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ABSTRACT OF THE DISCLOSURE 
A novel grease composition is prepared by admixing a 

lubricating oil with 0.5 to 10 weight percent of a mono 
or polyurea compound having from 1 to 8 ureido groups 
and having a molecular weight between about 375 to 2500 
and from 3 to 30 weight percent of an alkaline earth metal 
aliphatic monocarboxylate having from 1 to 3 carbon 
atoms and wherein the weight ratio of alkaline earth metal 
carboxylate to mono and polyurea compounds is from 1 
to 15. . 

This invention relates to a new grease composition. 
More particularly, this invention relates to an improved 
grease lubricant containing a polyurea thickening agent. 

CROSS-REFERENCE TO RELATED APPLICATION 

This is a continuation-in-part of application Ser. No. 
244,864, ?led Apr. 17, 1972, now abandoned. 

BACKGROUND OF THE INVENTION 

Modern technology is currently supplying the general 
public and the process industries with machinery which 
is designed to operate under a wider range of tempera 
tures and under greater loads than previously available. 
In addition, many of the newer machines are designed to 
operate at extremely high speeds. Many of these machines 
require certain speci?c lubricating properties which are 
not available in the conventional lubricants. Thus, mod 
ernization of high speed and high temperature equipment 
has strained the petroleum industry for the development 
of a second generation of lubricants capable of satisfy 
ing the requirements of the new machines. Recently, for 
example, there has been an increased demand for lubri 
cants capable of performing well at temperatures above 
300° F. in high speed bearings and gears for periods in 
excess of 500 hours. In addition, with the further devel 
opment of the high speed sealed bearings, the lubricant 
must be able to endure for the life of the bearing. 
There have been numerous grease compositions de 

veloped which satisfy most of the new more stringent re 
quirements. Many of these compositions, however, are 
entirely too expensive for commercialization or only meet 
some of the lubricating requirements and fail in others. 
One type of lubricant currently available is the ubiqui 
tous lithium greases. These greases are simply a mixture 
of a hydrocarbon base oil and lithium hydroxy stearate 
with minor amounts of other additives. Although these 
greases exhibit good lubricating properties and perform 
well at moderate temperatures, ‘their application in high 
temperature and high speed machinery has not been en 
tirely successful. The lithium greases tend to deteriorate 
in these machines at high temperatures, particularly at 
temperatures above 350° F. The deterioration leads to a 
rapid loss of lubrication and ultimately failure of the 
equipment. 

Another type of grease composition which has excel 
lent lubricating properties at the higher temperatures is 
comprised of a lubricating oil (natural or synthetic) con 
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2 
taining a polyurea additive. This type of lubricant is dis 
closed in U.S. Pat. Nos. 3,242,210; 3,243,372; 3,346,497; 
and 3,401,027, all assigned to the Chevron Research Com 
pany. The polyurea component imparts a signi?cant high 
temperature stability to the grease and, in fact, effectsa 
mild anti-thixotropic property, i.e., increases in viscosity 
with increasing shear, to the lubricant. This property of 
the lubricant is advantageous to prevent the segregation 
or loss of grease from the moving parts of the machine. 
While this grease has solved most of the problems asso 
ciated with the older lubricants, it is handicapped by the 
requirement of relatively large amounts of polyurea (be 
tween 8 and 20 weight percent) and its relatively high 
costs. In addition, the polyurea component does not im 
part extreme pressure properties to the lubricant and, ac 
cordingly, EP additives must be added in applications in 
volving high contact pressures. A need therefore exists 
for a grease composition which can be used in high tem 
perature and high speed applications, that exhibits good 
stability over prolonged periods, that exhibits both ex 
treme pressure and antiwear properties, and that is rel 
atively inexpensive to produce. 

It is, therefore, an object of this invention to provide 
a new improved grease composition. 

It is another object of this invention to provide an im 
proved grease composition capable of performing well at 
high temperatures for prolonged periods. 

It is another object of this invention to provide a rela 
tively inexpensive grease composition capable of perform 
ing well at high temperatures in high speed application 
and which exhibits good EP properties. 

It is another object of this invention to provide a method 
of making an improved grease composition. 

SUMMARY OF THE INVENTION 

The aforegoing objects and their attendant advantages 
can be realized by a composition comprising a major part 
of a lubricating oil containing (1) from 0.5 to 10 weight 
percent of a mono or polyurea compound or mixture of 
mono or polyurea compounds having from 1 to 8 ureido 
groups and having a molecular weight between about 375 
and 2,500 and (2) from 3 to 30 weight percent of an 
alkaline earth metal aliphatic monocarboxylate having 
from 1 to 3 carbon atoms, wherein the weight ratio of 
alkaline earth metal carboxylate to mono and polyurea 
compounds is from 1 to 15. 
By incorporating an alkaline earth metal carboxylate - 

within the grease composition, we have found that the 
mono or polyurea content may be reduced by 50 percent 
of that required in the prior mono or polyurea lubricants 
for the same dropping point and other physical proper 
ties. Moreover, the presence of the metal carboxylate im 
parts good extreme pressure properties to the lubricant 
and thus the addition of other EP additives is not neces 
sary in many applications. 
The exact mechanism of the mono or polyurea com~ 

pound and the metal carboxylate in effecting the improved 
lubricating properties is unknown. However, without be 
ing bound by the theory, it is believed that the metal car 
boxylate complexes in some manner with the mono or 
polyurea compound to elfect a combined thickening ac 
tion. Although the mechanism is unknown, it is known 
that a synergism exists between the two components such 
that the lubricating properties of the grease are substan 
tially improved over either the mono or polyurea or metal 
carboxylate employed alone. For example, the combina 
tion effects a remarkable increase in the antiwear prop 
erties of the grease. 

Polyurea Component 
The mono or polyurea component of this invention is a 

water and oil insoluble organic compound having a mo 
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lecular weight between‘about 375 and 2,500 and having 
at least one ureido group and preferably between about 
2 and 6 ureido groups. A ureido group as referred to here 
in is de?ned as 

O 

'_C\ (ll) /\T‘ N-— ——N 
_/ \___ 
k J 

A particularly preferred polyurea compound has an aver 
age between 3 and 4 ureido groups and has a molecular 
weight between about 600 and 1200. 
The mono or polyurea compounds are prepared by re 

acting the following components: 
I. A diisocyanate having the formula: OCN—R—~NCO 

wherein R is a hydrocarbylene having from 2 to 30 
carbons and preferably from 6 to 15 carbons and more 
preferably 7 carbons. 

II. A polyamine having a total of 2 to 40 carbons and 
having the formula: 

Bo Bo Bo HlilLI—R1\—(l1I—R2—I|\I-§——/—N N—\——E 
\ / X \ / y \ L_/ / . 

wherein 
R1 and R2 are the same or different type of hydro— 

carbylenes having from 1 to 30 carbons and pref 
erably from 2 to 10 carbons and more preferably 
from 2 to 4 carbons; 

R0 is selected from hydrogen or a CFC, alkyl and 
preferably hydrogen; 

x is an integer from 0 to 2; 
y is 0 or 1 and 
z is an integer equal 0 when y is 1 and equal to 1 
when y is 0. 

III. A monofunctional compound selected from the group 
consisting of monoisocyanate having 1 to 30 carbons, 
preferably from 10 to 24 carbons, a monoamine hav 
ing from 1 to 30 carbons preferably from 10 to 24 
carbons, and mixtures thereof. 

The reaction can be conducted by contacting the three 
reactants in a suitable reaction vessel at a temperature 
between about 60 to 320° F., preferably from 100 to 300° 
F. for a period from 0.5 to 5 hours and preferably from 
1 to 3 hours. The molar ratio of the reactants present usu 
ally varies from 0.1-2 moles of monoamine or monoiso 
cyanate and 0-2 moles of polyamine for each mole of 
diisocyanate. When the monoamine is employed, the 
molar quantities are preefrably (n+1) moles of diisocya 
nate, (n) moles of diamine and 2 moles of monoamine. 
When the monoisocyanate is employed, the molar quanti 
ties are preferably (n) moles of diisocyanate, (n+1) 
moles of diamine and 2 moles of monoisocyanate. 
A particularly preferred class of mono or polyurea 

compounds has structures de?ned by the following general 
formulae: ' 

i 
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wherein: 
n is an integer from 0 to 3; 
R3 is the same or different hydrocarbyl having from 

1 to 30 carbon atoms, preferably from 10 to 24 
carbons; 

R4 is the same or different hydrocarbylene having from 
2 to 30 carbon atoms, preferably from 6 to 15 car 
bons; and 

R5 is the same or different hydrocarbylene having from 
1 to 30 carbon atoms, preferably from 2 to 10 car 
bons. 

As referred to herein, hydrocarbyl is a monovalent or 
ganic radical composed of hydrogen and carbon and may 
be aliphatic, aromatic or alicyclic or combinations thereof, 
e.g., aralkyl, alkyl, aryl, cycloalkyl, alkylcycloalkyl, etc., 
and may be saturated or ole?nically unsaturated (one or 
more double bonded carbons, conjugated or nonconju 
gated). The hydrocarbylene, as de?ned in R1 and R2 
above, is a divalent hydrocarbon radical which may be 
aliphatic, alicyclic, aromatic or combinations thereof, e.g., 
alkylarylene, aralkylene, alkylcycloalkylene, cycloalkyl 
arylene, etc., having its two free valences on different car 
bonatoms. 
The mono or polyureas having the structure presented 

in Formula 1 above are prepared by reacting (n+1) 
moles of diisocyanate with two moles of a monoamine 
and (n) moles of a diamine. (When n equals zero in the 
above Formula 1, the diamine is deleted.) Mono or poly 
ureas having the structure presented in Formula 2 above 
are prepared by reacting (n) moles of a diisocyanate with 
(n+1) moles of a diamine and two moles of a monoiso 
cyanate. (When n equals zero in the above Formula 2, 
the diisocyanate is deleted.) Mono or polyureas having the 
structure presented in Formula 3 above are prepared by 
reacting (11) moles of a diisocyanate with (11) moles of a 
diamine and one mole of a monoisocyanate and one mole 
of a monoamine. (When n equals zero in Formula 3, both 
the diisocyanate and diamine are deleted.) 

In preparing the above mono or polyureas, the desired 
reactants (diisocyanate, monoisocyanate, diamine and 
monoamine) are admixed within a suitable reaction 
vessel in the proper proportions. The reaction may pro 
ceed without the presence of a catalyst and is initiated by 
merely contacting the component reactants under con 
ditions conducive for the reaction. Typical reaction tem 
peratures range from 20° C. to 100° C. under atmos 
pheric pressure. The reaction itself is exothermic and, 
accordingly, by initiating the reaction at room tempera 
ture, elevated temperatures are obtained. However, ex 
ternal heating or cooling may be desirable. 

Reactants 

The monoamine or monoisocyanate used in the formu 
lation of the mono or polyurea will form the terminal 
end groups. These terminal end groups will have from 
1 to 30 carbon atoms, but are preferably from 5 to 28 
carbon, and more desirably from 6 to 25 carbon atoms. 

Illustrative of various monoamines are pentylamine, 
hexylamine, heptylamine, octylamine, decylamine, dode 
cylamine, tetradecylamine, hexadecylamine, octadecyl 
amine, eicosylamine, dodecenylamine, hexadecenylamine, 
octadecenylamine, octadecadienylamine, abietylamine, 
aniline, toluidene, naphthylamine, cumylamine, bornyl 
amine, fenchylamine, tertiary butyl aniline, benzylamine, 
beta-phenethylamine, etc. Particularly preferred amines 
are prepared from natural fats and oils or fatty acids ob 
tained therefrom. These starting materials can be reacted 
with ammonia to give ?rst amides and then nitriles. The 
nitriles are then reduced to amines, conveniently by cata 
lytic hydrogenation. Exemplary amines prepared by the 
method include stearylamine, laurylamine, palmitylamine, 
oleylarnine, petroselinylamine, linoleylamine, linolenyl 
amine, eleostearylamine, etc. The unsaturated amines are 
particularly preferred. 
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Illustrative of monoisocyanates are hexylisocyanate, 
decylisocyanate, dodecylisocyanate, tetradecylisocyanate, 
hexadecylisocyanate, phenylisocyanate, cyclohexylisocya 
nate, xyleneisocyanate, cumeneisocyanate, abietylisocya 
nate, cyclooctylisocyanate, etc. 
The polyamines, which form the internal hydrocarbon 

bridges between the ureido groups usually contain from 
2 to 40 carbons and preferably from 2 to 30 carbon atoms, 
more preferably from 2 to 20 carbon atoms. Exemplary 
polyamines include diamines such as ethylenediamine, pro 
panediamine, butanediamine, hexanediamine, dodecane 
diamine, octanediamine, hexadecanediamine, cyclohexa 
nediamine, cyclooctanediamine, phenylenediamine, toly 
lenediamine, xylylenediamine, dianiline methane, ditolu 
idinemethane, bis(aniline), bis(toluidine), piperazine, etc., 
triamines, such as aminoethyl piperazine, diethylene tri 
amine, dipropylene triamine, N - methyl - diethylene tri 
amine, etc., and higher polyamines such as triethylene 
tetramine, tetraethylene pentamine, pentaethylene hexa— 
mine, etc. 

Representative examples of diisocyanates include hex 
anediisocyanate, decanediisocyanate, octadecanediisocy 
anate, phenylenediisocyante, tolylenediisocyanate, bis(di 
phenylisocyanate), methylene bis(phenylisocyanate), etc. 

Another preferred class of mono-polyurea compounds 
which may be successfully employed in the practice of this 
invention include the following: 

wherein: 
n1 is an integer of 1 to 3, R4 is de?ned supra; X and Y 

are monovalent radicals selected from Table I below. 

In the Table, R5 is de?ned supra, R8 is the same as R; 
and de?ned supra, R6 is selected from the group consisting 
of arylene radicals of 6 to 16 carbon atoms and alkylene 
groups of 2 to 30 carbon atoms, and R7 is selected from 
the group consisting of alkyl radicals of having from 10 
to 30 carbon atoms and aryl radicals having from 6 to 
16 carbon atoms. 
Mono or polyurea compounds described by the above 

formula (4) can be described as amides and imides of 
mono, di, and tri ureas. These materials are formed by 
reacting in the selected proportions of suitable carboxylic 
acids or internal carboxylic anhydrides, with a diisocy 
anate and a polyamine with or without a monoamine or 
monoisocyanate. The mono or polyurea compounds are 
prepared by blending the several reactants together in a 
suitable reaction vessel and heating them to a temperature 
ranging from 70° F. to 400° F. for a period suf?cient to 
cause formation of the compound, generally from 5 min 
utes to 1 hour. The reactants can be added all at once or 
sequentially. 

Suitable carboxylic acids include aliphatic carboxylic 
acids of about 11 to 31 carbon atoms and aromatic car 
boxylic acid of 7 to 17 carbon atoms. Examples of suit 
able acids include aliphatic acids such as lauric, myristic, 
palmitic, margaric, stearic, arachidic, behenic, lignoceric 
acid, etc.; and aromatic acid such as benzoic acid, l-naph 
thoic acid, Z-naphthoic acid, phenylacetic acid, hydrocin 
namic acid, cinnamic acid, mendelic acid, etc. Suitable 
anhydrides which may be employed are those derived 
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6 
from dibasic acids which form a cyclic anhydride struc 
ture, for example, succinic anhydric, maleic anhydride, 
phthalic anhydride, etc. Substituted anhydrides, such as 
alkenyl succinic anhydride of up to 30 carbon atoms are 
further examples of suitable materials. 
Examples of suitable diisocyanates, monoisocyanates, 

monoamines and polyamines are described supra. 
The mono or polyurea compounds are generally mix 

tures of compounds having structures wherein n1 varies 
from 0 to 4, or n1 varies from 1 to 3, existent within the 
grease composition at the same time. For example, when 
a monoamine, a diisocyanate and a diamine are concur 
rently present within the reaction zone, as in the prepara 
tion of mono or polyureas having the structure shown in 
Formula 2, some of the monoamine may react with both 
sides of the diisocyanate to form a diurea. In addition to 
the formulation of diurea, simultaneous reactions can be 
occurring to form the tri, tetra, penta, hexa, octa, etc., 
ureas. Particularly good results have been realized when 
the polyurea compound has an average of four ureido 
groups. 
The amount of mono or polyurea compound in the ?nal 

grease composition will be su?icient to thicken the base 
oil to the consistency of grease when combined with the 
alkaline earth metal carboxylate. Generally, the amount 
of mono or polyurea will range from 1 to 15 weight per 
cent and preferably from 2 to 7 weight percent of the ?nal 
grease composition. 

In instances where an oil concentrate is desired, the 
concentration of the mono or polyurea compound in the 
base oil or an oleaginous organic liquid can vary between 
about 10 and 30 weight percent of the ?nal concentrate. 
The employment of concentrates provides a convenient 
method of handling and transporting the mono or poly 
urea compounds for subsequent dilution and use. 

Alkaline Earth Metal Aliphatic Monocarboxylate 

The second component of the grease composition is an 
alkaline earth metal aliphatic monocarboxylate having 
from 1 to 3 carbon atoms. Any of the alkaline earth 
metals can be employed herein, e.g., magnesium, calcium, 
strontium, barium, etc. However, calcium is the most pre 
ferred. The carboxylate group preferably has from 1 to 3 
carbon atoms and more preferably 2 carbon atoms. Ex 
emplary compounds which may be successfully employed 
herein include calcium formate, barium formate, magne~ 
sium formate, magnesium acetate, calcium acetate, stron 
tium acetate, barium acetate, calcium propionate, barium 
propionate, magnesium propionate, etc. 
The amount of alkaline earth metal carboxylate pres 

ent within the grease composition may vary depending 
upon the lubricating property desired, the particular mono 
or polyurea constituent selected, the type of alkaline earth 
metal carboxylate selected, etc. However, generally the 
metal carboxylate will range from 3 to 30 weight percent 
of the ?nal grease composition and preferably between 
about 4 and 15 weight percent. The ratio of alkaline earth 
metal carboxylate to the mono or polyurea constituent 
will also vary depending upon the aforementioned condi 
tions, but will generally range on a Weight basis from 1 
to 15 parts of metal carboxylate per part of mono and 
polyurea and preferably from 3 to 7 parts per part of 
mono and polyurea. 
A concentrate of the mono or polyurea compound and 

metal carboxylate may also be formulated. The concen 
tration of the metal carboxylate can vary from 20 to 50 
weight percent and preferably from 25 to 40 weight per 
cent of the concentrate. The base oil is the preferred liq 
uid medium of the concentrate since it can be readily di 
luted to form the desired grease composition. 

Base Oil 

The third component which must necessarily be present 
in the composition of this invention is a liquid base oil. 
The base oils which may be employed herein include a 
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wide variety of lubricating oils such as naphthenic-base, 
para?in-base, and mixed-base lubricating oils. Other hy 
drocarbon oils include lubricating oils derived from ,coal 
products and synthetic oils, e.g., alkylene polymers (such 
as, polymers of propylene, butylene, etc., and mixtures 
thereof), alkylene oxide~type polymers (e.g., alkylene 
oxide polymers prepared by polymerizing alkylene oxide, 
e.g., propylene oxide polymers, etc., in the presence of 
water or alcohols, e.g., ethyl alcohol), carboxylic acid 
esters (e.g., those which were prepared by esterifying such 
carboxylic acids as adipic acid, azelaic acid, suberic acid, 
sebacic acid, alkenyl succinic acid, fumaric acid, maleic 
acid, etc., with the alcohols such as butyl alcohol, hexyl 
alcohol, 2-ethylhexyl alcohol, etc), liquid esters of acid 
of phosphorus, alkyl benzenes, polyphenols (e.g., biphe~ 
nols and terphenols), alkyl biphenols ethers, polymers of 
silicon, e.g., tetraethyl silicate, tetraisopropyl silicate, 
tetra(4-methyl-2-tetraethyl) silicate, hexyl(4 - methyl-2 
pentoxy)disilicone, poly(methyl)siloxane, and poly 
methylphenyl)siloxane, etc. The base oils may be used 
individually or in combinations, whenever miscible or 
whenever made so by use of mutual solvents. 

Preparation of Grease Composition 

The greases exhibiting superior properties of this inven 
tion can be prepared by the in situ production of the mono 
or polyurea compound followed by the production of the 
alkaline earth metal carboxylate within the base oil. In 
this embodiment, the base oil is charged to the grease 
kettle along with the monor or polyurea and metal car 
boxylate precursors, i.e., the reactants which combine to 
form the monor or polyurea compound and metal car 
boxylate. In instances where the preferred monor or poly 
urea compounds are of the type de?ned by Formula 1, the 
base oil is charged with the desired proportion of diiso 
cyanate, diamine, and monoamine. In the preparation of 
mono or polyurea de?ned by Formula 2, the base oil is 
admixed with the desired proportion of diisocyanate, di 
amine and monoisocyanate. If the monor or polyurea is 
of the type de?ned by Formula 3, then the desired propor 
tion of diisocyanate, diamine, monoisocyanate and mono 
amine are admixed with the base oil. In instances where 
the monor or polyurea compound is of the type de?ned 
in Formula 4, the base oil is charged with the desired 
proportion of carboxylic acid or anhydride, diisocyanate, 
diamine, and monoamine or monoisocyanate. The kettle 
contents are agitated and the temperature is raised to 
20° to 160° C. and maintained at that temperature for a 
period su?icient to cause formation of the monor or poly 
urea compound, generally between about 0.5 and 3 hours. 

After the formation of the mono or polyurea com 
pound, the grease kettle is charged with an alkaline earth 
metal hydroxide or oxide and a carboxylic acid. The ratio 
of alkaline earth metal hydroxide to carboxylic acid on 
an equivalent basis can vary from 1 to 4:1 and is prefer 
ably between 1 and 2:1. The kettle is maintained at a 
temperature between 70° F. and 150° F. during the proc 
ess to effect the neutralization reaction of the alkaline 
earth metal hydroxide or oxide and carboxylic acid. Dur 
ing the reaction water is released and is preferably re 
moved from the system by applying a vacuum on the 
kettle of 20 to 29 inches of mercury and heating to about 
212° F. and higher. 
The grease composition can be further processed by 

subjecting it to shear hardening. Shear hardening is per 
formed by milling the grease in an extrusion type mill 
under elevated pressures. This milling improves the dis 
persion of the monor or polyurea and metal carboxylate 
throughout the base oil resulting in a grease of greatly im 
proved consistency. U.S. application Scr. No. 111,517 ?led 
Feb. 1, 1971, and now abandoned, discloses a preferred 
method of shear hardening a grease which can be success 
fully employed for the composition of this invention. 

In addition to the mono polyurea and alkaline earth 
metal carboxylate, other additives may be successfully 
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8 
employed within the grease composition of this invention 
without affecting its high stability and performance over 
a wide temperature scale. One type of additive is an anti 
oxidant or oxidation inhibitor. This type of additive is 
employed to prevent varnish and sludge formation on 
metal parts and to inhibit corrosion of alloyed bearings. 
Typical antioxidants are organic compounds containing 
sulfur, phosphorus or nitrogen, such as organic amines, 
sul?des, hydroxy sul?des, phenols, etc., alone or in com 
bination with metals like zinc, tin or barium. Particularly 
useful grease antioxidants include phenyl-alpha-naphthyl 
amine, bis(alkylphenyl)amine, N,N - diphenyl-p-phenyl 
enediamine, 2,2,4 - trimethyldihydroquinoline oligomer, 
bis(4 - isopropylaminophenyl)-ethr, N—acyl-p-aminophe 
no], N - acylphenothiazines, N - hydrocarbylamides of 
ethylenediamine tetraacetic acid, alkylphenol-formalde 
hyde-amine polycondensates, etc. 

Another additive which may be incorporated into the 
grease composition of this invention is an anti-corrodant. 
The anti-corrodant is employed to suppress attack by 
acidic bodies and to form protective ?lms over the metal 
surfaces which decrease the effect of corrosive materials 
on exposed metallic parts. A particularly effective corro 
sion inhibitor is an alkali metal nitrite and preferably so— 
dium nitrite. The combination of the polyurea thickener 
and alkaline earth metal carboxylate has been found to 
work exceedingly well within the alkali metal nitrite. 
When this corrosion inhibitor is employed it is usually 
used at a concentration of 0.1 to 5 weight percent and 
preferably from 0.2 to 2 weight percent based on the 
weight of the ?nal grease composition; 

Another type of additive which may be employed here 
in is a metal deactivator. This type of additive is employed 
to prevent or counteract catalytic effects of metal on 
oxidation generally by forming catalytically inactive com 
plexes with soluble or insoluble metal ions. Typical metal 
deactivators include complex organic nitrogen and sul 
fur-containing compounds such as certain complex amines 
and sul?des. An exemplary metal deactivator is mercapto 
benzothiazole. 

In addition to the above, several other grease addi 
tives may be employed in the practice of this invention 
and include stabilizers, tackiness agents, dropping point 
improvers, lubricating agents, color correctors, odor con 
trol agents, etc. 
The following examples are presented to illustrate the 

practice of speci?c embodiments of this invention and 
should not be interpreted as limitations upon the scope of 
the invention. 

EXAMPLE 1 

In this example, a diurea thickening agent is prepared 
and its properties tested. A 48 liter stainless steel mixer 
equipped With a stirrer is charged with 3,750 grams of 
126 neutral oil and 305 grams of tall oil fatty amine. The 
contents are agitated at 130° F. for 30 minutes and there 
after 3,750 grams of additional 126 neutral oil with 95 
grams of tolylenediisocyanate are charged to the mixer. 
The contents are agitated for 40 minutes and recycled 
through an extrusion type mill at 7,500 p.s.i. for an addi 
tional 20 minutes. 
The milled grease is then heated to 200° F. and 6 grams 

of ethylene diamine are charged to the mixer to react with 
any free isocyanate groups. After being milled at 7,500 
p.s.i. for 20 minutes, the grease is cooled to 150° F. and 
admixed with 2,500 grams of 126 neutral oil and 1,708 
grams of hydrated lime (Ca(OH)2). Thereafter, 3,900 
grams of 126 neutral oil and 1,845 grams of acetic acid 
are charged to the mixture and agitated for a period of 
about 80 minutes at a temperature of about 150° F. 
The mixture is then charged with 200 grams of com 

mercial rust inhibitor and dispersed therein by milling at 
7,500 p.s.i. The grease has an ASTM undisturbed penetra 
tion (P0) of 207, and after 60 strokes a worked penetra 
tion (P60) of 348. 
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EXAMPLE 2 

This example is presented to demonstrate the prepara 
tion of a representative tetraurea-calcium acetate com 
position of this invention. A 48 liter stainless steel reaction 
vessel equipped with a stirrer is charged with 7,500 grams 
of a blend of a para?inic and naphthenic oil having a vis 
cosity of 78 SSU at 210° F. hereinafter referred to as 
“base oil,” 880 grams of tall oil fatty amine and 92 grams 
of ethylene diamine. The contents of the vessel are stirred 
for 20 minutes at 130° F. and thereafter admixed with 
6,000 grams of base oil and 548 grams of tolylenediiso~ 
cyanate. The vessel is agitated and held at a temperature 
of 150° F. for a 30-minute period. 
The vessel contents are thereafter milled in an extru 

sion type mill at a pressure of 7,500 p.s.i. and then heated 
to 200° F. A small sample of the grease is analyzed and 
trace amounts of diisocyanate are detected. An additional 
40 grams of ethylene diamine are charged to the vessel 
and mixed with the milled grease for a period of 10 min 
utes at atemperature of 210° F. At the end of the 10 
minute period, the vessel is cooled to 150° F. and 5,000 
grams of additional base oil with 2,480 grams of hy 
drated lime (Ca(‘OH)2) are charged to the vessel. The 
lime and base oil are admixed with the previously milled 
grease for 5 minutes at which time an additional 5,460 
grams of base oil and 2,800 of acetic acid are slowly 
charged to the vessel over a 25~minute period. The ad 
mixture is agitated for 30 minutes at 150° F. to assure 
that the neutralization reaction between the calcium hy 
droxide and acetic acid is complete. Thereafter, 320 grams 
of a commercial rust inhibitor is charged to the vessel and 
the contents milled at 7,500 p.s.i. The grease is then ad 
mixed with -8,920 grams of base oil and recycled through 
a mill at a pressure of 7,500 p.s.i. The product grease has 
an undisturbed penetration (P0) of 232 and after 60 
strokes a worked penetration (P60) of 282 (ASTM-217). 
The ASTM dropping point is 460° F. (ASTM—D—2265). 
A sample of the grease is calculated to have the fol 

lowing: 
Weight % 

Calcium acetate - 11.7 
Polyurea 1 t 3.8 
Commercial corrosion inhibitor _________ _.._.____ 0.8 
Base oil 82 

wherein T0 is a tall oil radical. 

1 ' ' EXAMPLE 3 

This example is presented to demonstrate the effective 
ness of a representative grease of this invention contain 
ing polyurea and an alkaline earth metal carboxylate in 
long term performance as compared to a typical lithium 
stearate grease. The polyurea-metal carboxylate grease to 
be tested is prepared by the method of Example 2. The 
lithium grease is comprised of the following: 

Component: Amount, wt. % 
" Lubricating oil 1 . _______ ___ _______________ __ 87 

Commercial E.P. agent concentrate ________ __ 6 
Commercial rust inhibitor ____________________ __ 0.3 

Lithium hydroxystearate ____, _________________ __ 6 

1 The lubricating oil is the same type as employed in Ex 
ample 2 and has a viscosity of 78 SSU at 210° F. 
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10 
The lithium grease has an ASTM work penetration 

after 60 strokes (P60) of 320 and an ASTM dropping 
point of 360° F. 
The two greases are subjected to a Timken test to de 

termine the maximum passing load and the maximum con 
tact pressure at the passing load. The test procedure is set 
forth in ASTM-D4509. The results from this test are 
set forth in the following Table II. 

TABLE II.—-TIMKEN TEST RESULTS 

Load Contact pres 
Test grease (1bs.) sure (p.s.i.) 

Polyurea-metal carboxylate- -__ 50 32, 000 
Lithium _____________________ .- 45 12, 000 

The Timken test reveals the anti-Wear characteristics of 
the grease with a higher load and higher contact pressure 
indicating the better anti-wear properties. It can be seen 
from the above table that the grease of the instant inven 
tion is superior to the lithium grease in passing load and 
far superior in contact pressure. 
The two greases are further subjected to a high tem 

perature thin ?lm test. The thin ?lm test demonstrates the 
ability of the grease to lubricate a bearing for a long 
period of time and is indicative of the bearing life. In the 
thin ?lm test, the two greases are respectively spread in 
a layer C1/32 of an inch in thickness on separate strips of 
steel and exposed in an oven at a temperature of 300° 
F. The greases are observed over a period of time and 
that time when the grease loses its grease-like characteris 
tics (becomes hard or turns to lacquer upon cooling) is 
known as the thin ?lm life. 
The aforesaid lithium grease and the grease prepared 

by the method of Example 2 are subjected to a thin ?lm 
test and the results are shown in the following Table III. 

TABLE III 

[Thin ?lm lives at 300° F.] 

Approxi- Condition of 
mate life grease at room 

Grease (hrs.) temperature 

Lithium hydroxy stearate ____________ __ 300 Hard and cracked 
Polyurea-metal carboxylate ........... .. 1, 000 Grease-like. 

It can be seen from the above table that the greases 
prepared by the practice of this invention are far superior 
to the conventional lithium hydroxy stearate greases in 
performance. The table demonstrates a predicted 330 per 
cent increase in bearing life. 

EXAMPLE 4 

This example is provided to demonstrate the effective 
ness of the composition of the instant invention in func 
tioning at low temperatures and its superiority over the 
conventional lithium greases. The viscosity of the grease 
composition prepared by the method of Example 2 is 
determined by ASTM-D4092 at 0° F. and again at 30° 
F. This composition is compared with the viscosity of the 
lithium grease described in Example 3. The viscosities of 
the two greases are presented in the following Table IV. 

TABLE IV.—APPAREN T VISCOSITY 

Viscosity (poises) 

At 30° F. At 0° F. 
Grease 20 sec.-1 200 secrl 20 sec:1 200 sec.-1 

Polyureametal carboxylate- _ _ 900 330 2, 800 1, 200 
Lithium ____________________ -- 1, 000 400 4, 800 2, 300 

As can be seen from the above table, the grease com 
positions of this invention exhibit a viscosity less than 
viscosity of the lithium greases at 30° F. and again at 0° 
F. Particularly signi?cant is the demonstration that at 0° 
F. the viscosity of the composition of this invention is 
2,000 poise less than the lithium grease composition at 
20 sec-1. 
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EXAMPLE 5 

This example is presented to demonstrate the effective 
ness of mono ureas and calcium acetate in making an im 

1 2 
eral Test Method 331.1 (Navy High Speed Bearing Test). 
Each of the following greases is expected to exhibit a rela 
tively good dropping point and a satisfactory bearing life: 

TABLE V 

Mono or polyurea precursors Metal carboxylate precursors 

Amount, Amount, . 
Composition Type wt. percent Type wt. percent Lube oil type 

DPM-4,4’ diisoeyanate L--- . 4 Barium hydroxide 9. 5 
1 __________________ __ p-Phenylene diaminc___ _ Acetic acid. _____ ._ 

Octadecylamine ______ _. _ . 

peToluidine _____ __ 1 

2 Hexylisocyanate __________ __ 2 
"""""""""" " Dianilinemcthanc-__.__-___. 2. 5 

Bis(diphenylisocyanate) _ 1 
Tallow amine_._ 2. 9 IVIagnesium hydrox e 5.0 

3 .................. .. p~Toluidene___.- 1. 2 Propanoic acid .... ._ 10. 4 Mineral 
Ethylenediamine. 0. 6 _____________ __ 
Hexanediisocyanate ....... _. 4. 3 _____________ . . 

4 Stearic acid _______________ -. 3. 5 Calclum hydroxldc__ 6 
"""""""""" " Tolylene diisocyanate__-.__. 2. 2 Acetic acid_.________ __._ D0 

p-Phenylene diamlne _____ __ 0. 7 ________________________________________ .. 

5 Hydrocinnamic acid _ _ _ - 4. 8 Barium hydroxide 
""""""""""" " Phenylene dlisocyanate . 2. 5 Acetic acid_ ._ Alkylmelhyl 

Naphthylamine ______ _ _ _ 2. 2 ............. . _ Silicone. 

6 Maleic anhydride____ _ - 1. 5 Calcium hydr 
""""""""" " Deeanediisocyanate--_. __. 2. 4 Acetic acid. __ Mineral 

Tall oil fatty amine. _ .. _. _ 4. 1 ........... _ 

7 Tallow amine _____________ __ 3 .................... __ 
"""""""""" " Tolylene d1is0cya‘nate-_.__._ 3. 9 Calcium hydroxide“ Do. 

Diethylene triamme _______ __ 1. l Acetic acid ______________ _. 5 

1 Diphenylmethane, 4,4’-diisoeyanate. 
1 Pentaerythntol tetracaproate. 

proved grease composition. A one-liter Waring Blender is 
charged with 140 grams of 600 neutral oil and 43.5 grams 
of tall oil fatty amine at room temperature. While stirring 
the contents, 19.9 grams of phenyl isocyanate are charged 
to the blender. The contents are stirred for about 30 min 
utes and thereafter allowed to stand overnight. 

Calcium hydroxide (11 grams) is charged to the 
blender and intimately mixed within the monourea oil 
mixture. Thereafter 12.4 grams of acetic acid are con 
tacted with the blender contents and stirred until the neu 
tralization reaction ceases. The mixture is dehydrated and 
admixed with an additional 50 grams of oil. The grease is 
then milled and the ASTM work penetration is measured. 
The penetration after 60 strokes (P60) is 317. The ASTM 
Work penetration (P60) of the mono urea grease without 
the addition of the calcium acetate is 336. 

This example clearly demonstrates an improvement in 
work penetration by the addition of calcium acetate to 
the grease composition. 

EXAMPLE 6 

This example is presented to hypothetically demonstrate 
the preparation of the various grease compositions of this 
invent-ion. A Z-gallon grease kettle equipped with cooling 
jackets and a stirrer is charged with 1/2-gallon of a lubri 
cating oil at room temperature. The oil is agitated by the 
stirrer and selected amounts of the mono or polyurea 
precursors, e.g., diisocyanates, monoisocyanates, diamines, 
carboxylic acids and monoamines, are slowly charged to 
the kettle. The amines are charged to the kettle before the 
addition of the isocyanate and dissolved within the oil. 
Temperature of the mixture is allowed to increase to 200° 
F. and thereafter maintained at that temperature. After 
approximately 30 minutes, the kettle is charged with an 
additional 1/2-gallon of lubricating oil containing selected 
amounts of an alkaline earth metal hydroxide. The con 
tents of the kettle are recycled through a mill at 7,000 
p.s.i. to disperse the alkaline earth metal hydroxide 
throughout the grease composition. Thereafter, a car 
boxylic acid is charged to the kettle and the contents re 
cycled to a mill at 7,500 p.s.i. for two hours. During the 
addition of the alkali metal hydroxide and carboxylic 
acid, the temperature of the kettle is maintained at 200° F. 
At the end of the two-hour period, the grease is cooled 

to ambient temperature and milled twice to an extrusion 
type mill at 7,000 p.s.i. The milled grease is then tested 
according to ASTM-D-2265 (dropping point) and Fed 
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It is apparent that many widely diiierent embodiments 
of this invetion may be made without departing from the 
scope and spirit thereof. ' 
We claim: , 

1. A grease composition comprising a major part of 
a lubricating oil containing (1) from 0.5 to 10 weight 
percent of a mono or polyurea compound or mixture 
of mono or polyurea compounds having from 1 to 8 
ureido groups and having a molecular weight between 
about 375 and 2,500 and (2) from 3 to 30 weight per 
cent of an alkaline earth metal aliphatic monocarboxylate 
having from 1 to 3 carbons, wherein the Weight ratio of 
alkaline earth metal carboxylate to mono. and polyurea 
compounds is from 1 to 15. t I - 

2. The composition defined in ‘Claim 1, wherein said 
alkaline earth metal aliphatic monocarboxylate is calcium 
acetate. 

3. The composition de?ned in Claim 2 wherein said 
mono or polyurea compound or mixture of mono or 
polyurea compounds have an average from 3 to 4 ureido 
groups and having molecular weight between about 600 
and 1,200 and wherein said lubricating oil is a‘ hydro 
carbon oil. 

4. A grease composition comprising a major portion 
of an oil of lubricating viscosity, from 3 to 30 weight 
percent of an alkaline earth metal aliphatic monocar 
boxylate having from 1 to 3 carbons and from 0.5 to 
10 weight percent of a mono or polyurea compound or 
mixture of mono or polyurea compounds prepared by 
reacting the following components: , ‘ .» 

I A diisocyanate having the formula OCN-—R—~NCO 
wherein R is a hydrocarbylene having from 2 to 30 
carbons; ' - ; > 1 

II A polyamine having a total of 2 to 40 carbons and 
having the formula: - 

R0 R0 R0 

H—€I‘\I—R1>_~€I1I—Rz—N|'——-—\ {N N\ lap/AH 
wherein 

R1 and R2 are the same or di?erent type of hydro 
carbylene having from 1 to 30 carbons; 

RO is hydrogen or a C1-C4 alkyl, ' 
x is an integer from O to 2; 
y is an integer from 0 to 1; and 
z is an integer equal to 0 when y is l and equal 

to 1 when y is 0; and '1 
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IH A monofunctional compound having from 1 to 30 
carbons and selected from the group consisting of 
monoisocyanate, monoamine and mixtures thereof; 

wherein the reaction temperature is from about 60 to 320° 
F., the reaction time is about 0.5 to 5 hours and the 
component molar ratios of I, H and III are 1, 0-2 and 
0.1-2. 

5. The composition de?ned in Claim 4 wherein said 
diisocyanate is tolylene diisocyanate, said polyamine is 
ethylene diamine and said monofunctional compound is 
a Clo-C24 monoamine. 

6. The composition de?ned in Claim 5 wherein the 
molar ratio of diisocyanate to diamine to monoamine 
is 2:1:2. 

7. The composition de?ned in Claim 6 wherein said 
monoamine is tall oil fatty amine. 

8. The composition de?ned in Claim 4 wherein said 
polyamine is a triamine having from 2 to 40 carbons. 

9. The composition de?ned in Claim 8 wherein said 
triamine is diethylene triamine. 

10. The composition de?ned in Claim 8 wherein said 
triamine is tert~N-methyl diethylenetriamine. 

11. The composition de?ned in Claim 4 wherein said 
polyamine is piperazine. 

12. The composition de?ned in Claim 4 wherein a 
corrosion inhibiting amount of an alkali metal nitrite is 
also present. 

13. The composition de?ned in Claim 12 wherein said 
alkali metal nitrite is sodium nitrite. 

14. The composition de?ned in Claim 4, wherein said 
alkaline earth metal aliphatic monocarboxylate is calcium 
acetate. 
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15. The composition de?ned in Claim 1 wherein said 

alkaline earth metal carboxylate is a calcium or barium 
acetate. 

16. The composition de?ned in Claim 14 wherein said 
oil of lubricating viscosity is a naphthenic or paraf?nic 
based hydrocarbon lubricating oil or mixture thereof. 

17. The composition de?ned in Claim 16 wherein said 
diisocyanate is tolylene diisocyanate. 

18. The composition de?ned in Claim 17 wherein said 
polyamine is ethylene diamine and said monofunctional 
compound is a Clo-C24 monoamine, 

19. The composition de?ned in Claim 18 wherein the 
molar ratio of said diisocyanate to said polyamine to 
said monoamine is about 2:1:2. 
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