for the calibratiocn.

Expected occurrence time, typically based on average of several
analyses.

P=Peak or maximum occurrence; F=First occurrence of the mataerial
Range (+ minutes) for reference compound

Observed retention time for reference material

Correction to be applied between reference materials {column a).
Correction for the first material is from initial time to
calibration time; correction for the second material is between
first and second reference materials; and the last correction is
applied to end of data acquisition.

Once the correction coefficients are detsrmined, the actual

Rules are then determined. In the case af research octane number

prediction, a total of 142 Rules i= used based on compound or compound



time of flight. Any ionization technique may be used, such as el ectron
i-oni zation, chem cal ionization, multiphoton ionization, field
desorption, field ionization, etc., provided that the technique provi des
ei ther nol ecul ar or fragment ions which are suitable for use in the

anal ysi s pr ocagy o113 The results of sanpl e angdvgdeso@dsc a
‘series of [err] mass spectra. The nass -spé&ctra are divided into n tine
intervals where n is an integer from1l to [err]. At |east one diagnostic
don is chosen fr f time_intervals where is an integer from1l
to n. The term ’g;%‘?'agﬁ%gffké‘%ﬁ”‘ r e rach g“%ri i‘c?ﬁt\ﬁ?i %ngt'féﬁtflgs fative
of a com  pourf¥=berscif dpeexpinedss Fhepe gharertasisnigowss pumbenst ot renge

physi cal propesrty I es | wHetdl nf DL At iredRURHbERE 14y D QhEBE ABRISHBECt T a

are obt ai ned i or .selected ion,node,. it 1S inmportant .,that the
nmass spectra be B%B{"%%n%’gl%g’n ‘é'?bego"nfgf?]i%ﬁ%&q\kﬁ?’cﬁe%gl'?°“§7F°é¥8’dirﬁ 58 t92Es

i ons of suitabl &Palr] spegrcahaxprterishic meiss \nugbel saoeU Li@ytrated. The ion | f
the rrazstp_ect r ancelioiay 6f &ﬁélliiaﬁﬁi kdk bl ﬁiﬁ%é@ﬁ'«ﬁmed Jibﬁmaﬁéuﬁﬁa}ge
covered during t cgui sition should be sufficient tg rqvi de

acqui sition of a‘PF %fvg%ﬁg 7"3%’5“ \%ﬁecﬁig%gﬁlfﬁrb"é"ﬁs"é‘a"asme G?ﬁ%ﬁﬁs’t’?c"\"ﬁ'ﬁs
.during mat henat i%C&I2 SrRRAEneRE tha Hickrleasin Tamdetd &br thix demonptrathen nass

spectral data arspan@quir esblend tiBeshoth Qat &4 &ftirely"BRI1bMINgEkaRPLECs. t hen care
nmust be taken that the ions selected for nonitoring are suitable for use
in measuring the conmponents of i nterest. The sanpl e mass
spectral data are then conpared to mass
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--12 - I nverses", SIAMJ. Sci. Stat. Conput., 1984 5(3), 735-743, or

Gel adi P., and B. R Kowal ki, "Partial Least Squares Regression: A

Tutorial", Anal . Chim Acta, 1986, 185, 1-17, or Hokuldsson A, "PLS
_Regression wdgress”, J. Chenonetr.ics, 1988, 2, 211-228, pefrnishsaeswiy

ot her articles In journals such as thé*Journal of Chenonetrics or

Intelligent Labora- tory Systens; Prank, |I. and J. Friedman; "A
-Statistical Vievwpdeh; 33 Bnundand RPRITE! I CEorRe 028 Hollkvi@QhStne d6ANONELTI CS,

1993, Vol. 35, No. 2; Jackson, J. E., "A User's Cuide To Princi pal

Conponents", WI ey- | ntersci ence, NER#¥8I%, 1991: Montgomery, D. C:

and E. A Peck, "I ntroduction To Linear Regression Analysis'",

W leyzlntersciengmidieipie: YOrk, 1990; and;MilakeRtina Hsing2flh Enediadess

"Mul tivariable Calibration", W ey-Intersci ence, New Yor kbho%:?ggb'

Wien dealing with a conplex mixture, it FEeRaHREXLFY Srgerience. N

. greater than 30% of total raw
abundance.
Air Leakage: . total ionization due to air (m/z 28,

32, 44, 44) useful diagnostic for

instrumentation difficulties.

Average Scan Rate {Min/Max): shows the minimum, average and maximum
scan rates during the GC/MS analysis
and is a useful diagnostic to identify

instrumental problems.

Number of recordss is the number of mass spectral scans

acquired during the analysis.

The analysis summarized in Table 4 is done for each reference
sample. The results from these respective analyses form a tralning
set which is subjected to mathematical treatment. The goal is to
develop a model that can be used to predict the unknown properties of
future samples using their mass spectral data only. The mathematical
treatments are described by multivariate correlation techniques such
as Projection to Latent Structures (PLS} or otherwise known as Partial
Least Squares (PLS), Principal Component Regression {PCR), and Ridge
Regression (RR). These tachniques are superior to ordinary multiple
linear regression in their ability to treat collinearity amongst
variables in the X~block or GC/MS data matrix (and Y-block or
properties matrix for PLS}), and in their ability to handle the

* quantity of data generated by the Chemist‘s Rules. Ordinary Multiple

Linear Regression cannot be used to treat collinear variables.

PLS/PCR/RR are numerical analysis techniques for detecting
and formulating a mathematical structure {model}) within a data set



sel ect appropriate masses or groups of masses at specific retention
times for a particular conpound or classes of conpounds. The sel ec-
tion of such nmasses are the basis for a set of rules which then forns
the data for the training set. There are no set procedures for such a
.Sel ection proowesreiige researcher nust sel ect appropriate npeross6hess
conpounds of interest. For exanple, notor- &asvlines typically contain

paraffins, cycloparaffins olefins and aromatics. It is knoewn that
-paraffinic hydraqcar s vyield fragnent .ions Se 3..57, 71
... daltons, an ?ﬁtai%g %égeé?“v’ﬁvg s E%f%a”s'f%'l %‘”‘3%6’5% %38?tst'hi%a°3 I %3?‘:

of conpounds. Mhag®Rrepciakhd yitho i cbsemvptirnscfammpibirle yarithien, the lagter

pf)ssi bl fe to i demgkﬁgllcamem _Elﬁt boRecLf sRAe Mlﬁiﬁﬁ%&?&s%&ﬂ&i&ﬂﬁ

class of compounds. .ln a sinm.lar manner, trajning set ot her

cheni cal , perfo;lr'%a?\cté'? BEPIEI RIS BhEA Eglf ‘ﬁggrpéf‘ﬁiésg%msffv%}’“

devel oped by corssgisked) withpbls vagighias dmtthe \i-bhoak arer rest baedr famsa of

cint ﬁreSt’ ei g., comhdn ?ﬁad’eaﬂqecm\éi&GQ%ia; i’hﬁnféa.ﬁé)he lobkdivatiBhs aesdtihedd a
mat hematical tre nt ch .as. P R of the traini set is.a set

of coefficients "?%g%taﬁjé&gre%ﬁle'rtthﬁgyss,'{’g <X ﬁf“@?"ésﬁ".""m‘“ i 118 Case) Hhese

coefficients ar&eakegdpiron|grpfasded phathmay| beadifferink for qagh vapbabignp(The The

result is a predatsise8 viedttdCcdh@biuet knRb QRCAINALOEaL modePliQDAVERERA  ¥hiaeh can

then be used totggngordgl ctﬁfnrg ;%Qdda?r ocess and product quality; or to
control various refinery Or chem cal process operating units dependi ng

on the quality of the feed stocks or
The common use of PLS/PCR/RR is to apply the model developed

from the calibration data set to X-block obsarvations realized for new
objects (not in the calibration dataset) to predict values for the
corresponding variables in the Y-block for these new objects, without
having to execute the Y~-block processes used in the calibration
dataset. Using diagnostics that are simultaneously generated by the
PLS/PCR/RR model, assessment of whether." the naw objects can be
adequately deseribed by the model, and whether the model is used in an

extrapolation mode versus interpolation mode can be performed.

PLS/PCR addrasses the collinearity features in the X-block
and Y-block, by suitably reducing the dimensionally in both X and ¥
blocks (for PLS}, and X-black only (for BCR) to form the model.
Collinearity is a term referring ta the existence of relationships
between variables within the block itself. In the PLS medeling
algorithm a number of independent dimensions in the X- and Y-blocks
are identified by forming pseudo-variables known as principal
components or latent vectors through different sets of linear combina-
tions of original variables in each block. Each set of such combina—-
tions constitutes an independent dimension. It comprises a set of
.coefficients that each value associated with each variable in the
block is to be weighted by to arrive at the new value for this dimen-
sion. The values for the new, reduced dimensions in the Y-block are
regregsed onto their counterparts in the new, reduced dimensions of
the X-block to arrive at the most parsimonious dimension size (number
of latent vectors) and their associated weights, with the final goal
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--13 - products. Moreover, variances in properties serve to pronptly

al ert operat ors of upsets/changes in operating conditions which could

i nfl uence product quality. The nmethod of the invention is further
iflustrated by wbenfigdsl owi ng exanpl es, EXAMPLE 1 PCT/US96/06591N €

met hod for predicting the physical, percept#al, perfor- mance or chem cal
properties of a conplex hydrocarbon m xture such as a bl end product or

bl end stock or refi f eed, JILEL medj gt r final
streamis dermns?r aat&gdyﬁnﬁgf %ﬁmlﬁgﬁ’p e,ggggo ‘é‘s@’ée CRESE: 2 aéng %ﬁ er (RON)
as the specific PrEIRIE vPiRT ﬁtR’-ﬂﬁ‘SéS”GPles-l IThe stumbey of . difaesiopg Merd tx

general |y appl i cabmzm @hd auagén @ RtiBined aﬁ.-aw{ mﬁﬁzmeaeaftae:sx@mwl I
as physical, per ro s_of _suc

The initial consider at | gﬁﬁﬁsg Fégd"gﬁ é%r Lpg F s&f‘“ﬁséhacé’fnai(ateéﬁ%cm“
oper ati ng par aneValidagion: {fEh) P?@nmemiamahywremxndaand #ngy following

.predi eting properht gendrat widedigaesindid QEideRSl, Stent operating condi -

For PCR, the number of independent dimensions in the X-block
are first selected and identified in a similar fashion as in PLS by
forming principal components. Then, for each variable in the Y~block,
a model is obtained by performing ordinary multiple linear regression
using the Principal Components as *Prediction Variables®.

For Ridge Regression, the collinearity problem is dealt with
in a different manner than PLS/PCR. Here a diagonal matrix known as
the Lambda Matrix is added to the Covariance Matrix of the X-block
with the net effect of stabilizing the numerical computation needed to
obtain the model coefficients. The seléction of Lambda values is
through optimization of PRESS criterion using cross validation of the

training set.

Thus, the Chemist‘s Rule data for the various reference.
samples derived from GC/MS analysis form the X-block variables.
PLS/PCR/RR treatment may require preliminary reorganization of the
X-block data, such as .transposition and removal of redundant data and
constants or mathematical transformations. The Y-block variables are
the property (or properties) to be predicted, and may also require
mathematical transformations such as logarithmic or geometric, as wall
as reorganization. The data blocks may be represented by:



tions. The GO MS instrunment used in this exanple is a Hew ett-Packard
5972 Mass Sel ective Detector interfaced to a Hew ett-Packard 5890 Series
Il Gas Chromatograph fitted for use with m crobore colums al so fitted
with a Vortex Cooler for rapid colum oven cooling and a liquid sanpl i ng

val ve. " woomeiss The GCU/ MsS operating conditions are sarnspéassd i n

" Tabl e 1. WD 97/01183 - 24 -

PCT/ US96/ 06591 - 14 -

. Table 1 GC Conditions Colum Phenyl
Silicone(such as HP-5)10 mx 0.1 mm XBLPEK WAE¥Sh i1 m thi ckness
Tenperature Program (| Bhednidd s TRINRE! @ Wrp1dd & 1d2Q013mns) ) Initial
Ti me (m nutes) 3 Program Rate ([err]C/ mi nute) 30 . Final

Tenperature ([err] @) x2,12303%y,2 dqiopal Ji.re @q] et €sXi,141 %1,142
2,1 X2,2 X2,3 X2,140 X2,141 X2,142
X3,1 X3,2 X3,3 X3, 140 X3,141 X3,142

. L] - (3 » . -

%n,1 Xqn,2 %n,3 Xn,140 %n,141 Xn,142

Y~-BLOCK VECTCR

[ Measured Property or Properties (n samples} |

The Y-block may be a single observation per set of Chemist’s
Rules as shown above, or it may be a n x m matrix of cbservations

where there are m different properties to be predicted.

The results of PLS/PCR/RR treatment of the training sec data
are a series of coefficients. Raw GC/MS data from an unknaown sample
{or samples) are then treated by the Chemist‘s Rules first to corrsct
the retention times and then to form the ion summations. EBach value
for the Chemist’s Rule ion summation result is then multiplied by the
training set coefficients and summed to generate the prediction of the
desired property. This is shown in Figure 2 which is graph of
predicted vs. measured RON values for the training set. Figure J is a
graph showing predicted vs. measured RON values for the test set.
rigﬁras 2 and 3 illustrate the quality of the predicted research

octane values for both an unknown test set of 500 samples acguired



| nj ection Val ve Tenperature([err]C) 70 Injection Valve On (m nutes)

$.01 Injection Valve Of (m nutes) 1.15 Injection Port
Tenperature([err]C) 275 Injection Volunme [err]L 0.5 Carrier Gas
Hel i um Li near Vel ocity 25.6 Split Ratio

- 500:1 Col urm kWeed7dlissss. kPa . Approx. 260 Interfacpcrresseosssi ur e
([err] O 280 Vortex Cool er Deli very Ai2s Pressure (psi) 55 Cool er
Of (m nutes) 4. 00 Cooler On (m nut es) 10. 48
Mass Spectrometer Conditions Mass Spectroneter ‘On (m nutes)

1.00
| oni zati on Mode °r~line on a motor 9”°‘I§P§c"t‘t‘6‘?‘f“l BHPEREPDT° SRS BV HBRHTAET T Rhs s
Range Scanned ( cedtamnengine (ASTH)DAZHRSEMI.e ThenréaiinthesSyredicted RON valu®s 003

In order to pred&&ieeofzﬁp‘éﬁiﬁiﬁé eqai@nvm&mwnﬁwéa Qhd'sRNbe nilinkkWee, it is
first necessary to select reference sanples having nown val ues of the

property or propertHBs Hraqs gealine RRAE nether t‘a"“@’?cﬁetsanﬁeeg”egr‘%“ﬁsed to
forma traini ng eetnemsumdsoiliege dob ekgular Sinleadel Undoticket aventgst3 pWERALI627 )
sanples conpri sedot Qo L@ldy,Ng set for RON. These sanpl es were anal yzed
under on-line conditions over a 12 nonth period and covered the range
89.3 to 96.9 RON (ASTM D 2885-90). These sanpl es were chosen from over

26, 000 sanpl es ExaMpueEczl during testing

The procedure of Example 1 was repeated for predicting motor
octane number (MON) for motor gasoline. The same 627 member training
set was usaed, with the Y-block values from an on-line MON engine. The
same suite of on~line unknown samples were used in the prediction of
motor octane number. Pigure 4 is a graph of predicted vs. measured
MON values for the training set. Figure 5 is a graph of predicted and
measured MON values for an unknown training set of 500 samples
acquired on-line on a motor gascline blender referenced to the on-line
motor octane engine {ASTM D 2855-90). :me error in the predicted MON
values verses the on-line engine values at high MON values is due to
the sparse number of premium unleaded samples in the training set.
This error can -ba offpet by a biag correction (of approximately 1.5
octane units) when used for blending control. The predicted vs.
meagsured values for regular unleaded gasoline are mostly within +/-
0.5 MON units.

EXAMPLE 3

The procedure of Example 1 was raepeated for predicting
distillation + losses (D+L) at 15B8°F (70°C} for motor gasocline blends.
In this example, a training set of 259 members was used with the
¥~block data baing the laboratory inspection data on once per blend
samples. The data ranged from 15.8% to 51.5% with an average value of

. 36.9%, the samplas were analyzed in accordance with ASTM D 86~90. The
results for the model training set parity plot are in Figure 6 which

is a graph of predicted ve. measured D+L at 158°F.



over a 14 nonth
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(met hycycl openta- di enyl manganese tricarbonyl). The 627 sanples in the

period as representing the variation in gasoline
PCT/ US96/ 06591
ng using 9 different refinery streans and MMI

training set wipdmdssr t her chosen during periods of stabl e pigrassiossy

data. Two types
and Hydr ocar bon
D 2789-90 "Test

operation at average blend rates of 2230+ 28arrel s/ hour. A

data treatnent nmethod should be selected prior to obtain- ing raw GC/ M5
of treatments which may be used are Chem st's Rules
%ﬁg%gd Type Analysis as described, for exanple, in ASTM

calibration sectipon.to. correct r ntiog. 1.l ohv € | e, het ween
zero and the ti n%i’\fﬁ%]f?tg‘mgi"v °r?’°’p2ét§"o“ctcg?}sl;?”§%3 éi’z?‘"t‘ e gc%%f%?"%ul es whi ch

Met hod for Hydrocarbon Types in Low Aefinic Gasoline by
Mass Spectronetry”. Cheghes brdceliteCst shiipdé iCuid\ReSRRad Abe pradickys: (1)

are based on a skledsedIin $bis esampie mastradniggr sats pb AP MgURF e raGN PRSPt

conpounds or nol ggdlkaiock VWakL De gl CsbokMorl NrshodtBoniaaty dh cas lper mi xture

under investi ga-
the basis
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value of 85.7%, the samples were analyzed in accordance with ASTM D
86-80. The results for the model training set parity plot are in
Pigure 7 which is a graph of predicted vs. measursd D+L at 302°F.

EXRMPLE S

The procedure of Example 1 was repeated for predicting
distillation temperature at the 50% distilled point (T50) for motor
gasoline blends. In this example, a training set of 261 members was
uged with the Y-block data being the laboratory inspection data (ASTM
D 86-90) on once per blend samples. ‘fhe data ranged from 153.8 to
236.3°F (66.7 to 113.5°C) with an average value of 191.0°F (88.3°C).

The results for the training set are shown in Figure 8.

EXAMPLE 6

The procedure of Example 1 was repeated for predicting
distillation temperature for 90% distilled point (T830) for motor
gasoline blends. In this example, a training set of 261 membexrs was
used with the Y-block data being the laboratory inspection data (ASTM
D 86-30) on once per blend samples. The data ranged from 263.5 to
349.7°F (128.6 to 176.5°C) with an average value of 319.6°F (159.8°C).
The results for the model training set are shown in Pigure 9 which is
a graph of predicted vs., measured T90 in °F.

Other properties of motor gasoline blends such as upper and
lower explosive limits, vapor preasure, flash point, viacosity, heat
content, total aromatics {or aromatics by species), reformulated
gascline gqualities, stc., could be predicted using the method accard-
ing to the invention. The subject method can also be applied for



t hat they have prom nent nol ecul ar and/or fragnment ions unique to that
conpound or nol ecul ar series. A portion of the Chemst's Rules are shown
in Table 2. A full set of Chemist's Rules for notor gasoline are shown

foll owi ng Exanpl e 6. WD 97/ 01183 - 16 -
PCT/ US96/ 0659 _ TABLE 2 PCTAISI6/6391
" Chem st's Rul égqgg’rlml%gas : -~ 27Retention Tine[err]
Rul e[err] Conpound[err] Masses[err] Start End- 1 C3=
.27 41 42 1.560 1.590 2 C3 29 43
44 ;pradmpsqgems of other type# ©f complex hydragurbep Jisgores.

- 1.605 1.624  such as‘4iieBéD fuel, jet fuel]OkerédenebCheating oil, reformatel. 624

1.680 5 = . 4 . J0 . 1.68 1,708

6 C5 al@atig spgcfxélt% %Zlvené‘s, ééc., T 7%;51 ai_r.?g:g)exy or é}n aZC5=

27 41 55 70 process feed stpeRmcintprmepiate streams Qnd QFraducts. 29.. 43 57
72 1.739 1..794 9 (b= 27 41 55 70

- 1 772‘1 794 ’ 101.‘5&:-.@'/&}2: sévaral. =o§lgoneg§a c§’8blended*. gamlmmglgighé 796

measured dirasctly on-line using instrumentation such as described in
thig patent. These materials include, but are not limited to, water,
hydrogen sulfide, benzene, toluene, the isomeric C2 benzenes through
C7 benzenes, substituted and unsubstituted indans, styrenes,
napthalenes and heavier aromatics or partially hydrogenated aromaties,
and various hydrocarbon or oxygenated gompound types across the antire

carbon numbher sange common to gasolines and/or cother materials bolling
balow 350°C.



11 Cs5= 27 41 55 70 1.794 1.840 12 C5/-2

39 53 68 1.796 1.839 13 C5/-2 39 53
69 1.839 1.873 14 C5/-4 39 40 65 66
1.856 1.882 15 C6= 27 41 55 56 69 84 1.907
1.934 Mo 9fifi183 29 43 57_271 86 1. SGrusberikéol -
'138 ClBenzothio 145 147 148 ' 7.701 7.849 139 2Me/-12
141 142 7.722 7.770 140 1Me/-12 141 142
7.820 7.861 141 C2/-12 T | 10% 81 283
8. 382 . 142 Phenant hr ene 9. 'EOB_ 1D. 000
a) Rul e nunber, integer index &/ EISR | QI S(H §1§:§1§¢5§L§§P:Ie
applies to, for exanple { S g E«ar;ﬁ_x.o.a.eﬂu\_:m.cw paraffin
with 3 carbons C5/ -2 s |t iplef|nl dicyel pparpffimn or
-cyclo-olefin €€ = : -—eHers to
triolefin, tricycloparaffin, otefih,
cyclodiolefin with a total of Qi iSickRErRpEpIareinielis
"substituted benzot hi ophene (J 54§'§§r~.w_§§§ _'g_s%na‘ﬂ__.ﬁé[up ton
may be specified, where nis iintteger” hj ch sehua'l'tot'ﬁ]e nunber
of masses scanned during the
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- 17 - tinme interval (d) either in full scan node or selected ion
noni t ori ng nodel . d) Retention Tinme for both starting and endi ng expected
retention | ti mes based on historical averages in mnutes.

‘A reference reWoa7omedtine is then determnegd for each nass P‘ﬁ&ﬁé‘*‘?@' ion . -
groupi ng selected for use in the chemst's | es for each 0 | ected -
conmpound types or specific nolecules identified in Tabl e 2. Such
‘corrections are necessary due to slight shifts in retention tinmes which
may result from col um degradati on, colum head pressure fluctuations,
changes in colum carrier gas linear velocity, or mnor fluctuations in
the GC colum oven tepperatures or other causes. The calibration step

gener-ates a series offcprf ct;an fapt prg Log{Fhe eualre atja file.
The results of applyi g} m_u@bwéwv %@% b JRbl el 3
TABLE 3 REBISIEI =| 2] 2| S| =IQIRIZIR IS | 21 G 2 (3 DR | Jfess
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58 1.652 P 1. 642 -0.010 78

2.-556 P 0. 100 2. 549 - 0. 007 92 3. 863
P 3.862 -0.001 106 4.917 P
4.933 0.016 128 7.148 P 7.163
0015 142 °  woeTmitdHd P 0 - 7.770 g WOM
(a) Mass or conpound sel ected for the calll%ration (b) Expeg{
occurrence tine, typlcally based on average of several anal yses.
(c) P-Peak or maxi num occurrence; F=First occurrence of the materi al (d)
Range ([err] mnutes) for reference conpound (e) CObserved retention tine
for reference nateri al (f) Correction to be applled bet ween reference.
materi al s (col um a)- rTegt o Hor—tire—first—rat-ettt——to—tme
initial time to fbraticn tijmg; |[carrjedtijor] flor} tth e¢01d nmat pri al
i s between first ST TSGR TS| gt secl arkin
correction is ap D= ot Bt Tare B d ;e§mstﬂmﬂn~q~th.ﬁhmce
the correction coefficientls larle |ddt dr i fed, |t He |adt yal eS| arel THeh
determ ned. In the cas f! re edrdh fodt dnd dunbdr redicti ény & total of
142 Rules is used based or1 corfpcurd or| gonpdund
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i dentifications.

where n is an integer
limts for
I n

scanned or thewowmbrss of sel ected ions bein

series
nunbers i s determ ned. These characteristic nass nunbers can range

i s shown

sanpling of the 142 Rules in Table 4 for this denonstration

of the masses for each Rule are sunmed within the upper
Tabl e 4

fo seven characteristic nass nunbers are
retention tine

from1l to n,
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greater than 30% of total raw abundance.
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val ue of 85.7% the sanples were anal yzed in accordance with ASTM D

86-90. The results for the nodel training set parity plot are in Fi gure
7 which is a graph of predicted vs. neasured D+L at 302[err]F. EXAMPLE
5. The procedure of Exanple 1 was repeated for predicting
distillation t WQevmIsare at the 50% distilled point (T50) folra%l .
gasoline blends. In this exanple, a trainimdg2set of 261 nenbers used -

with the Y-block data being the |aboratory inspection data (ASTM D
86-90) on once per blend sanples. The data ranged from 153.8 to
236. 3[err]F (66.7 to 113.5[err]C) with an average value of 191.0[err]F

(88.3[err] Q). The results for the training set are shown in Figure 8.
The procedure of Exanple 1 was repeated for predicting distillation
tenperature for 90%distilled point (T90) for notor gasoliné blends. In
this exanple, a training set of 261 nmenbers was used with the Y-bl ock

data being the | aboratory insfectip® data (ASTM D 86-90) on once per
bl end sanpl es. The data ran 'ﬂ frdtrg263.5 to .349. 7[err]F (128.6 to
176.5[err]C) with an averagq val u& ef 319. 6[err].F (159.8[err]C). The
_results for the nodel trai nlgﬂg; setg'gre shown |n.§:| gure 9 which is a
graph of predicted vs. neasyrgd TQ,p,_‘l nl[err]F. & O her
properties of notor gasoling Pl endS asuch as uppe?* and | ower expl osive
limts, vapor pressure, fla§h E Y viscosity, theat

n,
©
=3

refers to diolefin, dicycloparaffin or cyclo-olefin
refers to triolefin, tricycloparaffin, dicyclo-olefin

refers to olefin or cycloparaffin with 3 carbons
with a total of 5§ carbons

methyl substituted benzothiophene (Cp/Han-108)

Masses usad in Rule [up to n may be specified, where n is an integer whi
the number of masmes scanned during the time interval (d to &) either im £

or selected ion monitoring mode].

start retention time in minutes

end retantion time in minutes
Abundance, both as tota)l sum and as normalized percentage based on Chemi

correction = difference between start and cstart (in minutes)

corrected end time, in minutese
correction = difference between end and cend (in minutes)

Compound or group of compounds rule applies to, for example

corrected start retention time, in minutes

Rule number, integer index

]
o
F-
4
o
o
N c
1 I [
oS~ [}
L I T ~4t
VL Q

a)
b)
c)
d)
e)
£)
9)
h)
i)
1)



content, total aromatics (or aromatics by species), reformulated

gasoline qualities, etc., could be predicted using the nethod accord-

ing to the invention. The subject nmethod can al so be applied for

WD 97/ 01183 PCT/ US96/ 06591

- 27 - pr eggrdrion@s properti es of other types of conpl ex hxanssssn

m xtures. such as diesel fuel, Jet fuel , Jgerosene, heating oil, reformate,
al kyl ate, specialty solvents, etc.; as wel'l “as refinery or chem cal
‘process feed stocks, internediate streans and products. There
are several conpments of bl ended gasoline which can be neasured directly
on-line using instrunentation such as described in this patent. These:

materials include, but gre nQL) | 'ﬂ‘p&@&s&%orW%B@:Eoud};YQKé)Qf&dﬂH £4 de,
benzene tol uene, the isone benzene nzenes

substituted anBFALtAs?S lbﬁ?’ﬁlds‘f"r‘fﬁ%\rﬁ"h Hmrfﬁ’%l"“%n%?}f‘ﬁﬁlléﬁ%§hﬂhﬂb%§av| er
aromati cs or pasa® @linyo rdleaagemedilend poaduct vhictanomprasdseus hydr ocar bon or
.oxygenat ed conpound types across the entire carbon nunber range common to

gasol i nes and/ Q&) ot fectiRbedt Bdast el pHygical R Ve 16T fdrEornance or

chemical properties of a least one blend stock or blend product;

{b) selecting reference samples, said reference samples containing
characteristic compound types present in at least one blend stock
or blend product and which may have known values of the property
or properties selec_:ced in step (a);

{c} producing a training set by the steps of:

(1} injecting each reference sample into a gas chromatograph
which is interfaced to a mass spectrometer thereby causing
at least a partial separation of .the hydrocarbon mixture

into constituent chemical components;

(2) introducing the coanstituent chemical components of each
reference sample into the mass spectrometer, under dynamic
£flow conditions;

{3} obtaining for each xeference sample a series of time

resolved mass chromatograms;

{4) calibrating the mass chromatograms to correct retention

times;
{8} selecting a series of corrected retention time windows;

{6) gelecting within each retention time window a series of
molecular or fragment ions, said ions being representative of
’ . characteristic compounds or compound classes expected within the
retention time window;

AR 1) IIIII Il




WO 97/01183 - 28 -

PCT/ US96/ 06591 [err] WD 97/01183 - 29 -
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’ WO 97/01183 X “ PCT/US96/06591

{a)

{e}

(£}

{-)

(7} recording the total amount of each characteristic compound
or compound group selected in step c(6);

{8) forming the data from steps c{6) and ¢(7) into a X-block
matrix;

{9) forming the property data selected in (a) for reference

samples selected in (b) into a Y-block matrix;

{10) analyzing the data from steps ¢(8} and ¢(9) by multivariate
correlation techniques including Partial Least Squares,
Principal Component Regression, Ridge Regression to produce

a series of coefficients;

subjecting at least one blend stock or blend product sample to
steps ¢(1) to ¢{3) in the same manner as the reference sample to

produce a series of time resclved mass chromatograms;

repeating steps c{4) to c(8) for each mass chromatogram from step
(a);

multiplying the matrix from step {e) by the coefficients from
step c(10) to produce a predicted value of the property or
properties for the at least one blend stock or blend product

samples; and
using the predicting values of a selected property or properties
of the at least one blend stock or blend product sample to

control the amount of blend stock in the blend product.

2. A process for controlling or monitoring chemical or

refinery processes which utilize feed stocks and/or produce products
having boiling points less than about 350°C which comprises:

{a}

selecting at least one physical, perceptual, performance ar
chemical property of at least one feed stock, intermediate stream

or process product;

I
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{b) selecting raeference samplas, said reference samples containing
characteristic compound types present in the at least one feed
stock, intermediate stream or product and which have known values

of the property or properties selectad in step (a);
{¢) producing a training set by the steéps of:

{1) injecting each reference sample into a gas chromatograph
which is interfaced to a masg spectrometer thereby causing
at least a partial separation of the hydrocarbon mixture

into constituent chemical components;

{2) introducing the constituent chemical components of each
reference sample inte the mass spectrometer, under dynamic
flow conditions;

{3) obtaining for each reference sample a series of time

resolved mass chromatograms;

{4) calibrating the mass chromatograms to correct retention

times;
{5) selecting a series of corrected retention time windowsa;

{6) selecting within each retention time window a series of
molecular and/or fragment ions, said ions being repraesenta-~
tive of characteristic compounds or compound classes

expected within the retention time window;

{7) recording the total amount of each characteristic compound
or compound group selected in step c(6);

(8) forming the data from steps c{6) and c(7) intoc a X-block
matrix;

{9) forming the property data selected in (a) for reference

samples selected in (b) into a ¥Y-block matrix;

R ) R



32 [err] WO 97/01183
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{q)

{e}

(£)

(9}

{10} analyzing the data from steps c(8) and c(9) by multivariate
correlation techniques including Partial Least Squares,
Principal Component Regrasssion, or Ridge Regression to

produce a series of coefficients;

subjecting at least omne refinery of chemical process inter-
mediate, product or feed stock sample to steps c¢(l) to ¢(3} in
the same manner as the reference sample to produce a series of

time resolved mass chromatograms;

repeating steps c(4) to c{8) for each mass chromatogram from step
(d);

multiplying the matrix from step (e) by the coefficients from
step c{10} to produce a predicted value of the property or
properties for the refinery or chemical process sample or

samples; and
using the predicted values of the property or properties of the
refinery or chemical sample or samples to control the refinery or

chemical process.

3. The method of claims 1 or 2 wherein the gas chromato-—

graph is a capillary gas chromatograph and the mass spectrometer is a

guadrupole mass spectrometer.

4. 7The method of claims 1 or 2 wherein the gas chromato-

graph and mags spectrometer are operated under repeatable conditions.

5. The method of claims 1 or 2 wherein the selection of a

series of molecular and/or fragment ions characteristic of compounds

or compound classes is accomplished using Chemist’s Rules.

6. The method of claims 1 or z_whe:ein the selection of a

series of molecular and/or fragment ions characteristic of compounds

or compound classes is accomplished using Hydrocarbon Type Analysis.

R
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7. The method of claims 1 or 2 wherein data from the gas

chromatograph and mass spectrometer are stored in a computer.

8. The method of claims 1 or 2 wherein data from steps (c¢)
to (f) are treated in a computer.

9. The method of claims 1 or 2 wherein other performance,
perceptual, chemical or physical properties of the hydrocarbon mixture

are selected.

10. The method of claimg 1 or 2 wherein the data are
collinear.

11. The method of claim 1 wherein the multivariate correla-

tion technique is Partial Least Squares.

e
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1. (a) A process for controlling the blending of a plurality of blend
stocks each havi ng boiling points | ess than about
WO 97/01183 . PCT/US96/06591
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350[err] Cinto at |east one blend product which conprises: (a)

sélecting at |east one physical, perceptual, performance or chem cal

properties of a | east one bl end stock or blend product; (b) selecting

reference sanples, said reference sanples containing characteristic

conpound types WPOIBHB3 i n at | east one bl end stock Of pBlBSoRpduct
or properties

and whi ch may have known val ues of the property
selected in step (a); (c) producing a%}gai ning set by the steps of:
(1) injecting each reference sanple int gas chromat ogr aph

which is.interfaced to a nmass spectroneter thereby causing at
| east a partial separation of the hydrocarbon m xture into.

constituent chem cal conponents; (2) introducing the gonsti t uent
chem c¢al conponents Rf each reference sanple intadthe mass

spectromet er, under nam c fl ow conditions; < (3

obtaining for each refg{rence sanple a series of tine * resol ved
‘mass chromat ogr ans; (4) calibrating the mass chromajograns to

correct retention times; (5) selecting series of
.corrected retention tinme \u ndows; (6) selecting wit 1?8 each
retention tinme w ndow a sexies of g
' o
o
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e
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nmol ecul ar or fragment ions, said ions being representative of
chiaracteristic compounds or conpound cl asses expected within the
ti me wi ndow, WD 97/ 01183
PCT/ US96/ 06591 - 44 - (7)
recordi ng the tWOAMHKDbHunt of each characteristic conpound . OF
conpound group selected in step c(6); (8) formng tﬁgrgatas?rom
steps c(6) and c(7) into a X-block mat ri x; (9) formng
the property data selected in (a) for rebBef@®nce sanpl es
(10) analyzing the data

selected.in (b) into a Y-block matri x;
fromsteps ¢c(8) and c(9) by nmultivariate correl ation techni ques

retention

i ncluding Partial Least Squares, o
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Princi pal Conponent Regression, R dge Regression to produce a
series of coefficients; (d) subjecting at | east one blend stock or

bl end product sanple to steps c(1) to c(3) in the same manner as the
reference sanple to produce a series of tinme resolved nass

Ghromat ogr ams; WO97HP3 repeating steps c(4) to c(8) for eachy Eﬁﬁ&ipui g’
(f) multiplying the trix roh1step '

chromat ogram from st ep (d);
(e) by the coefficients from stepefgég) to produce a predicted val ue
of the property or properties for | east one bl end stock or
bl end product sanpl es; and (g) using the predicting values of a
sel ected property or properties of the at |east one bl end_stock or
bl end product sanpl e\to control the anmount of blend stogkg@n the
bl end*product. 2. A process for controlling or ngnitoring
chem cal or refinery Rrocesses which utilize feed stocks and/jor produce
products havi ng boiling points |ess than about 350[err] C whi dh conpri ses:
‘(a) selecting at |east oge pbysical, perceptual, performance qrn
chem cal property of atgl %gt one feed stock, i nter medi ate stTe@m
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or process product; WO 97/01183

PCT/ US96/ 06591
ref erence sanpl es,

- 45 - (b) selecting

said reference sanpl es containing characteristic
| east one feed stock, internediate

conmpound types present in the at
stream or produWMO%M@H8Hhi ch have known val ues of the pep %F%f
properties selected in step (a); (c) producing a training se he

steps of: (1) injecting each refirence sanple into a gas
which is interf to a mass spectroneter

chr omat ogr aph
| east a partial separation of the

t her eby causi ng at
hydr ocar bon m xture I nto constituent chem cal co nts;
(2) introducing the c tituent chem cal conponents of each

referance sanple into t mass spectroneter, under dynam c
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(3) obtaining for each reference sanple a series
resol ved nass chronat ogr ans; (4) calibrating

t he mass chromatograns to correct retention tinmes; (5)
selecting a series of corrected retention tinme w ndows,; (6)
sel ecting w thi wosaeiiss etention tine wi ndow a series of
nol ecul a? and/ or fragnent ions, said ions being representa- PCT/US06/06591
tive of characteristic conmpounds or compound cl asses expect ed
within the retention time w ndow, 8/97) recording the total anount
of each characteristic conpound or conpound group gl ected in
step c(6); (8) formng the data fromsteps c(6) and @) into a
X- bl ock mat ri x; (9) formng the property}] data sel ected
in (ap for referenc sanpl es selected in (b) intof a Y-bl ock
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WO 97/ 01183
- 46 - (10) analyzing the data fromsteps c¢(8) and c(9) by
correlation techniques including Partial Least

mdl tivariate

Squar es, Princi pal conponent Regression, or Ridge Regression

to WEoHMIBe a series of coefficients; (d) jecti n(g at
process inter- medi at e?% or

| east one refinery or chem cal
t he sane manner as the

feed stock sanple to steps c(1) to c(3) br}Q :
time resol ved nass

reference sanple to produce a series of
repeating steps c(4) to c(8) for each mass

chr omat ogr ans; (e)
(d); (f) multiplying the yratrix from

chromat ogram f r om\st ep _
ste e) by the co&fficients from step c(10) to prodyce a predicted
p y p p p
val ue+of the proper or properties for the refinery jor - chem cal
process sanpl e or sanpl es; and o
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(g) using the predicted values of the property or properties@W?ﬁea -7
"¥efinery of chem cal sanple or sanples to control the refinery or
chem cal process. 3. The method of clains 1 or 2 vvherel n f.

gas chromat o- graph is a capillary gas chronmat ograph and
spectroneter is a uadrupol e mass spectroneter.
- met hod of cl ai msmf

2 wher evoRLY Q!!GAng!paph and Vaasd

spectroneter are _operated_under rep e co tions-
The et hod IPERATIGNAL ABLICATIRN PLUB T COOPERATION TREATY (KD

" mol ecul
cl-asses

of clai
fragmen
accdhpl

h 61) Znsiiathunal Puteng Meslficaiion §  Char acterl(ﬁ;m&.adonammamdﬁubu or COVHOPOTNILIS3
i s mpayaww | shed using Chem st'A3 {Ru 6. The net hod
s 1 or 2 wherein the selecti¢n cf‘"hl“““‘g'é‘ﬁ'&"“%\‘““m ecul%‘]““"éfﬂﬁ’:’@?mm)

I ons characteristic of conpounds cozpound Céf,%%,e puent (AT,
EH et donligaieieaPion T95§ ﬂii&l?}sf’é’. BE, CH, DE, Dx,i:s FI, FR, OB/GR, IE, IT, LU, MC,
(22) Internationsl Filing Date; 9 May 1996 (09.05;?6) NL, PT, SE).

(30) Priority Data: Published
08/494,202 23 June 1995 (23.06.95) us With international search report.

(71) Applicant: EXXON RESEARCH AND ENGINEERING
COMPANY [US/US]; 180 Park Avenue, P.O. Box 390,
Florham Park, NJ 07932-0390 (US). /

{72) Inventors: ASHE, Terrence, R.; 1500 Venetian Boulevard Unit
‘W31, Point Edward, Ontario N7T 7W4 (CA). FALKINER,
Robert, J.; 5195 MicMac Crescent, Mississauga, Ontatio
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{54) Tifle: METHOD FOR PREPARING BLEND PRODUCTS

{57) Abstract

Amedlodformu'ollmgtheblendmgofblendmh(wa-wn)havingboilmgpomtslessmBSG'Cintobhndpmducts(24)
with feedstocks and products with bofling points less than 350 *C, The method comprises selecting one or more performance properties
ofblendstocks(wa-mn},andmﬁnganainingsetfmmfermcesamples(ﬁ)whﬁmmchmmmmdwﬂaupecles
in the blend stocks (10a-10n). Thewfmmmplu(@mmbmma%mﬂmr(&).ﬁhmhﬁweﬂﬁmdmgenemedis
treated by muitivariate comrelation methods. The training sct produces coefficients which are multiplied by the matrix generated from the
GCIMSanalym(ﬂO)ofmmmbhndmdm(lm-lmwmdweapmdmwuefm&echmwd.pufommwmpml physical
propezty or groups of properties selected
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- 47 - 7. The nmethod of clains 1 or 2 wherein data fromthe
gas chromat ograph and nmass spectroneter are stored in a conputer.

8. The method of clains 1 or 2 wherein data fromsteps (c) to (f) are

treated in-a conputer. 9. The nethod of clainms 1 or 2 wherein:
-ot her performance, perceptual, chem cal or physical properties of the

hydr ocar bon m xture are sel ect ed. 10. The method of clains
-1 or 2 wherein the data are collinear. 11. The nethod of
claim1 wherein the nmultivariate correl a- tion technique is Partial Least
Squar es. :
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