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This invention relates to the stabilization of liquid hy 
drocarbon fuels. In one of its more specific aspects, the 
invention relates to the prevention of gum formation in 
liquid fuels. In another of its more specific aspects, the 
invention relates to the prevention of gum formation in 
liquid fuels during periods of storage, especially under the 
influence of light and/or oxygen. 

It is well known that when liquid fuels such as gasoline, 
diesel fuel, jet fuel, fuel oil and the like, are stored, espe 
cially under the influence of light and/or oxygen, chem 
ical changes occur which affect the color and increase the 
gum formation. Gum formation in liquid fuels adversely 
affects the operation of equipment in which such fuels 
are used, such as internal combustion engines, domestic 
and industrial burner systems, etc., by clogging feed lines, 
screens, nozzles and the like. It is conventional practice 
to add gum inhibitors to hydrocarbon materials ranging 
from the gasoline boiling range through the furnace oils 
and diesel fuels range. The hydrocarbon fuels which 
contain large amounts of cracked distillates are particu 
larly subject to the problem of gum formation. 
Each of the following objects will be attained by at 

least one of the aspects of this invention. 
An object of this invention is to provide a stabilized 

liquid fuel. Another object of the invention is to provide 
a liquid fuel stabilized by the addition of a minor portion 
of a product of the oxidation of selected high molecular 
weight hydrocarbons to such fuel. Another object of the 
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boiling in the range of about 380° F. to 640 F., include 
Pennsylvania, Mid-Continent, Califorina, East Texas, 
Gulf Coast, Venezuela, Borneo, and Arabic crudes. The 
source of the crude from which the petroleum fraction is 
derived does not significantly influence the preparation or 
properties of the stabilizing additive, provided the petro 
leum fraction has been prepared by subjecting the crude 
to certain necessary treatments to exclude undesired ma 
terials therefrom. - - 

In the preparation of the preferred petroleum fraction 
from which the stabilizing additive is produced, a crude oil 
is topped, i.e., distilled to remove therefrom the more 
volatile, lower molecular weight hydrocarbons such as 
gasoline and light gas oil, and then vacuum reduced to re 
move heavy gas oil and light lubricating oil of the SAE 
10 and 20 viscosity grade. The vacuum reduced crude is 
then propane fractionated to remove an overhead fraction 
of about 100 SUS at 210 F. viscosity. The residue from 
the second fractionation may be subjected to a propane 
fractionation to remove still another overhead fraction of 
about 575 SUS at 210 F. viscosity. Propane fractiona 
tion may be modified by the presence of butane, ethane, 
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invention is to provide a method for enhancing storage 
stability of liquid hydrocarbon fuels. 

Other and further objects of this invention will be ap 
parent to those skilled in the art upon study of the ac 
companying disclosure. 

Broadly speaking, this invention comprises the stabiliza 
tion of liquid hydrocarbon fuels by the addition thereto 
of between 0.0001 and 0.1 weight percent based on the 
liquid hydrocarbon, preferably between 0.001 and 0.01 

45 

50 

weight percent of a product of the oxidation of a selected . 
hydrocarbon fraction having at least 40 carbon atoms per 
molecule. The selected hydrocarbon material should have 
a refractive index of between 1.440 and 1.520. Hydro 
carbon material which may be satisfactorily used in the 

- preparation of this additive includes substantially satu 
rated diene polymers, such as polybutadiene, and olefin 
polymers having from 2 to 12 carbon atoms per monomer 
molecule, such as polypentadiene, polypropylene, poly 
ethylene, polyisobutylene, etc., preferably having a ratio 
of carbon atoms to olefin bonds of at least 40:1 and not 
less than 16:1, copolymers such as styrene-olefin copoly 
mers, alkylated polystyrene, and a petroleum lubricating 
oil fraction which has substantially no asphalt within its 
natural state or when deasphalted and which has been sol 
vent extracted to reduce the content of aromatic hydrocar 
bons, therein and preferably dewaxed. Petroleum frac 
tions which are suitable for oxidation to produce the stabi 
lizing additive, i.e., a stabilizer for normally liquid hy 
drocarbon fuels ranging from the gasoline boiling range 
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or methane to the extent desired. 
Following the propane fractionation step the overhead 

oil fraction is solvent extracted with a selective solvent 
which will separate the paraffinic hydrocarbons from the 
more aromatic-type hydrocarbons. Suitable selective sol 
vents for aromatic hydrocarbons include among others the 
various phenols, sulfur dioxide, furfural and 3,6'-dichloro 
diethyl ether. This solvent extraction step for the re 
moval of the more highly aromatic compounds can be 
carried out in accordance with the well-known concur 
rent or countercurrent solvent extraction techniques as 
well as by the well-known dual solvent technique. 
- The resulting solvent extracted material, before or after 
the removal of the more aromatic hydrocarbons, is pref 
erably dewaxed. Dewaxing may be carried out by any 
conventional method, e. g., by solvent dewaxing using 
propane or solvent mixture such as methyl ethyl ketone or 
methyl isobutyl ketone with benzene at a suitable tem 
perature. 

Each of the phenol extracted, dewaxed, propane-frac 
tionated oils have been used in preparing the additive ma 
terial of this invention with good results but the oil frac 
tion from the second propane fractionation is preferred. 
It will be recognized by those skilled in the art that pro 
pane fractionated oils differing from those described may 
be used or a single broad viscosity cut can be used. The 
residual material from the final propane fractionation con 
tains the rejected asphalt and more aromatic oils. 
Although the preferred method for preparation of feed 

stock is as above described, other methods may be used to 
secure a similar type hydrocarbon fraction. Thus, a vacu 
um reduced crude which has essentially no asphalt, such 
as a Pennsylvania oil, may be used directly or after a light 
acid treatment. Another method, while not feasible com 
mercially at the present time, is ultra-high vacuum 
(molecular) distillation to obtain the desired fraction de 
scribed more exactly in subsequent paragraphs. 
As pointed out above, a polydiene such as liquid poly 

butadiene which is prepared by sodium-catalyzed poly 
merization of butadiene and which material is subsequent 
ly hydrogenated so as to reduce the olefinic unsaturation 
thereof to a desired amount, is another suitable feed stock 
for use in the production of the additive material of this 
invention. When butadiene is polymerized, only one dou 
ble bond remains therein for each butadiene group of the 
polymer. The feed material of this invention should be 
hydrogenated sufficiently, so that the ratio of carbon atoms 
to double bonds is at least 16 to 1. Preparation of liquid 
polybutadiene may be obtained by means of the process 

to about 720° F., preferably the furnace oils and fuel oils set forth in U. S. application Serial No. 67,098, filed De 
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cember 23, 1948, by W. W. Crouch, now. Patent. No. 
2,631,175, issued March 10, 1953. 

Another suitable feed stock is a liquid or semi-solid 
polybutadiene which is prepared by conventional emul 
sion polymerization and coagulation to form synthetic 
rubber and which material is subsequently hydrogenated 
so as to reduce the olefinic unsaturation thereof to the de 
sired amount and finally thermally depolymerized suffi 
ciently to increase the ease of oxidation and to increase the 
oil solubility. 
Another suitable feed material is a high molecular 

weight polymer prepared by zirconium tetrachloride poly 
merization of propylene. Still another material which 
has proved to be useful as a feed material for the oxida 
tion step in the preparation of the additive material of 
this invention is a "tacky polymer' prepared by the poly 
merization of propylene over chromia-silica-alumina 
catalyst as more fully disclosed in U.S. application. Serial 
No. 333,576, filed January 27, 1953, by John P. Hogan 
and Robert L. Banks, now abandoned. (see U. S. Patent 
2,825,721, March 4, 1958). Another suitable feed mate 
rial is a copolymer of styrene with olefins in which the 
olefin portion constitutes at least 50 percent of the total 
molecular weight of the molecule. With any of these 
feed materials, it is desired to reduce the amount of ole 
finic unsaturation to such an extent that the racio. of car 
bon atoms to olefinic bonds is preferably at least 40:1. 
and not less than 16:1. The hydrocarbon stocks which 
are useful in the practice of this invention include those 
materials which are identifiable as having the following 
properties set forth in Table 1. 

TABLE 1. 

Property Broad Preferred 
Range Range 

Refractive Index no------------ -- 1.440-1,520--- 1.480-1,515. 
Average Moledular Weight- -- above 550--- 600-10,000. 
Minimum Molecular Weigh -- 450---------------------- 
Wiscosity, SUS at 210 F------------------- above 50---- above 100. 
Viscosity Index (when determinable) ------ 50-25------. 80-20. 
Carbon Atom Content per Molecule...------ above 40.--- 50-720. 

1 viscosity index not determinable for non-Newtonian materiais. 
The lubricating oil and polymers having a similar vis 

cosity which are suitable as feed stocks for the produc 
tion of the oxidation product used as the stabilizcd addi 
tive of my invention, are set forth as follows in Table 2. 

TABLE 2 

Preferred 
Range 

Broad Property R 
ange 

1.440-1.520 - 1.480-515. 
i:300: 600-900. 

Refractive Index D20-------- 
Average Molecular Weight 
Minimum Molecular Weight.-- 
Wiscosity, SUS at 210 F-------- - 50-1,400.---- 100-600. 
Wiscosity. Index.------------------ 50-125-----. 80-20. 
Carbon Atom Content per Molecule.------- 40-80-------- 50-70. 

It appears that during oxidation, scission takes place in 
the large hydrocarbon molecules. This is substantiated 
by passing nitrogen gas through the oil at 250° C. and 
collecting the volatile products which were negligible. 
Only a very small amount was collected when the tem 
perature was raised to 300° C., thus demonstrating that 
the major cause of the formation of the volatile products 
is oxidation and not thermal decomposition nor stripping 
of light ends originally present in the oil. With oils of 
moderate molecular weight, scission cannot take place in 
any position but what one or all of the fragments is 
sufficiently small that distillation takes place, thus prevent 
ing accumulation of molecules appreciably smaller than 
those originally present. Hence, the viscosity is not de 
creased to any great extent. Concomitant with the oxida 
tive scission reaction there is a polymerization or conden 
sation reaction resulting in an increase in viscosity. The 
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net change in viscosity is apparently due to the relative 75 

4. 
magnitude of each- reaction. In... very high molecular. 
weight hydrocarbons the oxidative scission more frequent 
ly results in fragments which have molecular weights too 
large to be removed by distillation and, hence, the 
molecular weight decreases causing a decreasc in vis 
cosity especially during the initial portions of the oxida 
tion period. As the oxidation reaction proceeds, the re 
actions causing increased molecular weight may offset, 
more or less, those causing a decrease in molecular. 
weight. As a result, the molecular weights of coarge oils 
having molecular weights in the lower range tend to in 
crease and those in the higher range tend to decrease 
during the initial oxidation period: 

If desired, the petroleum oil fraction which has been 
highly refined as described above may be further subjected 
to additional refining treatments, for example, these pe 
troleum fractions may be hydrogenated to convert any 
aromatic compounds therein to the corresponding naph 
thenic and saturated hydrocarbon, or if desired, these 
petroleum fractions may be subjected to contact with 
silica gel for the preferential adsorption and removal of 
the more aromatic hydrocarbons therefrom. Generally, 
the petroleum fraction which is oxidized for the produc 
tion of the stabilizing additive of this invention should 
contain not more than 20 percent of the carbon atoms 
in aromatic rings as determined by ring analysis. It is 
preferred that the aromatic content of the petroleum 
fraction be reduced to an economically feasible cxtent by 
refining procedures since oxidation of aromatic type hy 
drocarbons tend to result in the formation of oil-in 
soluble products not suitable for the present invention. 
It also appears that aromatic constituents oxidize more 
readily than do the non-aromatic components. Thus, 
failure to remove the most aromatic materials from the 
feed before oxidation results in formation of considerable 
oil-insoluble materials. Usually a suitable petroleum 
fraction, upon distillation under reduced pressire, e.g., 
molecular distillation, will produce a first 10 parcent by 
weight fraction which has a viscosity of more than 50 
SUS at 210° F., preferably more than 80 SUS at 210 F. 
The lubricating oils, such as highly refined petroleum 

bright stocks which are employed in the oxidation reac 
tion to prepare the stabilizing additive, can be addition 
ally treated so as to yield a desired solid product of im 
proved color properties as more fully disclosed and 
claimed in the U. S. application by W. B. Whitney, Serial 
No. 264,840, filed January 3, 1952, now U. S. Patent No. 
2.786,803 issued March 26, 1957. The additive material 
which is produced without this type of treatment is very 
dark red in color. An outstanding improvement result 
ing from this additional treatment is that the stabilized 
additive is much lighter in color than a product obtained 
without this treatment and does not produce as dark a 
color in a liquid hydrocarbon fuel composition contain 
ing the same. 

Broadly speaking, this additional treatment comprises 
treating the charge stock prior to oxidation by contacting 
it with silica gel or a similar solid-selective adsorbent for 
the removal of the more aromatic hydrocarbon types. 
Accordingly a lubricating oil stock such as a petroleum 
bright stock which has substantially no asphalt, a low 
aromatic content and, preferably, low wax contert, is 
additionally treated with silica gel at about room tem 
perature, usually in the range 40 F. to 70 F., and a 
sufficient pressure differential is maintained across the 
bed or mass of silica gel so as to cause a satisfactory flow 
therethrough of the lubricating oil fraction being treated. 
The charge stock which is thus treated may be any hydro 
carbon fraction suitable for the production of the additive 
of this invention, usually a hydrocarbon fractibu having 
a viscosity in the range 70 to 700 SUS at 210 F., prefer 
ably a lubricating oil fraction in the range 115 to 300 
SUS at 210°F. A highly refined lubricating oil in these 
ranges will generally have an average molecular weight 
in the range 550 to 1100. It is preferred that the hydro 
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carbon fraction contain no portion having a molecular 
weight below:450. . . . . . . . . . . . 

... It has been found that materials which are useful as 
stabilizing additives in liquid hydrocarbon fuels aud which 
are useful as ashless detergents in lubricating oils are pro 
duced by oxidation of such an above-described selected 
hydrocarbon fraction. During the oxidation reaction for 
the production of the additive material, the selected hydro 
carbon fraction is modified, resulting in a pcoduct of 
increased dispersant activity which differs from the start 
ing material in respect to the four following physical char 
acteristics - 

(1) An increase in the carbon to hydrogen weight ratio 
(2) An increase in molecular weight 
(3) An increase in the oxygen content r 
(4) A decreased solubility in propane under propane 

fractionating conditions 

All these changes are brought about by contacting an 
above-described selected hydrocarbon fraction under suit 
able conditions of temperature and pressure with an 
oxidizing agent such as free oxygen, sulfur trioxide, nitro 
gen dioxide, nitrogen trioxide, nitrogen pentoxide, acidi 
fied chromium oxides and chromates, permanganates, per 
oxides such as hydrogen peroxide, sodium peroxide and 
ozone. Any oxygen containing material capable of 
releasing free oxygen under the oxidizing conditions may 
be used. Suitable other specific oxidizing agents include 
air, relatively pure commercial grade oxygen, oxygen en 
riched air, and a mixture of oxygen with an inert gas, 
such as carbon dioxide and nitrogen. Even oxygen ad 
mixed with natural gas or methane is satisfactory. Air 
having less than the usual amount of oxygen may also be 
used. Air is economically a preferred oxidizing agent. 

Generally the oxidation reaction is carried out at a 
temperature in the range of from -40 F. to 800 F. 

... When using an active oxidizing agent such as sulfur tri 
oxide, temperatures in the range of 40 F. to 400 F., 
preferably 70° F. to 200 F. are used. With less active 
oxidizing agents, such as air, higher temperatures are 
used, such as 100°F. to 800 F., preferably 390 F. to 
575. F. Higher oxidation temperatures result in a 
faster oxidation reaction. When the oxidizing agent is 
in the gaseous phase, another variable which affects the 
rate of the oxidation reaction is the partial pressure of 
the oxidizing agent. Accordingly, as the pressure at 
which the oxidation reaction is carried out is increased, 
other conditions remaining the same, the oxidation re 
action proceeds at a faster rate. Therefore, depending 
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reached (as measured by increase in viscosity). 
25 

6 
minimize reaction time while readily, and easily control 
ling the reaction. . . . M 

Conditions, which have been found to be satisfactory 
for producing the stabilizing additive from a selected 
hydrocarbon fraction when using a moderate oxidizing 
agent, such as air, are set forth in Table 3. 

TABLE3 

Reaction Condition Broad Preferred 
Range . 

- 100-800---- 375-576. . 
3-75.---- 5-50. 

... 10-200--- 5-100 

Temperature, F----. 
Time of Oxidation, hrs 
Pressure, p.s. i. al.-- 
Rate of introduction of oxidizing agent in 

s. c.f. (standard cubic feet) per pound of oil 
per hour----------------------------------- 0.03.0 -- 0.04.0.4. 

Exemplary of the influence of various variables upon 
the oxidation reaction, it is pointed out that at a tem 
perature of 482 F. and at an air introduction rate of 
about 0.32 s. c. f. per pound of oil per hour and at about 
atmospheric pressure, the oxidation reaction requires about 
20 hours before the desired degree of completion is 

When 
the air rate was increased to 1.44 s.c. f. per pound of oil 
per hour, only 16 hours were required to convert the 
oil to an oxidized product of similar viscosity. Increas 
ing the reaction temperature to 572 F. decreased the 
time required for oxidation appreciably. Reducing the 
reaction temperature to below 390. F. increased the re 
action time under these conditions. 
More active oxidizing agents, such as sulfur trioxide 

may also be used in the oxidation step as pointed out 
above. When liquid sulfur trioxide is utilized as the 
oxidizing agent, the reaction is most readily carried out 
when both the oil and sulfur trioxide are separately 
diluted with a modifying solvent. Solvents which may be 
utilized in this operation under suitable temperature con 
ditions include liquid sulfur dioxide, hexane, tetrachloro 
ethylene, ethylene dichloride, pyridine, nitrobenzene and 
dioxane. . M 

Liquid sulfur trioxide is an extremely reactive com 
pound and, if added directly to the oil, will cause exces 
sive charring and violent splattering. It is necessary to 
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50 
upon the rate of oxidation desired, the oxidation reaction 
is carried out at sub-atmospheric, atmospheric or super 
atmospheric pressure. Usually it is preferred to carry 
out the oxidation reaction at a pressure between about 
10 and 100 lbs. per square inch absolute depending 
upon the composition or oxygen content of the oxidizing : 
gas. Lower or higher absolute pressures may be satis 
factorily used if desired Lower oxidation pressures are 
useful in that they facilitate release and removal of the 
more volatile, and other undesirable materials, e. g., 
HO from the reaction mixture. . . . . . . . . 
The rate of oxidation is also dependent upon and in 

fluenced by the distribution of the oxidizing gas within 
the reaction mixture and the rate of introduction of the 

toxidizing gas thereto. The oxidizing agent is preferably 
introduced and present in the reaction mixture in a finely : 

is dispersed state in order to achieve better contact with the 
E-materials undergoing oxidation and better, mixing there 
with... An increase in the rate of introduction of the 

: oxidizing gas of course increases the rate of oxidation, 

55 

moderate this excessive reactivity by dilution with a 
solvent such as those disclosed above. A molar ratio of 
solvent to sulfur trioxide of at least about 1:1 appears to 
be necessary and it is preferred to use a ratio of 2:1 or 
greater. Dilution of the oil is also very desirable for 
the reduction of viscosity and to facilitate mixing, but 
such a dilution is not required. Dilution of the oil may 
be obtained with some non-reactive solvent other than 
that utilized for the dilution of the sulfur trioxide. Use 
of the same diluent, however, simplifies the recovery 
problem. Gaseous SO3 may be introduced into the oil 
directly or mixed with a carrier gas such as air, nitrogen 
or other inert gas. In the case of gaseous SOs an ele 
vated temperature, e. g., 200 to 300° C., may be used. 

60 
The extent of oxidation is determined by the ratio of 

oil to sulfur trioxide. The weight ratio may be varied 
from 1:1 to 30:1 but is preferably maintained within 
the range of between 3:1 to 18:1. Ratios from 3:1 to 

65 

The initial reaction of the 
70 

other conditions remaining unchanged. The conditions 
of temperature, pressure, oxygen content of the oxidiz 

...ing gas, rate of introduction of oxidizing gas, etc., are 
correlated, adjusted, and controlled so as to carry out 
the oxidation reaction at a sufficiently rapid rate so as to 

8:1 are the most desirable. Very low ratios result in 
the use of excessive amounts of sulfur trioxide without obtaining a corresponding increase in useful product. 
Very high ratios fail to obtain sufficient oxidation to be 
economical. . . . . ; 

sulfur trioxide with oil is 
almost instantaneous at room temperature or above, 
but reaction continues for extended periods of time, e.g., 
up to, as much as 144 hours or more. At higher tem 
peratures, the time of the slower secondary reactions is 
shortened to less than 24 hours. The evolution of sul 

75 
fur dioxide and other gases causes much foaming and 
the rate of reaction must be controlled sufficiently to 
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permit the capacity of the apparatus to handle the foam 
ling reaction mixture. The time required for reaction may 
be shortened to as little as three minutes, in which case, 
secondary reactions do no take place to any great extent. 
The quality of the product is not materially affected 
by the length of reaction time or by the absence or 
occurrence of the secondary reactions. 
The temperatures which may generally be utilized in 

the oxidation reaction, wherein sulfur trioxide is used as 
the oxidizing agent, range from -40 F. to 400 F., 
preferably from 70 F. to 200°F. A very short period 
of time, usually less than three hours, is required for 
the initial reaction. . . . . . . . - 

After the reaction, the product is treated for the re 
moval of acid and other impurities. Acid is conveniently 
removed from the product by water washing. The prod 
uct is concentrated in the manner discussed-later in con 
-nection with the product obtained in a process utilizing 
..a less active oxidizing agent. . . . . . . . . . 

The additive produced by sulfur trioxide, oxidation is 
somewhat improved in color by reduction. This is pref 
erably accomplished by treatment in alcohol-with lithium 
hydride or with zinc. and hydrochloric acid. Catalytic 
hydrogenation or chemical reduction may also be used. 
The extent to which the oxidation, reaction is carried 

out is dependent upon the selected soil fraction being 
'-oxidized and the yield of additive material desired. I 
have found that if the oil being oxidized contains a rela 
tively low concentration of lower molecular weight hy- 30 
drocarbons the oil may be oxidized to a considerable ex 

...tent, up to as high as 75 percent by... weights of the oil 
charged, without any deleterious effects upon; the reaction 
itself, or the: additive material. Also, I have observed 
that when the aromatic content of the charge stockis, low, 
such as below about 5 percent by weight of carbonatoms 

... in aromatic rings and especially below. about 2 percent 
by weight, the charge stock can be oxidized to a greater 
extent without any undesirable effects; or, adversely saf 
fecting the yield such as may happen when there is an 
appreciable amount, above about 5 percent by weight of 
aromatic carbon atoms present therein. In general, the 
oxidation reactions is carried out until the oxidized oil 
has increased in viscosity, when expressed in Saybolt Uni 
versal seconds (SUS) at 210°. F., from 0.5 to .50 fold, 
preferably from 3 to 10 fold, over that of the originally 
charged unoxidized oil. When the oxidation, reaction...is 

' carried out to a 3 to 10, fold, increase in viscosity the 
yield, of active stabilizing; additive recovered from the 

2, oxidized oil amounts to about 15 to 50 percent by weight 
of the original unoxidized oil. Continued oxidation, es 
specially above: about 60-percent, tends to produce, a 

: certain amount of oil-insoluble: oxidized materials, which, 
although they do not adversely affect the effectiveness...of 
the oil-soluble additive, do adversely affect the yield of 

...the desired product. Also, since it, is; often necessary to 
- remove these oil-insoluble oxidized materials, it is desir 
:able therefore not:to continue the oxidation-reaction be 
ryond that point at which the oil-insoluble materials are 
produced. . . . . . . . . . . . . . . . . . . 
The stabilizing, additive of this invention produced 

; during the oxidation reaction dissolves: in the lubricating 
oil from which it is prepared since it is, oil soluble. The 
oxidized-reaction mixture itself is useful as the hydrocar 
-bon-fuel additive since it possesses the stabilizing proper 
cities when added to or compounded with that fuel. It is 
often desirable to prepare a concentrate of the active solid 

5 additive, material which comprises, substantially, only 
the solid additive. material. This active solid additive 
material can be recovered directly-from the oxidized 
reaction, mixture by, solvent extractions with a solvent 

- which is selective-for...the relatively. dized, essen 
tially hydrocarbon material therei 

5. is at the same '' . . . . . . . . 

eactive additive. 
able solvents for 
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8 
'material from the oxidized reaction mixture include 
propane, isopropyl alcohol, a solvent mixture-of propane 
with modifying amounts (up to about .50 percent by 
weight) of other low-boiling hydrocarbons such as 
methane, ethane, and butane. Other selective solvents 
such as methyl ethyl ketone, methyl isobutyl ketone, 
tertiary butyl alcohol, isobutyl alcohol, ethyl acetate, 
dioxane, morpholine, dimethyl formamide, phenol and 
isopropyl alcohol are also useful. In general those 
polar compounds containing only carbon, hydrogen, and 
oxygen atoms, such as aliphatic alcohols,... aliphatic 
ketones, and esters having from 3 to 8 carbon atoms per 
molecule are useful as treating materials in the practice 
of this invention. Mixtures of these various materials. 
may be used. r 
One step-wise process for concentrating the additive 

material comprises extracting the partially oxidized oil 
with methyl isobutyl ketone, methyl ethyl ketone or mix 
tures of the two at appropriate temperatures so as to 
dissolve only the oil and lower molecular weight oxida 
tion material. The proper temperature will depend upon 
the ratio of solvents and the percentage of product to be 
dissolved. The undissolved material is thereafter me 
chanically separated from the dissolved material. 
When these materials are used in obtaining the active 

additive material from the oxidized reaction mixture, the 
active solid additive is recovered as a propane insoluble, 
oil soluble, solid phase (raffinate), the ineffective, sub 
stantially, hydrocarbon material of the reaction mixture 
being dissolved in the treating material as an extract. 
The propane soluble phase from which the active addi 
tive material is separated has a viscosity index much 
higher than that of the unoxidized oil. This propane 
soluble phase may be used to blend with an oil for the 
purpose of improving the viscosity index of that oil. 

In the recovery of the active additive material, it is 
preferred in the practice of this invention to employ 
propane, as a selective solvent, the solid active additive 
being recovered as a separate propane insoluble phase 

, under, propane fractionating conditions of temperature, 
pressure and ratio of solvent to material being treated 
(usually 5:1 to 25:1 by vol.). The solvent extraction 
'operation for the recovery of the active additive material 
is usually carried on at a temperature in the range 50° 

45 

50 

F. to 250F. especially in the range 100°F. to 160°F. 
and a pressure of between 200 p.s. i. g. to 500 p.s. i.g. 
Countercurrent solvent extraction techniques are usefully 
employed as well as multiple, solvent extraction 
steps of separately contacting and recovering the undis 
solved active additive. - 

In many instances, the activity of the additive ima 
terial is considerably increased by additionally treating 

55. 

this recovered solid additive material with an aliphatic 
alcohol, in the C to Ca range, such as isopropyl alcohol, 
and recovering a purified and more active additive there 
from as a solid, alcoholinsoluble phase. The alcohol 
treatment has a two-fold purpose. Traces of peroxides, 

60 

aldehydes, and the like which may be oxidation pro 
motors are removed thereby. In addition thereto, it 
appears that a beneficial chemical change takes place 
during stripping of residual, alcohol solvent from the 
additive material. 
The above-described sequence of recovery and purifi 

cation steps does not in some instances greatly influence. 
the quality and effectiveness of the solid; final additive 

- product. It is preferred to employ a propane fractiona 
tion step prior to the organic polar compound-treating 
step to avoid emulsions which are difficult-to break and 
which present operational difficulties when the alcohol or 

70 ketone treating step precedes the propane solvent, ex traction step. 
Normally liquid hydrocarbon-fuel. to. which this sta 

bilizing additive is added may be any of the fuels rang 
ing through the gasoline boiling range to and through 

5 the fuel oils and diesel fuel range and even as high as 
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.720 F. Although fairly large quantities of this additive 
will tend to discolor the fuel to which it is added, it should 
be noted that I utilize only a maximum of 0.1 weight 
percent of this additive to obtain the stabilization de 
sired. Such a quantity of additive material does not ma 
terially affect the color of the fuel, i.e., gasoline. It is 
particularly beneficial, however, to utilize the silica gel 
treatment discussed hereinabove, so as to produce as 
light a product as possible and thus the color of the addi 
tive material before its incorporation into the normally 
liquid hydrocarbon fuel. ".... . 
The stabilizing additive disclosed hereinabove is more 

fully disclosed and discussed in the U. S. application of 
W. B. Whitney, Serial No. 304,659, filed August 15, 
1952, now abandoned. In that application, the product 
of oxidation has been disclosed as being useful as an ash 
less detergent in lubricating oil. 
The following examples are illustrative of the subject 

invention and of the advantages to be obtained in the 
practice thereof. These examples are not intended to 
be unduly limitative of this invention. 

Example I 
The stabilized additive used in the following examples 

was prepared as follows: 403 pounds of finished 250 
lubricating oil blending stock were charged to a 50 
gallon still. Air was passed through the oil in the still 
at a rate of 7 standard cubic feet per minute. The 
pressure was adjusted to 25 p.s. i. g. and the tempera 
ture to 482 F. and held there throughout the run. The 
run was continued until the viscosity of the oil had in 
creased to about 350. SUS at 210 F. At the conclusion 
of the run, which required 10.6 hours, a liquid overhead 
product of 12.9 pounds had been collected and con 
sisted of two phases, i.e., an aqueous phase of 8.4 
pounds and an oil phase of 4.5 pounds. - 
The oxidized oil was withdrawn from the still and was 

charged to a propane fraction column which was op 
erated under the conditions and with the results set 
forth in Table I. 

TABLE I-PRIMARY PROPANE FRACTIONATION 
Top column temp., F------------------------ 150 
Oil charge temp., F-------------------------132 
Propane charge temp., F--------------------- 115 
Bottom column temp., F----------------- 110 
Column pressure, p. S. i. g--------------------. 450 
Oil charge rate, G. P. H. G. 60 F-------------. 2.2 
Propane to oil ratio, vol. (estimate).-------------, 5.8 
On stream time, hrs-------------------------- 21 

wt. per- 2.0 Wis., Rd Q. - 
Products lbs. cent of SUS 70 C. Color 

charge 

overhead.------------ 283. 80.6 1847. , 4806 8-- 
bottons------------- 68.3 19.4 ---------------------------- 

351.4 100.0 

All of the overhead product from the above described 
propane fractionation was charged to a 50 gallon batch 
still. 
per minute. The pressure raised to 25 p.s. i. and the 
temperature raised to 482 F. and held there throughout 
the run. The run was continued until the viscosity of the 
oil had increased to about 600 SUS at 210 F. At the 
conclusion of the run, 21.1 pounds of liquid overhead 
product had been collected which consisted of 12.2 
pounds of aqueous phase and 8.9 pounds of oil phase. 
The oxidized oil from the secondary oxidation was 

charged to a propane fractionation column. Table II 
presents data on this fractionation step. 
TABLE II. -SECONDARY PROPANE FRACTIONATION 

Top column temp., F------------------------ 150 
Oil charge temp., F------------------------- 132 
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Propane charge temp., F-------------------115 
Bottom column temp., F--------------------- 110 
Column pressure, p. S. i. g--------------------- 450 
Oil charge rate, G. P. H. GD 60' F-------------- 22 
Propane to oil ratio, vol. (estimate).------------- 6.0 
On stream time, hrs---------sear-sea-saur-rear- 12.7 

wt. per-20 vis, BI @ 
Products lbs. cent of SUS 70° C. Color 

charge - 

overhead.------------ 139.5 66.2 155 1,4765 8 
bottoms------------- 71.4 33.8---------------------------- 

210.9 100.0 

The bottoms product of this fractionation constituted 
the stabilizing additive and the material used in the 
following examples. 

Example II 

Filtering tests were made on a fuel oil with and with 
out the stabilizing additive of a fuel with a 50:50 blend 
of light cycle oil and straight run stove oil. The filter 
test was conducted in a jet fuel filtering apparatus. 
The test procedure utilized was as follows: A fuel 

reservoir containing a sample of the fuel was connected 
to the apparatus and a slight air pressure was applied to 
the fuel so as to force it into the filtering system. 
Bubbles were worked out of the flow lines and the flow 
regulator was adjusted so, that a flow of 6.0 milliliters 
per minute per square centimeter of square filter area 
was obtained. A total of 50-100 milliliters of fuel was 
allowed to pass through the system at room tempera 
ture to equilibrate it. The relay was deactivated and 
the pinch clamp was closed. The temperature of the 
filter bath was adjusted to 70 F. and after the fuel in 
the filter bath had been raised to the desired temperature, 
flow was resumed by reactivating the relay and opening 
the pinch clamp. The filtrate was received in a gradu 
ated cylinder and readings were taken for each 10 milli 
liters filtered so that a curve relating pressure and 
volume could be plotted. The filter is considered clogged 
for a jet fuel when the pressure drop across the filter 
reaches 260 milliliters' mercury pressure. This value 
varies when fuels other than a jet fuel are used in the 
filtering apparatus. Table III gives the data obtained 
by filtering of oil aged at 150°F, for 14 days in dark, 
glass storage with and without the stabilizing agent. 

TABLE III-voLUME FILTERED vs. PRESSURE DROP 

Pressure Drop (mm. Hg) 
Wolume Filteredim of fuel oil Aged Fuel Aged Fuel Aged Fuel 

(No De- 0.0005 wt. --0.00 wt. 
tergent) Percent Percent 

Detergent Detergent 

10.-- 18 4. 0. 
20- 40 4. 2 
30-- 4------------ 
40. 8 6 
50- 8------------ 
60-- 8 0 
80. 10 16 
00. 14 24 
120. 18 32 
i40.--- 24 40 
160 28 50 
180 34 60 
200 40 72 
250------------------------------------------- 54 100 
-300---- 72 30 
350. 86 182 
400. - 08 92 
450. - 128 220 
500----------- 160 236 
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Example III-Procedure for determining fuel oil 
insoluble residue by filtration 

A. Apparatus: " . . . . 
(1) Gooch-type Pyrex crucible withfritted glass disk 
having a porosity of 14 microns 

(2) Filter flask, 250 ml., equipped with funnels and 
rubber crucible holders 

B. Reagents: 
(1) ASTM naphtha 
(2) Acetone 
(3) Nitric acid, concentrated 
(4) Sulfuric acid, concentrated 

A Gooch crucible was thoroughly cleaned by immers 
ing it in a hot acid bath (maintained at 240°F. to 280 
F.) consisting of approximately 3 parts concentrated 
nitric acid and one part concentrated hydrochloric acid. 
After the crucible was allowed to remain in the hot bath 
for 2 hours, it was cooled, and rinsed thoroughly with 
tap water, distilled water, and finally with acetone. This 
was followed with a one-hour drying period in an oven 
at 150° C. Crucible was then transferred to a cooling 
vessel and allowed to cool for at least one hour before 
weighing. A sample of distillate fuel in the amount of 
100 ml. was filtered by suction, through the weighed 
Gooch crucible. Crucible was then transferred to an 
other filter flask. The vessel which contained the sample 
of fuel oil was then washed with three portions of ASTM 
naphtha and the washings were added to the crucible after 
each rinse. Following this step, the outside and the 
bottom of the Gooch crucible were carefully washed with 
ASTM naphtha to remove all traces of oil. Crucible was 
then dried for one hour at 150° C., tranferred to a cool 
ing vessel and allowed to cool for 2 hours before re 
weighing. Residue was the increase in weight calculated 
as milligrams per 100 ml. of sample. 
The data are given in Table IV. 

TABLE IV.-INSOLUBLE GUM 
(Aged at 150 F. for 14 days in dark glass bottles. 

Insolu- (Eng./100 
ble Gun Inl.) 
Before After 
Aging Aging 

(1) Blend with no additive.---------- 
(2) (1) -- 0.0005 wt. percent detergent... 
(3) () -- 0.00 wt. percent detergent---- 

From the data set forth in the above examples, it is 
clear that gum formation is readily inhibited in the 

35 

40 

50 

2 - 
normally liquid hydrocarbon fuel. Various modifications 
of this invention will be apparent to those skilled in the 
art, but such modifications are believed to be clearly 
within the spirit and the scope of this invention. 

I claim: 
1. A stabilized fuel consisting essentially of normally 

liquid hydrocarbon and between 0.0001 and 0.01 weight 
percent of a gum-formation-inhibiting oxygenated com 
ponent obtained by oxidation of an aliphatic hydrocarbon 
fraction in which the ratio of carbon atoms to olefinic 
bonds is at least 16:1, having a refractive index n0 
in the range of 1.440 to 1.520, an average molecular 
weight in the range of 550 to 10,000 and substantially 
all components thereof having a minimum molecular 
weight of 450, a viscosity in the range of 50 to 1400 
SUS at 210 F., a viscosity index (when determinable) 
in the range of 50 to 125 and an average carbon atom 
content per molecule in the range of 40 to 720. 

2. The fuel of claim 1 in which said component has 
an acid number below 50, a saponification number in the 
range of 0-100, and an oxygen content in the range of 
1 to 15 weight percent. . . . . . 

3. The stabilized fuel of claim 1 wherein said normally 
liquid hydrocarbon has a boiling range below 720 F. 

4. The fuel defined in claim 1 further characterized 
in that said hydrocarbon fraction is obtained from a 
topped, distilled, and vacuum reduced crude and is sub stantially free of asphalt. 

5. The fuel defined in claim 1 further characterized 
in that said hydrocarbon fraction is obtained from a 
topped, distilled, and vacuum reduced crude substantially 
free of asphalt by propane fractionation and solvent 
extraction to remove aromatics. - 

6. A gasoline having dissolved therein a small but 
gum inhibiting amount of an oil soluble, propane in 
soluble, isopropyl alcohol insoluble, solid, oxygenated hydrocarbon, 
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