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This invention pertains to hydrocarbon fuels, 
and more particularly to fuel oil compositions 
capable of preventing or inhibiting the Sludging 
and/or clogging tendencies generally exhibited 
by hydrocarbon fuels, such as those utilized in 
burner systems, diesel and combustion engines, 
and various other industrial and domestic equip 
ment. In addition, this invention relates to fuel 
oil including diesel fuel oil compositions capable 
of removing preformed deleterious matter from 
filters, screens, and the like, caused by deteriora 
tion and/or presence of foreign bodies (e. g. 
Water) in the fuel oils. 

Hydrocarbons, such as distillate fuels, for ex 
ample, those having a normal distillation range 
of from about 300° F. to about 700°F. and par 
ticularly from about 340 F. to about 640 F., 
generally have a marked tendency to deteriorate 
under oxidizing conditions, and form sludge. 
Also, the presence of impurities in Such fuels, 
such as the presence of moisture, dispersed Water, 
organic and/or inorganic foreign matter, and 
the like, causes the formation of insoluble prod 
lucts, which tend to settle out and adhere to Sur 
faces with which they come in contact, thereby 
in turn, causing clogging or plugging of filters, 
strainers, screens, conduit lines, and the like, of 
the equipment in which they are used. This 
necessitates frequent cleaning and even replace 
ment of parts, thereby markedly decreasing the 
performance efficiency of various equipment 
Which utilizes such fuel oils. 
The problem of Screen clogging is. common, 

particularly in domestic fuel oil Systems employ 
ing distillate fuel oils produced by distilling Or 
cracking of petroleum which fuels are character 
ized by their relatively low Viscosity and other 
properties. Fuel oils of this type generally con 
form to the specifications set forth in Commercial 
Standards C. S. 12-40 for NOS. 1, 2, and 3, Fuel: 
Oils. Petroleum distillates within the ranges 
specified and which generally do not exceed 700 
F. and preferably are below 675 F. for use as die 
sel fuels are further examples of the type of oils 
which under conditions described have a tends 
ency toward screen or filter clogging, particularly 
when they contain minor amounts of water dis 
persed therein. 
Another place where screen clogging and plug 

ging of conduit lines is encountered is in Storage 5 
tanks for fuel oils, which tanks may be con 
nected to the burner systems or engines, etc. 
The stored fuel generally comes in contact with 
air, moisture, water, etc., which cause formation 
and precipitation of sludge material which, in 

5 

2 5 

30 

40 

5. 

. . . . .2 
turn, deposit on and clog the screens or filters - 
used for protecting the burners or engines Which 
uSe Such oils as the fuel. 

It is an object of this invention to inhibit 
Sludging tendencies of hydrocarbon fuel oils. It 
is another object of this invention to inhibit 
sludging and precipitation of contaminants in 
hydrocarbon distilate iuel oils, and particularly 
in Cracked hydrocarpon fuels. It is still another 
object of this invention to provide distillate fuel 
oils, particularly fuel oils obtained by cracking 
of hydrocarbons, which fuels have excellent per- . 
formance characteristics with respect to freedom 
from screen clogging, even after extensive storage 
under oxidizing conditions and in the presence of 
Water. Still another object of this invention is 
to provide a distillate fuel oil composition which . 
is effective in removing preformed sludge de 
posits formed in fuel Oil Systems. Still another 
object of this invention is to provide distillate 
fuel oil compositions, and blends thereof, which 
are non-corrosive and Stable, and Which ... are 
effective for cleaning and for Sludge removing. 
The above and other objects of this invention 

may be attained by dispersing or dissolving in 
hydrocarbon distillate fuel oils (which normally 
have a tendency to cause clogging or plugging of 
Screens, filters, conduit lines and the like), a 
minor amount, Which amount, however, is Sufi 
cient to inhibit said tendencies of a basic salt of 
a polyvalent metal represented by the partial : 
general formula: 

(-Y) nMCXH) 

where n is an integer of from 1 to 5, M is a 
polyvalent metal, X is an element of the group 
consisting of O, S, Se and Te; Y is an acidic 
portion of the anionic part of the basic salt to 
which M is linked and is a -SO3H radical, 
wherein the X's may be the same or different 
elements from the group consisting of O, S, Se 
and Te. If desired a minor amount of a detergent . 
and/or Solutizer may also be added to the con 
position. . . 

The hydrocarbon distillate fuel oils in which 
the active ingredient and/or ingredients of this. 
invention are dispersed or dissolved may be 
treated or untreated catalytically cracked fuel 
oils, or mixtures of cracked fuels with straight 
run fuel oils, Which have an initial distillation 
point of about 300 F. and an end distillation 
point not exceeding 700 F. Generally, these 
fuels have a boiling range. of from about 340°F. . 
to about 700 F., and preferably a boiling range, 
of from about 400°F. to about 675° F. . . . " 



- - - - - - - - 

2,626,207 
3 

Cracked fuels may be obtained by thermal or 
catalytic cracking of certain petroleum hydro 
carbon feed stocks. Both types of cracked fuels, 
as Well as blends of cracked and straight-run 
fuels, may be acid and/or caustic treated to 
improve their stability. Specifically, hydro 
Carbon distillates Which are utilized as bases in 
compositions of this invention are cracked gaS 
oils, fuel oils, furnace oils, burner oils, diesel 
fuel oils, kerosene, etc., and mixtures of said 
Cracked fuels with the corresponding or like 
straight-run hydrocarbon fractions, e.g. fuel oils, 
etc. 

Fuel oils which have marked tendencies to 
Wards sludging and clogging of screens, filters, 
etc., are primarily cracked or blends of cracked 
and straight-run fuel oils which have the foll 
lowing properties: 
Gravity, API.------------------------ 29-35 
A. S. T. M. dist., F.: 

IBP------------------------------ 400-500 
EBP----------------------------- 600-700 

Sulfur percent weight.----------------- 0.5-1.05 
Carbon residue (10% Btms.) percent 
Weight ---------------------------- 0.1-0.4 

Four point, F----------------------- - 0-15 
The Surface active agents which possess the 

unique property of inhibiting sludge formation 
Or of removing preformed deposits from Sur 
faces (thereby preventing clogging of Systems 
utilizing fuels normally susceptible of causing 
Such deterioration) are the basic salts of poly 
valent metals represented broadly by the partial 
general formula referred to above. 
A. Sulfonic acids: 

Benzene Sulfonic acid 
Toluene Sulfonic acid 
Triisopropylnaphthalene Sulfonic acid 
Diphenyl Sulfonic acid 
Diwax benzene Sulfonic acid 
Xylene sulfonic acid 
Benzene disulfonic acid 
Alkane sulfonic acids, e.g. amyl, octyl, nonyl, 

lauryl 
Dodecyl Sulfonic acid 

Petroleum Sulfonic acids derived from Wari 
ous petroleum fraction Such as: 
Gas Oil 
KerOSene 
Light oil 
Turbine oil 
Mineral lubricating oil 
Heavy oil 
Petroleum waxes, e. g.: 

Petrolatum 
Paraffin wax and mixtures of various hy 
drocarbon fractions 

Wax Sulfo Salicyclic acid 
Diwax naphthalene Sulfonic acids, etc. 
Petroleum sulfonic acids are produced by treat 

ing suitable petroleum hydrocarbon fractions 
with sulfuric acid. For example, a turbine oil 
having a Saybolt Universal viscosity at 100 F. 
of from about 400 to 540 seconds is treated with 
fuming sulfuric acid, preferably in Small incre 
ments. After a calculated amount of Sulfuric 
acid has been added to the oil, the sludge Which 
forms is removed and the acid-treated oil con 
taining dissolved oil-soluble sulfonic acids is 
neutralized with a solution of Sodium hydroxide. 
The aqueous alkali solution is removed from the 
mixture and the sodium salts of petroleum Sul 

5 

4. 
fonic acid extracted with alcohol. The alcohol 
layer containing the Sulfonates can be removed by 
distillation or by any other suitable means. 
The Sodium petroleum Sulfonate can be con 

verted to the basic metal salt of petroleum sul 
fonic acid by treating said sodium petroleum Sul 
fonate With calculated amounts of, for exam 
ple, a mixture of calcium chloride and calcium 
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hydroxide. The reaction may be represented by 
the following equation: 

OE 
/ 

2RSO3Na -- CaCl -- Ca(OH)2 - 2ce 
SO3R - 2NaCl. 

Wherein R is a long chain hydrocarbon. 
Petroleum Sulfonic acids which are particu 

larly preferred are derived from naphthenic, 
Gulf-Coastal, or Mid-Continent oils. 
The petroleum Sulfonic acids may be obtained 

by the method described above or by any other 
means Such as those disclosed in the U. S. Pat 
ents Nos. 2,388,677, 2,395,713, 2,413,199, 2,413,311, 
2,414,773, 2,416,397, and if desired purified by such 
means as those disclosed in U. S. Patents, NOS, 
2,236,933, 2,334,532, 2,357,866, 2,368,452, and 
2,406,763, prior to or after the basic salts of Said 
acids have been made. 
The basic salts may be formed by Saponifying 

any of the acids or acid-forming materials re 
ferred to above With an excess of a polyvalent 
metal compound Such as the hydroxides or the 
like. A preferred method for forming the basic 
Salts of this invention is to react the desired 
acidic compound With a polyvalent metal halide 
Or a Sulfate and thereafter treating the Salt 
thus formed with metal hydroxide or alcoholate. 
Instead of forming the basic salt in stepwise 
fashion the basic Salt may be made by adding 
a mixture of the polyvalent metal hydroxide and 
halide in Such proportions and amounts as are 
Sufficient to form the basic Salt With a desired 
Organic acidic compound. 
The metal portion of basic Salts of this in 

Vention may be any polyvalent metal Such as 
Ca, Ba, Mg, Sr, Al, and mixtures thereof: 
The following table gives typical examples of 

preferred basic metallic salts which are excellent 
anti-clogging agents in fuels. 
The part of the basic Salt containing the metal 

may be represented by HXM, wherein X is O, S, 
Se and Te and M may be any of the following: 
Cation part: 

Calcium 
Barium 
Magnesium 
Strontium 
Aluminum 

Acid or anion part: 
Petroleum Sulfonic acid 
Triisopropyl naphthalene sulfonic acid 
Diaryl naphthalene Sulfonic acid 
Diwax benzene Sulfonic acid 
Diwa.X naphthalene Sulfonic acid 
Benzene disulfonic acid 
Lauryl Sulfonic acid 

The amount of basic Salt used in the base or 
concentrate fuel oil, may vary from about 2% 
and 25%, and preferably between about 5% and 
20% by Weight. However, greater or lesser con 
centrations may be used also. 

If desired, and under certain conditions of 
use, it is preferred to add detergents to compo 
sitions of this invention. The function of the 
detergent agents in compositions of this inven 
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tion is to act as peptizers, to aid in inhibiting or 
preventing the Settling and adhering of impurities 
and of Sludge to Surfaces, and to allow any in 
purities present or formed to pass through the 
Screen. Or filter System. 

Detergents which may be used are alkali, alka 
line earth and heavy metal and organic nitrogen 
base Salts of various Organic acids. The acidic 
portion of Such detergents may consist of naph 
thenic acids, aromatic and hydroxy aromatic car 
boxylic acids, and aliphatic acids, said acids con 
taining if desired, Substituent groups, e. g. amino, 
hydroxide, mercaptO, halo and Sulfur groups, and 
the like. Also phenates, alcoholates, carbamates, 
thiocarbamates, Xanthates, etc., may be used. 

Particularly preferred detergents are the Salts 
of alkyl Substituted phenol sulfides, or their sel 
enide and/or their telluride equivalents. These 
phenolic Salts may be represented by the general 
formulas: 

M 

x1 Y. F 
R-Ar- on-li-R r-XR 

M 

x^ Y. 
RXXC-r Ar-CXXR 

R. 
M 

x1 Y. 
RXX c-Ar-on-Ar-CXXR 

wherein M is a metal; R and R.' represent at least 
One alkyl radical attached to the aromatic ring 
Ar, the total number of carbon atoms in all of 
Such radicals being at least 5; X is O, S, Se 
and/or Te; Q is S, Se or Te; and n is an integer 
of from 1 to 4. 
These salts may be formed by treating the 

phenolic compounds with Such metal compounds 
as Li, Na, K, Cu, Hg, Fe, Mn, Mg, Ca, Ba, Sr, Pb, 
Ni, Co, Sn, Mo, etc. Alkaline earth metals are 
particularly preferred because of their solubility 
in hydrocarbons and their excellent detergent 
properties. 
The following are illustrative examples of the 

above detergents: barium tertiary-octyl phenol 
sulfide, its disulfide, barium ditertiary-amyl 
phenol sulfide, calcium iso-hexadecyl phenol sul 
fide, magnesium tertiary-amyl phenol sulfide, co 
balt tertiary-amyl phenol sulfide, barium do 
decyl Salicylate sulfide, Sulfide of the barium salt. 
of the ethyl ester of p-hydroxy dithiobenzoic 
acid, calcium octyl phenol selenide, etc. The 
amount of detergent Salt used in the concentrate 
may vary from between about 5 and 15%, and 
preferably is kept below 10%. 
In Systems wherein Substantial amounts of 

moisture are present, a drying agent may be add 
ed which is compatible With the active ingredi 
ents of this invention. By tying up most of the 
free moisture in this manner, the amount thereof 
which would normally combine with sludge 
forming materials is diminished, thus alleviat 
ing a most aggravating clogging problem. 

Drying agents which are particularly suited are 
the glycol-ethers, such as diethylene glycol mono 
methyl, ethyl, N- and isopropyl ether, diethylene 
glycol mono-butyl ether, diethylene glycol mono 
decyl ether, etc.; also dipropylene glycol mono 
ethyl ether, dipropylene glycol mono-isopropyl 
ether, dipropylene glycol mono-isoamyl ether, di 
isobutylene. glycol-mono isopropyl ether, ethyl 
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6 
ene-propylene glycol mono-ethyl ether, ethylene 
isobutylene glycol mono-isopropyl ether, etc. In 
Stead of the glycol-ethers, various alcohols may 
be used, such as diols having 6 or more carbon 
atoms in the molecule, e. g. hexylene glycol, dec 
ylene glycols, cetylene glycols, etc.; diglycols Such 
as dipropylene glycol, dibutylene glycol, diamyl 
ene glycol, ether alcohols and particularly the 
gycol mono-alkyl ethers, e.g. the celloSolves such 
as ethylene glycol mono-ethyl ether, ethylene 
glycol mono-propyl ether, ethylene glycol mono 
n-butyl ether, ethylene glycol mono-isobutyl 
ether, ethylene glycol mono-tert-butyl ether, 
ethylene glycol mono-hexyl ether, propylene gly 
col mono-isoamyl ether, etc. Also glycerine and 
the like may be used, 
The amount of these materials, when used, con 

stitutes a Substantial portion of the base or con 
centrate, and generally is about 50% or more. 
However, under certain conditions these materials 
may be omitted from the base. 
The following is a general formula of a base 

(concentrate) composition of this invention: 

Anaount, percent wit. 

Broad Preferred 

Basic metal salt of an organic acid compound, 
e.g. 

Basic aluminum sulfonate.-- 
Basic calcium sulfonate--- 

Detergent, e.g.: 
Normal alkali-------------- 
petroleum Sulfonate.----------------------- 
metal salt of alkyl phenol sulfide, etc.---- 

Drying agent, e. g.: Polyhydric alcohol glycol 
ethers, etc.----------------------------------- 

Fuel oil---------------------------------------- 

} 10-20 

0-10 

0-50 
Balance 

Specific base compositions may be illustrated 
by the following examples: 

Per cent 
Composition A: 

Basic aluminum Sulfonate ------------- 20 
Fuel oil ------------------------------- 80 

Composition B: 
Basic magnesium Sulfonate ------------ 20 
Fuel oil ------------------------------- 80 

The following table further illustrates suitable 
anti-clogging base compositions of this invention: 

Components: 1 
Surface Active Agents- - 

Basic calcium petroleum sulfonate-------- X X X x 
Basic Zinc stearate------------------------------------ X Detergents 
Normal Ba sat of alkyl phenol sulfide.------ X--------- 
Normal Ca Salt of alkylphenol sulfide----------------|x 
Normal Ca. alkyl Salicylate------------------------ X--- 
Nanaphthenate-------------------------------- x 

Drying Agents-Diethylene glycol mono 
butyl ether--------------------------------------- X------ 

All of the above compositions are diluted with a hydro 
carbon fuel oil in amounts indicated above. 

Compositions of this invention are generally 
mixed in amounts of one pint or less with from 
about 250 to about 1000 gallons of fuel oil. Thus, 
for example, on a percentage basis of fuel used, 
One pint of any one of the compositions described 
above per 250 gallons of fuel would correspond 
to approximately the following concentration of 
the active ingredients in the final fuel composi 
tions: 

Basic metal Salt of an organic acidic compound, 
from about 0.0025% to about 0.005%; detergent 

'' (salt of an alkyl phenol sulfide), from zero to 
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about 0.0025% or 0.0042%; drying agent (glycol 
ether), from zero to about 0.0265%. 
To inhibit any corrosive tendencies of fuel Com 

positions of this invention a minute amount of 
caustic or aromatic nitrogen compound, Such as 
aniline, may also be added. These compounds 
act as alkaline reserves and render the fuel Con 
positions substantially non-corrosive to copper, 
bra SS and other metals. 
The following examples illustrate the effective 

ness of compositions of this invention: 
Eacample I 

Doped and undoped fuel oils were filtered and 
then clouded with steam. The fuel compositions 
or undoped fuel oil were circulated through a 
screen under a constant head. The oil was 
pumped from a reservoir into a vertical conduit 
and allowed to flow by gravity through the screen 
and decrease in flow rate of the various undoped 
and doped fuel oils noted after being circulated 
for 24 hours. The results are tabulated below: 

Con 
centra- Maximum de 

Base Primary additive tion, crease in flow 
percent rate, percent 
weight 

Fuel oil containing ------------------- - I - wa- - - - - - 84.1 in 25 min. 
moisture. 

Do--------------- Basic aluminum 0.005 6.2 in 24 hrs. 
sulfonate. 

Do--------------- Basic magnesium ,005 6,7 in 24hrs. 
sulfonate. 

Do--------------- Basic aluminum .025 3.5 in 24 hrs. 
sulfonate, 

Do--------------- Normal aluminum .01 i 86.9 in 35 min. 
napthenate. 

D0--------------- Aluminum tris- .025 78.5 in 24hrs. 
tearate. 

Do--------------- Normal copper- .005 29.6 in 24 hrs. 
sulfonate. 

Fuel oil containing ---------------------------- 60.0 in 24 hrs. 
no moisture. 

To compositions of this invention may be added 
minor amounts of foam inhibitors, such as sili 
cone liquids, e.g. dimethyl silicon, fluoro Organic 
compounds, e. g. fluoro paraffins, Organic esters 
of mono- and poly-carboxylic acids and mono 
and polyhydric alcohols, e. g. methyl Stearate, 
dioctyl sebacate, dioctyl phthalate, glyceryl mono 
and dioleate or stearate, etc. Compositions of 
this invention are non-corrosive and do not in 
terfere with the function of the fuel in which 
they are dispersed. 
We claim as our invention: 
1. A fuel oil normally susceptible to cause 

clogging due to the presence of cracked com 
ponents and entrained moisture having incorpo 
rated therewith a small amount, Sufficient to in 
hibit said clogging tendencies, of a basic poly 
valent metal hydrocarbon Sulfonate selected from 
the group of alkaline earth metal hydrocarbon 
Sulfonate and basic aluminum hydrocarbon 
Sulfonate. 

2. A fuel oil normally susceptible to cause clog 
ging due to the presence of cracked components 
and entrained moisture having incorporated 
therewith a Small annount, sufficient to inhibit 
Said clogging tendencies, of a basic magnesium 
hydrocarbon Sulfonate. 

3. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
ponents and entrained moisture having incorpo 
rated therewith a Small amount, Sufficient to in 
hibit Said clogging tendencies, of a basic calcium 
hydrocarbon Sulfonate. 

4. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
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8 
ponents and entrained moisture having incorpo 
rated therewith a Small amount, Sufficient to in 
hibit said clogging tendencies, of a basic alumi 
num hydrocarbon Sulfonate. 

5. A non-clogging fuel oil normally susceptible 
to cause clogging due to the presence of cracked 
components and entrained moisture having in 
corporated therewith from about 0.0025% to 
about 0.005% of a basic aluminum petroleum 
sulfonate. 

6. A non-clogging fuel oil normally susceptible 
to cause clogging due to the presence of cracked 
components and entrained moisture having in 
corporated therewith from about 0.0025% to 
about 0.005% of a basic magnesium petroleum 
Sulfonate. 

7. A non-clogging fuel oil normally susceptible 
to cause clogging due to the presence of cracked 
components and entrained moisture having in 
corporated therewith from about 0.0025% to 
about 0.005% of a basic calcium petroleum sul 
fonate. 

8. A fuel oil normally susceptible to cause clog 
ging due to the presence of cracked components 
and entrained moisture, said fuel oil rendered 
non-clogging by having incorporated therein one 
pint of a concentrate consisting essentially of 
from 10 to 20% of a basic polyvalent metal hydro 
Carbon Sulfonate Selected from the group of basic 
alkaline earth metal hydrocarbon sulfonate and 
basic aluminum hydrocarbon sulfonate, said con 
centrate being diluted with from 250 to 1,000 
gallons of fuel oil. 

9. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
ponents and entrained moisture, having incorpo 
rated therewith a small amount, sufficient to in 
hibit Said clogging tendencies, of a basic calcium 
hydrocarbon Sulfonate and a minor amount Sufi 
cient to impart detergency to said composition 
of normal barium salt of alkyl phenol sulfide. 

10. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
ponents and entrained moisture, having incorpo 
rated therewith a small amount, sufficient to in 
hibit said clogging tendencies, of a basic calcium 
hydrocarbon Sulfonate and a minor amount suff 
cient to impart detergency to said composition 
Of normal calcium alkyl salicylate. 

11. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
ponents and entrained moisture, having incorpo 
rated therewith a small amount, sufficient to in 
hibit Said clogging tendencies, of a basic calcium 
hydrocarbon Sulfonate and a minor amount sufi 
cient to impart detergency to said composition 
of Sodium naphthenate. 

12. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
ponents and entrained moisture, having incorpo 
rated therewith a small amount, sufficient to in 
hibit Said clogging tendencies, of a basic calcium 
hydrocarbon Sulfonate and minor amounts of 
basic Zinc Stearate and normal calcium salt of 
alkyl phenolsulfide. 

13. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
ponents and entrained moisture, having incorpo 
rated therewith a small amount, sufficient to 
inhibit said clogging tendencies, of a basic cal 
cium petroleum sulfonate and a minor amount 
Sufficient to impart detergency to said composi 
tion of normal barium salt of alkyl phenol 
Sulfide. 

14. A fuel oil normally susceptible to cause 
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clogging due to the presence of cracked com 
ponents and entrained moisture, having incorpO 
rated therewith a small amount, sufficient to in 
hibit said clogging tendencies, of a basic calcium 
petroleum sulfonate and a minor amount suffi 
cient to impart detergency to said composition 
Of normal calcium alkyl salicylate. 

15. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked con 
ponents and entrained moisture, having incorpo 
rated therewith a Small amount, Sufficient to 
inhibit Said clogging tendencies, of a basic cal 
cium petroleum sulfonate and a minor amount 
Sufficient to impart detergency to said composi 
tion of Sodium naphthenate. 

16. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
ponents and entrained moisture, having incorpo 
rated therewith a small amount, sufficient to in 
hibit said clogging tendencies, of a basic calcium 
petroleum sulfonate and minor amounts of basic 
Zinc stearate and normal calcium salt of alkyl 
phenol Sulfide. 

17. A fuel oil normally susceptible to cause 
clogging due to the presence of cracked com 
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10 
ponents and entrained moisture, having incorpo 
rated therewith a Small amount, Sufficient to 
inhibit Said clogging tendencies, of a basic calcium 
petroleum sulfonate and a minor amount Sufi 
cient to impart detergency to said composition 
Of Sodium petroleum sulfonate. 
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