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Abstract

Determination of the octane number of motor gasoline is a costly and time-consuming procedure that requires the use of

a testing engine that may not be available in small or out-of-the-way laboratories. Correlations between the octane

number of motor gasoline and its physical and chemical properties were used to derive simple and applicable equations

for the calculation of an octane index using gasoline properties that are easily and routinely measured. The gasoline

properties considered include its density, boiling points, characterization factor and its cyclic compounds content.
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Introduction

A great many products are produced from petroleum.
Such products may have widely different properties and
performance characteristics which are not always easy to
specify and control. Good specifications must ensure high
quality without being too stringent. The prime quality
criterion for petroleum products is their reliable
performance in engines or appliances for which they are
prepared. Standard procedures for testing the
performance of different products have been set by
different organisations.

Octane number is one of the most important
performance characteristics of motor gasoline. It is in
general an indicator of the combustion characteristics of
gasoline and of the maximum compression ratio that can
be safely used in spark-ignition engines without knocking.
While increasing the compression ratio improves engine
efficiency, it increases at the same time the probability of
knocking, which increases in turn the required octane
number of gasoline.

Octane Index, A Feasible Performance Indicator of Motor Gasoline

For this reason, several alternative methods for the
determination of a knocking index of motor fuels have
been proposed over the years but have not so far been
generally accepted or approved. Such methods include
FTIR and near infrared on-line analyzers (ASTM D-2885).
Other possible methods for the calculation of octane
numbers are based on chromatographic or spectrometric
analyses, Knock-limited spark advance (KLSA) or NMR
data. All such methods, however, are just as costly and
time-consuming as the laboratory methods generally used
for the determination of octane numbers.

The objective of this work is to define an octane index
that is a better indicator of the knocking characteristics of
the fuel and which can at the same time be easily and
accurately calculated from other gasoline properties that
are easily and routinely measured in even small or out-of-
the-way laboratories. The calculation of an octane index is
equally useful when the fuel sample is too small to allow
determination of its octane number, and when the
expected octane number of a blend is required before the
actual blending, as commercially-available motor gasoline
is in most cases a blend of different products of different
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characteristics and properties which are produced in
different units in the petroleum refinery such as topping,
reforming and cracking units.

The gasoline properties that have been considered for
the calculation of an octane index can be either physical
or chemical properties, which can be considered
separately or in combination.

Correlation Between the Octane Number
of Motor Gasoline and its Physical
Properties

Single Properties

The most important single properties of gasoline that
can be accurately correlated with its octane number are
its density and boiling points.

Of all properties of gasoline, its density is probably the
easiest to measure. Its measurement, on the other hand, is
carried out on a routine basis. A simple significant
correlation between the density and the octane number is
to be expected, given that a direct relationship between
the density and aromatic content of gasoline is indicated
on the one hand (Figure 1)[1], and a direct relationship
exists on the other hand between the aromatic content of
gasoline and its octane number. A significant correlation
was in fact found between the Research Octane number of
unleaded motor gasoline and its specific gravity using a
computer-run regression analysis. A correlation equation
was derived with a correlation factor not exceeding 0.52
and an average error not less than 1.9% [2].
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Figure 1: The relationship between the specific
gravity and aromatics in a series of motor gasolines

[1].
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Work done on the correlation between the research
octane number and its boiling points demonstrates
significant correlation between the octane number and
the 90% boiling point in particular. The equation derived,
however, based on the 90% boiling point is not simple
and the mean difference between the measured and
calculated octane numbers is of the order of 1.6, a
difference that is higher than what is normally acceptable

[3].

Combined Properties

The correlation between the octane number and a
single physical property can be significant but is not in
general sufficient for the accurate determination of an
octane index. Hence several properties were considered
in combination, or an index that is based on a number of
such properties such as the Watson Characterization
Factor. Better and more significant correlations would in
this case be expected.

Characterization Factor: The Watson characterization
factor is an index generally used for the classification of
petroleum oils. It is defined by the following equation:

1.216
K="=

3

7 T
Where:

K = the characterization factor

d = the relative density at 15.6°C

T = the average molar boiling point (Kelvin).

A significant relationship was found between the
research octane number and the characterization factor of
unleaded motor gasoline. This relationship was evident in
particular in the case of motor gasoline with higher
octane numbers and lower characterization factors and
hence gasoline with higher aromatic and naphthenic
contents. The following equation was derived for the
calculation of the octane index (OI) on the basis of this
relationship:

0l = 402.3469 — 27.3167 CF

The difference between the research Octane Number
and the octane index as calculated applying this equation
was not more than 1, which is an acceptable value
although it is slightly higher than the reproducibility
value as given for the octane number which is 0.7 (ASTM
D-2699). Furthermore, this equation applies only in a
rather small range of characterization factors (between
11.0 and 11.5) [4].
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Characterization Factor and 90% Boiling Point: In

order to investigate the relationship between the octane

index and the Characterization Factor and 90% boiling

point, samples of Syrian and European (Octel) [5] gasoline

and platformate from the refineries of Homs and Banias

were used, in addition to other types of gasoline. The

gasoline samples were divided into three groups:

1. Samples of European gasoline (350 samples).

2. Samples of Syrian gasoline and platformate (520
samples).

3. Samples of Syrian and European gasoline and other
samples (860 samples).

In this study, the least square method was used in
conjunction with a computer programme for the study of
correlations between several variables [6,7]. The
resultant equations for the calculation of the octane index
for each of the three groups of gasoline are given in Table
1 and Figures 2-4. Of the equations thus derived, the
second equation derived for the different types of Syrian
gasoline gave better results with a correlation index of
0.96 and an error of 1.6% (or about an octane number of
1.3), where the average octane number was 82.8. This
equation is:

Ol = —29.3492 + 9.098076 K + 2.554884 tyy,
— 0.2129467 K tggy, — 38.82359

90%
Where:

OI = Octane Index
K = Characterization Factor, where 12.8 > CF > 10.5
toosw = 90% boiling point (°C), where 170 = T, > 65

This equation was tested on different gasoline samples
with different characterization factors. These samples
were divided into three groups as follows:

1. Naphthenic oils with characterization factor in the
range 10.9-11.3 (Table 2). Agreement between the
calculated octane index and the measured research
octane number was good and the difference being less
than 0.7 in 13 out of 19 samples (or 68 %). In one
sample only, the difference was greater than 1 (or 5 %).

2. Mixed-base oils with characterization factor in the
range 11.4-12.1 (Table 3). Agreement between the
calculated octane index and the measured research
octane number was not good in this case. In only 9
samples out of 42 (or 21 %) was the difference
between the calculated octane index and the measured
research octane number less than 0.7.

3. Paraffinic oils with characterization factor in the range
12.5-12.6 (Table 4). In one sample only out of 9
samples (or 11 %), was the difference less than 1.

This demonstrates that the derived equation may be
applied only in the case of naphthenic oils with
characterization factor in the range 10.5-11.4, but it may
not be applied in the case of mixed- or paraffinic-based
oils with lower cyclic compounds content and lower
octane numbers. Since most commercial oils, however,
are in fact naphthenic-based with higher octane numbers,
the derived equation may be safely and accurately applied
for the estimation of their octane index.

o,
. No. of |Octane 9(.) ./0 Characterization . . CorrelationError|
Gasoline Samples Boiling Derived Equation
Samples| No. Point Factor Factor | (%)

Ol = 3452406 + 1552964 K

gasoline and other
samples

Samplesof | 350 190.100(138-200]  10.5-12.0 08727042 oy, ~176228 K /oo | 0,69 | 2.2
European gasoline
Figure 2
Samples of Syrian Ol =-29.3492 + 9.098076 K +2.554884 t 4,
gasoline and 520 |65-100| 65-160 10.0-12.8 ~ 02129467 Kt — 3882359 K/ tyy, 0.96 16
platformate
Figure 3
Samples of Syrian
and European 860 65-100 | 65-200 10.0-12.8 Ol =211.0984 — 1196977 K + 01268662 t 4, 0.84 2.7

Figure 3

Table 1: Derived equations for the calculation of the octane index for each of the three groups of gasoline.
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Characterization Factor 90% Boiling Point (°C) Research Octane No. Octane Index | Difference
10.96 145 99.5 99.5 0.0
11.07 148 98.3 97.7 0.6
11.18 157 96.0 97.0 1.0
11.19 155 95.5 96.3 0.8
11.19 153 96.2 95.9 0.3
11.20 157 96.1 96.5 0.4
11.21 154 95.2 95.7 0.5
11.22 142 93.5 93.2 0.3
11.25 156 94.7 95.1 0.4
11.25 158 94.4 95.4 1.0
11.26 152 93.3 94.1 0.8
11.27 153 94.0 94.0 0.0
11.29 153 93.6 93.6 0.0
11.29 151 93.2 93.2 0.0
11.30 156 94.3 93.8 0.5
11.30 151 92.9 93.0 0.1
11.31 156 94.6 93.6 1.0
11.32 152 92.7 92.7 0.0
11.32 142 89.3 90.8 1.5

Table 2: Comparison between Research Octane Number and calculated Octane index for naphthenic oils.

Characterization Factor 90% Boiling point (°C) Research Octane No. Octane Index | Difference
11.43 153 87.8 90.2 2.4
11.45 152 87.5 89.6 2.1
11.46 150 89.2 89.1 0.1
11.47 149 90.5 88.8 1.7
11.48 151 89.3 88.8 0.5
11.48 147 85.8 88.3 2.5
11.49 164 90.0 90.2 0.2
11.49 153 90.6 88.8 1.8
11.49 153 88.8 88.8 0.0
11.49 155 90.8 89.1 1.7
11.50 147 84.9 87.8 2.9
11.52 147 88.6 87.4 1.2
11.59 152 85.8 86.3 0.5
11.59 155 84.4 86.7 2.3
11.59 156 86.7 86.7 0.1
11.63 152 85.5 85.4 1.1
11.64 147 83.4 84.7 1.3
11.67 153 81.0 84.5 3.5
11.71 148 83.3 83.2 0.1
11.72 147 79.7 82.9 3.2
11.73 147 79.7 82.7 3.0
11.75 150 79.9 82.4 2.5
11.75 186 89.0 84.9 4.1
11.75 179 88.0 84.5 3.6
11.77 187 87.0 84.4 2.6
11.77 170 86.5 83.3 3.2
11.78 173 87.0 83.2 3.8
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11.79 149 82.3 81.4 0.9
11.79 171 86.0 82.8 3.2
11.80 173 83.0 82.7 0.3
11.82 173 85.5 82.1 3.4
11.85 190 85.0 81.6 %
11.85 157 77.8 80.5 2.7
11.87 184 80.0 81.2 1.2
11.89 166 83.0 79.9 3.1
11.89 179 89.0 80.9 8.1
11.90 159 77.0 79.3 2.3
11.93 176 83.0 79.1 3.9
11.95 162 81.0 78.2 2.8
11.97 172 83.0 77.9 5.1
11.99 147 77.0 76.8 0.2
12.10 154 81.0 74.3 6.7

Table 3: Comparison between Research Octane Number and calculated Octane index for mixed-base oils.

Research Octane No. 90% Boiling Point (°C) Research Octane No. Octane Index | Difference
12.53 110 62.0 67.8 5.8
12.63 65 68.3 69.3 1.0
12.63 65 66.6 69.3 2.7
12.64 65 69.1 69.2 0.1
12.64 66 67.0 69.2 2.2
12.65 65 67.3 68.2 1.9
12.65 65 66.6 69.2 2.6
12.66 65 67.0 69.1 2.1
12.69 68 67.0 68.8 1.3

Table 4: Comparison between Research Octane Number and calculated Octane index for paraffinic oils.
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Figure 2: Correlation between the octane index and Figure 3: Correlation between the octane index and
Characterization Factor and 90% boiling point for Characterization Factor and 90% boiling point for
samples of European gasoline. samples of Syrian gasoline and platformate.
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Figure 4: Correlation between the octane index and
Characterization Factor and 90% boiling point for
samples of Syrian and European gasoline and other
samples.

Correlation between the Cyclic
Compounds Content of Motor Gasoline
and its Octane Number

The above results indicate a significant relationship
between octane numbers and the cyclic compounds
content of motor gasoline [8]. The cyclic compounds in
gasoline may be either unsaturated aromatic compounds
or saturated cycloalkanes, where the effect of these two
groups on the octane number is quite different. For the
aromatic compounds, the blending octane numbers vary
between a minimum of 99 for benzene and a maximum of
171 for 1,3,5-ethyl benzene. For the cycloalkanes, on the
other hand, the blending octane numbers vary between a
minimum of 43 for ethyl cyclohexane and a maximum of
141 for cyclopentane. Taking such differences into
consideration along with the relative abundance of these
two groups of compounds in motor gasoline, it can be
assumed that the average blending octane number of
aromatic compound equals twice the blending octane
number of cycloalkanes. For this reason the factor (C+2A)
is used in correlation studies between cyclic compounds
and octane numbers, where C represents the volume
percent of cycloalkanes and A represents the volume
percent of aromatic compounds.
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Based on a correlation study between this factor and
the octane number, the following simple equation was
derived:

0l =37.50+ 0.4724 (C + 24)

The correlation factor for this equation was 0.90 and
the average error 5.0%. Comparison of the calculated
octane index and the measured octane number for
different samples of gasoline indicates that the above
equation may be applied for gasoline samples where the
factor (C+2A) is greater than 110, and where the
difference between the measured and calculated values
would be less than 1 [9]. This equation, however, may not
be very practical because determination of the aromatic
and cycloalkane contents of gasoline is not one of the tests
routinely carried out in most refineries.

Conclusion

The octane quality of motor gasoline may be estimated
using simple and easy-to-measure gasoline properties.
The equation derived from the correlation between the
octane index and the characterization factor in particular
provides an easy and accurate means of determining the
combustion characteristics of most commercially-
available gasoline. Better correlation may be obtained
between the octane index and the cyclic compounds
content, but the fact that the determination of the cyclic
compounds content of gasoline is not one of the tests
routinely carried out in most refineries limits its
advantage and practicality.

Nomenclature

A =Volume percent of aromatic compounds
C = Volume percent of cycloalkanes

d = Relative density at 15.6°C

K = Characterization Factor

OI = Octane Index

T = Average molar boiling point (Kelvin).
ooy = 90% boiling point (°C)
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