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This invention relates to an aerogel-thickened lubricant
of good temperature susceptibility and water resistance
characteristics.

Mineral lubricating oils thickened with a calcium or
sodium soap are the most commonly used lubricants.
The so-called soda basé greases have relatively good sta-
bility at réasonably elevated temperatures but deteriorate
readily in thé presence of water, presumably due fo the
high solubility of the soda base soap in water. Calcium
soap greases have better resistance to water but tend to
lose their consistency or thin out at elevated temperatures.
Both types of soap base greases break down at tempera-
tures of the order of 300 to 400° F. and this breakdown
is accompanied by an irreversible change in the grease
structure so that on cooling the grease is found to have lost

R—[[OCHR:(CHRE]..] [OCHR’1[CHR'3],.'] [OCHRx[CHR:],.] ]OE
a b a

its greaselike characteristics. The aerogel greases usually
are far superior to the soap base greases in stability at
high temperatures as the following table shows:

TABLE 1

Soap or othér Appearance after cooling

‘Appearance at
thickener 400° F.

Hard and lumpy.

Very gummy and
soft.

Do.
Hard——separatlon of soap.
Solidifies hard mass.
Soupy.
Complete separation of oil plus

soap.

Unchanged except somewhat
thinner. .
Unchanged, upon stirring,
breaks down into a heavy

liquid.

However after heating at high temperatures some aero-
gel greases tend to thin out upon stirring and this is un-
desirable in field applications where a grease is agitated
or worked while subject to a high temperature. Aecrogel
greases also reveal an unsatlsfactory dynamlc water re-
sistance and this again is unsatisfactory in field applica-
tions ‘where the grease is agitated or worked in the pres-
ence of water. The grease may emulsify with water to the
point of invérsion to an oil-in-water emulsion, at which
point the grease characteristics are lost.

In accordance with the invention Water-msoluble oil-
miscible or -dispersible polyalkylene glycol ethers char-
acterized by a viscosity at 100° F. within the range of
285 to 1145 SSU are employed in conjunction with an
alkylol or amino imidazoline in thickened lubricant com-
positions compnsmg a lubricating oil thickened with a
nonabrasive inorganic thickening or filling agent and par-
ticularly. finely divided silica, a silica acrogel being illus-
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trative. The thickened lubricants so prepared have ex-
cellent temperature susceptibility properties and excellent
dynamic water resistance, attributable to the presence of
the alkylol or amino imidazoline and the polyalkylene
glycol ether.

The glycol ethers are characterized by the following
general formula:

R——[O CHRi[CHR]x ]OH
1)

where n is an integer having the value of one or more,
preferably ome, two or three, x is an integer taken in
sufficient number to produce an ether having the pre-
scribed viscosity, R; and Ry are hydrogen or lower alkyl
groups, and R is a lower alkyl group. Whenn is one, the
oxyalkylene chain has at least a small proportion of oxy-
alkylene units of at least three carbon atoms, so that at
least one of R; and Ry is a lower alkyl group, preferably
methyl. The lower alkyl group can have from one to
about five carbon atoms, such as methyl, ethyl, propyl, or
amyl and can have either a straight or branched chain.
Preferably, one of Ry and R, is hydrogen and one is a
methyl group, and R can be methyl, ethyl, or isopropyl.
Within th eabove Formula 1 and worthy of especial
mention are the mixed ethers of the types: :

R—[[O CHRl[OHRz]..] [OCHR’;[OHR’:],.'] ]OH
a b

s 2)

= 3)

where a, b and x are integers taken in sufficient number
to produce an ether having the prescribed viscosity, and
n and n’, Ry and Ry’ and Ry and R’; can be the same or
different and are defined as in Formula 1. Preferably,
when the “a” units are —OCH,CHgy—~ and the “b” units

—0~CH—CH;—
CH;

or

—O0OCH;CH—
H;

the ratio of a:b is from 75 to 25 of “a” to 10 to 90 of “b.”

These ethers are obtained by reaction of the alkylene
oxide with water or with a glycol, desirably in the presence
of a catalyst. ‘The reaction which takes place seems to
be a simple addition wherein the alkylene oxide is con-
verted to the corresponding oxyalkylene groups or radi-
cals. The glycol may itself be prepared by reaction of
the alkylene oxide with water. Thus water can be re-
garded as the ultimate starting material. The molecular
weight of the polymer obtained will depend upon the
relative proportions of alkylene oxide and water or glycol.

From various analyses it has been determined that these
polyalkylene glycol ethers are complex mixtures of com-
pounds having polyoxyalkylene chains of different lengths
and different internal configurations, and although the
materials are characterized as monoethers, they may con-
tain a small proportion of chains having hydroxyl groups
at each end, i. e., diethers. If mixed alkylene oxides are
employed as the starting material the chains will contain
complex mixtures of the mixed oxyalkylene radicals in
various combinations, depending upon the relative pro-
portions of the alkylene oxides, and a given chain may
have several oxyalkylene units of the same type together
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or interspersed with other oxyalkylene units in any order
or combination. Thus the above formulae for the mixed
ethers are merely suggestive of the types of combinations
that may be found.

The 1mportant criterion from the standpoint of the
invention is the viscosity of the ether, and this should be
within the range from 285 to 1145 SSU at 100° F.

Thus it will be understood that there can be employed
in accordance with the invention mixtures of these glycol
monoethers with diethers and even dihydroxy compounds
which are present in the mixture following condensation
and/or etherification, but at least the major proportion
and preferably upwards of 85% is the monoether. Refer-
ence is made to U. S. Patent No. 2,425,845, to Toussaint
et al.,, dated August-19; 1947, which describes methods
for: the manufacture of the glycols and to U. S. Patent No.
2,425,755, to Roberts et al., dated Angust 19, 1947, which
describes the preparation of the ‘monoethers.

The polyethylene - glycol ethers having one terminal
‘hydroxyl group” are ‘water-soluble and would not be
employed in the compositions of the invention to aid in
imparting. dynamic. water resistance. ‘They and related
water-soluble compounds described in application Serial
No. 253,984, filed Octobér 30, 1951, now abandoned, are
however: effective in improving the temperature suscepti-
bility -characteristics of the thickened lubricant of the
invention and can be used as a supplemental ingredient
in the compositions of this invention, to take advantage
of this property.

The imidazoline should be surface-actwe, oil-dispersible
and water-insoluble and has the following structure:

H3;C~—CHjy
5 4
R—N1 3N
\(2_}/

L

_ Many of the compounds having the above general struc-

ture are also capable of improving the high temperature .

stability of lubricating oils thickened with inorganic thick-
ening or gelling agents, such as silica aerogels.

In the above formula, R is a hydrophilic group.
Especially satisfactory hydrophilic groups are alkylol
groups and aliphatic, cycloaliphatic or mixed cycloali-
phatic amino groups having at least one basic nitrogen
atom.

The alkylol group can bear ome or more- hydroxyl
groups.

. The amino :group preferably has at least two. basic"

nitrogen -atoms, which can be primary, secondary or
. tertiary, in any combination of the three.  Where one or
more of the nitrogens is primary, i. e., —NHj, they can
be attached at any position in-an aliphatic chain or on a
.cyclic ring.  Where one or more of the nitrogens is sec-
ondary or tertiary, i. e., —NH or. -

—~N—
i

they can be substituted in a straight or branched aliphatic
chain, or in a heterocyclic ring, which can itself bear
alkyl, alkylene, hydroxyalkyl or hydroxyalkylene groups,
desirably in the 1-position, as in the above imidazoline
ring. - See U. S. Patent No. 2,655,476, dated October 13,
1953, to Everett: C. Hughes and Ernest C. Milberger.
Thus R can be a hydroxyethyl group, a mono-, di- or
triethylene amino group, a l-alkylene—xmldazolme group,
or a l-alkylene amino imidazoline group. .
R’ is an alkyl, hydroxyalkyl a]kylene or. hydroxy-
alkylene group.
R’, which is derived ‘from an ac1d ‘can have from

4

" eleven to twenty-one carbon atoms, such as undecyl, tri-
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decyl, abietyl, pentadecyl, undecenyl, heptadecyl, ricin-
oleyl, and heptadecenyl.
The alkylol imidazolines are prepared by reaction of

- aliphatic acids and hydroxy diamines followed by cycliza-

tion, in the following way:

H;C———-CH;s
R’COOH + RNHCH;CH:NHy —— R—N N -+ 2H3;0
N #

—0

Alkylol imidazolines in which R is from one to about
six carbon atoms, such as hydroxyethyl and hydroxyiso-
propyl, are readily available and are preferred. The chain
length for R is dependent upon the alcoholic (polar)
character of the group; the larger the number of carbon
atoms, the more the grdup takes on the character of a
hydrocarbon and loses its alcoholic character. An upper
limit of about eighteen carbon atoms for R is indicated
by this requirement. -

Amine “O,” 1-g-hydroxyethyl-2-heptadecenyl imidazo-
line, and analogous compounds as déescribed in applica-
tion Serial No. 240,452, filed August 4, 1951, now U. S.
Patent No. 2,711,393, patented June 21, 1955, have been
found to be particularly effective alkylol imidazolines in
the thickened lubricants of the invention.

The amino imidazolines are prepared by reaction .of
aliphatic acids and polyammes followed by cyclization, in
the followmg way:

Hg?—-—CH:
R’COOH - RNHCH;CHsNH; —— R-—N\ N + 2H;0

c
]
. R

’
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Amino imidazolines in which R has two basic nitrogen
atoms and from four to about twenty carbon atoms, such
as diethylene diamino and triethylene triamino, and the
alkyl-substituted N-alkylene and N-alkylene-amino im-
idazolines (wherein R is attached to the imidazoline -

‘nucleus of the general formula through the N-alkylene or

N-alkyleneamino group), are readily available and are
preferred. The chain length for R is dependent upon the
basic (polar) character of the group; -the larger the num-

. ber of carbon atoms, relative to the number of amino
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nitrogens, the more the group takes on the character of a
hydrocarbon and loses its basic or amine character.. An
upper limit of about five carbon atoms per amino nitrogen
is indicated by this requirement, with about a maximum
of thirty carbon atoms for the R group.

The amino imidazolines described in U. S. Patent No.

'2,655,476, dated October 13, 1953, have been found to

be particularly effective in the thickened lubricants of the
invention.
The presence of the polyaltkylene glycol ether in an

‘amount to obtain improved high temperature and dynamic
‘water stability does not markedly effect the consistency

of -the thickened lubricant, i. e., the amount of the in-

“organic gelling agent to impart a given consistency to the

thickened lubricant is not materially modified. Further-
more, the inclusion of the polyalkylene glycol ether will
not effect a change in the con51stency of the thickened

“lubricant upon storage

Due to the inorganic. nature of the gellmg agent the
thlckened lubricant has excellent storage stability. - This

‘is to be contrasted w1th the heat susceptibility and dete-
'noratlon of fatty matenals in. soap-base greases.

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

The oil stock used in making the thickened lubncant
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 nonuniformity.

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-abra-
sive. 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 manufactured
by Monsanto Chemical Company and marketed under the
trade name “Santocel.” '

Santocel C is prepared from a sodium silicate solution
in the following way: The solution is neutralized with sul-

furic acid and then allowed to stand until the mixture sets *

to form a hydrogel. The by-product sodium sulfate is
washed out by repeated washings with water. The con-
tinuous 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 heated above the. critical temperature of the al-’

cohol and the pressure is allowed to increase to -a point
above the critical pressure of the alcohol.. The vent valve
is opened and the alcohol allowed to escape. Under these
conditions, the silica gel structure remains practically un-
disturbed and the liquid phase of the gel is replaced with
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Densxty, grams per ml.

________________________________________ 0.029
ARD -.. —— 0.056 to 0.064
G e e e 0.082

In general, AR and ARD show superior gelling ability
and the A’s in general are better than the C's. - Silica
aerogels which have been devolatilized generally have a
higher gelling efficiency than the undevolatilized aerogels.

Other types of inorganic gelling agents which may be
used include a Fumed Silica marketed by B. F. Goodrich
Company. . It is finely divided and appears very much
like an aerogel. It.is made by a combustion or vaporiza-
tion process, as a source of white “carbon black” for the -
rubber industry. “The particles are several microns in
size and porous in nature.

Another material is “Linde Silica- Flour” marketed by
Linde Air Products Co. It is very similar in physical ap-
pearance to the silica aerogel. The partlcle size of the
silica is purported to be 0.01 to 0.5 micron and to be
manufactured by burning silicon tetrachloride and collect-

- ing the combustion product on cool plates analogous to
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air. The materialis then reduced in particle size by blow--

ing it through a series of pipes containing sharp ‘bends

with jets of compressed -air. Santocel C has a secondary

agglomerate particle size of about 3 to 5 microns.
Santocel A is prepared as set forth for Santocel C up

40

to the point of removal of the product from the autoclave. -

This material is run through a continuous heating cham-

45

ber where it is heated for %5 hour to a.temperature of .

about 1500° F. to eliminate the last traces of volatile ma-
terial. It is then broken down in a reductionizer or
micronizer to a particle size of about {g inch in diam-
eter. The solids content of the original hydrogel used in
preparing Santocel C is approximately 25% hlgher 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 1 to 6 microns in diameter.

ARD is a modification of AR, differing only in that
ARD is densified by extracting air under vacuvm, 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 differs slightly from CDyv in that the CDvR has.

been devolatilized just after heating in the autoclave and

then reductionized. It differs from CDv in-that the latter:
65

is reductionized before being devolatilized.

The primary differences between the A’s and the C’s are
as follows:

(1) The C’s are prepared from a sodium smcate solu-
tion containing 25% more silica than the A’s; - There-

fore, in general the A’s are lighter and composed of

smaller particles than the C’s.
(2) The A’s have undergone a devolatthzat:on step in
their preparation.

The following are the bulk densities of preferred sﬂlca ‘
: Y8 -

aerogels:

silica derivatives thereof.

the production of carbon black.. The particles are
throught to be aggregates or clusters of particles rather
than of sponge-like character.

Still another inorganic gelling agent known is “Ludox”
silica from Du Pont. which is known as a silica sol, and
It has a particle size of the
order of 0.01 to 0.03 micron.

In preparing thickened lubricants it is necessary to re-
move the water frem 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 distilla-
tion.

No 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 inven-
tion reside in water-proofing the lubricant rather than the

use of novel gelling agents, per se.

The lubricating oil to be used in the process may have
any lubricating viscosity. It may be raw oil, acid-refined,
or solvent-refined, as requn'ed 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 obtained regardless
of the type of the base oil. An increase in the viscosity

. of the base oil, as might. be expected, brings increased

viscosity to the thickened lubricant and minimizes bleed-
ing. The change. is relatively small and fairly linear.
The viscosity. of the oil does not affect the working sta-

- bility of the lubricant.

60

The amount of the inorganic gelling agent; as might be
expected, affects the consistency of the thickened lubri-
cant in that an increase in its concentration brings a
corresponding increase in consistency. The range is fair-
ly linear and the amount of the gelling agent can be se-
lected with relation to the consistency desired in view of
the information in the following examples. While the
difference is slight, the lubricants made with lower con-

' céntrations of gelling agent possess better working sta-

70

- uct.
- cants ‘having a wide variety of consistencies.

bility, while lubricants with larger amounts of gelling
agent show slightly improved temperature susceptibility
characteristics. - The bleeding tendencies are decreased by
increasing concentrations of the gelling agent.

In- general, the properties of the thickened lubricants
are remarkably independent of the composition variables
and are not critical. The relative concentration of the
gelling agent effects the most significant alteration, par-
ticularly with regard to the final consistency of the prod-
This permits the manufacture of thickened lubri-

A-wide variety of water-insoluble polyalkylene glycol
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éthers can be employéd in accordance with the inven-

-8

. ©.
tion. The molecular weight and chain length of the ether : R‘[O‘OH'OH_GH’]?H
are not.critical except as they affect viscosity. - Any poly- Hy
alkylene glycol ethers having a viscosity at 100° F. within i 7) -
the range of 285 to 1145 SSU can be employed in the 5 R—[[O—CH:CH:].[O——CHz—-CH]a]OH
composition of the invention. b
The following exemplify several preferred polyalkylene CHs
glycol ethers in accordance with the invention: ® :
w g i »R—[[O—CH:CHzGHﬂ]a[O-——CHn——CH]b]OH
R—| 0—CH;CH— |0OH 10 : >
CH;s
CH . . ‘ )
@ R in the above formulae can be methyl, ethyl, or isopropyl,
R__[ O—CHACHzCH:—]OH and x is an integer taken in sufficient number to produce
s - 15 &0 ether having the prescribed viscosity.
3 : o Y -~ The above polyalkylene glycol ethers can be mixtures
R—[O—CHaCH—]OH of ethers in which x is variable to produce a material
CoH; havmg the prescribed viscosity. The mixed polyethylene—
1,2-propylene glycol ethers are preferred.
@ R—[O—CHaCHnCH3CHr—]OH op - Bxemplifying specific monoethers within the scope of
) the invention are the Ucon LB and LB-X series of poly-
@) alkylene glycols. These are mixed polyethylene-1,2-
R—[O—CH—CH—] oH propylene glycol monomethy] ethers, some of which have
CH; CH; the following properties:
TABLE II
LB-285| LB-385 L.B-525/ LB-625 LB-1145
" Viseosity:
, Saybolt Seconds at— o
0°F. 62.7 | 71| 93.1 106 177
. 1,145
92, 000
87.8
248
20, 600
Fo. - B
. Viscosity Index (A s T M, D-567-41)_____- 146 144 143 i 137
Pour Point, ° F. (A. 8. T. M. D-97- 39) ______ 40 -—35( —30| =25 —20
TFiash Point, Open Gup ° R, (A. 8. T, M.
9 2 Y 425 430 430 430 430
__________________ 500 506 | - 510 510
Refraetive Index, Np¥®. 1,449 | '1.450 | 1,450 1.451
Density, g.fcc. at—
°F . 0.935 | 0.938-] 0.039 0.942
. 0.980°|" 0.983 | 0.984 0.987
. 0.996. 1.000 | 1.001 1.003
Coeflicient of E‘(pansmn per ° F. at 68° F_.__| .00042: | .00042 | .00042 | 00042 00042
Specific Gravity, 20/20° C 2| '0.901] 0.995 | 0.999 | 1.000 1.002
Pounds per Gallon, 60° F_.1-_ .1 8.27| 830 834| 835 8.36
Water, percent._--_ . 1 [0 O] [Q]
Ash, percent (A.8.T. M. D-482—43) ......... O] ® O] @ @
Carbon Residne ® [ON @ ® @
LB-300-X | LB~400-X | LB-550-X | LB-650-X
- Viscosii;
Saybolt Seconds at—
° 7 : 62.7 74.3 93.1 106
300 400 - 550 650
18,880 | 26,600, 40, 400 50, 500
1.0 14,1 18.8 2.8
65.0 86.6 ‘119 141
4,000 5, 800 8, 800 11,000
AE. 18,500 29, 000 47,000 | ... ..
Viscosity Index (A, S, T, M. D-567-41) 142 | 75 140
Pour Point, ° F. (A, 8. T, M. D-97- 39)- —40 —30 —25 —20
Flash Point Open Cup, °F.(A.8.T .
M. D-92-45) 490 490 490 490
Fire Polnt, Open Cup,® F. (A, 8. T. M. - oo
D92-45) 2 m - ermme o ioemmmmm el 585 . 595 600 605
Refractive Index, Np#°_ .. .l ______ 1.452 1.453 1,454 1,454
Denslty, g.fce. at— -
T AN 0.933 0.936 0.938 0.939
R T 0.979 0.981 0.984 0,985
Coeflicient of Expansion Per® F.at 68° F. . 00042 00042 00042 00042
Specific Gravxty, 60/60° ______________ 0.997 0.999 1.001- 1.002
Gravity, ° AP, 60° F.2. . 10.5 10.1 9.9 9.8
Pounds per Gallon 60° F.__ 8.30 8.32 8.33 8.34
Water, percent (O] (O] ?) ®
Ash, percent (A. 8. T. M. D—482-43) ... ) ) () O
Carbon Residue.... @) (O] . @
1 Lese than 0.25%.
- % Less than-0.01%,.

3 Less than 0.01%.



2,828,261

9

-The polyalkylene glycol ether should be oil- d1sper51b1e

“ The-polyalkylene- glycol ether -is incorporated in the
thickened lubricant 'in ‘an amount to impart high- tem-
‘perature stability to the grease. Ordinarily, a concen-
tration of polyalkylene. glycol :ether ranging from- 0.25
to about 2.5% by weight of the thickened Iubricant gives
satisfactory results, There is no reascn to employ more
_polyalkylene glycol ether than is necessary, but excessive
amounts do no harm, and amounts up to 5% or even
higher have been successfully employed.

" - In general, the concentration of the imidazcline should

be at least about 2.5% by weight of the aerogel but will
vary depending upon the water stabilizing effect desired,
the - nature of the- particular . compound selected, the
amount and nature of the gelling} agent used, and the
economics involved. Both static and dynamic water re-
sistance tend to increase with time, so that an amount
of imidazoline may be inadequate to.impart the desired
water resistance at once, yet after the grease has aged
for a few weeks or months it may display excellent
water resistance. Preferably, from 4 to 14% imidazoline
by weight of the aerogel is used, as such amounts usually
impart excellent water resistance at once. - A cheap com-
pound, of course, can be used in much larger quantities
than can expensive compound, at the same total cost for
the lubricant.

In some instances, the thickened lubricant may not
-display a long life when used continuously at high tem-
.peratures. - A breakdown in high temperature stability at
high temperatures if it appears is due to a decomposition,
through oxidation, and in such circumstances, it is de-
sirable to include an antioxidant in the composition. Con-
ventional amine antioxidants which are more readily oxi-
dized than the components of the lubricant can be em-
ployed for this purpose. Tetramethyldiaminodiphenyl-
methane, available under the trade name “Calco MB,”
is a particularly desirable antioxidant. . Only small quan-
tities are required, and ordinarily an amount ranging from
0.1 to about 1% by weight of the thickened lubricant is
ample. There is no reason to employ more antioxidant
than is necessary to.produce the desired effect, but ex-
cessive amounts do no harm and amounts up to 5%
can be used, if desired.

The composition is made simply by mixing the in-
organic gelling agent, the oil, the polyalkylene glycol
ether, the cationic water stabilizer and the antioxidant
in any-order or manner.

In one embodiment, the polyalkylene glycol ether and,
desirably, the cationic water stabilizer and antioxidant,
can .be incorporated with the inorganic: gelling agent
either by mixing directly, or if desired, by dissolving
them in a volatile hydrocarbon solvent, such as pentane,
adding oil, mixing the solution with the inorganic gelling
agent, and then evaporating the solvent.

. Generally, the polyalkylene glycol ether and; option-
ally, cationic water stabilizer and antioxidant are dis-
persed in the oil and the inorganic gelling agent added
thereto and mixed therewith., Any simple mixing tech-
nique can be ernployed and, if desired, the mixture can
be homogenized in a collmd mill, although thls is not
necessary.

The mixing temperature is not cntlcal but is prefer-
ably in. the range of 100° F. to about 250° F. . At
higher temperatures grease yield is affected. Mixing
temperatures of 140° to 160° F. are preferred.

Mixing is continued uniil the components are thor-
oughly dispersed in the oil .and the consistency has at-
tained the desired level. Any type of mixing is satis-
factory. High shear supplemental m1x1ng at a hlgh tem-
perature is useful.

The composition of the invention is not limited to the
oil, gelling agent, imidazoline and polyalkylene glycol
‘ether. - Any of the materials conventionally added to
Jubricants and greases can be included.” The expression
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“consisting - essentially of” ‘as  uséd herein is intended to
refer to the components which are essential to the com-
position, namely, the oil, the inorganic gelling agent, the
imidazoline, and the polyalkylene glycol ether, and the
expression does not exclude other components from the
composition which do not render it unsuitable for lubri-
cation, such .materials being,. for instance, the antioxidant,
high polymers -to modify viscosity or viscosity index,
materials to impart tackiness, lubricating solids such as
graphite, antioxidant -additives, corrosion inhibitcrs of
various types, sulfur, additives to render the lubricant
suitable for use in gears, for cutting, grinding, etc.

The following examples illustrate preferred .embodi-
ments of the invention.

In the examples which follow the high temperature sta-
bility of the grease was determined by measurement of
micropenetrations before and after- heating to 400° F.
in the “block” test. The grease was prepared for the
determination of high temperature stability by placing ap-
proximately 100 cc. of grease in a 150 ml. beaker. The
beaker was heated to the test temperature 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 beak-
ers could be heated simultaneously.  The beakers con-
taining the grease were placed in the aluminum furnace
and held there until the equilibrium temperature. of the
grease reached 400° F. The samples were stirred at
five-minute intervals during heating. After this the grease
was allowed to cool to room temperature overnight and
then was stirred vigorously with a spatula. Micropene-
tration measurements were obtained on the grease before
and after the test procedure. . The cycle was repeated
as' many times as desired and the results are expressed
by plotting the actual penetration against the number of
cycles.

The static water stability was determined as follows:
A 2 x 2 inch stainless steel plate was coated with a
uniform layer of the grease, following which the coated -
plate was immersed in a beaker filled with tap water and
boiled for thirty minutes.

The dynamic water resistance of the grease was de-
termined as follows: One hundred and fifty grams of
grease was weighed into the ASTM grease worker cup.
The grease then was worked 300 strokes after which
a Shell penetration . was obtained. Fifty percent water
by weight of the grease was added, followed by a second
300 stroke working cycle. A Shell penetration was again
obtained and an observation made of the type of emulsion
If free water remained unemulsified this was
noted. Whether the emulsion was an oil-in-water or
water-in-oil type was readily apparent, for the water-in-
oil emulsion was shiny in appearance while the oil-in-
water emulsion had a dull matte surface. If the 50 weight
percent of water had been completely emulsified and no
‘emulsion inversion had occurred an additional 50% of
water on the original weight of the grease was added,
the grease worked an additional 300 strokes, in the pres-
ence now of 100% water, and another Shell penctration
obtained. -The grease was considered to have good dy-
namic water resistance if, at the conclusion of the second
300 stroke working cycle, in the presence of 50% water,
the emulsion had not inverted, i. e., the emulsion remained
of the water-in-oil type; whether or not the water added
had been completely emulsified. Dynamic water resistance
was considered excellent if inversion of the emulsion had
no occurred at the end of the third 300 stroke working
cycle,in the presence of 100% water.

The following results are typical of the application of
this test to conventional greases:
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TABLE III oL T T Percent
Calco MB4..__. 0.5
Shell penetrations Solvent-extracted . bright stock (78 SSU - at i
Base grease Comments 210° F.) 85.75
Ini- | 50% [100% : 5 .
tial | H2O | H:O 4='.L‘etlamethyldiamlnodiphenylmethane o
Lithinm hvdro 12| 10| 146 | At 50%, all water emulsion The grease was subjected to the statlc water stablllty
11 - ).
stearate. | with free water in drops, test and rated as poor.
%8; Freo water at 100% The storage stability of the grease was - determined
Aluminum._...._.. 165 | 166 |.ccn-- O(‘)(‘Jlnsiderab]e free  water. 10- Dy allowing it to age for six months, whereupon. it was
Lime. . 1821 206 | Frod water. W/O.L tested for dynarmic water resistance w1th the followmg
i 141 | 191 |- Do.l resulis:
Soda. 20| 7 Do. . L.
Aerogel (Santocel | 145 | 142 Emu]sion inverted to O/W.2 Original = Shell penetratlorn,
ARD). 15 (300 strokes) camemmmmccaee 178.
T W/0 moons weter ool emmalsion. 2 Shell penetration after- second
water-1-
3 O/W means oil-in-water emulsion. 300 )StrOke cycle . (50% 136,
ter
These results show that the soap base greases tested were wa -
resistant to water, but the acrogel grease was not. Ac- ‘Type of emulsion oo V;’:Itgr-m-o% (free' water
- cordingly, an aerogel base grease that passes the test can 20 Shell Jenctration after third alning
be regarded as the equal of a soap base grease in dynamic 300 p trok D e ('1 00%
water resistance under these test conditions, which closely t Siroke - eye o '130.
approximate field conditions. T wa erf) s - W ate rin-oil i
The ability of the grease to emulsify with free water ype 0L emuiSIOn. - w—wsmme- (free water remainin)
to some extent is desirable, and therefore in evaluating 25 un:r;uls ifie d) g
the test results it is not mecessary that the grease. not
emulsify with water, but merely that it not emulsify with - The aged grease had ‘excellent dynamxc water res1st— :
water to the point where inversion to an oil-in-water ance. This shows that the amount of imidazoline was
emulsion occurs. ; . . o foo low to impart dynamic water” resistance at ‘once,
The working or mechanical stability of the greases was 20 but was adequate after.aging. - Storage stabﬂlty obviously
evaluated by 10,000 strokes’ working at room tempera- was excellent.
ture in the ASTM grease worker and b}_f four hours Exam ples 2 10 12
at room temperature in the grease working assembly
wherein the grease sample was subjected -to t}.Je severe A group of greases was prepared havmg the followmg
working afforded by .close intermeshing gears in an en- 35 formulation:
closed space. This approximates many field conditions v ' Percent .
for general ball and roller bearing .and transmission Santocel ARD - 9.0 -
greases. The measurements include a Sohio micropene- Ucon lubricant—IB 625 _______ 2.0 :
tration of the grease before working, a Sohio micropene- Amine“O” il Amount 1nd1cated
tration after working, plus a Sohio micropenetration after 40 in table below,
the grease has been allowed to stand for approximately Paratac .. e 1.0 ST
twenty-four hours, and another after the setup in grease Paraflow 3 - 0.5 BN
body has been disturbed by vigorous stirring with a Ortholeum 3004 ________________.. 0S5
spatula. The last two measurements offer further data _ Solvent extracted bright stock (2000
on the ability of the greases to resist mechanical break- 45 8SU at 100° F.)5 oo omommen 89.2
down. ! 1-8-hydroxyethyl- 2-heptadecenyl-hnidazoline ’
Example 1 2 An isobutylene polymer sold Dy the Enjay Company, Inc
and commonly used in compounding. greases.
A grease was prepared of the- followmg formulation 4 3A Frletdel-graflias tfeatcttloﬁ grodélct usefulI as.a pour point
e epressant ang so. € Wnja, ompany, Ine. -
at a process temperature of 265° F 50 ?An antioxidant fory mineral Igbrlcatll)ng};ils
. Percent SS'*{;LG% ﬁo&umﬁ ,per(clen5% 5solv4lent-extracte<1 brightt stotck t’(g
a .y A1 volume percent solvent-extracte
Santocel ARD 10.0 Pright Stock, 250'S8U at 2100 Fv - ©
Ucon lubricant LB-300-X 2.0,
Amine “0”1 (2.5% by weight of the Santocel)___- 0.25 The oil-soluble additives, i. e., the Paratac, Paraﬂow
Paratac 2 - 1.0 55 and Ortholeum 300, were dlssplved in the oil. The oil
Paraflow & 0.5  was.brought to 95° F., the Amine “O” and Ucon added
1 1.8-hydrox éth 1-2-heptadecenyl-imidazoline. with thorough mixing and then the Santocel was blended
2An 1syobuty317eneyp0]ym%r sold by the Enjay Company, Inc. in as rapidly as it was absorbed in the mixture. The
and commonly used in‘compounding greases. total m1x1ng time was. sixty minutes ‘at the temperature
8 A I'riedel-Crafts reaction product, useful as-a pour point indicated the tabl
depressant and sold by the Enjay Company, Ine. ndicated in the table.
TABLE 1IV.
Temp., ° F. Final ASTM penetration
Percent Ucon grease - |~ Initial 24 hr, MR
Example No. | Amine |LB—625, | temp., Shell. | Shell
“Q”1 percent |Initialoil | Final oil °F. pen. 0 strokes | 60 strokes
bath blend
0 2 9% 98 110 115 114 264 o1
4 2 95 93 108 124 133 282 290
8 2 94 95 104 124 137 276 - 208
10 2 99 95 107 139 154 306 312
i 2 95 o7 110 125 142 302 315
12 2 2% 100 [ 100 99 239 | 243
12 2 95 95 108 107 117 272 295
13 2 o7 92 106 125 152 302 82
14 2 o7 i 110 159 169 | 325 328

i Based on weight of Santocel ARD.
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The table shows that in many -cases the grease yield
decreases as the amount of Amine “O” increases and
sthis is a linear decrease as'is evident when the results
are plotted on -a graph. It would be concluded from
this data that the smallest amount of Amine “O” re-
quired io give the desired water resistance should be em-
ployed. = )

The static and dynamic water résistance properties of
these -greases was evaluated by the tests described above

and are summarized below:

[

14

TABLE V1
Sohio micropenetration 1 Gain in-penetra-
tion
Example No.
Original | Wk’d. 4 | Atrest | 24 hrs, | Wk'd. 41 24 hrs

1 hrs. stirred hrs. stirrea
72 97 88 128 ‘25 56
88 127 103 166 39 78
101 115 99 169 14 68
119 123 100 170 4 51
124 116 -89 170 |- —8 46
62 114 94 180 52 118
105 115 94 184 10 79
131 112 98 183 —19 52
134 -121 -106 -204 - —-13 70

TABLE V
Dynamic water resistance
Percent o :
Example | Amine Static.30-minute boiling Shell pens.
No. 40”1 water test :
Comments
Orig. | 100%
H,0
2 ean 0 | Fair—considerable bleeding 114 282 | Oil-in-water emulsion—inversion; complete
and sep. Santocel. breakdown of grease.
| S 4 | Good—surface slightly 133 124 | Water-in-oil emulsion; free unemul, Hz0.
: whitened. -
8 150 113 Do.
10 150 113 Do.
12 99 104 Do.
14 | Very good... 169 140 Do.

1 Based on weight of Santocel ARD.

It is evident that as little as 4% Amine “O” by weight

of the Santocel was sufficient to_impart good. water re-
sistance.- The results for Examples 3, 4, 5, 7 and 10
are to be contrasted with Example 2 which did not con-
tain Amine “O” but did contain 2% of the Ucon lubri-
cant. This shows that the Ucon lubricant alone, even
at a concentration of 2%, is not able to impart the neces-
sary dynamic water resistance. :

As an additional comparison two greases were. pre-
pared containing 5 and 15% Amine “O,” respectively,
by weight of the Santocel, and no Ucon oil. These
greases had the following composition.

- Example 11
A B
Percent Percent
Santocel ARD 10.0 10.
i 0.5 1.
Paratac.. 1.0 1,
Par: 0.5 0.
Ortholeumm 800 c v oo oo ocrmrmmoo oo 0.5 0.
Solvent extracted bright stock (78 SSU at 210°
2 TR S 87.5 86.

These greases were subjected to the static and dynamic
water resistance and the high temperature stability tests.
Example A had borderline static stability and very poor
dynamic water resistance. Example B -had excellent
static and dynamic water resistance. Both these greases
showed very poor high temperature stability. This shows
that very large amounts of Amine “O” in the absence
of Ucon oil are required to give an adequate dynamic
water resistance, but that when such large amounts of
Amine “O” are used, the grease has very poor tempera
ture susceptibility properties.

In conmtrast, Examples 2 to 10, inclusive, passed the
high temperature stability test.
~ The working stability of Examples 2 to 10 was detex
mined by the four hour test in the gear grease worker
The results obtained appear in the following table:

o O oo

40

45

50

56

60

The changes of pentration shown in the table are of
an order of magnitude indicating satisfactory mechani-
cal stability. In fact, several of the greases exhibited a
stiffening. tendency, as exhibited by the negative penetra-
tion change after the four hour test period.

These results show that greases containing Amine “O”
alone even in amounts as high as 15% by weight of the
Santocel or a Ucon lubricant (mixed polyethylene-1,2-
propylene glycol monomethyl ether) alone have either
satisfactory dynamic water resistance or satisfactory
high temperature stability, but not both. On the other
hand, greases containing both the Amine “O” and the
Ucon oil have excellent static and dynamic water re-
sistance as well as good high temperature susceptibility
properties even though the amount of Amine “O” is as
low as 4% by weight of the Santocel and the Ucon oil
is in the same amount as when used alone. Evidently
in the presence of the Ucon oil the Amine “O” is more
effective in smaller amounts to impart dynamic water
resistance while not affecting high temperature stability:
The same effect is not obtained when diethylene glycol
monoethyl ether (Carbitol) is substituted for the Ucon
oil, showing that this effect can be uniquely attributed to
the polyalkylene glycols of higher molecular weight.

. This is shown by the following:

Six greases were prepared having the following formu-
lation: : : -

Example 12
Percent

Santocel ARD_ IO 9.0,
Carbitol (diethylene glycol monoethyl

ether) e 2.0. -
Amine “O”_ i . Amount indicated

in table below.

Paratac e e 1.0. :
Paraflow_ o e 0.5.
Ortholeum 300~ 0.5.
Mineral lubricating oil * (2000 SSU at

100° F.) el 85.92.

146.5 volume percent solvent-extracted bright stock- (78
S8U at 210° F.), 53.5 volume percent solvent-extracted bright
stock (250 SS8U at 210° F.). , L :
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The Paratac, Paraflow. and Ortholeum 300 were dis-
solved in the oil. The Santocel, Amine “O” and Carbitol
then were blended and the preparation mixed at 95° F.
for sixty minutes overall, including the time necessary to
add the Santocel.

Shell penetrations were taken on all of the grease
samples at the conclusion of the mixing cycle and a sec-
ond Shell penetration obtained after the grease had
stood overnight. The standard ASTM.0 and 60 stroke
penetrations also were taken after the grease had stood
overnight. The results are given in the following table:

TABLE VII
- Initial 24 hr. 24 hir, ASTM -
Example Amine Shell - Shell penetrations
No. “ors penetra- | penetra- -
tion tion
0 strokes | 60 strokes
Percent : )
6 123 120 269 .21
8 137 136 285 290
10 127 125 283 291
12 152 159 303 316
14 184 190 334 344
16 >282 >282 400 416

1 Based on the weight of the Santocel. ) L

The greases were tested for high temperature stability,;
and showed satisfactory high temperature stability char-
acteristics after five cycles.

10

20:

25

Furthermore, those greases -

containing the higher amounts of Amine “O” which -

had given low grease yields stiffened with the heating 30 and for the times indicated in the table:

16
ene glycol units,.is not- as: effective as the higher poly-
alkylene glycol ethers such as the Ucons, which are poly-
mers of ethylene and 1 2-propylene glycol units, in coop-
erating with the' Amine “O” to give good dynamic water
re31stance
Examples 13 to 17

Flve grease rcomposmons were prepared of the follow-

‘ing formula:

Weight percent
| Examples | Example

13,14,15,16 17
Santocel ARD .ot iinaaann 9.0 9.0
-Amine “0’_____ 10.72 10.72
Ucon LB-625.... o 2.0 2.0
Paratac....o.: : . 1.0 1.0
Paraflow PDX ..o l.oo ... PR, 0.5 0.5
Ortholeum 300 (DuPont). .. ... 0.5 0.5

Solvent extracted brlght stock 2 (2,000 SSU at

1000 ) c el 86.28 |_-.coieeeee
Solv;ant extracted bright stock (78 SSU at 210° - B 6.28

18% by weight of Santocel.
2 46.5 volume percent 78 SSU at 210° F., 53.5 volume percent 250 88U
at 210° F. .

The oil-soluble additives were dissolved in the oil, then -
the Amine “O” and Ucon were mixed in and finally the
Santocel was added to the blend incrementally as rapidly
as possible. - Mixing was contintiéd ‘at the temperature

TABLE IX .
Bath temp., ° F. | Grease femp.,°F. Shell pens., time in minutes
Exfa\Imple
0. N _
Initial | Final | Initial | Final 30 60 %0 120
18 100 | 95 % 108
M w0 - 140 150 138
T ] m| | mTETSE T e
Lo 160 150 162 160 189 190 1315 242'| 24-hour.

1 Mizxer oil bath temperature and grease temperature accldentally allowed to rise to 170° F.

during ‘the test, compensatlng for the low yield therein.

The water resistance characteristics of the greases
were checked by a static water test and the dynamic
water test in the ASTM worker. The results are shown

The results for Examples 13, 14 and 16 show that no
effect in grease yield is obtained by increasing the proc-
essing temperature from 95 to 150-160° F. When the
processing temperature is increased to 250° F. a notice-

in the following table: ) 50 able drop in grease yield is apparent.” The immediate
) ) TABLE VIII
Dynamic water resistance
Percent -
Ex&mple %r(x)niple Static 30-minute boiling water test Shell pens.
o. ! .
Results
Orig, | 100%
H:0 .
8 { Very poor—counsiderable emulsion—loses grease |. __.____|.__._._.
characteristics,
8 | Poor—considerable emulswn—-loses grease-like» ................

charaeteristies.

Oil-in-water emulsion-inverted.
Water-in-oil free HzO-~still adhesive. -
Water-in-oil emulsion small amount free

H:0—still adhesive. -

1 Based on weight of Santocel ARD. °

If the grease did not pass the static test, the dynamic
water test was not carried out since this would have been
useless.

The results show that with Carb1t01 at ‘least 10%
Amine “O” is necessary for satisfactory perfo*mance in
the static boiling water .and .that at least 14% is neces-
'sary:in-the dynamic water test.. This shows that Carbi-
tol," diethylene-glycol monoethyl ether having two ‘ethyl-

70 .

75

penetration values for Fxamples 13 and 14 are -lower
than the values obtained after twenty-four hours. ~This
is attributed to the fact that these greases are stiffer thle
hot.

Example 15 was too soft after one hindred and twenty
minutes: of paddle mixing to fall within the range of
penetrometer measurement. ‘Therefore it was further
processed. by one pass through a:homogenizer. This
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: achxeved a dlstmct incréase in grease consxstency, showmg
that a homogemzatxon is ‘quite effective as a means for
increasing the grease yield following processing at high
temperatures.

Another portion of the grease of Example 15 was re-
¢cycled ‘through a gear pump. The grease possessed an
original Shell penetration of 242. After recycling in a
gear pump for six to seven minutes, the grease was
pumped out. The Shell penetration was 183. After re-
peating the cycle again the Shell penetration reached 171,
but the grease temperature was 122° F. After permitting
the grease to stand overnight, a ‘Shell penetration.ob-
tained at Toom temperature. was 180. This shows that
gear pump cyclmg also is effective to increase the grease
yield after:processing at a hlgh temperature.

The grease prepared using the 78 SSU bright stock was
processed at 95° F. and the mixing time was limited to
sixty minutes. The ASTM penetrations appéar below:

Example 17

ASTM pen. Temper-

ature,

Time °F,

: 1 (initial

0 60 Temp.
90° F.) -
15 min 307" 311 104
30 min 321 324° 102
60 min 327 331 100

The workmg or mechanical stablhty of these greases
was evaluated in the ASTM worker and by four hours’
workmg in the gear working assembly. The resiilts. are
shown in the following tables:

TABLE X
10 OOO-STROKE WORKING STABILITY
ASTM Pens., No, Strokes - "A'Pén.
Ex. |- Processing : S o _
No. Temperature, R . R NS ]

- 10 q 60 /2,500-’ 5,000| 7,500|10,000f 0-60 [60-103
13..] 98° Fooeea - 3191 334 827 824 326 323 151 —11
14| 150° F__o—_| 335 | 842 827 | 319 | 824 | 316 74 =-26
15..| 250° F. (ho- | 267 | 319 | 333 | 336, 338 1342 52 23

mogen- : : S
ized). .
16..] 160-170° F. | 330 | 337 | 340 | 339.| 334} 343 7
“(gear . T -
. .. pumiped). | - ... R R B . R I
17..1 96° Pocnivan 325 | 339{ 332| 332 | 3321 338 14 -1
1 After st‘a’.namg'ﬁﬁa'xsﬁifv‘e‘d“ovefmght, Pén.—208.
TABLE XI
LABORATORY GEAR WORKING STABILITY
Sohio micropenetrations A penetration
Exam-
ple No.
Original 4-hr. 24-hr. 24-hr,~- | 0-4 hrs, | 0-24 hr.-
stir stir
138 139 115 187 1 49
130 112 103 168 —18 28
93 123 113 157 30 64
117 146 139 188 29 71

All of the greases had very satisfactory performance
in each of the tests. ’

The dynamic water stability resistance of the.greases
was evaluated with the following results:
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TABLE XII

DYNAMIC WATER S’I.‘ABILITY

Shell pénetrations .
S . ) Approxi-
Example No. , - . .| Apen. mate per-
. 600 strokes cent H20
Original w. 100% emulsion
Hz0
181 140 —41 60
‘185 121 —64 56
‘145 134 -11 ‘56
180 135. —45 66
187 154 —33 70

In all cases the emulsions remained water-in-oil and
the products retamed their greaselike characteristics
evén though the greases emulsified with approx1mately
55 to 70% of water,

Atiother sample of Example 14 was subjected to incre-
mental addition of water with working in the same test.
The grease became stiffer upon emulsifying the first 5%
of water into the grease structure Beyond this point the
consistency of ‘the- grease was fairly stable. The test was
halted after 80% water had been added. The grease
continued to emulsify water until 60%  water had ‘been
added after which free water remained presént in the
worker.

The greases of Examples 13, 14, 15 and 17 were
evaluated for high temperature characteristics and were
run in duplicate for five complete cycles. The greases
of Examples 14, 15 and 17 showed excellent high tem-
perature stability. The grease of Example 13 had border-
line performance which is attributed to the low process

_temperature used. = The high temperature stability would

be improved by a further heat. treatment of the grease.
Best overall hlgh temperature stability was shown by the
grease of Example 14, but the grease of Example 15
also was excellent in this respect.

The ‘grease of Example 13 was evaluated by a dy-
namic rust test. No rusting was evident on the balls or

- on the entire top race and inside face of the bottom

“.

650

race. The grease of Example 13 was given an A rating in
the test. In comparison, an aerogel grease of the same
formuilation but Wwithout the ‘Ucon oil failed the test with
a D rating.

The grease of Example 14 was evaluated by the
AMG-15 béaring washout ‘test-to ‘evaluate the resistance
to water -washout of the grease from a rotating bearmg
The duration of the’ test is one hour, after which the Toss
in welght of ‘the grease ‘from the bearing is determined.
The ‘test ran the full hour and most of the grease in the
bearing had become emulsified with water. Hardly any
grease was evident in the wash water. In contrast, a test

. rin with, an c.erogel grease, of the same formulation with-

60

65

70

(]

‘gut the Ucon cil tan for approx1mately ten mmutes,
“aftér “which failure was evidenéed by loud squealing

noises from the bearing. Almost all of the grease had
emulsified and inverted and the washout from the bear-
ing itself appeared in the wash water as a milky emulsicn.

The thickened lubricants of the invention are useful in
many field grease applications. In the critical field of
wheel bearing lubricants, these greases have performed
very satisfactorily. Other successful field applications in-
clude chassis lubrication, general ball and roller bearing
applications, foundry ladle trunnion bearings, phonograph
bearings, textile spinning wheels, cam followers, kiln car
bearings, farm equipment, worm gear-radar antennae,
outdoor playground equipment, shaker. screens and ring
gears and mixing vessels.

The greases of the invention are characterized by their
ease and reproduceability of preparation and their high
static and dynamic water resistance and high temperature
consistency ‘stability. In addition they have excellent
oxidation . resistance and mechanical stability. All of
these are requisites for a multipurpose lubricating grease.
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Testing the high temperature stability of the thickened
lubricants of the invention by heating the greases to 400°
F. is an extreme test.inasmuch as the highest temperature
to which a grease is subjected under even extraordinary
conditions of use is about 300° F., but the temperature
was adopted as a suitable test standard because a grease
stable at 400° F. definitely will have the stability neces-
sary to withstand heating to 300° F. It will be under-
stood that for normal purposes the thickened lubricants
of the invention need not be stable at temperatures above

about 300° F. and that the greases of the invention at -

least meet this requirement. Where the term “high tem-
perature stability” is used, it will be understood to mean
that the thickened lubricant is stable against loss of con-
sistency ‘at temperatures of at least 300° F.

The Shell penetrations are in accordance with the
Shell Microcone Penetration Test,  Institute Spokesman
(NLGI), volume VI, Number 12, page 1 (1943).

The Sohio micropenetration technique employed re-
quired a microcone and cup. The microcone was
specially built, and its dimensions are compared in Table
II with those of the standard ASTM cone, ASTM Desig-
nation 217-48, described on page 143 of the November
1948 edition of D-2 Specifications for Petroleum Products.

. The cone and grease cup.employed in obtaining the test
results required a minimum sample size of 35 ml.

TABLE XIIL
MICROCONE DIMENSIONS

ASTM SOHIO
Cone | Cup | Cone | Cup
Diameter, mm ... oocooooiilal 65 78 20 43
. Height, mm
Depth, mm._.__._
Burface, sq. mm.
Volume, cc

Cone diam./cup surface._.
Cone height/cup depth__-.
Weight of assembly, gms.
Weight of assembly/sq mm. cone
surface

1 Caleulated.

All parts and percentages are by weight of the thick-
ened lubricant unless otherwise indicated.

We claim:

1. A thickened lubricant of high temperature stability
and good dynamic water resistance, consisting essentially
of a mineral lubricating oil of lubricating viscosity as the
major - component, a finely-divided inorganic water-

2,828,261
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of 285 to 1145 SSU, and a water-insoluble oil-dispersible
cationic surface-active - imidazoline having an aliphatic

group substituted at the 2-position-and a hydrophilic

group . substituted at’ the 1-position of the imidazoline,
said glycol ether being in an amount within the range

-from 0.25 to about 2:5% by Welght of - the * thickened

lubricant, and said imidazoline being in an amount within

“the tange from 4 -to 14% by weight of the inorganic

water-susceptible oil thickeéner, each being 'in amounts
sufficient in combination to impart high temperature sta-
bility and dynamic water resistance to the thickened lubri-
cant.

2. A thlckened lubricant in accordance with claim 1
in which the polyalkylene glycol ether is a polypropylene
glycol ether. -

3. A thickened lubricant.in ‘accordance with claim 1
in which the umdazolme is l-ﬁ-hydroxyethyl -2~ hepta—
decenyl imidazoline. :

4."A thickened 1ubr1cant in accordance with’ claim 1
in which the inorganic oil thickener is a silica aerogel.

5. A thickened lubricant of high temperature stability
and good dynamic water resistance, consisting essentially
of a mineral lubricating oil of lubricating viscosity as the

‘major component, a finely-divided silica aerogel in an

amonnt sufficient to ‘impart. a grease consistency to the -
oil, 'a water-insoluble  oil-miscible mixed polypropylene

. glycol ether having one terminal hydroxy group and a
- sufficient proportion of oxyalkylene units of at least three
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susceptible oil thickener in an amount sufficient to impart -

a grease consistency to the oil, a water-insoluble oil-
miscible polyalkylene glycol ether having one terminal
hydroxy group and a sufficient proportion of oxyalkylene
units of at least three carbon atoms to impart water-
insolubility, and a viscosity at 100° F. within the range

55

carbon atoms to impart water-insolubility, and a viscosity
at 100° F. within the range-of 285 to-1145 SSU, and
a water-insoluble ' oil-dispersible  cationic ™ surface-active
imidazoline havirng an aliphatic group substituted at the
2-position and a hydrophilic group substituted at the 1-
position of the imidazoline, said glycol ether being in an
amount within the range from 0.25 to about 2.5% by
weight of- the thickened lubricant, and said imidazoline
being in an amount within the range from 4 to 14%
by weight of the inorganic water-susceptible oil thickener,
each being in amounts sufficient in combination to impart
high temperature. stability and dynamic water resistance
to the thickened lubricant. -

6. A thickened lubricant in accordance with claim 5,
in which the imidazoline is- 1-g-hydroxyethyl-2-hepta-
decenyl imidazoline. - -

7. A thickened lubricant in accordance with claim 5, in
which the polypropylene glycol ether is a mixed poly-
ethylene 12-propylene glycol ether. .
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