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This invention relates to improving the combustion
characteristics of hydrocarbon oil fuels that normally
tend to form substantial amounts of soot and smoke dur-
ing combustion, and to improvement agents adapted for
use in such fuels.

The petroleum industry has encountered a serious
problem in satisfving the demand for middle distillate and
heavier fuel oils that can be burned in fuel burners such
as those of the atomizing type and of the rotary wall
flame type with little or no accompanying formation of
smoke or soot. OQils that are normally burned in oil
burners of the types indicated are those of No. 2 grade
or heavier, although lighter oils can be used. Although
some smoke and soot formation may accompany combus-
tion of any hydrocarbon oil where less than optimum
combustion conditions are used, the problem is serious in
the case of oils having an API gravity of less than 34°, as
substantial smoking and soot formation will occur dur-
ing combustion of such oils even when favorable com-
bustion conditions are employed. The poor combustion
characteristics of such oils are considered attributable to
the relatively high proportion of aromatic components
contained therein. Fuel oils having an API gravity of
less than 34° will normally contain in excess of about
20 percent aromatics, for example, 25, 40, or even 60
percent or more of aromatic components, whereas lighter
fuel oils will normally contain a substantially lower pro-
portion. of aromatics, for example, 15 percent or less.
In the case of distillate cils, a high aromatics content
usually signifies a large proportion of cracked distillates,
as the latter are relatively rich in aromatics. . The pro-
portion of catalytically cracked distillate fuel oils in com-
mercially marketed fuel oils has increased in recent years
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gravity of less than 34°, and consequently a relatively
large proportion of aromatics, will tend to produce soot
and smoke in atomizing type burners, that is, burners in
which the fuel oil is burned in the form of a spray of
liquid droplets after mixture with air, combu;.ﬁon of
such oils in rotary wall-flame type burners constitutes an
especially severe problem. In the latter instance the
fuel oil is burned in vapor form after vaporization of
the fuel by impingement thereof on a hot metal surface.

Excessive smoking and soot formation during combus-
tion of fuel oils is objectionable not only from the stand-
point of cleanliness and air pollution, but also in that
smoke and soot lead to stack deposits which may reduce
burner draft and/or cause the stack temperature to rise
to a dangerous point.

The present invention relates to improved hydrocarbon
fuel oil compositions that have reduced smoke and soot
forming tendencies during combustion, whereby they are
rendered more suitable for use as fuels in domestic oil
burners of various kinds, such as heating furnaces of
the atomizing or rotary wall-flame type, combustion gas
turbine engines, diesel engines and the like. We have
found that such improved fuel compositions can be ob-
tained by incorporating in a fuel oil of the type described
and that normally tends to form substantial smoke and
soot during combustion, a small amount of a chelate of
a polyvalent metal selected from the group consisting
of alkaline earth metals, iron group metals, copper, cad-
mium, chromium and titanium, and beta-diketones of the
formula: .

' ) 0 HO
R—%—JB—H!—CH:R"
L
where R is an aromatic hydrocarbon group having a

“ nuclear carbon atom thereof connected directly to the

40

notwithstanding the relatively inferior burning qualities

of such oils, because the demand for fuel oils of com-
parable boiling range has exceeded the available supply
of straight-run oils.

Not only do low-gravity distillate oils containing large
proportions of cracked distillates, that is, oils rich in
aromatics, form greater quantities of soot during com-
bustion than straight-runm, high-gravity distillate oils, or
similar cils low in aromatics, but also such oils form
soot of different quality. Soot formed from the latter
oils is a loosely depcsited, low-density material having
a low coefficient of heat transfer, whereas soot from the
former oils is resinous, much denser and has a higher
coefficient of heat transfer. i

While the problem of obfaining clean combustion is
especially serious in the case of distillate fuels, where
fuel quality is of major importance, a combustion prob-
lem also exists in the case of residual fuel oils. Residual
fuels, similarly as middle distillate fuel oils, have an API
gravity less than 34° (API gravity for typical No. 6
fuel oils varies in the range of 5° to 15°), and they also
frequently contain exceptionally large proportions, for
example 60 percent or more, of aromatic components.
Residual fuels can contain relatively low-boiling aromatic
components as well as higher boiling materials, as they
are frequently diluted or cut-back with lower boiling
cracked distillate oils in order to reduce the viscosity of
the heavier oils.

Although the combustion of fuel oils having an API
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adjacent carbonyl carbon atom and containing 6 to 22
carbon atoms, such as phenyl, tolyl, xylyl, isobutylphenyl,
diisobutylphenyl, or dodecylphenyl, and R’ and R” are
like or unlike open-chain aliphatic hydrocarbon radicals
containing 8 to 22 carbon atoms; such as octyl, dodecyl,
hexadecyl, octadecyl, hexadecenyl, hexadecadienyl, and
the like. Chelates of beta-diketones where R is 2 mono-
nuclear aromatic radical containing 6 to 12 carbon atoms,
and R’ and R” are alkyl groups containing 12 to 18
carbon atoms, and the metal is an iron group metal, are
especially advantageous, examples of such chelates being
the iron, nickel, and cobalt chelates of 1-phenyl-2-hexa-
decyl-1,3-eicosanedione. However, other chelates also

 can be used. Examples of other polyvalent metal che-
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lates included by the invention are the ferric, mickel,
cobalt, calcium, barium, cupric, chromium, titanium,
and cadmium chelates of 1-phenyl-2-dodecyl-1,3-hexadec-
anedione, 1-tolyl-2-octyl-1,3-hexadecanedione and 1-
xylyl-2-decyl-1,3-tetradecanedione, 1-tolyl-2 - decyl - 1,3-
hexadecenedione, .and 1-tolyl-2-hexadecadienyl-1,3-tetra-
decanedione. The present invention includes not only
fuel oils containing polyvalent metal chelates of the
above-indicated class but also the polyvalent metal chelates
themselves.

The exact mechanism by which the polyvalent metal
chelates of the above-indicated class function to reduce
smoke and soot forming tendencies of fuel oils has not
been definitely determined, and accordingly, we do not
intend the present invention to be limited to any par-
ticular theory of operation. It may be that because
the polyvalent metal chelates reduce the ignition tem-
perature of the fuel oils, they bring about more complete
combustion and at the same time reduce the possibility
of thermal cracking of the fuel oil prior to combustion.
On the other hand, it may be that the polyvalent metal
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chelates cause the oil to burn at a higher combustion
temperature, thus facilitating more complete combustion.
Regardless of the mechanism by which the agents dis-
closed herein function, available experimental evidence
-shows- that a definite reduction in smoke and soot form-
ing tendencies is obtained by the use of small amounts
of these agents in fuel oils that normally tend to promote
excessive soot and smoke formation during combustion
in atomizing type burners.
The polyvalent metal chelates of this invention can
" be prepared in any suitable manner. According to one
-convenient method these compounds are prepared by
condensation of a suitable disubstituted ketene dimer or
‘codimer in the presence of a Friedel-Crafts catalyst such
‘as alominum or zinc chloride or the like, with an equiv-
alent amount of a suitable aromatic hydrocarbon to
provide a 1,2,3-substituted 1,3-dione or beta-diketone,
‘followed by conversion of the beta-diketone to 2 poly-
valent metal chelate. The condensation reaction is il-
lustrated by the following equation in which aluminum
chloride is employed as the catalyst:

R”CH=C—CH—R o S P, E 2
#OH=C—CH—R’ + RE —— R—C—C—C—CH:R”
(l)—- =0 R’

‘where R, R’, and R” are as identified above. The above-
indicated beta-diketones can then be reacted directly with
a suitable salt, e.g., chloride, nitrate, etc., of a polyvalent
metal of the above-indicated class, to form the chelates
of this invention. However, we normally prefer to pre-
pare the polyvalent metal chelates by metathesis of an
alkali metal salt of the beta-diketone, which is in turn
prepared by neutralizing the beta-diketone with an alkali
metal base. The metathesis reaction is illustrated by
the following equation where sodium hydroxide is the
alkali metal base employed:

Na

7‘\0

[0}
oLt
Le R——C—(|3=C—CH:R”

RI

+ MX, ——

VAN
0 o]
M R—(|J=C—("3——CH2R" + n(NaX)
ﬁ’ -t
where m is a polyvalent metal of the class indicated above,
X is a suitable anion, e.g., Cl, Br, I, NO;, or the like, and
n is a number equal to the valence of M.

The disubstituted ketene dimers or codimers from
which the 1,2,3-trisubstituted 1,3 diones are obtained are
prepared in conventional manner and accordingly, the
preparation of these compounds as such does not con-
stitute the essence of the present invention. In the inter-
est of clarity, it can be briefly mentioned that the disub-
stituted ketene dimers or codimers are conveniently pre-
pared by dehydrohalogenation of suitable acyl halides in
the presence of a strong base as illustrated by the follow-
ing equation: )
R’CH;000! + R”CH:;COCl + RN ——

R”"CH=C—~CH-—R’ 4+ 2Ry N.HC1

0—C=0

where R’ and R’ are as identified above and where
R;”'N is a tertiary amine.

The condensation reaction between the disubstituted
ketene dimer or codimer and the olefinic or aromatic hy-
drocarbon can be carried out at atmospheric pressure at
any temperature below the boiling point and the decom-
position point of the reactants or the product thereof.
Excellent results have been obtained by the use of tem-
peratures in the range of about 30° to about 60° C.
However, other temperatures can be used. For example,
temperatures as low as 0° C. can be employed where
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a reduction in the rate of reaction is not important.
Temperatures greater than 100° C. are rarely required.
Temperatures in the upper portion of the range are nor-
mally less preferred, unless mecessary to promote the
reaction, since higher temperatures tend to favor side
reactions and also may necessitate the use of a closed
system to retain the reactants.

The neutralization of the trisubstituted beta-diketones
with an alkali metal base is most easily carried out at
ambient atmospheric temperature, but moderate heating
can be employed to facilitate the reaction. Any suitable
alkali metal base, e.g., sodium hydroxide or potassium
hydroxide, can be used. The resulting alkali metal che-
late of the disubstituted beta-diketone is then metathesized
with at least an equivalent amount of a suitable salt, e.g.,
chloride, bromide, nitrate, or the like, of a polyvalent
metal of the class hereinabove indicated. The products
of the metathesis reaction are an alkali metal salt and a
polyvalent metal chelate of the disubstituted beta-di-
ketone. The hydrocarbon-soluble polyvalent metal che-
late can be easily separated from the water-soluble alkali
metal salt by equilibration of the mixture between water
and a water-immiscible hydrocarbon soluble such as ben-
zene or toluene and by decanting the organic phase.

Ketene dimers or codimers that can be employed to
form the polyvalent metal beta-diketone chelates of this -
invention are diketenes of the general formula:

R”CH=(ID‘— lCH—R’
0—C=0

where R’ and R” are like or unlike open-chain aliphatic
hydrocarbon radicals of the class disclosed above. These
hydrocarbon radicals can be saturated or unsaturated
straight or branched chain groups such as n-octyl, isooctyl,
isoundecyl, n-dodecyl, n-hexadecyl, octadecenyl or octa-
decadienyl, and the like, and these groups themselves can
be further substituted with nonhydrocarbon. substituents,
such as chlorine, bromine, hydroxyl, and the like, that
do not interfere with the condensation reaction or chelate
formation and that do not adversely affect the combus-
tion improvement properties of the polyvalerit metal che-
lates derived from the diketenes. An example of a pre-
ferred diketene is hexadecyl ketene dimer. Examples of
other diketenes that can be used to prepare the polyvalent
metal chelates of this invention are decyl ketene dimer,
isoundecyl ketene dimer, lauryl ketene dimer, hexadecenyl
ketene dimer, hexadecadienyl ketene dimer, decyl, hexa-
decyl ketene codimer, and the like.

An example of a preferred hydrocarbon with which
the diketene can be condensed in accordance with the
present invention is benzene. Examples of other mono-
nuclear aromatic hydrocartons that can be used are tol-
uene, xylene, and dodecylbenzene. Examples of poly-
nuclear hydrocarbon are naphthalene and anthracene.
The aromatic hydrocarbons employed in the condensation
and that do not adversely affect the combustion improv-
ing properties of the chelate derivatives can be substituted,
if desired, with nonhydrocarbon substituents that do not
interfere with the condensation reaction.

In accordance with a preferred embodiment of the in-
vention, a solution of 356 grams (0.67 mol) of n-hexa-
decyl ketene dimer (Aquapel 364) in 500 cc. of C.P.
benzene is added dropwise to a rapidly stirred suspension
of 197.3 grams (1.5 mols) of anhydrous aluminum. chlo-
ride in 800 cc. of C.P. benzene. The reaction tempera-
ture is maintained at 35-40° C. by controlling the rate
of addition. About 2.5 hours are required for complete
addition of the ketene dimer. The mixture is allowed to
stand at room temperature for about 18 hours and then
heated with stirring at 60° C. for three hours, After cool-
ing, the reaction mixture is poured over crushed ice. The
mixture is then allowed to melt and then heated to boil-
ing with rapid stirring. Hydrochloric acid (1:1 by vol-
ume water and concentrated HCl) is added slowly dur-
ing this time. Boiling and addition of hydrochloric acid
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(500 cc.) are continued until the mixture is clear. The
organic phase is removed, diluted with an equal volume
of benzene, and washed with hot water until the wash
water is neutral. The benzene solution is then dried over
anhydrous sodium sulfate. -Solvent is removed by evap-
oration at reduced pressure. A product prepared in ac-
cordance with the above-indicated procedure, consisting
chiefly of 1-phenyl-2-hexadecyl-1, 3-eicosanedione, was a
yellow-green fluorescent liquid which solidified after stand-
ing overnight at room temperature. The enolizable di-
ketone content of this product, calculated as CyHyOs,
as found to be 80 percent by titration with alcoholic po-
tassium hydroxide in benzene-ethanol solution. A crude
vield of about 94 percent was obtained.

Preparation of preferred polyvalent metal chelates in-
cluded by this invention is illustrated by the following
specific examples. ' . .

EXAMPLE 1

" A solution of 25 grams of a crude beta-diketone prod-
uct prepared as described above in a mixture 100 cc. of
benzene and 100 cc. of ethanol is neutralized with 1 N
alcoholic sodium hydroxide solution. The resulting so-
dium chelate solution is treated with 3.0 grams of ferric
chloride hexahydrate, dissolved in a minimum: of water.
Water in the amount of 300 cc. is then added to the
mixture. A deep red organic phase is drawn off from
the agueous phase, washed with water and dried over so-
dium sulfate. Benzene is removed by evaporation on a
steam bath and the residue is dissolved in hexane and
filtered. Evaporation of solvent produces about 23 grams
of a red semi-solid material containing 2.5 percent iron
and having a melting range from 30° to 40° C. The
product of the reaction consists chiefly of the iron (II),
ie.; trivalent iron, chelate of 1-phenyl-2-hexadecyl-1,3-
eicosanedione. pe et
EXAMPLE I

‘A cobalt chelate is prepared exactly as. described in
Example I except that 3.52 grams of -cobalt chloride
(CoCly) hexahydrate were employed instead of the ferric
chloride hexahydrate. The product of this reaction is the
cobalt (II), ie., divalent cobalt, chelate of. 1-phenyl-2-
hexadecyl-1,3-eicosanedione. ) .

EXAMPLEIO "™ =

A nickel chelate is prepared exactly as-in Example I,
except that 4.71 grams of nickel nitrate [Ni(NO3).1
hexahydrate are émployed in place of the ‘ferri¢ chloride
hexahydrate. The product of this reaction is the nickel
(II), i.e., divalent nickel, chelate of 1-phenyl-2-hexadecyl-
1,3-eicosanedione. . L

1t will be understood that the foregoing examples are
illustrative only and that other polyvalent metal chelates
within the scope of this invention can be prepared simi-
larly by the substitution of the same or equivalent amounts
of other substituted ketene dimers, other.aromatic hydro-
carbons, and other polyvalent metal salts in the fore-
going examples. For example, there can be prepared by
the foregoing procedures the iron, nickel, cobalt, calcium,
strontium, copper, and cadmium chelates of 1-phenyl-2-
dodecyl-1,3-hexadecanedione, 1-tolyl-2-octyl-1,3-hexadec-
anedione, 11-xylyl-2-decyl-1,3-tetradecanedione, 1-tolyl-2-
decyl-1,3-tetradecanedione, 1-tolyl-2-decyl - 1,3 - hexadec-
enedione, and :1-tolyl-2-hexadecadienyl—1,3-tetradecanedi-
one, as well as other equivalent compounds disclosed
herein.

The polyvalent metal chelates included by this inven-
tion can be added to fuel oils in a proportion sufficient
substantially to reduce the smoking tendencies of the oil.
Since the various materials disclosed herein are not neces-
sarily exact equivalents, the optimum proportion will vary
somewhat according to the nature of the particular agent
added, and to some extent, according to the nature of the
fuel oil. The type of fuel oil burner employed can also
affect the optimum proportion of the agent to be added.
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Within the limits of these considerations, we have found
that best results are obtained by addition to the fuel oils
of small amounts of the polyvalent metal chelates dis-
closed herein.” Thus, some improvement will normally
be obtained by addition of as little as 0.001 weight per-
cent of the polyvalent metal chelates to the fuel oils, and
a major improvement will normally be obtained by the
addition of about 0.01 weight percent or more of the
polyvalent metal chelates to the fuel oil. Ordinarily it
will not be necessary to add the polyvalent metal chelates
to the fuel oils in amounts greater than about 0.2 weight
percent of the composition, although in some cases
amounts as great as 0.5 percent may be found desirable.
No additional advantage from a combustion improvement
standpoint will ordinarily be obtained by the use of more
than 0.5 percent by weight of the composition.

The polyvalent metal chelates disclosed herein can be
incorporated in fuel oils in any suitable manner. Thus,
the polyvalent metal chelates can be added to fuel oil
either as such or in the form of concentrated solutions, for
example, in a mineral oil solvent. After addition of
polyvalent metal chelate to the oil, some circulation of the
oil is usually desirable to facilitate rapid formation of a
homogeneous composition, but this is not absolutely
necessary.

In order to demonstrate the effectiveness of the com-
bustion improvement agents disclosed herein, the iron
(IH) -chelate of Example I and the nickel (II) chelate of
Example III ‘were incorporated in separate samples of
kerosene in proportions of 0.01 percent. Each of these
fuel samples-and a sample of the uninhibited fuel were
then tested for.smoke deposits in a smoke lamp test.
The lamp employed in the test was a standard Institute

. of Peétrolenm lamp. In accordance with this test, the
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height of the flame was adjusted until the smoke point
was reached. At this flame height the combustion prod-
ucts of the fuel were drawn through a one-inch diameter
No. 4 Whatman filter paper under a constant pressure
differential of two inches of dibutylphthalate for two min-
utes, and the deposits on the filter paper were observed.
The results of this test are shown in the following table:

Table A
i Additive
Test tuel conecen-" | Deposit
tration ]
l Kerosene. H
. 2. Kerosene plus Iron (III) Chelate. . ccoueeoaen 0.01 Liegah?.
3. Kerosene plus Nickel (II) Chelate. ooocacaaaen 0.01 | Light.
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Fuel oils containing the iron (III) chelate of Example I
and the cobalt (II) chelate of Example II were also sub-
j:ected to a one~-day smoke test. The test was carried out
in a domestic oil burner (Timken Model OFH—-60 Hi-
Iﬁl_lmace)., ‘Conventional burner controls were associated
with the test apparatus in conjunction with electrical
timer relays to provide a 20-minute “on” 10-minute “off”
cycle of burner operation. After permitting a warm-up
of at least one 20-minute “on” cycle of burner operation
with maximum combustion air, smoke spot and COq
readings were taken at the middle of each “on” cycle for
several cycles using different air gate settings fo regulate
the quantity of combustion air. Changes of gate setting
were made during burner “off” phases of the cycle. Smoke
spot readings were obtained by withdrawing flue gas from
a sampling probe installed in the chimney pipe through
a disc of No. 4 Whatman filter paper one inch in diameter
for two minutes. A vacuum pump was used to maintain
a pressure differential of 2%4 inches Hg across the disc.
The smoke spot reading was determined by means of a
photocell meter which had been calibrated by using a
Bacharach-Shell smoke spot chart graduated in increasing
shades of black ranging from 0 (clean disc) to 9 (black’
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disc) as the standard. CO. readings were. obtained by
withdrawing flue gas through a sampling probe installed
in a chimney pipe (in accordance with U.S. Depariment
of Commerce Bulletin CS104-46) and by analyzing the
flue gas for percent COg in an Orsat-type flue gas analyzer.
One of the fuels employed in this test, hereinafter re-
ferred to as test fuel A, was an uninhibited, commercial-
. type 29.3° API gravity No. 2 fuel oil consisting of 35
percent by volume West Texas straight run and 65 percent
by.volume of catalytically cracked No. 2 fuel oil dis-

tillates having the following inspections:

Flash point, ° F. 162
Pour point, ° F, 0
Distillation range, ° F. 371-638
90% point, ° F. 597
Viscosity, S.U.S., 100° F. 34.7
Viscosity, kinematic, cs., 100° Fae—— —————— 2.58

The other fuel employed in this test, hercinafter re-
ferred to as test fuel B, was an uninhibited, 27.1° AP
gravity No. 2 fuel oil consisting of a blend of 35 percent
by volume of West Texas straight run No. 2 fuel oil
distillate and 65 percent by volume of fluid catalytically
cracked No. 2 fuel oil distillate, which blend had the

following inspections:

Flash point, ° F. 170
Pour point, ° F. —5
Distillation range, ° F. 362-640
90% point, ° F. 595
Viscosity, S.U.S, 100° F 345

Viscosity, kinematic, cs., 100° Foooe .- —— 2.54

The results of the foregoing tests are presented in the

following table:
Table B
Smoke spot No.
Test fuel At119% | At 129% | At13%
Cos° | 60, | “Cos
1, Test Fuel Ao omecececmaae 3.55 2.95 2.70
2. Test Fuel A plus 0.06 Wi, Percent
Iron (III) Chelate of 1-Phényl-2-
Hexadecyl-1,3-Eicosanedione....... 1.20 1.20 1.40
3, Test Fuel B v caamcaccmcccemeaaee 2,35 2.05 1.85
4, Test Fuel B plus 0.1 Wt. Percent
Cobalt (II) Chelate of 1-Phenyl-2- .
Hexadecyl-1.3-Eicosanedione....---- 1.15 115 1.30

Samples of test fuel B containing various proportions
of the iron (III) chelate of Example I were also sub-
jécted to an abbreviated form of the smoke spot combus-
tion test described above. In this modification of the
test procedure, the “on” and “off” cycling was eliminated
and smoke and CO, data were taken on the test fuel im-
mediately after warm-up for a period of five minutes.
The results of these tests -are set forth in the following
table:

Table C
Smoke spot No,
Test fuel At 119 | At12% | At 13%
cos” | “¢os” | "oy’
1. Test Fuel Ao ocorvoeecmcmascaacoca- 2.65 2.35 | 2.3
2. Test Fuel A plus 0.01 Wt, Percent
Tron (I1I) Chelate of Example I __. 0.75 0.75 0.8
3. Test Fuel A plus 0.02 Wt. Percent
Tron (III) Chelate of Example I.... 0.65 0.60 0.75
4, Test Fuel A plus 0.04 Wt. Percent
. " Tron (III) Chelate of Example L.._. 0.9 0.60 0.7
5. Test Fuel A plus 0.06 Wt. Percent
Iron (III) Chelate of Example I. .. 0.65 0.65 0.9
6. Test Fuel A Elus 0.08 Wt. Percent’
Tron (III) Chelate of Example I .. 0.65 0.60 0.75
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A No. 2 fuel oil containing the iron (III) chelate of
Example I in the amount of (.02 percent by weight was
subjected to a combustion deposits test carried out in a
Timken Model OBC-110 burner with a flue gas content
of 11 percent CO,. In this test, similarly as in the smoke
spot test described above, the timer was also set for an
operating cycle of 20 minutes “on” and 10 minutes “off.”
The burner flow rate was adjusted to 80 percent of the
boiler rating and maintained constant throughout the test.
The test was run for seven hours of cyclic operation for
each day for 10 days. Upon completion of the test, the
deposits were collected from the heating surfaces of the
furnace, and the volume and weight of such deposits were
measured.

The fuel oil employed in this test, hereinafter referred
to as test fuel C, was a 28.5° API gravity blend of West
Texas straight run No. 2 fuel oil distillate and fluid cat-
alytically cracked No. 2 fuel oil distiilate that contained
0.022 weight percent of a commercial sludge inhibitor (a
barium salt of a higher alkylbenzene sulfonate) and 0.003
weight percent of a commercial rust inhibitor (a high
molecular weight primary amine salt of a dialkyl ortho-

phosphate). The inhibited fuel had the following inspec-
tions:

Flash point, ° F 164
Pour point, ° F. —10
Carbon residue on 10% bottoms, percent. ...~ — 05
Water and sediment, vol. percent 0.1
Distillation range, ° F 354-621
90% point, ° F 572
Viscosity, S.U.S., 100° F 34.1
Viscosity, kinematic, ¢s., 100° Fecccaemee2. 24

The results of the 10-day deposits test are shown in the
following table:

Table D
Sample No. 1 2
Make-Up, percent Wit.:
Test Fuel C. 100 100
Iron (IIT) Chelate of Example X (Added)emooooeo_|oceoene 0.02
Inspections:
loi-gay Combustfon Test, Heafing Surface Depos-
Wwt, g
golé, Gu. gn"’ﬁ)']c - S It
oot Density, 1b./Cu. Fro_____________._..___ 3
Flame Rim Deposits— 13.3 183
t., & - . 6.0 3.6
Stack Temperature Rise, ° Fo_....__ ... 21 15
Ignition Time, Sec. (AVE.) cacacmommraacccmcacann 7.8 5.4

From the results set forth in Tables A, B, and C, it will
be seen that polyvalent metal chelates of the class in-
cluded by this invention effect a substantial reduction in
the smoke and soot forming tendencies of various fuels
that normally possess undesirable smoke and soot form-
ing tendencies. In addition, as shown by the data in
Table D, the polyvalent metal chelates disclosed herein
reduce burner deposits and effect a change in the density
of the stack deposits, that in turn results in a reduced
stack temperature rise. As will also be seen from the
results set forth in Table D, the polyvalent metal chelates
of the class disclosed herein effect an improvement in the
ignition characteristics of fuel oils in which they are in-
corporated.

It will be understood that the foregoing fuel oil com-
positions are illustrative only and that other fuel oils
and other polyvalent metal chelates disclosed herein can
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be employed. Examples of other fuel oil compositions
included by the invention are:

Make-Up, percent by W --cec—- 1 12]3]|4]|s

50/50 by Vol. Blend Eastern Vene-
%q?la 8.R. & F.C.C. No. 2. Fuel
1
Calcium Chelate of 1-Phenyl-2-
Dodecyl-1,3-Hexadecanedione .
Copper SII) Chelate of 1-Tolyl-
2-Octyl-1,3-Hexadecanedione. -
Cadmium Chelate of 1-Xylyl-2-
Decyl-1,3-Tetradecanedione. ..
Chromium' (III) Chelate of 1-
Phenyl-2- Hexadecyl-1,3-Hex-
adecanedion
Residual Fuel Oil
ty, 182 p.p.m. V)
Nickel (IT) Chelate of 1-Phenyl-
2 - Hexadecyl - 1,3 - Hexadec-
anedione

69.9 |oaeeua

99.95
0.05

99.9 | 99.9

0.1

0.1

99.54

0.46

The presence of the polyvalent metals in the addition
agents of this invention is essential for the purposes of
this invention, as the polyvalent metal chelates have been
found to be substantially more effective as combustion
improvement agents than the corresponding nonmetallic
beta-diketones. It is also emphasized that the presence
of an aromatic hydrocarbon substituent containing 6 to
22 carbon atoms and open-chain aliphatic hydrocarbon
substituents containing 8 to 22 carbon atoms in the beta-
diketones from which the polyvalent metal chelates of this
invention are derived is essential for the purposes of the
present invention. Polyvalent metal chelates derived from
beta-diketones that contain lower formula weight substitu-
ents are unstable in the presence of water and decompose
to form the corresponding beta-diketones, which as pointed
out above are substantially less effective than the poly-
valent metal chelates. The metallic constituents of the
polyvalent metal chelates derived from the beta-diketones
that contain three bulky substituents are evidently shielded
from attack by water by the relatively large substituents
of the beta-diketone component, whereas the metallic
constituents of polyvalent metal chelates derived from low
molecular weight beta-diketones are not so shielded and
are readily susceptible to decomposition by water. Just
as the polyvalent metal chelates disclosed herein resist
decomposition by water, so also do they resist decomposi-
tion by acids or bases. Stability in the presence of water
is an important property of the polyvalent metal chelates
disclosed herein, as fuel oils normally accumulate sub-
stantial amounts of condensed moisture.

The term “No. 2 fuel oil” is defined in ASTM Standards
on Petrolenm Products and Lubricants, for November
1956, as a distillate oil for general purpose domestic heat-
ing for use in burners not requiring No. 1 fuel oil (an oil
for use in vaporizing pot-type burners) and having the
following inspections: :

Flash point, ° F. (min.) 100 or legal.
Pour point, ° F. (max.) 20.

‘Water and sediment, vol. percent (max.) - 0.10.
Carbon residue on 10% bottoms, percent

(max.) 0.35.
Distillation temperature, ° F. e 675.
90% point (max.) 40

Viscosity, kinematic, cs., 100°
Gravity, ° API (min.)

If desired, the fuel oil compositions of this invention
may contain in addition to the compounds previously
discussed oxidation inhibitors, corrosion inhibitors, anti-
foam agents, ignition quality improvement agents, sludge
inhibitors, color stabilizers and other addition agents
adapted to improve the oils in one or more respects.

Obviously, many modifications and variations of the
invention as herein described may be resorted to without
departing from the spirit or scope thereof. Therefore,
only such limitations should be imposed as are indicated
in the appended claims.
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We claim: -

1. A fuel oil composition comprising a major amount
of a hydrocarbon fuel oil that normally tends to form
smoke and soot during combustion, and containing a
small amount, sufficient to reduce the smoke and soot
forming tendencies of the oil of a chelate of a polyvalent
metal selected from the group consisting of alkaline earth
metals, iron group metals, copper, chromium, cadmium,
and titanium, and a beta-diketone having the general
formula:

It Il
R—C—é—C-—CHn—R”
RI

where R is an aromatic hydrocarbon group having a
nuclear carbon atom thereof connected directly to the ad-
jacent carbonyl carbon atom and containing 6 to 22
carbon atoms, and R’ and R” are open-chain aliphatic
hydrocarbon radicals containing 8 to 22 carbon atoms.

2. The composition of claim 1 where said fuel oil is a
distillate fuel oil.

3. The composition of claim 1 where said small amount
is about 0.001 to about 0.5 percent by weight of the
composition.

4. A fuel oil composition comprising a major amount
of a hydrocarbon fuel oil that has an API gravity less
than about 34°, and that normally tends to form smoke
and soot during combustion, and containing a small
amount, sufficient to reduce the smoke and soot form-
ing tendencies of the oil of a chelate of an iron group
metal and a beta-diketone having the general formula:

O H O
R—g—-é—(uJ—CHr-R”

7

where R is a mononuclear aromatic hydrocarbon radical
containing 6 to 12 carbon atoms, and R’ and R”" are alkyl
radicals containing 12 to 18 carbon atoms.

5. A fuel oil composition comprising 2 major amount
of a hydrocarbon fuel oil that has an API gravity less
than about 34°, and that normally tends to form smoke
and soot during combustion, and containing a small
amount sufficient to reduce the smoke and soot form-
ing tendencies of the oil, of the iron (III) chelate of
1-phenyl-2-hexadecyl-1,3-eicosanedione.

6. A fuel oil composition comprising a major amount
of a hydrocarbon fuel oil that has an API gravity less
than about 34°, and that normally tends to form smoke
and soot during combustion, and containing a. small
amount sufficient to reduce the smoke and soot form-
ing tendencies of the oil, of the nmickel (II) chelate of
1-phenyl-2-hexadecyl-1,3-eicosanedione.

7. A fuel oil composition comprising a major amount
of a hydrocarbon fuel oil that has an API gravity less
than about 34°, and that normally tends to form smoke
and soét during combustion, and containing a small
amount sufficient to reduce the smoke and soot form-
ing tendencies of the oil, of the cobalt (II) chelate
of 1-phenyl-2-hexadecyl-1,3-eicosanedione.

8. A chelate of a polyvalent metal selected from the
group. consisting of alkaline earth metals, iron group:
metals, copper chromium, cadmium, and titanium, and
a beta-diketone baving the general formula:

H O

(o)
iy
R—(IJ— C— (‘.“:——CH:R”

’

where R is an aromatic hydrocarbon group having a
nuclear carbon atom thereof connected directly to the
adjacent carbonyl carbon atom and containing 6 to 22
carbon atoms, and R’ and R” are open-chain aliphatic
hydrocarbon radicals containing 8 to 22 carbon atoms.

9. A fuel oil addition agent comprising a chelate of
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