
FIELD OF THE INVENTION 

This invention relates to grease compositions. More 

particularly, it · relates to· metal soap thickened base 

greases having dropping points increased by at least about 

50°C as measured by _ASTM Procedu~e D-2265. 

BACKGBOUND OF TUE INYENTION 

Man's need to reduce friction dates back to ancient 

times. As far back a·s 1400 B.C., both mutton fat and beef 

fat (tallow) were used in attempting to reduce axle 

friction in chariots. 

Until the mid-lBOO'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 lubricants, includinq qreases, have been based on 

petroleum ("mineral") oil, al though . synthetic oil based 

lubricants are used for special applications. 

In the NLGI Lubricating 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 ~etal soap, complex metal sa:l t-metal 

soap and non-soap thickened qreases. 

Metal soap thickened greases have provided exemplary 

performance. However, under certain conditions an 

increased dropping point as measured by ASTM Procedure D-

22 65 is required. 
one way to increase the dropping point 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, 

_dicarboxylic acids and certain aromatic 

·alpha-omega-
acids. This 

process necessarily ~onsumes considerable time resulting in 

reduced production. ,1 t .. · '.:' ·' '.. . 
• ... ; . •·· .. J. ~~/i ...... ~: 
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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 

5 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
containinq compounds~ Other additives contemplated for use 

10 with boron-containinq compounds are phosphorus- and sulfur­
containinq materials, particularly zinc dithiophosphates. 

Reaction p~oducts of- O,O-dihydrocarbyl-
phosphorodi thioic acids with epoxides are described by 
Asseff in US 3,341,633. These products are described as 

15 qear lubricant additives and as intermediates for preparinq 
lubricant additives. 

us 3, 197, 405 (Lesuer) describes phosphorus and 
nitrogen containing compositions prepared by foning an 
acidic intermediate by the reaction of a hydroxy 

2 o substituted triester of a phosphorothioic acid with an 
inorqanic phosphorus reaqent and neutralizin_g 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 
25 grease containinq a base oil, a fatty acid havinq 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 
30 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 overb~sed 
metal salt of an orqanic acid, (B) at least one phosphorus 
and sulfur _containing composition and (C) a hydrocarbyl 

35 phosphite, together, in amounts sufficient to increase the 
dropping point of the base grease, as determined by ASTM 
procedure- D-2265, by at least so•c, said phosphorus and 

-... 
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sulfur containing composition selected from the group 

described in greater detail hereinbelow • 

. The greases of this invention are · useful for 

lubricating, sealing and· protectinq mechanical components 

s such as gears, axles, bearinqs, shafts, hinges and the 
like. Such mechanical components are found in automobiles, 
trucks, bicycles, steel mills, mining equipment, railway 

. . 

~quipment including rolling stock, aircraft, boats, 
construction equipment and numerous other types of 

10 industrial and consumer machinery. 
DETAILED DESCRIPTION OF THE INVENTION 

Heat resistance of qreases is measured in a number of 

ways. One measure of heat resistance is the droppinq 
point. Grease typically does not have a sharp melting 

15 point but rather softens until it no longer functions as a 
thickened lubricant. The American Society for Testing and 
Materials (1916 Race Street, Philadelphia, Pennsylvania) 
h~s set forth ~ test procedure, ASTM D-2265, which provides 
a means for measuring the dropping point of greases. 

2 O In general, the · droppinq 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 which the first drop 
of material falls from the test -cup employed in the 

25 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 poi~t above that obtained employing simple metal 

30 soap thickened greases is desirable. 
Complex metal soap greases provide increased dropping 

point, but have a number of significant drawbacks. Compl"ex 
thickeners involve in addition to a fatty acid component, 
a non-fatty acid, . e.g., benzoic, organic dibasic acids, 

3 5 etc. . component~ The formation of the complex grease 
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typically requires extended heatinq periods, sometimes 
several times that reqilired to prepare a simple metal soap 
thickened qrease. Accordinqly, it is desirable to provide 
a means for preparinq a simple metal soap thickened qrease 

5 composition havinq droppinq · points approachinq or even 
exceedinq those possessed by complex qreases. 

Thus, we have now found it possible to provi~e 

novel qrease compositions; 
to provide 

10 qrease compositions havinq valuable properties; and 

to provide 

qrease compositions having 
stability as indicated by an 

improved thermal {heat) 
increased droppinq point as 

measured by ASTM Procedure D-2265. 

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

The grease compositions of this invention display 
droppinq points at least . so• c qreater than the droppinq 

20 point of the corresponding simple me~al soap thickened base 
qrease. This benefit is obtained by incorporatinq into a 
simple metal soap thickened base grease an overbased 
organic acid, certain sulfur and phosphorus containinq 
compositions and a hydrocarbyl phosphite in amounts 

25 sufficient to increase the droppinq point of the 
correspondinq base qrease by at least about so·c as 
measured by ASTM Procedure .D-2265. 

Greases are frequently exposed to water. Thus, it is 
desirable that qeneral purpose· qreases be substantially 

30 free of components that are readily adversely affected by 
water. 

Boron-containinq compounds are notoriously sensitive 
to water, either being water-soluble, ·being subject to 
leachinq . from the grease into water or being readily 

35 hydrolyzed yieldinq undesirable hydrolysis products or to 
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hydrolysis products which readily leach . out into water. 
Preferably, the grease of this invention is substantially 
free of boron and boron-containing compounds. 

The expression "substantially free of" means that the 
5 material ref erred to is absent or present in amounts having 

an essentially unmeasurable or insiqnif icant effect on the 
grease composition. 

·Greases are typically prepared by thickening an oil 
basestock. The greases of this invention are oil-based, 

10 that is, they comprise an oil which has been thickened witl>. 
a metal soap thickener. 

The·grease compositions of this invention employ an 
oil of lubricating viscosity, includinq natural or 
synthetic lubricatinq oils and mixtures thereof. Natural 

15 oils include animal oils, veqetable oils, mineral oils, 
solvent or acid treated mineral oils, and oils derived from 
coal or shale. Synthetic lubricating oils include 
hydrocarbon oils, halo-substituted hydrocarbon ·oils, 
alk.ylene oxide polymers, esters of carboxylic acids and 

20 polyols, · esters of polycarboxylic . acids and alcohols~ 

esters of phosphorus-containinq acids, polymeric 
tetrahydrofurans, silicone-based oils and mixtures thereof. 

Specific examples of oils of lubricating viscosity are 
described. in us Patent 4,326,972 ·and European Patent 

25 Publication 107, 282, both herein incorporated by reference 
for their disclosures relatinq to lubricatinq oils. A 
basic, brief description of lubricant base oils appears in 
an article by · o. v. Brock, "Lubricant Base Oils", Lubricant 
Engineering, volume 43, paqes 184-185, March 1987. This 

30 article is herein incorporated by reference for its 
disclosures 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 

35 disclosure to oils of lubricating viscosity. 
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Another source of information reqardinq oils used to 
·prepare lubricatinq qreases is NLGI Lubricating Grease 
Guide, National Lubricatinq Grease Institute, Kans·as City, 
Missouri (1987), pp 1.06-1.09, wJiich is expressly 

5 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 
oil of · 1ubricatinq viscosity in amounts, typically from 

10 abou~ 1 to about 30% ·by weight, more often from about 1 to 
about 15% by weight, ·of the base grease composition. In 
many cases, the amount of metal soap used to thicken the 
base oil constitutes from about 5% to about 2.5% by weiqht 
of base grease. In.other cases from about 2% to about 15% 

15 by weight of metal soap is present in the base qrease. 
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 qrease. 

20 The type and amount of metal soap employed is also 
dictated by the desired consistency, which is a measure of 
the deqree to which the qrease resists deformation under 
application of force. Consistency is usually indicated by 
the ASTM cone penetration test, ASTM D-217 or ASTM D-1403. 

25 . Types and amounts of simple metal soap thickeners to 
employ are well-known to those skilled in the qrease art. 
The aforementioned NLGI Lubricating Grease Guide, pp 1.09-
1. 11 · provides a description of simple metal soap 
thickeners. This text is hereby incorporated herein by 

3 o reference for its disclosure of simple metal soap grease 
thickeners • 

. As indicated hereinabove the grease compositions of 
this invention are oil based, includinq both natural and 
synthetic oils. Greases are made from these oils by adding 

35 a thickening aqent thereto. Thickening agents useful in 



- 7 -

the greases of this invention are the simple metal soaps. 
By simple metal soaps is meant the sUJ:?stantially 
stoichiometrically neutral metal salts of fatty acids. By 
substantially stoichiollietrically neutral is·· meant that the 

5 metal salt contains from about 90t to about llOt of the 
metal required to prepare the · stoichiometrically neutral 
salt, preferably from about 95t ·to about lOOt. 

Fatty acids are defined herein as carboxylic acids 
containing from about 8 to about 24, preferably from about 

10 12 to about 18 carbon atoms. The fatty acids are usually 
monocarboxylic acids. Examples of useful fatty acids are 
·capric, palmi tic, stearic, oleic and others. Mixtures of 
acids are useful. Preferred carboxylic acids are linear; 
that is they are substantially free of hydrocarbon 

15 branching • 
. Particularly useful acids are the hydroxy-substituted 

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 12-hydroxy-, i4-hydroxy- · etc. 

20 stearic acids. 
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 
saponif ication of a fat which is often a giyceride or of 

25 other esters such as methyl or ethyl esters of fatty acids,. 
preferably methyl esters, which saponif !cation· is generally 
conducted in situ in the base oil making up the grease. 

Whether the metal soap is prepared from a fatty acid 
or a~ ester such as a fat, greases are usually prepared in 

30 a grease kettle, forming a mixture of the base oil, fat, 
ester or fatty acid and metal-containing reactant to form 
the soap in-situ. Additives for use in th~ grease may be 
added during grease manufacture, but are often added 
followi-ng formation of the base grease. 

35 The metals of the. metal soaps. are typically alkali 
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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 th.e fat, ester ~r fatty acid 
with basic metal containing reactants such as oxides, 

5 hydroxides, carbonates and alkoxides {typically lower 
alkoxides, those containinq 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 

10 acid to permit convenient processing. 
Preferred metals 

maqnesium, barium and 
lithium, sodium and 
preferred. 

are lithium~ sodium, calcium, 
aluminum. Especially pref erred are 
calcium; lithium is particularly 

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

These and other thickening agents are described ·in us 
20 Patent Nos. 2,197,263; · 2,564,561 and 2,9991066, and the 

aforementioned NLGI Lubricating Grease Guide, all of which 
are incorporated herein by reference for re1·evant 
disclosures of grease thickeners. 

Complex qreases, e.q., those containinq metal soap-
25 . salt complexes such as metal soap-acetates, metal soap­

dicarboxylates, etc. are not simple metal soap thickeners 
as defined herein. 
(Al The Overbased Metal Salt of an Organic Acid 

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

content in excess of that which would be present according 
to the stoichiometry of the metal and orqanic acid 
reactant. The amount of excess metal is commonly reported 
in terms of metal ratio. The term "metal ratio" is the 

35 ~atio 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 

5 (Chemical Abstracts (CAS) version of the Periodic Table of 

the Elements). Most preferred are sodium magnesium and 
calciwu, with calcium being especially preferred. 

In the present invention, the· preferred overbased 

materials have metal ratios from about 1.1 to about 25, 
10 with metal ratios of from about 1.5 to about 20-being •ore 

preferred, and with metal ratios Of from 5 to 15 being more 
preferred. 

Generally, overbased materials useful in the present 
invention are prepared by treating a ·reaction mixture 

15 comprising an orqanic acid, a reaction medium comprising at 

- least one solvent, a stoichiometric excess of a basic metal 

compound and a promoter with an acidic material, typically 

·carbon dioxide. In some cases, particularly when the metal 
is maqnesium, the acidic material may be replaced . with 

20 water. 

Organic Acids 
The organic acids useful in making the overbased salts 

of the present invention include carboxylic acid, sulfonic 
acid, phosphorus-containinq acid, phenol or mixtures of two 

25 or more thereof. 
Carboxylic Acids 

The carboxylic acids useful . in making the salts (A) 
may be aliphatic or aromatic,.mono- or polycarboxylic acid 
or acid-producing compounds. These carboxylic acids 

30 include lower molecular weight carboxylic. acids (e.q., 

carboxylic acids having up to about 22 carbon atoms such as 
ac.ids having about 4 to about 22 carbon · atoms or 
tetrapropenyl-substituted succinic anhydride) as well as 
higher molecular weight carboxylic acids. Throughout this 

35 specification and in the appended claims, any reference to 
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carboxylic acids is intended to include the acid-producinq 
derivatives thereof such as anhydrides, lower alkyl esters, 
acyl halides, lactones and mixtures thereof unless 
otherwise specifically stated. 

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

10 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, these carboxylic acids do not 
contain more than about 400 carbon atoms per molecule, 
preferably no more than about 100, more preferably no more 

15 than about 50. 
The lower molecular weight monocarboxylic acids 

contemplated for use in this invention include saturated 
and unsaturated acids. Examples of such useful acids 
include dodecanoic.acid, decanoic acid, oleic acid, stearic 

20 acid, linoleic acid, tall oil acid, etc. Mixtures of two 
or more such aqents can _also be used. An ·extensive 
discussion of these acids is found in Kirk-Othmer 
"Encyclopedia of Chemical Technology•.• Third Edition, 1978, 
John Wiley & Sons New York, pp. 814~871; these paqes being 

25 incorporated herein by reference. 
Examples of lower molecular. weight polycarboxylic 

acids include dicarboxylic acids and derivatives such as 
sebacic acid, cetyl malonic acid, tetrapropylene­
substituted succinic anhydride, etc. Lower alkyl esters of 

30 these acids can also be ~sed. 
The monocarboxrlic acids ~nclude isoaliph~tic acids. 

such acids often . contain a principal chain having from 
about 14 to about 20 saturated, aliphatic carbon atoms and · 
at least one but usually no more than about four pendant 

35 acyclic lower alkyl groups. Specific examples of such 
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isoaliphatic acids include· 10-methyl-tetradecanoic acid, 3-

ethyl-hexadecanoic acid, and 8-methyl-octadecanoic acid. 

The isoaliphatic acids include mixtures of branch­

chain acids prepared by_ the isomerization of commercial 

5 fatty acids (e.g. oleic, linoleic or tall oil acids) of, 

for example, about 16 to about 20 carbon atoms. 

The higher molecular weight mono- and polycarboxylic 

acids suitable for u~e in making the salts (A) are well 

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

10 example, in the following. U.S., British 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 

15 4,368,133; British Patents 944,136; 1,085,903; 1,162,436; 

and 1,440,219;.and Cana~ian Patent 956,397. These patents 

are incorporated herein by-references for their disclosure 

of higher molecular weight mono- and polycarboxylic acids 

and methods for making the same. 

20 A group of useful aromatic carboxylic acids are those 

25 

30 

of the formula 
x*, 

u 
· · cc-x*2H)b · 

R*-Ar_/ 

• ""'(x"Js) c 

(XV) 

wherein in Formula XV, R* is an aliphatic 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 aromatic 

35 group, x*1 , x*2 and x*3 are independently sulfur and oxygen, 

b is a number in the range of from . 1 to about 4, c is a· 

number in the range of 1 to about 4,,usually 1 to 2, with 

the proviso that the sum of a, b and c does not exceed the 

number of valences of .·Ar. Preferably, R* and a are such 



- 12 -

that there is an averaqe of at least about 8 aliphatic 
carbon atoms provided by the R* groups in · each compound 

represented by Formula xv. 
The aromatic qroup Ar in_ Formula XV may have the same 

5 structure as any of the aromatic groups Ar discussed below 
under the heading "Phenois11 • Examples of the aromatic 

qroups that are useful herein include the polyvalent 

aromatic qroups derived from benzene, naphthalene, 
anthracene, etc., preferably benzene. Specific examples of 

10 Ar groups include phenylenes and naphthylene, e.q., 
methylphenylenes, ethoxyphenylenes, · isopropylphenylenes, 
hydroxyphenylenes, dipropoxynaphthylenes, etc. 

Examples of the R* groups in Formula XV include butyl, 

isobutyl, pentyl, octyl, nonyl, dodecyl, and substituents 
15 derived from polymerized olefins such as polyethylenes, 

polypropylenes, polyisobutylenes, ethylene-propylene 

copolymers, oxidized ethylene-propylene copolymers, and the 

like. 
Within this group of aromatic acids, a useful class of. 

20 carboxylic acids are those of the formula 

25 
R*6 

a 

(COOH)b 

(XVI) 

30 where in Formula XVI, R*6 is an aliphattc 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, 
preferably 1 to about 3; b is a number in the range of 1 to 
about 4, preferably 1 to about 2, c is a number in the 

35 range of 1 to about 4, preferably 1 to about 2, and more 
preferably 1; with the proviso that the sum of a, b and c 
does not exceed 6. Preferably, R-t> 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 carboxylic acids 
(XIV) are the aliphatic hydrocarbon-substituted salicylic 

5 acids wherein each aliphatic hydrocarbon substituent 
contains an averaqe of at least. about 8 carbon atoms per 
substituent and l to 3 substituents per molecule. Salts 
prepared from such salicylic acids wherein the aliphatic. 
hydrocarbon substituents are derived from polymerized 

10 olefins, particularly. polymerized lower 1-mono-olefins such 
as polyethylene, polypropylene, polyisobutylene, 
ethylene/propylene copolymers and the like and havinq 
averaqe darbon contents of about 30 to about·400 carbons 
atoms are particularly useful. 

15 . The aromatic carboxylic acids correspondinq to 
Formulae XV and XVI above are well known or can be prepared 
accordinq to procedures known in the art. Carboxylic acids 
of the type illustrated by these formulae and process~s for 
preparinq their neutral and basic metals salts are well 

20 known and disclosed, for example, in U.S. Patents 
2,197,832; 2,197,835; 2,252,662; -2,252,664; 2,714,092; 
3,410,798; and 3,595,791. 
Sulfonic Acids 

The sulfonic acids useful in making salts (A) of the 
25 invention include the sulfonic and thiosulfonic acids. 

30 

35 

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 acids can be represented for the most part by the 
followinq formulae: 

R'1.-T-(S03H)b (XVII) 

R12-(SO H) (XVIII) 3 a. 

In the above Formulae XVII and XVIII, T is a cyclic nucleus 
such a~, for example, benzene, naphthalene, anthracene, 
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diphenylene oxide, diphenylene sulfide, petroleum 

naphthenes, etc. R#1 preferably is an aliphatic qroup such 

as alkyl, alkenyl, alkoxy, alkoxyalkyl, etc.; a is at least 

l, and R11
8 
-T contains a total of at least about 15 carbon 

5 atoms. When R112 is an aliphatic qroup it usually contains. 

at least about 15 carbon atoms. When it is an aliphatic­

substi tuted cycloaliphatic qroup, the aliphatic qroups 

10 

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

R112 is preferably alkyl, alkenyl ,· alkoxyalkyl, 

carboalkoxyalkyl, etc. Specific· examples of R'1 and R112 are· 

qroups df;!rived.from petrolatum, saturated and unsaturated 

paraffin wax, and .polyolefins, includinq polymerized, Cz, 
c;, C41 c5, c6 , etc., olefins containinq from about 15 to 700 

or more carbon atoms. The qroups T, R", and R12 . in the 

15 above Formulae XVII and XVIII can also contain other 
inorqanic or orqanic substi tuents in addition to those 

enumerated above such as, for example, hydroxy, mercapto, 

haloqen, nitro, amino, nitro~o, sulfide, disulfide, etc. 

In Formula XVII, a and b are at least l, and likewise in 

20 Formula XVIII, a is. at least l •. 

Specific examples of oil-soluble sulfonic acids are 

mahoqany su,lfonic acids; briqht stock sulfonic acids; 

sulfonic acids derived . from lubricatinq oil fractions;. 
petrolatum sulfonic acids; mono- and poly-wax-.substituted 

25 sulfonic and polysulfonic acids of, e.q., benzene, 
naphthalene, phenol, dip:tienyl ether, naphthalene disulfide, 

etc.; other substituted sulfonic acids such as alkyl 

benzene sulfonic acids (where the alkyl qroup has at least 

8 carbons), cetylphenol man-sulfide sulfonic acids, 

30 dilauryl beta naphthyl sulfonic acids, and alkaryl sulfonic 

acids such as dodecyl benzene "bottoms" sulfonic acids. 

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

35 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 c12 

substituents on the benzene ring. Dodecyl benzene bottoms, 
principally mixtures of mono- and di-dodecyl benzenes, are 

5 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. 

10 The production of sulf onates from deterqent 
manufactured byproducts by reaction with, e.g., so3 , is well 
known 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 

15 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 

20 the range Of 700 tO 5000 I preferably 700 . tO 1200 r lDOre 
preferably about 1500 with chlorosulfonic acids, paraffin 

wax sulfonic acids, polyethylene (Mn equals about 900-2000, 

preferably about 900-1500, more preferably 900-1200 or 
1300) sulfonic acids, etc. Preferred sulfonic acids are 

25 mono-, di-, and tri-alkylated benzene (including 
hydrogenated forms thereof) sulfonic acids. 

Also included are aliphatic sulfonic acids such as 
paraffin wax sulfonic acids, unsaturated paraffin wax 
sulfonic acids, hydroxy-substituted paraffin wax sulfonic 

3 o acids, polyisobutene sulfonic acids wherein the 
polyisobutene contains· from 20 to 7000 or more carbon 
atoms, chloro-substi tuted paraffin·. wax sulfonic acids, 
etc.1 cycloaliphatic sulfonic acids such as _petroleum 
naphthene sulfonic acids, lauryl cyclohexyl sulfonic acids, 

35 
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mono- or poly-wax-substituted ·cyclohexyl sulfonic acids, 
etc. 

With respect to the sulfonic acids or salts· thereof 
described herein and in the appended claims, it is intended 

5 herein· to employ the term ·"petroleum 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) 

10 obtained as a by-product from the manufacture of petroleum 
·.white oils by a sulfuric acid process. 

The basic ( overbased) salts of the above-described 
synthetic and petroleum sulfonic acids are useful in the 
practice of this ~nvention. 

15 Phenols 
The phenols useful in making the· sal·ts (A) of the 

invention can be represented by the formula 
R#3

8
-Ar-(OH)b (XIX)· 

wherein in Formula XIX, RIB is a hydrocarbyl group of from 
20 about 4 to about 400 carbon atoms; Ar is an aromatic group; 

a and b are independently numbers of at least one, the sum 
of a and b being in the range of two up to the number of 
displaceable hydrogens on the aromatic nucleus or nuclei of 
Ar. Preferably, a and b are independently numbers in the 

25 range of 1 to about. 4, more preferably 1 to about 2. RIB 

and a are preferably such that there is an average of at 
least about a aliphatic carbon atoms provided by the RIB 

groups for each phenol compound represented by Formula XIX. 

While the term "phenol" is used herein, it is to be 
30 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 "Ar" in Formula XIX, as, well as elsewhere in other . 
formulae in this specification and in the appended claims, 

35 can be mononuclear such as a phenyl, a pyridyl, or a 
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thienyl, or polynuclear. The polynuclear 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 

5 linked type wherein· at least two nuclei (either mononuclear 
or polyhuclear) are linked through bridging linkages to 
each other. These bridging linkages can be chosen from the 
group consisting of alk.ylene linkages, ether linkages, keto 
linkages, sulfide linkages, polysulfide linkages of 2 to 

10 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 nucleus, the sum of a and b is from 2 to 6. 

15 When Ar contains two aromatic nuclei, the sum of a .. and b 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 hydrogens on the aromatic nucleus or nuclei 

20 of Ar. 
The R13 group in. Formula . XIX is a hydrocarbyl group 

that is directly bonded to the aromatic group Ar. R13 

preferably contains about 6 to about so carbon atoms, 
preferably about 6 to about 30 · carbon atoms, more 

25 preferably about 8 to about 25 carbon atoms, and 
advantageously about 8 to about 15 carbon atoms. Examples 
of R113 groups include butyl, isobutyl, pentyl, octyl, nonyi, 
dodecyl, 5-chlorohexyl, 4-ethoxypentyl, 3-cyclohexyloctyl, 
2, 3, 5-trimethylheptyl, and substi tuents derived from 

30 polymerized olefins such as polyethylenes, polypropylenes, 
polyisobutylenes, ethylene-propylene copolymers, 
chlorinated olefin polymers, oxidized ethylene-propylene 
copolymers, propylene tetramer and tri(isobutene). 
Metal Compounds. 

3 5 The metal compounds useful in making the overbased 
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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, alkoxides, .etc. 
Group I or Group II metal compounds (CAS version of 

5 Periodic Table of the Elements) are preferred. The Group 
I metals of the metal compound include alkali metals 
(sodium, potassium, lithium, etc.) as well as Group IB 
metals such as copper. The Group I metals are preferably 
sodium, potassium and copper, more preferably sodium or 

10 potassium, and more preferably sodium. The Group II metals 
of the metal base include the alkaline earth metals 
(magnesium, c.alcium, barium, etc.) as well as the Group IIB 
metals such as zinc or cadmium. Preferably the Group II 
metals are magnesium, calciµm, or zinc, preferably 

15 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 formic acid, acetic acid, nitric.acid, 

20 sulfuric acid, etc. -Acetic acid is particularly useful. 
Inorganic acidic materials may also be used such as HCl, 
~Bo3 , so2, so3, co2, HzS, etc., carbon dioxide is preferred. 
A preferred combination of acidic materials is carbon 
dioxide· and acetic acid. 

25 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 
hydroxide, organic acids of up to about 8 ·carbon atoms, 
nitric acid, sulfuric acid, hydrochloric acid, metal 

30 complexing agents such as alkyl salicylaldoxime, and alkali 
metal hydroxides such as lithium hydroxide, sodium 
hydroxide and potassium hydroxide, phenolic substances such 
as phenols and naphthols, amines such as aniline and 
dodecyl amine and mono- and polyhydric alcohols of Up to 

35 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 3,492,23f. These patents are 
incorporated herein by reference for their disclosure of 
promoters. Especially usefu~ are the monohydric alcohols 

5 having up to about 10· carbon atoms, mixtures of methanol 
with higher monhydric alcohols and phenolic materials. 

Patents specifically describing techniques for making 
basic salts of the hereinabove-described sulfon~c acids, 
carboxylic acids, and mixtures of any two or more of these 

10 include U.S. Patents 2,.501,731; 2,616,90S: 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 incorporated in 
this present specif !cation ·for their disclosures in this 

15 regard as well as for their disclosure of.specific suitable 
basic metal salts. 

As indicated .hereinabove, the acidic material (e.g. 
co2, acetic acid, etc.) may be replaced with water. The 
resulting overbased salts are described as hydrated. These 

20 products are most often magnesimn overbased compo~itions. 
U.S. 4,094,~0l (Forsberg) 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 

2 5 organic acids. 
A large number of overbased metal salts are available 

for use in the compositions of this invention. Such 
overbased salts are well known to tho.se skilled in the art. 
The following Examples are provided to illustrates types of 

30 overbased 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. 

Example A-1 

· 35 A mixture of 906 grams of an oil solution 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 magnesilim oxide and 120 grams 

water is blown with carbon dtoxide at a temperature of 78-

5 as·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. Afte~ carbonation, 

the reaction mixture is stripped to 165°C/20 torr and the 

residue filtered. The filtrate is an oil solution (34% 

10 oil) of the desired overbased magne.sium sulfonate having a 

metal ratio of about 3. 
Example A.;..2 

A mixture of 160_ grams of blend oil, 111 grams of 

polrisobutenyl (number average molecular weight=950) 

15 succinic anhydride, 52 grams of n-butyl alcohol, 11 grams 

of water, 1.98 grams of Peiadow (a product of Dow Chemical 

identified as c_ontaining 94-97% cac12) and 90 grams of 

hydrated lime are mixed together. Additional hydrated lime 
is added to neutralize the ·subsequently added sulfonic 

20 acid, the amount of said additional lime being dependent 

upon the acid number of the sulfonic acid. An oil solution 

(1078 grams, sat by weight of o_il) of a straight chain 

dialkyl benzene sulfonic acid (molecular weiqht=430) is 
added with the temperature of the reaction mixture not 

25 exceeding 79•c. The temperature is adjusted to 60°C. The 
reaction product of heptyl phenol, lime and formaldehyde 

(64 .s 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 

3 o 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 

35 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-
16o·c, filtered and adjusted with oil to a 12.0% ca level~ 

5 The product is an overbased calcium sulfonate havinq, by 
analysis, a base number (bromophenol blue) of 300, 'a metal 
content of 12.0% by weight, a metal ratio of 12, a sulfate 
ash content of 40. 7% by weiqht, cind a sulfur content of 
1.5% by weiqht. The oil content is 53% by weight. 

10 Example A-3 
A reaction mixture comprisinq 135 qrams mineral oil, 

330 grams xylene, 200 grams (0.235 equivalent) of a mineral 
oil solution of an alkylphenyl-sulfonic acid (averaqe 
•olecular weiqht 425), 19 qrams (0.068 equivalent) of tall 

15 oil acids, 60 qrams (about 2 .• 75 equivalents)" of maqnesium 
oxide, 83 qrams methanol, and 62 qrams water is carbonated 
at a rate of 15 qrams of carbon dioxide per hour f o~ about 
two hours at the methanol reflux temperature. The carbon 
dioxide inlet rate is then reduced to about·7 qrams per 

20 hour, and the methanol is removed by raisinq the 
temperature to about gs•c over a three hour period. water 
(47 qrams) is added and carbonation is continued for an 
additional 3.5 hours at ·a temperature of about gs•c. The 
carbonated mixture is· then stripped by heatinq to a 

25 temperature of 140·-14s•c over a 2.5 hour period. This 
results in an oil solution of a basic magnesium salt 
characterized by a metal ratio of about 10. 

The carbonated mixture is cooled to about 60°-6S 0 c., 
and 208 grams xylene, 60 grams magnesium oxide, 83 qrams 

30 methanol and 62 grams water are added thereto. carbonation 
is resumed at a rate of 15 grains 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 

35 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·-16o·c over a 
3.5 hour period and then, further stripped by reducing the 

5 pressure to 20 mm. (Hg.) at this temperature. The 
carbonated reaction product is filtered, and the filtrate 
is ari oil-solution of the desired basic magnesium salt 
characterized by a metal ratio of about 20. 

, Example A-4 

10 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 alcohol and amyl alcohol, 43. 2 grams of a 15% 
calcium chloride aqueous solution and 86.4 grams ·of lime is 

15 prepared. While maintaining tbe temperature below 8o•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 

20 is dried at 15o•c to about o. 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, formaldehyde- . 

. . 

coupled, heptylphenol having a metal ratio of 0.8 and 2.2% 
25 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 
lime increment of 17.1 grams is added and carbonated to a 
neutralization base number of (phenolphthalein) 45-55. 

30 Approximate.ly 331 grams ·of carbon dioxide are used. 
mixture is dried at iso•c to approximately o.5% water. 

The 
The 

reaction mixture is filtered and the fil~rate is the 
desired product. The product contains, by .analysis, 12% 
calcium and has a metal ratio of 11. The product contains 

35 41% oil. 
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Example A-5 
·A reaction vessel is charged with 1122 grams (2 

equivalents) of a polybutenyl~substi tuted succiriic 
anhydride derived from a polybutene {Mn=lOO.O, 1: 1 ratio of 

5 polybutene to maleic acid), ios 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 ao•c under nitrogen, and 580 grams of a 50% 

aqueous solution of sodium hydroxide are added to the 
10 vessel over 10 minutes. The mixture is heated from ao·c to 

i2o•c over 1.3 hours. The reaction mixture is carbonated 
at 1 standard cubic foot per hour (scfh) while removing 
water by azeotropic reflux. The temperature rises to lso·c 

over 6 hours while 300 grams of water is collected. (1) 
15 The reaction mixture is cooled to _about ao•c whereupon 540 

grams of 50% aqueous solution of sodium hydroxide are added· 
to the vessel. (2) The reaction mixture is heated to 14o•c 

over 1.7 hours and water is removed at reflux conditions. 
(3) The reaction·mixture is carbonated at l standard.cubic 

20 foot per hour (scfh)· while removing water for 5 hours. 
Steps (1)-(3) are repeated using 560 qrams of an aqueous 
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 

25 a 50% aqueous sodium hydroxide solution. The reaction 
mixture is cooled and 1000 qrams of 100 neutral mineral oil 
are added to the reaction mixture. The reaction. mixture is 
vacuum stripped to llS•C at about 30 millimeters. Of 

·mercury. The residue is filtered through diatomaceous 
30 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 
about 13. 

Example A-6 
35 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 about 320, and 45% oil. 
Example A-7 

A reaction vessel is charged with 700 grams of a 100 
5 neutral mineral oil, 700 grams (1.25 equivalents) of the 

succinic anhydride of Example A-5 and 200 grams (2.5 
equivalents) of. a 50% aqueous solution of sodium hydroxide. 
The reaction mixture is stirred and heated to so·c 
whereupon 66 grams (0.25 equivalent) of tetrapropenyl 

10 phenol are added to the reaction vessel. The reaction 
mixture is heated from ao•c to 14o•c over 2.5 hours while 
blowinq of nitrogen and removing 40 grams.of water. carbon 
dioxide (28 grams, 1.25 equivalents) is added over 2.25 
hours at a temperature from 140-16S•c. The reaction 

.15 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 diatomaceo~s earth. 
The filtrate has 4.06% sodium, a total base number of 89, 

20 a specific gravity of 0.948, 44.5% ~il, 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 succinic anhydride of Example A-5, 281 
25 grams of xylene, 26 grams of tetrapropenyl substituted 

phenol and 250 grams of 100 neutral mineral oil. The 
mixture is heated to 9o•c and 272 grams (3.4 equivalents) 
of an aqueous sodium hydroxide solution are added to the 
reaction mixture. The mixture is blown with nitrogen at 1 

.30 · scfh~ and the reaction temperature is increased to 14s•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 so•c 
whereupon 272 grams (3.4 equivalents) of the above sodium 

35 hydroxide solution are added to the reaction mixture, and 

• 
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the mixture is blown with nitrogen at i scfh. The reaction 

temperature is increased to 14o•c whereupon the reaction 

mixture is blown with carbon dioxide at t scfh for 1 hour 

and 25 minutes while 150 grams of water are collected. The 

5 reaction temperature is decreased to loo•c, and 272 grams 

(3.4 equivalents) of the above sodium hydroxide solution 

are added while blowinq the mixture with nitroqen at 1 

scfh. The reaction temperature is increased to 148°C, and 

the reaction mixture is blown with carbon dioxide at 1 scfh 

10 for 1 hour and 40 minutes while 160 qrams of water are 

collected~ The reaction mixture is cooled to go•c and 250 

grams of_ 100 neutral mineral oil are added to the reaction 

mixture.· The reaction mixture.is vacuum stripped at 1o•c 
and the residue is filtered through diatomaceous earth. 

15 The filtrate contains 50.0' sodium sulfate ash by :AS™ 0-

874, total base number of 408, a specific qravity of 1.18, 

37.1% oil, and the salt has a metal ratio of about 15.8. 

Example A-9 
A solution of 780 parts (1 equivalent) of an alkylated 

20 benzenesulfonic acid (57% by weight 100 neu~ral mineral oil 

and unreacted alkylated· benzene) and 119 parts ·co.2 

equivalents) of the polybutenyl succinic anhydride in 442 

parts of mineral oil is mixed with 800 parts (20 

equivalents) of sodiwa hydroxide · and 704 parts (22 

25 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 cfh and the temperature 

decreases slowly_ to a9•c over about 40 minutes. The rate 

30 of carbop dioxide flow is reduced to 5 cfh. for about 35 

minutes and the temperature slowly decreases to 73 • c. The 

volatile materials are stripped by blowing nitrogen through 

the carbonated mixture at 2 cfh. for _ 105 minutes as the 

35 

temperature is slowly increased to 16o·c. 

is completed,· the mixture is · held at 
After stripping 

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. 

Example A-10 
5 A blend is prepared of ·135 parts of magnesium oxide 

and 600 parts· of an alkylbenzenesulfonic acid having an 
equivalent weight of about 385, and containing about 24% 
unsU:lfonated alkylbenzene. During blendinq, an exothermic 
reaction takes place whicb causes the temperature to rise 

10 to 57•c. The mixture is stirred for one-half hour and then 
50 parts of water is added. Upon heatinq at 95°C for one 
hour, the desired maqnesium oxide-sulfonate complex is 
obtained as a firm gel containinq 9.07' maqnesium. 

Example A-11 
15 . A reaction mixture comprisinq about 506 parts by 

weight of a mineral oil solution containinq about o·. 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 
20 30 parts ~y weight Of an oil mixture containing about 0.037 

equivalent of an alkylated benzenesulfonic acid together 
with about 22 parts by weight (about 1.0 equivalent)" of a 
maqnesium oxide_ and about 250 parts by weight of xylene is 
added to a flask and heated to temperatures of about 60°C 

25 to 1o•c. The reaction is subsequently _heated to about ss•c 
and approximately 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•-1oo•c for about 1\ hours and 

30 subsequently stripped at about 1ss•c, under 40 mm Hg, and 
filtered. The filtrate comprises . the basic carboxylic 
magnesium salts and is characterized by a sulfat:ed ash 
content of l.5.59% (sulfated ash) corresponding to 274% of 
the stoichiometrically equivalent amount. 

35 
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Example A-12 
A reaction miXture comprisinq approximately 1575 parts 

by weight of an oil solution containing about 1.5 
equivalents of an alkylated 4-hydroxy-1,J-

5 · benzenedicarboxylic acid wherein the alkyl qroup has an 
averaqe of at least about 16 aliphatic carbon atoms and an 
oil mixture containinq about o.5 equivalent of a tall oil 
fatty acid toqether with about 120 parts by weiqht (6.0 
equivalents) of a maqnesium oxide and about 700 parts by 

10 weight of an organic solvent containinq xylene is added to 
a flask and heated to temperatures ranqinq from about 10·-

75•c. The reaction is subsequently heated to about 95•c 
and approximately 200 parts by weight of water are added.to 
the reaction which is then heated to the reflux 

15 temperature. The reaction mass is held at the reflux 
temperature of ab.out 95•-1oo•c for about 3 hours and 
subsequently stripped at a temperature of about 155 • c, 
under vacuum, and filtered. The filtrate comprises the 
basic carboxylic maqnesium salts. 

20 Example A-13 
A reaction mixture comprisinq approximately 500 parts 

by weiqht of an oil solution containinq about· o.s· 
equivalent of an alkylated l-hydroxy-2-naphthoic acid 
wherein the alkyl qroup has an averaqe of at least about 16 

25 aliphatic carbon atoms and an oil.mixture containinq 0.25 
equivalent of a petroleum sulfonic acid toqether with about 
30 parts by weight (1.5 equivalents) of a magnesium oxide 
and about 250 parts by weiqht of a hydrocarbon solvent is 
added to a reactor and heated to temperatures ranqinq to 

30 about 60°-75°C. The reaction mass is subsequently heated 
to about s5•c and approximately 30 parts by weight of water 
are added to the mass which is then heated to the reflux 
temperature. The reaction mass is held at the refi°ux 
temperature of about 95°·-1oo·c for about 2 hours and 

35 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 salt·s. 

Example A-14 
A calcium overbased salicylate is prepared by reacting 

5 a c,3·18 alkyl substituted_ salicylic acid with lime and 
carbonating in the presence of a suitable promoter such as 
methanol yielding a calcium overbased salicylate having a 
metal ratio of about 2.s. 
CB) The Phosphorus and SulfUr Containing compositions 

10 The phosphorus and sulfur containing compositions 
employed in the grease compositions of the instant 
invention include phosphorus and sulfur containing acids, 
salts and other derivatives and other compounds including 
thiophosphi te compounds. Useful sulfur and phosphorus 

15 containing co~pounds are described in detail hereinbelow. 
These compounds, when used together with an overbased 
organic acid and a hydrocarbyl phosphite at amounts 
indicated herein increase the droppinq point of the simple 
metal soap thickened base grease into which they are 

20 incorporated by at least so•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 

2s· point at levels normally employed to improve said 

30 

35 

. , properties. Phosphorus- and sulfur-containinq compositions 
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· 4 

II 
R1 (X1) a p - X3R:J 

I 
(I) 
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wherein each X1, X2, JC, and X4 is. independently oxygen or 

sulfur provided at least one is sulfur: each a and b is • 

independently o or 1: and 

wherein each R1, ~ and R, is independently 

5 hydrogen, hydrocarbyl, a group of the formula 

x, 
ll 

10 
p - x,R6- (II) 

(X6) .,Rs 
wherein each R4 and Rs is independently hydrogen 

or hydrocarbyl, provided at least one of R4 and Rs is 

15 hydrocarbyl, 

20 

25 

30 

35 

40 

R6 is an alkylene or alkylidene group, each a and 

b is independently o or 1, and 

each x,, X6 , x7 and Xa is independently oxygen or 

sulfur: · 

or a group of the formula R60H, wherein R6 is an alkylene or 

alkylidene group: 
(B-2) an amine or an ~onium salt of (A-1) when 

at least R:s is hydrogen: 
(B-3) a compound _represented by the formu1·a 

x I[', 
P.--- (III) 

1 
H 

or 

t·a. 
~ p X10Ra (IV) 

wherein each R,, Ra and ~ is independently 

hydrogen ·or a hydrocarbyl group provided at least one is 

hydrocarbyl, each x9 , x10 and x11 is independently oxygen or 

sulfur provided at least one is sulfur, and each a and b is 
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independently o or l: and 
(B-4) mixtures of two or more of (B-1) to (B-3) 

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

5 In one embodiment tlie sulfur- and phosphorus 
containinq composition is the compound (B-1). Preferably, 
a and b are each 1. In one embodiment R, and Rz are each 
independently hydrocarbyl qroups containing from l to about 
30 .carbon atoms and R:s is H or a hydrocarbyl qroup 

10 containinq from 1 to about 30 carbon atoms. 
In a particular embodiment, each of R,, Rz and R:s is 

independently an alkyl qroup containinq from 1 to about 18 
carbon atoms or an aryl qroup containing from about 6 to 
about 18 carbon atoms, and more particularly each of R1, Rz 

15 and ~ is independently a butyl, hexyl, heptyl, octyl-, oleyl 
or cresyl qroup. 

In another _particular embodiment, R, is H. When R:s is 
H it is preferred that each of R1 and Rz is independently an 
alkyl group containing from 1 to about 18 carbon atoms or 

20 an aryl group containing from about 6 to al;>out 18 carbon 
atoms, and more particularly each of R, and Rz is 
independently a butyl, hexyl, heptyl, octyl, oleyl or 
cresyl group. 

· In a preferred embodiment, each - R,, Rz and ~ is 
25 - independently hydroqen or-

(V) 
30 

X6Rs 
Preferably, ~ is hydrogen and each R1 and Rz is 
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10 

15 

independently hydrogen or 
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~ 
II 
·f.--x~6-
X6R, 

(V) 

·As mentioned hereinabove at least ·one of X1, ~' -~ and 
X4 must be sulfur while the remaining groups may be oxygen 

or sulfur. In one preferred embodiment one of x,, x2 and ~ 
is sulfur and the rest are oxygen. 

When Ri, Rz or ~ ·is a qroup of the formula 

Xa 
u 
P-. --X~-

·I 
X6R, 

(V) 

it is preferred that x5 and x6· are oxygen and X, and x8 are 

sulfur, or one of Xs• X6 , X7 and X8 is sulfur and th~ rest 
25 are oxygen. In these cases preferably each of ~ and X4 is 

oxygen and more preferably x2 is oxygen. 

In a further embodiment each of R1 and ~ is 

independently hy~r·ocarbyl having from 1 to about 3 0 carbon 

atoms and ~ is R60H wherein R6 is an· f'.llkylene or alkylidene 

30 group containing from 2 to about 28 carbon atoms. In this 

case one of X1 , X2 , ~ and X4 is sulfur and the rest are 

oxygen. In a preferred embodiment, X3 and X4 are sulfur and 

X1 and x2 are oxygen. Also preferred is· where R6 is 

alkylene. 

;15 In another embodiment, the phosphorus and sulfur 

containing composition is the ammonium or amine salt (B-2). 

Preferably, a and b are each 1. 

When any of R1, Rz or ~ is H, the compound of Formula 
I is an acid. The salts (B-2) can be considered as being 

40 derived from that ·acid. 

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

yielding compounds such as NH40H. Other ammonia yielding 

compounds will readily occur to the skilled person. 

When (B-2) is an amine salt, the salt may be 

5 considered as being derived from amines. 

The amines may· be primary, secondary or tertiary 

amines, or mixtures thereof. Jlydrocarbyl groups of the 

amines may be aliphatic, cycloaliphatic or ~romatic. 

Preferably the hydrocarbyl groups are aliphatic, · more 

10 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 cont~ining from about 2 to about 30, 

15 more preferably about 4 to about 20, carbon atoms in the 

hydrocarbyl group. The hydrocarbyl qroup 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 

20 primary fatty amines, for example the commercially known 

"Armeen" primary amines (products available from Akzo 

Chemicals, Chicago, Illinois). Typical fatty amines 

25 

:i,nclude amines such a:s, n-octylainine, 

tetradecylamine, n-octadecylamine · 

octadecenyl amine (oleyl amine), etc. 

n-dodecylamine, n­
(stearyl amine), 
Also suitable are 

mixed fatty amines such as Akzo's Armeen-c, Armeen-o, 

Armeen-oo, Armeen-T, Armeen-HT, Armeen ·s and Armeen so, all 

of which are fatty amines of varying purity. 

In another prefer;red embodiment, the amine salts of 

30 this invention ·are those derived from tertiary-aliphatic 

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 

35 monoamines, preferably alkyl amines represented by the 
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R*7 __ _ 

~ 
I 
c----
1 
~-

10 wherein R*7 is a hydrocarbyl group containing from ·one to 

about 30 carbon atoms. .such amines are illustrated by 

tertiary-butyl amine, 1-methyl-l-amino-cyclohexane, 

tertiary-octyl primary amine," tertiary-tetradecyl primary 

amine, tertiary-hexadecyl primary amine, tertiary-octadecyl 

15 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· c11-c14 tertiary alkyl primary amines and "Primene 

20 JMT" which is a similar mixture of c18-c22 tertiary . alkyl 

primary amines (both are available from Rohm and Haas 

Company). The tertiary alkyl primary amines and methods 

for their preparation.are known to those of ordinary skill 

in the art. The tertiary alkyl primary amine useful for 

25 the purposes of·. this invention and methods for their 

preparation are described in U.S. Patent 2,9.45,749 which is 
hereby incorporated by reference for its teaching in this 

regard. 

Primary amines in which the hydrocarbyl group 

30 comprises olefinic unsaturation also are useful. Thus, the 

hydrocarbyl groups may contain one or more olef iilic 

unsaturations depending on the lenqth ~f the chain, usually 

no more than one double bond per 10 carbon atoms. 

Representative amines are dodecenylamine, oleylamine and 

35 linoleylamine. such unsaturated amines are available under 
the Armeen tradename. 

·secondary amines include dialkylamines havinq two of 
the above hydrocarbyl, preferably alkyl or alkenyl qroups 
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described for primary amines i-ncluding such commercial 

fatty secondary amines as Armeen 2C and Armeen HT, and also 

mixed dialkylamines where, for example, one alkyl group is 

a fatty qroup and the other alkyl _ qroup may be_ a lower 

5 alkyl qroup (1-7 carbon atoms) such as ethyl, butyl, etc., 

or the other hydrocarbyl group may be an alkyl qroup 

bearinq other non-reactive or polar substituents (CN, 

alkyl, carbalkoxy, amide, ether, thioether, halo, 

sulfoxide, sulfone) such that the essentially hydrocarbon 

10 character of the qroup is not destroyed. 

15 

Tertiary amines such as trialkyl or trialkenyl amines 

and those containinq a mixture of alkyl and alkenyl amines 

are useful. The alkyl and alkenyl qroups are substantially 

as described above for primary and secondary amines. 

Other useful primary · amines aJ;"e the primary ether 

amines R"OR'NH2 wherein R' is a divaient alk.ylene group 

having 2 to 6 carbon atoms and R" is a hydrocarbyl qroup of 

about 5 to about 150 carbon atoms. These primary ether 

amines are qenerally_prepared by the reaction of an-alcohol 

20 R"OH wherein R" is as defined · hereinabove with an 

unsaturated nitrile. - - Typically, and for· efficiency and 

economy, the alcohol is a linear or branched aliphatic 

alcohol with R" havinq up to about 50 carbon atoms, 

preferably up to 26 carbon atoms and most preferably from 

25 6 to 20 carbon atoms. The nitrile reactant can have from 

2 to 6 carbon atoms, acrylonitrile beinq most preferred. 

Ether amines are commercially available under the name 

SURFAM marketed by Mars Chemical Company, Atlanta, 

Georqia. Typical of such amines are those - having from 

30 about 150 to about 400 molecular weiqht. Preferred 

etheramines are exemplified by those identified as SURFAM 

Pl4B (decyloxypropylamine), SURFAM Pl6A (linear C16), SURFAM 

P17B (tridecyloxypropylamine). The c chain lengths (i.e., 

c 14 , etc. ) of the SURFAMS described above and used 

35 hereinafter are approximate and include the oxygen ether 

• 
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linkage. For example, a c14 SURFAM amine would have the 

following general formula 

C1.,Hz10~H6NHz 
The amines used to form the amine salts may . be 

5 hydroxy amines. In one embodiment, these hydroxyamines can 

be represented by the formula 

(R*90) ZH 

10 I 
N-R*10-+---

a 
15 [CH(R*11 )CH(R*11 )0]yll 

wherein R*8 is a hydroearbyl group generally containinq from 

·about. 6 to about 3 o carbon atoms, R*9 is an ethylene or 

propylene group, R*10 is an alkylene group containinq up to 

about 5 carbon atoms, a is zero or one, e~ch R*11 is hydrogen 

20 or a lower alkyl qroup, and x, y and z are each 

independently integers from zero to about 10, at .least one 

of x, y and z being at least 1. 

The above hydroxyamines can be prepared. by techniques 

well known in the art, and many such hydroxyamines are 

25 commercially available. 

The useful hydroxyamines where a in the above formula 

is o include 2-~ydroxyethylhexylamine, 2-

hydroxyethyloleylamine, bis(2-hydroxyethyl)hexylamine, 

bis(2-hydroxyethyl)oleylamine, and mixtures thereof~ Also 

30 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 

35 "Ethomeen11 · and "Propomeen". Specific examples· include 

HEthomeen C/15 11 which is an ethylene oxide condensate of.a 

coconut fatty acid containincj about 5 moles of ethylene. 

oxide; "Ethomeen C/20" and "C/2511 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 0/12" is the condensation product 

of one mole of oleyl amine with 2 moles propylene oxide. 

5 Commercially available examples of alkoxylated amines 

where a is 1 .j.nclude "Ethoduomeen T/13" and "T/20 11 which 

are ethylene oxide condensation products of N-tallow 

trimethylene diamine containing 3 and 10 moles of ethylene 

oxide per mole of diamine, respectively. 

10 The fatty diamines include mono- or dialkyl, 

symmetrical or asymmetrical ethylene diamines, propane 

diamines ( 1, 2, or 1, 3) , and polyamine analogs of the above. 

Suitable fatty polyamines such as those sold under the name 

Duomeen are commercially available diamines described in 

15 Product Data Bulletin No. 7-lOR, 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-

20 containing composition is (B-3). Preferably, a and bare 

each 1. In one embodiment, each ~' Ra and ~ is 

independently hydrogen or a hydrocarbyl qroup having· from 

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

Preferably, each R,., Ra and ~ is independently hydrogen or 

·25 an alkyl or an aryl group selected from ·the group 

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

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

aryl group. 
In one preferred embodiment at l~ast two_ of ~, XlO and 

30 Xll are sulfur. 
In another embodiment the sulfur- and phosphorus-. 

containing 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 thiophosphoric acid. 

35 The di-organo thiophosphoric acid materials used in this 
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invention can be prepared by well known methods. 
The o,o-di-organo dithiophosphoric acids can be 

prepared, for example, by reactinq orqanic hydroxy 
compounds with phosphorus pentasulfide. Suitable orqanic 

5 hydroxy COmpoundS incl Ude cllCOhOlS I SUch as r alkanolS r 
alkanediols, cycloalkanols, alkyl- and cycloalkyl­
substituted aliphatic alcohols, ether alcohols, ester 
alcohols and mixtures of alcohols 1 phenolic compounds, such 
as, phenol, cresol, xylenols, alkyl-substituted phenols, 

10 cycloalkyl-substi tuted 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 o,o-di-orqano dithiophosphoric acids. A full 

15 discussion of the preparation of these compounds is in the 
Journal of the American Chemical Society, volume 67, 
(1945), page 1662. 

The s,.s-di-organo tetrathiophosphoric acids can be 
prepared by the same method described above, except that 

. 20 mercaptans are employed in place of the organic hydroxy 
compound~. 

The o,s-di-orqano trithiophosphoric acids can be 
prepared by the same manner employed in the preparation of 
the dithiophosphoric acids described· above, except that a 

25 mixture of mercaptans and organic hydroxy compounds is 
reacted with phosphorus pentasulfide. 

The phosphorus and sulfur containing compound (B-1) 
include, thiophosphoric acids including, but not limited 
to~ dithiophosphoric as well as monothiophosphoric, 

30 thiophosphinic or thiophosphonic acids. The use of the 
te~ thiophosphoric, thiophosphonic· or thiopbc:>sphinic acids 
is also meant to encompass monothio as well as di thio 
derivatives of these acids. Useful phosphorus-containing 
acids are described.below. 

35 In one embodiment, when a and b are· 1, and one of X1 , 
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. ~, ~ or X4 is sulfur and the rest are oxygen, the 
phosphorus-containing composition is characterized as a 
monothiophosphoric acid or monothiophosphate •. 

The monothiophosphoric acids·may.be characterized by 
one or more of the following ·formulae 

R10 

·. ~P(O)SH 
R2a ~ 

R10 . 

. >P(O)OB 

·R2S · 

wherein . R1 and R2 are defined as above, preferably each R1 

and R2 is independently a hydrocarbyl qroup. 
Monothiophosphates may be prepared by the reactlon of 

20 a sulfur source such as sulfur, hydrocarbyl sulfides and 
polysulfides and the like and a dihydrocarbyl phosphite. 
The sulfur source is preferably elemental sulfur. 

The preparation Of monothiophosphates is disclosed in 
us Patent 4, 755, 311 and PCT Publicat·i~n WO 87 /07638 which 

25 are incorporated by reference for its disclosure of 
monothiophosphates, sulfur source for preparing 
monothiophosphates and the process for· making 
monothiophosphates. 

Monothiophosphates may be formed in the lubricant 
30 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., temperatures from about 3o•c to about ioo•c or 
higher) to form monothiophosphate. It is also possible 

35 that monothiophosphate is formed under the cond~tions found 
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in operating equipment. 

In Formula I, when a and b are 11 x1 and x2 are oxygen 1 

and ~ and X4 are sulfur, and R;,. is H, the phosphorus­

containing composition is characterized as a 

5 dithio~hosphoric acid or phosphorodithioic acid. 

10 

15 

Di thiophosphoric acid may be characterized by the 

formula 

s 
u 
P--- SH 

ORz 
wherein R1 and Rz are as defined above. Preferably R, and 

Rz are hydrocarbyl groups. 

The dihydrocarbyl phosphorodithioic acids may be 

prepared by reaction of alcohols with P2S5 usually between 

20 the temperature of about so•c to about 15o•c. Preparation 

of dithiophosphoric acids and their salts is well kno~ to 

those of ordinary skill in the art. 

In another embodiment, the phosphorus-containing 
. . 

composition is represented by Formula (I) where each ~1 and 

25 Xz is oxygen, each ~ and X4 is sulfur, ~ . is hydrogen, and 

each R1 and Rz is independently hydrogen or 

Xa 

30 II 
R4 (X,) 8 

p ~ (II) 

I 
ex,> bRs 

35 wherein the various R, a, b and X .groups are as defined 

previously. Preferably either both R1 and Rz are the group 

of Formula II; or R,. is hydrogen and Rz is· the group of 

Formula II. 
Preferably, when each R4 and Rs is independently 

40 hydrocarbyl, they are the same as described for R1 or Rz· 
Preferably, Xs and x6 are oxygen, and x7 and x8 are sulfur. 

.. 
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Preferably R6 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. R6 is preferably an ethylene, propylene, or 

5 butylene, more preferably a propylene group. 

The group represented by the Formula II is derived 

from a compound which is·tbe reaction of a dithiophosphoric 

acid with an epoxide or a glycol. The dithiophosphoric · 

acids are those described above. The epoxide is generally 

10 an aliphatic epQxide o:i;- a styrene· oxide. Examples of 

useful epoxides include ethylene oxide, propylene oxide, 

butene oxide, octane oxide, dodecene oxide, styrene oxide, 

etc. - Propylene oxide is preferred. 

The glycols may be aliphatic glycols having from 1 to 

15 about 12, preferably about 2 to about 6, more preferably 2 

or 3 carbon atoms, or.aromatic glycols. Aliphatic glycols 

include ethylene glycol, propylene glycol, triethylene 

glycol and the like. Aromatic glycols include 

hydroquinone, catechol, resorcinol, and the like. 

20 The reaction product of the dithiophospnoric acid and 

the glycol or epoxide is then . reacted with an inorganic 

phosphorus reagent such.as phosphorus pentoxide, phosphorus 

trioxide, phosphorus te.traoxide, phosphorus acid, 

phosphorus halides and the like. The above reaction is 

25 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 di thiophosphoric acids, 

glycols, epoxides, inorganic phosphorus reagents and 

methods of reacting the above. 

3 o Sal ts of the. foregoing product are also described in 

Lesuer (US 3, 197, 405) which is incorporated herein by 

reference for its disclosures in this regard. Such salts 

are encompassed within the group of compounds (B-2). 

Also included within the compounds identified as (B-1) 

35 are compounds of the formula 
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s 
u 
P---

1 
5 . 

R,O--- (XI) 

ORz 
wherein each of the groups is the same as identified 
hereinabove. Preferably R1 and . Rz are each alkyl, more 

10 preferably containing from 1 t~ about 30 carbons, even more 
. . 

prefer~ly 1 to about 18 carbons. R6 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 

15 2 to 4 carbons. compounds of Formula (XI) may be prepared 
by reacting o,o-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 

20 (Asseff), both of which are hereby expressly incorporated 
herein by reference for relevant disclosures contained 

·therein. 
Triesters can be prepared by reacting the 

corresponding phosphorus and sulfur containing acid with, 
25 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. 

JO Compounds (B-3). include thiophosphites and hydrogen 
thiophosphi tes. These are readily prepared by methods 
knowri 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 

3 5 are each 1 in Formula I:II and wherein R7 and Ra are 
hydrocarbyl, preferably alkyl having from about l to about 
24 carbons, more preferably from l to about· 18 carbons, 
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more prefer:ably 4 to about 12 carbons, and aryi havinq 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 

5 preferred that Rr and Ra are as defined hereinabove, ·and ~ 

is hydrocarbyl or hydroqen. In a preferred embodiment ~ is 

H which is a tautomeric · form of Formula III. 

Alternatively, in another preferred embodiment · ~ is 

hydrocarbyl, preferably alkyl or aryl as defined for R, and 

10 . Ra hereinabove. 

15 

20 

25 

40 

·Preferably said phosphorus and sulfur containinq 

composition is selected from_ the qroup consistinq of 

(B-1) a compound represented by the formula 

0 

II 
R10 p OR, (VI). 

I 
OR 

2 

wherein each R,, Rz and R, ·is independently hydroqen, 

hydrocarbyl, or 

s 
II 

R40 p ---·sR6 - (VII) 

ORs 
wherein each R4 and Rs is independently hydrogen or 

hydrocarbyl, provided at least one of R4 and Rs is 

hydrocarbyl, and wherein Re. is an alkylene or alkylidene 

.' 
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group: 
(B-2) an ammonium or amine salt of (B-1) 

provided at least ~ is hydrogen1 
(B-3) a compound represented by the formula 

5 
s 
D 
p-- ORa (VIII) 

10 

H 

15 or 

0 

u 
20 P-- s~ (IX) 

H 

25 or 

30 

s~ 

I 
P-- (X) 

wherein each ~, Ra and ~ is independently 
hydrogen or a hydrocarbyl group provided at least one is 
hydrocarbyl: and 

(A-4) mixtures of two or more ,of (A-1) to (A-3) • 

35 In one especially preferred embodiment the phosphorus 

40 

45 

and sulfur containing composition is· (A-1), wherein at 
least one of R1 and ~ is hydrogen or 

s 
II 
P-- (VII) 

ORs 
provided at least .~ is hydrogen, wherein each R4 and Rs is 
independently an alkyl group having from about 2 to about 
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12 carbon atoms and R6 is ari alkylene group having from 
about 2 to about 6 carbon atoms. 

In another especially preferred embodiment, the 
phosphorus and sulfur containing composition is the_ amine 

5 salt (B-2) and is derived from an alkyl_amine having from 
about 1 to about 24 carbon atoms, preferably a tertiary 
alkyl primary amine containing ·from about 10 to about 16 
carbon atoms. 

In a further especially pref~rred embodiment ·the 
10 phosphorus and sulfur containing composition is · the 

compound (B-3), wherein each R,-1 Ra and~- 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 
15 and sulfur containing composition is one prepared by the 

process comprising ·preparing an acidic intermediate by 
conducting at a temperature of from about o•c, to about 
1so•c, a series of reactions comprising reacting 
approximately equivalent amounts of a phosphorodithioic 

20 acid having the formula 

R40"-.. ~S 
~p~ 

RsO S-H 
(XII) 

25 wherein each R4 and Rs is independently a hydrocarbyl group 
with an epoxide and subsequently reacting the product 
obtained thereby with · phosphorus pentoxide, the molar 
ratio, based on %OH, of the phosphorodithioic acid-epoxide 
reaction product to phosphorus pentoxide being within the 

30 range of from about 2:1.to.about s:1, and neutralizing at 
a temperature of from about o· to 2oo•c, at least about 5·0% 
of the acidic mixture with an amine selected from the group 
consisting of a hydrocarbyl and · a hydroxy-substituted 
hydrocarbyl amine having from about 4 to about 30 carbon 

35 atoms. Preferably the amine is a tertiary-alkyl primary 

• 
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temperature is maintained at 90-91 •c for three hours, 

whereupon an additional 29 qrams (0.5 mole) of propylene 

oxide is added. This mixture is maintained at go•c for 

another hour, followed by stripping to a final temperature 

5 of. go•c at 28mm Hg pressure. The dark yellow liquid 

residue shows the foll.owing analysis: s, 15.4%: P, 7.4%. 

10 

Employing sub~tantially the same procedure of Example 

3 the following are reacted: 

Example 
B-4 
B-5 
B-6 

Phosphorodithioic acid Epoxide 

o,0'-(4~methyl-2-penty1) Epichlorohydrin 

o,o'-(isopropyl) 

0,0 1 -di-(2-ethylhexyl) 

Example B-7 

Propylene oxide 

Styrene oxide 

Phosphorus pentoxide (64 grams., 0.45 mole) is added at 

15 58•c within a period of 45 minutes to hydroxypropyl o,o­

di(4-methy1-2-pentyl) phosphorodithioate (514 grams, 1.35 

moles, prepared by treating di(4-methyl-2-pentyl)­

phosphoro- dithioic acid with 1.3 moles of proprlene oxide 

at 25 • C) • The mixture is heated at 75 • c for 2. 5 hours, 

· 20 mixed with a filtering aid (diatomaceous earth), and 

filtered at 1o•c. The filtrate is found to have, by 

analysis, a phosphorlis content of 11.8%, a sulfur content . 

of 15.2%, and an acid number of 87 (bromophenol blue 

indicator). 
25 Example B-8 

A mixture of 667 grams (4. 7 moles) of phosphorus 

pentoxide and the hydroXypropy1 O,O'-diisopropyl­

phosphorodithioate prepared by the reaction of 3514 qrams 

of diisopropyl phosphorodithioic acid with 986 grams of 

30 propylene oxide at 5o•c is heated at 8s•c for 3 hours and 

filtered. The filtrate has, by analysis, a phosphorus· 

content of 15.3%, a sulfur content of 19.6%, and an acid 

number of 126 (bromophenol blue indicator). 

Example B-9 

35 To 217 grams (0.5 equivalent) of the acidic filtrate 
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of Example B-6 there is added at 25• to 6o•c within a 

period of 20 minutes, 66 grams _(0.35 equivalent) of a 

commercial tertiary aliphatic primary amine (Primene 81-R, 

Rohm & Haas co.) having an average molecular weight of 191 

5 in which the aliphatic ·radical is a mixture of 
' , 

tertiaryalkyl . radicals containing from 11 to 14 carbon 

atoms •. The partially neutralized product has by analysis 

a phosphorus content of l0.2t, a nitrogen content of l.St, 

and an acid number of 26.3. 

10 Example B-10 

A portion of the filtrate of Example 8-7 (1752 grams) 

is ~eutralized by treatment with a stoichiometrically 

equivalent amount (764 grams) of the . aliphatic primary 

amine of Example 8 at 25•-s2•c. The neutralized product 

15 has, by analysis, a phosphorus content of 9.95t, a-nitrogen 

content of 2.72t, and a sulfur content of 12.6,. 

Example B-11 

Phosphorus pentoxide (208 grams, 1.41 moles) is added 

at 5o•c to 6o•c to hydroxypropyl o,o'-di-isobutylphosphoro-

20 dithioate (prepared by react.ing 280 grams of propylene 

oxide with 1184 grams of o,O'-di-isobutylphosphorodithioic 

acid at 3o•c to 60.C). The reaqtion mixture is heated to 

so•c and· held at that temperature for 2 hours. To the 

acidic reaction mixture there is added a stoichiometrically 

25 equivalent amount (384 grams) of the commercial aliphatic 

primary amine of Example 8 at 3 o • c to 60 • c. The product is 

filtered. The filtrate has, by analysis a phosphorus 

content of 9.31%, a s.ulfur content of 11.37%, a nitrogen 

content of 2.50%, and a base number of 6.9 (brompheriol blue 

30 indicator). 
Example B-12 

To 400 parts of O,O'di-(isoctyl) phosphorodithioic 

acid is added 308 parts of.oleyl amine (Armeen o- Armak). 

Example B-13 

35 Butyl phosphonic dichloride (175 parts, 1 mole) is 
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reacted with a mixture of 146 parts, l mole, 1-octane thiol 

and 74 parts, l mole, l~butanol. 

(Cl Hydrocarbyl Phosphit_es 

Compositions of the present invention also include (C) 

5 a hydrocarbyl phosphite. The phosphite may be represented 

wherein each 'R' group is independently hydrogen or a 

hydrocarbyl group provided at least one of R10 and R11 is 

hydrocarbyl. In an especially preferred embodiment~ the 

25 phosphite has the formula (XIII) and R,0 and R,1 a.re each, 
independently, hydrocarbyl. 

Within the constraints of the above proviso, it is 

preferred that each of R,0 , R,1 and tt,2 is independently a 
hydrogen or a hydrocarbyl group having from 1 to about JO, 

30 more preferably from 1 to about 18, and more preferably 

from about 1 to about 8 carbon atoms. Each R,0 , R11 and R,2 

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. Examples of alkyl 

35 or alkenyl groups are propyl, butyl, hexyl, heptyl, octyl, 

oleyl, linoleyl, stearyl, etc. 
Examples of aryl groups are phenyl, naphthyl, 

heptylphenyl, etc. Preferably each of these groups is 
independently propyl, butyl, pentyl, hexyl, heptyl, oleyl 

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

The groups R10 , R11 and R,2 may also comprise a mixture • 

-~ of hydrocarbyl groups derived from commercial mixed 
alcohols. 

5 Examples of monohydric alcohols and alcohol mixtures 

include commercially available "Alfol" alcohols marketed by 

continental Oil Corporation. · Alfol 810 is a mixture 

containing alcohols consisting essentially of straight­

chain, primary alcohols having 8 to 10 carbon atoms. Alfol 

10 812 is a mixture comprising mostly c12 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, <;0 alcohols as determined by 

15 GLC (gas-liquid-chromatography). 

Another group of commercially available alcohol 

mixtures includes the "Neodol" products available from 

Shell Chemical Company. For example, Neodol 23 is a 

mixture of c12 and c13 alcohols: Neodol 25 is a mixture ·of c 12 

20 and c15 alcohols: and Neodol 45 i_s a. mixture of c 14 and C15 

linear alcohols. Neodol 91 is a mixture of c9 , c 10 and c11 

alcohols. . . 

Another example of a commercially available. alcohol 
mixture is Adol 60 which comprises about 75% by weight of 

25 a straight-chain c22 primary alcohol, about 15% of a _<;o 
primary alcohol and about 8% of C18 and c24 alcohols. Adel 

320 comprises predominantly o1eyl alcohol. The Adel 

alcohols are marketed by Ashland Chemical. 
A_ variety of mixtures of monohydric fatty alcohols 

30 derived from naturally occurring triglycerides and ranging 

in chain length of from c8 to c18 are available from Procter 

& Gamble Company. These mixtures contain various amounts 
of fatty alcohols containing mainly 12, 14, 16, or 18 

carbon atoms. For ·example, C0-1214 is a fatty alcohol 
35 mixture containing o. 5% of c10 alcohol, 66. 0% of c12 alcohol, 
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2 6 ~ 0% of c14 alcohol and 6. 5% of c16 alcohol. 

Phosphites and their preparation are known and many 

phosphites are available commercially •. Particularly useful 

phosphites are dibutylhydrogen phosphite, trioleyl 

5 · phosphite and triphenyl phosphite. Preferred phosphite 

esters are generally dialkyl hydrogen phosphites. 

A number of . dialkyl ·hydrogen phosphi tes are 

commercially available, such as lower dialkyl hydrogen 

phosph;tes, which are preferred. Lower dialkyl hydrogen· 

10 phosphi tes include dimethyl, diethyl, dipropyl, dibutyl, 

dipentyl and dihexyl hydrogen phosphi tes. Also mixed alkyl 

hydrogen phosphi tes are useful in the present invention. 

Examples of mixed alkyl hydrogen phosphites include ethyl, 

butyl; propyl, pentyl; and methyl, pentyl hydrogen 

15 phosphites. 
The preferred dihydrocarbyl phosphites (C) useful in 

the present invention may be prepared by techniques well 

known in the art, and many are available commercially.. In 

one method of preparation, a lower molecular weight 

20 dialkylphosphite (e.g., dimethyl) is .reacted with alcohols 

comprising a straight-chain alcohol, a branched-chain 

_alcohol or mixtures thereof. ·As noted above, each of the 

two types of alcohols may themselves comprise m.ixtures. 

Thus, the straight-chain alcohol may·comprise a mixture of 

25. 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 which is stripped from the reaction 

30 mixture. 
In another embodiment, the branched chain hydrocarbyl 

group can be introduced into a dialkylphosphite by reacting 

the low molecular weight dialkylphosphi te such as 

dimethylphosphite with a more sterically hindered branched-

35 chain alcohol such as neopentyl alcohol (2, 2-dimethyl-l-
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propanol). In this reaction, 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 nee 

5 alcohol ·having utility in this invention is 2,2,4-

trimethyl-1-pe~tanol. 

In another embodiment~ ·mixed aliphatic-aromatic 

phosphites and aliphatic phosphites may be prepared by 

reactinq_an aromatic phosphite such as triphenyl phosphite, 

10 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 

15 one mole of triphenyl phosphi te, . subsequently or 

concurrently with one mole of water. 

20 

Dihydrocarbyl phosphites are generally considered to 

have a tautomeric structure. 

0 

II 
(R'O)zPOH ~ (R'O)z P-H 

25 The following examples illustrate the prepqration 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 

30 weight, and all temperatures. are in degrees Celsius. 

Example C-1 

A mixture of 911.4 parts (7 moles) of 2-ethylhexanol, 

1022 parts (7 moles) of Alfol 8-10, and 777. 7 parts (7 

moles) of dimethylphosphite is prepared and heated to i2s•c 

35 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 additional 

6 hours whereupon about 406 parts of distillate are 
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recovered. The reaction mixture is stripped to lso·c at 50 
mm. Hq. , and ·an additional 40 part1;1 of distillate are 
recovered. · The residue is filtered throuqh a filter aid 
and the filtrate is the desired mixed dialkyl hydroqen 

5 phosphite containinq, ))y analysis, 9.6i phosphorus (theory, 
9.7t). 

Example c.;.2 
A mixture of 468.7 parts (3.6 moles) of 2-

ethylhexanol, 1050•8 parts (7.20 _mol.es) of Al.fol 8-10, and 
10 600 parts (5.4 moles) of dimethylphosphite is prepared and 

heated to 13s•c while purqinq with nitroqen. The mixture 
is heated slowly to 14s•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 

15 stripped to 14s•c (10 ·mm. Hq.) and 146.3 parts of 
additional distillate are recovered. The residue is 
filtered throuqh a filter aid, and the filtrate is the 
desired product containinq 9.3t phosphorus (theory, 9.45t). 

Example c-3 
. 20 A mixture of.518 parts (7 moles) of n-butanol, 911.4 

parts (7 moles) of 2-ethylhexanol, and 777. 7 parts (7 

moles) of dimethylphosphite is prepared and heated to 12o•c 
while blowinq with nitroqen. After about 7 hours, 322.4 
parts of distillate are collected, and the material then is 

25 vacuum stripped (50 mm. Hq. at 14o•c) whereupon an 
additional 198.1 parts of distillate are recovered. The 
residue is filtered throuqh a filter aid, and the filtrate 
is the desired product containinq 12.9% phosphorus (theory, 
12.3%). 

30 Example C-4 

A mixture of 193 parts (2.2 moles) of 2,2-dimethyl-l­
propanol and 242 parts (2.2 mol.es) of dimethylphosphite is 
pr~pared and heated to about 12o•c while blowinq with 
nitrogen. A distillate is removed and collected, and the 

35 residue is vacuum 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 

5 attached to the remainder ·of the molecule and having 
predominantly hydrocarbon character within the context of 
this ·invention. Thus, the term "~ydrocarbyl" includes 
hydrocarbon, as well as substantially hydrocarbon groups. 
Substantially hydrocarbon describes groups, including 

10 hydrocarbon based groups, which contain non-hydrocarbon 
substituents, or non-carbon atoms in a ring or chain, which .•·· 
do not alter the predominantly hydrocarbon nature of the 
group.· 

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

substituent, or non-carbon heteroatom in a ring or chain, 
for every ten carbon atoms provided this non-hydrocarbon 
substituent or non-carbon heteroatom does not significantly 
alter the predominantly hydrocarbon character of the group. 

20 Those skilled in the art will be aware of such heteroatoms, 
such as oxygen, sulfur and nitrogen, or substituents, which 
include, for example, hydroxyl, halo (especially chloro and 
fluoro), alkyoxyl, alkyl mercapto, alkyl sulfoxy, etc. 

Examples of hydrocarbyl groups ·include, but are not 
25 necessarily limited to, the following: 

(l) hydrocarbon groups, that is, aliphatic (e.g., 
alkyl or alkenyl), alicyclic (e.g., cycloalkyl, 
cycloalkenyl) groups, aromatic groups (e.g., phenyl, 
naphthyl), aromatic-, aliphatic- and alicyclic~substituted 

30 aromatic groups and the like as. well as cyclic groups 
wherein the ring is competed through another portion of the 
molecule (that is, for example, any two indicated groups 
may together form an alicyclic radical); 

( 2) substituted hydrocarbon _groups, that is, those 
35 groups containing non-hydrocarbon containing substituents 
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which, in the 
significantly 

context of 
alter the 

this invention, do not 
predominantly hydrocarbon 

character: those skilled in the art will be aware of such 
·groups (e.g., halo (especially chloro and fluoro), hydroxy, 

5 alkoxy, mercapto, alkylmercapto, nitro, nitroso, sulfoxy, 
etc.): 

(3) hetero groups, that is·, groups which will, while 
having a predominantly hydrocarbon· character within the 
context of this invention, contain atoms other than carbon 

10 present in a rinq or chain otherwise· composed of carbon 
atoms. suitable heteroatoms will be apparent 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 

15 containing cyclic groups. 
Typically, no more than about 2, preferably no more 

than one, non-hydrocarbon s~stituent or non-carbon atom in 
a chain or ring will be present for every ten carbon atoms 
in the hydrocarbyl group. Usually, however,· the 

20 hydrocarbyl groups are purely hydrocarbon and contain 
substantially no such non-hydrocarbon groups, substituents 
or heteroatoms. 

Unless indicated otherwise, hydrocarbyl groups are 
substantially saturated. By substantially saturated it is 

25 meant that the qroup contains no more than one carbon-to­
carbon unsaturated bond, olefinic unsaturation, for every 
ten carbon-to-carbon bonds present. Often, they contain no 
more than one carbon-to-carbon non-aromatic unsaturated 
bond for every 5 o carbon-to-carbon bonds present. 

30 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 olef inic 
unsaturation. That is, aromatic groups are not considered 

35 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 
droppinq point of the base grease by at least so·c. 

Pref erred minimum amo\Ults of each component used in 
s the grease compositions depend to some extent upon the 

specific nature of the component, but generally at least 
about 0.2S% of each component should be present. Useful 

-amounts of component (A) range from about 0.25% to about 
1~% by weiqht, preferclbly about o. 5% to . about S%, m~re -

10 preferably from about 1% to about .. 2%. With respect to 
component (B), useful amounts for the purposes of this 
invention ranqe from about o. 25% to about 5% by weiqht, 
preferably from about O. S% to about 3%, more preferably 
from about 0.5% to about 1% by weight. Component (C) is 

15 - generally present in amounts ranging from about 0.25% to 
about S%, preferably from about o. 5% to about 3%, more 
preferably from about o. 75% to about 2% by weight, more 
often up to about 1% by weiqht. 

The components (A), (B) and (C) are used in relative 
20 amounts by weight ranging from aJ:>out 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 
ranginq from about 1 part (A) to io parts ·each (B) and (C) 
to about 10 parts (A) to about 1 part each (B) and (C), 

2s more preferably from about 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, deterioratinq 

30 performance w~th respect to the. dropping point and other 
-characteristics of the. qrease is observed above· this 
treating level. More often no more than a total of about 
10%, frequently no more than about S% is employed. Often 
1%-3% by weiqht is sufficient to provide a so•c increase in 

3S dropping point. 
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Thus, it is preferred to use the minimum amount of the 
:additives consistent with attaininq the desired droppinq 
point elevation of at least so·c. 

Components (A), (B) and (C) may be present durinq 
5 . grease formation, ·i.e., durinq formation of the soap 

thickener, or may be added after the base qrease has been 
prepared. In many cases it is preferred to add the 
components to the preform$d base qrease since they· may be 
adversely affected during preparation of metal soap 

10 thickeners. 
Other additives may be incorporated into the base 

qrease to improve performance of the grease as a lubricant. 
such other additives including corrpsion inhibitors, 
antioxidants, extreme pressure additives and others useful 

15 for improving specific performance characteristics of a 
base qrease, are well-known and will readily occur to those 
ski.lled in the art. Oftentimes these additives have an 
adverse effect on t~e dropping point of the qrease. Use of 
components (A), (B) and (C) toge~er with these. other 

20 additives often compensates for this effect. 
The following examples illustrate qrease compositions 

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 

25 illustrations and are not intended to be limiting in any 
way. Droppinq points are determined using ASTM Procedure 
D-2265. All amounts unless indicated otherwise are on an 
oil free basis and are by weiqht. 
Example A 

30 A lithium 12-hydroxystearate thickened base grease 

35 

showed dropping point of·21o·c. This is a typical simple 
lithium salt thickened base grease. 
Example B. 

A grease· composition 
grease as in Example A, 

is prepared by blending into a 
0.5 percent by weight of the 
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product obtained by reacting 1000 parts of o, o' - (di) -

methylamyl dithiophosphoric acid prepared by reacting about 

4 moles methyl amyl alcohol with 1 mole of P2S5 with 183 

parts of ·propylene oxide, reacting the product obtained 

5 thereby with 144 parts Of PzOs and neutralizing the acidic 

product obtained thereby witii 584 parts of Primene 81-R, 

1.0 percent by weight of dibuty1 hydrogen phosphite and 1.8 

percent by weight of a calcium overbased C13_18 
alkyl 

salicylate having a metal ratio of about 2.9 and containing 

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

greater than 343•c. 

Example·c 

To a grease composition as in Example B is added 0.1% 

by weight tolyltriazole. The dropping point is 33s·c. 

15 Example D 

To a grease c9mposition as in Example c is added o.~% 

by weight of a sulfurized isobutylene. The dropping point 

. is Joo·c. 
Examples E. F. G 

20· Examples B-D are repeated replacing the lithium 12-

hydroxy stearate base_ grease with the corresponding calcium 

· soap thickened base grease. 

Examples H. I. J 

Examples B-D are repeated replacing the lithium 12-

25 hydroxy stearate base grease with a sodium tallowate 

thick~ned base grease. 

For comparative purposes. grea·se compositions are 

prepared employing components (A), (~)and (C) individually 

and in several ·combinations. It is noted that enhanced· 

30, thermal stability as measured by ASTM D-2265 is obtained 

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

Examples K-0 

Grease compositions are prepared by blending into a 

lithium 12-hydroxy stearate base grease the indicated 

35 percentages by weight of the product obtained by reacting 
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1000 parts of 0,01·-(di)-methylamyl dithiophosphoric acid 
prepared by reactinq about 4 moles methyl amyl alcohol with 
1 mole of P2s5 with 183 parts of propylene o~ide, reactinq 
the product obtained thereby with · 144 parts of P205 and 

5 neutralizing the acidic product obtained thereby with 584 
parts of Primene 81-R. 

Example i by weigbt additiv~ );2ro:gging Point £ ·c1 
K 0.5 21o·c 
L 0.75 261·c 

10 M 0.85 262°c 
-N 1.0 2s7•c 
0 1.5 261·c 

EXSl,li\ples P-R 
Grease compositions are prepared by blending into a 

15 lithium 12-hydroxystearate base grease the indicated 
percentages of dibutylhydroqen phosphite ((Butyl-0) 2PHO). 

20 

Example % by weight additive Droppinq Point C •c> 
P o.Js 2oo·c 

Q 

R 

Example S 

0.45 
0.55 

202·c 
197•c 

The grease composition of Example B without the 
overbased calcium salicylate has a dropping point= 201·c. 
ExamgleT 

25 The grease composition of Example B without the 
phosphite has a dropping point = 22s·c. 

From the foreqoinq Examples it is apparent that the 
combination of overbased compositions with certain sulfur 
and phosphorus containing compositions and a hydrocarbyl 

30 phosphite provides increased droppinq points compared to 
the base qreases without additive. It is also apparent 
that the components used individually, or only two of the 
components taken toqether do not provide the substantial 
increase in droppinq point observed with this invention. 

35 While the invention has been explained in relation to 
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its preferred embodiments, it is to be understood that 

various modifications thereof will become apparent to those 

skilled in the art upon reading the specification. 

Therefore, it is to be understood that the invention 

5 disclosed herein is intended to cover such modifications as 

fall within the scope of the appended claims. 
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CLAIMS: 

1. A composition comprising a 

major amount of an oil-based, simple metal soap thickened 

5 base grease and . 

10 

(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 composition selected from 

(B-1) a compound represented by the formula 

15 w 

20 

25 

30 

35 

40 

(I) 

wherein each x.1 , X2 , X3 and X4 is independently 

oxygen or sulfur provided at least one is sulfur: each 

a and b is independently o or 1: and 

wherein each R1 , R2 and R3. is independently 

hydrogen, hydrocarbyl, a group of the formula · 

(ll) 

wherein each. R4 and R5 is independently hydrogen 

or hydro?arbyl, provided at least one of R4 and R5 is 

hydrocarbyl, 
R6 is an alkylene or alkylidene group, each 

a and b is independen.tly o or 1, and 

\ \lllll\ \l\I\\ Ill\\ \\1\1 \\ \II\ 
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each X5 , X6 , X7 and x8 is independently 
oxygen or sulfur; 

or a group of the formula -R60H, wherein R6 

is an alkylene or alkylidene group; 

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

(B-3) a comp9und represented by the 
formula 

Jt 
R,CX,>a p <Xio>bRa (DJ) 

I 
H 

~ln, 

I a,x, p .x108s (IV) 

wherein each R,, Ra and ~ is independently hydrogen or a 
30 hydrocarbyl group provided at least one is hydrocarbyl and 

each ~' X10 and x11 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 

35 (C) from about 0.25% to about 5% by weight of 

a hydrocarbyl phosphite; wherein the dropping point of the 
base grease is increased by.at least about so 0 c as measured 
by ASTM procedure D-2265. 

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

metal soap. 

111111111111111111111111111111 
• C l M S * 
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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 grease composition of any one of the 

preceding claims, wherein the metal soap is a fatty acid 

metal salt. 

6. The grease composition of claim 5, wherein the 

f~tty acid is a C8 to c24 mono-carboxylic acid, optionally 

10 hydroxy-substituted. 

7. The grease composition of claim 5, wherein the 

metal ·soap is a 12-hydroxy stearate. 

8. The grease composition 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 grease 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 abc;>ut 40. 

25 

11. The grease composition of any one of claims 1-10 

wherein the overbased metal salt (A) is selected from 

carboxylates, 

12. The grease 

overbased metal salt 

13. The grease 

over based metal salt 

phenates and sulfonates. 

composition of claim 11 wherein the 

(A) is a salicylate. 

composition of claim 11 wherein the 

(A) is an alkylbenzene sulfonate. 

14. The grease composi~ion of claim 11 wherein the 

overbased metal salt (A) is a coupled phenate. 

30 15. The grease composition of any preceding claim, 

wherein the phosphorus and sulfur containing composition is 

(B-1) and a and b are each 1. 
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16. The grease composition of claim 15, wherein R1 and 

R2 are each independently hydrocarbyl groups containing from 

1 to about 30 carbon atoms and R3 is H or a_ hydrocarbyl 

group containing from 1 to about 30 carbon atoms. 

5 17. The grease composition of claim 16, wherein~ is 

H. 

18. The grease composition·of claim 15 or 16, wherein 

each of R1 , Rz and R3 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 . g_rease composition of any one of claims 15-

18, wherein one of X1 , X2 and x3 is sulfur and the rest are 

oxygen. 

20. The grease composition of claim 15, wherein each 

15 of R1 , Rz and ~ is independently hydrogen or 

20 

25 

30 

35 

40 

.W 
R4X5 p 

I 
X,R6- (V) 

x6 R5 

21. The grease composition of claim 15, wherein ~ is 

hydrogen and each R1 and Rz is independently hydrogen or 

w 
R4Xs-. --P--. X,R6-

I 
(V) 

x6 R5 

22. The grease composition of either of claims 20 and 21, 

wherein x5 and x6 are oxygen and wherein x7 and x8 are sulfur. 
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23. The grease composition of either of claims 20 and 21, 

wherein one of x5, x6, x7 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, wherein X2 is 

oxygen. 

26. The grease composition· of claim 15, wherein each 

of R1 and Rz is independently hydrocarbyl having from 1 to 

about 30 carbon atoms and ~ is -R60H wherein R6 is an 

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

27. The grease composition of claim 26, wherein X3 and 

X4 are sulfur and X1 and x2 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 alkyl amine having from 1 to about 24 carbon 

20 atoms. 
30. The grease 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 R7 and R8 is 

independently a hydrocarbyl group having from about 1 to 

about 18 carbon atoms. 

32. The grease composition of any one of claims 1-14, 

wherein at least two of X9 , X10 and X11 are sulfur. 

30 33. The grease composition of any preceding claim, wherein the 

phosphite (C) is a dihydrocarbyl hydrogen phosphite or a 

trihydrocarbyl phosphite, wherein each hydrocarbyl group of 

the phosphite (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 tri-phenyl phosphite: or.di- or trioctyl 
phosphite. 

5 35. A grease composition 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; 

10 (B) · at least one phosphorus. and sulfur containing 
composition prepared by the process comprising preparing an 
acidic intermediate by conducting at a temperature of from 
about 0°c, to about 150°C, a series of reactions comprising 
reacting approximately equivalent amounts of a 

15 phosphorodithioic acid having the formula 

20 

wherein each R4 and Rs is independently a hydrocarbyl group 
and an epoxide and subsequently reacting the product 

25 obtained thereby with phosphorus pentoxide, the molar ratio 
of the -phosphorodithioic acid-epoxide reaction product to 
phosphorus pentoxide being within the range of from about 
2:1 to about 5:1, then neutralizing at a· temperature of 
from about 0° to 200°c1 at least about 50% of the acidic 

3 o 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 

liimiililiilii 
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(C) at least one dihydrocarbyl phosphite of the 

formula 

0 

II 
. R'tOO p 

I 
B (Xl;Il) 

OR,_1 

wherein each of R10 and R11 is independently a hydrocarbyl 

15 group containing from 1 to about 50 carbon · atoms and 

wherein {A) is present in amounts ranginq from about 0.25% 

to about 10% ·by weiqht, and (B) a.nd (C) are each 

independently present in amounts ranging from about 0.25% 

to about 5% by weiqht, to increase the dropping point of 

·20 the base grease by at least about 50°C as measured ~y 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 wherein (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 ~ and R4 . each 

30 independently is an aliphatic group havinq 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 reacting the product obtained 

thereby with about 1 mole, per 2. 5 to about 3. 5 moles of 

35 phosphorodithioic acid-epoxide reaction product of 

phosphorus pentoxide then neutralizing at least about ·so% 
of the acidic mixture with an alkyl amine containing from 

about 8 to about 16 carbon atoms; and wherein (C) is a 



.ii: 

I 1111111 111111 11111 1111111 1111 
* C L M S * 

- 67 -

dialkyl phosphite wherein each of R10 and R11 , independently, 

contains from about l 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 grea.se by at 

least about 50°C as measured by ASTM procedure . D-2265 

10 comprising incorporating therein a composition according to any 

preceding claim. 

.· 


