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This invention relates to lubricating greases and to a 
novel class of additives therefor. More particularly, it 
relates to hydroxy fatty acid soap thickened greases con 
taining compounds formed between borate esters and 
high molecular weight aliphatic amines. 
The compounds which are employed as grease addi 

tives in accordance with this invention are association 
complexes which are formed by reacting aliphatic amines 
of the class consisting of monoamines containing at least 
6 carbon atoms per molecule and diamines, with boric 
acid esters containing 1-3 -OR or -SR groups attached 
to a boron atom, where R is a hydrocarbon group or 
Substituted hydrocarbon group. These borate ester 
amine complexes are disclosed and claimed in copending 
co-owned application Serial No. 59,180, of E. L. Kay 
and E. C. Knowles, filed September 29, 1960, as addi 
tives for liquid lubricants such as a combination trans 
mission-rear axle automotive lubricant, wherein they im 
part improved anti-wear properties under the conditions 
of hypoid gear lubrication as well as detergency and other 
improved properties for this type of service. 
We have found, in accordance with the present inven 

tion, that increased dropping points and other advantages, 
including improved water resistance properties, are ob 
tained in hydroxy fatty acid soap thickened greases by 
employing therein minor amounts of compounds of the 
above class. A particularly valuable application of this 
invention is found in the production of hydroxy fatty acid 
soap thickened greases containing fatty type extreme pres 
sure agents, which ordinarily strongly degrade the water 
absorption properties of such greases. Lubricating 
greases representing a preferred embodiment of this in 
vention, having a combination of high dropping points, 
good extreme pressure properties and very satisfactory 
water resistance properties, are obtained by employing 
borate ester-amine complexes in lithium hydroxy fatty 
acid soap thickened greases containing sulfurized fatty 
oils. 
The above advantages obtained by employing the bo 

rate ester-amine complexes in hydroxy fatty acid soap 
thickened greases were entirely unexpected on the basis 
of the experience with these compounds employed in con 
ventional fatty acid soap thickened greases, wherein no 
advantages were obtained. While we do not intend to 
be limited by any particular theory, it appears on the 
basis of infrared analyses and other evidence that a 
stable coordinated compound is formed by electron shar 
ing between the boron atom of the borate ester com 
pound and the hydroxy group of the hydroxy fatty acid 
soap, which accounts for the difference in the effect of the 
borate ester compounds in hydroxy fatty acid soap thick 
ened greases and in conventional fatty acid soap thick 
ened greases. 
The borate esters which are employed for forming these 

complexes are compounds of the class represented by the 
formulas: 

RB(XR") 
and 

R. (BXB) (XR). 
wherein R is a hydrocarbon or substituted hydrocarbon 
group, R' is hydrogen, a hydrocarbon group or substitut 
ed hydrocarbon group, X is oxygen or sulfur, n is a whole 
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number from 0 to 2, inclusive, m is a whole number from 
1 to 3, inclusive, the sum of n and m being 3, n' is a 
whole number from 0 to 3, inclusive, m' is a whole num 
ber from 1 to 4, inclusive, the sum of n' and m' being 
4, the compound containing at least one hydrocarbon or 
Substituted hydrocarbon group represented by R or R'. 
Hydrocarbon groups represented by R and R' include 
alkyl, aryl, alkaryl and aralkyl groups, and substituted 
derivatives thereof containing substituents such as hy 
droxy, alkoxy, phenoxy, nitro and amine groups, halogens, 
etc. The preferred compounds are those wherein in and 
in equal Zero, m being 3 and n' being 4, and wherein 
all of the groups represented by R are hydrocarbon or 
Substituted hydrocarbon groups, preferably containing at 
least 3 carbon atoms. Particularly preferred compounds 
are those wherein at least one group represented by R' 
is a phenyl group having an electronegative substituent 
Such as a halogen atom or nitro group in a position para 
to the ester linkage. 

Examples of suitable compounds of the above class 
include the following: 
tri-thiopropyl borate, 
tri-isobutyl borate, 
tristearyl borate, 
triphenyl borate, 
tri-thiophenyl borate, 
tri-p-chlorophenyl borate, 
tri-(nonylphenyl) borate, 
di-(2-ethylhexyl) nonylphenyl borate, 
tricresyl borates, 
tribenzyl borate, 
tri-2-phenylcyclohexyl borate, 
tri-(di-isobutylcarbinyl) borate, 
mono-nonylphenyl-di-(2,4-dichlorophenyl) borate, 
dibutyl-p-acetylphenyl borate, 
di-p-chlorophenyl-mono-p-nitrophenyl borate, 
di-p-chlorophenyl-mono-p-aminophenyl borate, 
di-(nonylphenyl)-mono-pentachlorophenyl borate, 
diphenyl-mono-p-carbomethoxyphenyl borate, 
di-p-chlorophenyl-mono-thiophenyl borate, 
n-hexyl boronic acid, 
n-octyl boronic acid, 
tetrabenzyl diborate and 
tetra-nonylphenyl diborate. 

Particularly suitable compounds are di-p-chlorophenyl 
mono-nonylphenyl borate and di-p-chlorophenyl-mono 
(alkyl-o-cresyl)borate, wherein the alkyl group contains 
about 4-30 carbon atoms. 
The aliphatic amines which are employed to form the 

borate ester adducts or association complexes are com 
pounds of the class comprising monoamines containing 
at least six aliphatic carbon atoms and diamines, where 
in the amine groups may be primary, secondary or ter 
tiary amine groups. Examples of suitable amines in 
clude dodecyl amine, tertiary tetradecyl amine, tertiary 
undecyl amine, secondary dibutyl amine, octylamine, 
hexadecylamine, ethylene diamine, hexane diamine, etc. 
The preferred compounds are monoamines containing 
from about 8 to about 26 aliphatic carbon atoms per 
molecule, particularly suitable compounds being primary 
amines wherein the alkyl group is a tertiary alkyl group. 
Formation of the borate ester-amine complexes takes 

place readily over a wide range of conditions. The com 
plex may be prepared by merely mixing together the 
borate ester and amine in the reacting proportions at 
room temperature or at moderately increased tempera 
tures in the presence or absence of a solvent. The 
preparation may also be carried out by reacting together 
boric acid and alcohol together with the amine in an 
organic solvent such as benzene, toluene, etc. The bo 
rate ester and amine are usually reacted in a 1:1 mol 
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ratio. However, complexes containing reduced amounts 
of amine, such as borate ester-amine mol ratios of 10:5 
to 10:1 may be employed in some cases, particularly 
where there are severe copper anti-corrosiveness require 
entS. 
The lubricating greases to which this invention relates 

are those containing metal soaps of high molecular weight 
hydroxy fatty acids in sufficient proportions to provide 
at least a substantial thickening effect. The metal com 
ponent may be any metal which is suitable for forming 
soaps employed as thickening agents in lubricating 
greases generally, including sodium, potassium, lithium, 
calcium, barium, strontium, aluminum, manganese, zinc, 
etc. The alkali metals and alkaline earth metals com 
prise a preferred class of metals for this purpose. The 
hydroxy fatty acid soap will usually be present in the 
composition in amounts from about 3 to about 15 per 
cent by weight, although somewhat smaller or larger 
amounts are also suitable, such as amounts as low as 
about 2 percent by weight and as high as about 30 per 
cent by weight of the composition. 
The borate ester-amine complexes are ordinarily em 

ployed in these lubricating greases in amounts in about 
the range 0.1-10 percent by weight, although somewhat 
larger or smaller amounts may be employed if desired. 
They are most suitably employed in amounts in about 
the range 0.5-5 percent by weight of the grease 
composition. 

Suitable soap forming acid materials which may be em 
ployed in the production of these greases include hy 
droxy fatty acids containing from about 12 to about 24 
carbon atoms per molecule and one or more hydroxy 
groups separated from the carboxylic group by at least 
one carbon atom, and the glycerides and other esters of 
Such acids. The preferred acids are substantially sat 
urated acids containing from about 16 to about 22 car 
bon atoms and one or two hydroxy groups per molecule. 
Such materials may be obtained from naturally occur 
ring glycerides, by hydroxylation of fatty acids, by hy 
drogenation of ricinoleic acid or castor oil, or other 
wise by processes such as the catalytic oxidation of hy 
drocarbon oils and waxes which have been extracted and 
fractionated to the desired molecular range. Mixtures 
of hydroxy acids together with unsubstituted fatty acids 
may be very suitably employed, wherein the hydroxy fatty 
acid comprises at least about one third of the fatty acid 
mixture, 

Lubricating oils employed in the greases include con 
ventional mineral oils and synthetic oils, such as high 
molecular weight ethers, esters, silicones, etc. 
mineral oils include both paraffinic and naphthenic oils 
and blends thereof, having viscosities in the range from 
about 80 seconds Saybolt Universal at 100 F. to about 
225 seconds Saybolt Universal at 210 F. A particu 
larly suitable class of synthetic lubricating oils com 
prises synthetic dicarboxylic acid esters, such as di-2- 
ethylhexyl sebacate, (di-secondary amyl) sebacate, di-2- 
ethylhexyl azelate, etc. and polymers obtained by con 
densing dicarboxylic acids with glycols as disclosed in 
U.S. 2,628,974, as well as the sulfur analogs of such 
esters. Other synthetic oils which may be employed in 
accordance with this invention include the silicone poly 
mers, including dialkyl silicone polymers such as dimethyl 
silicone polymer, diethyl silicones and mixed aryl alkyl 
silicone polymers such as phenyl methyl silicone poly 
mer, having viscosities in the lubricating oil viscosity 
range. 
The sulfurized fatty oils which are employed in the 

greases representing a preferred embodiment of this in 
vention may be any sulfurized natural or synthetically 
obtained fatty materials such as have been employed here 
tofore as extreme pressure additives in lubricating com 
positions, including, for example, products obtained by 
Sulfurizing castor oil, lard oil, sperm oil, corn oil, fish 
oil, or the like. A suitable material of this character is 

Suitable 
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4. 
sulfurized lard oil containing from about 5 to 12 percent 
by weight of sulfur, obtained by heating No. 1 lard oil 
with about 10 to 15 percent of sulfur at a temperature 
above 300 F., and preferably in about the range 350 
400 F., for a sufficient time to obtain a homogeneous 
product. A particularly preferred material of this type 
is sulfurized sperm oil, containing from about 5 to 15 
percent of sulfur. The composition may very suitably 
contain from about 0.5 to 15 percent, and preferably 
from about 1 to 10 percent by weight, of the sulfurized 
fatty oil. 
The lubricating greases of this invention may also con 

tain other additives of various types such as are com 
monly employed in lubricating greases, such as other ex 
treme pressure agents, anti-corrosives, anti-oxidants, etc., 
as well as different thickening agents, such as other soaps 
of various types and finely divided solids having grease 
forming properties. 
The grease preparation may be carried out in any suit 

able manner. The borate ester-amine complex may be 
added either during the grease preparation or it may be 
incorporated into the previously prepared grease by heat 
ing a mixture of the grease and aborate ester-amine com 
plex at a mildly elevated temperature such as about 150° 
F. with stirring, preferably followed by milling. It is 
conveniently added during the grease preparation when 
the mixture has cooled below about 200 F. 
The following examples are given for the purpose of 

more fully disclosing the invention. 
EXAMPLE I 

A lubricating grease having the following composition 
in percent by weight: 

Lithium 12-hydroxystearate -------------- 7.8 
Free LiOH ---------------------------- 0.2 
Borate ester-amine complex -------------- 3.0 
Lubricating oil ------------------------- Remainder 
The lubricating oil is a mixture in a 3:1 ratio by weight, 

respectively, of 2-ethylhexyl sebacate and a highly re 
fined paraffinic distillate oil having a Saybolt Universal 
viscosity of about 100 seconds at 100° F. 
The borate ester is an association complex obtained 

by reacting a borate ester with a high molecular weight 
amine in a mol ratio of 1:1. The amine employed is 
Suitably a commercial material sold by Rohm & Haas 
under the trade name of “Primene 81-R” consisting 
of tertiary alkyl primary amines in the range from 
C12H25NH2 to C15H3NH2. 

Following is a detailed description of the preparation 
of one of these borate ester-amine complexes: 257 grams 
(2 mols) of p-chlorophenol, 61.8 grams (1 mol) of boric 
acid and 200 ml. of isopropylbenzene were charged to a 
1 liter, three-necked flask equipped with stirrer, condenser 
and "Barrett type' distilling receiver, and the mixture 
heated under reflux for 2.16 hours until 36 ml. (2 mols) 
of Water were removed. At this point 220 grams (1 
mol) of nonylphenol were added and the solution was 
refluxed for an additional 26.16 hours until 18 ml of 
Water Were obtained. The solvent was removed under 
reduced pressure and 191 grams (1 equivalent based on 
Rohm & Haas data) of Primene 81-R were added slowly 
Over a period of 40 minutes, a temperature rise of about 
34 C. occurring in the reaction mixture indicative of 
adduct formation. The product was stirred for an addi 
tional 2.16 hours and then removed from the flask; the 
product was a clear yellow viscous liquid, obtained in a 
99-- percent yield. 
The grease preparation is carried out by saponifying 

Hydrofol acids 200 with excess lithium hydroxide in the 
presence of a major proportion of the mineral oil con 
tained in the grease. The Saponification is accomplished 
by heating the mixture for about 1/2 hours at 317° F. 
The Saponification mixture is then heated up to 400° F. 
While adding 2-ethylhexyl sebacate and circulating the 
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mixture through a shear valve at 75 lbs. pressure drop 
while the mixture is maintained at 400 F. The mixture 
is cooled to 200 F. during about 2% hours while addi 
tional amounts of mineral oil and 2-ethylhexyl sebacate 
are added. The grease is finally drawn and finished by 
milling in a Premier colloid mill. The borate ester 
amine complex is incorporated into the base grease thus 
obtained by heating a mixture of the grease and the 
borate ester-amine complex in suitable proportions by 
weight at 150 F. for 30 minutes with stirring and then 
milling with one pass through a Premier colloid mill at 
0.002 inch clearance. The grease thus obtained has a 
Smooth buttery texture and very superior lubricating 
properties generally. 
The following table shows the effect of the borate ester 

amine complexes in increasing the dropping point of the 
above grease. 

Table I 
Borate ester/amine Dropping point 
complex: ASTM, F. 

None ----------------------------------- 367 
Tri-(nonylphenyl) borate/amine ------------ 480 
Mono-nonylphenyl-di-(p-chlorophenyl) borate/ 

amine -------------------------------- 427 
Tri-(p-chlorophenyl)borate/amine ---------- 411. 
Di-p-chlorophenyl-mono-11-(1-carbomethoxy) 

heptadecyl borate/amine ---------------- 412 
Tri-thiophenyl borate/amine --------------- 419 
Tri-p-tertiary butyl-thiophenyl borate/amine -- 440 

In addition to the increased dropping points, a moder 
ate extreme pressure improvement was also obtained with 
the halogenated borate ester-amine complexes in the 
above grease, as shown by the data given in the following 
table. 

Table II 

Borate ester/amine complex: Mean Hertz load, kg. 
None ------------------------------------ 21 
Tri-(nonylphenyl) borate/amine ------------- 22 
Mono-nonylphenyl-di-(p-chlorophenyl) borate/ 
amine --------------------------------- 26 

Tri-(p-chlorophenyl)borate/amine ----------- 28 
Di-p-chlorophenyl-mono-11-(1 - carbomethoxy) 

heptadecyl borate/amine ------------------ 31 
EXAMPLE II 

A lubricating grease representing a preferred embodi 
ment of the invention having the following composition 
in percent by weight: 

Lithium 12-hydroxyStearate -------------- 6.0 
Free LiOH---------------------------- 0.1 
Glycerine ----------------------------- 0.6 
Diphenylamine ------------------------. 0.6 
Sulfurized Sperm oil -------------------- 7.0 
Lead naphthenate ---------------------- 1.0 
Borate ester-amine complex -------------- 0.5-3.0 
Lubricating oil ------------------------- Remainder 
The lubricating oil employed in the above grease is a 
end in about a 1:4 weight ratio respectively of a refined 

paraffinc distillate oil having a Saybolt Universal viscos 
ity at 100 F. of about 180, and a refined residual frac 
tion from a mixed base crude having a Saybolt Universal 
viscosity at 210 F. of about 105. 
The sulfurized sperm oil is a commercial product con 

taining about 10 percent by weight of sulfur, and the 
lead naphthenate is also a commercial product obtained 
from petroleum naphthenates. 
The grease is prepared substantially as described in 

Example I, employing hydrogenated castor oil as the 
saponifiable material and adding the sulfurized sperm oil, 
lead naphthenate and diphenylamine during cooling of 
the grease mixture and when the temperature is about 
200° F. 

Table III below shows the effect of the borate ester 
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6 
amine complexes in improving the water absorption prop 
erties of the above grease. 

Table III 

Concen- Water Penetra 
Borate Esterfamine tration, Absorbed, tion of 

Percent Percent Emulsion 

None----------------------------------------- a 220 377 
Tri-p-chlorophenylboratefamine- 0.5 150-- 326 

Do--------------------------- ... O 45 324 
Do--------------------------- 2.0 25 33 Di-p-chlorophenyl-mo 

phenylboratefamine 0.5 150- 343 
D 1.0 35 315 

2.0 40 313 Di-para-tert.-butylphenyl-mono 
p-nitrophenylboratefamine.----- 1.0 150- 324 

Do--------------------------- 2.0 35 33 
IDi-nonylphenyl - mono - penta 
chlorophenylboratefamine-- 1.0 150- 326 

Do--------------------------- 2.0 40 328 

in Emulsion inversion. 

Table IV below shows the effect of borate ester-amine 
complexes upon the dropping point of greases containing 
other metal soaps of hydroxy fatty acids. The borate 
ester amine complex employed in these greases was that 
of monononylphenyl-p-chlorophenylborate with Primene 
81-R. The greases were mineral oil base greases con 
taining the thickening agents shown in the table. 

TABLE IV 

Borate Dropping 
Thickener Esterl Point, 

amine, ASTM, 
percent o F. 

14% Ca 12-hydroxy-Stearate------------------- None.----- 278 
Do---------------------------------------- 3,0 294 

5.4%. Al 12-hydroxy-stearate -- 4.8% Na 12 
hydroxystearate -- 4.1% Casulfate---------- None.----- 267 

DO---------------------------------------- 5.0 334 

In contrast to the above results obtained with hydroxy 
fatty acid soap thickened greases, no improvement in 
dropping point or other advantage was found with the 
borate ester-amine complexes in greases thickened with 
conventional fatty acid soaps. 

Obviously many modifications and variations of the 
invention, as hereinbefore set forth, may be made with 
out departing from the spirit and scope thereof and only 
such limitations should be imposed as are indicated in 
the appended claims. 
We claim: 
1. A lubricating grease consisting essentially of a lubri 

cating oil thickened to a grease consistency by a metal 
hydroxy fatty acid soap and containing about 0.1-10 per 
cent by weight of a complex of a borate ester and an ali 
phatic amine selected from the group consisting of mono 
amines containing at least 6 aliphatic carbon atoms per 
molecule and diamines, said borate ester and said amine 
being in a mol ratio of 10:1 to 1:1, respectively, and said 
borate ester being a compound of the class represented by 
the formulas: 

RB(XR") 
and 

R. (BXB) (XR"). 
wherein R is selected from the class consisting of hydro 
carbon groups and substituted hydrocarbon groups, R is 
selected from the class consisting of hydrogen, hydrocar 
bon groups and substituted hydrocarbon groups, X is se 
lected from the class consisting of oxygen and sulfur, n is 
a whole number from 0 to 2, inclusive, m is a whole 
number from 1 to 3, inclusive, the sum of n and m being 
3, n' is a whole number from 0 to 3, inclusive, m' is a 
whole number from 1 to 4, inclusive, the sum of n' and 
n' being 4, and at least one group represented by R and 
R’ which is present in the compound being selected from 
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the class consisting of hydrocarbon groups and substituted 
hydrocarbon groups. 

2. A lubricating grease according to claim 1 wherein the 
said aliphatic amine is a tertiary alkyl monoamine con 
taining about 8 to 26 carbon atoms per molecule. 

3. A lubricating grease according to claim 1 wherein 
the Said borate ester and said amine are in the mol ratio 
of about 1:1. 

4. A lubricating grease according to claim 1 wherein 
the said borate ester is a compound represented by the 
said formulas wherein in and n' equal 0 and the groups 
represented by R are chosen from the class consisting of 
hydrocarbon groups and substituted hydrocarbon groups. 

5. A lubricating grease according to claim 4 wherein 
the said borate ester contains one phenyl group having a 
para positioned electronegative substituent. 

6. A lubricating grease according to claim 1 containing 
a minor proportion, sufficient to impart improved extreme 
pressure properties to the composition, of a sulfurized 
fatty oil. 

7. A lubricating grease according to claim 1 wherein 
the metal component of the said metal hydroxy fatty 
acid soap is chosen from the group consisting of alkali 
metals and alkaline earth metals. 

8. A lubricating grease according to claim 1 wherein 
the said lubricating oil is a mineral oil. 

9. A lubricating grease according to claim 1 wherein 
the said lubricating oil is a dicarboxylic acid ester. 

10. A lubricating grease according to claim 1 wherein 
the said metal fatty acid soap is lithium 12-hydroxy 
Stearate. 

11. A lubricating grease according to claim 1 wherein 
the said borate ester is di-p-chlorophenyl-mono-nonyl 
phenyl borate. 
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3. 
12. A lubricating composition according to claim 

wherein the said borate ester is di-p-chlorophenyl-mono 
(alkyl-o-cresyl)borate, said alkyl group containing about 
4-30 carbon atoms. 

13. A lubricating grease consisting essentially of a 
lubricating oil selected from the class consisting of mineral 
oils and ester oils thickened to a grease consistency by a 
metal hydroxy fatty acid soap and containing about 0.5- 
15 percent by weight of a sulfurized fatty oil and about 
0.5-5 percent by weight of a complex of a borate ester 
and an aliphatic monoamine containing about 8 to 26 car 
bon atoms per molecule, said borate ester and said mono 
amine being in a mol ratio of 10:1 to 1:1, respectively, 
and said borate ester being a compound of the class rep 
resented by the formulas: 

B(XR") 
and 

(BXB)(XR"). 

where X is selected from the class consisting of oxygen 
and Sulfur and the groups represented by R are chosen 
from the class consisting of hydrocarbon groups and 
chlorinated hydrocarbon groups. 

14. A lubricating grease according to claim 13 wherein 
at least one of the groups represented by R’ in the said 
borate ester is a phenyl group having a para positioned 
chlorine substituent. 
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