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[57] ABSTRACT

Carboxylic acid salts of polyamides having at least one
amino group and hydrocarbon fuel compositions con-
taining same. The salts are formed by neutralizing with
a carboxylic acid at least 10% of the amino groups of
a polyamide containing from about 2 to about 6 amide
groups and at least one amino group. Hydrocarbon
fuel compositions containing these salts exhibit desir-
able properties such as enhanced carburetor deter-
gency and carburetor anti-icing characteristics, im-
proved water tolerance, improved anti-corrosion prop-
erties, and cleaner engine operation.

7 Claims, No Drawings
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HYDROCARBON FUEL COMPOSITIONS

This is a division of application Ser. No. 77,041, filed
Sept. 30, 1970, now U.S. Pat. No. 3,765,850.

BACKGROUND OF THE INVENTION

Normally liquid hydrogen fuels often require addi-
tives to improve their performance characteristics.
Thus, in fuels such as gasoline, diesel fuel and jet fuel,
various additives are employed to inhibit corrosion and
to assist in maintaining cleanliness in the carburetor
and fuel intake system and to prevent carburetor icing.
The additives vary in effectiveness, and it is often nec-
essary to use a number of additives in a single composi-
tion.

Many additives for hydrocarbon fuels are only mar-
ginally soluble in hydrocarbons. Furthermore, they are
often employed in concentrations that approach their
limits of solubility. As a result, hydrocarbon composi-
tions containing such additives often exhibit poor sta-
bility and, as a result, the additive may precipitate on
standing.

In addition, many additives for hydrocarbon fuels
have poor water tolerance. When fuel compositions
containing such additives come in contact with water
as, for example, in storage tanks, water enters the hy-
drocarbon phase. This is particularly deleterious in jet
fuels. The temperatures at high altitudes where jet air-
craft operate are well below freezing. Hence, water in
the fuel crystallizes and plugs fuel filters, thereby cut-
ting off the flow of fuel to the engines. To combat this,
fuel tank heaters and additives to prevent ice formation
are employed.

SUMMARY OF THE INVENTION

It is an object of this invention to provide additives
which, when incorporated in normally liquid hydrocar-
bon fuels, impart desirable properties thereto.

It is another object of this invention to provide addi-
tives which are readily soluble in normally liquid hydro-
carbon fuels to produce stable compositions.

It is yet another object of this invention to provide
normally liquid hydrocarbon fuel compositions having
enhanced carburetor and fuel intake system detergency
properties as well as superior carburetor anti-icing
characteristics.

Another object of this invention is to provide nor-
mally liquid hydrocarbon fuel compositions having im-
proved anti-corrosion properties.

It is still another object of this invention to provide
normally liquid hydrocarbon fuel compositions having
improved water tolerance properties.

Still other objects will appear hereinafter.

The foregoing objects are attained in accordance
with this invention. In general, this invention comprises
a carboxylic acid salt of a compound having the general
formula

R" o) Rn

RIII_N_ C__

wherein m is at least 1 and the sum of n plus m is from
2 to about 6, R is a multivalent hydrocarbon group of

- C-N - R L.'
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about 2 to about 52 carbons, R’ is a hydrocarbylene
group of about 2 to about 12 carbons, R"’ is selected
from the group consisting of hydrogen and hydrocarbyl
groups of about 1 to about 30 carbons, R'"’ is a hyro-
carbyl group of about 2 to about 12 carbons, and at
least 10% of the amino groups are converted to the car-
boxylic acid salt; and

normally liquid hydrocarbon fuel compositions com-
prising a major proportion of a normally liquid hydro-
carbon fuel and a minor proportion of the above addi-
tive.

Normally liquid hydrocarbon fuel compositions con-
taining the additive compounds of this invention ex-
hibit such desirable properties as improved anti-
corrosion properties and enhanced carburetor and fuel
intake system detergency properties as well as superior
carburetor anti-icing characteristics. In addition, hy-
drocarbon fuel compositions containing our additives
have good water tolerance which favors dry fuel. Fur-
thermore, the good solubility of the additives of this in-
vention in liquid hydrocarbon fuels insures stability
with little tendency toward precipitation. Another ad-
vantage of our additives is their ability to impart desir-
able properties to liquid hydrocarbon fuels when used
at low concentrations which makes them economically
attractive. Other advantages of this invention will be
apparent from the following description.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The normally liquid hydrocarbon compositions of
this invention are prepared by incorporating into a
major proportion of a normally liquid hydrocarbon fuel
a minor proportion of an additive which is basically a
carboxylic acid salt of a polyamide having at least one
amino group. Examples of normally liquid hydrocarbon
fuels that have desirable properties imparted thereto by
the additives of this invention are gasoline, jet fuel and
diesel fuel.

The novel additives of this invention are prepared by
reacting a carboxylic acid with a polyamide containing
from 2 to about 6 amide groups and at least one amino
group whereby at least about 10% of the amino groups
are converted to the carboxylic acid salt. The polyam-
ides are prepared by condensing a polycarboxylic acid
having from 2 to about 6 carboxyl groups with an
amine or amines to convert each carboxyl group to the
corresponding N-substituted amide group. It is critical
that at least one N-substituted amide group in every
molecule contain an amino group on the substituent.
Thus at least one carboxyl group of the polycarboxylic
acid must be condensed with a polyamide, preferably
a diamine, while the remainder of the carboxyl groups
may be condensed with either a monoamine or a poly-
amine. However, it is preferred that each carboxyl

NR2

group be condensed with a diamine. The preferred
acids are dicarboxylic acids. Hence the preferred poly-
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amides are diamino-diamides having the general for-
mula )

Rr" fo) RrR" ‘

1 " " T

' ~_p' - - _ - - _ [ [0
R 2N R N Cc R C N R NR 2

0]

wherein R is a hydrocarbylene group of about 2 to
about 52 carbons and preferably about 4 to about 34
carbons, R’ is a hydrocarbylene group of about 2 to
about 12 carbons and preferably about 2 to about 6
carbons, and R’ is selected from the group consisting
of hydrogen and hydrocarbyl groups of about 1 to
about 30 carbons and preferably about 3 to about 24
carbons.

The carboxylic acid which is reacted with the poly-
amide containing one or more amino groups to form
the salt may contain from 1 to about 3 carboxyl groups
and from about 1 to about 36 carbons and may be ali-
phatic, aromatic, or naphthenic or it may contain vari-
ous mixtures of aliphatic, aromatic and naphthenic seg-
ments. Aliphatic and naphthenic segments may be ei-
ther saturated or unsaturated. The carboxylic acid may
also contain one or more hydroxyl or hydrocarbyloxy
groups. The hydroxyl and hydrocarbyloxy groups may
be on an aliphatic, naphthenic or aromatic segment of
the carboxylic acid. The ratio of carboxylic acid to the
polyamide containing one or more amino groups is
such that at least about 10% of the amino groups are
converted to the carboxylic acid salt. While about 10%
to about 100% of the amino groups may be converted
to the carboxylic acid salt, it is preferred that about
50% to about 90% of the amino groups be converted
to the salt since the presence of some free amino
groups is usually desirable.

As stated above, the polyamide containing from 2 to
about 6 amide groups and at least one amino group has
the general formula

.

TV N - C -

wherein R is a multivalent hydrocarbon group of about
2 to about 52, and preferably about 4 to about 34, car-
bons, and m is at least one and the sum of n plus m is
from 2 to about 6. The polycarboxylic acid from which
the polyamide is made therefore has the general for-
mula

~ COOH

m+n

wherein R is a multivalent hydrocarbon group of about
2 to about 52 carbons and preferably about 4 to about
34 carbons. R may be aliphatic, aromatic or naph-
thenic, or it may contain various mixtures of aliphatic,
_aromatic and naphthenic segments. Aliphatic and
naphthenic segments may be either saturated or unsat-
urated. While the sum of m plus n may be from 2 to
about 6, it is preferred that the sum of m plus n be 2,
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i.e., a dicarboxylic acid. Examples of suitable polycar-
boxylic acids are succinic acid, glutaric acid, adipic
acid, terephthalic acid, 1,4-cyclohexanedicarboxylic
acid, pyromellitic acid, 1,18-dicarboxyoctadecane, and
trimer acid which is the trimer of a polyunsaturated Cyg
monocarboxylic acid, being a Cs,4 tricarboxylic acid of
uncertain structure. The preferred polycarboxylic acid
is a dimer acid produced by the dimerization of a poly-
unsaturated C,3 monocarboxylic fatty acid to produce
an unsaturated C,; dicarboxylic acid whose exact struc-
ture is not known with certainty. Such a dimer acid is
produced by Emery Industries, Inc. under the trade
name of Empol 1014,

The amine which is condensed with the polycarbox-
ylic acid to form the polyamide is selected from the
group consisting of monoamines and polyamines, pref-
erably diamines, having the general formulas

R" Rll
t 1

R''"'- N~ H H-N-R' - NR"

2

wherein R’ is a hydrocarbylene group of about 2 to
about 12 carbons and preferably about 2 to about 6
carbons, R'’ is selected from the group consisting of hy-
drogen and hydrocarbyl groups of about 1 to about 30
carbons and preferably about 3 to about 24 carbons,
and R'"’ is a hydrocarbyl group of about 2 to about 12
carbons and preferably about 2 to about 6 carbons. R’,
R’"’, and R"' when it is a hydrocarbyl group, may be ali-
phatic, aromatic or naphthenic or they may contain
various mixtures of aliphatic, naphthenic and aromatic
segments. Aliphatic and naphthenic segments may be
either saturated or unsaturated. Examples of suitable
monoamines are diethylamine, dodecylamine, cyclo-
hexylamine, methylbutylamine and propylamine. Ex-
amples of suitable diamines are ethylenediamine,
propylenediamine; 1,12-diaminododecane; hexameth-
ylenediamine; N-methyl-N’-propyl-1,3-
propylenediamine; N,N-dibutylethylenediamine; 1,4-
diaminohexane; N-oleyl-1,3-propylenediamine; and N-
cyclohexylethylenediamine. The preferred amine is N-
(10-phenylstearyl)-1,3-propylenediamine.

Examples of carboxylic acids which are useful for salt
formation are formic acid, acetic acid, benzoic acid,
hexahydrobenzoic acid, dimer acid, tartaric acid, citric
acid, gluconic acid, oleic acid, salicyclic acid, 10-
phenylstearic acid, p-methoxybenozic acid, lactic acid,
alpha-butoxyvaleric acid, and adipic acid. The pre-
ferred acid is 10-(hydroxyphenyl) stearic acid.

In order that the additive of our invention have the
necessary solubility in hydrocarbon fuels, it is neces-
sary that the polyamide containing from 2 to about 6
amide groups and at least one amino group contain
about 24 to about 100, and preferably about 30 to
about 90, carbons. Since the preferred acid for amide
formation is dimer acid, the preferred amine is N-(10-
phenylstearyl)-1,3-propylenediamine, and the pre-
ferred acid for salt formation is 10-(hydroxyphenyl)
stearic acid, the preferred additive of our invention is
the 10-(hydroxyphenyl)stearic acid salt of the diamide
obtained by condensing one mole of dimer acid with
moles of N-(10-phenylstearyl)-1,3-
propylenediamine. It will be understood that when the
dimer acid condenses with the diamine to form the
diamino-diamide, either amino group may condense
with a carboxyl group and the product is therefore
largely a mixture of the following isomers

and
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wherein R is the Cj, hydrocarbylene portion of the
dimer acid and R’ is a 10-phenylstearyl group. The
ratio of 10-(hydroxyphenyl)stearic acid to the diamino-
diamide to form our preferred additive is such as to
convert from about 10% to about 100%, and preferably
about 50% to about 90%, of the amino groups of the
diamino-diamide to ‘the 10-(hydroxyphenyl)stearic
acid salt.

While the concentrations of the additives of this in-
vention in hydrocarbon fuels may be varied over a
broad range, hydrocarbon fuel compositions contain-
ing from about | to about 100 pounds of additive per
thousand barrels (PTB) of the composition are gener-
ally used. However, hydrocarbon fuel compositions
containing from about 4 to about 50 PTB of additive
are preferred. ‘

The efficacy of our additives in hydrocarbon fuel
compositions is determined by subjecting the composi-
tions to one or more of the following tests. The: tests
and their procedures are as follows
Carburetor Detergency Test

Engine blow-by contaminants are generated in an en-
gine and collected in a flask. At the end of the collec-
tion period the water phase is separated from the fuel
phase, the latter being discarded. The water phase of
the contaminants is used for the carburetor detergency
evaluations.

The carburetor detergency test is run on a Coopera-
tive Lubricants Research (CLR) engine, a single cylin-
der research engine manufactured by Laboratory
Equipment Company. The contaminants are injected
into the throttle body of a CLR engine running with a
rich mixture and on which the throttle plate has been
removed and a 200 mesh stainless steel screen installed
near the entrance to the intake manifold. The amount
of deposits accumuiated on the screen after three hours
of engine operation indicates the detergency perform-
ance of the fuel. Experimental fuels, with reference and
base fuel runs, are tested with the same batch of con-
taminants.

At the conclusion of the three hour run, the 200
mesh screen is removed and evaluated for contaminant
accumulation. The reflectance of the screen, deter-
mined by means of a reflectance meter, is a measure of
the amount of deposits accumulated on the screen. The
higher the reflectance, the cleaner the screen, i.e., the
lower the accumulation of deposits.

The effectiveness of an additive is represented as the
ratio, expressed as a percentage, of the average screen
reflectance for the fuel containing the additive to the
average screen reflectance for a base fuel containing no
detergency additive. Thus an experimental additive
that equals the performance of the base fuel will have
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an effectiveness of 100%, an experimental additive that
performs at a lower level than the base fuel will have
-an effectiveness of less than 100%, and an experimental
additive that performs at a higher level than the base
fuel will have an effectiveness of greater than 100%.
Carburetor Anti-Icing Test

The test is run on a CLR single cylinder engine cou-
pled to a speed control dynamometer. The engine is fit-
ted with a special, thermally-isolated carburetor with
external float bowls; no idle fuel system is used. The
carburetor has an adjustable main jet and the throttle
boedy is constructed of glass or clear plastic so icing can
be confirmed by visual inspection. A temperature and
humidity control system supplies inlet air to the carbu-
retor at the desired conditions and also to a glass or
clear plastic box enclosing the carburetor.

The anti-icing additives are evaluated in a base fuel
comprising gasoline containing 3 ml./gallon of tetraeth-
yllead. A non-icing purge fuel consisting of the base
fuel containing 5.5% of isopropyl alcohol is used in the
test. The anti-icing properties of gasoline compositions
containing additives of this invention are compared to’
those of the base fuel containing no anti-icing additive.

Ice formation on the throttle plate of the carburetor
is measured by an increase of manifold vacuum caused
by a choking of the engine by the ice formation. The
time in seconds for manifold vacuum to increase 1.5
and 2.0 inches of mercury are recorded as time to ice
with the fuel which is being evaluated. An increase in
manifold vacuum of 1.5 inches of mercury is defined as
trace ice and an increase in manifold vacuum of 2.0
inches of mercury is defined as severe ice.

Engine operating conditions are set so as to cause a
reference fuel, i.e., a base fuel containing a reference
anti-icing additive, to ice sufficiently to cause a 2.0 inch
manifold vacuum increase in 40 to 50 seconds. When
these conditions are set, the base fuel containing no an-
ti-icing additive will ice to the same extent in 18 to 20
seconds. Once these operating conditions have been
achieved, the anti-icing characteristics of base fuel con-
taining the experimental additives can be evaluated.

In running the test on a fuel composition containing
an experimental additive, once ice severe enough to
raise the manifold vacuum 2.0 inches of mercury has
formed, the carburetor is switched to the purge fuel
which removes the ice. After 50 seconds to allow for
ice removal and engine stabilization, the carburetor is
switched back to the experimental fuel. The above pro-

"cedure is repeated until five runs on the experimental

65

fuel have been made, the time for manifold vacuum in-
creases of 1.5 and 2.0 inches of mercury being noted.
The times of the five runs are then averaged for each
manifold vacuum increase. Either a base fuel or a refer-
ence fuel is run after every two experimental additive
runs.
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Water Tolerance Test

Into an 8 oz. bottle are poured 100 mi. of the fuel
composition to be tested plus 20 ml. of distilled water.
The bottle is capped and hand-shaken with an up-down
motion for 2.5 minutes, approximately 180 to 200
times. The mixture is stored in the dark on a vibration-
free table for 24 hours and is then rated. The interface
is rated numerically according to accumulations of
skin, dirt, bubbles and emulsion and the numbers range
from O to 7. A rating of 0 denotes a clean break at the
interface with no accumulations of any kind. A rating
of 7 denotes that the water phase is occupied com-
pletely by emulsion. Various degrees of accumulations
at the interface are thus assigned numerical values
ranging from O for no accumulation to 7 for the poorest
rating. Finer variations in the ratings may be denoted
by + and —signs after the numerical rating. Thus a rat-
ing of 2— is slightly better than a rating of 2 while a rat-
ing of 5+ is slightly poorer than a rating of 5. In addi-
tion, both the fuel phase and the water phase are rated

for clarity as follows B
C — very clear, no haze
SH — slightly hazy
H — hazy
VH  — very hazy
E — emulsion

Passing ratings for a fuel composition are an interface
rating of O to 2 and fuel and water phase clarity ratings
of C.

Corrosion Test

The test is run using 300 ml. of a fuel composition
comprising 75 volume percent of ASTM grade isooc-
tane and 25 volume percent of reagent grade toluene
in contact with 20 ml. of an aqueous salt solution con-
taining 4 weight percent NaCl. The fuel-salt water mix-
ture is placed in a 400 ml. flask thermostatted at 80°F.
and an electrode assembly is inserted through the neck
of the flask and immersed in the fuel-water mixture.
The electrode assembly consists of a central platinum
conductor to which are attached, through an insulator,
two strips of 1010 carbon steel in an inverted V fash-
ion. Each steel strip is 2 in. long by % in. wide by 2 mils
thick. The free end of each steel strip is separately con-
nected by an insulated conductor to an external circuit
consisting of a millivoltmeter, a 1.5 volt DC power
source, and the common central electrode: This system
permits millivolt readings to be obtained in duplicate,
one for each strip, at any given time.

The percent corrosion is determined as follows. The
fuel-salt water mixture, thermostatted at 80°F., is
stirred and the millivolts at the start are determined for
each strip and the two results are averaged (C°.,.). At
time ¢ the average millivolts (C,,. ) are again deter-
mined. The cumulative value (C,,,.) at time t is de-
fined by

Ceum. = CorpCara. ’

The % corrosion is determined from the expression

% Corrosion = (1—C;n.)100.

The percent corrosion may be thus determined for the
unmodified base fuel and for fuel compositions con-
taining anti-corrosion additives.

Additional visual indications of corrosion are the for-
mation of a brown rust dispersion in the fuel-salt water
mixture and severe pitting of the steel strips.

The following specific examples will serve to better
illustrate our invention.
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8
EXAMPLE I

A solution of 1 mole of Empol 1014 dimer acid in tol-
uene is placed in a flask fitted with a stirrer, a dropping
funnel, a Dean-Stark trap and a reflux condenser. To
the stirred solution maintained at a temperature of
24°-31°C are added 2 moles of N-(10-phenylstearyl)-
1,3-propylenediamine over a 2 hour period. The stirred
mixture is heated under reflux until 36 ml. of water, the
theoretical amount for formation of the mixture of iso-
meric diamino-diamides, are collected in the Dean-
Stark trap. The toluene solution contains 34.3 weight
% of the isomeric diamino-diamides.

Various carboxylic acid salts of the above isomeric
diamino-diamides are prepared as follows. The desired
amount of the carboxylic acid is added to 200 g. of the
above toluene solution of diamino-diamides, each 200
g. of solution containing 68.6 g. of diamino-diamides
and 103 meq. of amino groups. The mixture is stirred
at room temperature followed by removal of toluene by
distillation under reduced pressure to yield the carbox-
ylic acid salt of the isomeric diamino-diamides. Table
I lists the salt-forming carboxylic acids, the number of
milliequivalents of each salt-forming acid available to
react with the 103 meq. of amino groups in the iso-
meric diamino-diamides, the percent of amino groups
of the diamino-diamides converted to the carboxylic
acid salt, and the letter designation assigned to each ad-
ditive product.

TABLE I

Meg. of Meg. of % Amino

Salt-Forming  Salt-Forming Isomeric  Groups

Carboxylic Carboxylic  Diamino- Changed Additive
Acid Acid Diamides to Salt Product.
10-(hydroxy- 98.8 103 96 o a
phenyl) :

- stearic acid
Empol 1014 103 103 100 b
dimer acid
Empol 1014 51.6 103 50 c
dimer acid
oleic acid 103 103 100 d
10-phenyl- 103 103 100 e
stearic acid
acetic acid 103 103 " 100 f

EXAMPLE I

A number of unleaded gasoline compositions con-
taining the additives of Example I are prepared and
subjected to the water tolerance test. As a reference, a
base unleaded gasoline containing no additive is also
subjected to the test. The concentrations of the addi-
tives and the results of the water tolerance tests on the
gasoline compositions are given in Table II.

TABLE II
Additive Water Tolerance Ratings
Concentration  Gasoline Water Inter-
Additive PTB Phase Phase - face
— — C C 0
a 13 C C 0
b 26 C C 1
b 13 C C 1—
c 26 C C 1
c 13 C C -
d 13 C C 1
e 13 C C 1
f 13 C C(pink color) -2

From the data in Table II it can be seen that unleaded
gasoline compositions containing the carboxylic acid
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salts of the isomeric diamino-diamides of Example I
pass the water tolerance test.

EXAMPLE Il

Gasoline compositions are prepared by dissolving ad-
ditives a and f of Example I in a base gasoline contain-
ing 3 ml. TEL/gal. and the compositions are subjected
to the carburetor detergency test. For comparison pur-
poses, a base leaded gasoline containing no additive
other than 3 ml. TEL/gal. and a leaded (3 ml. TEL/-
gal.) gasoline composition containing a commercially
available multi-functional additive, i.e., DMA~4 manu-
factured by DuPont Corporation, are also subjected to
the carburetor detergency test. The make-up of the

5

gasoline compositions and the results of the tests are 15
given in Table III. It will be noted that the reflectance
of 6.4 reflectance units for the 200 mesh screen from
the test on the base leaded gasoline is arbitrarily as-
signed an Effectiveness of 100%.
20
TABLE III
Additive %o
Additive  Concentration, PTB  Reflectance Effectiveness
— — 6.4 units 100.0 25
DMA-4 15 25.7 401.6
a 6 30.9 482.8
f 6 315 492.2

It is seen from Table III that the additives of this inven-

tion have excellent carburetor detergency properties.  3q

10

From Table IV it can be seen that the additives of this
invention, when incorporated in a base leaded gasoline,
markedly improve the carburetor anti-icing properties
thereof and compare favorably with a commercially
available additive.

EXAMPLE V

By the procedure of Example I, various polycarbox-
ylic acids may be condensed with various diamines so
that each carboxyl group of the acid condenses with 1
amino group of the diamine to form the N-substituted
polyamide wherein each of the substituent groups con-
tains the unreacted amino group. The reaction is repre-
sented as follows ’

~o0 R"

~-C-OH + (m+n) H—N—R'—NR"2 —>

"o g
' "o

(e N—=R "
C-N-R NR2

m+n

+ (m+n) HZO

wherein R, R’, R/, m, and n are as defined previously.
Each of the polyamino-polyamides can be reacted ac-

TABLE V
% Amino
Groups

Polycarboxylic Salt-Forming Converted  Additive
Acid Diamine Carboxylic Acid to Salt Product

N-oleyl-1,3-
succinic acid propylenediamine p-methoxybenzoic acid 30 g
adipic acid 1,12-diaminododecane formic acid 60 h

N:cyclohexyl-
terephthalic acid ethylenediamine adipic acid 80 i
trimer acid ethylenediamine benzoic acid 40 j
pyromellitic acid 1,4-diaminohexane lactic acid 10 k
1,18-dicarboxyoctadecane hexamethylenediamine citric acid 70 1

N,N-dibutyl-
glutaric acid ethylenediamine tartaric acid 85 m
1,4-cyclohexane- N-(10-phenylstearyl)-1,3- alpha-butoxyvaleric 90 N
dicarboxylic acid propylenediamine acid

- Empol 1014 dimer acid propylenediamine hexahydrobenzoic acid 75 0

EXAMPLE IV

Gasoline compositions are prepared by dissolving ad-
ditives a and f of Example I in a base gasoline contain-
ing 3 ml. TEL/gal. and the compositions are subjected
to the carburetor anti-icing test. For comparison, a
base leaded gasoline containing no additive other than
3 ml. TEL/gal. and a leaded (3 ml. TEL/gal.) gasoline
composition containing the commercial multi-
functional additive DMA-4 are also subjected to the
carburetor anti-icing test. The make-up of the gasoline
compositions and the results of the tests are given in
Table IV. !

" TABLE IV

Average Seconds to Ice

AR Manifold Manifold

. 'Additive: Vacuum - Vacuum

. Concentration, Increase, . Increase,

Additive - 'PTB 1.5 in. 2.0'n.
— — 16.49 19.57
DMA-4 15 22.23 42.73
a 6 21.23 37.14
f 6 19.78 33.94

50

55

cording to the procedure of Example I with a carbox-
ylic acid so that at least 10% of the amino groups in the
polyamino-polyamides are converted to the carboxylic
acid salt. Table V lists the various amide-forming poly-
carboxylic acids, the diamines, the salt-forming carbox-
ylic acids, the % of the amino groups of the polyamino-
polyamides converted to the carboxylic acid salts, and
the letter designation assigned to each additive prod-
uct.

60
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EXAMPLE VI

Diamides may be prepared by condensing 1 mole of
a dicarboxylic acid with 1 mole of a monoamine
whereby 1 carboxyl group is converted to the amide
and the other remains unchanged. This intermediate
product may then be reacted with 1 mole of a diamine
whereby the remaining carboxyl group is condensed
with 1 amino group of the diamine to yield a diamide
having an amino group. The reaction is represented as
follows
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O R" Rll
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0

HO~-C~-R-C-OH + R'''~-N-H—> R'''-N -C-R-C-OH + HZO

O R||

R" O

1 n

R'''-N -C~R-C-0OH + H-N —R'-—NR"Z——>R' 'T-N —C—R-—C—N—R'—NR"2

wherein R, R’, R' and R'"’ are as defined previously.
Each of the amino-diamides so formed can be reacted
according to the procedure of Example I with a carbox-
ylic acid so that at least 10% of the amino groups in the
amino-diamide are converted to the carboxylic acid
salt. Table VI lists the amide-forming dicarboxylic
acids, the monoamines, the diamines, the salt-forming
" carboxylic acids, the % of the amino groups of the
amino-diamides converted to the carboxylic acid salts,

15

12
0] 0
R“ o o RH
" " t
+ HZO
EXAMPLE IX

Diesel fuel compositions containing the additives of
this invention may be prepared. Suitable compositions
contain 10 PTB of additive a; 48 PTB of additive b; 18
PTB of additive ¢; 4 PTB of additive d; 2 PTB of addi-
tive e;.37 PTB of additive f; 15 PTB of additive k; 7
PTB of additive g; 12 PTB of additive i; 30 PTB of ad-
ditive 1; 17 PTB of additive n; 9 PTB of additive g; 40
PTB of additive s; or 13 PTB of additive p. These diesel

and the letter designation assigned to each additive ,, fuel compositions will have good anti-corrosion proper-

product. ties and acceptable water tolerance. In addition, the
TABLE VI
% Amino
Groups
Dicarboxylic - Salt-Forming Converted  Additive
Acid Monoamine Diamine Carboxylic Acid to Salt Product
Empol 1014
dimer acid diethylamine ethylenediamine formic acid 75 p
1,18-dicarboxy- methylbutyl- N-methyl-N’-propyl- 10-(hydroxyphenyl) 90 q
octadecane amine 1,3-propylenediamine stearic acid
terephthalic N-oleyl-1,3-
acid cyclohexylamine  propylenediamine gluconic acid 10 r
1,4-cyclohexane- N-(10-phenylstearyl)- p-methoxybenzoic
dicarboxylic acid propylamine I,3-Fropylenediamine acid 50 s
N-oleyl-1,3- Empol 1014
dodecylamine propylenediamine dimer acid 100 t

adipic acid

EXAMPLE VII

Leaded (3 ml. TEL/gal.) gasoline compositions con-
taining the additives of this invention can be prepared
by dissolving the additives in the base leaded gasoline.
Suitable compositions may, for example, contain 4 PTB
of additive d; 36 PTB of additive I; 1 PTB of additive
f; 15 PTB of additive g; 50 PTB of additive r; 43 PTB
of additive j; 8 PTB of additive m; 16 PTB of additive
p; 3 PTB of additive &; 11 PTB of additive s; or 20 PTB
of additive i. The gasoline compositions containing
these additives will have acceptable water tolerance
and excellent anti-corrosion properties. In addition,
these compositions will be found to have better carbu-
retor detergency and carburetor anti-icing properties
than does the base leaded gasoline.

EXAMPLE VIII

Suitable unleaded gasoline compositions may be pre-
pared by dissolving the additives of our invention in a
base unleaded gasoline. The compositions may contain,
for instance, 14 PTB of additive a; 5 PTB of additive
g; 30 PTB of additive h; 1 PTB of additive ¢; 9 PTB of
additive e; 47 PTB of additive n; 15 PTB of additive c;
7 PTB of additive o; 36 PTB of additive s; 11 PTB of
additive 1; or 40 PTB of additive k. The compositions
containing the additives will be found to have superior
carburetor anti-icing and carburetor detergency prop-
erties relative to the base gasoline and, in addition, pass
the water tolerance test. The gasoline compositions will
also have superior anti-corrosion properties.
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fuel intake systems of diesel engines run on the above
fuel compositions will be found to be cleaner than the
fuel intake systems of engines run on the base fuel con-
taining no additive.

EXAMPLE X

Jet fuel compositions may be prepared by dissolving
the additives of our invention in a base jet fuel. The
compositions may, for instance, contain 20 PTB of ad-
ditive a; 3 PTB of additive d; 7 PTB of additive f; 49
PTB of additive g; 17 PTB of additive #; 38 PTB of ad-
ditive j; 6 PTB of additive m; 11 PTB of additive o; 14
PTB of additive ¢; 9 PTB of additive r; or 27 PTB of
additive ¢. The jet fuel compositions will have very
good anti-corrosion properties and pass the water toler-
ance test. Accordingly, jet fuel compositions contain-
ing the additives of this invention will not tend to pick
up water, resulting in reduced tendency toward ice for-
mation and fuel filter plugging.

EXAMPLE XI

Compositions are prepared by dissolving additives a
and f of Example I in a base fuel comprising 75 volume
percent of ASTM grade isooctane and 25 volume per-
cent of reagent grade toluene, and the compositions are
subjected to the corrosion test. For reference purposes,
a sample of base fuel containing no additive is also sub-
jected to the corrosion test. The test is run for 44 hours.
The concentrations of the additives. and the percent
corrosion after 44 hours for each fuel composition are
given in Table VII.-
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TABLE VII
Additive
Additive Concentration, PTB % Corrosion
— — 25.41
a 4 0.70
f 4 342

It is apparent from the data in Table VII that the car-
boxylic acid salts of amino-polyamides impart excellent
anti-corrosion properties to hydrocarbon fuels when
incorporated therein. Additional evidence illustrating
the effectiveness of a as an anti-corrosion additive is
that there is a complete absence of brown rust in the
fuel-salt water mixture at the conclusion of the test, and
microscopic examination shows that there is practically
no pitting of the steel strips at the end of the 44 hour
test.

While the invention has been described above with
respect to certain preferred embodiments thereof, it
will be understood by those skilled in the art that vari-
ous changes and modifications may be made without
departing from the spirit and scope of the invention.

H
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about 2 to about 52 carbons, R’ is a hydrocarbylene
group of about 2 to about 12 carbons, R’ is selected
from the group consisting of hydrogen and hydrocarbyl
groups of about 1 to about 30 carbons, R""’ is a hydro-
carbyl group of about 2 to about 12 carbons, and at
least about 10% of the amino groups contained therein
are converted to the carboxylic acid salt.

2. The compound of claim 1 wherein R is a multiva-
lent hydrocarbon group of about 4 to about 34 carbons,
R’ is a hydrocarbylene group of about 2 to about 6 car-
bons, R’ is selected from the group consisting of hy-
drogen and hydrocarbyl groups of about 3 to about 24
carbons, R’’’ is a hydrocarbyl group of about 2 to about
6 carbons, and about 50% to about 90% of the amino
groups contained therein are converted to the carbox-
ylic acid salt.

3. The compound of claim 1 wherein n is zero and m
is 2.

4. The compound of claim 2 wherein # is zero and m
is 2.

5. A Carboxylic acid salt of a compound selected
from the group consisting of

H 0 0] H H

- .... .... - - - - - - - Rt
R' - N - (CHy)) ;= N -C=-R=C=-N-=- (CHy) ;- N - R

H

H

R' ©O 0 R'

ZN— (CH2)3 -N-C-R-C=-N =~ (CH2)3 - NH2,

H 0 0 R'

R' - N - (CH2)3—N—C-R—C—N- (CHZ)3—NH2’

We claim:
1. A carboxylic acid salt of a compound having the
formula

R"

1 " “ '

-C-N~-R' - NR"2
m

wherein m is at least 1 and the sum of »n plus m is from
2 to about 6, R is a multivalent hydrocarbon group of

45

50

55

60

65

and mixtures thereof wherein R is the Cs4 hydrocarby-
lene portion of the dimer of a polyunsaturated C,4
monocarboxylic fatty acid, R’ is 10-phenylstearyl, and
about 50% to about 90% of the amino group are con-
verted to the carboxylic acid salt.

6. The compound of claim 1 wherein the salt-forming
carboxylic acid contains a functional group- selected
from the group consisting of hydroxy! and hydrocar-
byloxy groups. : '

7. The compound of claim 5 wherein the salt-forming
carboxylic acid is 10-(hydroxyphenyl) stearic acid.

* * ok % *



