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This invention relates to lubricating oils and 
more particularly to improved lubricating oils of 
high film strength, high resistance to oxidation, 
and markedly reduced formation of corrosive 
products during use. 
This is a continuation in part of my co-pend 

ing application, Serial No. 70163, filled March 21, 
1936. 
Present-day mechanical devices require lubri 

cating oils of high film strength, of high oiliness 
characteristics, and of low tendency to Oxidize 
during use. It has been found that the present 
day hydrocarbon lubricants of the very highest 
quality are deficient in these very important 
characteristics. These three properties are of 
vital importance under conditions of thin film 
lubrication where the lubricant has been squeezed 
from between the friction surfaces because of 
high pressure, slow speeds, and other causes. In 
modern engines, large surfaces of oil are exposed 
to the action of atmospheric oxygen, promoting 
rapid oxidation. It is readily seen that the vis 
cosity or the body of the lubricant plays no part 
in thin film lubrication and that the remaining 
film of oil must have a very high film strength 
and be of high oiliness value to prevent rupture 
of the film of the lubricant, which would cause 
seizure. The oil film must tend to keep the co 
efficient of friction as low as possible. The oil 
must resist oxidation when these thin films are 
heated in the presence of atmospheric oxygen as 
they are in use. 

Mechanical devices are being designed for 
higher pressure operation, and the film strength 
of the best quality straight hydrocarbon lubricant 
has been found to be too low for satisfactory 
Service. It will be obvious that an invention 
which provides a means of improving the film 
strength of these lubricants is of great import 
ance to the art of lubricant manufacture and to 
the designer and fabricator of mechanical de 
vices, 

Substantially all machines operate in part or 
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ticularly corrosive to bearing rnetals such as 
cadmium-silver, copper-lead, and the like. 

In starting idle mechanical equipment which 
is lubricated from a sump by pumping or circul 
lating the lubricant, there is always a short period 
of time in which the rubbing surfaces must Oper 
ate under conditions of dry friction if ordinary 
hydrocarbon lubricants are used. With dry fric 
tion, the Wear On friction surfaces is extreme; 
and during cold weather when the lubricant is 
sluggish or during periods when the lubricating 
System is not functioning properly for one reason 
or another, rubbing surfaces may not only suffer 
considerable wear but may be damaged to the 
point where they must be replaced. The product 
of this invention has a very important property 
of reacting with the metal surfaces, penetrating 
or adsorbing on the metal surfaces, and leaving 
a film of lubricant with high oiliness character, 
which remains on the metal surface irrespective 
of the length of time the machine has been idle. 
This high oiliness film gives very even and 

Smooth operation, which may be easily discerned 
by the experienced operator or lubricating en 
gineer. 
When the hydrocarbon lubricants are diluted 

with unburned fuel or with other light hydro 
carbons, the Small degree of oiliness of the orig 
inal hydrocarbon lubricant is greatly decreased. 
It has been found that the addition of the prod 
ucts of this invention to hydrocarbon lubricants 
more than compensates for the loss in oiliness 
and load-carrying ability from dilution. 

It is well known that, in order to obtain lubri 
cants which are preeminently satisfactory from 
the standpoint of oxidation in use, it is neces 
sary to refine the oil thoroughly and then to add 
an inhibitor of oxidation. The thorough refining 
may consist of more and heavier acid treatments 
or solvent treating so as to remove a considerable 
part of the oil and leave only the most stable 

at times totally under conditions of boundary . 
or thin film luorication, under which conditions 
the oiliness or unctuosity of the lubricant is the 
first and primary requisite of efficient operation. 
Those skilled in the art of lubricant manufac 
ture or machine manufacture will readily appre 
ciate the value of an invention that will improve 
the oiliness of these otherwise high-quality lubri 
cants. Furthermore, sludge and acid are espec 
ially deleterious under conditions of thin film lu 
brication. The sludge is not a lubricant in any 
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portion. Such drastic refining is necessary in 
Order to obtain stability with respect to sludge 
formation, but the oil is then subject to easy oxi 
dation to form soluble acids and other corrosive 
materials. This can be prevented by the addition 
to the refined oil of small amounts of materials 
which either prevent the formation of these cor 
rosive products or by some action render them 
inert. Furthermore, such well-refined oils are 
Susceptible to the formation during use of lac 
quer-like materials which tend to stick rings. 
This results in blow-by and hence loss of power, 
failure of lubrication, scratching, scoring, over 

sense of the word, and the soluble acid is par- 55 heating, and eventually replacement of parts, 
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It is practically impossible to refine a lubricant 
in such a manner as to avoid all three of these 
difficulties, namely, sludge, soluble corrosive 
products, and lacquer. It is considerably more 
advantageous to add the materials of this inven 
tion and avoid these difficulties by this method. 
Certain compounds are adsorbed or absorbed 

by metals forming tenacious films at the surface 
of metals which are able to stand high pressures. 
X-ray diffraction methods have shown that 
compounds containing highly polar molecules, 
that is, molecules of unsymmetrical electrical 
character containing an atom or group of atoms 
exhibiting a secondary or residual valence, tend 
to produce regimentation of the molecules of 
hydrocarbon oil when added thereto. A metal 
immersed in a strongly polar compound will show 
a film of the compound in which there is a regi 
mentation of molecules oriented with respect to 
the Surface of the metal by which they are ad 
sorbed or absorbed, r 
Many of these additive materials are effective 

when added to poorly refined or even wholly un 
refined lubricants. The addends may thus be 
substituted in whole or in part for the usual 
refining processes. 

In the prior art of applying these principles 
to the manufacture of lubricants, many diverse 
types of materials have been suggested to be 
added to obtain improvement in various charac 
teristics. It has been found that the addition 
of various compounds frequently improves film 

9 

20 

strength, oxidation resistance, noncorrosiveness. 
and other characteristics. 
One object of this invention is to provide im 

proved inhibitors of oxidation and corrosion for 
addition to lubricants. 
Another object of this invention is to pro 

vide film strength improving addition agents 
suitable for use in lubricants and especially in 
crankcase lubricantS. 
Other and further objects of this invention 

will appear in the course of the following descrip 
tion. 

In general, this invention contemplates an oil 
of lubricating viscosity having added thereto a 
small amount of an organo-metallic salt. The or 
gano-metallic salt may be an organo-metallic salt 
of an organic, inorganic or Organo-metallic acid. 
Organic or inorganic Salts of organo-metallic 
acids or organo-metallic Substituted acids may be 
used. The organic parts of these molecules may 
be radicals of the aliphatic, carbocyclic, or heter 
Ocyclic series. The metallic element may be any 
one of a number of which the following are rep 
resentative. For convenience these are listed in 
accordance with their occurrence in the Periodic 
Table. 

Group II: 
Beryllium 
Magnesium 
Zinc 
Cadmium 
Mercury 

Group III: 
Aluminum 
Thalium 

Group IV: 
Germanium 
Tin 
Tead 
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Group v: 

Arsenic 
Bismith 
Antimony 

Group VI: 
Tellurium 
Selenium 

The compound may contain in the organic rad 
ical or attached to the metal an additional ele 
ment or combination of elements including the 
halogens, phosphorus, sulfur, nitrogen or oxy 
era. - 

The organo-metallic Salts of this invention 
have a dual action in a lubricant. One action 
involves increased load-carrying ability and/or 
oiliness, while another action is directed to the 
stability of the lubricant. For load-carrying 
capacity, quantities ranging from 0.1 per cent 
to about 10 per cent may be added. As an anti 
Corrosive agent and/or an anti-sludging agent, 
much smaller amounts may be required ranging 
from approximately 0.001 to 0.1 per cent. The 
action of the organo-metallic salts is specific but 
difficult to understand. These compounds may . 
be added to any type of hydrocarbon lubricants 
but show an unusual value in highly refined and 
Solvent treated lubricants. By oil having lubri 
cating viscosity in the appended claim, it is 
meant to include the so-called mineral oils and 
various hydrogenated, polymerized and other 
wise synthetically treated oils such as voltolized 
oils, aluminum chloride treated oils, and the 
like. Furthermore the lubricating oil may con 
sist in whole or in part of shale oil, animal or 
vegetable oils such as castor oil, lard oil, corn 
oil, cottonseed oil, and the like. 
In practice, it is better to employ compounds 

whose boiling point is above 225.F. in order that 
the addition compound will not be evaporated or 
distilled in use. The selection of a particular 
compound or compounds to be used as an addi 
tion agent to the hydrocarbon or other oil is 
to be made considering the physical and chem 
ical properties of the various compounds and the 
use to which the blend is put. Thus, if water 
is likely to be present during use, a salt or com 
bination of salts is selected which is not affected 
by water. If a particular added compound 
proves too volatile for its application, a higher 
boiling material should be used and the more 
volatile compound used for blending in an oil 
intended for duty at lower temperatures. In 
general, for automotive crankcase lubricants, it 
is preferred to use compounds having vapor pres 
Sures of less than atmospheric at 250° F. 
The following compounds may be used in ac 

cordance with this invention. All and each of 
these are to be considered as examples of this 
invention when blended in an oil of lubricating 
viscosity. 

65 

70 

5 

I. Organo-metallic salts of inorganic acids 
A. Salts of acids of nitrogen 

1. Salts of nitrous acid 
Triamyltin nitrite (C5H11)3SnNO 
Tribenzyltin nitrite 
(C6H5CH2)3SnNO2 

Tripyridyl germanium nitrite 
(C5H4N) 3GeNO2 

Trithienyltin nitrite (CH3S)3SnNO 
Furfurylmercuric nitrite 

(C4H8O) HgNO2 
Di-isoamylaluminum nitrite 
(C5H)2ANO2 
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Tribenzyltin p-tert.-amylphenylarsenite 
C5H1C6H4AlSO2Sn(CH2C6H5)32 

Tribenzyltin dipropylarsenate 
(C3H)2AsO2Sn (CH2C6H5)3 

Di-omega-chloroamylthallium p-tolyl 
Stannonate CH3C5H4SnO2T (C5H10Cl) 

p-tert.-Amylphenylzinc p-tert.-amyl 
phenylal'senite W 

C5H11C6HASO2(ZICSH4C5H11)2 
p-Aminophenylbismuth dipropylarsenate 

(C3H)2AsO2)2BiC6H4NH2 
Allylselenium laurylstannonate 
C12H25SnO2SeC3H5 

Mercaptophenylaluminum p-tert.-amyl 
phenylarsenite 

C5H11C6H4ASO2AlC6H4SH 
n-Butylberyllium laurylstannonate 
C12H25SnO2BeC4H9 

Tribenzyltin ethyl-p.-tert.-amylphenyl 
arsenite - 

C5HC6H4AlSO2(C2H5) Sn (CH2Cs5)3 
D. Salts of organo-metallic substituted acids 

Dianylthallium diacetoxymercuri - 5 - 
nitrosalicylate 

(Ch3CO2Hg)2C6H(OH) (NO2) COT 
(C5H11)2 

Di- (tribenzyltin) mercuri-bis-anthrani 
late 

Hg (C6H3(NH2) CO2Sn(CH2C6H5)3]2 
Tribenzyltino-chloromercuribenzoate 
CIHgC6H4CO2Sn(CH2C6H5)3 

Tribenzyltin o-sulfidomercuribenzoate 
SIHg.C6H4CO2Sn(CH2C6H5)3)2 

Tribenzyltin beta-mercury-bis-pro 
pionate 

Hg (CH2CH2CO2Sn(CH2C6H5)3]2 
Tribenzyltin alpha-tribenzyltinstearate 

C17H34 Sn (CH2C6H5)3CO2Sn 
(CH2C6H5)3 

Tribenzyltin alpha-diethylthallium 
laurate 

C11H-22T1 (C2H5)2)CO2Sn (CH2C6H5)3 
Tribenzyltin p-n-butylberylliumben 

zoate 
C4H9BeC6H4CO2Sn(CH2C6H5)3 

Tribenzyltin omega-chloroamylarsenic 
dibenzoate 

ClC5H10ASIC6H4CO2Sn(CH2C6H5)3)2 
Tribenzyltin allylseleniumbenzoate 
C3H5SeC6H4CO2SnOCH2C6H5)3 

Aluminum diacetoxymercuri-5-nitro 
salicylate 
(CH3CO2Hg)2C6H(OH) (NO2) CO2)3A 

Calcium beta-mercury-bis-propionate 
Hg (CH2CH2CO2)2Ca 

Sodium alpha-tribenzyltinstearate 
C17H34 Sn (CH2C6H5)3CO2Na. 

Ammonium alpha-tribenzyltinstearate 
C1H34 Sn (CH2C6H5)3CO2NH4 

Tetramethylammonium alpha-triben 
Zyltinstearate 

CH34 Sn(CH2C6H5)3lCO2N(CH3)4 
Triamylammonium alpha-tribenzyltin 

Stearate 
CH34 LSn(CH2C6H5)3lCO2NH(C5H11)3 Diethylammonium alpha-tribenzyltin 
Stearate 

CH4Sn(CH2C6H5)3CO2NH2 (C2H5)2 
Phenylammonium alpha-tribenzyltin 

Stearate 
CH34 (Sn (CH2C6H5)3)CO2NH3C6H5 

Tribenzyltin tribenzyltinsuccinate 
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Any of these compounds or other members of 
the classes represented may be used within the 
Scope of my invention, 
The organo-metallic salts have varying degrees 

of solubility in hydrocarbon and other oils. In 
some cases it is necessary to use a solvent for the 
compound or to form colloidal suspensions of 
the compound in oil. While Some of these Con 
pounds have only limited Solubility in hydrocar 
bon oils, it is to be remembered that because 
of their great efficiency extremely Small amounts 
are often effective. Thus I may use as little as 
0.001 per cent of some of these compounds, and 
it will be seen that a fairly insoluble material 
may dissolve to a Sufficient extent to be satis 
factory for my purpose. In general, more than 
0.001 per cent of my addition agents are used, 
and I may add one, two, or even five per cent or 
more. 

Furthermore, it is well known that different 
types of oils have different capabilities of dis 
Solving a given material. For some purposes 
therefore, I prefer parafiinic, for other purposes, 
asphaltic, and for still other purposes, naphthenic 
Or mixed base lubricants. Another method of 
obtaining a Satisfactory mixture of addition 
agent with the hydrocarbon oil is the use of a 
mutual Solvent to bring the addend into solution. 
Alternatively, peptizing agents may be added to 
maintain the organo-metallic salt in permanent 
suspension. 
Many of the more difficult soluble materials 

are rendered more soluble by the introduction 
of alkyl groups, particularly those containing 
four or more carbon atoms. The isoamyl, octyl, 
lauryl, and octadecyl radicals and radicals from 
paraffin wax greatly increase the Solubility of or 
ganic compounds in oil. One Or more of such 
groups may be introduced as required. For ex 
ample, triphenyltin phosphate is not very soluble 
in hydrocarbon lubricating oils but tri (cetyl 
phenyltin) phosphate is much more soluble. 

It will be obvious from these considerations 
that all the organo-metallic salts are not equiva 
lent and that some are more suitable than others 
in Special cases. Of the examples listed above, 
for example, the organo-metallic sulfides are 
likely to be difficultly soluble in petroleum hydro 
carbons and fatty oils. Hence, of these, I prefer 
the purely aliphatic Sulfides Such as trilauryltin 
sulfide or triamyltin sulfide. If it is particularly 
desired, however, to use an aromatic Organo 
metallic sulfide it may best be accomplished by 
using a compound in which there are at least as 
many aliphatic carbon atoms as there are aro 
matic carbon atoms, or more. Thus I prefer to 
use triquinolyltin trilauryltin sulfide or 2-ethyl 
hexylphenylzinc sulfide. 

In the case of the organo-metallic salts of 
Organic acids, I prefer to use Salts of acids hav. 
ing boiling points over 120° C. The salts of the 
unsubstiuted aliphatic acids such as acetic, are 
less likely to be sufficiently soluble than the tri 
chloroacetates, butyrates, stearates and the like. 
An exception here, however, are the salts of car 
bonic acid which may be considered an inor 
ganic acid. 

It is sometimes advantageous to combine more 
than one of these compounds in a blend to obtain 
particular properties. I accomplish this by mix 
ing two or more of these compounds together and 
blending the mixture with the hydrocarbon oil 
or by blending one in the hydrocarbon oil, blend 
ing the Second into this mixture, and so on until 
the composition is complete. 
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The various organo-metallic salts usually im 

prove both the film strength and oxidation char 
acteristics of the hydrocarbon oil. For example, 
the sludging tendencies may be decreased by as 
little as 0.001 per cent of my organo-metallic 
salts compounds. The oxidation characteristics 
of lubricants are very important, and these are 
markedly improved by our compounds. The 
ability to reduce friction is another feature con 
tributed to lubricants by Some of our tin com 
pounds. 

It may be desirable to include in One and the 
same blend, in addition to the addends here de 
scribed, other addends for specific purposes. 
Thus, I may add a pour point depressor such as 
a naphthalenechlor Wax condensation product, 
a viscosity index improver such as certain resins 
or polymerized hydrocarbons, and sulfur or phos 
phorus containing inhibitors, in addition to my 
organo-metallic Salts. Furthermore, various 
other metallic compounds may be added to the 
blend without interfering with the action of my 
ingredients. Indeed, in some cases it is advan 
tageous to combine With my organo-metallic 
salts in a hydrocarbon oil blend Such materials 
as calcium dichlorstearate, chromium oleate, 
aluminum Stearate, and other metallic soaps. 
Various halogenated oxygen bearing ring or ali 
phatic compounds may be added. 
My addends are admirably adapted for use in 

lubricating oils of all types including those de 
signed for use in automotive Crankcases, Diesel 
oils, and any other oils of lubricating viscosity. 
Furthermore, my addends are advantageously 
blended in gasoline and other petroleum fuels 
either directly or after being blended first in a 
lubricating oil and then added to the fuel. Soap 
thickened mineral oils of all types ranging from 
those showing only a slight increase in viscosity 
over that of the mineral oil alone to the semi 
solid and Solid greases containing fifty per cent 
or more of Soap are amenable to treatment ac 
cording to my invention. In making these 
greases, the usual Soaps such as sodium stearate, 
aluminum stearate, calcium soaps of beta fat, 
and the like may be used to form the large part 
of the necessary Soap. Warious other thicken 
ing ingredients or materials for other purposes 
may be added. These include yarn, hair, 
graphite, glycerol, water, lamp black, mica, zinc, 
dust, litharge and the like. 
Some of these organo-metallic salts are more 

suitable than others for some purposes. Thus 
iron and lead compounds, in general, are found 
to be accelerators of oxidation in crankcase lubri 
cants. One the other hand, these same lead 
compounds, for example, are quite desirable in 
the manufacture of mild and violent types of 
hypoid lubricants. Here the value of the ex 
treme pressure characteristics far overshadows 
the Oxidation accelerating ability. 
The following examples of blends of my addi 

tion agents are given as illustrations and not as 
limitations: 

Eacample 1 
Per cent 

Mid-Continent paraffin base SAE 30------- 99.0 
Tribenzyltin phosphite------------------- .0 

Eacample 2 
Per cent 

California, naphthenic base SAE 30-------- 98.7 
omega, Chloroamyl diethyltin monothio 

phosphate ---------------------------- 1.3 
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product ------------------------------ 0.50 
Triamylammonium alpha - tribenzyltin 
stearate ------------------------------ 0.05 

Eacample 4 
Per cent 

Parafin base bright stock--------------- 58.0 
Paraffin base neutral oil------------------ 40.0 
Sulfurized methyl esters of corn oil 

fatty acids---------------------------- 0. 
Tribenzyltin stearoylsalicylate------------ 0.2 
Calcium dichlorostearate----------------- 
Diphenyl-chlorwax condensation product. 0.4 

Eacample 5 
- - Per cent 
Mid-Continent paraffin base SAE 20- 98.0 
Tribenzyltin p-tolylstannonate------------ 2.0 

Eacample 6 
Percent 

Mid-Continent mixed base SAE 50------ 98.4 
Aluminum naphthenate ------------------ .3 
Tribenzyltin 3-isopropyl-6 methyl-3, 6-en 
doethylene-A4-tetrahydrophthalate ----- 0.3 

Eacample 7 
Percent 

Mid-Continent paraffin base SAE 40- 93.8 
Volatilized corn oil----------------------- 5.0 
Chlorodiphenylene oxide------------------ 0. 
Trilauryltin phenylstearate---------------- 0.2 

Eacample 8 
Percent 

Naphthenic base SAE 30--------------- 98.0 
Diphenylead dichlorostearate------------- 3 
Methyl dichlorostearate------------------- 0.7 

Eacample 9 
Percent 

Castor oil-------------------------------- 98.3 
Sulfurized soy bean oil------------------- 0.2 
Dicyclohexylarsenic oleate----------------- . 
Chlorodiphenyl--------------------------- 0.5 
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Ecdimple 3 

Per cent, 
Pennsylvania paraffin base SAE 10--------- 99.40 
Diethylthallium trichloroacetate--------- 0.05 
Naphthalene-chlorwax c on densation 

Eacample 10 

In making a grease containing my addends I 
may use: 

Percent 
Oleic acid ------------------- ------------ 8. 
Lime ------------------------------------ 1.2 
Water ----------------------------------- 0.3 
Dichlorostearic acid---------------------- 1. 
Bright stock----------------------------- 3. 
Distillate (440 seconds at 100° F.) --------- 6.0 
Diamyltin divalerate---------------------- 0.2 

Eacample 11 

In making a lubricating gasoline, I blend 0.5 
per cent of the product of Example 1 with gaso 
line. The product has the composition: 

Percent 
Gasoline--------------------- - - - - - - - - - - 99.5 

Oil------------------ - - - - - - - - - - - - - - - - - - 0.495 
Tribenzyltin phosphite ----------------- 0.005 

1.3 . 
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It will be understood that certain features and 

sub-combinations may be employed without ref 
erence to other species or combinations. This 
is contemplated by and is within the scope of 
my claim. It is further obvious that various 
changes may be made in details within the scope 
of my claim without departing from the spirit 
of my invention. It is therefore to be under 

9 
stood that my invention is not to be limited to 
the details described. 

Having thus described my invention, I claim: 
A lubricant comprising in combination a major 

5 proportion of an oil of lubricating viscosity and 
a minor proportion of diethylarsenic phenyl 
stearate. 

BERT H. LINCOLN. 


