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ABSTRACT OF THE DISCLOSURE 
Detergent/dispersant properties are imparted to liquid 

hydrocarbon fuels containing minor amounts of (A) a 
polyamine which is the reaction product of a halohydro 
carbon having an average molecular weight between 600 
and 2500 and an alkylenepolyamine and (B) an organic 
substance having a viscosity between 20 and 2500 cs. at 
20° C. 

BACKGROUND OF THE INVENTION 

The regulation and the enforcement of air pollution re 
quirements for motor vehicles containing gasoline or 
diesel engines is becoming increasingly less tolerant. One 
means of combating air pollution as well as conforming 
to air pollution regulations is to reduce the emission of 
hydrocarbons from these types of engines. In gasoline 
engines, for example, hydrocarbon emissions are due, inter 
alia, to crankcase ventilation. This ventilation is neces 
sary to prevent dilution and contamination of the lubri 
cating oil by unburnt or partly burnt gasoline compo 
nents leaking from the combustion chamber along the 
piston and cylinder walls into the crankcase. The crank 
case is ventilated by a forced draft, as a result of which, 
components known as blow-by gases ?nd their way into 
the atmosphere. To reduce this type of emission some 
engine manufacturers have provided the engine with a 
means for returning the mixture of blow-by gases and air 
to the inlet system preceding the carburetor, for instance, 
to the air ?lter. This measure, however, causes fouling of 
the fuel and inlet system, which, in turn causes the en 
gine to malfunction, which in turn tends to increase the 
concentration of unburnt and partly burnt hydrocarbons 
in the exhaust gases. 

It is possible to counteract fouling of engine parts by 
incorporating a minor amount of a compound with deter 
gent properties into the fuel. However, to increase engine 
performance these compounds in the past have been 
added to fuels in association with relatively viscous min~ 
eral oil constituents which have a tendency to break down 
under the high engine operating temperatures. Thus such 
a detergent combination itself may give rise to increased 
amounts of noxious compounds being emitted along with 

p the exhaust gases into the atmosphere. 

THE INVENTION 

This invention deals with a fuel composition that ef 
fectively counteracts the fouling of gasoline and diesel 
engines without adding an additional source of potential 
atmospheric pollution to the combustion environment. 
Moreover, the composition of the invention when used 
in, for example, gasoline engines, counteracts both foul 
ing of the carburetor and other parts of the inlet system, 
such as positive crankcase ventilation valves, inlet valves 
and inlet valve rods, thereby reducing the amount of 
noxious compounds, such as carbon monoxide and un 
burnt or partly burnt hydrocarbons and other compounds 
stemming from the fuel and/ or the lubricating oil which 
leave via the exhaust system. 
The fuel compositions of this invention are of partic 

ular importance today in this era of no-lead or low-lead 
gasolines, since with their use good inlet system clean 

10 

15 

20 

25 

30 

35 

40 

70 

3,750,793 
Patented Sept. 4, 1973 ice 
2 

liness and good engine performance may still be obtained 
even if the gasoline does not contain agents which im 
prove the ignition, such as tetraethyllead and/or tetra 
methyllead, and scavengers, such as ethylene dibromide 
and/or ethylene dichloride. Furthermore, the fuel com 
positions according to the invention may comprise rela 
tively large amounts of non-hydrocarbon combustible 
compounds. For example, gasoline compositions accord 
ing to the invention may contain up to 50% v. of ethers, 
in particular ethers with a branched hydrocarbon chain 
such as di-isopropylether and methyl tert.butylether, 
which have a bene?cial in?uence on the octane number 
of the gasoline compositions. Thus this invention partic 
ularly deals with fuel composition additives that (1) pro 
mote engine cleanliness and the reduction of atmospheric 
pollution by reducing engine deposits and exhaust emis 
sions without the use of substances which are themselves 
sources of noxious emissions and (2) by their adaptabil 
ity to no-lead, low-lead or ether type fuels allow the use 
of fuels which also effectively remove the risk of lead 
as a pollutant and which allow the use of higher octane 
fuels while maintaining good engine performance. 
The invention therefore relates to a fuel composition 

consisting essentially of a major amount of a liquid hy 
drocarbon fuel and a minor detergent/ dispersant amount 
of (A) a polyamine reaction product of a polyisobutenyl 
chloride with an average molecular weight between 600 
and 2500 and an alkylenepolyamine having the general 
formula 

H-N- R’—N —R 

l ( l). 
in which R independently is H or CH3, R’ is a C24 al 
kylene radical, and n is a whole number from 1 to 5 in 
clusive and (B) an organic substance with a viscosity 
between 20 and 2500 cs. at 20° C., consisting essentially 
of a polymer or copolymer or mixtures thereof with an 
average molecular weight between 300 and 5000‘ selected 
from the group consisting of hydrocarbons, substituted 
hydrocarbons containing oxygen and substituted hydro 
carbons containing oxygen and nitrogen. 
The fuel compositions according to the invention may 

consist of any liquid fuel, in particular fuels obtained 
from mineral oils. They may be residual fuels but pref 
erably are distillate fuels such as gasoline, diesel fuel, 
aviation fuel, gas oil and the like. ' 
The term “distillate fuels” not only comprises fuels ob 

tained by distillation of a mineral oil or a mineral oil 
fraction, but also fuels which have been obtained by con 
version processes of a mineral oil, such as alkylation, 
isomerization, polymerization, thermal and catalytic 
cracking, reforming processes, e.g., platforming, hydro 
treating, hydrocracking and the like, and have a boiling 
range comparable to that of fuels obtained by distilla 
tion of a mineral oil per se. In general the boiling point 
of a distillate fuel will be at most about 350° C. at atmos 
pheric pressure. The preferred distillate fuels are aviation 
turbine fuel and gasoline. Aviation turbine fuel as de 
?ned herein is a hydrocarbon oil having a Reid vapor 
pressure below three pounds per square inch at 100° F. 
and a ?nal boiling point below 325° C. Gasoline as de 
?ned herein is a mixture of hydrocarbons having a boil 
ing range determined according to ASTM Method D 86 
between about 30° C. and 210° C. 
The polyamines (Additive A) which according to the in~ 

vention are incorporated into the fuel compositions are the 
product of a reaction between a polyisobutenylchloride 
having an average molecular weight between 600 and 
2500 and preferably between 800 and 2000 and an alkyl 
enepolyamine. 

Examples of alkylenepolyamines suitable for the reac 
tion are ethylene-1,2-diamine, propylene - 1,2 - diamine, 
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propylene-1,3-diamine, N,N-dimethyl-propylene-1,3 - di 
amine, and ethylene and propylene polyamines, such as 
diethylenetriamine, triethylenetetraamine and tetraethyl 
enepentamine or mixtures thereof. Tetraethylenepentamine 
is particularly preferred. 
The polyamines according to the invention may be 

prepared, for instance, by allowing a suitable polyamine 
to react with the halogen-containing hydrocarbon. The 
halogen-containing hydrocarbon, that is, polyisobutenyl 
chloride, may be prepared in any convenient manner. A 
convenient method is to halogenate the polyisobutene 
with molecular halogen without a solvent or in solution. 
The reaction between the polyisobutenylchloride and the 
alkylenepolyamine is typically carried out at a tempera 
ture between 20 and 200° C., preferably in the presence of 
an inert solvent or diluent such as benzene, toluene, xylene, 
hexane, heptane or mixtures of such hydrocarbons as 
fractions of mineral oils. The reaction time will, of course, 
vary with ambient and reaction conditions but will usually 
require less than 24 hours. The molar quantities of the 
reactants depend upon how many hydrocarbon groups 
derived from the polyisobutenylchloride it is desired to 
introduce to the alkylenepolyamine. ‘For example, if the 
polyamine is N,N-dimethylpropylene-1,3-diamine, one 
mole of the chlorohydrocarbon is reacted per mole of the 
diamine; however, if the amine is tetraethylenepentamine 
about 3 moles of the chlorohydrocarbon are reacted per 
mole of tetraethylenepentamine. Preferably, the molar 
quantities of the reactants are controlled in such a manner 
that the amine products contain on the average up to 4 hy 
drocarbon radicals originating from the halogen-contain 
ing hydrocarbon per molecule. 

During the reaction hydrogen chloride is liberated when 
the hydrocarbon radical from the polyisobutenylchloride 
is coupled to the alkylenepolyamine, usually combining 
with the amine starting material. In order to prevent 
this undesirable reaction, the reaction between the alkyl 
enepolyamine and the polyisobutenylchloride is preferably 
carried out in the presence of a basic substance as hydro 
gen-halide acceptor which differs from both the amine 
that is used as starting material and the polyamine to be 
formed which is a stronger base than either, and which 
is preferably not an amine. carbonates, bicarbonates, 
oxides and hydroxides are used for this purpose. Alkali 
metal compounds such as sodium carbonate and potassium 
carbonate are preferred hydrogen-halide acceptors. 
A wide variety of compounds or substances are suitable 

as the organic substance having a viscosity between 20 and 
2500 cs. at 20° C. (Additive B). Polyamines other than 
the polyamines disclosed hereinabove as Additive A are 
suitable for use as the Additive B. Also suitable as Addi 
tive B are amides, esters or mixtures of ester used as 
synthetic lubricants; for example, aliphatic diesters of di 
basic aliphatic carboxylic acids having from 6 to 20 car 
bon atoms and aliphatic monohydric or polyhydric alco 
hols having from 1 to 12 carbon atoms such as esters of 
adipic, azelaic and sebacic acid and heptyl alcohol, propyl 
ene glycol and pentaerythritol, and also esters of mono 
carboxylic acids having from 4 to 18 carbon atoms in a 
molecule, such as esters of caprylic acid and mono 
hydric or polyhydric alcohols having from 2 to 18 car 
bon atoms in the molecule as Z-ethyl-hexyl alcohol and 
glycerol. 

Although these substances are suitable for use as the 
Additive B, the preferred materials for use as Additive B 
are polymers or copolymers or mixtures thereof with an 
average molecular weight between 300 and 5000 and are 
suitably hydrocarbons, substituted hydrocarbons contain 
ing oxygen, or substituted hydrocarbons containing oxy 
gen and nitrogen. Exemplary of the hydrocarbon polymers 
are po‘lyisobutylene, poly-alpha-alkyl styrenes, e.g., poly 
alpha-methyl styrene, block polymers of polystyrenes and 
polydienes such as polybutadiene and polyisoprene, and 
the like. Representative Of the Substituted hydrocarbons 
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4 
containing oxygen are polyesters, polyetherglycols and co 
polymers and mixtures thereof. 
A useful class of the above-mentioned polyesters in 

cludes polyalkyl acrylates and polyalkyl methacrylates. 
The polyalkyl acrylates and polyalkyl methacrylates may 
contain lower alkyl groups with one to seven carbon atoms 
such as methyl or ethyl groups, and also higher alkyl 
groups with from 8 to 22 carbon atoms such as octyl, 
dodecyl, or octadecyl. Branched alkyl groups, such as 
tertiary butyl groups, are also suitable. Copolymers of 
acrylates and/ or methacrylates with different alkyl groups 
can also be used. 
The most preferred type of polymeric compounds for 

Additive B are the polymers of substituted hydrocarbons 
containing oxygen of the group consisting of polyalkylene 
oxides, such as polyethylene oxide, polypropylene oxide, 
polybutylene or copolymers thereof, such as copolymers 
of propylene oxide and ethylene oxide. A particularly pre 
ferred group of polyalkylene oxides to be used in the fuel 
compositions of the invention are those having molecular 
weight between 1000 and 2500. The polyalkylene oxides 
may be conveniently prepared by polymerizing alkylene 
oxide in the presence of a catalyst, for example, an acid 
catalyst, such as boron tri?uoride, by a basic catalyst such 
as a hydroxide or an alkoxide of an alkali metal is prefer 
able. However, a basic catalyst is used in the presence of 
an initiator, such as water or a monohydric alcohol. These 
initiators may contain other polar groups, e.g., one or 
more amine groups; in the latter case, polyalkylene oxides 
are obtained which contain one or more amine groups. 
lPolyalkylene oxides which contain at least one hydroxy 
group may be further reacted, that is, esteri?ed or etheri 
?ed, before being utilized in the invention. 
A most highly preferred group of polymers of sub 

stituted hydrocarbon containing oxygen are the polyether 
glycols. These may be obtained by polymerizing one or 
more alkaline acids in the presence of a basic catalyst and 
in the presence of water or a glycol as an initiator. Poly 
oxypropylene glycol, obtained by polymerization of 
propylene oxide in the presence of Water as initiator, is 
particularly preferred. Another group of useful polymers 
of substituted hydrocarbons containing oxygen includes 
block polymers or copolymers. For example, homo or 
heteric copolymers of oxypropylene and oxyethylene 
glycol in a weight ratio range of from about 75:25 to about 
25:75, and preferably 1:1, may be used with advantage. 
Exemplary of the polymeric materials of substituted hy 

drocarbons containing oxygen and nitrogen useful as Ad 
ditive B are the above-mentioned polyalkylene oxides con 
taining one or more amine groups. Another such group is 
obtained by incorporation of polar monomers such as N 
vinylpyrrolidone, 4~vinylpyridine, 2-methyl-5-vinylpyr 
rolidone, ‘and the like, in the above-mentioned polyacry 
lates and polymethacrylates by copolymerization of these 
polar monomers with the alkylacrylates or alkylmethacry 
lates. 
The concentration of each of the additives according to 

the invention in the fuel compositions may vary between 
the wide limits. In general, the fuel compositions will con 
tain from about 0.001 to about 0.1% by weight of the 
total fuel composition of each of the additives. Since 
the additives are soluble in the fuel compositions within the 
scope of the invention, they may be added to the fuel as 
such but preferably they are added in the form of a con 
centrate. Such concentrates contain, besides the additives, 
at least one liquid which is a solvent for the additive and 
may contain mixtures of solvents. Suitable solvents are 
hydrocarbons such as butanol, pentanol or hexanol; op 
tionally, mineral oil substituents such as spindle oil, or a 
light or medium machine oil, may be part of the sol 
vent. In general, however, heavy oils such as bright stock 
should not be used, since they may give rise to air pollu 
tion due to their incomplete combustion in the engine. 
The concentrates will normally contain between about 
5 and about 90% wt. and in particular between about 
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10 and about 70% wt. of the additives of the invention. 

In addition to the fuel and a minor amount of the addi 
tives, the .fuel compositions of the invention may contain 
minor amounts of other substances by which the quality 
of the fuel is further improved, such as agents for im 
proving the ignition, scavenging ageuts, anti-icing agents, 
antioxidants, conductivity improving agents, metal deacti 
vating agents, phosphorus compounds and the like. 

EXAMPLE I 

The gasoline compositions were tested according to A 
Bench Technique for Evaluating the Induction System 
Deposit Tendencies of Motor Gasolines, described by A. A. 
Johnston and E. Dimitrotf in The Society of Automotive 
Engineers (SAE) ‘Paper No. 660783, to comparatively eval 
uate the inventive compositions, and compositions not 
within the scope of the invention. A tube temperature 
of 240° C. was used. The amount of deposit (in mg. per 
100 ml. gasoline composition sprayed upon the tube) was 
determined after the tube at the end of each experiment 
had been washed with heptane. 'An N,N-dimethyl-N’-poly 
isobutenylpropylene diamine (Additive A) with a molec 
ular weight of 1350 and polyisobutenyl group containing 
90 carbon atoms, a polyoxypropylene glycol (Additive 
B) with a molecular weight of about 1500 and a viscosity 
of 304 cs. at 20° C. were added in amounts shown in the 
table below to a premium grade gasoline, which contained 
400 p.p.m. of an anti-icing additive consisting primarily 
of dipropylene glycol, and 250 p.p.m. of a 20 W/ 50 motor 
oil. The 20 W/50 motor oil was present in the gasoline 
in order to give a measurable amount of deposit in the 
test when no additives according to the invention were 
present in the gasoline. The table shows the results. 

TABLE 

Additives (p.p.m.) Deposit, 
Experiment; mg./100 ml. 
number Additive A Additive B gasoline 

' 0 0 1. 2 
25 0 0. 8 
0 100 0. 8 
25 100 0. 4 

In Experiment 4 the gasoline composition is according 
to the invention; Experiments 1, 2 and 3 are for compari 
son only. As will be seen from the table, the amount of 
deposit obtained with the gasoline composition of the 
invention is much lower than the amounts obtained in 
the comparative experiments. 

EXAMPLE II 

In order to evaluate the additives under actual engine 
conditions a premium gasoline, which contained 100 
p.p.m. of the N,N-dimethyl-N'-polyisobutenylpropylene 
diamine as described in Example I and 350 p.p.m. of the 
polyoxypropylene glycol as described in Example I, was 
tested in a Sunbeam Talbot engine. In this test the general 
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condition of the inlet system as regards fouling is deter 
mined on the basis of the extent to which fouling of the 
inlet valves and the inlet valve rods occurs. The test is 
carried out on a Sunbeam Talbot engine with a piston 
displacement of 2264 cm.3, a compression ratio of 6.45:1, 
and a maximum capacity of 70 brake horsepower at 4000 
r.p.m. Before the test was started, the engine, including 
the two carburetors, was cleaned whereupon the engine 
was kept in continuous operation for 32 hours at a speed 
of 1500 r.p.m., a capacity of 15 brake horsepower and a 
fuel consumption of 5.0 kg. per hour. After the test had 
been ?nished, the fouling of the inlet valves and the inlet 
valve rods was evaluated. 
The cleanliness of the inlet system showed an improve 

ment of 93% over the cleanliness obtained with the same 
premium gasoline without the additives according to the 
invention. For comparison the same premium gasoline 
containing 100 ppm. of the N,N-dimethyl-N’-polyiso 
butenyl propylene diamine and no polyoxypropylene gly 
col was tested. The cleanliness of the inlet system in this 
case showed an improvement of 91% over the cleanliness 
obtained with the premium gasoline only. 

Other disclosed compositions not exempli?ed in the 
above examples, give equivalent, although not identical 
results. 
What is claimed is: 
1. Gasoline containing (A) from about 0.001 to about 

0.1% by weight of a polyamine reaction product of a 
polyisobutenylchloride with an average molecular weight 
between 800 and 2000 and N,N-dimethylpropylenediamine 
and (B) from about 0.001 to about 0.1% by weight of 
a polyether glycol having an average molecular weight 
between 300 and 5000 and a viscosity between 20 and 
2500 cs. at 20° C. 

2. The gasoline composition of claim 1 in which the 
polyether glycol is polyoxypropylene glycol. 

3. The gasoline composition of claim 1 in which the 
polyether glycol is a copolymer of oxyethylene and oxy 
propylene glycol in a 1:1 weight ratio. 
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