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Abstract. Correlations between the chemical structure of hydrocarbons and their posted
octane numbers (PFON=MON/2 + RON/2) have been tested separately for 45 alkanes, 35
cycloatkanes and 75 alkenes. In the first group the statistical results are better (© = 0.92)
than in the second (r* = 0.78) and third groups (r* = 0.80) because of the variation range

of PON values.
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Introduction

It has long been known that the anti—knock properties of hydrocarbons depend on
their chemical structure. Qualitatively, alkanes with higher branching degree have better
anti~knock properties than the less branched cnes; aromatic hydrocarbons have even
better properties than branched alkanes in this respect. Alkenes and cycloalkanes also
have better properties than alkanes with the same skeleton, and carben count,
respectively.

In the automotive industries using internal combustion engines with spark—plug
initiation, there has been a continuous trend for increasing the compression ratio, leading
in turn to higher requirements for anti-knock properties of gasoline.

The quantitative measurement of anti-knock properties of fuel is effected by
comparison with standardized binary mixtures of n-heptane and isooctane or 2,4,4—
trimethylpentane. The percent by volume of isooctane in the binary mixture is the "octane
number”(ON); by definition, the octane numbers for n—heptane and isooctane are 0 and
100, respectively. For aviation fuels a third standard is used, namely iscoctane plus 6 ml
Et,Pb/gallon with ON = 120.3.

A given gasoline is tested for incipient knocking sound of specific intensity at a
certain compression ratio; then the percent of iscoctane in a binary mixture of isooctane
and n-heptane leading to knocking under the same conditions constitutes the octane
rating of the given gaseline.

Since the beginning, two basic octane ratings have been in use for assessing the
knocking characteristics of gasolines: the research octane number (RON) and the motor

octane number (MON). Both can be measured experimentally in the same standardized
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single-cylinder engine but under different operating conditions: at 600 rotations per minute
(rpm) for RON, i.e. under low-severity engine operation, and at 900 rpm for MON, i.e.
under severe conditions closer to those actually occurring on the road. The
corresponding standardized tests are ASTM D-2699 and ASTM D-2700, respectively. In
addition to these scales, a few other ones are employed: the posted octane number is the
arithmetical average of the above two scales, PON = (MON + RON)/2; this scale is posted
on gasoline pumps in service stations, and is also called anti-knock index; the road
octane number is determined in specially equipped automobiles under actual road
conditions; as expected, road octane numbers correlate much closer to MON than RON;
blending octane numbers (again of MON or RON type) are used by refineries in order to
arrive at calculable octane ratings by mixing (blending) known volumes of specific
hydrocarbons, since the "actual” octane numbers enumerated above do not blend linearly;
most companies have developed their own blending scales, therefore variations may be
encountered according te the source. In the present paper we shall employ data provided
in ref." which differ slightly from those used in earlier work.

Octane numbers measured in the absence of tetraalkyllead additives are called
clear octane numbers.

Generally, MON ratings are lower than RON ratings, and actual ones are lower
than blending ones', as seen in Table 1.

The difference RON-MON is called octane sensitivity; for pure hydrocarbons, it is
almost always a positive number ranging from 0 to 15; for gasolines a low octane

sensitivity is desirable.



Table 1. Clear Octane numbers of pure hydrocarbons
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Alkanes CH, ..
n—Cs

2-Me-C,
2,2-Me,C,

n-C,
2,2-Me,-C,

n-C,
2,2-Me,-C,
2,2,3-Me,-C,

2,2,4-Me,~C,
2,23-Mé,-C,

Alkenes C H,,
1-en-C;

2-Me-2-en-C;
3-Me-2-en-C;
4-Me-2-en-C,

Aromatics C H,. «
Cq H

Me—CH,
1,2-Me,~CH,
1,3-Me,~C.H,
1,4-Me,~CH,
1,3,5-Me,~C,H,
Et-C(H,

Pr-C,H,

iPr-C,H,

Cycloalkanes C H,,
C

5
Me-Cj
Ce
Me-C,
1,2-Me~C,
1,3-Me,-C,
1,4-Me,—C,

ACTUAL BLENDING

RON MON RON MON
62 62 62 67
92 90 90 104
8s 80 100 90
25 26 16 22,
92 93 89 97

0 0 0 0
93 96 89 93
>100 >100 113 113
100 100 100 100
100 100 105 112
91 77 152 135
97 8s 176 141
97 81 130 118
99 84 130 128
>100 >100 99 91
>100 >100 124 112
>100 >100 120 103
>100 >100 145 124
>100 >100 146 127
>100 >100 171 137
>100 98 124 107
>100 98 127 129
>100 99 132 124
101 85 141 141
91 80 107 99
83 77 110 97
75 7 107 84
81 79 85 83
67 64 67 65
68 65 66 63




































