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This invention pertains to the art of thicken 
ing liquids and more particularly it relates to a 
lubricating oil of increased viscosity and the 
method of preparing the same. . . . 

Oils have heretofore been thickened or ren 
dered more viscous by admixture with other ma 
terials, but it has been necessary that the matter 
introduced be added in relatively large amounts 
to achieve the desired result. 

It is an object of this invention to provide a 
thickening agent for oils and other liquids which 
will materially increase the viscosity of the liquid 
when the amount of added material is small. 
A further object of this invention is the pro 

vision of a thickened oil which shows an abnor 
mally small change in viscosity with variations in 
temperature. 
This invention also contemplates the provision 

of an addition agent for oils and similar liquids 
which under conditions of use is inert to the 
liquid and the bearings or other parts with which 
the liquid comes in contact during normal usage. 
As an additional object the invention contem 

plates a thickening agent which is unaffected by 
operating temperatures, and lubricating oils and 
greases embodying such thickening agents which 
possess markedly improved properties when con 
pared to present day lubricating oils and greases. 
My invention further contemplates the pro 

vision of a lubricating grease having novel and 
useful properties as to viscosity, appearance, vis 
COsity index, and Stability. 
This invention includes the discovery that if 

liquids are thickened with particles of a gel in 
which the original gel structure is retained Sub 
stantially intact, the product possesses improved 
characteristics of great value. 

Compositions of the type to which this inven 
tion is directed may be prepared by the addition 
to the liquid to be thickened of the aerogels de 
scribed and claimed in lu. S. Patent Number 
2,093,454 to S. S. Kistler. Similar results are 
obtainable by replacing the swelling liquid of the 
gel with a portion of the liquid to be thickened. 

In my copending application Serial Number 
151969, there is disclosed a process of preparing 
gels in which the continuous phase is an Organic 
liquid, as an oil of mineral, animal, or vegetable 
origin. 
As illustrative of the processes and products 

forming part of this invention, the preparation of 
a lubricating oil having incorporated therein a 
gel will be discussed. In oils intended primarily 
for lubrication, it is preferred to use gels of sub 
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and in that group better results are obtained by 
use of gels of an inorganic nature. It is to be 
understood, however, that the principal advan 
tages of my invention can be obtained with aero 
gels of any material not incompatible with the 
fluid to be thickened, and the invention contem 
plates the use of aerogels of silica, magnesia, 
alumina, gel-forming metal oxides and hydrox 
ides in general, gelatine, albumin, cellulose, and 
gels of like nature. 
Inorganic fillers for lubricating oils have been 

heretofore used for the purpose of thickening the 
Same, and as representative of this type of addi 
tion agent, reference is had to graphite, mica, 
Sulfur, talc, asbestos, and diatomaceous earth. 
These compounds are reduced to a fine state of 
subdivision only with some difficulty and the 
porosity thereof is small. The characteristics of 
the present compounded oils are attributed in 
large measure to the high percentage of voids in 
the thickening agent. It is believed that a com 
parison of the compositions with those prepared 
from diatomaceous earth will point out most 
clearly the advantages of this invention. For the 
purpose of this comparison tests were made of oils 
containing silica aerogels. 
The gels used in these tests were manufac 

tured from hydro-gels of silica made by precipi 
tating silica by addition of sulfuric acid to sodium 
silicate solution in the well-known manner and 
Washing the gel relatively free of salts with 
water. This composition is now used in industry 
as an intermediate in the making of silica gel. 
The prior practice has been to dry out the gel 
in any convenient manner thereby materially 
reducing the volume of the gel. Such shrinkage 
is probably due to the force exerted on the solid 
phase of the gel by the surface tension of the 
liquid as it recedes in the pores of the material. 
These materials will be referred to as xerogels. 
As distinguished from the xerogels, the aerogels 
are composed of the original solid phase of the 
gel in substantially the same condition as it ex 
ists while filled with the swelling liquid. Aero 
gels are conveniently made by raising the gel 
to the critical temperature of the liquid con 
tained therein, while maintaining the pressure 
on the system sufficiently high to insure that the 
liquid phase will remain liquid until the critical 
temperature is reached. At this point, the liquid 
will be converted into the gaseous state without 
the formation of menisci at a gas-liquid inter 
face. The degree of porosity may be controlled 
to a large degree by controlling the concentration 

stances having a relatively high melting point, 55 of silica in the gel as precipitated. 
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In the method of preparing the aerogel now in 

use, the liquid is removed by heating in an auto 
clave. It is the practice to remove the product by 
a suction line. The gel is drawn through the 
centrifugal fan employed to create the suction 
and during its passage through the fan is re 
duced to small particles. About 70% of the mass 
will pass a 100 mesh screen; 10% remains on a 60 
mesh screen. It will be understood that when 
unground aerogel is hereafter referred to, the 
product referred to is that collected after pas 
sage through the fan without further subdivision, 
A thickened oil is prepared by mixing the thin 

oil with a small proportion of aerogel with vig 
orous mechanical agitation. In order to inhibit 
settling of the thickening agent, it has been 
found advisable to grind the mixture in a ball 
mill for a period depending upon the properties 
desired, the properties of the oil, and the fine 
ness of the aerogel. The following data is illus 
trative of results obtained by thickening oils with 
silica aerogel: 

Wiscosity . Material tested at 27 y 

SAE No. 10 motor oil--------------------------------- 
SAE No. 20 motor oil-------------------- 24 
SAE No. 40 motor oil-------------------- 54 
SAE No. 10 oil plus 2% unground aerogel--- 23 
SAE No. 10 oil plus ; aerogel ground 1 hr. 54 
SAE No. 10 oil plus 4% aerogel ground 18 hrs---------- 53 

The viscosity measurements were taken. On a 
MacMichael viscosimeter with a No. 26 wire. 
The ground gels were ground for the periods 
indicated in a stone ball mill and the percentages 
are based on weight. . . . . . . 
The desired result may also be achieved b 

forming a grease in the manner of any of the 
processes described below and adding more oil 
to the composition by grinding in a ball mill. 
Study of the above table will definitely show 

that an oil having markedly increased viscosity 
can be prepared from light oils. A further ad 
vantage of oils prepared in accordance with the 
present invention is their relative stability to 
temperature change. The following table dem 
onstrates this fact by comparison of aerogel con 
taining oils and untreated oils of comparable vis 
cosity. In this table oil A is a pure SAE No. 20. 
lubricating oil. Oil B is SAE No. 10 oil contain 
ing 3% by weight of silica, aerogel ground in a 
ball mill for 24 hours. 
40 oil, while oil D is a No. 10 oil containing 7% by 
weight of silica aerogel ground for 24 hours. . 

T - E. per viscosity inder Oil ature viscosity dec. centipoises piósise 
. . . . . in temp. 

17. 270 ------------ A.---------------------------- 27 130 48.1 
17 i90.----------- B---------------------------- 27 130: 38 

E. - - - - - - was a un an or - - - - - - - - - - - - - - 27. 

C. 37 165 . 45.0 
17. 450 ------------ 

D---------------------------- 27 340: 24.4 
37 35. 7.3 

Oil C is a pure SAE No. 
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normally used at high temperature are especially 
benefited by lubrication with the present com pounded oils. 

It has been found desirable to use finely ground 
aerogel in preparing thickened lubricating oils, 
since a smoother, more uniform suspension is ob 
tained. It should be noted in this connection 
that a larger amount of the ground gel is re 
quired to give the same results than are gained 
by a small proportion of the unground aerogel. 

Incorporation of a larger amount of aerogel 
than is required to merely thicken the oil re 
sults in a grease of excellent qualities. As is the 
case with thickened oils, it is found that the 5 amount of aerogel required to make a grease of 

is desired qualities varies with the fineness of the aerogel. 
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These results indicate quite clearly that the 
aerogel oils demonstrate a stability toward ten 70 perature change which is very desirable in lubris. 
cants, especially those intended for use on bear- " 
ings which are idle for periods long enough for.: 
them to become cold. Moving parts: which are: 
subjected to a range of temperatures or those 75 affected 

It has been determined that a good 
grease may be prepared from motor oil with a 
viscosity of ten seconds, Saybolt, by incorpora 
tion therein of 10% of unground aerogel on the 
Weight of the mixture. If the aerogel has been 
ground one to two hours, about 20% by weight 
will be required to form a grease of satisfactory 
consistency, while 30% or more of aerogel ground 
20 to 24 hours may be used. 
A grease of good properties was formed by add 

ing 39 grams of unground aerogel to 350 grams 
of No. 10 motor oil with vigorous mechanical stir 
ring and subsequently running the resultant 
slurry through a roller mill several times. The 
mill used was of the type commonly used to grind. 
paints. It consists of three steel rolls revolving 
at different speeds. The first and third rolls 
revolve in the same direction and opposite to the 
direction of rotation of the second roll; the rolls's 
revolve progressively faster in the direction of 
the flow of the material. The shearing action of 
the rollers, serves to grind the oil into the pores 
of the aerogel, which becomes visibly stiffer after 
the first passage through the mill and at the end 
of the sixth pass is found to be a stiff, trans 
parent, even bodied grease. Such grease is stiff 
and dry and does not exude oil upon standing for 
prolonged periods. 

For the purposes of comparison, it was at 
tempted to make a grease by adding 30.7% of . 
fuller's earth to a No. 10 oil. The slurry was as , 
thick as could be agitated practically with the 
mixing device used for the aerogel thickened oils 
and greases, but could not be formed into a grease 
On the roller mill. After several passes through 
the mill, the mixture remained sloppy, and a film 
of oil separated on top when it was allowed to 
stand. . . . . 

A test was made to determine the relative 
stability of aerogel greases and a good grade of 
Commercial cup grease to heat. The commercial 
cup grease used for this purpose was of the type 
in which body is imparted by the addition of a 60 water insoluble soap, while the aerogel grease 
was composed of 90% No. 10 motor oil and 10%: 
of unground silica aerogel. At room temperature 
the aerogel grease possesses a cleaner, more at 
tractive appearance. The color is opalescent. 
yellow, and a one-inch layer is translucent. No 
difference between the two could be detected in viscosity, texture, or lubricating qualities. . . . 
Samples of the greases were then placed on 

watch glasses and heated to 100°C. in an oven. No change in properties could be detected in the 
grease containing silica. aerogel. The commer 
cial grease, on the other.hand, was materially. 

Fected by the higher temperature. The vis 
cosity was decreased substantially, and the 
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grease became much shorter than it had been 
in the cold state. It has been found that a grease of good quality 
can be made by successive replacements of the 
continuous phase of a gel to obtain a substance 
which may be denominated as "petro-gel." This 
latter composition is composed of the original 
gel structure, with the continuous phase being a 
petroleum fraction. It is to be understood that 
gels containing lubricating fluids other than 
those derived from mineral oil may also be 
formed, and the following discussion of petro 
gels is merely illustrative of this feature of the 
invention. 
The liquid continuous phase in a gel may be 

replaced by another liquid, provided the two 
liquids are mutually miscible. By employment of 
that principle, a gel may be prepared in which 
the continuous phase is a lubricating liquid Such 
as a mineral, vegetable, or animal oil. Exem 
plary of such gels is the result of replacing the 
water in a silica gel with acetone, replacing the 
acetone with textile spirits, and then substitut 
ing a petroleum lubricating oil for the textile 
spirits. Such replacements are accomplished by 
extraction of the gel with the replacing liquid. 
If the petroleum oil is a No. 10 lubricant, a grease 
having desired properties can then be obtained 
by the incorporation of additional oil on the 
roller mill. 
By similar manipulative steps, a lubricant con 

taining the structure of an organic gel, such as 
a swelled resin, can be prepared. A sheet of 
cellulose (Cellophane) was swelled in Sodium hy 
droxide Solution, after which the Sodium hy 
droxide was removed by Washing with water and 
the water in turn was displaced by alcohol. The 
alcohol was then displaced by ether in order to 
obtain a liquid phase that is miscible with an 
oil of mineral or vegetable origin. The ether 
gel was thereupon washed with a light petroleum 
lubricating oil whereby the ether was displaced 
and there resulted a material in sheet form that 
is suitable for some types of bearings, and pack 
ing for bearings, shafts, etc. since it is essen 
tially a relatively firm sheet of soft material Con 
sisting predominately of lubricant. 

Alternatively, a petro-gel may be formed by 
immersing in a desired oil, a textile spirits gel, 
such as silica gel in which the continuous phase 
is textile spirits, and distilling off the textile 
spirits by any suitable method. The preferred 
method contemplated by this invention is the 
preparation of a slurry or suspension of textile 
spirits gel in lubricating oil from which the light 
er oil is removed by heating the mixture above 
the boiling point thereof with agitation. It is to 
be understood that the invention is not restricted 
to the use of textile spirits, but rather that any 
liquid boiling at a temperature substantially be 
low the boiling point of the lubricant may be 
suitable if miscible with the liquid of the pre 
vious step and also with the lubricant. 
A petro-gel may be made in various ways other 

than by an intimate mixing or grinding of an 
aerogel in a ball mill or a colloid mill with the 
petroleum oil, or fraction. One method which 
has been already indicated consists in displacing 
the water in a hydro-gel such as a silica hydro 
gel with alcohol and thereafter displacing the al 
cohol with a liquid which is miscible with the 
petroleum fraction as, for example, ether, ace 
tone and the like. The general procedure used 
is described in my co-pending application, Serial 
No. 151969, filed July 3, 1937, and my Patent No. 
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3 
2,093.454. The resulting acetone gel or ether gel 
is mixed with a petroleum Cut to give the petro 
gel. The low-boiling liquid may thereafter, if de 
sired, be removed as by distillation as described. 

It is to be understood that this invention is 
not limited to any specific gel or petro-gel and 
that aerogels of alumina, tin oxide and the like 
may be substituted for silica as has previously 
been indicated. It is likewise to be understood 
that the lubricants and greases of the present 
invention may include the present day com 
pounding agents used in this art such as the 
water-soluble soaps, graphite, fats, and material 
for improving the oiliness characteristics such as 
chlorinated hydrocarbons of high boiling point; 
materials which improve the viscosity index 
characteristics such as polymerized olefins of 
high molecular weight, such as Paratone; corro 
sion inhibitors; chemical stabilizing agents; pig 
ments and the like may be added to the lubri 
cant within the contemplation of the present in 
vention. 

In lieu of the lubricants of petroleum origin one 
may substitute wholly or in part vegetable or ani 
mal oils as well as synthetic oils such as those 
obtained by alkylating aromatic hydrocarbons as 
is well understood by those skilled in the art. 

It has been found preferable for some purposes 
to prepare a thicknened oil from a previously 
formed grease of the gel to be used in thickening 
the oil. Vigorous mechanical agitation of the 
grease with untreated oil results in the formation 
of an oil having a viscosity intermediate between 
the viscosities of the grease and the untreated 
oil. 
This invention provides a means of thickening 

oils and forming greases by incorporation therein 
of a previously formed gel in substantially the 
form of the gel as originally prepared. By this 
means it is possible to use relatively small pro 
portions of thickening agent. A further in 
portant advantage lies in the provision of a means 
to incorporate into the liquid a thickening agent 
of high melting point, in order that the effect of 
the thickening agent will be retained over a much 
Wider range of temperatures than is possible with 
thickening agents now used in the preparation of 
Of greases. 
This application is a continuation in part of 

my application, Serial Number 151969, filed July 
3, 1937, now Patent 2,188,007 of January 23, 1940. 
I claim: 
1. A lubricant comprising an oily liquid sub 

stance and a solid substance consisting principal 
ly of an inorganic gel formed apart from the 
liquid substance but retaining in the thickened 
liquid the gel structure substantially as formed, 
said gel being Substantially free from liquids other 
than said oily liquid substance. 

2. A lubricating composition comprising an oily 
liquid Substance and a proportion less than 50% 
by Weight of a substantially water free gel origi 
nally formed apart from the said composition in 
an aqueous medium and characterized by the fact 
that the structure of the water free gel is sub 
stantially that of the gel as Originally formed. 

3. As a lubricant, a gel having as its charac 
terizing constituents, an inorganic solid phase and 
a liquid phase consisting of a water immiscible 
organic oil selected from the group consisting of 
petroleum hydrocarbons, animal and vegetable 
oils. 

-4. As a lubricant, a gel having as its charac 
terizing constituents an inorganic solid phase 
composed essentially of silica and a liquid phase 



4. 
consisting of a water immiscible organic oil se 
lected from the group consisting of petroleum 
hydrocarbons, animal and vegetable oils. 

5. A lubricant containing - an oily liquid sub 
stance and, in an intimate mixture therewith in 
an amount sufficient to thicken or increase the 
viscosity of said oily liquid substance, an inor 
ganic aerogel, said lubricant being substantially 
free of water. 

6. A thickened lubricant comprising an oily 
liquid substance and a solid substance consisting 
principally of a substantially water free gel origi 
nally formed apart from the liquid substance in 
an aqueous medium, said gel retaining in the 
thickened liquid Substance the gel structure sub 
stantially as originally formed. 

7. A lubricant containing an oily liquid sub 
stance and an aerogel in an intimate mixture 
therewith in an amount sufficient to thicken or 
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8. A thickened lubricant comprising an oily 

liquid substance and a solid substance consisting 
principally of a substantially water free organic 
ge originally formed apart from the liquid sub 
stance in an aqueous medium, said gel retaining 
in the thickened liquid substance the gel struc 
ture substantially as originally formed. 

9. A lubricant containing an oily liquid sub 
stance and an organic aerogel in an intimate mix 
ture therewith in an amount sufficient to thicken 
or increase the viscosity of said oily liquid sub 
stance, said lubricant being substantially free of 
water. 

10. A lubricant containing an oily liquid sub 
stance and from 10 to 49% by weight of an aero 
gel based on the weight of the mixture, said aero 
gel being present in an amount sufficient to thick 
en or increase the viscosity of said liquid sub 
stance and form a grease therefrom, and said increase the viscosity of said oily liquid substance, so lubricant being substantially free of water. said lubricant being substantially free of water. 

SAMU. S. KSTER, 


