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TECHNICAL NOTE

Correlation Between the Octane Number of
Motor Gasoline and Its Boiling Range

Hassan Al-haj Ibrahim and Mourhaf Al-Kassmi
Depariment of Chemical Engineering
Al-Baath University, P.O. Box 77, Homs, Syria
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Abstraet. A significant correlation was found between the research octane number of unleaded motor gasoline
and its 90% boiling point using a computer-run regression analysis of data from European and Syrian Sources.
A correlation equation was derived with a correlation factor of 0.43 and an average error of 1.9%.

Introduction

The octane number is the most important single performance indicator of motor gasoline.
It is a measure of both fuel quality and the maximum compression ratio that can be used
in internal combustion engines without the occurrence of knocking. Increasing the
compression ratio tends to improve the engine efficiency, but it also increases the knocking
tendency of the engine, i.e. it increases the octane number requirement of the automobile.

There are two standard laboratory procedures for the measurement of octane numbers,
viz. the research and motor methods. Actual performance, however, is not always indicated
by the octane number as measured by these two methods. For this reason the so-called
Road Octane Number is sometimes used for better approximation to actual fuel
performance. There is no standard laboratory test for the measurement of Road Octane
Numbers but two procedures for its measurement have been developed in the U.S.A.
These procedures involve the use of particular fuels in special automobile makes. A
number of correlations were also developed between the octane number as measured by
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the two laboratory procedures and the Road Octane Number, but these correlations have
been of limited value and application, The laboratory measurement of the octane number,
on the other hand, is neither quick nor easy, and besides it requires a standard engine.
This standard engine may not be always available, particularly in mobile or small
laboratories.

With the above considerations in mind, the search for a simpler and quicker procedure
for the evaluation of the anti-knock quality of motor gasoline can be rewarding and
beneficial. This will be particularly so if n method can be found for calculating an octane
index from a knowledge of basic casy-to-measure gasoline properties such as density and
boiling range. Octane index is used here to refer to the calculated octane quality in
contradistinction to the (measured) research or motor octane number,

The boiling range in particular has a dramatic effect on the measured octane numbet.
Significant correlation between these two properties is to be expected which would make
it possible to calculate an octane index that may better describe the performance quality
of gasoline,

Octane number as  function of boiling range

The octane number decreases in general with increasing boiling range [1,2]. This
effect is, however, different for different types of fsel. It is more pronounced for straight-
run gasoline [2]. This is probably due to greater variation in the composition of straight-
run gasolines as compared to reformate or racked gasoline.

Increasing the mid- boﬂm,g pomt tends to decrease octane quality [2,3]. Increasing the
mid-boiling point from 40°Cto 180°C s accompanied with a decrease in the motor octane
number. The magnitude of this decrease depends on the type of fuel. Tt ranges between
42 for straight-run gasoline to 6 for catalytically cracked gasoline [2].

Effects of the initial boiling point (IBP) is significant becanse light compounds in
gasoline (C, hydrocarbons) have high blending octane values and increasing the IBP can
substantially reduce octane quality.

Similar effects are observed if 90% boiling point or final boiling point is changed,
hecause even though the higher boiling fraction of gasoline is relatively high in aromatic
content the total gasoline fraction is low in octane duc to the diluting effect of a high
paraffin content. Hence, a reduction in the final boiling point can result in higher overall
gasoline octane [2].

Increasing the 90% boiling point seems to decrease the octane number in most cases
with the exception of the catalytically-reformed naphtha where a slight increase in the
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octane number is ovbserved. The octane number of the catalytically-cracked naphtha, on
the other hand, is not greatly affected by the 90% boiling point. The different relative
amounts of aromatics and paraffins in the naphtha fractions is the most likely explanation
for this anomaly.

A close study of the relationship between the octane number and boiling range indicates
that for higher octane numbers and lower boiling temperatures {50%, 90% etc.) the
correlation tends to be more significant. The change in octanc number ranges from 5 for
gasolines of 40°C mid boiling point to 41 for gasolmes of 180°C. Similarly the change in
octane mumber Tanges from 19 for gasolines of 140°C (90% boiling point) to 41 for
gasolines of 200°C [2,3].

Method of Study and Results

To ascertain the relationship and correlation between the octane number and the boiling
range, data were collected from the Octel Co. [4] and the Homs Oil Refinery (HOR) in
Syria (platforming unit) as well as from other sources including the Banias Oil Refinery
in Syria. A total of 1142 value points were used in the analysis. Regression Analysis of
these data (using the least squares method) was carried out wsing a specially-prepared
computer program [5,6]. The boiling points considered in this analysis were the 10%,
50% and 90% boiling points as measured by the test method ASTM DRG (measured to the
nearest 1°C). In each case correlation factors and average errors were computed for the
best correlations.

These optimum correlations did not however lead to.simple easy-to-apply cquations.
For this reagon straight-line correlations assuming linear relationships were included for
COMparison purposes.

Three runs were tried for each boiling temperature. The octel data were used for the
first run. Data from HOR-Platforming unit were tried next, and finally both Octel and
HOR data as well as data from other sources were used. The results obtained are given in
Tables 1-3.

The Results obtained with the 10% boiling points indicate clearly that the correlation
with octane number is not significant in general. The maximum correlation factor obtained
was 0.35 for HOR-platformate with an average error of 2.0%.

With mid-boiling points the correlations obtained were siginficant but the results
were different for different fuels. (Table 2). Again, platformate data gave the best results
with a correlation factor of (.60 and an average error of 1.6%.

The correlation results obtained were most significant with the 90% boiling points.
The optimutn correlation equation obtained was:
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Table 4. Comparison between measured and calculated values of research octane numbers of Syrlan
unleaded gasolines

90% bolling pt. oC Measured Caleulated Dift. (%) Av. diff. (%)

142 93.05 9.3 0.9

143 97.0 94.6 25

144 96.8 94.9 20

144 853 94.9 1.3 1.6
146 0.4 95.4 109

147 98.0 95.6 2.4

149 96.3 95.4 0.4

150 $6.3 96.1 0.2

151 978 963 1.5

152 al.1 964 58

152 97.8 964 1.4

152 97.5 94.4 i1

152 98.0 96.4 1.6

153 97.5 9.5 1.0 1.7
153 99.0 9.5 25

153 98.2 96.5 1.7

154 99.3 96.5 1.7

155 98.0 96.6 1.4

156 87.5 96.6 10.4

156 978 96.6 1.2

157 97.0 96.6 04

157 98.0 96.6 1.4

158 99.1 96.6 25

160 9.3 26.6 0.3

161 96.3 96.6 {3

162 7.5 96.5 1.0

[62 9.8 3.5 03 20
164 90.0 94.3 7.0

168 93.4 96.2 3.0

166 96.0 96.1 0.1

168 98.0 G5.8 19

171 93.7 953 1.7

176 91.4 943 32

177 93.0 94.0 59

179 880 0135 L.y 3.4
183 90.4 92.3 2t

185 374 91.7 4.9

188 97.0 91.4 5.8

136 80.0 91.3 2.6
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RON = 179.5415-0.136428 (x)-1.3072 x 10 (x)-113,222.4 x 10°(x™)

Where x is the 90% boiling point (in °C) and RON the rescarch octane number. The
correlation factor obtained with this equation was 0.43 and the averapge error 1.9%. The
straight-line correlation, on the other hand, was not signifcant.

This optimum equation can be used with acceptable accuracy for the estimation of
the octane index of commercial unleaded gasolines. As a check on this equation, the
octane index of different samples of Syrian unleaded gasolines as well as specially-prepared
naphtha blends was calculated and the calculated values were then compared with the
measured values using the research method. The results are given in Table 4.

As can be seen from this Table, the difference beween the measured and calculated

octane numbers, can be as high as 11.3%. However, for most specimens (56%) the
difference was less than 2%.

Neglecting odd values, where the difference is greater than 10%, the average error is
1.6% for 90% boiling points less than 150°C and this increases to 3.5% for temperatures
greater than 170°C. “This is in general agreement with the observation made earlier in this
paper.

Conclusions

In conclusion it is apparent that the 90% boiling point for low boiling gasolines (90%
boiling point > 168°C) can be used for the estimation of an octane index that may not vary
by more than 2% (for 61% of fuels evaluated) from the measured research octane number.
This is particularly apparent where fue] samples of smilar source and/or mode of
manufacture are used in the analysis such as reformates or cracked naphthas. The precision
of the calculated octane index will however be dependent on the precision of the distillation
temperature determinations which enter into the calculation.
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