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poration of Delaware
Filed Mar. 29, 1369, Ser. No. 18,301
15 Claims. (Cl. 44—69)

This invention relates to improved hydrocarbon fuel
compositions and particularly to improved motor gasoline
fuel compositions having high octane numbers.

Recent automotive design trends have been toward
engines having greater power for the same size engine
and more efficient utilization of the gasoline fuel. En-
gine designers have accomplished this largely by steadily
faising the compression ratios of automotivé engines,
which has necessitated the use of fuels having increased
resistance to detonation or spark knock. There is also
an increased demand for aviation fuels having greater
anti-knock properties. It has heretofore been possible
to manufacture such fuels from crude petreleum by the
development and utilization of new hydrocarbon con-
version and synthesis processes such as cracking, re-
forming, polymerization, and alkylation. The resistance
to knock of the fuels from these processes is even further
augmented by the addition of antiknock agents such as
tetraethyllead (TEL), and, recently, methylcyclopenta-
dienyl manganese tricarbonyl. Resistance to spark knock
is, of course, evaluated as “octane number.”  Therefore,
the demand for fuels having greater resistance to spark
knock is manifested in the constantly increasing octane
number of premium fuels. However, as the octane num-
ber of modern gasoline fuels has been raised, there has
been a concomitant decrease in the susceptibility of such
fuels to octane number improvement by addition of or-
gano-metallic antiknock agents. It becomes less eco-
nomical, therefore, to obtain greater resistance to spark
knock by this means with higher octane number fuels.
In addition, the amount of organo-metallic additive
which is added to motor fuels may &lso be limited by
consideration of the degree of toxicity imparted to the
fuel containing such- materials. For this reason, the
maximum amount of tetraethyliead which may be added
to commercial gasoline motor fuels is 3 or 4 cc./gal. (US)
and 6 cc./gal. (US) for automotive and aviation fuels,
respectively. Consequently, the degree of octane num-
ber improvement which can be obtained in this manner
is limited. Organo-metallic antiknock additives are diffi-
cult to synthesize and are expensive. Their addition to
fuels is thus limited to small concentrations by consid-
erations of economics as well. Yet another limitation
on the use of such antiknock additive-containing fuels
is the tendency of the antiknock additives therein to lay
down large quantities of deposits in the combustion cham-
ber of the engine, which may contribute to an increase
in the octanme number requirement of the engine. Be-
cause of these limiting factors on the use of converitional
organo-metallic antiknock additives, the octane mumber
obtainable fromi gasoliné fuels made by conventional re-
fining processes has also been limited.

There have been mafly attempts to solve this problem
by the use of two or more antiknock agents. However,
in most of these situations, the intrémental increase in
octane number obtained by adding the second antiknock
agent has been considerably less than the octane number
increase obtainable when the supplemental antiknock
agent is added-to the gasoline by itself. That is, the anti-
knock activity of the supplemental antiknock agent or
of both antiknock agents is less, on the basis of the vol-
ume added, than either by itself. Consequently, even
though significant increases in octane number are ob-
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tainable, it has heretofore been uneconomical to obtain
higher octane number motor gasoline in this manner.

1t is therefore an object of this invention to provide
improved gasoline fuel compositions. It is also an object
of the invention to angment the efficacy of tetrasthyllead
as an antiknock additive in gascline. It is a further ob-
ject of the invention to provide higher detonation re-
sistance in gasoline in an economical manner. It is stilt
another object to provide hydrocarbon compositions
which enhance the efficiency of antiknock additives added
thereto. Another object is to attain the foregoing ob-
jects without detrimental side effects in the use of the
fuel in gasoline engines. A still further object of the
invention is to provide an improved antiknock additive
concentrate composition.

The attainment of these and other objects will be ap-
parent from the detailed description of the invention
which is a gasoline motor fuel composition containing a
tetraalkyllead compound as a primary antiknock agent
and small but critical amounts of certain organo-metallic
compounds which by themselves exhibit no primary anti-
knock activity, and from the drawing, consisting of a
single figure, which illustrates graphically the effect of
the antiknock agent upon the octane number of gasoline
containing various quantities of tetraethyllead.

The use of organo-metallic compounds as primary anti-
knock agents has long been known, and countless num-
bers of these materials have been suggested, iried, and
used with various degrees of success. The most widely
used for many reasons, including availability, economy,
and antiknock activity, are the tetraalkylleads, particu-
larly tetracthyllead. - However, it has now been found
that certain organo-metallic compounds, which possess
essentially no primary antiknock activity when they are
added to gasoline containing no other antiknock agent,
nevertheless when added to leaded gasolines of selected
composition as to hydrocarbon type and boiling range,
possess extraordinary co-antiknock activity. By co-anti-
knock activity, it is here meant that the secondary or
co-antiknock agent causes the octane number of the
gasoline containing both primary and secomdary anti-
knock additives to be raised significantly above the level
which is obtained by the primary antiknock agent alone,
the co-antiknock effect being the result of co-action of
the secondary with the primary additive rather than any
primary antiknock properties of the secondary additive
alone.

The addition of very small amounts of organo-metallic
compounds corresponding to the structural formula

v
7
(Z—A=Y)uM
to fuels containing tetraalkyllead primary antiknock
agents has been found to raise the octane number of the
total mixture by as much as 4.5 octane numbers or even
more.
In the foregoing structural formula
Y
(Z—AEY)mM

M is a metal selected from the group consisting of anti-
mony, bismuth, cobalt, copper, nickel and tellorium, A
is selected from the group consisting of carbon and phos-
phorus, and Z is selected from the group conmsistifig of
(RY)2 when A is phosphorus and (R,X) when A is
carbon. The symbol Y denotes a chalcogen atom having
an atomic number of from 8 to 186, inclusively, X is se-
lected from the group consisting of nitrogen and chalco-
gen having an atomic number of from 8 to 16, inclu-
sively, and R is a monovalent hydrocarbyl group con-
taining from 3 to 15 carbon atoms per molecule. The
symbol n denotes a whole number of from 1 to 2 which
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is one less than the valence of X, and m is a whole num-
ber corresponding to the valence of M.

The enhancement of octane number quality afforded
by the addition of extremely small quantities of organic
metallic compounds corresponding to the foregoing for-
mula may be observed by reference to the following
example.

BXAMPLE I
A number of compounds corresponding to the formula
Y
A
(Z—A—Y)uM
were each added in the same concentration to separate
samples of a commercial light olefin isobutane alkylate
containing 3 cc. tetraethyllead (TEL) per US gallon.
The octane number of all the samples containing sec-
ondary additive and also a separate sample of the same
alkylate containing only 3 cc. TEL/gal. (US) were de-
termined by the Research Method. (ASTM test desig-
nation D—357-53). To determine the increase in octane
number obtained by adding small amounts of co-anti-
knock agent, the difference in the octane numbers of the
samples with and without co-antiknock agent (A OND
were calculated. The results are tabulated below.,

TABLE I

Concentra-| Octane
tion, nuimber,
millimoles/| enhance-
gallon ment
(Us)

Secondary antiknock agent, composition

Copper dibutyldithiocarbamate..._
Nickel dibutyldithiccarbamate.__
Cobalt dibutyldithiocarbamate__
Manganese dibutyldithiocarbamate
Antimony diamyldithiocarbamate.
Lead diamyldithiocarbamate. ______
Zine djamyldithiocarbamate. . _____
Cadmium diamyldithioearbamate_._
Copper diamyldithiocarbamate._ ___
Tellurium diamyldithiocarbamate.__
Bismuth diamyldithiocarbamate______
Copper 0,0-dilaurylthionothiophospha

PO NLN
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Only metals from periodic groups I, V, VI and VIII
have been found to be effective. The members of groups
I and VIII having atomic numbers of from 27 to 29, in-
clusively, have been found to be particularly effective and
are therefore the preferred metallic constituents (M) of
the co-antiknock agent in accordance with the inventiomn.
Copper is particularly preferred.

Composition of the hydrocarbyl group R in the fore-
going formula for the co-antiknock agents of the invention
is important even though a wide range of compositions
may be used. It has been found that R must contain
at least 3 carbon atoms per melecule, but may contain as
many as 15 carbon atoms per molecule. The configura-
tion of R is, however, not narrowly critical. Thus, R may
be alkyl, aryl, arylalkyl, alkylaryl, alkenyl, or cyclo-
alkenyl.

The R group may also be substituted with, for exam-
ple, halogen atoms and oxygen-containing groups such as
hydroxyl, epoxy, and keto oxygen atoms. However, such
substitutions must be limited to the extent that the hydro-
carbon solubility of the compound is not substantially re-
duced. It is preferred that the co-antiknock agents be
completely soluble in gasoline hydrocarbons. In any
event, the solubility of the co-antiknock agent must not
be less than about 80% by volume, below which the co-
antiknock action of the compounds is likely to be con-
siderably reduced because of maldistribution to the ¢cylin-
ders of the engine.

When A is carbon, X is nitrogen, and Y is sulfur, i.e.,
when the compound is a dithiocarbamate, it is particu-
larly preferred that the two Rs are both alkyl groups with
from 4 to 8 carbon atoms.

The data in the foregoing table, of course, show that
large increases in octane number are obtainable at ex-
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tremely low metal concentrations. In view of the fact
that the increases obtained were of the same magnitude as
that obtained with many primary antiknock materials at
much higher concentrations, for example, 15 to 30 milli-
moles per gallon, it is apparent that the organo-metallic
secondary anti-detonant materials are not acting in the
manner of a primary antiknock agent. That is, the sec-
ondary antiknock additives are acting in conjunction with
or co-acting with the tetraethyllead. As confirmation of
this, the following tests were performed.

EXAMPLE II

Several metal dialkyldithiocarbamates were each added
in amounts varying from 1 to 10 millimoles of copper per
gallon (US) of fuel to each of several samples of a com-
mercial alkylate containing 3 cc. TEL/ gallon (US). The
Research Octane number of each sample containing the
metallic co-antiknock agent and also a sample containing
only TEL and no co-antiknock compound were then ob-
tained. By subtracting the octane number of the blend
containing no co-antiknock agent from the octane num-
ber of the blends containing co-antiknock agent, a meas-
sure of the octane number enhancement (A O.N.) at vari-
ous ratios of metal-to-lead was obtained. The results
were as follows:

TABLE II

Copper Diamyldithiocarbamate

Concentration of metal dialkyldithio-

carbamate
A O.N.
Millimoles | Millimoles
Gm. metal/ metal/ metal/gal.
gm, Pb millimole Pb (US)
0.010 0.034 0.5 0.9
0.021 0. 069 1.0 2.5
0.032 0.103 15 3.9
0.053 0.172 2.5 3.0
0.105 0.344 5.0 1.2
Copper Dioctyldithiocarbamate
—
0.021 0. 069 1.0 1.2
0.032 0.103 L5 1.8
0.053 0.172 2.5 3.2
0.105 0,344 5.0 2.9
0.211 0. 688 10.0 1.8
Nickel Dioetyldithiocarbamate
0.020 0.069 10 0.4
0.029 0.103 L5 1.0
0.049 0.172 2.5 2.3
0.098 0.344 5.0 2.3
0.195 0. 688 10.0 0.4
Cobalt Dioctyldithiocarbamate
0.020 0.069 1.0 L1
0. 029 0.103 L5 2.0
0.049 0.172 2.5 2.0
0.098 0.344 5.0 2.6
0.196 0. 688 10.0 11

The above data show that the co-action of the secondary
or co-antiknock additives is present only at small concen-
trations. In addition, it may also be seen that the great-
est benefit is obtained at very low metal ratios. (Metal
ratio as used in the context of this specification refers to
the weight ratic of metal in the secondary or co-antiknock
agent to the lead in the tetraalkyllead when both are added
to gasoline compositions in accordance with the inven-
tion.)

‘The data in Table II also show that the secondary anti-
knock agents are effective in concentrations ranging from
as little as 0.5 milimole per gallon to as high as 10 mili-
moles per gallon. Even higher concentrations can, of
course, be used. However, it is apparent from these data
that the octane number enhancement is reduced thereby.
Even the optimum concentration varies considerably with
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the particular co-antiknock material which is used. The
greatest octane number benefits obtained by the co-anti-
knock agent in gasoline containing 3 <c. TEL per gallon
are at concentrations of from about 1.0 to about 5.0 milli-
moles of metal contained in the co-antiknock agent per
gallon of fuel.

Though most commercial gasoline type fuels contain
lead, usually at tetraethyllead, the amount varies widely.
Generally, in the case of antomotive fuels, the composition
will contain at least about 0.5 cc. TEL/gallon and not
more than about 4.0 cc. TEL/gallon, which is the maxi-
mum permissible concentration in the United States be-
cause of the extreme toxicity of TEL. In the case of
avaiation fuels, however, even higher TEL concentrations
are used, e.g., as high as 6.0 cc. TEL/gallon of fuel.
Therefore, in order to determine the effect of lead con-
centration on the co-antiknock activity of the foregoing
discussed co-antiknock agents, the following test was per-
formed.

EXAMPLE TIX

A number of duplicate samples of commercial buiene-
iscbutane alkylate were prepared which contained amounts
of tetraethyllead varying from 3 to 6 cc. TEL/gallon.
One of each duplicate sample was then divided into at
least four smaller samples to each of which was added
from 0.5 to 5 millimoles/gallon of copper diamyldithio-
carbamate. The Research octane numbers of all the sam-
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to zbout 0.065 is particularly preferred. Though the
foregoing examples have employed only up to 6.0 cc.
TEL/gallon, the fuel compositions in accordance with the
invention may contain even greater amounts of tetraethyl-
lead, e.g., 12 cc. TEL/gallon and higher.

Though' the co-antiknock agents used in accordance
with the invention are very effective in isoparaffinic fuels,
their use is not limited thereto. However, the composi-
tion of the hydrocarbon fuel as to boiling range and es-
pecially hydrocarbon type-exert a profound effect on the
activity of co-antiknock compounds, which may be ob-
served in the following example.

EXAMPLE IV

A large number of refinery hydrocarbon products were
blended to different comcentrations with motor gasoline
alkylate, which consisted of 100% by volume isoparaffins
from the aikylation of butenes with isobutane. Duplicate
samples of each blend were obtained and tetraethyllead
was added to a concentration of 3 cc. TEL/gallon of
blend. Additionally, copper diamyldithiocarbamate was
added to one of each duplicate samples until the concen-
tration of co-antiknock agent was 1.6 millimoles per gal-
lon of blend. The Research octane numbers of each set
of samples were ther obtained and the difference between
the octane numbers of the samples with and without the
secondary antiknock additive (A R.O.N.) were noted.
The results are given in the following tabulation.

TABLE III
Hydrocarbon blending component Co-autiknack agent
Alkylate,
amount Inerease in
Amount | in total | Concen- | Tesearch

Principal Boiling | in total blend tration O.N. oni
hydrocarbon Composition Tange blend | (percent | Gnmoles/| adding co-
type (°F.) | (percent vol.) gal.) antiknock

vol.) agent
(A R.O.N)
______________________________ 100 1.6 3.6
Saturates...| 70% isopentane, 30% of-—

n-Butane 80.5 1.6 2.3
n-Heptane ... 97.5 1.6 1.6
Do 99.0 1.6 1.1
Mixed iso- and 85.0 1.6 1.8
Olefins. .mne- DiisobUtFIeNe ae e ceimmmm oo e m e 95 1.6 4.3
Do__ 90 1.6 4.9
DO e immnm - 85 1.6 3.7
Do_. 80 1.6 2.2
Aromatics. .| Toluene. 90 1.6 4.5
DO S 80 1.6 2.0
Thermally reformed catalyticre 69 1.6 1.0
Alkyl benzenes 90 1.6 1.2
Alkyl naphthalenes. a0 1.6 1.2
QCatalytie reformate. 410470 10 90 1.6 0.3
Tetrahydronaphthalene - .- .o-ee-cmemnmmmemnomm=- 380 1 99 1.6 2.6
0o nin - A mmmmmoecdmemm——maua— 380 2 98 1.6 0.0
Dismylnaphthalene e 400 1 99 1.6 0.0

ples were then determined. By subtracting the octane
aumbers of the samples containing only TEL from the
octane number of the samples containing co-antiknock
agent and TEL (at the same concentration), a measure of
octane number enhancement (A R.O.N.) due to the pres-
ence of the co-antiknock agent was obtained which was
then correlated as a function of both co-antiknock con-
centration and TEL concentration.

The results, which are shown graphically in the draw-
ing, show that the optimum concentration of co-antiknock
metal, in millimoles per gallon, is about 1.5, 2.0 and 3
for the fuels containing 3, 4 and 6 cc. TEL/gallon, 1e-
spectively. Since the optimum co-antiknock concentra-
tion is essentially directly proportional to the primary
anti-knock concentration, it is apparent that" the metal
ratio of the two additives (as defined hereinbefore) is
critical and is definitive of the operable range of co-anti-
knock concentrations. Though metal ratios of as high
as 0.2 and even higher at large lead concentrations could
be used, the preferred range of metal ratio is from about
0.01 to about 0.10. A metal ratio of from about 0.02
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Effect of Iso and Normal Parafiins on Co-Antiknock
Activity

The addition of light isoparaffins, i.e., those having less
than 8§ carbon atoms per molecule, is beneficial to the
action of the co-antiknock agent. However, the addition
of heavier isoparaffins reduces the co-antiknock effect
considerably. It is therefore preferred that the gasoline
compositions in accordance with the invention not con-
tain greater than about 20% by volume of isoparaffins
boiling over about 300° F. It is even further preferred
that the gasoline composition contain no more than about
10% by volume of isoparaffins boiling above about
300° F.

Because of the detrimental effect of normal paraffins
in reducing the octane number, the gasoline compositions
in accordance with the invention preferably contain es-
sentially no normal paraffins having 7 or more atoms per
molecule and only small amounts, preferably not over
10%, of normal paraffing having 5 or 6 carbon atoms
per molecule. Fuel compositions containing essentially
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7
no normal paraffins having 5 or more carbon atoms per
molecule are particularly preferred. Normal paraffins
having less than 5 carbon atoms per molecule, for ex-
ample, normal butane, having high octane numbers, are
useful to provide the gasoline with proper vapor pressure
and are not deleterious to the action of the co-antiknock
agents,
Effect of Cycloparaffins (Naphthenes)

The gasoline compositions of the invention should con-
tain no more than 10% by volume naphthenes boiling
above about 300° F., and preferably substantially none,
because they are delterious both with regard to blending
octane number and their effect on the response of the
co-antiknock agent. There is no limit, however, in the
broad aspects of the invention, to the maximum concen-
tration of naphthenes boiling below about 300° F.

Effect of Olefins on Co-Antiknock Activity

The incorporation of up to about 10% of lighter olefins,
especially those which are branched, is actually beneficial
to the co-action of the co-antiknock agents with tetraethyl-
lead. Moreover, the gasoline compositions of the inven-
tion can advantageously contain up to 30% by volume
olefins, but larger quantities are deleterious and should be
avoided.

Effect of Aromatics

‘Aromatics boiling below about 300° F., ie., Cg aro-
matic hydrocarbons and lighter, have been found to be
not greatly delterious in minor concentrations, e.g., below
about 50% by volume. Meavier aromatics, however,
which boil above 300° F. are delterious and should not
exceed about 20% by volume of the total gasoline blend,
In fact, in order to obtain more practical benefits from
the co-antiknock agent, it is preferred that the gasoline
of the invention contain no more than about 10% by
volume of aromatics boijling above 300° F., and no more
than 30% by volume of total aromatics.

Though the delterious effect of high boiling aromatics
on the effectiveness of the co-antiknock additives is quite
unfortunate, it has been found that a very surprising re-
lationship exits between the effect of heavy aromatics
and the presence of light naphthenes. That is, light
naphthenes suppress the deleterious effects of heavy aro-
matics, In accordance with applicants’ copending patent
application Serial No. 18,255, it is possible to have sub-
stantia] amounts of aromatics boiling above 300° F. in
a base gasoline and still obtain large benefits from co-
antiknock additives, as long as light naphthenes, i.e.,
naphthenes boiling below about 300° F., are also incor-
porated in the base gasoline.

In general, it appears that one volume percent of light
naphthenes can overcome completely the deleterious ef-
fect of one volume percent of heavy aromatics. However,
since practical benefits are obtained up to 10% and 20%
by volume heavy aromatics even in the absence of naph-
thenes, it is not necessary always to have present as much
light naphthenes as would be needed to completely cancel
the effect of the heavy aromatics. The light naphthenes can
be used to obtain even greater benefits from the co-anti-
knock additives in gasolines which must contain aromatics
boiling above 300° F. to have proper volatility distribu-
tion of high octane number components. To take ad-
vantage of light naphthenes in accordance with this pre-
ferred aspect of the invention, it is desirable that the base
gasoline contain at least % % by volume, or preferably
at least ¥2% Dby volume, of naphthenes boiling below
300° F. for each 1% by volume of aromatics boiling
above 300° F. in excess of 10% by volume of such aro-
matics, and preferably such amounts of light naphthenes
for each 1% by volume of all of such aromatics.

The adverse effect of each of the deleterious or antago-
nistic components, that is, aromatics, olefins, C; plus
normal paraffins and heavy naphthenes, is not however,
.independent. Even with the use of naphthenes in accord-
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ance with above; the presence of two or more of such
antagonists in maximum concentrations can result in a
fuel having little or no response to the action of fhe co-
antiknock agents. Such non-responsive hydrocarbon
compositions may be avoided, however, if the composi-
tions meet the following empirical correlation which
constitutes a limitation on the total equivalent amount of
co-antiknock antagonists (Ag) which may be present in
the hydrocarbon blend.

Ar=A1,+-1.345+0.7404+0.254p=50--0.75N
wherein
Ay=percent by volume of aromatics boiling below 300°
F

Ap=percent by volume of aromatics boiling above 300°
¥

Ao=percent by volume of olefins.

Ap=percent by volume of Cj plus normal paraffins and
naphthenes boiling above 300° F,

N =percent by volume of naphthenes boiling below 300°
F

Summing up its broad aspects, the invention therefore
resides in the discovery that compounds having the for-
mula

Y

(z—A-;‘—Y)mM
as defined hereinbefore, are effective as co-antiknock
agents with tetraethyllead when both are added to gaso-
line blends containing essentially no normal paraffins con-
taining 7 or more carbon atoms, no more than 10% by
volume of C; to Cg normal paraffins, no more than 20%
by volume of isoparaffins boiling above 300° F., no more
than 10% by volume of naphthenes boiling above 300°
F., no more than 30% by volume olefins, no more than
50% by volume of total aromatics and no more than 20%
by volume of aromatics boiling above 300° F., the com-
position of the gasoline blends being within the limits de-
fined by the empirical relationship

Of the members of the class of co-antiknock com-
pounds which are the subject of this invention, the dialkyl-
dithiocarbamates and dialkylthionothiophosphates are
preferred.  Dialkyldithiocarbamates having from 4 to 8
carbon atoms in each of the alkyl groups are particularly
preferred.

In the foregoing examples in which TEL was used as
primary antidetonant, the TEL was added in the form of
the commercial motor mix, which has the following ap-
proximate composition.

Component: Percent by weight
Tetraethyllead - ' 61.48
Ethylene dibromide (0.5 theory) ... ______ 17.86
Ethylene dichloride (1.0 theory) e oo 18.81
Dye 0.06
Kerosene and impurities 1.79

The co-antiknock materials of the invention are, however,
equally effective in leaded gasoline containing pure TEL
with no halohydrocarbon Scavenger, or in leaded gasoline
containing TEL with ethylene dibromide (e.g., 1.0 theory)
and no ethylene dichloride,

Besides the aforementioned halogen-containing lead
scavengers, the fuel compositions of the invention can,
and ordinarily will, contain other additives, for example,
dyes, spark plug antifoulants such as tricresyl phosphate,
dimethyl xylyl phosphate, and diphenyl cresyl phosphate,
combustion modifiers such as alkyl boronic acids and
lower alkyl phosphates and phosphites, oxidation inhibitors
§uch as N,N’-disalicylal-l,2-propanediamine, and rust
inhibitors such as polymerized linoleic acids and N,C-
disubstituted imidazolines, and the like,

‘I.t is to be understood that the order of mixing the
various constituents of the compositions of the invention




5,085,085

is immaterial. For example, the co-antiknock compound
may be added to a gasoline which -already contains the
tetracthyllead primary antiknock material. Likewise, the
co-antiknock and primary antiknock compounds may be
first mixed, stored, and handled as a concenfrate, and
added to the gasoline at a later time. A gasoline additive
concentrate of this latter type may also contain halogen
scavenger and spark plug antifouling compound. Under
other circumstances, it may be desirable to mix the halo-
gen scavenger and the primary antiknock compound, or
the primary antiknock and co-antiknock compounds, in
the desired relative proportions and handle or store this
mixture, with or without stabilizers, antifouling com-
pounds, inhibitors, etc., as a concentrate for incorporation
with the other components of the ultimate fuel com-
position.

When an additive concentrate of this latter type is em-
ployed, it is preferred that it contain an optimum or near
optimum metal ratio. Such a concentrate will therefore
contain from 0.01 to 0.10 gram of metal in the co-anii-
knock agent per gram of lead in the tetraethyllead. Pref-
erably, such a concentrate contains from about 0.02 to
about 0.065 gram of metal per gram of lead.

A typical additive concentrate in accordance with the
invention and containing both TEL motor mix and phos-
phorus compound for ignition control as weil as co-anti-
knock agent has the following composition:

Component: Percent by weight
Tetraethyllead e 49.0-58.9
Fthylene dibromide . —eeememeemmmee 14.2-17.1
Ethylene dichloride - comcmo—ceeeeem 15.0-18.1
Phosphorus (as tricresy! phosphate) -—~—— 3.8-12.5
Copper (as copper diamyldithiocarba-

mate) - e 0.4-7.9
Kerosene, dye, impurities———— o 1.4-1.7

We claim as our invention:

1. A motor gasoline fuel composition consisting essen-
tially of a mixture of hydrocarbons having an ASTM
boiling range below about 400° F., an octane number-
improving amount of tetracthyllead, and a co-antiknock
agent having the structural formula

Y
2
(Z—A—Y)mM

wherein M is a metal selected from the group consisting
of antimony, bismuth, cobalt, copper, nickel, and telluri-
um, Y is a chalcogen atom having an atomic number of
from 8 to 16, inclusively, A is selected from the group
consisting of carbon and phosphorus, Z is selected from
the group consisting of (RY )y when A is phosphorus and
(RpX) when A is carbon, X is selected from the group
consisting of nitrogen and chalcogen having an atomic
mumber of from 8 to 16, inclusively, R is a monovalent
hydrocarbyl radical containing from 3 to 15 carbon atoms
per molecule, » is a whole number of from 1 to 2 which
is one less than the valence of X, and m is a whole num-
ber corresponding to the valence of the metal M, the
amount of co-antiknock agent corresponding to from
about 0.01 to about 0.10 gram of metal contained in the
co-antiknock agent per gram of lead contained in the
tetraethyllead, said mixture of hydrocarbons being com-
prised of (1) mo more than 50% by volume aromatics,
(2) no more than about 30% by volume olefins, (3) no
meore than about 20% by volume each of isoparaffins and
aromatics boiling above about 300° F., (4) no more than
about 10% by volume each of normal paraffing having
5 to 6 carbon atoms per molecule and naphthenes boil-
ing above about 300° F., and (5) essentially no normal
paraffins having greater than 6 carbon atoms per molecule,
and further characterized as having an equivalent amount
of co-antiknock antagonists (Ag) mnot exceeding 50+
0.75N wherein Ay and N are defined as hereinbefore in
the specification.
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2. The fuel composition of claim 1 which is comprised
of (1) no more than about 30% by volume of aromatics,
(2) no more than about 20% by volume each of olefins
and aromatics boiling above about 300° F., (3) no more
than about 10% by volume each of isoparaffins boiling
above about 300° F. and naphthenes boiling above about
300° F., and (4) essentially no normal paraffins having
greater than 4 carbon atoms per molecule, and further
characterized as having an equivalent amount of co-anti-
knock antagonists (Ag) not exceeding 504-0.75N wherein
Ag and N are defined as hereinbefore in the gpecification.

3. The motor gasoline fuel composition of claim 1 in
which M is a metal having an atomic number of from 27
to 29, inclusively.

4. The motor gasoline fuel composition of claim 1 in
which M is copper.

5. The motor gasoline fuel composition of claim 1 in
which the co-antiknock agent is a metal dialkyldithio-
carbamate in which the alkyl groups each contain from
4 to 8 carbon atoms.

6. The motor gasoline fuel composition of claim 5 in
which the co-antiknock agent is copper dialkyldithiocar-
bamate.

7. The motor gasoline fuel composition of claim 5 in
which the co-antiknock agent is nickel dialkyldithiocar-
bamate.

8. The motor gasoline fuel composition of claim 5 in
which the co-antiknock agent is cobalt dialkyldithiocar-
bamate.

9. The motor gasoline fuel composition of claim 5 in
which the co-antiknock agent is antimony dialkyldithio-
carbamate.

10. The motor gasoline fuel composition of claim 5 in
which the co-antiknock agent is copper dialkyldithiocar-
bamate.

11. The motor gasoline fuel composition of claim 5 in
which the co-antiknock agent is tellurium dialkyldithio-
carbamate.

12. The motor gasoline fuel composition of claim 5 in
which the co-antiknock agent is bismuth dialkyldithio-
carbamate.

13. The motor gasoline fuel composition of claim 1
in which the co-antiknock agent is a metal 0,0-dialkyl-
thionothiophosphate.

14. The motor gasoline fuel composition of claim 13
in which the co-antiknock agent is copper 0,0-dilauryl-
thionothiophosphate.

15. A gasoline additive concentration composition con-
sisting essentially of a mixture of tetracthyllead and a co-
antiknock agent having the structural formmula

i‘Y
(Z—A—Y)uM

wherein M is a metal selected from the group. consisting
of antimony, bismuth, cobalt, copper, nickel, and telluri-
um, Y is a chalcogen atom having an atomic number of
from 8 to 16, inclusively, A is selected from the group
consisting of carbon and phosphorus, Z is selected from
the group consisting of (RY)y when A is phosphorus and
(RyX) when A is carbon, X is selected from the group
consisting of nitrogen and chalcogen having an atomic
number of from 8 to 16, inclusively, R is a monovalent
hydrocarbyl radical containing from 3 to 15 carbon atoms
per molecule, # is a whole number of from 1 to 2 which
is one less than the valence of X, and m is a whole
number corresponding to the valence of the metal M,
the amount of co-antiknock agent corresponding to from
about 0.01 to about 0.10 gram of metal contained in the
co-antiknock agent per gram of lead comtained in the
tetracthyllead.

(References on following page)
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