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predicting a pgysical property of a residual
hydrocarbonaceous material by correlation of its (near)
infrared spectrum to the physical property.

The use of (near) infrared spectroscopy to control
processes for the preparation of petroleum products is
known for instance from "Hydrocarbon Processing”,
February 1995, pages 86-92. The processes described in
said document include the preparation of gasolines and
gas oils by the controlled blending of various
components. The quality of the final product is
determined on-line using a Fourier transform-type of
spectrometer which is connected to a computer. In this
way the use of blend tables can advantageously be
avoided.

Another type of process widely applied in petroleum
industry, in respect of which it would be highly
advantageous to control continucusly the product
quality by means of (near) infrared spectroscopy, is
the preparation of bitumen compositions by blending
various streams of different grades of bitumen.
Attempts to use (near) infrared spectroscopy for
controlling the quality of bitumen compositions have,
however, been rather disappointing so far, which can
most likely be attributed to the very heavy components
of which bituminous materials are built up.

In this respect reference is made to "Rapid
Prediction and Evaluation of Bitumen Properties by Near
Infrared Spectroscopy”, G. Svechinsky and I. Ishia,
which paper was presented at the Third Annual Meeting
of RILEM Committee TC PBM-152, Madrid, Spain, June
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Attenpts to use (near) infrared spectroscopy for controlling the quality of
bi tunen conpositions have—however, been rat-her—dirsappoi nting so far, which
can 25 nost likely be attributed to the very heavy conponents of which
bi tum nous materials are built up. In this respect reference is nade to

"Rapid Prediction and Eval uation of Bitumen Properties by @E ! B; rared
Spect roscopyw‘,”@"g/echi nsky and I. Ishia, 30 whi ch pap sent ed
at the Third Annual Meeting of RILEM Coqn&t;ee TC PBM 152, Madrid, Spain

June WO 97/ 14953 . PCT/ EP96/ 04599
-2- 1995. In sait@9%Baptr 3%isl papehathe cise descbepoddessritmd, adyhdutails, of

t hedr efl ecti ?nd_a'ﬁynaafai{)kf,r Jfedheade fle i dolofCRaAACE ©f Fanddd ON ﬁnd
prediction o tu S, ect t he present

i nvention is tolr%?gélgggen afn?raﬁgﬁggég%r%%%lc?q ogrndpf)gﬁ% ’.Eh‘%‘ é&{ohysi cal
property of resPdfArreRtRidamesnnaEemetesierials such as crude oil residues
i ncl udi ng resi dues, oppedti theepresést aittrduitivni 0euto NEdriddl anusi ng

(near) infraredaﬁggﬁﬁéa"method for predicting a physical property of
residual hydrocarbonaceous materials such as crude oil
residues including residues, residual fuel oils and
bituminous materials using (near) infrared spectra.

10 The present invention therefore provides a method
for predicting a physical property of a residual
hydrocarbonaceocus material comprising the steps of:

a) selecting a set of residual hydrocarbonaceous
materials of different quality:

15 b) determining a physical property of the residual
hydrocarbonaceous materials by conventional
measurament;

c) measuring the (near) infrared spectra of the

residual hydrocarbonaceous materials:;

20 d) selecting in the Spectral region a range of
wavelengths, and using the absorbance values
measured at these wavelengths as an input for
multivariate statistical analysis or a neural
network;

25 e) correlating the absorbance values obtained with the
physical propefty as determined under b) by means
of multivariate statistical analysis or a neural
network and generating a predictive model:; and
subsequently

30 f) applying this predictive model to (near) infrared
spectra, taken under the same conditions, for
residual hydrocarbonaceous materials ¢©f an unknown
physical property, thus providing the physical
property of the unknown residual hydrocarbonaceous

35 material.

By means of the above method it is for instance



10 . The present invention therefore provides a nethod for predicting a
physical property of a residual hydrocarbonaceous mterial_canprising the
steps of: a) selecting a set of residual hydrocarbonaceous material s of
different quality; 15 b) determ ning a physical property of the residual
hydr ocar bonaceous materials by conventional neasurenent; c) neasuring the
(near) inframwabragesatra of the residual hydrocar bonaceous REATEPSG/RS, 20

d) selecting in the spectral region a range of wavel engths, and using the
absor bance val ues neasured at these wavel @mgths as an input for

mul tivariate stgbsgibtal tatntto: SénBiMiRidsdly BREVQEXIitdPor @) coOrrelating
t he absorbance ﬁghuesﬁﬁgtaln%p mngh thgggh svcal ﬁrgfer tagﬁdetermned
under b) by nea YABPCREPIIRATOUS £o8TRTISh | O%nH ? o aSREAVER net wor k
and generating &hgrefremi ve nodel ; and subsequently 30 f) applying this
predi ctive nodel toaé86Pding ol 8h&dpH@adit dnveakesn UK (nleli@) Sane _
condi tions, . for sesbdug! JNdracaebanaceqls,dTy $hkgkss&f o¥M5AgYE Physi cal
property, thus %rOVI I'ng e physSi cal |
ydrocarbonaceocus materials (suitably at least 10, -
preferably at least 50) of different quality are
measured.
The number of hydrocarbonaceous materials of
10 different quality in the set is important since this
determines the generality and applicability of any

subsequent statistical predictive pool.

The light from the (near) infrared region has
wavelengths in the range of from 1000 to 10,000 nm,
15 preferably in the range of from 1500 to 3000 nm, more
- preferably in the range of from 1640 to 2630 nm or one
or more selected intervals thereof.
The spectra obtained can be analysed, together with
determinations of the physical property by conventional
20 measurements, using multivariate statistical analysis
techniques such as Partial Least Squares, Multiple
Linear Regression, Reduced Rank Regression, Principal
Component Analysis and the like, or neural networks.
The above-mentioned multivariate statistical
25 techniques and neural networks are as such known to
those skilled in the art and will therefore not be
described in detail.
Suitably, the absorbance values are measured at a
large number of the wavelengths in the spectral region.
30 Suitably, the absorbance values are measured at the
whole range of wavelengths in the spectral region or at
one or more selected intervals thereof. )
Subsequently a predictive model is generated that
can be applied to the (near) infrared spectra, taken
35 under the same conditions, for residual
’ hydrocarbonaceous materials of an unknown physical



property of the unknown residual hydrocarbonaceous 35 material. By

means of the above nethod ++-is_for, i L@8@eeN WO-97/14953 s
PCT/ ERP96/ 04599 -3- possible to I nuously the quality of a

hydr ocar bonaceous feedstock and/ or e product derived therefrom According
to the present invention the (n ed spectra Qf _a relative

| ar ge set of WOSIHT hydr ocar b al s (suitabﬁfqgﬂﬁQ£ﬁﬁ 10Y
preferably at |east 50) of different qualjty are neasured. The nunber of
hydr ocar bonaceous material s of 10 different quality in the set is

i nportant si ncePEAPELEt ermi nes the generality and applicability of any
subsequent stati stiCatrekadiont p¥etipodbsobibankceghalfieomwithe theear) infrared

region has waveLgpgibs: i prddit tiyaBgerid Eé&@ﬁ@oﬁyaeoé&%e@alﬁﬁ_
preferably in the Langg of %#&”‘1500thH§OOQ,HQL nge grqzerab y in the
range of from 1825°F42LB° FRTEF™ORE er b) ne Ly known
5 techniques mentioned before such as multiple linear
regression or partial least squares regression.

The residual hydrocarbonaceous materials of which a
physical property can be determined in accordance with
the present invention comprise for instance heavy gas

10 oils, crude oil residues, residual fuel oils and
bituminous materials.

Crude oil residues may consist of straight run
residues such as long {(atmospheric) and short (vacuum)
residues, processed residue streams such as thermally

15 cracked, hydrocracked or catalytically cracked
residues. Residual fuel oils may consist of residues
and any known diluent streams such as any refinery
stream to influence residue properties, and may contain
any known additive such as stabilising or emulsifying
20 agents.

Suitable bituminous materials include naturally
occurring bitumens or derived from a mineral oil. Also
blends of various bituminous materials can be analysed.
Examples of suitable bituminous materials include

25 distillation or "straight-run bitumens”, cracked
residues, polymer-modified bitumens, precipitation
bitumens, e.g. propane bitumens, blown bitumens, e.g.
catalytically blown bitumen, and mixtures thereof,

Other suitable bituminous materials include

30 mixtures of one or more of these bitumens with
extenders (fluxes) such as petroleum extracts, e.g.
aromatic extracts, distillates or residues, or with
oils. The bituminous materials to be analysed may
contain any emulsifying agent known in the art.

35 The above-mentioned residual hydrocarbonaceous
materials to be analysed by means of (near) infrared

This Sheet Has Been Rerlaced

AR



or nore selected intervals thereof. The spectra obtained can be anal ysed,
together with determ nations of the physical.property by caonventional 20
nmeasur.enents, using nultivariate statistical analysis techniques such as
Partial Least Squares, Miultiple Linear Regression, Reduced Rank Regression,
Princi pal Conponent Analysis and the |ike, or neural networks. The
above-nenti owedrnagss i vari ate statistical 25 - techni ques 26AERM4SS
networ ks are as such known to those skilled in the art and will therefore
not be described in detail. Suitably, tRAe>absorbance values are measured at

a | arge nunber gbetleoyess) enrgehsuitabhe £peabeahtirgi on.at3Qeastui tably,
t he absor bance g@Lepsp&r&rggiggégg%ﬁee&Qg \Q,hg%ea{ g#%esttﬁéro\ggqpl engths in the

spectral region or at® one or . i nterv 1 y Subsequent |y
a predictive nodel TBegemetigeddPrRBEIbiRS @ BBpreEermnacthdnCcA¥8R) infrared
spectra, taken Propevbiles suvh asnpenetrhticmnIPEND) seftehialg point,

hydrocar bongaceoug iigt ol | ¢ stod¥itd) ETESOVBLNY,SstBlage MO R ing
stability, compatibility, and chemical composition
related properties such as aromaticity, C7 asphaltenes
content, wax content, paraffin content, volatility and
retained PEN (after RTFOT (Rolling thin film oven
10 test)), microcarbon residue, Conradson carbon residue
and feedstock assessment parameters.

In accordance with the present invention two ox
more physical properties, e.g. softening point and PEN,
of a residual hydrocarbonaceous material can be

15 determined simultaneously.
. The present invention will now be illustrated by
means of the following Example.

Example 1
- A set of 72 bituminous materials of different
20 quality was selected. The samples were all rated for

penetration and softening point values using the ASTM D
5 and ASTM D 36 methods respectively. The samples were
subsequently measured in the near infrared region
having wavelenghts in the range of from 1640 to 2630
25 nm. Samples of the bituminous materials were in turn
contained in a transmission cell at a temperature of
200 °C and the near infrared spectra were recorded. A
predictive model was generated using partial least
squares regression as explained before. The standard
30 deviations of prediction are 3 dmm for penetration in
the range 20-140 dmm, and 0.7 °C for softening point in
the range 42-62 °C, as determined by the leave-one-out
cross—-validation method.
. Example 2
35 A set of 75 thermally cracked residues of different
- guality was selected. The samples were all rated for



Correl ation of the absorbance values with the physical property of the

resi dual hydrocarbonacesus—naterials as determ ned under b) is done by
known .5 t echni ques nmentioned before such as multiple |inear regression or
partial |east squares regression. The residual hydrocarbonaceous materials
of* which a physical property can be determ ned in accorda %}g& he
present inve ’“E%nprise for instance 10 crude g%ﬁ' es
residual fuel oils and bitum nous materials. Crude oil residues may consi st
of straight run residues such as |ong (atrnospheric) and short (vacuum

resi dues, procedbador §srdor Regishies continhsanderisgiobytysusing ditleed,

hydrpc[ac]lfed or mwgswéz a}fcﬁmlggft beahsht-@@-me%%hdﬁaésﬁé@&ixﬁéﬂ 5 may
consi st of resigues and.any kno i Luent.streans suc any._ refinery
streamto infl u%ﬁ‘éee slag\gilaﬁew?ﬁ%\é%utbﬁe en;é?ﬁfi MRS US éf‘n%éﬁyn%%rom additive

such as stabi | i sinfFaredenagton yiawingowavayenyiths dn thel capge of feeR
T L B B e e o
o o o leadBehl], R AR RLELL P, SRR BREeSE Sram es
bi t umens", crackddf °C and the near infrared spectra were recorded.
predictive model was generated using partial least
squares regression as explained before. The standard
10 deviations of predictions are 0.4 %w/w for Micro Carbon
Residue content in the range of 24.3 - 35.2 %$w/w, and
6.5% for viscosity in the range of 65 - 554 cSt, as
determined by the leave-one-out cross validation
nethod.
15 It will be clear from the foregoing that the
present invention provides a very attractive method for
predicting physical properties of residual
hydrocarbonaceous materials.



resi dues, polyner-nodified bitunmens, precipitation bitunens, e.g. propane
bi t umens, bl own bitunens, e. qv—eﬁﬁlﬁbﬂ_i%?l_m{ﬂ—bi t umen,_and mixtures
thereof. Other suitable bitunm nous materials include 30 m xtures of one

or nore of these bitunens vmth“uumm _ s) such as petrol eum
exfracts, e.g. aromatic extract ﬂm“ Hmr residues, or with oils.
The bitum nowoemisssi al s to be anal yded"nay contain any erRETFPI6N489 agent
known in the art. 35 The above-nenti oned residual hydrocarbonaceous
materials to be anal ysed by neans of (near)-infrared WO 97/ 14953

PCT/ EP96/ 04599 -5- spectroscopy have suitably a tenperature of at | east
50[err]C, preferably a tenperature of at_l|least 100[err]C The physi cal
properties to be determ ned include §p&£%14¥§§such as penetration (PEN),

softening point 5 » fefitdd Yeor! bEEAZEL Ing T 38Y<REAT! proddiia0peagd handl i ng
stability, conpatibility, ang chem cal conposrtion rel ated properties such
as aromaticity, repiduphRYIREBTLGRRERPUS RRLETdAL cRPMPHEF HIF itRecont ent
volatility and steps of:

a) selecting a set of residual hydrocarbonaceous

5 materials of different quality;

b) determining a physical property of the residual
hydrocarbonaceous materials by conventional
measurement;

c) measuring the (near) infrared spectra of the

10 residual hydrocarbonaceous materials;

d) selecting in the spectral region a range of
wavelengths, and using the absorbance values
measured at these wavelengths as an input for
multivariate statistical analysis or a neural

15 network;

e} correlating the absorbance values obtained with the
physical property as determined under b) by means
of multivariate statistical analysis or a neural
network and generating a predictive model; and

20 subsequently

f) applying this predictive model to (near) infrared
spectra, taken under the same conditions, for
residual hydrocarbonaceous materials of an unknown
physical property, thus providing the physical

25 property of the unknown residual hydrocarbonaceous
material.

2. The method according to claim 1, wherein the (near)

infrared region has wavelengths in the range of from

1000 to 10,000 nm.

30 3. The method according to claim 2, wherein the
wavelengths range of from 1500 to 3000 nm.

4. The method according to any one of claims 1 to 3,

wherein the set of residual hydrocarbonaceous materials

is at least 50.
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determining a physical property of the bituminous
materials by conﬁentional heasurement; _'

c) measuring the (near) infrared spectra of the
bitUminoﬁs materials in a transmission cell;

d) selecting in the spectral regioh a range of
wavelengthé, and using the absorbance values
measured at these wavelengths as an input for
multivariate statistical énélysis or a neural
nequrk; ' f

e) correlating the absorbance vaides obtained with the

 physical property as determined under b) by means of
multivariate statistical analysis or-alneural
network and génerating a predictive model} ahd
subsequently

£) applying this predictive model to (near).infrared .
spectra, taken under.the séme conditions, for
bituminous méterials_of an unknown physical
property, thus prqvididg the.physical property. of
the unknown bituminous material. _

2. The method according to claim'lf wherein the (near)

~ infrared région has wavelengths in the range of from
11000 to 10,000 nm.

3. The method according to claim 2, wherein the

wavelengths range of from 1500 to 3000 nm.

'4.  The method acqordiﬁg_to-any'one of claims 1 to 3,

wherein the set of bituminous materials is at least 50.
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b)
hydrocarbonaceous materials by conventional
measurement;

c) measuring the (near) infrared spectra of the

10 residual hydrbcarbonaceous materials;

d) selecting in the spectral region a range of

wavelengths, and using the absorbance values

measured at these wavelengths as an input for
multivariate statistical analysis or a neural
network; _

correlating the absorbance values obtained with the

physical property as determined under b} by means

of multivariate statistical anélysis or a neural
network and generating a predictive model; and
subsequently

applying this predictive model to (near)

spectra, taken under the same conditioens,

15

e)

20

£) infrared
for
residual hydrocarbonaceous materials of an unknown
physical property, thus providing the physical
property of the unknown residual hydrocarbonaceous
material.

25

2. The method according to claim 1, wherein the (near)
infrared region has wavelengths in the range of from

1000 to 10,000 nm.

30 3. The method accordlng to claim 2, wherein the
wavelengths range of from 1500 to 3000 nm.
4. The method according to ‘any one of claims 1 to 3,

wherein the set of residual hydrocarbonaceous materlals
is at least 50.
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techniques mentioned before such as multiple linear
regression or. partial least squares regression.

The residual hydrocarbonaceous materials of which a
physical property can be determined in accordance with
the present invention comprise for instance

crude oil residues, residual fuel oils and
bituminous materials.

Crude oil residues may consist of straight run
residues such as long (atmospheric) and short (vacuum)
residues, processed residue streams such as thermally
cracked, hydrocracked or catalytically cracked
residues. Residual fuel oils may consist of residues
and any known diluent streams such as any refinery
stream to influence residue properties, and may contain
any known additive such as stabilising or emulsifying

agents.

Suitable bituminous materials include naturally
occurring bitumens or derived from a mineral oil. Also

blends of various bituminous materials can be analysed.

Examples of suitable bituminous materials include
distillation or "straight-run bitumens", cracked
residues, polymer-modified bitumens, precipitation
bitumens, e.g. propane bitumens, blown bitumens, e.qg.
catalytically blown bitumen, and mixtures thereof.

Other suitable bituminous materials include
mixtures of one or more of these bitumens with
extenders (fluxes) such as petroleum extracts, e.qg.
aromatic extracts, distillates or residues,'or with
oils. The bituminous materials to be analysed may
contain any emulsifying agent known in the art.

The above-mentioned residual hydrocarbonaceous
materials to be analysed by means of (near) infrared
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