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This invention relates to stable fuel oil com 
positions. More particularly, the invention re 
lates to stable fuel oil compositions which are 
composed of straight run and cracked oils. 
When a heavy petroleum oil is subjected to 

catalytic cracking by any of the conventional 
processes such as the ?xed bed, moving bed or’ 
?uid processes, wherein the heavy oil is contacted 
with a cracking catalyst such as a natural clay 
catalyst or a synthetic silica-alumina or silica 
magnesia catalyst, the conversion products com 
prise not only gasoline hydrocarbons but also 
heavier distillate hydrocarbons, such as hydro 
carbons boiling in the fuel oil range, that is, 
hydro-carbons boiling within the range of about 
350° to about 750° F. Although the burning char 
acteristics of such oils are fairly good, it is gen— 

1 erally the practice when using these catalytically 
cracked oils as fuels to mix them with straight 
run distillate oils of similar boiling range in order 
to produce mixed oils having better burning char 
acteristics than catalytically cracked oils, and 
also in order to balance re?nery production. In 
addition, thermally cracked distillates are some 
times mixed with straight run distillate oils of 
similar boiling range to produce fuel oils. 
The problem of instability, as a practical mat 

ter, is troublesome primarily in the case of fuel . 
oils consisting of mixed cracked and straight run ' 
oils. In the case of straight run distillates sludg 
ing or precipitation is not normally troublesome. 
However, in certain instances some straight run 
fuel oils will deposit sludge and may give trouble 
in service because of either inadequate or im 
.proper re?ning, or due to a natural instability‘ 
attributable to some constituent not ordinarily 
present. This is exempli?ed by distillates con 
taining large amounts of sulfur, either as original 
components of the crude or present in the form 
of elemental sulfur and sulfur compounds added 
incidentally during the doctor treating of such 
distillates. In such cases, in addition to free 
surfur and sulfur compounds, quantities of 
litharge may also remain in the oil. In addition, 
naphthenic acids may not be completely removed 
in the caustic washing process, and these may 
contribute to instability and the formation of. 
precipitates in the subsequent storage and han 
dling of such straight run fuels. It is believed 
that the problem encountered with straight run 
fuels is essentially one of oxidation and the 
formation of insoluble oxygenated compounds 
which result from contact with atmospheric and 
dissolved oxygen in the distillate. This problem 
is a di?ferent one from that encountered in the 
storage and use of mixed cracked and straight 
run oils. ‘ 
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In‘ the case of cracked distillates the chemical 1 

nature of the components is considerably different 
from that ‘of straight run materials‘, cracked dis 
tillates being, as a rule, highly aromatic and con~ 
taining appreciable amounts of ole?ns and 
aromatic-ole?n mixed-type compounds. Such 
compounds by virtue of their unsaturated char 
acter are particularly susceptible to polymeriza 
tion reactions leading to the formation of rela 
tively high molecular ‘weight'resinous or gum-like 
materials which may or maynot contain appre- ' 
ciable amounts‘of oxygen. vAlthough catalytically 
cracked stocks are relatively stable, thermally 
cracked stocks, depending upon the degree of 
cracking and on the type of charge stock, will 
precipitate sludge during storage. It is believed 
that this precipitation of sludge‘ in thermally 
cracked stocks is mainly a result 
polymerization. 
The tendency of fuel oils to cause the clogging 

of screens, conduits, and other parts of burners, 

of oxidation and 

vtherefore, varies with different fuel oils. How 
ever, it has been found that the tendency of a 
mixed cracked and straight run fuel oil to form 
objectionable sediment‘is greater ‘than that of 
either oil alone. This is probably due to the fact 
that the decomposition products are less soluble 
in the mixed oil and therefore tend to precipitate 
out. Since the straight run component, being 
essentially para?inic in nature, is a very poor 
solvent for the highly polymerized aromatic 
olefin type compounds which are formed from the‘ 
cracked component, it probably has the effect of 
reducing the solvent power of the cracked dis-i 
tillate itself for such gum-like material. As a 
result, precipitation of those materials will occur. 
It is believed that the sludge formed in such cases ' 
is of a different character from the sludge formed 
as a result of oxidationof straight run fuel oils. , 

t The present invention relates to fuel oil com 
positions comprising rnixedcracked and straight 

- run distillate fuel oils, which compositions are of 
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improved stability with respect to sludging and 
therefore of good appearance and adapted for 
effective use in fuel oil furnaces and as diesel 
fuels even after being stored for extended 
periods. 

It has been discovered that such an improved _ 
mixed fuel oil composition can‘ be obtained by 
incorporating in the mixed fuel oils a small 
amount of a divalent metal salt of a hydrogenated 

. rosin, said metal being selected from the group " 
of metals whose only simple salts are the divalent 
metal salts. - 

It is not clear as to‘ what way the divalent 
metal salts of the class described function to 
improve the characteristics of the mixed fuel 
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oil and therefore the invention is not limited to 
any theory of operation. It might appear that 
they function as vsolubilizing agents for the 
sludge, but this function is more or less nega 
tived by the fact that whereas a mixed fuel oil 
in the absence of such a compound forms addi 
tional amounts of sludge so long as it is stored, 
at least over any feasible test storage period, 
the incorporation of a compound of this class 
in the oil inhibits the formation of additional 
sludge even after some sludge has been formed, 
although the already formed sludge does not 
disappear. We have discovered, however, that 
by adding a small amount of a compound of 
this class to a mixed fuel oil containing an 
amount of sludge making the oil undesirable for 
use in a household burner because of sludge de 
posits, the oil can be employed in such a burner 
without leaving the undesirable deposits. In 
this case it appears that although the sludge 
does not disappear, its characteristics are so 
changed as to prevent its deposition on a typical 
burner screen or on other parts of a burner. 
Inasmuch as the hydrogenated rosins from 

which the salts of this invention are prepared 
are commercially available, their preparation 
does not form any part of this invention and 
need be only brie?y considered. If desired, how 
ever, the hydrogenated rosin may be obtained 
by any of the well-known methods of prepara 
tion. For example, rosin may be heated and 
treated with hydrogen in the presence of a me 
tallic catalyst. Moreover it may be either par 
tially or completely saturated. The divalent 
metal salts of these more saturated rosin acids 
can then be formed by well-known methods 
such as by the addition of the metal oxide or 
hydroxide. If desired, the metal salts can also 
be prepared indirectly by substitution. The 
term “rosin” is intended to include all rosin 
acids, abietic acids and similar rosin materials. 

It has been pointed out that useful salts are 
salts of metals selected from the group whose 
only simple salts are divalent metal salts. Thus, 
suitable salts include barium, calcium and mag 
nesium salts of hydrogenated or partially hy 
drogenated rosin. Other metals normally form 
ing simple divalent salts are zinc, cadmium, 
nickel, cobalt and strontium. Because of ease 
of availability, barium and calcium salts of hy 
drogenated or partially hydrogenated rosin nat 
urally are preferred. 
The addition of the compound in very small 

amounts has been found to produce excellent 
results. Thus, our composition comprises a ma 
jor amount of the mixed straight run and cracked 
distillate fuel oils and a minor amount suincient 
to inhibit sludge deposition of the divalent metal 
salt of an at least partially hydrogenated rosin. 
Fully effective results are obtained when using 
between about 0.01 and about 0.1 per cent of the 
additive by weight of the mixed fuel oil for 
addition even to mixed oils having high sulfur 
content and pronounced sludging tendencies. 
Moreover, satisfactory results are obtained when 
using as little as 0.005 per cent. In this instance, 
in many cases full inhibition of sludge forma 
tion is not obtained but the mixed oil is satis 
factory for use because the additive changes the 
physical, and perhaps chemical, nature of the 
sludge so that it does not cause rapid clogging 
of screens and other parts of burners. While 
larger quantities than 0.1 per cent can be used, 
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4 
no advantage appears to result. The use of 
larger quantities necessarily increases the ash 
and carbon residue» test values of the mixed oils, 
and may also cause darkening. ' 
The divalent metal salt of hydrogenated rosin 

may be incorporated in the mixed fuel oil in 
any suitable manner. For example, it may be 
added to either or both of the cracked or straight 
run oils prior to mixing the two or it may be 
added to the mixed oil. When the compound is 
incorporated in the mixed oil, it is unnecessary to 
do this immediately after mixing the oil as the 
compound is effective even after some sludge 
has formed. It will usually be preferable to add 
the compound prior to any sludge formation as 
this will either eliminate sludge formation, or re 
duce the amount of sludge which will be formed, 
depending upon the speci?c characteristics of the 
oils employed in making up the mixed oil and 
upon the amount of the compound added. The 
compound can be added as such but it is pre 
ferred to employ it in the form of a concentrated 
solution in an oil carrier. After addition, some 
circulation of the mixed oil is desirable to in 
sure the early production of a uniform compo 
sition, but this is not absolutely necessary. 

It is emphasized that the problem with which 
the present invention is concerned exists pri 
marily when a cracked oil and a straight run oil 
are combined in such proportions as to cause a 
substantial effect such as previously described. 
The invention is important when the ratio of the 
volume of the cracked oil to the straight run oil 
is within the range of 9:1 to 1:9. It is especially 
advantageous when applied to mixed oils con 
taining these oils in a volume ratio within the 
range of 4:1 to 1:4. 

In the following tables there are given the re 
sults of light stability tests made on the mixed 
fuel oils of the character indicated, in the ab 
sence of an additive, and containing compounds 
of the class disclosed above. The compounds 
employed in these tests were the calcium barium 
salts of a hydrogenated rosin. The percentages 
of each compound used in the tests are weight 
percentages of the compound in the oil. 
A “No. 2” oil is de?ned in “ASTM Standards 

on Petroleum Products and Lubricants” 
D396~48T. The “No. 2” indicates a distillate oil 
for general purpose domestic heating for use in 
burners not requiring a No. 1 fuel oil, and hav 
ing the following properties: Flash point, 
°F.--l00 or legal (min); pour point, °F.--20 
(max); water and sediment, percent by vol 
ume—0.l (max); carbon residue, percent by 
weight-0.35 on 10% residuum; distillation tem 
perature, °F.-—90% point 675 (max); viscosity, 
Saybolt Universal seconds at 100° F.-—40 (max) ; 
gravity, °API-—26 (min); and maximum sulfur 
content—-1 per cent. 
The light stability test was carried out by ex 

posing a 100 cc. sample of the oil to be tested 
to a light source rich in ultra-violet rays, for 
periods of 4 hours alternated with periods of 20 
hours during which the oil was stored in the 
dark. The test was completed after 40 hours’ 
exposure to the light. At the end of each dark 
storage period the samples were examined for 
the presence of precipitated sediment or sludge. 
The exposure to light was accomplished by put 
ting samples of fuel oil in 4-ounce bottles which 
were unstoppered to allow access of air. These 
bottles were placed within a circular metal en 



2,692,821: 
5 

closure at a distance of 22 inches from the light 
source which was a Westinghouse 400 watt type 
DH-l mercury vapor lamp mounted vertically in 
the center of the housing. It was found that a 
temperature rise of approximately 20° F. occurs . 
during the exposure period. The interval of 
darkness was necessary to allow any dispersed 
sludge to settle and to permit oxygen to replace 
any used up in the light-induced reaction. The 
effect of the exposure to light was judged by 
swirling the bottle and estimating the quantity 
of precipitate which had settled. This was re 
corded as Trace, Light, Medium or Heavy. In 
this light stability test the calcium and barium _ 
salts of this invention are used. The salt em 
ployed in the storage tests tabulated below is 
the calcium salt of hydrogenated rosin. Suita 
ble hydrogenated resins are rosins of at least. 
about 40 per cent saturation to and including 
fully hydrogenated rosin. A particularly useful 
hydrogenated rosin is one which has been hy 
drogenated to about 60 per cent of capacity. 

TABLE I 

Light stability test 

Hours of 
exposure ‘glrgg'ggf 

Oil reqmred at end 01' 
to sluldgte 40 Hrs 
samp e o ' 
“light” exp. 

50/50 Blend Eastern Venezuela Straight Run 12 Heavy. 
No. 2 Fuel Oil Distillate and Fluid Cata 
grrticiigly Cracked No. 2 Distillate (Blend 

0. . , 

Blend No. 1 Plus 0.025% Calcium Salt of 44 Light-—. 
Hydrogenated Rosin. 

Blend No. 1 Plus 0.05% Calcium Salt of 44 'l‘race+. 
Hydrogenated Rosin. 

Blend No. 1 Plus 0.1% Calcium Salt of 60 Do. 
Hydrogenated Rosin. 

Make-up of Fuels, Percent by Vol.: 
Straight-Run Fuel Dis 

tillate No. 2, Doctor-Sweetened. 
Thermofor Cat-Cracked No. 2 Fuel 

Oil D‘ ' late istil . 

Concentration of Additive: Percent by 

West Texas 

weight on oil. 
Storage Time: 

1 month— 
Sludge AppearancebfStétlIII:II: 

2 months 
Slud e g _________________________ __ 

Aiglrliearance of Steel ____________ _ l 
3 mon s— 

Sludge 

4 mon s—— 
Sludge _____________ - 

Apliliearance of SteeL. 
5 mont s—— 

Sludge __________ _. . 

Aiggearance of Steel ____________ ,_ 
6 mon s—~ 

Sludge 
ApEeaIP-anceo-{SteeIIIIIII:I 7 mont s- 
Sludge AppearanceEr'sEéEiIIIIIIIII: 
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TABLE II 

Light stability test 

No. of hours of ultraviolet " 
. light required to sludge $321152: 

Sample Description samples to" at End of 
Test (40 

Trace Light Medium hours) 

50/50 Blend Eastern Vene- 4 12 28 Medium+. 
zuela Straight Run and 
Fluid Catalytically 
Cracked (Blend No. 2). 

Blend No. 2 Plus 0.025% 4 40 ________ __ Light. 
Calcium Salt of Hydro~ 
genated Rosin. 

Blend No. 2 Plus 0.05% 4 ________________ ._ Traee+. 
Calcium Salt of Hydro- ' ' 
genated Rosin. 

Blend No. 2 Plus 0.05% 4 _ vDo. 
Barium Salt of Hydro 
genated Rosin. 

A storage test was also carried out to deter 
mine the stability of the fuel oil compositions 
disclosed herein. This test was carried out by 
pouring 1500 cubic centimeters of the fuel to 
be tested into a two-quart Mason jar and im 
mersing an 8 inch by 11/2 inch by 3% inch SAE 
1020 cold rolled steel strip in the oil. The steel 
surface to oil ratio approximates that existing inv 
a 55 gallon steel drum. The jar was then closed 
with a vented lid and was stored in total darkness. 
Periodically sampling and testing were carried 
out as rapidly as possible in subdue light. The 
extent of deterioration of the fuel was determined 
by the amount of precipitate observed and des 
ignated as Trace, Light, Medium or Heavy. Any 
staining or ‘corrosion of the steel strip was also 
noted. 
In the following tables there are tabulated the 

results obtained in storage tests on the oils alone 
and stabilized fuel oil compositions of the in 
vention. 

TABLE III 
Laboratory storage tests 

80 _________ __ 80 _________ _. 80 _________ __ 80. 

20 _________ __ 20 _________ _- 20 ......... __ 20, 

............ ._ 0005..-..." 0.0l..-__.-.. 0.05. 

None. 
OK. 

____________ __ Sl.Trace____ SI.’l‘race.___ S1. Trace. 
____________ _. K____.__._ OK_A.___.__ OK. 

Light _____ __ Sl.’l‘race.___ S1. Trace____ SLTrace. 
Stained___._ K _______ .. OK _______ __ OK. 

Medium-k... S1. Trace____ Sl.Trace._._ Sl. Trace. 
Stained____. Sl.Stain____ OK _______ _. OK. 

_______ __ _ Trace+_._» S1.Trace..-. Trace. 
____________ __ Sl.Stain___. OK.._.___._ OK. 

Heavy ____ .. Light+-__._ S1.’I‘race.._- Trace—l—. 
Stained_.___ S1. Stain__._ OK _______ _. OK 



2,692,821 

TABLE IV 

Laboratory storage tests 

Make-up of Fuels, Percent by Vol.2 
West Texas Straight-Run Fuel Dis- 50 _________ -. 50 _______ _. 

tillate No. 2, Doctor-Sweetened. 
Thermofor Cat-Cracked No. 2 Fuel 50 _________ .. 50 _______ _. 

Oil Distillate. 
Concentration of Additive: Percent by ............ .. 0.005 .... .. 

weight on oil. 
Storage Time: 

1 month—— 
Sludge _________________________ _. S1. Trace.-. 
Appearance of Steel. ._... 0K _______ _. 

2 months— 
Sludge _______________________________________ _. 
Appearance of Steel __________________________ .. 

3 months- _ 
Sludge _________________________ .. Medium+.._ 
Appearance of Steel. . S1. Stain.-__ OK 

4 months 
Sludge _________________________ .. Medium+.._ Light.._.. 
Appearance of Steel ............ .. Stained-.-__ Sl. Stain.-_. 

5 months- _ 
Sludge ___________________ .. Medium+... Medium.. 
Appearance of Steel--. .-. Stained.._.- Stained.- 

. 6 months 
Sludge ______________ ._ ..- Medium+... Medium__.-. 

Appearance of Steel ____________ .. Stained_.... Stained... 

50 ......... .. 50. 

50 _________ -. 50. 

0.01 _______ _. 0.05. 

S1. ‘Trace... S1. Trace. 
K _______ ._ OK. 

Trace ..... ._ Light. 

K _______ -- OK. 

Trace ..... -. Light. 

Light _____ .. Light. 
S]. Stain- . __ Stained. 

Light+_---_ Light. 
Stained.__.. Stained. 

From the results given. in the foregoing tables 
it will be seen that the mixed oils possess poor 
stability properties. These results also show that 
mixtures of straight run and catalytically 
cracked oils are materially improved with re 
spect to stability to sludge formation by the addi 
tion of certain divalent metal salts of at least 
partially hydrogenated resins. The stability of 
the mixed oil to sludge formation is improved 
with the addition of as little as 0.005 per cent 
of a compound of this class; however, major 
improvement is obtained by the addition of 0.01 
per cent. Even greater improvement may be ob 
tained in some cases by the addition of 0.05 
per cent. Also stability to sludge formation is 
obtained when larger amounts are employed but 
the addition of excessive amounts will necessarily 
increase the ash and undistillable residue in the 
oil and is not usually required for normal stor 
age conditions. Therefore, when positive control 
of sludge formation is desired, it is preferred to 
employ at least 0.005 per cent of the divalent 
metal salt of at least partially hydrogenated 
rosin and it is not necessary to employ more 
than 0.05 per cent. In any case, the total amount 
of the hydrogenated rosin salt need not exceed 
0.1 per cent of the mixed oils. 
The tests employed in obtaining the data set _ 

out in the tables are especially severe tests of the 
compounded oils and the results are given in 
terms of the quantity of sludge deposited without 
regard to the nature of the sludge. In practice, 
however, the quantity of sludge formed is fre 
quently not as important as the physical char 
acteristics of the sludge. The addition of a very 
small amount of a compound of the class de 
scribed to a mixed fuel oil affects the character 
istics of the sludge, making it lighter and ap 
parently more easily dispersed so that the sludge 
deposition is avoided or at least materially 
lessened. To accomplish variation in the nature 
of the sludge as well as some control over the 
actual formation of sludge, as little as 0.005 per 
cent by weight of the mixed oils of the divalent 
metal salt of at least partially hydrogenated rosin 
can be used. Consequently, as previously pointed 
out, we generally prefer to employ the salt in an 
amount equal to about 0.005 to about 0.05 per 
cent by Weight of the mixed oils. 
Although the compounds employed in the tests, 

the results of which are given in the tables, are 
preferred for use in the fuel oil compositions of 
the invention, it will be understood that other 
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members of the class of compounds disclosed 
above may be used to prepare fuel oil composi 
tions of the invention, it will be understood that 
other members of the class of compounds dis 
closed above may be used to prepare fuel oil com 
positions of substantially the same improved 
properties. In other words, the invention in 
cludes other hydrogenated rosin metal salts 
wherein the metal is selected from the group 
whose only simple metal salts are divalent metal 
salts. Nickel, for example, is suitable. 

If desired, the stable fuel oil compositions may 
contain in addition to the compounds previously 
discussed oxidation inhibitors, ?ash point con 
trol agents, corrosion inhibitors, anti-foam 
agents, ignition quality improvers, combustion 
improvers and other additives adapted to im 
prove the oils in one or more respects. 

Obviously many modi?cations and variations 
of the invention, as hereinbefore ‘set forth, may 
be made without departing from the spirit or 
scope thereof and therefore only such limitations 
should be imposed as are indicated in the ap 
pended claims. 
We claim: 
1. A fuel oil composition comprising a major 

proportion of a mixture of straight run and 
cracked distillate fuel oils tending to deposit 
sludge and a minor amount, suf?cient to inhibit 
sludge deposition from said mixture of oils, of a 
divalent metal salt of a hydrogenated rosin of at 
least about 40 per cent saturation, wherein said 
metal is selected from the group of metals whose 
only simple salts are divalent metal salts. 

2. A fuel oil composition comprising a major 
amount of a mixture of straight run and cracked 
distillate fuel oils tending to deposit sludge and a 
minor amount of from 0.005 per cent to 0.1 per 
cent by weight of the mixture of a divalent metal 

'j salt of a hydrogenated rosin of at least about 40 

75 

per cent saturation, wherein said metal is selected 
from the group of metals whose only simple salts 

' are divalent metal salts. 
3. A fuel oil composition comprising a major 

amount of a mixture of straight run and cracked 
distillate fuel oils tending to deposit sludge and 
a minor amount of from 0.01 per cent to 0.1 per 
cent by weight of the mixed fuel oil of the calci 
um salt of a hydrogenated rosin of at least about 
40 per cent saturation. 

4. A fuel oil composition comprising a major 
amount of a mixture of straight run and cracked 
distillate fuel oils tending to deposit sludge and a 
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minor amount of 0.01 per cent by weight of the 
mixed fuel oil of the barium salt of a hydrogen 
ated rosin of at least about 40 per cent satura 
tion. 

5. A fuel oil composition comprising a major 
amount of a mixture of straight run and cracked 
distillate fuel oils tending to deposit sludge and a 
minor amount of at least 0.005 per cent by weight 
of the mixed fuel oil of the nickel salt of hydro 
genated rosin of at least about 40 per cent satura 
tion. 

6. A process for treating a composition consist 
ing essentially of a mixture of straight run and 
cracked distillate fuel oils from which sludge has 
begun to deposit to prevent further substantial 
deposition of sludge which comprises introduc 
ing into said fuel oil composition containing 
sludge a minor amount su?icient to inhibit fur 
ther sludge deposition of a divalent metal salt of 
a hydrogenated rosin of at least about 40 per cent 
saturation, wherein said metal is selected from 
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the group of metals whose only simple salts are 
divalent metal salts. 

7. A process for treating a composition consist 
ing essentially of a mixture of straight run and 
cracked distillate fuel oils from which sludge has 
begun to deposit to prevent further substantial 
deposition of sludge which comprises introducing 
into said fuel oil composition containing sludge a 
minor amount of from 0.005 to 0.1 per cent by 
weight of a divalent metal salt of a hydrogenated 
rosin of at least about 40 per cent saturation, 
wherein said metal is selected from the group 
of metals whose only simple salts are divalent 
metal salts. 
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