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'This_ invention relates to grease compositions. More
particulerly, it relates to metal soap thickened base
greases having dropping points increased by at least about
50°C as measured by ASTM Procedure D-2265.

' BACKGROUN 1

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-1800’s, 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 lubricents, including greases, have been based on
“petroleum (“inineral") oil, although synthetic oil based
lubricants are used for special appiications. _

In the NLGI ILubricating Grease Guide, C 1987,
available from the National Lubricating Grease Institute,
Kansas city, 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 thickened 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 po:.nt of base greases
is to convert a simple metal soap’ grease to a complex
grease by incorporating therein certain acids, typically
carboxylic acids such as acetic acid, ' ‘alpha-omega-
dicarboxylic acids and certai'n aromatic acids. This
process necessarily consumes considerable time resulting in
reduced production. PSR O LR
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Doner et al, in a series of US Patents, specifically;

US Patents _ . : '
5,084,194 .5,068,045 4,961,868

4,828,734 4,828,732 - 4,781,850
4,780,227 4,743,386 4,655,948
4,600,517 4,582,617

teaches increased thickening of metal salt thickened base
greases is obtained employing a wide variety of boron-
containing compounds. Other additives contemplated for use
with boron—eontaining compounds are phosphorus- and sul fur- _
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.

Us 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 phosphorothioic 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
carbon 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.
SUMMARY OF THE INVENTION . _
‘This invention relates to improved grease compositions .
comprising a major amount of an oil-based simple metal soap

thickened base grease and minor amounts of (A) an overbased

metal salt of an organic acid, (B) at least one phosphorus
and sulfur containing composition and (C) a hydrocarbyl
phosphite, together, in amounts sufficient to increase the
dropping point of the base grease, as determined by ASTM
procedure D-2265, by at least 50°C, said phosphorus and



'\K
This Sheet Has Been

- MW i

10

15

20

25

30

35

-3 -

sulfur containing composition selected from the group

described in greater detail hereinbelow.

The greases of this invention are ' useful 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 stook, aircraft, boats,

construction equipment and numerous other +types of
industrial and consumer machinery. | -
DETAILED DESCRI OF Tt OoN
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,lphiladelphia, Pennsylvania) -
has set forth a test procedure, ASTM D-2265, which provides
a means for measuring the dropping point of greases.

In general, the dropping point of a grease is the
temperature 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 whlch the first drop
of material falls from the test 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 employlng simple metal

soap thickened greases is des1rab1e.

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 grease
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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.

!ﬂﬁls, we have now found it p0331b1e to provide
novel grease compos:.tions-

to provide _
grease compositions having valuable properties; and

" to provide '
grease compositions having improved thermal '(heat)
stability as indicated by an increased dropp:.ng point as
measured by ASTM Procedure D-2265. _

Other aims - will become apparent to the skilled
person upon reading the spec1f1cat10n and descrlptlon of
this invention.

The dJrease compositions of this invention display
dropping points at least 50°C greater than the dropping
point of the corresponding simple metal soap thickened base
grease. This benefit i_s' obtained by incorporating into a
simple metal soap thickened base grease an overbased
organic acid, certain sulfur and phosphorus containing
compositions and a hydrocarbyl phosph:.te in amounts
sufficient to increase the dropping p01nt of the
corresponding base grease by  at least about 50°C as
measured by ASTM Procedure D-2265. ' _

Greases are frequently exposed to water. Thus, it is

_ d_esirable that general purpose greases be substantially

free of components that are readily adversely affected by
water. | _

Boron-contalnlng compounds are notorlously sens:.tlve
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
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_ hydrolysis produets which readily leach out into water.
_Preferably, the grease of this invention is substantially |

free of boron and boron-containing compounds.

The express:l.on "substant:.ally free of" means that the
material referred to is absent or present in amounts having
an essentlally unmeasurable or insigniflcant effect on the
grease composition. ‘

‘Greases are typically prepared 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
oil of 1lubricating viscosity, 'including' natural or
synthetic 1ubricating 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 o0ils include
hydrocarbon oils, halo-substituted hydrocarbon oils,

- alkylene oxide polymers, esters of carboxylic acids and

polyols, esters of polycarboxylic -'aci_cls and alcohols,‘
esters of phosphorus-containing acids,  polymeric

. tetrahydrofurans, silicone-based oils and mixtures thereof.

' Specific examples of oils of l'ubriceting 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 6i_ls appears in -

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

Engineering, volume 43, pages 134-18S5, March 1987. This
article is herein incorporated by reference for its
diselesuree relating to lubricating oils. A description of

‘oils of lubricating viscosity occurs in US Patent 4,582,618
‘(Davis) (column 2, line 37 through column 3, line 63,

inclusive), incorporated herein by reference for its
disclosure to oils of lubricating viscosity.
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Another source of information regarding oils used to

- prepare lubricating greases is NIGI lLubricating Grease

Guide, National Lubricating Grease Institute, Kansas City,
Missouri (1987), pp 1.06-1.09, which is expressly

- incorporated herein by reference.

‘The simple metal soap thickeners employed in the
greases of this_invention are well-known in the art. These
metal soaps are incorporated into a base oil, typically an
0il 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 comp051tion. In
‘many cases, the amount of metal soap used to thicken the

base oil constitutes from about 5% to about 25% by weight
of base greese. 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 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
the ASTM Cone penetration test, ASTM D-217 or ASTM D-1403.

.TYpes and amounts of simple metal soap thickeners to
employ are well-known to those skilled in the grease art.

The aforementioned N Lubricati 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 soap 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
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the greases of this invention are the'simple metal soaps.
By simple metal socaps 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 are defined hereln as carboxyllc acids
contalnlnq 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 is they are substantially free of hydrocarbon
branchlng.
' Partzcularly useful acids are the hydroxy-substztuted
fatty acids such as hydroxy stearic acid wherein one or
more hydroxy groups may be located at internal positions on
the carbon chain, such as 1l2-hydroxy-, Il4-hydroxy- - etc.
stearic acids. ' | B '
'While the soaps are fatty acid salts, they need not
be, and frequently are not,'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 saponlficatlon is generally
conducted in situ in the base 011 making up the grease. '

Whether the metal soap is prepa:ed 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 oil, fat,

. ester or fatty acid and metal-containing reactant to form

the soap in-sgitu. Additives for use in the grease may be
added during grease manufacture, but are often added
following formatlon ‘of the base grease.

The metals of the metal soaps are typlcally alkall'
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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, carbonates and alkoxides (typically lower
alkoxidés, those containing'from 1 to 7 carbon atoms in the

"alkoxy group). The soap may also. be prepared from_the

metal itself although many metals are either too reactive
or insufficiently reactive with the fat, ester or fatty
acid to permit cOnvenient processing. _ | _

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

Preferred fatty acids are stearic acid, palm1t1c aciq,
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 Lubricating Grease Guide, all of which
are incorporated herein by reference for relevant
disélosures_of grease thickeners. | : '

Complex greases, e.g., those containing metal soap-

'salt complexes such as metal sbap-acetates, metal soap-

dicarboxYlates, etc. are nbt simple metal soap thickeners .
as defined herein. .

(A) The Overbased Metal Sa;t of gn Organic Acid

Component (A) is an overbased metal salt of an organic
acid. The overbased materials are characterized by metal

" content in excess of that whxch would. be present accordlng

to the st01chlometry of the metal and organic acid
reactant. The amount of excess metal is commonly reported

- in terms of metal ratio. The'term "metal ratio” is the

ratio of the equivalents of metal base to the equivalents
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of the organic acid substrate. A neutral salt has a metal
ratio of one. Overbased materials have metal ratios .
greater than 1, typically from 1.1 to about 40 or more.
Preferred metals are Group I and Group II metals
(Chemical Abstracts (CAS) version of the Periodic Table of
the Elements). Most preferred' are sodium magnesium and

-  calcium, with calcium being especially preferred.

In the present invention, the preferred overbased
materials have metal ratios from about 1.1 to about 25,
with metal ratios of from about 1.5 to about 20 being more

_ preferred, and with metal ratios of from 5 to 15 being more

preferred.

Generally, overbased materials usefu]. in the present
invention are prepared by treating a reaction mixture
comprising an organic acid, a reaction medium comprising at
least one solvent, a stoichiometric excess of a basic metal
compoﬁnd and a promoter with an acidic material, typically

‘carbon dioxide. In some cases, particularly when the metal

is magnesium, the acidic material may be replaced .with

water. _

Organic Acids _ o _
‘The organic acids useful in making the overbased salts

of the present invention include carboxylic acid, sulfonic

acig, phosphorus—conta:.nlng acid, phenol or mixtures of two
or more thereof. '

Cargogllc Acids
The carboxylic acids useful in maklng the salts (A)

may be aliphatic or aromatlc, ‘mono~ or polycarboxylic acid
or acid-producing compounds.  These carboxylic acids
include lower molecular weight carboxylic acids (e.q.,

- carboxylic acids having up to about 22 carbon atoms such as

acids having about 4 to about 22 carbon -atoms or

‘tetrapropenyl-substituted succinic anhYdride) as well as

higher molecular weight carboxylic acids. Throughout this
specification and in the appended claims, any reference to
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carboxylic acids is intended to include the acid-producing
derivatives thereof such as anhydrides, lower alkyl esters,
acyl halides,'_lactones ‘and mixtures thereof unless
otherwise specifically stated. |

The carboxylic acids of this invention are preferably
oil-soluble and the number of carbon atoms present in the
acid ‘is important. in contributing to the desired
solubility. Usually, in order to provide the desired oil-

'solubllity, the number of carbon atoms in the carboxylic

acid should be at least ‘about 8, more preferably about 12,
more preferably at least about 18, even more preferably up
to about 30. Generally,.éhese carboxylic acids do not
contain more than about 400 carbon atoms per molecule,
preferably no more than about 100, more preferably no more
than about 50. _

The lower molecular weight monocarboxylic acids
contemplated for use in this invention include saturated
and unsaturated ac:Lds. -Examples of such useful acids
include dodecano;c acid, decanoic acid, oleic acid, stearic
acid, linoleic acid, tall oil acid, etec. Mixtures of two
or more such agents can also be used. An extensive
discussion of these acids is found in Kirk-Othmer
"Encyclopedia of Chemical TechnoloéY” Third Edition, 1978,
John Wiley & Sons New York, PP- 814-871; these pages being
incorporated herein by reference. |

Examples of lower molecular' weight polycarbcxyllc
acids include dicarboxylic acids and derivatives such as
sebacic acid, cetyl malonic acid, tetrapropylene-
substituted succinic anhydride, etc. Lower alkyl esters of
these aclds can also be used. _ |

The monocarboxyllc acids 1nc1ude 1soa11phat1c acids.
Such aClds often_contaln a principal chain having from
about 14 to about 20 saturated, aliphatic Catbon atoms and -
at least one. but usualiy no more than about four pendant
acyclic lower alkyl groups{ Specific examples of such
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isoaliphatic acids 1nc1ude 10-methy1-tetradecanoic acid, 3-
ethyl-hexadecan01c acid, and 8-methyl-octadecanolc acid.

' The isoaliphatic acids include mixtures of branch-
chain acids prepared by the isomerization of commercial
fatty acids (e.g. oleic, linoleic or tall oil aclds) of,
for example, about 16 to about 20 carbon atoms.

The higher molecular welght mono- and polycarboxyllc
acids suitable for use in makinq the salts (A) are well

 known in the art and have been described in detail, for

example, in the following U.S., Brztlsh and Canadian
patents: U.S. Patents 3,024,237; 3,172,892; 3,219,666;
3,245,910; 3,271,310; 3,272,746; 3,278,550; 3,306,907;
3,312,619; 3,341,542; 3,367,943; 3,374, 174; 3,381,022;
3, 454' 607; 3,470,098; 3, 630 902; 3,755,169; 3,912, 764; and
4,368,133; British Patents 944 136, 1,085,903; 1,162,436;
and 1,440,219; and Ccanadian Patent 956 397. These patents
are incorporated herein by references for their disclosure
of higher molecular weight mono- and polycarboxyllc acids
and methods for making the same. '
A group of useful aromatlc carboxylic acids are those
of the formula ' '
_ <"
L
(C-X"2H),,

R,—ar” o (XV)

 (X"3H) .

wherein in Formula XV, R' is an a11phat1c hydrocarbyl group

- of preferably about 4 to about 400 carbon atoms, a is a.

number in the range of zero to about 4, Ar is an aromatlc
group, X', -x? and X are independently sulfur and oxygen,
b is a number in the range of from.1l to about 4, c is a
number in the range of 1 to about 4, usually 1 to 2, with
the prov1so that the sum of a, b and ¢ does not exceed the
number of valences of ‘Ar. Preferably, 2:3 and a are such
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that there is an average of at least about 8 aliphatic
carbon atoms provided by the R' groups in each compound
represented by Formula XV. '

The aromatic group Ar in Formula XV may have the same
structure as any of the aromatic groups Ar discussed below
under the heading "Phenols". Examples of the aromatic
groups that are useful herein include the polyvalent
aromatic - groups derived from benzene, naphthalene,
anthracene, etc., preferably benzene. Specific examples of
Ar groups include phenylenes and naphthylene, e.g.,

.methylphenylenes, ethoxyphenylenes, ' isopropylphenylenes,

hydroxyphenylenes, dipropoxynaphthylenes, etc.

Examples of the R’ groups in Formula XV include butyl, '
isobutyl, pentyl, octyl, nonyl, dodecyl, and substituents
derived from polymerized olefins such as polyethylenes,

- polypropylenes, polyisobutylenes ’ ethylene-propylene

copolymers, oxidized ethyl_ene-propylene copolymers, and the
like. o | :
Within this group of aromatic acids, a useful class of

‘carboxylic acids are those of the formula’

(WI)

where in Formula XVI, R is an aliphatic hydrocarbyl group

preferably containing from about 4 to about 400 carbon

atoms, a is a number in the range of from zero to about 4,
prefe_rabiy 1 to about 3; b is a number in the range of ‘1 to
about 4, preferably 1 to about 2, ¢ is a number in the
range of 1 to about 4, preferably 1 to about 2, and more.
preferably 1._w:.th the prov:.so that the sum of a, b and c

‘does not exceed 6. Preferably, R'® and a are such that the

acid molecules contain at least an average of about 12
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aliphatic carbon atoms in the aliphatic hydrocarbon
substituents per acid molecule.

Included within the class of aromatic carboxyllc acids
(XIV) are the aliphatic hydrocarbon-suhstituted salicylic
acids wherein each aliphaﬁic_ hydrocarbon substituent
contains an average of at least about 8 carbon atoms per
substituent and 1 to 3 substituents per molecule. Salts
prepared from such salicylic acids wherein the aliphatic.
hydrocarbon substituents are derived from polymerized
olefins, particularlytpolymerized.lower'l-mono-olefins such
as polyethylene, polypropylene,- polyisobutylene,
ethylene/propylene copolymers and the like and having
average carbon contents of about 30 to about 400 carbons
atoms are particularly useful. |

‘The aromatic carboxylic acids corresponding - to
Formulae XV and XVI above are well known or can be prepared

' according to prbcedures known in the art. Carboxylic acids

of the type illustrated by these formulae and processes for
preparlng their neutral and basic metals salts are well
known and disclosed, for example, in U.s. Patents
2,19'_7,832, 2,197,835; 2,252,662; -2,2_52,664:'2,714,092;
3,410,798; and 3,595,791. |
Sulfonic Acids | :

The sulfonic acids useful in making salts (A) of the
invention include the sulfonic and thiosulfonic acids.
Substantially neutral metal salts of sulfonic acids are
also useful for preparing the overbased metal salts (A).

The sulfonic acids include the mono—or poly-nuclear
aromatic or cycloaliphatic compounds. The oil-soluble
sulfonic_acide can be represented for the most part by the
following formulae: _ ' ' _

| R -T-(S00), ~ (XVII)

RZ-(So;H), | | (XVIII)

In the above Formulae XVII and XVIII, T is a cycllc nucleus

such as, for example, benzene, naphthalene,_anthracene,
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diphenylene oxide, diphenylene sulfide, petroleun

naphthenes, etc. R¥ preferably is an aliphatic group such
as alkyl, alkenyl, alkoxy, alkoxyalkyl, etc.; a is at least
1, and R¥ -7 contains a total of at least about 15 carbon
atoms. When R® is an aliphaiiic group it us’dally_ ‘contains
at least about 15 carbon atoms. ~ When it is an aliphatic-
substituted cycloaliphat-ic_ group, the aliphatic groups

' usually contain a total of at least about 12 carbon atoms.

R2? is preferably alkyl, alkenyl, alkoxyalkyl,
carboalkoxyalkyl, etc. Specific examples of R" and R® are
groups derived from petrolatunm, satur_ated and unsaturated
paraffin wax, and_ polyolefins, including polymerized, C,,
C;, G G5, C;, etc., piefins'cont'ain'ing from about 15 to 700
or more carbon atoms. The groups T, R¥, and RR in the
above Formulae XVII ahd XVIII can also contain other
inorganic or ~organic sixb_stituents_ in addition to those
enumerated above such aé, for example, hydroxy, mercapto,
halogen, nitro, amino, nitroso, sulfide, disulfide, etc.
In Formula XVII, a and b are at least 1, and llkews.se in

 Formula XVIII, a is at least 1. .

Spec1f1c exanples of oil-soluble sulfonlc acids are
mahogany sulfonic acids; bright stock sulfonic acJ.ds,
sulfonic acids derived .from lubricating oil fractions;
petrolatum sulfonic acids; mono- and poly-wax-_substituted
sulfonic and polysulfonic acids __of, e.g., benzene,
naphthalene, phenol, diphenyl ether, naphthalene disulfide,
etc.; other substituted sulfonlc acids such as alkyl
benzene sulfonlc acids (where the alkyl group has at least
8 carbons), cetylphenol mon-sulfide sulfonic acids,
dilauryl beta naphthyl sulfonic acids, and alkaryl sulfonic
acids such as dodecyl benzene "bottoms" sulfonic acids.

AlkYi-substituted benzene sulfonic acids wherein the
alkyl group ‘contains at least 8 carbon atoms including
dodecyl benzene "bottoms" sulfonic acids are particularly

‘useful. The latter are acids derived from benzene which
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has been alkylated with propylene tetramers or isobutene
trimers to introduce 1, 2, 3 or more branched-chain Cy2
substituents on the benzene ring. Dodecyl_ benzene bottoms,
principally mixtures of mono- and di-dodecyl benzenes, are
available as by product from the manufacture of" household
detergents. Similar products obtained from alkylation
bottoms formed during manufacture of linear ~alkyl
sulfonates (LAS) are also useful in making the sulfonates
used in this invention. o
The production of sulfonates from detergent

" manufactured byproducts by reaction with, e.g., SOz, is well
" Xnown to those skilled in the art. See, for example, the

article "sulfonates" in Kirk-othmer "Encyclopedia " of
Chemical Technology", Second Edition; Vol. 19, pp. 291 et
seq. published by John Wiley & Sons, N.Y. (1969).
Illustrative examples of these sulfonic acids include
polybutene or polypropylene substituted naphthalene
sulfonic acids, sulfonic acids derived by the treatment of

- polybutenes have a number average 'molecular-weight (Mn) in

the range of 700 to 5000, preferably 700 to 1200, m’or_e
preferably about 1500 with chlorosulfonic acids, paraffin
wax sulfonic acids, polyethylene (Mn equals about 9200-2000,

_preferably about 900-1500, more preferably 900-1200 or

1300) sulfonic acids, etc. Preferred sulfonic acids are
mono-, di-, and tri-alkylated benzene (including
hydrogenated forms thereof) sulfom.c ac:.ds. |

Also included are allphat:l.c sulfonic acids such as
paraff:.n wax sulfonic ac:.ds, unsaturated paraffin wax
sulfonic acids, hydroxy-substituted paraffin wax sulfonic
acids, polyisobutene sulfonic acids wherein the

polyisobutene contains from 20 to 7000 or more carbon

atoms, chloro-substituted paraffin wax sulfonic acids,
etc.; cycloaliphatic snlfo_nic acids such as petroleum

naphthene sulfonic acids, lauryl cyolohexyl sulfonic acids,
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With respect to the sulfonic_acids or salts thereof
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~ described herein and in the appended claims, it is intended

herein to employ the term'“betroleum sulfonic acids" or

"petroleum sulfonates” to cover all sulfonic acids or the
'salts thereof derived from petroleum products. A useful

group of petroleum sulfonic acids are the mahogany sulfonic
acids (so called because of their reddish-brown color)

‘obtained as a by-product from the manufacture of petroleum
”whlte oils by a sulfuric acid process. '

The basic (owerbased) salts of the above-descrzbed
synthetic and petroleum sulfonic acids are useful in the
practice of this'invention.

The phenols useful in making the salts (A) of the
invention can be represented by the formula _

R® -Ar-(OH), _ (XIX):
wherein in Formula XIX, R® is a hydrocarbyl group of from
about 4 to about 400 carbon atoms; Ar is an aromatic group;

Re[lacad

a and b are independently numbers of at least one, the sum

of a and b being in the ranqe of two up to the number of

'dlsplaceable hydrogens on the aromatic nucleus or nuclei of
Ar. Preferably, a and b are independently numbers in the
range of 1 to about'4, more preferably 1 to about 2. R®

and a are preferably such that there is an average of at
least about 8 allphatlc carbon atonms provided by the R®
groups for each phenol compound represented by Formula XIX.

While the term "phenol"” is used herein, it is to be

understood that this term is not intended to limit the
aromatic group of the phenol to benzene. Accordingly, it

~is to be understood that the aromatic group as represented_
'by nAYn in Formula XIX, as well as elsewhere in other .
formulae in this specification and in the appended clalms,-

can be mononuclear such as a phenyl, a pyridyl, or a
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- thienyi, or polynuclear. The polynuglear'groups can be of

the fused type wherein an aromatic nucleus is fused at two
points to another nucleus such as found in naphthyl,
anthranyl, etc. The polynuclear group can also be of the
linked type ﬁherein'at least two nuclei (either mononuclear
or polynuclear) are linked through bridging linkages to
each other. These bridging 1inkages can be chosen from the
group consisting of alkylene linkages, ether linkages, keto

linkages, sulflde llnkages, polysulfide linkages of 2 to

about 6 sulfur atoms, etc.

. The number of aromatic nuclei, fused, linked or both,
in Ar can play a role in determining the integer values of
a and b in Formula XIX. For example, when Ar contains a
.single aromatic:nﬁcleus,'the sum of a and b is from 2 to 6.
When Ar contains two aromatic nuclei, the sum of a:and_h is
from 2 to 10. With a tri-nuclear Ar moiety, the sum of a
and b is from 2 to 15. The value for the sum of a and b is
limited by the fact that it cannot exceed the total number
of displaceable hydrégens on the aromatic.nudleus or nuclei
of Ar. _ |
" The R® group in Formula XIX is a hydrocarbyl group
that is directly bonded to the aromatic group Ar. ‘N@
preferably contains about 6 to ‘about 80 carbon atoms,
preferahiy about 6 to about 30  carbon atoms, more
preferably about 8 to about 25 carbon atoms, and
advantageously about 8 to about 15 carbon atoms. Examples
of R® groups include butyl isobutyl, pentyl, octyl, nonyl,
dodecyl, 5-chlorohexyl, 4-ethoxypentyl, 3~-cyclohexyloctyl,
2,3,54ttimethyihepty1,' and substituents derived from
polymerized olefins such as polyéthylenes, polypropylenes,
polyisobutylenes, 'ethylene—propylene copolymers,
chlorinated olefin polymefs, oxidized ethylene-propylene

- copolymers, propylene tetramer and tri(isobutene).
‘Metal Compounds.

The metal compounds usefulfin makinq the ove:based
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metal salts of the organic acids are generally basic metal
compounds capable of forming salts with the organic acids;
often  oxides, hydroxides, carbonates, alkokides, etc.
Group I or Group II metal compeunds (CAS version of
Periodic Table of the Elemenf:s) are preferred._ The Group
I metals of the metal compound include alkali metals
(sodium, potassium, lithium, etc.) as well as Group IB
metals such es copper. The Group I metals are preferably
sodium, potassium and copper, more preferably sodium or
potassium, and more preferably sodium. The Group II metals
of the metal base include the alkaline earth metals
(magnesium, calcium, barium, etc.) as well as the Group IIB
metals such as zinc or cadmium. Preferably the Group II
metals are magnesium, calcijm, or zinc, preferably
magnesium or calcium, more preferably calcium. '
Acidic Materials ' '

An acidic material is often used to accomplish the
formation of the overbased salt. The acidic material may
be a liquid such as formiec ac'id, acetic acid, nitric 'a_cid,
sulfuric acid, etc. - Acetic acid is particularl_y useful.
Inorganic acidic materials may also be used such as HC1,
H;BO;, SO,, SO;, CO,, H,S, etc., carbon dioxide is preferred.
a 'preferred combination of acidic materials is carbon
dioxide and acetic acid. ' '

A promoter' is a chemical employed to facilitate the
incorporation of metal into the basic metal compositions.
Among the chemicals useful as promoters are water, ammonium
hydrox:.de , organic acids of up to about 8 carbon atoms,
nitric acid, sulfuric acid, hydrochloric ac:.d,. -metal
complexing agents such as aikyl salicylaldoxime, and alkali
metal - hydroxides such as lithium hydroxide, sodium
hydrexide end potassium hydroxide, phenolic substances such
as phenols and naphthols, amines such 'as_ aniline and
dodecyl amine and mono-~ and polyhydric alcohols of up to
about 30 carbon atoms. A comprehensive discussion of
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promoters is found in US Patents 2,777,874; 2,695,910;
2,616,904; 3,384,586 and 3,492,231, These patents are
incorporated herein by reference for their disclosure of

promoters. Especially useful are the monohydric alcohols.'
having up to about 10 carbon atoms, mixtures of methanol

- with higher monhydric alcohols and phenolic materials.

Patents specifically descrzbing techniques for making
basic salts of the hereinabove-described sulfonic acids,
carboxylic acids, and ‘mixtures of any two or more of these
include U.S. Patents 2,501,731; 2,616,905; 2,616,911;
2,616,925; 2,777,874; 3,256,186; 3,384,585; 3,365,396;

'3,320,162; 3,318,809; 3,488,284; and 3,629,109. The

disclosures of these patents_are'hereby incotporated in
this present specification for their disclosures in this
regard as well as for their dlsclosure of specific sultable
basic metal salts.

As indicated herelnabove, the acidic material (e.qg.
Co,, acetic acid, etc.) may be replaced with water. The
resulting overbased salts are described as hydrated. ‘These
pfoducts are most often magnesium overbased compositions.
U.S. 4,094,801 (Fbrsberg) and_ u.s. 4,627,928' (Karn)
describe such compositions and methods for making same.
These patents are expressly incorporated herein for
relevant disclosures of hydrated overbased metal salts of
organlc aclds. _ | S ' .

A large number of overbased metal salts are avallable
for use in the compositions of this invention. Such
overbased salts are well known to those skilled in the art.
The following Examples are provided to illustrates types of
bverbased materials. These illustrations are not intended
to. limit the scope of the claimed invention. Unless
indicated otherwise, all parts are parts by weight and
temperatures are in degrees Celsius. '

EKQEELQ_AZL
A mlxture of 906 grams of an oil solutlon of an alkyl
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phenyl sulfonic acid (having an average molecular weight of
450, vapor phase osmometry), 564 grams mineral oil, 600
grams_toluene,.98.7.grams magnesium oxide and 120 grams
water is blown with carbon dioxide at a temperature of 78~
85°C for 7 hours at a rate of about 3 cubic feet of carbon
dioxide per hour. - The reaction mixture is constantly
agitated throughout the carbonation. After carbonation,
the reaction mixture is stripped to 165°C/20 torr and the
residue filtered. The filtrate is an oil solution (34%
0il) of the desired overbased magnesium sulfonate having a
metal ratio of about 3. | - |

_ Example A-~2 ,

A mixture of 160 grams of biend 0il, 111 grams of
polgisobutenyi (number average molecular weight=950)
succinic anhydride, 52 grams of n-butyl eicohol, 11 grams
of water; 1.98 grams of Peladow (a product of Dow Chemical
identified as containing 94-97% CaCl,) and 90 grams of
hydrated lime are mixed together. Additional hydrated lime
is added to neutralize the subsequently added sulfonic
acid, the amount of said additional lime being dependent
upon the acid number of the sulfonic acid. An oil solution
(1078 grams, 58% by weight of oil) of a straight chain
dialkyl benzene sulfonic - acid (mblecula:'weight=430) is
added with the temperature of the ‘_reaction mixture not -
exceeding 79°C. The temperature is adjusted to 60°C. The
reaction product of heptyl phenol, lime and formaldehyde
(64.5 grams), and 217 grams of methyl alcohol are added.
The reaction mixture is blown with carbon dioxide to a base
number (phenolphthalein) of 20-30. Hydrated lime (112

grams) is added to the reaction mixture, and the mixture is

blown with carbon dioxide to a base number
(phenolphthalein) of 45-60, while maintaining the
temperature of the reaction mixture at 46-52°C. The latter
step of hydrated lime addition followed by carbon dioxide
blowing is repeated.three'more times with the exception
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with the last repetition the reaction mixture is carbonated
to a base number (phenolphthalein) of 45-55. The reaction
mixture is flash dried at 93-104°C, kettle dried at 149-
160°C, filtered and adjusted with oil to a 12.0% Ca level.
The product is an overbased calcium eu;fonate having, by
analysis, a base number (bromothenol blue) of 300,'a'metal
content of 12.0% by weight, a metal ratio of 12, a sulfate
ash content of 40.7% by weight, and a sulfur content of
1.5% by weight. The oil content is 53% by weight. |
' Example A-3 _

A reaction mixture comprising 135 grams mineral oil,
330 grams xylene, 200'grams (0.235 equivalent) of a mineral
oil solutlon of an alkylphenyl-sulfonic acid (average
molecular weight 425), 19 grams (0.068 equivalent) of tall
oil aclds, 60 grams (about 2.75 equivalents) of magnesium

oxide, 83 grams methanol, and 62 grams water is carbonated

at a rate of 15 grams of carbon dioxide per hour for about
two hours at the methanol reflux temperature. The carbon
dioxide inlet rate is then reduced to about 7 grams per.
hour, and the methanol is removed by raising the

 temperature to about 98°C over a three hour period. Water

(47 grams) is added and carbonation is continued for an-
additional 3.5 hours at a temperature of about 95°C. The
carbonated mixture is then strlpped by heatzng to a
temperature of 140°-145° C over a 2.5 hour period. This
results in an oil solutlon of a basic magnesium salt
characterlzed by a metal ratio of about 10.

The- carbonated mlxture is cooled to about 60°-65° c.,
and 208 grams xylene, Go_grams magnesium oxide, 83 grams
methanol and 62 grams water are added thereto. Carbonation
is resumed at a rate of 15 grams per hour for two hours at
the methanol reflux temperature. - The carbon dioxide
additional rate is reduced to 7 grams per hour_and.the
methanol is removed by raising the temperature to about

- 95°C over a three hour period. An additional 41.5 grams of .
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water are added and carbonation is continued at 7 grams per
hour at a temperature of about 90°-95°C for 3.5 hours. The
carbonated mass is then heated to about 150°-160°C over a
3.5 hour perlod ‘and then further stripped by reduclng the
pressure to 20 mm. (Hg.) at this temperature. The
carbonated reaction product is filtered, and the filtrate
is an oil-solution of the desired basic magnesium salt
characterized by a metal ratioc of about 20.
' . Example A-4 _

A mixture of 835 grams of 100 neutral mineral oil, 118
grams of a polybutenyl (molecular weight=950)~-substituted
succinic anhydride, 140 grams of a 65:35 molar mixture of
isobutyl alcochol and amyl alcchol, 43.2 grams of a 15%
calcium chloride aqueous solution and 86.4 grams of lime is
prepared. While maintaining the temperature below 80°C,

1000 ‘grams of an 85% solution of a primary mono-alkyl.

benzene sulfonic acid, having a molecular weight of about

'480, a neutralization acid number of 110, and 15% by weight

of an organic diluent is added to the mixture. The mixture
is dried at 150°C to about 0.7% water. The mixture is .
cooled to 46-52°C where 127 grams of the isobutyl-amyl
alcohol mixture described above, 277 grams of methanol and
87.6 grams of a '31% solution of calcium, fbrmaldehyde%'
coupled, heptylphenol having a metal ratio of 0.8 and 2.2%
calcium are added to the mixture. Three increments of 171
grams of lime are added separately and carbonated to a

- neutralization base number in the range of 50-60. A fourth

30

35

]_.ime increment of 171 grams is added and carbonated to a

neutralization base number of (pheh_olphthale_in) 45-55,

Approximately 331 grams ‘of carbon dioxide are used.. The
mixture is dried at 150°C to approximately 0.5% water. The
reaction mixture is filtered and the filtrate is the
desired product. The product eontains, by analysis, 12%
calcium and has a metal ratio of 11. The product contains
41% oil. :
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Example A-~5
‘A reaction vessel is charged with 1122 _grams' (2
equivalents) of a 'polybixtenylés.'u_bstitut.ed succinic
anhydride derived from a polybutene (Mn=1000, 1:1 ratio of

polybutene to maleic acid), 105 grams (0.4 equivalent) of
tetrapropenyl phenol, 1122 _' grams of xylene and 1000 grams .

'of 100 neutral mineral oil. ' The mixture is stirred and
heated to 80°C under nitrogen, and 580 grams of a 50%

aqueous solution of sodium hydroxide are added to the
vessel over 10 minutes. The mixture is heated from 80°C to
120°C over 1.3 hours. ' The reaction mixture is carbonated
at 1 standard cubic foot per hour (scfh) while removing
water by azéotropic reflux. The temperature rises to 150°C '

~over 6 hours while 300 grams of water is collected. (1)

The reaction mixture is cooled to about 80°C whereupon 540

‘grams of 50% aquedus solution of sodium hydroxide are added-

to the vessel. (2) The reaction mixture is heated to 140°C

' over 1.7 hours and water is removed at reflux conditions.

(3) The reaction mixture is carbonated at 1 standard cubic
foot per hour (scfh) while removing water for 5 hours.
Sfeps (1)-(3) are repeated using 560 grams of an agueous
sodium hydroxide solution. Steps (1)-(3) are repeated
using 640 grams of an aqueous sodium hydroxide solution.
Steps (1)-(3) are then repeated with another 640 grams of
a 50% aqueous sodium hydroxide solution. The reaction
mixture is cooled and 1000 grams of 100 neutral mineral oil
are added to the reaction mixture. The reaction mixture is

vacuum stripped to 115°C at about 30 millimeters . of
' mercury. The residue is filtered through diatomaceous

earth. The filtrate has a total base number of 361, 43.4%

' sulfated ash, 16.0% sodium, 39.4% oil, a specific gravity

of 1.11, and the overbased metal salt has a metal ratio of

. Example A-6 _
The overbased salt obtained in Example A-5 is diluted
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with mineral oil to provide a composition containing 13.75
sodium, a total base number of abbut 320, and 45% oil.
| _ »a e A=-7 : '

A reaction vessel is charged with 700 grams of a 100
neutral mineral oil, 700 grams (1.25 equivalents) of the
succinic anhydride of Example A-5 and 200 grams (2.5
equivaients) of. a 50%. aquéous solution of sodium hydroxide.
The reaction mixture is stirred and heated to 80°C
whereupon 66 grams (0.25 equivalent) of tetrapropenyl
phenol are added to the reaction vessel. The reaction -
mixture is heated from 80°C to 140°C over 2.5 hours while

_ blowing of m.trogen and removing 40 grams of water. Carbon

dioxide (28 grams, 1.25 equivalents) is added over 2.25
hours at a temperature from 140-165°C. = The reaction
mixture is blown with nitrogen at 2 standard cubic foot per
hour (scfh) and a total of 112 grams of water is removed.
The reaction temperature is decreased to 115°C and the
reaction mixture is filtered through diatomaceous earth.
The filtrate has 4.06% sodium, a total base number of 89,
a specific gravity of 0.948, 44.5% oil, and the overbased -

"~ salt has a metal ratio of about 2.

Example A-~8

A reaction vessel is charged with 281 grams ('0.5
equivalent) of the succihic anhydride of Example A-5, 281
grams of xylene, 26 grams of tetrapropenyl .substitut'ed
phenol and 250 grams of 100 neutral mineral oil. The
mixture is heated to 80°C and 272 grams (3.4 equlvalents)'
of an aqueous sodium hydrox:.de solution are added to the
re_actlon mixture. The mixture is blown with nitrogen at 1

- scfh, and the reactio_ri-' temperature is increased to 148°C.

The reaction mixture is then blown with carbon dioxide at
1 scfh for one hour and 25 minutes while 150 grams of water.
are collected. The reaction mixture is cooled to 80°C
whereupon 272 grams (3.4 equivalents) of the above sodium
hydroxide sclution are added to the reaction mixture, and
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the mixture is blown with nitrogen at 1 scfh. The reaction
temperature is increased to 140°C whereupon the reaction
mixture is blown with carbon dioxide at 1 scth for 1 hour
and 25 minutes while 150 grams of water are collected. The
reaction temperature is decreased to 100°C, and'272_grams
(3.4 equivalents) of the above sodium hydroxide solution
are added ﬁhile'blowing the mixture with nitrogen at 1
scfh. The reaction temperature is increased to 148°C, and
the reaction mixture is blown with carbon dioxide at 1 scfh
for 1 hour and 40 minutes while 160 grams of water are
collected. The reaction mlxture is cooled to 90° C and 250
grams of 100 neutral mineral oil are added to the reaction
mlxture.' The reaction mixture.is vacuum stripped at 70°C
and the residue is filtered through diatomaceous earth.
The filtrate contains 50.0% sodium sulfate ash bY_ASTM D-
874, total base number of 408, a specific gravity of 1.18,
37.1% oil, and the salt has a metal ratio of about 15.8.
- _ mpl ~9

A solution of 780 parts (1 equivalent) of an alkylated
benzenesulfonic acid (57% by weight 100 neutral mineral oil
and unreacted alkylated benzene) and 119 parts (0.2
equivalents) of the polybutenyl succinic anhydride in 442
parts of mineral oil is mixed with 800 parts (20
equivalents) of sodium hydroxide "and 704 parts (22
equivalents) of methanol. The mixture is blown with carbon
dioxide at 7 cfh (cubic feet per hour) for 11 minutes as
the temperature slowly increases to 97°C. The rate of
carbon dioxide flow is reduced to 6 cth and the temperature
decreases slowly to 88°C over about 40 minutes. The rate
of carbon dioxide flow is reduced to 5 cfh. for about 35
minutes and the temperature slowly decreases to 73°C. The:
volatile materials are strlpped by‘blow1ng nltrogen through
the carbonated mixture at 2 cfh. for 105 minutes as the
temperature is'slowiy increased to 160° C. After stripping
is completed, the mixture is "held at 160°C for an
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additional 45 minutes and then filtered to yield an oil
solution of the desired basic sodium sulfonate having a
metal ratio of about 19.75.

Ex e A- _

A blend is prepared of 135 parts of magnesium oxide
and 600 parts of an a’ikylbenzenesulfonic acid having an
equivalent weight of about 385, and containing about 24%
unsulfonated alkylbenzene. During blending, an exothermic
reaction takes place which causes the temperature to rise
to 57°C.. The mixture is stirred for one-half hour and then
50 parts of water is added. Upon heating at 95°C for one
hour, the desired magnesium oxide-sulfonate complex is
obtained as a firm gel containing 9.07% magnesium.

A reaction mixture comprising about 506 parts by
weight of a mineral oil solution containing "about 0.5
equivalent of a substantially neutral magnesium salt of an

_ alkylated salicyclic acid wherein the alkyl groups have an
. average of about 16 to 24 aliphatic carbon atoms and about

30 parts .by weight of an oil mixture'cor';tainling about 0.037
equivalent of an alkylated benzenesulfonic acid together

with about 22 parts by weight (about 1.0 equivalent) of a

magnesium oxide and about 250 parts by weight of xylene is
added to a flask and heated to temperatures of about 60°C

to 70°C. The reaction is subsequently heated to about 85°C

and apprbximately 60 parts by weight of water are added to

' the reaction mass which is then heated to the reflux

temperature. The reaction mass is held at the reflux
temperature of about 95°-100°C for about 1% hours and
subsequently stripped at about 155° C, under 40 mm Hg, and
filtered. The filtrate comprises the basic carboxylic
magnesium salts and is 'characterized by a sulfated ash
content of 15.59% (sulfated ash) correspond:.ng to 274% of
the st01ch.1.ometr1ca11y equivalent amount. '
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'Example A-12
A react:Lon mixture comprising approx:l.mately 1575 parts

_by weight of an o0il solution containing about 1.5

equlvalents of an alkylate_d 4-hydroxy-1,3-

' benzenedicarboxylic acid wherein the alkyl group has an

average of at least about 16 aliphatic carbon atoms and an
0il mixture containing about 0.5 equivalent of a tall 0il
fatty acid together with about 120 parts by weight (6.0
equivalents) of a magnesium oxide and about 700 parts by
weight of an organic solvent containing xylene is added to
a flask and heated to temperatures ranging from about 70°-
75°C. The reaction is subsequently heated to about 85°C
and approximately 200 parts by we:.ght of water are added to
the reaction which is then heated to the reflux
temperature. The reaction mass is held at the reflux
temperature of about 95°-~100°C for about 3 hours and

subsequently stripped at a temperature of about 155°C,

under wvacuum, and filtered. The filtrate comprises the
basic carboxylic magnesium salts.
: Example A-13 _ _

A reaction mixture comprising approximately 500 parts
by weight of an o0il solution containing about 0.5
equivalent of an alkylated 1-hydroxy-2-naphthoic acid
wherein the alkyl group has an average of at least about 16
al:.phatlc carbon atoms and an oil. m:.xture containing 0.25
equivalent of a petroleum sulfonic acid together with about

30 parts by weight (1.5 equivalents) of a magnesium oxide

and about 250 parts by weight of a hydrOcarbon solvent is
added to a reactor and heated to temperatures ranging to
about 60°-75°C. 'i‘he reaction mass is subsequently heated
to about 85°C and approximately 30 parts by weight of water
are added to the mass which is then heated to the reflux
temperature. - The rea_ction mass is held at the reflux
temperature of about 95°-100°C for about 2 hours and
subsequently stripped at a temperature of about 150°C,
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under vacuum, and filtered. The filtrate comprises the
basic carboxylic magnesium metal salts.
A calcium overbased salicylate is prepared by reacting
a Cy., alkyl substituted salicylic acid with lime and

 carbonating in the presence of a suitable promotor such as
methanol yielding a calcium overbased salicylate having a

metal ratio of about 2.5. _ o
(B) The Phosphorus and Sulfur Containing Compositions

. The phosphorus and sulfur containing compositions
employed in the greése compositions of the instant
invention include phosphorus and sulfur containing acids,
salts and other derivatives and other compounds including
thiophosphite compounds. Useful sulfur and phosphorus
containing compounds are described in detail hereinbelow.
These compounds, when used tbgether' with an overbased
organic acid and a hydrocarbyl phosphite at amounts
indicated herein increase the dropping point of the simple
metal soap thickened base grease into which they are
incorporated by at least 50°C as measured by ASTM Procedure
D-2265. This effect is surprising since these compounds,
which are normally used as extreme pressure and antiwear

_compounds,'detergents and antirust agents have not been

observed to have a noticeable positive effect on dropping
point at 1levels normally employed to improve said

. properties. Phosphorus-'and éulfur-cohtaining cbmpositibns

useful in the greases of this invention for increasing the

'dropping'point of simple metal soap thickened base greases

include _ -
(B~1) a compound represented by the formula
_ X,
- o |
R (%), —— II’-— XRy (@
(%) R,
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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, hydrocarbyl, a group of the fofmula |
T - _ %,
Ry (%;), ll’ - XRg~ - am
- (X)Rs _
wherein each R, and Ry is independently hydrogen
or hydrocarbyl , provided at least one of R, and Ry is
hydrocarbyl '
- R, is an alkylene or alkylldene group, each a and
b is independently 0 or 1, and .
‘each X;, X,, X, and x, is independently oxygen or

sulfur; :
or a group of the formula R60H, wherexn R is an alkylene or
alkylldene group;

- (B=2) an am:.ne or an ammomum salt of (A-1) when

at least R, is hydrogen.

(B-3) a compound represénted by the formula

xﬂ
o || | |
Rp(X%5), - P (X10) sRs | (I11)
H
or
T".Rq |
R¥,—— P —— XRy )

- wherein each R,, Ry and R, is independently

“hydrogen ‘or a hydrocarbyl group provided at least one is

hydrbcarbyl, each X;, X,, and X, is independently oxygen or
sulfur provided at least one is sulfur, and each a and b is
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1ndependently 0 or 1; and
(B-4) mlxtures of two or more of (B-l) to (B—3)
thereof.
In a preferred embodiment, a and b are each 1.
In one embod:unent the sulfur- and phOSphorus
conta.nung compos:.tion is the compound (B-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 R; is H or a hydrocarbyl group
containing from 1 to about 30 carbon atoms. _

In a particular embodiment, each of R,, R, and R3 is
independently an alkyl group containing from 1 to about 18
carbon atoms or an aryl group containing from about 6 to
abeut 18 'c'arbo'n_ atoms, and more particularly each of -'R,, R,
and R; 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
independe_ntly a butyl, hexyl, hept;yl, octyl, oleyl or
cresyl group. - | o '
"In a preferred embodiment, each R;, R, and R; is
o I - |
R T ——X7Rg | (V)
X¢Rs

Preferably, R; is hydrogen and each R'1 and R, is




l-
~ This Sheet Has Been Re

I

10

15

20

25

30

35

40

- 31 -

independently hydrogen or _
%,
o | w
R I )
X Ry

'As mentloned hereinabove at least one of x,, xz, X5 and_
x,. must be sulfur while the rema:n.ning groups may be oxygen
or sulfur. In one preferred embodiment one of X,, X, and X;
is sulfur and the rest are oxygen.
- When R,, R, or Ry is a group of the formula

RXs 'T —X;Ry- W)
| i - XgRs S

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 Ry is ROH wherein R, is an a_tlkylene 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 rest are

oxygen. In a preferred embodiment, X; and X, are sulfur and
X, and x2 are oxygen. Also preferred is where R, is
alkylene. o

In another embodiment, the phosphorus and sulfur
containing compos:.tlon is the ammonium or amine salt (B-2).
Preferably, a and b are each 1.

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

When (B-2) is the ammonium salt, the salt is
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considered as being derived from ammonia (NH;) or ammonia

| yielding 'compounds such as NHOH. Other ammonia yielding

compounds will readily occur to the skilled person.

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

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

In one preferred embodiment, the amines are primary
hydrocarbyl amines conta:.n:.ng from about 2 to about 30,
more préferably about 4 to about 20, carbon atoms in the
hydrocarbyl group. The hydrocarbyl group may be saturated
or unsaturated. _Representative examples of primary
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 éémmercially known
“Armeen® primary amines (products available from Akzo

Chemicals, Chicago, 1Illinois). TYpica'l fatty amines
include amines su_ch as, n-octylamine, n-dodecylamine, n-
tetradecylamine, n-octadecylamine - (stearyl amine) '
octadecenyl amine (oleyl amine), etc. Also suitable are
mix'e'd fatty amines such as Akzo’s Armeen-C, Armeen-O,
Armeen-0D, Armeen-T, Arméen—H’I‘ , Armeen S and Armeen SD, all '
of which are fatty amines of varying purity. '

In another preferred embod:.ment, the amine salts of

this invention are those derived from tertlary-allphatic
primary amines having from about 4 to about 30, preferably
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



‘“‘“-—-—~____‘;_
This Sheet Hag

R /m;/ i~

10

15

20

25

30

35

formula

T
R — cl: — NH,
cH,

wherexn R7 is a hydrocarbyl group containing from one to
about 30 carbon atoms. Such amines are illustrated by
tert1ary-butyl amine, l-methyl-l-amino-cyclohexane,
tertiary-octyl primary amine, tertiary-tetradecyl primary
amine, tertiary-hexadecyl primary 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 méthodse

 for their preparation'are known. to those of ordinary skill

in the art. The tertiary alkyl primary amine useful for
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
regard. I | _ :

_ Primary amines in which the hydrocarbyl group
comprises olefinic unsaturation also are useful. Thus, the

thYdrocarbyl groups may contain one or more olefinic

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
linoleylamiﬁe. Such unsaturated amines are available under
the Armeen. tradename. _
Secondary amines 1nc1ude dlalkylamlnes hav1nq two of
the above hydrocarbyl, preferably alkyl or alkenyl groups
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described for prlmary 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, anmide, ether, thiocether, halo,
sulfoxide, sulfone) such that the essent:.ally hydrocarbon'

‘character of the group is not destroyed.

- Tertiary amines such as trialkyl or tr1a1keny1 amines
and those contain:.ng a mixture of alkyl and alkenyl amines

- are useful. The alkyl and alkenyl groups are substantlally

as described above for primary and secondary amines.
Other useful primary amines are the primary ether
amines R"OR’NH, wherein R’ is a divalent alkylene group -
haV1ng 2 to 6 carbon atoms and R" is a hydrocarbyl group of
about 5 to about 150 carbon atoms. These pr:.mary ether
amines are generally prepared by the reaction of an- alcohol
R"OH wherein R" is as defined -hereinabove with an
unsatnrated nitrile. - Typically, and for efficiency and
economy, the alcohol is a linear or branched allphatJ.c
alcohol with R" having up to about 50 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 name

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,s) » SURFAM
P17B (tridecyloxypropylamine). The C chain lengths ( i.e.,
Cyr €tc.) -of the 'SURFAMS described above . and used
here:.nafter are approxa.mate and 1nc1ude the oxygen ether



as Been Replaced

\\\l\l\\ i h .

10

- 15

20

25

30

35

- 35 =

_iinkage. For example, a C,, SURFAM amine would have the

following general formula
Ciotl OCHNH, , |
The amines used to form the amine salts may be
hydroxyamines. In one embodiment these hydroxyam1nes can
be represented by the formula

/a | \
[CH(R"") cH(R" ")om

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™ is hydrogen
or a lower alkyl group, and x, y and 2 are each
independently 'integers from zero to about 10, at ,least one

of x, vy and z be:.ng at least 1. o
The above hydroxyamines can be prepared by techniques
well known in the art, and many such hydroxyamines are_

_commercially available.

The useful hydroxyamines where a in the above fomula
is o0 include -hydroxyethylhexylamine, 2-
hydroxyethyloleylamine, ‘bis(2-hydroxyethyl)hexylamine,
'bis(2-hydroxye_thyl)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 Akzona, Inc.,
Chicago, Illinois, under the general trade designation
"Ethomeen" and "Propomeen". Specific examples include B
M"Ethomeen C/15" which is an ethylene oxide condensate of a -
coconut fatty acid conta:.m.ng about 5 moles of ethylene_
oxJ.de. "Ethomeen C/20" and "C/25" which also are ethylene
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oxide condensation  products from coconut fatty acid
containing about 10 and 15 moles of ethylene oxide
respectively. “Propomeen.O/lZ" is the condensation product
of one mole of oleyl amine with 2 moles propylene oxide.

Commerclally available examples of alkoxylated amines
where a is 1 include "Ethoduomeen T/13" and "T/20" which
are ethylene oxide condensation products 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.

Sultable fatty polyamlnes such as those sold under the nanme
Duomeen are commercially available diamlnes described in
Product Data Bulletin No. 7-10R; of Armak Chemical Co.,

chicago, Illinois. In another embodiment, the secondary

amines may be cyclic amines such as piperidine,_piperazine,

- morpholine, etc.

In a further embodiment the sulfur- and phosphorus- -
containing composition is (B-3). Preferably, a and b are

_each' 1. 'In_ one embodiment, each R,, Ry and R, is

independently hydrogen or a hydrocarbyl group having from
about 1 to about 18 carbon atoms, and a and b are each 1.
Preferably, each R,, Ry and R, is independently hydrogen or

an alkyl or an aryl group selected from the group

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

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

aryl group. .

In one preferred embodlment at least two of x,,:x1o and
x11 are sulfur. _ _

In another embodiment the sulfur- and phosphorus-,

' contalnlng composition may be (B-4) a mixture of two or

more of the compounds represented by (B-1) to (B-3).
In another embodiment (B-1) is a thlophosphorlc acid.

- The di-organo thlophosphorlc acid materlals used in thls .
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invention can be prepared by well known methods. _
The O0,0-di-organo dithiophosphoric 'acids can be
prepared, for example,_ by reacting organic hydroxy

. compounds with phosphorus pentasulfide. Suit_able organic

hydroxy compounds include alcohols, _si_.xch as,'. alkanols,

‘alkanediols, cycl'oalkanols, - 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 preparetion of these compoun'd's_ is in the
Journal of the American Chemical Society, volume 67,
(1945), page 1662.

The 8,S-di-organo tetrathlophosphorlc acids can be
prepared by the same method described above, except that
mercaptans are employed in place of the orgaru.c hydroxy

compounds.

The O,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. _

_ 'I'he phosphorus and sulfur conta:.ning compound (B-1)
include, thiophosphoric acids including, but not limited
to, d1th10phosphor1c as well as monothiophosphoric,
thlophosphlm.c or thiophosphonic acJ.ds. The use of the
term thiophosphoric, thiophosphonic or thiophosphinic acids
is also meant to encompass monothio as well as dithio
der:i._vatives of these acids. Useful phosphorus-_cbnt_aining
acids are described below. _ _

In one embodiment, when a and b are 1, and one of X,,
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X,, % or X, is sulfur and the rest are oxygen, the

'phosphorus-containlng composltion is characterized as a

monoth;ophosphorlc acid or monothiophosphate..
The monothiophosphoric ac:Lds may. be characterized by
one or more of the following ‘formulae
R'o

R0 /

9(0) SH

Rlo

~—
®o =

P(S)OH

R'o
> P(O)OH

‘RS

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

and R? is independently a hydrocarbyl group.
Monothiophosphates may be prepared by the reaction of
a sulfur source such as sulfur,'hydrocarbyl sdlfides and
polysulfides and the like and a dihydrocarbyl phosphlte.
The sulfur source is preferably elemental sulfur.
The preparation of monothiophosphates is disclosed in -

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

are incorporated by reference "for its disclosure of
monothiophosphates,  sulfur source for  preparing

- monothiophosphates and the = process - for making

onothlophosphates. _
_ Monothlophosphates may be formed in the lubricant

blend by adding a dihydrocarbyl phosphite to a lubricating _

composition containing a sulfur source. The phosphite may
react with the sulfur .source under blending conditions
(i.e., tem‘peratures from about 30°C to about 100°C or
higher) to form monothiophosphate. It is also possible
that monothiophosphate is formed under the conditions found
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"in operatihg equipment.

In Formula I, when a and b are 1; X, and X, are oxygen;
and X; and X, are sﬁlfur, and Rg is H, the phosphorus-
containirig composition is  characterized as a
dithlophosphorlc acid or phosphorodz.thioic acid.

Dlthiophosphorz.c acid may be characterized by the
formula

R,0—

s
|
P - SH
I

.OR2

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

R, are hydrocarbyl groups.

The dihydrocarbyl phosphorodith:l.olc "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 another embodiment, the "pho'sphorus-containing
composrtz.on is represented by Formula (I) where each X, and
X, is oxygen, each X, and X, is sulfur, R, _15 hydrogen, and
each R, and R, is independently hydrogen or ' '

_ Xs'
_ | . | _
R,(Xs), _ P XR, — (II)
(X5) pRs

where:.n the various R, a, b and X groups are as deflned
prev1ously. Preferably either both R, and R2 are the group
of Formula II; or R1 is hydrogen and R2 1s the group of
Formula II. _

Pr,eferabiy} when each R,. and R is independently

hYdrocarbyl, they are the same as described for R,j or R,.

Preferably, X, and X, are oxygen, and X, and X, are sulfur.
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- 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
atoms. R, is preferably an ethylene,' propylene, or
butylene,'nore preferably a propylene group.

The group represented by the Formula II is derived
from a compound which is the reaction of a dithiophosphoric
ac1d_w1th an epoxide or a glycol. The dithiophosphoric -
acids are those described above. The epoxide is generally
an aliphatic epoxide 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, oraaromatic glycols. 'Aliphatic glycols
include ethylene glycol,: propylene glycol; triethylene

- glycol and the like. 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 1norgan1c
phosphorus reagent such as phosphorus,pentoxide, phosphorus
trioxide, - phosphorus tetraoxlde, 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) whlch is 1ncorporated herein by
reference for its disclosures in this regard. Such salts
are encompassed within the group of compounds (B-2)

Also included within the compounds 1dent1f1ed as (B-l)

‘are compounds of the formula
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S
| I S
'R0 i ; — SROH (XI)

ORZ _
where:.n each of the groups is the same as 1dent1fied
hereinabove. Preferahly 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_ .
preferably alkylene containing from 2 to about 18 carbons,
more preferably 2 to about 6 carbons, even more preferably .
2 to 4 carbons. .Compounds of Formula (XI) may be prepared

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 N
herein by reference for relevant dlsclosures contained

. therein.

Triesters can be prepared by reacting the

‘corresponding phdSphorus 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 ( B-3) :mclude th:.ophosph:.tes 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

hydrocarbyl, preferably alkyl having from about 1 to about
24 carbons, more preferably from 1 to ‘about’ 18 carbone_,
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inore preferably 4 to about 12 éarbons, and aryl having from

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

more preferably 6 to about 10 carbons.

' When compound (B-3) has the Formula IV, it is
preferred that R, and R, are as defined hereinabove, and Ry
is hydrocarbyl or hydrogen. 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

'Ry hereinabove.

'Pr’e_férably_ said phosphorus and sulfur containing
composition is selected from the group consisting of
' (B-1) a compound represented by the formula

o

I .
R,0 P—— ORy (V)
OR :
. z . ’ .
wherein each R;, R, and R;- is independently hydrogen,
hydrocarbyl, or -

s
RO pP—— SR, — - (VII)

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

S
I o
RO P- SR, — - (VII)
. lns
wherein each R, and R is independently hydrogen or
hydrocarbyl, provided at 1least one of R, and Ry is
hydrocarbyl, and wherein R, is an alkylene or alkylidene
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gfoup:

(B-2) an ammonlum or amine salt of (B-1)
prov1ded at least R; is hydrogen. .

( B-3) a compound representéd by the formula

S

(. . |
RO—— P OR, .. (VIII)

I | -

H

or

SR, T (IX)

1
s —mw =-O

orx

SR,
RS—— P—— SR B
wherein each R,, Ry and Ry, is independently
hydrogen or a hydrocarbyl group provided at least one is

" hydrocarbyl: and

(A-4) mixtures of two or more of (A-1l) to (A-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

| -
RO—— P SR, — (VII)
OR;

provided at least R is hydrogen, wherein each R, and Ry is

independently an alkyl group having from about 2 to about
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12 carbon atoms and R, is an alkylene group having from
about 2 to about 6 carbon atoms. |

In ‘another espécially preferred embodiment, the
phosphorus and sulfur containing composition is the amine
salt (342) 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 atoms. _
In a further especially preferred embodiment ‘the

phosphorus and sulfur containing composition is - the
compound (B-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
procéss comprising preparing an acidic intermediate by
conducting at a tempe’rature' 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 ' ' '

R,O /S

RyO I
wherein each R, and R; is independently a hydrocarbyl group
with an epoxide and subsequently reacting the product
obtained thereby with -phospl_'xorus pentoxide, the molar
ratio, based on $OH , of the phosphorodi_thioic 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 the group
consisting of a "hydrocar'byl and a hydroxy-substituted
hydrocarbyl amine having from about 4 to about 30 carbon
atoms. ©Preferably the amzne is a tert1ary-a1ky1 prlmary

(xII)
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amine, more preferably containing from about 10 to about 16
carbon atoms in the tertiary alkyl group.
 The following examples_illustrate types of sulfur- and
phosphorus-containing compounds useful in the grease
compositions of this ‘invention. These examples are
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 B-1 -
o] o-di-(z-ethylhexyl) dlthlophosphorlc acid - (354
grams) having an acid number of 154 is introduced into a

'stainless steel "shaker" type autoclave of 1320 mnl.

capacity having a thermostatically controlled heating
jacket. Propylene is admxtted until the pressure rises to
170 pounds per square inoh 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
ercess 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-1sopropyl

dithiophosphate. '
o Example B-2
Ammonia is blown into 364 parts (1 equivalent) of the
dithiophosphoric acid of Example B-1 until a substantlally'
neutral product is obtained.
- Example B=3
To 1,780 grams (5 moles) of O O-di-(z-ethylhexyl)
phosphorodithioic acid,.stlrred at room temperature, there
is 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
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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 yellow liquid

residue shows the following analysis: §, 15.4%; P, 7.4%.

Employing substantlally the same procedure of Example
3 the followlng are reacted:

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

Example B-=7
Phosphorus pentoxide (64 grams, 0.45 mole) is added at
58°C within a period of 45 minutes to hydroxypropyl 0,0-
di(4-methyl-2-pentyl) phosphorodlthioate (514 grams, 1.35
moles, prepared by treating di(4-methyl-2-pentyl)-
phosphoro- dithioic acid with 1. 3 moles of propylene oxide
at 25°C). The mixture is heated at 75°C for 2. 5 hours,
mixed with a fllterlng aid (dlatomaceous earth), and
filtered at 70°C. The filtrate is found to have, by
analysis, a phosphorus content of 11.8%, a sulfur content -
of 15.2%, and an acid number of 87 (bromophenol blue
indicator). ' o :

| - Example B-8
A mixture of 667 grams (4.7 moles) of phosphorus
pentoxide and the "hydr02ypropy1_ 0,0’-diisopropyl--
phosphorodithioate prepared by the reaction of 3514 grams
of dilsopropyl phosphorodithioic acid with 986 grams of
propylene oxide at 50°C 'is heated at 85°C for '3 hours and

- £iltered. 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 1nd1cator)

:  Example B-9
- To 217 grams (0 5 equlvalent) of the acidic filtrate
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of Example B-6 there is added at 25° to 60°C within a
period of 20 minutes, 66 grams (0.35 equivalent) of a
commercial tertiary aliphat_ic primary amine (Primene 81-R,
Rohm & Haas Co.) having an average molecular weight of 191
in which the aliphatic Tradical is a ‘mixture of
tert:.aryalkyl radicals containing from 11 to 14 carbon
atoms. The partlally neutralized product has by analysis
a'phosphorixs content of 10.2%, a nitrogen content of '1.5%,
and an acid number of 26.3. _ ' ' '
'_ Example B-10
_ A portion of ‘the fi'ltrate_ of Example 'B=7 (1752 grams)
is neutralized by treatment with a stoichiometrically
equivalent amount (764 grams) of the ‘aliphatic primary

‘amine of Example 8 at 25°-82°C. The neutralized product

has, by arialysis, a phosphorus content of 9.95%, a nitrogen
content of 2.72%, and a sulfur c'ontent of 12.6%.
Example B-11
Phosphorus pentoxide (208 grams, 1.41 moles) is added
at 50°C to 60°C to hydroxypropyl o_,0'-di-1sobuty1phosphoro_—
dithioate (prepared by reacting 280 grams of propylene
oxide with 1184 grams of o,O'-di-is'obutylphosphorodithioi_c
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 sto:.ch:l.ometrlcally
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 analys:.s a phosphorus
content of 9.31%, a sulfur content of 11.37%, a nitrogen -
content of 2..50%, and a base number of 6.9 (bromphenol blue
indicator). ' | |
E;gample B-12
To 400 parts of O, o’d:L—(J.soctyl) phOSphOI‘Odltthlc
acid is added 308 parts of oleyl amine (Armeen o- Armak)

'Example B-13
Butyl phosphonic dichloride (175 parts, 1 mole) is
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reacted with a mixture of 146 parts, 1 mole, l-octane thiol
and 74 parts, 1 mole, l-butanol. | ' '
c drocarbyl Phosphi '_es : _
" Compositions of the present invention also include (C)
a hydrocarbyl phosphite. The phosphite may be represented
by the following formulae: ’ |

)
1 o
H
or
OR"
R0 — P - OR, (XIV)

wherein each ‘R’ group is independently hydrogen or a
hydrocarhyl group provided at least one of Rw' and Ry, is
hYdrbcarbyl. In an especially preferred embodiment, the
phosphite has the formula (XIIT) and R, and R" are each,
independently, hydrocarbyl.

Within the constraints of the above proviso, it is
preferred that each of R1o' Ryy and R;, is 1ndependent1y a
hydrogen or a hydrocarbyl group hav1ng from 1 to about 30,

‘more preferably from 1 ‘to about 18, and more preferably
from about 1 to about 8 carbon atoms. Each Ry Ry, and Ry,

group may be independently alkyl, alkenyl or aryl. When

" the group is aryl it contains at least 6 carbon atoms;

preferably 6 to about 18 carbon atoms. Exatdples of alkyl
or alkenyl groups are propyl, butyl, hexyl, heptyl octyl,
oleyl, linoleyl, stearyl etc.

Examples of aryl groups' are phenyl, h_aphthyl,
heptylphenyl, etc. Preferably each of these groups is
independently propyl, butyl, pentyl, hexyl, heptyl, oleyl

- or phenyl, more preferably butyl, octyl or phenyl and more
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preferably butyl. .

The groups R,,, R" and R12 may also comprise a mixture
of hydrocarbyl groups derived from commercial mixed
alcohols. ' |

Examples of monohydrlo alcohols and alcohol mixtures

" include commercially available "Alfol" alcohols marketed by |
Continental O0il Corporation. ~ Alfol 810 is a mixture

containing alcohols consisting essentially of straight-
chain, primary alcohols having 8 to 10 carbon atoms. Alfol
812 is a mixture comprising mostly C,, fatty alcohols.
Alfol 1218 is a mixture of synthetic, primary, straight-

‘chain alcohols having from 12 to 18 carbon atoms. Alfol
'20+ alcohols are mixtures of 18-28 primary alcohols having
mostly, on an alcohol basis, C,, alcohols as determined by

GLC ( gas-liquid-chromatography). _

Another group of commerc:.ally available alcohol
mixtures includes the _"Neodol" products available from
Shell Chemical Company. For example, Neodol 23 is a
mixture of C,, and C,; alcohols; Neodol 25 is a mixture of C,,
and C,; alcohols; and Neodol 45 is a mixture of C,, and C,
linear alcohols. Neodol 91 is a mixture of c,, cm and C,,
alcohols. - '

Another example of a commerc:.ally available. alcohol
mixture is Adol 60 which comprlses about 75% by weq.ght of
a straight-chain C,, ‘primary alcohol, about 15% of a Cy
primary alcohol and about 8% of C,, and C, alcohols. Adol
320 corhpris'es predominantly oleyl alcohol. The Adol
alcohols are marketed by Ashland Chemical.

A variety of mixtures of monohydric fatty alcohols
derived from naturally occu'rring triglycerides and ranging

~in chain length of from C; to C,; are available from Procter
& Gamble Company. These mixtures contaln various amounts

of fatty alcohols c_ontaJ.r_ung mainly 12, 14, 16, or 18

'~ carbon atoms. ' For example, 'C_O-l2l4 is a fatty alcohol

mixture containing 0.5% of C,, alcohol, 66.0% of C,, alcohol,
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'26.0% of Cy, alcohol and 6.5% of C, alcohol.

Phosphltes and their preparation are known and many
phosphltes are available commercially. Particularly useful
phosphites are dlhutylhydrogen phosphite, trioleyl

'phosphite and triphenyl phocphite. Preferred phosphite

esters are generally dialkyl hydrogen phosphites.
A number of dialkyl hydrogen phosphites are

‘commercially available, such as lower dialkyl hydrog_en

phosphltes; which are preferred. Lower dialkyl hydrogen
phosphites include dimethyl,_diethyl, dipropyl, dibutyl,

'dipentyl and dihexyl'hydrogen phosphites. Also mixed alkyl

hydrogen phosphites are useful ln the present invention.
Examples of mixed alkyl hydrogen phosphites include ethyl,
butyl; propyl, pentyl; and methyl, pentyl hydrogen

phosphites.

The preferred dihydrocarbyl phosphites (C) useful in
the present invention may be prepared by technlques well
known in the art, and many are available commercially. In
one method of preparation, a lower molecular weight
dlalkylphosphlte (e.g., dimethyl) is reacted with alcohols
comprising a stralght-chaln alcohol, a branched-chain
alcohol or mixtures thereof. As noted above, each of the.
two types of alcohols may themselves comprise mixtures.
Thus, the straiéht—chain alcohol may comprise a mixture of
straight-chain alcohols and the branched-chain alcohols may
comprise a mixture of branched-chain alcohols. The higher

"molecular weight alcohols replace the methyl 'groups

(analogous to .classic transesterification) with the

. formation of methanol whlch is strlpped from the reaction

mlxture.
In another embodiment, the branched chaln hydrocarbyl

. group can be introduced into a dlalkylphosphlte by reacting

35

the 1low molecular - weight dialkylphosphite such as
dimethylphosphite with a more sterically hindered branched-
chain alcohol such as neopentyl alcohol (2,2-dimethyl-1-
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propanol). In this'reactioh, one of the methyl groups is

replaced by a neopentyl group, and, apparently because of
the size of the neopentyl group, the second methyl group is

‘not displaced by the neopentyl alcohol. Another neo

alcohol - having utility in this invention is 2,2,4-
trimethyl-i-pentanol.
In another embodiment, mixed aliphatic-aromatic

phosphites and aliphatic phosphites may be prepared by

reacting an aromatic phosphite such as triphenyl phosphite,
with aliphatic alcohols to replace one or more of the
aromatic groups with aliphatic groups. Thus, for example,
triphenyl phosphite may be reacted with butyl alcohol to
prepare butyl phosphites. :Dialkyl hydrogen phosphites may
be prepared by reacting two moles of aliphatic alcohol with
one mole of triphenYl phosphite,, subsequently or
concurrently with one mole of water. '

Dihydrocarbyl phosphites are generally considered to
have a tautomerlc structure. '

(o]
_||

(R’0),POH == (R’0), P—H

The following examples.illustrate the preparation of

some of the phosphite esters (C) which are useful in the

compositions of the present invention. Unless otherwise
indicated in the following examples and elsewhere in the
specification and claims, all parts and percentages are by

weight, and all temperatures'are in degrees Celsius.

Example C-1
A mixture of 911 4 parts (7 moles) of 2-ethy1hexanol,

1022 parts (7 moles) of Alfol 8~10, and 777.7 parts (7
moles) of_dlmethylphosphlte is prepared and heated to 125 C

while purging with nitrogen and removing methanol as a

distillate. After about 6. hours, the mixture was heated to

145°C and maintained at this temperature for an'additienal
6 hours whereupon about 406 parts of distillate are
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recovered. The reaction mixture is stripped to 150°C at 50

mm. Hg., and an additional 40 parts of distillate are
recovered. The residue is filtered through a filter aid

"and the filtrate is the desired mixed dialkyl hydrogen

phosphite containing, by analysis, 9.6% phosphorus (theory,

, . Example C-2

: ‘A mixture of 468.7 parts (3.6 moles) of 2-
ethylhexanol, 1050.8 parts (7.20 moles) of Alfol 8-10, and
600 parts (5.4 moles) of dimethylphosphite is prepared and

heated to 135°C while purging with nitrogen. The mixture

is heated slowly to 145°C and maintained at this

temperature for about 6 hours whereupon a total of 183.4

parts of distillate are recovered. The residue is vacuum
stripped to '145°C (10 mm. Hg.) and 146.3 parts of
additional distillate are recovered. The residue is
filtered through a filter aid, and the filtrate is the

desired product containing 9.3% phosphorus (theory, '9._45%) .

_ Example C-3 .

A mixture of 518 parts (7 moles) of n-buténol, 911.4'_
parts (7 moles) of 2-ethylhexanol; and 777.7 parts (7
moles) of dimethylphoéphite is prepared and heated to 120°C
while'blowing with“nitrogen. After about 7 hours, 322.4
parts of distillate are collected, and the material then is
vacuum stripped (50 mm; Hg. at 140°C) whereupon an
additional 198.1 parts of distillate,are recovered. The
residue is filtered through a filter aid; and the filtrate

.is the desired product containing 12.9% phosphorus (theory,

12.3%).

' ' Example C—-4 ,

‘A mixture of 193 parts (2.2 moles) of 2,2~dimethyl-1-
propanol and 242 parts (2.2 moles) of dimethylphoéphite is
prepared and heated to about 120°C while blowing with
nitrogen. A distillate is removed and collected, and the
residue is wvacuum stripped. The residue is filtered and
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the filtrate is the desired product containing 14.2%
phosphorus. '

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
hydrocarbqn,-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. ' _

'Hydrbcarbyl groups can contain up to thréé, preferably
up to two, more. preferably up to one, non-hydrocarbon
substituent, or non-carbon heteroatom in a ring or chain,
for évery ten carbon atoms provided this non-hydrocarbon
substituent or non-carbon heteroatom does not significantly

‘alter the predominantly hydrocarbon character of the group.

Those skilled in the art w111 be aware of such heteroatoms,
such as oxygen, sulfur and nltrogen, or substituents, which
include, for example, hydroxyl, halo (especially chloro and
fluoro), alkyoxyl, alkyl mercapto, alkyl sulfoxy, etc.
Examples of hydrocarbyl groups ‘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, arématic groups (e.g., phenyl,
naphthyl), aromatic-, aliphatic- and alicyclic-substituted
aromatic groups and the like as  well as cyclic groups
wherein the ring is compéted through another portion of the
molécule (that is, for example, any two indicated groups
may together form an alicyclic radical). . '

(2) substltuted hydrocarbon _groups, that is, those
groups contalnlng non-hydrocarbon contalnlng substituents
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whiéh, in the context of this invention, do nof._
significantly alter the predominantly hydrocarbon

‘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,

(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
present in a i:'ing or chain otherwise composed of carbon
atoms. Suitable heteroatoms will be appareht to those of
ordinary skill in the art and include, for example, sulfur,
oxygen, nitrogen. Such groups as, e.'g. ' pYridyl; furyl,
thienyl, 'imidazolyl, etc. are representative of heteroatom
containing cyclic groups. | | _

- Typically, no more than about 2, -lpreférably no more
than one, non-hydrocarbon substituent or non-carbon atom in
a chain or ring will be present for every ten carbon atonms
in the hydrocarbyl group. Usually, however, the -
hydrocarbyl groups are purely hydrocarbon and contain
substantially no such nor;-hydrocarboh groups, substituents

‘or heteroatons.

Unless indicated otherwise, hydrocarbyl groups are
substantially saturated. By substantially saturated it is
meant that the group contains no more than one -ca_rbon—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-carb_on 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.
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As mentioned hereinabove,'components (a), (B) and (C)
are used in minor amounts effective to increase the
dropping point of the base grease by at least 50°C.

Preferred minimum amounts of each éoﬁponent used in
the grease _compositidns depend to some extent upon the

‘specific nature of the component, but generally at least

about 0.25% of each component should be present. Useful

‘amounts of component (A) range from about 0.25% to about

10% by weight, preferably about 0.5% to about 5%, more’
preferably from about 1% to about. 2%. wWith respect to

~ component (B); useful amounts for the purposes of this

invention range from about 0.25% to about 5% by weight,
preferably from abput'o,s% to about 3%, more preferably

. from about 0.5% to about 1% by weight. Component (C) is
‘ generally present in amounts ranging from about 0.25% to

about 5%, preferably from about 0.5% to about 3%, more
preferably from about 0.75% to about 2% by weight, more-
often up to about 1% by weight. _

The components (A), (B) and (C) are used in relative

"amounts by weight ranging from about 1 part (A) to 20 parts

each (B) and (C) to about 40 parts (A) to 1 part each (B)
and (C). Preferably, the components are’ used in amounts
ranging from about 1 part (A) to 10 parts each (B) and (C)
to about 10 parts (A) to about 1 part each (B) and (C),
more preferably from aboﬁt 1 part (A) to 5 parts each'(B)
and (C) to about 5 parts (A) to 1 part each (B) and (C).
It generally'is not necessary'tO'use more than a total
of about 20% by weight of components (A), (B) and (C) 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 a total of about
10%, frequently ﬁo more than about 5% is employed. Often
1%-3% by weight is: sufficient to provide a 50 c increase in
dropping p01nt.
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Thus, it is preferred to use the ninimum amount of the

additives consistent with attaining the desired dropping

polnt elevatlon of at least 50°C. .
Components (a), ( B) and (C) may be present during

_grease formation, 4i.e., during formation of the soap

thickener, or may be added after the base grease has been

prepared. - In many cases it is preferred to add the -

components to the preformed base grease since they may be
adversely affected during preparation of metal soap

th:.ckeners .

Other addltlves may be J.ncorporated into the base
grease to improve performance of the grease as a lubricant.
Such other additives ‘including corrosion inhibitors,
antioxidants, extreme pressure additives ‘and others useful
for improving spec'ific' 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
components (A), (B) and (C) together with these other '_

additives often compensates for this effect.

The following examples illustrate 'grease composz.tlons
of this invention or comparative examples which indicate
the benefits obtained employing this invention. It is to
be understood that these examples “"are intended to be
illustrations and are not intended to be limiting in any
way.. Drbpping points are determined using ASTM Procedure

- D=2265. All amounts unless indicated otherw:.se are on an

0il free basis and are by weight.
Egample A o _

_ A lithium 12-hydroxystearate thickened base grease
showed dropping point of 210°C. This is a typical simple
lithium salt thickened base grease.

Example B _ i
A grease composition is prepared by blending into a

- grease as in Example A, 0.5 percent by weight of the
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product obtained by reacting 1000 parts of 0, 0’/-(di)-
methylamyl dithiophosphoric acid prepared by reacting about
4 moles methyl 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,

1.0 percent by weight of dibutyl hydrogen phosphite and 1.8
percent by weight of a calcium overbased Cy3.4g alkyl
salicylate having a metal ratio of about 2.9 and containing

‘about 38% mineral oil diluent. The dropping point is

greater than 343°C.
Example C

To a grease comp051tion as in Example B is added 0.1%
by weight tolyltriazole. The dropping point is 338°C.
Example D ' | :

To a grease composition as in Example C is added 0.5%
by weight of a sulfurized isobutylene. The dropping ‘point

~is 300°C.

Examples E, F, G .
Examples B-D are repeated replacing the lithium 12-

hydroxy stearate base grease with the corresponding calciunm

- soap thickened base grease.

Examples H, I, J _
Examples B-D are repeated replacing the lithium 12-

hydroxy stearate base grease with a sodium tallowate
thickened base grease. _

For comparative purposes. grease compositions are
prepared employing components (A), (B) and (C) individually
and in several combinations. It is noted that enhanced
thermal stability as measured by ASTM D-2265 is obtained

'when components (a), (B) and (C) are used together.

Ekamples K-0
Grease compositions are prepared by blending into a

‘lithium 12-hydroxy stearate base grease the indicated

percentages by weight of the product obtained by reacting
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1000 parts of 0,0’/-(di)-methylamyl dithiophésphoric acid’
prepared by reacting about 4 moles methyl 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. _ - |
Example % by weight additive Dropping Point (°C)

K 0.5 - 210°C
L ' 0.75 . 267°C
M 0.85 - 262°C
‘N 1.0 - 257°C
o 1.5 - 267°C
Exgmgles_P-g'- |

Grease compoSitioné are prepared by blending into a

-lithium 12-hydroxystearate base grease the _indicatéd

percentages of dibutylhydrogen phosphite ((Butyl-O)ZPHO);
Example % by weight additive Dropping Point (°C)

P - 0.35 | 200°C

Q 0.45 - 202°C

_ R E 0.55 R 197°C .
Example S

‘The grease composition of Example B without the
overbased calcium salicylate has a dropping point = 281°C.
Example T _ ' ' :

The grease composition of Example B without the
phosphite has a dropping point = 225°C.

From the foregoing Examples it is apparent that the
combination of overbased compositions with certain sulfur
and phoSphorus containing compositions and a-hydrocarbyl
phosphite provides increased dropping points compared to
the base greases without additive. It is also apparent
that the components used individually, or only two of the

components takeh together do not provide the substantial

increase in dropping point observed with this invention.
While the invention has been explained in relation to
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jts preferred embodiments, it is to be understood that
" various modifications thereof will become apparent to those
skilled in the art wupon reading the specification.
'Therefore, it is to be understood that the invention
disclosed herein is intended to cover such modifications as
fall within the scope of the appended'élaims. '
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CLAIMS:
1. = A composition comprising a

major amount of an oil-based, simple metal soap thickened
5 base grease and ' - ' N
(A) from about 0.25% to about 10% -by weight of
an overbased metal salt of an.'organic acid;
(B) from about 0.25% to about 5% by weight of a
phosphorus and sulfur containing comp'osition selected from -
10 | | .
(B-1) a compound represented by the formula

- X
15 | . | "
' : R1 (Xl)a .

4
20 o X )R,

LRy O

wherein each X,, X,, X; and X, is independently
oxygen or sulfur provided at least one is sulfﬁr; each
25 a and b is independently 0 or 1; and
' - wherein each Ry, R2 and R3 is 1ndependent1y
hydrogen, hydrocarbyl, a group of the formula

30 xa
I

Ry (Rs)y —— P——X;R¢- (D
35 - | ' l '

X¢pRs.
_ wherein each. R, and R, is ‘independently hydrogen
40 or hydrocarbyi, ‘provided at least one of R, and Rg is
hydrocarbyl, ' '
' R, is an alkylene or alkylidene group, each
. : a and b is independently 0 or 1, and '
-

M
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each X, X6; X, and X, is independently'
oxygen or sulfur; ' .

or a group of the formula -R OH, wherein R,
is an alkylene or alkylidene group: '

(B-2) an amine, an ammonium or a metal
salt of (B~1) when at least R; is hydrogen:

(B-3) a compound represented by the
formula |

=

Ry (%), (XygyRg 0D

m—

Xl
Ry Xg——P X0Rg @

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

‘hydrocarbyl group provided at least one is hydrocarbyl and

each X,, X, and X,, is oxygen or sulfur provided at least
one is sulfur; and :
(B-4) mixtures'of’tWo or more of (B-1) to

- (B=3) thereof: and

(C) from about 0.25% to about 5% by weight of
a hydrocarbyl phosphite; wherein the dropping point of the

‘base grease 1s 1ncreased by at least about 50°C as ‘measured
- by ASTM procedure D-2265. '

2. The grease composition of claim 1, wherein the
metal soap is an alkali, an alkaline earth or an aluminum

metal soap.

T %..c L mos %
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3. The grease composition of claim 2, wherein the
alkali metal soap is a sodium or lithium soap.
4, The grease composition of claim 2, wherein the
- alkaline earth metal soap is a calcium or magnesium soap.
5 5. The drease composition of any one of the
preceding claims, wherein the metal soap is a fatty acid
Imetal'salt, |
6. The grease CQmpositibn of claim 5, wherein the
fétty acid is a Cg to G, mono-carboxylic acid, optionally

10 hydroxy-substltuted... _ |

7. The grease comp051tlon of claim 5, wherein the
mgtal‘SOap is a l12-hydroxy stearate.

8. The grease compositich of any one of claims 1-7
wherein the metal salt (A) is an alkali or alkaline earth

15 metal salt or a zinc salt. - :

9. The dgrease composition of Claim 8, wherein the

metal of the metal salt (A) is magnesium or calcium.
10. The grease composition of'any one of claims 1-9,
- wherein the metal salt (A) has a metal ratio of about 1.1

20 to about 40. '

' 11. The grease comp051t10n of any one of claims 1-10
wherein the overbased metal salt (A) is selected from
carboxylates, _ phenates and sulfonates.

12. The grease composition of claim 11 whereln the

25 overbased metal salt (A) is a salicylate. ’

13. The grease composition of claim 11 wherein the
overbased metal salt (A) is an alkylbenzene sulfonate.

14. The grease composition of claim 11 wherein the
overbased metal salt (A) is a coupled phenate.

30 15. The grease composition of any préceding'claim,
wherein the phosphorus and sulfur contalnlng composition is
(B~-1) and a and b are each 1.
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16. The grease composition of claim 15, 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 contalnlng ‘from 1 to about 30 carbon atoms.

5 17. - The grease compos:.tlon of claim 16, whereln R,J,‘ is
18. The grease qomposition -of claim 15 or 16, wherein
each of R,, R, and R; is independently an alkyl group
containing from 1 to about 18 carbon atoms or an aryl group
10 containing from about 6 to about 18 carbon atoms.
19. The grease compos:Ltlon of any one of clainms 15-
18, wherein one of X X5 and X, is sulfur and the rest are
oxygen. ' _ o '
20. The grease composition of claim 15, wherein each
15 of R,, R, and R; is. independently hydrogen or
20 | -
R4 X5 ll’ | X7R6—
X R
25 6 S
_21. The grease composition of claim 15, wherein R; is
hydrogen and each R, and R, is independently hydrogen or
- 30 . ) - T '
X _ _ _ _
5 Ry X;- T - X;Rg
Xg Rs
40
- 22. Th_e' grease compositioh of either of claims 20.and 21,
wherein 'XS and X6 are oxygen and wherein X, and X8 are sulfur.
This Sheet Has Been Replaced
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23. The grease composition of either of claims 20 and 21,
wherein one of XS, 6’ and X8 is .sulfur and the rest are oxygen.

24. The grease composition of any one of claims 20 to
23, wherein each of X3 and X4 is oxygen.

5 25. The grease composition of claim 24, whereln X5 1s
oxygen. _ ,

26..' The grease composition of claim 15, wherein each
of R, and R, is independently hydrocarbyl having from 1 to
about 30 carbon atoms and R, is -R,OH wherein R, is an

10 alleené group containing from 2 to about 28 carbon atoms.

27. The grease composition of claim 26, wherein X; and
X, are sulfur and X, and X, are oxygen.

28. The grease composition of any one of claims 1-14,
wherein the phosphorus and sulfur containing composition is

15 the ammonium, amine or metal salt (B-2) and a and b are
each 1. . _ “ -_

29. The grease composition of claim 28, wherein (B-2).
is an amine salt formed from an hydroxyamine, an ether
amine or an aikyl amine having from 1 to about 24 carbon

20 - atoms. : : _ oo C o

' 30. The greasé composition'of claim 29, wherein the
amine is a tertiary alkyl primary amine.

31. The grease composition of any one of claims 1-14;
wherein the phosphorus'and sulfur containing composition is

25 the compound (B-3), wherein: each of R’ and R is
independently a hydrocarbyl group having from about 1 to
about 18 carbon atoms. .

32. The grease composition of ahy one of claims 1-14,
whereln at least two of Xor X4 and X;, are sulfur.

30 33. The grease composition of any précedlno claim, wherein the
phosphite (C) is a dihydrocarbyl hydrogen phosphite or a
trihydrocarbyl phosphite, wherein each hydrocarbyl group of
the phoéphite (C) independently contains from 1 to about 30
carbon atoms. - |
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34. The grease composition of claim 33, wherein the
phosphite (C) is dibutyl hydrogen phosphite or tributyl
phosphite, di- or trl-phenyl phosphite; or di- or trioctyl
phosphite. _ '

35. A grease compositioﬂ_compriSing a major amount of
an oil-based, simple metal soap thickened base grease and
minor amounts of _ '

(A) a metal overbased aliphatic hydrocarbon
substituted aromatic carboxylate; | )

(B) . at least one phosphorus .and sulfur contalnlng
comp051tlon 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 comprlslng
reacting apprqx1mate1y equlvalent - amounts of a
phosphorodithioic acid having the ‘formula '

. n4o\
o

\
:

P

wherein each R, and R; is independently a hydrocarbyl group
and an epoxide and subsequently reacting the product
obtained théreby'with phosphorus pentoxide, the molar ratio
of the phosphorodithioic acid4epoxide reaction product to
phosphorus pentoxide being within the range of from about
2:1 to about 5:1, then neutralizing at a temperature of
from about 0° to 209°ci'at least about 50% of the acidic
mixture with an amine selected from | |

a hydrocarbyl amine and a hydroxy-substituted hydrocarbyl
amine having from about 4 to about 30 carbon atoms;: and

—_
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formula

. 10

OR,;

wherein each of Rm and R,; is independently a hydrocarbyl
15 group containing from 1 to about 50 carbon  atoms and-.
wherein (A) is present in amounts ranging from about 0.25%
to about 10% by weight, and (B) and (C) are each
independently present in amounts ranging from about 0.25%
to about 5% by weight, to increase the dropping point of
20 the base grease by at least about 50°C as measured by ASTM
procedure D-2265. -
36. The grease composition of claim 12 or 35 and claims depen-
dent thereon wherein the overbased metal carboxylate (A) is an alkyl or
alkenyl substituted salicylate wherein the substituent contains
25 from about 12 to about 50 carbon_atoms; ” '
37. The grease composition of claim 12 or 35 and claims depen-
dent thereon whereJ‘_.n (A) is an overbased calcium alkyl salicylate having
a metal ratio of from 3 to about 20, (B). is prepared by reacting
the phosphorodithioic acid -wherein R, and R;_ each
30 independently is an aliphatic group having from 3 to about
12 carbon atoms or an aromatic group containing from 6 to
about 12 carbon atoms, with an epoxide having from 2 to
about 4 carbon atoms then reaéting the product obtained
thereby with about 1 mble, per 2.5 to about 3.5 moles of
35 phosphorodithioic acid-epoxide reaction product of
phosphorus pentoxide then neutralizing at least about 50%
of the acidic mixture with an alkyl amine containing from
about 8 to about 16 carbon atoms; and'wherein (C) is a
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dialkyl phosphite wherein each of R,, and R,;, independently,
contains from about 1 to about 6 carbon atoms.

38. The grease composition of any preceding claim
comprising from about 0.5% to about 5% by weight of

5 (A), from about 0.25-3% by weight of (B) and from 0.25-3%
by weight of (C).

39. A method of increasing the dropping point of an
oil-based simple metal soap thickened base grease by at
least about 50°C as measured by ASTM procedure D-2265

10 comprising incorporating therein a comp031t10n according to any
preceding claim. ' |
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