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This invention is directed to a new class of high barium 
content “complex” salts of sulfonic acids and to a method 
for preparing these salts. The invention also contemplates 
the use of these salts as addition agents for various mineral 
oil fractions, particularly mineral lubricating oils. 

It is well known that lubricating oils tend to deteriorate 
under the conditions of use in present day diesel and 
automotive engines with attendant formation of sludge, 
lacquer and resinous materials which adhere to the en 
gine parts, particularly the piston ring grooves and skirts, 
thereby lowering the operating efficiency of the engine. 
To counteract the formation of these deposits, certain 
chemical additives have been found which when added 
to lubricating oils have the ability to keep the deposit 
forming materials suspended in the oil, so that the engine 
is kept clean and in efficient operating condition for ex 
tended periods of time. These addition agents are known 
in the art as detergents or dispersants. Metal organic 
compounds are particularly useful in this respect. These 
metal organic compounds are considered to be effective 
on the basis of their metal contents, coupled with their 
solubility in the oil. " 

Generally, it has been found that the oil-soluble metal 
organic compounds having the greatest percentages of 
metal provide the better detergents. On this basis, it has 
been sought to provide detergent compounds having the 
highest possible metal content. Metal sulfonates, par 
ticularly barium sulfonates derived from sulfonic acids, 
such as are obtained by the sulfonation of petroleum oils, 
or synthetic sulfonic acids obtained by the sulfonation of 
alkyl aryl compounds, suchras alkyl-substituted benzenes 
and naphthalenes, are recognized in the art as being par 
ticularly effective detergents for mineral lubricating oils. 
The art has sought, therefore, to still further enhance 
the effectiveness of these compounds by increasing their 
barium contents. 
The present invention is concerned with the provision 

of a new class of barium sulfonates, hereinafter called 
“complex” barium sulfonates, which have exceptionally 
high metal contents and which are highly superior oil 
detergents. They are also effective as anti-sludging and 
anti~screen clogging agents in fuel oils. The metal con 
tents of these new complex salts range from at least about 
200% to at least 1300% higher than those of the cor 
responding “normal” barium salts, i.e., salts having barium 
contents equivalent to the acid-hydrogen contents of the 
respective sulfonic acids from which they are derived. 

It is the primary object of this invention to provide a 
new class of complex barium sulfonate salts having ex 
ceptionally high barium contents and also a method for 
preparing these salts. 

It is a further object to provide oil compositions con 
taining relatively small amounts of these salts, which com 
positions are of high detergent character. 

It is a further object to provide fuel oil compositions 
containing these complex salts said compositions having 
improved anti-sludging and anti-clogging characteristics. 

Other and further objects will become apparent from 
the following description of the invention. 
As is well known, sulfonic acids may be reacted with 
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2 
barium hydroxide to produce either (a) neutral (nor 
Imal) salts thereof conforming to the general formula 

wherein R represents alkyl, aryl or alkaryl groups and n 
is an integer from 1 to 5; or (b) basic salts, conforming 
to the general formula 

II. 
SO3BaOH 

(R) 

where R and n are the same as defined in Formula I, de 
pending upon the proportions of the sulfonic acid and 
barium hydroxide utilized in the reaction. Thus, salts 
conforming to Formula I result from the reaction of 1 
mol (2 equivalents) of barium hydroxide with 2 mols (2. 
equivalents) of the acid, whereas salts conforming to 
Formula 11 result from the reaction of l mol (1 equiv 
alent) of the acid with 1 mol (2 equivalents) of barium 
hydroxide. Salts having high barium contents, however, 
are not produceable by the simple neutralization of a 
sulfonic acid with barium hydroxide, although, as afore-' 
indicated, the obtainment of higher barium content sul 
fonate salts is a highly desirable objective from the stand» 
point of the application of such salts as lubricating’ oil. 
detergents. ' ' 

The present invention provides a means for producing 
barium salts of sulfonic acids having barium contentsv 
ranging from 3 to as high as 14, or more, equivalents’ of 
barium per equivalent of acid-hydrogen content in the 

' sulfonic acids from which they are derived. These new 
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salts, therefore, have barium contents which are up to 
14 times as high as the barium contents of the “neutral” 
or normal barium sulfonate salts and 7 times as high as; 
the known basic barium salts. Also, the new salts have 
base 'numbers several times greater than the “basic” 
barium salts (Formula II). This high degree of alkalinity 
is a pronounced advantage when the salts are employed 
in engines using high sulfur fuels. > -. 

In accordance with this invention, it has been found 
that the basic barium salts of sulfouic acids (Formula II) 
can be reacted with carbon dioxide and barium methylate 
BaOH(OCH3) to provide these new high barium con 
tent “complex” barium salts; The- normal barium suli 
fonate salts (Formula I), on the other hand, do not lend 
themselves to the process of the invention, the high 
barium content complex salts not being obtained when 
the normal salts are employed as starting materials in 
the process. ' 

In general, the procedure for preparing the high barium 
content complex salts in accordance with the invention 
is as follows. An oil solution of the basic barium sul 
fonate salt is charged to a reaction vessel having means 
for introduction and dispersion of carbon‘ dioxide.‘ The 
oil solution is heated and maintained at a temperature 
of from about 150° C. to about 250° C. while carbon 
dioxide is passed therethrough. The carbonation treat 
ment is continued for a time sul?cient to effect reaction 
of about 1 mol of carbon dioxide per mol of basic barium 
salt present in the oil solution. The amount of carbon 
dioxide employed during the carbonation, therefore, 
should be at least about 1 mol per mol of basic barium 
sulfonate salt in the oil solution and preferably a sub 
stantial excess of carbon dioxide over this amount, say, 
at least 2 mols or more should be used. It has been 
found that the use of excess carbon dioxide is necessary 
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when the carbonation is conducted by blowing or bub 
bling the gas through the oil solution at atmospheric 
pressure as under these conditions the utilization of the 
carbon dioxide is not very e?icient. In carrying out the 
carbonation under these latter conditions, the time re 
quired may vary between about 1 hour and about 10 
hours, depending upon the rate of admission of the car 
bon dioxide and the efficiency of contacting obtained. 
From a practical standpoint, it is, of course, desirable to 
effect the carbonation in as short a time as possible. As 
will be apparent to those skilled in the art, the carbona 
tion time can be substantially reduced by the use of spe 
cial equipment, such as pressure reactors, etc., designed 
to enhance the ef?ciency of the reaction. Accordingly, it 
is considered that any and all such modi?cations of the 
carbonation procedure are within the scope of this in 
vention. 
When the carbonation step has been completed, the 

reaction mixture is cooled to a temperature below the 
boiling point of methyl alcohol, say, from about 25° C. 
to about 60° C., and barium methylate solution is added 
in-suf?cient amount to provide at least 1 equivalent of 
barium, based on the acid-hydrogen content of the sul 
fonic acid from which the basic barium sulfonate salt was 
prepared. Expressed differently, this means that at least 
about 1 equivalent of barium is added per mol of basic 
barium sulfonate in the oil solution. The reaction mix 
ture is again'heated to a temperature of 150° C. to 250° 
C. and maintained at this temperature for a short time, 
say, 1/2’ hour, to provide complete removal of uncom 
bined methanol. The reaction mixture is then ?ltered 
(preferably while heated) to provide an oil solution of 
the complex salt product containing approximately 3 
equivalents of barium. The complex salt product thus 
obtained may be subjected to further carbonation and 
barium methylate treatments to provide a product salt of 
still higher barium content, each successive repetition of 
these treating steps adding 1 equivalent of barium to the 
complex salt product. In these subsequent treatments, 
the'carbon dioxide is apparently incorporatedin amounts 
up to 1/2 mol per mol of basic barium salt employed in 
the process, the ratio of added carbon dioxide to added 
barium being about 1:1. Each repetition of the carbona 
tion treatment, therefore, involves the utilization of the 
carbon dioxide in amounts up to about 1/2 mol, the 
amount of barium incorporated by each subsequent bari 
um methylate treatment being related to the amount of 
carbon dioxide reacted in each carbonation treatment. 
As'will 'be observed from the examples given herein, com 
plex salts having as many as 14 equivalents (7 mols) of 
barium per equivalent of sulfonic acid content therein 
have been successfully prepared. Greater amounts of 
barium can be introduced into these salts by further ap 
plication of carbonation and barium methylate treatments. 

‘The exact vmanner in which the carbon dioxide and 
barium methylate interact with the basic barium salts or 
provide the complexed carbonated sulfonate salts of the 
invention is‘ not known and the product salts are, there 
fore,’ de?ned herein by their method of preparation. It 
has ‘been found, however, that all of the product salts 
release carbon dioxide when treated with mineral acid. 
Also, all of the products have been found to contain 
small but ‘signi?cant amounts of methylate groups. Anal 
yses of the products have shown them to contain carbon 
dioxide and barium in approximately equimolar propor 
tions. Thus, for example, the product of Example 6, 
presented hereinafter, which was prepared by repeated 
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carbonations and barium methylate treatments analyzed ' 
31.5% barium, 9.0% carbon dioxide and 0.3% methyl 
ate groups. It will be seen that the mol ratio of barium 
to carbon dioxide in this product is approximately 1:1. 
Without intending to limit the invention by theoretical 
considerations, therefore, it is believed that the reactions 
which occur when a basic barium sulfonate salt is sub 
jected, to the process of the invention may be somewhat 
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as represented in the following series of equations 
(R=alkyl): 
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It will be appreciated that additional application of 

the carbonation and barium methylate treating steps will 
produce products having additional 

/0 
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0 

groups therein. Thus, the general equation for the re 
actions which occur in the process may be represented as 
follows: 
VII. 

OH 
503138011 + (002): + / ] 
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The sulfonic acids suitable for use in the invention in 
clude oil soluble petroleum sulfonic acids and synthetic 

10 

20 

30 

35 

40 

55 

75 

6 
alkaryl sulfonic acids, particularly those having higher 
molecular weights, i.e., from about 300 to about 800. 
These sulfonic acids may be produced by sulfonation of 
petroleum stocks or synthetic alkyl aromatic compounds, 
such as alkyl-substituted benzenes of naphthalenes where 
in the alkyl groups attached to the aromatic ring contain 
from at least about 8 to about 24, or more, carbon atoms. 
Speci?c synthetic sulfonic acids are, for example, octyl 
benzene sulfonic acid, dodecyl benzene sulfonic acid, di 
octyl benzene sulfonic acid, octadecyl benzene sulfonic 
acid, wax benzene sulfonic acid and wax naphthalene sul 
fonic acid. Of the various acids the wax benzene and 
Wax naphthalene sulfonic acids are particularly preferred. 
The petroleum sulfonic acids, also known as “sour oils,” 
are those obtained in the treatment of petroleum oils, par 
ticularly re?ned, or semi-re?ned oils, With concentrated 
or fuming sulfuric acid, and which remain in the oil after 
settling out of sludge. 

It will be appreciated that the basic barium sulfonate 
salts utilized as starting materials in the invention, as 
ordinarily prepared, are actually “oil solutions.” Thus, 
the petroleum sulfonate salts are prepared from petrole 
um sulfonic acids, i.e., “sour” oils, containing from about 
25 % to about 75%, by Weight, of oil, by reaction with 
barium hydroxide. Also, the synthetic sulfonic acids are 
ordinarily prepared with the use of a diluent oil to pro 
vide products which are oil solutions, said solutions also 
containing from about 25% to about 75%, by weight, 
of oil (see product A below). The presence of the oil 
is advantageous in the process of the invention since it 
facilitates the conducting of the carbonation and barium 
methylate reaction steps as well as the ?ltration and hair 
dling of the ?nal products. However, it is contemplated 
that other hydrocarbon diluents besides mineral lubricat 
ing oil' may be employed. Thus, solvent hydrocarbons, 
such as light naphthas, xylene, toluene and the like may 
be utilized in the process either alone (in the case of the 
synthetic sulfonates) or in conjunction with the oil al 
ready present in the acid (as in the case of the petroleum 
sulfonates). The use of mineral oil, however, is pre 
ferred since it neednot be removed from the product 

' salts, the product oil solutions being directly blendable 
with lubricating or fuel oils desired to be improved there 
with. 
The method of the invention is illustrated in detail in 

Examples 1 to 6 presented herebelow. The barium sul 
fonate salt utilized as the starting material in each of 
these examples was a basic barium salt of a waxésu'b 
stituted-benzene sulfonic acid prepared as shown in Ex~ 
ample A. The barium methylate reagent was prepared 
in the well known manner by reaction of barium oxide 
with methyl alcohol according to the equation, 

BaO‘+CH3OH-—>Ba.OH(OCH3) 
EXAMPLEA . 

(a) Preparation of Wax-Benzene (2-12) Sulfonic Acid 
A para?in wax having an average of 24 carbon atoms 

per molecule and a melting point of 126° C. was chlo 
rinated at a temperature of about 100° C. with chlorine 
gas until the weight of the wax had increased about 12%. 
The chlorowax thus obtained was then blown with nitro 
gen to remove any occluded chlorine and hydrogen chlo 
ride. 
A IOOO-gram portion of the chlorowax was then mixed 

with 500 grams of benzene in a S-necked ?ask equipped 
with a stirrer, re?ux condenser and a thermometer. The 
mixture was heated to a temperature of 60° C. Alumi 
num chloride Was then added slowly over a period of 2 
hours. The addition of the aluminum chloride was -ac~ 
companied by a vigorous evolution of hydrogen chloride. 
The temperature was then raised to about 80° C. and 
held there for 1 hour. The excess benzene was then 
removed by inverting the re?ux condenser and heating to 
a temperature of 116° C. Two hundred milliliters of 



‘and thermometer. 

' The mixture was 

(2-12) sulfonic acid 
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benzene were recovered. The mixture was cooled to 
60° C; and then another 1000 gramsofchlorowax were 
added slowly. The temperature was then raised to 100° 
C. and held there for 1 hour. The product was allowed 
to stand overnight at a temperature of 60° C. and then 
was separated from the sludge by decantation and ?ltered 
through clay. - 

Seventeen hundred and thirty-eight grams of wax 
benzene thus obtained were placed in a 3-necked ?ask 
and heated to 40° 0. .Eight hundred and sixty-nine 
grams of oleum (15% S03) wereadded slowly to the 
wax-benzene at a rate regulated to maintain the tem 
perature below 50°C. The addition of oleum consumed 
about 3 hours. The mixture was then stirred for an 
additional hour to insure complete reaction. The mixture 
was then poured into 1000 milliliters of water and sub 
sequently 1810 grams of mineral oil were added to the 
mixture. The mixture was thoroughly stirred and then 
allowed to stand until the water separated into a layer. 
The water layer was drained off. The product thus ob 
tained was approximately a 50% blend of wax-benzene 
sulfonic acid (2-12) in mineral oil and had a neutraliza 
tion number of 42. 

(b) Preparation of the Basic Barium Salt of Wax 
' Benzene (2-12) Sulfonic Acid 

Five hundred grams of wax-benzene (2-12) sulfonic 
acid prepared above were charged to a 2 liter, 4-necked, 
round-bottomed ?ask equipped with a mechanical stirrer 

Two equivalents (118.3 grams) of 
barium hydroxide octahydrate were added‘ to the mix 
ture and the temperature of the mixture was slowly raised 
to about 150° C.~and held there for'l hour. The mixture 
was then ?ltered through a layer of “Hy?o” (a diatoma 
ceous clay ?lter-aid). The product thus obtained, prod 
uct'A, the basic barium salt .of wax-benzene sulfonate 

- (2-12), analyzed about 10%, by weight, of barium. It 
-was diluted with mineral oil to provide a ?nal oil solu 

tion containing 7.5% barium. 
-It will be understood that a wax-benzene prepared ac 

cording to the foregoing procedure in which a quantity 
of chlorowax containing 2 atomic proportions of chlorine 
‘and having a chlorine content of 12% is reacted with 1 
mol of benzene is designated “wax-benzene (2-12).” 
Similarly, “wax-benzene (3-10)” and “wax-benzene (1 
10)” may also be prepared by thereaction of sui?cient 
amounts of chlorinated wax, containing 10%, by weight, 

" of chlorine, to provide 3 atomic proportions and 1 atomic 
proportion‘ of chlorine per mol of benzene, respectively, 

. in the reaction and are useful in the invention. In gen 
eral, the amount of chlorowax containing from about 10% 
to about 18%, by weight, of chlorine used in the reaction 
is sut?cient to supply between 1 and 4,atomic proportions 
of chlorine per mole of benzene used. 

' EXAMPLE 1v I 

, Nine hundred and ‘?fty-eight‘ grams of product A (7.5% ' 
barium)v was'blown with'carbon dioxide for 3 hours at 
200° C. The reaction mixture was cooled to 60° C. and 
34.5 gram-s of barium: .(1 equivalent based on the acid 
number of the wax-benzene sulfonic acid of product A 
corrected for ?nal oildilution of the product) in the form 
of a barium methylate solution in methanol was added. 

thenheated ‘to 175° C. and ‘?ltered 
through “Hy?o” clay. The product analyzed 10.13% 

‘ barium in the oil blend. which approximated the theoreti 
cal barium for a complex barium salt of wax-benzene 

containing 3 equivalents of barium. 

EXAMPLE 2 ’ 

Fourteen hundred grams of product A (7.5 % barium) 
was blown with carbon dioxide for 3 hours at 200° C. 
The reaction mixture was cooled to 60° C. and 50.4 grams 
of barium (1 equivalent based von the acid number of 
the oil blend of the wax-benzene sulfonic acid interme 
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8 
diate of product A corrected for ?nal oil dilution of the 
product) in the form of a barium methylate solution in 
methanol was added. The mixture was heated to 200° 
C. and again blown with carbon dioxide for 4 hours at 
200° C. The reaction mixture was then cooled to 60° C. 
and 50.4 grams of barium, as barium methylate, was 
added. The mixture was heated to 175 ° C. and ?ltered 
through “Hy?o” clay. The product analyzed 13.15% 
barium in the oil blend which approximated the theoreti 
cal barium for a complex barium salt of wax-benzene 
(2-12) sulfonic acid containing 

EXAMPLE 3 
Seven hundred and twenty grams of a complex barium 

wax-benzene (2-12) salt containing 3 equivalents of 
barium (10.25% barium) made according to Example 
1 was blown with carbon dioxide for 4 hours at 200° C. 
The reaction mixture was cooled to 60° C. and 27 grams 
of barium (1 equivalent based on the acid number of the 
oil blend of the wax-benzene sulfonic acid intermediate 
of product A corrected for ?nal oil dilution of the 
product) in the form of a barium methylate solution in 
methanol was added. The mixture was heated to 200° 
C. and blown with carbon dioxide for 4 hours at 200° 
C. The reaction mixture was then cooled to 60° C. and 
27 grams of barium (see above) was added. The mix 
ture was heated to 175° C. and ?ltered through a layer 
of “Hy?o” clay. The product analyzed 16.3% barium 
in the oil blend which approximated the theoretical barium 
ifOI' a complex salt of a wax-benzene (2-12) sulfonic acid 
containing 5 equivalents'of barium.‘ 

EXAMPLE 4 
Seven hundred and twenty grams of a complex barium 

wax-benzene (2-12) salt containing 3 equivalents of 
barium (10.25% barium) made according to Example 
1 was blown with carbon dioxide for 4 hours at 200° C. 
The reaction mixture was cooled to 60° C. and 27v grams 
of barium (1 equivalent) based on the acid number of 
theoil blend of the wax-benzene sultonic acid inter 
mediate of product A corrected {or ?nal oil dilution of 
the product) in the form of a barium methylate solution 
in methanol was added. The mixture was heated to 
200° C. and blown with carbon dioxide for 4 hours at 
200° C. The mixture was then cooled to 60° C. and 27 
grams of barium, as barium methylate (see above) was 
added. The reaction mixture was then heated to 200° 
C. and blown with carbon dioxide for 4 hours at 200° C. 
The mixture was then cooled to 60° C. and 27 grams 
of barium as barium'methylate (see above) was added. 
The reaction mixture was heated to 175° C. and ?ltered 
through a layer of “Hy?o” clay. The product analyzed 
18.31% barium in the oil blend which approximated the 
theoretical barium for a barium salt of wax-benzene sul 
fonic acid containing 6 equivalents of barium. 

EXAMPLE 5 
Nine hundred and seventy-nine grams of the product 

of Example 2-a complex barium salt containing 4 
equivalents of barium (13.15% barium)-was blown with 
carbon dioxide for 3 hours at 200° C. The reaction mix 
ture was cooled to 60° C. and 35 grams of barium (1 
equivalent based on the acid number of the oil blend 
of the wax-benzene sulfonic acid intermediate of product 
A corrected for ?nal oil dilution of the product) in the 
form of barium methylate solution in methanol was added. 
The mixture was heated to 200° C. and blown with 
carbon dioxide for 3 hours at 200° C. The reaction 
mixturerwas then cooled to 60° C. and 35 grams of 
barium, as barium methylate (see above) was added. 
The mixture was heated to 200° C. and blown with car 
bon dioxide for 3 hours at 200° C. The reaction mixture 
was then cooled to 60° C. and 35 grams of barium, as 
barium methylate (see above) was added. The mixture 
was heated to 175° C. and ?ltered through a layer of 

4 equivalents of barium. 
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“Hy?o” clay. The product analyzed 20.6% barium 
which approximated the theoretical barium for a com 
plex barium salt of a wax-benzene (2-12) sulfonic acid 
containing 7 equivalents of barium. 

EXAMPLE 6 

Fourteen hundred grams of product A (7.5% barium) 
was blown with carbon dioxide for 3 hours at 200° C. 
The reaction mixture was cooled to 60° C. and 52.5 
grams ‘of barium (1 equivalent based on the acid number 
of the oil blend of the wax-benzene sulfonic acid inter 
mediate of product A for corrected for ?nal oil dilution 
of said product) in the form of a barium methylate solu 
tion in methanol was added. The reaction mixture was 
heated to 200° C. The above carbon dioxide and barium 
methylate treatments were each repeated 11 additional 
times. The ?nal product obtained after ?ltration through 
a layer of “Hy?o” clay analyzed 31.5% barium. It also 
contained 9.03% carbon dioxide and 0.3% methylate 
radicals and had a total base number of 262. The barium 
content approximated the theoretical barium for a com 
plex barium salt of wax-benzene sulfonic ‘acid containing 
14 equivalents of barium. 

Evaluation of Complex Salts as Lubricating Oil Additives 
The ability of the high barium content complex sulfo 

nate salts of the invention as detergents in lubricating 
oil has been shown by a number of comparative tests 
conducted on the base lubricating oils alone and on these 
same oils blended with minor amounts of representative 
product salts described in the preceding examples. The 
tests used were the Lauson D-4A Detergency Test, the 
CPR Diesel Detergency Test, D-21 and the Caterpillar 
Engine Test. The results of the various tests are pre 
sented in Tables I, II and III, respectively. ‘The complex 
salts of the invention were also subjected to the Radio 
active Piston Ring Wear Test in order to show their 
ability in preventing piston ring wear. The results ob 
tained in these tests are given in Table IV. The several 
test procedures were as follows: 

Lauson Detergeney Test D-4A 
This test determines the effectiveness of the lubricating 

oil in preventing fouling as measured by the cleanliness 
of rings, lands, ring grooves and piston skirts. Cleanli 
ness ratings are based on a scale of from 100 to 0, a 100 
rating signifying a perfectly clean condition and a 0 rating 
representing the worst possible deposit condition. 
A single cylinder, 4-cycle, liquid cooled Lauson engine 

with splash lubrication is used. The operating conditions 
are as follows: ' 

Oil temperature ______________________ __° F__ 225 
Jacket temperature ____________________ _._° F__ 275 
Speed _____________________________ __r.p.m__ 1825 
Brake load __________________________ __H.P__ 1.6 
One-half throttle ' 

13-1 air-fuel ratio 
Oil added every 20 hours (one gallon sample used). 
The duration of the test is 100 hours. The fuel used is a 
controlled “Mobilgas Special” type blend gasoline (40% 
thermal-l-30% catalytically cracked+30% straight run 
+2.5 cc. TEL/gal.). ' 

Diesel Detergen‘cy Test D-Z] 
This test determines the eifectiveness of the lubricating 

oil in preventing piston deposits and top ring ‘wear. 
A single cylinder CFR, 4-cycle, super-charged diesel 

engine is used. The operating conditions are as follows: 

Oil temperature ______________________ __° F__ 175 
Jacket temperature ____________________ __° F__ 215 
Speed _______ __.. _____________ __‘ ____ __r.p.m__ 1825 

Brake load H P... 7.5 
Oil addition every 8 hours starting at 4 hours (1% 

gallon sample used). 
Heat input _____________________ __B.t.u./min__ 1260 
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is 
The duration of the test is 60 hours. The fuel used is a 
No. 2 fuel oil containing 1% sulfur. The results are re 
ported in terms of piston cleanliness ratings as in the D-4 
test. 

The Caterpillar Engine Test 

This test determines the ability of an oil to prevent pis 
ton deposits and top ring wear. A single cylinder, 4-cycle 
Caterpillar engine is used. The operating conditions are 
as follows: > 

Oil temperature ______________________ __ ° F__ 150 

Jacket temperature ____________________ __° F__ 180 
Speed ___ ‘ ' r.p.m__ 1000 

Brake load __________________________ __H.P__ 19.8 

The duration of the test is 120 hours. The amount of 
piston deposits at the end of the test is expressed in terms 
of piston cleanliness ratings on a scale from 0 to 100 as 
in the Lauson D—4A and diesel D-2l tests. The diesel 
fuel used in the test contains 0.4% sulfur. 

The Radioactive Piston Ring Wear Test 

This test permits measurement of piston ring wear rate» 
in a relatively short period of time as no dissasembly 
of the engine for inspection and wear measurement is re-' 
quired. Brie?y, the procedure is as follows. The rings 
used are made from a single melt of metal. They are ac» 
tivated to a level of approximately 2.5 millicuries per ring. 
Iron-55 and iron-59 are the radioactive isotopes produced; 
Using special tools and equipment to protect against radi 
ation hazards, the rings are installed in the top groove‘ 
of the piston where the highest pressures, temperatures 
and wear are encountered. The test engine is a modi?ed 
A.S.T.M. knock test unit. During the operation of the 
engine, the radio-active iron worn from the piston ring is 
carried by the oil to the radiation detection equipment 
which is activated by gamma radiation (from, iron-59) 
from ring debris in the circulating oil. The pulses gener 
ated are received by a ratemeter and translated to counts 
per minute (c.p.m.), which in turn are recorded as an 
integrated graph of c.p.m. vs. time. Wear rates may be 
converted to absolute wear in milligrams per unit of time. 
To do this, a weighed segment of a piston ring irradiated 
at the same time as the test ring is ?rst converted to an 
oil-soluble salt, such as iron naphthenate. An oil blend 
of this salt is then circulated to the detector to determine 
the c.p.m. per milligram of iron present. A standard 
curve for decay of iron-59 is drawn, based on a 46.3 day 
half-life. By comparing the c.p.m./m. for the test oil 
and the c.p.m. per milligram of iron-59 in the iron naph 
thenate blend, a value of Wear expressed in milligrams of 
iron per minute can be assigned to the test oil. For pur 
pose of comparison absolute wear rate values are gener 
ally converted to milligrams (of iron) per hour. 

TABLE I 

Lauson Detergency Test 

Product (Blended in an S.A.E. 20 solvent- Ooncn., Piston 
Re?ned Pa. Oil) W . Cleanliness 

Percent Rating 

None _ 0 60 
Example 1 __________________________________ __ 3 74 

TABLE II 

Diesel Detergency Test 

Product (Blended in an S.A.E. 30 Solvent- Concn., Piston 
. Re?ned Mid~0 ontinent Oil) Wt. Cleanliness 

Percent Rating 

None 0 67 
Example 6 __________________________________ __ 6. 35 92. 3 
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TABLE III 

Caterpillar Engine Test 

Product (Blended in an S.A.E. 30 Solvent- C0nen., Piston 
Re?ned Mid-Continent Oil) Wt. Cleanliness 

Percent Rating 

None ___ _ 0 61. 9 
Example 1 _____________ -. ___________________ _. 2. 97 98.2 
Example 2 __________________________________ __ 3. 0 97. 2 

TABLE IV 

Radioactive Piston Ring Wear Test 

Product (Blended in an S.A.E. 4O Solvent- (3%?" Wear Rate, 
Re?ned Coastal 011) Percent rug/hr. 

None _ 0 5. 25 
5. 0 2. 5 
5. 0 3. 5 

Product A __________________________________ __ 7. 8 3. 4 

It will be observed from Tables I, II and III that the 
high barium content complex salts of the invention pro 
vide excellent detergent action in engine lubricating oils. 
Also, from the results presented in Table IV, it will be 
evident that the complex salts are highly effective in pre 
venting piston ring wear and that they are much more ef 
fective on a weight for weight basis than well known basic 
salts, such as product A. ~ 

Evaluation of Complex Salts as Fuel Additives 

The ability of the high barium content complex salts 
as ‘fuel additives both for the prevention of oilde 
terioration with consequent sludge formation in fuel oils 
in storage andv as anti-screen clogging agents in contami 
nated fuel oils has been demonstrated by means of the 
following tests. - 

Six Weeks Storage Test 

In this test a 500 milliliter sample of the fuel oil under 
test is placed in a convected oven maintained at 110° F. 
for a period of six weeks. The sample is then removed 
from the oven and cooled. The cooled sample is ?ltered 
through a tared asbestos ?lter (Gooch crucible) to re 
move the insoluble matter. The weight of such matter, 
in milligrams, is reported as the amount of sediment. The 
effectiveness of an additive as a sediment inhibitor is 
determined by comparing the test data for the inhibited 
fuel oil with that of the uninhibited fuel oil. The base 
fuel oil used comprised a blend of 60% catalytically 
cracked component and 40% straight-run component and 
had a boiling range of approximately 320° F. to 640° F. 
The test results are given in Table V. 

' TABLE V 

Six >Weeks Storage Test at 110° F. 

Conen., Sediment, 
Product Added lb./l,000 rug/liter 

bbls. 

None _ . _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ . _ _. 0 147 

Example 2. - __ 100 45 
Example 4. _ ._ 100 18 

Example 6 __________________________________ __ 100 9 

It will be seen from the test data that the complex 
barium sulfonate salts effectively stabilize the fuel oil 
against sludge formation in storage. 

Anti-Screen Clogging Test 

This test is conducted with a Sundstrand V3 or S1 home 
fuel oil burner pump with a self contained 100 mesh 
Monel metal screen. About 0.05%, by weight, of natur 
ally formed fuel oil sediment, composed of fuel oil, water, 
dirt, rust and organic sludge is mixed with 10 liters of 
the fuel oil. This mixture is circulated by the pump 
through the screen for 6 hours. The sludge deposit on 
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12 
the screen. is washed off with normal pentane and ?ltered 
through a Gooch crucible. After drying, the Gooch 
crucible is washed with a 50—50 acetone-methanol mix 
ture. The total organic sediment is obtained by evapo 
rating the pentane and acetone-methanol ?ltrates. Dry 
ing and weighing the Gooch crucible yields the inorganic 
sediment. The sum of the organic plus inorganic de 
posits on the screen may be reported in milligrams or 
converted to percent of screen clogging. The base fuel 
used in these tests was the same as that used in the 
afore-described storage test. The test results are pre 
sented in Table VI. 

TABLE VI 

Anti-Screen Clogging Test 

Concn., Screen 
Product Added lb./l,000 Clogging, 

bbls. Percent 

0 100 
50 l . 

50 2 
Example 6_ _________________________________ __ 50 3 

It will be seen from the data in Table VI that the 
products of the invention are effective anti-screen clog 
ging agents for use in fuel oil. 
As indicated hereinbefore, the products as provided 

by the process of thisv invention are ordinarily concen 
trated oil‘ solutions of the high barium content complex 
salts, these solutions containing from about 25% to about 
75%, by, weight, of the complex salts. The amount of 
the products to be added to a lubricating or fuel oil 
to provide a particular concentration of the complex salt 
therein is, therefore, apt to vary somewhat from product 
to product. As as practical matter, however, differences 
in the products can be readily eliminated by ‘standardiza 
tion of process conditions and/or ?nal adjustment of the 
product oil solution to some standard salt content as 
will be readily appreciated by those skilled in the art. 
Allowing for the usual variations in the complex salt con 
tents of the product oil solutions, i.e., from about 25% 
up to about 75% of the complex salt, the amount of the 
products to be utilized as detergents in lubricating oils 
will range broadly from about 0.5% to about 30%, by 
weight, the usual amount being from about 2% to about 
8%. ‘On the other hand, when the products are utilized 
as fuel oil additives, the amounts thereof to be employed 
will range from about 10 to about 200 pounds per 1000 
barrels of fuel oil, i.e., from about 0.003% to about 
0.06%, by weight. 
The lubricating and fuel oil compositions of the inven 

tion may contain other addition agents along with the 
complex salt products disclosed herein. Thus, for ex 
ample, lubricating oil compositions may contain pour 
point depressants, viscosity index improvers, extreme pres 
sure agents, additional detergents, etc., while the fuel 
oils may contain de-emnlsi?ers, ignition improvers and 
the like. 

Although the present invention has been described here 
in by means of certain speci?c embodiments and illustra 
tive examples, it is not intended that the scope thereof 
be limited in any way thereby but only as indicated in 
the following claims. 

This application is a division of our application Serial 
No. 664,465, ?led June 10, 1957. 
What is claimed is: 
1. A fuel oil containing, from about 10 to about 200 

pounds per 1000 barrels, of a high barium content com 
plex salt of a synthetic wax-benzene sulfonic acid pro 
duced _by the method which comprises the steps of (1) 
subjecting an oil solution of a basic barium salt of the 
wax-benzene sulfonic acid to treatment with carbon di 
oxide while maintaining the temperature of said hydro 
carbon solntion at a level of from about 150° C. to about 
250° C._ the amount of carbon dioxide employed during 
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said treatment being at least about 1 mol per mol of 
basic barium salt in said hydrocarbon solution, (2) low 
ering the temperature of the reaction mixture from step 
1 to a level of from about 25° C. to about 60° C., (3) 
adding barium methylate to the reaction mixture in an 
amount to provide about 1 equivalent of barium per mol 
of the basic barium salt of Wax-benzene sulfonic acid 
employed in step 1, (4) raising the temperature of the 
reaction mixture to a level of from about 150° C. to 
about 250° C. and (5) ?ltering the reaction mixture to 
recover an oil solution of the high barium content com 
plex salt of the wax-benzene sulfonic acid. 

2. A fuel oil containing, from about 10 to about 200 
pounds per 1000 barrels, of a high barium content com 
plex salt of a synthetic wax-benzene sulfonic acid pro 
duced according to the method de?ned in claim 3, but 
wherein the reaction mixture from step 4 is subjected to 
further treatment with carbon dioxide and barium meth 
ylate to incorporate additional carbon dioxide and barium 
into the complex salt product. 

3. A fuel oil containing, from about 10 to about 200 
pounds per 1000 barrels, of a high barium content com 
plex salt of a synthetic wax~naphthalene sulfonic acid 
produced by the method which comprises the steps of 
(1) subjecting an oil solution of a basic barium salt of 
the wax-naphthalene sulfonic acid to treatment with 
carbon dioxide while maintaining the temperature of 
said hydrocarbon solution at a level of from about 150° 
C. to about 250° C., the amount of carbon dioxide em 
ployed during said treatment being at least about 1 mol 
per mol of basic barium salt in said hydrocarbon solu 
tion, (2) lowering the temperature of the reaction mix 
ture from step 1 to a level of from about 25° C. to about 
60° C., (3) adding barium methylate to the reaction mix 
ture in an amount to provide about 1 equivalent of barium 
per mol of said basic barium salt of wax-naphthalene sul 
fonic acid employed in step 1, (4) raising the tempera 
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ture of the reaction mixture to a level of from about 150° 
C. to about 250° C. and (5 ) ?ltering the reaction mix 
ture to recover an oil solution of the high barium content 
complex salt of the wax-naphthalene sulfonic acid. 

4. A fuel oil containing, from about 10 to about 200 
pounds per 1000 barrels, of a high barium content com 
plex salt of a petroleum sulfonic acid produced by the 
method which comprises the steps of (1) subjecting an 
oil solution of a basic barium salt of a petroleum sul 
fonic acid to treatment with carbon dioxide, while main 
taining the temperature of said oil solution at a level of 
from about 150° C. to about 250° C., the amount of 
carbon dioxide employed during said treatment being 
at least about 1 mol per mol of basic barium sulfonic acid 
salt in said hydrocarbon solution, (2) lowering the tem 
perature of the reaction mixture from step 1 to a level 
of from about 25 ° C. to about 60° C., (3) adding 
barium methylate to the reaction mixture in an amount 
to provide about 1 equivalent of barium per mol of the 
basic barium salt of the petroleum sulfonic acid em 
ployed in step 1, (4) raising the temperature of the re 
action mixture to a level of from about 150° C. to about 
250° C. and (5) ?ltering the reaction mixture to recover 
an oil solution of the high barium content complex salt 
of the petroleum sulfonic acid. 
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