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The Invention relates to a method for optimising a mixture of constituents for the production of a target product by means of
spectral analysis, preferably by means of spectral analysis (topological) in the near Infrared region (NIR). The aim of the method Is
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(57) Abrege(suite)/Abstract(continued):
to produce a target product by batch mixing and/or continuous mixing of the "n" constituents thereof, on the basis of different flows
of said constituents with controlled concentrations and/or flow rates, said target product requiring a set of ranges of values of

physicochemical characteristics for the commercialisation thereof. According to the method, a batch mixer or a continuous mixer is
supplied with said constituents with controlled concentrations and/or flow rates.
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METHOD OF OPTIMIZING A MIXTURE OF COMPONENTS
BY MEANS OF SPECTRAL ANALYSIS

The invention relates to a method for optimizing a mixture of components for the production of a target
product by means of spectral analysis, preferably by means of spectral analysis (topological) in the near infrared
region (NIR). The aim of the method is to produce a target product by batch mixing and/or continuous mixing of the
“n” components thereof, on the basis of different flows of said components with controlled concentrations and/or flow
rates, satd target product requiring a set of ranges of values of physiocohemical characteristics for the

commercialization thereof. According to the method, a batch mixer or a continuous mixer is supplied with said

components with controlled concentrations and/or flow rates.
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METHOD OF OPTIMIZING A MIXTURE OF COMPONENTS
BY MEANS OF SPECTRAL ANALYSIS

This invention relates to a method and an optimization device of a mixture of components to obtain a target

product by spectral analysis, preferably by near infrared ("NIR") (topological) spectral analysis.

In particular, this invention relates to the regulation of mixtures of the components by batch or on line, such as for
example, petroleum product mixtures or others, in which said mixtures are in accordance with a set of significant

specifications.

More in particular, this invention relates to a method and an optimization device of a mixture of components for
obtaining a target product by spectral analysis, for example by NMR, Raman, IR, and/or UV/Visible, preferably by

near infrared ("NIR") (topological) spectral analysis, under constraint, said constraint being based
- on the preferred use of at least one of the components of the mixture, and/or

- on the modification of at least one characteristic of the target product.

When a mixture of various components, the objective is to obtain a target product with a range of values having
certain physical-chemical characteristics. By way of example, for a mixture of petroleum products, for example, a
fuel, these characteristics may be its octane rating, its cetane index, its resistance to cold, the polyaromatic compound

content, the vapor pressure, etc. ...

The present invention will apply in particular to the mixing of components of target petroleum products (for
example tuels) in any suitable place, for example a refinery, an oil depot and/or any device using a petroleum product

consisting of a mixture of components prepared by batch and/or online.

Thus, in a petroleum depot and/or an oil refinery, motor fuels can be produced by the so-called batch and/or

in-line mixing technique, in which the various liquid components and any additives are introduced in a tank and/or a

line serving as a mixer.

This introduction of the various components may be carried out simultaneously or not. This mixture of various

components may be performed by batch and/or continuously. The flow of the various components and/or the

concentration of the various components are generally ordered and controlled by a computer and the preparation time

of a fuel lot may take several dozens of hours.

It 1s to this type of industrial plant that reference will be made more precisely in the remainder of this description,
without this implying a limitation of the scope of application of the invention. The properties of the manufactured

target product (for example, a fuel) are repeatedly checked during manufacture and analyzes are carried out for this
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purpose on samples taken from the mixer and/or in the storage enclosure during filling. From the results of these
analyzes, the flow rates and/or the concentrations of the components of the mixture as well as any additives are
adjusted to align the measured values with the set values. For each analysis, it is advantageous to minimize the time
interval between the taking of a sample of the mixture being prepared and obtaining the measured value; although
“on-line” analyzers can theoretically meet this need, it has been found that rapid changes in the components and the
characteristics of the target products do not always make it possible to be fully effective and that it was still often

necessary to sample and carry out the analyzes “off-line”.

Indeed, a particularity of the components mixed for the preparation of the target products is that they can either
originate from different supply sources and/or simply vary in terms of quality and/or physico-chemical characteristics
over time. This feature has become all the more critical in recent years because of the effects of globalization and the
multiplicity of access to new supply sources. Therefore, there is a need in the art for having an improved means of

preparing petroleum products which more effectively meets these new requirements.

Another characteristic of the target petroleum products has also emerged in recent years. Environmental changes
have led to the adoption of new standards and/or permanent changes in certain characteristics of the target petroleum
products. An example may be mentioned of the temporary production of less polluting fuels during pollution peaks

and/or the content of the bio-components of said fuels.

Theretore, there 1s a need in the art for having an improved means of preparing petroleum products which more

effectively meets these new requirements.

[t 1s these problems that this invention proposes to solve by using a method and/or device for optimization of a
mixture of components for obtaining a target product by spectral analysis, for example by NMR, Ratnan, IR, NIR

and/or UV/Visible, preferably by near infrared ("NIR") (topological) spectral analysis.

In particular, this invention relates to the regulation of mixtures of the constituents by batch and/or on line, such as

for example, petroleum product mixtures, in which said mixtures are in accordance with a set of significant

specifications.

More particularly, this invention relates to a method and a device for optimization of a mixture of components for
obtaining a target product by spectral analysis, for example by NMR, Raman, IR, NIR and/or UV/Visible, preferably

by near-infrared ("NIR") (topological) spectral analysis under constraint, said constraint being based
- on the preferred use of at least one of the components of the mixture, and/or

- modifying at least one characteristic of the target product.

PROCESS M

Thus, this invention relates to a process M for preparation of a target product, for example a target petroleum
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product, for example a fuel, by batch and/or in-line mixing of its "n" components from different flows from said
components at controlled concentrations and/or flow rates, with optional incorporation of additives, said target
product having to be marketed with a set of ranges of physico-chemical characteristic values, method in which a batch

and/or continuous mixer is fed said components at controlled concentrations and/or flow rates, said process being

characterized in that:

1. there 1s at least one spectral datum characterizing the target product and which defines its spectral range,

2. spectral datum (data) is (are) available, each individually characterizing at least two - preferably all the "n" -

components of the target product,

3. acomputer program is used which makes it possible to calculate the ranges of respective proportions of said
components necessary for reconstituting a spectral datum of the mixture belonging to the spectral range of Step 1

from the spectral datum (data) of Step 2, and

4. the ranges of respective proportions of the constituents of step 3 are used to control the concentrations and/or flow

rates of the components fed into the mixer so as to prepare the target product.

The spectral data are preferably data measured by the same type of spectral analysis, preferably using the same type

of spectrometer; these spectral data may for example be "spectra”.

METHOD M1 - Spectrum

Thus, this invention relates to a method M1 for preparation of a target product, for example a target petroleum
product, for example a fuel, by batch and/or in-line mixing of its "n" components from different flows from said
components at controlled concentrations and/or flow rates, with optional incorporation of additives, said target
product having to be marketed with a set of ranges of physico-chemical characteristic values, method in which a batch
and/or continuous mixer is fed said components at controlled concentrations and/or flow rates, this method being

characterized in that:

1. there is at least one analysis spectrum characterizing the target product and which defines its spectral range,

n_..n

2. the analysis spectra is available, each individually characterizing at least two - preferably all the "n" - components

of the target product,

3. acomputer program is used which makes it possible to calculate the ranges of respective proportions of said
components necessary for reconstituting from a mixing spectrum belonging to the spectral range of Step 1 from

the spectra of the components of Step 2, and

4. the ranges of the respective proportions of the components of Step 3 are used to control the concentrations and/or

flow rates of the components feeding the mixer so as to prepare the target product
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The spectral range characterizing the target product can be determined by any suitable method. By way of
example, this field will be determined by means of the aggregates as described hereinafter in the description. The
fundamental characteristic of the spectral range is that it defines the fact that the final mixture conforms to a set of
signiticant specifications of the target product; this is what makes it possible to say that the mixture is on spec

("on-spec” in the English language) according to the jargon used by a person skilled in the art.

The target product (e.g., a petroleum product) generally contains a major component whose concentration by
weight in the target product is the highest. According to a particular and preferred embodiment of this invention, at
least one of the spectra characterizing one of the minor components (that is to say any non-major components) of the
target product of the aforementioned Step 2 is a spectrum obtained by analyzing a mixture of said minor component

with either said major component or a representative mixture of the target product.

According to one embodiment of this invention, the number of components "n" of the target product is greater

than or equal to two, for example greater than or equal to three.

As already indicated, the spectral data are preferably data measured by means of the same type of spectral
analysis, preferably using the same type of spectrometer; these spectral data may for example be any appropriate type
of spectral quantities constituting a corresponding spectral database. These spectral quantities may be any type of
signals characterizing the spectra, for example the absorbances, transmittances, reflectances, etc....; the optical
absorbances or densities being the most commonly used signals. By way of example, we may also mention as signals

the derivatives of the absorbances or any other measurement resulting from another type of mathematical processing

of said absorbances.

METHOD M2

Thus, according to a particular embodiment, the present invention also relates to a method M2 for preparing a

target product, for example a petroleum target product, for example a fuel, by batch and/or online mixing of its "n"

components from different flows of said components in concentrations and/or controlled flow rates, with an optional
incorporation of additives, said target product requiring a set of ranges of values of physico-chemical characteristics to
be marketed, method in which a batch and/or continuous mixer is fed with said components at controlled

concentrations and/or flow rates, said method being characterized in that:

1. there 1s a spectral database characterizing the target product and defining its spectral range,
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2. aspectral database is available, each individually characterizing at least two - preferably all the "n" - components

of the target product,

3. A computer program is used to identify, in the spectral database created in step 2, the mixtures of the components
(and therefore their respective ranges of proportions) whose spectrum is calculated in step 2 from the spectral

databases belonging to the spectral domain of step 1,

4. the ranges of respective proportions of the constituents of step 3 are used to control the concentrations and/or flow

rates of the components fed into the mixer so as to prepare the target product.

According to one particular embodiment of this invention, after the second step, from the spectral database of the
components, a 2a spectral database 1s formed characterizing the mixtures of said components and which is used for

Step 3.

METHOD M2a

Thus, according to one particular embodiment, this invention also relates to a method M2a for preparation of a
target product, for example a target petroleum product, for example a fuel, by batch and/or in-line mixing of its “n”
components from different flows from said components at controlled concentrations and/or flow rates, with optional
tncorporation of additives, said target product having to be marketed with a set of ranges of physico-chemical
characteristic values, method in which a batch and/or continuous mixer is fed said components at controlled

concentrations and/or flow rates, this method being characterized in that:
1. there 1s a spectral database characterizing the target product and defining its spectral range,

2. a spectral database 1s available, each individually characterizing at least two - preferably all the "n" -

components of the target product,

2a. from the spectral databases of the Step 2 components, a spectral database (2a) which characterize the

mixtures of these components is formed,

3. a computer program is used to identify in the spectral database created in step 2a (and thus the respective
ranges of proportions) whose spectrum calculated from the spectral databases of step 2a belonging to the spectral

domain of Step 1,

4. the ranges of the respective proportions of the components of Step 3 are used to control the

concentrations and/or flow rates of the components fed into the mixer so as to prepare the target product.

As described above, the spectral range characterizing the target product may be determined by any appropriate
method. By way of example, this field will be determined by means of the aggregates as described hereinafter in the

description. The fundamental characteristic of the spectral domain 1s that it defines the fact that the tinal mixture
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conforms to a set of significant specifications of the target product; this is what makes it possible to say that the

mixture 1s on spec ("on-spec” in the English language) according to the jargon used by a person skilled in the art.

As already described above, the target product (e.g., a petroleum product) generally contains a major component
whose concentration by weight is the highest in the target product. According to one particular and preferred
embodiment of this invention, at least one of the spectral databases characterizing one of the minor components of the
target product of the aforementioned Step 2 is a spectral database obtained by analysis of a mixture of said minor
component (i.e., any non-major component) with either said major component or a representative mixture of the target

product.

According to one preferred embodiment of this invention, the spectral analysis method used is chosen from, for
example, NMR, Raman, IR, NIR and/or UV/Visible, preferably by topological spectral analysis in the near infrared
("NIR").

According to one preferred embodiment of this invention, the preparation method of a target product for on-line
mixture of its components which also make it possible to take into account a set of new constraints and thus to

optimize said method.
“X” CONSTRAINT

In one particular embodiment of this invention, when we wish to focus on the use of the "X" component from
among the "n" components of the target product mixture, the method of preparation will include an additional step
consisting of selecting from said respective ranges of the proportions 6f the components being fed into the mixer, the
range of proportion having the highest concentration would be that of the “X”” component. The constraint of use of the
"X" component may be preferred (or not) for various reasons, among which are those mentioned for illustrative
purposes as economic and/or periodic cleaning reasons for the "X" component storage container and/or reasons for

improved logistical management linked to procurement.

Thus, 1n a particular embodiment, this invention also relates to the use of the aforementioned processes/methods
for the preparation of a target product comprising an "X" component, the use of which consists of focusing on the use
of said "X" component selected from among the "n" components of the target product mixture, the method of
preparation includes an additional step of selecting from the ranges of respective proportions of the components fed to

the mixer, the range of proportion having the highest concentration would be that of the “X” component.

REPLACEMENT "X

In another particular embodiment, this invention also consists 1n an improved selection method for choosing the

supply of component "X’" to replace component " X", characterized in that this method comprises the following steps

a.  aspectral analysis step of component "X’"to determine a charactertzing spectral datum thereof, tor
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example a spectrum and/or a characterizing spectral database,

b.  asecond step consisting of a step to replace the spectral datum characterizing component "X" with the

spectral datum characterizing component "X " in Process M,
c.  steps corresponding to Steps 1 and 3 of Process M,

d.  step 3 of Process M of the preceding steps making it possible to predict the rate of potential use of

component "X’" in the target product.

This method of improved selection of the choice of procuring component “X’” to replace component “X” is

particularly revolutionary in that it is no longer based solely on economic considerations.

Indeed, the spectral analysis of the new component "X’" will enable the skilled person in the art to consider a

multitude of factors among which we cite as examples, environmental factors, supply problems, etc. ...

[Hustratively, the above mentioned second step may consist of either a spectral replacement step of component
" X" with the spectrum of the component "X"™ in the Process M1, or a replacement step from the spectral database of

component "X" with the spectral database of component “X"™ in Process M2.

Thus, 1n one particular embodiment, this invention also relates to the use of the aforementioned

processes/methods for the preparation of a target product

a. to validate the replacement of component "X" by component "X’",
and/or
b. predicting the potential use rate of component "X’"

during preparation of a target product initially comprising component " X", the preparation process

including

a. a step to perform the spectral analysis of component "X’" to determine a characterizing spectral

datum, for example a spectrum and/or a characterizing spectral database,

b. a step consisting of a step to replace the spectral datum characterizing component " X" with the

spectral datum characterizing component "X’" in the Process,

c.  astep to validate the replacement of component "X" with component "X’" and/or to predict the rate of
potential use of component "X’" which makes it possible to verify that there is at least one range of
respective proportions of the new components necessary for reconstitution of a spectral datum of the

mixture belonging to the spectral domain of the target product.

According to one preferred embodiment of this invention, the spectral analysis method used i1s chosen from, for
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example, NMR, Raman, IR, NIR and/or UV/Visible, preferably by topological spectral analysis in the near infrared
("NIR").

According to one preferred embodiment of this invention, the target product is a fuel. Among the components of
tuels, we may cite by way of illustration, diesels, oxygenated gas oils, gasolines, oxygenates (for example, BOB for
“blend stock for oxygenate bending”), fatty acid esters (for example FAME) esters of vegetable oil (e.g., ethyl esters
and/or methyl esters), methyl tert-butyl ether (MTBE), tert-Amyl methyl ether (TAME), ethyl- Tert-buty! ether
(ETBE), hydrogenated or partially hydrogenated vegetable oils ("HVO"), ethanol, bioethanols, methanol, etc. These
fuels may also contain any kind of optional additives, including pro-cetane and/or pro-octane and/or pro-heptane,
friction modifiers, detergents, antioxidants, cold-strength improvers, combustion improvers, anti-corrosive agents

and/or mixtures thereof.

Thus, according to one embodiment of this invention, the mixture of components of target products can be made
In any suitable place; by way of example, we may mention any industrial complex comprising component mixing
operations for the preparation of a target product, for example a refinery, a complex (petro-chemical, petroleum depot
and/or any device using a product made up of a mixture of components prepared by batch and/or in-line. This

invention applies more particularly to terminals or any post-refinery mixing installation, preferably a mixture of fuels.

Topological spectral analysis in the near-infrared ("NIR") field has proved particularly effective in enabling the

characterization of a target petroleum product and its components in accordance with this invention.

According to one embodiment of this invention, in Step 3 a computer program is used which makes it possible to
calculate the ranges of respective proportions of said components necessary for reconstituting a spectral datum
(spectral datum and/or spectrum and/or spectra database) of the mixture belonging to the spectral range of Step 1 from
the spectral datum (data) (spectral datum and/or spectrum and/or spectra database) of Step 2. Those skilled in the art
have numerous computer programs which make it possible to carry out these calculations. By way of a purely
tHlustrative and non-limiting example, we will cite hereinafter the computer programs based on mathematical
calculations using the Simplexe algorithm (any other algorithm for solving linear optimization problems may also be
used) and/or computer programs based on mathematical calculations using the Nelder-Mead method (any other

algorithm for solving non-linear optimization problems may also be used).

The characterization of a product according to this invention may consist in a determination and/or prediction of

any chemical, physical or physico-chemical characteristic of said product and its components and/or the identification

of a type and/or family of components.

Applicant’s Patent No. EP0742900 is the reference of the field of topological spectral analysis. It describes a
method for determining or predicting a Px value, of a property of an X material or of a property of a product resulting

from a process derived from said material or from the yield of said process, which method comprises measuring the
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Dix absorption of said material at more than one wavelength in the region of 600 to 2600 nm, comparing the signals
indicative of these absorptions or their mathematical functions with the signals indicating the Dim absorptions at the
same wavelengths or their mathematical functions for a certain number of S standards in a database for which said P
property or yield 1s known, and selecting from the database at least one and preferably at least 2 Sm standards having
the Pm property, said Sm standard having the smallest average values of the absolute values of the difference at each
wavelength 1 comprised between the signal for the material and the signal for the Sm standard in order to obtain the Px

value and averaging said Pm properties or yields, when more than one Sm standard is chosen.

Topological spectral analysis has many advantages over conventional regressive mathematical methods. The
numerical methods described for modeling of the physico~-chemical properties of substances based on spectral analysis
are correlative in nature and involve the regression relationships between the property(ies) studied. Among these
multivariate analyzes are multilinear regression (MLR), main component regression (PLR), canonical regression, and
partial least squares regression (PLS regression). In all cases, a relationship is sought between the property and the
spectrum which may be linear but which is usually quadratic or in an upper algebraic form with regression coefficients
applied to each absorption. However, the establishment of any regression requires a gradual calibration, since the

approach 1s empirical and not supported by a theory.

These techniques have disadvantages, the main one being the need to establish a strong correlation between
spectrum and property and their difficulty in dealing with the positive or negative synergy between the components
contributing to this property. For example, to determine the chemical composition, for example by LINA (linear,
1soparaffinic, naphthenic, aromatic) in a hydrocarbon load fed into a catalytic reformer, the use of the PLS technique
based on NIR spectra was described. The model works well on the calibration set but the response of the models when
adding pure hydrocarbons, e.g., cyclohexane, is not satisfactory since the model predicts variations in the isoparaffin
and reverse naphthene content of those found experimentally. In addition, there are other practical difficulties, mainly
due to the need to identify samples from families with the same type of relationship between the spectra and the
properties to be modeled. Thus, the model may be limited, especially with a nonlinear relationship between spectrum
and property. Especially when there are limitations in the data available, the accuracy of the model is reduced. The
stability of the model 1s also a problem, as well as the necessity to carry out laborious revisions when adding new
standards to obtain the new model, especially when adjusting to a new load to supply a process; thus the control of 6
properties on 4 products coming out of a distillation unit requires 24 models, each of which must be modified for each
change in the feedstock not included in the calibration. Another major disadvantage encountered by these techniques
arises when a point to be analyzed lies outside the previously established model; it is necessary to generate a new

database and a new model per property, which makes this type of technique not only not very reactive but also requires

too many hours of work.

It should be noted that the topological spectral analysis as such has not actually evolved since the Applicant’s
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patent number EP0742900. However, this invention also provides numerous improvements to said topological
spectral analysis method. The characteristics of this topological spectral analysis method, as well as its improvements
and advantages, will be described in detail in the description which follows, as well as in the examples, figures and
Claims. Other purposes and advantages of this invention will appear in the description, given hereafter in reference to

the embodiments which are given as non-restrictive indicative examples.

Understanding of this description will be facilitated by reference to the attached Figures 1 to 10 and wherein:
- Figure 1 shows the NIR spectrum of a standard,
- Figure 2 shows an example of spectral database A,
- Figure 3 shows an example of spectral database B (polluting wavelengths highlighted),
- Figure 4 shows an example of an improved spectral database A' (spectral database A in which the
spectral data corresponding to the polluting wavelengths have been removed),
- Figure 5 shows an example of an enlarged spectral database E (spectral database A or A' in which
intergerms have been added),
- Figure 6 shows an example of an enlarged spectral database EE (spectral database A and/or E in which
extragerms have been added),
- Figure 7 shows an example of an enlarged spectral database EEI (spectral database E and/or EE in which
extragerms’ have been added),
- Figures 8 and 9 respectively show a graph and a table representing the discriminating aggregates, and
- Figure 10 represents a spectral database of the type of that of Figure 5 in which the measured
characterizations of the standards and calculations of the intergerms have been added.
In particular, all chemometric approaches for spectral' analyses from the Prior Art require the establishment of a
spectral database formed from a very large initial number of samples and/or standards. Although the Prior Art cites the
establishment of a spectral database based on at least 60 or at least 100 samples and/or standards, all the examples

describe bases consisting of a significantly higher number of samples. This number is even greater in the chemometric
approaches using regressive mathematical methods whose databases are made up of hundreds or even thousands of

samples and/or standards. This invention, in one particular embodiment, makes it possible to overcome this previous

requirement, which opens up a considerable number of new applications as demonstrated hereinafter.

Thus, in one particular embodiment, in a first step, the method according to this invention consists of the
preparation of a database of spectra and/or spectral data of the target products and of their components, preterably a
spectral and/or a broad spectrum database E for a limited number of available standard materials (and therefore

representing the target products and/or their components).

This invention therefore applies more particularly to Near Infrared Spectroscopy (NIR). Indeed, NIR

spectroscopy has many advantages over other analytical methods, for example in refineries, petrochemical or
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chemical sites as well as in all fields where the characterization of chemicals, for example hydrocarbons, in particular,
tuels, and can cover a large number of repetitive applications with accuracy, speed and in-line. Moreover, the NIR
region between 800 and 2500 nm contains all the molecular information in the form of combinations and harmonics of

polyatomic vibrations.

[n a first step, a selected type of spectral analysis is carried out on each of the standards (representative of the
target product and/or its components) and we proceed to populate the spectra and/or spectral database A by recording
the spectra (for example in digitized form), preferably NIR spectra, at several wavelengths (or wave numbers), for

example for a limited number of available standard materials.

An example of the constitution and representation of this initial spectral databaese is described by means of

Figures 1 and 2.

Figure 1 shows the NIR spectrum of a standard upon which the absorbance measured as a function of the wave
number may be visualized with spectral magnitude. Similar spectra are thus established identically for each standard.
In the present example of representation, nine standards have been analyzed. From these spectra, a table (the spectral

database A) is established, an exemplary representation of which is given in Figure 2 for a limited number of wave

numbers.

Thus, in the table of Figure 2 (which corresponds to a truncated view - two parts of the table have been shown at
difterent selected wavelengths), in the left column the references can be seen that make it possible to identify the nine
standards and in the first line the value of the wave numbers or the ranges of wave numbers; the contents of the table
therefore indicate the values of the spectral magnitude (in this case, the absorbances) which correspond to the
"standard reference/wave number” pair. These spectral quantities may be any type of signals characterizing the
spectra, for example the absorbances, transmittances, reflectances, etc.; the optical absorbances or densities being the
most commonly used signals. By way of example, we may also mention as signals the derivatives of the absorbances

or any other measurement resulting from another type of mathematical processing of said absorbances.

The limited number of available standards is usually dictated by the customer and/or end user who wish to use
reliable reactive control methods while limiting the need for a large quantity of standards and the need for an analysis

by conventional methods.

A characteristic of the method according to this invention is that it thus makes it possible to overcome the need
dictated by the Prior Art to have a very large number of standards. For example, this invention makes it possible to
characterize a sample product from less than 100 available standards, or even less than 60 or even less than 50. Very
probative results have even been obtained by means of this invention from less than 40 available standards, even less
than 30 or even less than 20. A minimum of 10 available standards is however preferred even if this invention has

already been successfully used with a minimum of 5 available standards.
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For this invention, the description thereof and the Claims hereinafier, it will be obvious to those skilled in the art

that the spectra may be performed as a function of the wavelengths (and/or ranges of wavelengths) and/or as a function

of the wave numbers (and/or ranges of wave numbers), because the wave number is represented by the inverse of the

wavelength.

For this invention, the description thereof and the Claims hereinafter, the standards will be equally well qualified

as "germs" [“G”’], the two terms being interchangeable.

A second optional and preferred step according to this invention is then the elimination of "polluting”

wavelengths and/or ranges of wavelengths from the spectral database A. This step consists of

.

repeating at least twice, preferably at least three times, more preferably at least five times the same spectral
analysis as that performed in the first step, and this should be performed on at least one of the available
standards, preferably on at least two or even on all of said standards:

to construct a spectral database B from the measurements made in point 1 above;

calculating for each selected standard from point 1 above and for each wavelength and/or range of
wavelengths (from the spectral database A) the standard deviations () from the measurements recorded in
the database B;

identifying the wavelengths and/or range of wavelengths in database B for which the standard deviation is
greater than a predetermined value;

removing the measurements corresponding to the wavelengths identified in point 4 above from spectral

database A.

Thus, according to one preferred embodiment of this invention, the use of the second step above makes it possible

to obtain an improved spectral database A'; an example of an improved spectral database A' is shown in Figure 4.

An example of a representation of spectral database B is shown in Figure 3 as a table.

It can be seen that the same spectral analysis was repeated ten (10) times on the same sample and that the values

for the corresponding spectral magnitudes were recorded in the table. The last three rows of the table correspond

respectively and successively to

the mean value of the spectral magnitude VGSmean ("VGSm") which corresponds to the sum of the values of
the spectral magnitudes divided by the number ("n") of analyzes performed (VGSm = [2VGS}/n), with n=

10 in this representation;

the standard deviation (“‘c”’) which corresponds to the difference between VGSmax and VGSmin in each

column of the table:

the ratio (¢/(VGSm/100)) whose value (in percentage) 1s calculated by dividing the standard deviation by the

value of the mean spectral quantity, the result being multiplied by a hundred.
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Thus, the last line of the table makes it possible to identify the wavelengths and/or ranges of wavelengths in
database B for which the ratio (¢/(VGSm/100)) is greater than a predetermined value. According to one embodiment
of this invention, within Table B one is able to identify the columns (wavelengths and/or ranges of wavelengths) for
which the value of the ratios (6/VGSm/100)) is greater than 2% (preferably greater than 1.5% or even 1%); then, said
columns are deleted from database A, namely the values of the spectral magnitude corresponding to the "polluting”
wavelengths. The corresponding columns (i.e., those whose wavelength and/or range of wavelengths are identical)
will then be eliminated from spectral database A. It should be noted that in the above examples, Tables A and B are
representations which do not have any actual relationships between them; It should also be noted that Tables A and B
have been truncated to give a visual representation; in reality, said tables comprise a multitude of columns
representing the wavelengths and/or ranges of wavelengths extracted from the corresponding spectrum as detailed

further in the description.

An example of the representation of the improved spectral database A' is thus illustrated in Figure 4.

An essential characteristic of the method according to this invention is that establishing the improved spectral
database A' at this stage does not need to reference and/or make the least correlation with the chemical and/or

physico-chemical properties of the standards. Indeed, this second stage is totally independent.

A preterred third consecutive step of the method according to this invention is the actual enlargement of spectral
database A (or the improved spectral database A'). This step consists in generating synthetic standards (also called
"intergerms"” [“IG”’]) based on the available standards and their spectral magnitude values. For example, to generate
these 1Gs, combinations of several available standards from the first step above can be performed and this will
populate the spectral database A (or the improved spectral database A') by means of said combinations. These
combinations may be performed randomly or in a directed manner as described further in the text. Said combinations
may consist of any kind of mathematical process applied to the spectral magnitude values of the G standards.

According to one preferred embodiment of this invention, said combination consists of a barycenter of the spectral
magnitude values ("VGS") of at least two standards. It is possible, for example, to carry out these combinations
between two, three or a number higher than that of the starting standards available, preferably between all available

starting standards.

An example of a corresponding formula for generating a synthetic standard (1G) from the G standards (to which

the VGSs correspond) 1s
[2Ri x VGSI)/[Z Ri]
in which i is an integer from one to the number of G standards selected for this combination and R being a real
number such that
| Ri] > 0, and
I[Z R*1]|/[Z Ri] <0.3, preferably < 0.15,



CA 02951973 2016-12-12

Case 06805 Terminal 14

And with R* representing only real negative numbers.
The latter formula can also be expressed as the absolute value of the sum of the real negative numbers divided by the
sum of all the real numbers.
According to one preferred embodiment of this invention, at least one of the Ri is a real negative number (R*).
By doing so, spectral database A (or the improved spectral database A') can be enlarged by means of synthetic

standards (also called "intergerms" or "1Gs"), thus obtaining an enlarged spectral database E.

According to one preferred embodiment of this invention, when the number of standards of spectral database A
(or A} 1s equal to "N", the number of intergerms IG is at least greater than 1.5 N, Preferably greater than 2 N, more

preterably greater than 5 N, or even greater than 10 N.

An example of a representation of the enlarged spectral database E is shown in Figure 5 as a table. It can be seen
that synthetic standards (or intergerms "1G") have been generated by mathematical combinations and that the values

corresponding to spectral magnitude have been recorded in Table E. For example, we may see in Table E (Figure 5):

- six intergerms “1G” (I12G022, 12G011, 12G036, I3G038, 13G025 and 13G019;

- incolumns 3 to 5, the germs used to generate each of said intergerms;

- In column 2, the weighting applied to the germs selected for the calculation of the VGS of the intergerms
(for example, for the calculation of intergerm 12G036), a weighting of (0.44 times the germ A0000008 +
0.56 trmes the germ A0000004)) 1s applied.

An essential characteristic of the method according to this invention is that establishing the enlarged spectral
database E at this stage does not need to reference and/or make the least correlation with the chemical and/or
physico-chemical properties of the standards. In fact, this expansion step is totally independent.

A fourth additional, optional, and preferred step according to this invention then consists in further expansion of
the spectral database A or the enlarged spectral database E by means of another type of synthetic standards which we
will call "extragerms” ("EG"). This step is particularly pertinent when the target product to be analyzed contains a
plurality of chemical compounds.

[t consists, in a first sequence, of recording the spectral data of at least one spectrum corresponding to one (or
more) of the chemical compounds of the target product (also called "Pole(s)"). Then, in a second sequence, the spectral
database 1s further enlarged by using said pole(s) and by combining them with the germs "G" (a combination 1s

performed of values of their spectral magnitude VGS).

This second sequence consists of generating synthetic standards (also called "extragerms" [EGs]) from the
available Pole(s) and standards and the values of their spectral magnitude. For example, in order to generate these
EGs, it 1s possible to combine the Pole(s) and several available standards from the first step above and populate the
spectral database A and/or E by means of said combinations. These combinations may be performed randomly or in a

directed manner as described further in the text. Said combinations may consist of any kind of mathematical process
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applied to the values of the spectral magnitudes of the G standards and of the Pole(s). According to one preferred
embodiment of this invention, said combination consists of a barycenter of the spectral magnitude values ("VGS") of
the selected G standards and of the Pole(s). It is possible, for example, to carry out these combinations between at least
one Pole and one, two, three or a higher number of starting standards, preferably with all the available starting
standards. These combinations will preferably be carried out with all the available Poles, preferably with all the Poles

corresponding to all the chemical compounds constituting the target product.

An example of a formula corresponding to the generation of an EG-type synthetic standard from Pole(s) and G
standards (to which the VGS corresponds) is

|2 Rix VGS1+ X Rj x VGSj]/ [ Ri + 2 Rj]

in which 11s an integer from one to the number of G standards selected for this combination, j being an integer
from one to the number of pole (s) chosen for this combination
and R 1s an integer such that
[X Ri+ Z Rj] >0, and
{2 R*1]| / [2 Ri + £ Rj] < 0.3, preferably < 0.15, (1)
with R* representing only real negative numbers,

and preferably, each Rj must be such that the ratio

Ry /[ Ri+ X Rj] always falls between the opposite of the minimum content and the maximum content percentage by

weight of the Poles § in the target product.

The tformula (I) above can also be expressed as the absolute value of the sum of the real negative numbers "i"
divided by the sum of all the integers. According to one preferred embodiment of this invention, at least one of the Ri

1s a real negative number (R*).

By doing so, this makes it possible to enlarge the spectral database A and/or E by means of synthetic standards

“EG* (“Extragerms™) and in this way, obtain an enlarged spectral database EE. Optionally, said Poles and their VGS

may also be entered into the spectral database EE but this does not constitute a preferred embodiment according to this

invention.

According to one preferred embodiment of this invention, when the number of standards of the spectral database
A (or A') 1s equal to "N" and the number of "Poles” 1s equal to "M", the number of Extragerms "EG" 1s at least greater
than NxM, preferably greater than 1.5 NxM, preferably greater than 2 NxM.

According to one preferred embodiment of this invention, the number of Poles is lower than 135, for example
lower than 10.

According to one preferred embodiment of this invention, the number of Poles is lower than 0.2 times the number

of standards, for example lower than 0.1 times the number of standards.
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An example of a representatton of the expanded spectral database EE is shown in Figure 6 as the Table EE. It can
be seen that the "Poles" as well as the generation of synthetic standards "EG" (extragerms) by mathematical
combinations and the corresponding spectral magnitudes have been recorded in the table. For example, we may see in
Table EE (Figure 6):

- six extragerms "EG” (MEG001 to MEG006);

- 1n column 2 ("Pole"), the reference of the Poles used (for example, PAL054 is a particular type of alkylate

used 1n the composition of gasolines constituting the standards of the database);

- 1n column 3, the reference of the germ used to generate each of said extragerms;

- 1n column 4, the weighting applied to the Poles (X) - the weighting applied to germs is therefore (1-X).

For example, for calculation of the extragerm MEGOQ01, a weighting of (0.15 times the Pole PAL054 + 0.85 times the
germ A0000009) was applied.

An essential characteristic of the method according to this invention is that establishing the expanded spectral
database EE at this stage does not need to reference and/or make the least correlation with the chemical and/or

physico-chemical properties of the standards. In fact, this expansion step is totally independent.

A fifth additional, optional, and preferred step according to this invention also consists of a further enlargement of
the expanded spectral database E and/or EE by means of another type of synthetic standards which we shall call
“extragerms’” (“EG’”) Again, this step is particularly pertinent when the target product to be analyzed contains a

plurality of chemical compounds.

[t consists, in a first sequence, of recording the spectral data of at least one spectrum corresponding to one (or

more) of the chemical compounds of the target product (also called "Pole(s)").

Then, in a second sequence, an additional enlargement of the spectral database E or EE is carried out using said

Pole(s) and by combining them with the intergerms "IG" (combination of their VGS).

This second sequence consists in generating synthetic standards (also called "extragerms" ["EG"]) from the
Pole(s) and the “intergerm” standards "IG" (and optionally from the germs "G") and their spectral magnitude values.
For example, in order to generate these EG', combinations of the Pole(s) and several intergerms "IG" of the third step
above (and optionally of "G" germs from the first step) may be performed and the spectral database E and/or EE may

be populated by means of said combinations.

These combinations may be performed randomly or in a directed manner as described further in the text. Said
combinations may consist in any kind of mathematical treatment applied to the values of spectral quantities of the

synthetic (intergerms) "IG" standards and of the Pole(s) (and optionally of the "G" germs).

According to one preferred embodiment of this invention, said combination consists of a barycenter of spectral

magnitude values ("VGS") of the intergerms IG and of the Pole(s) (and optionally of the germs "G"). It is possible, for
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example, to carry out these combinations between at least one Pole and one, two, three or a greater number of the
"IGs" of the third step, preferably with all the "IGs"; and optionally with at least one of the germs "G", preferably with

all the germs "G". These combinations will preferably be carried out with all the available Poles, preferably with all

the Poles corresponding to all the chemical compounds constituting the target product.

An example of a formula corresponding to the generation of an EG'-type synthetic standard from Pole(s) and I1G

synthetic standards (to which the VGS corresponds) 1s

|2 Rix VGSi + Z Rj x VGSj + ZRk x VGSK] /[ Ri + £ Rj + £ Rk}
k being an integer from one to the number of synthetic standards IG chosen for this combination, i being an integer
ranging from O (preferably one) to the number of G standards selected for this combination, where j is an integer
ranging from one to the number of Pole(s) chosen for this combination and R being a real number such that

[LRi+ZRj+XRk]>0,.

and
[ER*i] + [ZR*k] |/ [ERi + ZRj+ Z RK] <023, preferably <0.15, (I
preferably with Rk being always positive,
with R* representing only real negative numbers,
AND preferably, each Rj must be such that the ratio
Rj/[ZRi+X RJ + & RK] always falls between the opposite of the minimum content and the maximum
content percentage by weight of the Poles j in the target product.
The formula (II) above can also be expressed as the absolute value of the sum of the real negative numbers "i"
divided by the sum of all the integers. According to one preferred embodiment of this invention, at least one of the Ri

1s a real negative number (R*).

By doing so, this makes 1t possible to enlarge the spectral database E and/or EE by means of synthetic standards “EG’”
(“Extragerms’) and in this way, obtain an enlarged spectral database EEI. Optionally, said Poles and their VGS may

also be entered into the spectral database E but this does not constitute a preferred embodiment according to this

invention.

According to one preferred embodiment of this invention, when the number of synthetic standards IG of the
spectral database E is equal to "Z" and the number of "Poles" is equal to "M", the number of Extragerms "EG" is at

least greater than ZxM, preferably greater than 1.5 ZxM, preterably greater than 2 ZxM.

According to one preferred embodiment of this invention, when the number of synthetic standards of the 1G of
spectral database E is equal to "Z", the number of germs G is equal to N and the number of "Poles" is equal to "M", the

number of Extragerms’ "E.G.,”" is at least greater than ZxMxN, preferably greater than 1.5 ZxMxN, preferably greater

than 2 ZxMxN.

According to one preferred embodiment of this invention, the number of Poles is lower than 15, for example
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lower than 10.

According to one preferred embodiment of this invention, the number of Poles is lower than 0.2 times the number

of standards, for example lower than 0.1 times the number of standards.

An example of a representation of the expanded spectral database EEI is shown in Figure 7 as a table. It can be
seen that the "Poles" as well as the generation of synthetic standards "EG’" (extragerms’) by mathematical
combinations and the corresponding spectral magnitudes have been recorded in the table.

For example, we may see in Table EEI (Figure 7):

- six extragerms’ “EG’” (MEP0O1 to MEP0O06);

- incolumn 5 ("Pole"), the reference of the Poles used (for example, PAL0O37 is a particular type of alkylate

used in the composition of gasolines constituting the standards of the database);

- In columns 2 to 4, the reference of the intergerms (combinations of germs) used to generate each of said

extragerms;

- 1n column 6, weighting applied. For example, for the calculation of the extragerm MEP004, a weighting of

[0.9 times one intergerm (corresponding to 0.306 times the germ A00000061 — 0.0530 times the germ A0000009
+0.647 times the germ A0000002) + 0.1 times the Pole PAL037] is applied.

An essential characteristic of the method according to this invention is that establishing the expanded spectral
database EEI at this stage does not need to reference and/or make the least correlation with the chemical and/or
physico-chemical properties of the standards. In fact, this expansion step is totally independent.

Theretore, this invention also relates to a method to generate and improve a spectral database (preferably used in
steps one and 2 of the M2 Process for preparation of the aforementioned petroleum target product) which can be used
in a method to characterize a target product and/or its components by topological spectral analysis from a limited
number of available standards,

in a first step the method consists of

-  performing the same spectral analysis on said standards, and

- constituting from the spectra obtained a spectral database A with several wavelengths and/or ranges of
wavelengths,

characterized in a second optional step, in which the wavelengths and/or ranges of wavelengths of "poliuting”

wavelengths in spectral database A are deleted from said spectral database A, the second step consisting of
1. repeating at least twice, preferably at least three times, more preferably at least five times the same spectral
analysis as that performed in the first step, and this should be performed on at least one of the available
standards, preferably on at least two or even on all of said available standards;
2. to construct a spectral database B from the measurements made in point 1 above;

3. calculating for each selected standard from point 1 above and for each wavelength and/or range of
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wavelengths (from the spectral database A) the standard deviations (6) from the measurements recorded in

the database B;
4. identifying the wavelengths and/or range of wavelengths in database B for which the standard deviation is
greater than a predetermined value; and
5. removing the measurements corresponding to the wavelength identified in point 4 above from the spectral
database A and thus obtain an improved spectral database A',
and also characterized by a third consecutive and preferred step consisting in the enlargement of spectral
database A (or from the improved spectral database A'). This step consists of performing combinations of several
standards from the first step and populating spectral database A (or the improved spectral database A') by means of
said combinations (called synthetic standards or intergerms "IG") and obtaining thusly an enlarged spectral database
E,
and also characterized by a fourth consecutive and optional step consisting in enlarging spectral database E. This
step consists of a first sequence to add to the enlarged spectral database E at least one spectrum corresponding to at
least one (or more) of the chemical compounds of the target product (also called “Pole(s)") and a second sequence to
perform mathematical combinations of the Pole(s) with at least one G standard from the first step and/or at least one
IG standard from the third step and to populate spectral database E with said combinations (respectively called either

synthetic standards extragerms “EG", or synthetic standards extragerms “EG™) and to obtain thusly an enlarged

spectral database EE (or EEI).

After having built up the enlarged spectral database in accordance with the methodology developed above, it is
possible to use any kind of conventional mathematical analysis to characterize a sample from the expanded spectral

database.

According to one preferred embodiment of this invention, before this characterization, an additional intermediate
step then consists of defining an effective discriminant method making it possible to demonstrate homogeneous
subgroups of products that preferably obey the same types of properties-spectra bonds due to a strong analogy of
molecular structure.

Discriminant methods can only be based on techniques for mathematical analysis (for example, factor analysis
and/or principal component analysis). Although some of these mathematical methods may be useful, this invention
preferably uses at least one empirical step to perform this type of discrimination. This empirical step should be based
on visual analysis of the spectra of standards and/or the aforementioned poles; although this is not a preferred
embodiment of this invention, this visual analysis could also be done on reconstituted spectra (from their calculated
VGS) of intergerms and/or extragerms. This empirical step makes it possible to highlight the small differences
between the spectra in question, after verification that differences may be synonymous with the existence of

homogeneous subgroups of products even if one might have originally thought that the entire population ot products
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was homogeneous. Therefore, this technique allows discrimination to highlight the differences between the products

of which the final user has no knowledge.

To recap, a key feature of the process to establish the extended spectral database according to a preferred
embodiment of the invention above is that it was not necessary to reference and/or make any correlation with chemical
and/or physico-chemical standards. According to one preferred embodiment of this invention, it is exactly the same

for the discriminant step described herein.

AGGREGATES

Thus, according to one embodiment of this invention, the discrimination step consists of defining, from the
spectral database (preferably, the enlarged version), the aggregates (preferably at least two aggregates), the
n-dimensional spaces representing the combinations of the said aggregates (preferably planes - or two-dimensional
spaces - representing pairs of aggregates), and the corresponding spectral boxes. According to one preferred
embodiment of this invention, these aggregates and/or the n-dimensional spaces represent combinations of said
aggregates and/or these spectral boxes define the spectral range of the target product and therefore the fact that the
final mixture is in accordance with a significant set of specifications of the target product.

According to one embodiment of this invention, the discriminant method also includes at least two specific
preferred characteristics:

1. in that said method involves an iteration phase during which the effectiveness of the spectral box is verified

and therefore the pertinence of the selected aggregates; and

2. the fact that the aggregates are constructed from at least a visual analysis of the shape of the spectra which is

then used to build equations from the aggregates based on the values of the spectral magnitude of the VGS.

Aggregates are defined as mathematical functions of the values of the spectral magnitude from the enlarged
spectral database for grouping and/or discriminating and/or separating product families within the extended spectral
database.

These aggregates can be represented generically by the function
Agg =1 (VGSI1).
According to one preferred embodiment of this invention, said function satisfies the equations
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- W represents the discriminant values of the spectral magnitude VGS,

- aare positive real numbers,

- pand q represent the selection of the VGS to the wavelengths and/or relevant wavelength ranges for the

discrimination step, and

- o and 3 are exponents between 1/3 and 3.

As regards the iteration phase during which the effectiveness of the spectral box is verified and therefore the
relevance of the selected aggregates, it suffices to add to the predetermined spectral database columns representing the
equations of discriminating aggregates, calculating the value of said aggregates for each of the standards and/or
intergerms and/or extragerms and or poles from the spectral database, to make the graphs (preferably in
two-dimensional spaces for each pair of aggregates ), and to thus see whether discrimination has led to the
identification of homogeneous product subgroups. This discrimination step makes it possible to divide the spectral
database 1nto several (at least two) different families (homogeneous product subgroups), preferably with at least three
difterent families.

By way of example, Figures 8 and 9 respectively show

- a graph whose abscissa/ordinate axes correspond to two discriminating aggregates, and

- atable of corresponding values whose columns represent several discriminating aggregates, the first two of
which were used in the creation of the graph (Figure 8).

These Figures clearly show how we manage to highlight several homogeneous product subgroups; which makes it

possible to select the spectral range of the target product.
Therefore, this invention also relates to a method for characterizing a product by topological spectral analysis.

The characterization of a product according to this invention may consist of determining and/or predicting any

chemical, physical or physico-chemical characteristic of said product.

According to one preferred embodiment of this invention, the first step was therefore characterized by

establishing a spectral database, preferably an enlarged spectral database as described in this description.

As already tndicated above, the graphic representations of the databases (tables) in the accompanying Figures are
truncated views because in reality said databases include a plurality of columns representing the wavelengths and/or
ranges of wavelengths (or as an equivalent, the wave numbers or range of wave numbers) extracted from the
corresponding spectra.

According to one preferred embodiment of this invention, the number of wavelengths selected may be from two
to 1000, for example from five to 200 or from 40 to 80.

The wavelengths chosen may be at regular intervals such as one to 50 nm or every 10 to 50 nm or every 15 to 35
nm or every one to 5 nm or every nanometer; or they may be at irregular intervals, for example, at intervals of one to

200 nm, for example from one to 100 or from one to 50, in particular, from two to 50 or from four to 50 or from 10 to
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60 nm, which may be selected or random due to a variation in the shape of the spectral curve at that wavelengthe.g., a
peak, a valley or shoulder or chosen with chemical or statistical criteria, such as factor analysis. The wavelengths may
be in the region 600 to 20000 nm, for example from 625 to 2600 nm, for example from 800 to 2600 nm, in particular
from 1500 to 2600 or from 2000 to 2550 nm. The wave numbers can be in the region of 16600 to 500, for example
from 16000 to 3840 cm-1, for example from 12500 to 3840 cm-1, in particular from 6660 to 3840 or from 5000 to
3900 cm-1; the corresponding frequencies in Hertz can be obtained by multiplying these wavelengths by 3x10 (exp)
10 cm/s.

Betore you can identify and/or predict the property of a sample, it is obviously necessary to measure the values of
the said property to the standards and, optionally, to the poles. Thus, in one embodiment of this invention, the
chemical, physical and/or physico-chemical standards (and optionally the poles) are determined using conventional
analytical techniques. By way of a non-limiting example of the conventional analytical techniques, we may mention
gas chromatography for chemical compositions. Although it goes without saying that the standards are selected to
cover the range in which the method is to be used, in a preferred embodiment, this invention provides for working with
a limited number of standards through the methodology of enlarging the aforementioned spectral database.

Thus, 1n one preterred embodiment of this invention, the values of the desired properties measured for said
standards (and optionally for the poles) are added to the spectral database; when the spectral database is enlarged, the
values of said properties for synthetic standards intergerms (and optionally for the extragerms) are then calculated
from the formulas used to generate the synthetic standards; this calculation is done simply by replacing the spectral
magnitude values VGS with the measured values of said properties of the standards (and optionally the poles) used in
the formulas (and optionally, for the extragerms, by the values already calculated for the intergerms). This leads to a
spectral database consisting of a number of points (standards and optionally the intergerms, the poles and the
extragerms) which are associated with the desired properties (measured and calculated). An example of an
embodiment (truncated view) is given in Figure 10.

This 1s illustrative of an enlarged spectral database E consisting of standards (A) and intergerms (IG). The table
has been supplemented by the characteristics of the desired target products, namely RON and MON values (Research
Octane Number (RON) and Motor Octane Number (MON)). These characteristics were therefore measured for the
standards and calculated for the intergerms.

In the description of EP0742900, the signals are compared, e.g., the absorptions (or their derivatives) for the

unknown sample, with the signals, e.g., absorptions (or their derivatives) at the same wavelength of the standards, and
the standards having the smallest differences are chosen. Then the properties of these standards chosen are averaged to
determine the property of the unknown sample. Therefore, a calculated spectrum is reconstituted from the target
product to which the characteristic (property) is thus calculated.

According to a preferred embodiment of this invention, this comparison of signals is therefore not performed on

the entire spectral database, but only the portion of the spectral database representative of the homogeneous subgroup
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to which the sample belongs. This is done preferably by using the above-mentioned discriminant method
(discriminant aggregates) that is defined in this part of the spectral database.

Then, the signals are compared, e.g., the absorptions (or their derivatives or any other value of spectral
magnitude) for the unknown sample (target product), with the same signals and at the same wavelength of the
standards and/or intergerms and/or extragerms and/or poles belonging to the same homogeneous subgroup, and the

standards and/or intergerms and/or extragerms and/or the poles having the smallest differences is chosen in the

spectral database.

Whatever the method is used, the points nearest to the target product will later be called "close neighbor". Then,
for example, averaging such properties can make these standards and/or intergerms and/or extragerms and/or poles
selected may be used to determine the desired characteristic (property) of the unknown sample.

[n accordance with one particular embodiment of this invention, the close neighbor chosen are those with the
smallest average values of the absolute difference at each wavelength i1 between the value of spectral magnitude
(represented for example by the absorbance or a derivative thereof) Wix for the target product (sample/unknown
product) and the signal corresponding to Wim for the close neighbor. The averages may relate for example to the
average value of Wix-Wim (regardiess of its sign, i.e., an absolute difference), or of (Wix-Wim) exp2. Each close
neighbor 1n the spectral database for the type of product in question, we find the average difference as described and
we choose the closest neighbor having the smallest average differences, namely at least one but preferably two, up to
1000 of the smallest, for example two to 100 or two to 20, but especially from two to 10 and especially two to 6 of the
smallest. This selection of closest neighbors can be performed by any known method, for example, the methods
described in the description of patent No. EP0742900 can be used advantageously (for example to determine the

proximity index).

According to one particular embodiment of this invention, the number of close neighbor may be equal to one,

preferably greater than or equal to two, even preferably greater than or equal to three.

According to one embodiment of this invention, the number of close neighbor is less than or equal to 50, for

example less than or equal to 20, or even 10.

As stated previously, from the time the "close neighbor" points were selected, one can easily average the selected
properties of these close neighbor (standard and/or intergerms and/or extragerms and/or poles) to determine the

property of the unknown sample (the target product). Therefore, a calculated spectrum is reconstituted tfrom the target

product to which the characteristic (property) is thus calculated.
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However, and this 1s a preferred embodiment of this invention, the applicant has unexpectedly found a significant
improvement in the accuracy and robustness of its method for determining the desired characteristic (e.g., a property)
of a target product when performing a weighted average of the properties of these “close neighbor” points (which may
be standards and/or intergerms and/or extragerms and/or poles), said weighting being an inversely proportional linear
or non-linear function to the distance between the sample (“the target product™) and the “close neighbor” points

selected; this weighting may for example be represented by the formula

1

POND = -4
21“&‘{&‘

With a being a positive number, preferably between 0.5 and 1.5, di is the distance between the target product and the
close neighbor 1, and n s the total number of close neighbor.

Theretore, a weighting of this kind in the measured properties (and optionally calculated) of "close neighbor" is
applied to obtain the property of the target product.

Theretore, a calculated spectrum is reconstituted from the target product to which the characteristic (property) is
thus calculated.

In other words, the calculation of characteristic Z of the target product is achieved through the corresponding
characteristics Zi of the close neighbor points, while allowing characteristics of said close neighbor points a much
greater weight in said calculation in that they are closer to the target product.

Thus, this invention also provides a method of characterizing a target product comprising the following steps:

I. Establishment of a spectral database comprising samples, their spectra and their measured characteristics

("CAR", for example the property "P"),

2. Spectral analysis of the target product and comparison of the obtained spectrum (Spectrum PC) with the

spectral data from the database,

3. Identification of the "close neighbor" points of the target product, and

4. Calculate by topology the characteristic of the target product (CARpc/top, for example the property Ppc/top)

according to the corresponding characteristic close neighbor points,
characterized in that the calculation of step 4 is based on a weighting related to the inverse of the distance between the
target product and the close neighbor points.

One can use the method of the invention to determine more than one property P at a time. For example at least
two, in particular from one to 30 for example two to 10 properties at a time. Of course we can use different numbers of

standards chosen for each property.

In another preferred embodiment of this invention, the Applicant has discovered a particularly eftective
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alternative method.

This method involves combining one of the topological characterization methods of the aforementioned target

product with any mathematical model that differs from the topological methods (preferably a regression model) and

that makes 1t possible to characterize the target product from the spectral magnitude values VGS (for the same

property).

This method thus requires prior establishment of a mathematical model that can calculate the properties of

products based on spectral magnitude values (VGS) from the database, preferably a regression mode! (product

characterization from the pre-established spectral database); this spectral database can be either the aforementioned

database A or preferably database A’, E, EE or EEI, or a selection of said databases. Preferably, this database will be

the same as that used for the topological method.

This alternative method for characterizing a target product comprises the following steps:

1.

Establishment of a spectral database comprising samples, their spectra and their measured characteristics
("CAR", for example the property "P"),
Spectral analysis of the target product and comparison of the obtained spectrum (Spectrum PC) with the
spectral data from the database,
[dentification of the "close neighbor" points of the target product,
Calculation by topology
4.1. of the characteristic of the target product (CARpc/top top, ¢.g., property PPC/top) and
4.2. ofits thusly calculated spectrum (spectrum PCcalc),
Establishment from the spectral database of a mathematical model to calculate the characteristic of a product
from the spectral database (CAR/mod, for example property P/mod)
Calculation of the characterization of the target PC product using the following formula = CARpc =
CARpc/top + [CARpc/mod - CARpccale/mod]
with
- CARpc being the calculated value of the characteristic of the desired target product,
-  CARpc/top 1s the value calculated by topology (close neighbor points) of the characteristic of the target
product,
-  CARpc/mod being the value calculated by the mathematical model of the characteristic of the target
product, and
- CARpccalc/mod being the value calculated by the mathematical model of the characteristic ot the

calculated target product (using the spectral data obtained in point 4.2).

The characterization of a product according to this invention may consist in a determination and/or prediction of

any chemical, physical or physico-chemical characteristic of said product and/or the identification of a type and/or

family of products.
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For example, the presence of individual chemical compounds within one compound may be determined as well as
their concentrations; any type of property can also be determined, some of which are exemplified below.

Thus the method can be used for the physico-chemical determination or prediction regarding at least one
feedstock or a product used in an industrial oil refining process and/or petrochemical operations or obtained in aid
thereof. The process can be a hydrocarbon conversion or separation process, preferably a process of reforming or
catalytic cracking or hydro-processing, or distillation or blending. In particular, the following may be used to
determine at least one property of a feedstock and/or to predict and/or determine at least one property and/or the yield
of a product from a certain number of different processes such as processes for separating petroleum products such as
atmospheric distillation, vacuum distillation or distillative separation, under greater than atmospheric pressure, and
thermal or catalytic conversion, with or without partial or total hydrogenation of a petroleum product, such as
catalytic cracking, for example, fluid catalytic cracking (FCC), hydrocracking, reforming, isomerization, selective
hydrogenation, visbreaking or alkylation. In particular, this invention applies to the mixture of components of the
target products (e.g., target petroleum products, for example, fuels) in any suitable place, for example a refinery, an oil
terminal and/or any device using a target product made of a mixture of components prepared in batches and/or
preferably in-line.

The use of the method in mixing operations involving the production and/or determination of at least one property
ot a liquid hydrocarbon mixture (optionally with other additives, such as alkyl ethers) is of particular value. This
method may comprise or may not comprise the determination of each component of the mixture of a mixture index for
the property sought. In this method as applies to the mixture, one can simply obtain the blend index by calculation and
without having to prepare the physical mixtures of standards other than those contained in the database. The mixing
indices may be combined linearly (or nonlinearly) in the areas of stability to determine from the value of this
combination, a value for at least one property of the resulting mixture. The mixture can be created by mixing at least

two compounds chosen from butane, hydrogenated steam cracked gasoline, isomerate, reformate,
methyl-ter-butyl-ether (MTBE) and/or tert-Amyl methyl ether (TAME) and/or ethyl-ter-butyl-ether (ETBE), derived
by FCC gasoline, ethanol and/or bioesters. This process may be repeated by digitally adding the other components
separately to the liquid hydrocarbon base to determine a series of mixing indices and then determining from these
indices the properties of the multi-component mixture.

Examples of properties that can be determined and/or predicted are the following: for automotive fuels/gasolines,

at least one of the Research Octane Number (RON), the Motor Octane Number (MON) and/or their arithmetic mean,

with or without additives and/or the content of methyl-t-butyl ether or methylisoamyl ether and/or benzene.

For automotive fuels/gasolines, at least one of the vapor pressures, density, volatility, distillation curve, such as
the percentage distilled at 70°C and/or 100°C, the oxygen content or the content of benzene or sulfur, the chemical

composition and/or for example, the gum content expressed in mg/100 ml (especially to determine these properties for
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use in the mixing operations).

For diesel or gas oil fuels, at least one cetane number (e.g., measurement at the motor), the calculated cetane
index, cloud point, the "discharge point", the filtering ability, the distillation curve, the density, e.g., 15°C, the flash
point, e.g., the viscosity at 40°C, the chemical composition, the sensitivity to additives and the percentage of sulfur.

For the distillation of products produced from crude oil, e.g., at atrhospheric pressure, at least one of densities,
percentage of sultur, viscosity at 100°C, the distillation curve, the paraffin content, the residual carbon content or
Conradson carbon content, the content of naphtha, the flash point of the oil, the cloud point for diesel fuel, e.g., light
gas o1l and/or the viscosity at 100°C and/or the content sulfur for the atmospheric residues and the yield for at least one
of the cuts, gasoline (bp. 38-95°C), benzene (bp. 95 at 149°C), naphtha (bp. 149 to 175 C), kerosene (bp. 175 to 232°
C), light gas oil (bp. 232 to 342°C), heavy gas oil (bp. 342 to 369°C) and that of the upper atmospheric residue to
369°C.

For at least one of a feedstocks or producis of a catalytic cracking process e.g., an FCC process, at least one of
densities, percentages of sulfur, the aniline point, the diesel index, the fuel index, viscosity at 100°C, refractive index
at 20°C and/or at 60°C, the molecular weight, the distillation temperature e.g., the distillation temperature at 50%, the
percentage of aromatic carbon, the total nitrogen content and the factors characterizing the crackability of the
feedstock e.g., Kuop, the crackability factor, the cokability factor and the yield e.g., in gas, gasoline, gas oil or residue.
Thus, it 1s possible to determine the yields and/or properties of the various products obtained by distillation of the
cracked products such as RON and/or MON without an anti-knock additive for gasoline cutting and viscosity at 100°C

for the distillation residue.

For at least one of the products or feedstock from a catalytic reforming process, at least one of the densities, the
distillation temperatures and/or chemical compositions (expressed in percentages) of linear saturated hydrocarbons,
isoparaffins, naphthenes, aromatics and olefins.

For at least one of a products or a feedstocks for a gasoline hydrogenation process, at least one of the densities, the
distillation temperature, RON and/or MON, the gasoline vapor pressure without anti-knock additives or lead,
volatility, chemical composition (expressed as a percentage) in linear saturated hydrocarbons, isoparaffins,
naphthenes, aromatic substances such as benzene and mono/di-substituted benzene, olefins such as cyclic and
non-cyclic olefins, diolefins, and the index of maleic anhydride.

It must be obvious to the skilled person that this invention allows embodiments in many other specific forms

without departing from the scope of the invention as claimed. In this way, these embodiments must be considered to

be for illustrative purposes being able to be modified within the domain defined by the scope of the attached Claims.
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CLAIMS
1. Method for preparation of a target product for batch and/or in-line mixing of its "n" components from

ditterent tlows from said components at controlled concentrations and/or flow rates, with optional incorporation of
additives, said target product having to be marketed with a set of ranges of physico-chemical characteristic values,
method in which a batch and/or continuous mixer is fed said components at controlled concentrations and/or flow

rates, this process being characterized in that:

1. at least one spectral datum characterizing the target product is available and which defines its

spectral range

2. spectral datum (data) 1s (are) available, each individually characterizing at least two - preferably all

the "n" - components of the target product,

3. a computer program is used which makes it possible to calculate the ranges of respective
proportions of said components necessary for reconstituting a spectral datum of the mixture belonging to the

spectral range of Step 1 from the spectral datum (data) of Step 2, and

4. the ranges of respective proportions of the constituents of step 3 are used to control the

concentrations and/or flow rates of the components fed into the mixer so as to prepare the target product.

2. Method according to the foregoing Claim characterized in that the spectral data are measured using the same

type of spectral analysis, preferably using the same type of spectrometer.

3. Method according to any of the preceding Claims characterized in that the spectral data are spectra and/or

spectral databases.

4, Method according to any of the preceding Claims characterized in that the spectral data are obtained from
spectral analysis chosen from NMR, Raman, infrared (IR), near-infrared (NIR) and/or UV/Visible, preferably

near-infrared topological spectral analysis ("NIR").

5. Method according to any one of the preceding Claims wherein the target product comprises a major
component whose concentration by weight in the target product is the highest and at least one minor component and
characterized in that the spectral data of the minor component are obtained by analyzing a mixture of said minor

component with either said major component or a representative mixture of the target product.

6. Method according to any of the preceding Claims characterized in that the number of "n" components of the

target product is greater than or equal to three.

7. Method according to any of the preceding Claims characterized in that it performs an additional step

following the second step of Claim 1, said additional step consisting of the constitution from the spectral data
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characterizing the components (preferably from the spectral databases characterizing the components) of new spectral
data characterizing the mixtures of said components (preferably new spectral databases characterizing the mixtures of

said components), and then using these new spectral data (preferably these new spectral databases) in the third step of

Claim 1.

8. Method according to any of the preceding Claims characterized in that the target product is a petroleum

product, for example a fuel, for example a gas oil and/or a gasoline.

9. Method according to any of the preceding Claims characterized in that the preparation is carried out in a
refinery, a (petro-) chemical complex, a petroleum depot and/or any plant using a batch and/or in-line mixture of

components, in particular in a terminal or any post-refinery fuel mixing facility.

10. Use of a method according to any of the preceding Claims for preparing a target product comprising a
component “X”, consisting 1n favoring the use of said component "X" from among the "n" components of the target
product mixture, the preparation method including an additional step consisting in selecting from the ranges of
respective proportions of the components being fed into the mixer of step 3 of Claim 1, the proportion range having the

highest concentration of " X" component.

11. Use of a method according to any of Claims 1 to 9
a. to validate the replacement of component "X" by component "X’", and/or
b. predicting the potential use rate of component " X"

during preparation of a target product initially comprising component "X", the preparation process including

a. a spectral analysis step of component “X’” to determine a characterizing spectral datum, for example a
spectrum and/or a characterizing spectral databank,

b. a step consisting of a step to replace the spectral datum characterizing component "X" with the spectral datum
characterizing component "X’" in the Process,

C. a validation step to replace an “X” component with an “X’”” component and/or to predict the potential rate of
use of the component “X’” for the third step of Claim 1 that makes it possible to verify that at least one range exists of
the respective proportions of the new components necessary to the reconstitution of a spectral datum of the mixture

belonging to the spectral domain of the target product.
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