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‘This invention relates to new additive agents for high
temperature lubricants and grease compositions contain-
ing the same. More particularly this invention pertains
to compositions of matter suitable for use as gelation or
thickening agents in thermally stable greases for use
under high temperature conditions and greases thickened
with the same.

As lubricating greases are required for use at higher
and higher temperatures because of increased speeds of
engines and machines, the advent of jet propulsion, atomic
energy as a power source, etc, it has become increasingly
difficult to prepare greases fulfilling such requirements.
In attempting to provide high temperature greases the art
has progressed from the use of petroleum lubricant ve-
hicles thickened with metal soaps of long chain fatty acids,
eg. lithium hydroxy stearate, to more thermally stable
synthetic lubricating oils such as the aliphatic diesters
of dicarboxylic acids, silicone polymers, etc., thickened
with soaps or inorganic materials such as silica gels. The
more thermally stable oleaginous Iubricant vehicles de-
veloped in recent years are able to withstand high work-
ing temperatures because of their thermal stability and
relatively low volatility. However, the progress of grease
thickener research has not in general kept pace with the
development of lubricant vehicles. At temperatures as
high as 400-450° F. there are few, if any, greases avail-
able which will retain their consistency for a substantial
period of time. -

I have found certain new compositions which are use-
ful as grease thickeners in lubricant oils and which pro-

" vide a high degree of thermal stability to greases, thereby

allowing them to retain their consistency at temperatures

ter provided are reaction products of a diisocyanate with
an-alkyl amine salt of an alkyl amide of alkyl ortho phos-
phoric acid, hereinafter referred to as “alkyl amine salt.”

" Such “alkyl amine salis” have the following formula:

- /O Rt
R—N—P=0
ONH;R

Wherein the R’s are aliphatic hydrocarbon substituents
having from about 8 to about 20 carbon atoms and prefer-
ably from zbout 12 to about 18 carbon atoms and R? is
an organic water solubilizing substituent such as an alkyl
radical having less than 5 carbon atoms, an alcohol ora
glycerol.
vention are those disclosed by W. H. Woodstock in US.
Patent 2,406,423. The preparation of the “alkyl amine
salts” may be by the method therein disclosed by Wood-
stock. Of particular preference are the commercially
prepared  salts such as, for example, “Victamine C”
“Victamine 'D,” “Victamine G,” and “Victamine K as
produced by the Victor Chemical Works. “Victamine C”
is the lauryl amine salt of the lauryl amide of ethyl
orthophosphoric acid and “Victamine G” is an analogue
of “Victamine C.” “Victamine D” is the stearyl amine
salt of the stearyl amide of ethyl orthophosphoric acid
and corresponds to the above formula wherein the R’s
are stearyl groups and R! is ethyl." “Victamine K” is an

. analogue of “Victamine D” and is prepared from a mix-
ture of predominantly saturated Cyq primary amines so.

10

16

20

25

30

35.
. charged to a solvent extracted mineral lubricating oil in

40

~as high as about 250 to about 450° F. In accordance
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2
that the R’s of the above formula correspond to saturated
Cyg groups while R? represents ethyl.

The diisocyanates which are used to react with the
alkyl amine salts above to form the reaction products of
the invention are those compounds which have at least
2 isocyanate radicals. Examples of suitable diisocyanates
are toluene diisocyanate, p,p’-diisocyanate biphenyl,
1,4 - diisocyanate - benzene, p,p’ - diisocyanate - diphenyl-
methane, 1,6 - diisocyanate - hexane, 1,12 - diisocyanate-
dodecane, 1,3,5-benzene-triisocyanate, naphthylene di-
isocyanate, - bitolylene diisocyanate, tris-p-isocyanate-
phenylmethane, etc.

The reaction products of this invention are prepared
by admixing the “alkyl amine salt” with an oleaginous
lubricant vehicle or solvent or diluént and slowly heating
the mixture to a temperature above about 100° F., ad-
vantageously in the range of about 150° F. to about 450°
F. and preferably in the range from about 200° F. to
about 350° F. and then adding about 0.5 to about 2.0 and
preferably from about 0.8 to about 1.2 moles of the di-
isocyanate per mole of salt. The reaction mixture is
maintained within the above temperature range until the
reaction is complete. The reaction proceeds rapidly
within a short period of time. We have found that 10
minutes is usually sufficient within the preferred reaction
temperature range; however, much longer reaction times
must be used if needed. The reaction mixture is then

- cooled and milled.

Although I do not wish to be held to any theories
regarding the reaction between an alkyl amine salt of an
alkyl amide of alkylorthophosphoric acid and a diiso-
cyanate I believe that the reaction is explained by the
following typical example: ~approximately equimolar
amounts of bitolylene diisocyanate and the lauryl amine
salt' of the lauryl amide of methyl orthophosphafe are

a reaction vessel and heated to about 150° F. for 10
minutes. A mixture of reaction products of unknown
structure is formed. Although the structures of the prod-
ucts are not known, it is believed the reaction proceeds in
two steps to form products which may resemble those
structures set out below. In the first step, it is believed
that the amine salt of the lauryl amide of methyl ortho-

" phosphate may decompose into a primary amine and a
_phosphate ester with an acidic —OH group as follows:

OCH, '
Cqup—-N—P=0 ——
OH NH;CyH;
- 2CsHyz OCH;
szﬂzs—N—-Pfo +CuyHyNH;
OH

In the second step, the primary amine and the phosphate
ester may then react with the two isocyanate groups of
the bitolylene diisocyanate to form a mixture of products
such as those shown by the unbalanced equation below:

OCH;s
C:ast—N——PTO +C1H s NH;
OoH

|
CHs éHs

O CH3 : .
H
CuHyp—N—P=0 N CraHas
N, H Ve
(o] (I.'llN N=C\
o - OH
éHa (I}Ha .
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The reaction is advantageously carried out in the pres-
ence of a sufficient amount of an oleaginous lubricant
vehicle to form a thickened grease containing from about
2 to about 25, and preferably from about 5 to about 15
weight percent of the reaction product thickening agent.
Therefore, from about 75 to about 98, and preferably
from about 85 to about 95, weight percent of an oleagi-
nous lubricant vehicle is advantageously used in the
reaction mixture.

Oleaginous lubricant vehicles which can be used in
accordance with this invention to form grease products
can be silicone polymer oils, mineral lubricating oils, syn-
thetic hydrocarbon lubricating oils, synthetic lubricating
oils such as polyalkylene glycols and their derivatives,
high molecular weight esters of dicarboxylic acids, poly-
fluoro derivatives of organic compounds such as the tri-
fluorovinyl chloride polymers shown as “Fluorolube”
(made by Hooker Chemical Company), the trifluoro-
ethylene polymers, and other lubricant vehicles.

The silicone polymer oils which may be employed in ac-
cordance with the present invention are those falling sub-
stantially within the lubricating oil viscosity range. In
general, such oils have the following unit structure:

N
R——Sli—O —Sli—O —Sli—R
R R’ » R

wherein R and R’ represent substituted or unsubstituted
alkyl, aryl, alkylaryl, arylalkyl or cycloalkyl radicals.
" Such compounds may be produced by well-known meth-
ods, e.g. the hydrolysis of dialkyldichlorosilanes or dieth-
oxysilanes with a suitable chain stopper, e.g. a trisubstitut-
ed monochlorosilane. . For purposes of the present inven-
tion, those polymers which are high boiling liquids within
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the lubricating oil viscosity range are suitable, these gen-

erally possessing a viscosity at 100° F. which is within
the range of from about 25 to about 3500 S.S.U. It is
preferred, for purposes hereof, to employ such oils as
have a viscosity at 100° F. of from about 100 S.S.U. to
about 1250 S.S.U. Such products are generally colorless
and inert, have 'a very low volatility and undergo rela-
tively slight change in viscosity for a given change in
temperature. Relatively common oils of this type are
dimethylsilicone polymer, phenylmethylsilicone polymer,
chlorophenylmethylsilicone polymer, etc., it being pre-
ferred to employ either the phenylmethylsilicone or the
chlorophenylmethylsilicone polymer in accordance here-
with. Methods of preparing such compounds are taught
in numerous patents, e.g. U.S. 2,410,346, U.S. 2,456,496,
and in the literature such as “Chemistry of the Silicones”
by Rochow, page 61, et seq. A particularly desirable
‘phenylmethylsilicone polymer for use in accordance with
the present invéntion is Dow-Corning 550 Silicone Fluid,

a product of Dow-Corning, Inc., which has a Saybolt -

Universal viscosity at 100° F. of about 300 to about 400
seconds. Another suitable-silicone polymer is a chloro-
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_sirable to produce such

phenylmethylsilicone marketed as GE 81406 by General
Electric Company.

Other oleaginous vehicles which may be empolyed here-
with are, for example, mineral oils in the lubricating oil
viscosity range, i.e. from about 50 S.8.U at 100° F. to
about 300 S.S.U at 210° F. These mineral oils are
preferably solvent extracted, to substantially remove the
low V.I. constituents, e.z. aromatics, with phenol, fur-
fural, B,B’-dichlorodiethylether (Chlorex), liquid SOj,
nitrobenzene, etc. Synthetic lubricating oils resulting
from polymerization of unsaturated hydrocarbons or
other oleaginous materials within the lubricating oil vis-
cosity range such as high molecular weight polyoxyalkyl-
ene compounds such as polyalkylene glycols and ethers
and esters thereof, aliphatic diesters of dicarboxylic acids
such as the butyl, hexyl, 2-ethylhexyl, decyl, lauryl, etc.
esters of sebacic acid, adipic acid, azelaic acid, etc. may
be thickened by the reaction products of the present in-
vention to produce excellent greases. Polyfluoro deriva-
tives of organic compounds, particularly hydrocarbons,
and dibacic acid esters of H(CF;),CH;OH, in the lubri-
cating oil viscosity range can be thickened with com-
pounds of the present invention. Other synthetic oils,
such as esters of aliphatic carboxylic acids and polyhydric
alcohol, e.g. trimethylolpropane pelargonate, pentac-
rythritol hexanoate, can be used as suitable oil vehicles.
Where the grease product is to be employed under high
temperature conditions lubricating oils which are stable,
ie. do not decompose, at the temperatures to be encoun-
tered should be used as the lubricant vehicle. For such
uses, it is preferred to use oils such as silicone polymers,
fluorocarbons and the like.

Rather than preparing the grease thickeners of this
invention as component parts of a thickened grease, it
may be desirable to prepare grease thickener addition
agents. Such addition agents are readily prepared by
using a solvent or diluent which is capable of being re-
moved after the reaction in lieu of using the oleaginous
lubricant vehicle recited above. After the reaction, the
solvent or diluent is removed leaving the thickening agent.
Such addition agents may also be prepared from the
above prepared thickened greases; accordingly, the thick-
ened grease prepared above is washed with a solvent such
as hexane or heptane to remove the lubricating oil leav-
ing the reaction product as an insoluble. It may be de-
thickening agents with the oleag-
inous lubricant vehicle removed for purposes of storing,
such as where space is limited. The addition agents may
then later be added to oleaginous lubricant vehicles in
amounts of about 2 to about 25 weight percent and pref-
erably from about 5 to about 15 weight percent to form
a finished grease.

Also concentrates of greases containing the grease
thickener may be formed by reducing the amount of
oleaginous lubricant vehicle in the reaction mixture to
provide a thickener concentration within the range of
from about 25 to about 65 weight percent of the total
reaction mixture. If the reaction mixture is too thick
for convenient handling, a suitable solvent or diluent may
be added and later removed after the reaction. Such

concentrates of greases may be used to prepare grease
_.compositions containing the amounts of thickener set out

above by -dilution of the concentrate with an oleaginous
lubricant vehicle.

The grease products containing the grease thickener
and concentrates thereof can contain one or more well
known addition agents suitable under the conditions of
use to impart desired properties thereto, such as, by way
of example, antioxidants, extreme pressure agents, cOITo-
sion inhibitors, anti-leak agents, anti-foam agents, graphite,
molybdenum sulfide, etc.

To further illustrate this invention the following spe-
cific examples of thickened -grease -compositions were

‘prepared -and tested as indicated below for suitability of
wuse ‘at high temperatures. ’
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Lo ool . Examplel .=~ S

4.5 g. of “Victamine K” were. admixed with 93.5 g. of
a phenol extracted SAE 40 mineral Iubricating oil. ' The.
mixture was slowly heated in a reaction vessel to a tem~
perature ranging from 300 to 310° F. and 2.0 g. of bitolyl~
ene diisocyanate were added. The reaction mixture was
aintained at a temperature ranging fiom 300 to 310° F.
for about 10 minutes. The resulting material was cooled
and milled to produce a finished grease product.

Example 2

74,0 g. of “Victamine K” were admixed with .94.0 g.
of 'Dow-Corning " Silicone Oil 550. The mixture was
slowly heated in a reaction vesse] to a temperature rang-
ing from 300° to 310° F. and 2.0 g. of bitolylene diiso-
cyanate -were added. The reaction mixture was main-
tained- at a temperature ranging from 300 to 310° F. for
about 10 minutes.- The ‘resulting material. was cooled
and milled to produce a finished grease product.

Example 3

6.0 g. of “Victamine K” were admixed with 91.0 g. of
Dow-Corning Silicone Oil 550. The mixture was slowly
heated in a reaction vessel to a temperature ranging from
300° to 310° F. and 3.0 g. of bitolylene diisocyanate
were added. The reaction mixture was maintained at a
temperature ranging from 300 to 310° F. for about 10
minutes. The resulting material was cooled and milled
to prodice a finished grease product. = . o :

-~ Example 4

5.0 g. of “Victamine K” were admixed with 93.0 g. of
a phenol extracted SAE 40 mineral lubricating oil. The
mixture was slowly heated in a reaction vessel to a tem-
perature ranging from 300 to 310° F. and 2.0 g. of bitol-
ylene diisocyanate were added. The reaction mixture was
maintained at a temperature ranging from 300 to 310°
F. for about 10 minutes. The resulting material was
cooled and milled to produce a finished grease product.

Example 5

7.0 g. of “Victamine C” were admixed with 85 g. of
diethyl hexyl sebacate. The mixture was slowly heated
in a reaction vessel to 300° F. and 8.0 g. of bitolylene
diisocyanate were added.  The reaction mixture was
maintained at a temperature of about 300° F. for five
minutes. The resulting mixture was cooled and milled
to produce a finished grease product.

Example 6

11.6 g. of “Victamine C” were admixed with 85 g, of
trimethylol propyl pelargenate. The mixture was slowly
heated in a reaction vessel to 300° F. and 3.4 g of
bitolylene diisocyanate were added. The reaction mix-
ture was maintained at a temperature of about 300° F.
for five minutes. The resulting mixture was cooled and
milled to produce a finished grease product.

Example 7

4.9 g. of “Victamine D” and 93.0 g. of a phenol ex-
tracted SAE 40 mineral lubricating oil were mixed in a
beaker. The mixture was heated to 310° F. 2.1 g. of
bitolylene diisocyanate were then added and the reac-
tion mixture was held at about 310° F. for 5 minutes.
The resulting mixture was cooled and roll milled to Ppro-
duce a finished grease product.

Example 8

4.9 g. of “Victamine D” and 93.0 g. of a phenol ex-
tracted SAE 40 mineral lubricating oil were mixed in a
beaker. The mixture was heated to 200° F. and 2.1 e.
of bitolylene diisocyanate were added. The reaction
mixture was held at about 200° F. for 5 minutes, cooled
and roll milled to produce a finished grease product.
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The unworked and worked penetration values for the 75

6
above: examiple were'determined by ASTM Method 217-
52T..and-the drop: points of the examples were déter-
mined by ASTM Method D566-42. The data from the

" two ASTM.tests are reported i'n_ Table 1.

- “TABLE 1
.| Unworked | Worked Drop
. . Example '~ " .-'| Penetra- | Penetra- Point, ° F.
o . tion1 tion t
1. vo346 | 369 470--
2 342 356 4704
3. 203 280 465
4, S . 337 333 470+
| T — . 329 337 400+4-
6. . 349 357 4004~
7 o288 292 4004
8... 308 312 4004-

1 Penetrations determined on a 34 size cone and converted.

The only slight variations “betwéen unworked penetra-

tion and worked penetration in the above tests demon-
strates. the consistency of the greases hereinabove de-
scribed -The high drop points obtained demonstrate the
suitability. of such greases for use at temperatures even up
to.about 450° F. . = : .
. Tt'is evident from the above disclosure and illustrations
that I'have provided grease thickening agents, thickened
-grease compositions .and.a method. for their preparation,
which thickened grease compositions have excellent pene-
tration characteristics ‘and a high drop point enabling their
Alise: for excellent lubrication at elevated temperatures.

Therefore, I claim: R L . .

1. As a composition of matter, the product obtained
by reacting at a temperature in the range between about
100° F. and about 450° F. from about 0.5 to about 2.0
moles of an organic diisocyanate with one mole of a
compound corresponding to the formula:

- OR!
R—-N—Péo
ONH:R

wherein R is an alkyl radical having from about 8 to
about 20 carbon atoms and R! is a water solubilizing
radical.

2. The composition of claim 1 wherein said diisocyanate
and said compound are reacted in a mole ratio of from
about 0.8:1.0 to about 1.2:1.0, diisocyanate: said com-
pound.

3. The composition of claim 1 wherein the diisocyanate
is bitolylene diisocyanate and R has from about 12 to
about 18 carbon atoms,

4. The composition of claim 3 wherein R has 12 car-
bon atoms.

5. The composition of claim 3 wherein R has 18 car-
bon atoms.

6. As a composition of matter, the lubricating grease
product obtained by reacting an alkyl amine and a com-~
pound corresponding to the formula:

: OR?

H
R—-—N—P——/—'O

oH

wherein R is an alkyl radical having from 8 to about 20
carbon atoms and R! is a water solubilizing radical se-
lected from the class consisting of an alkyl radical having
less than 5 carbon atoms, an alcohol and a glycerol with
an organic diisocyanate at a temperature in the range
of from about 150° F. to about 450° F. in the presence
of a normally liquid oleaginous lubricant vehicle for a
period of time sufficient to form a reaction product of
said alkyl amine and said compound with said diiso-
cyanate in said oil.

7. The composition of claim 6 wherein said reaction
product constitutes from about 2 to about 25 weight
percent of the composition.
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D o :

8. The composition of claim 6 wherein said normally
Yiquid oleaginous lubricant vehicle is an ester lubricating
fluid. .

9. The composition of claim 6 wherein szid diisocyanate
and said compond are in a molar ratio of from about
0.8:1.0 to about 1.2:10, diisocyanate: said compound.

10. The composition of claim 6 wherein the organic
diisocyanate is bitolylene diisocyanate.

11. The composition of claim 10 wherein R has 12
carbon -atoms. : - )

12. The composition of claim 10-wherein R-has -18
carbon atoms. ] . o
- 13. As a composition of matter, the lubricating-grease
concentrate -obtained by reacting in admixture with a
normally liquid oleaginous lubricant vehicle a-compound
corresponding to the formula:

- /OBl
R—-N-—P=0.

, ONHR .
wherein R is ‘an -alkyl radical having from about 8 to
about 20 carbon atoms .and R! is a water solubilizing
alkyl radical having from 1 to 4 carbon atoms inclusive
with an organic diisocyanate at a temperature in the
range -of from about 200° F. to about 350° F. to obtain
a reaction product. of said compound and ‘said ‘diisocy-
anate in said oil, wherein the mole ratio of said diiso-
cyanate to said componnd in from.0.8:1.0 to .about
1.2:1.0 and the total weight of said reaction product is
from.about 35 weight percent to.about 75 weight percent
of the total composition. -

)
\

14. The composition of claim 13 wherein said oil is
a silicone lubricating oil.
15. The method of thickening lubricating oils to form

lubricating grease comipositions having excellent consist-
5 ency and. high temperature drop point properties, which

method comprises admixing with a normally liquid lubri-

cating .0il 2 compound corresponding to the formula:

- OR!
10 R—N—Péo .
ONH;R

wherein R is an-alkyl radical having from -about 8 to

about 20 carbon atoms and R! is a water -solubilizing

group, subjecting the resulting mixture to a temperature
15 {n the range of from about 100° F. to about 450° F.,
adding from about 0.5 to about 2.0 moles of an organic
diisocyanate to said mixture per mole of said compouad,
mainaining the resulting reaction mixture at «a-tempera-
ture in the range of from about 100° F. to about 450° F.
for a period of time sufficient to form a reaction product
of said compound with said diisocyanate in said oil, cool-
ing said reaction product in said oil, and milling said
reaction product in said oil whereby said lubricating
g grease composition is formed.
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