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This invention has to do with improved fuel oil com-
positions.  More specifically it has to do with fuel oils
which have been stabilized and which are particularly
suitable for use as industrial and domestic fuels,

This application is a continuation-in-part of my appli-
cation Serial No. 661,291, filed May 24, 1957, which, in
turn, is a continuation-in-part of my earlier application
Serial No. 596,460, filed July 9, 1956, The two appli-
cations have been abandoned.

The fuel oils improved in accordance with this inven-
tion are hydrocarbon fractions having initial boiling
points of at least about 100° F. and end points not higher
than about 750° F., and which boil substantially con-
tinuously throughout their distillation ranges. Such fuel
oils are generally known as distillate fuel oils. It is to be
understood, however, that this term is not restricted to
straight-nin distillate fractions. Thus, as is well known
to those skilled in the art, the distillate fuel oils can be
-straight-run distillate fuel oils, catalytically or thermally
cracked distillate fuel oils or mixtures of straight-run dis-
tillates, naphthas and the like, with cracked - distillate
stocks. Moreover, such fuel oils can be treated in accord-
ance with well known commercial methods, such as, acid
or caustic freatment, solvent refining, clay treatment, etc.

The distillate fuel oils are characterized by their rela-

- tively low viscosities, pour points and the like. The prin-
cipal property which characterizes the contemplated hy-
drocarbon fractions, however, is the distillation range. As
mentioned hereinbefore, this range will lie between about
100° F. and about 750° F. Obviously, the distillation
range of each individual fuel oil will cover a narrower
range falling, nevertheless, within the above-specified
limits. Likewise, each fuel oil will boil substantially,
continuously throughout its distillation range.

The fuel oils particularly contemplated herein are Nos.
1, 2 and 3 fuel oils used in domestic heating and as diesel
fuel oils, particularly those made up chiefly or entirely of
cracked distillate stocks. The domestic heating oils gen-
erally conform to the specification set forth in ASTM
Specifications D396-48T; the boiling characteristics are
such as the following: ten (10) percent evaporation at a
maximum temperature of 350° F.—440° F.; ninety (90)
percent evaporation at a maximum temperature ranging
from 450 to 675° F. The specifications for diesel fuels are
defined as ASTM  Specifications D975-48T; the boiling

characteristics are ‘illustrated by: ninety (90) percent:

evaporation at a maximum temperature varying from
about 550° F. to about 675° F. and an end point varying
from about 575° F. to about 725° F. ’

Contemplated herein also are fuels for jet combustion
engines, also referred to as aviation turbines. Typical
jet fuels are defined in Military -Specification MIL-F-
5624B. For example, such fuels can have: a. ninitial
boiling point of 250° F., a ten (10) percent evaporation
at 410° F., fifty (50) percent at 425° F., ninety (90) per-
cent at 500° F., and end point of 572° F. In general,
jet fuels contain hydrocarbons boiling in the gasoline and
fuel oil ranges, with the major proportion being in the
latter range.

In recent years, fuel oils of the foregoing character
have been subjected to relatively mild hydrogenation treat-
ments in order to improve them in one or more proper-
ties. Sulfur-content is generally reduced, so too is phenol
and nitrogen contents. Typical of such mild hydrogena-
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tion treatments, generally designated in the art as “hydro-
fining” of fuels, is that described by H. Hoog in U.S. Pat-
ent No. 2,608,521, issued August 26, 1952, Advan-
tageous mild hydrogenation procedures are described by
F. J. Ciapetta et al. in Serial No. 360,662, filed June 10,
1953. By way of illustration, a fuel oil can be mildly
hydrogenated in the presence of a cobalt molybdate cata-
lyst under conditions including: a temperature of 600—

-750° F.; hydrogen pressure of 200-1000 pounds per

square inch; hydrogen recycle of 1000 cubic feet per bar-
rel of oil; hydrogen consumption of 50-250 cubic feet
per barrel of oil.

As is well known in the art, fuel oils of the above-
defined character have a tendency to deteriorate in storage
and to form colored bodies and sludge therein. It is to
be recognized that such undesirable features are less pro-
nounced with hydrofined fuel oils than with fuel oils not
so treated; however, hydrofined oils are less responsive to
agents added to reduce sediment formation and/or screen-
clogging, and other agents added to inhibit rust formation.
This deterioration of the oil is highly undesirable in that
it causes serious adverse effects on the characteristics
of the oil, particularly on the ignition and burning quali-
ties thereof. - It is also a contributory factor, along with
the presence of other impurities in the oil, such as rust,
dirt and mojsture, in causing clogging of the equipment
parts, such as screens, filters, nozzles, etc., as is explained
hereinbelow. An important economical factor is -also
involved in the problem of oil deterioration in storage,
viz., customer resistance. Thus, customers judge  the
quality of an oil by its color and they oftentimes refuse
to purchase highly colored oils. It will be appreciated,
then, that since fuel oils of necessity are generally sub-
ject to considerable periods of storage prior to use, the
provision of a practical means for preventing the dete-
rioration of the fuel oil during such storage would be a
highly desirable and important contribution to the art.

Another and distinct problem that has plagued fuel oil
manufacturers and users is that referred to as “screen-
clogging.” This involves the deposition of foreign sub-

. stances, such as water droplets, rust and dirt particles, as
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well as any sludge material formed by the deterioration
of the oil, on the metallic surfaces of screens and filters
of burners and engines in which the oil is utilized, Addi-
tives have been developed to impart anti-clogging proper-
ties to fuel oils, functioning therein to inhibit the afore-
said deposition of foreign substances. The mechanism
by which the clogging is prevented involves the adsorp-
tion of the anti-clogging agent or additive on the metal
surfaces whereby the contacting of these surfaces by the
foreign substances and/or preformed sludge is prevented.
In this way, deposition and build-up of these materials
on the metal surfaces is avoided. It will be appreciated,
therefore, that the problem of preventing screen-clogging
by fuel oils is entirely different from that of preventing the
formation of sediment and color therein as occurs in the
oil during prolonged periods of storage. Thus, it will be
appreciated that any fuel distribution system will contain
small amounts of foreign substances, such as condensed
moisture: and particles of rust and dirt, which become
entrained in the oil, even though the oil has not been
stored for any appreciable length of time. On the other
hand, fuel oils which have been in storage for substan-
tial periods of time will also contain another kind . of
sediment, or sludge, which is produced by the gradual
deterioration of the oil per se. 'This sediment, or sludge,
is formed in the oil as the result of chemical phenomena.
Thus, during storage, oxidation of the various components
of the oil, such as pyrrolic compounds; phenols and thio-
phenols present therein, takes place forming quinoid mole-
cules which condense with one another and/or with other
active hydrogen compounds also present in the oil to
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produce highly colored bodies of increasing molecular
weight. When an oil has been in storage for any substan-
tial period of time these compounds separate out as. in-
soluble sludge. Additives have also been developed to
inhibit the formation of sediment or sludge in the oil due
to oxidative deterioration of the oil in storage, as above
described. Such additives act by inhibiting the initial oxi-
dation and the subsequent reactions which produce such
sludge. .

It is apparent, then, that the problem of preventing
screen-clogging by fuel oils is entirely different from the
problem of preventing the formation of sediment and
color therein as occurs in the oil during prolonged periods
of storage. As evidence of the difference between these
problems, additives which prevent screen-clogging will not
necessarily have any effectiveness in preventing the for-
mation of sediment and color. Correspondingly, other
additives which effectively inhibit sediment and color
formation do not necessarily have anti-screen clogging
properties.

Another serious problem encountered with fuel oils
is their tendency to emulsify when in contact with rela-
tively small amounts of water, During storage and trans-
portation of fuel oils, water often gets into storage tanks,
pipelines, tankers, and like storage equipment. Then,
when the fuel oils are to be used, equipment difficulties
and/or ignition failure result from the emulsions formed
of the fuel and water. This problem becomes more
severe when certain additives are present in the oils, the
additives serving to improve the oils in one or more prop-
erties but serving to increase the emulsification tendencies
of the oils. . This is demonstrated hereinafter by repre-
sentative test results.

It is the object of this invention to stabilize fuel oils.

It is a further object of the invention to provide fuel
oils stabilized against the formation of sediment therein.

Still another object of the invention is to provide a fuel
oil free from screen-clogging tendencies.

An important object of the invention is to provide a
fuel oil stabilized against the formation of sediment and
color and also free from screen-clogging tendencies.

A still further object of the invention is to provide a
fuel oil having excellent anti-rust properties.

A primary object of the invention is to provide a fuel
oil improved as indicated by the foregoing objects and
further improved by having little or no tendency to
emulsify when in contact with small amounts of water.

Additional objects of the invention will be apparent

from the following description:

It has been discovered that the aforesaid objects are
realized by incorporating in a fuel oil of the character
described above, a small amount of a fuel-oil-soluble re-
action product obtained by reacting a naphthenic acid,
having a molecular weight up to about 300, with an
alkylene polyamine represented by the general formula:

)39

!
R’—N /RNIIl—II

\" /.

wherein: R is an alkylene group having either 2 or 3
carbon atoms; R’ is hydrogen or an aliphatic group pref-
erably an aliphatic group having from about 8 to about
18 carbon atoms; and n is an integer of at least 2 and pref-
erably 2 to 4 when R has 2 carbon atoms, and n is an in-
teger of at least 1 and preferably 2 to 4 when R has 3
carbon atoms, there being no upper limit to the number of
alkylene groups in the molecule.

As indicated by the foregoing general formula, the
aliphatic polyamines contemplated herein include poly-
ethylene polyamines. Typical of such compounds are di-
ethylene triamine, triethylene tetramine, tetraethylene
pentamine and pentaethylene hexamine. Of such poly-
amines, it has been found that diethylene triamine is par-
ticularly advantageous herein and represents a preferred
reactant,

10

20

25

30

35

40

b5

60

65

70

75

Included also among the polyamines of the foregoing
general formula are propylene polyamines. Of such poly-
amines, preferred are those characterized by one primary
amino group and one secondary amino group, the said
amino groups being linked to different terminal carbon
atoms of a normal propyl group. Representative of such
amines are propylene diamine and iminobis propyl amine
(i.e., dipropylene triamine).

Particularly outstanding of the propylene diamines are
N-substituted propylene diamines wherein the substituent
group contains from about 8 to about 18 carbon atoms.
A number of mixtures of such diamines are presently
available commercially. The diamines of the mixtures are
represented structurally by R”"NHCH,CH,CH,NH, where-
in R’ is aliphatic in nature, and varies from about 8 to
about 18 carbon atoms. One such mixture, identified
herein as “A,” is one wherein about 10% of the R’ groups
are hexadecyl, about 10% are octadecyl, about 35% are
octadecenyl, and about 45% are octadecadienyl. = An-
other mixture is “B"; in this product about 8% of the R’
groups. are octyl, about 9% are decyl, about 47% are
dodecyl, about 18% are tetradecyl, about 8% are hexa-
decyl, about 5% are octadecyl and about 5% are octa-
decenyl. A third mixture is “C,” in which about 30%
of the R’ group are hexadecyl, about 25% are octadecyl
and about 45% are octadecenyl. Of such mixtures, mix-
ture “A” is particularly preferred herein.

Reacted with the polyamines described above are naph-
thenic acids which are monocarboxylic acids obtained
from crude petroleum or from distillates thereof. Such.
acids are well known in the art, having been well de-
scribed in the. Encyclopedia of Chemical Technology,
edited by R. F. Kirk et al.; The Interscience Encyclopedia,
Inc,, New York, 1952, volume 9, pages 241-247; and by
Carleton Ellis in “The Chemistry of Petroleum Deriv-
atives,” The Chemical Catalog Co., Inc.; New York,
1934; chapter 48. Earlier it had been considered that
all naphthenic.acids could be used for reaction with the
aforementioned alkylene polyamines to form satisfactory
products.. However, it has been discovered that only
certain naphthenic- acids are suitable. . The naphthenic
acids which form reaction products capable of inhibit-
ing emulsion formation in a fuel oil, are those having
molecular weights up to about 300. This corresponds
to an acid number above about 180, and an average of
up to about 19 carbon atoms per molecule. Excellent
results have been obtained with a naphthenic acid hav-
ing an acid number of about 200, an average molecular
weight of 275-300, and a major proportion thereof hav-
ing from 15 to 19 carbon atoms per molecule. Naph-
thenic acids available commercially to date are mixtures
rather than individual! ¢compounds.

The reaction products of this invention are prepared
by reaction of from about 2 to about 4 molar proportions
of a naphthenic acid with one molar proportion of an
alkylene polyamine of the character described above
wherein R’ is" hydrogen or is an aliphatic group having
less than about 7 carbon atoms; a preferred ratio is 2:1.
Contemplated herein also are reaction products obtained
by reaction ‘of from about 1 to about 2 molar propor-
tions of a naphthenic acid with one molar proportion of
of an alkylene polyamine represented by the general for-
mula, wherein R’ has at least about 8 carbon atoms; the
preferred ratio for preparing such products is 1:1.

Products formed by reacting one molar proportion of
a naphthenic acid with one molar proportion of an alkyl-
ene polyamine wherein R’ is hydrogen or an aliphatic
group of about 7 carbons or less, are not completely sol-
uble in fuel oil and do not act as sediment inhibitors
therein, Products prepared by reacting more than two
molar proportions of naphthenic acid with one molar
proportion of an alkylene polyamine having an R’ group
of hydrogen or an aliphatic group of about C; or less,
are less effective sediment inhibitors and anti-screen-clog-
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ging agents, than are those products obtained by using a
molar ratio of 2:1. Products prepared by reacting more
than one molar proportion of naphthenic acid with one
molar proportion of an alkylene polyamine having an R’
group of Cy or greater, are likewise less effective than
zlxre1 those products obtained by using a molar ratio of

W‘hen the alkylene polyamine used is a polyethylene
polyamine such as diethylene triamine, and two molar
proportions of a naphthenic acid are reacted with one
molar proportion of said amine, the reaction product so
obtained, most probably, is predominantly comprised of
om:1 or more imidazolines represented by the general for-
mula: »

HyQ————CH) IIo

|
N, N—CH:CH:I!I—g—-R"
X :
i

. RII
wherein R’ is naphthenyl.

When the alkylene polyamine is a polypropylene poly-
amine such as dipropylene triamine, and two molar pro-
portions of naphthenic acid are reacted with one molar
proportion of the amine, the reaction product so obtained,
most probably, is predominantly comprised of one or
more tetrahydropyrimidines represented by the general
formula:

N
x
Hj Q/ ?,—~R’ 4 I[I (I)
H, N—-—CH:CH:CII;N——&—R"
¢ .
Ha

wherein R” is naphthenyl.

Correspondingly, when the alkylene polyamine used is
a propylene polyamine such as an N-octyl propylene di-
amine, and one molar proportion of naphthenic acid is
reacted with one molar proportion of said diamine, the
reaction product is considered to be primarily comprised
of one or more tetrahydropyrimidines of the following
formula:

/N\
H\0 C—R"
Hi N /IEI—R’
s

wherein R’ is octyl and R” is naphthenyl.

It will be clear, therefore, that since available naph-
thenic acids are mixtures, since some of the polyamines
are mixtures, and since the molar ratios of the naphthenic
acid and polyamines are subject to some variations, the
products are better described as reaction products than
as individual compounds. This is particularly so when
mixtures of diamines, such as “A,” “B” and “C” above,
are used as reactants. )

The reaction products contemplated herein are used
in fuel oils in concentrations varying between about 1
pound per thousand barrels of oil, and about 200 pounds
per thousand barrels of oil. Preferably the concentra-
tion will vary between about 10 and 100 pounds per
thousand barrels. ~ In terms of weight percent, based upon
the weight of the fuel oil, the concentrations vary prefer-
ably between about 0.005% and about 0.05%.

If it is desired, the fuel oil compositions of this in-
vention can. contain other additives for the purpose of
achieving other results. Thus, for example, there can
be present foam inhibitors, anti-rust agents, and ignition
and burning quality improving agents. Examples of such
additives are silicones, dinitropropane, amylnitrate, metal
sulfonates and the like. A further example of other
additives which may be used with the new fuel oil com-
positions are tertiary alkyl primary amines described in
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application Serial No. 578,881, filed April 18, 1956, now
Patent No. 2,947,749,

The following specific examples are set forth for the
purpose of illustrating the fuel oil compositions of this
invention and for the purpose of distinguishing them from
related fuel oil compositions. In such examples, the re-
action products formed from naphthenic acids. illustrate
the invention. '

TETRAHYDROPYRIMIDINE-CONTAINING REAC-
TION PRODUCTS

Example 1

The following preparation illustrates a typical method
for producing a reaction product containing tetrahydro-
pyrimidines. A mixture of 1 mole (282 parts by weight)
of oleic acid and 1 mole (370 parts) of amine mixture
“A.” described above, was refluxed in xylene solution for
4 hours. ‘The reaction mixture was then slowly heated
to 235° C. and was held ‘at this temperature until the
evolution of water ceased. Two (2) moles (36 parts)
of water were collected. The final product, containing
4.0 percent of nitrogen, is a mixture of 2,3-disubstituted
tetrahydropyrimidines which corresponds to the formula:

N\
So—rr
N—R’

HiC
H,
it
where R”’=heptadecenyl and R'=10% octadecyl, 10%
hexadecyl, 35% octadecenyl, and 45% octadecadienyl.

Example 2

A mixture .of 1.15 moles (350 parts) of a commercial
tall oil (identified herein as mixture “D”) and 1.15 moles
(330 parts) of amine mixture “B,” identified above, was
refluxed in xylene solution for 4 hours. The reaction
mixture was then heated to 240° -C. during a period of
6 hours. About 2.1 moles (38 parts) of water were col-
lected.

Mixture “D" is a refined tall oil having an acid num-
ber of 185 and comprising a mixture of rosin acids and
fatty acids. The fatty acids range from Cyg to Cys.

The final product, containing 2.86 percent nitrogen,
is a mixture of a 2,3-disubstituted tetrahydropyrimidines
corresponding to the formula:

N

x
me C—R"

IIle} N—R’

G

1167

where R” =alkyl groups from tall oil (a mixture of rosin
and fatty acids) and R’=a mixture of Cy to Cyg alkyl
groups and averaging C,; in molecular weight.

Example 3

A mixture of 0.28 mole (100 parts) of a crude mix-
ture of dimer acids (identified herein as mixture “E”)
and 0.56 mole (200 parts) of amine mixture “C,” de-
scribed above, was refluxed in xylene solution for 4
hours. The. reaction mixture was then heated to 220°
C. during a period of 10 hours. One mole (18 parts)
of water was collected. The crude mixture of dimer
acids has an acid number of 155 and comprises acids
ranging from C;-Cs,. The final product, containing
4,8 percent of nitrogen, is a mixture of bis 2-(3 alkyl tetra-
hydropyrimydyl) alkylene corresponding to the formula:

N\ /N
mo” So—rr—a”  omy
H,C N~—R  R'—N élh

N/ N,/

Hy Hy
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where R =alkenyl group from dimer acids and R’=a
mixture of 30% hexadecyl, 25% octadecyl and 45%
octadecenyl.
Example 4

A mixture of 0.25 mole (19 parts). of glycine and 0.25
mole (93 parts) of amine mixture “A” was refluxed in
xylene slurry for 4 hours. The reaction mixture was
then heated to 225° C. during a period of 4 hours. About
0.55 mole (10 parts) of water was collected. The final
product, containing 9.5 percent of nitrogen, is a mixture
of 2-amino-methyl, 3-alkyl substituted tetrahydropynml-
dines corresponding to the formula:

N
S

petle C—CIINI;

I N—R’

C

H;
where R’=109 hexadecyl, 10% octadecyl, 35% octade-
cenyl and 45% octadecadienyl.

Example 5

A mixture of 0.5 mole (76 parts) of a 50% aqueous
solution of glycolic acid and 0.5 mole (185 parts) of
amine mixture “A” was stirred for 8 hours in an xylene
solution. The reaction mixture was then heated to 200°
C. during a period of 9 hours. A total of 55 parts (3.5
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moles). of water was collected. The final product, con- -

taining 7.0 percent of nitrogen, was a mixture of 2-hy-
droxy methyl, 3-alkyl substituted tetrahydropyrimidines
corresponding to the formula:

N
HiC \C—-CIIQO H
H; N-R/

C

Hy

where R'=10% hexadecyl, 10% octadecyl, 35% octade-
cenyl and 45% octadecadienyl.

Example 6

A mixture of 1.06 moles (380 parts) of naphthenic
acid (acid number, 198) having an average molecular
weight of about 280, and 1.06 moles (423 parts) of
amine mixture “A” was refluxed in xylene solution for 4
hours.  The reaction mixture was then slowly heated to
245° C. and was held at this temperature until the evolu-
tion of water ceased. . Two moles (36 parts) of water
were collected. Xylene was also removed with the water.
The final product, containing 4.5 percent of nitrogen, is
a mixture of 2,3-disubstituted tetrahydropyrimidines
which correspond to the formula:

l
H2C \ (IJ-—-R' 4
;0 N—R’

o}
1I,

where R’’=naphthenyl and R’=10% octadecyl, 10%
hexadecyl, 35% octadecenyl and 45% octadecadienyl.

Example 7

Amine mixture “C” was used in place of amine mixture
“A,” following the procedure of Example 6. The final
product also contains about 4.5 percent nitrogen. The
final product is a mixture of 2,3-disubstituted tetrahydro-
pyrimidines which correspond to the formula:

e N\
X
H:C ?—R"
H N--R’
/7
[¢]

Hy
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“C” was refluxed in xylene solution for 4 hours.

where R”=naphthenyl and R’=30% hexadecyl, 25%
octadecyl and 45% octadecenyl.

Example 8

A mixture of 0.72 mol (200 parts) of naphthenic acid
(acid number, 203) having an average molecular weight
of about 275, and 0.72 mol (288 parts) of amine mixture
The re-
action mixture was then slowly heated to 275° C. and
was held at this emperature until the evolution of water
ceased.  About 1.4 mols (25 parts) of water were col-
lected. The final product contains about 4.5% nitrogen
and has the same formula as shown for Example 7.

Example 9

A mixture of 0.43 mol (100 parts) of naphthemc acid
(acid number, 240) ‘having an average molecular weight
of about 230, and-0.43 mol (171 parts) of amine mix-
ture “A” was refluxed in.xylene solution for 4 hours.
The reaction mixture was then slowly heated to 275° C.
and was held at this temperature until the evolution of
water ceased. About 0.86 mol (16 parts) of water were
collected. - The final product contains about.5.2% nitro-
gen and has a formula similar to Example 6.

Example 10

A mixture of 0.65 mol (200 parts) of naphthenic
acid (acid number, 178) having an average molecular
weight of about 297, and 0.65 mol (255 parts) of amine
mixture “C” was refluxed in xylene solution for 4 hours.
The reaction mixture was then. slowly heated to 275°
C. and was held at this temperature until the evolution
of water ceased. About 1.2 mols (22 parts) of water
were collected. The final product contains about 4.0%
nitrogen and has a formula similar to Example 7.

Example 11

A mixture of 0.57 mol (200 parts) of naphthenic
acid (acid number, 159) having an average molecular
weight of about 330, and 0.57 mol (228 parts) of amine
mixture “C” was refluxed in xylene solution for 4 hours.
The reaction mixture was then slowly heated to 275°
C. and was held at this temperature until the evolution
of water ceased. About 1.2 mols (22 parts) of water
were collected. The final product contains about 3.6%
nitrogen and has a formula similar to Example 7.

Example 12

A mixture of 0.51 mol (232 parts) of naphthenic
acid (acid number 122) having an average molecular
weight of about 415, and 0.51 mol (202 parts) of amine
mixture “C” was refluxed in xylene solution for 4 hours.
The reaction mixture was then slowly heated to 275°
C. and was held at this temperature until the evolution
of water ceased. About 0.9 mol (16 parts) of water
were collected. The final product contains about 3.1%
nitrogen and has a formula similar to Example 7.

Example 13

A mixture of 0.6 mol (200 parts) of naphthenic acid
(acid number, 159) having an average molecular weight
of about 330, and 0.6 mol (182 parts) of amine mixture
“B” were refluxed in xylene solution for 4 hours., The
reaction mixture was then slowly heated to 275° C. and
was held at this temperature until the evolution of water
ceased. About 1.1 mols (20 parts}. of water were col-
lected. The final product contains about 3.6% nitrogen
with a formula similar to Example 7.

Example 14

A mixture of 1.06 mols (300 parts) of naphthenic
acid (acid number, 198) having an average ‘molecular
weight of about 280, and 0.53 mol (69.5 parts) of
iminobispropylamine (dipropylene - triamine), were - re-
fluxed in xylene solution for 4 hours, The reaction mix-
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ture was then slowly heated to 275° C, and was held
at this temperature until water was no longer evolved
(2 hours). About 1.5 mols (27 parts) of water were
collected. The reaction product is primarily comprised
of 2-naphthenyl-2-naphthenamidopropyl tetrahydropynm-
idines represented as:

» N
Hi0 \C—-R”
Hj N——CH:CH:CH:NH(!‘—R”
T

wherein R”’ is naphthenyl.
Example 15

A mixture of 1.0 mol (282 parts) of oleic acid and
0.5 mol (65.5 parts) of dipropylene triamine was re-
fluxed in xylene solution for 4 hours. The reaction mix-
ture was then slowly heated to 250° C. and was main-
tained at this temperature until the evolution of water
ceased. - About 1.5 mols (27 parts) of water were col-
lected. . The reaction product is predominantly comprised
of a 2,3-disubstituted tetrahydropyrimidine represented as:

7/ AN
A
H!.C C—R"
Hy N—OH:CH:CII:NHJ}—R"
Hy

wherein R” is oleyl.

IMIDAZOLINE-CONTAINING REACTION
PRODUCTS

Example 16

A mixture of 1.76 mols (500 parts) of naphthenic
acid having an acid number of 198, and 0.88 mol (91
parts) of diethylene triamine were refluxed in xylene
solution for 4 hours. The reaction mixture was then
slowly heated to 275° C. and was held at this tempera-
ture until the evolution of water ceased (about 2 hours).
Xylene was also removed along with the water. About
2.6 mols (47 parts) of water were collected. The re-
action product is predominantly comprised of I1-naph-
thenamldoethyl 2 naphthenylimidazolines, correspond-
ing to

IC——CH;s
N N—CII:CII:.\'II(IE——R"
\c

|
I{I’

wherein R’ is naphthenyl.
Example 17

A mixture of 1.76 mols (500 parts). of naphthenic
acid having an acid number of 198, and an average
molecular weight of about 280, and 0.88 mol (129
parts) of triethylene tetramine were refluxed in xylene
solution for 4 hours. The reaction mixture was then
slowly heated to 300° C. and was held at this tempera-
ture until the evolution of water ceased (about 2 hours).
Again, xylene was removed with the water. About 3.2
mols (57 parts) of water were collected. The reaction
product is predominantly comprised of ethylene 1,1’-bis-
- 2-naphthenylimidazolines represented as

H;(lz-——cuz I:C——CI
N N—-CH;CH;—N N
X N A
C c
IIVI { "
whercin R’ is naphthenyl.

Example 18
A mixture of 1.09 mols (300 parts) of naphthenic
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10

acid (acid number, 203) having an average molecular
weight of about 275, and 0.545 mol (103 parts) of tetra-
ethylene pentamine were refluxed in xylene solution for 4
hours. The reaction mixture was then slowly heated to
275° C. and was held at this temperature until water was
no longer evolved (about 2 hours). About 1.7 mols; (31
parts) of water were collected. The reaction product is
primarily comprised of 1-naphthenamidotriethylenedi-
imino-2-naphthenyl imidazolines represented as

H;C——CH;j !

N\ N—(Cally) NH(Cally) NH(CsHINHC—R"
\C

} s

wherein R’’ is naphthenyl.
Example 19

A mixture of 0.5 mol (142 parts) of stearic acid and
0.25 mol (36.5 parts) of triethylene tetramine were re-
fluxed in xylene solution for 4 hours. The reaction
mixture was then slowly heated to 275° C. and was
held at this temperature until water was no longer evolved.
About one mol (18 parts) of water was collected. The
reaction product is predominantly comprised of ethylene
1,1’-bis-2-octadecyl imidazoline:

H3C———ClI; H;0———CHj
N N—CH:CHs—N N
X N\ _#
(‘J C
R”
wherein R’ is octadecyl
Example 20

A mixture of one mol (282 parts) of oleic acid and
0.5 mol (73 parts) of triethylene tetramine were re-
fluxed in xylene solution for 4 hours. The reaction mix-
ture was then slowly heated to 275° C. and was held at
this temperature until the. evolution of water ceased.
About 1.94 mols (35 parts) of water were collected.
The- reaction product is primarily ethylene, 1,1’-bis-2-
octadecenyl imidazoline, represented as

1010 Clly I1.C
bII N—CILCI—N
X AN
7

R7

Ili”

Clis
N
&
C

|
l‘ll
wherein R” is octadecenyl.

Example 21

A mixture of 0.5 mol (140 parts) of lincleic acid and
0.25 mol (36.5 parts) of triethylene tetramine were re-
fluxed in xylene solution for 4 hours. The reaction mix-
ture was then slowly heated to 275° C. and was held at
this temperature until the evolution of water ceased.
About one mo! (18 parts) of water were collected. The
reaction product is primarily ethylene . 1,1’-bis-2-octa-
decadienyl imidazoline represented by

113 C—reC 3

N
Z

][z$ ClI,
N

N—CII;ClI;—N,
N

o ?

o o

wherein R” is octadecadienyl.
Example 22

A mixture of 0.5 mol (128 parts) of palmitic acid and
0.25 mol (36.5 parts) of triethylene tetramine were re-
fluxed in xylene solution for 4 hours. The reaction mix-
ture was then slowly heated to 275° C. and was held
at. this temperature until the evolution of water ceased.
About one mol (18 parts) of ‘water were collected. - The
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reaction product is primarily ethylene 1,1-"-bis-2-hex-
adecyl imidazoline represented by

H;C-——CH, H;Q———CH;

N, N—-CH;CH:—N N
> #

¢} C
b

% ﬁlf

wherein R”’ is hexadecyl.
Example 23

A mixture of 0.5 mol (114 parts) of myristic acid
and 0.25 mol (36.5 parts) of triethylene tetramine were
refluxed in xylene solution for 4 hours. The reaction
mixture was then slowly heated to 275° C. and was held
at this temperature until the evolution of water ceased.
About one mol (18 parts) of water were collected. The
reaction product is primarily ethylene 1,1’-bis-2-tetra-

decyl imidazoline represented as
H;C———-CH, H3;C~———CHj
N N—CH;CHy—N N
X o a

L L

wherein R’ is tetradecyl.
Example 24

A mixture of 0.5 mol (100 parts)- of lauric acid and
0.25 mol (36.5 parts) of triethylene tetramine were re-
fluxed in xylene solution for 4 hours. The reaction mix-
ture was then slowly heated to 275° C. and was held at
this- temperature until the -evolution of water ceased.
About one mol (18 parts) of water were collected. The
reaction product is primarily ethylene 1,1’-bis-2-dodecyl
imidazoline represented as

H;C——CH;, H3C———CH,
N\ N—CH:CH:—N\ ¢N
? ?
R )il

wherein R is lauryl, primarily dodecyl.
Example 25

A mixture of 1.5 mol (25.8 parts) of normal capric
acid and 0.75 mol (77.2 parts) of diethylene triamine
were refluxed in xylene solution for 4 hours.. The re-
action mixture was then slowly heated to 275° C. and
was held at this temperature until the evolution.of water
ceased. About 2.5 mols (45 parts) of water were col-
lected. The reaction product is primarily 1-n-decyla-
midoethyl-2-n-decyl imidazoline represented as

H;C~——CH, ?
N N-—CH,NIIC—R"
7

R

wherein R” is n-decyl.
Example 26

A mixture of 0.92 mol (300 parts) of a commercial
abietic acid having an acid number of 170 and’ 0.46 mol
(47 parts) of diethylene triamine, were refluxed in
xylene solution for 4 hours. The reaction mixture was
then slowly heated to 275° C. and was held at this tem-
perature until the evolution of water ceased. About 1.5
mols (27 parts) of water were collected. The reaction
product is predominantly comprised of a mixture of 1-

abietyl amidoethyl-2-abietyl imidazolines represented as

- H3C————CH, [o]
N N—CiH(NH p)-—R"
X
(o)
o
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wherein R” is abietyl.

The effectiveness of the additives of this invention and
of related products in stabilizing a typical fuel oil against
sediment formation therein, is shown by screen-clogging
test data,. The amount of screen-clogging is determined
with a Sundstrand V3 or S1 home fuel oil burner pump
having a self-contained, 100-mesh Monel metal screen.
About 0.05 percent, by weight, of a naturally-formed
fuel oil sludge, composed of fuel oil, water; dirt, rust,
and organic sediment, is added to ten liters of the. fuel
oil under test. This mixture is circulated by the pump
through the screen for six hours. Then the sludge de-
posited on the screen is washed off with normal pentane,
and filtered through a taréd asbestos (Gooch crucible)
filter. After it is dried, the material on the filter is
washed with a 50~50 (volume acetone-methanol mixture.
The total amount of organic sediment is determined by
evaporating the n-pentane and the acetone-methanol fil-_
trates, and weighing the residue. The weight of the
material on the filter is the amount of inorganic sedi-
ment deposited. The sum of the weights of the organic
and the inorganic deposits, in ‘milligrams, gives the
weight of sludge deposited, which weight is compared
with the weight of sludge deposited from the uninhibited
(“blank”) fuel oil to determine the percent .of screen-
clogging. The uninhibited fuel oil, after six hours on
test, effects 100 percent screen-clogging. Thus, the com-
parison percentagewise between the weight of sludge
deposited by the uninhibited fuel oil and the inhibited
fuel oil affords a measure of the percent of screen-clog-
ging. The fuel oil used in the test is a blend comprising
sixty percent (by weight) of catalytically cracked com-
ponent and 40% of straight-run component, the blend
having a boiling range from about 320° F. to about
640° F. The data obtained from said tests are provided
in Table I.

TABLE 1
Cone., Screen
Product of—Example, acld, amine 1bs./1,000 { clogging,
bbls. percent
(Uninhibited fuel ofl blend)._.. ... .. __ 0
(1) Olele, *“A. ) 50 1(1)(2)
(2) an' "B"_-- 25 1
@) “Er, Qe T 25 14
(4) Qlycine, A" - 25 2
L ) 25 1
(6) Nuphthenle, “A” 25 6
(7) Naphthenie, G 77777777 " - 25 3
(14) Naphthenle, dipropylene triami B 10 15
(15) Olele, dipropylene triaming._ - 50 1
(15) Olele, dipropylene triamine. ... . 26 3
?19) Naphthenle, dlethylene triamine. ... - 50 12
17) Naphthenlc, tricthylene tetramire. ... 5 14
(18) Naphthenle, tetraethylene pentamine. ... 10 2

As indicated above, the naphihenyl-substituted reac-
tion products of this invention are also effective in in-
hibiting screen-clogging of hydrofined fuel oils, ' Tests
corresponding to those described in connection with
Table I were carried out with a hydrofined fuel oil hav-
ing a boiling range from about 320° F. to about 640° F.
Data obtained in such tests are shown in Table II,
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TABLE II

one, Screen

Product of—Exampie, acid, amine 1bs./1,000 | clogging,

bbls. percent
(Umnhlblted fuel oil) 0 100
(6) Naphthenic, “A" 10 10
&6) Naphthenlc “A" 25 5
6) Naphthenlc AT 50 10
(7N anhthenlc “gr... 25 10
§7) Naphthenic “on, 50 4
16) Naphthenlc, diethylene triamine 25 5
516) Naphthenic, diethylene triamine.. 50 9
17) Naphthenic, triethylene triamine.. 10 2
- (17) Naphthenlc, triethylene triamine_.._..... 25 8

A demonstration of the sediment inhibiting character
of the additives contemplated herein and of related prod-
ucts is shown by results of 110° F. storage tests. In
this test, a 500-milliliter sample of the fuel oil under test
is placed in a convected oven maintained at 110° F. for
a period of twelve weeks. Then, the sample is removed
from the oven and is cooled. The cool sample is filtered
through a tared asbestos filter (Gooch crucible) to re-
move the insoluble matter. The weight of such matter,
in milligrams, is reported as the amount of sediment.
In this test, a sample of the blank, uninhibited oil is
run along with the fuel oil blend under test. The oil
used is the same as that described above in connection
with Table I. The effectiveness of a fuel oil composition
containing an inhibitor is determined by comparing the
test data therefor with the test data for the uninhibited,
blank oil. Results of the storage tests are given -in
Table IIL.

Table IIT

Product of—Example, acid, amine Conc,, Ibs./| Sediment,

8 1,000 bbls. | -mg./liter
g,)'nmh lbltcd fuel oll blend) o ioooiion . 0 80
50 (]
(Un lnhlhited fuel oil blend) 0 85
(2) ¢ “B” 100 8
100 "o
6
(Um.nhibited rucl oil blend). oo 0 83
{4) Glycine, “A’'. 50 4
(Umnhlbited l'uel ofl blend) o ivcueccineivemnnns 0 149
(5) Glycolic, “A” 100 10
(Uninhibited fuel oil blend). 0 68
(6) Naphthenic, “A”.__.._ 50 ]
(Uninhibited fuel oil blend 0 65
(7) Naphthenie, “C* ______ 100 7
(Uninhibited fuel oil blend)... 1] 24
(14) Naphthenie, dipropylene triamine. . 50 7
(Uninhibited fuel oil blend). ... . 0 T
(15) Olele, dipropylene trinmine. _ - 50 14
(Uninhibited fuel oll blend)____....___.. 0 [
(16) Napththeniec, dicth)lenc triamine._ 50 7
EUnlnhihlted tuel oil blen (15 DR, 0 24
17) Naphthenie, triethylene tetram 50 6
gUnlnhlbited tuel oil blend)...____... 0 140
18) Naphthenlc, tetraethylene pentamine.____ 50 45

Sedimentation tests have also been carried out with
an unstable, West Coast diesel fuel.
percent evaporation of 600° F. and an end point of 700°
F. Inthe sedimentation test, described in connection with
the data of Table III above, the uninhibited fuel formed
118 milligrams per liter.  When a concentration of 100
pounds per M/bbls. of the product of Example 7 (naph-
thenic Acid-Mixture “C”) was used in the fuel, the sedi-
ment value was only 20 milligrams.

Additional sedimentation tests of the same nature were
made with the products of this invention, the base fuels
being hydrofined fuel oils having boiling ranges from
about 320° F. to about 640° F, Results of these tests
are given in Table IV, following.
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TABLE IV

Product of—Example, acid, amine Cone., 1bs./| Sediment,

-1,000 bbls. | mgs.fliter
Uninhibited fuel ofl). .o el 0 13
6) Naphthenie, “ A" 10 9
6) Naphtheuntc, “A” 25 7
(6) Naphthenic, “A" 50 7
(Uninhibited fael [111) RSP O 0 10
(7) Naphthenie, “C L e icernama- 10 3
(7 Nuphthonlc, “g” 25 4
(7) Naphthenic, *“C” 50 3
(Uninhibited fuel oil) 0 10
élﬁ) Naphthenie, diethylene trinmine 25 4
16) Naphthenie, diethylene triamine - 50 3

As mentioned hereinabove, the additives of this inven-
tion are also excellent anti-rust agents. This is shown by
results obtained by conducting A.S.T.M. Rust Test D-665
with the blank fuel oil blend and with the latter con-
taining small amounts of typical additives of this inven-
tion and of related products. The fuel oil used is de-

scribed above in connection with Table I. Results of
such tests are set forth in Table V,
TABLE V
Conc., Rust test
Product of—Examplg, acid, smine lb%.{)ll.()()() result
3. -

EUnlnhlbltcd fuel ol blend) o ooeeoumomccaaaean 0 Fail.,

1) Oleie, 50 | Pass.

@) “E". 0O 25 Do.

(5) Glscollc AL 10 Do.

(6) Naphthcnlc AR T T 50 Do.
(14) N'xphthcnlc dipropylene trinmine_. 25 Do.
(16) Naphthenic, diethylene trinmine. 25 Do.
(17) Naphthenie, triethylene tetramine. - ... 25 Do.
(18) Naphthenlc, tetraethylene pentamine.. .. 25 Do.

As indicated hereinabove, emulsion-forming tendencies
of fuel oils containing certain additives militate against
their use. While certain of the reaction products shown
above, those not formed from naphthenic acids having
molecular weights up to about 300 are effective sediment
inhibitors - and anti-screen-clogging agents, they do not
inhibit emulsion formation. In fact, in some cases, the
reaction products promote emulsion formation. In con-
trast, the related products prepared from naphthenic acids
having molecular weights up to about 300 inhibit emul-
sification. This is demonstrated by the following test
and test results,

The procedure for the fuel oil emulsion test is as fol-
lows: a 200 milliliter portion of the fuel to be tested
and 20 milliliters of distilled water are placed in a clear
glass pint bottle. The bottle is tightly capped and set in
an Everbach mechanical shaker in a horizontal position
such that the maximum degree of agitation is afforded.
The shaker is run at its maximum setting for 5 minutes.
The bottle is then removed and allowed to stand in an
upright position in the dark for 24 hours, At the end of
the 24 hour settling period, the appearance of the water
layer is noted. The fuel layer is siphoned off, care being
taken not to disturb the oil-water interface, and is dis-
carded. A fresh portion of the fuel oil being tested is then
added.  The described sequence of steps is repeated. If
no emulsion appears in the water layer after this sequence
has been performed ten times, the oil is considered to
have passed the test. On the other hand, if, after any
24 hour settling period in the procedure, there is any de-
gree of emulsification in the water layer, the fuel is con-
sidered to have failed the test. This test procedure has
been found to provide emulsions in inhibited oils similar
to emulsions which occur in these same oils only after
prolonged periods of normal handling and storage in the
field on a commercial basis.

The fuel oil used in the emulsion tests is a blend com-
prising 80 percent of catalytically cracked component and
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20 percent of straight run component, and having a boil-

ing range (approximate) of 320-640° F. Results of the
emulsion tests are shown in Tables VI and VII. In
Table VI, distinction is drawn between products obtained
from suitable naphthenic acids and acids of other types.
In Table VII, distinction is drawn between naphthenic
acids diﬁering in molecular weight.

R

TABLE VI—FUEL OIL EMULSION FORMATION TEST

Conc., Emulsion
Inhibitor, acld, amine 1bs./1,000 results
bbls.
Uninhtbited Fuel. 0 | Pass.
Ex. 6, Naphthenic, A" .o oeiccaaaae 10 Do.
Do 25 Do.
Do, 50 Do.
Ex. 7, Naphthenic, “C” . .o aeaaiae 10 Do.
Do 25 Do.
D 50 Do.
Ex. 25 Do.
Ex. 10 | Fail.
D 25 Do.
50 Do.
Ex 25 | Pass.
50 Do,
100 Do.
Ex 25 Do.
50 Do.
Ex . 25 Do,
Ex - 25 | Fail,
Ex. 20, oleie, triethylene tetramine. . - 25 Do.
Ex. 21, linoleic, triethylene tetramine - 25 Do.
Ex. 22, palmitic, triethylene tetramine. - 25 Do.
Ex. 23, myristic, triethylene tetramine. B 25 Do.
Ex. 24, lauric, triethylene tetramine.... - 25 Do.
“Ex. 25, capric, diethylene triamine._. - 25 Do.
Ex. 26, abietic, diethylene triamine. ._.__...__. 25 Do.

TABLE VIL—FUEL OIL EMULSION TEST

Avg, mol, Cone.,
Inhibitor welght of | Amine | '1bs./1,000 | Emulsion
naphthenfc bls, results
acid
Uninhibited fuel 0 | Pass,
280 | “A” 10 Do.
280 | ‘A" 25 Do.
280 | “A” 50 Do.
280 | “C” 10 Do,
280 | “C” 25 Do,
280 | “C” 50 Do,
2761 “C” 25 Do.
275 | “C” 50 Do,
230 | “A” 25 Do.
230 1 “A” 50 Do,
207 1 “C” 25 Do.
207 | “C” 50 Do.
30| o 25 | Fail,
330 | “C” 50 Do,
415 [ “C” 25 Do.
415 | “C” 50 Do,
330 | “B” 25 Do,
330 |-“B” 50 Do.

From inspection of the data provided in Table VI, it
is seen that only the products. formed from naphthenic
acids pass this emulsification test and that all other closely-
related products fail in this test. Thus, the latter products
are not attractive commercially for use in fuel oils, despite
their behavior as anti-screen-clogging agents and sedi-
ment inhibitors. - For example, Example 15 (oleic acid-
dipropylene triamine) failed immediately in this test, emul-
sion being formed as soon as the fuel containing the prod-
uct came in contact with water,. Corresponding failures
occurred with the fuels containing the products of Exam-
ples 19 through 25, inclusive.

In Table VII, it is shown that reaction products, formed
from naphthenic acids having molecular weights ranging
from about 230 to about 297 are satisfactory; whereas,
those formed from similar acids having molecular weights
from about 330 to about 415 are unsatisfactory.

In Table VII, it is shown that reaction products, formed
from naphthénic acids having molecular weights ranging
from about 230 to about 297 are satisfactory; whereas,
those formed from similar acids having molecular weights
from about 330 to about 415 are unsatisfactory.

Additional emulsification tests were carried out with a
hydrofined fuel oil,. The only difference between these
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tests and those carried out in regard to Table VI, was the
substitution of a hydrofined fuel oil for the regular fuel
oil. The hydrofined fuel oil had a range of approximately

320-640° F. Results of such tests are shown in Table

VIIL

TABLE VIII.-FUEL OIL EMULSION FORMATION TEST
Inhibitor Acid Amine Cone., 1bs./| Emul-

1,000 bbls, | sion
results

Uninhibited 0 | Pass,

uel,

Example 6..ee._ Naphthenfe.| “A”coercccaccann 10 Do,
| 2.1 R SR do “AY 25 Do,
Do ...do AT 50 Do,

Example 7. do. Qe 10 Do.
) D7, SN do, “er 25 Do.
DO.vcnenifaaaas do “on 50 Do,

Example 16.....]|---.. (+ 1+ T, Diethylene tri- 25 Do.

amine,
Do..... {1 1 SO BN do. 50 Do.
Do oo do. oo |eoin do 100 Do,
Example 17...._]..... (<1 T, Triethylene tet~ 25 Do.
¢ ramine,
| 27 T s (VN SO do 50 Do,

Although the present invention has been described in
conjunction with preferred embodiments, it is to be under-
stood that modifications and variations may be resorted
to, without departing from the spirit and scope of this
invention. Such variations and modifications are con-
sidered to be within the scope and purview of the append-
ed claims.

I claim:

1. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fuel oil with water,
of a fuel-oil-soluble compound selected from the group
represented by the general formulae:

o H;0——CHj Ili’ 0
N N—C I —(NHC:Hy) n—N—"g—R"
>
[o]
ﬁl'
(In HyC~—~=COHj H:C—-(IJHI
N\ N-——C:Hc——N\ /N
N, o
ﬂl, ﬂ"
() /N\
II,O X ?__ Rl’ llzl (")
H; N~Cyj—Hs—(NH C3lg) s~N—C—R"
G
H,
and
av) /N\
H:0 \(lz—n"
Ha N—R’
C
Hs

wherein R’ is selected from the group consisting of hy-
drogen and an aliphatic group having up to 18 carbon
atoms and up to two double bonds, R” is an unsubstituted
naphthenyl group having a molecular weight up to about
300, and n is selected from zero and a small whole num-
ber.

2. A distillate fuel oil as defined by claim 1, wherein the
naphthenic acid has-a molecular weight from about 275
to about 300.

3. A distillate fuel oil as defined by claim 1, wherein
the distillate fuel oil is a domestic heating fuel oil.

4. A distillate fuel oil as defined by claim 1, wherein
the distillate fuel oil is a diesel fuel oil.

5. A distillate fuel oil as defined by claim 1, wherein
the distillate fuel oil is a jet fuel.

6. A distillate fuel oil as defined by claim 1, wherein
the distillate fuel oil is a hydrofined fuel oil.
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7. A distillate fuel oil as defined by claim 1, wherein
the distillate fuel oil is a diesel fuel oil and the compound
is present in an amount between about 0.005 percent and
about 0.05 percent by weight.

8. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fuel oil with water,
of a fuel-oil soluble compound represented by:

» N

VAR
HsC

Ha

(o)
gt

wherein R’ is selected from the group consisting of hy-
drogen and an aliphatic group having up to 18 carbon
atoms and up to two double bonds, R” is an unsubstituted
naphthenyl group having a molecular weight up to about
300, and n is selected from zero and a small whole num-

ber.
9. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fuel oil with water,
of a fuel-oil-soluble compound represented by the formula

i Y3
N—CiH—(NHC3Hy) n—N—g —R"

X
II;C/ \C—R”

(o]
J
ie] N—CH:CII;CILNH—C—R"

[o)

Hj .
wherein R” is an unsubstituted naphthenyl group having
a molecular weight up to about 300. .

10. A distillate fuel oil containing a small amount;
sufficient to inhibit emulsification of the fuel oil with
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water, of a fuel-oil-soluble compound represented by the

general formula

N,
IIzC/ \C—R”
Hi N /I!I-R’
1

wherein R’ is selected from the group consisting of hy-
drogen and an aliphatic group having up to 18 carbon
atoms and up to two double bonds, and R” is an unsub-
stituted naphthenyl group having a molecular weight up
to about 300.

"11. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fuel oil with water,
of a fuel-oil-soluble compound represented by the formula

N
IIzC/ \C——R’ ’
ji¢Y 'N~R’
C
et}

wherein R’ is a mixture of aliphatic groups of which about
30 percent are hexadecyl, about 25 percent are octadecyl
and about 45 percent are octadecenyl, and R” is an un-
substituted naphthenyl group having a molecular weight
up to about 300.

12. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fuel oil with water,
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of a fuel-oil-soluble compound represented by the general
formula

H:?——-CH: l"\'.' o]
N N—CslIi—(NIICalILy) n—N—-g——R”
X
7

RII
wherein R’ is selected from the group consisting of hy-
drogen and an aliphatic group having up to 18 carbon
atoms and up to two double bonds, R” is an unsubsti-
tuted naphthenyl group having a molecular weight up to
about 300, and n is selected from zero and a small whole
number,

13. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fuel oil with water,
of a fuel-oil-soluble compound represented by the for-
mula

H;C——C1Iy

0
) . N N—CH:CILNH | —R"”
\0

L

wherein R” is an unsubstituted naphthenyl group having
a molecular weight up to about 300.

14. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fuel oil with water,
of a fuel-oil-soluble compound represented by the for-
mula

mcla——cri.

o]
|
N\ N—C1If— (NILCsH,) :NIIJ)—-R”
N
(o]

9

wherein R” is an unsubstituted naphthenyl group having
a molecular weight up to about 300.

15. A distillate fuel oil containing a small amount, suffi-
cient to inhibit emulsification of the fiel oil with water, of
a fuel-oil-soluble compound represented by the formula

I C~——CHy HiC——CH,
N N—-C,H.—N\ N
AN c c/
I'{N I'{I"
wherein R"” is an unsubstituted naphthenyl group having
a molecular weight up to about 300.
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