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This invention relates to lubricating oils. 
This application is a continuation-in-part of my 
co-pending application Serial No. 658,879, filed 
April 1, 1946, now abandoned, which was a con 
tinuation-in-part of the then co-pending appli 
cation Serial No. 458,459 filed September 15, 1942, 
InOW abandoned. 

Primarily, the object of the invention is to 
produce mineral lubricating oils for internal 
Cornbustion engines which possess a very high 
degree of detergent power for the removal of 
resinous and similar deposits from the piston 
skirts, piston rings and ring grooves of internal 
COInbustion engines. 

in many internal combustion engines, espe 
cially diesel engines, where severe service condi 
tions are encountered there is a stronger tend 
ency than ordinarily to deposit on the piston 
skirts and upon the rings and in the ring grooves 
an objectionable amount of resinous and 
Warnish-like materials. The deposition of these 
laterials may be controlled and largely pre 

Vented, and to some extent may be removed after 
for nation by the use of certain types of additives 
in the lubricating oil. 
One form of additive which possesses some 

rherit is metal Soaps of oil-soluble petroleum sul 
fonic acids obtained by the Sulfonation of min 
eral oil fractions, such as mineral lubricating oil 
fractions. The particular sulfonic acids emi 
ployed are the So-called "mahogany acids,' that 
is, the oil-soluble Sulfonic acids produced in the 
process as distinguished from the water-soluble, 
So-called "green' acids, although it is possible 
Sometimes to use a mixture of both the mahog 
any acids and green acids because of the fact 
that mahogany acid SoapS possess some solu 
bilizing properties for the green acid soaps when 
added to mineral lubricating oil. These sulfonic 
acids are produced according to Well known 
processes by treating the oils with strong or 
furning sulfonic acid or chlorsulfonic acid. The 
green acids are separated in the sludge, and the 
imahogany acids may be recovered as Soaps by 
introducing the desired base material, for exam 
ple, line or calcium hydroxide to produce the 
corresponding metal Soap in the treated oil. Or, 
where the nixed Soaps are desired, the Whole 
batch may be treated with the desired base 
inaterial. Or, the Sodium Scap may be recovered 
by any well known or preferred method and a 
desired soap prepared therefrom in any known 
ianner and combined With oil to yield a Suit 
able concentrate of the metal sulfonate in a 
petroleum oil fraction. 
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In preparing the final lubricating oil the 

desired sulfonate, or a concentrate thereof, is 
added to the oil and dissolved therein by the 
Simple expedient of admixture and agitation, to 
produce the desired concentration. The pers 
centage of SOap in the final oil is ordinarily in the 
neighborhood of 1% to 2% but may vary from 
about 0.5% to 3% or more as desired or required. 
The particular improvement of this invention 

resides in further treating the recovered sul 
fonate or Sulfonate concentrate With a metal 
salt of a Weak inorganic acid for the purpose of 
increasing the detergent properties and in some 
cases increasing the anticorrosion characteristics 
of the soap (sulfonate). I have found that the 
Soap or Soap concentrate may have combined 
thereWith a weak acid salt by a more or less 
simple mixing and heating Operation and the 
resulting product may be filtered Without renow 
ing the Solubilized Weak acid salt. It is not clear 
Whether a loose complex is formed between the 
sulfonate and the weak acid salt, or whether the 
Sulfonate simply Serves as a Solubilizing agent to 
hold the Weak acid salt in solution in the oil. 
Since the oil Solution of the sulfonate to which 
the salt has been added exhibits the Tyndall 
effect and since the number of moles of salt per 
mole of Sulfonate can be made larger than 
would normally be expected for any known type 
Of complex other than a loose addition com 
pound, the Sulfonate very likely holds the inor 
ganic Salt in Solution in the form of a colloidal 
Suspension. For the purposes of this description, 
however, the modified Sulfonate will be referred 
to as a Sulfonate-Weak acid salt complex, or 
more specifically as a complex of a metal sul 
fonate and a metal Salt of a weak inorganic 
acid. 
By the terrin “Weak acid' or “weak inorganic 

acid' as used herein it is meant to include the 
inorganic acids having a dissociation constant 
(Or in the case of dibasic and tribasic acids a 
dissociation constant for the primary hydrogen) 
less than about 1X 10. The term “weak acid 
Salt' or "metal salt of a weak inorganic acid' is 
used herein to define the metal salts of such 
Weak acids, i. e., those having a dissociation con 
Stant or a dissociation constant for the primary 
hydrogen less than 1XO-i. 
In preparing the improved oils of this inven 

tion, the desired oil-soluble metal sulfonate has 
the desired Weak acid salt solubilized in it by 
Varying procedures, depending on the nature of 
the salt. For example, in a preferred method, an 
oil concentrate of the oil-soluble metal sulfonate 
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is heated to somewhat elevated tein peratuires, 
e.g., 150 F. to 450° F. Or even 500°F., and main 
tained at this temperature While an aqueous 
Solution or slurry of the weak acid salt is added 
slowly and with vigorous agitation. The ele 
Wated temperature is maintained for a period of 
about 30 minutes or an hour or even longer, Say 
tWO hours, to insure vaporization of all of the 
free Water, i. e., Water Which Would separate on 
cooling, and to effect Such reaction as may take 
place in Solubilizing the Salt. At the coinpletion 
of the heating period the product is filtered to 
remove any residual material which has not been 
solubilized. This method is particularly appli 
cable to Weak acid salts which can be dissolved 
directly in water to give fairly concentrated 
Solution, though for less Soluble Saits acueous 
slurries may be used. 
In carrying out the preparation of the complex 

and dehydration (which latter tern Will be 
employed to mean removal of free Water, i. e., 
Water Which Separates as a Separate phase) by 
admixing an aqueous solution of the salt and an 
oil solution of the Sulfonate at the lower ten 
peratures indicated above, the desired Water 
removal may be accomplished by operating at 
reduced pressures. This method is particularly 
adaptable to Salts which are not stable in aque 
ous solutions at the higher temperatures indi 
cated. In this manner complexes have been pre 
pared at temperatures as low as 120° F. Thus 
complexes of this invention may be prepared at 
temperatures between 120° E. and 500 F. 
although temperatures in the range of 200 F. or 
250 F. to 450 F. are more conveniently employed 
and are preferred. Also, lower temperatures 
inay be employed if a carrying agent, such as a 
low boiling diluent, is employed during the heat 
ing and dehydrating operations. Such carrying 
agents as toluene, naphtha, and the like distill 
from the mixture together With the Water. 
In cases where the desired salt is substantially 

insoluble in water, provided its constituent acidic 
and basic portions are themselves adequately 
Stable, it is convenient to form the Salt in Situ 
from its acidic and basic progenitors. For ex 
aimple, in Solubilizing calcium arsenate an oil 
Solution of calcium sulfonate may be reacted as 
described above first with an aqueous slurry of 
calcium hydroxide and then With a stoichionet 
rically equivalent aqueous Solution of arsenic 
acid. Similarly, in preparing the carbonate and 
bicarbonate complexes the metal sulfonate is 
first reacted with the hydroxide of the desired 
Irietal and the resulting product is blown with 
carbon dioxide to convert the hydroxide into the 
carbonate or bicarbonate. The resulting mixture 
is dehydrated and filtered. The above described 
operations result in a concentrate containing the 
desired modified Sulfonate. 
The amount of Weak acid salt to be enployed 

ray Way appreciably depending upon the par 
ticular Salt to be used, but will in general approx 
innate 5% to about 75% of the original sulfonate. 
Apparently 75% is normally more than is nec 
essary and perhaps more than is desired, but it 
appears that up to about 50% of the weak acid 
salt calculated on the sulfonate content is desir 
able. This amount will vary with the particular 
sulfonate and the particular weak acid salt 
employed. The proportion of Weak acid Salt, to 
be employed is probably better indicated on an 
equivalency basis. Calculated on this basis the 
amount of Weak acid salt to be complexed Will 
vary between about 0.2 and 3 chemical equival 
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4. 
lents of weak acid salt to 1 equivalent of the 
linetal Suifonate and preferably the ratio Will be 
between 0.5 and 2 equivalents of the Weak acid 
salt per equivalent of the imetal Sulfonate. 

in employing the modified sulfonate in the 
oil, this ordinarily is done in the Older of from 
about 1% to about 3.0% of an oil-free basis, 
although larger proportions may be used Such as 
up to about 5% with correspondingly beneficial 
results, and larger proportions also ray be used 
but With these larger proportions, Such as around 
7% or more, the improvement in the oil per 
given quantity of additive diminishes. There is 
improvement however, and amounts around 10% 
are desirable in modern heavy duty diesel 
engines, and amounts up to about 20% may be 
employed, the higher limit appearing to be inly 
that point at which the viscosity of the final oil 
becomes too great. On the lowei' Side, beinefits 
are obtainable down to as low as 0.5% and 
apparently correspondingly lower benefits are 
obtained With Still lower proportions, e. g., 0.2% 
Of the modified Sulfonate. 
The sulfonates which rhay be used in the 

preparation of the metal Sulfonate-weak acid 
Salt complexes include the oil-soluble mono and 
polyvalent metal salts of sulfonic acids. Thus 
the metal of the metal sulfonate may be alkali 
metal such as Sodium, potassium or lithium; 
alkaline earth metal such as calcium, barium, 
Strontium or magnesium; or a polyvalent, metal 
Such as lead, zinc, tin, aluminum, iron, cobalt, 
inickel, manganese, chromium, coppel, silver, 
mercury, beryllium, and the like. The oil-soluble 
Sulfonic acid salts of these metals are capable 
of Solubilizing weak acid salts to form complexes, 
Which complexes, when added to oil in the 
amounts indicated herein, greatly improve the 
Service characteristics of the oil and particularly 
improve the detergency of the oil. 

Metal Salts of Weak inorganic acids having an 
ionization constant less than XI.01 which may 
be combined or complexed with the sulfonates to 
improve the detergency of the sulfonates in oil 
Solution are those which may be solubilized by 
One of the methods described hereinabove and 
include the Weak acid salts of any of the metals 
indicated hereinabove as being useful in prepar 
ing the metal Sulfonates. The derivatives of 
these Inletals which may be employed as modify 
ing agents include the thiosulfates such as 
Calciulin thioSulfate, CaS203, Sodium thiosulfate 
Or the like; trithionates such as calcium trithio 
nate, CaS3O6, sodium trithionate or other metal 
trithionates; tetrathionates such as calcium 
tetrathionate, CaS4O6; arsenates such as sodium 
arSenate, Na3AsO4; arsenites such as sodium 
arSenite, Na2ASO3; thioarsenates such as calcium 
thioarsenate, Ca(ASS3)2; thiocyanates such as 
Calcium thiocyanate, Ca(SCN), barium thio 
cyanate, Ba (SCN)2; antimonates such as cal 
cium antimonate, Ca3 (SbO4)2; antimonites such 
as sodium antimonite, NaSbO2; thioantimonites 
Such as calcium thioantimonite, Ca(SbS2)2; 
cyanides such as nickel cyanide, Ni(CN)2; cya 
nates such as lead cyanate, Pb(CNO) 2; Sulfites 
Such as calcium Sulfite, sodium sulfite; phos 
phates, Such as Sodium phosphate, calcium pyro 
phosphate, (Ca2P2O7); chromates, such as lead 
chromate, lithium chronate; borates including 
the meta and tetraborates such as calcium meta 
borate, Ca. (BO2)2; sodium tetraborate, Na2B4O7, 
Zinc borate, 32nd "2B2O3; aluminates such as 
Sodium aluminate, NaAlO2; Stannates such as 
Sodium Stannate, Na2SnO3; plumbites such as 
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Sodium plumbite and calcium plumbite; car 
bonates Such as Sodium carbonate, potassium 
Carbonate, calcium carbonate, copper carbonate, 
lead carbonate; bicarbonates such as sodium 
bicarbonate, calcium bicarbonate and, in fact, 
many other related metal salts of weak inorganic 
acids Which may be Solubilized in the manner 
described. It is to be understood that the spe 
cific compounds mentioned are only illustrative 
and that any of the above acid radicals may be 
combined with any of the above metals to form 
salts which are included within the Scope of 
the invention. The metal carbonates and 
bicarbonates which, together with metal oxides 
and hydroxides, are normally considered as 
inorganic bases, are specifically claimed in my 
co-pending applications Serial No. 703,097 filed 
October 14, 1946 now issued as Patent No. 
2,501,731, and Serial No. 726,224, filed February 
3, 1947 now issued as Patent No. 2,501,732. 
The method of preparing metal sulfonates is 

well known in the art and in most cases, particu 
larly With the alkali and alkaline earth metal 
Sulfonates, they may be prepared by direct neu 
tralization of Sulfonic acids with the desired 
metal base. Thus sulfonic acids may be neu 
tralized with sodium hydroxide to form sodiurn 
Sulfonates or With calcium hydroxide to form 
calcium Sulfonates. Since Sulfonic acids are 
generally recovered from oil solution, following 
their preparation by treatment of an oil such 
as a lubricating oil fraction. With sulfuric acid, by 
extraction with sodium hydroxide or Sodium 
carbonate, the Sodiul Salt is the One generally 
available on the market. Generally, also, unless 
deoiling processes are resorted to the sodium salt 
will be associated With mineral oil where the 
mineral oil constitutes between 25% and 75% of 
the total. This Sodium sulfonate concentrate in 
oil may be reconverted to sulfonic acids by treat 
ment With Sulfuric acid followed by Water Washi 
ing to remove inorganic Salts and excess acid and 
the Sulfonic acids converted into the desired 
metal Salt. This inethod Would be employed in 
the preparation of potassium or lithium sulfo 
Inates, for example. However, in prepairing any 
of the polyvalent metal Sulfonates the sodium 
Sulfonate can be reacted with a Water-soluble 
Salt of the desired polyvalent metal to produce, 
by metathesis, the desired polyvalent metal 
sulfonate. The resulting sulfonate is Washed 
free of inorganic salts with Water. Thus, the 
calcium sulfonate can be prepared by metath 
esizing sodium sulfonate with an aqueous Solu 
tion of calcium chloride. Similarly, a lead Salt 
may be prepared by metathesizing sodium sul 
fonate with aqueous lead nitrate. If the Sodium 
sulfonate employed was in oil solution the resulti 
ing polyvalent metal sulfonate Will also be in oil 
Solution and this oil Solution may be employed 
directly in the complexing step with a weak acid 
Salt. 
The complexes of this invention may be pre 

pared using a metal sulfonate and a metal salt 
of a Weak acid where the metal of the Sulfonate 
and of the weak acid salt is the same or different. 
Thus, a calcium sulfonate may be complexed 
with a calcium salt of a Weak acid Or With a 
different metal salt of a Weak acid, as for exam 
ple, with a sodium salt or lead salt. Desirable 
lubricating oil addition agents of the type herein 
described have been prepared where the metal is 
the same and where the metal is different. 
As a modification of the described method of 

preparation of the modified sulfonates of this 
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6 
invention it is found that complex formation 
between the Sulfonates and the Weak acid SaltS is 
improved by carrying out the complexing Opera 
tion with added glycerol. The effect of the 
glycerol is not understod; however, it is observed 
that using about 5%, or at least within the range 
of about 1% to 10 or 15% of glycerol, based on 
the Sulfonate concentrate in oil, Solubilization of 
the Weak acid Salt occurs more rapidly than 
When glycerol is not present. Moreover, the 
amount of Weak acid salt which becomes solu 
bilized by the metal Sulfonate sometimes may be 
increased by the use of glycerol as an activating 
agent for the reaction. Thus, in the case of weak 
acid salts which are difficult to Solubilize or com 
plex by the method above described it is found 
that the addition of glycerol to the reaction. 
mixture greatly facilitates the complexing. The 
use of glycerol is indicated particularly in the 
case of those compounds Which are Water-insolu 
ble and must be complexed in the form of an 
aqueous slurry since, in this case particularly, 
glycerol is effective in aiding the complexing 
reaction. In addition to glycerol other poly 
hydroxy compounds such as glycol, propylene 
glycol, derivatives of glycols such as diethylene, 
triethylene and the like, erythritol and similar 
connpounds may be employed. 

ANTICORROSION AGENTS 

Although mineral lubricating oils containing 
the modified sulfonates of this invention, i. e., the 
complexes of metal Sulfonates with metal salts 
of Weak inorganic acids, have exceptional de 
tergency characteristics it is usually desirable 
to add to the oil containing the modified Sull 
fonate an agent which will impart anticorrosion 
characteristics to the oil. Anticorrosion agents 
Which co-operate with the modified sulfonates to 
produce outstanding lubricating oils having all 
of the necessary characteristics to permit the 
use of the oil under severe service conditions 
in internal combustion engines include the foll 
lowing materials which are known to be anticor 
rosion agents but which have been found to co 
Operate with the modified sulfonate of this in 
vention to maintain proper anticorrosion con 
ditions in engines. 
One form of anticorrosion agent which may be 

employed is an oil-soluble metal salt of the acidic 
reaction products obtained by reacting phos 
phorus pentasulfide or phosphorus pentoxide 
With an alcohol. The preferred reaction prod 
lucts are those obtained with phosphorus penta 
Sulfide. These materials are represented by oil 
Soluble metal Salts of alkyl thiophosphates such 
aS Zinc dioctyl dithiophosphate or the corre. 
SpOnding calcium salt or the salt, of similar re 
action products by the phosphorus pentasulfide 
and aliphatic alcohols having above about 6 car. 
bon atoms per molecule. Again, similar salts 
Such as the metal salts of the thiophosphate of 
methylcyclohexyl alcohol may be employed. 
Other anticorrosion agents which may be en 

ployed in conjunction with the modified sul 
fonates of this invention include metal salts of 
phenols and phenol sulfides. These agents may 
be included in the group of agents which may 
be referred to as oil-soluble metal salts of high 
raolecular weight non-carboxylic weak acids hav 
ing ionization constants below about 5X10-6. 
Such Salts are described in United States Patent 
No. 2,280,419. 
Another class of anticorrosion agents which 

may be employed includes the oil-soluble metal 
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salts folnied by reacting phosphorus pentaSul 
fide with hydrocarbons. Such materials and 
in ethods for their preparation are described in 
United States Patent No. 2,316,082. 
Another type of anticorrosion agent which nay 

be employed to impart the desirable anticorrosion 
characteristics consists of the oil-soluble metal 
salts of phosphinic or phosphonic acids obtained 
by treating hydrocarbons with elementary phos 
phorus and subsequently forming the metal SaltS 
of the reaction products. Compounds of this 
type are described in United States Patent No. 
2,311,305. 

Oil-soluble metal salts of the condensation 
products or resins obtained by reacting a hydro 
carbon substituted phenol with a low molecular 
weight aldehyde Such as formaldehyde are out 
standing in their ability to co-operate with the 
modified sulfonates of this invention to produce 
oils having extremely good anticorrosion and de 
tergency characteristics. These compounds and 
Inethods for their preparation are given in United 
States Patent No. 2,250,188. 

Desirable metals to be employed in the prep 
&ration Cf the Supplemental oil-soluble metal 
anticorrosion agents include the alkaline earth 
metals calcium, barium, strontium and mag 
nesiuin and the polyvalent metals zinc, alumi 
nun, tin, copper, iron, nickel, mercury and 
chronium. In Some instances alkali metal salts 
Ol' Soaps may be employed, such as the Sodium, 
potassium and lithium compounds, particularly 
in those instances where the alkali metal coin 
pounds are Sufficiently soluble in oil. 

In employing the anticorrosion agents in the 
order of 1% of the constituent ordinarily will be 
adequate, such as 0.5% or 1.0%, or possibly less 
for SOIne uses. Although not more than 3% or 
5% based on the final product is necessary fol' 
in Ost uses, a number of modern heavy duty en 
gines require more, up to 8% or 10%, and 
announts up to 20% or more may be desirable for 
SOrle USeS. The anticorrosion agents are con 
Veniently enployed in the form of concentrates 
containing 30 to 60% additive dissolved in lubri 
cating oil. They may also be employed in the 
form of concentrates also containing the modi 
fied Sulfonates of this invention. In this case, 
the total additive concentration may be about 
30 to 60%, with the modified sulfonate prefer 
ably in slight excess over the anticorrosion agent. 

in employing the modified sulfonates above 
described, the final product obtained is a freely 
fluid oil possessing no appreciable viscosity in 
crease beyond that of the mineral lubricating 
oil employed, which mineral oil may be any of 
the modern types. Normally, the highly refined 
So-called highly parafiinic lubricating oils will 
the used, but naphthenic and other parafiinic 
iubricating oils also are usable. Even in the case 
of concentrates containing up to 20% or 30% 
of the modified soap the concentrate is still fluid, 
does not set up like a grease, and is readily diluted 
with additional oil to make the final product. 
in ein ploying oils containing sulfonates modified 
by Weak acid salts herein described, the detergent 
action of the oil is improved up to a rating which 
might be called "most excellent' as compared 
With a rating of "rather poor' where the unmodi 
fied sulfonate is used in the same proportion. 

in order to show the advantages of employing 
Sulfonates modified by the addition of salts of 
weak inorganic acids in the preparation of lubri 
cating oil compositions, several of the finished 
oils containing sulfonates modified by the addi 
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8 
tion thereto of weak acid salts have been com 
pared with oils containing unmodified sulfonates 
by means of detergency tests carried out in a 
Lauson single cylinder, standard test engine. In 
this test, which is referred to as the Lauson en 
gine test, the engine is operated for a total of 
60 hours under a load of about 35 H. P. with a 
coolant temperature of about 295 F. and an oil 
temperature of about 280° F. At the end of the 
test period the cleanliness of the engine is ob 
served and given a numerical “detergency rating' 
between 0% and 100%, where 100% indicates 
a perfectly clean engine. Thus, a detergency 
rating of 100% would indicate that there were 
substantially no lacquer or varnish-like deposits 
within the engine. The corrosivity of the oil is 
determined by the bearing weight loss during the 
test run. 

Eacample I 
A lubricating oil consisting of a solvent treated 

Western lubricating cil of SAE 30 grade having 
a viscosity index of 90 which contained 2.0% by 
weight of calcium sulfonate was found to have 
a detergency rating of 72% in the Lauson engine 
test. A lubricant prepared with the same mineral 
oil containing 2% of the same sulfonate and in 
which was solubilized about 0.1% by weight of 
calcium thiosulfate, had a detergency rating of 
83%. 

Eacample II 

In a Second coin parative test a lubricant pre 
paired with the solvent treated Western oil of 
Example I containing 1.5% of calcium sulfonate 
had a detergency rating of 65%. The same com 
position in which was incorporated 0.2% of cal 
cium arsenate had a detergency rating of 88%. 

Eacample III 
A portion of the lubricating oil of Example I 

containing 2.5% by weight of calcium sulfonate 
Was observed to have a detergency rating of 75%, 
whereas a portion of this particular oil in which 
was incorporated 0.1% of calcium thioarsenate 
was obseived to have a detergency rating of 88%. 

Eacd.imple IV 

A portion of the Western lubricating oil of 
Example I containing 2.0% of calcium sulfonate 
which had a detergency rating of 72% was com 
pounded With sufficient sodium aluminate to give 
a concentration of approximately 0.3% of the 
sodium aluminate in the finished oil. This com 
position had a detergency rating of 85%. 
The following examples serve to illustrate the 

preparation of Various modified Sulfonates ac 
cording to the principles of this invention, which 
modified sulfonates are found to impart excep 
tional detergency to the lubricating oils. More 
over, they illustrate the efficacy of these agents 
alone and in conjunction. With anticorrosion 
agents in producing high quality lubricating oils. 

Eacample V 

A Solution of Sodium Sulfonate in 2 parts by 
weight of mineral lubricating oil is heated with 
an aqueous solution of sodium sulfite to a tem 
perature of 300° F. for a period of two hours. 
The resulting product is filtered hot through 
filtering clay and added to mineral lubricating 
oil of the character described in Example I to 
produce an oil containing 2% by weight of the 
sodium sulfonate-sodium sulfite complex on an 
Oil-free basis. This product is found to have a 
detergency rating greater than 85% and is rela 
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tively non-corrosive to copper lead bearings as 
indicated by a small bearing weight loss during 
engine Operation. 

Eacample VI 
A lead sulfonate concentrate is prepared by 

treating a 40% by Weight Solution of Sodium 
Sulfonate in oil. With an equivalent amount of 
lead nitrate in aqueous solution. The mixture is 
heated and agitated at about 150 F. and the 
resulting lead Sulfonate is Washed free from ii. 
Organic impurities with Water. The lead Sulfo 
nate So obtained is mixed. With 1 equivalent of 
lead cyanate and a Small amount of Water is 
added. The resulting mixture is heated to a 
temperature of 350 F. for a period of four hours 
and then filtered to remove residual insoluble 
materials. The resulting product has a ratio 
of equivalents of lead to Sulfonic acid of 1.8 to 1. 
The oil concentrate of lead Sulfonate-lead cya 

late is dissolved in a naphthenic Western nin 
eral lubricating oil of SAE 30 grade having a 
Wiscosity index of 20 in an amount sufficient to 
produce an oil containing 3% by weight of the 
complex on an oil-free basis. This oil has a der 
tergency rating greater than 88%. 
To the above oil containing the complex is 

added i% by Weight of the lead Salt of para 
tertiary anyl phenol sulfide. The resulting oil 
has a detergency rating greater than 88% and 
is substantially non-corrosive to corrosion-sensi 
tive bearings. 

Eacample VII 
A barium sulfonate concentrate in oil contail 

ing about 40% by weight of barium Sulfonate is 
mixed. With 1.5 equivalents of barium pyrophOS 
phate introduced as a slurry in water and heated 
to a temperature of 350° E. for a period of 2.5 
hours. The resulting product is filtered and in 
corporated in a mineral lubricating oil similar to 
the one described in Example I in an amount 
sufficient to produce an oil containing 1.5% by 
weight of the complex on an oil-free basis. The 

5 

O 

20 

2 5 

resulting oil has excellent detergency character 
istics and when there is added thereto 1.5% by 
weight of the barium salt of tert-amyl phenol 
formaldehyde condensation product the resulti 
ing oil has not only exceptional detergency but 
also good anticorrosion characteristics. 

Eacample VIII 
Example VII is repeated using an aqueous 

solution of bariurn thiocyanate in place of the 
aqueous slurry of barium pyrophosphate. The 
resulting lubricating oils containing 1.5% of this 
complex have detergent and anticorrosion prop 
erties similar to the oils of Example WII. 

Eacample IX 
An aluminum Sulfonate concentrate is pre 

pared by treating a 4% by weight Solution of 
sodium Sulfonate in oil with an equivalent 
amount of aluminum nitrate in aqueous Solution. 
The mixture is heated and agitated for about 
thirty minutes at 150° F. and the resulting alu 
minum sulfonate is washed free from inorganic 
impurities with Water. The resulting concen 
trate of aiuninuin Sulfonate in oil is mixed with 
1.5 equivalents of calcium metaborate as a slurry 
in Water. This mixture is agitated and heated 
to a temperature of 350° F. for a period of 3.5 
hours and Subsequently filtered to remove ite 
sidual insoluble materials. The resulting product 
has a ratio of equivalents of metal to Sulfonic 
acid groups of 2.2 to 1. A lubricating oil con 
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taining 5% of this product will have a deter 
gency rating above 84%. 

Eacample X 
A concentrate of tin Sulfonate in oil is pre 

pared by metathesis of a 40% solution of So 
dium Sulfonate in oil with an aqueous staninous 
chloride Solution. The resulting tin Sulfonate is 
Water Washed and heated to a temperature of 
about 350 F. for two hours. The resulting coin 
plex after filtration is dissolved in lubricating 
oil to produce an oil containing 1% by Weight of 
the complex on an oil-free basis. This oil has 
a, detergency greater than 85%. 

Eadniple XI 
Nickel sulfonate is prepared by treating Sodiuin. 

Sulfonate in oil solution. With an equivalent 
amount of nickel nitrate in aqueous Solution and 
the resulting nickel Sulfonate in oil is Water 
washed and reacted with 2 equivalents of nickel 
cyanide. The added nickel cyanide is powdered 
and added as a slurry in water. The mixture is 
heated to a temperature of 300°F. for four hours 
With agitation and Subsequently filtered. The re 
Sulting complex contains a ratio of equivalentS 
of nickel to Sulfonic acid groups of about 1.9 to i. 
This complex is readily soluble in mineral oil 
and a lubricating oil containing 2% of the con 
plex has a detergency greater than 85%. 
The addition of 1.2% by weight of the nickel 

Salt of the condensation product of tert.-Octyl 
phenol with formaldehyde has a detergency 
above 85% and exhibits exceptional anticorro 
Sion characteristics. 

Eacample XII 
A berylliurai Sulfonate-berylliura carbonate 

complex is prepared in the following manner. 
Calcium Sulfonate in Oil Solution is retathesized 
with the chemically equivalent amount of beryl 
lium sulfate in Water. This metathesis is car 
ried out using a light petroleum naphtha, as a 
diluent to facilitate removal of precipitated cal 
cium sulfate. The naphtha Solution of beryllium 
Sulfonate is separated, washed. With Water and 
heated to about 275° E. for about three hours to 
vaporize the naphtha. The resulting mixture is 
filtered hot to remove Suspended Solids and then 
boWn. With carbon dioxide for four hours while 
maintaining a temperature of about 300 F. 
The resulting beryllium carbonate-beryllium 
Sulfonate complex contains a ratio of equivalents 
of beryllium to equivalents of sulfonic acid groups 
of 2 to 1. 
A lubricating oil prepared by dissolving the 

above complex in mineral lubricating oil to pro 
duce an oil containing 1.5% by Weight of the 
complex on an oil-free basis has good detergency 
and anticorrosion characteristics. 

Eaccingle XIII 
A Sodium Sulfonate-Sodium Carbonate complex 

is prepared by treating 848 parts by weight of 
cCainercial sodium Sulfonate at a temperature 
of 300°F. with 126 parts by weight of an aqueous 
SOUtion containing 50% by Weight of Sodium hy 
droxide. he sodium hydroxide is heated over 
a period of approximately one-half hour and the 
reaction maSS is heated to a temperature of 
385 F. and filtered. The clear filtrate is heated 
to a, temperature of 300 F. to 340° F. and an 
hydrous carbon dioxide passed through the nix 
ture for 2.25 hours. The resulting complex, after 
filtration, has a ratio of equivalents of sodium 
carbonate to Sodiuin Sulfonate of about 1 to 1. 
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A lubricating oil is prepared by dissolving 
8.2% by Weight of the sodium sulfonate-sodium 
carbonate complex in an SAE Western motor oil 
and tested under standard conditions for a period 
of 60 hours in a Lauson engine. A bearing weight 
loss of 265 mg. was noted and the oil was given a 
detergency rating of 90%. 
To the above oil is added 1.7% by weight of 

the calcium salt of dioctyl dithiophosphate. 
The resulting oil has a detergency rating greater 
than 90% and shows a bearing weight loss in the 
LauSOn engine test of less than 150 mg. 
Potassium and lithium complexes correspond 

ing to the above Sodium complex and prepared 
in the same manner impart detergency and anti 
Corrosion characteristics to mineral oil com 
parable to those obtained with the sodium 
complex. 

Eacample XIV 
A Zinc sulfonate-zinc borate complex is pre 

pared by heating zinc sulfonate with an aqueous 
Solution of zinc borate (1.2 equivalents) to a tem 
perature of 300 F. in the presence of 4%, based 
on the zinc sulfonate concentrate, of glycerol. 
After heating for 1.5 hours the product is 
filtered. The filtrate, consisting of a zinc sul 
fonate-zinc borate complex in oil, contains a ratio 
of equivalents of zinc to sulfonic acid groups of 
about 2.1 to 1. 
The above preparation is found to require ap 

proximately 2.5 hours to 3 hours of heating at 
the Same temperature in order to effect solubili 
zation of the zinc borate in the absence of 
glycerol. Using erythritol in place of glycerol 
Solubilization is effected in about the same time 
as is required employing glycerol. 

Eacample XV 
A balcium sulfonate-sodium phosphate complex 

is prepared by heating barium sulfonate in oil 
with 1 equivalent of sodium phosphate in water. 
To the mixture is added 4% of glycerol, based on 
the barium Sulfonate in oil, and heating is con 
tinued for a period of 5 hours at 120° F. Dur 
ing the last 3 hours of the heating period a 
vacuum is applied to the reaction mixture in 
Order to effect volatilization of the Water. At 
the end of this heating period the mixture is 
filtered to remove residual insoluble materials 
and the filtered product contains a ratio of 
equivalents of metal to sulfonic acid of 1.8 to 1. 
A lubricating oil containing 7% by weight of 

the above product is found to have excellent 
detergency characteristics. 
The above description and examples of the 

invention are not to be taken as limiting since 
many variations and modifications may be made 
by those skilled in the art without departing from 
the Spirit or the scope of the following claims. 

I claim: 
1. A mineral lubricating oil suitable for use 

in internal combustion engines containing a 
Iminor proportion, sufficient to impart detergency 
characteristics to said oil, of a modified oil 
Soluble metal petroleum sulfonate formed by 
heating an oil-soluble metal petroleum sulfonate 
with a metal salt of a weak inorganic acid hav 
ing an ionization constant less than about 
1X10, other than metal oxides, hydroxides, 
carbonates and bicarbonates, at a temperature 
Sufficient to effect dehydration and to solubilize 
Said weak acid salt in the Sulfonate. 

2. A mineral lubricating oil suitable for use in 
internal combustion engines containing a minor 
proportion, sufficient to impart detergency char 
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12 
acteristics to Said oil, of a modified oil-soluble 
metal petroleum sulfonate formed by heating an 
oil-soluble metal petroleum sulfonate in solution 
in oil with a metal Salt of a weak inorganic acid 
having an ionization constant less than about 
iX10, other than metal oxides, hydroxides, 
carbonates and bicarbonates, and water at a tem 
perature between about 120° F. and 500 F. for 
a time Sufficient to insure vaporization of all of 
the free water. 

3. An oil according to claim 2 in which the 
modified oil-soluble metal petroleum sulfonate is 
formed by heating at temperatures betwee: 
about 200 E. and 450 F. 

4. An oil according to claim 2 in which the 
oil-Soluble metal petroleum sulfonate is a poly 
valent metal Sulfonate. 

5. An oil according to claim 2 in which said 
oil-Soluble metal petroleum sulfonate is an 
alkaline earth metal sulfonate. 

6. An oil according to claim 2 in which Said 
oil-soluble metal petroleum sulfonate is an alkali 
metal Sulfonate. 

7. An oil according to claim 2 in which said 
metal salt of a weak inorganic acid is a rietal 
borate. 

8. An oil according to claim 2 in which said 
metal Salt of a weak inorganic acid is a polyvalent 
metal Salt. 

9. An oil according to claim 2 in which said 
metal Salt of a weak inorganic acid is an alkaline 
earth metal Salt. 

10. An oil according to claim 2 in which said 
metal Salt of a weak inorganic acid is an alkali 
metal Salt. 

11. A mineral lubricating oil suitable for use 
in internal combustion engines containing a 
minor proportion, in the order of about 0.2% to 
about 5% by weight, on an oil-free basis, of a 
complex of an oil-soluble metal petroleum sul 
fonate with a metal Salt of a weak inorganic 
acid, other than metal oxides, hydroxides, car 
bonates and bicarbonates, said complex being 
produced by heating an oil-soluble metal petro 
leum Sulfonate in Solution in mineral oil with an 
inorganic base and adding thereto an amount of 
a weak inorganic acid having an ionization co 
stant less than about 1X10, other than car 
bonic acid, Sufficient to neutralize said inorganic 
base thereby producing an inorganic Salt, Said 
heating being effected at temperatures between 
about 200 F. and 450° F. Sufficient to vaporize 
all of the free water contained in the mixture 
and yield said complex solubilized in the oil. 

12. A mineral lubricating oil suitable for use 
in internal combustion engines containing a 
minor proportion, in the order of from about 
0.2% to about 20%, of a complex of an oil-Solubie 
metal petroleum sulfonate and a metal Salt of a, 
weak inorganic acid having an ionization. COll 
stant less than about 1x10, Said complex being 
produced by admixing an oil-soluble metal petro 
leum sulfonate in oil Solution with between about 
5% and 75%, based on the metal Sulfonate, of a 
metal salt of a weak inorganic acid having an 
ionization constant less than about 1Xi0, other 
than metal oxides, hydroxides, carbonates and 
bicarbonates, at temperatures between about 
2009 F. and 450° E. sufficient to dehydrate the 
mixture, said sulfonate possessing detergent 
characteristics for resinous and similal deposits 
formed in internal combustion engines, Said Salt 
of a weak inorganic acid having the effect of 
enhancing the detergent characteristics of the 
Sulfonate, 
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13. An oil according to claim 12 containing 
also between 0.5% and 20% by weight of an 
anticorrosion agent having the effect of impart 
ing improved anticorrosion characteristics to 
said oil without decreasing the detergent effect 
of the metal sulfonate-weak acid salt complex. 

4. An oil according to claim 12 containing 
also between about 0.5% and 20% of an oil 
Soluble metal salt of an alkyl thiophosphate 
which is capable of imparting improved anti 
corrosion characteristics to said oil without re 
ducing the detergency of said oil. 

15. An oil according to claim 13 in which said 
anticorrosion agent is an oil-soluble metal Salt 
of a hydrocarbon substituted phenol-formalde 
hyde condensation product. 

RICHARD W. MERTES. 
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