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METHOD FOR PREDI CTI NG CHEM CAL OR PHYSI CAL PROPERTI ES OF CRUDE A LS
BACKGROUND OF THE INVENTION 1. Field OF The Invention This invention
relates to a nethod for rapidly predicting the physi cal and cheni cal
properties of a¥@PUH&%i| and/or its boilinglfracti ons using @ceosisogessi on
of gas chromat ography and nmass spectrorretry 2. Description O The Rel ated
Art Traditional wet chem strBEIODASOR PREIMATNGOCHEMSC&8/oRNd cheni cal
whi ch define crude oils quali PM@A!%HOFEK?I@S)@%“@R%E Hide oils are

commonly subjected to distillation and the resultant arst ation fractions
subjected to numm@%@tﬁgﬁ | test. Crude oils typically
contain many thou 8 Jg]ylg‘r@v;l;@%orrpounds and therefore only
bul k properties for classes of conpounds are usually neasured, e.g.,

vi scosity, pour painfFieldBF Thednvdnboand the |ike. Gas chromat ography has
been used to predict physi cal and performance properties of hydrocarbon

m xt ufes boiling in the gasoline range. Crawford and Hel | nuth, Fuel, 1990,
69, 443-447, describe the ushisahvepsisn ctintestd mgre«ﬂpi@foamabmlylpmdlpahc the
conponent s 1 egr es phodeaNald¥hemida? pRiperieslo f ] | IS
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appl i cation JP 03219 m@t?ﬁﬁ?‘?‘ﬁ@“’! he cet ane
nunber for fuel oils by separating an 0|I sanple into its conponents using

2. Descniption Of The Related Art

Traditional wet chemistry methods for obtaining physical and
chemical which define crude oils quality are very time consuming. Crude oils
are commonly subjected to distillation and the resultant distillation fractions
subjected to numerous analytical and physical test. Crude oils typically contain
many thousands of different chemical compounds and therefore only bulk
properties for classes of compounds are usually measured, e.g., viscosity, pour
point, API gravity and the like.

Gas chromatography has been used to predict physical and
performance properties of hydrocarbon mixtures boiling in the gasoline 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 gasolines blended from different refinery streams. Japanese
laid-open patent application JP 03-100463 relates to a method of estimating the
cetane number for fuel oils by separating an oil sample into its components using
gas chromatograpy, measuring the signal strength of ion intensities at char-
acteristic masses in the mass spectrum, and correlating these ion intensities to
cetane number using multiple regression analysis.

Combined gas chromatography/mass spectrometry (GS/MS)
analysis has been done on crude oils. U.S. patent 5,119,315 discloses a method
for aligning sample data such as a mass chromatogram with reference data from

; a known substance. Williams et al, 12th European Assoc. Organic Geochem.,
Organic Geochem. Int. Mtg. (Germany 09/16-20/85); Organic Geochemistry



gas chromat ograpy, neasuring the signal strength of ion intensities at
char- acteristic nasses in the nmass spectrum and correlating these ion
intensities to cetane nunber using nultiple regression analysis. Conbined
gas chronatog&agh / mass spectronetry (GS/ MS) anal ysis has been done on
crude oils. }Sfm%ﬂﬁent 5,119, 315 di scl oses a nethod for al PGNUSRSOEBAD| e
data such as a mass chromatogramwith reference data froma known
substance. WIllianms et al, 12th European Asgoec. Organic Geochem, Organic
Geochem Int. Mg. (Germany 09/ 16-20/85); Organic Geochem stry WO
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SUMMARY OF THE INVENTION

This invention relates to a method for predicting physical, perform-
ance, perceptual and/or chemical properties of a crude oil which comprises:

(a) selecting at least one property of the crude oil or its boiling fractions;

(b) selecting reference samples, said reference samples containing
characteristic compound types present in the crude oil or its boiling
fractions and which have known values of the property or properties
selected in step (a);

(c) producing a training set by the steps of:

(1) injecting each reference sample into 2 gas chromatograph which is
interfaced to a mass spectrometer thereby causing at least a partial
separation of the hydrocarbon mixture into constituent chemical
components and recording retention times of the partially separated
components;

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

(3) obtaining for each reference sample a series of time resolved mass
chromatograms;

(4) calibrating the retention times to convert them to atmospheric
equivalent boiling points;
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characteristic conpound types present in the crude oil or its boiling
fractions and whi ch have known val ues of the property or properties

selected in step (a); (c) producing a training set by the steps of: (1)

i njecting each reference sanple into a gas chromatograph which is
Interfaced to é’??ﬁ’%%"“spectrorreter t her eby causing at | east aPEHYI%6/84955
separation of the hydrocarbon m xture into constituent chem cal conponents
and recording retention tinmes of the partialll-y separated conponents; (2)

i ntroduci ng the constituent chem cal conmponents of each reference sanple
into the mass spectroneter, under dynam c flow conditions; (3) obtaining
for each reference sanple a series of tinme resolved mass chromatograns; (4)

calibrating the retention tines to convert themto at rrpsg_he(i c equi val ent
boi | i ng points; W5) 9 79edecting a series of atmospheric boiling point fractions;

PCT/ US96/ 06955 -3 - (5) selecting a series of atnospheric boiling point
fractions; (6) seleciiing w thin each bojli.n olnt fraction series of
nol edul ar and/ or fragér}en?e\f%%,w@é{?&aﬁ?‘bhgﬁ‘ﬂgpﬁ’é‘t %&B?%%ﬁ?’éﬁsi%én&‘: a
characteristic and/or fragment ions, said ions being representative of characteristic

compounds or compound classes expected within the boiling point
fraction;

(7) (1) recording the total amount of mass spectral ion intensity of each
characteristic compound or compound group selected in step c(6),
and optionally

(ii) multiplying total amounts of mass spectral ion intensities of each
characteristic compound or compound group from (7)(i) by weighting
factors to produce either weight or volume percent data;

(8) forming the data from steps c¢(6) and eitherl of ¢(7)(i) or c(7)(ii) 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 c(8) and c(3) by multivariate correla-
tion techniques including Partial Least Squares, Principal Component
Regression, or Ridge Regression to produce a series of coefficients;

(d) subjecting a crude ol or its boiling fractions to steps ¢(1) and c(3) in the
same manner as the reference samples to produce a series of time resolved
mass chromatograms;

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

, (f) multiplying the matrix from step (e) by the coefficients from step ¢(10) to

produce a predicted value of the property or properties for the crude oil or
its boiling fractions.



conpounds or conpound cl asses expected within the boiling point fraction;
(7) (i) recording the total anmount of mass spectral ion intensity of each
characteristic conpound or conpound group selected in step c(6), and
optionally (ii) multiplying total anmounts of nass spectral ion intensities
of each char a¥P&H PS¢ conpound or compound group from (7) (iPCTaysosmsssht i ng
factors to produce either weight or volunme percent data; (8) formng the
data fromsteps c(6) and either of c(7)(i)-ar- c(7)(ii) into a X-block
matrix; (9) formng the property data selected in (a) for reference sanpl es
selected in (b) into a Y-block matrix; (10) analyzing the data from steps
c(8) and c(9) by multivariate correla- tion techniques including Parti al
Least Squares, Principal Conponent Regression, or Ri dge Regression to
produce a series of coeff |E1e@as§;hrpm)atogsap3]yérdaw@emrom&g (%O/Mﬁ) method
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of predicted vs. observed values of cloud points
for crude oils.

Figure 2 is a plot of predicted vs. observed values of freeze points
for crude oils.

Figure 3 is a plot of predicted vs. observed values of refractive
indices for crude oils.

Figure 4 1s a plot of predicted vs. observed values of volume
percent true boiling point for crude oils.

Figures 5, 6 and 7 are plots of predicted and observed values of
volume percent vs. true boiling point for individual crude oils.

DETAILED DESCRIPTION OF THE INVENTION

Crude oils contain many thousands of different individual chemical

compounds including organic, metallo-organic and inorganic compounds. A
complete analysis of crude oil components would be extremely difficult even
with modern instrumental techniques. In order to predict bulk properties of a
crude oil or its boiling fractions, one must obtain information on key chemical
components within different classes of the constituents of crude oils. The more
chemical components identified, the better the prediction. However, these addi-
tional components greatly increase the data that must be quantitatively treated.
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The Gas Chr omat ogr aphy/ Mass Spectronetry (GC/ MS) net hod descri bed above can
be used to predict a wide range of chem cal and physical properties
(including p ce and perceptual properties) of crude oils such as
cheni cal corrpq%é?{/ﬁ and concentration data on specific conPEHERIEHE95S
distilla- tion properties, viscosity, pour point, cloud point, octane
nunber, APl gravity, and the like in a sho¥s-tinme period. BRI EF DESCRI PTI ON
OF THE DRAWNGS Figure 1 is a plot of predicted vs. observed val ues of
cloud points for crude oils. Figure 2 is a plot of predicted vs. observed
val ues of freeze points for crude oils. Figure 3 is a plot of predicted vs.
observed val ues of refractive indices for crude oils. Figure 4 is a plot of
predicted vs. observed vallheéPresentaethae forpredisting chemise] andghysisisht f or
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di ff érent i ndi vifoagohenttandioraholecular ions produced by the MS. The MS information is
compared with a set of known properties from reference samples which form a
training set. By mathematically comparing the experimental data against that of
the training set, one may predict the desired properties of the unknown mixture.

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,
capillary gas chromatography is the preferred means for interfacing with a mass
spectrometer. Both GC and MS utilize computer software for instrument
control, data acquisition and data reduction.

The sample mixture to be analyzed is first injected into a GC
where the mixture components are separated as a function of retention time and
boiling point. Only partial chromatographic resolution of mixture components is
necessary. The GC oven temperature control is usually programmed for saniples
with a wide boiling range. Components may also be identified by a detector
such as a flame ionization detector, thermal conductivity detector, atomic
emission detector or electron capture detector.

The separated or partially separated components are then trans-
ferred to the 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 inter-
face 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



conpounds including organic, netallo-organic and inorgani c conpounds. A
conpl ete anal ysis of crude oil conponents would be extrenely difficult even
wi th nodern instrunmental techniques. In order to predict bul k properties of
a crude oil or its boiling fractions, one nust obtain information on key
cheni cal conpdYRH{%%%i thin different classes of the constituBET/HSWH6WSude
oils. The nore chem cal conponents identified, the better the prediction.
However, these addi- tional conponents greatd-y increase the data that nust
be quantitatively treated. WO 97/ 01096
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preferred means Bﬁ'ﬁltbﬂﬁg féﬁvfj Aa¥ i3 sHBERd ion mode, 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, triple quadrupole, etc.), ion cylotron resonance
and time of flight. Any ionization technique may be used, such as electron
ionization, chemical ionization, 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 spectra. The
mass spectra are divided into 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 is an
integer from 1 to n. The term "diagnostic ion" refers to an ion which is
representative a compound, a chemical class or a physical property correlated
thereto. Regardless of whether mass spectra are obtained in the scan or selected
ion monitoring mode, it is important that the mass spectra be obtained under
repeatable conditions.

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



spectronmeter. Both GC and MS utilize conputer software for instrunent
control, data acquisition and data reduction. The sanple m xture to be
analyzed is first injected into a GC where the m xture conponents are
separated as a function of retention time and boiling point. Only partial
chr omat ogr aphi ¥Q¥9%6t i on of mi xture conponents i s necessar YPCTTUS96/@BsHven
tenperature control is usually programmed for sanples with a wi de boiling
range. Conponents may also be identified by aydetector such as a flane

i oni zation detector, thermal conductivity detector, atom c em ssion
detector or electron capture detector. The separated or partially separated
conponents are then trans- ferred to the nmass spectroneter under dynam c
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not invol ving a GPresianpavailable for such data alignment, for example, Hewlett-Packard
GC/MS Software G1034C version C.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 ions of known components. The training set
for chemical composition data is thus made up of mass spectral data for different
components characteristic of components expected to be found in the sample
mixtures. Similar training sets can be formed for other chemical or perceptual or
performance or physical properties 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 been temperature 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 properties 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

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



used to introduce the sanple into the nass spectroneter. In the M5 sanple
nol ecul es are bonbarded with high energy el ectrons thereby creating

nol ecul ar ions which fragment in a pattern characteristic of the nolecul ar
speci es invol ved. A continuous series of mass spectra are obtai ned over a
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the mass spectral 19%%.aVelr 85.a0eud: Jeckspn, t Ko 'b‘eh&semﬁéldefﬂﬂel’msal Components”,
Wiley-Interscience, New York, 1991; Montgomery, D. C. and E. A. Peck,
"Introduction To Linear Regression Analysis", Wiley-Interscience, New York,
1990; and Martens, H., and T. Naes, "Multivariable Calibration", Wiley-
Interscience, New York, 1989.

When dealing with a complex mixture, it is necessary to select appro-
priate masses or groups of masses at specific retention times for a particular
compound or classes of compounds. This may be accomplished by either
Hydrocarbon Compound Type Analysis or Chemist's Rules. For crude oils, it is
preferred to use Hydrocarbon Compound Type Analysis. However, Chemist's
Rules may be used and the selection of such masses is the basis for a set a niles
which then forms the data for the training set. There are no set procedures for
such a selection process. The researcher must select appropriate masses for
compounds of interest. For example, 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,
perceptual, performance or physical properties may be developed by correlating
compositional data with other properties of interest, e.g., boiling range, viscosity,
API gravity and the like. The result of a mathematical treatment such as
PLS/PCR/RR of the training set is a set of coefficients for the properties of
interest.



range covered during the mass spectroneter acquisition should be sufficient
to provide acquisition of all of the ions which could be used as di agnostic
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Hew ett - Packard GC/ M5 Sof t war e C version C01. rence mass
spectral data, and associated properties data, are arranged in matrix form
for mathemati calEXAMPIERt as described below. In the case of chenical
conposition information, one matrix is formed of reference sanple ion

Intensities at given massels and_the ot héar .matrix contains known ion
he method for predicting the physical or chemical properties for a

range of boiling fractions of crude oils is demonstrated in this example using API
gravity of crude oil fractions as the specific property for purposes of illustration.
The method is generally applicable to a range of other physical properties as well
as chemical, perceptual or performance properties of such mixtures, such as
saturates and aromatics content, smoke point, pour point, viscosity, etc.

The 1nitial consideration is to establish a set of standard GC/MS
operating parameters so that the GC/MS analytical data used for predicting
properties are obtained under consistent operating conditions. The GC/MS
instrument used in this example is a Hewlett-Packard 5970 Mass Selective
Detector interfaced to a Hewlett-Packard 5890 Series I Gas Chromatograph.

The GC/MS operating conditions are summarized in Table 1.

GC Conditions
Column Fused silica capillary column, such as
JEW DB 1 HT; 15mx 0.25 mm, 0.1
micron film thickness
Temperature Program
Initial Temperature (°C) - 40
Initial Time (minutes) 0
Program Rate (°C/minute) 10
Final Temperature 380
Final Time (minutes) 18
Carrier Gas Helium
Injection Volume, microliter 0.5
Injection Split 5:1
Column Head Pressure, psi about 2




intensities for nolecular fragment ions of known conponents. The training
set for chem cal conposition data is thus made up of nass spectral data for
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A Gerstel injector was used to introduce the sample without
discrimination and simultaneously maintain vacuum-tight seals throughout the
system during the analysis. The injector was programmed at a fast, controllable
rate (12°C/sec) from -150°C to 400°C. A dilute solution (about 2%) of sample
in CS7 was introduced with an autosampler.

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 to form a model training set. In this example, a suite of 46
crude oils were used, covering a broad range of API gravity as shown in Table 2.

TABLE 2
COUNTRY API GRAVITY
US.A. -1 29.00
Nigeria - 1 32.10
Saudi Arabia - 1 32.50
Saudi Arabia - 2 27.30
Saudi Arabia - 3 32.50
Saudi Arabia - 4 30.40
Abu Dhabi - | 43.50
Venezuela 22.00
Chad - 1 21.80
Nigeria - 2 43.10
Angola 32.70
Australia 39.70
Dubai 31.90




PLS/ PCR/' RR are described in the literature, e.g., Wld S., A Ruhe, H

Wld, and W J. Dunn, "The Collinearity Problemin Linear Regres- sion. The
Partial Least Squares (PLS) Approach to Ceneralized Inverses", SIAMJ. Sci.
Stat. Conput., 1984 5(3), 735-743, or Geladi P., and B. R Kowal ki,

"Partial LeasVYO%HM4P%es Regression: A Tutorial", Anal. Chi m PEUAEY6/0ESB6,

185, 1- 17, or Hokuldsson A, "PLS Regression Methods", J. Chenonetrics,
1988, 2, 211-228, or in many other articlesjjin journals such as the Journal

of Cheno- netrics or Intelligent Laboratory Systens; Frank, |. and J.
Friedman, "A Statistical View of Sorre Chermrret r| cs Regr essi on Tool s",
Technonetrics, 1993, Vol. 35, Jacks *“A-Yser's Cuide To
Princi pal Conponents", WI ey- PG@B@& ence. New Y@)?-&O 1991; Mont gorrery, D.
C. and E. A Peck, "Introductjgrg To Linear {Regr egg;ilgn Angl ysi s",
W ey-Interscience, New York, [T990,—gnmd—variters; arrd-iT. Naes,
"Mul tivariable Calibration", MME&P2-Pnterscience:; 6P5|Qw Yorlk, 1989. When
dealing with a conplex ni xtureNig'etiai-a necesjsary po.19€l ect appro- priate
masses or groups of masses at ﬁ&eg ic retentlon §| S Tor a particular
conpound or cl asses of conpoupts—Hrts—Hay—Be ac\,eny' i ”%d by either
Hydr ocar bon Conpound Type AnalUsi.4. 03 Chem st's BB88s. For crude oils, it
is preferred to use Hydrocar bpp,&agprqund Type Anghygi s. However, Chemist's
Rul es may be used and the sel 3,.L&jf§n f—stucth ﬂblbb%I rs—tte] basis for a set a
rul es which then forms the daf he trajning Theye are no set
procedures for such a sel ecti pBggitocess. The res@epoher nust sel ect
appropriate nasses for conpouf rv% I nferest. F053%>6ainé, paraffinic
hydr ocar bons yield fragnent >4 :

US.A -5 19.00

US.A. -6 19.40

Iran 34.20

Chad -2 17.20

Kuwait - 2 31.90

Cameroon 21.10

Yemen - 1 44.70

Yemen -2 47.80

Yemen - 3 31.00

Chad - 3 24.60

Abu Dhabi - 2 40.40

Abu Dhabi - 3 39.50

Nigeria ~ 5 27.90

Mexico 38.50

Oman 34.20

US.A. -7 45.00

(Gabon 33.70

Russia - 1 28.10

Algeria 4330

’ Russia - 2 32.60

Syria 36.20

US.A. -8 18.00

Malaysia 47.00




ions at masses 43, 57, 71, 85, . . . daltons, and these masses may be used
as diagnostic of this class of conpounds. Moreover, when coupled with
retention tinme data, it is possible to identify concentrations of specific
conpounds within this class of conmpounds. In a simlar manner, training
sets for ot herVEREMW,| | perceptual, performance or physical RSTa|5eaa6P8s nay
be devel oped by correl atl ng conposi ti onal data with other properties of
interest, e.g., boiling range, viscosity, ARh.gravity and the like. The
result of a mathematical treatnent- such as PLS/PCR/' RR of the training set
is a set of coefficients for the properties of interest. WO 97/ 01096
PCT/ US96/ 06955 -9 - These coefficjents are th tinlied by the data

matri x for the sanple. The resufs‘tdai% ?WB’CWE‘SPQEH ldt%{eseg@gdrgbor PSb@l“[‘y
or properties. Thng et GE/MB daﬂaeTmn/typtsofdatan‘émmawiﬂollmnayhtesédmrethe

follow ng exanpl aSpensfiMRudes ind By &ﬁﬁdyé ngﬂgne 40 BYserbRY, 1B
cheni cal properties a range 0| |n acti SIS
denpnstrated in teﬁ‘iag‘P Ogqugp, - JapiL gﬁ"th}“%\‘ femgnagion of Afematipssand

the specific pr omt\hmte‘sm PpttbkbﬁﬁﬁBraOlﬁonsf',lAlﬁd’.lYﬁﬁﬂl @heniimy,mi(hb)dhlﬁ-g%r ally
appl i cable to a r(]‘:’l anf'h O&M'{reﬁ)t?%ﬂt 1349 suc ﬁl%lv%msseWalt%?e%ﬁSHS‘enaﬁgl ’

per ceptual or per nce pr.oper m xture
cahbratmn secnon to convert the retention time axis to the boiling point axis; and

(2) the actual Hydrocarbon Compound Type Analysis or the Chemist's Rules
which are based on a selected series of masses and correspond to prominent
compounds or compound types expected for the type of hydrocarbon mixture
under investigation. 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 a set of the Chemist's Rules are
shown in Table 3.



saturates and aromatics content, snoke point, pour point, viscosity, etc.
The initial consideration is to establish a set of standard GC/ M5 operating
paranmeters so that the GO/ M5 anal ytical data used for predicting properties
are obtained éjler COI’ISI stent operating conditions. The GC/ M5 instrunent
used in this 3’2 %?8 S a Hew ett-Packard 5970 Mass Sel ecti vECDRSHHGORS
interfaced to a Hew ett-Packard 5890 Series Il Gas Chromat ograph. The GO M5
operating conditions are sunmmarized in Table 1. GC Conditions Colum
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WD 97/ 01096 PCT/ US96/ 06955 -

10- Interface Tenperature ([err] O 300 Mass Spectroneter Conditions
| oni zati on Mode El ectron lonization, 70 eV, nom nal Mass
Range Scanned g' al t ons) 10 - 800 scan/sec 1.56 A
Gerstel inject

P 8% sed to introduce the sanpl e wi thout di SerT/UEsB@édEON
and sinul taneously nmai ntain vacuumtight seal ¢ t hr oughout the system during
the anal ysis. The injector was progranmed at a fast, controllable rate
(12[err]Csec) from-150[err]C to 400[err]C. A dilute solution (about 2%

of sanple in CS2 was introduced with an autosanpler. In order to predict
properties of an unknown hydrocarbon m xture, it is first necessary to

sel ect reference sanples |h ving known val ues of the property or goroperties

to forma nodel tralnlngst oso§arrple a suite of 46 cruge oils
were used, covering a b®g ?mga gravity as shown in Talj e 2. TABLE
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Saudi Arabia - 3
43.50 Venezuel a
43. 10 Angol a
31.90 WO 97/ 0
PCT/ US96/ 06953VQ
23.10 Nigeria-3
29.60 U S. A - 3
21. 90 Egypt

32.50 Saudi Arabia - 4 30.40 Abu Dhabi - 1

22.00 Chad- 1 21.80 Nigeria- 2
32.70 Australia 39. 70 Dubai

1096

910t096 Denmar k 33.20 U K PCT/US96/06955
36.50 Nigeria - 4 29.10 U S . A - 2
33.80 Kuwait- 11s. 31.90 US. A - 4
30. 00

A calibration table based on standard curve-fitting mathematical
procedures is used to establish relationships between the measured retention
times and the known boiling points of a standard mixture of n-alkanes covering
the carbon number range: Cs to higher than Cgg. Table 4 displays a typical
calibration table containing the retention times of the n-alkanes and their known
boiling points. A similar calibration can be performed using the inherent
information of the hydrocarbon compounds identified by their mass spectra in
the mass chromatogram of the sample and their known boiling points. In that
manner, all mass chromatographic information obtained in the retention time
axis is converted to the boiling point axis. Hydrocarbon Compound Type
Analysis or Chemist's Rules procedures are applied to pre-selected boiling point
intervals or fractions. These boiling point intervals are specified by the user. It
is also possible to use a combination of Hydrocarbon Type Analysis and
Chemist's Rules wherein Hydrocarbon Type Analysis is applied to the boiling
point intervals and Chemist's Rules are applied within one or more of the
intervals. This type of treatment provides more detailed information concerning
the specific interval or intervals. The retention time to boiling point calibration
accounts for slight shifts in retention times which may result from column
degradation, column head pressure fluctuations, changes in column carrier gas
linear velocity, or minor fluctuations in the GC column oven temperatures or
other canses. Hydrocarbon Compound Type Analysis is preferred as this method
reduces the amount of data to be treated. Since one is usually concerned with
bulk properties of crude oils, compound types within selected boiling intervals
provide sufficient data to permit prediction of these properties.



Nor way
19.
31.
47.
40.
38.
33.
32.

40
90
80
40
50
70
60

33.50 U. S. A
| ran 34. 20
Caner oon 21. 10
Yenen - 31. 00
Abu DhaHYQ"’ 97/04096 39. 50
Oman 34. 20
Russia- 1 28. 10
Syri a 36. 20

Carbon Number

g~ -N- IR -

14
15
16
17
18
19
20
22
24
26
28
30
32
34
36
38
40
42

46
48
50
52
54
56
58
60

-5

Chad - 2
Yenen- 1
Chad - 3
Nigeria - 5
USA -7

Al geria 4.
US A -8

TABLE 4

Retention Time (min)

1.415
3.029
4.497
6.281
8.050
9.677
11.210
12.600
15.190
16.359
17.511

19.564
20.527
21.443

24.792
26.262
27.684
28.933
30.197
31.320
32.458
33.454
34.498
35.415
36.381
37.283
38.249
39.247
40.245
41.737
43.211
44.431
46.120

19.00 US.A - 6
17.
44,
24.
27.
45.
43.
18.

20 Kuwait -

70 Yenen - 2
60 Abu Dhabi
9BCHTAIR96106955

00 Gabon

30 Russia -

00

Boiling Point (°C)

36

69

98
126
151
174
196
216
254
271
287
302
316
329
344
369
391
412
431
449
466
481
496
509
522
534
345
556
567
576
585
594
601
608
615
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2
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Mal aysi a 47. 00 WD 97/ 01096
PCT/ US96/ 06955 -12- A data treatnent nethod should be selected prior to
obtain- ing raw GO/ M5 data. Two types of data treatnments which nmay be used
are Chem st's Rules and Hydrocar bon Conpound Type Analysis as descri bed,
for exanple, iVORBHMfson, C. J., "Low Resol ution Deterninati BETASS6ASSSERL i CS
and Saturates in Petrol eum Fr acti ons", Analytical Chem stry, 43(11),
1425-1434 (1971). The data treatnment proceduyres involve two separate
sections: (1) a calibration section to convert the retention tine axis to
the boiling point axis; and (2) the actual Hydrocarbon Conpound Type
Anal ysis or the Chenist's Eul es, whi ch areﬁ}ﬁgsed on a,sel ect egseser .es of
masses and correspond to piEGE HREOTVEIRILAHRE FtentoRfime axisyg PRIt f or
the type of hydr coas isancomplished, thedfydrocarbst Coapown TifeAralysiso Chdmist's
conpound types argyseleq ggﬂe@fb ﬁ%"ra@arﬁés?» sgélgfoﬂelﬂ?&'ﬁqu!?f&%%@b faege ar
ecul

and/ or fragnent i.ons uni port| on
of a set of the C?ﬂéﬁ"i‘%?mg l’?ttﬂré‘%lsaYlg‘ é‘ﬁHWH“FWOF diggend points are shown on Table 5

Mass spectrometric information is derived for these intervals using Hydrocarbon
Compound Type Analysis or Chemist's Rules. Typical information obtained
with the Hydrocarbon Compound Type Analysis for a crude oil is shown in
Table 5.
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axis is converted to the boiling point axis. Hydrocarbon Conpound Type
Anal ysis or Chem st's Rules procedures are applied to pre-selected boiling
point intervals or fractions. These boiling point intervals are specified
by the user. ldk is/ fblpéo possi ble to use a conbi nati on of Hydrocarbon Type
Anal ysi s and 237 Rul es wherei n Hydrocarbon Type Anal ysiPETIUSI@ISESS ed
to the boiling point intervals and Chem st's Rﬁl es are applied within one
or nore of the intervals. This type of treatment” provi des nore detail ed

i nformation concerning the specific interval or intervals. The retention
time to boiling point calilgragion eac@ougt s=for @l ighte shi fed Sei nereuteatlg)na
ti mes which may result frof c¢bl um d&gr&dation, cofum hedad pressure s
fluctuations, changes irg c§l BAm catrifer2ga% 14 ngar2ve oki &y, ®or® msnok
fluctuations in the GC col gm oven terrper atures or of her causes

Hydr ocar bon Conpound Ty@ e And] ysi gi & pEef®rrdIasst B sZme hgd Fe@ucds 3hé
anount of data to be tregatgd., Since gne_is_usually_cqoncgrned_with _bulk _
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98 8
8. 050
174 11
12. 600
254 15
17.511
302 18
20. 527
344 22
24.792
412 28
28. 933
466 34
32. 458
509

3.029 69 7 4. 497

6. 281 126 9

151 10 9.677

11. 210 196 12

WO 97/01096 216 14 15. 190 PCT/US96/06955

16. 359 271 16

287 17 -20-

19. 564 316 19

329 20 21. 443

"Bheg angadysis summarized in Table 5 ggggégfor each reference

sample. The rédulfs8¥om these respective analysed fdmd8 training set which is
. 449 . . .30, 197

subjected to mfi‘l.xeg%%xcal treatment. The goal is tgéifvglgp a model that can be
used to predich@ @known properties of future s@gples 4sing 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 techniques are superior to ordinary mutltiple
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 analysis of crude
oils. 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 comprising
observations associated with multiple objects. Each object has associated with it
observations for multiple variables, the latter being common to all objects.

These multiple variables are assigned into two categories, known as X-block and
Y-block. Observations associated with all variables in the X-block are realized
from a common 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 vaniable. 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 observations realized for new objects
(not in the calibration data set) 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 data set. Using diagnostics that are
simultaneously generated by the PLS/PCR/RR model, assessment of whether the
new objects can be adequately described by the model, and whether the model is
used in an extrapolation mode versus interpolation mode can be performed.



40 34. 498 522 42

35. 415 534 44 36. 381

545 46 37.283 556 48

38. 249 567 50 39. 247

576 52 WO 97/01096 40. 245 585 54 PCTUS96/06955
41. 737 594 56 43. 211

601 58 44. 431 -21- 608 60

46. 120 615 WD 97/ 01096

PCT/ US96/ 06955 -17- Once the conversion of the retention tine axis to the

boiling point axis is acconplished, the Hydrocarhon_ Conpound gége Anal ysi s
or Chemist's Rules are appli-¥BCRoaddsesseyihepollineanecfeatmnes inithe ¥ablock myé Ve al

user - ﬁpec i fi eg B?blddk,nsy petably reducingahe dﬁhéﬂs#@bﬁﬂyrmwtﬂ Kspna Qf-ag;c]gmeropﬁi nts
hterval's using BIORGRd bHICRG UE PhiD o 2ot B OB BelfeapiRtisgjet "
Typi cal i nf or nat ireferring taithe existente ofirclagaiships bétweeTyapahlasiwithpetharbddoksi s
for a crude oil iigeEhaMheFLS modeling 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 combinations
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 dimension. The values for the new, reduced
dimensions in the Y-block are regressed 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
of one linear equation generated to permit prediction of Y-block variables using
X-block variables. The number of dimensions used to construct the model 1s
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 vaniable 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 selection of Lambda values is through optimization of PRESS criterion
using cross validation of the training set.

Thus, the Chemist's Rules or Hydrocarbon Types data for the
various reference samples derived from GC/MS analysis form the X-block
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PCT/ US96/ 06955 - 20 - The analysis summarized in Table 5 is done for each
ref erence sanPP&701e results fromthese respective anal ysePGTHiISIHE695S
training set which is subjected to nathematical treatnent. The goal is to
devel op a nodel that can be used to predictophe unknown properties of
future sanples using their mass spectral data only. The nat hemati cal
treatnments are described by nultivariate
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 well as reorganization. The data blocks may

be represented by:

X-Block Matrix
[Molecular Types Analysis (n samples x 20 columns)

X1,1 X2 X3 o X X9 X120
X1 X2.2 X23 e X218 X219 X220
X3 1 X32 X33 ce X318 X319 X320
Xn,1 Xn2  Xpg3 Xni18  Xn19  Xn20

Y-Block Matrix
[Measured Property or Properties (n samples)]

The Y-block may be a single observation per set of Hydrocarbon
Type Compound Type analysis as shown above, or it may be a n x m matrix of
observations, where there are m different properties to be predicted.

The results of the PLS/PCR/RR treatment of the training set data are
a series of coefficients. Compound type data from an unknown sample (or



correlation techni ques such as Projection to Latent Structures (PLS) or

ot herwi se known as Partial Least Squares (PLS), Principal Conponent
Regression (PCR), and Ri dge Regression (RR). These techni ques are superior
to ordinary nultiple linear regression in their ability to treat
collinearity VA8HEOP6 variables in the X-block or GO M5 dat aPREARISHO6SENd
Y-bl ock or properties matrix for PLS), and in their ability to handle the
quantity of data generated by the anal ysi $28f crude oils. Odinary Miltiple
Li near Regression cannot be used to treat collinear variables. PLS/ PCR RR
are nunerical analysis techniques for detecting and fornulating a

mat hemat i cal str Fx(eniﬂ gt 0 i S 9 L.ONs
associated wt hsﬁlu%ﬁ’ﬁsz e oe\gélgg%téﬁ %gﬁ%gﬁ%téﬁg%%ﬂgggﬁg edm\?\n&? ﬁf’a?x{uhg
observations fofSchandiths eosiicients appliedtp geperatethe pEsdignENH B desires| property
obj )e(ct) is Ihesg o Ipkoyerties/ aTatdb b édustrates Alss q@alied of predidted APBEREILY ifeSeacknown
as X-block and Y; . . o d | n_the
X-bl ock are reaFﬁ@éggcﬁ%IMh &%F g@%&g& ?W g@f %é %’%ﬁfz{ﬁ’ gglégéteéfr cacth
Observations as$bdhacadesdisted ymTablpReshe first pairof splgtasrpresantpthepatus fos i n
this g ?s e) Tﬁr ed ARl graedy fdxgﬁf Qsmeg?aﬁimi@tm@aymtbﬁecﬁx{df;ﬁhfm_%g“m&ﬂme
vari abl e. e sed to constr s mat henmatical nodel is
referred to as 3&‘2‘@%&#‘ %57‘%‘%‘}“&{ ?ﬁnggpgéi#et. The conmmon use of PLS/ PCR/ RR
is to apply the nodel devel oped fromthe calibration data set to X-block

observations realized for new objects (noftaABRDElde calibration data set) to
predi ct values for the corresponding variables in the Y-block for these new

obj ects, w t hout—haw-hg-t-g—execut-ethe—Y-bl-gek—procasses—usedin-the
calibration dat 4 Msgasuiedh Predistgdindt Measuredt| Bredicted| | Measured*| Predicted
257-302°F 428-455°F 1049+°F
50.87 51.53 52.90 53.43 57.08 56.80
58.22 57.77 54.55 56.90 56.90 56.17
53.80 53.33 53.90 55.40 41.88 45.64
51.73 52.09 55.33 53.69 51.85 53.15
54.71 54.95 50.28 52.10 47.72 47.44
50.72 50.57 48.69 47.93 54.08 54.25
52.70 53.98 55.90 56.12 50.80 52.70
54.43 54.92 50.97 53.11 52.18 52.52
53.34 52.99 53.82 54.39 53.17 47.04
55.90 56.72 49.63 50.46 52.26 52.25
52.50 51.99 56.87 55.08 53.17 48.09
54.46 54.73 55.29 55.40 49.91 4942
54.69 54.13 57.87 56.04 53.44 53.13
51.10 52.73 55.70 52.70 56.47 54.80
54.19 54.70 54.48 55.56 51.76 52.70
54.51 54.42 36.38 36.96 39.11 39.08
42.76 43.38 43.36 42.81 42.21 42.37
41.93 41.94 42.93 42.84 38.53 39.59
31.77 30.78 39.95 39.90 41.14 40.54
40.44 39.46 40.54 39.90 34.58 36.95
31.48 31.09 36.65 37.18 33.79 32.96
38.55 37.69 39.10 40.04 43.47 4245
35.09 37.68 40.44 40.58 37.96 38.92
37.09 36.43 37.18 38.12 42.18 41.30
28.68 29.30 43.47 42.82 33.37 33.77
40.58 40.48 40.54 39.76 40.65 40.38




si mul t aneously generated by the PLS/ PCR/ RR nodel,

new obj ects can be adequately described by the nodel,
is used in an extrapol ati on node versus interpolation node can be

per f or med.

PCT/ US96/ 0695%‘%)?

X-bl ock and Y-

and Y-bl ocks (for

PLS),

7/ 01096

196p 5/ PCR addresses the col | ineari ty feat BFEESHAABHe
bl ock, by suitably reducing the dinensionality in both X-
and X-bl ock only (fmr- PCR) to formthe nodel.

Collinearity is a termreferring to the existence of

variables within the block itself.

assessnent of whether the

and whet her the nodel

rel ati onshi ps bet ween

In the PLS nodeling al gorithma nunber

of i ndependent d[Tmegfsgns

pseudo- vari abl es]

different sets
bl ock. Each set

It conprises a s

variable in the
t hi s di nensi on.

are regressed on
X-block to arriv
vectors) and the
equati on gener at

Wiﬁ‘? | a5 35 DIOCHS e TUCTH 44 ©F Uy R8T 'hng
N ER N 7 N B M 1 A D S VA R VL A
£ 4258 hotihit L bk c4h80L tlut 42930 | ddeddOhon] dbeBha] on.
et 44.5Goef fi43.&0t $ {t haB9.88ch vaPud associHtid Wi t #2.82ach
bl 08&70S {0 I&s5yel ght egls by tio agrogvel at t gegnew valgque for
he g/z) UeF Talgd NE new—, §(EaUCETg g5 MENST 0Ny i [Ne 37T bek
AR A AL AT e 70 T O 0 515 M
r 200 hr o896 fht < 1430n § hd 8 1%hal [goal0-2 dnelldBedr
ed #13.40er (i t 1HR2dicti of. ¥ Y bl 86R viarli ab#d® usgi ndt.37
12.90 9.53 13.60 14.11 12.40 10.52
10.20 10.26 10.00 9.76 12.40 12.19
5.20 5.06 4,74 4.46 5.70 6.52
12.30 12.12 1.89 2.38 1.83 0.59
6.00 9.41 14.90 13.91 5.20 6.81
5.60 4.46 11.30 12.21 11.35 10.81
7.60 927 20.70 19.37 13.50 11.34
11.20 9.81 5.70 6.22 6.50 7.45
12.70 11.20 19.60 18.31 19.70 19.99
5.20 4.46 16.00 12.25 6.00 6.45
11.80 11.18 2.50 2.05 14.60 15.44
* measured by ASTM D 287-92
EXAMPLE 2

The procedure of Example 1 was repeated for predicting pour point
for crude oil fractions. Table 7 illustrates the quality of the predicted pour point
for each sample in the training set. The data represent the value for pour point
for the 428-455°F boiling range.



X-bl ock vari abl es. The nunber of dinmensions used to construct the nodel is
determ ned through optim zation of a criterion known as PRESS (Prediction
Error Sum of Squares), cunulated by a Cross Validation (CV) technique using
the training data set, and, follow ng the general nodel parsinmony
principle. FOVOBUR% he number of i ndependent di mensi ons i nPChesdtdedssck are
first selected and identified in a simlar fashion as in PLS by form ng
principal conponents. Then, for each variapjse in the Y-block, a nodel is
obtai ned by performng ordinary nultiple |linear regression using the

Princi pal Conponents as "Prediction Variables". For R dge Regression, the
collinearity problemis dealt with in a cljf nt manner than PLS/ PCR Here
a diagonal matrix known as the Lanbda Ma added to the Covari ance
Matrix of the X-block with the net effect of stab|I|2| ng the nunerical
conput ati on needed to obtai n X ‘ MEL 49| ecti on of
Lanbda val ues is through optim zatl on of PRESS criterion using cross
validation of the training set MERSSIREID® ChenpgtbsciRebes or Hydrocarbon
Types data for the various reférencg,sanpl es deri Ved Trom GO M5 anal ysi s
formthe X-block WD 97/ 01096 4 _§9

PCT/ US96/ 06955 -22- variables. PLS RR treat meng may require prelimnary
reorgani zati on of the -4 -39

-33 -30
-31 -32
-37 ~30
=32 -36
=63 ~76
-112 -121
-39 -41
-32 -43
-62 -53
-38 -49
-72 ~62
~162 -168
-47 -54
-82 -84
-70 -86
-64 -60
-35 -40
-85 -62
-39 -36
-55 -60
-56 -58
-46 - -33
~41 -41
-134 -140
-34 -32
-134 -124
-39 -44
=32 -35
- -57 -49
-158 -125
-35 -35
-29 -28
-94 <90

-36 -33



X-bl ock data, such as transposition and renoval of redundant data and
constants or mathematical transformations. The Y-block variables are the
property (or properties) to be predicted, and may al so require mathemati cal
transformations such as logarithmc or geonetric, as well as

reor gani zat i oWOTf§t¥%at a bl ocks may be represented by: X- Bl oRKIMAN606955

[ Mol ecul ar Types Analysis (n sanples x 20 colums) X err] X[err]
X err] X err] X err] Xerr]_xgerr] X err] X err]
X err] X err] Xerr] Xerr] X err] X err] X err]
X err] X err] . . . .
) ) ) '4.8 X err] X[égrSr] X err]
X err] X err] X[ err] Y-BI ock RAtrix [ Measur e 9Property or Properties
(n sanmples)] Y[err] Y[err] Y[err] .-34 . Y[err] -36

-48 -62

-46 -33

-42 -48

~43 -37

-53 -61

-20 -20

* measured by ASTM D 97-87

EXAMPLE 3

The procedure of Example 1 was repeated for predicting cloud
points, freeze points, refractive indices and vol% true boiling point yield for the
crude oils of Example 1. Figure 1 is a plot of predicted vs. observed cloud point.
Figure 2 is a plot of predicted vs. observed freeze points. Figure 3 is a plot of
predicted vs. observed refractive indices. Figure 4 is a plot of predicted vs.
observed cumulative volume percent true boiling point yields.

EXAMPLE 4

The plot of Figure 4 contains numerous observations of predicted
vs. observed vol% true boiling yields. This example shows the comparison
between the predicted vs. observed cumulative vol% true boiling point yields for
three of the individual crudes contributing to Figure 4. The results for these
three individual crudes are shown in Figures 5-7. In these figures, "+" is
predicted and “"o" is observed.



The Y- bl | e observation per set of Hydrocarbon Type
Corrpouncﬁﬂmgmmuml Hm shown above, or it may be a n x mmatrix of
observations, where there are mdifferent properties to be predicted. The
results of the PLS/PCR/IRR treatnent of the training set data are a series
of coefficierW@97/@8%pound type data from an unknown sanpl e PEFUSIE/NGES

97/ 01096 PCT/ US96/ 06955 - 23 -
sanpl es) are then treated in the same vvay‘ge?s the X-block matrix in the
training set, and the coefficients applied to generate the prediction of
t he desired pr@ggr[M/s:or properties. Table 6 illustrates the quality of
predicted APl gravity for each sanple in the training set. The data are

presented in sets of three, one et, for & g 31; t.he crlude§ listed in TaEI e
2: the first pair of col 08 dh Rrefiitang e chepyial apATiGImADes, PeTeEPahe
257-302[err] F [ 5F, and the third pair
for a resi duum‘g}gglylg éxg&gfnesﬁo?g ﬁ%%wgﬁk/éc’ﬂ%%sg* Predi cted Measured*
Pr edi ct ed Measured* Predicted 257-302[err]F 428-455[err] F
1049+[ err] F 50(a87 selechihgaBleast oneqRop@ty of th&8rud8 oil or itsHhilitfk fraction, 80 58. 22
57.77 54. 55 56. 90 56. 90 56. 17 53. 80 53. 33 53. 90
55. 40 41. 83 45, 64

selecting reference samples, said reference samples containing characteristic

chemical compound types present in the crude oil or its boiling fractions and

which have known values of the 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 and recording retention times of the at least partially

separated components;

(2) introducing the constituent chemical components of each reference

sample into the mass spectrometer, under dynamic flow conditions;

3) obtaining for each reference sample a series of time resolved mass

chromatograms,

G calibrating the retention times to convert them to atmospheric

equivalent boiling points;
(5 selecting a series of atmospheric boiling point fractions;

(6) selecting within each boiling point fraction a series of molecular
and/or fragment ions, said ions being characteristic of compounds or

chemical compound classes expected with the boiling point fraction;
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54.
54.
53.
52.
54.
57.
56.
54.
43.
38.
40.
36.
43.
37.
43.
40.

73
28

8
43
82
26
46
87
47

51
36
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44
65
47
09
47
65
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54.
52.
54.
56.
54.
54.
42.
39.
39.
37.
42.
36.
42.
40.

33 53. 69 51. 85 53.15 54.71 54. 95
72 47.44 50.72 50. 57 48. 69 47. 93
53. 98 55. 90 56. 12 50. 80 52.70
50.97 53.11 52.18 52.52 53. 34 52. 99
9"097/010953. 17 47.04 55.90 56. 72 49. BGT/USY6/0685 46
25 52.50 51. 99 56. 87 55. 08 53. 17 48. 09
73 55. 29 55. 40 49491 49. 42 54.69 54.13
04 53. 44 53.13 51.10 52.73 55.70 52.70
80 54.19 54 70 54. 48 55.56 51.76 52.70
42 36. 39. 39. 08 42. 43. 38
81 (Zp. :élJ) recordmg 317: totel gmount ofmaSQAPectral mxzumxsuy of sackg4
59 31.77 chﬁ&c?&stxc comﬁ&n&ﬁor compd¥9nd @roup selébtedlth step c(ﬁ@ 54
46 40.5 4 3 optio %1 34.58 36. 95 31.48
18 33. 1"3 Pho3? %6 38.55 37. 69 39. 10 40. 04
45 35. 09 37.68 40. 44 40. 58 37. 96 38. 92
43 37. §ﬁ) mult% ﬂ%total amdtétslot mass spdet?f) idBitéhsities o%%aﬁp
82 33. L 7 (iB
38 characterisfic compound or chemical compound group from 7(1
weighting factors to produce either weight or volume percent data,
(8) forming the data from steps c(6) and either of ¢(7)(i) or c(7)(ii) 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 c(9) by multivariate
correlation techniques including Partial Least Squares, Principal
Component Regression, or Ridge Regression to produce a sertes of
coefficients;
(d) subjecting a crude oil or its boiling fractions to steps c(1) to c(3) in the

(e)
®

same manner as the reference samples 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 crude oil or

its boiling fractions.

2. The method of claim 1 wherein the gas chromatograph is a

capillary gas chromatograph and the mass spectrometer is a quadrupole mass
spectrometer.

3. The method of claim 1 wherein the gas chromatograph and

mass spectrometer are operated under repeatable conditions.
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- 32.5
32.72
43. 00
41. 39
6. 20
5. 50
10. 20
12. 90
10. 00
5. 70
6. 00
11. 30
13. 50
12.70

mﬂm@glg&”llllﬂlljks 35 43. 36 41. 64 Pg{ 5392/293255 -

43. 37 42.52 42.93 44,04

42. 23 40. 05 37.68 44.57 43. 12 39. 39 39.41
42. WO H@1999 36. 53 44.11 44.98 PGI/URY6/06955 7. 44
7. 69 7.50 6. 26 3.50 3.48 6. 40 4.48
5. 65 10. 50 12.63 4.2Q99. 6. 66 17. 30 18. 70
1 1.36 13.40 15. 22 5.70 7.69 4.10 4. 37
9.53 13. 60 14. 11 12. 40 10. 52 10. 20 10. 26
9.76 12. 40 12.19 5. 20 5.06 4.74 4. 46
6.52 12. 30 12. 12 1.89 2.38 _ 1.83 0.59
9.41 14. 90 The méoQDbf claim 1 Whé@in the select®dn 6f #Oeries of 4. 46
ﬁ :23411 rgclleﬁblmlgnd?gr fg@nejn(g u%ls %\a&gtensnc ogc%pounds or%gm@%und % 9437
11. 20 classes isjagcgpplished nging Chemist's Ruyeszo 19. 99

5. The method of claim | wherein the selection of a series of
molecular and/or fragment ions characteristic of compounds or compound
classes is accomplished using Hydrocarbon Type Analysis.

6. The method of claim 1 wherein data from the gas
chromatograph and mass spectrometer are stored in a computer.

7. The method of claim 1 wherein data from steps (c) to (f) are
treated in a computer.

8. The method of claim 1 wherein other chemical or physical
properties of the hydrocarbon mixture are selected.

9. The method of claim 1 wherein the data are collinear.
10. The method of claim 1 wherein the selected series of retention
time windows are analyzed by a combination of Hydrocarbon Type Analysis and

Chemist's Rules.

11. The method of claim 1 wherein the multivariate correlation
technique is Partial Least Squares.



5.20 4. 46 16. 00 12. 25 6. 00 6.45 11. 80 11. 18

2.50 2.05 14. 60 15. 44 * measured by ASTM D 287-92 EXAMPLE 2
The procedure of Exanple 1 was repeated for predicting pour point for crude
oil fractions. Table 7 illustrates the quality of the predicted pour point
for each sanplWOPHOWME training set. The data represent the PErA896f06955pour
point for the 428-455[err]F boiling range. WO 97/ 01096
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The procedure of Exanple 1 was repeated for predicting cloud points, freeze
points, refractive indices and vol%true boiling point yield for the crude
oils of Exanple 1. Figure 1 is a plot of predicted vs. observed cl oud

poi nt. Figur eB?OJ ?0 @ pl ot of predicted vs. observed freeze points. Figure 3
is a plot of ed%P8d vs. observed refractive indices. Fi g URCETUP6/869%5 pl ot
of predicted vs. observed cunul ative vol une percent true boiling point

yi el ds. EXAMPLE 4 The plot of Figure 4 contains nunerous observations of
predi cted vs. observed vol % true boiIiné‘& el ds. This exanple shows the
conpari son between the predicted vs. observed cumul ative vol % true boiling
point yields for three of the individual crudes contributing to Figure 4.
The results for these three individual crudes are shown in Figures 5-7. In
these figures, "+" is predicted and "0" is observed. WO 97/ 01096 !14
PCT/ US96/ 06955 -27 - CLAIMS: 1. A nmethod for predicting the chem cal,
performance, perceptual or physical properties of a crude oil which *
conprises: (a) selecting at | east one property of the crude oil or S
boiling fractions; (b) sel ecting reference sanples, said reference kx,
sanpl es contai ning characteristic
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chem cal conpound types present in the crude oil or its boiling fractions
and whi ch have known val ues of the properties selected in step (a); (c)
producing a training set by the steps of: (1) i njecting each reference
sanple into a %% ?hronatograph which is interfaced to a nmass spectroneter
t her eby causing) P8ast a partial separation of the hydrocRGFHSoPEEsUr e
into constituent chem cal conponents and recording retention tinmes of the
at least partially separated conponents; 527 i ntroduci ng the constituent
chem cal conponents of each reference sanple into the nass spectroneter
under dynam c flow conditions; (3) obtaining for each reference sanple a
series of tinme resolved mass chromat ograns; (4) calibrating the
retention times to convert themto atnospheric equival ent boiling points;
(5) selecting a series of atnospheric boiling point fractioniG;(G)
selecting within each boiling point fraction a series of nolecu and/ or
fragment ions, said ions being characteristic of conpounds or chepical
conmpaound cl asses expected with the boiling point fraction; W97/ 01096
PCT/ US96/ 06955 - 28 - E;:

b
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(7) (1) recording the total anpbunt of mass spectral ion intensity of each
characteristic conpound or conpound group selected in step ¢c(6); and
optionally (ii) multiplying total anmounts of nass spectral ion intensities
of each characteristic conpound or chem cal conpound group from7(i) by

wei ghting f awbewsiev® produce either wei ght or vol unme per ceﬁFT@§?@F9{58)
formng the data fromsteps c(6) and either of c(7)(i) or c(7)(ii) into a
X-block matrix; (9) formng the property data selected in (a) for
reference sanples selected in (b) into& ¥-block matrix; (10) analyzing the
data fromsteps c(8) and c(9) by nultivariate correlation techni ques
including Partial Least Squares, Principal Conponent Regression, or Ridge
Regression to produce a series of coefficients; (d) subjecting a crude oi

or its boiling fractions to steps c(l) to c(3) in the sane manner as the
reference sanples to produce a series of tinme resolved nmass chronmat ograns;
(e) repeating steps c(4) to c(8) for each mass chromatogram fr¢gy step (d);
(f) multiplying the matrix fromstep (e) by the coefficients fromstep
c(10) to produce a predicted value of the property or properti for the
crude oil or its boiling fractions. 2. The nethod of claim1 ein the
gas chromatograph is a capillary gas chromatograph and the nadsh
spectroneter is a quadrupol e nass
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spectronmeter. 3. The nmethod of claim| wherein the gas chromat ograph and
mass spectroneter are operated under repeatable conditions. WO 97/ 01096
PCT/ US96/ 06955 - 29 - 4. The method of claim 1l wherein the selection of a
series of nolecular and/or fragment ions characteristic of conpounds or
conpound cl a¥¥@8/M4186acconpl i shed using Chenist's Rules. 5. REEUPEO6E of
claim1 wherein the selection of a series of nolecular and/or fragnment ions
characteristic of compounds or conpound cl asses is acconplished using

Hydr ocar bon Type Analysis. 6. The methdd 6f claim 1 wherein data fromthe
gas chromat ograph and nmass spectroneter are stored in a conputer. 7. The
met hod of claim 1 wherein data fromsteps (c) to (f) are treated in a
conputer. 8. The nmethod of claim 1l wherein other chem cal or physical
properties of the hydrocarbon m xture are selected. 9. The nmethod of claim
1 wherein the data are collinear. 10. The nethod of claim11 whgrein the

sel ected series of retention tine wndows are anal yzed by a co nati on of
Hydrqcar bon Type Anal ysis and
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Chenmist's Rules. 11. The nethod of claim 1 wherein the nultivari
correlation technique is Parti al
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A method for predicting the properties of crude oils or their boiling fractions which comprises selecting a chemical or perceptual or
physical or performance property or groups of properties of the crude oil or its boiling fractions and cyeating a training set from reference
samples which contain characteristic molecular species present in the crude oil or its boiling fractions. The reference samples are subjected
to GC/MS analysis wherein the often collinear data generated is treated by multivariate correlation methods. The training set produces
cocfficients which are multiplied by the matrix generated from a GC/MS analysis of an unknown sample to produce a predicted value of
the chemical, performance, perceptual or physical property or groups of properties selected.




