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This invention relates to an aerogel grease of good high
temperature stability and water resistance.

While the word “grease” has usually been employed
to describe an oil thickened with a soap, it is here used
in a broader sense to include any thickened lubricant.

It is generally known that soap-base greases break down
at high temperatures, of the order of 300 to 400° F. This
breakdown is accompanied by an irreversible change in
the grease structure, so that upon cooling the grease is
observed to have lost its grease-like characteristics. The
aerogel greases usually are far superior to the soap-base
greases in stability at high temperatures as the following
table shows: .

TABLE I
Soap or Other Appearance at Appearance After Cooling
Thickener 400° F.
Aluminom. ... Very gummy Hard and lumpy.
and soft.
Lithiom.__._._____._ Ligquid_..___.._. Do.
Calecium PO do. Hard—separation of soap.
Sodium._____________|.____ do. Solidifies hard mass.
DO f do _{ Soupy.
Sodium-Caleium. . | _.__ QO e Complete separation of oil4-
soap.
Silica Aerogel....___ “Unchanged...._ Unchanged except somewhat
B thinner.
Do. I DN do. Unchanged, upon stirring,
breaks down Into a heavy
liquid.

However, after heating at high temperatures some aero-
gel greases tend to lose comsistency upon stirring. This
is undesirable because there are many field applications
where a grease is agitated or worked while subject to a
high temperature and it is important that the grease re-
tain its consistency under these conditions and subse-
quent thereto.

Accordingly, it is the object of the present invention
to provide an aerogel grease having improved stability at
high temperatures, particularly after working at high
temperatures.

In accordance with the invention, these objects are ac-
complished by incorporating a water-miscible or water-
soluble polyhydric alcohol in an aerogel grease compo-
sition comprising a lubricating oil thickened with a non-
abrasive, inorganic thickening or gelling agent, and par-
ticularly finely divided silica, a silica aerogel being il-
lustrative. Thickened lubricants so prepared have ex-
cellent temperature susceptibility properties.

The -grease is also rendered more or less resistant to
deterioration by water by incorporating a hydrophobic
cationic surface-active water stabilizer therein in the form
of Amine “Q,” 1-8-hydroxyethyl 2-heptadecenyl imid-
azoline. ‘

The presence of the polyhydric alcohol in an amount
to obtain improved high temperature stability does not
markedly affect the consistency of the thickened lubri-
cant, i. €., the amount of ths inorganic gelling agent to
impart a given consistency to the thickened lubricant is
not materially modified. Furthermore, the inclusion of
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the polyhydric ‘alcohol will not effect a change in the
consistency of the thickened lubricant upon storage. The
polyhydric alcohol likewise does not affect the water-
resistance imparied to the grease by the hydrophobic
cationic surface-active water stabilizing agent.

Due to the norganic nature of the gelling agent, the
thickened lubricant has excellent storage stability. This-
is to be contrasted with the heat susceptibility and de-
terioration of fatty materials in soap-base greases.

The preparation of the grease is simple and readily
adaptable to continuous operation, as contrasted with the
involved grease-making techniques which are often con-
sidered in the industry as an art. :

The oil stock used in making the thickened lubricant
may be widely varied, as contrasted ‘with present grease-
making requirements in which the oil in many cases must
meet certain critical specifications.

In addition, the avoidance of the use of soap permits
the manufacturer to be independent of the fat supply,
which is important in periods in which fats and soaps
are -scarce and, many times, of pronounced non-uni-
formity.

The inorganic gelling agent to be used in making the
thickened lubricant in accordance with this invention may
be any inorganic material which forms a gel with a lubri-
cating -oil and which is so finely divided as to be non-
abrasive. The preferred materials are the aerogels, which
may be formed from any material not incompatible with
oil, such- as silica, alumina, and other gel-forming metal
oxides.

A series of silica aerogels which can be used as the
inorganic gelling agent of the invention are marketed
under the trade name “Santocel.”

- Santocel ‘C is prepared from a sodium silicate solution

in the following way: The solution is neutralized with
sulfuric acid and then allowed to stand until the mix-
ture sets to form a hydrogel. The by-product sodium
sulfate is washed out by the repeated washings with
water. The continuous water phase in this hydrogel is
then replaced by continued washing with alcohol until-
an-alcogel is formed. In order to remove the liquid
phase without a collapse of the gel structure, the alcogel
is placed in an autoclave which is then heated above
the critical temperature of the alcohol and the pressure
is allowed to increase to a point above the critical pres-
sure of the alcohol. The vent valve is then opened and
the alcohol allowed to escape. Under these conditions,
the silica gel structure remains practically undisturbed
and the liquid phase of the gel is replaced with air. The
material is then reduced in particle size by blowing it
through a series of pipes containing sharp bends with -
jets of compressed air. Santocel C has a secondary ag-
glomerate particle size of about 3 to 5 microns.

Santocel A is prepared as set forth for Santocel C np
to the point of removal of the product from- the auto-
clave. This material is run through a continuous heat-
ing chamber where it is heated for ¥ hour to a tem-
perature of about 1500° F. to eliminate the last traces
of volatile material. It is then broken down in a re-
ductionizer or micronizer to a particle size of about g
inch in diameter. The solids content of the original hy-
drogel used in preparing Santocel C is approximately
25% higher than that of Santocel A.

AR is a modification of A, differing only in that the.
material is reductionized to about the same particle size
as C, approximately | to 6 microns in diameter.

ARD is a modification of AR, differing only in that
ARD is densified by extracting air under vacuum, and
therefore has a smaller volume than AR.

AX is an A which has not been devolatilized. - )

CDv is a C which has been devolatilized as set forth .
for A, CDv is reductionized before being devolatilized, :



CDvR dlﬁ‘ers slightly from CDV in that the CDvR has
been devolatilized just after Heating in the autoclave and
then reductionized. It differs-from CDv in that the latter
is reductionized before being devolatilized.

The primary. dtﬁerences between the A’s and the C’ 3

are as follows:

(1). The C’s are prepared from a sodium silicate solu-
tion contammg 25%. ‘more- silica. than_ the As. Therc-
fore, in general the A’s are. lighter, and: composed ‘of
smaller particles than the C’s.
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(2) The. A’s have undergone a: devolatthzatton step in -

" their preparatlon

"The following are the.bulk. densmes of preferred s1lxca'

aerogels
e Densxty, grams per ‘ml.
AR_ 0.029
ARD y i 0. 056.to 0.064
- . 0.082

In general AR and ARD show superior: gelhng ability
and the A’s in general -are. better-than- the: C’s: Silica
aerogels which- have Been-devolatilized -generally- have: a
hlgher gelling: eﬁic1ency than-the undevolatilized aerogels.

Other types of-inorganic: gelling agents which may-be
used- include -a-Fumed Silica:
appears very much like an aerogel. It is made by a.com-
bustion or vaporization process, as: asource’ of white

“carbon -black” “for - the rubber- mdustry “The partlclesA

are several-microns.in-size: and‘porous in ‘nature.

- Another material is- “Lmde Silica: Flour.”
similar in- physwal appearance te the silica aerogel. -
parttc}e size: of the silica-is purported- to: be- 0:01 to-0:05
micron and:to-be- manufactured: by- burning’ silicon- tetra-

chloride and collecting the combustion product on:cool
plates-analogous to the- -prodnction-of carbon-black. The

particles are thought to-be' aggregates: or- clusters of- par-
ticles rather than of sponge- -like-characters - -
Still another: inorganic gelling agent known-is “Ludox”

silica which-is known' as a silica 'sol; and silica derivatives-

thereof It has a particle size of the order of 0: 01 to
0.03 micron:

In' preparing thickened lubricants- it- is -necessary to
remove the water from-the sol and replace-it with an oil.
This-is' possible by formulating the- lubricant- and’' remov=
ing the water by flash distillation or azeotropic distillation:

Ng attempt is made to enumerate all of the inorganic-

gelling agents-which will' be suitable; nor-to present- ex-
amples- of all” of them since the novel aspects of ‘the

invention reside in 1mpartmg high temperature stability "

to the lubricant' rather: than the use of novel gellme
agents per se.

The lubricating cil to be used‘in the process- may have
any-lubricating wscostty It may be raw -oil, acid-refined;
or solvent-refined;. as requued for the particular lubricat-
ing need.

The nature of the base oil has been found to make
 little difference in the relative consistencies of- the thick-
ened- lubricants and’ conventionally (acid) refined oils
produce slightly thicker lubricants than solvent-refined
oils. Excellent working stability ‘is. obtamed regardless
of the type of the base cil. An increase in the viscosity

of the base oil, as might be expected,: brmgs increased -

v1sc051ty to: the thrckened Iubricant .and minimizes. bleed-
ing. The change is relatively small and ratrlv linea:
The viscosity ‘of the. oil-does. not affect the working sta—
bility of the lubricant.

The relative proportions of the inorganic geliing agent”

and the oil’ will vary someivhat denendlno upon the de-
sired body in the thickened lubricant, the gelling ability
of the inorganic gelling agent and the viscosity of the oil
used. It has been noted; for instance, that with the Linde,

Sitica Flour, the lubricants are somewhat hc.rder i e,

have a lower penetration than lubricants  containing the
same_ welght of Santocel. Lubricants made with low
vtsccsny oils, require a sonew‘lat larger amount of the
imorganit- gelling agent- to give a ‘lubricant of ‘the samre

It -is-finely: divided: and-

Tt is- very-
- Fhe-
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penetration. The thickened lubricant may vary in con-
sistency “from “the consistency of a ‘slightly thickened oil
to a solid or semi-solid of grease-like consistency. In
general, the amount of the inorganic . gelling agent falls

- within the range of 5 to 20%, and in most. cases would

fall within the range of 7 to:12%.

The amount of the inorganic gelling. agent, as might
be expected affects. the - cons1stency ‘of:the thickened -
lubricant in that an increase in its- concentration: brings:
a_ corresponding. increase in. consistency.  The range is
fairly linear-and the amount, of the gelling agent:can be
selected with relafion to the consistency desired in view
of the information: in-the following examples. While the
difference is slight, the lubricants made with lower con-
centrations of gelling, agent possess better working sta-
bility, -while " lubricants . with -larger amounts of - gelling
agent show slightly improved temperature susceptibility
characteristics. . The b'eeding tendencies are- decreased by
increasing concentrations of: the, gelling agent. .

In general, the properties of the thickened. lubncants
are remarkably independent of the. composition variables.
and are. not critical. - The. relative concentraticn. of the-

. gelling -agent effects the most significant. alteration, par-
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ttcularly with :-regard:to. the final .consistency: of the prod-‘ )
uct.  This permits the ‘manufacture of thickened ‘hibri- -
cants Having a wide variety of consistencies.”

A wide, variety of water-miscible or water-solub’e pon-
hydric, alcohols.can he; employed in dccordance with the.
invention- to” improve ‘the, high, ‘temperature, stability “of.
aerogel-base greases.  Alcohols which are water-immis-
cible, i. e.; are oleaginous-in.character, cannot ‘be used,
becauss they are hydrophobic. - The alcohol. must. be

" hydrophilic, i. e., not oleaginous, for reasons Wthh will

be apparent from the theory of the-action of the al¢ohol,
set forth. later.- :

Provided the polyhydric alcohol is. hydrophthc, 1t may:
have from 2 to-8 carbon atoms and must contain at least.
two hydroxyl groups.. It-may contain as many.-as:four .
hydroxyl- groups, ‘those having two -and' three hydroxyl” -
groups being most.available and therefore: being preferred: -
Other polar groups, such as one or more ether or amino-:
groups, may also be-present. - The two-and three-hydroxyl”
polyhydric alcohols are employed-in the examples because
of their low cost and availability. The polyhydric-alcohol
may contain other inert substituents,-such -as halogen;:
which have been found: not t6 reduce-the activity: of the
compounds. - Exemplifying cempounds within the. scope:

- of- the invention are ethylene glycol, diethylene: glycol;

50

glycerol a-monomethy! ether; glycerol, dulcitol; erythritol;
pentaerythritol, mannitol; sorbitol, glycerol: chlorohydrin,
1-methyl glycerol;. trimethylene. glycol, ‘butanediol-2;3;
pinacol, propylene glycol; butantriol, and polymeric:dihy-.. .

- droxy: - (glycol): polyethers: derived: by. condensation: -of

ethylene oxide:or propylene: ox1de, containing: from two to. -
ten oxide units:

The polyhydric alcohol need not be otl—soluble but?
should be.oil:dispersible: . It shouldhave a minimum boil-

- ing-point of:about 1502 €. since its: primary: purpose: 1s to-

stabilize the:grease: at-high: temperatures.
The: pelyhdnc alcohok isrincerporated in: the. aerogel-’ "
base; grease in: an. amount- to- impart high: temperature:
stability:  Ordinarili: a-concentration of polyhydricalcos:
hol- ranging: from 0.25 to about: 1% by weight: of: the
aerogel-base grease: gives: satisfactory results. - There is:
no reason to empley more polyhydric alcohol than'is: nec-
essary, but excessive-amounts do- no  harm; and -amounts-
up to:5% or even-higher have been successfully employed: -
The amount of* hydrophdbic- cationic surface:active”
agent to impart. water-resistance to the aerogel grease in’
the form of 1= B-hydroxylethyl:2- heptadecenyl nmdaznhhe >
will vary- from 0:1% to about 5%, denendmg upon the:
water—stahlhzlm7 effect -desired,  the -amount  and- nature:
of‘the ‘gelline agent used, and the economics mvolved R
Trr some instances, the campositipn; containing: th ‘gol .
hydric alcohol hxgh temperature stabilizer: may not dis-:




2,820,764

5
play a long life when iised continucisly at high tempera-
tures. A breakdown in high temperature stability at high
‘temperatures if it appears is due to a decomposition,
through oxidation, of the polyhydric alcohol stabilizer
of the invention. In such circumstances, it is desirable to
include in the composition an antioxidant for the poly-
hydric alcohol stabilizer. Conventional amine antioxi-
dants which are more readily oxidized than the polyhydric
~alcohols of the invention can be employed for this pur-
pose. Tetramethyldiaminodiphenylmethane is a partic-
ularly desirable antioxidant for the polyhydric alcohols of
the invention. Only small quantities are required, and or-
dinarily an amount ranging from 0.1 to about 1% by
weight of the aerogel base grease is ample. There is no
reason to employ more antioxidant than is necessary to
produce the desired effect, but excessive amounts do no
harm and amounts up to 5% can be used, if desired.

The composition is made simply by mixing the inorganic
gelling agent, the oil, a polyhydric alcohol and the cationic
water stabilizer in any order or manner.

In one embodiment, the polyhydric alcohol and the
cationic water stabilizer, can be incorporated with the
inorganic gelling agent either by mixing directly or, if
desired, by dissolving them in a solvent, mixing the solu-
tion with the gelling agent and evaporating the solvent.

Generally, the polyhydric alcohol and cationic water
stabilizer are dispersed in the oil and the inorganic gelling
agent added thereto and mixed therewith. Any simple
mixing technique can be employed and, if desired, the

mixture can be homogenized in a colloid mill, although

this is not necessary.

The composition of the invention is not limited to the
oil, gelling agent, cationic water stabilizer, and polyhydric
alcohol. Any of the materials conventionally added to
lubricants and greases may be included. The expression
“consisting essentially of” as used herein is intended to
refer to the components which are essential to the composi-
tion, namely, the oil, the inorganic gelling agent and the
polyhydric alcohol, and the expressicn does not exclude
other components from the composition which do not
render it unsuitable for lubrication, such materials being,
for instance, the cationic water stabilizer, high polymers to
modify viscosity or viscosity index, materials to impart
tackiness, lubricating solids such as graphite, antioxidant
additives, corrosion inhibitors of various types, sulfur, ad-
ditives, to render the lubricant suitable for use in gears,
for cutting, grinding, etc.

The following examples illustrated preferred embodl-
ments of the invention. In the examples, water-resistant
thickened lubricants are prepared to show the absence of
an effect of the polyhydric alcohol on the water resistance
of the grease.

Examples 1 to 6
The base grease used in Examples 2 to 6 was a com-

mercial water-resistant aerogel grease of the following
formulation :

Percent
Santocel C 10.0
Amine “0” 1 1.0
Paratac 2 2.0
Paraflow 3 0.5
Methane base 0.5
Red dye 0.02

Solvent-extracted neutral oil (250 SSU at 210° E.). 85.98

1 (1-8-hydroxyethyl-2-heptadecenyl-imidazoline).
2 An isobutylene polymer sold by the Enjay Company, Ine.
and commonly used in ~cinnounding greases.
-3 A Friedel-Crafis reaction_product, useful as a pour pomt
depressant and sold by the Enjay Company, Inc.

This base grease is referred to hereafter as the Aerogel
W. R. Base Formula (Example 2). One of the poly-
hydric alcohols listed in the following table, in the amount
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stated in the table, was incorporated in this grésse by
blending it with the oil, and then mixing in the other
components of the grease (Examples 3 to 6). The re-
sulting grease compositions were tested for high tempera-
ture stability by measurement of micropenetrations be-
fore and after heating to 400° F. The results obtained
were compared with the results for the base grease formu-
lation above, and. also with non-water-resistant aerogel
grease containing 10% Santocel C and 90% No. 250
solvent-extracted neutral oil which did not contain Amine
“O” (Example 1).. This formula is referred to herem—
after as the Aerogel Base Formula.

The grease is prepared for the determination of high
temperature .stability by placing approximately 100 cc.
of grease in a 150 ml beaker. The beakers are heated
to the test temperature by placing them in an aluminum
block furnace. This furnace consisted of a solid block
of aluminum heated by internal electrical heaters. Six
holes, each large enough to accommodate a 150 cc.
beaker, were drilled in the top of the block, together with
a thermocouple, so that a measure of the temperature
of the block could be obtained. In this manner, six
beakers could be heated simultaneously. The beakers
containing the grease were placed in the aluminum
furnace and held there until the equilibrium temperature
of the grease was 400° F. The samples were stirred at
five-minute intervals during heating. After this the
grease was allowed to cool to room temperature over-
night and then was stirred vigorously with a spatula.

Kaufman micropenetration measurements were ob-
tained on the grease before and after the test procedure
(Industrial and Engineering Chemistry, Analytical
Edition, volume 11, page 108, 1939), and the results are
expressed in the table below as percent increase in pene-
tration.

The following results were obtained on the aerogel-
base greases tested, containing the polyhydric alcohols
listed in the amounts stated:

TABLE II

Kaufman Mlcropene- |
tratmm . .

Additive B. P. |Percent

Added

Percent
Increase

After

Origi-
" | Block

nal

122
123

None (Aerogel 243
Base Formula).
None (Aerogel W.

R. Base Formu-

Soup
115
122

84
121

208
129
125
120

a).
3 Glycerine

do
Ethylene Glyenl.._}

The results show that an aerogel-base grease which
does not contain Amine “O” in order to improve its
water stability (Example 1) has a high temperature sta-
bility which while superior to soap types leaves much to
be desired. When Amine “O” and other components are
added to this base grease (Example 2) the stability at 400°
F. is destroyed and the grease liquefies, and remains liquid
after cooling. Through addition of glycerine and ethyl-
ene glycol in amounts ranging from 0.5 to 1%, the effect
of the Amine “O” is completely overcome and the aerogel
grease possesses a better high temperature stability than
the original Aerogel Base Formula.

Examples 7 to 12
Aecrogel greases were prepared by blending a poly; .

hydric alcohol into the base oil and subsequently mixing
this composition with Santocel and the othlex_'viu;grec‘l_icgtzs‘
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‘to prepare:itie grease. ‘These greases'hiad the following

. composxtlon' :
-Santocel AR or: ARD S 7:5%.
-Amine 0" S 1.0%.
Paratac2.__-. : — 2:0%.
Paraflow 3_—__ - 10.5%.
‘Methane ‘base 0.5%.
‘Red dye_.—= - 0.02%.
Solvent-extracted neutral 011 (250 SSU :
at-210° F.) : :88:48%.

0.5 to 1% by
- weight.of the
-above..

Polyhydric alcohol

‘1'(1‘heptadecenyi-2-8-hrdroxyethyl-imidazoline.)
#An isobutylene’ polymer -sold by the ‘Enjay-Company, Inc.
and commonly used ir compounding greases,
%A Triedel-Crafrs. reaction pmduct. useful.as a pour.point
‘dépressant-and-sold by -*he ‘Bnjay Company, ‘Inc,

“These greases were subjected to-the block test and the
mlcropenetrauons ‘of "the “greases, measured before ‘and
‘after “héating at 400° F., the SOH!'O ‘micropenetration
technique was e’mployed. “This required -a very. small
'sample'of grease and a “minidture ‘cone:and cup. The
microcone employed was specially built, -and “its dimen-
‘sions"are compared in Table IIT with those ‘of the stand-
ard ASTM cone, ASTM Designation. 217-48, “described
‘on nage ‘143 of the "November, 1948 edition of ‘D=2
- Speciﬁcatio‘ns for Petroleum Products.:. The cone ‘and
‘gréase “cup ‘émployed in. obtaining the ‘following test-re-
sults: required a ‘minimum ' sample “size ‘of 35 -ml.

"TABLE IIL.—MICROCONE DIMENSIONS

~ASTM ‘Sohie
Cone-| 'Cup “Cone | Cup
Diameter, mm.__ ... 651 43
Helght, mm__...__.__....___ - 13 (O R ¥ ) EOURIR
Depth, mm - 24.5
Surface, Sq. MM oiociauonin 7,070 - 4,778 1;470
Volume, cC.o...._.. 290 35.6
Cone,"diam./cup surface 0.0136 0.0136
Cone, heightfcup depth_ .. _jocao..- 0.693 0. 693
Wt. of-agsembly, gms. ‘150i ..........
Wt. 6! assembly/sq. mm. cone 0.021 0.021
‘surface.

“The following results were obtained:

CITABLEIV
) Sohio Micropenetrations
“EX ; o R .
““No. | Santocél ["Additive (Percent Used) T )
. i of - ¢ .Origi-:| ~After!:) : Percent
-nal * | Block. | Increase
A «AR” | 0.6% Glycerol.-. .. .. 9| 122 23
(124 (25)
E i (87) (—=12)
- SR “AR” . |11.0% Qlyeerol. oo oocoaee 94 112 19.2
[ T AR | 0:5% Ethylene Glycol... 90 125 39
i 1n (30)
10_.._.| “AR”. | 1.0% Ethylene Glycol.__ 110 6%0) 1465
Toiin:| “ARD”: | NODE, vimomcoriomvaass 1920 | - 188 | 0 56,5
12.__[““ARD" [ 1. 0% Glycerol ........... ‘125 1150 20

It will be noted that the grease containing glycerol and
Santocel ARD (Example 12) has a better high tempera-
ture stability than the corresponding grease (Example 11)
which “did “not-‘contain glycerol. “The ‘high*temperature

Ko was-good,
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all-of ‘the greases contammg apolyhydnc dlco- -

Formula” in -the :table -which -follows.

'8
“Examples 13:to-16
~An aerogel water-resistant grease of the following for-

“mula.was imade up:

Srrro®s

VA B
. . - - Percent Perccnt
-Bantocel ARD. 8.0 8.
Amine 0”1 0.8 H0;
Paratac 2 - . 1.0 1
"Pardflow3_______ . _._____ ‘05 “0:
‘Methane Base . oo ooo oo oliocooien 0.5 0
Bright Stock (78 SUS &t 210° F.) oo connaenans 89.2 88,
‘Polyhydric-alcohol- S by

+1 (r-B<hydroxyethyl:2-heptadecenyl-imidazoline.)

*2-An-isobutylene polymer sold by the Enjay- Company, Ime.zand |

commouly used in compounding greases.
'3 A ‘Friedel-Craftsreaction product, useful as a pour point depressant
and sold bythe Enjay Company, Ine
" :Formula A is ‘called the “Aerogel Water:Resistant Base
‘Formula Bis
‘the water-resistant -formula madified: by addition of 1%
:polyhydric-alcohol in accordance with:the invention:(and -
reducing the ‘bright stock accordingly) in order to prepare
‘an -aerogel. grease ‘which is-not ‘only: water-resistant "but
also stableat high temperatures.
In:preparing these greases; the Amine “O”:and 'the poly-

“hydric:alcohol to be tested were dissolved:in a:stock:solu-
- tion:of:the base: oil containing the othercomponents.:

“The
Santocel was added to this:solution and completely wetted
by stirring. ‘The grease was:prepared at 95° F.-by mixing

Afor -the time indicated in the .following table, the time

being varied so as to approximate the final-penetration:of
-the -aerogel water-resistant base formula. -If this time is
the same -as-or longer :and/or if the-original penetration
is the same as: or less than that -of the base formula, it
is ‘evident that the- polyhydric alcohol has either no or: ‘a

‘beneficial effect on yield.

The - penetration -of - the grease was -taken -before ‘and
.after heating- in the block described in Example 1, in-dc-

.cordance: with- the Shell Microcone-Penetration Test-(In-

:stitute. Spokesman- (NLGI) volume VI, Number 12, page
1, 1943).

‘TABLE'V
-High Temperature
) Stability -
“Bx.’. - | Mixing {Tmmed T Water
No. | Additive | Time, | Shell | . |- Shell:.~ i} Stabil-
.. |Minutes| Pen.’ Iéro. Penetration | ity
. v-
cles : .
‘Initial | "Final
43....|-Acrogel'Base °|- - -40°| . -159 5 Y187 202§’ None.
Formula.* N
14____| Aerogel W. R. 30 158 4 171 287 | "Good.
Base For- . :
mula.
15..--| Ethylene 20 159 4 167 201 Do.
- Glyeol. N I e
16....| ‘Glyeerol....._ 30 165 N 168 ~205 | ‘Do.

*Same formula as Example 1.

‘The results show that incorporating the Amine “O”-in

.the aerogel base formula appreciably increases the. pene-

tration and thus reduces the high temperature: stability.
This effect of the Amine “O” is, however, overceme.-by
the polyhydric alcohols added to the aerogel water-resist- -
.ant-base formula.

'Examples"17' to 26
-Aerogel greases were ‘prepared as. set forth in EFormala
A of Examples 13 .to. 16, .employing" from 0.5 to 5%
glycerol and’from 0.5 :to 2% .<cthylene. glycol -as the poly-
hydric alcohol.” In formulating these greases, the base

.oil content shown in Formula A of Examples 13.t0.16

was reduced by the amount of _polyhydric.4lcohél added.
These greases were tested.in accordance with the Shell

“Microcone Penetration Test™ before “and dfter hieating in
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the aluminum block to 400° F. The following results
were obtained:

TABLE VI
High Temperature
Stability
Ex. Per- | Mixing Water
No. Additive cent | Time, Shell Stabil-
Minutes I(\)To‘ Penetration ity
y.
cles
Initial | Final
17....| Aerogel Base  [__._._. 40 5 157 202 | None.
Formula.*
18....| Aerogel W. R, [_____ 30 4 171 267 | Good.
Base For-
mula.
19 ___| Glycerol ... 0.5 30 3 170 215 Do.
1.0 30 5 168 205 Do.
2.0 15 7 164 189 Do.
3.0 25 7 149 194 :
5.0 25 7 166 186
0.5 30 3 171 214 Do.
1.0 20 4 167 201 Do.
2.0 30 6 127 131 Do.

*Same as formula in Example 1.

These data show that increasing the amount of glycerol
beyond 2% has no appreciable effect upon the high tem-
perature stability, although it does no harm. In each case
the ethylene glycol and glycerol overcome the effect of
the Amine “O” on the high temperature stability of the
aerogel grease, and in Examples 21, 22, 23 and 26 the high
temperature stability is improved, compared to the orig-
inal Base Formula (Ezamgple 17).

Examptes 27 to 37

A large number of aerogel greases were prepared as
follows: A fixed quantity of oil (78 SSU at 210° F
solvent-extracted bright stock) was weighed out into a
400 ml. beaker. 0.8% Amine “O” was added, and 1%
of the alcohol additive was incorporated in the base oil.
The oil mix, was heated to 130° F. while being mixed
with a Lightnin’ stirrer, and 8% Santocel ARD was mixed
in with hand stirring. The resulting grease was allowed
to stand overnight. An original penetration was then
obtained using the Shell Microcone Penetration Test and
the grease was then subjected to the block test. rease
samples exhibiting some degree of high temperature sta-
bility were cycled three or four times. Each sample was
tested also for water stability and given a visual rating
for consistency while at 400° F

The alcohol additives tested included monchydric and
polyhydric alcohols. Ethylene glycol and glycerol were
included to evaluate the results cobtained. Data from
these tests are given in the following table:

TABLE VII
“Block® Test
Ex. Shell Penetrations Water
No. Additive Stabil-
ity
Orig.! 1 2 3 4
Aerogel W. R. Base For- | 139 | 200 | 226 |- ___|-———- Good.
mula.
Monohydric Alcohols
27..--] 2-Ethylhexanol...._--.. 128 Po.
28....} Lauryl alcohol_ 135 Do.
29....| 5-Ethylnonanol 156 Do.
30..__| Heptadecanol. . 128 To.
8i.._.| Cetyl alcohol._. 126 | 298 |. Do.
- Polyhydric Alcohels -

82....] Diethylene glyeol. ... 135 | 178 1180 | 195 |._.__ Deo.
33._._| Triethylene giycol__ S| o127 ) 179 1186 | 190 | 195 { Fair.
34_._.| Ethylene glycol.._. .| 114 139 : 165 | 184 | 184 { Good
85....| Pentanediol-1,5.._ | 146 186 197 4.....|. ... Do.
36....| Glycerol._ 130 147 - 168 168 - 173 Do.
87.._.| Trimethylo) propane. ___-| 154 i 194 i 194 . 207 [ _____ Do.
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Without exception, the five monohydric alcohols tested
were unsatisfactory under high temperature conditions.
The initial penetrations for ethylene glycol, diethylene
glycol, triethylene glycol and glycerol are lower than
that of the control grease, and indicate that these com-
pounds have no deleterious effect on grease yield. All of
the polyhydric alcohols tested exert a stabilizing effect at
high temperatures.

Examples 38 and 39

Additional greases were prepared from a blend of bright
stocks to produce an oil of approximately 2000 SSU at
100° F. High temperature instability of aerogel greases
is aggravated when a heavy base oil is used, and thus this
provides a severe test of the high temperature stabilizing
effect of the additives of the invention.

The test greases were prepared as ouilined in the
preceding Examples 27 to 37. The results are given in
the following table:

TABLE VIII
“Block” Test, Shell
Ex Penetrations Water
No. Additive Stability
Orig.; 1 2 3
38 e Glyeerol . ._..__.____ 162 | 180 | 186 193 | Good.
L T Ethylene glycol....._ 158 | 165 | 172 | 186 Do.

It is evident that the polyhydric alcohols are capable
of increasing high temperature stability, even when a
heavy base oil is employed.

Examples 40 to 44

A B
Percent Percent
Santocel C. 10.0 10.0
Amine* 0”1 1.0 1.0
Paratac 2. 2.0 2.0
Paraflow 3.._____ 0.5 0.5
Methane base (Calco MB) 4, 0.5 0.5
Red dye. . 0.02 0.02
Glyeol oo 0.5 to 1.0
Solvent-extracted neutral oil (250 SSU at 100° F.).| 85.98 | 84. 98 to 85.98

11-8-hydroxyethyl-2-heptadecenyl-imidazoline.

2 An isvbutylene polymer sold by the Enjay Company, Inc. and
commonly used in compounding greases.

3 A Friedel-Crafts reaction product, useful as a pour point depressant
and sold by the Enjuy Company, Inc.

4 Tetramethyldiaminodiphenylmethane.

The base grease used in Examples 41 to 44 was the
commercial water-resistant aerogel grease of Formula A.
This base grease is referred to hereafter as the Aerogel
W. R. Base Formula (Example 41). To prepare Ex-
amples 42 to 44, one of the glycols listed in the following
table, in the amount stated in the table, was incor-
porated in this grease by blending it with the oil, and
then mixing in the cther components of the grease. The
resulting grease compositions were tested for high tem-
perature stability by measurement of micropenetrations
before and after heating to 400° F. as in Examples 1 to 6.
The results obtained were compared with the results for
the W. R. base grease formulation above, and also with
non-water-resistant aerogel grease containing 10% San-
tocel C and 90% No. 250 solvent-extracted neutral oil
which did not contain Amine “O” (Example 40). This
‘latter formula is referred to heremafter as the Aerogel
Base Formula,
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TABLE IX it is-evident:that the ether *has either no or:a ‘beneficial
effect on yield. The penetration of the grease was:taken .
“Kanfmer-Miero: before and after heating in the block described in accord-
. penetrations - ance with the Shell Microcone Penetration Test (Insti-
.g’g; Additive g-g' ; lzfggeefét 5 - tute Spokesman (NLGI), VI, 12, page 1 (1943)).
Origi- | “After ‘| Percent
nal | Block |Increase TABLE X
40.._.. None (Aerogel 122 23| 100.0 ]
Base Foru%u]a). K High Temperature
a.. None (Aerogel W. |occcomcafoacoaaae 123 | Soupfoeoocan- 10 o Stability
R. Base Formu- Mizx- .
1a). ' Ex. ing = |Immed. Water
Diethylene Glycol 245 0.5 108 185 7.2 No. -Additive Tiwme, | -Shell - -| -Shell Penetra- | Sta- .-
_____ (s 1V J 245 1.0 121 - 200 72.6 : Min- | Pen. | No. tion blllty
Polvethylene gy~ |- loeeos 10| 151} 3697| 100+ utes Oy-
col 900. : cles Initial | Final
15 )
The results show that an ‘aerogel-base grease which  ______ FormulaA....| 300 150| ‘4] 11| ‘267 | Good:
does’ not contain Amine . “O” in order to improve its 80 4o 41 17 - 267+ Do,
pol . .| Diethyl 22 ; : :173 |-~ 2207} “Do.:
water stability (Example 40) has a high temperature 4 D‘g%';cifue 0 168 ¢ G I —05
stability which, while superior to soap types, leaves much
to be desired. 'When Amine “O” and other components 20 ) e .
are added to this base grease (Example 41) the stability The results:show that the Amine “O” in Formula-A
at 400° F. is destroyed and the grease liquefies, and re- appreciably increases the penetration and thus reduces
mains liquid after cooling. Through addition of di- ihe ’hlgh temperature stability. This effect of the Amine
ethylene glycol in amounts ranging from 0.5 to 1%, 0” is, however, overcome by the glycol (Example 45).
the effect of the Amine “O” is completely overcome and 25 Examples 46 1048 - .
the aerogel ‘grease possesses a better high temperature p : )
stability than the original -Aerogel Base Formula. Poly- A number of aerogel greases were prepared. of the fol-
ethylene glycol 900 also. overcomes the effect -of the : ang.
e s f P lowing formulations:
Amine ”0” on high temperature stability. 30
Example-45 A B
-~ Percent | Percent
Aerogel water-resistant greases of the followmg Samtocel ARD. m o
formulae were made up: g5 Amine“07”t T} 0.8 . 0.8
Paratac 2. o mmmmm— e mmmae 1.0 ‘1.0
f Paraflow' 3 oo 0.6 .$0.5
A " |’Example Methane base (Caleo MB).__ ... R 0.5 "0.5
45 Bright stock (78 8SU-at210° F.)cuimmmcioccaoeceen 1892 1882
(37T TV AP SRR 1.0
Percent | Percent )
Santocel ARD._ e m o mmmmnmm 8.0 8.0 40  ;1-8-hydroxyethyl: Z—heptadecenyhrmdazohne
Amine 07 L e 0.8 0.8 2 An isobutylene polymer sold by the Enjay Compa.uy, Inc..and com-
Paratac 2: . 1.0 1.0 monly used in compounding greases.
Paraflow . _________.__. . 0.5 0.5 3 A Triedel-Crafts reaction product, useful as-a pcur pomt depressant
Methane base (Calco MB) 4.___. 0.5 0.5 and sold by the Enjay Company, Inc. - , . .
Bright stock (78 SSU at 210° F. 89.2 88.2 -4 Tetramethyldiaminodiphenylmethane.
Diethylene glycol_ 1.0 . - BERA
45  Formula A is Example 46 in.the table which.follows.’
¥ 1A -8- hydgo\t:ylethylz?eptadecggy{) unégaz%iue o In N Formula B is the water-resistant- formula: of Formula: A,
2:An isobutylene po! er So. (] )& oman, C, -ant
o e I Commonnding gresses. | oy OMPARY ‘modified by addition-of 1% glycol in.accordance ;with
3°A Friedel- hCr%:ﬂ:s reaétxon product, useful as a pour point depressant the invention, reducing the bright -stock accordingly,.in
aﬁﬂ;;’t‘fagigh;ldlgggfmgggggfmlg&ane order to prepare an aerogel grease-which is not.only wa-
] » 50 _ter-resistant but also stable. at high temperatures.
Example 45 is the water-resistant Formula A modified .In preparing these . greases, :the Amino “O”.and-the
by addition of .1%. diethylene glycol* in-accordance -with glycol to be tested were dissolved in -a stock-solution-of
the invention (and reducing the bright stock accordingly) the base -oil containing the other components.- The
‘in-order ‘to-prepare -an’ aerogel grease which ‘is*not only Santocel was added to the solution and completely wetted .
water-resistant but also.stable at high temperatures. 55 by stirring. The grease was prepared at 95° F. by mixing
In preparing these greases, the Amine “O” and the for approximately 20 to 30 minutes, the time being ad-
glycol .to.be . tested . were .dissolved in a stock. solution of justed to approximate the original penetratwn of For-
the.base. oil containing the other.compornents. The Santo- mula A,
cel was added to_this.solution and completely wetted . by “The penetration.of the. grease was taken before -and
stirring. The, grease .was,prepared -at’95° 'F. by mixing 60 after heating in the block .described in Example 1 in ac-
for the ‘fime indicated.in” the ‘following table, the time cordance with- the Shell Micropenetration. Test. - After.the
‘being varied so as to approxXimate the final penetration data had been taken: for:four. successive cycles, the av-
of the aerogel water- -resistant base’formula. "If this"time erage change in penetration per cycle was noted. The
ig'the same as or longer and/or if the original penetra- water stability: of the greases was also determined. The
‘tion is the ‘same as or less than that-of the baseformula, 65 following results were obtained: . ,
TABLEXI
i e “Block” ‘test, Shell Pens. : Water
“Bx. -Additive - Per- Pen. Stabil-
+No. cent : Cycle: by s
1. Orig. st ;| 2nd 3rd 4th ’ .
i Controlwith Amins “0” o Casel oeoo | ees ol 435 “Good. :
- |- Diethylene-glycol S 1.0 135 | . .178 | :180 105 | 197 .15 ;
"Polyethylene gl¥eol 400 —ccovooraooionae 1.0 19 198 ________ “39 Do. :
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The results show that incorporating the glycol in the
control grease (containing Amine “O” but no glycol.)
appreciably increases high temperature stability, as evi-
denced by a reduction in penetration increase. This is
best observable in the change in penetration per cycle
noted in the above table. Diethylene glycol is most ef-
fective, but even the polyethylene glycol 400 gives a sig-
nificant improvement in high temperature stability.

In the examples, the high temperature stability of the
aerogel greases is tested by heating the greases to 400° F.
This is an extreme test, inasmuch as the highest tempera-
ture to which a grease is subjected under even extraordi-
nary conditions of use is about 300° F., but it was adopted
as a suitable test standard by which to measure the high
temperature stability of the greases because a grease stable
at 400° F. will definitely have the stability necessary to
withstand heating to 300° F. It will be understood. that
for normal purposes an aeroge!l grease need not be stabie
at temperatures above about 300° F., and that the greases
of the invention at least meet this requirement. Where
the term “high temperature stability” is used, it will be
understood to mean that the aerogel grease is stable at at
least 300° F.

The following hypothesis is given as a partial explana-
tion of the reason to which is attributed the action of the
polyhydric alcohol in improving the high temperature
resistance of aerogel grease, but the invention is not to
be bound thereby.

Silica aerogels are known to be in the form of an ex-
tremely finely divided material and it is thought that it
is capable of forming a colloidal structure in the oil ve-
bicle employed in an aerogel grease. Mixing or stirring
in formulating the grease serves to disperse the secondary
aerogel agglomerates throughout the body of the 0il. The
aerogel occupies a greater volume than the liquid oil ve-
hicle, and because of this it is probable that the colloidal
structure is aided somewhat by a close packing of the
solid silica gel particles, perhaps with mechanical inter-
locking. 1t is thought that the basis of the structure is
a tying together of the various silica acrogel particles by
hydrogen bonding between hydroxyl groups which re-
main attached to individual silicon atoms in the silica
gel molecule.

In setting up the colloidal grease structure, it is postu-
lated that the distances between adjacent hydroxyl groups
on different particles of silica aerogel may be too great in
some circumstances to form a binding, attractive force
between particles. In this event, water, which is always
present in the aerogel structure, serves to bridge the gap
between adjacent particles through hydrogen bonding be-
tween the compound and the hydroxyl groups on the adja-
cent silica aercgel particles. Thus the water in effect aids
in setting up the colloidal grease structure, and may also
link it together, at least in part.

When the grease under static conditions is submitted to
temperatures high enough to volatilize the water no ap-
parent effect is noticed at first, for there is no force fo
disarrange the structure. Consequently, penetration vs.
temperature curves indicate that aerogel greases have ex-
cellent high temperature performance with a very low in-
crease in consistency as the temperature is increased.
However, when this static state is disturbed by stirring,
the structure can and does collapse, due to the absence of
the water which has been volatilized and which formerly
served as the connecting links between adjoining silica
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particles. In comsequence, the structure passes from a
gel state to a colloidal sol state. This explains why the
transformation of the heated acrogel grease from a grease-
like condition to a soupy condition occurs only after stir-
ring and why stirring thus brings about an apparently ir-
reversible gel-to-sol transformation. This transformation
may be reversed to some extent by adding water to the
soupy grease, tending to substantiate this hypothesis, but
it is not possible to return the grease to its original con-
dition.

Thus, on the basis of this hypothesis, incorporation in
the grease, in accordance with the invention, of a poly-
hydric alcchol which is not velatile at the temperatures fo
which the grease may be subjected ieads to a partial or
complete displacement of water in the aerogel by poly-
hydric alcchol, possibly before and in any event at the
time water is volatilized at an elevated temperature. The
low volatility of the polyhydric alcohol prevents its loss
during heating and thus prevents destruction of the col-
loidal grease structure when the aerogel grease is stirred
after it has been heated to high temperatures. It is also
apparent from this that a hydrophobic polyhydric alcohol
which is immiscible with water could not function in this
way because it could not act as a substitute for water in
the hydrophilic gel structure.

This application is a continuation-in-part of our appli-
cations Serial Nos. 119,752, filed October 5, 1949, 253,984,
filed October 30, 1951, and 254,633, filed November 2,
1951, all three now abandoned.

We claim:

1. A water-resistant thickened lubricant of good temper-
ature susceptibility properties, consisting essentially of a
mineral lubricating oil of lubricating viscosity, an inor-
ganic gelling agent imparting a grease-like consistency to

5 the oil upon addition thereto, 1-g-hydroxyethyl-2-hepta-

decenyl imidazoline imparting stability against deteriora-
tion by water, and a water-soluble polyhydric alcohol im-
parting high temperature stability.

2. A water-resistant thickened lubricant of good tem-
perature susceptibility properties in accordance with claim
1 wherein the polyhydric alcoho} is glycerol.

3. A water-resistant thickened Iubricant of good tem-
perature susceptibility properties in accordance with claim
1 wherein the polyhydric alcohol is ethylene glycol.

4. A water-resistant thickened lubricant of good tem-
perature susceptibility properties in accordance with claim
1 wherein the polyhydric alcohol is diethylene glycol.

5. A water-resistant thickened lubricant of good tem-
perature susceptibility properties in accordance with claim
1 wherein the polyhydric alcohol is triethylene glycol.

6. A water-resistant thickened lubricant of good tem-
perature susceptibility properties in accordance with claim
1 wherein the polyhydric alcohol is trimethylol propane.
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