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1. 

This invention relates to improved grea.Se COIl 
positions. More particularly, this invention per 
tains to a method of producing improved grease 
compositions which are capable of faintaining 
their consistency under variable conditions, resis 
bleeding, and possess good nechanical and digen 
Sional stability. 
A general deficiency encountered in InDS, 

greases is the change in consistency which is 
observed on storage or after being worked for 
some time. On storage, greases generally tend 
to harden. Hadening is believed to he ?ue to 
the interaction of active groups associated With 
the soap micelles therein which leads to the in 
crease in the consistency of greases. Such hard 
ening is undesiraible for it introduces numerous 
lubricating difficulties such as in grease pumping 
equipment, handling and the like. 
Another deficiancy encountered in greases is 

their lack of resistance to shear as Well as Other 
types of mechanical forces which are generally 
exerted upon greases under varioLIS Working coin" 
ditions. Thus, in the lubrication of ball and 
roller bearings, greases inay he subjected to ten 
peratures in excess of 250° to 300° F., which ten 
peratures accelerate oxidation, and, coupled With 
high shearing stresses, cause the greases to break 
down in structure. Thus, the greases are ingapa 
ble of adhering to the surfaces to be lubricated, 
resulting in bearing corrosion, Wear and failure. 
As a result it is essential that good greases, there 
fore, resist shearing stresses, particularly over 
Wide temperatire ranges. 

Bleeding is another phenomenon which is fre 
quently encountered in grease compositions. The 
causes for bleeding are at present not cornpletely 
understood. Generally, it has been aSSuined that 
bleeding is tire result of Syneresis, but this does 
not appear to be entirely correct in view of the 
present findings which Will be set forth herein 
after. However, to inhibit bleeding various pre 
cationary reasures have been taken which are 
tirie-Con Sailing, CoSty and not Very SceSSf. 
Non-bleeding greases are produced by either re 
ducing the soap content generally to less than 
about 5% by Weight or by increasing the Soap 
content to a maximum. These r1ethods of Sta 
bilizing greases against bleeding have, however, 
proved to be Linsatisfactory because in the case of 
reducing the Soap content to less than 5% by 
weight, such greases become limited in their use 
due to the low soap content, while increasing the 
soap content to a maximum rakes the grease too 
costly and such products generally possess an ula 
desirably high COSistency. 

It is an oaject, of this invention to produce 
grease compositions having Outstanding mechani 
cal stability lizader dynamic and static conditions. 
It is another object of the invention to produce 
greases having goed thernal reversibility and 
which as a capable of resisting shearing stresses 
Gyer Wide temperature rangeS. Still another ob 
ject of this irave:tion is to provide a lethod of 
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making in proved grease compositions either by 
batch or continuous processes. Furthermore, it 
is an object of this invention to produce a multi 
purpose grease of outstanding lubricating proper 

e.S. 

The foregoing objects will be better understood 
and otherS Will become apparent from the detailed 
description of the invention, which will be made 
With reference to the accompanying drawings, 
Wherein: 

Figure I is a temperature profile of a grease 
rinaking process according to the invention. 

Figure II is a differential thernal analysis of a 
particular grease made according to this inven 
tion. 

Figure II is a graphical representation of the 
influence of solution temperature upon the pene 
tration value of a grease. 

Figure IV is a graphical representation of the 
influence of Solution temperature expressed as 
'Superheat,' upon the bleeding characteristics of 
a grease. 

Figure W is a graphical representation of the 
influence of maximum reheat temperature upon 
grease consistency. 

Broadly stated, the present invention resides 
in the discovery that an improved grease can be 
obtained by forting a solution of a gelling agent 
Or Inixture of gelling agents in a suitable carrier 
Or liquid lubricant, rapidly cooling said solution, 
reheating the resulting admixture to about the 
solution temperature and then cooling the nix 

35 

40 

50 

60 

ture while Subjecting it to shearing action. Spe 
cifically, as applied to Soap-base greases, it has 
now been discovered that a Superior grease corn 
position is obtained by the process which com 
prises the StepS: Saponifying a fatty acid glycer. 
ide or a fatty acid in admixture With a suitahe 
liquid lubricant, or carrier, such as a nineral lu 
bricating oil, with an alkaline-acting Saponifying 
agent, for example, a Yetal compound, such as 
lithium hydroxide, to form a soap concentrate of 
the resulting soap in the liquid lubricant, such as 
One containing about 30% by weight scap; heat 
ing the resulting admixture to or slightly above 
Substantial Solution temperature of the soap in 
the liquid lubricant; rapidly quenching the result 
ing Solution with additional liquid lubricant, or 
carrier aS may be required to yield the desired 
concentration of soap in the liquid iu,bricant to 
produce a grease structure; reheating the 
quenched material to slightly below solution ten. 
perature and thereupon cooling the reheated 
materiai, while subjecting it to shearing, to about 
30° C. below said soilution teiperature. 
The preparation of superior greases, particu 

arly Soap base greases, is contingent upon the 
distribution of the gelling agent therein, e. g., 
a Soap, in the form of fibers or elongated “crys 
tals' having a fairly high length to Width ratio. 
The efficiency of utilization of a gelling agent as 



2,648,684 
3 

a thickening agent depends upon the degree to 
which the gelling agent is present as discrete 
fibers, in contrast to more or less isometric crys 
tals or bundles of fibers. The amount of gelling 
agent required to achieve a given consistency or 
mechanical stability is dependent upon this effi 
ciency of utilization. It follows, then, that an 
important point in a grease preparative proce 
dure is the step where the gelling agent is pro 
duced in the desired form. For example, in the 
manufacture of a soap-base grease, the crystalli 
Zation step for the precipitation of the Soap is 
largely determinative of the character of the 
grease product. 
In the conventional method of manufacturing 

a mineral oil-soap grease, precipitation of the 
Soap gelling agent occurs during Saponification 
of the fats or fatty acids. After dehydration of 
the resulting soap-oil concentrate, it is diluted 
with additional oil to the desired consistency and 
weight per cent of Soap. However, by this 
method the form of the precipitated gelling 
agent (soap) is dependent upon the growth-con 
ditions present during saponification. The 
growth-conditions present at that time do not 
insure crystallization under the best conditions 
for the formation of the gelling agent in the 
desired and most efficient form. 
The process of the invention will be better 

understood by reference to Fig. I. Fig. I repre 
sents in temperature profile a specific applica 
tion of the process of the invention to the manu 
facture of a soap grease admixed with a mineral 
oil. 
As represented in Fig. I, when a mixture of 

oil and suitable saponifiable and Saponifying 
agents is heated gradually the temperature of 
the System changes with time as indicated by 
line AB with the formation of a soap-mineral 
oil concentrate containing, for example, about 
30% by weight soap. On further heating of the 
resulting mixture to dehydrate it until a sub 
stantially homogeneous solution is formed, the 
temperature of the system changes as repre 
sented by line B.C. When the homogeneous mass 
is then quench-cooled as by the addition of the 
remaining mineral oil in order to bring the 
weight percentage of soap therein to the desired 
amount and, also, to form finely divided fiber 
Soap gelling agent as a result of the rapid cool 
ing, the temperature of the System changes as 
indicated by line CD. On reheating the result 
ing admixture to a temperature (represented by 
point E) slightly below the solution temperature 
and thereafter cooling the reheated material, 
with stirring, to packaging temperature, or to 
about 30° C. below (indicated by point F) the So 
lution temperature of the mixture (the tempera 
ture of point F being about the same as the tem 
perature of point D), the temperature of the 
system changes with time as indicated by line 
DEFG. 
By solution temperature is meant that tem 

perature, as indicated by differential thernal 
analysis of the particular gelling agent-liquid 
lubricant system, at which the temperature dif 
ferential of the cells within the calorimeter has 
reached its greatest value. Solution tempera 
ture may be characterized as that temperature 
at which substantially complete solution of the 
gelling agent in the liquid lubricant takes place, 
i. e., that temperature at which the gelling agent 
therein is present as discrete molecules or at 
most molecular aggregates (crystal nuclei) ap 
proximating collodial dimensions in size. Solu 

10 

15 

20 

30 

35 

40 

45 

50 

55 

60 

65 

70 

s 

4. 
tion temperature may be further characterized 
as that temperature at which the Tyndall beam 
disappears in the mixture. This is a convenient 
and accepted criterion of solution in colloid Sys 
tems. 
To provide a better understanding of the prin 

ciples which underlie the requirement for specific 
processing temperatures, as for example, the So 
lution temperature, it is advantageous to com 
pare these temperatures With changes in the 
gelling agent-liquid lubricant System indicated 
by differential thermal analysis. The changes 
which take place in going from a solid-liquid 
mixture (gel) at room temperature to a homo 
genous Substantially complete solution at Solu 
tion temperature are much more complex than 
the more familiar solvent-solute systerns. Sev 
eral changes at different temperatures are in 
Wolved and processing techniques must be co 
Ordinated there with. 
A differential thermal analysis of a lithium 12 

hydroxy-Stearate-mineral oil system is shown in 
Fig. II. This figure shows the occurrence of 
phase changes (manifested by changes in tem 
perature-time relationships of the Sample) at 
temperatures which correlate Well with the 
mechanical behavior of the grease When heat is 
added thereto or renoved therefron. Signifi 
cant temperatures are found at about 196° C. and 
about 165 C. An examination of the phenom 
enon of “solution' of lithium 12-hydroxystearate 
soap in a mineral lubricating oil shows that the 
action is more complex than merely increasing 
solubility with increasing temperature. For ex 
annple, even at 0.1% by Weight Soap concentra 
tion the solution temperature is still about 196 
C. A Suitable and likely explanation of the broad 
transition temperature range (165 to 196° C.) 
is that the transition temperature range can be 
likened to a type of depolymerization where the 
polyner exists by Virtue of hydrogen bonds. 
These normally do not have the sharp transitions 
found With Well-defined crystalline materials. 
Thus a considerable portion of the heat input 
between 165° C. and 196° C. is absorbed in “loos 
ening' the structure of the solid Soap particles 
and at higher temperatures a true Solution is 
formed. Using this interpretation as a Working 
model a fairly adequate explanation of the 
processing requirements and Subsequent me 
chanical properties of the grease can be pre 
sented, although it is to be understood that any 
theory Utilized for a better understanding of 
the invention, regardless of the validity of Such 
theory, is inmaterial to the carrying out of th 
combination process of the invention. 

It has been found that the Solution tempera 
ture of a gelling agent in a liquid lubricant car 
rier is influenced by the Wiscosity and/or the 
molecular Weight of the carrier used. Accord 
ingly, if lighter or heavier molecular Weight car 
riers, Such as mineral Oils, are used, processing 
temperatures should be adjusted accordingly. 
For example, it has been found that the solution 
temperature of lithium 12-hydroxystearate in 
maineral oils of varying Viscosity increases With 
increasing Viscosity, aithough no differences 
Were observed. When oils of Varying degrees of 
refinement Were used. The data in Table I Show 
the change in Solution temperature of lithium. 
12-hydroxyStearate with change in viscosity of a 
mineral lubricating oil. The mineral oils used 
Were Solvent extracted, acid treated, mineral oil 
distillates, although a similar situation holds 
When unextracted raw lube distillates are used. 
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AS indicated hereinbefore, of the various proc 
eSSing factors in the formation of a superior 
grease, the initial formation of the gelling agent 
fibers is probably the most important. The de 
gree of Supersaturation and the number of crys 
tal nuclei present in a solution are controlling 
factors on the size distribution of the solute par 
ticles (gelling agent) which are precipitated. 
Sudden lowering of the temperature of the solu 
tion to Create a high degree of Supersaturation 
and aSSuring anpie crystallization sites (crystal 
nuclei) so that the solid phase can precipitate 
at any points, enhances the production of many 
Small Crystals or fibers. The effect of this size 
distribution and its relationship to specific con 
ditions under which it is achieved on several 
grease properties is Set forth hereinafter. 
The Specific crystallization conditions used to 

effect precipitation of the gelling agent from its 
Solution in the liquid lubricant carrier can be re 
lated to the resulting consistency or penetration 
by an expression involving (1) the temperature 
to Which the gelling agent Solution Was heated, 
Which temperature controls the number of avail 
able crystal nuclei remaining in the solution and 
(2) the temperature to which the solution was 
quenched, as by rapid cooling or by quenching 
With additional lubricant carrier, which tempera 
ture determines the amount of Supersaturation 
existing at the nonent of crystallization. Thus, 
Specifically, considering the temperature limits 
of 196° and 165° C. (as determined by thernal 
analysis) which represent the solution tempera 
ture and the temperature at which a lithium 
12-hydroxy Stearate soap-mineral oil system is 
"frozen,' respectively, the excess of the Sun of 
the temperatures to Which the mixture is heated 
for Solution and then quenched over the Sun of 
the temperatures represented by 196° and 165° 
C., is termed the amount of “superheating' and 
has been correlated with initial consistency 
(after 300 strokes ASTM) in Fig. III, for various 
lithium 12-hydroxystearate-nineral oil greases. 
As shown by Fig. III, those samples of a lithium 
2-hydroxyStearate grease Which Were heated to 

a teiperature (Solution tenperature) just Sufi 
cient to dissolve all of the lithium Soap but not 
to destroy the crystal nucleitherein (which latter 
World happen if the Solution temperature was 
Substantially exceeded), and thereupon quenched 
(as by rapid cooling or the addition of coil oil), 
had appreciably lower penetration values, as 
in easured by ASTM Test Procedure D217-48 
titled “Corne Penetration of Grease.' In general, 
it has been found that those greases inanufac 
tured according to the invention with only a 
minor arount of Superheat, preferably not over 
0° C., have very satisfactory penetration values. 
To demonstrate this effect further a lithium 

12-hydroxyStearate grease sample was heated to 
well above solution temperature (204 C. for 
about 10 minutes) to destroy the crystal nuclei, 
the grease was then seeded with about 0.035% 
of its weight of a pre-formed grease of suitably 
sized fibers to provide new crystallization sites 
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6 
and rapidly cooled to about 175°C. The resulting 
grease had a penetration value of 288 instead 
of an expected 310 or greater. 

It has also been observed that after precipita 
tion of the gelling agent by quenching a solution 
of the gelling agent in a liquid lubricant car 
rier, extended heating for a period of about 4 
to 1 hour at temperatures somewhat below the 
Solution temperature, such as about 5° to 20° C. 
below Said Solution temperature, for example at 
a temperature of from about 180° to about 190° 
C. for a lithium 12-hydroxystearate mineral oil 
grea.Se, leads to progressive softening of the fin 
ished grease. It is considered that during this 
heating period chance cross links in the gelling 
agent's 'fiber bundles' become consolidated so 
that in the Subsequent stirring operation there 
is more breakage of the preferred long fibers. 
The control of bleeding grease by regulation 

Of the gelling agent fiber size therein is conside 
ered in this invention to be a problem involving 
filtration of the liquid lubricant carrier therein 
from the mass of gelling agent fibers. Formerly, 
it was considered that bleeding was the result 
of Syneresis or the resultant “forcing out' of the 
lubricant-carrier liquid phase (e. g., mineral lub 
ricating oil) due to the Shrinkage of the gelling 
agent Solid phase. Accordingly, in the present 
View the entangled gelling agent fibers (e. g., 
Soap) act like a filter mat, from which oil sepa 
rates under the influence of gravity so that where 
a, liquid 'head' of carrier exists there is a tend 
ency for the liquid carrier to collect at the low 
point. This separation (flow) is resisted by (1) 
the capillary attraction of the gelling agent fibers 
for the liquid carrier and (2) by the rigidity or 
gel strength of the grease mass supporting the 
static “head' of liquid carrier. 

Accordingly, in view of the above hypotheses, 
bleeding should be less for a System comprising 
the liquid lubricant carrier held by relatively fine 
fibers. Since it is possible to prepare a grease 
under conditions, according to the invention, con 
ducive to the formation of finer fibers, it is, there 
fore, possible to thereby directly control bleeding. 
A series of experiments were performed where 

in samples of 6% by weight lithium 12-hydroxy 
Stearate grease in nineral oil were produced un 
de: Varying conditions and the bleeding propen 
sities of these samples were determined. 
The bleeding test found most satisfactory is 

one based on static bleeding in a half-pound 
tin of grease and performed in the following man 
her. A vertical groove was cut to the bottom of 
the grea.Se Sample with a spatula (6 in. Wide) 
and the Sample stored at room temperature. 
After tWo Weeks and again after six weeks, the 
free oil was decanted and measured, allowing a 
one-hour drain period. The groove was used pri 
narily to decrease the testing time. The data 
obtained are graphically illustrated in Figure IV 
and they reveal that when crystallization tem 
peratures, as indicated by a greater amount of 
"Superheat,' are such that as a result relatively 
Coarse Soap fibers are formed, there is an in 
creased tendency towards bleeding. In general, 
the Inaximum temperature of the gelling agent 
Solution should be limited to a few degrees, pref 
erably not over 5 C., above the solution tempera 
ture in order to obtain greases having low bleed 
ing losses. Also the temperature of the gelling 
agent Solution should be lowered (quenched) sufi 
ciently and quickly to provide a high degree of 
Supersaturation and thereby assure the growth 
of Only Small Crystals. It is preferred that the 
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temperature after quenching should be between 
about 15° C. to about 50° C., preferably about 30° 
C., below the solution temperature but may be 
greater or lesser according to the materials used 
and results desired. 

It is pointed out that a high temperature, i. e., 
a temperature appreciably greater than the So 
lution temperature, is to be avoided because of 
the resulting destruction of crystal sites (crystal 
nuclei) thereby. Furthermore, heating for an 
extended period of time at a temperature only 
slightly (2-10° C.) above solution temperature is 
to be avoided because crystal nuclei (molecular 
aggregates) are destroyed thereby. Thus a. 
lithium soap grease prepared by holding a con 
centrate thereof in mineral oil at a temperature 
above solution temperature, for example, 10 min 
utes at 200° C. (Solution temperature 196° C.) be 
fore quenching by adding thereto additional 
mineral oil, gave a considerably higher rate of 
bleeding than did a similar sample which was 
quenched immediately after reaching 200 C., al 
though the degree of 'superheating' was the 
same for both samples. 
The critical relationship between crystalliza 

tion temperature and crystal size of the gelling 
agent can be minimized by quenching a more 
dilute solution of the gelling agent. According 
ly, instead of quenching a 30% by weight con 
centrate of gelling agent with the remainder of 
the liquid carrier to produce a 6% grease, a suit 
able alternative procedure would be to quench 
a relatively low “concentrate,' say about 7% by 
weight gelling agent (which would contain about 
84% of the total liquid lubricant carrier in the 
finished grease) with the additional liquid lu 
bricant carrier required to give a 6% grease. The 
additional liquid carrier should be at an appro 
priately relatively lower temperature, about -10 
C., in order to obtain rapid quenching and the 
proper quench temperature. Thus 6% by weight 
lithium 12-hydroxyStearate mineral oil grease 
nade in the above manner to give a temperature 
after quenching of 179° C. from a solution at a 
temperature of 200° C. (i. e., 18° C. Superheat) 
would be expected, according to Fig. IV, to have 
a, bleeding value of at least 0.5 gn. Actually a 
bleeding value of only 0.05 gn. was obtained. In 
addition, it is pointed out that a grease produced 
by quenching a dilute solution requires less 
vigorous stirring to form a smooth grease because 
aggregation of the precipitated crystal fibers is 
inhibited. It is, of course, realized that instead 
of preparing a soap concentrate, it is possible to 
prepare a grease containing all the components 
thereof in the desired proportions, thereby elimi 
nating the necessity of adding additional carrier. 
The heated grease may then be quenched as by 
rapid cooling in a heat exchanger and further 
treated in accordance With the invention. 
In Summary, to produce a Superior Substantial 

ly non-bleeding grease, excellent results are ob 
tained when a gelling agent (SOap) and liquid 
carrier (mineral oil) are heated to, or slightly, 
about 1 to 5 C., preferably about 1 to 2 C., 
above solution temperature, maintained at that 
temperature for only a relatively short time (1-10 
minutes), so that although the melt appears to 
be substantially uniform and homogeneous there 
remain therein molecular aggregates or crystal 
nuclei; quenched from a fairly dilute melt with 
additional liquid carrier to a temperature Sub 
stantially below the solution temperature, about 
30° C. below; reheated to a temperature slightly, 
from about 2 to about 5° C., preferably about 2 
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8. 
C., below solution temperature and then vigor 
ously agitated while being cooled to a tempera 
ture substantially below (about 30° C.) the Solu 
tion temperature. 

Dimensional Stability or the resistance to 
slumping, particularly at elevated temperatures, 
is an important property of a grease relating to 
the ability of the grease to stay in place during 
use. Slumping takes place under gravity when 
the mass of the grease exceeds the ability of the 
fiber cross links of the gelling agent therein to 
support the structure. As the temperature in 
creases the individual points of contact support 
ing the mass become weaker, leading to eventual 
collapse of the “scaffolding' supporting the grease 
and holding the oil therein. 
Not only is the crystallization (precipitation) 

step important in determining the distribution of 
the gelling agent (Soap) fibers but also other 
steps of the process involving aggregation of the 
fibers have considerable effect upon dimensional 
stability. Obviously, if the fiber bundles formed 
by aggregation are not completely dispersed by 
the shearing action during cooling or if only a 
relatively few large fibers have been formed in 
the crystallization step, there will be few con 
tact points holding the entire grease mass to 
gether and greases of this type will slump very 
easily. Dimensional stability (slumping tend 
ency) can be fairly well correlated with proc 
essing conditions and temperature (i.e., solution 
and quench temperature, expressed as “super 
heat'). Slumping data for a range of “super 
heat' temperatures are set forth in Table II be. 
low. The data, show that only those samples 
prepared at the lower temperatures (Small 
amount of Superheat), according to the teaching 
of the invention, resisted slumping at 110° C. 
The test used to evaluate slumping tendency 

is a simple modification of the well-known wheel 
bearing test. 100 grams of grease is spread uni 
formly on the inside of a 600 cc. beaker to give a 
cylinder of grease approximately 'A' thick and 
3' high and placed about 4' above the bottom 
of the beaker. The beaker containing the sample 
is placed in an oven at 110° C. for one hour and 
the extent of slumping estimated from the pro 
portion (percentage) of the bottom of the beaker 
Covered by the grease. Bleeding can also be 
estinated in this test. 

TABLE II 

Effect of crystallization temperatures on Static 
bleeding and dimensional stability 

6% lithium 12-hydroxystearate in mineral oil stirred from 1900 C. to 
165° C. 

Bleeding, Slump super- M. uench (ASTM gas.12 Test, heat, FE; Singh Penetra 
weeks 110° C. o C. Sps'6" | So OKeS 

0.1------------ aSS----- 5 96 170 
0.1------------ ---do----- 6 99 168 S. 
0.2------------ --do----- O 97 64 290 
0.2------------ ---do----- 5 196 170 299 
0.3 ---do----- 197 63 307 
0.3 ---do- 8 197 172 296 
0.3 25%----- 10 200 171 299 
0.3 25%.---- 2 200 173 289 
0.3 75%----- 15 205 171 284 
0.4 50%----- 15 205 17 32 
0.7 100%---- 12 202 7. 30 
0.7 100%---- 19 207 173 317 
1.7 100%---- 23 200 184 301 
.7 00%---- 28 21 88 320 

Superheat: The sum of the temperatures in degrees centigra 
above 165 C. for the quench temperature and above i.gifse 
Inelt temperature. 
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When a geliing agent (e. g., lithium 12-hy 
droxystearate) is precipitated from its hot liquid 
carrier (e. g., mineral oil) solution, the resulti 
ing crystals usually have a tendency to aggregate 
into fairly large masses or clumps. This results 
in a “grainy' grease, or gelling agent (soap) -liq 
uid carrier (oil) slurry having none of the proper 
ties of a grease. As pointed out hereinbefore, 
this tendency to form "clumps' can be lessened 
by crystallizing the gelling agent from a dilute 
solution. In general, however, it is necessary to 
subject the grease mixture to a shearing action 
in order to disperse and break up these Crystal ag 
gregates. The shearing can be carried out at 
room temperature but the energy required Would 
be excessive. However, at a temperature. Some 
What below the solution temperature (e. g., for a 
lithium 12-hydroxystearate-mineral oil grease a 
temperature of between about 165° and 195° C.) 
the crystal bonds are much weaker and a Smooth 
grease can easily be prepared by stirring the hot 
slurry. The effect of maximum stirring tem 
perature upon grease consistency is shown by 
Figure W, wherein a lithium 12-hydroxyStearate 
grease concentrate was heated to about 200 C. 
and then portions were quenched with additional 
mineral oil to give greases containing 6% and 7% 
by weight soap. Thereafter portions of these 
greases were reheated to certain selected ten 
peratures and then stirred at 750 R. P. M. in a 
closed kettle while cooling to about 165° C. The 
various greases were then tested as to their con 
Sistency (ASTM penetration testS-300 Strokes) 
and the values noted were plotted against maxi 
inunn stirring temperature, as illustrated by 
Figure W. The increased effectiveness of Stirring 
at higher temperature up to solution tempera 
ture, is strikingly evident therefrom. However, 
When the greases are reheated above the solution 
temperature, all the fibers (crystals) previously 
formed by quenching disappear and the Subse 
quent recrystallization which takes place during 
the relatively slow cooling and stirring period 
leads to the formation of a rather coarse, grainy 
grease since a slow rate of cooling is conducive to 
the formation of very large fibers (crystals). 

It is pointed out that if stirring after reheat 
ing is stopped before the grease has cooled Sub 
stantially below the solution temperature, i. e., 
at least 15° C. below solution temperature, fiber 
reaggregation takes place so that high penetra 
tion values are obtained. Furthermore, if stir 
ring of the grease is continued to room or pack 
aging temperature, that is, to a temperature at 
least about 100° C. below Solution temperature, a 
Small amount of Softening of the grease occurs 
due to the mechanical breakdown of the fiber 
structure of the grea.Se. 

Bleeding resistance and dimensional stability 
are affected by maximum stirring temperatures 
to the extent that dispersion of the fibers is pro 
moted by higher temperatures. For example, 
for a 6% lithium 12-hydroxy-stearate-mineral oil 
grease, bleeding resistance improved when the 
maximum stirring temperature was increased to 
194° C. instead of 190° C. In general, the maxi 
mum stirring temperature should be slightly be 
low between about 1° to 5° C., preferably about 
2 C. below the solution temperature. 
Although the practice of the invention and dis 

cussion of the various operational factors in 
volved have been illustrated with mineral oil base 
greases containing lithium 12-hydroxyStearate. aS 
gelling agent (soap), the invention is applicable 
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10 
to other combinations of Soaps and oils. The 
gelling agents used to form the grease may be 
soaps of fatty acids and/or their glycerides. The 
Saponifiable material may be higher fatty acids 
or mixtures of the same having from 10 to 32 
carbon atoms and they may be Saturated, un 
Saturated or polar-substituted fatty acids, Such as 
capric, lauric, myristic, palmitic, Stearic, 
arachidic, behenic, lignoceric, myristoleic, palmi 
toleic, oleic, linoleic, ricinoleic, eurcic acids, cot 
tonseed oilfatty acids, palm oilfatty acids, hydro 
genated fish oil fatty acids, and their mixtures 
and/or their glycerides, such as lard, beef, rape 
Seed, palm, nenhaden, herring oils, etc. Other 
acids may be included, among which are: acid 
produced by oxidation of petroleum oil and Waxes, 
roSin acids, tall oil acids, abietic acids, including 
dehydroalbietic acid and dihydroaibietic acid; 
naphthenic acids, petroleum sulfonic acids and 
the like. 
A particularly preferred class of saponifiable. 

materials is the class of hydroxy fatty acids and 
their glycerides, such as dimethyl hydroxy ca 
prylic acids, dimethyl hydroxy capric acids, hy 
droxy physetoleic acid, ricinoleic acid, ricinela 
idic acid, 12-hydroxystearic acid, 9,10-dihydroxy 
Stearic acid, 4-hydroxypalmitic acid, linusic acid, 
Sativic acid, lanoceric acid, dihydroxygadoleic, 
dihydroxybehenic acid, quince-oil acid and the 
like. The preferred hydroxy fatty acids are those 
in which the hydroxy group is at least 12 carbon 
atoins removed from the carboxyl group. Also, it 
is preferable to use hydroxy fatty acids having 
at least 10 carbon atoms and up to about 32 car 
boil atoms and preferably those having between 
14 and 32 carbon atoms in the molecule. Instead 
of using the free fatty acids containing a hydroxy 
radical their glycerides can be used, such as cas 
tor oil or hydrogenated castor oil or mixtures of 
free hydroxy fatty. acids and their glycerides can 
be used. Mixtures of hydroxy and non-hydroxy 
fatty acids can be used to form soaps for use in 
the invention. 
The Saponifying agent used to make the soap 

may be alkaline acting metal compounds of Li, 
Na, K, CS, Ca, Sr, Ba, Cd, Zn, Pb and Co, and 
preferably the oxides, hydroxides and carbonates 
of the alkaline. metals of Valences from 1 to 3. 
Mixtures of Soaps can be used and the Soaps can 
be made in Situ or pre-made Soaps can be used to 
form the grease. Specific examples of preferred 
soaps and mixtures thereof are the alkali metal 
fatty acid soaps, such as lithium Stearate, lithium 
hydroxystearate, lithium ricinoleate, lithium Soap 
of hydrogenated fishoil fatty acids, lithium Soap 
of mixed Stearic and hydroxyStearic acids, Sodium. 
Stearate, sodium hydroxystearate, Sodium oleate, 
potassium oleate, potassium rosinate, calcium 
Stearate, calcium hydroxy Stearate, barium hy 
droxystearate, barium Stearate, barium Soap of 
mixed Stearic and hydroxy Stearic acids, lithium 
Soap of mixed oleic and hydroxyStearic acids, 
Sodium soap of mixed stearic and hydroxyStearic 
acids; barium Soap of mixed stearic and oleic 
acids; lead ricinoleate; mixed Soaps of lithium 
stearate and Sodium Stearate, mixed Soaps of 
lithium hydroxystearate and sodium stearate; 
mixed Soaps of lithium hydroxyStearate and cal 
cium stearate, etc. Amine Soaps, Such as trieth 
anolamine oleate can be used in combination with 
metal SoapS or as the Only gelling agent. 
Instead of using only SoapS as the gelling agent, 

mixtures of SoapS and other gelling agentS, Such 
as organic or inorganic aerogels, Silica, aerogels, 
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alumina, aerogels, nylon or cellulose fibers can be 
used in addition to the soap as the gelling agent. 
The soap content of grease compositions of this 

invention may vary over wide limits between 
about 3 to 20% and may be as high as 50% by 
weight. In practice, it is possible by choice of 
suitable grease-forming lubricant bases to manu 
facture satisfactory lubricating greases contain 
ing only about 10% or less by weight of the Soap 
mixtures. Very satisfactory products are ob 
tained with a total Soap content of about 6% to 
8% by Weight of the finished grease. 
The grease-forming lubricant bases used in 

preparing the greases of the present invention 
may vary widely in character and include mineral 
oil of wide viscosity range, the range Varying from 
about 100 SSU at 100 F. to about 2000 SSU at 
100° F. The viscosity index of the oil can vary 
from below zero to about 90 or higher and Can 
have an average molecular Weight ranging from 
about 250 to about 900 or higher. It may be 
highly refined and solvent treated if desired by 
any known means. A preferred mineral oil is 
one which has a viscosity of 300 to 700 SSU at 
100° F., a viscosity index of from 40 to 90, or even 
higher, and an average molecular Weight of 350 
to 750. Instead of using straight mineral oil as 
the base, Synthetic oils and lubricantS may be 
Substituted in part or wholly for the mineral oil. 
Among the Synthetic lubricantS Which can be 
used are: polynerized olefins; polyalkylene gly 
cos and their partial or complete ethers and 
esters; organic esters, e. g., 2-ethyl-hexyl Sebar 
cate, dioctyl phthalate, tri(ethylhexyl) phoSphate; 
polymeric tetrahydrofuran; polyalkyl Silicone 
polymers, e. g., dimethyl Silicone polymer; alkyl 
ated aromatics, Such as Waxylated naphthalenes, 
etc. Under Sonne Conditions of lubrication, minor 
announts of a fixed oil Such as castor oil, lard oil, 
etc., may be admixed with the hydrocarbon oil 
and/or synthetic oil used in making grease con 
positions of this invention. 

Particularly useful Stabilizing agentS for grease 
compositions of this invention are the alkylene 
glycol and/or alkylene thio glycol polymers, in 
cluding their mixtures, as well as their monoester 
and/or ether derivatives. The alkylene glycol 
polymeric materials, also named polyoxyalkylene 
diols, can be represented by the following general 
Structural forinula: m 

wherein in and n are the same or different inte 
gers in a given molecule and d is an integer. 
Preferably the polymeric alkylene glycols as rep 
resented by the above general formula should be 
such that the product of the factor a and the 
unber of carbon atoms within the brackets 

Should be at least 6 and nore. 
The higher polyalkylene glycols having between 

2 and 6 carbon atoms in the alkylene group are 
most effective as additives of this invention and 
those containing the ethylene and propylene 
groups are preferred. The average molecular 
weight of the polyalkylene glycols may be from 
about 200 to about 7,000 and the preferred in Olec 
ular weight, being from about 600 to 6,000, it being 
understood that Such compositions are always 
mixtures of various molecular Species of different 
naclecular weightS. 
To greases of this invention there may be added 

Srinal amounts of other SoapS or SaltS, generally 
in amounts of leSS than 2% for additional bene 
fits. For example, there may be incorporated 
into sodium soap grease as described above a 
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2 
inor amount of aluminum Soap or alkali and 

alkaline earth metal naphthenates, acetates, 
hydroxybenzoate, alpha-hydroxyStearate, alpha 
hydroxypropionate, beta - hydroxypropionate, 
gamma-hydroxyvalerate, Ca Salt of alkylphenol 
formaldehyde condensation product, Zn dibutyl 
dithiocarbamate, etc. 
Minor amounts of Oxidation inhibitOS can be 

added to grease compositions of this invention 
with benefit, Such as N-butyl paraphenylene dir 
annine. Also effective as oxidation inhibitors are 
alpha or beta, naphthylamine, phenyl-alpha- or 
beta-naphthylamine, alpha-alpha or beta-beta, 
dinaphthylamine, diphenylannine, tetranethyl 
diamino-diphenylmethane, petroleum alkyl phe 
nols, and 2,4-ditertiary-butyl-6-methyl phenol. 

Corrosioin inhibitors which are particularly 
applicable with compositions of this invention are 
N-primary anies containing at least 6 and more 
than 18 carbon atoms in the molecule Such as 
hexylamine, octylamine, decylamine, dodecyl 
amine, octadecylamine, heterocyclic nitrogen 
Containing Organic compounds Such as alkyl Sub 
Stituted oxazolines and oxazoline salts of fatty 
acids. 
Extreme preSSure agents can be added to such 

grea.SeS and the preferred agents comprise esters 
of phosphorus acids such as triaryl-, alkylhy 
droxy-, alkyl-, aralkyl-phosphates, thiophos 
phates, or phosphites, etc., neutral aromatic Sul 
fur compounds Such as diaryl Sulfides and poly 
Sulfides, e. g., diphenyl Sulfide, dicresol sulfide, 
dibenzyl Sulfide, nethyl butyl dipheno Sulfide, 
etc., diphenyl Selenide and diselenide, dicresol 
Selenice and poly Selenide, etc., Sulfurized fatty 
Oils or esters of fatty acids and nonohydric alco 
hols, e. g., Sperm oil, jojoba, oil, etc., in Which 
the sulfur is tightly bound; Sulfurized long-chain 
olefins obtained by dehydrogenation or crack 
ing of Wax; Sulfurized phosphorized fatty 
oils, acids, esterS and ketOnes, phosphorus 
acid esters having Sulfurized organic radi 
cals, such as esters of phosphoric or phos 
phorus acids With hydroxy fatty acids, chlorinat 
ed hydrocarbons Such as chlorinated paraffins, 
aromatic hydrocarbons, terpenes, mineral lubri 
Cating oils, etc., or chlorinated esters of fatty 
acids containing the chlorine in positions other 
than the alpha, position. 

Additional ingredientS Which can be added are 
anti-wear agents such as oil-soluble urea, or thi 
ourea, derivatives, e. g., urethanes, allophanates, 
carbazides, carbazones, etc.; or rubber, polyiso 
butylene, polyvinyl esters, etc.; Wiscosity index 
(W. I.) improvers such as polyisobutylene having 
a molecular weight above about 800, volatilized 
paraffin Wax, unsaturated polymerized esters of 
fatty acids and monohydric alcohols, etc.; oili 
ness agentS Such as Stearic and oleic acids and 
pour point depressors Such as chlorinated naph 
thalene to further lower the pour point of the 
lubricant base. 
The amount of the above additives can be 

added to grease Corpositions of this invention 
in around about 0.01%, up to less than 10% by 
Weight and preferably from 0.1 to 5.0% by Weight. 

Greases of this invention are applicable for 
general automotive uses, and are excellent air 
craft greases, industrial grea.SeS and the like. 
This invention is a continuation-in-part of my 

Copending patent application, Serial No. 105,38, 
filed July 18, 1949 now U. S. Patent 2,614,079. 

I claim as my invention: 
1. A lethod of preparing a grease composition 

s 
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which comprises: heating a mixture of an organic 
liquid lubricant and a fibrous metallic soap of 
an aliphatic monocarboxylic acid having at least 
10 carbon atoms per molecule, said soap being 
Selected from the group consisting of alkali metal 
SoapS and alkaline earth metal Soaps to a tem 
perature between the minimum solution tem 
perature, at which temperature said soap at 
least colloidally disperses in said lubricant, and 
5 C. thereabove, for a period between 1 and 10 
minutes; quenching the solution so formed to 
a temperature between about 15° C. and 50° C. be 
low Said minimum solution temperature; reheat 
ing the cooled mixture to a temperature between 
about 1° C. and about 10° C. below said minimum 
Solution temperature; cooling the reheated mix 
ture while Subjecting it to shearing, to a tempera 
ture between 15° C. and 100° C. below the mini 
mum Solution temperature; and cooling the re 
Sulting grease to lower temperatures in the sub 
Stantial absence of shearing. 

2. A method of preparing a grease composi 
tion which comprises: heating a mixture of a 
liquid hydrocarbon lubricant and a fibrous alkali 
metal Soap of an aliphatic monocarboxylic acid 
having at least 10 carbon atoms per molecule 
to a temperature between the minimum solution 
temperature, at which temperature said soap at 
least colloidally disperses in said lubricant, and 
5 C. thereabove, for a period between 1 and 10 
minutes; quenching the solution so formed to a 
temperature between about 15° C. and 50° C. 
below Said minimum solution temperature; re 
heating the cooled mixture to a temperature be 
tWeen about 1° C. and about 10° C. below said 
minimum solution temperature; cooling the re 
heated mixture, While Subjecting it to shearing 
to a temperature between 15° C. and 100° C. below 
the minimum solution temperature; and cooling 
the resulting grease to lower temperatures in the 
Substantial absence of shearing. 

3. A method of preparing a grease composition 
Which comprises: heating a mixture of a liquid 
hydrocarbon lubricant and a fibrous lithium soap 
of an aliphatic monocarboxylic acid having at 
least 10 carbon atoms per molecule to a tempera 
ture between the minimum solution temperature, 
at Which temperature Said soap at least colloid 
ally disperses in said lubricant, and 5° C. there 
above, for a period between 1 and 10 minutes; 
quenching the Solution. So formed to a tempera 
ture between about 15 C. and 50° C. below said 
minimum solution temperature; reheating the 
cooled mixture to a temperature between about 1. 
C. and about 10° C. below said minimum Solution 
temperature; cooling the reheated mixture, while 
subjecting it to shearing to a temperature be 
tween 15° C. and 100° C. below the minimum solu 
tion temperature; and cooling the resulting 
grease to lower temperatures in the Substantial 
absence of Shearing. 

4. The method according to claim Wherein 
the organic liquid lubricant is a mineral lubricat 
ing oil. 

5. The method according to claim 1 wherein 
the soap is a metal hydroxy fatty acid Soap and 
the organic liquid lubricant is a mineral oil. 

6. The method according to claim 3 wherein 
the soap is a lithium hydroxy fatty acid Soap 
and the organic liquid lubricant is a mineral oil. 
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7. The method according to claim 3 wherein 

the soap is lithium 12-hydroxystearate and the 
Organic liquid lubricant is a mineral lubricating 
oil. 

8. The method according to claim 2 wherein 
the Soap is a Sodium fatty acid soap and the 
organic liquid lubricant is a mineral lubricating 
oil. 

9. The method of producing a lithium SOap 
grease composition which comprises: heating an 
admixture of lithium 12-hydroxystearate and 
mineral oil to about 195° C.; rapidly cooling the 
resulting Solution to a temperature between about 
160 C. and about 180° C. by adding additional 
mineral oil thereto; reheating the resulting cooled 
material to a temperature between about 1850 C. 
and about 196° C. but below solution temperature 
and cooling while working the reheated material 
to a temperature between about 150° and about 
175 C. and thereafter statically cooling the re 
Sulting grease to ambient atmospheric tempera 
ture. 

10. The method according to claim 9 wherein 
the proportions of oil and soap in the first heat 
ing step are such as to yield about a 30% con 
centration of soap in the total composition. 

11. The method according to claim 9 Wherein 
the proportions of oil and soap in the first heat 
ing step are Such as to yield about a 7% concen 
tration of soap in the total Composition and 
Wherein the amount of mineral oil added in the 
first cooling step in such as to reduce the SOap 
Content to about 6%. 

12. The method of producing a lithium SOap 
grease composition which comprises: heating an 
admixture of a lithium hydroxystearate and 
mineral oil to about solution temperature; rapidly 
cooling the resulting solution to a temperature 
between about 15° and 50° C. below said solution 
temperature; reheating the resulting cooled ma 
terial to a temperature about 1° C. to about 10° 
C. below said solution temperature and cooling 
While Working the reheated material to a tem 
perature about 15° and 50° C. below Said Solution temperature. 

13. The method of producing a lithium SOap 
grease composition which comprises heating a 
mixture of lithium hydroxy stearate and mineral 
oil to about solution temperature; rapidly cool 
ing the resulting solution to a temperature be 
tween about 15° and about 50° C. below Said Solu 
tion temperature; reheating the resulting cooled 
material to a temperature about 1o C. to about 
10° C. below said solution temperature and cool 
ing while working the reheated material to a 
temperature about 15° and 50° below said solu 
tion temperature, said initial heating having 
been carried out to a maximum temperature not 
higher than the minimum solution temperature 
for a time not greater than about ten minutes. 

ROBERT J. MOORE. 
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