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bearing elements B and C previously mentioned 
and consists of a hollow rotor having an inlet 
for cooling fluid such as water at one end as 
indicated at L, and a discharge port M at its 
other end. Water connections may be maintained 
through suitable annullar or end fittings, as wil 
be obvious to those skilled in the art. 

It will be understood that grease from a mix 
ing unit is admitted at J under suitable pressure 
and is forced continuously through the thin an 
nullar channell IH between the revolving member 
D and the jacket inner wall G to be discharged 
through the opening K. Cold water or other 
suitable cooling medium thus surrounds the an 
nullar cooling channel IH in the outer jacket mem 
ber and also in the internal rotatable member. 
The temperature of the cooling medium and its 
rate of flow may, of course, be regulated as de 
sired to obtain the desired rate of cooling. The 
rate of flow of grease or the like through the cool 
ing apparatus may also be controlled. 
The internally cooled rotor D may be turned 

att from 50 to 1,000 R. P. M. and may be separated 
from the externally cooled shell by a Space of, 
for example, 0.005 to 0.250 inch. These dimen 
sions, of course, may be varied within other limits 
as desired. - 
As an example of our invention, a batch of 

grease of the following composition - was pre 
pared: 

EXKAMPLE 
W Per cent 

Hydrogenated fisha oil -------------------- 5.0 
Hydrogenated fish oil acids ---------------- 5.0 
Sodium hydroxide ----------------------- 2.4 
Barium hydroxide octahydrate ------------ 3.2 
Mid-Continent distillate of 45 S. S. U. Wiscos 

itty at 210* F. --------------------------- 74.4 
The fat was saponifed in the presence of the 
acids and an equal amount of mineral oil. The 
fat and acid mixture was partially Saponified 
with the barium hydroxide and the Sodium hy 
droxide was added later to complete the Saponi 
fication... After sapomification was completed, the 
resulting soap and oil dispersion was dried out 
by heating to remove most of the moisture there 
from. The temperature for drying was pref 
erably below the melting point of the Soap. The 
rema inder of the oil then was added and the en 
tire grease composition was heated to a tem 
perature of about 400° F. As a result of this 
heating, all of the residual moisture was removed 
and the soap appeared to be completely dissolved 
in the mineral oil. Half of this composition was 
then pumped at a rate of 0.72 lb../min... through 
a grease cooler of the close clearance type ex 
emplified in Figure 1. In this example i the in 
ternal rotor was driven at a Speed of 175 R. P. M., 
the radial clearance, that is the width or thick 
ness of the annullar channel H, being 0.125 inch 
in this instance. 

In the foregoing example, the first half of the 
batch was cooled in the manmer described above 
to a resulting temperature of 64° F., allthough it 
has been found subsequently that Such extreme 
cooling is not necessary. The rema inder of the 
hot molten batch was drawn into pans and cooled 
in the conventional manner without further agi 
tation. It was worked down the next day to a 
smooth grease. Both products were Smooth, 
homogenous and buttery in appearance but they 
differed widely in their high temperature per 
formance and their ability to withstand mechani 
call working. 
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Figure 2 shows the results of a test whereby 

the greases described above were run in a pres 
sure viscometer at a slowly increasing tempera 
ture. The rate of flow was held constant and 
therefore the pressure recorded was proportional 
to the apparenti viscosity. It should be noted 
particularly that the product of the rotor type 
close clearance cooler is considerably more 
viscous, generally Speaking, than the pan product. 
Hence it has less tendency to leak from a bearing, 
for example, from a ball or roller bearing. 

Figure 3 shows the relative softening of the 
same greases, indicating their respective stability 
to mechanical working. The greases were worked 
in a modified ASTM grease worker which oper 
ates by an electric motor at one stroke per sec 
ond, causing a plate provided with 4 inch holes 
in it to pass through the grease twice per second. 
This working breaks up the mechanical structure 
of the grease and normally tends to soften the 
grease and separate the oil from the soap if there 
is any tendency towards such separation. The 
penetration test indicates the degree of softening 
and it will be noted that the pan cooled grease 
Softened much more readilly and to a much 
greater extent than the grease from the close 
clearance cooler. After 500 strokes of working 
the product of the mechanical cooler .. showed 
much lesS ?of a tendency to soften, the difference 
being over 100 points of penetration by the stand 
ard penetration test. 

Tests on a large number of greases have demon 
strated that the careful controll of the cooing 
rate, together with rather severe working, which is 
effected by the rotation of the internal rotor as D, 
produces a much Superior product in comparison 
with that produced by conventional pan cooling. 
Greases of the sodium-calcium type, sodium 
lithium and other modified sodium greases, as 
well as those made from single sodium soaps, 
show marked improvement in stability, resistance 
to softening, and structure life. Grease of the 
general character of that shown in Example II 
may be produced with varying proportions of 
barium and Sodium hydroxides. The proportions 
of fatty oils and acids may be varied, also. The 
Soap may comprise from 15 to 30% or more of the 
total composition. 
The greases described above are typical of 

those which are included in our invention, where 
in a mineral oil base lubricant is employed. The 
invention, however, is not limited to lubricants 
of the mineral oil type and, as suggested above, 
it has a particularly useful application to greases 
compounded of certain soaps and certain pollar 
solvents. These solvents are esters which have 
been found to have useful lubricating properties. 

It has recently been found that lithium soap 
base lubricants employing pollar solvents Such as 
di-(2-ethyl) hexyl sebacate, secondary butyl 
azellate or other esters of dibasic acids as dispers 
amits for the lithium soap provide greases having 
very good grease structure and poSSessing excel 
lent high and low temperature properties. These 
properties cannot both be secured in mineral oil 
grease lubricants. A typical formula for their 
composition is as follows: 

70 XKAMPLE 
Per cent 

Lithium stearate ------------------------ 15.00 
Zinc naphthenate ---------------------- 1.00 
Phenyl alpha naphthylamine ---------------- 1.00 

75 Di-2-ethylhexyl Sebacate ---.-.-.-.-.-.-.-.-.-.-.-.-.- 83.00 
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when a grease composition having the foregoing suspended in the ester. As im Example II, the tem 
formula is prepared in the conventional manner perature during this period is preferably below 
by mixing and heating the ingredients to 400' F. the melting point of the soap... The temperature, 
and then pouring the molten grease into cooling while stirring, was then increased to 400° F. At 
pans in normal layers of 6 to 8 inches deep for this temperature the solid materials wenti into 5 
cooling, the resulting product is not very Satis- solution in the ester and thereafter the homo 
factory. It readilly breaks down with slight work- geneous molten mass was treated as follows: One 
ing to a semi-fluid condition with almost com- half of the molten grease was rapidly chilled to 
plete loss of grease structure. Such a lubricant, 80° F., by being passed through the mechanical 
particularly when used in anti-friction bearings 1 () close clearance cooler described above. The other 
such as ball bearings and roller bearings will half was cooled by the conventional pan method, 
leak out of the bearings rapidly, due to its fluid requiring some 10 to 12 hours to reach the same 
nature causing premature bearing failures. temperature of 80° F. The following table shows 
However; when this lubricant is prepared exactly the comparative results of the greases of the 
as above but is quickly chilled while being drasti- 5 above formula cooled by the two methods: 
cally milled or worked, it develops exceptional 
stability to mechanical working... While the me 

Chiller Cool chanical close clearance chiller or like device ed, Smooth, | Pan Coolcd, 
produces a superior product, we have found that Appearance gass Smooth firm 
if the material is poured into cooling pans in thin 20 no Albergus | cake 
layers, for example, not over about 1 inch or So ---spammew -mlm- mill 

in thickness, g?al A'E; ASTM Unworked l'enetration (77° 2 12) - 
grease fis formed which has good stability agains A - - - - - - - - - - - - -ffirro ii ii 2. 
mechanicaiworking.Thimmer layers are even WiFi?'63633,3'13'32%, 276 320 
better, apparently. The thicknesses should be 25 hole worker plate-------------------- 275 | 378 “"Alira) 
compared with the layer depths of 6 to 8 inches Per cent Oil Separation at 210° F. 
normally used im grease cooling pans. in 50 hours --------------------------- 0. 0%, 8. 5% 
The foregoing is more surprising when it is mI mI mI mI - - -- - - - - kemm l 

realized that the conventional lithium soap Rogular ASTM Method und worker. 
... : A Princediture described in A -Navy Snoe. AN-G-3A. greases prepared in relatively non-pollar min- 3o ' “““'““'““'“'“'“ 

eral oils normally require very slow pan cooling As indicated in the first example the results im 
to obtain maximum stability to mechanical work- mediately above show that other things being 
ing. The following table shows a comparison of equal, the chiller cooled grease is much more 
a standard prior art mineral oil base lubricant stable against mechanical breakdown than the 
with the grease described above. The prior art 35 normal pen cooled grease and it is also more 
lubricant consisted of 13% lithium stearate, 1% resistant to oil separation both in accelerated oil 
zinc naphthenate, 0.5% phenyl alpha naphthy- separation tests and in actual storage. 
lamine and 85.5% of a ' gas oil fraction mineral Although the mechanical cooler described 
oil. above appears to be highly desirable, it has been 

Mechanical stability of lithium soap greases 
(ASTM penetration number] 

Slow Pan Cooling Quick Chilled 

Product After B 
er B010 

3 | 60 | | 5,000 | | 100,000 | 1 60 1 5,000 1100,000 

Standard prior art lubricant (mineral oil base) ------- 285 | 285 320 - Semi-Fluid 285 | Semi-Fluid 
Grease of Example II (ester base) ----------------------------- 318 | 325 370 | do--------- 275 302 

| 
1 Number of strokes with 32548” hole worker plate (ASTM Worker). 
The composition of lithium soap grease may be found that certain of the advantages inherenti in 

varied somewhat, the amount of soap being the rapid cooling effected by such mechamical 
preferably from 10 to 25% by weight. Small means may be gained by the use of thin layer 
quantities of antioxidants, such as phenyl alpha cooling in conventional equipment. Certain 
naphthylamine, and of stability improvers, such “ greases which are subjected to extreme mechani 
as zinc naphthenate, may be used, though com- Call - working, such as occurs in ball bearings and 
monly they will not be required. When used, other moving mechanisms, may be given very 
these materials will generally be from 0.1 to not good stability by merely cooling them in very thin 
more than 2% each. Other conventional addi- 60 layers in pans, authough cooling combined with 
tives may be used in minor quantities as will be working in thin layers is preferable. Where 
apparent to those skilled in the art... , shearing stresses run high and where greases are 

5 5 

EXKAMPLE I particularly subject to mechamical breakdown, 
Per cent soaps prepared by conventional pan methods but 

Lithium stearate-------------------- ------ 20.0 65 cooled in layers which are extremelly thin as com 
Phenyl naphthylamine--------------------- 1.0 pared with those commomly used, appear to de 
2,6-di-tertiary-butyl-4-methyl phenol-.-.-.-.-.- 0.5 velop similar superior structural characteristics, 
Di(2-ethyl) hexyl sebacate----------------- 77.5 although to a lesser degree, as compared with 
Zinc naphthenate ------------------------ 1.0 those which are prepared by mechanical work 
A grease having the above formula was prepared 70 ing in very thin layers in the mechanical cooler. 
by heating and stirring all the ingredients to- Figures 4 to 10, inclusive, of the drawings, are 
gether at 100° F. in a gas fred grease making electron photomicrographs of the soap structure 
kettle until the solid ingredients were uniformly of the samples of standard prior art lubricant 
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based on mineral oil and the pollar solvent ester 
lithium grease before and after mechanical work 

- ing. These show the actual grease structure 
greatly magnified. They reveal that the rapidly 
cooled and mechanically worked pollar solvent 
ester grease, of Example II, contains coarse 
needle-like crystals which do not change mate 
rially in character during extended working in 
the Standard ASTM worker described above. 
In all other cases, the crystals break down and 
agglomerate during working to balls of soap 
which do not yield a gel structure. Referring 
again to the drawings, Figures 4, 5 and 6 show a 
prior art lubricant of the lithium soap-mineral 
oil type, pan cooled, wherein the progressive 
breakdown of crystall structure is quite apparent. 
In Figure 4 the soap particles are shown dis 
perSed as needle crystals forming a random net 
Work throughout the unworked grease. In Fig 
ure 5 the Same grease is shown after working 
5,000 strokes with a ffine hole worker plate. The 
Soap Crystals in this case have agglomerated 
along their long axis resulting in a weakened 
grease Structure. In Figure 6 the same grease 
is shown after 100,000 strokes with the fine hole 
worker plate. In this figure the soap " crystals 
have Completely broken down and have agglom 
erated into large ballls. In such a grease the oil 
Separates from the soap and becomes quite un 
satisfactory. 

Figure 7 shows grease of the same composition 
as Showm in Figure 4 except that during prepa 
ration it was rapidly cooled and drastically 
worked while cooling. It will be noted upon close 
examination that needle crystals are present, 
forming a random network throughout the 
grease as in Figure 4, but the crystals are much 
finer and the network is less distinct than is the 
Case in Figure 4. This material is considerably 
poorer than that shown in Figure 4 Showing that 
Slow cooling is desirable in the manufacture of 
conventional lithium soap-mineral oil greases. 

In Figure 8 the polar solvent ester-lithium 
grease described above in Example III is shown 
before testing in the ASTM worker. The S0alp 
particles are dispersed as rather coarse and 
curved needle-like crystals, forming a random 
intermeshing network throughout the greaSe. 
This grease was rapidly chilled in the close clear 
ance chiller of Figure 1. 

In Figure 9 the same grease is shown after 
100,000 Strokes with the ffine hole worker plate. 
It should be noted that Figure 9 shows alimost 
exactly the Same crystalline structure as is shown 
ir Figure 8. By contrast, a parallel comparison 
sh ould be made between Figures 4 and 6. 

Figure 10 shows the same lubricant cooled by 
the old pan process and worked 100,000 strokes. 
Although a few crystals are still evident, it will 
be noted that the soap crystals have amost com 
pletely broken down and have agglomerated 
much as in the case of Figure 6. The contrast 
between Figures 9 and 10 is striking and it repre 
sents the difference between a rapidly chilled 
and worked grease of the pollar solvent type and 
one which is allowed to congeal over a long 
period of time in the conventional manner and 
without mechanical working during cooling. 

It is recognized that the controll broadly of 
crystal growth, for example in the freezing of 
liquids by controll of the rate of cooling, has long 
been known. It has been employed to some ex 
tent in grease manufacture. In the manufacture 
of the lithium greases, however, as pointed out 
above, it has been commonly recognized that slow 
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cooling is necessary to produce desirable struc 
tures. Quick chilling with drastic working ap 
pears to have unusual merit with lithium soap 
ester type greases. With the particular greases 
enumerated above, it is evident that known meth 
ods of grease manufacture may be improved in 
an unexpected manner With marked results. The 
controll of the crystalline or micelle structure of 
these greases, in the manner described, results in 
the production of a product which appears to be 
Superior for some purposes at least, to anything 
known to the prior art. 

It will be evident from the foregoing that we 
have effected by our invention an important ad 
vance in the art of preparing greases and also 
that in the case of certain particular compositions 
the products are novel and advantageous as com 
pared with those of the prior art. It will be obvi 
ouS that the process might be applied to various 
other types of greases although not necessarily 
with the same degree of Success. The advantages 
realized can be extended in various ways that will 
be apparent to those skilled in the art. Hence we 
do not intend that the scope of our invention be 
limited to the examples specifically recited here 
inabove or otherwise, except as defined by the 
following claim. 

It will also be understood that the invention is 
particularly applicable to greases which are pre 
pared with soaps which, allthough freely miscible 
in oils at elevated temperatures, tend to sepa 
rate at lower temperatures. By combining the 
ingredients at moderate temperatures to effect 
sapomification, thereafter heating to a tempera 
ture above the melting point of the soap, to ob 
tain a true Solution of Soap in lubricant, and then 
chilling with severe mechanical working in close 
clearance, the advantages of our invention may 
be fully realized. The invention is particularly 
applicable to lithium soap-pollar solvent (ester) 
greases; it is applicable to sodium base greaseS 
to improve their structural Stability against 
severe mechanical working; it is applicable in 
general to high temperature anti-friction bearing 
greases; and it is applicable in lesser degree to 
various calcium, aluminum, Sodium, lithium and 
other metall soap and mixed metall Soap base 
greases, as will be understood by those Skilled in 
the art. 
While the particular apparattus illustrated and 

the process described appear at this time to be 
advantageous, it will be understood that other 
apparatus may be employed and that the process 
may be varied. Thus the advantages of con 
trolled cooling may be utilized, to a degree at least, 
without resorting to mechanical working, and 
vice versa. The ingredients are preferably com 
bined in a manner to effect complete sapomifica 
tion with an aqueous solution of alkali before 
raising the temperature above the boiling point 
of water to dissolve the soap in the lubricant, but 
this may be varied, if desired, as will be under 
stood by those skilled in the art. 
The products of our invention may be dis 

tinguished by ' their stable structure after severe 
use. As shown in Figure 9, for example, the elec 
tron micrograph reveals a distinct microscopic 
needle structure in lithium soap-ester grease even 
after such severe working as results from 100,000 
Strokes of the ASTM grease worker. To a lesser 
degree Figure 10 shows similar properties. 
Figures 6 and 7 show comparative properties in a 
Standard prior art lithium soap-mineral oil 
greaSe. 
We have found further that by our method of 
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manufacture the soap employed, particularly in 
lithium soap greases in pollar solvents, is mal 
terially reduced. Thus the same consistency cam 
be obtained with 15% soap by quick chilling the 
grease as cam be obtained with 20% of the Same 
soap in the same solvent when slow pan cooling 
is practiced. 
We Claim: - 
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file of this patent: 

The process of preparing a lubricating grease 
which is highly stable in severe mechanical work 
ing which comprises combiming about 15 to 20% 
by weight of lithium stearate, about 1 % of zinc 
naphthenate, 77.5 to 83% of di-2-ethyl . hexyl. 
sebacate, and 1 to 1.5% of antioxidant, stirring 
the ingredients to prepare a slurry, heating Said 
slurry to a temperature substantially above the 
melting point of said lithium stearate to obtain 
a homo?eneous solution, and rapidly and con 
tinuously chilling said, solution to a temperature 
of about 80° F. simultaneously , with severe me 
chanical working in layers of 0.005 to' .25 inch in 
thickness. 
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