United States Patent Office

3,015,547
Patented Jan. 2, 1562

1

3,015,547
MOTOR FUEL CONTAINING OCTANE
IMPROVER

Robert Y. Heisler, Fiskkill, and George W. Eckert, Wap-

pingers Falls, N.Y., assignors o Texaco Inc., a corpora-

tion of Delaware

No Drawing. Filed Nov. 6, 1958, Ser. No. 772,184

8 Claims. (CL 44—63)

This invention relates to a hydrocarbon fuel composi-
tion of high octane rating. More specifically, it involives
the discovery that the octane rating of leaded gasoline
fuels is substentially improved by the addition of a
lactone.

The recent increases in compression ratios of auto-
mobile engines have placed a severe strain on petroleum
refiners to produce fuels having the octane rating de-
manded by these engines. Premiunm fuels at the present
time have research octane ratings between 97 and 160
and it has been predicted that premium fuels will have to
have octane ratings between 103 and 110 five years from
now in order to satisfy the octane requirements of the
high compression automotive engines predicted for that
date. In order to produce premium fuels of octane rat-
ings of 95 and above, it has been necessary for refiners
to rely heavily om catalytic refining operations such as
fluid catalytic cracking, catalytic reforming, alkylation
and catalytic isomerization.

Catalytic cracking and catalytic reforming, which are
the most widely used refining operations in the produc-
tion of high octame fuels, produce substantial quantities
of aromatics; catalytic cracking also produces a substan-
tial amount of olefins. It is well known that olefins
and aromatics, although possessing high octane ratings,
have a poorer response to organo-lead compounds such
as tetraethyl lead than saturated aliphatic gasoline com-
ponents. Accordingly, as the aromatic and olefinic con-
tent of the gasolines have increased to meet the octane
levels required by modern automotive high compression
engines, the lead respomse of the resulting fuels has
diminished. Stated another way, the octane increment
obtainable by the addition of an organo-lead compound
decreases as the aromatic and olefin contents of the base
fuel increase. The subject invention involves the dis-
covery that the octane rating of leaded motor fuels con-
taining a substantial concentration of high octane compo-
nents, that is, aromatics, olefins and mixtures thereof,
is markedly improved by the addition of a small amount
of a lactone.

In copending application Serial No. 689,466 filed Octo-
ber 11, 1957, it is disclosed that monocarboxylic acids
substantially raise the octane rating of a motor fuel con-
taining an organc-lead anti-knock agent and a substan-
tial concentration of high octane components which may
be aromatic hydrocarbons, olefinic hydrocarbons or mix-
tures thereof. The subject invention involves the dis-
covery that lactones of monohydroxy monocarboxylic
acids exert a similar anti-knock action in gasoline of the
prescribed composition.

The high octane hydrocarbon motor fuel of this in-
vention comprises a substantial concentration of aromatic
hydrocarbons, olefinic hydrocarbons, or mixtures there-
of, an organo-lead anti-knock agent and a lactone of a
monchydroxy monocarboxylic acid in a concentration of
at least 0.1 volume percent of the fuel.

The action of lactomes in raising the octane rating
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of gasoline is characterized by several unusual features.
In the first instance, the lactones appear to be ineffective
in raising the octane rating of gasolines unless an or-
gano-lead anti-knock agent, normally tetraethyl lead, is
a component of the gasoline mixture.

The second unusual characteristic of the action of
lactones in appreciating the octane rating of gasolines is
the fact that an equivalent concentration of lactone ap-
pears to cause & greater octane improvement above the
100 octane level than below the 100 octane level.

The third unusual feature of the action of lactones is
that they appear to have substantially no effect on the
octane rating of a gasoline consisting essentially of satu-
rated aliphatic hydrocarbons even though an organo-lead
anti-knock agent is present. Since organo-lead anti-knock
agents exert their greatest octane appreciation in predomi-
nantly saturated paraffinic base hydrocarbon gasolines
and have the least effect on the octane rating of aromatic
and olefin-rich gasolines, the present invention neatly com-
plements tetracthyl lead as an octane improver. Lactones
have their minimum effect where tetraethyl lead has its
maximum efect and exert their maximum effect on octane
values where tetraethyl lead hasits minimum effect.

Another surprising feature of the action of lactones
as octane appreciators is that hydroxy monocarboxylic
acids are ineffective in improving the octane rating of
leaded fuels containing the prescribed aromatic and/or
olefin content.

The novel fuel compositions of this invention have
a minimum concentration of aromatic and/or olefin com-
ponents of at least 10 volume percent. The aromatic
and/or olefin components of the motor fuel of the inven-
tion can constitute as high as 100 volume percent thereof
but usually comprise between 20 and 80 volume percent.
Approximately a 10 percent concentration of aromatic
and/or olefins is necessary for lactones to exert a sig-
nificant octane improvement.

The aromatic components of the motor fuel of the
invention are generally supplied by catalytic reforming or
catalytic cracking operations. Catalytic reformate is par-
ticularly high in arcmatics. The olefin components of the
motor fuel of the invention are derived either from ther-
mal cracking, catalytic cracking or polymerization.

The organo-lead reagent necessary for the action of
lactones as octane improvers is a tetraalkyl lead com-
pound of the class known to possess anti-knock action.
Tetraethyl lead is universally used as an anti-knock agent
but other tetraalkyl lead compounds such as tetramethyl
lead, tetrabutyl lead, tetraamyl lead, tetrapropyl lead, etc.
possess anti-knock properties and may be used in the
fuel compositions of the invention in comjunction with
lactones.

The tetraethyl lead mixtures commercially available
for automotive use contain an ethylene chloride-ethylene
bromide mixture as a scavenger for removing lead from
the combustion chamber in the form of volatile lead
halides. As is used hereafter in the examples illustrating
the invention, “tetraethyl lead filuid” denotes the com-
mercial product which comprises tetraethyl lead, ethylene
chloride and ethylene bromide, the latter two reagents
being present in 1.0 theory and 0.5 theory, respectively,
theory denoting the stoichiometric amount required for
reaction with the lead content of the tetraethyl lead.

The organo-lead reagent is present in the fuel composi~
tions of the invention in concentrations between 0.5 ml.
per gallon up to the statutory limit of organo-lead reagent
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concentration which, at the present time, is 3 ml. per
gallon in the case of automotive fuel and 4.6 ml. per gal-
lon in the case of aviation fuel. The usual concentration
of tetraethyl lead is between 1 and 3 ml per gallon in
automotive gasoline and 2 to 4.6 ml. per gallon in aviation
gasoline.

The lactones which are effective in increasing the octane
rating of an aromatic and/or olefin-containing leaded gas-
oline have the general formula:

0o
RC(CHy).C=0
H

wherein R is hydrogen or a hydrocarbyl radical contain-
ing 1-27 carbon atoms and 1 has a value of 1-4 and
usually 2 to 3. The R radical can be an aliphatic hydro-
carbon radical, an aromatic hydrocarbon radical or a
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cycloaliphatic hydrocarbon radical or it can be a mixed .

radical such as an aralkyl or an alkaryl radical. Lactones
effective as octane appreciators in the fuel compositions of
the invention are the following: gamma-butyrolactone,
gamma-valerolactone, beta-propiclactone, delta-valero-
lactone, delta—phenyl-gamma—valerolactone-1,4, delta-cap-
rolactone, omega-tolyl-delta-caprolactone, omega-cyclo-
hexyl - gamma - valerolactone, delta - caprylolactone and
delta-laurolactone. The preferred lactones are those
formed from hydroxy monocarboxylic acids containing
3-10 carbon atoms.

Lactones must be present in the leaded aromatic and/or
olefin-containing compositions 'of the invention in a minj-
mum concentration of 0.1 volume percent, before a sig-
nificant octane appreciation is realized. When the con-
centration of lactones is below 0.1 volume percent, no
octane improvement is obtained in leaded gasoline con-
taining 10 or more volume percent aromatics and/or ole-
fins. The preferred concentration of lactones in the fuel
compositions of the invention fall between 0.2 and 2.0
volume percent with maximum octane appreciation gen-
erally being obtained at concentration levels between 0.5
and 1.5 volume percent, There is a fall-off in octane
-appreciation as the concentration exceeds about 1.5 vol-
ume percent. Concentrations of lactones as high as 5
volume percent can be employed but economic considera-
tions coupled with the lower octane improvement realized
at the higher concentrations dictate against the use of
such concentrations in commercial fuel compositions.

In Table I data are presented to show the effectiveness
of lactones in raising the octane rating of the leaded fuel
compositions containing the prescribed aromatic and/or
olefin content. The data in Table I also shows the in-
effectiveness of hydroxy monocarboxylic acids. The base
fuel to which the lactones were added in Table I was a
catalytically reformed naphtha containing 3 ce. of TEL
fluid per gallon and having an IBP of 130° F. and an end
point of 394° F. The base fuel had a leaded Research
Octane Number (RON) of 96.6 and an aromatic content
of 48 volume percent as measured by Fluorescent Indica-
tor Analysis (FIA) method.

Table I

Research Octane Values—
Volume Percent of Additive
in 96.6 RON Fuel

0.25 0.50 1.0
B-proplolactone. 97.2
~y-butyrolactone._ 97.2
+-valerolactone. 67.2

rieinoleicaeid. .o .. _.______
salicylicaeid ... oo _____________

The data in the above table indicate clearly that lac-
tones are effective cctane appreciators for leaded fuels of

" the- prescribed composition whereas hydroxy monocar-
_boxylic acids such as ricinoleic acid and salicylic acid are
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ineffective as octane appreciators. Lower molecular
weight hydroxy monocarboxylic acids, such as hydroxy
butyric acid, were too insoluble in gasoline to give a fuel
containing the minimum 0.1 volume perceant concentration
required for octane appreciation,

In Table II there is shown the action of beta-propiolac-
tore in improving the octane rating of 105 RON gasoline,
The base fuel contained 3 cc. of TEL fluid per gallon and
comprised approximately 10 percent n-butane, 40 percent
isobutane-isobutylene alkylate, 10 percent pentenes from
fluid catalytically cracked naphtha and 40 percent heavy
platformate. The 105 RON base fuel had an aromatic
content of approximately 35 percent and an olefin content
of approximately 6 percent and had an IBP of 90° F. and
an end point of 367° F,

Table 11
Research octane values
Base fuel e 105.3
Base fuel4-0.5 v. percent beta-propiolactone______ 105.7
Base fuel-+0.75 v. percent beta-propiolactone._.__ 106.0
Base fuel1.0 v. percent beta-propiolactone_ ... 106.3

Obviously, many modifications and variations of the
invention as hereinbefore set forth may be made without
departing from the spirit and scope thereof and, therefore,
only such limitations sheuld be imposed as are indicated
in the appended claims,

We claim:

1. A hydrocarbon fuel in the gasoline boiling range con-
taining an organo-lead anti-knock agent, high octane com-
ponents selected from the group consisting of olefinic
hydrocarbons, aromatic hydrocarbons and mixtures there-
of in a concentration of at least 10 volume percent, and
a lactone having the general formula

O
RCH(CH).C=0

wherein R is selected from the group consisting of hydro-
gen and a hydrocarbyl radical containing 1-27 carbon
atoms and » has a value of 1-4, said lactone being present
in a concentration of 0.1 to 5.0 volume percent, said
amount being sufficient to effect substantial improvement
of the octane rating of said organo-lead-containing hydro-
carbon fuel.

2. A hydrocarbon fuel according to claim 1 in which
said organo-lead anti-knock agent is present in a con-
centration between 0.5 and 4.6 cc. per galion.

3. A hydrocarbon fuel in the gasoline boiling range
containing a tetraalkyl lead anti-knock agent in a con-
centration of at least 0.5 cc. per gallon, high octane com-
ponents selected from the group consisting of olefinic
hydrocarbons, aromatic hydrocarbons and mixtures there-
of in a concentration of at least 10 volume percent of
said fuel and a lactone having the general formula:

O——
RCH(CHz)n(lJ=O

wherein R is selected from the group consisting of hydro-
gen and a hydrocarbyl radical containing 1-27 carbon
atoms and » has a value of 1-4 in a concentration of 0.1
to 5.0 volume percent.

4. A hydrocarbon fuel according to claim 3 in which
the concentration of said lactone is between 0.2 and 2.0
volume percent.

5. A hydrocarbon fuel according to claim 3 in which
said high octane components constitute 20-80 volume
percent of said fuel.

6. A hydrocarbon fuel according to claim 3 in which
said lactone is beta-propiolactone.

7. A hydrocarbon fuel according to claim 3 in which
said lactone is gamma-butyrolactone.

8. A hydrocarbon fuel according to claim 3 in which

'said lactone is gamma-valerolactone,

(References on foliowing page)
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