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[57] ABSTRACT 

A mixture of high and low molecular weight hydro 
carbyl amines exhibit excellent detergency and disper 
sancy at low concentrations in fuels. The high molecu 
lar weight hydrocarbyl amine contains at least one hy 
drocarbyl group having a molecular weight from about 
1,900 to 5,000 and the low molecular weight hydro 
carbyl amine contains at least one hydrocarbyl group 
having a molecular weight from about 300 to 600. The 
weight ratio of low molecular‘weight amine to high 
molecular weight amine in the mixture is maintained 
between about 0.5 and 5:1. 

19 Claims, No Drawings 
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HYDROCARBYLAMINE ADDITIVES FOR 
DISTILLATE FUELS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation-in-part of U.S. ap— 
plication Ser. No. 318,064, ?led Dec. 26, 1972, now 
abandoned, and Us application Ser. No. 318,063, 
?led Dec. 26, 1972 now abandoned. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

Numerous deposit forming substances are inherent in 
hydrocarbon fuels. These substances when used in in 
ternal combustion engines tend to form deposits on and 
around constricted areas of the engine contacted by the 
fuel. Typical areas commonly and sometimes seriously 
burdened by the formation of deposits include carbure 
tor ports, throttle body and venturies, engine intake 
valves, etc. 
Deposits adversely affect the operation of the vehi 

cle. For example, deposits on the carburetor throttle 
body and venturies increase the fuel to air ratio of the 
gas mixture to the combustion chamber thereby in 
creasing the amount of unburned hydrocarbon and car 
bon monoxide discharged from the chamber. The high 
fuel~air ratio also reduces the gas mileage obtainable 
from the vehicle. 

Deposits on the engine intake valves when they get 
sufficiently heavy, on the other hand, restrict the gas 
mixture ?ow into the combustion chamber. This re 
striction, starves the engine of air and fuel and results 
in a loss of power. Deposits on the valves also increase 
the probability of valve failure due to burning and im 
proper valve seating. In addition, these deposits may 
break off and enter the combustion chamber possibly 
resulting in mechanical damage to the piston, piston 
rings, engine head, etc. 
The formation of these deposits can be inhibited as 

well as removed by incorporating an active detergent 
into the fuel. Numerous fuel detergents are currently 
available and many are commercially employed in na 
tional brand fuels. While these detergents function to 
varying degrees in cleaning carburetor throttle bodies 
and venturis or in maintaining intake valves with re 
duced deposits, or in cleaning other areas such as the 
PCV valve, etc., only a few detergents are available to 
clean and maintain all of the contacted areas effec 
tively clean. Those detergents having this property as 
referred to hereinafter as a broad range detergent. 
Those few broad range detergents available must be 
employed at relatively high concentrations in order to 
maintain their effectiveness. The employment of these 
high concentrations has the burdens of high costs and 
reduces the water tolerance properties of the fuel. 

In addition to having the broad range detergent prop 
erties it is an additional advantage of the fuel detergent 
to have dispersant properties. In the operation of an in 
ternal combustion engine, a small amount of the fuel 
additives inevitably ?nds access to the crankcase and 
admixes with the crankcase oil. The continued pres 
ence of small amounts of dispersants within the crank 
case oil increases the ability of the oil to maintain 
sludges and the like dispersed. Thus, by developing an 
additive having both broad range detergency and dis 
persancy, those parts of the engine contacted by the 
fuel can be maintained effectively clean and, at the 
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same time, those parts of the engine contacted by the 
crankcase oil can be maintained with reduced sludge 
and varnish deposits. 
A class of fuel additives has recently been developed 

which exhibits excellent broad range detergency and 
good dispersancy. This class of fuel detergent 
dispersant additives is commonly known as ‘the polybu 
tene amines. Several patents disclosing the preparation 
and use of exemplary polybutene amines include US. 
Pat. Nos. 3,438,757; 3,565,804; 3,574,576 and 
3,671,511. The polybutene amines disclosed in these 
patents exhibit remarkable broad range detergent 
dispersant properties and their use has significantly in_ 
creased the operating efficiency and has reduced the 
maintenance of vehicles operating on fuels containing 
the additive. 
A problem appurtenant to the use of the polybutene 

amines is that of adverse economics. The additives are 
normally employed at a concentration between 250 
and 400 parts per million for best results. Although 
these concentrations are relatively small, the use of the 
additives in gasoline fuels which are sold in vast quanti 
ties at low pro?ts results in a substantial cost burden to 
the petroleum fuel suppliers. Thus, a reduction of the 
effective concentration of the additive to the order of 
150 to 250 parts per million would result in a consider 
able economic savings. 

It is therefore an object of this invention to provide 
a fuel additive having broad range detergent properties. 

It is an additional object of this invention to provide 
a fuel additive having broad range detergent and dis 
persant properties. 

It is another object of this invention to provide a fuel 
containing low concentrations of a detergent 
dispersant additive and having broad range detergent 
and dispersant properties. 

It is an additional object of this invention to provide 
a fuel containing a broad range detergent which may be 
employed at low concentrations without sacri?cing a 
loss in detergency obtained from conventional deter 
gents. 
An additional object of this invention is to provide a 

method for making a fuel having broad range detergent 
and dispersant properties. 
Other objects of this invention will become apparent 

from the following description of the invention and ap 
pended claims. 

SUMMARY OF THE INVENTION 

I have found that the aforementioned objects and 
their attendant advantages can be realized by incorpo 
rating into a fuel an additive comprising a mixture of 
high and low molecular weight hydrocarbyl amines. 
The high molecular weight hydrocarbyl amines contain 
at least one hydrocarbyl group having a molecular 
weight between about 1,900 and 5,000. These amines 
may be conveniently prepared by reacting a hydro 
carbyl halide having a molecular weight between about 
1,900 and 5,000 with a mono or polyamine having from 
1 to 10 amine nitrogens and from 2 to 40 carbons with 
a carbon to nitrogen atomic ratio between about 1 and 
10:1. The low molecular weight hydrocarbyl amines 
contain at least one hydrocarbyl group having a molec 
ular weight between 300 and 600. These amines may 
be prepared by reacting a hydrocarbyl halide having a 
molecular weight between about 300 and 600 with a 
mono or polyamine having from 1 to 10 amine nitro 
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gens and from 2 to 40 carbons with a carbon to nitro 
gen atomic ratio between about 1 and 10:1 . The weight 
ratio of low to high molecular weight hydrocarbyl 
amines must be maintained between about 0.5 and 5:1, 
although a ratio of l to 3:1 is preferred. 
While the exact mechanism of the combination of 

high and low molecular weight hydrocarbyl amines in 
effecting superior broad range detergency and disper 
sancy is not completely understood, 1 have found that 
the particular combination exhibits substantially the 
same excellent detergency properties as the prior art 
polybutene amine detergents at a substantially lower 
concentration. In some areas, the instant combination 
exceeds the detergency of the prior art materials even 
when employed at the lower concentrations. Thus, the 
present invention is an advancement in the automotive 
fuel additive area and represents significant economic 
advantages. 

DETAILED DESCRIPTION OF THE INVENTION 

The fuel composition of this invention contains a 
mixture of high and low molecular weight hydrocarbyl 
mono or polyamines or combinations thereof. As re 
ferred to herein, hydrocarbyl is a monovalent organic 
radical composed essentially, but not particularly en 
tirely, of hydrogen and carbon and may be aliphatic, 
aromatic or alicyclic or combinations thereof, e.g., 
aralkyl, alkyl, alkylaryl, cycloalkyl, etc., and may be 
saturated or ethylenically unsaturated. The preferred 
hydrocarbyls are aliphatic. The high and low molecular 
weight amines generally, although not necessarily, have 
the ‘same general structure. 
Both the high molecular weight and low molecular 

weight hydrocarbyl amine may be conveniently pre 
pared by reacting ( l ) a hydrocarbyl halide having from 
1 to 5 halide atoms and less than 10 percent of the 
available sites substituted with a halogen atom with (2) 
a mono or polyamine having from I to 10 amine nitro 
gens with at least 1 primary or secondary amino group 
and having from 2 to 40 carbon atoms with a carbon to 
nitrogen ratio betweenabout l and 10:1. The weight 
ratio of. low molecular weight hydrocarbyl amine to 
high molecular weight hydrocarbyl amine within the 
mixture will generally vary from 0.5 to 5:1 preferably 
0.75 to 3:1 and more preferably from 1 to 3:1. 
The high molecular weight hydrocarbyl halides may 

be prepared by numerous commercially available pro 
cesses. In a preferred embodiment, the hydrocarbyl 
portion maybe prepared by ionic or free radical poly 
merization of C2 to C“ mono ole?ns (when ethylene is 
employed it must bev copolymerized with another 
higher ole?n) to an ole?n polymer having a number av 
erage molecular weight of 1,900 to 5,000, preferably 
from 2,500 to 4,400, more preferably from 2,600 to 
3,800. Exemplary ole?ns which may be polymerized 
include ethylene, propylene, isobutylene, l-butene, l 
pentene, 3-methyl- l -pentene, 4-methyl- l -pentene, 
etc., and preferably propylene and isobutylene. 
The olefin polymer should have, as an average, at 

least I branch per 6 carbon atoms along the chain and 
preferably at least 1 branch per 4 carbons. The pre 
ferred olefins (propylene and isobutylene) have from 
0.5 to l branch per carbon atom along the hydrocarbon ‘ 
chain. 
While halogenating the ole?n polymers is preferred, 

it is recognized that the high mol weight hydrocarbyl 
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4 
halides may be prepared by halogenating lube oil frac 
tions, paraffin waxes, etc. 

The halogen may be introduced into the hydrocarbon 
molecule by various means known in the art. Most 
readily, either chlorine or bromine (halogen of atomic 
number 17-35) may be introduced by the free radical 
catalyzed halogenation of the hydrocarbon, or ionic ad 
dition to ole?nic unsaturation. Various free radical cat 
alysts may be used, such as peroxides, azo compounds, 
bromine, iodine, as well as light. Ionic catalysts are ex 
empli?ed by ferric chloride. Methods of halogenation 
are well known in the art and do not require extensive 
exempli?cation or illustration here. 

The amount of halogen introduced will depend on 
the particular hydrocarbon used, the desired amount of 
amine to be introduced into the molecule, the particu 
lar alkylene amine used, and the halogen used. How 
ever, the amount of halogen introduced will generally 
be in the range from about 1 to 5 halogen atoms per 
molecule, depending on the reactivity of the resulting 
halide. On a weight percent basis, the amount of halide 
will generally range from about 1 to 25, more usually 
from about 1 to 10. 

The low molecular weight hydrocarbyl halides may 
be prepared by the same process as disclosed above for 
the high molecular weight hydrocarbyl halides. The po 
lymerization, however, is conducted until an olefin 
polymer having a number average molecular weight of 
300 to 600, preferably from 300 to 550 and more pref 
erably from 330 to 530 is prepared. The amount of hal 
ogen introduced into the ole?n polymer will normally 
vary from 1 to 2 halogen atoms per molecule. In an al 
ternative embodiment, the low mol weight hydrocar 
bons may be prepared by cracking the high mol weight 
hydrocarbons. The high and low molecular weight hy 
drocarbyl halides may be prepared simultaneously 
within the same reaction medium or separately and 
thereafter combined to form an admixture. This aspect 
is not critical to the practice of this invention and nu 
merous obvious alternative procedures are available to 
form the mixture as claimed hereinafter. 

Mono or Polyamine Component 

The mono or polyamine component embodies a 
broad class of amines having from 1 to 10 amine nitro 
gens and from 2 to 40 carbons with a carbon to nitro 
gen ratio between about land 10:1. In most instances, 
the amine component is not a pure single product, but 
rather a mixture of compounds having a major quantity 
of the designated amine. For the more complicated 
polyamines, the compositions will be a mixture of 
amines having as the major product the compound in 
dicated in the average composition and having minor 
amounts of analogous compounds relatively close in 
compositions to the dominant compounds. 

It should be noted, that while I referred to the mix 
ture of this invention as hydrocarbyl amines, it does not 
mean that these amines are made solely of carbon, hy 
drogen and amino nitrogen. For example, the com 
pounds may contain minor amounts of oxygen, sulfur, 
non-amino nitrogen, etc., and may include small 
amounts of halogen. 

The preferred mono and polyamine components will 
have the following generalized chemical formula: 
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wherein 
R is the same or different constituent selected from 
hydrogen, hydrocarbyl or hydroc'arboyl having 
from 1 to 10 carbons and preferably aliphatic from 
I to 6 carbons, and inclusive of the mono-keto, 
mono-nitro, mono-hydroxy, hydrocarbonyl, alk 
oxy, or alkyleneoxy, derivative thereof and prefera 
bly the monohydroxy or polyalkyleneoxy deriva 
tive, and at least one of said R groups is hydrogen. 

R1 is the same or different alkylene or hydroxy substi 
tuted alkylene having from 2 to 6 carbons and pref 
erably from 2 to 3 carbons; 

a’ is an integer from O to l and preferably 1; 
b’ is an integer from 0 to 4 and preferably from 0 to 

2; i 

c’ is an integer from 0 to 1 and preferably 0; 
d’ is an integer from 0 to l and preferably 1; 
e’ is an integer from O to 1 and preferably 1; and 
f’ is an integer from O to 1 and equal to 1 when 0’ is 

As employed herein, the recitation “the same or dif 
ferent” means that the same type or different group 
may be employed. 
Exemplary R groups include alkyls such as methyl, 

ethyl, propyl, butyl, isobutyl, pentyl, hexyl, octyl, etc., 
alkenyls such as propenyl, isobutenyl, hexenyl, octen 
gyl, etc., hydroxyalkyls, such as 2-hydroxyethyl, 3 
hydroxypropyl, hydroxy-isopropyl, 4-hydroxybutyl, 8 
hydroxyoctyl, etc., ketoalkyls such as 2-ketopropyl, 6 
ketooctyl, etc., alkoxy and alkyleneoxy alkyls, such as 
ethoxyethyl, ethoxypropyl propoxyethyl, propoxypro 
pyl, diethyleneoxyethyl, triethyleneoxyethyl, tetrae 
thyleneoxyethyl, diethyleneoxyhexyl, diethyleneoxyoc 
tyl, etc., acetyls such as propionyl, etc. The preferred 
R groups are hydrogen, C1 to C6 alkyls and C1 to C6 hy 
droxyalkyls. 

Illustrative R, groups are ethylene, l,2-propylene, 
2,2-dimethyl propylene, trimethylene, tetramethylene, 
hexamethylene, etc. The preferred alkylene groups are 
ethylene and trimethylene. 
As already indicated, in many instances a single com 

pound will not be used as a reactant in the preparation 
of the compositions of this invention. That is, mixtures 
will be used in which one or two compounds will pre 
dominate with the average composition or molecular 
weight as indicated. For example, tetraethylcne pent 
amine prepared by the polymerization of aziridine or 
reaction of dichloroethylene and ammonia will have 
both lower and higher amino members, e.g., triethylene 
tetramine, substituted piperazines and pentaethylene 
hexamine, but the composition will be mainly tetraeth 
ylene pentamine and the empirical formula of the total 
composition will closely approximate that of tetraethyl 
ene pentamine. 
The high and low molecular weight hydrocarbyl 

amines are readily prepared by combining the high and 
low molecular weight hydrocarbyl halides with the de 
sired mono or polyamine in the proper mol propor 
tions. The two hydrocarbyl amine reactants may be re 
acted simultaneously with the amine co-reactant in the 
same reaction medium, or alternatively, each may be 
reacted with an amine in a separate reaction medium 
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and thereafter combined to form the mixture of this in 
vention. 
The reaction or reactions may be conducted with or 

without the presence of a reaction solvent. A reaction 
solvent is generally employed whenever necessary to 
reduce the viscosity of the reaction product. These sol 
vents should be stable and inert to the reactants and re 
action product. Preferred solvents include aliphatic or 
aromatic hydrocarbons. Aliphatic alcohols may be 
used alone or in combination with another inert sol 
vent. 

The reaction may be carried out at room temperature 
(20°C.), but elevated temperatures are preferred. Usu~ 
ally, the temperature will be in the range of from about 
100° to 225°C. Depending on the temperature of the 
reaction, the particular halogen used, the mol ratios 
and the particular amine, as well as the reactant con 
centrations, the time may vary from 1 to 24 hours, 
more usually from about 2 to 10 hours. Times greatly 
in excess of 10 hours do not particularly enhance the 
yield and may lead to undesirably degradation. It is 
therefore preferred to limit the reaction time to fewer 
than 10 hours. i 

The mol ratio of the hydrocarbyl halides to amine 
will generally be in the range from about 0.2 to 20 mols 
of amine per mol of hydrocarbyl halide, and more usu 
‘ally 0.5 to 10 mols of amine per mol of hydrocarbyl hal 
ide. The mol ratio will depend upon the amount of hal 
ogen present in the hydrocarbyl halide, the particular 
halogen and the desired ratio of hydrocarbon to amine. 
lf complete suppression of polysubstitution of the alkyl 
ene polyamines is desired, then large mol excesses of 
the amine will be used. 
Small amount of residual halogen in the ?nal compo 

sition are not deleterious. Generally, the residual halo 
gen as bound halogen will be in the range of 0 to 10 
weight percent of the composition. Small amounts of 
halogen may be present as the hydrohalide salt of the 
hydrocarbon substituted alkylene polyamines. 
After the reaction has been carried out for a suffi 

cient length of time, the reaction mixture may be sub 
jected to extraction with a hydrocarbon medium to free 
the product from any low molecular weight amine salts 
which have formed and any unreacted alkylene poly 
amines. The product may then be isolated by evapora 
tion of the solvent. Further separation from unreacted 
hydrocarbyl halides and amines or puri?cation may be 
carried out as desired. _ 

Depending on the particular application of the com 
position of this invention, the reaction may be carried 
out in the medium in which it will ultimately ?nd use. 
and be formed at concentrations which provide a con 
centrate of the detergent composition. Thus, the ?nal 
mixture may be in a form to be used directly for blend 
ing in fuels. 1 

A more detailed description of a process for prepar 
ing the hydrocarbyl amines is described in U.S. Pat. No. 
3,671,51 1. This process may be employed in preparing 
the hydrocarbyl amine mixture of this invention. and 
the description is herein incorporated by reference. 
The preferred, but not all, high and low molecular 

weight hydrocarbyl amines which ?nds use in this in 
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vention can be broadly described by the following gen 
eral formula: 

wherein 
U is an alkylene having from 2 to 6 carbon atoms, 
there being at least 2 carbon atoms between the ni 
trogen atoms and preferably of from 2 to 3 carbon 

atoms; 
u is an integer from 0 to 5. and preferably of from 0 

to 4; 
b is an integer from 0 to 1, preferably 0 when a is 

greater than 0; 
a + 2b is equal to an integer between 0 and 5; 
c is an integer from l to 4, for the average composi 

tion being in the range of about 1 to 3, on the aver 
age there being fewer R’ groups than nitrogen 
atoms; 

R is the same or different constituent selected from 
hydrogen or a C1 to C10 hydrocarbyl or the mono 
keto, mono-nitro, monohydroxy, alkyleneoxy or 
alkoxy derivative thereof; and R’ is a branched 
chain aliphatic hydrocarbon radical derived from 
polymerizing ole?ns from 2 to 6 carbon atoms, 
preferably from 3 to 4 carbon atoms, and more 
preferable from propylene and isobutylene and 
having an average molecular weight in the range of 
1,900 to 5,000 for the high molecular weight com 
ponent and 300 to 600 for the low molecular 
weight component. 

Illustrative compounds within the above formula are 
as follows: N-polyisobutenyl ethylene diamine, N 
polypropenyl ethylene diamine. N-poly( 1-butenyl)'eth 
ylene diamine, N-(alternating copolymer of ethylene 
and isobutylene) ethylene diamine (alternating copoly 
mers of ethylene and isobutylene may be achieved by 
the cationic polymerization of 4-methylpentene-1 ), N 
polypropenyl Z-aminoethylpiperazine, N 
polyisobutenyl Z-aminoethylpiperazine, N 
polypropenyl dicthylene triamine, N-polyisobutenyl di 
ethylene triamine, N-poly(1-pentenyl) diethylene tri 
amine, N-polypropenyl trimethylenc diamine, N 
polyisobutenyl trimethylene diaminc. N-polypropenyl 
di( trimcthylene) triaminc, N-polyisobutenyl di 
(trimethylene )triamine, N-polyisobutenyl 1.2 
propylene diamine, N-polyisobutenyl di( 1,2 
propylene) triaminc. N-polypropenyl triethylene tetra 
mine, N-polyisobutenyl triethylene tetramine, N 
(alternating copolymer of ethylene and isobutylene) 
triethylene tetramine, N-polypropenyl tetraethylene 
pentamine, N-polyisobutenyl tetraethylene pentamine, 
N-polyisobutenyl pentaethylenc hexamine, N 
polybutenyl diethoanol amine, N-polyisobutenyl 
M’,N’-dimethylamine propylamine; N 
polybutyl,N,N’N”-trimethyl diethylene triamine, etc. 
The preferred polyhydrocarbon radical substituted 

alkylene polyamine compositions have the following 
formula: 

I 
N —in) 

1 
c 
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8 
The above symbols are de?ned as follows: 
a is an integer from 0 to 5, preferably an integer of 

from 0 to 4; 
b is an integer from O to 1, preferably 0 when a is 
greater than 0; 

a + 2b is equal to a number between 0 and 5; 
c is an integer in the range of 1 to 3, on the average 

there being fewer R groups than nitrogen atoms; 
f is an integer from 2 to 3; 
R is the same or different constituent selected from 
hydrogen on a C1 to Cu) hydrocarbyl or the 
monoketo, mononitro, monohydroxy, alkyleneoxy 
or alkoxy derivative thereof; and 

R” is a branched chain aliphatic hydrocarbon radical 
either free of or having aliphatic unsaturation, e.g., 
ole?nic, and from 1,900 to 5,000 average molecu 
lar weight for the high molecular weight compo 
nent and from 300 to about 600 average molecular 
weight for the low molecular weight component. 

The above formulae represent broad and simplified 
versions of the preferred hydrocarbyl amines which 
may be employed in the practice of the instant inven 
tion. It should be recognized that numerous high and 
low molecular weight hydrocarbyl amines not de?ned 
by the above formulae may be present in minor quanti 
ties. Thus, while the above formulae de?ne preferred 
hydrocarbyl amines present in major quantities, they 
should not be interpreted as excluding minor amounts 
of other components. 
The mixture of hydrocarbyl amines will generally be 

employed in a hydrocarbon distillate fuel. The proper 
concentration of additive necessary in order to achieve 
the desired detergency and dispersancy varies depend 
ing upon the type of fuel employed, the presence of 
other detergents, dispersants and other additives, etc. 
Generally. however, from 150 to 300 weight parts per 
million, preferably from 150 to 250 ppm and more 
preferably from 175 to 250 ppm of hydrocarbyl amine ' 
mixture per part of base fuel is needed to vachieve the 
best results. When other detergents are present, a lesser 
amount of hydrocarbyl amine mixture is required to a 
minimum of 50 parts per million. When other hydro 
carbyl amines are present within the fuel composition. 
these amines are included in calculating the critical 
ratio of high and low molecular weight amines. 
The detergent additive may be formulated as a con 

centrate, using an inert stable oleophilic organic sol 
vent boiling in the range of about 150° to 400°F. Prefer 
ably, an aliphatic or an aromatic hydrocarbon solvent 
is used, such as benzene, toluene, xylene or higher boil 
ing aromatics or aromatic thinners. Aliphatic alcohols 
of about 3 to 8 carbon atoms, such as isopropanol, 
isobutylcarbinol, n-butanol and the like, in combina~ 
tion with hydrocarbon solvents are also suitable for use 
with the detergent additive. ln theconcentrate, the 
amount of the additive will be ordinarily at least 10 per 
cent by weight and generally not exceed 7 0 percent by 
weight and preferably from 20 to 60 weight percent. 

In gasoline fuels, other fuel additives may also be in 
cluded such as antiknock agents, e.g., tetramethyl lead 
or tetraethyl lead, or other dispersants such as various 
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substituted succinimides, etc. Also included may be 
lead scavengers such as aryl halides. e.g., dichloroben 
zene or alkyl halides, e.g., ethylene dibromide. Addi 
tionally, anti~oxidants may be present. 
A particularly useful additive is a fuel soluble carrier 

oil. Exemplary carrier oils include nonvolatile lubricat— 
ing mineral oil, e.g., petroleum spray oil, particularly a 
re?ned naphthenic lubricating oil having a viscosity at 
378°C. ( 100°F.) of 1,000 to 2,000 SUS. Other carrier 
oils which may be employed include paraf?n bright 
stocks, or solvent re?ned paraf?n distillate oils, having 
a viscosity index of 80 to 100, polyole?ns such as 
polyisobutene, polypropylene, etc., polyalkoxy polyols 
and polyamines such as the Pluronics and Tetronics 
marketed by Wyandotte Chemical Corporation. When 
used, these oils are believed to act as a carrier for the 
detergent and assist in removing and retarding deposits. 
They are employed in amounts from about 0.05 to 0.5 
percent by volume, based on the ?nal gasoline compo 
sition. ‘ 

The mixture of high and low molecular weight hydro 
carbyl amines may also be used as dispersants and de 
tergents in lubricating oils. Lubricating oils which may 
be employed include a wide variety of natural and syn 
thetic oils such as naphthenic base, paraffin base and 
mixed base lubricating oils. The oils generally have a 
viscosity of 35 to 50,000 SUS at 378°C. (100°F.). 
The following examples are presented to illustrate 

speci?c embodiments of the practice of this invention 
and should not be interpreted as limitations upon the 
scope of the invention. 

EXAMPLE 1 

A low molecular weight hydrocarbyl halide is pre 
pared by charging 1,526 grams of polyisobutylene hav 
ing a number average molecular weight of about 530 
dissolved in ‘205 ml of benzene. The mixture is stirred 
and chlorine is introduced at a rate of about 330 ml per 
minute. The temperature of the reaction meduim is 
maintained at 72°C. After the reaction mixture has 
taken up 137 grams of chlorine, the introduction of 
chlorine is terminated, the benzene solvent removed by 
vacuum distillation and the chlorinated polyisobutyl 
ene isolated and analyzed. Analysis reveals approxi 
mately 8.19 weight percent chlorine. 

EXAMPLE 2 

A high molecular weight hydrocarbyl halide is pre 
pared by charging 5,000 grams of polyisobutylene hav 
ing a molecular weight of about 2,700 dissolved in 
2,300 grams of benzene. The mixture is stirred and 
chlorine is introduced at a rate of about 525 ml per 
minute. The temperature of the reaction medium is 
maintained at about 70°C. After about 300 minutes the 
reaction is terminated, the benzene solvent removed by 
vacuum distillation and the chlorinated polyisobutyl 
ene isolated and analyzed. Analysis reveals approxi 
mately 2.55 weight percent chlorine. 

EXAMPLE 3 

A high molecular weight hydrocarbyl amine is pre 
pared by charging into a reaction vessel 2,000 grams of 
a 69 wt % solution of the chlorinated polyisobutylene 
in benzene prepared by the method of Example 2 and 
345 grams of ethylene diamine. The mixture is then 
heated to re?ux at a temperature of 80°C. and benzene 
allowed to distill overhead. Thereafter, the mixture is 
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10 
heated to 150°C. for 2 hours. The crude product weight 
1,670 grams. The product is then washed by adding 
1,670 grams of xylene and 417 grams of n-butanol, 
heated to re?ux and 845 grams of a 3 wt % aqueous so 
dium hydroxide solution added. The mixture is heated 
and stirred for 5 minutes at re?ux and thereafter al— 
lowed to phase separate. The organic phase is recov 
ered and washed two times with 845 grams of an aque 
ous 3 wt % n-butanol solution. All of the solvents are 
removed by vacuum distillation and the product ana 
lyzed. An elemental analysis of the product reveals 
0.79 wt % nitrogen and a conversion to active product 
of 76 wt. %. 

EXAMPLE 4 

A low molecular weight hydrocarbyl amine is pre 
pared by charging into a reaction vessel 1,000 grams of 
an 88 wt % solution of the chlorinated polyisobutylene 
in benzene prepared by the method of Example 1 and 
540 grams of ethylene diamine. The mixture is then 
heated to a temperature of 150°C. allowing benzene 
and excess ethylene diamine to distill overhead. The 
temperature is maintained at 150°C. for 2 hours. The 
resulting crude product is washed by the procedure set 
forth in the above Example 3. The volatile materials are 
stripped from the mixture by vacuum distillation. An 
elemental analysis of the product reveals 3.92 wt. % ni 
trogen and a conversion of 87.5%. 

EXAMPLE 5 

The effectiveness of the high and low mol weight hy 
drocarbyl amine mixture in reducing harmful engine 
valve deposits is illustrated by this ASTM/CFR single 
cylinder engine test. ln carrying out the tests, a Wauke 
sha CFR single-cylinder engine is used. The run is car 
ried out for 10 hours, at the end of which time the in 
take valve, is removed, washed with hexane and 
weighed. The deposits are removed with a wire brush 
and the valve reweighed. The differences between the 
two weights is the weight of the deposit with a lesser 
amount of deposit measured connoting a superior addi 
tive. The operating conditions of the test are as follows: 
water jacket temperature 100°C. (212°F.); manifold 
vacuum of 15 in Hg, intake mixture temperature of 
52°C. (125°F.): air-fuel ratio of 14; ignition spark tim 
ing of 15° BTC; engine speed is 1,800 rpm; the crank 
case oil is a commercial CHEVRON 30W oil. The 
amount of carbonaceous deposit in milligrams on the 
intake valves is measured and reported in the following 
Table I. 
The base fuel tested in the above extended deter 

gency test is a regular octane gasoline containing no 
fuel detergent. The base fuel is admixed with varying 
amounts of detergent additives. Additive A is a polybu 
tene amine prepared by reacting (l) a'polyisobutene 
chloride having a number average molecular weight in 
the polyisobutene portion of about 1,400 and a chlo 
rine content of about 4wt. % with (2) ethylene diamine. 
Additive B is a mixture of low and high molecular 
weight polyisobutene amines prepared by the method 
of examples 3 and 4, respectively. Additive C is the 
same as Additive B above except that a different ratio 
of low to high molecular weight polyisobutene amines 
is employed. Each of the above fuels containing a de 
tergent additive contains about 4 parts of a carrier oil 
(a napthenic hydrofmed pale oil with a viscosity at 
378°C. (100°F.) of 1,800 SUS). 
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The results of the engine valve deposit tests with the 
above additives are presented in the following Table I. 

TABLE 1 

INTAKE VALVE DEPOSIT TESTS 
Cone. Valve Deposit 

Test Additive Ratio‘ " (ppm) (mg) 

1 none — — 90 

2 A —- 100 340 
3 A — 150 190 
4 A -— 200 20 
5 A — 250 22 

6 B 1.721 100 325 
7 B 1.7:1 15(1 85 
8 B 1.721 200 20 
9 B 1.7:] 250 15 
10 C 2.511 100 320 
1 1 C 2.5:1 150 30 
12 C 2.521 200 8 
13 C 2.5: l 250 =6 

"'Wcight ratio of low molecular weight to high molecular weight polybutene amine 
present in the additive. 

The above table illustrates a large improvement in 
reduced valve deposits of additives B and C over Addi 
tive A, particularly at a concentration of 150 ppm. At 
the 150 ppm concentration, Additive C illustrates a 
greater than six-fold reduction in valve deposits over 
Additive A. Additive B illustrates a greater than two 
fold reduction over Additive A. 

EXAMPLE 6 

This example is presented to hypothetically illustrate 
several detergent-dispersant mixtures of this invention. 
The compositions are believed to exhibit the same ex 
cellent detergency and good dispersancy properties at 
low concentrations. The fuel composition is composed 
of varying amounts of the detergent-dispersant mixture 
in a hydrocarbon distillate fuel boiling between about 
30°C. (85°F.) and 216°C. (420°F.). Representative 
compositions are illustrated by the following Table 11. 

TABLE I1 

REPRESENTATIVE COMPOSITIONS 
Polybutene Amine Additive 

High Molecular Weight Low Molecular Weight 

20 

12 
ple. A 2-liter glass pot is charged with 200 grams of the 
polybutene chloride solution ( 12% benzene) prepared 
by the method of Example 1 and 200 grams of monoe 
thanol amine. The contents are stirred and heated to a 
temperature of 150°C and maintained at that tempera 
ture for 3 hours. The crude product is washed in the 
same manner as described in Example 3 and the sol 
vents removed by vacuum distillation. An elemental 
analysis of the product reveals 1.99 wt. % nitrogen with 
a conversion to active product of 84.7 percent. 

EXAMPLE 8 

The preparation of a high mol weight hydrocarbyl 
monoethanol amine is illustrated in this example. A 2 
liter glass pot is charged with 880 grams of the polybu 
tene chloride solution (31% benzene) prepared by the 
method of Example 2 and 45 grams of monoethanol 
amine. The contents are stirred and heated to 150°C 
and maintained at the temperature for 5 hours. The 
crude product is washed in the same manner as de 
scribed in Example 3 and the solvent removed by vac 
uum distillation. An elemental analysis of the product 

. reveals 0.49 Wt. % nitrogen. 

25 
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EXAMPLE 9 

A fuel blend is prepared by admixing into a deter 
gent-free leaded regular gasoline, 130 ppm (parts per 
million) of the low molecular weight hydrocarbyl 
monoethanol amine prepared by the method of Exam 
ple 7, 56 ppm of the high molecular weight hydrocar 
byl-monoethanol amine prepared by the method of Ex 
ample 8 and 1,000 ppm of a hydrocarbon carrier oil (a 
naphthenic lube oil having a viscosity of about 1,800 
SUS at 37.8°C ( 100°F)). The fuel blend is tested in the 
Intake Valve Deposit Test as described in Example 5 to 
reveal a valve deposit of 38 mg. 

EXAMPLE 10 

The preparation of a low molecular weight dime 
thylaminopropylamine is illustrated in this example. A 

Other Additives 
Composition Type MW‘ 1’ Type MW‘ “ Type 

1 PBEDA‘” 2700 PBEDA 5 30 — 
2 PBEDA 2700 PBEDA 530 TEL‘i" 
3 PBEDA 2700 PBEDA 530 TEL 
4 PBEDA 2500 PBEDA 530 
5 PBEDA 2500 PBEDA 440 
6 PBEDA 4300 PBEDA 5 30 
7 PBEDA 4300 PBEDA 440 
8 PBEDA 4300 PBEDA 330 
9 PBDETA“" 2700 PBDETA 5 30 
1O PBTETA‘a’ 2700 PBTETA 5 3O 
1 1 PBTEPA“" 2700 PBTEPA 530 
12 PBTEPA 2700 PBEDA 530 
13 PBDEA‘” 2700 PBDEA 530 

l"Number average molecular weight of the hydrocarbon portion of the molecule. 
"-”PBEDA is polybutene (PB) ethylene diamine prepared by reacting polyhutene halide with ethylene diamine. 

“"Tctraethyl lead. 
‘*‘PBDETA is polybutenc diethylene triamine. 
""‘PBTETA is polybutene triethylene tetraaminc. 
"" PBTEPA is polyhutene tctraethylene pcntaaminc. 
"'PBDEA is polyhutene diethanol amine. 

EXAMPLE 7 

The preparation of allow molecular weight hydro 
carbyl monoethanol amine is illustrated in this exam 

65 
l-liter glass reaction vessel is charged with 200 grams 
of the polybutene chloride solution (12% benzene) 
prepared by the method of Example 1 and 123 grams 
of climethylamino-propylamine [(CH3) 2N—(CH2_ 
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)3_NH2]. The contents are heated to re?ux and the 
solvents removed until the temperature attains 150°C. 
The contents are maintained at a temperature between 
l50°—l70°C for 4 hours and thereafter allowed to cool 
and admixed with an equal volume of hexane. The con 
tents are washed 3 times with 3 parts of water, 1 part 
ethanol and 0.1 part of butanol per part by volume of 
crude product. The solvents are stripped by vacuum 
distillation and a sample of the product analyzed. The 
base number is measured at 158 mg KOH/gram and the 
nitrogen content measured at 3.97 wt. %. 

EXAMPLE 1 1 

The preparation of a high molecular weight dime‘ 
thylamino-propylamine is illustrated in this example. A 
l-liter glass reaction vessel is charged with 700 grams 
of the polybutene chloride solution (31% benzene) 
prepared by the method of Example 2 and 61 grams of 
dimethylamino-propylamine. The contents are heated 
to re?ux and the benzene solvent removed until the 
temperature of the reaction medium attains 150°C. The 
contents are maintained at this temperature for 4 
hours, thereafter cooled and admixed with an equal 
volume of hexane. The crude product is washed in the 
same manner as described in Example 10 and the sol 
vents removed by vacuum distillation. The ?nal prod 
uct contained 0.79 wt. % nitrogen upon analysis and 
had a base number of 30 mg KOl-l/gram. 

EXAMPLE 12 

A fuel blend is prepared by admixing into a deter 
gent-free regular gasoline, 214 ppm of a low molecular 
weight hydrocarbyl amine prepared by the method of 
Example 10 and 93 ppm ofa high molecular weight hy 
drocarbyl amine prepared by the method of Example 
1 1 along with 1,000 ppm pf a carrier oil of the type em 
ployed in Example 9. 

EXAMPLE 13 

The preparation of a low molecular weight hydro 
carbyl hydroxyethyl ethylene diamine is illustrated in 
this example. The reaction procedure and washing 
steps are the same herein as are recited for Example 10. 
The following amounts are employed — 200 grams of 
polybutene chloride solution as prepared in Example 1, 
124 grams of hydroxyethyl ethylene diamine 
[NH2—Cl-l2——2NH——CH2—2Ol-l] The resulting ?nal 
product has a base number of 1 1 1 mg KOH/gram and 
a nitrogen content of 3.29 wt. %. 

EXAMPLE 14 

The preparation of a high molecular weight hydro 
carbyl hydroxyethyl ethylene diamine is illustrated in 
this example. The reaction procedure and washing 
steps are the same herein as are recited for Example 10. 
The following amounts are employed -— 703 grams of 
polybutene chloride solution as prepared in Example 2, 
62 grams of hydroxyethyl ethylene diamine. The result 
ing ?nal product has a base number of 19 mg KOHl 
gram and a nitrogen content of 0.72 wt. %. 

EXAMPLE 15 

A hypothetical fuel blend is prepared by blending in 
a leaded premium gasoline 150 ppm of active low mo 
lecular weight hydrocarbyl amine prepared by the 
method of Example 13 and 50 ppm of active high mo 
lecular weight amine prepared by the method of Exam 
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14 
ple l5 and 800 ppm of a polybutene carrier oil having 
a viscosity of about 200 SUS at 100°F. 

EXAMPLE 16 

The preparation of a low molecular weight hydro 
carbyl diethanol amine-monoethanol amine is illus 
trated in this example. A 2-liter glass pot is charged 
with 85 grams of a polybutene chloride solution (12% 
benzene) as prepared by Example 1 and 16.4 grams of 
diethanol amine. The contents are heated to 150°C and 
maintaind at that temperature for 10 minutes while the 
benzene solvent is removed overhead. Thereafter 37.4 
grams of monoethanol amine are charged to the pot 
and the temperature maintained at 150°C for 2 hours. 
The crude product is cooled and washed in accordance 
with the wash steps recited in Example 3. The product 
is analyzed and found to contain 1.78 wt. % nitrogen. 

EXAMPLE 1 7 

The hypothetical preparation of a high molecular 
weight hydrocarbyl diethanol amine-monoethanol 
amine is illustrated in this example. The reaction proce 
dure and washing steps are the, same as recited above 
for Example 16. The following amounts are employed: 
400 grams of polybutene chloride solution as prepared 
by Example 2, 20.8 grams of diethanol amine and 36 
grams of monoethanol amine. at the end of the washing 
steps, the solvents are removed by vacuum distillation. 

EXAMPLE 1 8 

A hypothetical fuel composition is prepared by 
blending in a leaded regular gasoline, 175 ppm of ac 
tive low molecular weight hydrocarbyl amine as pre 
pared by Example 16; 75 ppm of active high molecular 
weight hydrocarbyl amine as prepared by Example 17 
and 1,000 ppm of a carrier oil as de?ned in Example 

I claim: 
1. A fuel composition of a distillate fuel containing 

from 150 to 300 parts per million of a mixture of a high 
molecular weight hydrocarbyl amine and a low molecu 
lar weight hydrocarbyl amine wherein a weight ratio of 
low to high molecular weight amine present within said 
mixture is between about 0.5 and 5:1; said high molec 
ular weight hydrocarbyl amine being prepared by re 
acting a ?rst hydrocarbyl halide having a number aver 
age molecular weight in the hydrocarbyl portion of 
1,900 to 5,000 with a mono- or polyamine having from 
1 to 10 amine nitrogens and from 2 to 40 carbons with 
a carbon to nitrogen atomic ratio between about 1 and 
10:1; and said low molecular weight hydrocarbyl amine 
being prepared by reacting a second hydrocarbyl halide 
having a number average molecular weight in said sec 
ond hydrocarbyl portion of 300 to 600 with a mono- or 
polyamine having from 1 to 10 amine nitrogens and 
from 2 to 40 carbons with a carbon to nitrogen atomic 
ratio between about 1 and 10:1. 

2. The fuel composition de?ned in claim 1 wherein 
said high and low molecular weight hydrocarbyl amines 
are present in an amount from 1 to 3 weight parts of 
low molecular weight amine per weight part of high 
molecular weight amine. 

3. The fuel composition de?ned in claim 1 wherein 
from 0.05 to 0.5 volume percent of a fuel-soluble inert 
carrier oil is incorporated into said distillate fuel. 

4. The fuel composition de?ned in claim 3 wherein I 
said carrier oil is selected from a naphthenic lubricating 
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oil having a viscosity at 100°F of 1,000 to 2,000 SUS, 
a paraf?nic bright stock having a viscosity index be 
tween 80 and 100, polyole?ns and polyalkoxy polyols. 

5. A fuel composition comprising a distillate fuel con 
taining from 150 to 300 parts per million of a mixture 
of high and low molecular weight hydrocarbyl amines 
wherein said hydrocarbyl amines are prepared by re 
acting a high molecular weight hydrocarbyl halide hav 
ing a number average molecular weight in the hydro 
carbyl portion of 2,500 to 4,400 and a low molecular 
weight hydrocarbyl halide having a number average 
molecular weight in the hydrocarbyl portion of 300 to 
550 with the same or a different amine having the fol 
lowing general structural formula: 

R 

wherein 
R is the same or different constituent selected from 
hydrogen, hydrocarbyl or hydrocarboyl having 
from l to 10 carbons and at least one of said R 
groups in said amine is hydrogen; 

R1 is the same or different alkylene or hydroxy substi 
tuted alkylene having from 2 to 6 carbons; 

a’ is an integer from 0 to l; 
b’ is an integer from 0 to 4; 
c’ is an integer from 0 to 1; 
d’ is an integer from 0 to 1; 
e’ is an integer from 0 to 1; 
f’ is an integer from 0 to 1_ and equal to 1 when 
4" is 0 

said low molecular weight hydrocarbyl amine is present 
in an amount from 0.5 to 5 parts by weight per weight 
part of said molecular weight hydrocarbyl amine. 

6. The composition defined in claim 5 wherein said 
b’vis zero and said high molecular hydrocarbyl halide 
has a number average molecular weight in the hydro 
carbyl portion of 2,600 to 3,800. 

7. The composition de?ned in claim 5 wherein said 
amine is ethylene diamine. 

8. The composition de?ned in claim 5 wherein said 
high molecular weight hydrocarbyl halide is a hydro 
carbyl chloride having a number average molecular 
weight in the hydrocarbyl portion of about 2,700 and 
wherein said low molecular weight hydrocarbyl halide 
is a hydrocarbyl chloride having a number average mo 
lecular weight in the hydrocarbyl portion of about 530. 

9. The composition de?ned in claim 8 wherein said 
high and low molecular weight amines are present in an 
amount from 1 to 3 weight parts of low molecular 
weight amine per weight part of high molecular weight 
amine. . 

10. The fuel composition de?ned in claim 5 wherein 
from 0.05 to 0.5 volume percent of a fuel-soluble inert 
carrier oil is incorporated into said distillate fuel. 

11. The fuel composition de?ned in claim 10 wherein 
said carrier oil is selected from a naphthenic lubricating 
oil having a viscosity of 100°F of 1,000 to 2,000SUS, 
polyole?ns, polyalkoxy polyols and a paraffinic bright 
stock having a viscosity index between 80 and 100. 
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12. A gasoline composition comprising a major por 

tion of a petroleum distillate fuel boiling in the gasoline 
range and in an amount sufficient to provide deter 
gency and dispersancy of 150 to 300 ppm of a mixture 
of high and low molecular weight hydrocarbyl amines 
prepared by reacting a high molecular weight hydro 
carbyl halide having a number average molecular 
weight in the hydrocarbyl portion of 1,900 to 5,000 and 
a low molecular weight hydrocarbyl halide having a 
number average molecular weight in the hydrocarbyl 
portion of 300 to 600 with the same or a different 
amine having the following general structural formula: 

wherein _ 

R is the same or different constituent selected from 
hydrogen, hydrocarbyl or hydrocarboyl having 
from 1 to 10 carbons and at least one of said R 
groups in said amine is hydrogen; 

R1 is the same or different alkylene or hydroxy substi 
tuted alkylene having from 2 to 6 carbons; 

a’ is an integer from 0 to 1; 
b’ is an integer from 0 to 4; 
" is an integer from 0 to l; 
d’ is an integer from 0 to 1; 
e’ is an integer from 0 to 1; 
j’ is an integer from 0 to l and equal to 1 when 0’ is 

0 
said low molecular weight hydrocarbyl amine is present 
in an amount from 0.5 to 5 parts by weight per weight 
part of said high molecular weight hydrocarbyl amine. 

13. The gasoline composition as de?ned in claim 12 
wherein said high and low molecular weight amines are 
present in an amount from 1 to 3 weight parts of low 
molecular weight amine per weight part of high molec 
ular weight amine. 

14. The gasoline composition as de?ned in claim 12 
wherein said high molecular weight hydrocarbyl halide 
is a hydrocarbyl chloride having a number average mo 
lecular weight in the hydrocarbyl portion of about 
2,700 and wherein said low molecular weight hydro 
carbyl halide is a hydrocarbyl chloride having a number 
average molecular weight in the hydrocarbyl portion of 
about 530. 

15. A gasoline composition de?ned in claim 12 
wherein from 0.05 to 0.5 volume percent ofa gasoline 
soluble inert carrier oil is incorporated into said com 
position. 

A 

16. A fuel composition comprising a distillate fuel 
containing from 150 to 300 parts per millionof a mix 
ture of high and low molecular weight hydrocarbyl 
amines having the general formula: 

ll 
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wherein 
U is an alkylene having from 2 to 6 carbons; 
a is an integer from 0 to 5; 
b is an integer from 0 to l; 
a+2b is equal to an integer between 0 and 5; 
c is an integer from 1 to 4; 
R is the same or different constituent selected from 
hydrogen or a C1 to C“, hydrocarbyl; 

R’ is a branched chain aliphatic hydrocarbon radical 
having an average molecular weight in the range of 
2,500 to 4,400 for the high molecular weight hy 
drocarbyl amine and 300 to 500 for the low molec 
ular weight hydrocarbyl amine; the vratio of low to 
high molecular weight hydrocarbyl amines in the 
mixture being within the range of 0.5 to 5:1. 

17. The gasoline composition de?ned in claim 16 
wherein said high molecular weight amine is polyiso 
butenyl having an average molecular weight in the 
polyisobutenyl portion of 2,500 to 4,400 ethylene di 
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amine and said low molecular weight amine is polyiso-; 
butenyl ethylene diamine having an average molecularf 
weight in the polyisobutenyl portion of 300 to 550. i 

18. A gasoline composition defined in claim 16 
wherein from 0.05 to 0.5 volume percent of a gasoline 
soluble inert carrier oil is incorporated into said com 
position. 

19. A gasoline composition containing a mixture of 
high and low molecular weight hydrocarbyl mono- or 
polyamines; said high molecular weight hydrocarbyl 
amine containing at least one hydrocarbyl group having 
a molecular weight from 1,900 to 5,000 and said low 
molecular weight hydrocarbyl amine containing at least 
one hydrocarbyl group having a molecular weight from 
300 to 600; ‘the weight ratio of said low molecular 
weight hydrocarbyl amine to said high molecular 
weight hydrocarbyl amine is between about 0.5 and 
5:1. 

***** 


