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1. 

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 catalytically 
cracked oils. 
When a heavy petroleum oil is subjected to 

catalytic cracking by any of the conventional 
processes such as the fixed bed, moving bed or 
fluid processes, wherein the heavy oil is con 
tacted with a cracking catalyst Such as a nat 
ural clay catalyst or a Synthetic silica-alumina, 
or Silica-magnesia, catalyst, the conversion prod 
ucts comprise not only gasoline hydrocarbons 
but also heavier distillate hydrocarbons, such 
as hydrocarbons boiling in the fuel oil range; 
that is, hydrocarbons boiling within the range 
of about 350 to about 750 F. Although the 
burning characteristics of such oils are fairly 
good, it is generally 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 characteristics than the 
catalytically cracked oils, and also in order to 
balance refinery production. 
These mixed straight run and catalytically 

cracked distillate oils, however, have been found 
to have the disadvantage of being relatively un 
stable in storage. After a few months in Storage 
at atmospheric temperature, they tend to form 
a precipitate or sludge which is unsightly and 
which reduces their usefulness as burning oils in 
certain types of installations. It has been found 
that the storage characteristics of a mixed oil 
are poorer than the characteristics of either oil 
alone. The reason for this is not clearly under 
stood but it may be that the solubility of certain 
degradation products of the catalytically cracked 
oil is less in the mixed oil than in the catalytically 
Cracked oil. 
The present invention relates to fuel oil com 

positions comprising mixed catalytically cracked 
and straight run distillate fuel oils which con 
positions are of improved stability with respect 
to sludge deposition and therefore of good ap 
pearance and adapted for effective use in fuel 
oil furnaces and as diesel fuels even after being 
stored for extended periods. We have discow 
ered that such an improved mixed fuel Oil Cain 
be obtained by incorporating in the oil a Small 
amount of a combination of a trialkylphosphite 
in which the alkyl groups are open or cyclic alkyl 
groups containing 4 to 12 carbon atoms and a 
salt of a metal of group II of the periodic table 
and a dialkyl dithiophosphoric acid in which the 
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alkyl groups are also open or cyclic and contain 
4 to 12 carbon atoms. The barium, calcium, 
magnesium and zinc salts of such dialkyl di 
thiophosphoric acids are especially important. 
A preferred combination comprises the barium 
Salts of mixed dialkyl dithiophosphoric acids in 
Which the alkyl groups are open chain and con 
tain an average of 6 to 8 carbon atoms, in com 
bination with tributylphosphite. As will appear 
from the Specific examples, we have found that 
while a compound of either of these classes is 
relatively ineffective when incorporated in a 
mixed fuel oil, the combination is effective in 
inhibiting sludge formation. The two com 
pounds may be employed in varying proportions 
With respect to one another, provided the com 
pound present in the Smaller amount is present 
in an amount Corresponding to at least about 
0.005 per cent by weight of the finished oil. In 
general it is preferred to employ the compounds 
in Weight ratios varying from about 1:4 to 4:1. 

It has not been determined in what way com 
binations of compounds of these classes func 
tion to improve the characteristics of the mixed 
fuel oil and therefore the invention is not limited 
to any theory of operation. It might appear 
that they function as solubilizing 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 combination forms addi 
tional amounts of sludge so long as it is stored, 
at least over any feasible test storage period, 
the incorporation of a combination of this class 
in the oil inhibits the formation of sludge even 
after Some sludge has been formed, and the al 
ready formed sludge does not disappear. By add 
ing a Small amount of combination of compounds 
as described to a mixed fuel oil containing an 
allouilt of Sludge making the oil undesirable for 
use in many burner installations because of 
Sludge deposits, the oil can be employed in such 
installations without leaving undesirable de 
posits. 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. 
The addition of the combination in very small 

amounts has been found to produce the best re 
Sults. Thus, fully effective results are obtained 
when using between about 0.05 and about 0.15 
per cent of the combination by weight of the 
mixed fuel oil even when the mixed oils have high 
Sulfur content and pronounced sludging tend 
encies. However, adequate results are obtained 
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when using as little as 0.01 per cent of the com 
bination. In this case, in many instances full 
inhibition of sludge formation is not obtained but 
the mixed oil is satisfactory for use because the 
Combination changes the physica, and perhaps 
cherinical, nature of the sludge So that it does not 
cause rapid clogging of Screens and other parts 
of burners. While larger quantities than 0.15 
per cent can be used, no advantage appears to 
result. The use of larger quantities necessarily 
increases the ash and carboin residue test values 
of the mixed oils, and Sometimes also causes 
darkening. 
The compounds may be incorporated in the 

mixed fuel oil in any Suitable manner. For ex 
ample, they may be added either separately or 
together to either or both of the catalytically 
cracked or straight run oils prior to mixing the 
two or they may be added to the Yixed oil. 
When the compounds are incorporated in the 
nixed oil, it is unnecessary to do this inanedi 
ately after mixing the oil as they are effective 
even after Sonne Sludge has formed. It will uSulai 
ly be preferable to add the compounds prior to 
any Sludge formation as this will either eliminate 
sludge formation, or reduce the annount of Sludge 
formed, depending upon the specific character 
istics of the oils employed in making up the 
nixed oil. The compounds can be added as such 
but it is preferred to employ them in the form 
Of concentrated Solutions in an oil carrier. After 
addition, some circulation of the mixed oil is 
desirable to insure the early production of a uni 
form composition, but this is not absolutely 
neceSSary. 
The problenn With which the present, inven 

tion is concerned exists only when a catalytically 
Cracked oil and a Straight run oil are combined 
in Such proportions as to cause a Substantial ef 
fect such as previously described. The inven 
tion is important when the ratio of the volume 
of the catalytically cracked oil to the Straight 
run oil is within the range of 9:1 to 1:9. It is 
especially advantageous when applied to nixed 
oils containing these oils in a volume ratio With 
in the range of 4:1 to 1:4. 

In order to determine the effectiveness in 
mixed fuel oils of compounds of the classes dis 
closed above, two tests were carried out, a light 
Stability test and a storage test. The light sta 
bility test was carried out by exposing 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 pre 
cipitated sediment or sludge. The exposure to 
light was accomplished by putting samples of 
fuel oil in 4-ounce bottles which were unstoppered 
to allow access of air. These bottles were placed 
within a circular metal enclosure at a distance 
of 22 inches from the light source which was a 
Westinghouse 400 Watt type DH-1 mercury vapor 
lamp mounted vertically in the center of the 
housing. It was found that a temperature rise 
of 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 Eight-induced re 
action. The effect of the exposure to light was 
judged by swirling the bottle and estimating the 
quantity of precipitate which had settled. This 
WaS recorded as Trace, Light, Medium or Heavy, 
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4. 
The storage test was carried out by pouring 

1500 gubic centimeters of the fuel to be tested 
into a two-quart Mason jar and innerSing an 8 
inch by 14, inch by inch SAE 1020 cold rolled 
Steel Strip in the oil. The steel surface to oil 
ratio approximates that existing in 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 Subdued light. The 
extent of deterioration of the fuel was determined 
by the amount of precipitate observed and desig 
nated as Trace, Light, Medium or Heavy. Any 
staining or corrosion of the steel strip was noted. 
In the following tables there are given the re 

sults of light stability and storages testS made 
on mixed fuel oils of the character indicated in 
the absence of an additive and containing a COIn 
pound or compounds of the classes disclosed 
above. The compounds employed in these tests 
were the barium salt of a mixture of dialkyl 
dithiophosphoric acids, in which the alkyl groups 
Were open chain and contained an average of 
about 7 carbon atoms, which is designated in the 
following tables as Compound I, and tributyl 
phosphite. Compound I was employed in the 
form of a 50 per cent solution in a hydrocarbon 
oil, but the percentages of this compound used in 
the tests are based on the weight Of the Con 
pound itself. 
The ratios of the oils employed are Volume ra 

tios and the percentages of the added compounds 
are percentages of the weight of the mixed oil. 
The term “No. 2' indicates an oil boiling Within 
the range of about 350° to 750 F. and having a 
minimum API gravity of 26. 
The following Table I presents the data, ob 

tained in light stability testS. 
Table I 

Light Stability Test 

No. of Hours Exposure to 
Ultra-Violet Light Re 

Mixed Oil quired to Sludge Oil Aount 
to- of Sludge 

at End 
of Test 

Me Trace Light dium Heavy 

1. 50/50 Bend Eastern Vene- 0 12 28 40 deavy. 
zuela Straight Run No. 2 
Fuel Oil and Fluid Cata 
lytically Cracked No. 2 
Disillate, No Additive. 

2. Blend No. 1 plus 0.05% 4 20 40 ------- Medium. 
Compound I. 

3. Blend No. 1 plus 0.025% 4. 12 28 ------- Do. 
Compound I. 

4. Blend No. i pius 0.1% Tri- 4. 8 20 24 Heavy. 
butylphosphite. 

5. Blend No. 1 plus 0.05% 4. 8 20 28 Oo. 
Tributylphosphite. ... . . . 

6. Blend No. 1 plus 0.025% 4 24 i------------- Ligl:t. 
Compound No. 1 and 
0.05% Tributylphosphite. 

70 

75 

it will be seen from Table I that Compound I, 
the barium salt of the mixed dialkyl dithiophos 
phoric acids, when added to a mixed fuel oil 
causes only moderate improvement in the stability 
of the oil to the light test, and that tributyl 
phosphite lessens the stability of the mixed oil 
toward light. Using these two compounds to 
gether, however, produces a finished oil having 
markedly improved light stability characteristics. 

In the following Table II there are tabulated 
the results obtained in storage tests on mixed 
oils alone and stabilized fuel oil compositions of 
the invention, 
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Mixed. Of 
Storage Test-Precipitate Formed and Condition of Metal Strip 

Month 3 Months 6. Months 

2. 

. 50/50 Blend Eastern Venezuela, 
StraightRun No.2 Fuel Oil and 
Fluid Catalytically Cracked 
No.2 Distillate, No. Additive. 

Blend No. 1 plus 0.025% Com 
pound I and 0.05% Tributyl 
phosphite. 

. 80/20 Blend Eastern Venezuela 
Straight Run No.2 Fuel Oil and 
Fluid Catalytically. Cracked 
No. 2Distillate, No. Additive. 

. Blend No. 3 plus, 0.025% Com 
pound I and 0.05% Tributyl 
phosphite. 

. 50/50 Blend West Texas Straight 
Run. No. 2 Fuel Oil and Ther 
mofor Catalytically, Cracked 
No. 2 Distillate, No Additive. 

Blend No. 5, plus 0.05% Com 
pound I and 0.1% Tributyl 
phosphite. 

... Blend No. 5 plus 0.025% Com 
pound I and 0.05% Tributyl phosphite. 

. 80/20 Blend West Texas Straight 
Run, No. 2 Fuel Oil and Ther 
mofor Catalytically Cracked 
No. 2 Distillate, No Additive. 

Trace OK.----------- 

- - - - - do--------------- 

Light, OK.---------- 

- - - - - do--------------- 

Medium, OK.------ 

Trace--, OK.-------- 

Trace, OK.---------- 

Medium, Stained.-- 

9. Blend No. 8 plus 0.05% Com- Trace, OK.---------- 
pound I and 0.1% Tributyl 
phosphite. 

10. Blend No. 8 plus 0.025%. Com------ do--------------- 

Medium, Sl. Stain----- 

Light, OK.------------ 

Medium, OK.--------- 

Light, OK.-------...-- 

Medium, OK.--------- 

Trace--, OK.---------- 

Trace, OK. --...------- 

Heavy, Stained------- 

Trace--, OK.---------- 

Trace--, Sl. Rust------ 

Heavy, Stained, 

Eight, OK. 

Medium--, Stained. 

Light, OK. 

Heavy, Rust. 

Light--, OK. 

Light, OK. 

Fieavy, Stained. 

Light, Sl. Rust. 

Do. 
pound I and 0.05% Tributyl 
phosphite. 

*Five months only. 

From Table II it will be seen that various Inix 
tures of straight run and catalytically Cracked 
distillate fuel oils are materially improved with 
respect to stability in storage by the addition of 
inixtures of Compound I and tributylphosphite. 
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 
inenbers of the classes of compounds disclosed 
above may be used to prepare fuel oil composi 
tions of Substantially the same improved prop 
erties. Examples of other suitable dialkyl dithio 
phosphoric acid compounds are the barium, cal 
ciun, magnesium and zinc Salts of Such acids 
wherein the alkyl groups are hexyl, cyclohexyl, 
octyl, decyl, dodecyl or mixtures of these groups 
and isomers such as 2-ethylhexyl, 2,4,4-trimeth 
ylpenty, 2,4,4,6,6-pentamethylheptyl. 

In place of tributylphosphite there may be used 
triainylphosphite, trioctylphosphite, monobutyl 
dioctylphosphite, etc. The tributylphosphite may 
be the normal butyl, isobutyl, or tertiary butyl 
compound. 
The tests employed in obtaining the data set 

out above are especially severe tests of the con 
pounded oils and the results are given in terms 
of the quantity of sludge deposited without regard 
to the nature of the sludge. In practice, how 
ever, the quantity of Sludge formed is frequent 
ly not as important as the physical characteris 
tics of the sludge. The addition of a very Small 
annount of a combination of a compound of the 
classes described to a mixed fuel oil affects the 
characteristics of the Sludge, making it lighter 
and apparently more easily dispersed. So that 
sludge deposition in use is avoided or at east 
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 each 
component of the combination, or a total of 0.01 
per cent of the combination can be used, Thus, 
we generally prefer to employ each component in 
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an amount equal to about 0.005 to about 0.05 per 
cent by Weight of the mixed oils. In any case, no 
more than about 0.25 per cent of the combina 
tion. Should be used since with larger amounts un 
desirable color changes frequently occur. 

If desired, the stable fuel oil compositions may 
Contain in addition to the compounds previously 
discussed oxidation inhibitors, corrosion inhibi 
tors, antifoam agents, flash point control agents, 
ignition quality improvers, or combustion im 
provers and other additives adapted to improve 
the oils in one or more respects. 

Obviously many modifications 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 claim.S. 
We claim: 
1. A fuel oil composition comprising a major 

proportion of a mixture of straight run and cat 
alytically cracked distillate fuel oils tending to 
deposit sludge and containing a small amount 
of a combination of a salt of a metal of group II 
and a dialkyl dithioposphoric acid in which the 
the alkyl groups contain 4 to 12 carbon atoms, 
and of a trialkylphosphite in which the alkyl 
groups contain 4 to 12 carbon atoms, said Small 
amount being Sufficient to inhibit sludge deposi 
tion from said mixture of oils and comprising 
at least 0.005% by weight of said mixture of oils 
of each of said salt of said dialkyl dithiophos 
phoric acid and of said trialkylphosphite and not 
more than 0.25% of Said combination by weight 
of Said mixture of oils. 

2. A fuel oil composition comprising a major 
proportion of a mixture of Straight run and 
catalytically cracked distillate fuel oils tending 
to deposit sludge and containing a Small amount 
of a combination of the barium Salt of mixed 
dialkyl dithiophosphoric acids in which the alkyl 
groups are open chain and contain an average 
of about 7 carbon atoms, and of a trialkylphos 
phite in which the alkyl groups contain 4 to 12 
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carbon atoms, said Small amount being sufficient 
to inhibit sludge deposition from Said mixture 
of oils and comprising at least 0.005% by weight 
of Said mixture of oils of each of Said Salt of Said 
dialkyl dithiophosphoric acid and of Said trialkyl 
phosphite and not more than 0.25% of Said con 
bination by weight of Said mixture of oils. 

3. A fuel oil composition comprising a major 
proportion of a mixture of straight run and 
catalytically cracked distillate fuel oils tending 
to deposit sludge and containing a Small amount 
of a combination of a Salt of a metal Selected 
from the group consisting of barium, calcium, 
magnesium and Zinc, and a dialkyl dithiophoS 
phoric acid in which the alkyl groups contain 4 
to 12 carbon atoms, and if tributylphosphite, said 
Small amount being Sufficient to inhibit sludge 
deposition from Said mixture of oils and corn 
prising at least 0.005% by weight of said mixture 
of oils of each of said salt of said dialkyl dithio 
phosphoric acid and of Said tributylphosphite 
and not more than 0.25% of said combination 
by weight of said mixture of oils. 

4. A fuel oil composition comprising a major 
proportion of a mixture of Straight run and 
catalytically cracked distillate fuel oils tending 
to deposit sludge and containing a Small amount 
of a combination of the barium Salt of mixed 
dialkyl dithiophosphoric acids in which the alkyl 
groupS are open chain and contain an average 3 
of about 7 carbon atoms, and of tributylphos 
phite, Said Small amount being Sufficient to in 
hibit sludge deposition from Said mixture of oils 
and comprising at least 0.005% by weight of said 
mixture of oils of each of Said Salt of said dialkyl 
dithiophosphoric acid and of Said tributy phos 
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8 
phite and not more than 0.25% of Said combina 
tion by weight of Said mixture of oils. 

5. A fuel oil composition comprising a major 
proportion of a mixture of straight run and 
catalytically cracked distillate fuel oils tending 
to deposite sludge and containing a small amount 
of a combination of a Salt of a metal selected from 
the group consisting of barium, calcium, mag 
nesium and zinc, and a dialkyl dithiophosphoric 
acid in which the alkyl groups contain 4 to 12 
carbon atons, and of a trialkylphosphite in 
which the alkyl groups contain 4 to 12 carbon 
atoms, said Sinall amount being Sufficient to in 
hibit sludge deposition from Said mixture of oils, 
and comprising from about 0.005 to about 0.05 
per cent by weight of Said mixture of oils of each 
of Said Salt of Said dialkyl dithiophosphoric acid 
and of Said trialkylphosphite. 

6. A fuel oil composition as defined in claim 5 
in which said Salt of Said dialkyl dithiophOS 
phoric acid is the barium salt of mixed dialkyl 
dithiophosphoric acids in which the alkyl groups 
are open chain and contain an average of about 
7 carbon atoms, and said trialkylphosphite is 
tributylphosphite. 
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