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ABSTRACT

Mathematical expressions are presented, which predict some of the most important properties of
diesel fuels. The experiments were performed using a fuel matrix of 128 gas oils, which covered
the cetane index range 23-62. Although other parameters were also considered, the majority of
the predictions were based on the distillation curve and the density of the fuels. Very good
predictions were obtained for the aniline point, the kinematic viscosity at 40 °C, and for the fuels'
aromatic content. The adjusted correlation coefficients in all cases is over 0.96.

LIST OF SYMBOLS
ab,c,d,efgh,i constants
aniline point (°C)
AROM aromatic content of the fuel (vol %.)
DENS fuel density (g/mL at 15 °C)
Dy distillation temperature for the 10% vol. of the fuel (°C)
Dyo distillation temperature for the 50% vol. of the fuel (°C)
Dgo distillation temperature for the 90% vol. of the fuel (°C)
FBP final boiling point of the fuel (°C)
p probability, the t-test to give a number equal or higher than t-ratio
R? correlation coefficient
Ry adjusted correlation coefficient
S sulphur content of the fuel (wt %)
s standard deviation
Greek Letters
Vo kinematic viscosity (¢St at 40 °C)
INTRODUCTION

The properties of the gas oil streams in a modem refinery, vary widely, depending on the nature
of the feedstock and the operating conditions. Straight atmospheric or cracking processes
produce gasoils with properties that usually do not meet commercial specifications. Critical
properties, such as the ignition quality, expressed with the cetane number increasingly become
more severe, mainly for environmental reasons. Following production, the quality of the final gas
oil products (diesel fuel) is adjusted by blending various gas oil streams in adequate quantities.
Modern blending processes need mathematical expressions that can predict accurately the
amounts of each component to be blended, in order to meet the specifications of the market. The
traditional use of tables and nomograms from the refineries for the estimation of the fuel blend
properties, cannot satisfy the needs of the automated processes used in modern blending
facilities[1-3). Therefore, it would be desirable to find mathematical expressions for the most
important specifications, using such parameters as the fuel distillation curve and density.

In the past, several investigators tried to identify the impact of the various fuel properties, either
on the engine operating conditions or on emissions. The cetane number, as measured in a
standard CFR engine, is the most significant property of diesel fuels, and for calculation purposes
it can be approximated by the calculated cetane index [4-6]. The diesel fuel aromatic content, a
property usually determined using chromatographic methods was found to correlate well with
emissions from diesel engines {7-12]. The aniline point is related to the ignition quality of diesel
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fuels through the diesel index [13, 14]. The kinematic viscosity is related to particulate emissions
and performance of diese! engines, because of its impact on the droplet size distribution of the
fuel at the injection system [15,16].

This work is an effort to present reliable mathematical expressions for the fuel's aromatic
content, aniline point, and kinematic viscosity mainly using data from the distillation curve and
the density.

EXPERIMENTAL SECTION

Sixteen gasoils with different properties were used as base fuels in this course of experiments,
with their cetane index in the range of 23-62. They included straight run fuels from atmospheric
distillation and cracking processes, i.e. light cycle oil from a fluid catalytic cracking unit and
gasoils from visbreaker and hydrocracker. From these base fuels, 120 blends were prepared,
covering a large spectrum of specifications that reflect both current and future trends. The
properties of the total 126 fuels (base fuels and their mixtures), are listed in Table 1. All
measurements were done according to the appropriate ASTM procedures.

STATISTICAL ANALYSIS

The data of the various fuel properties were analysed using standard statistical techniques. For
each property, the parameters considered were the standard deviation s, the correlation
coefficient R%, and the adjusted correlation coefficient R, which gives a more accurate
behaviour of the model used. Each expression was tested through the t-test and probability
number p, to ensure that only significant terms are used in the mathematical expressions [17]. All
statistical parameters of the fuel properties considered in this paper, are listed in Table 2.

ESTIMATION OF THE KINEMATIC VISCOSITY

The kinematic viscosity of the fuel v, was determined at 40 °C. The best results were obtained

from the following equation:

vy = aDENS + bDENS? + cD, % + — + cD,? + -f—z +gDy} + P+ Q)
DI0 Dso D90

Statistical parameters are given in Table 2. The results are depicted in Figure 1, where it can be

seen that most of the points are close to the diagonal.

ESTIMATION OF THE ANILINE POINT

Aniline point is a simple procedure that gives an indication of the aromatic content of the fuel.

The proposed equation for the aniline point is given below:

ANIL = a-DENS + b{e **P™-08)_1y 4 (D), -215) + d(D,,-215)? + e(Dy, -260) + @
+ Dy, ~310) + gDy, ~310)* + hS? +i

In this case all variables have very high t-ratios and p-values equal to zero. The statistical

parameters are given in Table 2. This means that all the predictor variables are significant. The

results are given graphically in Figure 2.

ESTIMATION OF THE AROMATIC CONTENT

The aromatic content for diesel fuels is an important property since it affects both the density
and the resulting emissions. The experimenta!l determination of this specification requires special
columns and it takes several hours to complete, ASTM DI319. Chromatographic techniques
such as HPLC and SFC are also employed, but their instrumentation is very expensive. Modern
techniques as FTIR give fast and good results. A mathematical expression for the calculation of
aromatic content would be attractive. The following equation was found to give very good
results:

AROM = aDENS? + bD,} + < + 4+ eD, 2 + Bf— +gANIL? +h$? +i @
90

10 50
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In Table 2 are given the statistical parameters of the above equation. Graphical representation of
the results shows that practically all the points are very well behaved, Figure 3.

CONCLUSIONS

Mathematical expressions which predict some important properties of diesel fuels have been
experimentally determined, using a fuel matrix of 128 base fuels and blends. Very good
predictions were obtained for the kinematic viscosity at 40 °C, the aniline point and the aromatic
content. In all cases the adjusted correlation coefficients were just less than unity. These
expressions can be used for a very accurate prediction of the actual values of these properties,
when they cannot be measured directly.
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