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This invention relates to improved lubricating greases 
thickened with ?nely divided solids and more particu 
larly to such greases containing small amounts of certain 
petroleum oxidates. 

In my co-pending application Serial No. 744,293 ?led 
of even date herewith, it is disclosed that extreme pres 
sure properties are imparted to lubricant compositions, 
including solids thickened greases, by means of Wax oxi 
dates obtained by oxidizing paraihn Waxes separated from 
distillate oils up to high neutralization numbers above 
about 200 and under conditions which result in an acid 
type product. 

In accordance with the present invention it has been 
found that highly oxidized acid-type petroleum oxidates 
obtained by oxidizing para?in fractions, including the 
oxidates disclosed in my said co-pending application, im 
part improved dispersion of the particulate thickener in 
solids thickened greases, with consequent substantially 
improved grease yields, when they are incorporated in 
such greases in amounts below those required to- impart 
improved ‘extreme ‘pressure properties. These oxidates 
oiier important advantages as dispersants in solids thick 
ened greases over compounds which have been employed 
for this purpose heretofore, such compounds being gen— 
erally low boiling compounds which cause hazardous or 
unpleasant fumes during the grease manufacture or stor 
age, as well as other disadvantages. In addition, I have 
found that these oxidates are employed very advanta 
geously in compositions containing relatively large 
amounts of fatty oils, including sulfurized fatty oils, 
wherein other dispersants of various types are ineffective. 
The petroleum oxidates employed in accordance with 

this invention are partial oxidation products obtained by 
oxidizing heavy paraf?nic distillate fractions up to neu 
tralization numbers of at least about 200, such as neu~ 
tralization numbers in about the range 200-550, and 
under conditions which produce an acid-type product, 
having a ratio of neutralization number to saponi?cation 
number above 0.5. Oxidates of this character are pro 
duced by the method which comprises blowing air 
through the para?‘inic charge while the charge is main 
tained at an elevated temperature in the range from about 
200° F. to about 400° F. and under a pressure in the 
range from slightly above atmospheric up to about 500 
pounds per square inch, with an air feed rate from about 
10 to about 60 cubic feet of air per hour per pound of 
wax charge. Suitable feed stocks for the reaction in 
clude para?inic distillate lubricating oils, preferably those 
having viscosities above about 150 seconds Saybolt Uni 
versal at 1.009 F. and most suitably having viscosities in 
the range from about 155 seconds Saybolt Universal at 
100° F. to about 120 seconds-at 210°- F., and waxes sepa 
rated from parathnic distillate oils, including re?ned 
waxes, crude scale waxes and slack waxes, preferably 
containing not more than about 20 percent by weight of 
oil, and most advantageously containing not more than 
about 10 percent by weight-of oil. The reaction is. pref 
erably carried out at a temperature in about the range 
250° F.-350° F., most suitably in about‘ the range 270° 
F.-330° F., and under a pressure in about the range 
30-300 pounds per square inch, most suitably in. about 
the range 50-250 pounds per square inch gauge. An 
oxidationcatalyst is preferably employed when the. re 
action is carried out at pressures below about IOU-pounds 
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per square inch or When the charge is a lubricating oil 
or a wax containing more than about 5 percent by weight 
of ‘oil. Thepreferred catalyst is a metal permanganate, 
most suitably potassium permanganate, which may be 
‘employed in an amount from about 0.01 to about 1.5 per 
cent by weight of the charge. 
Under the above conditions, the reaction consists al 

most entirely of formation of oxygenates of various types 
with no more than a small amount of polymerization,'the 
neutralization and saponi?cation numbers of the para?in 
charge increasing rapidly up to very high values while 
the viscosity increases only very slowly up to a viscosity 
‘Saybolt Universal at 210° F. of less than 500 seconds, 
and usually to less than about 200 seconds. The prod 
ucts formed in the first stages of the oxidation ‘reaction 
are largely simple alcohols, aldehydes, ketones, acids and 
esters. As the oxidation proceeds further, the formation 
of more highly oxidized products takes place at increas 
ing rates, and the highly oxidized products obtained by 
carrying out the oxidation to neutralization numbers of 
about 200 or higher therefore contain relatively large 
amounts of oxygenated fatty acidssuch as hydroxy fatty 
acids, kct'o fatty acids and dicarboxylic acids. These 
highly oxidized products also contain relatively large 
amounts of low molecular weight oxygenates, containing 
about l-3 carbon atoms per molecule, including low mo 
lecular Weight acids, aldehydes, ketones, etc., formed by 
degradation reactions. This low molecular ‘weight frac 
tion may be separated, if desired, by any suitable means 
such as by distillation or extraction from the higher mo 
lecular weight oxidate fraction employed in accordance 
with this invention. When the presence of low boiling 
compounds in the lubricant composition is not objection 
able, the crude oxidate may be employed or a relatively 
light fraction of the oxidate obtained by separating 
heavier portions, may be employed. The low molecular 
weight oxygenates may be very conveniently removed by 
Water washing, which results in a lowering of the neu 
tralization number of the oxidate to Within about the 
range 150-350. Particularly suitable oxidat'es are those 
having neutralization numbers in about the range 
250-550, and a ratio of neutralization number to saponi 
?cation number of at least about 0.6, or the, water— 
insoluble portion of such oxidates having neutralization 
numbers of at least about 200. 
The greases of this invention comprise oleaginous 

liquids thickened to a grease consistency by means of 
?nely divided solids and containing petroleum oxidates 
of the character described above‘in amounts effective to 
impart substantially increased hardness to the greases on 
the basis of their ASTM Worked Penetration at 77° F. 
The optimum amount of oxidate will vary somewhat with 
the particular oxidate employed. In general, the amount 
of oxidate will vary from about‘ 0.05 to about 2.0 percent 
by weight of the grease composition, the optimum amount 
usually being in the range from about 0.1-1.0 percent by 
weight of the composition. The ?nely divided solid is 
employed in a sui?cient ‘amount to impart a grease con 
sistency to the composition. Ordinarily it will be present 
in an amount between about 5 and. about 35 percent by 
weight of the composition, although smaller or larger 
amounts may be employed in some cases, such as, for 
example, from about 2 to about 45 percent by weight of 
the composition. . . . - 

The solid, thickening agents employed in‘ these greases 
may be any of those in. general having the property of 
forming a gel structure when they are, dispersed in lubri 
eating oils in ?nely divided form. Such materials in 
clude principally siliceousrnaterials, such as silica and 
metal sili_cates,- including both arti?cial and naturally 
occurring clays, graphite, carbon black, metal. oxides of 
various types, suchas zinc oxide, magnesium oxide, alu 
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minum oxide, etc., and organic pigments of various types, 
such as indigo and the phthalocyanines. 
A preferred class of thickening agents for use in these 

greases comprises colloidal inorganic materials having at 
least a substantial part of their surface coated with a 
hydrophobic surface-active agent, either by adsorption, as 
disclosed, for example by F. H. Stross et al. in U.S. 
2,65 8,869, or by chemical reaction between the inorganic 
material and the surface active compound as described, 
for example, by J. W. Jordan in US. 2,531,440. Par 
ticularly suitable materials or” the latter type are the so 
called onium clays, obtained by a base exchange reaction 
between a clay and a quaternary ammonium compound, 
preferably having at least one aliphatic hydrocarbon sub 
.stituent group of ten or more carbon atoms, such as for 
example, dimethylethyldodecyl ammonium hydroxide, 
dimethy'lbenzyllauryl ammonium chloride, triethylocta 
decyl ammonium chloride, etc. The reaction is preferably 
carried out employing at least about 40 percent, and most 
suitably at least about 70 percent by Weight of the quater 
nary ammonium compound theoretically required for a 
complete reaction on the basis of the measured base ex 
change capacity of the clay. 
The lubricating oils employed in these greases may be 

any suitable oils of lubricating characteristics ordinarily 
employed in lubricating greases, including the conven 
tional mineral lubricating oils, synthetic oils contained by 
various re?nery processes, such as cracking and polym 
erization, and other synthetic o-leaginous compounds, such 
as high molecular weight ethers, esters, silicones, etc. 
Suitable mineral oils include paraiiinic and naphthenic 
oils having viscosities in the range from about 80 sec 
onds Saybolt Universal at 100° F. to about 225 seconds 
Saybolt Universal at 210° F., and preferably having 
viscosities in the range from about 100 to about 600- sec 
onds Saybolt Universal at 100° F. Synthetic oils, inc1ud~ 
ing particularly the dicarboxylic acid esters, may be em 
ployed very advantageously to produce greases for opera 
tions at elevated temperatures. 

Additives of the usual types may be employed in these 
greases, suchas, for example, oxidation inhibitors, cor 
rosion inhibitors, anti~wear agents, tackiness agents, ex 
treme pressure agents, and so forth. 
, The grease preparation may be carried out by any suit 
able manner for accomplishing a thorough dispersion of 
the thickener and oxidate in the lubricating oil base, such 
as by milling the grease mixture in a colloid mill or in a 
paint mill. The mixing may be carried out at ordinary 
temperatures or at elevated temperatures up to about 300° 
F., or higher if desired, in order to dissolve any addi 
tives employed. In preparing greases thickened with 
inorganic colloidal materials treated with a hydrophobic 
surface-active agent, the preparation may be carried out 
by the so-called in situ method wherein the inorganic 
material is treated in the presence of all or a portion of the 
lubricating oil employed in the grease. The oxidate mate 
rial may very suitably be added before or during this 
reaction. 
The following examples are given for the 

more fully disclosing the invention. 

EXAMPLE 1 
p A grease representative of the lubricating compositions 
of this invention is obtained from the following materials 
in the indicated proportions by Weight: 

purpose of 

Estersil _____________________________ _g ____ __ 10.0 

Oxidate __________________________________ __ 0.4 

Mineral lubricating oil _________________ __ Remainder 

, The mineral lubricating oil is a residual fraction of 
about 84 seconds Saybolt Universal viscosity at 210° F. 
from a mixed base crude. 
The estersil is a ?nely divided amorphous silica which 

has been made oil wettable and Water resistant by esteri? 
cation of the surface with ,butanol. It has a particle size 
of 8-10 millirnicrons and comprises 88~89 percent silica. 
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The oxidate is a material obtained by oxidizing a slack 

Wax having an oil. content of 6 percent. The oxidation 
is carried out in an aluminum reactor by passing air 
through the Wax containing 0.1 percent by Weight of 
potassium permanganate at 330° F. under a pressure of 
65 pounds per square inch for 5.5 hours, employing an 
air feed rate of 15 cubic feet of air per hour per pound 
of charge. An oxidate is obtained having a saponi?cation 
number of 535, a neutralization number of 294, a vis 
cosity of 369 seconds Saybolt Universal at 210° F, and 
containing 4.1 percent by weight of unsaponi?able mate 
rial. 'Phis oxidate is employed in the grease Without 
separation of any oxidate fractions. 
The grease is prepared by mixing together the above 

materials in the indicated proportions and passing the 
mixture once through a Manton-Gaulin Homogenizer 
with valve settings at 5000 pounds and at 2500v pounds. 
A buttery grease is obtained, having an ASTM worked 

penetration at 77° F. of 288, as compared with 351 for 
the base grease Without the oxidate and 341 for the same 
grease containing 1.0 percent by Weight of acetone as a 
dispersant in place of the oxidate. 

EXAMPLE II 

A grease representative of a preferred embodiment of 
this invention is obtained from the following materials 
in the indicated proportions in percent by Weight: 

Organo-clay ____________________________ __ 7-12 

Sulfurized lard oil ________________________ __ 5—l5 

Tricresyl phosphate ______________________ __ 0.5-3.0 
Oxidate _ _ _ _ _ _ _ _ _ _._ 0.1-2.0 

Mineral lubricating oil _________________ __ Remainder 

The organo clay is a micronized bentonite which has 
been treated with dirnethyldistearyl ammonium chloride 
in isopropyl alcohol solution, employing stoichiometric 
proportions of the reactants on the basis or’ the measured 
base exchange capacity of the bentonite. 
The mineral lubricating oil is a blend in about a 4040 

ratio by weight respectively of a re?ned parathnic residue 
oil having a viscosity at 210° F. of about 160 seconds, 
and a re?ned parat?nic distillate fraction having :1 Say 
bolt Universal viscosity at 100° F. of about 182 seconds. 
The sulfurized lard oil is a product obtained by heating 

lard oil with sulfur in the usual manner. Typical tests 
upon this material include a gravity, ° APT, of 12.8, a 
Saybolt Universal viscosity at 210° F. of 258 seconds and 
a sulfur content of 7.73 percent. 
The oxidate is a Water washed fraction of a crude oxi 

date of the character described hereinabove, obtained by 
oxidizing a 125-127° F. melting point semi-re?ned wax 
containing about 0.4 percent by Kweight of oil, from. a 
para?‘inic distillate fraction. The water Washing is car 
ried out by mixing the oxidate with about twice its Weight 
of water at 15 0-170° F., settling and separating the water 
layer and dissolved oxygenates. This process is repeated 
twice. 
The grease is prepared by mixing the organo-clay and 

additives into the mineral lubricating oil and milling in a 
Premier Colloid Mill with one pass at 0.003 inch clear~ 
ance. 

The following table shows typical results obtained 
by the use of the oxidates which are employed in ac 
cordance with this invention in the above grease com 
position, containing 8-10 percent of the organo-clay, 10 
percent of sulfurized lard oil and one percent of tricresyl 
phosphate. These greases also contained one percent 
by Weight of ?nely divided carbon black as a colorant. 
Comparative ‘data are included which were obtained upon 
this composition containing petroleum oxidates of two 
different types, representative of petroleum oxidates which 
have been employed heretofore in lubricant composi 
tions for various purposes, and also upon the composi 
tion containing acetone, which is commonly recom 
mended as a dispersant in bentone-type greases, In the 
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table, Oxidate A is a 'water washed oxidate having aneu 
tralization number of 182, a saponi?cation number of 
283, a non-saponi?able content of 16 percent, and a 
Saybolt Universal viscosity at 210° F., of about 56 sec 
onds, from a crude oxidate having a neutralization num 
ber of about 250, obtained by blowing air through the 
wax charge containing 0.4 percent by weight of potassium 
permanganate for 6.5 hours while the charge is main 
tained at 270° F. and under a pressure of 65 pounds per 
square inch gauge, employing an air rate of 20 cubic 
feet of air per hour per pound of charge. Oxidate B 
is a Water washed oxidate having a neutralization number 
of 232, from a crude oxidate having a neutralization 
number of 343, a saponi?cation number of 515, a non 
sapom'?able content of 2.8, and a Saybolt Universal vis 
cosity at 210° F. of about 98 seconds, obtained by blow 
ing air through the wax charge containing 0.4 percent 
by weight of potassium permanganate for 11.5 hours 
while the charge is maintained at 270° F. and under a 
pressure of 75 pounds per square inch gauge, employing 
an air rate of 13.3 standard cubic feet of air per hour 
per pound of charge. Oxidate C is a water washed oxi 
date having a neutralization number of 60 and a saponi? 
cation number of 193, from an oxidate obtained by oxi 
dizing a paraf?n wax of the type ‘described above under 
di?erent conditions which resulted in an oxidized prod 
uct having a neutralization number of 72, a saponifica 
tion number of 242, a non-saponi?able content of 29.6 
percent and a Saybolt Universal viscosity at 210° F. 
of 134. Oxidate D is a water Washed oxidate having a 
neutralization number of 101 and a saponi?cation num 
ber of 211, from an oxidate obtained by oxidizing a re 
?ned para?in distillate oil having a Saybolt Universal 
viscosity at 100° F. of about 150 seconds, the crude oxi 
date having a neutralization number of 94, a saponi?ca 
tion number of 267, a non-saponi?able content of 17.5 
percent and a Saybolt Universal viscosity at 210° F. of 
about 196 seconds. 

Table I 

ASTM Pene 
Grease No. Oxidate tration at 

77° F., worked, 
60 strokes 

l ______________________________________________ __ 341 
0 1% Oxidate A ..... __ 331 
0.3% Oxidate A" 321 
0.5% Oxidate A 338 

2 ____________________________ __ N0 ________ __ 343 
0.1% Oxidate B 336 
0.3% Oxidate B. __ 326 
2.0% Oxidate B _____ __ 322 
4.0% Oxidate B. 335 
6.0% Oxidate B 341 

3 ____________________________ __ None ________ _. 326 
0.3% Oxidate C 317 

4 ____________________________ __ one __________ __ 309 

0.3% Oxidate D _____ __ 308 

5 ____________________________ ._ one _______________ __ 304 
2.1% Acetone ........ ._ 330 

As shown by the above table, a yield advantage rep 
resented by about 20 points in ASTM worked penetra— 
tion is obtained in this grease composition by employing 
0.3 percent by weight of the highly oxidized wax oxidates 
described above. With Oxidate A, having a neutraliza 
tion number of about 180, the effectiveness is optimum at 
about 0.3 percent concentration, and decreases rapidly 
with higher amounts of the oxidate. With the more highly 
oxidized Oxidate B, the effectiveness is likewise optimum 
at about 0.3 percent concentration but remains about 
constant up to a concentration of about 2.0 percent and 
thereafter decreases. On the other hand, only a very 
small yield advantage is obtained with 10.3 percent of the 
wax oxidate having a neutralization number below 100 
(Oxidate C), and no improvement is obtained with the 
101 neutralization number oxidate obtained by oxidizing 
a lubricating oil fraction (Oxidate D). Acetone is not 
an etfective dispersant in this grease, containing a sul 
furized fat and tricresyl phosphate as extreme pressure 
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6 
additives, as shown by‘the penetrations obtained upon 
Grease No. 5. 
Timken tests on the above greases showed no increase 

in extreme pressure properties with Oxidate A at concen 
trations up to and including 0.5 percent. With the higher 
neutralization number oxidate, an improvement in the 
Timken values was obtained starting with about 2.0 percent 
concentration and increased with increasing concentra 
tion of the oxidate, while the yield improvement de— 
creased. 

EXAMPLE III 

A grease representative of a different embodiment of 
this invention is obtained from the following materials 
in the indicated proportions in percent by weight: 

Carbon black ______________________________ __ 10.0 

Oxidate __________________________________ _._ 0.5 

Mineral lubricating oil ________________ __ Remainder 

The mineral lubricating oil in the above formulation 
is a residual fraction of about 80 seconds Saybolt Uni 
versal viscosity at 210° F. from a mixed base crude. 
The oxidate is a material having a neutralization num 

ber of 311, a saponi?cation number of 482, a non-saponi 
?able content of 5.3 and a viscosity Saybolt Universal at 
210° F. of about 66, obtained by oxidizing a re?ned 
para?inic distillate oil having a Saybolt Universal viscosity 
at 100° F. of about 150 seconds under conditions in 
cluding a temperature of 300° F., a pressure of 250 
pounds per square inch gauge and an air rate of 20 stand~ 
ard cubic feet of air per hour per pound of charge, em 
ploying 0.6 percent by weight of potassium permanga 
nate in the charge. 
The carbon black is a commercial channel black hav 

ing a measured surface area of 280 square meters per 
gram. 
The grease is prepared by mixing together the above 

materials and milling in a Charlotte mill at 0.004 inch 
clearance. 
The grease described above is a soft smooth grease 

having a dropping point above 500° F. and an ASTM 
worked penetration of 320, as compared with 338 for 
the grease without the wax oxidate. 

EXAMPLE IV 

A grease representative of a still different embodiment 
of this invention is obtained from the following materials 
in the indicated proportions in percent by weight: 
Indigo ____g _______________________________ __ 35.0 

Diphenyl-p-phenylenediamine ________________ __ 1.0 

Tricresyl phosphate _________________________ __ 3.0 
Mineral oil ________________________________ __ 4.3 

Oxidate ___________________________________ __ 0.5 

Synthetic ester _______________________ __ Remainder 

The synthetic ester is obtained by reacting together 
sebacic acid, 2-ethylhexane-1, 3-diol and 2-ethylhexano1 
in about a 2:1:2 ratio, respectively, and consists pre 
dominantly of the compound 

The mineral oil is a refined paraf?nic distillate oil having 
a Saybolt Universal viscosity at 100° F. of 330 seconds. 
The indigo is the dye grade product having an average 
particle size of about 0.1 micron diameter and a measured 
surface area of about 10 to 50 square meters per gram. 
The oxidate is the lower boiling 10 percent cut of the 
oxidate described in Example III, having a neutralization 
number of 641. 
The grease is prepared by mixing the indigo and 

oleaginous base containing the oxidate by means of an 
electric stirrer until a smooth paste is formed. The in 
hibitors are then added and the grease is ?nished by 
milling with two passes through a Premier Colloid Mill 
at 0.002 inch clearance. 
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The grease described above is a soft, smooth grease 
having a dropping point of about 500° F. and an ASTM 
worked penetration at 77° F. of about 360, as compared 
with about 371 for the grease without the oxidate. 

Obviously many modi?cations and variations of the 
invention, as hereinbefore set forth, may be made without 
departing from the spirit and scope thereof, and therefore 
only such limitations should be imposed as are indicated 
in the appended claims. 

I claim: a 

1. A lubricating grease consisting essentially of a 
major proportion of an organic lubricating oil having in 
corporated therein a ?nely divided normally solid gelling 
agent selected from the group consisting of silica, metal 
silicates, and hydrophobic combinations and reaction 
products thereof with organic hydrophobic surface active 
compounds, graphite, carbon black, metal oxides, indigo 
and phthalocyanines, said gelling agent being present in 
su?icient amount to form a grease, and about 005-20 
percent by weight of the grease composition, a petroleum 
oxidate having a neutralization number of about 150 
550 and a ratio of neutralization number to saponi?ca 
tion number of at least 0.5, obtained by reacting a 
para?‘inic distillate fraction selected from the class con 
sisting of lubricating oils and waxes with air at a term 
perature in the range 200° F.-4-00° F. under a pressure 
of about 30-500 pounds per square inch gauge, with an 
air feed rate of 10-60 cubic feet of air per hour per 
pound of charge until an oxidized product having a neu 
tralization number in about the range 200-550 is obtained, 
said oxidate being present in the grease in an amount 
suihcient to impart increased hardness to the composition 
on the basis of its ASTM workedpenetration at 77° F. 
but below the amount required to impart improved ex 
treme pressure properties to the composition. 

2. A lubricating grease according to claim 1 wherein 
the said oxidate has been separated from water-soluble 
oxidates by water washing. 

3. A lubricating grease according to claim 1 wherein 
the said para?inic distillate fraction is reacted with air 
at a temperature in about the range 250-350“ F. and 
under a pressure of about 30-300 pounds per square inch 
gauge. 

4. A lubricating grease according to claim 1 wherein 
the said oxidate is a water washed fraction of a crude 
oxidate having a neutralization number in about the range 
250-550, and a ratio of neutralization number to saponi 
iication number of at least about 0.6. . 

5. A lubricating grease according to claim 1 wherein 
the said gelling agent is an inorganic colloidal material 
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having at least a substantial portion of its surface coated 
with an organic hydrophobic compound. 

6. A lubricating grease according to claim 5 wherein 
the said gelling agent is bentonite which has been treated 
with a quaternary ammonium compound containing at 
least one aliphatic hydrocarbon group containing at least 
10 carbon atoms. 

7. A lubricating grease according to claim 1 contain— 
ing a minor amount of a sulfurized fatty oil. 

8. A lubricating grease according to claim 1 wherein 
the said oxidate is present in an amount of about 0.1-1.0 
percent by weight. 

9. A lubricating grease consisting essentially of a 
mineral lubricating oil as the major component, about 
7-12 percent by weight of bentonite treated with a dimeth 
yldistearyl ammonium salt, about 5-15 percent by weight 
of sulfurized lard oil, about 0.5-3 percent by weight of 
tricresyl phosphate and about 0.1-1.0 percent by Weight 
of a petroleum oxidate having a neutralization number 
of 150-550 and a ratio of neutralization number to saponi 
?cation number of at least about 0.6, obtained by reacting 
a para?inic distillate fraction selected from the class con 
sisting of lubricating oils and waxes with air at a tem 
perature in about the range 270° F.-330° F, under a 
pressure of 30-300 pounds per square inch gauge and with 
an air feed rate of 10-60 cubic feet of air per hour per 
pound of Wax charge until an oxidized product having 
a neutralization number in about the range 200-550 is 
obtained, said oxidate being present in the grease in an 
amount sui'licient to impart increased hardness to the 
composition on the basis of its ASTM Worked penetra 
tion at 77° F. but below the amount required to impart 
extreme pressure properties to the composition. 
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