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This invention relates to the preparation of

greases and similar compositions. More specifi-

cally, the invention is concerned with improve-

ments in the process for the preparation of

oiegsas coraprising or contsining inorganic col-
loids and lubricating oils. |

Gireases comprising lubricating oils gelled with
inorganic colloids incorporated therein have
heen described previously by Munch (German
Patent 451,055) and Kistler (U. S. Patent
2,260,625). The inorganic colloidal materials in
most cases have been various forms of silica.
Kistler, for example, shows the use of silica aero-
gels, while Munch was the first to describe silica
oreases prepared by the displacement of water
from silica hydrogel using volatile organic liguids
- which in turn were displaced with a mineral oil.
n comparison with ordinary greases, the lubri-
cating oil-inorganic gel greases possess the out-
standing characteristic of structural stability at
- elevated temperatures. This property makes such
areases of particular interest in the lubricating
of ball bearings and other machinerry parts, as
well as in turbojet engines and in steel rolling
miils.

One of the shortcomings of such systems is
that they are sensitive to the presence of water,
apparently due to the hydrophilic nature of the
oel surfaces. Henece, the unmodified greases pre-
pared according to the two publications given
shove have been found to be unstable if em-
ployved in the presence of water. The end result
is the disintegration of the grease structure, re-
sulting in the precipitation of sﬂma and the
separation of an oil phase.

Various means have been taken to cmrect this
characteristic. The addition of various protec-
tive compounds is described in several copend-
ing patent applications. Patent application
Serial No. 782,694, filed October 28, 1947, in the
name of Fred H. Siross (now Patent No. 2,554,222
dated May 22, 1951), describes the use of amines
for this purpose. A similar result was obtained
by the addition of hydrophobic scaps as disclosed
in patent application Serial No. 782,695, filed
October 28, 1947, by the same inventor (now
abandoned). Greases of amphoteric metal such

10

15

26

29

30

39

40

45

as aluming may be water-proofed by the addition

of high molecular weight acids, as shown by co-
pending patent application Serial No. 91,229, filed
May 3, 1949, filed in the names of Fred H. Stross
and Stanley 'T. Abrams. One of the most prom-
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ising types of additives to be utilized for the sub-

ject purpose includes hydrophobic hydroxy com-
pounds exemplified by the glycerides of 12-hy-
droxy stearic acid. These are disclosed in pat-
ent application Serial No. 82,905, filed March 22,
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1949, in the name of W. H. Peterson (now Pat-

ent No. 2,573,660 dated October 30, 1951). The
present application is a contmuatmn-m—part of
the latter application, Serial No. 82,805.

In utilizing these various water-proofing
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agents, it has been the normal practice to in-
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corporate the agent eilther in the inorganic gei

or more usually in the lubricating oil. Foliow-
ing this, the three major ingredients, namely,
additive, gel and oil, were stirred and subjected
to shearing in order to produce a satisfactory
grease structure. At times, moderate amounts

of warming have been employed. The major
purpose for heat, as used in the past, has been

to thin the oil so as to more easily incarpomte
the addition ingredients therein,

It is an object of the present invention tc im-
prove the water-resistance of greases gelled by
the presence of inorganic colloidal material. It
is a further object of the present invention to
improve the process for the preparation of such
greases, It is an additional object to provide
improved water-resistant lubricating greases
snowing an unexpected response to water-proof-
ing agents. These objects will be more fully un-
derstood and other objects will become apparent
from the following description of the invention.

Now, in accordance with this invention, it has
been found that the water-resistance and other
characieristics of greases gelled with incrganic
cclloidal materials are substantially improved
when the ingredients are heated for a period he-
tween about 20 and about 180 minutes at a tem-
perature between about 120° C. and about 220° C.,
preferably between 165° C. and 200° C. Still in
accoraance with this invention, it has been found
that this heat treatment is especially effective if
& surface active hydrophobic material useful as
a water-proofing agent is present during a sub-
stantial part of the heating period. Another fea-
ture of the present invention comprises the im-
provement in gelling power of inorganic colloids
caused by the subject heat treatment. Again, in
accordance with this invention, it has been found
that the heat treatment is of maximum benefit
when the inorganic collocidal material has been
treated with 1-30% by weight of an acid such
&5 phosphoric acid or boric acid previous to in-
corporation in the mixture of grease-forming in-
gredients.

The inorganic colloidal materials especially
useiul for grease formation include metallic ox-
ides or hydroxides as well as treated clays as de-
fined hereinafter. More specifically, the inor-
ganic colloids capable of ge] formation in lubri-
cants are alkaline earth metal oxides and hy-
aroxides, alkaline earth metal carbonates, alkali
metal carbonates, polyvalent metal oxides suech
as silica, magnesia, aluming, ferric oxide, vana-

dium pentoxides and other heavy metal oxides,

polyvalent meta]l sulfides such as ferrous sulfide
ana cuprous sulfide, and some metallic sulfates
and phosphates., Mixtures of these materials
may pe employed, of which the most promising
have been found to be synthetic zeolites such as
magnesium silicates or aluminum silicates pre-
paired by known methods.

Various naturally occurring colloidal inorganic
compounds are also useful if employed as more
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particularly described hereinafter. These are
ordinarily complex combinations of two or more
metallic oxides roughly described as magnesium
silicates, aluminum silicates, magnesium-glumi-
num silicates and the like, which may be con-
sidered to be chemical combinations c¢f magne-
sium oxide with silicon dioxide or aluminum
oxide with silicon dioxide, etc. Some representa-
tive naturally occurring materials which are par-
ticularly suitable are the bentonites, fuller’s
earth, Hectorite and Wyoming montmorillonite.
The magnesium montmorillonites such as Hec-
torite have been found o be especially eifective
grease gelling agents, particularly when treated
as described hereinafter. |

In order to perform its function as a gelling
agent, the inorganic colloid should be in a highly
expanded formm. One method for the preparation
Of colloidal materials comprises conversion of in-

organic metalloidal halides or other combustible ¢

materials into aerosols, such as by burning silicon
tetrachlorice to form an aerosol of colloidal silica.
QCther typical metnods for the preparation of ex-
panded colloids include the aerogel formation de-
scribed in the Kistler patent referred to above and
also gels incorporated in oil without an interme-
diate drying step between hydrogel formation gnd
crease formasion. A typical method for the prep-
aration of aerogels comprises forming silica hy-

drogel by the addition of sulfuric acids to sodium :

silicate solutionn. The aerogel is then prepared by
displacing water from the hydrogel with a vola-
tile organic liquid such as ethyl alcohol and heat-
ing the resulting organogel to a temperature

above the eritical temperature of the liquid con~ :

tained therein while maintaining the pressure on
the system sufficiently high to insure that the
Hauid phase will remain liguid until the critical
temperature is reached., At this point, the liquid
will be converted into the gaseous stafe without

the formation of menisci at the gas-liquid inter-

face. -

In the preparation of greases without a drying
step, one of the acceptable processes comprises
formation of a hydrogel, displacement of water
withh a water-miscible organic solvent such as al-
cohol, and replacement of the alcohol with either
2 Jubricating oil or another volatile oil-miscible
solvent such as benzene. In the latter case, the
benzene is then replaced by a lubricating oil.
improvement on both of these alternatives com-
prises the direct transfer of a hydrogel into oil
without intermiediate drying or intermediate or-
gahogel formation. It has recently been found

that this direct transfer is possibkle by incorporat- :

ing one of the hydrophobic surface active agents
recited hereinafter together with the two major
ingredients, namely, the inorganic gelling agent
and lubricating oil and subsequently removing
water. -

Various grease-forming base liquids may be
utilized in the preparation of inorganic gel
greases. In general, it is preferred to use the
usual range cof mineral lubricating oils which
are employed in the preparation of ordinary soap
greases. Synthetic liquid hydrocarbons may be
used also including various alkylated arcmatic
hydrocarbons such as tertiary butyl naphthalenes,
polymerized olefins such as suitable liquid poly-
ethylenes, polybutylenes, polycetenes and the like.
Various other oleaginous liquids including natu-
ra] occurring materials such as vegetable and
animal oils and synthetie lubricants may be used.
Examples of the latter class include the diesters
of dicarboxylic zcids such as bhis(2-ethylhexyl)
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sebaecate, his(methylethyl) succinate; the inor-
ganic esters such as the phosphate esters includ-
ing tributyl phosphate, trioctyl phosphate, tri-
cresyl phosphate and dioctyl cresyl phosphate.
Mixtures of such lubricants may be employed as
well, For special purposes involving high tem-
perature use or for analogous utility, the poly-
meric silicones may be used with advantage.

In accordance with the basic concept of the
piresent invention, these two principzal ingredients
are heated together at a temperature between
about 120° C. and 220° C. for a period hetween
gbout 20 and about 180 minutes. ‘The preferred
ranges within which optimum eifect has been
chtained include a temperature range of about
165 and 200° C. and the preferred heating period
is between 30 minutes and 120 minutes. The
heating may bhe conducted at atmospheric pres-

sure or under vacuum or superatmospheric pres-

sure. If the grease is to be formed from an in-
organic alcogel the heating period-is conveniently
conducted under vacuum so that alcohol is with-
drawn simuitanecusly during the heat treatment.
The mixture of ingredients may be stirred dur-
ing the heating period or may bne subjected to
shearing such as milling for the purpose of creat-
ing a proper dispersion of the gel throughout the
lubricating oil so as to create a grease structure.
The present process is especially applicable
to the preparation of greases containing hydro-
phokic surface active agentis of the classes re-
ierred to hereinbefore and fully described in the
copending patent applications enunciated here-
Preferred classes of these surface active
agents include especially hydrophobic cationic
surface active agents such as higher aliphatic
amines, quaternary ammonium compounds and
volyamines as well as their salts and amides.
Typical species include heptadecyl amine, di-
methyl benzyl octadecyl ammonium chloride,
amines obtained by the ammonoloysis of chlo-
rinated paraffin wax, higher fatty acid salts of

polymeric adducts such as those derived from

acrolein and ammonia and from diallyl amine
and hydrogen sulfide; and higher fatty acid par-
tial amides of polyalkylene polyamines such as
oleic acid amide of tetraethylenepentainine. An
especially preferred type of polymeric amine for

use in the present invention rmay be obtained by

reaction of ammonia with epichlorhydrin re-
sulting in the formation of a linear alkylene poly-
amine bearing hydroxyl substituents. The prin-
cipal product of such & reaction normally has

the general formula

(l)H
HN—C—C—C—],NH,

wherein n is an integer between 2 and 10. In
order to be efiective as a water-proofing agent
for the subject greases, this particular type .of
polyamine should be in partial amide formation

with a hydrophcbic organic acid such as the

higher fatty acids derived from animal and vege-
table oils. Another highly effective type of hy-
drophobic agent comprises the condensation

products of a polyamine with alkyl or alkenyl

suistituted succinic or succinamic acids or their
anhydrides or acid esters. Typical species in-
cluce the reaction products of ammonia and epi-
chlorhydrin condensed with octadecenyl succinic
acid. Another preferred species of this category

include the condensation products of alkaline

diamines with the same classes of acids. Typical

-of these are the condensation products of do-
decenyl suiceinic anhydride and ethylene diamine
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snd octadecenyl succinamic acid and ethylene
diamine. When amphoteric metal gels are used
as the gelling agent, it has been found that water
insoluble organic acids provide outstanding water
resistance. These are typified by fetradecane-~1-
phosphinic acid, petroleum hydrocarbon sulfonic
acids, stearic acid and the like.

In the production of water-resistant greases
from metallic gels such as silica, water-insoluble
soaps such as aluminium stearate, aluminum 12-
hydroxy stearate, lead stearate and the like, may
be used.

As stated hereinbefore, the combined effect of

incorporating one of these hydrophobic water-
proofing agents together with the heat treatment
forming the basis of the present invention, pro-

vides greases exhibiting outstanding resistance to

the deleterious action of water. Greases pre-
pared according to the present process are pref-
erably those containing 2-10% by weight of the
inorganic gelling agent based on the total grease
composition and 10-50% by weight of the in-
organic gelling agent of one or more of the water-
resistance improving materials.

Example I

A silica alcogel was prepared by iforming a
hydrogel of silica having approximately a 5%
silica content and replacing water by distillation
in the presence of isopropyl alcohol. Five parts
by weight of the silica alcogel (based on silica
content) were added to 84 parts by weight of a

mineral lubricating oil containing 1 part by

weight of glyceryl 12-hydroxy stearate. The
mixture was milled to disperse the alcogel in
the lubricating oil after which the resulting com-

position was heated for one hour at one of the

temperatures indicated in the table below. Five
samples were treated in a similar manner, the
sole variation being in the temperature of heat-
ing., After heating, the compositions were milled
to a minimum grease penetration. A grease was
also prepared having the same composition but
was not given any heat treatment. All of the
samples so prepared were subjected to a roll sta-
bility test in the presence of water. This fest
iz intended to evaluate the mechanical stability
of greases in contact with water such as may
oceur when wheel bearings are exposed to rain,
cooling water, ete. In this mefhod, 15 grams
of water and 75 grams of the grease tested are
kept in a rotating eylinder containing a weighted
iron roller. The consistency of the grease is de-
termined quantitatively before and at hourly
intervals during rolling. The hours necessary to
reduca the consistency of the grease to an arbi-
trary penetration has been taken as a measure
of the mechanical stability of the grease sample
in the presence of water. The following com-
parisonr was obtained by this method when the
ogreases described above were tested.

—

5 V‘é&t%rlﬂoll

Temperature of Heating, °C. tability

P -' ’ Test, Hours

157 e e e e mm—————————————————— 5
LB e o e e e e e e e e mmm— i ——— 4
17 o e —————— e mmm———————— 10
10] o o o e e e ————————— e —— 8
7 SO 6
No heating . e e e iammmm e —————— 2

- Example 11

Grnases were prepared as described above con-
taining 2% by weight of glycerol 12-hydroxy
stearate, 5 parts by weight of silica and 93 paris
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of mineral lubricating oil. The samples s0 pre-
pared were heated for one. hour at the tem-
peratures indicated below. For the purpose of
coimparison, a grease of the same composition
was prepared but was not subjected to any heat
treatment. The results given in the following
table were obtained in the water roll stability
test described above.

) . - o Water Roll Sta-
Temperature of Heating, | C. bility Test, Hours
LT e o e e e 20,
10 o o o el Grester than 21.
3 1 U Do.
No _heating ....................................... 2,

Fxample 111

A grease was prepared having the same com-
position as that described in Example II. Part
of the grease was not subjected to heat treatment
while two portions thereof were heated at 170° C.
for 26 and 83 minutes, respectively. The sam-
ples so prepared and treated were subjected to
the water roll stability test described in Exam-
ple I. The following data were obtained:

Water Roll
Stability

Time at 170° G., Minutes
| - Test, Hours

g
23
2

E:cample IV

HEpichlorhydrin and about five molecular pro-
portions of ammonia were reacted at about 40-60°
C. for about one hour, the product was heated
to about 140° C., and thereafter tallow fatty acids
were added theleto and the mixture heated at
153° C. to 225° C. for about onz hour to form
the amide—the _pmportions being such as to form
approximately the one-third amide. A grease
was prepared containing about 2.5% of the par-
tially saponified condensation product, 5% of

‘silica and the remainder of mineral lubricating

oll. The resulting grease was heated at a tem-
perature of 170° . for one hour. This grease
was found to have a high resistance to disintegra-
tion by hot water, while a similar grease prepared
from the same proportions of ingredients and
heated at 130° C. for cne hour had a substan-
tially lower hot water resistance..

Example V |

Aluming hydrogel was added to 2 mineral
lubricating oil containing siearic acid after whnich
the ingredients were heated with svirring for two

‘hours at 150° C. Upon milling, a highly water

resistant grease was formed containing 5 narts
by weight of alumina, 2.5 parts by weighi{ of

stearic acid and 92.5 parts by weight of mineral
0il. |

E:cample VI

A silica alumina hydrogel containing about
109 alumina was added to mineral oil having
alumina stearate dissolved therein. The mix-
ture of components was heated for 30 minutes
at 190° C. and then milled to a minimum grease
penetration. The resulting grease contained 6%
by weight of the silica alumina gel and 2% by
weight of aluminum stearate. When subjected

to the action of hot water for a period of 50 hours
no disintegration occurred.
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-~ Bxample VII
- A grease was prepared by heating 4 parts by
weight of silica alcogel and 1 part by weight of
dlmethyldmctadecylamme hydrochlonde with 95
parts by weight of a mineral lubricating oil. 'I'he
resulting comp051t10n was heated ifor one=half
hour at 170° C. and exhlblted good resistance to
the action of hot water.
I claim as my invention:
1. In the process for the preparation of a
grease comprising lubricating oil, a gelling
amount of a colloidal metallic oxide gel in high-

ly expanded form and capable of forming a grease

with said oil and a hydrophobic surface active
agent, the improvement which comprises heating
said ingredients at a. temperatule between about
165 and about 200° C. for a period between about
30 minutes and about 120 minutes.

2. In the process for the preparavion of a
a- gelling

amount of a colloidal mevallic oxide gel in high-

oregase comprising 1lubricating oil,
ly expanded form and capavle of forniing a grease
with said o0il and a hydrophobic hyvdroxy fatty
ester, the improvement which c¢combprises heat-
ing said ingredients at a temperature between
about 165° C. and about 200° C. for a period be-
tween about 30 minutes and about 120 minutes.

3. In the process for the preparation of a
grease comprising lubricating oil, a gelling
amount of a colloidal metallic oxide gel in high-

1y expanded form and capable of forming a grease

with said oil and a hydrophobic amino surface
active agent, the improvement which comprises
heating said ingredients: at a temperature be-
tween about 165 and about 200° C. for a period
between about 30 minutes and about 120 minutes.

4. In the process for the preparation of a

grease comprising a mineral lubricﬁting’ 0’11, a
gelling amount of colloidal silica gel in highly
expanded form and capable of forming a grease

with said oil and a glyceride of 12-hydroxy stearic
acid, the improvement which comprises heating

said ingredients at a temperature between about

165 and about 200° C. for a period between about

30 minutes and about 120 minutes. |
5. In the process for the preparation of g
orease comprising & mineral lubricating oil, &

gelling amount of colléidal silica gel in highly

expanded form and capable of fmmmg 2, grease

with said oil and a hlgher fatfy acid amide of a

condensation product of epichlorhydrin and am-
monia, the improvement which comprises heat-

ing said ingredients at a temperature between

about 165 and about.200° C. for a period between
about 30 minutes and about 120 minutes.
6. The process which comprises mixing a lubri-

cating 0il, a colloidal metallic oxide gel in highly
expanded foerm and capable of forming a grease:
with said oil and a hydrophobic- surface active
agent, heating the mixture so formed at a tem-
perature between -about 120 and about 220° C.
for a period between about 20 minutés and about
180 minutes and shearing the heat treated mix<-

ture until a grease composition is formed.
7. The process which comprises mixing a Iubri-

cating oil a colloidal metallic oxide gel in highly
expanded form and capable of formmg a grease.
with said oil bearing. 1-30% of a mineral acid

adsorbed thereon, and a hydrophobic surface
active agent, heatmg the mixture so prepared

at -a.temperature between. about 120 and about
220° C. for a period. between about 20 minutes
and about 180 minutes, and shearing the heat
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tréated mixture until a grease structure is formed:

8. In the process for the preparation of &
grease comprising mineral lubrieating oil, a gel-
ling amount of a colloidal metallic oxide capable
of forming a grease with said oil, and a hydro-
phobic hydroxy fatty ester, the improvement
which comprises heating said ingredients at a
temperature between about 165° C. and about
200° C. for a period between about 30 minutes
and about 120 minutes.

9. In the process for the preparation of &
grease comprising mineral lubricating oil, a gel-
ling amount of a colloidal metallic oxide capable
of forming a grease with said oil, and a hydro-
phobic surface active agent, tlie improvement
whichh comprises heating said ingredients at a
temperature hetween about 165 and about 200° C.
for a period between about 30 minutes and about
120 minutes.

- 10. In the process for the preparation of a
g1 ease comprising mineral lubricating oil and a
gelling amount of a mixture of colloidal inorganic
oxides capable of forming a grease with said oil
and a hydrophobic surface active agent, the im-

» provement which comprises heafing said ingre-

dients at a temperature between about 165 and
200° C. for a period between about 30 minutes
and 120 minutes.

11, In a process for the preparation of a witer
resistant grease, the step comprising heating a
compositicn comprising a lubricating oil, a gel-
ling amount of an inorganic gel capable of form-
ing a grease with said oil and from about 10%
to about 50% by weight of the inorganic gelling
agent of a non-metallic hydrophobic aliphatic
hydroxy organic compound, said grease  being

- heated at & temperature between about  120°
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and 220° C. for a period between about 20 min-
utes and about 3 hours.

12. In a process for the preparation of a
grease, tne step comprising heating a composi-
tion comprising a mineral lubricating oil thick-
ened to a grease-like consistency by from about
2 to about 10% by weight, based on the total
composition of an inorganic oxide gel in a highly
expanded form having its normal liquid content
replaced by said lubricating oil, and from 10%-
to 50% kased on the gel of a non-metallic hydro-
phobic aliphatic hydroxy organic compound

-coating said gel, said composition beinz heated

at-a tempsrature between 120° and 220° C. for
a period between abhout 20 minutes and about
3 hours. |

13. In a process for the preparation of a water-

- resistant grease, the step comprising heating a.

c_o-mp-osiftion comprising a lubricating oil, a gel-
%mg amount of an inorganic gel capable of form-
Ing a grease with said oil and a hydrophobic
surface-active agent, said composition being
heated at a temperature between about 120° and
220° C. for a period between about 20 minutes
and 3 hours. | | S
WALTER H. PETERSON.
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