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portable infrared analyzer. The new models incorporated in the equipment were developed using the

software of the equipment and analytical data generated in Instituto Colombiano del Petréleo (ICP),
Ecopetrol S.A. labs. Based on this technique it is possible to obtain information about total aromatic content,
sulphur content, polynuclear aromatic content and distillation temperatures in a diesel fuel sample. According
to the validation results that showed some error bigger than the reproducibility of the original methods, it is
recommended to use the proposed method as a semi quantitative one.

If is described an analytical method to characterize a diesel sample in a three minutes period using a
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e describe un método analitico que utiliza un analizador infrarrojo portétil para caracterizar una

muestra de diesel en tres minutos. Los nuevos modelos incorporados en el equipo fueron desarrolla-

dos utilizando el software de éste a partir de muestras caracterizadas en los laboratorios del Instituto
Colombiano del Petréleo (ICP), Ecopetrol S.A. Mediante esta técnica es posible obtener informacién sobre el
contenido de aromdticos totales y aromdticos polinucleares, el contenido de azufre y la curva de destilacion
de una muestra de diesel. Dado que los errores observados en la validacién superan en algunos casos la
reproducibilidad de los métodos de origen, se recomienda el uso de la técnica a nivel semicuantitativo.

Palabras clave: quimiometria, analizadores, espectroscopia infrarroja, propiedades.
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RAPID CHARACTERIZATION OF DIESEL FUEL BY INFRARED SPECTROSCOPY

INTRODUCTION

The main application of infrared spectrophotometry
in product characterization of petroleum is related to
light and medium fractions, although also applications
for heavy and residual fractions are reported. (Lysaght,
Jeffrey, & Callis, 1993; ZaNier et al., 1999; Fodor &
Kohl, 1993).

In the market diverse types of infrared process
analyzers exist, that allow to determine properties of
gasoline, diesel fuel and heavy fractions. Typically
these are Fourier transform spectrophotometers that
operate in the region of the near infrared and uses opti-
cal fiber to send the exciting beam to the cell of process
where the sample is contained and to collect the signal
coming from it.

There are different types of infrared process analyz-
ers in the market that allow the determining of proper-
ties of gasolines, diesel and heavy fractions. The cost
of these type of equipments is high and because of that
their use is not generalized.

Additionally are portable analyzers that operate
with filters which allow the analysis in a fast form of
certain products. As a general rule, each instrument has
a specific application and the models are developed in
the factory but must be updated with fuels of the region
where the analyzer is going to be used in order to get
accurate data. This type of equipment is less expensive
and is provided with software that allows the develop-
ing of new applications.

The present study evaluates the development of
new applications for diesel fuel characterization with
a portable analyzer. Properties different to the typical
ones included in this type of analyzers like sulphur
and light cycle oil content, flash point and distillation
curve are modelled.

THEORETICAL

In the region of the near infrared that covers inter-
val 12800 to 4000 ¢cm-! appear the absorption bands
corresponding to overtones and combinations of vibra-
tions of bonds C - H, Or - H and N - H. A spectrum
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in the region of the near infrared is much less intense
and with smaller number of absorption bands than a
conventional spectrum in the region of the mid infra-
red (4000-400 cm-1). Given the high intensity of the
absorption bands in the mid infrared, the thickness of
the cells in equipment that operates in this region, it
is much smaller than the used one in analyzers of the
near infrared (Pasquini, 2003).

In Figure 1 the infrared spectrum of a crude oil sample
in the mid infrared region appears at the right side and
the one in the near infrared region appears at the left side.
Although the spectrum in the near infrared region was
taken in a cell with an optical path 50 times longer than
the one used for taking the spectrum in the mid infrared
region, the most important bands appearing in the near re-
gion are lower in intensity than the most important bands
showing up in the mid region. Also, the peaks in the mid
region are sharper than those of the near region.
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Figure 1. Absorbance spectrum of a crude oil sample in near
and mid infrared region. Optical path: 0,5 mm in the near
infrared region and film in the mid infrared region

The detailed characterization of the diesel fuel
involves the accomplishment of multiple analyses
which imply the use of an expensive infrastructure of
equipment, require of specialized personnel and use a
considerable volume of sample.

The use of chemometric techniques based on
the analysis of the infrared spectrum constitutes an
interesting alternative that allows predicting several
properties in fast and simultaneous form, using a vol-
ume of sample as small as 10 ml. Given the economic
potential of this technology, all the developments of
predictive models are protected by patents and they
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have not become methods standard available (see US
Patent 5475612, 3693071).

A wide variety of infrared analyzers that operate
predominantly in the region of the near infrared where
great amount of predictive models of properties for di-
verse types of petroleum fractions has been developed.
There are applications with Fourier Transform (FTIR)
and filters equipments. The filter instruments are of low
cost and allow the development of robust applications
for laboratory and field. The Fourier transform equip-
ments are the recommended ones when investigations
are made and where transferences of calibrations are
required (Fearn, 2001).

In the market several options of portable analyz-
ers are offered that allow the fast characterization of
light and middle distillates. The most used are the
filter equipments that are developed for dedicated
applications. Between these it could be mentioned
the Zeltex analyzer of gasolines that has 14 interfer-
ence filters and 14 emitting diodes of signal in the
region of the Near Infrared (NIR) (Pasquini, 2003)
and the Petrospec analyzer (Croudace, 2001). The
Zeltex analyzer does not have thermal control thus,
to avoid the effect of the changes of temperature on
the signal (shifts of position and relative intensity of
the bands), it is necessary that the calibration with
standards be made at several temperatures to model
the effect of this variable on the predictive models
(Blanco, 2004).

The Petrospec analyzer Cetane 2000 that is used
in the present study is an analyzer of 14 filters most
of them located in the region of the mid infrared. The
thickness of the cell of sample is of 200 microns. The
optical bank is thermostated to 38°C (311,15 K) elimi-
nating changes of temperature effects on the models.
The wavelengths of the light that allows passing each
one of the filters are an industrial secret of the manu-
facturer but it is known that some of them allow the
passage of energy of the region of the near infrared and
others of the mid infrared.

The optical design of the analyzer appears in Fig-
ure 2. The filters are in a wheel that is turned through
chopper. The signal is sent later to a beam splitter that
sends part of ray to the reference detector and part
crosses the cell with sample and goes to the detector.
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The absorbance in a given filter is obtained comparing
the signals of both detectors.
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Figure 2. Optical design of Cetane 2000

The machine uses the Petrospec R software that
allows developing all the calibration models. The fun-
damental principles of operation of this software were
described previously by Baldrich and Novoa (2005).
The calibration models are calculated using the math-
ematical procedure called Multi-Linear Regression
(MLR) analysis. The models have the form:

Px=M0O+ MI*F] + M2*F2 + ... + Mz*Fz (1)
Where:

Px is the component concentration or value for
property X

Fz is the absorbance value obtained from filter z

Mz is the parameter estimate for filter z calculated
using MLR analysis.

MO is the intercept for the model.

The Mz and M0 values constitute the calibration model
used for predicting the parameter Px for a sample using the
absorbance data Fz. To calculate the calibration model, an
equation is written for each sample in the calibration set
by substituting the component concentration or property
value for Px (the dependent variable) and the absorbance
values for Fx (the independent variables). The MLR
analysis is used to calculate the values for Mz and MO
that represent the best solution for the set of calibration
equations. The best solution is obtained by minimizing the
difference between the Px values obtained using standard
methods (observed value) and the Px values obtained by

CT&F - Ciencia, Tecnologia y Futuro - Vol. 3 Ndm.2  Dic. 2006
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substituting the Mz, MO0, and Fz values into Equation 1
and solving for Px (estimated value).

A calibration model is used to transform spectro-
scopic data acquired from a sample into a prediction of
a physical property value or component concentration
for the sample.

In the present study are shown the developments
made in the Spectroscopy laboratory of Ecopetrol S.A
- ICP in the extension of predictive models included in
an analyzer Cetane 2000, that allow to predict in a diesel
fuel the sulphur content, the distillation curve, the flash
point, the total aromatic and the poliaromatic contents.

EXPERIMENTAL PART

Used samples. For the development of the pre-
dictive models for total aromatic and polyaromatic
content there were selected the following types of
samples obtained in the atmospheric distillation units
of the Crude Oil distillation and Evaluation laboratory
of Ecopetrol S.A. — ICP following the ASTM D2892
standard procedure:

- Kerosene (171 — 248 °C) (444,15 - 521,15 K)
- Light Diesel (248 — 315 °C) (521,15 - 588,15 K)
- Heavy Diesel (315 —371°C) (588,15 - 644,15 K)

The aromatic content in each one of these samples
was determined by high resolution mass spectrometry
coupled to gas chromatography following a method
developed in Ecopetrol S.A. — ICP Spectroscopy
laboratory that uses the matrix of developed by Fisher
and Fisher (1974). The total aromatic contents that are
reported correspond to the sum of mono, di, tri and
tetra aromatic; the poly aromatic contents corresponds
to the sum of di and more complex aromatics. Table 1
summarizes the data base used for the generation of the
predictive models of total aromatic and poly nuclear
aromatics. The Sample Identification (SID) corresponds
to the record for the identification of each sample.

For the preparation of samples of diesel fuel similar
to those fuels produced in the Barrancabermeja Eco-
petrol S.A. refinery the different streams making part
of the pool of diesel fuel were sampled and blended
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following typical recipes. These streams are identified
in this table with the crude oil distillation unit where
it was obtained (U2000, U150, U200, U250) and the
number of the process tower (T201, T204).

The development of predictive models of distillation,
sulphur content and flash point was made with samples
of finished fuel and streams making part of the pool of
diesel fuel, coming from the refinery of Ecopetrol S.A.
in Barrancabermeja.

For the development of the predictive model of the
Light Cycle Oil (ALC - stands for Aceite Liviano de
Ciclo) content in the diesel fuel there were prepared
standards of known ALC content using different samples
of straight run diesel fuel in order to reduce possible
matrix effect interferences. The reading of these samples
was made the day after its preparation to avoid possible
changes in the diesel fuel by effect of the ALC.

For the development of the models all the selected
samples were read as standards in the analyzer Cetane
2000 and the models were generated with aid of soft-
ware Petrospec R. This software use a multiple linear
regression to generate the models.

The models were validated later using fuel samples
of well-known properties that had not been including
in the calibration of the equipment.

EXPERIMENTAL RESULTS

Figure 3 shows the type of absorbance intensities
at the different filters obtained with some samples of
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Figure 3. Absorbance intensity signals of diesel fuel samples in the
Cetane 2000 analyzer
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Table 1. Data base of calibration set samples used to develop the predictive models for total aromatics
and poly nuclear aromatics contents in diesel fuel

102435 DIESEL U-2100 FROM MIXED CRUDE OIL 32,8
102436 DIESEL U-2100 FROM CRUDE OIL CUPIAGUA 27,3 15,1
102437 DIESEL U-2000 FROM CUSIANA CRUDE OIL 26,9 15,7
102438 DIESEL U-150 FROM CUSIANA CRUDE OIL 25,5 14,5
102439 DIESEL U -150 FROM NAPHTHENIC CRUDE OIL 31,1 13,9
102440 DIESEL U-150 FROM MIXED CRUDE OIL 31,5 16,5
102441 DIESEL U-200 T-204 OCT-30-02 31,8 17,3
102442 DIESEL U-200 T201 34,1 18,7
102443 DIESEL U-250 28,6 14,3
102444 LOW SULPHUR DIESEL 27,7 15,7
102445 DIESEL LOW SULFUR OCT-30-02 25,4 14,2
102446 DIESEL BLEND (TYPICAL RECIPE) 26,6 14,2
102447 DIESEL BLEND2 (TYPICAL RECIPE) 27,3 15,3
102448 DIESEL BLEND 1AA (TYPICAL RECIPE) 29,4 15,7
102449 DIESEL BLEND 2AA (TYPICAL RECIPE) 31,9 16,5
102450 DIESEL BLEND 3AA (TYPICAL BLEND) 29,7 15,8
102454 DIESEL BLEND 4 AA (TYPICAL RECIPE) 30,9 16,3
113486 85,3 82,9
113486(40)45674(60) 54,9 43,3
113486(50)45674(50) 60 50
113486(70)45674(30) 70,1 63,1
113487 82,2 79,6
113487(30)45674(70) 49 35,9
122837 23,3 14
183251 21,53
183252P 33,6
183844 25,58
43298 KEROSENE CUPIAGUA CRUDE OIL 34 8,7
43299 LIGTH DIESEL CUPIAGUA CRUDE OIL 32,9 20,2
43523 KEROSENE GIGANTE CRUDE OIL 34,7 6,7
44183 KERODENE GUARIMENA CRUDE OIL 22,4 4,2
44184 33,3 17
44193 KEROSENE SURIA CRUDE OIL 28,4 6,02
44236 KEROSENE REFORMA LIBERTAD CRUDE OIL 30 8,1
44252 KEROSENE ANDALUCIA CRUDE OIL 28,7 4

Table 1, continue in next page
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Table 1. (Cont.)

44253 LIGTH DIESEL ANDALUCIA CRUDE OIL 37,6 20,1
44674 KEROSENE TROMPILLO CRUDE OIL 34,2 6,7
44675 LIGTH DIESEL TROMPILLOS CRUDE OIL 33,3 17,5
45067 LIGTH DIESEL SAN FRANCISCO CRUDE OIL 33,2 12,6
45080 KEROSENE RIO CEIBAS CRUDE OIL 31,3 4,5
45081 LIGTH DIESEL RIO CEIBAS CRUDE OIL 32 16,1
45673 KEROSENE SANTIAGO BLEND CRUDE OIL 27,2 4,7
45674 LIGTH DIESEL SANTIAGO BLEND CRUDE OIL 34,6 17,1
45688 KEROSENE DINA CRUDE OIL 26 4,3
45689 LIGTH DIESEL DINA CRUDE OIL 34,2 13,1
45739 KEROSENE YAGUARA CRUDE OIL 23,9 2,3
45740 LIGTH DIESEL YAGUARA CRUDE OIL 32 11,4
46222 KEROSENE CHICHIMENE CRUDE OIL 21,3 3,5
46223 LIGTH DIESEL CHICHIMENE CRUDE OIL 31,9 18,2
46241 LIGTH DIESEL TELLO CRUDE OIL 30,6 11,28
46281 KEROSENE RIO SALDANA CRUDE OIL 24,5 2,3
46282 KEROSENE RIO SALDANA CRUDE OIL 34,5 9,3
46438 LIGTH DIESEL CANADON CRUDE OIL 20,4 6,5
48075 KEROSENE TOQUI-TOQUI CRUDE OIL 26,9 2,01
48076 LIGTH DIESEL TOQUI-TOQUI CRUDE OIL 35,8 13,54
48097 LIGTH DIESEL TOTARE CRUDE OIL 37,1 13,8
48322 LIGTH DIESEL CASTILLA CRUDE OIL 35,5 15,8
48406 KEROSENE ORTEGA-PACANDE CRUDE OIL 27,1 3
49909 LIGTH DIESEL MARLIN CRUDE OIL 36,2 12,7

diesel fuel. In order to obtain the predictive models of
certain property, the absorbance data of all or some of
the filters selected via the software of the equipment,
is related with this property through a program of
multiple linear regression with residuals analysis. The
measured property is then related to the property pre-
dicted through graphs. When the relationship between
the predicted and measured values follows a straight
line, a consistent model is generated.

Figure 4 displays absorbance intensities of national
diesel, diesel fuel included in the original data base of
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equipment (PS1) and ALC. Based on the observed dif-
ferences between the absorbance signals of ALC and
the diesel fuel it was decided to develop the predictive
model of ALC in diesel engine.

Generation of models.

Figure 5 allows infer that the used technique can be
applied to the prediction of the total aromatic content
of the diesel engine. The correlation between the real
value and the predicted value is linear in a wide range
of measurement. The extreme samples of high aromatic
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Figure 4. Absorbance intensity signals of samples of national and
foreign diesel and ALC
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Figure 5. Correlationship between predicted and measured total
aromatic content

content correspond to light cycle oil (ALC) that is a
highly aromatic fraction that is obtained in the cracking
catalytic process.

In Figure 6 it is possible to be observed that a lin-
ear relationship between the predicted and measured
content of polynuclear aromatics exists.

A very similar graph is obtained in the modelling of
the content of ALC in diesel fuel.

Figure 7 displays the correlation obtained in the
sulphur analysis in diesel fuel. Although this property
normally is not included in the models offered by the
factory, the linear relationship is very good.
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Figure 7. Correlationship between predicted and measured sulphur
content
Table 2 summarizes the statistics parameters of the
different predictive models generated for the analysis of
diesel fuel and Table 3 shows the correlation coefficient
between the properties and the filters of the analyzer.

Aromatics are highly correlated with all the filters.
ALC content is highly correlated with most of the filters
and sulphur is highly correlated with filter 7 but most of
the other filters are also correlated with this property. The
correlations of the distillation data are lower than those
obtained with the properties before mentioned being the
temperature of 90% of recovery the one with better rela-
tionship with the absorbance intensities of the filters.
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Table 2. Statistics parameters of the calibration models for diesel fuel

RAPID CHARACTERIZATION OF DIESEL FUEL BY INFRARED SPECTROSCOPY

properties prediction

STATISTICAL
PROPERTY PARAMETER VALUE
ROOT MSE 1,9526
R SQUARE 0,9842
TOTAL ADJUSTED R-SQUARE  0,9782
AROMATICS
(%w) C.v. 5,726
SUM OF RESIDUALS -1,80E-07
SUM OF SQ. RESIDUALS 144,881
ROOT MSE 1,4314
R SQUARE 0,9934
POLYNUCLEAR  ApjUSTED R-SQUARE  0,9908
AROMATICS
(%w) C.V. 9,017
SUM OF RESIDUALS -2,00E-07
SUM OF SQ. RESIDUALS 73,768
ROOT MSE 1,27213
R SQUARE 0,99261
ADJUSTED R-SQUARE 0,99015
ALC(%v)
C.v. 19,4614
SUM OF RESIDUALS 2,00E-07
SUM OF SQ. RESIDUALS  129,4662
ROOT MSE 0,01612
R SQUARE 0,99011
ADJUSTED R-SQUARE 0,9871
SULPHUR (%w)
C.v. 4,826
SUM OF RESIDUALS -1,00E-08
SUM OF SQ. RESIDUALS 0,0068
ROOT MSE 1,2362
TEMPERATURE R SQUARE 0,99589
50% ADJUSTED R-SQUARE 0,99411
RECOVERAGE CV. 0,43933
(C) SUM OF RESIDUALS -2,00E-08
SUM OF SQ. RESIDUALS 44,3153
ROOT MSE 3,2076
R SQUARE 0,9775
FINAL BOILING  ADJUSTED R-SQUARE 0,96133
POINT(*C) C.V. 0,86793
SUM OF RESIDUALS -2,00E-07
SUM OF SQ. RESIDUALS  246,9319
ROOT MSE  square root of Standard medium error
R square square of the correlation coefficient
C.V. Variation coefficient
CT&F - Ciencia, Tecnologia y Futuro - Vol. 3 Ndm.2  Dic. 2006

Models validation

Table 4 presents the comparative results of total
aromatics and polynuclear aromatics contents of
diesel fuel obtained by hydrocarbon type analysis by
high resolution mass spectrometry and the proposed
infrared method. The results demonstrate that the de-
veloped models allow predicting with good approach
the content of aromatics (totals and polynuclear) of
the samples used for the validation of these models.
Nevertheless, the methodology could be used just a
decision technique to control in a fast way the produc-
tion process but could not be used as a standard test
method to establish the quality of a product.

Table 5 shows the validation results of ALC content
prediction in diesel fuel samples.

From the obtained results the good accuracy of
the method for determining the content of ALC in
diesel fuel can be observed. The model is very little
sensible to the matrix since the prediction is good
independent if the diesel fuel comes from the refinery
of Barrancabermeja (GCB) or from the refinery of
Cartagena (GRC).

The results of prediction on samples with long stor-
age time indicate that the degradation of the ALC is
slow and that the method can also be applied to samples
with times of storage as long as six months. This method
constitutes an interesting alternative to establish the
origin of a fuel. The methodology is very simple and
it is made on a sample without previous treatment
showing great advantage on the analyses that involves
extraction by column chromatography and later colori-
metric analysis of the extract (Solly, 1990) or by more
sophisticated methodologies like gas chromatography
coupled to mass spectrometry. The times of analysis in
these cases are longer and their costs are higher.

Table 6 summarizes the results obtained in the
validation of the models of prediction of distillation
curve and sulphur content in 9 samples of diesel fuel
of coming from the Barrancabermeja Ecopetrol S.A.
refinery.

The referenced tabulated values indicate that the
results obtained in the sulphur analysis in the diesel
fuel produced by Ecopetrol S.A., are within the rank of
reproducibility given in the ASTM D4294 standard.
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Table 3. Correlation between filter signal and properties

POLY INITIAL  TEMPERATURE  TEMPERATURE FINAL
FILTER AR(T)(,?K\T"I cs  NUCLEAR coﬂ'TCENT ggﬂ'}"#ﬁ BOILING 50% 90% BOILING
AROMATICS POINT  RECOVERAGE RECOVERAGE TEMPERATURE

F1 0,962724  0,927216  0,953669 0,682689 0,49893 0,035688 0,71674 -

F2 0,941126  0,876107 0,960995 0,601288 0,041512 0,14134 0,648931 0,364771
F3 0,969673  0,975682 0,959318 0,632773 0,467476  0,005587 0,77076 0,796414
F4 0,972546  0,981217 0,957686 0,639329 0,445881 0,005064 0,825116 0,812818
F5 0,976239  0,952989 0,961492 0,615713 0,295206  0,043521 0,739548 0,323824

Fé 0,91083 0,835258 0,229208 0,802688 0,320869 0,10952 0,880891 0,422132
F7 0,793048 0,68926  0,527242 0,898803 0,435472 0,317816 0,92828 0,65524
F8 0,96919 0,931897 0,971605 0,594082 0,360984  0,058045 0,52289 0,351556
Fo 0,943001  0,881433 0,969932 0,579776 0,089673  0,119221 - 0,216801
F10  0,932837 0,892402 0,974253 0,593034 0,154052  0,099155 - 0,208157
F11 0,945732  0,938619 0,946727 0,517154 0,100336 0,602723 0,25032
F12  0,859233 0,89061 0,853478 0,409929 0,154052  0,151839 0,68087 0,066501
F13  0,811002 0,66934  0,895731 0,157017 0,541426  0,504584 0,788351 0,485843
F14  0,899653 0,814725 0,31706 0,483585  0,279701 0,207059 0,392584

Table 4. Prediction of total aromatics and poly nuclear aromatics contents in middle straight run petroleum fractions

HEAVY DIESEL
FUEL AYACUCHO 30,6 18,9 26,0 16,5 -4,6 2,4
CRUDE OIL

HEAVY DIESEL FUEL
CASABE CRUDE 34,9 18,9 36,3 15,4 1,4 -3,5
OlL

HEAVY DIESEL FUEL
GUANDO CRUDE 38,5 20,2 34,4 18,8 -4,1 -1,4
OlL

HEAVY DIESEL FUEL
HCT CRUDE OIL

HEAVY DIESEL FUEL
PAYOA CRUDE OIL

HEAVY DIESEL FUEL
PROVINCIA CRUDE 37,6 20,8 39,8 15,4 2,2 -5,4
OlL
HEAVY DIESEL FUEL
TOQUITOQUI 39,4 21,5 38,6 19,1 -0,8 -2,4
CRUDE OIL
MS MASS SPECTROMETRY - IR INFARED SPECTROSCOPY

29,7 16,6 29,0 19,5 -0,7 2,9

33,3 18,3 37,2 16,6 3,9 -1,7
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Table 5.Prediction of ALC content in diesel fuels samples

ALC
ALC ADDED PREDICTED
BY IR
IDENTIFICATION
BASE DIESEL 8 8,1
GALAN DIESEL 0 0,1
GALAN DIESEL 0 0
GALAN DIESEL 0 0
GALAN DIESEL 0 0
GALAN DIESEL 0 0,1
GALAN DIESEL 10 9,1
DIESEL (6 MONTHS
STORED TIME) 15 12,6
DIESEL (6 MONTHS 5 28
STORED TIME) !
BASE DIESEL
CARTAGENA 0 0
REFINERY
SALGAR DIESEL 0
SEBASTOPOL DISEL 0 0
BASE DIESEL
BARRANCABERMEJA 0 0
REFINERY

The results of the distillation curve indicate that the
results of IBP are far from the reproducibility of the
ASTM method and because of that the results of this
predicted parameter are just informative. The results

indicate that the models fulfil the interval of reproduc-
ibility of final boiling point and temperature of 90%

CONCLUSIONS

The results of the present study indicate that there is
a high correlation between the content of aromatics
and the signal that arrives to the detector in the used
portable analyzer. The developed predictive models
can be used to predict in fast way the aromatics
content of diesel fuel samples.

The results demonstrate that the technique is ap-
plicable to quickly establishment of the distillation
curve of the diesel fuel.

The technique can be used to establish the approxi-
mated sulphur content in the diesel fuel but to im-
prove the precision of the prediction more samples
in the calibration set must to be included.

The use of these applications allows reducing sub-
stantially both time and cost of analysis of the diesel
fuel thus the technique is suitable for controlling the
quality of this product in refineries. In spite of that
the proposed method could be used as a screening
technique and not as a standard procedure of analy-
sis to be use in product quality certification.
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recovery.
Tabla 6. Validation of predictive models for sulphur content and distillation curve
PROPERTY AVERAGE MIN MAX REFERENCE REPEATABILITY REPRODUCIBILITY
SULPHUR 0,0189 -0,0483 0,0502 D4294 0,017 0,0557
IBP 6,5333 -13,4 26,1 D86 3,5 8,5
T50% recovery 3,2556 -5,9 9,2 D86
T90% recovery -0,8778 -6,1 5,1 D86 3,4 7,5
FBP 0,4778 -5,1 5,9 D86 3,5 10,5
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