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partlcularly, it relates to metal soap thickened base
greases having dropping points increased by at least about
30°C as measured by ASTM Procedure D-2265.

BACKGROUND OF THE INVENTION

Man‘s need to reduce friction dates back to ancient
times. As far back as- 1400 B.C., both mutton fat and beef
fat (tallow) were used in attempting to reduce axle
friction in chariots. '

Until the mid-1800s, lubricants continued to be
primarily mutton and beef fats, with certain types of
vegetable oils playing minor roles. In 1859, however,
Colonel Drake drilled his first oil well. Since that time
most lubricants, including greases, have been based on
petroleum ("mineral") oil, although synthetic oil based
lubricants are used for special applications.

In the NIGI TLubricatin Grease Guide, C 1987 ,
available from the National Lubricating Grease Instituté.;
Kansas Ciﬁy, 'Missouri, USA, is a detailed discussion of
greases, including various types of thickeners. Such
thickeners include metal ‘soap, complex metal salt-metal
soap and non-soap thicken‘ed'."greases .

Metal soap thickened greases have provided exemplary
performance. - However, under certain conditions an
increased dropping point as measured by ASTM Procedure D-
2265 is required.

One way to increase the dropping point of base greases
is to convert a simpﬁle metal soap grease to a complex
grease by incorporating therein certain acids, typically
carboxylic acids such as acetic acid, alpha—-omega-
dicarboxylic acids and certain aromatic acids. This
process necessarily consumes considerable time resulting in

reduced production.




aya?lable fromthe National Lubricating Gease Institute, Kansas Cty,

M ssouri, USA, is a detailed discussion of greases, including various
fypes of thickeners. Such thickeners include netal soap, conplex netal
salt-nmetal soap and non-soap thickened greases. Metal soap thickened
greases have provi ded exenplary perfornmance. However, under <certain

conditions an increased dropping point as neasured by ASTM Procedure D
2265 is required. One way to increase the dropping point of base greases is
to convert a sinple netal soap grease to a conplex grease by incorporating
therein certain acids, typically carboxyli ¢ acids such as acetic acid,
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teaches increased thickening of metal salt thickened base
greases is obtained employing a wide variety of boron-
containing compounds. Other additives qpntemplated for use
with boron-containing compounds are phosphorus- and sulfur-
containing materials, particularly zinc dithiophosphates.

Reaction products of 0,0~-dihydrocarbyl-
phosphorodithioic acids with epoxides are described by
Asseff in US 3,341,633. These products are described as
gear lubricant additives and as intermediates for preparing
lubricant additives.

Uus 3,197,405 (LeSuer) describes phosphorus and
nitrogen containing compositions prepared by forming an
acidic intermediate by the reaction of a hydroxy
substituted triester of a phosphorc_:thioic acid with an
inorganic phosphorus reagent and neutralizing a substantial
portion of said acidic intermediate with an amine. These
compositions are described as lubricant additives.

US 4,410,435 (Naka et al) teaches a lithium complex
grease containing a base oil, a fatty acid having 12-24
carﬁon atoms; a dicarboxylic acid having 4-12 carbon atoms
and/or a dicarboxylic acid ester and lithium hydroxide

thickened with a phosphate ester and/or a phosphite ester.
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i ncreased thickening of nmetal salt thickened base greases is obtained

enpl oying a w de variety of boron- containing conpounds. Other additives
contenpl ated for use with boron-containing conpounds are phosphorus- and
sul fur- containing materials, particutasly zinc dithiophosphates. Reaction
products of 0, 0- di hydr ocar byI phosphorodithi oi c acids with epoxides
are described by Asseff in SUMBAL FRTHENENVENTPYONict s are descri bed as
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acid with an
comprising a major amount of an oil-based simple metal soap

thickened base grease and a minor amount of at least one
phosphorus and sulfur containing composition sufficient to
increase the dropping point of the base dgrease, as
determined by ASTM procedure D-2265, by at least.-30°C, said
phosphorus and sulfur containing composition selected from
the group described in greater detail hereinbelow.

The greases of this invention are wuseful for
lubricating, sealing and protecting mechanical components
such as gears, axles, bearings, shafts, hinges and the
like. Such mechanical components are found in automobiles,
trucks, bicycles, steel mills, mining equipment, railway
equipment including ‘rolling stock, aircraft, boats,
construction equipment and numerous other typeé of
industrial and consumer machinery.

DETAILED DESCRIPTION OF THE INVENTION

Heat resistance of greases is measured in a number of
'ways. One measure of heat resistance is the dropping
point. Grease typically does not have a sharp melting
point but rather softens until it no longer functions as a
thickened lubricant. The American Society for Testing and
Materials (1916 Race Street, Philadelphia, Pennsylvania)
has set forth é test procedure, ASTM D-2265, which provides

a means for measuring the dropping point of greases.



i norgani ¢ phosphorus reagent and neutralizing a substantial portion of said
acidic internediate with an am ne. These conpositions are described as
Tubricant additives. US 4,410,435 (Naka et al) teaches -a lithium conplex
grease containing a base oil, a fatty acid having 12-24 carbon atons, a

di carboxylic acid having 4-12 carbon atons and/or a dicarboxylic acid ester
and |ithium hydroxide thickened with a phosphate ester and/or a phosphite
ester. -3- SUWARY OF THE I NVENTION This invention relates to inproved
grease conpositions substantially free of boron and boron-containing
conmpounds, conprising a major anmount oL an oil-based sinple netal soap

t hi ckened base grease and a m nor anount of at |east one phosphorus and

sul fur contai ni g fogBASKALGN a1k f Hebpplinkd pOLAEATE tAe gheams nispdhe  of
t he base grease, as determ ned by ASTM procedure D- 2265, by at | east
30[err], saitémperature at which the grease passes from a semisolid to
a liquid state under the conditions of'the test. The
dropping point is the temperature at which the first drop
-of material falls from the tést cup employed in the
apparatus used in ASTM procedure D-2265.

_For many applications simple metal soap thickened base
greases are entirely satisfactory. However, for some
applications, greater heat resistance manifested by a
dropping point above that obtained employing simple metal
soap thickened greases is desirable.

Complex metal soap greases provide increased dropping
point, but have a number of significant drawbacks. Complex
thickeners involve in addition to a fatty acid component,
a non-fatty acid,'e.g., benzoic, organic dibasic acids,
etc. component. The formation of the complex dJrease
typically requires extended heating periods, sometimes
several times that required to prepare a simple metal soap
thickened grease. Accordingly, it is desirable to provide
a means for preparing a simple metal soap thickened grease
composition having dropping points approaching or even
exceeding those possessed by complex greases.

We have now found it possible to provide

novel grease compositions;

grease compositions having valuable properties; and



phosphorus and sul fur containing conposition selected fromthe group
described in greater detail hereinbelow The greases.of this invention are
useful for lubricating, sealing and protecting nechani cal conponents such
as gears, axles, bearings, shafts, hinges and the |ike. Such nechani cal
conmponents are found in autonobiles, trucks, bicycles, steel mlls, mning
equi pnent, railway equipnent including rolling stock, aircraft, boats,
construction equi pnent and nunerous otheg types of industrial and consumer
machi nery. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Heat resistance of greases
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dr oppi ng pol nt. Grease typically does not have a sharp nelting point but

rather sof tetbility a& Hndivasid fHPCchhoihdfedsddi A¥eppdngulpdigintas The
Anerican Society for Testing and Materials (1916 Race Street, Phil adel phia,
Pennsyl vaningaswased dby fASTH Brbeetiupeoed®es. ASTM D- 2265, which provides a
means for neasuring the dropping point of greases.

Other aims will become apparent to the skilled
person upon reading the specification and description of
this invention.

-The grease compositions of this invention display
dropping points at least 30°C greater than the dropping
point of the corresponding simple metal soap thickened base
grease. This benefit is obtained by incorporating into a
simple metal soap thickened base grease certain sulfur and
phosphorus containing compositions in amounts sufficient to
increase the dropping point of the corresponding base
grease by at least about 30°C as measured by ASTM Procedure
D-2265.

Greases are frequently exposed to water. Thus, it is
desirable that general purpose greases be substantially
free of components that are readily adversely affected by
water.

Bofon—containing compounds are notoriously sensitive
to water, either being water-soluble, being subject to
leaching from the grease into water or being readily
hydrolyzed yielding undesirable hydrolysis products or to
hydrolysis products which readily leacﬁ out into water.
Accordingly, the grease of tﬂis invention is substantially
free of boron and borop-containing compounds.

The expression "substantially free of" means that the
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base greases are entirely satisfactory. However, for sone ap

greater heat resistance manifested by a @rapping point above that obt ai ned
enpl oyi ng sinple netal soap thickened greases is desirable. Conplex netal
soap greasemagpepiaderefiereesetodisppbsgntoott pregentaif ambufiker having
significant drawbacks. Conplex thickeners involve in addition to a fatty
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Greases are typically pfepared by thickening an oil
basestock. The greases of this invention are oil-based,
that is, they comprise an oil which has been thickened with
a metal soap thickener. |

The grease compositions of this invention employ an
0il of 1lubricating viscosity, including natural or
synthetic lubricating oils and mixtures thereof. Natural
oils include animal oils, vegetable oils, mineral oils,
solvent or acid treated mineral oils, and oils derived from
coal or shale. Synthetic 1lubricating oils include
hydrocarbon oils, halo-substituted hydrocarbon oils,
alkylene oxide polymers, esters of carboxylic acids and
polyols, esters of polycarboxylic acids and alcohols,
esters of phosphorus-containing acids, polymeric
tetrahydrofurans, silicone-based oils and mixtures thereof.

_ Specific examples of oils of lubricating viscosity are
described in US Patent 4,326,972 and European Patent
Publication 107,282, both herein incorporated by reference
for their disclosures relating to lubricating oils. A
basic, brief description of lubricant base oils éppears in
an article by _D.V. Brock, "Lubricant Base 0ils", Lubricant
Engineering, volume 43, pages 184-185, March 1987. This
article is herein incorporated by reference for its

disclosures relating to lubricating oils. A description of



several times that required to prepare a sinple netal soap ttickened
grease. Accordingly, it is desirable to provide a nmeans fgr. QLeAN BRPIRGlaced
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inclusive), herein incorporated by reference for its

disclosure to oils of lubricating viscosity.
Another source of information regarding oils used to

prepare lubricating greases is NLGI Iubricating Grease

Guide, National Lubricating Grease Institute, Kansas City,
Missouri (1957), PP 1.06-1.69, which is expressly
incorporated herein by reference. |

The simple metal soap thickeners employed in the
greases of this invention are well-known in fhe art. These
metal soaps are incorporated into a base oil, typically, an
oil of lubricating viscosity in amounts, typically from
about 1 to about 30% by weight, more often from about 1 to
about 15% by weight, of the base grease composition. In
many cases, the amount of metal soap used to thicken the
base 0il constitutes from about 5% to about 25% by ﬁeight
of base grease. In other cases from.about 2% to about 15%
by ﬁeight of metal soap is present in the base grease.

The specific amount of metal soap required often
depends on the metal socap employed. The type and amount of
metal soap employed is frequently dictated by the desired
nature of the grease.

The type and amount of metal soap employed is also
dictated by the desired consistency, which is a measure of
the degree to which the grease resists deformation under

application of force. Consistency is usually indicated by



poi nt of the corresponding sinple netal soap thickened base grease. This
benefit is obtained by incorporating into a sinple netal soap thickened
base grease certain sul fur and phosphorus containing conpositions in
amounts sufficient to increase the dropping point of the correspondi ng base
grease by at |east about 30[err] as measured by ASTM Procedure D 2265.
Greases are frequently exposed to water. Thus, it is desirable that general
pur pose greases be substantially free ﬂfSCenponents that are readily
adversely affected by water. Boron-containing conpounds are notoriously
sensitive tEh@aASEM Epnhepepetngtianetesd, uBSEM JEi2iki7 sebj28TMt B-1€63hi ng
fromthe grease into water or being readily hydrolyzed yiel ding undesirable
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wat er. Accordingly, the se of th| nven i.s .substantially free of
bor on’ and_ bORBROYSAEE HET-EoRHou A CHORS cRl-alefodh SR IGFARSE | SFEr co
of " means tpal LBS ementioned NLGI Lubr{catln Grease Guide, pp 1.09-

1.11 provides a description of simple metal soap
thickeners. This text is hereby incorporated herein by
reference for its disclosure of simple metal socap grease
thickeners.

As indicated hereinabove the grease compositions of
this invention are oil based, including both natural and
synthetic oils. Greases are made from these oils by adding
a thickening agent thereto. Thickening agents useful in
the greases of this invention are the simple metal soaps.
By simple metal soaps is meant the substantially
stoichiometrically neutral metal salts of fatty acids. By
substantially stoichiometrically neutral is meant that the
metal salt contains from about 90% to about 110% of the
metal required to prepare the stoichiometrically neutral
salt, preferably from about 95% to about 100%.

Fatty acids aré defined herein as carboxylic acids
containing from about 8 to about 24, preferably from about
12 to about 18 carbon atoms. The fatty acids are usually
monocarboxylic acids. Examples of useful fatty acids are
capric, palmitic, stearic,'oleic and others. Mixtures of
acids are useful. Preferred carboxylic acids are linear;

that 1is they are substantialiy free of hydrocarbon

branching.
_ This Sheet Has Been Rep
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- - material referred to is absent or present in amounts having an
essentially unneasurable or insignificant effect on the grease conposition.
*Greases are typically prepared by thickening an oil basestock. The greases
of this invention are oil-based, that is, they conprise an oil which has
been thickened with a netal soap thickener. The grease conpositions of this
invention enploy an oil of lubricating_vgscosity, including natural or
synthetic lubricating oils and m xtures thereof. Natural oils include

ani mal oils, vegﬁ&f@hgugsﬁy Wseehd aQilds a¥ @M Hydrdnlyl duliit peueger al

oils, and oils derive romcoal or shale. Syntheti ¢ |lubricating

oi I s incluggtbyda@GdPoducki b hBtepUBtbhribete ity (WRERERAN orfd | 6x
al kyl ene oxi de polyners, esters of carboxylic acids and polyols, esters of

pol ycar boxyhoee daydporpdgBbepEohay st Eosatedfat hittefal Yoshioansi og
aci ds, pol ymeric .
the carbon chain, such as 1l2-hydroxy-, 1l4-hydroxy- etc.
stearic acids.

While the soaps are fatty acid salts, they ﬁeed not
be, and frequently are nét, prepared. directly from fatty
acids. The typical grease-making process involves
saponification of a fat which is often a glyceride or of
other esters such as methyl or ethyl esters of fatty acids,
preferably methyl esters, which saponification is generally
conducted in situ in the ‘-base o0il making up the grease.

Whether the metal soap is prepared from a fatty acid
or an ester such as a fat, greases are usually prepared in
a grease kettle, forming a mixture of the base o0il, fat,
ester or fatty acid and metal-containing reactant to form
the soap in-situ. Additives for use in the grease ﬁay be
added _during grease manufacture, but are often added
following formation of the base grease.

The metals of the metal soaps are typically alkali
metals, alkaline earth metals and aluminum. For purposes
of cost and ease of processing, the metals are incorporated
into the thickener by reacting the fat, ester or fatty acid
with basic metal containing reactants such as oxides,
hydroxides, cafbonates and alkoxides (typically lower
alkoxides, those containing from 1 to 7 carbon atoms in the

alkoxy group). The soap may also be prepared from the
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description of lubricant base oils appears in an artlc ck
“Lubricant Base G |s", Lubricant Engineering, vol une 4
March 1987 A descrlptlon of -7- ol I%t f _lubricating V|sc05|ty occurs I n
US Patent 4,582,618 (Davis) (colunn 2 I ne 37 through colum 3, l|ine 63,
i ncl usive) ,
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acid to permit convenient processing.

Preferred metals are 1lithium, sodium, calcium,
magnesium, barium and aluminum. Especially preferred are
lithium, sodium and calcium; 1lithium is particularly
preferred.

Preferred fatty acids are stearic acid, palmitic acid,
oleic and their corresponding esters;;including glycerides
(fats). Hydroxy-substituted acids and the corresponding
esters, including fats are particularly preferred.

These and other thickening agents are described in US
Patent Nos. 2,197,263; 2,564,561 and 2,999,066, and the
aforementioned NLGI ILubricating Grease Guidé, all of which
are incorporated herein by reference for relevant
disclosures of grease thickeners.

Complex greases, e.g., those containing metal soap-
salt complexes such as metal soap—acetaﬁes, metal soap- -
dicarboxylates, etc. are not simple metal soap thickeners
as defined herein.

The phosphérus and sulfur containing compositions
employed in the dgrease compositions of the instant
invention include phosphorus and sulfur containing acids,
salts énd other derivatives and other compounds including
thiophosphite compounds. Useful sulfur and phosphorus
containing compounds are described in detail hereinbelow.

These compounds, when used at amounts indicated herein

brlcatlng



The sinple netal soap thickeners enployed in the grease s Tnvention
are wel|l-known in the art. These netal soaps are incor porgl.Qfeel fisBesh &d

‘oil, typically, an oil of lubricating viscosity in amunts m
about 1 to about 30% by weight, nore often fromabout 1 to Mﬂmﬂﬁﬂ \:
wei ght, of the base grease conposition. In many cases, the I
soap used to thicken the base oil constdtutes from about 5% to about 25% by
wei ght of base grease. In other cases from about 2% to about 15% by wei ght
of netal soapnctepsesethei Ndfdppinge pyihate.oflheirpesimpdleammettlof seapal
soap required often depends on the netal soap enployed. The type and anount
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resists deformation under application of force. Consistency is_usually
i ndi cat ed byeAfERBEDLS ~jguxprising since these compounds, which are

normally used as extreme pressure and antiwear compounds
have not been observed to have a noticeable effect on
dropping point at levels normally employed to improve
extreme pressure and antiwear properties. Phosphorus- and
sulfur-containing compositions useful for increasing the
dropping point of simple metal soap thickened base greases
include

(A-1) a compound represented by the formula
X
Ty
P
l
(X)uRe

wherein each X,, X,, X; and X, is independently oxygen or

R (X)), X3R4 (D)

sulfur provided at least one is sulfur; each a and b is
independently 0 or 1; and
wherein each R,, R, and R; is independently hydrogen,
hydrocarbyl, a group of the formula
. }Ii"

R,(Xs), P X, R~ (11)

l
(Xg) pRs

wherein each R, and Ry is independently hydrogen or

hydrocarbyl, provided at least one of R, and R, is

hydrocarbyl,

R, is an alkylene or alkylidene group, each a and



-8 the ASTM Cone penetration test, ASTM D217 or ASTM D-1403. Types and
anounts of sinple netal soap thickeners to enploy are well-known to those
+ skilled in the grease art. The aforenentioned NLA Lubricatin

Quide, pp 1.09- 1.11 provides a description of sinple Nehiabhe&@BPBeen Replaced.

t hi ckeners. As indicated herei nabove the grease conpositi o
I nvention are oil based, including both natural and synt iﬂﬂ&"ﬂ,ﬂﬂjﬂ%ases
are made fromthese oils by adding a thilkeni-ng agent th ng
agents useful in the greases of this invention are the sinple netal soaps.
By sinple netis indppendemtdnt & log subandhtial ly stoichionetrically neutral
metal salts of fatty acids. By substantially stoichionetrically neutral is
nmeant that the netal sarh dent &nXs B3 2hods Jodarendrntly 199¥Fent A
metal required to prepare the stoichionetrically neutral salt, preferably
from about SWFRE7about 100%

or a group of the formula R60H', wherein R, is an alkylene or

alkylidene group:

(A~2) an amine or an ammonium salt of (A-1) when
at ‘least R; is hydrogen;

(A-3) a compound represented by the formula

X

Ry (%), > (X40) sRs (111)
H
or
Ky
R/X, P X1oRg (TV)

wherein each R,, R; and R; is independently hydrogen or a
hydrocarbyl group provided at least one is hydrocarbyl,
each X,, X;,, and X,, is independently oxygen or sulfur
provided at least one is suifur, and each a and b is
independently 0 or 1; and

(A-4) mixtures of two or more of (A-1) to (A-3)
thereof. |

In a preferred embodiment, a and b are each 1.

In one embodiment the sulfur- and phosphorus
containing composition is the compound (A-1). Preferably,
a and b are each 1. In one embodiment R, and R, are each
independently hydrocarbyl groups containing from 1 to about

30 carbon atoms and Ry is H or a hydrocarbyl group



Fafty acids are defined herein as carboxylic acids containing from about 8

to about 24, preferably fromabout 12 to about 18 carbon atons. The fatty

*aci ds are usually nonocarboxylic acids. Exanples of useful fatty acids are

capric,

palmtic, stearic, oleic and others. M xtures of acids are useful.

Preferred carboxylic acids are linear; that is they are substantially free
of hydrocarbon branchi ng. -9- Particularly useful acids are the
hydr oxy-substituted fatty acids such as hydroxy stearic acid wherein one or
nore hydroxy groups nmay be |located at internal positions on the carbon
chain, such as 12-hydroxy-, 14-hydroxy~ &Bc stearic acids. Wiile the soaps
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i nvol ves

ng process
In a particular embodiment, each of R, R, and R, is

independently an alkyl group containing from 1 to about 18
carbon atoms or an aryl group containing from about 6 to
about 18 carbon atoms, and more particularly each of R,, R,
and Ry is independently a butyl, hexyl, heptyl, octyl, oleyl
or cresyl group.

In another particular embodiment, R, is H. When R, is
H it is preferred that each of R, and R, is independently an
alkyl group containing from 1 to about 18 carbon atoms or
an aryl group containing from about 6 to about 18 carbon
atoms, and more particularly each of R, and R, is
independently a butyl, hexyl, heptyl, octyl, oleyl or
cresyl group.

In a preferred embodiment, each R,, R, and R; is

independently hydrogen or

’I‘s

|

R.Xs 1; XRg= (V)
X¢Rs

Preferably, R, is hydrogen and each R, and R, is
independently hydrogen or

X

8
i
P
!
X

sRs

- V)

R Xg

X7R,
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saponi fication of a fat which is often a gl yceride or of other esters such
or ethyl esters of fatty acids, preferably met hmtssa&tmss;eemmm

as net hyl

-saponification is generally conducted in situ in the base
grease. \Wether the nmetal soap is prepared froma fatty ac
such as a fat, greases are usually prepared in a grease ke

m xture of the base oil, fat, ester or fatty acid and netal - containing

reactant to formthe soap in-situ.
added during grease manufacture,
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Addi lyves for use in the grease may be
but are often added follow ng formation of

the base grease.AsTmentsicned diereéinabove atapsaatecongppfaX{,y Xal k¥ iandet al s,

al kaline earth metals and alum num For purposes of cost and_ease of
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fat, ester or fatty acid with basic netal conainj n%,reaft ants such as
cee e

oxi des, hy®%8 T ¢ arlfb PRt% PEATPTH RO @R 1IGRE

Aer Xa) 309 Fes,

t hose cont ai ni roml.tq 7 carbon_atons |n the al koxy group). The soap
may al so bé‘splﬁé%aé% ?’}%nﬁ‘ 285042 oxyge

When R,, R, or R; is a group of the formula

x8
: il
R,'XS (P x7R6- (V)
XRs

it is preferred that X; and X, are oxygen and X, and X, are

sulfur, or one of X;, X;, X, and X; is sulfur and the rest
are oxygen. In these cases preferably each of X; and X, is
oxygen and more preferably X, is oxygen.

In a further embodiment each of R, and R, is
independently hydrocarbyl having from 1 to about 30 carbon
atoms and R; is ROH wherein R, is an alkylene or alkylidene
group containing from 2 to about 28 carbon atoms. In this
case one of X,, X,, X; and X, is sulfur and the resi: are
oxygen. In a preferred embodiment, ¥, and X, are sulfur and
X, and X, are oxygen. Also preferred is where R, is
alkylene.

In another embodiment, the phospﬁorus and sulfur
containing composition is the ammonium or amine salt (a-2).
Preferably, a and b are eacﬁ 1.

When any of R,;, R, or Ry is H, the compound of Formula
I is an acid. The salts (A-2) can be considered as being
derived from that acid.

When (A-2) is the ammonium salt, the salt is



- 10 - metal itself although many netals are either too reactive or
insufficiently reactive with the fat, ester or fatty acid to permt
‘conveni ent processing. Preferred nmetals are lithium sodium calcium
magnesi um barium and al um num Especially preferred are |ithium sodium
and calcium lithiumis particularly preferred. Preferred fatty acids are
stearic acid, palmtic acid, oleic and their corresponding esters,

i ncluding glycerides (fats). Hydroxy-su ituted acids and the

o1 BT, W SRE A8 g P g i

ot her thickeni'ng agents are ed In n 197,

2,564, 561 apﬁeidaﬁge%%gomaé heu&h oa8 MR bRNed dtﬂagr leaided | PleBaEAGE

Gui de Conplex grea .g., those contaiﬁing me 'Soap- salt” conpl exes
such as net abmpeaRGAC ¥idleTreaddElly SR €6 CENEOKiRLEqa, personar € not

sinple netal soap thickeners ]

When (A-2) is an amine salt, the salt may be
considered as being derived from amines.

The amines may be primary, secondary or tertiary
amines, or mixtures thereof. Hydrocérbyl groups of the
amines may be aliphatic, cycloaliphatic or aromatic.
Preferably the hydrocarbyl grouﬁs are aliphatic, more
preferably alkyl or alkenyl, most preferably, alkyl. When
the amine is an alkylamine it is preférred that the alkyl
group contains from 1 to about 24 carbon atoms.

In one preferred embodiment, the amines are primary
hydrocarbyl amines containing from about 2 to about 30,
more preferably about 4 to about 20, carbon atoms in the
hydrocarbyl group. The hydrocarbyl group may be saturated
or unsaturated. Representative examples of pfimary
saturated amines are the alkyl amines. such as methyl amine,
n-butyl amine, n-hexyl amine; those known as aliphatic
primary fatty amines, for example the commercially known
"Armeen" primary amines (pfoducts available from Akzo
Chemicals, Chicago, Illinois). Typical fatty amines
include amines such as, n-octylamine, n-dodecylamine, n-
tetradecylamine, - n-octadecylamine (stearyl amine),
octadecenyl amine (oleyl amine), etc. Also suitable are
nixed fatty amines such as Akzo’s Armeen-c, Armeen-0,

Armeen-0D, Armeen-T, Armeen-HT, Armeen S and Armeen SD, all



as defined herein. The phosphorus and sul fur containi ng conpositions
enpl oyed in the grease conpositions of the instant invention include
‘phosphorus and sul fur containing acids, salts and other derivatives and

ot her conpounds i ncl udi ng thIOphOSphlte conpounds. Useful sul fur and
phosphor us cont ai ni ng conpounds are described in detail hereinbel ow. These
conpounds, when used at anmpunts indicated herein - 11 - increase the

droppi ng point of the sinple netal soap }$itkened base grease into which
they are |ncor orated by at |east, 30[err] as peasured by ASTM Procedure
D-2265. Thi SfeVhich P§€Sﬁﬁ&§¥n4E}¥ﬁ d%ftﬁ%EﬁlﬁﬁnBBEﬁBX which are nornally

have a not i ceabl SPCPRRERER, BFBBFRa GHHOLABeS .| EnflorRIRe, THEFBy B8 1
| mprove extifiE RESR o "Sra N inti &EPP$&&'%%bmfﬂﬁﬂﬂﬁﬁf?-afﬂghatlc
primary amines having from about 4 to about 30, pfeferably
about 6 to about 24, more preferably about 8 to about 24,
carbon atoms in the aliphatic group.
Usually the tertiary aliphatic primary amines are
monoamines, preferably alkyl amines represented by the

formula

CHy

R

I
c
l
CH;

wherein R is a hydfocarbyl group containing from one to
about 30 carbon- atoms. Such amines are illustrated by
tertiary-butyl amine, l1-methyl-l-amino-cyclohexane,
tertiary-octyl primafy amine, tertiary-tetradecyl pfimary
amine, tertiary—hexadecyl.primafy'amine, tertiary-octadecyl
primary amine, tertiary- octacosanyl primary amine.
Mixtures of tertiary alkyl primary amines are also
useful for the purposes of this invention. Illustrative of
amine mixtures of this type are "Primene 81R" which is a
mixture of C,,~C,, tertiary alkyl primary amines and "Primene
JMT" which is a similar mixture of C,,-C,, tertiary alkyl
primary amines (both are available from Rohm and Haas
Company). The tertiary alkyl primary amines and methods

for their preparation are known to those of ordinary skill



suffur-containing conposi tions useful f-or increasing_the drnnnlnn poi-At -
sinple netal soap thickened base greases include (A—l) a co
eplaced
?i#ﬂlla

‘represented by the fornula [err] wherein each X1, X2,

i ndependent|y oxygen or sulfur provided at |east one |s ﬂ

b is independently O or 1; and wherein each [err] and

I ndependent|y hydrogen, an al kyl group containing from1 to 18 carbon
atons, a group of the formula [err] [ér} Wherein each [err] and [err] S
independentl dro en or dr byl ovi ded _at and
[err] is hyd%/ %’é aerﬁk"’y n%lﬁgiaWWneaﬁ SQS g& §%§Ind

the purposes of this invention and methods for <their

preparation are described in U.S. Patent 2,945,749 which is
hereby incorporated by reference for its teaching in this
regardqd. |

Primary amines in which the hydrocarbyl group
comprises olefinic unsaturation also are useful. Thus, the
hydrocarbyl groups may contain one or more olefinic
unsaturations depending on the length of the chain, usually
no mnmore than one double bond per 10 carbon atonms.
Representative amines are dodecenylamine, oleylamine and
linoleylamine. Such unsaturated amines are available under
the Armeen tradename.

Secondary amines include dialkylamines having two of
the above hydrocarbyl, preferably alkyl or alkenyl groups
described for priﬁary' amines including such commercial
fatty secondary amines as Armeen 2C and Armeen HT, and also
mixed dialkylamines where, for example, one alkyl group is
a fatty group and the other alkyl group may be a lower
alkyl group (1-7 carbon atoms) such as ethyl, butyl, etc.,
or the other hydrocarbyl group may be an alkyl group
bearing other non-reactive or polar substituents (CN,
alkyl, carbalkoxy, | amide, ether, thioether, _ halo,
sulfoxide, sulfone) such that the essentially hydrocarbon
character of the group is not destroyed.

Tertiary amines such as trialkyl or trialkenyl amines

and those containing a mixture of alkyl and alkenyl amines



- 12 - bis I ndependently O or 1, and each [err] and [err] is independently
oxygen or sulfur; or a group of the fornula [err] wherein R6 is an al kyl ene
or al kylidene group; (A-2) an amine or an amoniumsalt of (A-1) when at

| east [err] is hydrogen; (A-3) a conpound represented by the fornula [err]
(rrr) or [err] (1V) wherein each [err] and [err] is independently hydrogen
or a hydrocarbyl group provided at |east one is hydrocarbyl, each [err]and
[err] is independently oxygen or sul fur g avided at |east one is sulfur,
and each a and b is independently 0 or 1; and (A-4) m xtures of two or nore
of (A-1) toaté-dgett®ledfhe alkyl and alkenyl groups are substantially

as described above for primary and secondary amines.

Other useful primary amines are thé primary ether
amines R"OR’NH, wherein R’ is a divalent alkylene group
having 2 to 6 carbon atoms and R" is a hydrocarbyl group of
about 5 to about 150 carbon atoms. These primary ether
amines are generally prepared by the reaction of an alcohol
R"OH wherein- R" is as defined hereinabove with an
unsaturated nitrile. Typically, and for efficiency and
economy, the alcohol is a linear or branched aliphatic
alcohol with R" having up to about S50 carbon atoms,
preferably up to 26 carbon atoms and most preferably from
6 to 20 carbon atoms. The nitrile reactant can have from
2 to 6 carbon atoms, acrylonitrile being most preferred.
Ether amines are commercially available under the nanme
SURFAM marketed by Mars Chemical Company, Atlanta,
Georgia. Typical of such amines are those having' from
-about 150 to about 400 molecular weight. '~ Preferred
etheramines are exemplified by those identified as SURFAM
P14B (decyloxypropylamine), SURFAM P16A (linear C,;), SURFAM
P17B (tridecyloxypropylamine). The C chain lengths (i.e.,
Cyr €tc.) of the SURFAMS described above and used
hereinafter are approximate and include the oxygen ether
linkage. For example, a C,, SURFAM amine would have the
following general formula

C,oH,OC;H NH,



In a preferred enbodinent, a and b are each 1. In one enbodinent the
sul fur- and phosphorus containing conposition is the conpound (A-1).

Preferably,

a and b are each 1. In one enbodinment J[err] is H - 13 -

In

a particul ar enbodi nent, each of [err] and [err] is independently a butyl,
hexyl, heptyl, octyl, oleyl or cresyl group. In another particul ar

[err] is H Wen [err] is Hit is preferred that al kyl group
fromlto a carbon- at®wms or each of J[err] and [err]
i's independently a butyl, hexyl, heptyl, octyl, oleyl or cresyl group.
In a preferred efbedi aminescauvbeflertd aforperthei samimiepesaletrs | ynad dbegen

enbodi nent ,
cont ai ni ng

or

hydroxyamines. In one embodiment, these hydroxyamines can
be representedlby the formula
(R™0) H ' [CH(R)cH(R")01 H
e —
a

[CH(R'")CH(R*")O]YH

wherein R* is a hydrocarbyl group generally containing from
about 6 to about 30 carbon atoms, R™ is an ethylene or
propylene group, R is an alkylene group containing up to
about 5 carbon atoms, a is zero or one, each R'Y' is hydrogen
or a lower alkyl group, and x, Y and z are each
independently integers from zero to about 10, at least one
of %, y and z being at least 1.

The above hydroxyamines can be prepared by techliniques
well known in the art, and many such hydroxyamineé are
commercially available.

The useful hydroxyamines where a in the above formula
is 0 include 2-hydroxyethylhexylamine, 2~
hydroxyethyloleylamine, bis(2-hydroxyethyl)hexylamine,
bis(2-hydroxyethyl)oleylamine, and mixtures thereof. Also
included are the comparable members wherein in the above
formula at least one of x and y is at least 2.

A number of .hydroxyamines wherein a is zero are
available from the Armak Chemical Division of aAkzona, Inc.,

Chicago, Illinois, under the dgeneral trade designation



[err] (V) Preferably, [err] i s hydrogen and each [err] and [err] is

I ndependent|ly hydrogen or [err] (V) [err] - 14 - As
‘mentioned hereinabove at |east one of [err] and X4 nust be sulfur while the
remai ni ng groups nmay be oxygen or sulfur. In one preferred enbodi ment one
of [err] and [err] is sulfur and the rest are oxygen. \Wen [err] or [err]
Is a group of the fornula [err] _ . (V) it is preferred that
[err] and [err] are oxygen and [err] an&"{érr] are sul fur, or one of [err]

o0 L0 e a e B R0nRhEai 0o syl o osaan o Stscatlak cact
"Ethomeen C/15" which is an ethylene oxide condensate of a
coconut fatty acid containing about 5 moles of ethylene
oxide; “Ethomeen C/20" and "C/25" which also are ethylene
oxide condensation products from coconut fatty acid
containing about 10 and 15 moles of ethylene oxide
respectively. "Propomeen O/12" is the condensation product
of one mole of oleyl amine with 2 moles propylene oxide.

Commercially available examples of alkoxylated amines
where a is 1 include "“Ethoduomeen T/13" and "T/20" which
are ethylene oxide condensation prbducts of N-tallow
trimethylene diamine containing 3 and 10 moles of ethylene
oxide per mole of diamine, respectively.

The fatty diamines include mono- or dialkyl,
symmetrical or asymmetrical ethylene diamines, propane
diamines (1,2, or 1,3), and polyamine analogs of the above.
Suitable fatty polyamines such as those sold under the name
Duomeen are commercially available diamines described in
Product Data Bulletin No. 7-10R, of Armak Chemical Co.,
Chicago, Illinois. In another embpdiment, the secondary
amines may be cyclic amines such as piperidine, piperazine,
morpholine, etc.

In a further embodiment the sulfur- and phosphorus-
containing composition is (A-3). Preferably, a and b are
each 1. In one enmbodiment, each R,, Ry and Ry is
independently hydrogen or a hydrocarbyl group having from

about 1 to about 18 carbon atoms, and a and b are each 1.



Infa further enbodi ment each of [err] and [err] is independently alkyl
having from 1 to about 18 -carbon atoms and [err] is [err] wherein [err]
is an al kyl ene or alkylidene group containing from2 to about 28 carbon
atons. In this case one of [err] and [err] is sulfur and the rest are
oxygen. In a preferred enbodinment, [err] and [err] are sulfur and [err]
and [err] are oxygen. Al so preferred is where R6 is al kyl ene. In another
enbodi ment, the phosphorus and sul fur <@t & ning conposition is the
anmoni um or amine salt (A-2). Preferably, a and b are each 1. \Wen any of
[err] or [preferablly,t BachoRppuRdanid Ryr nis aindéperndentlyl. hydrogeht ex( A- 2)
can be considered as being derived fromthat acid. Wien (A-2) is the
anmoni um saah, &ahkylal bri san aryld - gy desekkatedei fxpuerthed group
ammoni a (NH3) or ammoni a

consisting of propyl, butyl, pentyl, hexyl, heptyl, oleyl,

cresyl, or phenyl, provided at least one is said alkyl or

aryl group.

In one preferred embodiment at least two of X,, X10 and
X11 are "sulfur.

In another embodiment the sulfur- and phosphorus-
containing composition may be (A-4) a mixture of two or
more of the compounds represented by (A-1l) to (A-3).

In another embodiment (A-1l) is a thiophosphoric acid.
The di-organo thiophosphoric acid materials used in this
invention can be preparéd by well known methods.

The 0,0-di-organoc dithiophosphoric acids can be
prepared, for example, by reacting organic hydroxy
compounds with phosphorus pentasulfide. Suitable organic
hydroxy compounds include alcohols, such as, alkénols,
alkanediols, cycloalkanols, alkyl- and cycloalkyl-
substituted aliphatic alcohols, ether alcohols, ester
alcohols and mixtures of alcohols; phenolic compounds, such
as, phenol, cresol, xylenols, alkyl-substituted phenols,
cycloalkyl-substituted phenols, phenyl-substituted phenols,
alkoxy phenol, phenoxy phenol, naphthol, alkyl-substituted
naphthols, etc. The non-benzenoid organic hydroxy
compounds are generally the most useful in the preparation

of the 0,0-di-organo dithiophosphoric acids. A full

discussion of the preparation of these compounds is in the



yi el di ng conpounds such as [err]. O her ammoni a yielding conpounds w ||
readily occur to the skilled person. Wen (A-2) is an amne salt, the salt
may be considered as being derived fromam nes. The anmi nes nmay be prinary,
secondary or tertiary am nes, or mxtures thereof. Hydr ocar byl groups of
the am nes may be aliphatic, cycloaliphatic or aromatic. Preferably the
hydr ocar byl groups are aliphatic, nore preferably al kyl or al kenyl, nost
preferably, alkyl. Wien the anmine is an alkylamne it is preferred that the
al kyl group contains from1 to about 24 carbon atons. In one preferred
enbodi nent, the anines are primary hydro@# Byl am nes containing from about
2 to about 30, nore preferably about 4 to about_20, carbon ato I n %ge
hydr ocar byl @?BﬁﬁﬁlTh@fhyEP%chH?¥1§?Budcﬂﬁylﬁélsa$ﬂ?éFEH'orV°gﬁ§§tu ted.
Representatiye _exanples _of primary saturated am nes are the al kyl am nes
such as met h{194m nePadepdOPR -ani ne, "n-hexyl amine; those known as

uch as et h _ se known as’
pr i mary am nes. (WPBAuCY SRV PaRPR0r e Gl S SPHBE L7 a1 4RO Wan AoE7ET

prepared by the same method described above, except that

mercaptans are employed in place of the organic hydroxy
compounds.

The 0,S-di-organo trithiophosphoric acids can be
prepared by the same manner employed in the preparation of
the dithiophosphoric acids described above, except that a
mixture of mercaptans and organic hydroxy compounds is
reacted with phosphorus pentasulfide.

The phosphorus and sulfur containing compound (A-1)
include, thiophosphoric acids including, but not limited
to, dithiophosphoric as well as monothiophosphoric,
thiophosphinic or thiophosphonic acids. The use of the
term thiophosphoric, thiophosphonic or thiophosphinic acids
is also meant to encompass monothio as well as dithio
derivatives of these acids. Useful phosphorus—-containing
acids are described below.

In one embodiment, when a and b are 1, and one of X,,
X,, X; or X is sulfur and the rest are oxygen, the
phosphorus-containing composition is characterized as a

monothiophosphoric acid or monothiophosphate.



Chemicals, Chicago, |Illinois). Typical fatty amnes inctude-am nes
such as, n-octylam ne, n-dodecylam ne, n- tetradecyl am Tk Sheet HasBeen Re aced
*n- oct adecyl am ne (stearyl am ne), octadecenyl am ne -
etc. Also suitable are mxed fatty am nes such as Akzo' l;m ﬂjmlmii’
Arnmeen-0, Arneen-Q0OD, Arneen-T, Arneen-HI, Arneen S and A

16 - of which are fatty amnes of varyl @ purity. In another preferred

enbodi nent, the am ne salts of thiis inventiQn are those deriyved, fr
tertiary-aliphat FB%H%@%WW‘F\@?F%& IBYL P ‘%l?%ﬁfb{iﬁr g%y

preferably about 6_to ab 24, re preferably about 8 to about 24, carbon
atoms in t h&"§ PﬁhﬁlPﬁ? 6’ 01[}5‘.3 Gﬁﬁq‘ﬂlﬁf%ete?@?*/%?y aliphatic primary am nes

are nonoam nes, preferably alkyl am'lg%s represented by the formula [err]

P(0)SH
R%0
R'O
P(S)OH
R?0
R'o
/P(O) OH
RS

wherein R' and R? are defined as above, preferably each k‘
and R? is independently a hydrocarbyl group.

Monothiophosphates may be prepared by the reaction of
a sulfur source such as sulfur, hydrocarbyl sulfides and
polysulfides and the like and a dihydrocarbyl phosphite.
The sulfur source is preferably elemenﬁal sulfur.

The preparation of monothiophosphates is disclosed in
Us Patent 4,755,311 and PCT Publication WO 87/07638 which
are incorporated by réference for its disclosure of
ﬁonothiophosphates, sulfur source for preparing
monothiophosphates and the process . for making
monothiophosphates.

Monothiophosphates may be formed in the lubricant

blend by adding a dihydrocarbyl phosphite to a lubricating



wher ei n [err] is a hydrocarbyl group containing fromone to about 30 carbon
at ons. Such amnes are illustrated by tertiary-butyl am ne,

1- met hyl - 1- ami no- cycl ohexane, tertiary-octyl primary am ne,
tertiary-tetradecyl primary amne, tertiary-hexadecyl primry ani ne,
tertiary-octadecyl primary am ne, tertiary- octacosanyl primry am ne.

M xtures of tertiary alkyl primry am'_ge§4ar_e al so useful for the purposes
of this invention. Illustrative of am ne m xtures of this type are "Prinene

BIR' Wi oh It Slnd Siiind of 4G Hpd! KLl Bl MR AT Y Toe

JMI™ which is si'm xture o err rary al k y am ne

(both are ayaidabl ﬁ%%.%xﬁgﬂ(}g@h%qrf%ﬂ'laééu%@pw&er Wreh&idd aloritilons

primary amnes and ds for their preparation are~“known to those of
ordinary skigdil,e., - témpelrBtules2l frohheabsuti Ho @l 8 -Abbik’ y180* e disef ul

for the purposes of this invention and methods for their
higher) to form monothiophosphate. It is also possible
that monothiophosphate is formed under the conditions found
in operating equipment.

In Formula I, when a and b are 1; X, and X, are oxygen;
and X; and X, are sulfur, and R; is H, the phosphorus-
containing composition is characterized as a
dithiophosphoric acid or phosphorodithioic acid.

Dithiophosphoric acid may be characterized by the

formula

S
il
R,0 P SH
1
OR,
wherein R, and R, are as defined above. Preferably R, and
R, are hydrocarbyl groups.

The dihydrocarbyl phosphorodithioic acids may be
prepared by reaction of alcohols with P,S; usually between
the temperature of about 50°C to about 150°C. Preparation
of dithiophosphoric acids and their salts is well known to.
those of oxrdinary skill in the art.

In another embodiment, the phosphorus-containing
composition is represented by Formula (I) Where each X, and

X, is oxygen, each X; and X, is sulfur, R; is hydrogen, and

This Sheet Has Been Replaced

AW




preparation are described in U S. Patent 2,945,749 Primary amines in which
t he hydrocarbyl group conprises olefinic unsaturation also are useful.
“Thus, the hydrocarbyl groups may contain one or nmore ol efinic unsaturations
depending on the length of the chain, usually no nore than one doubl e

per 10 carbon atons. Representative am nes are dodecenyl am ne,
and |inol eyl am ne.

t radename.

an nes i ncl

Ar neen HT,

bond

ol eyl am ne
Such unsaturated am nes are avail abl e under the Arnmeen

Secondary am nes include di gyLanines havi ng two of the above
hydr ocar byl , preferably al kyl or al kenyT™ groups described for primary

e%‘#apgﬁsﬂﬁﬁ. ﬁggf%{g+§%P£ﬁﬁhﬁt§&ﬁg 2 ogeTidies as Armeen 2C and

SO m X am nes , for exanple, one alkyl

is a fatty group and the ot her al kyl grogp may be a Tower al kyl group

carbon atons) such as ethyl, butyl, etc.}j"or the other hydrocarbyl group

may be an al kyl groupngaghﬁg—e%heF—ﬂeﬁ-peae%#ve-engo+a¥ gubpti tuents (CN,
am de

al kyl , car bal koxy,

et her, ,lthioethér, hal o, sul f oxi de,

sul fone) such that the esseniially hydr ¢Xgy Rgn

wherein the various R, a, b and X groups are as defined
previously. Preferably either both R, and R, are the group
of Formula II; or R, is hydrogen and R, is the group of
Formula II.

Preferably, when each R, and R; is independently
hydrocarbyl, they are the same as described for R, or R,.
Preferably, X; and X, are oxygen, and X, and X; are sulfur.
Preferably R, is an arylene group, or an alkylene or
alkylidene group having from 1 to about 12, more preferably
from about 2 to about 6, more preferably about 3 carbon
atons. R, is preferably an ethylene, propylene, or
butylene, more preferably a propylene group.

The group represented by the Formula II is dérived
from a compound which is the reaction.of a dithiophosphoric
acid with an epoxide or a glycol. The dithiophosphoric
acids are those described above. The epoxide is generally
an aliphatic epo#ide or a styrene oxide. Examples of

useful epoxides include ethylene oxide, propylene oxide,

butene oxide, octene oxide, dodecene oxide, styrene oxide,

etc. Propylene oxide is preferred.
The glycols may be aliphatic glycols having from 1 to
about 12, preferably about 2 to about 6, more preferably 2

or 3 carbon atoms, or aromatic glycols. Aliphatic glycols

group
(1-7



‘character of the group is not destroyed. Tertiary kal
or trial kenyl am nes and those containing a m xtur al kyl and a kegnyl

am nes - 18 - are useful. The alkyl and al kenyl 1l Hhget HascBe ntially
as descri bed above for primary and secondary am nes. I mary
anmnes are the primary ether amnes [err] wherein R ﬂ‘ | kyl ene
group having 2 to 6 carbon atoms and R' is a hydrocar roup of about 5

to about 150 carbon atons. These pri nﬁ‘r;?fet‘her am nes are generally
prepared by, t&ﬁ reaction_of an alco R'OH _wherein R’

Frifouriees
her ei nabovelnGiBfe aﬂtmﬁ%ﬁ?ﬁraﬁ'ﬁﬂcﬂ trlP’é°PY1?9ﬁ| c%]rY?°1anat‘Fb? ‘F’&?ency

and econony, .t he,al coh | a I| ar or nched.al i ph tic th R
havi ng up thXSSEIt 500 ar ’prefer BPvagbcto % ‘53% on g&t%#ﬁnd

05t of o1 kb, 0BRSS MR 1AL, Tdd | Lfia” EERDEM. CaN Ve

from
The reaction product of the dithiophosphoric acid and

the glycol or epoxide is then reacted with an inorganic
phosphorus reagent such as phosphorus pentoxide, phosphorus
trioxide, . phosphorus tetraoxide, phosphorus acid,
phosphorus halides and the like. The above reaction is
known in the art and is described in US Patent '3,197,405
issued to LeSuer. This patent is incorporated herein by
reference for its disclosure of dithiophosphoric acids,
glycols, epoxides, inorganic phosphorus reagents and
methods of reacting the above.

Salts of the foregoing product are also described in
LeSuer (US 3,197,405) which is incorporated herein by
reference for its disclosures in this regard. Such salts
are encompassed within the group of compounds (A-2).

Also included within the compounds identified as (A-1)
are compounds of the formula

ISI
R,0 — p SROH (XI)

{
OR,

wherein each of the groups is the same as identified

hereinabove. Preferably R; and R, are each alkyl, more
preferably containing from 1 to about 30 carbons, even more
preferably 1 to about 18 carbons. R, is alkylene or

alkylidene containing from 2 to about 28 carbons,



2 fo 6 carbon atons, acrylonitrile being nost preferred—Ether amnes are
commercially avail abl e under the name SURFAM  nar ket el Y BecYRESaced €M cal

Conpany, Atlanta, Georgia. Typi cal of such am-ne ing from
about 150 to about 400 nol ecul ar weight. Pr ef arlwm Bg[ﬂ es are
exenplified by those identified as SURFAM P14B (decyl ‘ e),
SURFAM P16A (linear [err], SURFAM P17B (tri decyl oxypropylam ne). The C
chain lengths (i.e., [err], etc.) of the? BURFAMG ‘descri bed above and used

herei nafter _are_ approxi npte and incl ude,the_ox n,et her. linkage. .For
exanpl e, a P&HF5e Y }ﬁpﬁwﬁﬁﬁFﬁﬁﬁbn?hgr?ﬁgﬁoﬁPn o eaél%ﬁﬁb 51

e o7 PR B E B B0, RO gE Boscorent, o,
the formJIa2 to 4 carbons. Compounds of Formula (XI) may be prepaged
by reacting 0,0-dihydrocarbyl dithiophosphates with a
glycol or epoxide as discussed hereinabove. These
compounds and methods for preparing same are described in
Us éatent 3,197,405 (LeSuer) and US Patent 3,341,633
(Asseff), both of which are hereby expressly incorporated
herein by reference for relevant disclosures contained
therein.

Triesters can be prepared by reacting the
corresponding phosphorus and sulfur containing acid with,
for example, an olefin. A detailed discussion of triesters
and methods of preparing same are given in US Patent
2,802,856 (Norman et al) which patent is incorporated
herein by reference for relevant disclosures in this
regard.

Compounds (A-3) include thiophosphites and hydrogen
thiophosphites. These are readily prepared by methods .
known in the art including reaction of mercaptans with
phosphorus halides, alcohols with thiophosphorus halides
and the like. Preferred are those compounds where a and b
are each 1 in Formula III and wherein R, and Ry are
hydrocarbyl, preferably alkyl having from about 1 to about
24 carbons, more preferably from 1 to about 18 carbons,
nore preferably 4 to about 12 carbons, and aryl having from

6 to about 18 carbons, preferably 6 to about 12 carbons,



[err] [err] wherein [err] is a hydrocarbyl group generally containing from
about 6 to about 30 carbon atons, [err] is an ethylene or propyl ene group,
Terr] is an al kylene group containing up to about 5 carbon atons, a is zero
or one, each [err] is hydrogen or a | ower alkyl group, and x, y and z are
each independently integers fromzero to about 10, at |east one of x, y and
z being at least 1. The above hydroxyam nes can be prepared by techni ques
wel | known in the art, and many such hyde@xyam nes are conmercially
avai |l abl e. The useful hydroxyam nes where a in the above fornula is 0

i ncl ude P PRGEEFFPREX Pl 0 @bout 1D daxbanget hyl ol eyl ami ne,

bi s(2- hydroxyet hyl ) hexyl am ne, bis(2-hydroxyethyl)oleylam ne, and m xtures
thereof. Also i ntNeRedc@RBOURE cdAralabbhasretthe s Rgiaywda Wi heitibole
formula at | easf one_of x and %his at least 2. A nunber of hydroxyani nes

wherei n a | PLRIFEeE thak| Bp3nd (Renanie 3§ (AgEined harenabave, andaRzona,

Inc., is hydrocarbyl or hydroger_l. In a preferred embodiment R, is
H which is a tautomeric form of Formula III.
Alternatively, in another preferred embodiment R, is
hydrocarbyl, preferably alkyl or aryl as defined for R, and
R, hereinabove.

Preferably said phosphorus and sulfur containing
composition is selected from the group consisting of
(A-1) a compound represented by the formula
o]
1
R,0 f OR, (VI)

OR
2

wherein each R,, R, and R, is independently hydrogen,

hydrocarbyl, or

it
R,O f SR, — (VII)

OR;

provided at least one of R,, R, and R; is

R,0 P SR, (VII)
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Chicago, Illinois, under the general trade designation - 20 - "Ethoneen”
and " Proponeen". Speci fic exanpl es include "Ethonmeen C/ 15" which is an

‘et hyl ene oxi de condensate of a coconut fatty acid containing about 5 noles
of ethyl ene oxide; "Ethonmeen C/ 20" and "C/ 25" which also are ethyl ene oxide
condensati on products from coconut fatty acid containing about 10 and 15
nol es of ethyl ene oxide respectively. "Proponeen 0/ 12" is the condensation
product of one nole of ol eyl anine mﬁfh ol es propyl ene oxi de.

e MRk L R, e A Y edcaden oo *°
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pr opane
group;

(A-2) an ammonium or amine salt of (A-1)
provided at least R; is hydrogen;
(A-3) a compound represented by the formula
S.
il
R,0 ll? OR, (VIII)

H

or

SR, (IX)

%
- =0

or

R,S P SR, ()

wherein each R;, Ry and R, is independently hydrogén or a
hydrocarbyl group provided at least one is hydrocarbyl; and
(A-4) mixtures of two or more of (A-1) to (aA-3).
In one especially preferred embodiment the phosphorus
and sulfur containing composition is (A-1), wherein at
least one of R,-and R, is hydrogen or
S
It
RO P SR, — (VII)

x
OR




diamnes (1,2, or 1,3), and polyam ne anal ogs of the above. Suitable fatty
pol yam nes such as those sold under the nanme Duoneen are commercially
‘avai | abl e di am nes described-in Product Data Bulletin No. [err] of Armak
Chem cal Co., Chicago, Illinois. I n anot her enbodi nent, the secondary
am nes may be cyclic am nes such as piperidine, piperazine, norpholine,
etc. In a further enbodi nent the sulqu-‘§nd phosphorus- cont ai ni ng
conposition is (A-3). Preferably, a and ¥ are each 1. I one

n
enbodi ment . predilled G headt®'R,] 18 lybiRlben S JHIMRPENIEIL YR MHLYEN 81 2

hydr ocar byl " group having trom about carbon at'ons, an@& a and b

are each 1. jndepellentlvelR aliny1 6§Fdup| Rk Ch[c%{ rdndiee | #degentent! v
hydrogen or an "alkyl or an aryl™ group selecte rom the group
consisting pp waabdn Aubik apNin) .idewn alepishe Ghrdp KALHYY. £2bm

phenyl, provided at |east one is said al kyl or
about 2 to about 6 carbon atoms.

In another especially preferred embodiment, the
phosphorus and sulfur containing composition is the amine
salt (A-2) and is derived from an alkyl amine having from
about 1 to about 24 carbon atoms, preferably a tertiary
alkyl primary amine containing from about 10 to about 16
. carbon atonms.

In a further especially preferred embodiment the
phosphorus and sulfur containing composition is the
compound (A-3), wherein each R,, Ry and Ry is independently
H or an alkyl group containing from 3 to about 24 carbon
atoms provided at least one is said alkyl group.

In a particularly preferred embodiment, the phosphorus
and sulfur containing composition is one prepared by the
process comprising preparing an acidic intermediate by
conducting at a temperature of from about 0°C, to about
150°C, a series of reactions. comprising reacting

approximately equivalent amounts of a phosphorodithioic

acid having the formula

(XIX)

/\

R,0
Y ]
///’

R0

wherein each R, and R; is independently a hydrocarbyl group

S-H



arjl group. In one preferred enbodinent at least two of [err] and X
are-sul fur. I n another enbodi nent the sul fur- and phosphorus- contai ni ng
conposition may be (A-4) a mixture of two or nore of the conpounds
represented by (A-1) to (A-3). In another enbodinment (A-1) is a

t hi ophosphoric acid. The di-organo thi ophosphoric acid materials used in
this invention can be prepared by wel |_.kfipwo nmet hods. The O, O0-di - or gano
di t hi ophosphoric acids can be prepared, for exanple, by reacting organic

hydroxy conpdhdSani t&peRe8ENMENME RAIBSEGHIEHERY S.%é@@iﬁ?oﬂgfwi SriREAXY
conpounds include al cohols, such as, alkanols, al kanedi ol's, _

cycl oal kanolbtaintidkytherebgd wdtti ophégphosulast pentestidei, pheié ¢ maieghol s,
et her al cohols, ester al cohols and m xtures of alcgholsi pheqollc
conpounds, Fatiioasbasieshain ¥0Esaf the phvspharedithibiti aotiddepoaides,
cycl oal kyl -substituted phenols, phenyl-substituted phenols, alkoxy phenol,
phenoxy phe®eRctigsnimraduct ke - phosphoyusd pentaxide beiéng. withinh&he
non- benzenoid organic hydroxg ..

range of from about 2:1 to about 5:1, and neutralizing at

a temperature of from about 0°* to 200°C, at least about 50%

of the acidic mixture with an amine selected from the group
consisting of a hydrocarbyl and a hydroxy-substituted
hydrocarbyl amine having from about 4 to about 30 carbon
atoms. Preferably the amine is a tertiary-alkyl primary
amine, more preferably containing from about 10 to about 16
carbon atoms in the tertiary alkyl group.

As used herein, the term "hydrocarbyl" or "hydrocarbyl
group" denotes a group having a carbon atom directly
attached to the remainder of the molecule and having
predominantly hydrocarbon character within the context of
this'invention. Thus, the term "“hydrocarbyl" includes
hydrocarbon, as well as substantially hydrocarbon groups.
Substantially hydrocarbon describes groups, including
hydrocarbon based groups, which contain non-hydrocarbon
substituents, or non-carbon atoms in a ring or chain, which
do not alter the predominantly hydrocarbon nature of the
group.

Hydrocarbyl groups can contain up to three, preferably
up to two, more preferably up to one, non-hydrocarbon

substituent, or non-carbon heteroatom in a ring or chain,

for every ten carbon atoms provided this non-hydrocarbon



coﬁpounds are generally the nost useful in the preparation of the
0, O-di -organo dithi ophosphoric acids. A full discussion of the
‘preparation of these conpounds is in the - 22 - Journal of the Anerican
Chem cal Society, volume 67, (1945), page 1662. The S, S-di-organo
tetrat hi ophosphoric acids can be prepared by the sane method described
above, except that nercaptans are enployed in place of the organic hydroxy
conmpounds. The O S-di-organo trithi ophogghesic acids can be prepared by the
same nmanner enployed in the preparation of the dithiophosphoric acids
descri bed aBubetitxeatt orhabnacarkonrkebéroatonpiess notl sigabfichudroxy
conmpounds is reacted wi th phosphorus pentasul fide. The phosphorus and
sul fur cont alkerrgtbenpoeddninankliynbydrecarbooptbharhotier afi tihei grouging,
but not limted - _
Those skilled in the art will be aware of such heteroatoms,
such as oxygen, sulfur and nitrogen, or substituents, which
include, for example, hydroxyl, halo (especially chloro and
fluoro), alkyoxyl, alkyl mercapto, alkyl sulfoxy, etc.
Examples of hydrocarbyl grdups include, but are not
necessarily limited to, the following:
| (1) hydrocarbon groups, that is, aliphatic (e.q.,
alkyl or alkenyl), alicyclic (e.qg., cycloalkyl,
cycloalkenyl) groups, aromatic groups (e.g., phenyl,
naphthyl), aromatic-, aliphatic- and alicyclic-substituted
aromatic groups and the like as well as cyclic groups
wherein the ring is competed through another portion of the
molecule (that is, for example, any two indicated groups
may together form an alicyclic radical): |
(2) substituted hydrocarbon groups, that is, those
- groups containing non-hydrocarbon containing substituents
which, in the context of this invention, do not
significantly alter the predominantly hydrocarboh
character; those skilled in the art will be aware of such
groups (e.g., halo (especially chloro and fluoro), hydroxy,
alkoxy, mercapto, alkylmercapto, nitro, nitroso, sulfoxy,
etc.);
(3) hetero groups, that is, groups which will, while

having a predominantly hydrocarbon character within the

context of this invention, contain atoms other than carbon



to, dithiophosphoric as well as nonot hi ophosphoric, thiophosphinic or

t hi ophosphoni ¢ aci ds. The use of the termthiophosphoric, thiophosphonic
or thiophosphinic acids is also neant to enconpass nonothio as well as
dithio derivatives of these acids. Useful phosphorus-containing acids are
descri bed below. In one enbodi nrent, when a and b. are 1, and one of [err]
[err] or [err] is sulfur and the rest gf? oxygen, the phosphorus-containing
conposition is characterized as a nonoth %phosphoric acid or '

t hi oph . -_23 .- Th :hj 0 e | e
Char act or i 2B et iy a kel Gr RRAY CBRBPYELL] AiiiedfVoER qarnon . |
Rl and [errht%&n%.def%aﬁﬁa@fe RO¥EroREEHE" ¥ 4 NapPafBit| €6 khbse of

i ndependently an al group.
ordinary skill in the art and include, for example, sulfur,

oxygen, nitrogen. Such groﬁps as, e.g., pyridyl, furyl,
thienyl, imidazolyl, etc. are representative of heteroatom
containing cyclic groups.

Typically, no more than about 2, preferably no more
than one, non-hydrocarbon substituent or non-carbon atom in
a chain or ring will be present for every ten carbon atoms
in the. hydrocarbyl group. Usually, however, the
hydrocarbyl groups are purely hydrocarbon and contain
substantially no such non-hydrocarbon groups, substituents
or heteroatoms.

Unless indicated otherwise, hydrocarbyl groups are
substantially saturated. By substantially saturated it is
meant that the group contains no more than one carbon-to-
carbon unsaturated bond, olefinic unsaturation, for every
ten carbon-to-carbon bonds present. Often, they contain no
more than one carbon-to-carbon non-aromatic unsaturated
bond for every 50 carbon-to-carbon bonds present.
Frequently, hydrocarbyl groups are substantially free of
carbon to carbon unsaturation. It is to be understood
that, within the content of this invention, aromatic
unsaturation is not normally considered to be olefinic
unsaturation. That is, aromatic groups are not considered
as having carbon-to-carbon unsaturated bonds.

The following examples illustrate types of sulfur- and



Monot hi ophosphat es may be prepared by the reaction of a sulfur source such
as sul fur, hydrocarbyl sulfides and pol ysul fides and the |ike and a

*di hydr ocar byl phosphite. The sul fur source is preferably el enental sulfur.
The preparation of nonot hi ophosphates is disclosed in US Patent 4,755, 311

and PCT Publication WO 87/ 07638 Mnot hi ophosphates nmay be fornmed in the

| ubricant bl end by adding a di hydrocarbyl phosphite to a |ubricating -

24 - conposition containing a sulfur source. The phosphite nay react with
t he sul fur source under blending conditions (i.e., tenperatures from about
30[err] to about 100[err] or higher) to #érm nonot hi ophosphat e. It is

al so possi bl e that nonot hi ophosphate is forped under_the conditions found
'n oper at | nERARRHATER-CIRCELATAT FONRRURIE o RESTE} ¢ 4D | 28 1]

are oxygen; A diiofld 8¢ ARiSY {8hentlenl® " dhddd RaRIRSPNYLE-
intended to be illustrative only and are not intended to
limit the scope of the invention. Unless indicated
otherwise, all parts are parts by weight and temperatures
are in degrees Celsius.
Example 1

0,0-di~(2-ethylhexyl) dithiophosphoric acia (354
grams) having an acid number of 154 is introduced into a
stainless steel ‘"shaker" type autoclave of 1320 nl.
capacity having a thermostatically controlled heating
jacket. Propylene is admitted until the pressure rises to
170 pounds per square inch at room temperature, and then
the autoclave is sealed and shaken for 4 hours at 50° to
100°C during which time the pressure rises to a maximum of
550 pounds per square inch. The pressure decreases as the
reaction proceeds.

The .autoclave is cooled to room temperature, the
excess propylene is vented and the contents removed. The
product (358 grams), a dark liquid having an acid number of
13.4 is substantially o,o-di—(z-ethylhexyl)-S-isopropyl
dithiophosphate.

Example 2

Ammonia is blown into 364 parts (1 equivalent) of the

dithiophosphoric acid of Example 1 until a substantially

neutral product is obtained.



cont ai ni ng conposi tion IS characterized as a dit hi ophosphoric
acid or phosphorodithioic acid. Dithiophosphoric acid may be characterized
by the fornula [err] wherein [err] and [err] are as defined above.
Preferably [err] and [err] are al kyl groups. The di hydrocar byl
phosphorodi t hi oi c acids may be prepared by reaction of alcohols with [err]
usual |y between the tenperature of about 50[err] to about 150[err].
Preparati on of dithiophosphoric acids. gyl their salts is well known to
those of ordinary skill in the art. In another enbodi nent, the

phosphor us-contai ni ng conposition igxagpiesanted by Fornula (1) where each
[err] and X2 is oxygen, each X3 and X4 1s sulfur, R3 is hydrogen, and

25 - each [err]Tandi[786] gransdgsentdeheky hgﬂrag,em-cm—(z—ethylhexyl)
phosphorodithioic acid, stirred at room teméerature, there
ié added portionwise 319 grams (5.5 moles) of propylene
oxide. The ensuing reaction is quite exothermic and the
temperature rises to 83°C within 15 minutes. The
temperature is maintained at 90-91°C for three hours,
whereupon an additional 29 grams (0.5 mole) of propylene
oxide is added. This mixture is maintained at 90°C for
another hour, followed by stripping to a final temperature
of 90°C at 28mm Hg pressure. The dark vellow liquid
residue shows the following analysis: S, 15.4%; P, 7.4%.

Employing substantially the same procedure of Example

3 the following are reacted:

Example Phosphorodithioic acid Epoxide
4 0,0’~(4-methyl-2-pentyl) Epichlorohydrin
5 0,0’-(isopropyl) Propylene oxide
6 0,0’-di-(2-ethylhexyl) Styrene oxide
Example 7

Phosphorus pentoxide (64 grams, 0.45 mole) is added at
58°C within a period of 45 minutes to hydroxypropyl O0,0-
di(4-methyl-2-pentyl) phosphorodithioate (514 grams, 1.35
moles, prepared by treating di (4-methyl-2-pentyl) -
phosphoro- dithioic acid with 1.3 moles of propyléne oxide
at 25°C). The mixture is heated at 75°C for 2.5 hours,
mixed with a filtering aid (diatomaceous earth), and

filtered at 70°C. The filtrate is found to have, by



[efr] (I'1) [err] wherein the various R a, b and X groups are as defined
previously. Preferably either both [err] and [err] are the group of Formul a
11; or [err] is hydrogen and [err] is the group of Fornmula Il. Preferably,
when each [err] and [err] is independently hydrocarbyl, they are the sane
as described for [err] or [err]. Preferably, X5 and X6 are oxygen, and[err]
and [err] are sulfur. Preferably R6 is an aryl ene group, or an al kyl ene or
al kyl i dene group having from1l to about3g2,- nore preferably fromabout 2 to

about 6, nore preferably about 3 carbon atons. R6 is preferably an
“ethylene, apaagdigNe.a pliodphytasecomientdref e1Bbsy, aapeapruenedgitant The
group represented by the Fornmula Il is derived froma conpound which is the

reacti on off alfi.2Ri,opdmedphat | acdd dnumlerano€po&? de(romophigmal . blude
di t hi ophosphoric acids are those described above. The epoxide is generally
an al i phat iinddgatiair) .or a styrene oxi de. Exanpl es of useful epoxides
I ncl ude et hyl ene oxi de, propyl ene oxide,.
Example 8

A mixture of 667 grams (4.7 moles) of phosphorus
pentoxide and the hydroxypropyl 0,0’-diisopropyl-
phosphorodithioate prepared by the reaction of 3514 grams
of diisopropyl phosphorodithioic acid with 986 grams of
propylene oxide at 50°C is heated at 85°C for 3 hours and
filtered. The filtrate has, by analysis, a phosphorus
content of 15.3%, a sulfur content of 19.6%, and an acid
number of 126 (bromophenol blue indicator).

Example 9

To 217 grams (0.5 equivalent) of the acidic filtrate
of Example 6 there is added at 25° to 60°C within a period
of 20 minutes, 66 grams (0.35 equivalent) of 5 commercial
tertiary aliphatic primary amine (Primene 81-R, Rohm & Haas
Co.) having an average molecular weight of 191 in which the
aliphatic radical is a mixture of tertiaryalkyl radicals
containing from 11 to 14 carbon atoms. The partially
neutralized product has by analysis a phosphorus content of
10.2%, a nitrogen content of 1.5%, and an acid number of
26.3.

Example 10

A portion of the filtrate of Example 7 (1752 grams) is
neutralized by treatment with a stoichiometrically

equivalent amount (764 grams) of the aliphatic primary



but ene oxi de, octene oxide, dodecene oxide, styrene oxide, etc. Propylene
oxide is preferred. The glycols nmay be aliphatic glycols having from1 to
about 12, preferably about 2 to about 6, nore preferably 2 or 3 carbon

atons, or aromatic glycols. Aliphatic glycols - 26 - include ethyl ene
gl ycol, propylene glycol, triethylene glycol and the |ike. :
Aromatic glycols I ncl ude hydroquiqpqp,_gatechol, resorcinol, and the

| i ke. The reaction product of the dithi'ophosphoric acid and the glycol or

epoxi de i Sahige IHackesny & hgaRd Ry %Phogﬁ%% A Efé‘ﬂfﬂédsgfgd et

phosphorus pentoxi de, phosphorus trioxide, ( rus t et raoxi de, _
phosphor ushas3chb§. aRRPFBRL! Ug %ﬁgéﬂﬁérﬁ_@dcbﬂéeh'tk%f 91863abgVRi £ea8GERON | S
e

known in the art and is descri In US Patent 3,197,405 issued to~LeSuer
Salts of tkentehtgeme.medueindre surfurasentent bf 12.6%.
Example 11
Phosphorus pentoxide (208 grams, 1.41 moles) is added
at 50°C to 60°C to hydroxypropyl 0,0’-di-isobutylphosphoro-
dithioate (prepared by reacting 280 grams of propylene
oxide with 1184 grams of 0,0’-di-isobutylphosphorodithioic
acid at 30°C to 60°C). The reaction mixture is heated to
80°C and held at that temperature for 2 hours. To the
acidic reaction mixture there is added a stoichiometrically
equivalent amount (384 grams) of the commercial aliphatic
primary amine of Example 8 at 30°C to 60°C. The product is
filtered. The filtrate has, by analysis a phosphorus
conteht of 9.31%, a sulfﬁr content of 11.37%, a nitrogen
content of 2.50%, and a base number of 6.9 (bromphenol blue
indicator).
Example 12
To 400 parts of 0,0’di-(isoctyl) phosphorodithioic
acid is added 308 parts of oleyl amine (Armeen O- Armak).
Example 13
Butyl phosphonic dichloride (175 parts, 1 mole) is
reacted with a mixture of 146 parts, 1 mole, l-octane thiol
and 74 parts, 1 mole, l1l-butanol.
As mentioned hereinabove, the sulfur- and phosphorus-
containing compounds which provide increased thickening of

metal soap thickened greases are used in minor amounts



LeSuer (US 3,197,405) . Such salts are enconpassed within the group of
conpounds (A-2). Also included within the conpounds identified as (A-1) are

conpounds of the formula S [err] (XI') wherein each of the groups
is the sane as identified herei nabove. Preferably [err] and [err] are
each alkyl, [err] is alkylene or alkylidene containing from 2 to about
28 carbons, - 27 - preferably al kyl ene containing from2 to about 18

carbons, nore preferably 2 to about 6 cafbdns, even nore preferably 2 to 4

b . Co ds of F I Xl b b '
01 0- 0 nyclr GERAHINE 59 GOSN SReuRHPER Hg GV AE ST Ape grease

di scussed brirera%:' ae%os e'30fc,ﬂ{?ssl?ally amounts ranging from about 0.25%

to about 10% by weight of the total grease composition.

Preferred minimum amounts of sulfur and phosphorus
containing compound to employ depend  to some extent upon
the additive. When the sulfur and phosphorus containing
additive is (A-1) it is preferred to use at least about
0.75% by weight. The same is true when the additive is (a-
2) but the preferred minimum amount of (A~3) is about 0.25%
by weight.

It generally is not necessary to use more than about
10% by weight of the sulfur and phosphorus containing
compound since no additional benefit is obtained and often,
deteriorating performance with respect to the dropping
point and other characteristics of the grease is observed
above this treating level. More often no more than about
5% frequently no more than about 2% of the sulfur and
phosphorus containing compound is emi)loyed. Often 1% by
weight is sufficient to provide a 30°C increase in dropping
point.

Thus, it is prefefred to use the minimum amount of
sulfur and phosphorus containing additive consistent with
attaining the desired dropping point elevation of at least
30°C.

The sulfur- phosphorus- éontaining composition. may be
present during grease formation, i.e., during formation of

the soap thickener, or may be added after the base grease



conpounds and nethods for preparing sane are described in US Patent
3,197,405 (LeSuer) and US Patent 3,341,633 (Asseff),; Triesters can be
pr epar ed by reacting t he correspondi ng” phosphorus and sul fur
containing acid with, for exanple, an olefin. A detailed discussion of
triesters and nmethods of preparing sane are given in US Patent 2,802,856
(Norman et al) Conpounds (A-3) include thiophosphites and hydrogen

t hi ophosphi tes. These are readily prepared by nethods known in the art

i ncluding reaction of nercaptans wth phgsphorus halides, alcohols with

t hi ophosphorus halides and the |ike. Preferred are those conpounds where a
and b are el@s been reparedt | INd BANY Fas¢rif dSd preferrgd to add
hydrocar byl , preferably al kyl having fromabout 1 to about, 24 carbons, nore

preferably fhe@msmlfunshArd 1BhesPRERYS —ErRtaidiad FQmPeSLELPR EO 1 She

carbons, and aryl having from6 to aboyt 18 r bons referaply 6 to about
12 car bons. pPreformed é%se grease sgnce %%e sdlfhr— Sﬁogphorus-

compositions may be adversely affected during preparation
of metal soap thickeners.

Other additives may be incorporated into the base
grease to improve performance of the greése as a lubricant.
Such other - additives including corrosion inhibitors,
antioxidants, extreme pressure additives and others useful
for improving specific performance characteristics of a
base grease, are well-known and will readily occur to those
skilled in the art. Oftentimes these additives have an
adverse effect on the dropping point of the grease. Use of
the sulfur and phosphorus containing compounds together
with these additives often compensates for this effect.

The following examples illustrate grease compositions
of this invention. It is to be understood that these
examples are intended £o illustrate ﬁhe invention and are
not intended to be limiting in any way. Dropping points
are determined using ASTM Procedure D-2265. All amounts
are unless indicated otherwise, on an oil free basis and
are by weight.

-« Example A

A 1lithium 212-hydroxystearate thickened base grease

showed dropping point of 210°C. This is a typical simple

lithium salt thickened base grease.



- 28 - nore preferably 6 to about 10 carbons.

Formula IV, it is preferred that [err] and [err] are as defined
‘her ei nabove, and [err] is hydrocarbyl or hydrogen. In a preferred

enbodi nent

[err] is H which. is a tautoneric form of Formula

Alternatively, in another preferred enbodinent [err] is hydrocarbyl,
preferably al kyl or aryl as defined forgheLr] and [err] hereinabove.

Preferably said phosphorus and sul fur c

from (A1)
[err] and

to 18 carbon at

and [err]

When conpound (A-3) has the

taining conposition is selected

PO d represented by the fornmula [err] (VI) wherein each
ndependently hydrogen, an al kyl group containing froml

S
weight of an 0,0’-di-(2-ethylhexyl) dithiophosphoric acid
prepared by reacting about -4 moles 2-ethylhexanol with 1
mole P,S; into the grease of Example A. This grease has a
dropping point of 277'0.
Example C

A grease composition as in Example B is prepared
contoining 0.85% of the acid. The dropping point is 275°C.
Example D

A grease composition is prepared as in Example B
except that the acid is 0,0’-di-(isoctyl) dithiophosphoric
acid prepared by reacting about 4 moles isooctanol with 1
mole P,S;. The grease has a dropping point of 280°C.

Exanple E

A grease composition as in Example D is prepared
containing 0.85% of the acid. The dropping point is 297°C.
Examples F-J

Grease compositions are prepared by blending into a
lithium iz-hydroxy stearate base grease the indicated
percentages by weight of the product obtained by reacting
1000 parts of 0,0’-(di)-methylamyl dithiophosphoric acid
prepared by reacting about 4 moles méthyl amyl alcohol with
1 mole of P,S; with 183 parts of propylene oxide, reacting
the product obtained thereby with 144 parts of P,0; and
neutralizing the acidic product obtained thereby with 584

parts of Primene 81-R.

HByr&lsd Cdhposition is(Prbbalbd'b§etidndiGRslo ofss Gy lerr]



ferr] (V1) - 29 - wherein each [err] and [err] is

I ndependent|ly hydrogen or hydrocarbyl, provided at |east one of [err]
and [err] is hydrocarbyl, and wherein [err]. is an al kylene or alkylidene
group; (A-2) an ammoniumor amne salt of (A1) provided at |east
[err] is hydrogen; (A-3) a conpound represented by the fornmula [err]

(V1) or [err] (I1'X) wherein each [err] . and [err] is

i ndependent |y hydrogen or a hydrocarbyl group provided at |east one is
hydrocarbyl; and (A-4) mxtures of two or nore of (A-1) to (A-3). In one
especially preferred enbodi nent the phosphorus and sul fur containing

It ' A-1), wherein at :
composition is ( Example % by weight additive Dropping Point (°C)’

F 0.5 210°C
G 0.75 267°C
H 0.85 ' 262°C
I 1.0 257°C
J 1.5 267°C

For comparative purposes, drease compositions are
prepared employing conventional phosphorous containing
additives but which are substantially free of sulfur.
Examples K-L

Grease compositions are prepared by blending into a
lithjum 12-hydroxystearate base grease having a dropping
point of 207°C the indicated percentages of a mixed
phosphoric acid salt prepared by reacting.3 moles (based on
OH) of CO01418 alcohol (a primary alcohol containing a
mixture of C,, C;, and C,, carbon chains) with 1 mole P,0,
then reacting the acidic product obtained with 1.13
equivalents of Primene 81-R per equivalent of strong acid.

Example % by weight additive Dropping Point (°C)

X 1.0 204°C
L 1.4 1e8°C
Examples M-O

Grease compositions are prepared by blending into a

lithium 12-hydroxystearate base dgrease the indicated

percentages of dibutylhydrogen phosphite ((Butyl-0),PHO).



| east one of [err] and [err] is hydrogen or [err] - 30 - provided at
| east [err] is hydrogen, wherein each R4 and [err] is independently an
sal kyl group having fromabout 2 to about 12 carbon atons and R6 is an
al kyl ene group having fromabout 2 to about 6 carbon atonms. |n another
especially preferred enbodi nent, the phosphorus and sul fur containing
conposition is the amne salt (A-2) and*? s~ derived from an al kyl am ne

a

a

having from aboyt 1 to abou 4 carb t .preferably a tertiary al kyl
primary am ne cgﬁﬁgﬁﬂﬁhg fréﬁiﬁ%&ﬁ%gﬁglféﬁgg%%ﬁg16E¥§¥¥éﬂ5%%8%92—#ﬁ9g

further especially.preferred enbodinsngsthe phosphor us agg S Ifﬁr
containing conposition is the conpound™(A-3), wherein eacﬁ Ferr] and
[err] is independerfly H or an alkyl ggggup containing frggpdcto about 24
car bon .

o 0.55 197°C
Examples P-T

Examples F-J are repeated replacing the lithium 12-
hydroxy stearate base grease with the corresponding calcium
soap thickened base grease.

Examples U~V |

Examples C and H are repeated replacing the lithium
12-hydroxy stearate base grease with a sodium tallowate
thickened base grease.

From the foregoing Examples it is apparent that the
use of certain sulfur and phosphorus containing
compositions .at minimum levels provides enhanced thermal
stability as evidenced by increased dropping points
compared to the base greases without additive. It is also
apparent that phosphorus containing compounds that are
substantially free of sulfur do not provide any increase in
dropping point. |

While the invention has been explained”in relation to
its preferred embodiments, it is to be understood that
various modifications thereof will become apparent to those
-skilled in the art upon reading the specification.
Therefore, it 1is to be understood that the invention
disclosed herein is intended to cover such modifications as

fall within the scope of the appended claims.



at’ons provided at |east one is said alkyl group. In a particularly
preferred enbodi nent, the phosphorus and sul fur containing conposition is
one prepared by the process conprising preparing an acidic intermnediate by
conducting at a tenperature of fromabout [err], to about 150[err], a
series of reactions conprising reacting approximately equival ent
anounts of a phosphorodithioic acid-hadng the fornula [err] (XI1) wherein
each [err] and [err] is independently a hydrocarbyl group - 31 - with an
epoxi de and subsequently reacting the product obtained thereby W th
phosphorus_pent oxi de, the nolar ratio, based on %H, of the
phosphoro&?ﬁﬁmﬁﬁc aci d- epoxi de reaction product to phosphorus pentoxide

being within the raqge of fromabout 2:1 to abqut 5:1, and neutralizing at
1. grease composition substantially free

of boron or boron-containing compounds, comprising a major
amount of an oil based simple metal soap thickened base
grease and a minor amount of at least one phosphorus and
sulfur containing composition sufficient to increase the
dropping point of the base grease, as determined by ASTM
procedure D-2265, by at least 30°C, said phosphorus and

sulfur containing composition selected from

(A-1) a compound represented by the formula

I
Ry X9)a T X3Ry @

EPps

wherein each X,s X, ¥ and X, is independently oxygen
or sulfur provided at least one is sulfur; each a and
b is independently 0 or 1; and

wherein each R,, R, and R; is independehtly
hydrogen, hydrocarbyl, a group of the formula
X
!

R, (Xs)q T X,R;- (D

X gpRs

S

- i




a fenperature of fromabout O to 200[err], at |east about 50% of the acidic

m xture with an am ne selected fromthe group consisting_of a hydreecarby——
*and a hydroxy-substituted hydrocarbyl am ne having fromabout 4 to aQP t %Q

carbon atons. Preferably the amine is a tertiary-alkyl priHa :
preferably containing fromabout 10 to about 16 carbon ato u |

tertiary al kyl group. As used herein, the term "hydrocar byl
"hydrocar byl group” denotes a group having a carbon atomdirectly attached
to the remainder of the nol ecule and hayjng predom nantly hydrocarbon
character wthin the context of this invéntion. Thus, the term

"hydrocarbyl" includ é%ggﬁxéﬁéﬁn§%§§?lb | as §H§é§gﬁ&'ﬁg#%gﬁﬁggggghbon

groups. Substantially hydroca groups,”inc ar bon
based groups, Wiy HHEHFHYION-BYey2886PaR LA Wiy ©f aw%aaeon
atons in a ring or chain, which do not alter the predom narftly hydrocarbon
nature of the gniidrodardsycar byl groups can contain up to three, preferably
up to two, nore preferably up to one, non-hydrocarbon

R, is an-alkylene or alkylidene group, each a and

b is independently 0 or 1, and

each X, X;, X, and X; is independently oxygen or
sulfﬁr;

or a group of the formula R/OH, wherein R, is an
alkylene or alkylindene group:
(A-2) an amine or an ammonium salt of (A-1) when at
least R; is hydrogen;

(A—-3) a compound represented by the formula

XN
I
P

R (%), EPpRg @D

I
H
or

X11Ry

|
Ry % P X1oRy @

wherein each R,, R; and R, is independently

hydrogen or a hydrocarbyl group provided at least one
is hydrocarbyl, each X,, X;, and X,, is independently
oxygen or sulfur provided at least one is sulfur, and

each a and b is independently 0 or 1; and

* c L M S *



suﬁstituent, or non-carbon heteroatomin a ring or chain, for every ten
carbon atons provided this non-hydrocarbon - 32 - substituent or
‘nhon- car bon het eroat om does not significantly alter the predoni nant |y

hydr ocar bon character of the group. Those skilled in the art will be aware
of such heteroatons, such as oxygen, sulfur and nitrogen, or substituents,
whi ch include, for exanple, hydroxyl, halo (especially chloro and fluoro),
al kyoxyl, al kyl nercapto, alkyl sulfoxy, etc. Exanples of hydrocarbyl
groups include, but are not necessarily limted to, the follow ng: (1)

hydr ocar bon groups, that is, aliphatic ( ﬁ? , al kyl or al kenyl ),
alicyclic (e.g ycl. C cloalken u aro t|c groups
(e. gy, phenyl , éah ?kggpgéatl ¥ pﬁﬁy % g d£€|l c §hb§@!§bted
aromati c greyas the i ke as mell as cyclic groups mhereln the ring is

conpet ed througﬁ anot her portion of the
2. The grease composition of claim 1, wherein the

metal soap is an alkali, an alkaline earth or an aluminum
metal soap.

3. The grease composition of claim 2, wherein the
metal soap is a sodium or lithium soap.

4. The grease composition of claim 2, wherein fhe
metal soap is a calcium or ﬁagnesium soap.

5. The grease composition of any one of the
preceding claims, wherein the metal soap is a fatty acid
metal salt.

6. The grease composition of claim 5, wherein the
fatty acid is a ¢, to C,, mono-carboxylic acid, optionally,
containing a hydroxy-substituent.

7. The grease composition of claim 6, wherein the
metal soap is a 12-hydroxy stearate.

8. The grease composition of any preceding claim, wherein
the phosphorus and sulfur containing composition is (A-1) and
a and b are each 1.

9. The grease composition of claim 8, wherein R, and
R, are each independently hydrocarbyl groups containing from
1 to about 30 carbon atoms and R; is H or a hydrocarbyl
group containing from 1 to about 30 carbon atoms.

10. The grease composition of either of claims 8 and 9,

wherein R3 is H.

- This Sheet Has Been Rerilaced
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lﬁﬁ ecule (that is, for exanple, any two indicated groups»aay t ogether—formr
an alicyclic radical); (2) substituted hydrocarbon groupsy, gifﬁéhﬁﬁiﬁiﬁkd

& groups contai ni ng non-hydrocarbon cont ai ni ng substituent s
context of this invention, do not significantly alter. ml" Irl
predom nantly hydr ocar bon character; those skilled in th
aware of such groups (e.g., halo (espeC|aIIy chl oro and quoro) hydr oxy,
al koxy, nercapto, alkylmercapto, nitro,,giLroso, sulfoxy, etc. (3) hetero
groups, that is, groups which will, while having a predom nant I y

hydr ocar bon chargcs errive td%éhéé‘&:&ﬁﬁ%@%ﬁl@ﬁ bli &1hAYER L8N, 9GORhakBiat ONB
ot her than carbon - 33 - present in aring or chain otherw se conposed

of carbon atawrs. o$uiRgbl R, hahar o} ot Wi hepenappaignt aho 4108k afroapdi nary
skill in the art and include, for exanple, sulfur,
containing from about 1 to about 18 carbon atoms or an aryl
group containing from about 6 to about 18 carbon atoms.
12. The grease composition of any one of claims 8-11,
wherein one of X,r X, and X; is sulfur and the rest are
oxygen.

13. The grease composition of claim 8, wherein each

of R;, R, and R; is independently hydrogen or

Xg

R4 XS T X’] RG— A\
X6 Rs

14. The grease composition of claim 13, wherein R; is

hydrogen and each R; and R, is independently hydrogen or

i

Ry Xz P X;R—~ (V)

X6 Rs

15. The grease composition of either of claims 13 and 14,

| where:!':n X.5 and X6 are oxygen and wherein X-, and XB are sulfur.

16. The grease composition of either of claims 13 and 14, wherein one

of X, X,, X, and Xg is sulfur and the rest are oxygen.

SI
17. The grease composition of any one of claims 13 to 16,

wherein each of X3 and Xl} is oxygen.

R A




oxygen, nitrogen. Such groups as, e.g., pyridyl, furyl, thienyl,

i_m dazolyl, etc. are representative of heteroatom containing cyclic groups.
Typically, no nore than about 2, preferably no nore than one,

non- hydr ocar bon substituent or non-carbon atomin a chain or ring wll be
present for every ten carbon atons in the hydrocarbyl group.

Usual Iy, however, the hydrocarbyl groyps_are purely hydrocarbon and
contain substantially no such non-hydrocarbon groups, substituents or

heteroatons. Unlgss i 'éc%gggsgtgg,ﬁ%\é,gﬁ._igxdggcgﬁpx},eq;fpepﬁngf% to. 17

substantially saturate y substantially saturated it is neant that the

group cont avlEred® A0HE éHFenone carbon-to- carbon unsaturated bond, .

ol efi ni ¢ unsaturati%n, for every ten carbon-to-carboh bonds present. Oten,

they contain no 19 e Thangpaaseaichmpdsd-thirhof neba tm 08Rt wheredat waaited

bond for every 50 carbon-to-carbon bonds present. Frequently,

hydr ocar bylogrm,upmdar}% disb shrelepeaidentflnechydrecaibyl t bavangofroms at thaat i on.

It is to be understood that, within the content of this invention, aromatic
about 30 carbon atoms and R; is ROH wherein R, is an
alkylene group containing from 2 to about 28 carbon atoms.

20. The grease composition of claim 19, wherein X, and
X, are sulfur and X, and X, are oxygen.

21. The grease composition of any one of claims 1 to 7, wherein
the phosphorus and sulfur containing composition is the
ammonium or amine salt (A-2) and a and b are each 1.

22. The grease composition of claim 21, wherein (A-2)
is an amine salt formed from an hydroxyamine, an ether
amine or an alkyl amine having from 1 to about 24 carbon
atoms.

"23. The grease composition of claim 22, wherein the
alkyl amine is a tertiary alkyl primary amine containing
from 4 to about 18 carbons, or a fatty amine containing
from 8 to about 18 carbon atoms.

24. The grease composition of any one of claims 1 to 7, wherein
the phosphorus and sulfur containing composition is the
compound (A-3) wherein each R,, Ry and R, is independently
hydrogen or a hydrocarbyl group having from about 1 to
about 18 carbon atoms, and when (A-3) is the compound
(III), a and b are each 1.

25. The dgrease composition of claim 24, wherein at

least two of X,, X, and X,; are sulfur.

_ This Sheet Has Been RTilaced,
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unsaturation is not normally considered to be ol efinic unsaturation. That
I's, aromatic groups are not considered as havi ng carbon-to-carbon

cunsat urat ed bonds. The followi ng exanples illustrate types of sulfur- and
- 34 - phosphorus-contai ni ng conpounds useful in the grease conpositions
of this invention. These exanples. are intended to be illustrative
only and are not intended to limt the scope of the invention. Unl ess

i ndi cated otherwise, all parts are parts by weight and tenperatures are in
~degrees Celsius. Exanple 1 0,0-di-(2-ethyl hexyl) dithiophosphoric acid
(354 grams) having an acid nunber of 1547 is introduced into a stainless

steel "shaker" type gutoclave of 1 m... acity having a
thernostaticalIfﬁgbn?ro??%ﬁsﬁgg?Pﬁgﬁgﬁgﬁ%fﬁigropyIehe is admtted until the

pressure rifH&se t¥¢ boron and boren containing compounds, comprising a
major amount of an oil g;sed simple metal soap thickened
base grease and a minor amount of at least one phosphorus
and sulfur containing composition sufficient to increase
the dropping point of the base grease as determined by ASTM
Procedure D-2265 by at least 30°C, said phosphorus and
sulfur containing composition prepared by the process
comprising preparing an acidic intermediate by conducting
at a temperature of from about 0°C, to about 150°C, a
series of reactions comprising reacting approximately
equivalent amounts of a phosphorodithioic acid having the

formula

wherein each R, and R; is independently a hydrocarbyl group
and an epoxide and subsequently reacting the product
obtained thereby with phosphorus pentoxide, the molar ratio
of the phosphorodithioic acid-epoxide reaction product to
phosphorus pentoxide being within the range of from about
2:1 to about 5:1, and neutralizing at a temperature of from

about 0° to 200°C, at least about 50% of the acidic mixture

with an amine selected from

This Sheet Has Been Reﬂlace'd
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170 pounds per square inch at roomtenperature, and then the autoclave is
seadl ed and shaken for 4 hours at 50[err] to 100[err] during which tine the
~ pressure rises to a maxi mum of 550 pounds per square inch. The pressure

decreases as the reaction proceeds. The autoclave is cooled to room
tenperature, the excess propylene is vented and the contents renoved. The
product (358 grans), a dark liquid having an acid nunber of 13.4 is
substantially 0, 0-di-(2-ethyl hexyl)-S-isopropyl dithiophosphate. Exanple 2
Amonia is blown into 364 parts (1 equiyglent) of the dithiophosphoric acid
of Exanple 1 until a substantially neutral product is obtained. - 35 -

Exanpl e 3 TRydrd8QrBy2Manihd™™hAd) £ hYddody-Kuiitfi@y| hydrocarbyl

amine having from about 4 to about 30 carbon atoms.

27. The grease composition of claim 26, wherein the
amine is a tertiary-alkyl primary amine.

28. The grease composition of any preceding claim comprising
at least about 0.25% by weight of the phosphorus and sulfur
containing composition.

29. A method for increasing the dropping point of an
oil based simple metal soap thickened base grease b.y at
least about 30°C as measured by ASTM Procedure D-2265
comprising adding to the base grease a minor amount, based
on the total weight of the grease composition, sufficient
to increase the dropping point of said base grease by af
least 30°C, of a sulfur and phosphorus containing

composition according to any preceding claim.

I
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pﬁosrhorodlth|0|c acid, stirred at roon1tenperature there is added
wortionw se 319 grams (5 5 mol es) of ‘propyl ene oxide. The ensuing reaction
“-is quite exothermc and the tenperature rises to 83[err] wthin 15
m nut es. The tenperature is nmaintained at 90-91[err] for three hours,
wher eupon an additional 29 grans (0.5 nole) of propylene oxide is added.
This mxture is maintained-at 90[err] for another hour, foll owed by
stripping to a final tenperature of 90[gr] at 28nm Hg pressure. The dark
yellow liquid residue shows the followng analysis: S, 15.4% P, 7.4%
Enpl oyi ng substantially the same procedure of Exanple 3 the follomﬁng are

reacted: Exanple  Phosphor odi t hi oiygsegict Epoxi de 4
0,0 -(4-nethyl -2-pentyl) Epichlorohydrin 5 0,0' - (isopropyl)
Propyl ene oxide 6 0,0' -di-(2-ethyl hexyl) Styrene oxi de Exanple 7

Phosphorus pentoxide (64 grans, 0.45 nole) is added at 58[err] within a

period of 45 mnutes to hydr oxXgpésyey bofpdittbdsd- met hyl - 2- pentyl )
phosphorodit hi oate (514 grans, 1.35

Improved grease compositions substantially free of
boron and boron-containing compounds, comprise a major
amount of an oil based simple metal soap thickened base
grease and a minor amount of at least one sulfur and
phosphorus containing composition sufficient to increase
the dropping point of the base grease, as measured by ASTM
Procedure D-2265 by at least 30°C, the phosphorus and

sulfur compound being described in detail herein.



- qbolala=t

ol eél, . prepared by treating di (4-weet hyl | i‘é, SG
dithioic acid with 1.3 noles of propyl ene oxide )pao iR oeped .
is+heated at 75[err] for 2.5 hours, nmixed with ja Qﬁgﬁd.ﬁ.to paged .#,
(di at omaceous earth), and filtered at 70[err]. ‘?"r“g{]s?a?équs - bupdgeda...,

have, by 36 - anal ysis, a phosphorus content jiragd, aP%gﬂdfurtcnpmgeﬂnI,
of 15.2% and an acid nunmber of 87 (bromophenol que I ndi cator). Exanple 8
A mixture of 667 grans (4.7 noles) of phogphor s DAFE ©OF RECEIRTJ 15/ (he

hydr oxypr opyl 0, O -dii sopropyl - phosphorodithioate prepared by tthe
reacti on of akArdadhedlyHln ey 98) birdesy s pilddint 4naGndutitsha¥rg s

of propylene oxide at 50[err] is heated at 85[err] for 3 hours and

filtered. Iheegbsbhpcqfaqwaﬁnﬁaambrﬁé sorainsogalgl dantoafeettobnl Ehdd a
sul fur content of 19.6% and an acid

grease composition.

Greases are typically ﬁrepared by thickening an oil
basestock. The greases of this invention are oil-based,
that is, they comprise an oil which has been thickened with
a metal soap thickener.

The grease compositions of this invention employ an

(‘J) - oil of 1lubricating viscosity, including natural or
synthetic lubricating oils and mixtures thereof. Natural
oils include animal oils, vegetable oils, mineral oils,
solvent or acid treated mineral oils, and oils derived from
coal or shale. Synthetic lubricating oils include
hydrocarbon oilé, halo-substituted hydrocarbon oils,
alkylene oxide polymers, esters of carboxylic acids and
polyols, esters of polycarboxylic acids and alcohols,
esters of phosphorus—-containing acids, polymeric

f\) tetrahydrofurans, silicone-based oils and mixtures thereof.

Specific examples of oils of lubricating viscosity are

described in US Patent 4,326,972 and European Patent

Publication 107,282, -beth—herein—inecerperated-by—refexrense
E l ; - : * ; ; l 1] l ; ] » I L ] 3 ; S. A

basic, brief description of lubricant base oils appears in

an article by _D.V. Brock, "Lubricant Base 0ils", Lubricant

Engineering, volume 43, pages 184-185, March 1987.

by reference for its

article is herein incorpo

diseresu: : . icating-oils. A description of
This is the replacement sheet
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nunber of 126 (bronophenol blue indicator). Exanple 9 To 217 grans (0.5
equi valent) of the acidic filtrate of Exanple 6 there is added at 25[err]
to~60C within a period of 20 m nutes, 66 granms (0.35 equivalent) of a
comercial tertiary aliphatic primary amne (Primene 81-R Rohm & Haas Co.)
havi ng an average nol ecul ar weight of 191 in which the aliphatic radical is
a mxture of tertiaryal kyl radicals containing from1l to 14 carbon atons.
The partially neutralized product has by dnal ysi s a phosphorus content of

10.2% a ni troggin#?g{lggf&icg -éﬁg;{-sgggﬁgz%%& U'I?;ebsoﬁ?rggfxﬁ- 4'%@%3'6‘?1810 A

portion of tR& rans) s neu I 'zed

ol i phatic p‘r’”jdr%gﬁ;é) S{hTHRAT ) T G3nky SAVIRHAIRIYN ATl 75} W AE) 63, he
' inclusive) ,— hereinincorporated by reference for —its

Another source of information regarding oils used to
prepare lubricating greases is NLGI Tubricating Grease
Guide, National Lubricating Grease Institute, Kansas City,
Missouri (1987), pp 1.06-1.69,——ﬂhieh——is——expressky_

QE) incerporated-herein-by reference.

The simple metal soap thickeners employed in the
greases of this invention are well-known in fhe art. These
metal soaps are incorporated into a base oil, typically, an
oil of 1lubricating viscosity in amounts, typically from
about 1 to about 30% by weight, more often from about 1 to
about 15% by weight, of the base grease composition. In
many cases, the amount of metal soap used to thicken the
base oil constitutes from about 5% to about 25% by ﬁeight

CJ of base grease. In other cases from.about 2% to about 15%
by weight of metal soap is present in the base grease.

The specific amount of metal soap required often
depends on the metal soap employed. The type and amount of
metal soap employed is frequently dictated by the desired
nature of the gfease.

The'éype and amount of metal soap employed is also
dictated by the desired consistency, which is a measure of
the degree to which the grease resists deformatioﬁ under

application of force. Consistency is usually indicated by
Thig is the replacement sheet
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am ne of Exanple 8 at 25[err]-82[err]. The neutralized product has, by
anal ysis, a phosphorus content of 9.95% a nitrogen content of 2.72% and a
suktfur content of 12.6% Exanple 11 Phosphorus pentoxide (208 grans, 1.41
nol es) is added at 50[err] to 60[err] to hydroxypropyl

0, O - di -i sobut yl phosphoro- dithioate (prepared by reacting 280 grans of
propyl ene oxide with 1184 granms of O 0'-di-isobutyl phosphorodithioic acid
at 30[err] to 60[err]). The reaction mxt8re is heated to 80[err] and held
at that tenperature for 2 hours. To the acidic reaction mxture there is

added a st0|theoA§EMi§ahbypeqsﬁta¢éﬁﬂlé#66htAFQ@&-%W%%%)°BfA§ﬂ§ PﬁﬁﬂQPC|al
al-iphatic primary am ne of Exanple 8 at 30[err] to _60[err] r oduct
filtered. The fTYPest @ﬂ%@mw’faﬁa??s%ma ﬁhh’?ﬁﬁ’t}ré ?‘éﬁ?’%‘c‘sgeﬁss h a

sul fur content of 11.37% _a n|t tent f, % d a_base _nunber of
6.9 (bronpheﬁBPISVuérQMﬂgii' °§? ?% &éﬁég aﬁ%ﬁ 2gPE38e"HIRS

0,0 d1 - (1 sockyl) BoeRokgd, sl V5 GORLS18, 4BL. 857

(Arnmeen 0- A
1.11 provides a description of simple metal soap

thickeners.

reference for its disclosure f~simple metal soap grease

e T

éj As indicated hereinabove the grease compositions of

this invention are oil based, including both natural and

synthetic oils. Greases are made from these oils by adding

a thickening agent thereto. Thickening agents useful in

the greases of this invention are the simple metal soaps.

By simple metal soaps is meant the substantially

stoichiometrically neutral metal salts of fatty acids. By

substantially stoichiometrically neutral is meant that the

metal salt contains from about 90% to about 110% of the

ﬁ? metal required to prepare the stoichiometrically neutral
salt, preferably from about 95% to about 100%.

Fatty acids are defined herein as carboxylic acids

containing from about 8 to about 24, preferably from about

12 to about 18 carbon atoms. The fatty acids are usually

monocarboxylic acids. Examples of useful fatty acids are

capric, palmitic, stearic, oleic and others. Mixtures of

acids are useful. Preferred carboxylic acids are linear;

that 1is they are substantialiy free of hydrocarbon

branching.
This is the replacement sheet
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Exaftpl e 13 Butyl phosphonic dichloride (175 parts, 1 nole) is reacted with
a mxture of 146 parts, 1 nole, 1l-octane thiol and 74 parts, 1 nole,
1-butanol. As mentioned herei nabove, the sul fur- and phosphorus- containing
conmpounds whi ch provide increased thickening of nmetal soap thickened
greases are used in mnor anounts - 38 - effective to increase the
droppi ng point of the base grease by at ast 30[err], usually anmunts
rangi ng from about 0.25%to about 10% by Wwei ght of the total grease

o ooy {omelal! S P Qiggahgﬂvua}. oHetilld \Ura"ds ERARPRACIL- SANLAIL! N9

conpound to enp end sone ex Itive.

sl ane SAEREELEICOUIY Wi ouen (i) k.| ety
2) but the B@@H&%éﬁ&ﬂ%mﬂﬁn@fpf'éca)ssh.ﬁgaabou'[ 0.25%
| Preferred metals are 1lithium, sodium, calciunm,
magnesium, barium and aluminum. Especially preferred are
lithium, sodium and calcium; 1lithium is particularly
preferred.
Preferred fatty acids are stearic acid, palmitic acid,
€> : oleic and their corresponding esters, including glycerides
(fats). Hydroxy-substituted acids and the corresponding
esters, including fats are particularly preferred.
These and other thickening agents are described in US
Patent Nos. 2,197,263; 2,564,561 and 2,999,066, and the
aforementioned NIGI Lubricating Grease Guide

are incorporated herein

for relevant

Complex greases, e.g., those containing metal soap-
salt complexes such as metal sqap—acetates, metal soap-
dicarboxylates, etc. are not éimple metal soap thickeners
as defined herein.

The phosphorus and sulfur containing compositions
employed in the dgrease compositions of the instant
invention include phosphorus and sulfur containing acids,
salts énd other derivatives and other compounds including
thiophosphite compounds. Useful sulfur and phosphorus
containing compounds are described in detail hereinbelow.

These compounds, when used at amounts indicated herein

This is the replacement shee
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by weight. It generally is not necessary to use nore than about 10% by

wei ght of the sul fur and phosphorus contai ning conpound since no additional
benefit is obtained and often, deteriorating perfornmance with respect to

t he droppi ng point and other characteristics of the grease is observed
above'this treating level. Nore often no nore than about 5% frequently no
nore than about 2% of the sul fur and phosphorus contai ning conpound is

enpl oyed. Oten 1% by weight is suffictert €0 provide a 30[err] increase in
dropping point. Thus, it is preferred to use the m ni num anmount of sul fur
and phosphorircxesseai tihey drdppiing cpointt @i theh simplei nmetak dssdp ed
droppi ng point elevation of at least 30[err]. The sul fur- phosphorus-

cont ai ni ng d8HsIenedbasy dreasesintodwhinl §he¥sareodnsorperatest byluring

formation of ,the soap thickener, or rrag'be added after the base grease
at least 30°C as measured by ASTM Procedure D-2265. This

effect is surprising since these compounds, which are
normally used as extreme pressure and axitiwear compounds
have not been observed to have a noticeable effect on
dropping point at levels normally employed to improve
extreme pressure and antiwear properties. Phosphorus- and
sulfur-containing compositions useful for increasing the
dropping point of simple metal soap thickened base greases
include

(A-1) a compound represented by the formula

X
Ty

C Ri(X), 1; XsRs (1)

(X5) R,
wherein each X,, X,, X; and X, is independently oxygen or

sulfur provided at least one is sulfur; each a and b is
independently 0 or 1; and

wherein each R, R, and R; is independently hydrogen,

an alkyl group containing from 1 to 18 carbon atoms ,f;:
group of the formula

X,

Il

R, (Xs), » X/Rg= (I1)

(Xe) uRs

wherein each R, and Ry is indepen.dently hydrogen or

hydrocarbyl, provided at least one of R, and R; is

hydrocarbyl,
R, is an alkylene or alkylidene group, each a and

This is the replacement sheet
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- 35 - has been prepared. |In many cases it is preferred to add the sul fur-
and phosphorus- containing conposition to the preforned base grease since
t ke sul fur- phosphorus- conpositions my be adversely affected during
preparation of metal soap thickeners. Qther additives may be incorporated
into the base grease to inprove performance of the grease as a |ubricant.
Such other additives including corrosion inhibitors, antioxidants, extrene
pressure additives and others useful for ¥dproving specific perfornmance
characteristics of a base grease, are well-known and will readily occur to
t Hose skilldd ia independenyliyert iq¥esl+ B@ additives have an adverse
effect on the dropping point of the grease. Use of the suI% r and
phosphor us cont ai ni ng E8FPodsds Xsog¥t AR e 13 HRACRRRASD glf 8¥YeRnN or
conpensates for _this effect. The follow ng exanples illustrate grease
conposi ti onsS% LUR#s i nventi on. t is to be understood that these

|
exanpl es are,.nf e0988p 8¢ theSEE2hG1 5 R dif) WAL 2K, 35%an alkylene or

alkylidene group;
(A-2) an amine or an ammonium salt of (A-1) when
at least R, is hydrogen;

(A-3) a compound represented by the formula

() X
R, (X,) 1" (X10) 1Ry (IIT)
H
or
};11R9
RX, P X,oRs (IV)

wherein each R,, R; and R; is independently hydrogen or a
hydrocarbyl group provided at least one is hydrocarbyl,
each X,, X, and X,, is independently oxygen or sulfur
g’) provided at least one is sulfur, and each a and b is
. independently 0 or 1; and
(A-4) mixtures of two or more of (A-1) to (A-3)
thereof.
In a preferred embodiment, a and b are each 1.
In one embodiment the sulfur- and phosphorus
containing composition is the compound (A-1). Preferably,

a and b are each 1. 1In one embodiment R—and-R,—are—each

30 —carxbon—atoms—and Ry is H er—a—hydrocarbyl—group
This is the replaoemént sheet
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?
not intended to be limting in any way. Dropping points are determ ned
us&ng ASTM Procedure D-2265. All anmounts are unl ess indicated otherw se, on
an*oil free basis and are by weight. Exanple A A lithium 12-hydroxystearate
t hi ckened base grease showed dropping point of 210[err]. This is a typical
sinple lithiumsalt thickened base grease. - 40 - Exanple B A grease
conposition is prepared by bl ending 0.75% by wei ght of an
O O -di-(2-ethyl hexyl) dithiophosphoric acid prepared by reacting about 4
nol es 2-ethyl hexanol with 1 nole [err] intqQ the grease of Exanple A This
grease has a dropping point of 277[err] . I%)?aerI e C A grease conposition as

in Exanple B Egng&%%%g-ﬂponu—;—to—abmu—ca:bm—&ems.

In a particular embodiment, each of R,, R, and R; is

independently a

or cresyl group.
() In another particular embodiment, R; is H. When R; is

H it is preferred that each—of and-—Ry—is—indepené lently

atoms~—and—more—particularly each of R,
independently a butyl, hexyl, heptyl, octyl, oleyl or

and R, is

cresyl group.
In a preferred embodiment, each R;, R, and R; is

independently hydrogen or

fa

!

R X, 1; X R~ (V)
XgRs

Preferably, R; is hydrogen and each R, and R, is

independently hydrogen oxr

=

- (V)

XRg

pae Iy
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containing 0.85% of the acid. The dropping point is 275[err]. Exanple D A
gr'ease conposition is prepared as in Exanple B except that the acid is
0,0'-di-(isoctyl) dithiophosphoric acid prepared by reacting about 4 nol es
i sooctanol with 1 nole [err]. The grease has a dropping point of 280[err].
Exanpl e E A grease conposition as in Exanple D is prepared containing 0.85%
of the acid. The dr.opping point is 297[err]. Exanples F-J G ease
conpositions are prepared by blending into a |ithium 12-hydroxy stearate
base grease the indicated percentages Ry weight of the product obtained by
reacting 1000 parts of 0,0'-(di)-nethylanyl dithiophosphoric acid prepared
by reacting abqif wfern®StedEhéybinblbbval a8N2ka¥t! Bné BRI £, Ofx [ ek Jangth 183
parts of propylene oxide, reacting the product obtained thereby Wth 144
parts of [grmhsgntheNeulflr 24NN & hehaCrding i piagU giroupisaind B esepyen t h
584 parts of Prinmene 81-R .

or sulfur. In one preferred embodiment one of X;r X, and X,

is sulfur and the rest are oxygen.
When R;, R, or R; is a group of the formula

ﬁa
R.Xg }l-’ X/Re~ v
XsRs

it is preferred that X; and X, are oxygen and X, and X; are

sulfur, or one of X;, X,, X, and X, is sulfur and the rest
are oxygen. In these cases preferably each of X; and X, is
oxygen and more pre.ferably X, is oxygen.

In a further embodiment each of R; and R, is
independently ha%%%‘afby; having from 1 to about %%— carbon
atoms and Ry is R,OH wherein R, is an alkylene or alkylidene
group containing from 2 to about 28 carbon atoms. In this
case one of X,, X,, X3 and X, is sulfur and the rest are
oxygen. In a preferred embodiment, X; and X, are sulfur and
X, and X, are oxygen. Also preferred is where R, is
alkylene.

In another embodiment, the phosphorus and sulfur
containing composition is the ammonium or amine salt (A-2).
Preferably, -a and b are eacfx 1.

When any of R,, R, or R, is H, the compound of Formula
I is an acid. The salts (A-2) can be considered as being
derived from that acid.

When (A-2) is the ammonium ° salt, the salt is
f et This is the replacement ghs
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- 41 - Exanple % by wei ght additive EXOpplng Point ([err]) F

0.5 210[err] G 0,

267Terr] H 0. 85 262[err]

1.0 257[err] J 1.5

267[ err] For conparative purposes, grease conpositions are prepared

enpl oyi ng conventional phosphorous qbalnlng addi tives but which are
substantially free of sulfur. Exanples K-1 G ease conpositions are prepared

oot Cor D5 i, et |, LTk IR tage@ B@iﬁaggg VR hddedy Tegen! N9

poi nt of 207 hdi Ca perce osphoric acid salt

prepared by Eﬁactgﬁgps siBl egg( e”?ﬂ% e”] m@t@m&! 3Pl LHBG Y

al cohol containing a m xture of carbon chains) with 1 nole

P205 then regebpRdaitidrnard aeBbednel Phivlsedpatehtla}8as,749 whichis
h

Primary amines in which the hydrocarbyl group
comprises olefinic unsaturation also are useful. Thus, the
hydrocarbyl groups may contain one or more olefinic

Q) unsaturations depending on the length of the chain, usually
no more than one double bond per 10 carbon atoms.
Representative amines are dodecenylamine, oleylamine and
linoleylamine. Such unsaturated amines are available under
the Armeen tradename.

Secondary amines include dialkylamines having two of
the above hydrocarbyl, preferably alkyl or alkenyl groups
described for primary amines including such commeréial
fatty secondary amines as Armeen 2C and Armeen HT, and also

{ﬁ) ) mixed dialkylamines where, for example, one alkyl group is
a fatty group and the other alkyl group may be a lower
alkyl group (1~7 carbon atoms) such as ethyl, butyl, etc.,
or the other hydrocarbyl group may be an alkyl group
bearing other non-reactive or polar substituents (CN,
alkyl, carbalkoxy, amide, ether, thiocether, . halo,
sulfoxide,_sulfone) such that the essentially hydrocarbon'
character of the group is not destroyed.

Tertiary amines such as trialkyl or trialkenyl amines

and those containing a mixture of alkyl and alkenyl amines
Thig is the replacement sheet
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equi val ents of Prinene 81-R per equivalent of strong acid. Exanple % by
wei ght additive Dropping Point ([err]) K 1.0

204[err] L 1.4 198[err] Exanples M0 G ease
conposi tions are prepared by blending into a |ithium 12- hydroxystearate
base grease the indicated percentages of dibutyl hydrogen phosphite

((Butyl-0) [err]) - 42 - Example _%-py_wei ght additive Dropping Point
([err]) M 0. 35 200[err] N
0.45 The AR iloghosphoric acids ®a$b be characterizedl$iyferr]

Exanpl es P-T Exanples F-J are repeated replacing the lithium 12- hydroxy

st ear at e basmegogasere oF HM%<Ileﬁwimﬁlﬂ@rmalaeunlsoap t hi ckened base
gr ease.

R'o

P(O)SH
R%0
R'o

P(S)OH
R20
Rlo

P(0)OH

/

R3S
wherein R' and R? are defined as above, preferably each R'

an_alkyl
and R? is independently a—hydsecarbyl group.

Monothiophosphates may be prepared by the reaction of
a sulfur source such as sulfur, hydrocarbyl sulfides and
polysulfides and the like and a dihydrocarbyl phosphite.
The sulfur source is preferably elemenfal sulfur.

The preparation of monothiophosphates is disclosed in

US Patent 4,755,311 and PCT Publication WO 87/07638

are incorporated by reference for it isclosure of

sulf

monothiophosphates, source for preparing

the process for making
Monothiophosphates may be formed in the lubricant
blend by adding a dihydrocarbyl phosphite to a lubricating

This is the replacement sheet
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. : _
Exanpl es UV Exanples C and H are repeated replacing the |ithium 12-hydroxy
Stearate base grease with a sodiumtallowate thickened base grease. From
the foregoing Exanples it is apparent that the use of certain sulfur
and phosphorus cont ai ni ng conpositions at mninmum |l evels provides
enhanced thermal stability as evidenced by increased dropping points
conpared to the base greases without additive. It is also apparent that
phosphorus cont ai ni ng, conpounds t hat ar e %ubst anti al | y free of sulfur do
not provide any._increase in . .dropping poit. ile the jnventi been
xpl i ned' | nEPEPRALSTA, S PR T T EuE RenEet" RE Ry B A0
t hat vari ous hf | 0 h W 0 ﬁggar d hesaiasid
in the artrggglgn &%gdiq%bé %Ei‘g%gpe%él”fl?ggt ir{%?l. hel%rek’%%r%&it ?‘s t(%dtg%d
under st 000 t gt ethe {aBALLENALSCASR] dISSEE N 36> d NeNUgRole CRYETCSuh
nodi fications as f'aIF V\Ft%lhn the scope of the appended cl ains.

higher) to form monothicphosphate. It is also possible

that monothiophosphate is formed under the conditions found

in operating equipment.

In Formula I, when a and b are 1; X; and X, are oxygen;

and X; and X; are sulfur, and Ry is H, the phosphorus-

containing composition is characterized as a

dithiophosphoric acid or phosphorodithioic acid.

Dithiophosphoric acid may be characterized by the
formula
S

I
R,0 P SH

l -
OR,

wherein R; and R, are as defined above. Preferably R, and

alkyl
R, are hyé—se’ég'a-ﬁEy-l groups.

The dihydrocarbyl phosphorodithioic acids may be

prepared by reaction of alcohols with P,S; usually between
the temperature of about 50°C to about 150°C. Preparation
of dithiophosphoric acids and their salts is well known to
those of ordinary skill in the art.

In apother embodiment, the phosphorus-containing
composition is repfesented by Formula (I) where each X, and

X, is oxygen, each X; and X, is sulfur, R; is hydrogen, and

This is the replacement sheet
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- 43 - CLAIMS: 1. A grease conp05|t|on substantially free of
‘bor on or boron- contalnlng conpounds, conprising a major 5 amount of an

oi | based sinple netal soap thickened base grease and a mi nor anount of at

l.east one phosphorus and sul fur containing conmposition sufficient to

I ncrease the dropping point of the base grease, as determ ned by ASTM

procedure D 2265, by at | east 30[err], said phosphorus and 10 sul fur

cont ai ning conposition selected from (A-1) a conpound represented by the

formula [err] 15 wherein each [err] anrd d&r+] is independently oxygen or

sul fur provided at |east one is sulfur; each a and 20 bis

i ndependentipcbude lethyliemkerglycedch propylene [@lytols itvmdbeth¥denkey

hydr ogen, an aIkXI group containing from1l to 18 carbon )
glyco and the 1like. Aromatic - glycols include

hydroquinone, catechol, resorcinol, and the like.

The reaction product of the dithiophosphoric acid and
the glycol or epoxide is then reacted with an inorganic
phosphorus reagent such as phosphorus pentoxide, phosphorus
trioxide, .phosphorus tetraoxide, phosphorus acid,
phosphorus halides and the like. The above reaction is
known in the art and is described in US Patent 3,197,405

issued to LeSuer. b3 : s—ineerpe

glycols, epoxide reagents and.

Salts of the foregoing product are also described in

LeSuer (US 3,197,405) which—is—incoerporated—herein—by
reference—for—its—diseleosures—in—this-—xregard. Such salts

are encompassed within the group.of compounds (A-2).
Also included within the compounds identified as (A-1)

are compounds of the formula

R,0 —~ P SR,OH (XI)

wherein each of the groups is the same as identified

hereinabove. Preferably R, and R, are each alkyl,-—mere-
ferabl taini : L bout._10 )

-preferably —1—te—abeut—18—earbens. R, is alkylene or

alkylidene containing from 2 to about 28 carbons,

AME T |
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atons or a group of the fornmula 25 [err] [err] - 44 -
wherein each R4 and [err] is independently hydrogen or hydrocarbyl,

provi ded at |east one of R4 and [err] is hydrocarbyl, [err] is an al kyl ene
or al kylidene group, each a and 5 b is independently 0 or 1, and

each J[err]and [err] is independently oxygen or sulfur; or a group of the

formula [err], wherein R6 is an al kyl ene ? al kyl i ndene group; 10

(A-2) an am ne or an ammoni um salt of (A- ? when at least [err] is

hydr ogen; (Ab efa£§ﬁﬁ$929&§f8£8588£€gigin&h%r%%?5“%% g%out 18 carbons,
moxre preferably 2 to about 6 carbons, even more preferably
2 to 4 carbons. Compounds of Formula (XI) may be prepa;ed
by reacting O0,0-dihydrocarbyl dithiophosphates with a
glycol or epoxide as discussed hereinabove. These
compounds and methods for preparing same are described in

US Patent 3,197,405 (LeSuer) and US Patent 3,341,633

(Asseff) ,—both of which are hereby—-expressly—incorporated

{j hefeén—4aF—Ee#eEenée—4ku%—Ee&evant—éﬁﬁxﬂﬁxnnaﬁ;—eentained
| therein-

Triesters can be prepared by reacting the

corresponding phosphorus and sulfur containihg acid with,

for example, an olefin. A detailed discussion of triesters

and methods of preparing same are given in US Patent

2,802,856 (Norman et al) which—patent—is incerporated
hexrein by  reference—for —relevant -disclosures—in —this
regard.

{j Compounds (A-3) include thiophqsphites and hydrogen
thiophosphites. These are readily prepared by methods
known in the art including reaction of mercaptans with
phosphorus halides, alcohols with thiophosphorus halides
and the like. Preferred are those compounds where a and b
are each 1 in Formula III and wherein R, and R; are
hydrocarbéi, preferably alkyl having from about 1 to about
24 carbons, more preferably from 1 to about 18 carbons,
more preferably 4 to about 12 carbons, gnd aryl having from

6 to about 18 carbons, preferably 6 to about 12 carbons,

This is the replacement sheet
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[err] or 20 [err] wherein each [err] and [err] is independently hydrogen
or. a hydrocarbyl group provided at |east one is hydrocarbyl, each [err] and
[érr] is independently 25 oxygen or sul fur provided at | east one
is sulfur, and each a and b is independently O or 1; and - 45 - (A-4)

m xtures of two or nore of (A-1) [err] (A-3) thereof. 2. The grease
conposition of claim1, wherein the netal soap is an alkali, an alkaline
earth or an alum num5 metal soap. 38.28 FThe grease conposition of claim

2, wherein the nmetal soap is a sodiumor |ithium soap.
more preferably 6 to about 10 carbons.

When compound (A-3) has the Formula IV, it is
preferred that R, and R, are as defined hereinabove, and Ry
is hydrocarbyl or hydrogen. In é preferred embodiment R, is
H which is a tautomeric form of Formula III.
Alternatively, in another preferred embodiment R, is
hydrocarbyl, preferably alkyl or aryl as defined for R, and
R, hereinabove.

Preferably said phosphorus and sulfur containing
composition is selected from the-group-consisting of

(A—-1) a compound represented by the formula
o
I
R0 IP OR; (VI)

OR
2

wherein each R,, R, and R; is independently hydrogen,
hydreecarbyl;,—exan alkyl group containing from 1l:to 18

carbon atoms, or

I |
R,0 P SR, (VII)

OR

provided at least one of R,, R, and Rq is

R,O P SR, — (VIX)

This is the replacement sheet

Date: 15 NOV 1997




4. The grease conposition of claim2, wherein the netal soap is a cal cium
or magnesi um soap. 10 5. The grease: conposition of any one
of the preceding clains, wherein the netal soap is a fatty acid netal

salt. 6. The grease conposition of claimb5, wherein the fatty acid is a
C8 to C24 nono-carboxylic acid, optionally, 15 containing a

hydr oxy- substituent. 7. The grease conposition of claim®6, wherein the
metal soap is a 12-hydroxy stearate. 8.~ 4Ph& grease conposition of any
preceding claim wherein the phosphorus and sul fur containing conposition

s (A-1) and 20 a and b are each 1. 9. The ‘grease conposition of
claim8, whergi err] and R2 are each independently an al kyl ‘groups
containing fr lto - 18 carbon atons and [err] is H or an

ar ease comosi (i ot of ehther of ol FRAES ARPES BT shsraneiplly 1408
of boron or boron-containing compounds, comprising a major

5 amount of an oil based simple metal soap thickened base
grease and a minor amount of at least one phosphorus ané

sulfur containing composition sufficient to increase the

dropping point of the base grease, as determined by ASTM

procedure D-2265, by at least 30°C, said phosphorus and

10 sulfur containing composition selected from

(A-1) a compound represented by the formula

Xy

15 | IRI(BiL. ' P X3R; @
|

ez

wherein each X,, X,, X; and X, is independently oxygen
or sulfur provided at least one is sulfur; each a and
20 b is independently 0 or 1; and
wherein each R1l, R2 and_R3 is independently-

hydrogen, an.élkyl group containing from 1 to 18 carbon

atoms, or a group of the formula
P

X PpRs

25 Ry (X5)q - XRg~ @

This is the replacement sheet
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o The grease conposition of any one of clains 8-10, wherein one of
[err] and [err] is sulfur and the rest are oxygen. 12. The grease
conpesi-t+en of claim$8, wherein each of [err] and [err] is independently
hydrogen or [err] 13. The grease conposition of claim 12, wherein [err] is
hydrogen and each [err] and R2 is independently hydrogen or [err] 14. The
grease conposition of either of clains 12 and 13, wherein [err] and [err]
are oxygen and wherein X7 and [err] are sulfur. 15. The grease conposition
of either clains 12 and 13, wherein one of [err] and [err] is sulfur and
the rest are oxygen. 16. The grease conpos##i on of- any one of clains 12 to

15, wherein each of X3 and X4 is oxygen. L.
wherein each R, and R; 1s independently hydrogen

or hydrocarbyl, provided at least one of R, and R; is
hydrocarbyl,
R, is an alkylene or alkylidene group, each a and
5 | b is independently 0 or 1, and
each X;, X,, X, and X, is independently oxygen or
sulfur;
or a group of the formula R,OH, wherein R, is an
alkylene or alkylindene group:
10 (A-2) an amine or an ammonium salt of (A-1) when at
least R, is hydrogen; “
(A-3) a compound represented by the formula

o X1
I
P

15 | R;(%p), I KipRy D
H

oxr

X%,
I

20
R, X% P XoRg @

; “wherein each R,, R, and R, is independently
hydrogen or a hydrocarbyl group provided at least one
is hydrocarbyl, each X,, X;, and X;; is independently

25 oxygen or sulfur provided at least one is sulfur, and

each a and b is independently 0 or 1; and

RO R A | s
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- 47 - 17. The gr ease conpbsition of any one of clainms 12 to 16, wherein X2
I s oxygen. 18. The grease conposition of claim8, wherein [err] is [err]
wherein R6 is an al kyl ene group containing from2 to 28 ‘carbon atons. 19.
The grease conposition of claim 18, wherein X3 and X4 are sulfur and [err]
and [err] are oxygen. 20. The grease conposition of any one of clains 1 to
7, wherein the phosphorus and sul fur containing conposition is the ammobni um
or amine salt (A-2) and a and b are each 85 21. The grease conposition of
claim 20, wherein (A-2) is an amne salt fornmed from an hydroxyam ne, an
ether amine or an @+4} amxtubesi maf f tem loro mgsalolfon(m-mmq_?g_(ﬂ'*m)
grease conposition of claim?2l, whereibn the alkyl amne is a tertirary al kyl
primary am n&h@¥fafning from4 to 18 carbons, or a fatty am ne containing
from8 to 18 carbon atofs. 23. The grease, conposition of any one of clains
1to 7, 2. The grease composition of claim 1, wherein the
metal soap is an alkali, an alkaline earth or an aluminum
5 metal soap.
3. The grease composition of claim 2, wherein the
metal soap is a sodium or lithium soap.
4. The grease composition of claim 2, wherein the
metal soap is a calcium or magnesium soap.

10 5. The grease composition of any one of the
preceding claims, wherein the metal soap is a fatty acid
metal salt.

6. The grease composition of claim 5, wherein the
fatty acid is a C; to C,, mono-carboxylic acid, optionally,

15 containing a hydroxy-substituent.

7. The grease composition of claim 6, wherein the
metal soap is a 12-hydroxy stearate.

8. The grease composition of any preceding claim, wherein

the phosphorus and sulfur containing composition is (A-1) and

20 a and b are each 1.

9. The grease composition of claim 8, wherein R, and

. an_alkyl
R, are each independently hydreecarbyl groups containing from

- 18 an alkyl
1 to %Ebé€~%e-carbon atoms and R; is H or afh§EZEE§§Ey;

.. 18
group containing from 1 to%ﬂ#ﬁﬁ;%ﬂ-carbon atons.

25 10. The grease composition of either of claims 8 and 9,
wherein R3 is H.
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wherei n the phosphorus and sul fur containing conposition is the conpound
(A-3) wherein each J[err] and [err] is independently hydrogen or a

hydr ocar byl group having from1l to 18 carbon atons, and when (A-3) is the
conmpound (Il1l), a and b are each 1. 24. The grease conposition of claim 23,
wherein at |least two of [err]and [err]- ag sul fur. .- 48 - 25 * A
conposition, substantially free of boron and boron contai ni ng conpounds,
conprising a major anmobunt of an oil based sinple netal soap thickened base
grease and a m nor amount of at |east one phosphorus 5 and sul fur

cont ai ni ng conpdsi t Tbe syfdéass eacpmposihionasy t anydryspi af liadmsof 8+HE,
base grease as determ ned by ASTM Procedure D-2265 by at |east 30[err],

sai d phosphereinapaesaff ¥, centatnXaghe ovpbads s i Fiesdr BFe REYFeScess
conprising preparing an acidic internediate by conducting

12. The grease composition of claim 8, wherein each of

R,, R, and R, is independently hydrogen or

33

I

13. The grease composition of claim 12, wherein R; is

hydrogen and each R, and R, is independently hydrogen or

=8

X6 Rs
14. The greasge composition of either of claims 12 and 13,

wherein X, and X; are oxygen and wherein X, and X; are sulfur.

15. The grease composition of either claims 12 and 13,

wherein cne of X, X,, X, and X; is sulfur and the rest are

oxygen.

16. The grease composition of any one of claims 12 to 15,

wherein each of X; and X, is oxygen.
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10 at a tenperature of from [err] to [err] 150[err], a series of
reactions conprising reacting approxi mately equival ent anounts of a.
phosphorodit hioi ¢ acid having the formula 15 [err] wherein
each R4 and i s independently a hydrocarbyl group 20 and an epoxi de
and subsequently reacting the product obgi ned thereby w th phosphorus
pent oxi de, the nolar ratio of the phosphorodithioic acid-epoxide reaction
product to phosphorus pentoxide being within the range of from2:1 to

5:1, and neutralj zi at _a tenmperatur.e .of from 25 enr). 10.200[err],
at least 50% gfi ‘t he “Sci e xcfodr?pé’%e{:t nar?fgr?inﬁ'e g8 é)g'{ ecc}%;lm mlzz 9:[0 zi'fl'-
hydr ocar byheasiime Xgnilsaokydenxy- substi t ut ed hydrocarbyl am ne having from
4 to 30 carbon atons. 26. The grease conposition of claim25, wherein the

18. The grease composition of claim 8, wherein R, is RGOH
wherein R¢ is an alkylene group containing from 2 to 28 carbon

atoms.

19. The grease composition of claim 18, wherein X, and X,
are sulfur and X; and X, are oxygen.

20. The grease composition of any one of claims 1 to 7,
wherein the phosphorus and sulfur containing composition is the
ammonium or amine salt (A-2) and a and b are each 1.

21. The grease composition of claim 20, wherein (A-2) is
an amine salt formed from an hydroxyamine, an ether amine or an
alkyl amine having from 1 to 24 carbon atoms.

22. The grease composition of claim 21, wherein the alkyl
amine is a tertiary alkyl primary amine containing from 4 to 18
carbons, or a fatty amine containing from 8 to 18 carbon atoms.

23. The grease composition of any one of claims 1 to 7,
wherein the phosphorus and sulfur containing composition is the
compound (A-3) wherein each R,, R; and R, is independently
hydrogen or a hydrocarbyl group having from 1 to 18 carbon
atoms, and when (A-3) is the compound (III), a and b are each
1.

24. The grease composition of claim 23, wherein at least
two of X,, X,, and X, are sulfur.
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amne is a tertiary-alkyl primary amne. 5 ' 27. The grease

conposi ti on of any preceding clai mconpri si ng at | east -about 0.25% by

wei ght of the phosphorus and sul fur containing conposition. 28. A nethod
for increasing the dropping point of an oil based sinple netal soap

t hi ckened base grease by at -10 | east. 30[err] as neasured by ASTM
Procedure D- 2265 conprising adding to the base grease a m nor anount, based
on the total weight of the grease conposi #i8orr, sufficient to increase the
dr oppi ng point of_said base grease by at |east 30[err], of a sulfur and
phosphorus cont ai APng #5 composdmposj tsubstanddetlli ng to any preceding claim

free of boron and boron containing compounds, comprising a
major amount of an oil based .simple metal soap thickened
base grease and a minor_ amount of at least one phosphorus
5 and sulfur containing composition sufficient to increase
the dropping point of | the base grease as determined by ASTM
Procedure D-2265 bf at least 30°C, said phosphorus and
sulfur containing compoéition prepared by the process
comprising preparing an écidic intermediate by conducting
10 at a temperature of from aeewt 0°C, to aleemt 150°C, a
series of reactions comprising reacting approximately
equivalent amounts of a phosphorodithioic acid having the

" formula

oo™

wherein each R, and R; is independently a hydrocarbyl group
20 and an epoxide and subsequently reacting the product
obtained thereby with phosphorus pentoxide, the molar ratio
of the phosphorodithioic acid-—e‘poxide reaction product to
phosphorus pentox:l.de beJ.ng within the range of from alsewd
2:1 to abewt 5:1, and neutrallz:mg at a temperature of from
25 2bewt 0° to 200°C, at least adeewe 50% of the acidic mixture

with an amine selected from
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- 49 -
hydrocarbyl amine and a hydroxy-substituted hydrocarbyl
amine hav:.ng from ghseeft 4 to akewt 30 carbon atoms.

26, The grease composition of claim 2-26‘5,' wherein the
amine is a tertiary-alkyl primary amine.

27. The grease composition of any preceding claim comprising
at least about ‘0.25% by weight of the phosphorus and sulfur
containing composifion.

28. A method for increasing the dropping point of an
oil based simple metal soap thickened base grease by at
least al&®t 30°C as mea}sured by ASTM Procedure D-2265
comprising adding to the base grease a minor amount, bésed
on the total weight of the grease composition, sufficient
to increase the dropping point of said base grease by at
least 30°C, of a sulfur and ‘phosphorus containing

composition according to any preceding claim.
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