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1. ie LS o)

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 been used to predict physical and

parformance properties of hydrocarbon mixtures boiling in the gasoline
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range. Crawford and Hellmuth, Fuel, 1990, 69, 443-447, describe the
use of gas chromatography and principal components regression analysis
to predict the octane values for gasclines blended from different
refinery streams. Japanase laid-open patent application JP 03~100463
relates to a method of estimhtinq the cetane number for fuel oils by
separating an oil sample into its comporients using gas chromatograpy,
measuring the signal strength of ion intensities at characteristic
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 values 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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introducing the conatituent chemical components of each
reference sample into the masa spectrometer, under dynamic

flow conditions;

obtaining for each referance sample a series of time

resolved mass chromatograms; "

calibrating the mass chromatograms to correct retention
times;

selecting a series of corrected retention time windows;

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);

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

matrix;

forming tha property data selected in (a} for reference

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

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

subjecting at least one blend stock or blend product sample to

steps c(l) to c(3) in the same manner as the reference sample to

produce a serigs of time resolved mass chromatograms;

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

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

sample; and
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)

{b}

{¢)

selecting at least one physical, perceptual, performance or

chemical property of at least one feed stock or product;

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 sat 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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calibrating the mass chromatograms to correct raetention
times;

selecting a series of corrected retention time windows;

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;

recording the total amount of each characteristic compound

or compound group selected in step c(6);

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

matrix 3

forming the property data selected in ia) for reference

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

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;

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 resolved mass

chromatograns;

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 ©(10) to produce a predicted value of the property or

properties for the refinery or chemical process and sample or

samples; and
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{(g) wusing the predicted values of the property or properties of the
refinery or chemical sample or samples to control the refinery or

chemical process.

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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Figure 8 is a graph showing predicted versus measured TS0
for the training smet, '

* Figure 9 is a graph showing predicted versus measured TS0
for the training saet. '

D S ON_OF THE INV 10

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
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to be analyzed. During the purge phase, sample is collected in sump
50.

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.
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GC/MS utilizes a gas chromatograph interfaced with a mass
spectrometer. While a chromatographic method such as supercritical
fluid chromatography, liquid chromatography or size exclusion
chromatography may be used to separate the mixture into components or
mixtures of components, gas chromatography, especially capillary gas
chromatography is our preferred means for interfacing with a mass
spectrometer. Both GC and MS utilize computer software for instrument
control, data acquisition and data reducticn. The computer platform
should be capable of acquiring at least 2000 mass spectra in about 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
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of mass spectra are gbtained over a scan range of 10 or more daltons
to at least 450 daltons. The mass spectral data may also be acquired
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,
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it may be desirahle to time align the sample data to help ensure the
integrity of the comparison. There are commercially available
computer programs for such data aligmment, for example, Hewlett-
Packard GC/MS software G1034C version €.01.05.

The 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
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Inverses”, SIAM J. Sci. Stat. Comput., 1984 5(3), 735-743, or Geladi
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 met. 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
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products. Moreover, variances in properties serve to promptly alert
operators of upsets/changes in operating conditions which could
infiuem:e product quality. The method of the invention is further
illustrated by the following examples.

EXRMPLE 1

The method for predicting the physical, perceptual, perfor-
mance or chemical properties of a complex hydrocarbon mixture such as
a blend product or blend stock or refinery or chemical process feed,
intermediate or final stream is demonstrated in this example using
research octane number (RON) as the specific property for purposes of
illustration. The 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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GC Conditions
Column Phenyl Siicone (such as HP-5) 10m x 0.1 mm,
17 micron film thickness
| Temperamre Program
Initial Temperature (°C) 35
Initial Time {minutes) 3
_Program Rate (°C/minute) 30
Final Temperatre (°C) 230
Final Time (minutes) I
Injection Valve Temperature (°C) 70
Iniection Valve On (minutes) 1.01
Iniection Valve Off (minutes) 1.15
Iniection Port Temperature (°C) 215
Iniection Volume ul 0.5
Carrier Gas Helium
Linear Velocity 25.6
Split Ratio 500:]
Column Head Press, kPa Approx. 260
Interface Temperature {(°C) 280
Vortex Cooler
Delivery Air Pressure (psi) 55
Cooler Off (minutes) 4,00
Cooler On {minutes) 10.48
Mass Spectrometer Conditions
Mass Spectrometer On (minutes) 1.00
Tonization Mode Electron Ionization. 70 eV nominal
Mass Range Scanned {daltons) 10-400
Cvcle Time (minutes) 0.003

In order to predict properties of an unknown hydrocarbon

mixture, it is first necessary to select reference samples having

known values of the property or properties of interest. These refer-

ence samples are used to form a training set as described below. 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
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blending using 9 different refinery streams and MMT (methycyclopenta-—
dienyl manganese tricarbonyl). The 627 samples in the training sat
were further chosen during periods of stable blending operation at
average blend rates of 2230+ barrels/hour.

A data treatment method should be selected prior to obtain~
ing raw GC/MS data. Two types of data treatments 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.
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IABLE 2
Chemist‘’s 8 <] ogas
| 1 Retention Ti
Rule2{ Compound® [Masses® Start | End
1 |C3= 27 ] 41 | 42 1.560 | 1.590
2 |C3 20 1 43 | 44 ) 1.570 | 1.600
3 jic4 29 | 43 | 58 1.605 | 1.624
4 InCs 29 { 43 | 58 1.624 | 1.680
5 JC5= 27 141155170 1.684 | 1.708
6 |IC5 29 | 43 | 57 72 1.705 | 1.739
7 jC5= 27141 ] 55| 70 1.736 | 1.772
8 |C5 29 1 43 | 57 | 72 1.739 | 1.794
9 |C5= 27 141 | 85 |1 70 1.772 | 1.794
10 1C5/-2 39 | 53 | 68 1.725 | 1.796
11 |C5= 27141 1 55 {70 1.794 { 1.840
12 1C5/-2 | 35 | 53 | 68 1.796 | 1.839
13 |CS§/-2 39 1 53 | 68 1.839 | 1.873
14 [C5/-4 39140 ] 65 | 66 1.856 | 1.882
15 jC6= 27 1 41 1551561 69 | 84 | 1907 | 1.934
16 |C6 29 1 43 | §7 1 71 86 1.926 | 1.973
138 |{CiBenzothio | 145 147 | 148 7.701 | 7.849
139 |2Me/-12 141 ] 142 7722 1 7.770
140 {1Me/-12 1411 142 7.820 | 7.861
141 {C2/-12 141 | 156 8.283 | 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
Cc5/=-2 refers to diolefin, diecyeloparaffin or cyclao-olefin
with 5 carbons
cs /-4 refers to triolefin, tricy.cloparaffin, dicyclo-
olefin, cyclodiclefin with a total of § carbons
ClBenzothio methyl substituted benzothiophene (CpHap-108)
©) Masses used in Rule [up to n may be specified, where n is an

PCT/US96/06591

integer which is egqual to the number of masses scanned during the
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time interval (d) either in full scan mode or selected ion
monitoring mode].
d) Retention Time for both starting and ending expected retention

times based on historical averages in minutes.

A reference retention time is then determined for each 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.

TABLE 3
Reference Calibration

Mass Time Type Limit Time Correction
d{a) —ib)__ iler. (d) fe) —tf

58 1.652 ? 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 3 7.163 0.01s
142 7.7486 P 7.770 0.024

{a) Mass or cowmpound selected for the calibration.

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

{¢) P=Peak or maximum occurrence; F=First occurrence of the material

{d} Range (+ minutes) for reference compound

{e) Observed retention time for reference material

{f} 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
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series identifications. For each Rule, a set of characteristic mase
numbers is determined. These characteristic wass numbers can range
from 1 to n, where n is an integer representing the entire mass range
scanned or the number of selected jons being monitored. In this case,
up to seven characteristic mass numbers are illustrated. The ion
intensities of the masses for each Rule‘are summed within the upper
and lower retention time limits for that Rule. The results are shown
for a sampling of the 142 Rules in Table 4 for this demonstration
analysis. Table 4 ig shown in ite entirely following Example 6.



Table

4

CHEMIST'S RULES FOR MOGAS WITH CORRECTIONS

Total Raw Abundance (TIC) : 125963855
Chemist Rule : 80972353] (64.282%)]
Air l.eakage : 7201540]  (5.717%)]
Avg Scan Rate (Min/Max) : 128  (126/215)
Number of Records | 4857
Rule3 [Compound® MassesC Startd [iind€ [CStan]CorrB [CEnd® [Cord |Abundancel
I |ci= 271 41] 42 1.560f 1.590] 1 551]-0.009] 1.581]-0.009) o 0.00%
2 |C3 29] 43] 44 1.570] 1.600] 1.561|-0.009] 1.591|-0.009| 0 0.00%
3 lic4 29] 43] 58 1605} 1.624] 1.596]-0.009| 1.614]-0.010] 142331  0.02%}
4 InCs 29 43] 58 1.6241 1.680 1 6141-0.010f 1.670|-0.010)| 715655 0.88%]
5 |C5= 271 4) 58] 70 1.684] 1.708f 1 674} -0.010] 1.698[-0.010] ~ 20805 0 03%)
6 |cs 290 43| 57| 2 1.705) 1.739] 1.695|-0.0t0 1.730{-0.009] 1129596 1.40%|
7 _|C5= 27| 41] 55| 70 1.736} 1.772] 1.727]-0.009] 1.763]-0.009) 780267] 0.96%
8 |C5 29] 43} 571 712 1.739) 1.794] _1.730{-0.009] 1.785]-0.009] ~ 1189151] 1.47%
9 |Cs= 27| 411 55| 70 1.772) 1.794] 1.763{-0.009 1.785/-0.009]  1097894] 136%
10 _lcsra 39| 53| 68 1.775] 1.796] 1.766{-0.009] 1.787|-0.009 194465] 0.24%) -
11 [cs= 271 41| 55| 70 1.7941 1.840] 1.785{-0.009| 1.831|-0.009]  1219014] 1.51%)
12 |cs/-2 39 53| 68 1.796] 1.839] 1.787]-0.009] 1.830|-0.009 213325  0.26%|
13 _|C5/-2 39] 53[ 68 1.839] 1.873] 1.830}-0.000| 1.864 -0.009| 48362| 0.06%}
14_|C5/-4 39} 40| 65| 66 1856} 1.882] 1.847]-0.009] 1.873]-0.009| 35019] 0.04%
i5 |c6= 27| 41| 55| s6] 69| 84 1.907{ 1.934] 1.898-6.009] 1.925 -0.009)] 47825] 0.06%
16 |cé 291 431 57) 71f 86| | [ 1.926[1.973] 1.917]-0.000] 1.964|-0.000 1586920 1.96%
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138 |C1Benzothio 145} 147) 148 7.701 7.849| 7.724] 0.023] 7.873| 0.024 255718] 0.32%
139 |2MeNaphthalene |141{142 7.72217.770{ 7.746] 0.024] 7.794] 0.024 1030117} 1.27%
140_|{MeNaphthalene |141{142 7.820] 7.861] 7.844| 0.024] 7.885] 0.024 410403] 0.51%
141 |C2 Naphthalene {141}156 8.283| 8.382| 8.307] 0.024] 8.406] 0.024 390221 0.05%
142 |Phenanthrene {178 9.500( 10.00] 9 524 0.024] 10.024] 0.024 0 0.00%
Sum = 80972353}100.00
%o
a) Rule number, intager index
b) compound or group of compounds rule applies to, for example
Cl= refers to olefin or cycloparatfin with 3 carbons
cs/~2 refers to diolefin, dicycloparaffin or cyclo-olefin with § carbons
cs/-4 refars to triolefin, tricycloparaffin, dicyclo-olefin, cyclodiolefin
with a total of § carbons
ClBenzothiophene methyl substituted benzothiophene (Cp/H2p.108)
c) Masses used in Rule [up to n may be specified, where n is an integer which is equal to
the numbex of masees scanned during the time interval (d to e) either in full scan mode
or selected ion monitoring model.
d) start retention time in minutes
e} end retention time in minutes
£} corrected start retention time, in minutes
g) correction = difference between start and cstart (in minutes)
h} corrected end time, in minutes
{) correction = difference between end and cend (in minutes)
j) Abundance, both as total sum and as normalized percentage based on Chemist:‘e Rules,
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Total Raw Abundance (TIC): total area chsarved in the GC/MS
analysis.
Chemist Rule: total area found using the Chemist’s

Rules; hased on experience, should be
greater than 30% of total raw
abundance.

Air Leakage: . total lonization 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
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comprising obeervations associated with multiple objects. Each object
has associakted with it observations for multiple variables, the latter
baing common to all objects. These multiple variables are assigned
into two categories, known as X-block and ¥-block. Observations
associated with all variables in the X-block are realized from a
conmon process (GC/MS data in this case). Observations associated
with variables in the Y-block (known properties in this case) are
realized from processes that may be different for each variable. The
data set used to construct this mathematical model is referred to as
the model calibration data set.

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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of one linear equation generated to permit prediction of Y-block
variables using X-block variables. The numbe'r of dimensions used to
construct the model is determined through optimization of a.criterion
known as PRESS (Prediction Error Sum of Squares), cumulated by a Cross
Validation (CV) technique using the training data set, and, following

the general model parsimony principle. -

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:



WO 97/01183 . PCT/US96/06591
- 24 ~

X~BLOCK MATRIX
[ Chemist‘s Rules (n samples x 142 columns} |

X1,1 X1,2 %1,3 cee Xi1,140 X1,141 x1;142

X2,1 X2,2 X2,3 seo X2,140 %2,141 X2,142

X3,1 ¥3,2 X3,3 ees X3,14o X3,141 X3,142

. L] - (3 » . -

- . - - = . .

%n,1 Xqn,2 %n,3 “ew 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
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on~line on a motor gasoline blender referenced to the on-line research
octane engine (ASTK D 2885-90). The error in the predicted RON values
verases the qn~line engine values isg due to the sparse number of
Premium unleaded gasoline blends in the training set. The predicted
vS. l;leuurad values for regular unleaded gasoline are mostly within

+ 0.5 RON unitx,

EXAMPLE 2

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 gasoline 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.
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EXPMPLE 4

The procedurs of Example 1 was repeated for predicting
distillation + losses (D+L) at 302°F (150°C) for motor gasoline
blends. In this example, & training set of 259 members was used with
the Y-block data being the laboratory inspection data on once per
blend sauples. The data ranged from 77.5% to 94.1% with an average
value of 85.7%, the samples were analyzed in accordance with ASTM D
86-90. 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 §

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 samplas. 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 alsc be applied for
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-predicting properties of other types of camplex' hydrocarbon giztures.
" such as diesel fuel, jet fuel, kerosene, heating oil, reformate,
alkylate, specialty solvents, etc.; as well as refinery or chemical

process feed stotks, intermediate streams and products.

.

There are séva:al. components of* blended- gasoline whioh can be
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.



Complete Chemist's Rules for Mopas

Retention Timet
Rule? |CompoundP MassesC - Start End
1|C3= 27 1 41 | 42 . 1.59
2IC3 20 ) 43 | 44 1.570 1.600
3]ic4 20 | 43 | 58 I 605 1.624
4InCS 20 | 43 | 58 1.624 1.680
5|Cs= 27 1 41 ] ss | 0 1.684 1.708
6|Cs 20 [ 43 ] 57 72 1.705 1.739
71Cs= 27 { 41 | ss [ 70 1.736 1772
8|CS 201 43 ] 57 ] 72 1.739 1.794
9lCS= 27 | 41 ] 55 1 70 1.172 1.794
10[C5/-2 391 53 ] 68 1.775 1.796
11jCs= 27 ) 41 ] ss | 70 1.794 1.840
12|C5/-2 30 | 53 | 68 1.796 1.839
13{Cs/-2 39 ] 53 ] 68 1.839 1.873
14{C5/-4 39| 40 [ 65 | 66 1.856 1.882
15]C6= 27 1 a1 1 5] 56 | 69 | 84 1.907 1.934
16|C6 29 143 | s71 11| 86 1.926 1.973
17lCe= 27 1 41 | 5| s6 | 69 | 8a 1.934 1.962

ERII0/L6 OM

- g2 -

16590/96811/1.0d




18[Cs= 27 | 41 [ 55| 70 1.945 1.969
T 19|Ce= 27 | 41 { 55 | 56 | 60 |84 1.962 1.982
20/Cé 22 3157 11| 86 1.998 2.032
21|ce= 27 | 41 | 55 ] s6 | 69 | 84 2036 2 066
22lcé 20 143 | 57| 11| 86 2.076 2.117
23|C6= 27 {41 ] 55 | 56 | 69 | 81 2.095 2.137
24|C6= 27 | 4t | 55 | 56 | 69 | 84 2.137 2.156
25|C6= 27 1 41 | 55 ] s6 | 69 | 84 2.156 2.178
26/C6/-2 4 | 53 | 67 | 8 2.159 2.186
27iC6= 27 1 41 | 55 | s6 | 69 | 84 2.178 2.203
28]C6/-2 41 | 53 | 67 | 82 2.186 2.204
29|C6= 27 | 41 ] 55 | 56 | 6v | 84 2.203 2.244
30[Cé= 27 | a1 55 | 56 .] 69 | 84 2.244 2.290
31lc7 43 1 57| 1| 85 | 100 2252 2.276
32|Cé= 27 1 41 | 55| 56 | 69 | B4 2.290 2314
33[C6/-4 39 141156 79| 80 2357 2.384
34(C6/-4 39 1 41 1 56 ] 79 | 80 2.384 2415
35|C6/-2 41 | 53 | 67 | 82 2.441 2477
36/C7= 41 1 55 1 60 | 70 | 83 | o8 2.467 2.487
37iC1= 41 1 5 169 | 10 | 83 | 08 2.519 2.537
38|Benzene 78 2.521 2.590
39|C6= 27 | 4t | 55 | se | 69 | 84 2.524 2.562
40{C7 4 | s7 ] 71 ] 8 | 10 2.554 2.611
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q1jc7= 4 | ss | 69 | 70 [ 83 | 08 2571 2610
42|c7 43 [ 57 | 7 | 85 [(o0| T 2 645 2684
43lcs 39 {41 | s6 [ 83 ) 9v | Ta | 2.740 2 870
44jcr= 41 | 55 | 69 | 70 |83 | ws_ 2,742 2.868
45|C7 43 1 57 | 71 | 85 [ioo | 2.771 2.793
46lC7= 41 [ 55 | 69 | 70 | 83 | o8 2911 3 141
47IC7 43 | 57 | 71 | 85 [ 100 2.928 2.976
48(C7/-2 39 (53 ] 67 | 81 | 96 2.978 3 025
49|C7/-2 39 | 53 | 67 | 81 | 9 3.137 3.167
50[C7= 41 | 55 | 69 | 70 | 83 | o8 3.168 3.198
s1|C7= 41 | 55 | 69 | 70 | 83 | o8 3.246 3.300
52|cs 43 | 57 | 71 | 85 | 99 | 114 3.351 3.446
s3jcs 43 | 57 | 71 | 85 | 99 |14 3.369 3.422
54|c8= A1_| 55 1 69 | 83 | 97 {112 337 3.396
55C7= JAL | ss | 69 | 70 | 8y | on 3 409 1437
56{C8= 41 ) 55 | 69 | 83 | 97 | 112 3487 3.509
57|C1/-2 39 | 53 | 67| 81 | 96 3.488 1.508
58|C7/-4 41 | 56 | 79 | 93 | o4 3.530 3.550
59|C8= 41 | 55 ] 69 | 83 | 97 | 112 3.582 3.605
60|C8 43 | ss | s7 | 71| 99 | 114 3.585 3.661
61|C7/-4 41 1 56 1 19| 93 | o4 3.590 3.710
62|C8 43 | 57 ] 11 | 85 [ 99 | 11a 3.610 3.622
63iCs 43 | s7 170 | 71 | 85 | 99 | 114 3.661 3.721
64|C7/-2 39 | 53] 671 81 ] 9 3.676 3.727
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65

C8

71 | 85 3.734 3.791
66|C8= 69 | 83 3.789 3.817
67|C8 7V | 85 3.805 3.940
68{Toluene . 3810 1915
69[C7/-2 _67 | 81 3874 3 899
70/C8= 60 | 31912 3 990
71|C8= _69 | ¥ 4 062 4118
72|C8/-2 67 | 81 4167 4 18]
73(C8 7 | 85 4191 4221
74|C8/-2 67 | 81 4299 4325

~ 75|C8= 69 | 83 4.491 4.559
76{C9= 83 | 97 4.492 4 588
77|C9 85 | 99 4.492 4.508
78|C9 85 | 99 4556 4.578
79|C8/-2 67 | 81 4 590 4605
80|C9= 81 | 97 4 645 4.936
81{Et Benzene 106 4.804 4 856
82{C9 85 | 99 4,836 4.870
83|m+p-Xylene 106 4 877 4.956
84|C9 85 | 99 4.906 4.925
85|C9= 81 | 97 4972 5.084
86]o-Xylene 106 5.086 5.146
87|Co= 83 | 97 [ 11 5.113 5.161
88|C9 85 | 99 | 113 5138 5.159
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(92 3nY) 133HS ALnLISENS

891 Co9= 41 69 83 97 111 126 5211 5.459
90 | C3 Benzene 91 92 105 119 | 120 3,354 5.382
91| C10/-2 109 110 | 123 137 138 5.400 6.100
921 C10= 69 83 97 111 1235 140 3.400 6.210
931 Cl10 57 71 85 99 113 142 5.400 6.112
94 | C3 Benzene 91 92 | 105 | 119 | 120 3.519 5.614
95 | C3 Benzene 91 92 105 | 119 | 120 5.637 5.732
96 | C3 Benzene 91 92 105 119 120 . 5.717 5.816
97 | C3 Benzene 91 92 105 119 120 5.873 3.934
98 | C4 Benzene 91 92 105 106 119 134 5.982 6.023
99 | C4 Benzene 91 92 105 106 119 134 6.071 6.107
100 { C3 Benzene 91 92 105 119 | 120 6.082 6.123
101] Cll= 69 83 97 ‘| 125 139 154 6.138 6.900
102{ C11 71 85 99 113 127 | ‘156 6.138 6.754
103 | Indane 117 | 118 6.179 6.217
104 | Indene 115 116 6.245 6.286
105 | C4 Benzene 91 92 105 106 119 134 6.255 6.402
106 | C11/-2 81 95 109 123 137 152 6.400 6.750
107 | C4 Benzene 91 92 103 106 119 134 6.434 6.558
108 | C11/-4 79 83 107 121 135 150 6.450 6.700
109 | C1 Indane 104 | 117 118 131 145 146 60479 6.545
110 | C4 Benzene 91 92 105 106 119 134 6.627 6.745
111 | C12/-2 81 95 109 | 123 151 166 6.710 7.430
112 | C12= 69 83 97 111 139 168 6.710 7.430
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113[C12 7.} 8 ]9 [113]a | 170 6712 7.330
114|C5 Benzene 91 | 105 | 106 | 119 | 133 | 148 6.798 7.048
115|C12/-4 93 [ 107 | 121 ] 135 | 149 | 164 6.800 7.430
116]C2 Indane 104 | 117 | 118 | 131 [ 145 | 146 6.834 6.846
H17IC1 Indane 104 | N7 {18 | 131 | 145 | 146 6 836 6.941
118|C} Indene 1ns 129 | 130 6.903 6.973
119|C13/-2 81 | 95 | 100 | 123 | 165 | 180 7.000 7.760
120{C13= 69 | 83 | 97 | 111 | 153 [7182 7 000 7.760
121/C2 Indane 104 | 117 | 018 | 131 | 145 | 146 7.089 7.207
122|Naphthalene 102 | 128 7.113 7.182
123|CS5 Benzene 91 [ 1057106 | 119 ] 133 | 148 7.159 7.198
124]Benzeneothiophene 133 | 134 7.176 7.210
125|C5 Benzene 91 1105 [ 106 | 119 | 133 | 148 7.226 7.251
126/C6 Benzene 91 J 105|106 119 ] 133 | 162 7.300 , 7.320
127|[MMT s | 79 [ 134162 218 7.300 7.820
128|C6 Benzene 9t 1105 ] 106] 119 ] 133 | 162 1.366 7.500
129{C2 Indane 104 | 17 ] ns | 131 {145 | 146 1.376 7410
130|C2 Indene 15 1 129 | 143 | 144 7.400 7.604
131]C2 Indane 1004 | N7 s | 131 | 145 | 146 7.465 7.494
132|C2 Indane 104 | n7 { 18 | 131 | 145 | 146 7.547 7.587
133|C3 Indene 1us | 129 [ 143 {157 | 158 7.600 1.730
134/C5 Benzene 91 1 105 1 106 | 119 | 133 | 148 1.631 7.652
135C13 7 1 85 1799 [ 113|155 | 184 7645

7.660

E8TI/L6 OM

-EE-.

16590/968(1/ 104




a)

c)

d)

£8110/26 OM

136]C2 Indane 104 F 117 ) 18 ] 131 ] 145 | 146 7.652 1.676
1371C3 Indane 117 | 131 | 145 | 159 | 160 7.664 1723
138]C! Renzothio 147 | 148 7.701 7.849
13912Me Naphthalene - | 141 | 142 1122 1.770
140{1Me Naphthalene 41 | 142 7.820 71.861
1411C2 Naphthalene 141 | 142 8.283 8.382
142]Phenanthrene 1781 | 9.500 10.000

'
Rule number, integer index b
Compound or group of compounds rule applies to, for example 1
C3= refers to olefin or cycloparaffin with 3 carbona
cs8 /-2 refers to dlolefin, dicycloparaffin or cyclo-olefin with § carbons
cs/-4 refers to triolefin, tricycloparaffin, dicyclo-olefin, cyclodlialefin

with a total of 5 carbone

ClBenzothio methyl substituted benzothiophene {Cn/H20-108)

Maeses used in Rule f{up to n may be spacified, where n i{s an integer which is equal to
the number of masses scanned during the time intexval (d) elther in full scan mode
or selected ion monitoring mode] .

Retention time for both starting and ending retention timea based on historical
averages, in minutes
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COMPLETE CHEMIST'S RULES FOR MOGAS WITH CORRECTIONS

Total Raw Abundance (TIC) :| | 125963855
Chemist Rule :{ | 80972353] (64.282%
Air Leakage 7201540] (5 717%)|
Avg Scan Rate (Min/Max) |1 128  (126/215)
Number of Records 48587
Rule? |Compound®  [Masses® Startt [End® [CStan']Corr8 |CEnd"[Corr [Abundancel
1 |C3= 27| 41} 42 1.560] 1.590] 1.551}-0.009] 1.581]-0.009 0] 0.00%]
2 |c3 29! 43| 44 1.570} 1.600] 1.561{-0.009] 1.591]-0.009] ol 0.00%|
3 lic4 291 43] 58 1.605] 1.624 1.596{-0.009] 1.614[-0.010] 14233 0.02%
4 InCS 29| 43| S8 1.624] 1.680| 1.614]-0.010] 1.670]-0.010] 715655 0.88%
5 |C5= 27| 41} 55| 70| 1.684] 1.708] 1.674] -0.010] 1.698-0.010] 20805 0.03%
6 |C5 29] 43| 571 72 1.705] 1.739] 1.695[-0.010] 1.730]-0.009] ~ 1129596] 1.40%
7 _|c5= 271 44 55| 70 1.736] 1.772| 1.727}-0.009] 1.763]-0.009| 780267 0.96%
8 |cs 201 43] 571 72 1.739} 1.794] 1.730{-0.009] 1.785]-0.009] 1189151 1.47%
9 |Cs5= 27} 41] 55| 10 1.772] 1.794] 1.763}-0.009] 1.785/-0.000]  1097894] 1.36%|
10 |C5/-2 39| 53| 68 1.775] 1.796] 1.766}-0.009] 1.787]-0.009] 194465 0.24%)
11 IC5= 27] 41 55| 70| 1.794] 1.840] 1.785]-0.009{ 1.831[-0.000  1219014] 1.51%
12 {C5/-2 39] 53] 68 1.796 1.839 1.787|-0.009] 1.830{-0.009| 213325) 0.26%,
13_|C5/-2 39] 53] 68 1.839] 1.873] 1.830{-0.009] 1.864]-0.009] 48362] 0.06%
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14_IC5/-4 39] 40] 65] 66 1.856] 1.882] 1.847]-0.009] 1.873[-0.009 35019 0.04%]
15 [C6= 27 41| 55| se| 69 84 1.907] 1.9341 1 898] -0.009] 1.925|-0.009 478250 0.06%
16- |C6 29| 43| 571 1| 86 1.926{ 1.973] 1.917{-0.009] 1.964]-0.009] 1586920 1.96%
17 |Cé= 27 41] 55| 56| 69] 84 1.934] 1.962] 1.925[-0.009] 1.953]-0.009] 379986] 0.47%
18 _[CS= 27| _41|_ss| 70 1.945} 1.969] 1.936}-0.009] 1.960] -0.009] 813127 1.00%
19 [Cé= 271 41§ 55| 56| 69] 84 1.962{ 1 9821 1953[-0009] 1.973]-0009] 1160073 1.43%
20 [ce 29| 43| 57| 1] 86 19982 032| 1989]-0009 2023|-0.009 810472 1.00%
21 |Cé= 27| 41l 55 s6| 69f 84 2.036| 2 066] 2027|-0 009f 2 058]-0.008 46797t] 0.58%
22 |C6 29} 43| 57] 11{ 86 2.07612 117} 2 068} -0.008] 2.109|-0.008 1112977] 1.38%
231 [C6= 27| 41} 55| s6] 69| 84 2.095]2.137] 2 087]-0 008] 2.129[-0.008 1269477]  1.57%
24_[C6= 27| 41| 55| S6] 69| B4 2.137{2 156( 2 129{-0 008 2.148(-0.008 442930  0.55%
25 |C6= 27] 41 551 56| 69| 84 2156/ 2 178] 2 148{-0 008] 2.170[-0.008 421028) 0.52%
26 [Cé6/-2 41 53| 671 82 2159{2186] 2 151]|-0.008] 2.178]-0.008 161562] 0.20%
27 |C6= 27| 41} 55 56| 69| 84 2.17812.2031 2 170/ -0 008] 2.195|.0.008 248065] 0.31%
28 |C6/-2 41] 53] 67| 82 2.186] 2.204] 2.178]-0.008] 2.196|-0.008 105786] 0.13%
29 |C6= 271 A1 551 s6| 69) 84 2.203{2.244] 2.195|-0.008] 2.236]-0.008 4473070 0.55%)
30 [C6= 27| 41} 55| 56| 69| 84 2.24412.290| 2.236/-0.008| 2.282|-0.008 1057535 1.31%
31 &7 43] 571 71} 8s|100| 2.252]2.276f 2.244/-0.008] 2.268]-0.008 160388] 0.20%
32 |C6= 27) 41] 55| 56| 69| 84 2.290§2.314] 2.282{-0.008] 2.306/-0.008 484444] 0.60%
33 |cer-4 39| 41] 56| 79] 80 2.357]2.384| 2.349-0.008] 2.377]-0.007 18054 0.02%
34 |C6/-4 390 41 se] 79| 8ol 2.384| 2.415] 2.377/-0.007] 2.408]-0.007 30534] 0.04%
35 |C6/-2 41 53] 671 82 2.441|12.477] 2.434|-0.007 2.470}-0.007 312982 0.39%
36 |CI= 411 551 69] 70| 83| 98 2.46712.487] 2 460] -0.007 2.480[-0 007 105390; 0 13%
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37 [c7= 411 55| 69 70] 83] 98 2.519]2.537]- 2.512]-0.007] 2.530{-0.007 48309] 0.06%
38 IBenzene 78 2.52112.590] 2.514]-0.007] 2.583|-0.007 4569131 0.56%
39 |Cé= 27 41] 55| se| 69 84 2.524] 2.562] 2.517]-0.007] 2.555|-0.007 155038 0.19%
40 |c7 43 571 11| 8s|100 2.534)12.611] 2.547|-0 007 2.604]-0.007]  1413849] 1.75%
41 [C7= 41| 55| 69 70| 83| 98 2.57112.610] 2.564] -0 007| 2.603]-0.007 6009471 0.74%
42 |cy 431 571 71] 8s{100] 2.645| 2 684] 2638(-0007] 2.678]-0.006] 1094972] 135%
43 |cs 39| 41} 56| 83| 99[114 2.740{ 2.870] 2 734]-0 006] 2.865|-0.005 1910679 2.36%
44 |c7= 41} 55! 69 70| 83| o8 2.742{ 2.368| 2 736/-0 006] 2.863]-0.005 1307310} 1.62%
45 |7 43t 571 71| 8s5|100 2.771{ 2.793] 2.765}-0.006] 2.787|-0.006 236375 0.29%
46 |C7= 41 55{ 69| 70| 83] o8 2.911]3.141] 2.906{-0 005| 3.137]-0.004 1121554] 1.399%
47 |c7 43| 571 71| 8s|100 2.92812.976] 2.923|-0 00S| 2.971[-0.005 823658] 1.02%
48 [C7/-2 39 53} 67] 81| 96 2.978]3.025| 2.973]-0.005] 3.020|-0.005 203121 0.25%
49 _|C7/-2 391 53] 67 81| 96 3.13713.167f 3.133|-0 004 3.163|-0.004 64492 0.08%
50 {C7= 41] 55| 69 70| 83| o8 3.168]3.198] 3.164]-0.004] 3.194|-0.004 100858 0.13%
51 |C1= 41] ssf 69| 70| 83| o8 3.24613.300] 3 242{-0.004] 3.297/-0.003 624082| 0.77%
52 |C8 4] 571 71| 85| 99114 3.351]3.446] 13.348(-0 003 3 443]-0.003 .700278] 0.87%
53 |cs 431 571 71| 8s| o9[114 3.369] 3.422| 3 366|-0.003] 3.419]-0.003 672534 0.83%
54 |C8= 41] 55| 69l 83| 971112 3.3711 3.396] 3 368]-0003] 3.393]-0.003 71932 0.09%
55 |cr= 41] 55| 69} 70| 83| 98 3.409]3.437] 3 406}-0 003] 3.434|-0.003 292860] 0.36%
56 |C8= 41} 55 69] 83] 97112 3.487] 3.509| 3.484]-0.003] 3.507]-0.002 776101 0.10%
57 |cw-2 391 53] 671 81 96 3.488) 3.508] 3.485/-0 003] 3.506]-0.002 37349 0.05%
58 |C7/-4 41] 56| 79 93] 94 3.530] 3.550 3.528!-0.002| 3.548]-0.002 125061 0.02%
59 |C8= 41] ss] 69| 83| 97112 3.582| 3.605] 3.580]-0.002] 3.603]-0.002 106300] 0.13%
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60

fcs

43

55

99{114

571 71 3.585[3.661] 3.583[-0.002] 3.659[-0.002] 947376 1.17%
61_|C7/-4 41| se| 79| 93| 94 3.590/3.710] 3.588{-0 002 3.708{-0.002] 191500 0.24%
62_|C8 43| 57] 71] 83| 9ol114] | 3.610/3.622| 3.608|-0.002| 3.620[-0.002]  453814| 0.56%
63 |C8 43] st 70] 71| 85| 99{114] 3.661{3.721] 3 659|-0 002 3.720-0.001]  780121] 0.96%
64_|C1/-2 39| 53( 67| 8i1f 96| 3.676|3 127| 3 674 -0 002 3.726]-0.001] 202854 0.25%
65_|C8 43] 57 71) 8s| ool1val [ 3.734]3791] 3 733(-0001| 3.790/-0.001] 231822 0.29%
66_|C8= 41| ss| 69| 83| 97n12] [ 3.789|3.817| 3 788|-0 001 3.816{-0.001 81481| 0.10%
67 |C8 43| 571 71| 85| 99o[114] | 3.805|3.940 3 804|-0.001| 3.940] 0.000] 1033435 1.28%
68_[Toluene 91| 92 3.810[3.915 3.809|-0.001[ 3.915] 0.000] 7948033 9.82%
69_[C712 39| 53| 67] 81| 96 3.874]3.899] 3.873|-0.001] 3.899] 0.000] 51218 0.06%
70_|C8= 41 ss| 69| 83f 97(112] |3.912{3.990] 3.912 0 600| 3.991] 0.001] 403062 0.50%
71 _|cs= 41| 55] 69| 83| 97|112] | 4.062[4.318] 4.064] 0.002] 4.324] 0.006] 932003 1.15%
72_|C8]-2 39| 53] 67| 81| 9s[t1o] 14.167}4.181] 4.171] 0.004] 4.185] 0.004 33396 0.04%
13I8 43| 57| 71| 85| ool114] | 4.191]4.221] 4.195| 0004] 4.226] 0.005| - 270706| 0.33%
74_|C8/-2 39{ 53| 67} 81| 9s{110] | 4.2994325] 430s| 0.006| 4.331] 0.006 02852 0.12%
75_|C8= 41| 55| 69| 83} 97[1i2]  [4.491] 4.559] "4.500] 0.000] 4.569[ 0.010]  262214] 032%
76_|co= 41] 69| 83| o7l111)126] | 4.492[4.588| 4.501] 0000 4.598f 0.011]  283866] 0.35%
77_[C9 43 71} 85| 99l 113[128] [ 4.492|4.508] 4.501] 0.009] 4.517] 0.009] 38948]  0.05%
78_|C9 3] 71] 8s] 99} 113128] | 4.556{4.578] 4.566] 0.010{ 4.588] 0.010] 48572 0.06%
79_|C8/2 39| 53] 67| 81} os|110]  |4.500{4.605| 4.601| 0.011] 4.616] 0.011 15446] 0.02%
80_|C9= 41| 69| 83| 970111|126] | 4645[4936] 4 656| 0011 4.952| 0.016] 401171 0.50%
| 81 |EtBenzene 91{105 106 4804|4856] 4818| 0.014[ 4871] 0.015]  1755888]- 2.17%
82 |Co 43| 71| 85| o9[113[128] | 48364 870] 4 850{ 0oia| a88s{ 00i5|  180884] 0.22%
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83 |m+p-Xylene 91]105] 106 4.87714.956] 4.892( 0 015[ 4.972] 0.016] ~ 6618720] 8.17%]
84 |C9 43| 71} 85| 99]113{128 4.906] 4.925] 4 921] ao1s| 4.941] 0.016 52748] 0.07%]
85 [C9= 41] 69} 83| 97]111]126 4.972] 5.084] 4.988] 0016] 5.100] 0.016 183924] 0.23%|
86 o-Xylene 91| 105|106 5.086] 5.146] 5102] 0.016] 5.162] 0.016] 2736750 3.38%)
87 |Co= 41] 69] 831 97{111]126 5.113(5.161] 5.129] oate| 5.177{ 0.016 112279] 0.14%
88 |Co 43| 71| 85] 99 113f128 5.138]5.159] 5154 0016] 5.175] 0.016 78032 0.10%
89 |Co= 41] 69| 83| 97}111{126 5.211{5.459 5.226 0.015] 5.474] 0.015 214003] 0.26%]
90 {C3 Benzene 911 92/105]119]120 $.354] 5.382] 5.369( 0.015| 5.397| 0.015 92133 0.11%]
.91 Jeror-2 109} 110{123{137] 138 5.400] 6.100] 5.415] 0015| 6.115} 0.015 of 0.00%
92 [Cl0= 69| 83| 97} 111{125/140 5.4001 6.2101 5415} 0015] 6.225] 0.015 379745| 0.47%
93 |Cl10 571 71| 85| 99{113]142 5.400{6.112] 5415 0.015 6.127f 0.015 678126] 0.84%
94 [C3 Benzene 91| 92{105{119]120] 5.57915.614] 5.594[ 0.015] 5.629] 0.015 571333] 0.71%
95 |C3 Benzene 91| 92}105}119]120| 5.637]5.732] 5.652] 0.015] 5.747| 0.015]  4268402] 5.27%
96 |C3 Benzene 91| 92}105[119{120 5.777] 5.816] 5.792] 0.015] 5.831] 0.015 778193] 0.96%
97 |C3 Benzene 91| 92}105119}120 5.873] 5.934] 5.888] 0.015] 5.949] 0.015] 3263117] 4.03%
98 |C4 Benzene 91| 92| 105] 106! 119{ 134 5.982{ 6.023] 5.997] 0.015| 6.038] 0.015 60719] 0.08%
99 |C4 Benzene 911 92|105{ 106} 119} 134 6.071]6.107| 6.086] 0.015] 6.122| 0.015 497424} 0.61%
100 |C3 Benzene 91| 92{105]119]120] 6.082] 6.123] 6.097] 0.015] 6.138] 0.015 776999 0.96%
10) [Cii= 69] 83] 97]125/139]154 6.138] 6.900] 6.153] 0.015] 6.915} 0015 166061 0.21%
102 |c1) 711 85] 991131127} 156 6.138|6.754] 6 153| 0015| 6.769 0.015 324662 0.40%
103 [Indane s 6.1796.2171 6.194] 0 015] 6.232] 0.015 382862] 0.47%
104 |Indene 115{116 6.24516.286{ 6 260| 0.015] 6.301] 0.015 60477] "0.08%
105 |C4 Benzene 91| 92/105|106{119] 134 6.255]6.402| 6.270| o015 6.417( 0.015 1817904 2.25%
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106 | C11/-2 81 951 109) 123§ 137} 152 6400 [ 6.750 | 6.415] 0.015] 6.765] 0.015 0] 0.00%
107 | C4 Benzene 91] 921 105| 106 119} 134 6434 6.558 | 6.449| 0.015] 6.573| 0.015] 1317323 | 1.63%
108 | C11/4 791 93] 107 121 135} 150 6.450] 6.700 ] 6.465] 0.015]| 6.715]| 0.015{ 42140 0.05%
109 | Me Indane 1041 1171 1314 132 6479 65451 6.494| 0.015] 6.560] 0.015| 296319| 0.37%
110 | C4 Benzene 911 921 1051 106 119§ 134 6.627 | 6.745 | 6.642| 0.015| 6.760| 0.015] 1013676 | 1.25%
111 | C12/-2 81| 95| 1091 123 151 166 6.7101 7.430] 6.725] 0.015]| 7.449| 0.019 445 | 0.00%
112 | C12= 69 831 97| 111} 139] 168 6.710| 7.430] 6.725] 0.015] 7.449] 0.019] 76201 | 0.09%
113 | C12 711 85| 99] 113} 141} 170 6.7121 7.330| 6.727} 0.015] 7.347) 0.017] 131880 ] .023%
114 | C5 Benzene 911 105| 106] 1191 133 | 148 6.798 | 7.048 | 6.813 | 0.015] 7.063 | 0.015] 1158186 1.43%
115 | C12/-4 931 1071 121) 135 ) 149} 164 6.800| 7,430 6.815} 0.015] 7.449] 0.019 6694 | 0.01%
116 | C2 Indane 104§ 117] 118 131] 145] 146 6.834| 6.846( 6.849] 0.015] 6.861] 0.015] 65467 | 0.08%
117 | Me Indane 104 ] 117 131] 132 6.836] 6.941] 6.851] 0.015| 6.956] 0.015]| 725115] 0.90%
118 | Me Indene 1151 1291 130 6.903 1 6.973] 69181 0.015] 6.988) 0.015| 227195 0.28%
119 | C13/-2 81 951 109} 123] 165| 180 7.0004 7.760{ 7.015} 0.015] 7.784 | 0.024 0] 0.00%
120 | C13= 69] 83| 97| 111} 153} 182 7.000| 7.760 | 7.015] 0.015{ 7.784] 0.024] 82801 | 0.10%
121 | C2 Indane8 104 ] 117} 118[ 131 | 145| 146 7.080] 7,207 7.104] 0.015] 7.2221 0.016| 430159} 0.53%
122 | Naphthalene 1021 128 71131 7.182 ] 7.128) 0015} 7.197] 0.015] 680168 { 0.84%
123 | C5 Benzene 911 105] 1064 119] 133} 148 71591 7.1981 7.174{ 0,015 7.213 ] 0.015]| 214964 | 0.27%
124 | Benzothiophene | 133 | 134 7.176| 7.210{ 7.191] 0.015{ 7.226] 0.016| 117429} 0.15%
125 | C5 Benzene 917 105] 106] 119] 133 | 148 7226 7.2511 7.242] 0.016) 7.267] 0.016| 74124 0.09%
126 | C6 Benzene 911 105 106 119 133] 162 7.300] 7.320] 7.317] 0.017] 7.337] 0.017 ] 69597 | 0.09%
127 { MMT 551 791 134 162| 218 7.300) 7.820| 7.317{ 0.017] 7.844] 0.024| 82404 0.10%
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128 |C6 Benzene 91] 105} 106] 119] 133|162 7.366 7.500] 7.384] 0.018] 7.520] 0.020] 260793 0.32%
129 |C2/-8 104} 117}118] 131 145] 146, 7376} 7.410] 7.394] 0018] 7.429] 0.019] 144073] 0.18%
130 |C2 Indene 115} 129§ 143] 144 7.400{ 7.604] 7.419] 0.019] 7.626] 0.022 185620] 0.23%
131 |C2 Indane 104] 1171118 131] 145 146 7.465] 7.494] 7.485] 0.020] 7.514] 0.020 148372] 0.18%
132 |C2 Indane 10411171118 131] 145] 146 7.54717.587] 7.568| 0021] 7.609] 0.022 136473] 0.17%]
133 |C3 Indene 115]129]143[157] 158 7.600] 7.730] 7.622] 0.022] 7.754] 0.024 58208 0.07%
134 |C5 Benzene 911105} 106] 119} 133] 148 7631|7.652] 7.653] 0022{ 7.675] 0.023 42922 0.05%
135 |C13 71} 85] 99{113|155]184 7.645] 7.660] 7.668] 0.023] 7.683] 0.023 36141] 0.05%
136 IC2 Indane/-8  [104[117]118]131[145{146] | 7.652 7.676] 7.675] 0023] 7.699| 0.023 72406] 0.09%
137 1C3 Indene 1171131} 145] 159] 160] 7.664] 7.723] 7687 0023 7.747] 0.024 96291] 0.12%
138 [CiBenzothio  |145]147| 148 7.7011 7.849] 7.724] 0.023] 7.873] 0.024 255718] 0.32%
139 |2MeNaphthalene|141]142 7.722]7.7701 7.746] 0.024] 7.794] 0.024 1030117] 1.27%
140 |IMeNaphthalene|141] 142 7.820] 7.861] 7.844] 0.024] 7.885] 0.024 410403] 0.51%
141 ]C2 Naphthalene |141]156 8.283] 8.382] 8.307] 0.024] 8.406] 0.024 39022| 0.05%,
142 |Phenanthrene {178 9.500 10.00] 9.524] 0.024]10.024] 0.024 of 0.00%
Sum = 80972353{100.00
%]
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a)

Rule number, integer index
Compound or group of compounds rule applies to, for example

C3= refers to olefin or cycloparaffin with 3 carxbons

c5/-2 refers to diolefin, dicycloparaffin or cyclo-olefin with 5 carbons

c5/-4 refers to triolefin, tricycloparaffin, dicyclo-olefin, cyclodiolefin
with a total of 5§ carbons

ClBenzothio methyl substituted benzothiophene (Cp/Han-108)

Masses usad in Rule [up to n may be specified, where n is an integer which Ls egual to
the number of masmes scanned during the time interval (d to &) either in full scan mode
or selected ion monitoring mode].

atart retention time in minutes

end retention time in minutes

corrected start retention time, in minutes

correction = difference between start and cstart (in minutes)

corrected end time, in minutes

correction = difference between end and cend (in minutes)

Abundance, both as total sum and as normalized percentage based on Chemist's Rulee.
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1, {a) B process for controlling the blending of a
plurality of blend stocks each having boiling points less than about
350® C into at least one blend product which comprises:

(8) selecting at least one physical, perceptual, performance 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 oxr compound classes expected within the
retention time window;
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(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



WO 97401183 . PCT/US96/06591
. - 45 =

{b} selecting reference samples, 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;

{S) selecting a series of corrected retention time windowa;

{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
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{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.

N
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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.
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