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-1- e RANSM-SSHON | CEH—FOR~-VEASURMNGNEAR
| NFRARED “SPECTRA OF A HYDROCARBONACEQUS NMATERI AL The present
invention relates to a transm ssion cell suitable for use in a device
for measuring (NQyohnaesy | nfrared spectra of a hydrocarbonaceedgpssniscsi al ,
a spectroneter containing the cell and processes wherein 5 use is
made of such spectroneter. : The use of; (near) infrared spectroscopy
to control processes for the preparation of petrol eum products is

TRANSMISSION CELL FOR MEASURING NEAR
INFRARED SPECTRA OF A HYDROCARBONACEOUS MATERIAL

The present invention relates to a transmission
y cell suitable for use in a device for measuring (near)
infrared spectra of a hydrocarbonaceocus material, a
spectrometer containing the cell and processes wherein
5 use is made of such spectrometer.

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

10 said document include the preparation of gasclines and
gas oils by the controlled blending of various
components. The quélity of the final product is
determined on-line using a Fourier transform-type of

- spectroneter which is connected to a computer. In this

15 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 continuously the product

20 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,

25 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 respedt reference is made to “Rapid
Prediction and Evaluation of Bitumen Properties by Near

0 Infrared Spectroscopy”, G. Svechinsky and I. Ishia,

. which paper was presented at the Third Annual Meeting
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and |. Ishia, measuring {(near) infrared spectra which spectra can be
used for predicting physical properties of
10 hydrocarbonaceocus materials.

In accordance with the present invention a
particular transmission cell is now provided which
enables a very accurate prediction of physical
properties of a wide range of hydrocarbonaceous

15 materials.

Accordingly, the present invention relates to a
transmission cell suitable for use in a device for
measuring (near) infrared spectra of a hydrocarbon-
aceous material which comprises one or more sample
20 compartments and one or more reference compartments,

wherein the sample compartment (s) comprise(s) two
transparant windows between which a space is formed for
containing the hydrocarbonaceous material and inlet and
outlet means for introducing and removing the

25 hydrocarbonaceous material into and from the space
between the windows.

In the context of the present invention a
transparant window is defined as a window which is
transparant in the (near) infrared spectral region.

0 Although, the cell in accordance with the present
invention may suitably contain one or more sample and
reference compartments, it preferably contains one
sample compartment and one reference compartment.

Preferably, the windows of the sample compartment

35 are substantially parallel arranged in respect of each
other.
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the present inventionis to provide a transm ssi on ceﬁ surtable for
use in a device for nmeasuring (near) infrared spectra which spectra
can be used for predicting physf cal properties of 10

hydr ocar bonaceous nat erheél distance between the inner sides of the windows
of the sample compartment depends on the type of
hydrocarbonaceous material to be analysed. For instance
when gasolines or other relatively light
5 hydrocarbonaceons materials are analysed the distance
" between the inner sides of the windows may be well
beyond 1 mm, whereas when analysing residual
hydrocarbonaceous materials such as residual fuel oils
and bituminous compositions the distance is normally
10 less than 1.0 mm. Suitably, the distance between the
inner sides of the windows of the sample compartment is
in the range of from 0.2 to 1.0 mm, preferably in the
range of from 0.4 to 0.8 mm, more preferably in the
range of from 0.5 to 0.7 mm.
15 Suitably, the thickness of the windows of the

sample compartment is in the range of from 2 to 10 mm,

preferably in the range of from 3 to 5 mm.

The reference compartment suitably consists of one
window having a thickness preferably in the range of

20 from 4 to 20 mm, more preferably in the range of from 6
to 10 mm.

Suitably, the reference compartment (s)comprise(s) a
transparent wihdow. Suitably, it consists of one
window which is'transparent on all sides. Normally,

25 such window consists of a block of transparent
material.

Preferably, the total optical thickness of the
sample compartment equals the thickness of the window
of the reference compartment.

30 Suitably, the windows of the sample compartment (s)
and the window of the reference compartment(s) consist
of the same material. Suitable materials of which the
windows of the sample compartment{s) anc the reference
compartment{s) can be made include calcium fluoride,

35 sodium chloride, glass, sapphire, quartz or any other
material known to be used for this purpose. Suitably,
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In accordance with the present invention a particul ar transm ssion
cell i's now provided which - enabl es a very accurate prediction of
physi cal properties of a wide range of hydrocarbonaceous materi al s.
15 Accordingly, the present invention relates to a

transm ssi on celpouasspbl e for use in a device for - e St fErgedssrcar )
I nfrared spectra of a hydrocarbonaceous mat eri al which conprises one
or nore sanple conpartnents and one or Jjrore reference conpartnents,
wherein the 20 sanpl e conmpartnent (s) conprise (s) two transparent
W ndows bet weldie WwHinglews 9fatke | spmrdiereanpar tmen #ind thet heference
hydrogar bonacegus M@ﬁﬂa’ﬁtﬁ@ﬁd haleta aftbstaniteh 1 Mpadsrdilar cross- g
i ntroduci ng and renp . the ogar nto_an
fromthe space betmé%% .igﬂMwﬂég&sggﬂgg%%%%%ﬁﬁ g§E8££E¥W%§JE€FeF%%%%
conpart nent (s) consi%teticm @fethpahepmreht(near) infragrfylight. I n
Ejh:‘a' cgnt ext pfsd the mhesepacei bytwddDthedwindows ¢f allRPaampPleW ndow i s
efined as a w ndow n ), el e
spectral region. 30 ggHéJLEd%?&Ifﬁgugi?ﬁ?ﬁgqgglﬁyPgoégég%ggﬁggsmﬁ%gg%}é§
present i nvent? R FRPlysedabs ySbbtdivh forBedrbydieansafbl 8 apacer
reference conpart nenisrandedbeteeahl yhe animions .ontheagfpdcer may be made

conpar tment and one 6Pffﬁé”§aiecﬁﬂﬁé£i£ﬁ”ﬁs the windows. The spacer may be

10 connected to the windows by means of an adhesive. 1In
another embodiment the spacer made of the same material
as the windows has been melted to both windows.

Suitably, the cell comprises one or more elements
for heating the hydrocarbonacecus material.

15 The element (s) for heating the hydrocarbonaceous
material may be of any the conventional types used for
this type of purpose. Normally, the cell comprises two
or more elements which are arranged in such a way that
the sample compartment in operation has a constant

20 elevated temperature enabling the hydrocarbonaceous
material to flow through the space between the windows.
Suitably, these elements comprise so-called hot
fingers. The elements are suitablé provided with means
to which a power source can be connected.

25 Suitably, a device is attached teo the cell to
monitor its temperature.

The inlet and outlet means of the sample
compartment enable the hydrocarbonaceous material to be
analysed to flow through the space formed between the

30 windows. Suitably, the inlet and outlet means debouch
into the space formed between the windows. Suitably,
the inlet and outlet means run both through one of the
windows. Preferably, they are arranged substantially
perpendicular to the surface of that window.

3s The invention will now be illustrated by way of
Figure 1 which schematically shows a longitudinal
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Preferably, the wi ndows of the sanple conpartnment 35 are substantially
parallel arranged in respect of each _
- 3- . The di stance between the inner sides of the w ndows

of the sanpl e conpartnent depends on the type of hydr ocar bonaceous

material to be | vsed. For instance 5 when gasol i r
ot her relatwsgﬁ'f/éégl | i ght hydr ocar bonaceous nate?pgﬁgmﬁyém

anal ysed the distance between the inper sides of the w ndows may be
wel | beyond 1 mm whereas when anal y5i ng resi dual hydrocarbonaceous
material s such as rsesitdoal of uel txarsmigadohi teld nousctOrdance ocaitfoikiel ons

the distance is nodplsle¥it! e8Fedtth.l- 0 MM

In Figure 1 a transmission cell is depicted

comprising a side wall 1, a sample compartment 2, a

5 reference compartment 3 and elements 4 and 5 for
heating the hydracarbonaceous material. The sample
compartment comprises two transparant windows 6 and 7
between wich a space 8 is formed by means of spacer 9.
Inlet means 10 and outlet means 11 for introducing and

10 removing the hydrocarbonacecus material into and from
the space B8 run through window 6. The reference
compartment 3 comprises a transparant window 12. The
elements 4 and 5 comprise means 13 and 14 to which a
power source can be connected.

15 The transmission cell in accordance with the

present invention is particularly attractive because of

its simplicity.

The present transmission cell is especially useful
for controlling the quality of a hydrocarbonaceous
20 material obtained by blending various components.

The present invention also relates to a (near)
infrared spectrometer using as a measuring cell any of
the transmission cells described above.

Accordingly, the present invention further relates
to a (near) infrared spectrometer comprising a (near)
infrared source, a (near) infrared detector, and a
transmission cell as defined hereinbefore.

N
h

The detector matches the type of wavelengths used,

and comprises an active portion, for instance, indium
30 arsenide.

The detector transforms the transmitted beam of
light into an electrical signal which is converted into
digital data, processed and analysed by a computer
which may result in an absorbance spectrum. The use of

KR a numerical relation (e.¢g. a linear relation} enables
the physical property of the hydrocarbonaceous material



Sui t'ably, the distance between the inner, sides of the wi ndows of

t he .sanpl e conpartnent is in the range of from - 0.2 to 1.0
preferably in the range of from0.4 to 0.8 nm nore preferably in
the range of from0.5 to 0.7 nm 15 Suitably, the thickness of

t he wi ndows owgdrasmsanpl e conpartment is in the ra 2to
10 mm preferably in the range of from3 to 5 mm %ngn The
ref erence conpartnment suitably consists of_ gng wi ndow havi ng a

t hi ckness preferably in the range of from2 4 to 20 nm nore

preferably in the aR§ecdtcthaifids firgmighe absorbange spectrum. To tHuiist ably,
the reference comsaxt tbatdedectnndisstonnécted to pro@deswhRGoMWHdhd S
transparent on al lgsgi d8sct Noy ; i,ndow consists of a block
of transparent rrattgri ﬁ?.CZS ‘ BldYsis BPes fe?éablilp%r@lggén?of%?cﬁﬁﬁ i data

thi ckness of the t° the PRysigal ayepsrtwenf Eudivsirogarbonakemss of the

wi ndow of 5 mahtierial er Bnc spratpanttentgives the measurémddadlpsy t he

wi ndows of the sawpke (§QEPA iU ) sgsctral ,_taeﬁggotnhge\f/iegggg\i ofm_} he

ref erence corrpartﬁenk ((js% c%n3| st of 3 ) sane nateri al . Sgyi t abl e
materials of whi chiPfEd Lo the Rpogesging: eqyiPmentyWaichnpernitnt (s) and t he

ref erence . n@mﬁp'ac_ahettte(ag:)neman offethadiatianalsisg aatcmputdrd uam de,
sodium chl oride, @bagstiSRPR{Y 'Rhefdtibilfy éﬂahnpﬁge%igure 2, a beam
10 of light 1 originating from a (near) infrared source 2

is transmitted through transmission cell 3 and
collected in the (near) infrared detector 4 which is
connected to processing equipment 5.
Suitably, the (near) infrared spectral region has
15 wavelengths which range of from 1000 to 10,000 nm. The
infrared spectral region to be used depends on the
hydrocarbonaceous material to be analysed, as will be
appreciated by the skilled person. For instance, if
residual hydrocarbonaceous materials such as crude oil
20 residues are to be analysed the wavelengths preferably
range of from 1500 to 3000 nm, more preferably of from
1640 to 2630 nm or one or more selected intervals
thereof, whereas if relatively light hydrocarbonaceous
materials are to be analysed such as gasolines, the
25 wavelengths suitably range of from 1000 to 3000 nm,
preferably of from 1000 to 2630 nm, or a selected
interval thereof.
Preferably, the cell is connected to a moving
device for enabling the beam of light to be transmitted
30 by turn through the sample compartment or the reference
compartment. Suitably, the moving device is connected
to the cell in such a way that the cell is moved -
perpendicular to the beam of light. Suitably, the
centres of the windows c¢f the sample compartment and

wd
‘n

the reference compartment lie on the same vertical or
horizonta: axis depending on the direction of movement*



material known to be used for this purpose. Suitably, WD 97/ 14951

PCT.EP96/ 04605 =4 t he_windows of the
sanpl e -:conpart nent and t he ref erence conpartnment have a substantially
circular cross- section, which is preferably | arger than the cross-
section of the_beam of (near) infrared light. 5 The s bet ween t he
w ndows of théwggﬁﬁPg conmpartnent for holding the hydrgéﬁggﬁﬁgw ous
mat eri al to be analysed is suitably forned by neans of a spacer
arranged between the wi ndows. The spacer rfay be nade of the sane

material as the wigraws. céhe.spacer may be 10 connected to the wi ndows by
means of an adhesive. Thg spectrometer according to the present invention
may comprise optical fibres and condensors arranged
upstream and downstream the transmission cell. In this
1 way on-line measurements can be carried out in a
blending unit without needing the immediate vicinity of
the spectrometer. For instance, in a suitable
embodiment a first optical fibre is connected with a
first end to the near infrared source, a first
10 condensor can be arranged between a second end of the
first optical fibre and the cell, and a second
condensor is arranged between a first end of a second
optical fibre of which a second end is connected to the
detector, wherein the condensors are substantially
15 symmetrically arranged with respect to the cell.
The present invention further relates to a method
for predicting a physical property of a
hydrocarbonaceous material using the spectrometer
described above in which the detector is connected to
20 the processing eguipment, wherein a beam of light
having wavelengths in the range of from 1000 to 10,000
nm is transmitted through the sample compartment and/or
the reference compartment, whereby the hydrocarbon-
aceous material to be analysed has a temperature in the
25 range from 25 to 250 °C, the beam of light which passes
through the compartment(s) is collected in the detector
in which it is transformed into an electrical signal
which is passed to the processing equipment.
As indicated above physical properties of
30 hydrocarbonaceous materials can in accordance with the
present invention be predicted from their (near)
infrared spectra, enabling for instance a continuous
quality control of a hydrocarbonaceous feedstock and/or
the product derived therefrom. The present invention
kh also relates to the use of the present spectrometer in
process ccntreol, process steering and hydrocarbonaceous



anot her enbodi nent the spacer nade of the same naterial as the w ndows
has ‘been nelted to both w ndows: Suitably, the cell conprises one
or mbre el ements for heating the hydrocarbonaceous naterial. 15

The el enent(s) for heating the hydrocarbonaceous mat eri al may be of
any the convewbisemesi t ypes used for this type of p“rp%mgb\@&%l ly,
the cell conprises two or nore elenents which are arranged 1n such a
way t hat the sanple conpartnment in opegation has a constant 20

el evat ed t enper at %re enabl i ng t he hydrocar bonaceous material to flow
through the space “SEERERFK (38 WivduBRarbonaceoysi papRyct t meslitel ement s
conpri se so-cal |l egohotoring. fingers. The el enents are sgltggle provi ded

wi t h neans to whi I . n :

Sui tably, a device_i ETE? ’Z% e trgﬁgﬁ{e:&g%{ﬁ&t%?ﬁ?g ﬁ%%% orit tb§ t enperat ure.
The inlet and out PBE¥RSASUSING tEesRApPent tranggissionesel emonpsiske

hydr ocar bonaceous cratier oals tanderoduct andénised thekkovom h:erfJg{aiH@e space
fornmed between th { W ' Isnl.e . means
debouch I nt ogfﬁgtéw%%qﬁhFSg&Eth%%%ét‘ g‘o\%n Sgg.glﬁ# tsglrﬁhy,as
inl et and outl et ﬁﬁﬁﬁ%lgﬁﬁ' FRIP AL BRY KRS i sy hand heayy ndows.
Preferably, they hydracachorstesmissmahéridly such as heavy gas oils and

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

t he

Crude o0il 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

15 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.

20 Suitable bituminous materials include naturally
occurring bitumens or derived from'a mineral o0il. Also
blends of various bituminous materials can be analysed.
Examples of suitable bituminous materials include
distillation or "straight-run bitumens", cracked

25 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
mixtures of one or more of these bitumens with

30 extenders (fluxes) such as petroleum extracts, e.g.
aromatic extracts, distillates or residues, or with
0ils. ‘The bituminous materials to be analysed'may
contain any emulsifying agent known in the art.

Tne above-menticned heavy hydrocarbonaceous

35 materials to be analysed have suitably a temperature of
at ieast 50°C. Crude o0il residues and bituminous



per pendi cular to the surface of that w ndow. 35 The invention w ||
now be illustrated by way of Eigure 1 which schematically shows.a
| ongi t udi nal WO 97/ 14951
PCT/ EP96/ 04605 -5- section of a
transm ssion cell in accordance with the present invention.

In Figure 1 a™a%BA8 ssion cell is depicted compri si nd A EEPHMR | 1,
a sanple conpartment 2, a 5 reference conpartnment 3 and elenents 4 and 5
for heati ng the hydrocarbonaceous material. The sanple

conpar t nent conpr irsderiadst tansparaiysednteovs wraefarably a téppewsiung ch a
space 8 is formed ¥ Jyeapasef 16pacer 9.

The method for predicting the physical properties

involves the following steps of:

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

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

10 c) measuring the (near} infrared spectra of the
selected set of hydrocarbonaceous materials,
whereby use is made of the present transmission
cell;

d) selecting in the spectral region a range of

15 wavelengths, and using the absorbance values

- measured at these wavelengths as an input for
multivariate statistical analysis or a neural

network;
- e} correlating the absorbance values obtained with the
20 physical property as determined under b) by means

of multivariate statistical analysis or a neural
network and generating a predictive model:; and

subsequently
f) applying this predictive model to (near) infrared
25 spectra, taken under the same conditions, for a

hydrocarbonaceous material ¢of an unknown physical
property, thus providing the physical property of
the unknown hydrocarbonaceous material.
Thus, the present invention also provides a method
30 for predicting a physical property of a
hydrccarbonaceous material comprising the steps of a) -
f) as described hereinabove.
According to the invention the (nearj infrared
spectra of a set of hydrocarbonaceous materials
LN {suitably at least :0, preferably at least 50) of
. different quality are measured. The number of



Inlet means 10 and outlet neans 11 for I nt roduci ng and 10 renovi ng the

hydr ocar bonaceous material into and from the space 8 run through
wi'ndow 6. The reference conpartment 3 conprises a transparant w ndow
12. The el ements 4 and 5 conprise neans 13 and 14 to which a

power source &gdoPResionnected. 15 - The transm ssi on cebgrikPosgds’ dance
with the present invention is particularly attractive because of

its sinmplicity. The present transmygsion cell is especially useful

for controlling the quality of a hydrocarbonaceous 20 mat eri al obt ai ned
by bl ending vari ougyaﬁﬁ%ﬁ%’rﬂ%{ews materiady of; SAEARTPRL AT YalkBothel at es
to a (near) i A€t at edingrediantneince uthis deteamipeas uthegarsdralany of

the transm ssion cghéSagiesddiad t§08¥Cany subsequeAtCOEAE I Yoait e present
i nvention further rel ates o a (near) i1nfrared spectroneter conprising

. 25
a (near) i nf r BF 84 Sotfe 2% «(near) infrared detector, and a
transm ssion dell as dBi¢ ramkdtgaephbained.can be anal ¥heddetmmthermatiches

the type of wavel eggt&pmutsftions of 8RE SRPPINCHrafeftli NG R onh?r
|nstanpe, |nd|un130easg{§§ggé¥a usin multigg}f§¥ée% ggiséfnsf ! nphe
transmtted beam of ’ g cal techniques
known as such, e.g. Partial Least Squares, Multiple
Linear Regression, Reduced Rank Regression, Principal
10 Component Analysis and the like, or neural networks.
Suitably, the absorbance values are measured at a
large number of the wavelengths in the spectral region.
Suitably, the absorbance values are measured at the
whole range of wavelengths in the spectral region or at
15 one or more selected intervals thereof. When heavy
hydrocarbonaceous materials are analysed, preferably,
the absorbance wvalues are measured at the whole range
of wavelengths in the spectral region.
Subsequently a predictive model is generated that
20 can be applied to the (near) infrared spectra, taken
under the same conditions, for bituminous materials of
an unknown physical property.
Correiation of the absorbance values with the
physical property of the hydrocarbonaceous materials as
25 determined under b) is done by known techniques
mentioned before such as multiple linear regression or
partial least squares regression.
The physical properties to be determined of
residual hydrocarbonaceous materials include density
30, viscosity, flash point, storage and handling stability,
ccmpatibility and chemical composition related
‘properties such as aromaticity, C7 asphaltenes content,
wax ccntent, paraffin content, microcarbon residue,
Cernradson carbon residue, engine performance parameters
35 ans feedstcck assessment parameters. The physical
prcpertigs to be determined of bituminous



Ilght |nto an electrical signal which is converted into di gital data,

processed-and anal ysed by a conputer which Ay result in_an-absorbance
spectrum The use of 35 a nunerical relation (e.g. a linear relation)
enabl es t he physical property of the hydrocarbonaceous nateri al

WO 97/ 14951 PCT/ EPOP/ 046(%
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the detector is connected to processing equi pnent for spectral

anal ysis and for correlating spectral datall - to the physical property of
t he hydrocar bonaceQuscearbéfdidudl maiéﬁlémcltﬁcqnﬁabeprgpdﬁ& édﬂ%urmaaur enent s
for the (nearp) nI m;:g Egrg &9&%” oft &Y ]r(tjgn pso%.ln Ct Sgnsf@)g s

volatility, and retained PEN {after RTFOT (Rolling thin
film oven test)) in respect of gasolines the physical

5 properties include for instance octane number. If a
gas 0il is to be analysed the physical properties
include for instance cloud point, pour point and cetane

number.
The time required for determining the physical
10 properties of the hydrocarbonaceous materials is very

short, normally less than one minute. Thus, the present.
process constitutes a considerable improvement over the
conventional methods which include taking a sample of

the material to be analysed and determining its wvarious

15 physical properties by means of separate rather lengthy

measurements. In accordance with the present invention

two or more physical properties of a hydrocarbonaceous
material can be determined simultaneously. For
instance of a bituminous material the softening point

20 and PEN can be determined simmltaneously.

The present cell can be used in on-line or off-line
mode of operation. If the present cell is used on-line
whereby the inlet means of the sample compartment is
connected to a source supplying the hydrocarbonaceous

25 material, said material flows through the sample
compartment.

A reference spectrum is periodically measured by
transmitting the beam of light originating from the
(near} infrared source through the reference '

30 compartment and to the detector, in order to determine
the absorbance of the hydrocarbonaceous material. To
this end the transmission cell can be connected to the
moving means described hereinabove. The absorbance of
the hydrocarbonaceous materia:i which can be defined

v}
I

with the Beer-Lambert law (~log 1/l1ol wherein Io is the
intensity of the light transmitted by the reference



linked to the processing equi pment which pernits nunerical treatnent

of the data using a conputer. In operation, as schematically—shown in
Figure 2, a beam 10 of light 1 originating froma (near) infrared source
2  is transmtted through transm ssion cell 3 and collected in the
(near) infrarggedgioector 4 which is connected to proceSiEpgediggsl PENt

- b, Suitably, the (near) infrared spectral region has 15
wavel engt hs which range of from 1000 to 1Q, §9Q nm  The i nfrared
spectral region to be used depends on the hydr ocar bonaceous materi al
to be anal ysed, aSofPRrtpent and g bhgt éﬂtws%% ofitheedight son. For
i nstance, if trasiscd &k ed Yoy odtey [xam@d eousmpEttadaral.s such as crude oil 20

residues are to be anqhgs?geg%‘& Vﬁm\(@{lﬁ'ﬂghh§l§5 e‘_farae&télsyﬁgga #@é&f\s qf,from

1500 to 3000 nm nore era %‘F m or one or
more sel ected i nt &RFRRLING a Ry %‘cﬁrb%spﬂagswlqrb@m&ﬁynmlgﬂﬁndmg
hydr ocar bonac&ous two ormmbeei at seamse dfo diéfanahty sprhdeisclofas gasol i nes, the

25 wavel engt hs 0 f er-abl y of
from 1000 t0 0630 HareearebaBplolt rd@didilland (Eilinliiing o plydld

Preferably, the c&9CPEET¥oR eE}t‘%of’“f%%Wn@mms“d&ﬂ ée pBtainrtbh@Yng t he
beam of |ight to Wweansap$nthéepredicting method according to the present

invention. In this way, for instance, residual fuel
10 oils or bitumen compositions of controlled quality can
be prepared. For instance by blending a hard bitumen, a
soft bitumen and a (catalytically) blown bitumen.
In operation the blending unit will be computer
controlled by a feed-back control system for adjusting
15 the blending components or conditions when needed to
obtain a hydrocarbon composition having desired
properties.



30 by turn through artnment or the reference
COﬂnﬁLLﬂEnL__SuLLQDl Eiﬁ% ce_is.connected to the cell in

such a way that the ce*

perpend cular to the beam of |ight.

Sui tably, the centres of t he mnndoms of the sanpl e conpartnent and
the reference conpartnent lie on the sane vertical or | | axis
dependi ng on Y& ¥ ¥ ecti on of novenent WO 97/ 14953@1915119%/9&&6‘

PCT/ EP96/ 04605 -7- of the cell

The spectroneter according to the present Fhventi on may conprise
optical fibres and condensors arranged upstream and downstreamt he
transm ssion cell. In this
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"CLAIMS

1. A transmission cell suitable for use in a device
for measuring (near) infrared spectra of a
hydrocarbonaceous material which comprises one or more
sample compartments and one or more reference
compartments, wherein the sample compartment(s)
comprise (s) two transparant windows between which a
space is formed for containing the hydrocarbonaceous
material and inlet and outlet means for introducing and
removing the hydrocarbonaceous material into and from

the space between the windows.

2. A transmission cell according to claim 1 comprising
one sample compartment and one reference compartment.
3. A transmission cell according to claim 1 or 2,
wherein the windows of the sample compartment are
substantially parallel arranged in respect of each
other.

4. A transmission cell according to any one of claims
1l to 3, wherein the distance between the inner sides of
the windows of the sample compartments is in the range
from 0.2 to 1.0 mm.

5. A transmission cell according to claim 4, wherein
the distance is in the range from 0.4 to 0.8 mm.

6. A transmission cell according to any one of claims
1 to 5, wherein the thickness of the windows of the
sample compartment is in the range of from 2 to 10 mm.
7. A transmission cell according to any one of claims
1 to 6, wherein the reference compartment (s)
comprise(s) a transparent window.

8. A transmission cell according to claim 7, wherein
the thickness of the window of the reference
compartment is in the range of from 4 to 20 mm.

@. A transmission cell according to any one of claims




on-line neasurenents can be carried out in a bl endi ng unit
V\athout neH , wﬂmumm te vicinity of t he spectroneter. For
i nst ance enbodi ment a first optical fibre is connected

with-a first  efld fo the near infrared source, a first 10 condensor
can be arrangwddaisseen a second end of the first optigebepobbuses and
the cell, and a second condensor is arranged between a first end of a
second optical fibre of which a second,;gnd is connected to the

detector, wherein the condensors are substantially 15 symetrically
arranged with respkcio tfs #hergén|the windows glethe csample geERErBRestur t her
relates to a nmet hoahd the Wahdpwedf cthereXeplayige COOmPHARRMLY cOhsBst of

hydr ocar bonaceous | he spectromneter descri bed above in
whi ch t he detectorﬁ?%q%%ﬁhg%%gpg?% 20 t he processing equi pnent, wherein a

beam of i ght 14af FEanaPeseten Heelln aoRerAiRg Lt 2y ORe1060ciaing, 000
nmis transm 5t ed I hrowghwheeesanphe windoust eensisndidrcalciumt he reference

compartment, wher ehydieiel)y doagahO a@ond%aﬁsggs ﬁﬂge&{ tg okOghErgpal ysed

has atemmrmureln t he ran r.om eam of

li ght which passestt: & Qﬁ?PSHbﬁS% I FCCREALRY ?%;QRﬁlqgétéé Fhaime
det ect or I n whitgh Id whdchr aompoised anet oramoed e£lianertls €ognal

heating the hydrocarbonaceocus material.

10 12. A (near) infrared spectrometer comprising a (near)
infrared source, a (near) infrared detector, and a
transmission cell as defined in any one of claims 1 to

1l.
13. A spectrometer according to claim 12, wherein the
15 cell is connected to a moving device for enabling a

beam of light originating from the (near) infrared

source to be transmitted by turn through the sample

compartment or the reference compartment.

14. A spectrometér according to claim 12 or 13, wherein

20 the detector is connected to processing equipment for
spectral analysis and for correlating spectral data to
the physical property of the hydrocarbonaceous
material.
15. A method for predicting a physical property of a

25 hydrocarbonaceous material using the spectrometer
according to claim 14, wherein a beam of light having a
wavelength in the range of from 1000 to 10,000 nm is
transmitted through the sample compartment and/or the
reference compartment, whereby the hydrocarbonaceous

30 material to be analysed has a temperature in the range
from 25 to 250 °C, the beam of light which passes
through the compartment(s) is collected in the detector
ir which it is transfcrmed into an electrical signal
which is passed to the processing equipment.

35 16. A wethod according to claim 15, wherein the
hydrocarbonaceous material is a heavy hydrocarbonacecus
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whi ch.is p; g essi ng equi pent . As indicated above
physical pﬁmﬂﬂﬂ&ﬂemmﬂt hydrocarbonaceous gaterials can ih-accordance
with the "% snvention be predicted fromtheir (near)

infrared spectra, enabling for instance a continuous quality control
of a hydrocarbonaceous feedstock and/ or t he product deriyv refrom
The present i AT 35 also relates to the use of the ﬂéﬂm
spectroneter in process control, process steering and

hydr ocar bonaceous WO 97/ 14951 -~ 13 -
PCT/ EP96/ 04605 material having a temperature of abdve 50 °¢ eedstock and

hydr ocar bonaceous prqy%ktﬂgglkéy predicting a physical property of a
hydrocarbonaceous material comprising the steps of:

a) selecting a set of hydrocarbonaceous materials of

5 different quality:;

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

¢) measuring the (near) infrared spectra of the

10 selected set of hydrocarbonaceous matefials,
whereby use is made of a transmission cell as
defined in any one of claims 1 to 11;

d) selecting in the spectral region a range of

wavelengths, and using the absorbance values

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

e) correlating the absorbance values obtained with the
physical property as determined under b) by means

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

f) applying this predictive model to (near) infrared
spectra, taken under the same conditions, for a

25 hydrocarbonaceous material of an unknown physical
property, thus providing the physical property of
the unknown hydrocarbonaceous material.

18. A process for preparing a bitumen composition

comprising blending two or more streams of different

30 grades of bitumen and determining a property of the
bitumer composition so obtained by means of a method as
described in claim 16. | '

19. Use of the spectrometer according to claim 14 in

preccess cohtrcl, process steering, and

hygdrczarbonaceous feedstock and hydrocarbonaceous
preduct gualicy monitoring.

\

————
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moni t ori ng. The hydrocarbonaceous materials which can be
analysed using the present transmssioon.cell conprise 5 _crude oils and
products derived therefrom i ncl udi ng relatively |ight
hydrocarbonaceous materials such as gasol i nes, gasoils and kerosines,
and heav dr ocar bonaceous materials such as heavy d
crude oiY res“@ﬁ%@ %} esidual fuel oils and bituninous 10 qﬁﬁﬁ%+@%%@
Crude oil residues may consi st of straight run resi dues such as |ong
(at nospheric) and short (vacuum resi dues, processed residue streans
such as thermally cracked, hydrocracked or catalytically cracked 15
residues. Residual fuel oils nmay consist of residues and any known
di luent streanms such as any refinery streamto influence residue
properties, and may contain any kl ﬁa additive such as stabilising or
emul si fying agents. 20 Sui t bi tum nous materials include
natural ly occurring bitunens or derived fron1a mneral oil. Also

bl ends of various bitum nous naterials 7 ysed. Exanpl es of
sui tabl e bitum nous materials include ation or "straight-run

bi tunens”, cracked
FIG.1
13




25 * residues, polyner-nodified bitunens, precipitation bi tunens, e.g.

propane bitunens, blown bitunens, e._g ~cat-alyti cal | y—otown bi t unen and
A-c-t-es—ttrereoT Ot her suitable bitum nous materials include

m xt.ures of one or nore of these bitunens with 3( extenders (fluxes) such
as petrol eum extracts, e.qg. aromatic extracts, distipdtIesomns

resi dues, Okygwiaesi oils. The bitum nous materials to be anal ysed nay
contain any enul sifying agent known in the art. The
above-nmenti oned heavy hydrocarbonaceous 35 materials to be anal ysed have
suitably a tenperature of at least 50[err]C. Crude oil residues and

bi t um nous WO 97/ 14951

PCT/ EP96/ 04605 | 2/2

FIG. 2

[}
T
—



-9-+ , nmaterials to anal ysed have preferably at erature of at

I east 100[err]C. ) The method for predicting t physi cal properties
i nvolves the follow ng steps of: 5 a) selecting a set of
hyd+oecarbonaceous materi al s of different. quality; b)

deternmning a |cal property of the hydr ocar bonaceous material s
by cium‘m m u “‘ii‘ measur enent; 10 c) neasuring the (near)
i nf r AREAY o1 xthe

sel ected set of hydrocarbonaceqizo pcT

mat eri al s, whereby use is nade of the present transmrssron

cell; d) selecting in the spectral region a range of 15

wavel engt hs, and using the absor BEMEEERaSEES OF CLAIMS peasured at these
~wavel engths as an input for mul tivariate statistical analysis or a

neur al net wor k; e) correlating the absorbance val ues

obtai ned with the Measuringplpsasal ipfopaedy speciaiderdd fekt WRHRPUS) by

means Lvat kgt t atdyst i Gal VA ; a

net wor k and gemngr:gfgly%gsa%%rtgd?g%i @%lﬁoggﬁa 3%2}1)6% TthprL I58G s cell,

characterised in that the cell is a transmission cell
comprising one or more sample compartments and one or
more reference compartments,'whereih the sample
compartment (s) comprise(s) two transparent windows
between which a space is formed for containing the
hydrocarbonaceous material and inlet and outlet means
for introducing and removing the hydrocarbonaceous
material into and from the space betweeen the windows.
2. Measuriﬁg (near) infrared spectra according to claim
1 characterised in that fhe transmission cell comprises
one sample compartment and one reference compartment.

3. Measuring (near) infrared spectra according to claim
1 or 2, characterised in that the windows of the sample
compartment are substantially parallel arranged in
respect of each other. | _

4. Measuring (near) infrared spectra according to any
one of claims 1 to 3, characterised in that the distance
between the inner sides of the windows of the sample
compartments is in the rénge from 0.2 to 1.0 mm.

5. Measuring {(near) infrared spectra according to claim
4, characterised in that the distance is in the range
from 0.4 to 0.8 mm.

6. Measuring (near) infrared spectra according to any
one of claims 1 to 5, characterised that the thickness
of the windows of the sample compartment is in the range
of from 2 to 10 mm.

7. Measuring (near) infrared spectra according to any

one of claims 1 to 6, characterised in that the

THIS SHEET HAS BEEN
REPLACED

\MENDED SHEET

This Sheet Has Been R:ﬂlaced

JD35017



subsequent ly aﬂl ying this predictive nodel to‘1ear ) infrared 25
rt

H!mmlmm'ml sane conditions,, for a hydr ocar bonaceous

t%wﬁomn physi cal property, thus providing the
phy8i cal tprape t he unknown hydr ocar bonaceous nateri al .

Thus, the present invention also provides a method 30 for predicting a
physical property of a hydr ocar bonaceous .nateri al conprising the steps
of a) - b fas edieeC [ddapth MeMaithedOVeemprise (s) ACE@hdisp@ reat! he

i nvention the gneagz i nfrared spectra of a set of hydrocarbonaceous
mat eri al s wipd@it-ably at |east 10, preferably at |east 50) of

di fferent qU&B'tyM%@%uﬁﬁﬁﬁ}”ﬁﬂéaiﬁhﬁJﬂﬁﬂQ@édOépectra according to claim

7, characterised in that the thickness of the window of

the reference compartment is in the range of from 4 to
20 mm. _

9. Measuring (near) infrared spectra according to any
oné of claims 1 to 8, characterised_in that the windows
of the sample compartment and the window of the
reference compartment consist of the same material.

10. Measuring (near) infrared spectra according to any
one of claims 1 to 9, characterised in that the windows
consist of calcium fluoride, sodium chloride, glass,
sapphire or quartz.

11. Measuring (near) infrared spectra according to any
one of claims 1 to 10 characterised in that the
transmission cell comprises one or more elements for
heating the hydrocarbonaceous material.

12. Measuring (near) infrared spectra of bituminous
materials with the help of a (near) infrared
spectrometer comprising a (near) infrared source, a
{near) infrared detector, and a cell, characterised in
that the cell is a transmission cell as defined in any
one of claims 1 to 11.

13. Measuring according to claim 12, characterised in
that the transmission cell is connected to a moving
device for enabling a beam of light originating from the
(near) infrared source to be transmitted by turn through
the sample compartment or the reference compartment.

14. Measuring according to claim 12 or 13, characterised
in that the detector is connected to processing

equipment for spectral analysis and for correlating

_—
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/14951 PCT/ ER@&/ 04605
H Im Iu1 IH!Hr bo ceous materials of different q®ity in the
se nce this determ nes the generality and

appllcab ty of any subsequent statisti cal predictive pool. 5

The spectra obtai ned can be anal ysed, together with determ nati ons of
t he physical property by conventi onal measurenents, using nultivariate
stati sti cal te@wuwﬁs data ﬂ@oﬂﬁéaﬁh§§§3ale GopHtly alf Legst Squar es,

Mul tiple L| ear ressi on, Reduced E Regre53|on Pri nci pal 10
Corponent  Anafy Qﬁﬁp WﬁF?QWﬁem%ﬁeﬁéﬁial net wor ks. Suitably, the
absorbance vahes iR RS WS gtedicting! 8 o yRUTRAr Hogdec payel gngths in
t he spectral region, Sui tably, the absorbance values are neasured at

t he whol @3 Qs Ak ehapt Y i ReaRurépacacaondigionterchainsl4, one

or nore sel ecnﬁx‘éferﬂr?ré’%éaxﬁ hef e?fghy\hﬁgvgﬁgv avel@fgdﬂ'?a{}?o@ﬁgeggﬁ

materials are anal ysed, preferab absor ban val ues ar e fredsur ed
at the whol e pdndgom 10 W@V%Qe%@@hsmlNSthéaﬂﬁantﬂdrEnﬁqmgh the

Shoseduent 1y SRl ot Rdsl. |ndfoe’ het e &&ﬁbgftrﬁmieé to

the (near) in
whereby the bltumlnous material to be analysed has a

temperature in the range from 25 to 250 °C, the beam of

light which passes through the compartment(s) is

collected in the detector in which it is transformed
into an electrical signal which is passed to the
processing equipment. '

16. A method for predicting a physical property of a

bituminous material with the help of spectrometry and

analysis of the spectra obtained, characterised in that
the process comprises the steps of:

a) selecting a set of hydrocarbonaceous materials of
different quality;

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

c) measuring the (near) infrared spectra of the
selected set of bituminous materials, as defined in
any one of claims ‘1 to 11;

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;

e) correlating the absorbance values obtained with the

' physical property as determined under b). by means of

multivariate statistical analysis or a neural

\
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. under t he sarre"conditi , for bitum nous material s of an unknown

Correl aton.,of the absorba val ues with the

imlﬁlulﬁﬂ yf the hydrocarbonaceous nmaterials as 25  determ ned

der LS Mo known techni ques menti oned before such as nmultiple
I | near regression or partial |east squares regression. The
physi cal properties to be determ ned of resi dual hydrocarbonaceous
materials incl ude mkeu:mfy Sd g¥h&£86ihY, af b2sRiRRIIRe ndfHBRI&ANd handling
stability, atibility and chem cal conposition relat ‘ed
properties such ass %?T%‘t“?%‘?i/¥ C7 asphal tenes content, wax ccntent,
paraffin conteff, dpSIPLag bﬂﬁlléeﬁtéaﬁctlve m@@@la@%orkrf@d’ﬂorhrffﬁépé@
engi ne performance paraneters nd feedstock assessnment paraneters.
The physi cal SpeFii e%af%nb@naefethﬁnéam@f ceinddtiimns for a

bituminous material of an unknown physical property,
thus providing the physical property of the unknown
bituminous material. '
17. A process for preparing a bitumen composition
comprising blénding two or more streams of different
grades of bitumen and determining a property of the
bitumen composition so obtained characterised in that a

method as des;ribed in claim 15 is used.

—_—_
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- 11 - . droca s rraterlals |ncI "\b pertREPhA@EMENT SHEET
qnﬁnﬁm lﬂ@ | §

penetratio p0|nt density, olatility, and retained

PEN (after filmoven test)) I nres

gasol i nes the physi cal 5 propertles irndBude for |nstaJcS&E§@§%@%HUW#gF.
If a gas oil is to be anal ysed the physical propertjids i ncl ud¢
for instance cloud point, pour point and cetane nurtbgr .0 3 APR 1998 The
time required for deternlnlng t he physical 10 propertijeg of the

hydr ocar bonaceous materials is veryC L AsBoMt S nornal |y |'ess than omne

m nute. Thus, the present process constitutes a comsiderahle

i mprovenent over the conventi onal rmnethods which include taking a

sanple of 1. thetransmigsion peedhasiddRrbir ferenFeniity 3 tdeViERous 15
physi cal pn¥3¥t¢€?§ﬁ¥lgggsen r?eEﬁT¥%%é&“§ﬁ%ck§%9Ehy measur enent s.

I n accordance 'w I nvention nDre physi ca
properties mwdx¢garbgaaggqmgdmgterlal whlch comprlses one or more

sample compartments and one or more reference
5 compartments, wherein the sample compartment(s)
comprise(s) two transparant windows between which a
space is formed for containing the hydrocarbonaceous
material and inlet and outlet means for introducing and
removing the hydrocarbonaceous material into and from
10 the space between the windows.
2. A transmission cell according to claim 1 comprising
one sample compartment and one reference compartment.
3. A transmission cell according to claim 1 or 2,
wherein the windows of the sample compartment are
1S - substantially parallel arranged in respect of each
other. ’ |
4. A transmission cell according to any one of claims
1 to 3, wherein the distance between the inner sides of
the windows of the sample compartments is in.the range
20 from 0.2 to 1.0 mm. | _
S. A transmission cell according to claim 4, wherein
the distance is in the range from 0.4 to 0.8 mnm.
6. A transmission cell according to any one of claims
1 to 5, wherein the thickness of the windows of the
25 sample compartment is in the range of from 2 to 10 mm.
7. A transmission cell according to any one of claims
1 to 6, wherein the reference compartment(s)
comprise(s) a transparent window.
8. A transmission cell according to claim 7, wherein
30 the thickness of the window of the reference
compartment is in the range of from 4 to 20 mm.

9. A transmission cell according to any one of claims
-

This Sheet Has B

Wi  EE




S o _ REPLACEMENT SHEET -
g?ﬁt‘en‘ﬁl(;gagtognd:lte b ﬂl)%?w md | 1 lgb I:O;nd PEN cﬁéngMEHEESHEET
H“m 1””"'””", 01' | "present| gell can be used in on-line or

fie present cell is used on-line
mhereby the i nl et* meqns of the sanpl e :LoRpact ment is connected to a’

sour ce suppl yi ng t he *hydrocarbonaceous 2 material, said material flows
through thels&®pl% whereempéhemm;ndows of the redmBpaecEammETt tmanks

periodi cal | g rgaac%ge‘q t S [pfﬁéz I tE 0 i ng
fromthe &n (near) ?‘ﬁ Pgrg s%lgér]cgk?s%rou&é]&e g}:gngrﬁfctg éi%ﬁn%?rt ment
and to the Gbeeciame materddlio deternine t he absorbance of the
hydrocarbonqqp09§ 8 I t qgﬁ r '5ﬁg be
connected to tFa %gsfﬁazﬁééﬁgl eEE?Fb Iﬁ%?%énggin‘ aﬁsorggﬁce of
t he hyérocaﬂbdﬁhd%od@hﬁiﬁ@ﬂaﬂththd§Hﬁlﬂ?ﬂﬁ#$ﬁe§f calmﬁum t he
Beer - Lanber te )l ay¢ { a& 09 sbldiim W16k 1 de!,0 d 524d1® sapphiELnst tyugbehe |ight

transnitted by the reference
11. A transmission cell according to any one of claims

1 to 10 which comprises one or more elements for
heating the hydrocarbonaceous material.

10 12. A (near}) infrared spectrometer comprising a (near)
infrared source, a (near) infrared detector, and a
transmission cell as defined in any one of claims 1 to
11.

13. A spectrometer according to claim 12, wherein the

15 cell is connected to a moving device for enabling a
beam of light originating from the (near) infrared
source to be transmitted by turn through the sample
compartment or the reference compartment.

i 14. B spectrometer according to claim 12 or 13, wherein

20

the detector is connected to processing equipment for
spectral analysis and for correlating spectral data to
the physical property of the hydrocarbonaceous
material. '

15. A method for predicting a physical property of a

25 hvdrocarbonaceous material using the spectrometer
according to claim 14, wherein a beam of light having a
wavelength in the range of from 1000 to 10,000 nm is
transmitted through the sample compartment and/or the
reference compartment, whereby the hydrocarbonaceous
material to be analysed has a temperature in the range
from 25 to 250 °C, the beam of light which passes
through the ccmpartment(s) is collected in the detector
in which it is transformed into an electrical signal

30

which is passed to the processing equipment.
35 16. A method according to claim 15, wherein the
hydrocarbonaceous material is a heavy hydrocarbonaceous
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Wy97/14951 . |- REPLACEMENT SHEET _ PCT/ EP96/ 04605

- 12 - - conpar nent and 1T 1.s]the intensity of th ] ‘
transmtted by the mart.' nt . The gsmqmmlnngsET
relates to a pro ess for reppring a hydrocarbon COHpUbiLiUH

conpri sing bl endifn g streans of different gr

hydr ocar bonaceoug nmaterials and dgterm nllrgj a physi cal lmmnmnmuum
hydr ocar bon conposition so obtai ned by '~ hmeans of the p

aCCOng lngfthabermaaslefamn% al Reémpldratute ohi Sb}b@)e Smr°c| nst ancle

resi dual fue oils I tune ositions of controlle uglity can
be prepared A, QW%i B erEﬁ&ﬁﬁ?%%?ﬁﬂcPBYFﬁ ﬁ 9f°perg¥ P? ¥unen
and a (cat alwucabhstbdﬂm@cbbtmmmnal comprlisimgertdie osteps kifendi ng
unit will

| | f eed- back I
2 st ng 153 ¢ RELBGHRHGE cBRboREn RS REP PR RO b FaEREd S B
5 | different quality:

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

c) measuring the (near) infrared spectra of the

10 selected set of hydrocarbonaceous materials,
whereby use is made of a transmission cell as
defined in any one of claims 1 to 11;

d) selecting in the spectral region a range of

wavelengths, and using the absorbance values

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

e) correlating the absorbance values obtained with the
physical property as determined.under b) by means

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

f} applying this predictive model to (near) infrared
spectra, taken under thg same conditions, for a
25 hydrocarbonaceous material of an unknown physical
property, thus providing the physical property of
the unknown hydrocarbqnaceous material.
~18. A process for preparing a bitumen composition
comprising blending two or more streams of different
o grades of bitumen and determining a property of the
' bitumen'compositicn so obtained by means of a method as
described in claim 16.
19, Use of the spectrometer according to claim 14 in
process control, process steering, and
hydrocarbonaceous feedstock and hydreoccarhonaceous

product quality monitoring.
This Sheet Has Been Re[ilaced
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cel | sui a device for. neasur“ﬁb1&near) i nfrared :

spectra Hllm i‘i"mlaceous mat eri al whi ch congrt e S ONe—Of—HBLL

sanple and one or nore reference conga HHHEMEMMﬁﬁEﬂn

the 5 sanpl e conpartnent(s) conprise(s) two transpargnt W nao

bet ween which a space is formed for cont ai_niglg_ 29 MAY 1998
CLAIMS

1. A transmission cell suitable for use in a device for
measuring (near) infrared Speﬁtra of a hydrocarbonaceous
material which comprises one or more sample compartments

* and one or more reference compartments, wherein the

5 sample compartment(s) comprise(s) two traasparent

windows between which a space is formed for containing
the hydrocarbonaceous'material and inlet and outlet
means for introducing and removing the hydrocarbonaceous

material into and from the space between the windows and

10 wherein the reference compartment(s) consists of one

transparent window.

2. A transmission cell according to claim 1 comprising
one sample compartment and one reference compartment.
3. A transmission cell according to claim 1 or 2,

15 wherein the wihdows of the sample compartment are
substantially parallel arranged in respect of each
other.

4. A transmission cell according to any one of claims 1
to 3, wherein the distance between the inner sides of

20 the windows of the sample compartments is in the range
from 0.2 to 1.0 mm.

5. A transmission cell according to claim 4, wherein
the distance is in the range from 0.4 to 0.8 mm.
6. A transmission cell according to any one of claims 1

25 to 3, wherein the thickness of the windows of the sample
compartment is in the range of from 2 to 10 mm.

7. A transmission cell according to any one of claims
1-6, wherein the thickness of the window of the

reference compartment is in the range of from 4 to
30 20 mm.



the hydr ocar b and inlet and outl et %

i ntroduci.ng ahcREPLAGEMEN] SHEE hydr ocar bonaceous mat eri al E%@EMEHH&HEET
the space  bet hep and 10 wherein the reference

conmpartment (s) ¢ e transparent- wi ndow.

transm ssion according tp fclaim1 conprising

conpartnment apd cpnpart nent. 3. A t| Wﬁ"l”ll“l
according to ¢laim1l1 or 2, 15 wherein the w ndows of

conpartnment are substantial ly paraTTe}4arranged in respect of each

ot her. 4. A ARSI G |cé9.ccHéHJHiu% di:fe JdRidieikls 1

to 3, wherein the distance between the inner es of t he wi nhdows of

the sanpl e conpda fbntwhexeim the windpws of the fample t'iP“PaG-'tlﬁﬁn and g
A transm ssion cqld AGEidE dife Cf@fé?éncé"ﬂ?&&iﬂtment ddisiditstpnogd s in

the range from0.4 to 0.8 mMm . A'transm ssion cell according to any
one of cl & ms 1 szane mattﬁ!&al-\/\herel n the t hi ckness of the wi ndows of the
sanmpl e r?'iar ey ﬂsﬁn:t&f&? Jﬁ@%&fﬁgdﬂ{a %d %njgp dHB of claifns A

transm ssi on cel accor 0 any one 6, wherein the

t hi ckness of the:nm&»dovheﬁelrhe:he wmd@v%rmﬁ)rﬁtﬁrqafmum sflqrpftltée'r ange
of from4 to

sodium chloride, glass, sapphire or quartz.

10. A transmission cell according to any one of claims 1

10 to 9 which comprises one or more elements for heating
the hydrocarbonaceous material.
11. A (near) infrared spectrometer comprising a (near)
infrared source, a (near) infrared detector, and a '
~transmission cell as defined in any one of claims 1 to

15 10.
12. A spectrometei: according to claim 11, wherein the
cell is connected to a moving device for enabling a beam
of light originating from the (near) infrared source to
be transmitted by turn through the sample compartment or

20 the reference compartment.
13. A spectrometer according to claim 11 or 12, wherein
the detector is connected to processing equipment for
spectral analysis and for correlatin§ spectral data to
the physical property of the hydrocarbonaceous material.

25 14. A method for predicting a physical property. of a
hydrocarbonaceous material using the spectrometer
according to claim 13, wherein a beam of light having a
wavelength in the'range of from 1000 to 10,000 nm is
transmitted through the sample compartment and/or the

30 reference compartment, whereby tﬁe hydrocarbonaceous

material to be analysed has a temperature in the range

from 25 to 250 °C, the beam of light which passes

through the compartment(s) is collected in the detector
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transmi ssion céIREm.@\SBMEN'ﬁéHﬁET y one of clains 1 to 7, \HEQEMENENTeSHEET
wi ndows of the}sampte conpart ent and t he mﬁndom/of“The~fe#eLence___~_
conpart nent COfSI st QfM ng'g sane materi al . ansm ssion

cell accordingit a%y one of clajns 1 to 8, \/\herel n g ’ﬂfm

consi st of cal di um-fluerte; ~sodium-<chl ori.de, glass, ”,”"n
guart z. H0. A transm ssionjcell accg;dlng to any one of cl & n's

to 9 which co +ses—one or nore el emenf’s heat i ng t he

‘hydrocarbonacegrswhHRthr i@l is transformed into an electrical signal
which is passed to the processing equipment.

15. A method according to claim 14, wherein the

5 hydrocarbonaceous material is a heavy hydrocarbonaceous |
material having a temperature of above 50 °C.

i6. A methpd'for predicting a physical property of a

hydrocarbonaceous material comprising the steps of:

a) selecting a set of hydrocarbonaceous materials of

10 different quality;

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

e¢) measuring the (near) infrared spectra of the

15 selected set of hydrocarbonaceocus materials, whereby
use is made of a transmission cell as defined in any
one of claims 1 to 10;

~d) selecting in the spectral region a range of

wavelengths, and using the absorbance values

20 . measured at these Qavelengths as an input for
multivariate statistical analysis or a neural
network; '

e) correlating the absorbance values obtained with the
physical property as determined under b) by means of

25 multivariate sﬁatistical analysis or a neural
network and generating a predictive model; and
subsequently

f) applying this predictive model to (near) infrared.
spectra, taken under the same conditions, for a

30 hydrocarbonaceous material of an unknown physical
property, thus providing the physical property of

the unknown hydrocarbonaceous material.



11. A (near) infrared spectroneter conprising a (near)

source, a (near) infrared detector, and a transm ssi on CBE?%E/ENT SHEET

defined in any one of claims 1 to 15 10. 12. A spectroneter

according to claim1l, wherein the cell is connect ed to a noving
devi ce for enabling a beam of light originating f r

~infrared source to be transm-tted by turn throug mM| “{mmmnl
conmpartment or 20 t he reference conparth pecur osrete

according to claim 1l or 12, wherein he “detector is connect ed to

processing equi prenty f;ﬁ."ocess f&ﬂ%éﬁérﬁ@'é’&hﬁttﬁﬁﬁt demprJr‘lﬁlc&'Il ng

spectral data to t he physical proper of the dro aceous

material. 25 cﬁnpﬁtﬁfé’tgtckllqrtﬁntﬁ e’H‘f?:t?’ndX%Fﬁ)lﬁfs’f %p‘g’rf{}

hydr ocar bonaceous: Jid £d £l p LiSimén tdYed SPeEd FRIIRY a properoprelt rtgxéo claim
13, wherein a beam of |ight having a wavel ength in t{e ran f from

1000 to 10,000 Matumen compogksin 137 ARFHIRAA the ReaRt £ tas_

and/or the 30 déﬁﬁmqﬁo&%r@t wher eby the hydrocar bonaceous
material to be anal ysed has enperature in the range from25 to 250

C, the beam of- |i8htUssich %wctrometw ARFPIHO T i FhTdhtyd)in s
collected in thedeladd Qlontrol, process steering, and hydrocarbonaceous

feedstock and hydrocarbonaceous product quality

monitoring.
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In said paper the use has been described, without any
details, of the reflectlon of near infrared radiation for
characterization and prediction of different bitumen
parameters.

Object of the present invention is to provide a
transmission cell suitable for use in a device for
measuring (near) infrared spectra which spectra can be
used for predicting physical properties of
hydrocarbonaceous materials.

In accordance with the present invention a
particular transmission cell is now provided which
enables a very accurate prediction of physical properties
of a wide range of hydrocarbonaceous materials.

Accordingly, the present invention relates to a
transmission cell suitable for use in a device for
measuring (near) infrared spectra of a hydrocarbonaceous
material which comprises one or more sample compartments
and one or more reference compartments, wherein the
sample compartment (s) comprise(s) two transparent windows
between which a space is formed for containing the
hydrocarbonaceous material and inlet and outlet means for
introducing and removing the hydrocarbonaceous material

into and from the space between the windows and wherein

gfornmed into an el ectri cal th
equi prent . 5. A nethggp MENT
drocar bonaceous nmaterial is a-

the reference compartment (s) consists of one transparent

window.

30

35

In the context of the present invention a
transparent window is defined as a window which is

transparent in the (near) infrared spectral region.

Although, the cell in accordance with the present .

invention may suitably contain one or more sample and
reference compartments, it preferably contains one sample
compartment and one reference compartment.

Preferably, the windows of the sample compartment

are substantially parallel arranged ip respect of each

other. ' REPLACEMENT SHEET
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the (near) infrared spectra of the 15 sel ected set of
hydr o] Mm

o ML e sy one of "ol ai s 1 HEPLAGEMENT SHEET

d) selecting in th% Spectral region a range of wavel engt hs, and
usi ng the absorbance val ues 20 neasu?ed at these wavel engths as an
| nput for mul tivariate statisticalF analysis or a neural

net wor k; e) correlating the absorbance values obtained with the

physical property as d'iﬂkgr&ri éil}ég‘%%ﬁ:x,}%}enbé’hg% é@s of the THIVAM ate

statistical analysis or neur etmor enerating a
predictive nodel ; Oéndthe sample sgbwpauenenty depende) oapptlyda ng-yoe sof

predictive nodel a9d£86§£goﬁ£€éa{seq\atena1 to bSRAGALBedl Akl Undehnihe
sane conditions, for a hydr ocar bonaceous material of an_unknown

physical 5 Whﬁ‘floperﬁ/SO]EHL?ss pr oW¥di ng°FReY phy sFekat igiedyer t y 14abt
the unknown hydr oppabesacEOMScdMiLherials are analysed the distance
between the inner sides of the windows may be well beyond
1 mm, whereas when analysing residual hydrocarbonaceous
materials such as residual fuel oils and bituminous
10 compositions the distance is normally less than 1.0 mm.
Suitably, the distance between the inner, sides of the
windows of the sample compartment is in the range of from
0.2 to 1.0 mm, preferably in the range of from 0.4 to 0.8
mm, more preferably in the range of from 0.5 to 0.7 mm.
15 Suitably, the thickness of the windows of the sample
compartment is in the range of from 2 to 10 mm,

preferably in the range of from 3 to 5 mm.

The reference compartment suitably consists of one
window'having a thickness preferably in the range of from

20 4 to 20 mm, more preferably in the range of from 6 to 10
mm .

Suitably, the reference compartment (s) consists of
one window which is transparent on all sides. Normally,
such window consists of a block of transparent material.

25 : Preferably, the total optical thickness of the
sample compértment equals the thickness of the window of
the reference compartment.

Suitably, the windows of the sample compartment (s)
and the window of the reference compartment (s) consist of

30 the same material. Suitable materials of which the
windows of the sample compartment(s) and the reference
compartment {(s) can be made include calcium fluoride,
sodium chloride, glass, sapphire, quartz or any other
material known to be used for this purpose. Suitably,

REPLACEMENT SHEET
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prdpert,y of t he bitunen corrp05|t|on so obtained by means of a method as
described in claim15. 18. Use of the spectroneter according tgeel
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the above method; and the use of the spectrometer in process control, process steering, and
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