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havi ng dro p| n 0| nts mcr&ased by, at. l.eastwahout 50[¢1err] C as neasured by

,AST BACKGRO:NI G;’)TI-‘IE LNVENT), QN Ma need to reduce-

fri ct to anci ent.- tines. A}s ,f,,_ar B.C., both nutton
f at Iovv) wer'e. us,ed in f.q_errptlng to reddce axle friction

in charl ots. Untl I t he m d-1800's; | ubricants:continuad:tlo be primarily
nmutton and beef fats, with certai n typesl of vegetable oils pl aying m nor
roles.. In 1859, however, Colonel Drake drilled his first oil well.

Since that tinme nost |ubri cants i ncl udi ng greases have been based on
petroleum ("mneral") oil, alt hough synthetic oil based lubricants are used

for special applications. In th]ﬂ%ﬂ#__m_%mgﬁ} ease G@uide. C
1987, avail abl.e from t,he Nat i ricati ease Instity Kans
Gity, Mssouri, USAThiE Any J-I‘-‘é‘d ﬁ&%lgﬂ gregpe, somposifions- nga’?m"e
various typeSpaetichMaekyr)erSt ‘relakds to metal soap thickened base
greases having dropping points increased by at least about
50°C as measured by ASTM Procedure D-2265.

' BACKGROUN 1 |

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

. friction in chariots.

Until the mid-1800’s, lubricants ‘continued to be
primarily mutton and beef fats, with certain types of
vegetable oils playing minor roles. "In 1859, however,
Colonel Drake drilled his first oil well. Since that time
most lubricents, including greases, have been based on
“petroleum (“inineral") oil, although. synthetic o0il based
lubricants are used for special applications. _

In the NLGI ILubricating Grease Guide, C 1987,
available from the National Lubricating Grease Institute,
Kansas city, Missouri, USA, is a detailed discussion of
greases, including various types of thickeners.  Such
thickeners include metal soap, complex metal salt-metal
soap and non-soap thickened greases.

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

One way to increase the dropping po:.nt of base greases
is to convert a simple metal soap’ grease to a complex
grease by incorporating therein certain acids, typically
carboxylic acids such as acetic acid, ' ‘alpha-omega-
dicarboxylic acids and certai'n aromatic acids. This
process necessarily consumes considerable time resulting in
reduced production. L. feon Y e
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t hi ckeners include netal soap, conpl ex nmet al ~ sal t - net al soap and non- soap
thlckéﬁéﬁ“gTéases——Nhfa+ soap thickened greases have provi ded exenpl ary
per f oypgG mever under certain conditions an increased

dropp| red by ASTM Procedure D 2265 is required. - 2-
- One-wa MH 'I H ,’ he droppi ng point of base greases Is to convert a
si npl e ase to a conpl ex grease by |ncorporat|ng t herein

certain acids, typically carboxylic acids such as ‘'acetic. acid,

al pha- onega- dlcarboxyllc acids and certain .aromatic acids. . This
process necessarily consunes consi derable<i2re~resulting in reduced
production. Doner et al, in a series of US Patents, specifical ly, US :
Patents 5,084, 194 Doneroes, alp in a serdes, e€sUS, Bagents, spem,mlm
4, 781 850 4, 78Q38 2Patents4 743, 386 4, 655, 948
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-
containing compounds. Other additives contemplated for use
10 with boron—dontaining compounds are phosphorus- and sul fur-~ _
containing materials, particularly zinc dithiophosphates.

Reaction - products of 0,0-dihydrocarbyl~
phosphorodithioic acids with epoxides are described by
Asseff in US 3,341,633. These products are described as

15 gear lubricant additives and as intermediates for'preparinq_
lubricant additives.

Us 3,197,405 (LeSuer) describes phosphorus and
nitrogen containing compositions prepared by forming an
‘acidic intermediate by the reaction of a hydroxy

20 substituted triester of a phosphorothioic acid with an
inorganic phosphorus reagent and neutralizing a substant1al

- 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 containing a base oil, a fatty acid having 12-24
carbon atoms, a dicarboxylic acid having 4-12 carbon atoms
and/or a dicarboxylic acid ‘ester and lithium hydroxide
thickenéd with a phosphate ester and/or a phosphite ester.

30 'This invention relates to improved grease compositions .
comprlslng a major amount of an oil-based 51mp1e.meta1 soap
thickened base grease and minor amounts of (A) an overbased
metal salt of an organic acid, (B) at least one phosphorus
and sulfur containing composition and (C) a hydrocarbyl
35 phosphite, together, in amounts sufficient to increase the
dropping point of the base grease, as determined by ASTM
procedure-D-ZZGS,'by at least 50°C, said phosphorus and



4, 60 4,582,617 teaches increased thickening of netal salt
,thlckened base greases is obtained enploying a wide variety of boron-

cont ai ﬂtH hc Jdt her additives contenplated for use with
" boron-c unds are phosphorus- and sul fur- containing
naterla |y zinc dithi ophosphates. Reaction products
b

yl - phosphorodlth|0|c acids with epoxides are
descrlbed by Asseff in US ,341,633. 'These products are descri bed as gear
| ubri cant addltlves and as |nternediates for preparing lubricant additives.
Uus 3,197,405 (LeSuer) descri bes - phosphorus and nitrogen containing
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| ubricant additives. ka et a |th|un1conplex
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di carboxyl it aghéhhad ngedrd? ailad), AbeBkingW,0'sHaftsr ingds anad @sder
and llthlun}hydrféLClSuch mechanical components are found in automobiles,
trucks, bicycles, steel mills, mining equipment, railway
- equipment inciuding rolling stéék, aircraft, boats,
construction gquipment  and nnmeroﬁs other <types of

10 industrial and consumer machinery. | '

DETAILED DESCRI OF Tt OoN

Heat resistance of greases is measured in a number of
ways. One measure of heat resistance is the dropping

point. Grease typically does not have a sharp melting

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

. 20 In general, the dropping point of a grease is the
y temperature at which the grease passes from a semisolid to

'~ a liquid state under the conditions of the test. The
dxdpping 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
'appllcatlons; greater heat resistance manifested by a.

-'dropplng point above that obtained employlng simple metal

30 soap thickened greases is des1rab1e. '

' Complex metal soap greases provide increased dropplng
point, but have a number of significant drawbacks. Complex
thickeners involve in addition to a fatty acid component,
a non-fatty acid,-e.g;, benzoic, organic dibasic acids,

35 etc;,_éomponent; The formation of the complex grease



t hickened with a phosphate ester and/or a phosphite ester. - 2a -
SWMVARY OF THE I NVENTION This invention relates to a conposition conprising
a maj or amount of an oil-based, sinple netal soap thickened base grease -
and (A)y fromO0.25%to 10% by wei ght of an overbased netal salt of an: '
organic acid; (B) fromO0.25%to 5% by weight of a phosphorus and sul fur
cont ai ni ng corrposi tion selected from (B-1) a conpound represented by
the formula [err] wherein each Xferr], Xerr], Xerr], and Xerr] is
independently oxygen or sulfur provi ded at I4east one is sulfur; each a and
b is independently 0 or 1; and wherein each Rlerr], Rerr] and Rerr] is

i ndependent |y heyrieeany hyéqudmehyl extepdedp néatliﬁgf operiedser rsonbeines

each Rierr] an%e er.Iarl] tii%neian:%%etn édflrehci/ q'[é) gpr:epare a simple metal soap -
thickened grease. Accordlngly, it is desirable to provide
a means for preparing a simple metal soap thickened grease

5 composition having dropping points approaching or even
exceeding those posseSSed by complex greeses.

!ﬂﬁls, we have now found it p0331b1e to provide
novel grease compositions;

to provide ' _

10 grease compositions having valuable properties; and

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

15 Other aims = will become apparent to the skilled
person upon readi.ng the spec1f1cat10n and descrlptlon of
this invention.

The dJrease compositions of this invention display
dropping points at least 50°C greater than the dropping

20 point of the corresponding simple metal soap thickened base
grease. This benefit i_s' obtained by incorporating into a
simple metal soap thickened base grease an overbased
organic acid, certain sulfur and phosphorus containing
compositions and a hydrocarbyl phosph:.te in amounts

25 sufficient to increase the dropping p01nt of the

' corresponding base grease by  at least about 50°C as
measured by ASTM Procedure D-2265. ' _

Greases are frequently exposed to water. Thus, it is

_ d_esirable that. general purpose' greases be substantially

30 free of components that are 'readily adveréely affected by
water. | _

Boron-contalnlng compounds are notorlously sens:.tlve
to water," either being _water-soluble, ‘being subject to
leaching from the grease into water or being readily

35 hydrolyzed yielding undesirable hydrolysis products or to '



or hydrm | east one of R[{err] and Rlerr] is hydrocarbyl,
-Rerr] |s~h1§§he§tld§¥hen r aI kyl i dene group, each a and b is independently O

or 1, and r] X[err], Xerr] and X[err] is independently
oxygen or ﬂwﬂm roup of the forrrula -Rlerr] OH, wherein Rlerr] is an
al kylene. roup; (B-2) an am ne, an ammoniumor a netal salt

of (B-1) when at least R err] is hydrogen; (B-3) a conpound represented by
the fornula [err] wherein each Rerr], Rerr]Jand R err] i.s independently
hydr ogen or. a hydrocarbyl group provi ded at $east one is hydrocarbyl and
each X[err], Xerr] and X[ err], is oxygen or sulfur provided at |east one
is sulfur; and hﬁd#blysxsurpa:bdﬁctsl\owhichormaﬂil(ﬁ leath (dat3) ihber etﬁtezﬁ.nd

Preferably, the grease of this invention is substantially
free of boron and boron-containing compounds. '
The express:l.on "substant:.ally free of" means that the
5 material referred to is absent or present in amounts having
~an essentially unmeasurable or insignificant 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 with
a metal soap thickener. | _ | |
The grease compositions of this invention employ an
oil of 1lubricating viscosity, 'including' natural or
~ synthetic 1ubricating oils and mixtures thereof. Natural
15 oils include animal oils, vegetable oils, mineral oils,
' solvent or acid treated mineral oils, and oils derived from
coal or shale. Synthetic lubricating oils include
hydrocarbon oils, halo-substituted hydrocarbon oils,
- alkylene oxide polymers, esters of carboxylic acids and
20 polyols, esters of pblycarboxirlic -'aci_cls and alcohols,
' esters of phosphorus-containing acids, polyinerié
. tetrahydrofurans, silicone-based oils and mixtures thereof.
Specific examples of oils of lubricat:mg v:.scoszty are _
described in US Patent 4,326,972 'and European Patent
25 Publication 107,282, both herein incorporated by reference
| for their disclosures relating to lubricating oils. A
basic, brief description of lubricant base 6i_ls appears in -
" an article by _D.V. Brock, "Lubricant Base 0ils", Lubricant
Engineerigg_, volume 43, pages 184-185, March 1987. This
30 article is herein incorperated by reference for its
diselesuree relating to lubricating oils. A description of
‘oils of lubricating viscosity occurs in US Patent 4,582,618
_‘(Davis) (column 2, 1line 37 through column 3, line 63,
inclusive), incorporated herein by reference for its
'35 disclosure to oils of lubricating viscosity. |



( om 0. 25% to 5% by wei ght of a hydrocarbyl phosphite. - 3a - The
_gr asSﬁégt}ﬁ;Beei!gﬁedl nvention are useful for lubricating, sealing and

cal conponents such as gears, axles, bearings, shafts,
h| n mgm e such nechani cal conponents are found in autonobiles,
tru steel mlls, mning equipnent, railway equi pnent
I ncluding rolling stock, aircraft, boats, construction equi pnent and
nunmerous other types of industrial and consunmer nachinery. DETAI LED.
DESCRI PTI-ON OF THE | NVENTI ON Heat resistancegaf greases is nmeasured in a
nunber of ways. One neasure of heat resistance is the dropping point. '

- Gease typically do%@ﬂieﬁaséuﬁcéh&rfp irEd it ivn NFedatdingN8i180Useas to
until it no |onger func %éfé:ﬁ thlckened Igg . .The Amerj can _Soci ety
for Testing -an @éi—p%?—%m
has set forth q;;g@g Fuatxmhab LdﬁﬁlbitiﬁQSGr&hsehIaseitde& Kansas City,
Missouri (1987), pp 1.06-1.09, which 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, typicaily an
. 0il of lubricating viscosity in amounts, typically from
10 about 1 to about 30%'by weight, more often from about 1 to
'about 15% by weight, of the base grease compos1tion. In
‘many cases, the amount of metal soap used to thicken the
base oil constitutes from about 5% to about 25% by weight
of base greese. In other cases from about 2% to about 15%
15 by weight of metal soap is present in the base grease. _
The specific amount of metal soap _required often
depends on the metal soap employed; The type and amount of
metal soap employed is frequently dictated by the desired
nature of the grease. | .
20 ~ The type and amount of metal soap employed is also
 dictated by the desired consistency, which is a measure of '
the degree to which the grease resists deformation under
application of force. COnsistency is usually indicated by
the ASTM Cone penetration test, ASTM D-217 or ASTM D-1403.
25 .TYpes and amounts of simple metal soap thickeners to
employ are well-known to those skilled in the grease art.
The aforementioned NLGI Lubricating Grease Guide, pp 1.09-
1.11 provides a descriptioh of simple metal soap .
thickeners. This text is hereby incorporated herein by
30 reference for its disclosure of simple metal soap grease
thickeners. , _ '
. As indicated hereinabove the grease compositions of
this invention are oil based, including both natural and
. synthetic oils. Greases are made from these oils by adding
35 a thickening agent thereto. Thickening '.agen'ts useful in



a neans for ncasuring tte—droppi ng point of greases. In general, the

dr oppi ng poi t of §sqa s the tenperature at which the grease passes
froma sem state under the conditions of the test. - The
dr oppi ng poi rature at which the first drop of material falls
fromthe test i n the apparatus used in ASTM procedure D 2265.
For'nany'appllcatlons S|nple metal soap thickened base greases are entirely
satisfactory. - However, ~for sone applications, greater heat resistance
mani fested by a dropping point above that -olit ai ned enpl oyi ng sinple netal
soap thickened greases is desirable. Conpl ex netal soap greases provide

i ncreased droppthe) goeases bof bhis invemtdonofars dilid isimplermebaiksoaps.

Conpl ex t hi ckerﬁ; S szgige ifetaadi tgggpﬁo ad atﬁu\iagf' dg@bgeﬁs&taﬁnal Yoo

hon-fatty acid, enzoic, organtc basi c aci onent

formation of tfﬁﬁQkﬁﬁﬂQﬂ@Eﬁkﬁﬁle neutr@ypmeﬁﬁlysaeruaﬁsfattynasadﬁeatBug
periods, sonetidi@Sstantially stoichiometrically neutral is meant that the

5 metal salt contains from about 90% to about 110% of the
metal required to prepare the stoichiometrically neutral
-salt preferably from about 95% to about 100%.
Fatty acids are defined hereln as carboxyllc acids
contalnlnq from about 8 to about 24, preferably from about
10 12 to about 18 carbon atoms. The fatty acids are usually
monocarboxylic acids. Examples of useful fatty acids are
‘capric, palmitic, stearic, oleic and others. Mixtures of
acids are useful. Preferred carboxylic acids are linear:;
that is they are substantially free of hydrocarbon
15 branchlng. ' | |
' Partzcularly useful acids are the hydroxy-substztuted
fatty acids such as hydroxy stearic acid wherein one or
more hydroxy groups may be located at internal positions on
the carbon chain, such as 1l2-hydroxy-, Il4-hydroxy- - etc.
20 stearic acids. ' | B '
' 'While the soaps are fatty acid salts, they need not
be, and frequently are not,'prepared directly from fatty
. acids. The typical grease-making . process involves
_ saponification of a fat which is often a glyceride or of
25 other esters such as methyl or ethyl esters of fatty acids,.
preferably methyl esters, which saponlficatlon is generally
conducted in situ in the base 011 making up the grease. '
Whether the metal soap is prepa:ed from a fatty acid
or an ester such as a fat, greases are usually prepared in
'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-sgitu. Additives for use in the grease may be
added during grease manufacture, but are often added
following formatlon ‘of the base grease.
35 - The metals of the metal soaps are typlcally alkall'




several tlnes that required to prepare a sinple netal soap thickened

grease.’ B Rmmwas desirable to provide a neans for preparing a

si npl e net ned grease 5 conposition having dropping points
approachl edi ng those possessed by conpl ex greases. Thus, we
have” nom1foun | pos I'bl e to provide novel grease conpositions; to provide
10 grease conpositions having val uabl'e properties; and to provi de grease
conpositions having inproved thernal (heat) stability as indicated by
an increased dropping point as neasured by AT Procedure D-2265. 15
Qther  ains. W || becone apparent to the skilled person upon reading the

speci ficati on ametatsecr apkaddnes QﬂnthlnﬁhﬁiscﬁndTh upipude c@ﬂmxpurnnﬁssﬁ
ronp 30 “polsrouft, A S Enlife PN S P il
grease. This behdtetthe ©niakeRer RYiFRIFHLR it% fak o estenr fak
thi ckened base @ieRSpasit O‘ﬁt’éhﬁlse@oﬁw@h%gactdacﬁﬁh%g Ns§ehf Ws a'lﬂudes,
phosphorus %ontalg gldes, carbonates and alkoxides (typically lower
alkoxides, those contalning 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 are 1lithium, sodium, calcium,
magnesium,'barium and aluminum. Especially preferred are
lithium, sodium and calcium; lithium is particularly
preferred. '
15 Preferred fatty acids are stearic acid, palm1t1c aciq,
oleic and their corresponding esters, including glycerides
(fats). Hydroxy-substituted acids and the corresponding
esters, including fats are particularly preferred.
_ These and other thickening agents are described 'in US
20 Patent Nos. 2,197,263; 2,564,561 and"2,999;066; and the 
aforementioned NLGI Lubricating Grease Guide, all of which
are incorporated herein by reference for relevant
disélosures_of grease thickeners. | : '
Complex greases, e.g., those containing metal soap-
25 salt complexes such as metal sbap-acetates, metal soap-
dicarboxylates, etc. are not simple metal soap thickeners
as defined herein. = | |
{A) The Overbased Metal Salt of an Organic Acid
_ Component (A) is an overbased metal salt of an organic
30 acid. The overbased materials afe characterized by metal
" content in excess of that whxch would. be present accordlng
to the st01chlometry of the metal and organic acid
reactant. The amount of excess metal is commonly reported
" in terms of metal ratio. The'term "metal ratio” is the
35 ratio of the equivalents of metal base to the equivalents



comomrocarbyl phosphite in amounts 25 sufficient

rncrease t |ng point of the corresponding base grease by
C as neasured by ASTM Procedure .D-2265. G eases
are freq u to water. Thus, it is desirable that general purpose

gr eases y 30 free of conponents that are readily adversely
af fected by water. Boron-containing corrpounds are notoriously sensitive to
wat er,  ei ther being water-sol uble, being subject to | eaching. fromthe
grease into water or being readily 35 hyéi’raJ | yzed yi el di ng undesirabl e

e ares P S e o o R b afen, choheneral cBalt ihecn pebal
of ) boron and bmmocoatfal oheg cogpatiiised hamatgxtks Ohava baetall akhyibsee
P RN e R I N T
conposi tion. 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
-  calcium, with calcium being especially preferred.

In the present invention, the preferred overbased

materials have metal ratios from about 1.1 to abcut 25,

10 with metal ratios of from about 1.5 to al;out 20'being more
preferred, and with metal ratios of from 5 to 15 being more
preferred. ' o

Generally, overbased materials usefu]. in the present

invention are prepared by treating a reaction mixture
15 comprising an organic acid, a reaction medium comprising at
- least one solvent, a stoichicmetric excess of a basic metal
compound and a promoter with an acidic material, typically
‘carbon dioxide. In some cases, particularly when the metal
is magnesium, the acidic material may be replaced .with
20 water. _
- Organic Acids _ o _

‘The organic acids useful in making the overbased salts
of the present invention include carboxylic acid, sulfonic
acid, phosphorus—conta:.nlng acid, phenol or mixtures of two

.25 or more thereof. '
Cargogllc Acids

The carboxylic acids useful in maklng the salts (A)
may be aliphatic or aromatic, ‘mono~ or polycarboxylic acid
or ac'id-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
acids 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



G eases' are Typicarly prepared by thickening an oil basestock. The greases
of this i Ee?ﬁ qgegn laceqased, 10 that is, they conprise an oil which
has been t nmetal soap thickener. The grease conpositions of
this invent B il of lubricating viscosity, including natural or
synt hetic | and m xtures thereof. Natural 15 oils include
animal oils, vegetable oils, mneral oils, solvent or acid treated m neral
oils, and oi I's derived fromcoal or shale. Synthetic lubricating
oil s include hydrocarbon oils, halo-subsigtuted hydrocarbon oils,

al kyl ene oxi de polyners, esters of carboxylic acids and 20 polyols,

esters of pol Y@&W]JJQ: A idEs al 1n’iiémilﬁ o eixi€ldde Ehe ac:.d-produclng
phosphor us- contalnl aci r|c t et rrahydr of yr ans con - based
oils and m xt uPEE ﬁéﬁﬁﬁcﬁP fp 8 Xpr&ﬁﬁ§'oﬁ°ﬂﬁﬁ?Pi§V nﬁs ers,
Viscosity are deyd.rl ﬂwu.idhesJS Paiaetonés32 @iy 2 maaduEasopmMﬁn_t ufiless
di'cl osures  roPiery RS ARREALATED PREAE, Y 10 CLTTCF deseription of
| ubri cant b®se oil smmquy]am @acids obhithis/ imrention abei prafeBably
Qls", Lubricagy;CaghReAld hd' Oéwenéﬁbepaaes chPboht atdi Prdséie idtfe
acid 'is 1mportant in contributing to the desired
solubility. Usually, in order to provide the desired oil-
'solubllity, 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,.éhese 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 ac:Lds. -Examples of such useful acids
include dodecano;c acid, decanoic acid, oleic acid, stearic

20 acid, linoleic acid, tall oil acid, etec. Mixtures of two
_or more such agents can also be used. An extensive
discussion of these acids is found in Kirk-Othmer
"Encyclopedia of Chemical TechnoloéY” Third Edition, 1978,
John Wiley & Sons New York, PP- 814-871; these pages being
25 1ncorporated herein by reference. |
| Examples of lower molecular' weight polycarbcxyllc
acids include dlcarboxyllc ac1ds and derivatives such as
sebacic acid, cetyl malonlc acid, tetrapropylene-
substituted succinic anhydride, etc. Lower alkyl esters of
30 these ac1ds can also be used. _ |
| The monocarboxyllc acids 1nc1ude 1soa11phat1c acids.
Such aClds often_contaln a principal chain having from
about 14 to about 20 saturated, aliphatic Catbon atoms and -
at least one. but usually no more than about four pendant
35 acyclic lower alkyl groups{ Specific examples of such
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30 a cor por at ed by ref erence for . its disclocures

relati to Iubrlcatlng oils. A descri ' ' '
ption of oils of lubricatin
ngﬁﬁﬁl Bat ent 4,582,618 (Davis) (colum 2, line Sg t hr ough
|ts m Iu3|ve) incorporatad herein by reference for
0|Is of lubricating viscosity. -6- Anot her source

|nfornat|on regardlng oils used to
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Lubrlcatlna G ease Ghlde Nat'i onal Lubricating G ease Ingt?tute Kansas
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in the greases )
soaps are i ncoré)%r%{% atf&eé'ﬁi&é‘ AL W | -0mhy I-tetradecandie adid a3

Into a base Qi ,
viscosity in M'she%?ﬁ?ﬁﬁpﬂ'cf rGiA102 é%lg %f#’ﬁabmﬁa %ﬁ# YLB]I‘%ABC?%%?Q
more of ten from abophel jigoallipiatifds bgidsi gincludet mmsgr‘éﬁs ranch=

composi tion. lr]2?3y52§£§ péQSa%e u%&(%hgﬁﬁﬁoﬁﬂ¥¥%aﬁﬁaht8ft@dﬂﬁerdiﬁi
' 5 fatty acids (e.g. oleic, linoleic or tall oil aclds) of,
for example, about 16 to about 20 carbon atoms.
The higher molecular welght mono- and polycarboxyllc
acids suitable for use in makinq the salts (A) are well
 known in the art and have been described in detail, for
10 example, in the following U.S., Brztlsh and Canadian
patents: U.S. Patents 3,024,237; 3,172,892; 3,219,666;
3,245,910; 3,271,310; 3,272,746; 3,278,550; 3,306,907;
3,312,619; 3,341,542; 3,367,943; 3,374, 174; 3,381,022;
3, 454'607, 3,470,098; 3, 630 902; 3,755,169; 3,912, 764; and
15 4,368,133; British Patents 944 136, 1,085,903; 1,162, 436;
and 1,440,219; and Ccanadian Patent 956 397. These patents
are incorporated herein by- references for their disclosure
of higher molecular weight mono- and polycarboxyllc acids
and methods for making the same. '

20 A group of useful aromatlc carboxylic acids are those
of the formula ' '
. x.1
L
25 . (C=X"H),
R',—/8Ar” o (XV)
30 o  (X%H)

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 aromatlc

35 group, X', X? and X are independently sulfur and oxygen,
b is a number in the range of from.1l to about 4, c is a
number in the range of 1 to about 4, usually 1 to 2, with

the prov1so that the sum of a, b and ¢ does not exceed the
number of valences of ‘Ar. Preferably, 2:3 and a are such



‘base -oit eunst'nmes fTom about 5% to about 25% by wei ght of ‘base gr ease.

In o e§ ‘%pout 2% to about 15% 15 by weight of netal soap is
pres grease. The specific anmount of metal soap required

of ten mﬁ net al- soap enpl oyed. The type and anount of netal soap
enpl Oy Iy dictated by the desired nature of the grease. 20

The type and anDunt of netal soap enployed is also dictated by the desired
consi stency, which is a neasure of the degree to which the grease resists
def ormati on under application of force. Gens2stency is usually indicated by

.the ASTM Cone penetration test, ASTM D-217 or ASTM D-1403. 25 Types
and anounts of thaipl Eheeealissoap alvierlagereft atenpeagt aabondt | 8 kaduphatic
those skilled i g r RhtgoNn ub t e
Gui de, pp 1.09- pégv CiLESCI‘I p?l on ofk3|§p?%getia ‘!';sé&{il k;BQ.pgiﬁﬁs

t hi ckeners. Thimnmentedlebﬁbﬁombavaat ed herein by 30 reference f or

erel hehovet he g S SRS ol REPLA RELALASxi gk hEgRCShe sane

i ncl udi ng bBt h STUFHITe RS AN (RF | Ehe| axonakigsgroups Anddiscyssercbelom s

by addi ng  under the heading "Phenols". Examples of the aromatic
groups that are useful herein include the polyvalent
aromatic - groups derived from benzene, naphthalene,
anthracene, etc., preferably bex_izene. Specific examples of

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

Examples of the R groups in Formula XV include butyl, '
isobutyl, pentyl, octyl, nonyl, dodecyl, and sub_stituents

15 derived from polymerized olefins such as polyethylenes,

' - polypropylenes, pOJ.yisobutylenes, ethylene-propylene_
copolymers, oxidized ethylene-propylene copolymers, and the |
like. | o | |

 Within this group of aromatic acids, a useful class of
20 carboxylic acids are those of the formula’ '

(XVI)
25

30 where in Formula XVI, R™ | is an aiiphat‘ic hydrocarbyl group
 preferably conteining from about 4 to about 400 carbon
atoms, a is a nﬁmber 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, ¢ is a number in the
35 range of 1 to about 4, preferably 1 to about 2, and more
preferably 1; with the prov:.so that the sum of a, b and c
‘does not exceed 6. Preferably, R and a are such that the
acid molecules contain at least an average of abqut 12
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35 a thrckeﬁkagamyau_iiﬁiggo Thiakening agents useful in -7- the

grea§es |s |nvent|on are the sinple netal soaps. By sinple netal
soaps . lanbstantlally stoichionetrically neutral nmetal salts
of fatty antially stoichionetrically neutral is neant that
the 5 net ns from about 90%to about 110% of the neta

required to prepare the stoichionetrically neutral salt, preferably from
about 95%to about 100% Fatty acids are defined herein as carboxylic acids
cont ai ning from about 8 to obout 24, preferably fromabout 10 12 to about
18 carbon atons. The fatty acids are usual Bg monocarboxylic aci ds.

Exanpl es of useful fatty acids are capric, palmtic, stearic, oleic and
others. M xt ur esliphatidgs grrbodef @toms cfimr euheargbxyhat;is:cu dwydyracarbon

|inear: (hat |Ssybgyiehentibpedaball holedtugl, hydrocarbon 15 _branching
Partlcularly useful acids are t e hydroxy-substltuted fatty acids such as

(XIV) are the’ allphatlc hydrocarbon-suhstituted salicylic

5 acids wherein each aliphatxc_ hydrocarbon subst;tuent
contains an average of at least about 8 carbon atoms per
substituent and 1 to 3 substituents per molecule. Salts
prepared from such salicylic acids wherein the aliphatic.
hydrocarbon substituents are derived from polymerized

‘10 olefins, partlcularly'polymerized.lower'l-mono-oleflns such
as polyethylene, polypropylene,- polyisobutylene,
ethylene/propylene copolymers and the like and having
average carbon contents of about 30 to about 400 carbons
atoms are particularly useful. |

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

. according to prbcedures known in the art. Carboxylic acids

of the type illustrated by these formulae'and processes for

preparlng their neutral and basic metals salts are well

20 known and disclosed, for example, in U.s. Patents

2,197,832; 2,197,835; 2,252,662; -2,2_52,564:'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.
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

30 - suifonic_acide can be represented for the most part by the
following formulae: _ ' ' _

| R -T-(SOH), ~ (XVII)
R”"'-(sosf!) _ ' ' ' (XVIII)

35 _
' In the above Formulae XVII and XVIII, T is a cycllc nucleus -

such as, for example, benzene, naphthalene,_anthracene,



nore hydroxy groups may beé |ocated at internal positionsm‘carmn\
chain, such as 12-hydroxy-, 14-hydroxy- etc. 20 stearICMh%MM| _
soaps are fatty acid salts, they need not be, and freguen aced
prepared directly fromfatty aci ds. The typical greaH!,mE cess
i nvol'ves saponification of a fat which is often a glyceri ther
esters such as nethyl or ethyl esters of fatty acids, preferably rret hyl
-esters, which saponification is generally conducted in situ in the base oil

making up the grease. \Wether the netal so_ap,r4s prepared-froma fatty acid
or an ester such as a fat, greases are usually prepared in 30 a grease

kettle, formngg 'dﬂyiréhé)f t&eidese Olliphl E{le?éter (ﬂ{lfﬁié}’ a%étﬁaﬁeum

net al - contai ni ng reactant to form the soa |ns es for
the grease may B@M%r ﬁﬁj’-gré’asepmﬁ%?%'élﬁrés mtahmheﬁenga*a%dsuch

fol l owing for FVBHSJQI%&F [NAIREHF1IJr BAXDXY3O alkoxyalkyl[eledcs ;0 fBCatFlaast
soaps are typ C%.l,l yan R -'I‘ contalns a total of at least about 15 carbon
5 atoms. When R® is an al:.phatic group it usually ‘contains

' at least about 15 carbon atoms. ~ When it is an aliphatic-
substituted cycloaliphatic grdup,’_ the aliphatic groups

 usually coni:a_in a total of et leas_t' about 12 carbon atoms.

R2? is preferably alkyl, alkenyl, alkoxyalkyl,
10 carboalkoxyalkyl, etc. Specific examples of R and R® are

groups derived from petrolatunm, satur_ated and unsaturated

paraffin wax, and_ polyolefins, including polymerized, C,,

C;, G G5, C;, etc., piefins'cont'ain'ing from about 15 to 700

or more carbon atoms. The groups T, R¥, and RR in the

15 above Formulae XVII ahd XVIII can also contain other

inorganic or ~organic sixb_stituents_ in addition to those

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

halogen, nitro, amino, nitroso, sulfide, disulfide, etc.

In Formula XVII, a and b are at least 1, and llkews.se in

20 Formula XVIII, a is at least 1. .

Spec1f1c exanples of oil-soluble sulfonlc acids are
mahogany sulfonic acids; bright stock sulfonic acJ.ds,
sulfonic acids derived .from lubricating oil fractions;
petrolatum sulfonic acids; mono- and poly-wax-_substituted

25 sulfonic and polysulfonic acids of, e.q., benzene,
naphthalene, phenol, diphenyl ether, naphthalene disulfide, '
etc.; other substituted sulfonlc acids such as alkyl
benzene sulfonlc acids (where the alkyl group has at least

_ 8 carbons), cetylphenol mon-sulfide sulfonic acids,

30 dilauryl‘ beta naphthyl sulfonic acids, and alkaryl sulfonic
ac1ds such as dodecyl benzene "bottoms" sulfonic acids.

Alkyl-substltuted 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



met al s_,- al kaline earth netal's and al umi num For purposes—crf—cvst—a*nd‘—ease——
of processing, the netals are incorporated into the thi %e%%ee HXsIJ

the fat, ester or fatty acid with basic nmetal containing 2 S
oxi des, 5 hydroxides, carbonates and al koxides (typi kﬂﬂl ."ﬂ

al koxi des, those cont ai ni ng from1l to 7 carbon atons int p) .
The soap may al so be prepared fromthe netal itself although many netal s
are either too reactive or insufficiently reactive with the fat, ester or
fatty 10 acid to pernmt convenient processigg- Preferred net als are

1ithium sodium calcium nagnesium bariumand al um num Especially
preferred are |Hddi b&en aqqtyq@teandum rugylehet hietRaners Port isvbateye

bl 61 . and" t hei EEHER pbRa inFredise T Sné‘réf‘éé%??%éde#a% i e
‘Hydr oxy- subst i tsilsst boueistsirch thhe mmm) epbdetyli behzénegbbtens,e
Do LY LA ) SR LB ndlh< 58 08 B R BefliaRL0o e
af or enent i oBed awadlahile matbylgpﬁodac& @xiote tii¢ menufactuneoofi houspbridded
herein by re{i&Aaéntd” §8hEYEP! products obtained from alkylation
bottoms formed during manufacture of linear ~alkyl
sulfonates (LAS) are also useful in making the sulfonates
used in this invention. o
10 The production of sulfonates from detergent
" manufactured byproducts by reaction with, e.g., SOz, 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
polybuterie ‘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, pre_ferablir' 700 to 1200, m’or_e
preferably about 1500 with chlorosulfonic acids, paraffin
wax sulfonic acids, pdlyethylene (ﬁn equals about 9200-2000,
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
30 acids, polyiSobutene sulfonic acids wherein the
polyisobutene contains from 20 to 7000 or more carbon
atoms, chloro-substituted paraffin wax sulfonic acids,
etc.; cyéloaliphatic snlfonic acids such as petroleum
. naphthene sulfonic acids, lauryl cyéldhexyl sulfonic acids,
35 '



di scl osures of grease thickeners. Conplex greases, e.g., those contalnlng
nmet al soap- 25 salt conpl exes such as netal soap- acet ates, net aI

di carboxyl ates, etc. are not sinple netal soap thickeners as de |ned
herein. (A) The Overbased Metal Salt of an Oganic Acid Conponeny; HiasB@mRe
over based netal salt of an organl c 30 acid. The overbased mate
characterized by netal content in excess of that which would be

according to the stoichionetry of the netal and organic acid react ant
~anpunt of excess netal is conmonly reportediign<terns of metal ratio. The
term™netal ratio” is the 35 ratio of the equivalents of netal base to the
equi val ent s ménoef d:dﬂqmlgawax—aubetiuheeaat@c]ébml abulfbhikasacids,
nmetal ratio of %:1% Overbased materials have netal ratios greater than 1,
typically from to about 40 or nore. Preferred netals are Goup | and

G oup || netals 5 (Cﬁethcmesﬁﬁnte&mstbéAsplﬁanmcmacﬁdsherPsadms(ﬁhﬁﬁé@f

_Of ~ 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
" th.te oils by a sulfuric acid process. '

The basic (overbased) salts of the above-descr:.bed
synthetic and petroleum sulfonic acids are useful in the
practice of this invention.

15 Phenols ; _ _

The phenols useful in making the salts (A) of the

invention can be represented by the formula _ _
R® -Ar-(OH), | (XIX):

wherein in Formula XIX, R® is a hydrocarbyl group of from

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 ranqe of two up to the number of
'dlsplaceable hydrogens on the aromatic nucleus or nuclei of
Ar. Preferably, a and b are independently numbers in the

25 range of 1 to about '4, more preferably 1 to about 2. R¥
and a are preferably such that there is an average of at
least about 8 allphatlc carbon atonms provided by the R®
groups for each phenol compound repres_ented 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 re-preserited_
by "Ar® in Formula XIX, 'asz well as elsewhere in other
formulae in this 'sp'ecification and in the appended claims;-

35 can be mononuclear such as a phenyl, a pyridyl, or a



t he- El enent S). Most preferred are sodi um magnesi um and cal crum—w-th—
cal ci"um bei ng especially preferred. In the present inventi on. iﬁ

e.

preferred overbased materials have netal ratios from about 1.} ighee s 1 Replaced
10 with nmetal ratios of fromabout 1.5 to about 20 bei ng nor u (1 ﬁl

and with netal ratios of from5 to 15 being nore preferred. G _
overbased rmaterials useful in the présent invention are prepared by
treating a reaction mxture. 15 conprising an organic acid, a reaction

medi um conprising at | east one sol vent, a=sfldi chionetric excess of a basic
metal conmpound and a pronoter with an acidic material, typically carbon

di oxi de. | n sonthéep¥s, p¥rpPpé¥nucleaghen Thee pedyaucleagnaiinsncamde of

aci dic material tqBY i8eACRYBECHNWERAN AN ‘Hi“o?ft'@%l‘eu%ci e P20
acids useful in maki'nget he&gverbase salts o at hle present ii(r%sllefntlon ﬁc ude

carboxyl i ¢ aci dPO3BFEoNFR ANENYR o INTIANE c SN nrAg Bevad pirnaarithyl,
m.xtures of twoarbhrahylI)retther adle dolyiniolésr A§-eap TEANCANBEX Yd GRCEKS

useful in ngyingiaﬂgds §§§ &ﬁgrein'at least two nuclei (either mononuclear
: ~ or polynuclear) are linked through bridging linkages to
each other. These bridging 1inkéges can be chosen from the

group consisting of alkylene linkages, ether linkages, keto

linkages, sulfide linkages, poleulfide 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

__lsingle aromatic:nﬁcleus,'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 hydrégens on the aromatic.nudleus or nuclei
20 of Ar. | | |

i " The R® group in Formula XIX is a hydrocarbyl group
that is directly bonded to the aromatic group Ar. R®
preferably contains about 6 to ‘about 80 carbon atoms;_
preferabiy 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 R® groups include butyl, isobutyl, pentyl, octyl, nonyl,
dodecyl, 5-chlorohexyl, 4-ethoxypentyl, 3~-cyclohexyloctyl,
2,3,54ttimethylhepty1,' and substituents derived from

30 polymerized olefins such as polyéthylenes, polypropylenes,
polyisobutylenes, 'ethylene—propylene copolymers,
chlorinated olefin polymefs, oxidized ethylene-propylene
- copolymers, propylene tetramer and tri(isobutene).

‘Metal Compounds. o o
35 - . The metal compounds useful 'in makinq the overbased



may. be, éliphatic or aromatic, nono- or polycarboxylic acid o ———— —

aci d-"produci ng conpounds. These carboxylic acids.-30 include_|o taced
mol ecul ar 'wei ght carboxylic acids (e.g., carboxylic aci ddh S f
about 22 carbon atons such as acids having about 4 to.

carbon atonms or tetrapropenyl-substituted succinic anhydr:

hi gher nol ecul ar wei ght carboxylic acids.. Throughout this 35 specification
and in.the appended clains, any reference to - 10 - carboxylic acids is
i ntended to include the acid-producing derl. ives thereof such as _
anhydrides, | ower alkyl esters, acyl hal i des.” | act ones and ni xtures t her eof

unl ess ot herw s ci fi | f

i nvention are p?‘g?%?'a a&% Ic"}“E ﬁ’%b egaan(f'cf ﬁglﬁ-l?nte%@%(%#%ﬁr?%%%}sgp?%gégt
in the acid iscompoyndsncapablec @fi famming sakts twicth dthe rexganicbacidy,
Usual Iy, in ordgftlen pro&\iui% t heydedwitibe) | 'cﬁﬂdﬁﬁééé aigeoﬂ@@sr oétc.

carbon atons in _the carboxyl i'c 1 aci d shoul.d Ieast
preferab|y aboufresip 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, calcium, barium, etc.) as well as the Group IIB
metals such as zinc or cadmium. Preferably the Group II
metals are magnesium, calciﬁm, 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 formiec aoid, acetic aciaq, nitric'aoid,

20 sulfuric acid, etc. - Acetic acid is particularly useful.
Inorganic acidic materials may also be used such as HC1,
H;BO;, SO,, SO;, CO,, H,S, etc., carbon dioxide is preferred.
a 'preferred combination of acidic materials is carbon
dioxide and acetic acid. '

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
hydroxlde, organic acids of up to about 8 carbon atonms,
nitric acid, sulfuric acid, hydrochloric ac1d,.-meta1

30 complexing agents such as aikyl salicylaldoxime, and alkali
metal - hydroxides such as lithium hydroxide, sodium
hydroxide ahd.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



nnre\préferably at | east about 18, even nore preferably up_to-abeut—30.
Cenerally, these carboxylic acids do not contain nore than about 400 arbo

atons per nolecule, preferably no nore than about- 100, noflEs aced’
more 15 than about 50. The -l ower nolecul ar wei ght nnnocarb u
conténplated for use in this invention include saturated a

aci ds. Exanpl es of such useful acids include dodecanoic acid, decanoic

acid, oleic acid, stearic 20 acid, linoleic acid, tall oil aC|d etc.

M xtures of two or nore such agents can also1 e used An'exten3|ve
di scussion of these acids is found in i rk-Othmer "Encycl opedi a of

Chemi cal Technol d .Edi 1978
Sl 571! (hose PRmotRHe S I FhiBe Hns BRCIRESY £ 001 Ko, 2921
| ower nol ecul ar mmzsmtyaamﬁaa: amdds3;4132u2|31d| caThesel i patentls axe

derivatives suchy s'?%s t??%égdsh@‘i"eqn b{*%%keﬁgﬁl':gmf%r é’féfir E:LFC ure of

t et rapropyl ene- uccrimc et C. Lower
30 these acids @Fomoterse uEépecindlabwvﬁahﬁbﬁy¢¢ctheumgnbhyﬂuds alcohols

i soal i phat i ¢ 5aCiplty Ry Clipa ot BK¥dE M 6 OBhEHBN ddn¥, ARl xEhAes BV matHfsl
- with higher monhydric alcohols and pheholic materials.
Patents specifically describing techniques for making
basic salts of the hereinabove-described sulfonic acids,
carboxylic acids, and mixtures of any two or more of these
10 include U.S. Patents 2,501,731; 2,616,905; 2,616,911;
2,616,925; 2,777,874; 3,256,186; 3,384,585; 3,365,396;
'3,320,162; 3,318,809; 3,488,284; and 3,629,109. The
disclosures of these patents_are'hereby incotporated in
this present specification for their disclosures in this
15 regard as well as for their dlsclosure of specific sultable
' basic metal salts.
As indicated herelnabove, the acidic material (e.qg.
Co,, acetic acid, etc.) may be replaced with water. The
resulting overbased salts are described as hydrated. ‘These
20 pfoducts are most often magnesium overbased compositions.
| U.S. 4,094,801 (Fbrsberg) and_ u.s. 4,627,928 (Karn)
describe such compositions and methods for making same.
These patents are expressly incorporated herein for
- relevant disclosures of hydrated overbased metal salts of
25 organlc aclds. _ ' . ’ .
A large number of overbased metal salts are avallable
for use in the compositions of this invention. Such
overbased salts are well known to those skilled in the art.
The following Examples are provided to illustrates types of
30 bverbased materials. These illustrations are not intended
to. limit the scope of the claimed invention. Unless
indicated otherwise, all parts are parts by weight and
temperatures are in degrees Celsius. '

, EKQEELQ_A:;
- 35 A mlxture of 906 grams of an oil solutlon of an alkyl




about 14 to about 20 saturated, aliphatic carbon atons and at | east one but
usuafly no nore than about four pendant 35 acyclic |ower al kyl gr oups.
Speci fic exanpl es of such i soal i phatic acids i-nclude

10- net hyl -t et radecanoi ¢ acid, 3- ethyl-hexadecanoic acid, and .

8- net hyl - oct adecanoi ¢ aci d. The isoaliphatic acids include m xtures of
branch- chain acids prepared by the isonerizati.on of coomercial 5 fatty

acids (e.g. oleic, linoleic or tall oil acids) of, for exanple, about 16 to

about 20 carbon atonms. The hi gher nol ecul ar i ght rmono- and pol ycar boxylic
acids suitable for use in making the salts ( are well known in the art

'S VB it; on PEPUEE STESHIE deid Yndflnd S Mveragd sip ey Rty of
3,219, 666; 3,24%#300; vepgrln.hﬁse 3osmonmelsy) 3, 564 sgrans, JWAHEL oil, 600

3312 619 - 3. 34 o3 B7 4
3 470 098 3. 632?13%%5 g"%‘é“? 98378 éré%% ﬁr?égl%% °§§é?335%7 130 grans

‘Patents 944, 136:Wateypsis)duiown mthsfearlaﬁa digxide)at antemperatirerafe 8-
956, 397. 5 85°C for 7 hours at a rate of about 3 cubic feet of carbon

dioxide per hour. - The reaction mixture is constantly
agitated throughout the carbonation. After carbonation,
the reaction mixture is stripped to 165°C/20 torr and the
residue filtered. The filtrate is an oil solution (34%
10 o0il) of the desired overbased magnesium sulfonate hav1ng a
metal ratio of about 3. _ N
_ Example A-~2 ,
A mixture of 160 grams of biend 0il, 111 grams of
polgisobutenyi (number average molecular weight=950)
15 succinic anhydride, 52 grams of n-butyl éicohol, 11 grams
of water; 1.98 grams of Peladow (a product of Dow Chemical
identified as containing 94-97% CaCl,) and 90 grams of
hydrated lime aré 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, 58% by weight of oil) of a straight chain
dialkyl benzene sulfonic - acid (mblgcula:'weight=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
(64.5 grams), and 217 grams of methyl alcohol are added.
The reaction mixture is blown with carbon dioxide to a base
number (phenolphthalein) of 20-30. Hydrated lime (112
30 _gfams) 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 Dblowing is repeated three more times with the exception



are incorporated herein by referen for the disclosure of higher nolecular
wei ght nono- and pol ycarboxylic acids and nethods for naking the sanme 20
A group of useful aromatic carboxylic acids are those of the formula [err]
wherein in Fornmula XV, Ris an aliphatic hydrocarbyl group of preferably
about 4 to abput 400 carbon atons, a is a nunber in the range of zero to
about 4, Ar is an aromatic 35 group, Xt[err], x*[err] and X*[err] are

i ndependently sul fur and oxygen, b is a nunber in the range of from1l to
about 4, c is a nunber in the range of 1 to about 4 usually 1 to 2, with
“the proviso that the sumof a, b and ¢ does not exceed the nunber of

‘val ences of Ar.
aver age of at

Preferably, R* and a are sucil - - 12 - that there is an

| east about 8-aliphatic carbon atonms provided by the R

groups in each cHibubher ipsEstapesibjonothel neawtidhemixturei isgcanhonated
Formula XV may hae¢e al Base2Hmber (phenolphthalein) of 45-55. The reaction
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mixture is flash dried at 93-104°C, kettle dried at 149-
160°C, filtered and adjusted with oil to a 12.0% Ca level.
The product is an overbased calcium eu;fonate having, by
analysis, a base number (bromothenol blue) of 300,'a'meta1
content of 12.0% by weight, a metal ratio of 12, a sulfate
ash content of 40.7% by weight, and a sulfur content of
1.5% by weight. The oil content is 53% by weight. |
' Example A-3 _

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

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

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

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

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

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

- 95°C over a three hour period. An additional 41.5 grams of .



5 structure as any of the aromatic groups Ar discussed bel ow under the
headi ng "Phenol s". Exanpl es of the aromatic groups that are useful herein
i ncl ude the polyvalent aromatic groups derived from benzene,

" napht hal ene, anthracene, etc., preferably benzene.- Specific exanples of 10
Ar . groups include phenylenes and naphthylene, e.g., nethylphenylenes,
et hoxyphenyl enes, isopropyl phenyl enes, hydroxyphenyl enes,

di propoxynapht hyl enes, etc. Exanples of the R* groups in Formula XV include
butyl, isobutyl, pentyl, octyl, nonyl, dodecyl, and substituents 15

derived from pol yneri zed olefins such as -poly %Exlenes pol ypropyl enes,

‘pol yi sobut yl enes,- et hyl ene- pr opyl ene copolg oxi di zed

e s S"s PoPY) © WReP YodRidned Hhd Maddifur ] Y SN R UrA e

[err] 30 where ihPud@tlan bempenatiune jof abouts(905IvaS C (fokr So& Ipung.ouffhe

P the range. of a%‘%”ﬁii%‘*?ﬁ%%u?ﬁm%‘e R i a‘ﬁ“-"%@%'@%“a ¢ Bata

number in the raryd JoUr tBerbed: and fagrther sk 2byCre§u§1n9rrme

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

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 alcochol and amyl alcchol, 43.2 grams of a 15%

| calcium chloride aqueous solution and 86.4 grams of lime is

15 prepared. While maintaining the temperature below 80°C,
1000 grams of an 85% solution of a primary mono-alkyl
benzene sulfonic acid, having a molecular weight of about
'480, a neutralization acid number of 110, and 15% by'weight
of an organic diluent is added to the mixture. The mixture

20 is dried at 150°C to about 0.7% water. The mixture is
cooled to 46-52°C where 127 grams of the isobutyl-amyl
alcohol mixture described above, 277 grams of methanol and
87.6 grams of a 31% solution of calcium, fbrmaldehyde%'
coupled, heptylphenol having a metal ratio of 0.8 and 2.2%

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 171 grams is added and carbonated to a
neutralization base number of (phenolphthalein) 45-55.

30 Approximétely 331 grams'of carbon dioxide are used.. The
| mixture is dried at 150°C to approximately 0.5% water. The
reaction mixture is filtered and the filtrate is the
desired product. The product contains, by analysis, 12%
calcium and has a metal ratio of 11. The product contains

35 41% oil. :



35 range of 1 to about 4, preferably 1 to about 2, and nore preferably 1;
Wi th-the proviso that the sumof a, b and c does not exceed 6. Preferably,
R<[err] and aare such that the acid nol ecules .contain at |east an average
of about 12 - 13 - aliphatic carbon atons in the aliphatic hydr ocar bon
substituents per acid nolecule. Included within the class of aromatic
carboxylic acids (XIV) are the aliphatic hydrocarbon-substituted salicylic
5 acids wherein each aliphatic hydrocarbon substituent contains an average
of at |east- about 8 carbon atons per substitpgnt and 1 to 3 substituents -
per nolecule. Salts prepared from such salicylic acids wherein the

al i phati-c hydrocarbon substituents are gBfamgde fx-<gn pol ynerized 10
ol ef i ns, part i cul arl.)y;bpol 3}; rd zed | ower, 1-.nmono: ol efi.n

h .
pol yet hyl ene, pol vess s dfut ?P@ﬁgedet“#énef%%%pﬁ% (2
copol ymers and téguivabentsl) havmflg aa{eragalghuhenymesuhst.itutedboutsuwa.lrnca

~about t 400 car hohe, ALOTE LPivAE EFYhA! YolEhtkne (Mn=1000, 1:1 ratio of
" - 5 polybutene to maleic acid), 105 grams (0.4 equivalent) of
tetrapropenyl phenol, 1122fgrams of xylene and 1000 grams .

'of 100 neutral mineral oil. ' The mixture is stirred and
heated to 80°C under nitrogen, and 580 grams of a 50%
aqueous solution of sodium hydroxide are added to the

10 vessel over 10 minutes. The mixture is heated from 80°C to
120°C over 1.3 hours.  The reaction mixture is carbonated
at 1 standard cubic foot per hour (scfh) while removing
water bY.azédtropic reflux. The temperature rises to 150°C

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

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

‘grams of 50% aquedus solution of sodium hydroxide are added-
to the vessel. (2) The reaction mixture is heated to 140°C

' over 1.7 hours and water is removed at reflux conditions.
(3) The reaction mixture is carbonated at 1 standard cubic

20 foot per hour (scfh) while removing water for 5 hours.
Sfeps (1)-(3) are repeated using 560 grams of an agueous
sodium hydroxide solution. Steps (1)-(3) are repeated
using 640 grams of an_aqueous sodium hydroxide solution.
Steps (1)-(3) are then repeated with another 640 grams of

25 a 50% aqueous sodium hydroxide solution. The reaction
mixture is cooled and 1000 grams of 100 neutral mineral oil
are added to the reaction mixture. The reaction mixture is
vacuum stripped to 115°C at about 30 millimeters . of

. mercury. The residue is filtered through diatomaceous

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. R

. : Example A-6 _

'35 ~ The overbased salt obtained in Example A-5 is diluted



15 The
and - XVl above are well known or can be prepared according to procedures

known in the art.

aromatic cafboxylic acids corresponding to Formul ae XV

Car boxylic acids of- the type illustrated by these

formul.ae and processes for preparing their. neutral and basic netals salts
are well 20 known and disclosed, for -exanple, in US. Patents

2,197, 832; 2,197,835; 2,252,662, 2,252,664; 2,714,092; 3,410,798; and

3,595, 791. sul f oni ¢ AC|ds.The sul foni ¢ acids usef ul Ln_naklng salts (A) of
t.the 25 invention include the sulfonic and~t®&osul fonic acids.

Substantially neutral nmetal salts of sulfonic acids are al so useful for ,
preparing the owithseinerall oithlts providecascdmpositiondeontaindag 18.75

mono- or pol y- nucg wit! ogv{agafrbgggeﬂainbabaartcggsm%?gé and 132 o

0i.l -sol ubl e 30

onf c acrds can represen nos part'%y t he

fol I-ow ng fornulae 35 [Examplien A+% above . Fornul ae XVII and
XV, Tis acyclic ﬂuféSééi§H00e§§elf&§ %h&m@ea Wi 6/50 gRamshaleeae 100

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

_blow1ng of nxtrogen and removing 40 grams of water. Carbon

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

"~ salt has a metal ratio of about 2.

Example A-~8

A reaction vessel is charged with 281 grams ('0.5
equivalent) of the succihic anhydride of Example A-5, 281
grams of xylene, 26 grams of tetrapropenyl substituted
phenol and 250 grams of 100 neutral mineral oil. The
mixture is heated to 80°C and 272 grams (3.4 equlvalents)'
of an aqueous sodium hydrox1de solution are added to the
reactlon mixture. The mixture is blown with nitrogen at 1

- scfh, and the reactionftemperature is increased_to 148°C.

The reaction mixture is then blown with carbon dioxide at
1 scfh for one hour and 25 minutes while 150 grams of water
are collected.  The reaction mixture is cooled to 80°C .
whereupon 272 grams (3.4 equivalents) of the above sodium
hydroxide solution are added to the reaction mixture, and



- 14 - di phenyl ene oxi de, di phenyl ene  sulfide, petrol eum
naphthenes, etc. R err] preferably is an aliphatic group such as al kyl,

al kenyl , al koxy, al koxyal kyl, etc.; ais at least 1, and R err]-T contains
a total of at |east about 15 carbon 5 atons. When Rlerr] is an aliphatic
group it usually contains at |east about 15 carbon atons. Wien it is an

al i phatic- substituted cycloaliphatic group, the aliphatic groups usually
contain a total of at |east about 12 carbon atons. Rlerr] i's

preferably alkyl, al kenyl , al koxyark¥P, =10 carboal koxyal kyl, etc.
Specific exanples of Rerr] and R err] are groups derived fron1petrol%tun1

saturated and UFeiddiuxe g HlOwn webEh MdEegep Al iln§Cthnc| fBLygeaction
E o 15 ARl 657 it €6 c1ab: cehardeis Tmsoreacaion
R err] - in-the DEXEUER) A4S %Wa@gi‘ﬂ eak, H’“X\ﬂjﬂ"i%fn iai'f sb % ar%foihgf’ur
i noLgani cf gr g;ﬁﬁl:;es ﬁr?bﬁirﬂ;)dfwmré;anstm@ﬁﬁ:ﬁ@ dﬁ)w%ﬂt.@?:eawup&am.emovme
such 25 0%, SURler Lol b0 nGRR, 6k T B ! B5dne
li kewi se in 20 (Fof nequivaléntsh iof adthécabove. sodium hydroxide solution
'~ are added ﬁhile'blowing the mixture with nitrogen_at 1

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

the reaction mixture is blown with carbon dioxide at 1 scfh

10 for 1 hour and 40 minutes while 160 grams of water are
collected. The reaction mixture is cooled to 90°C and 250

grams of 100 neutral mineral oil are added to the reaction

mixture. The reaction mixture.is vacuum stripped at 70°C

and the residue is filtered through diatomaceous earth.

15 The filtrate contains 50.0% sodium sulfate ash bY_ASTM D-

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

37.1% oil, and the salt has a metal ratio of about 15.8.
- _ mpl =9

A solution of 780 parts (1 equivalent) of an alkylated

20 Dbenzenesulfonic acid (57% by weight 100 neutral mineral oil

and unreacted alkylated benzene) and 119 parts (0.2

equivalents) of the polybutenyl succinic anhydride in 442

parts of mineral oil is mixed with 800 parts (20

equivalents) of sodium hydroxide "and 704 parts (22

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 cth and the temperature

~ decreases slowly to 88°C over about 40 minutes. The rate

30 of carbon dioxide flow is reduced to 5 cfh. for about 35
minutes and the tempefature slowly decreases to 73°C. The .

volatile materials are stripped by’b;owing'nitrogen through

the carbonated mixture at 2 cfh. forflos-minutes as the

_ temperature is slowly increased to 160°C. After stripping

. 35 is completed, the mixture is held at 160°C for an



Speci fic exanpl
aci'ds; bright s
oi | fractions;
sul fonic and
phenol , di pheny
sul foni ¢ aci ds
has at |east 8
di lauryl beta n

dodecyl benzene "bottons" sul fonic aC|ds

sul foni c acids
i ncl udi ng dodec
useful . The | at
al kylated with

3 or nore branche
benzene bottons,

5

10

15

es of oil-soluble sulfonlc aci ds are mahogany sul fonic

tock sul.fonic acids; sulfonic acids derived fromlubricating

petrol atum sul foni ¢ aci ds; nmono- and pol y-wax-substituted 25

pol ysul fonic acids of, e.g., benzene, napht hal ene,

| ether, naphthalene disulfide, etc.; other substituted

such as al kyl benzene sul fonic aC|ds ‘(where the al kyl group

carbons), cetyl phenol non-sulfide sulfonic aci ds, 30

apht hyl sul fonic acids, and q%yaryl sul foni c acids such as
substituted benzene

e t |
%%&98&2 "@oﬁﬁnﬂ{;gsul %l%h%?:l é’llg%g%tgaa? ag? fltag-g‘s011
solugionacifisther desdriadbnbasheesodinm hsul fuaetee@avmg a
ﬁ&gﬂil§ﬁﬁl%fBEa§5E%tprd S@putene trinmers to introduce 1, 2,

chain err| substituents on the benzene ring. Dodecyl
principally mxtures EXample Amld di - dodecyl benzenes, are

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

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

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

20

30 parts by weight of an oil mixture contalnlng about 0.037
equivalent of an alkylated benzenesnlfonic acid together

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

25

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

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

and apprbximately 60 parts by weight of water are added to

the reaction mass which is then heated to the reflux

30

35

temperature. The reaction mass is held at the reflux
temperature of about 95°-100°C for about 1% hours and
subsequently stripped at about 155° C, under 40 mm Hg, and
filtered. The filtrate comprises the basic carboxylic
magnesium salts and is 'characterized by a sulfated ash
content of 15.59% (sulfated ash) correspondlng to 274% of
the st01chlometr1ca11y equivalent amount.



5.'avai | abl e as by product from the nanuf actufe of househol d detergents.
Simtar products obtai-ned fromal kylation bottonms formed during

‘'manufacture of linear alkyl sulfonates (LAS) are al so useful in nmaking
the sulfonates used in this invention. 10 : The producti on of
sul f onat es from - detergent manufactured byproducts by reaction with,
e.g. SCIerr], is well known . to those skilled in the art. See, for.

exarrpl e, the article "Sulfonates" in Kirk-Qhmer "Encycl opedi a of - Cheni cal
Technol ogy”, Second Edition, Vol. 19, pp. 29L et 15 seq. published by John
‘Wley & Sons, N.Y. (1969). Illustrative exanples of these sulfonic acids

i ncl ude pol ybutene or polypropyl ene ggubShial W napht hal ene sul fonic
acids, sulfonic acids derived by the m&%ﬁr—oﬂp ol ybut enes_have a nunber .
aver age nol ecul ar mehgr@aq:m?nummrer@mmrgeim apprevimately pt2l erearts

700 to 1200, nopg pﬁéfiﬁhtm brabaiy ]é.p.p %ﬁhebbﬁroaahi:a&hqn@cl GhoRar af f4n
wax sul fonic acids et hyl ene ual s about. 900-2000, preferably

about 900- 1500, eﬁﬂl’- Efabl y or 3dkylake@oni c4slivAroxysl, 3~
Preferred s@ fOBeﬁzéﬁedicarboﬁ’{rliﬂEDmcld wﬂbre:l.n ate alkylaldydwph ethas an

benzene (1 ncl 4G Pg0YSE R 7L88e" 3bTht! 18" 8T 1bnat* Uskitii Skoms and an
0il mixture containing about_ _0.5 equ:.valent of a tall oil
fatty acid together with about 120 parts by weight (6.0
equivalents) of a magnesium oxide and about 700 parts by
10 weight of an organic solvent containing xylene is added to
| a flask and heated to temperatures ranging from about 70°-
75°C. The reaction is subsequently heated to about 85°C
and approximately 200 parts by we:.ght of water are added to
the reaction which is then heated to the reflux
15 temperature. The reaction mass is held at the reflux
temperature of about 95°~100°C for about 3 hours and
subsequently stripped at a temperature of about 155°C,
under vaeuum, and filtered. The filtrate comprises the
basic carboxylic magnesium salts.
20 S Example A-13 _ _
A reaction mixture comprising approximately 500 parts
by weight of an o0il solution containing about 0.5
equivalent of an alkylated 1l-hydroxy-~2-naphthoic acid
wherein the alkyl group hes an average of at least about 16
25 al:.phatlc carbon atoms and an oil. m:.xture containing 0.25
equivalent of a petroleum sulfonic acid together with about
30 parts by weight (1.5 equivalents) of a magnesium oxide
and about 250 parts by weight of a hydrOcarbon solvent is
added to a reactor and heated to temperatures ranging to
3b about 60°-75°C. 'i‘he reaction mass is subsequently heated
to about 85°C and approximately 30 parts by weight of water
are added to the mass which is then heated to the reflux
temperature. - The rea_ction mass is held at the reflux
temperature of about 95°-100°C for about 2 hours and
35 subsequently stripped at a temperature of about 150°C,



‘Al so i.ncluded are aliphatic sulfonic acids such as paraffin wax sul fonic
aci ds, unsaturated paraffin wax sul fonic acids, hydroxy-substituted
paraffin wax sulfonic 30 acids, pol yi-sobut ene sul fonic aci ds
wherein the polyisobutene contains from20 to 7000 or nore carbon atons,
chl of o-substituted paraffin wax sulfonic acids, etc.; cycloaliphatic

sul foni ¢ acids such as pétrol eum napht hene sul fonic acids, 'lauryl

cycl ohexyl sulfonic acids, 35 - 16 - mono- or poly-wax-substituted

cycl ohexyl sulfonic acids, etc. Wth respect28 e-the sulfonic acids or salt
t her eof described herein and in the appended clainms, it is intended 5
herein to enpl oyn@er tvaocuumet anfefibldereshi ¢ Thiedsfilktrdtpet comprrises the

sul fonates" to Bgég& agk‘bﬁ%&fl&@ %a%?"ife%;éﬁ (ﬁ&_ealsaé% g.hereof derived from

pet rol eum producC ATUse group o eum sul'foni c acids are the
mahogany sul fonic acids (so called becExampde #ndi4 reddi sh-brown col or)

A calcium overbased salicylate is prepared by reacting
5 a Cuy.ya aik_yl substituted sélicylié acid with lime and -
. carbonating in the presence of a suitable promotor such as
“methanol yielding a calcium overbased salicylate having a
metal ratio of about 2.5. _ o

(B) The Phosphorus and Sulfur Containing Compositions
10 . The phosphorus and sulfur containing compositions
employed in the greése compositions of the instant
invention include phosphorus and sulfur containing acids,
salts and other derivatives and other compounds including
. thiophosphite compounds. Useful sulfur and phosphorus
15 containing compounds are described in detail hereinbelow.
These compounds, when used tbgether' with an overbased
organic acid and a hydrocarbyl phosphite at amounts
indicated herein increase the dropping point of the simple
metal soap thickened base grease into which they are
20 incorporated by at least 50°C as measured by ASTM Procedure
D-2265. This effect is surprising since these compounds,
which are normally used as extreme pressure and antiwear
_compounds,'detergents and antirust agents have not been
observed to have a noticeable positive effect on dropping
25° pciht at levels normally employed to improve said
. properties. Phosphorus-'and éulfur-cohtaining'cbmpositibns
useful in the greases of this invention for ihcreasing,the
'dropping'point of simple metal soap thickened base greases

include _ u |
30 '~ (B-1) a compound represented by the formula
_ X,
- | |
Ry (%), P — XRy (D

(XZ)bRZ



10 obtained as a by-product fromthe manufacture of petroleumwhite oils
by a-sulfuric acid process. The basic (overbased) salts of the
above-descri bed synthetic and petrol eum sul fonic acids are useful in the
practice of this invention: 15 Phenols The phenol s useful in making the
salts (A of the invention can be represented by the fornula Rerr]-Ar-
(OH) b (XI'X) wherein in Fornula XIX, Rerr] is a
hydr ocar byl group of from20 about 4 to about 400 carbon atons; Ar is an
aromatic group; a and b are independent|y-nggbers of at |east one, the sum
of a and b being in the range of two up to the nunber of displaceable

hydrogens on t hgharéeimt eacﬁuqé eux or xpuaha nf i . nEa@é@m@@huyao&Wéa éb'ze
|ndependently nuni) rs inth %p gfg f-1 to aboui ' m)re refer k’y
to-about 2. gy ? ﬁnErSV& Ak %’Fg onen isPulfrs & aolv%? g& d
at | east about Bnaépendéntlyaobon Moandprow ded by the R[err] groups for

each phenol conpound repr | a E?EQ | S
used herein, it is to be g@g{l ’gers ood Hat h| 2 |s not I'n engﬁg‘1 .
limt the aBonetydrogenp bydracaph¥hel at qrb@@z@fethmm\x@ y, it
S | _ X,
R (X5), P - %R - 1In
10 _ _ | R _
o (Xg)Rs

wherein each R, and Ry is independently hydrogen
or hydrocarbyl , provided at least one of R, and Ry is
15 hydrocarbyl,
- R, is an alkylene or alkylidene group, each a and
b is independently 0 or 1, and -
‘each X;, X,, X, and x, is independently oxygen or
sulfur; ' : |
20 or a group of the formula R60H, wherexn R is an alkylene or
| alkylldene group;
- (B=2) an amine or an ammonium salt of (A-1) when
at least R, is hydrogen. .
| (B-3) a compound represented by the formula

25 : S I’I(n
| Ry(%),—— P (X)eRe ~ (IIT)
30 | R
H
or _
| 35 | : - | . o | )[1139
RpXy—— P—— Xy (mvy

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

40 hydrogen or a hydrocarbyl group prbvided at least one is
hydrocarbyl, each X5, X, and X, is independently oxygen or
sulfur provided at least one is sulfur, and each a and b is



Is.to. be—uﬂdepspeed—t—hat_the aromatic group as represented by "Ar" in
For mul a XIX as vveII as el sewhere in other formulae in this specification

and - |Hh edi ms, 35 can be nononucl ear such as a phenyl, a
pyri dyl I - thlenyl, or pol ynucl ear. The pol ynucl ear groups
can be ype wherein an aromatic nucleus is fused at two points

to anot her nucl eus such as found in naphthyl, anthranyl, etc. The

pol ynucl ear group can al so be of the 5 linked type wherein at |east two
nucl ei (either mononucl ear or polynucl ear) 3pe-linked through bridging
| i nkages to. each other. These bridging |inkages can.be chosen fromthe
group consi sti nghdépendently 0i okagesandt her 1inkages, keto |inkages,

sulfide 11 nkages, ol youl f4opy |1 gkaBGRed of, Hiplhx AERH: ¥ -0 £,y
rol e in determthexeafie i nteger values of a and b in Fornmula XIX. For
??ﬁmet b"‘g?” Ar Cortfx?'é‘spﬁeféil:gé& aﬁeaa&han%ucaeuaa bardadh 3 and b is
' 5 In one embod:unent the sulfur- and phOSphorus
conta.nung compos:.tion is the compound (B-1). Preferably,
"a and b are each 1. In one embodiment R, and R, are each
independently hydrocarbyl groups containing from 1 to about
30 carbon atoms and R; is H or a hydrocarbyl group
10 containing from 1 to about 30 carbon atoms. _
In a particular embodiment, each of R,, R, and R3 is
independently an alkyl group containing from 1 to about 18
carbon atoms or an aryl group containing from about 6 to
ebeut 18 'c'arbo'n_ atoms, and more particularly each of -'R,, R,
15 and R; is independently a butyl, hexyl, heptyl, octyl, oleyl
or cresyl group. | ' |
| In another particular embodiment, R, i.s H. When R, is
- R it is preferred that each of R, and R, is independently an
alkyl group containing from 1 to about 18 carbon atoms or
20 an aryl group containing from about 6 to about 18 carbon
atoms, and more . particularly each of R, and R, is
independently a butyl, hexyl, heptyl, octyl, oleyl or
cresyl group. | o '
"In a preferred embodiment, each R,, R, and R; is
25 ' independently hydrogen or - |

| -  RX,—— P XRq- W
30 S - | .
| X¢Rs

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



15 . Waen,.
10. Wth iSre
valuefod
the tota

tains two aromatic nuclei, the sumof a and b is from2 to

and b is limted by the fact that it cannot . exceed
pl aceabl e hydrogens on the aromatic nucl eus or

a ﬁ a[:ﬂr-m)i ety, the sumof a and b is from2 to 15. The

nucl éi 20 of Ar. The Rlerr] group in Formula XIX is a hydrocarbyl group

that is directly bonded to the aromatic group Ar: Rferr] preferably

contai ns about 6 to about 80 carbon atons, preferably about 6 to about

30 carbon atons, nore 25 preferably. a,,b'q,tli}a _8 to about 25 carbon
carb

atons, and advantageously about 8 to about

on atons. Exanples of

R[err] gr oups 'Qﬁh&ﬁ@naﬂﬁi‘.hy h Q.lg% dgentyl, octyl, nonyl, dodecyl,

5-chl or ohexyl ,

pol yet hyl enes,

4- et hoxypent C ohexyloctyl 2,3,5-trinethylheptyl,

pol ypropyl enes, polylsobutyle et hyl ene- propyl ene

and subst_ltuents derived from 30 pol yner u?:d ol efl ns such as

-copol yners, ghlorinated ol efin pol yners, OXI

zed et hyl ene- propyl ene

copol ynmers, propylene tetraner an® x;+-(-|-s-e-but T Conpounds 35 V)
The metal conpounds useful in maki ng the overpased

10

15

20

25

30

35

40

_ X:Rs
6
'As ment:.oned hereinabove at least one of x,, xz, X5 and_
x,. must be sulfur while the rema:n.ning groups may be oxygen
or sulfur. In one preferred embodiment one of X,, X, and X;
is sulfur and the rest are oxygen.
- When R,, R, or Ry is a gréup of the formula

RXs | T —X;Ry- ()
| . XRs .

it is preferred that X; and X, are oxygen and X, and X, are
sulfur, or one of X, X " X; and X, is sulfur and the rest
are oxygen. In these cases preferably each of X; and X, is
oxygen and more preferably X, is oxygen. |
In a further embodiment each of R ‘and R, is
independently hydrocarbyl having from 1 to about 30 carbon
atoms and Ry is ROH wherein R, is an a_tlkylene or alkylidene

'group containing from 2 to about 28 carbon atoms. In this
~case one of X,, X,, X; and X, is sulfur and the rest are

oxygen. In a preferred embodiment, X; and X, are sulfur and
X, and Xz are oxygen. Also pref_erred' is- where R, is
alkylene. o | - | |

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

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

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



‘metal salts of | ids are 'generally basic netal conpounds
capabl e of fornming salts vmth the organic acids, often oxides, hydroxides,
car bonat eS‘lusalhektd‘lasB gd- Goup | or Goup Il netal conpounds (CAS
ver si on of: ﬁi I'e of the Elenents) are preferred. The G oup |
netals of t und include alkali metals (sodium potassium
tithium etc.) as vveII as Goup IB netals such as copper. The Goup |
metals are preferably sodium potassium and copper, nore preferably sodium
or 10 potassium and nore preferably sodiuyg -The Group Il netals of the
nmetal base include the alkaline earth metals (nagnesium calcium barium

The Group 11 e e e HRneST (o oL oham, o W““S g, s

“magnesi um or céﬂlﬁ%n%lﬁ@g ‘gglaﬁpﬁ c&PrcT}'mOtP i 6 ?P%tﬁ'?ﬁ?ianlgéd&Pg

rTfEI; eg 1: ?L” 1: s ng{ tgﬁmg&ﬁﬂg mmmdﬁmwﬁcﬁnrmttm skigl.lledopem:msa_d sal t.

nitric acid, 20 sul c (i %i qgif% Sgﬁceﬁ.ﬁﬂggr%g} CI;)atlfll cu% acg‘g& uP.g
5 considered as being derived from amines. _

The amines may be primary, s_econdary or tertiary
amines, or mixtures thereof. 'Hydrocarbyi groups of the
amines may be aliphatic, cycloaliphatic or aromatic.
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 conta:.n:.ng from about 2 to about 30,
15 more préferably about 4 to about 20, carbon atoms in the
hydrocarbyl group. The hydrocarbyl group may be saturated
or unsaturated. _Representative examples of primary
saturated amines are the alkyl amines such as methyl amine,
n-butyl amine, n—hexYl amine; those known as aliphatic
20 primary fatty amines, for 'example the éémmercially known
| : "Armeen" primary amines (products available from Akzo
Chemicals, Chicago, 1Illinois). TYpica'l fatty amines
include amines such as, n-octylamine, n-dodecylamine, n-
tetradecylamine, | n-octadecylamine - (stearyl amine) '

25 octadecenyl amine (oleyl amine), etc. Also suitable are
' mix'e'd fatty amines such as Akzo’s Armeen-C, Armeen-O,

Armeen-0D, Armeen-T, Arméen—H’I‘ , Armeen S and Armeen SD, all '

of which are fatty amines of varying purity. '

'~ In another preferred embodiment, the amine salts of
30 this invention are. those derived from tertlary-allphatic
primary amines having from about 4 to about 30, preferably
about 6 to about 24, more preferably about 8 to about 24,

carbon atoms in the aliphatic group. ' '
Usually the tertiary aliphatic primary amines are
35 monoamines, preferably alkyl anu._nes _represented by the



| norgani c aeLch_naLgLLg}g_gFg al so be used such as HCO, Herr]BO[err],
Sqerr], SHerr], Co[err rr]S, etc., carbon dioxide is preferred. A

preferred - hiddsiBaéh Kepla@gi di ¢ nateri al s is carbon dioxide and acetic
acid: 25 I's a chem.cal enployed to facilitate the

i ncor por at i to the basic netal conpositions. Anong the

chem cal s useful as ters are water, annnniunlhydroxide, organi ¢ aci ds

of up to about
acid, netal 30

8 carbon atons, nitric acid, sulfuric acid, hydrochloric
conpl exi ng agents such as-akkyh—sallcylaldOX|ne and al kal i

metal hydroxides such as [lithium hydroxide, sodium hydroxide and
pot assi unt hydr oxogeml@henol i ¢ substances. such as. phenol s and napht hol s,

am nes such as

ani | ine and dodecyl am ne and nono- and pol yhydric al cohol s

of up to 35 about 30 carbon atons. - A conpr nsi ve di scussion of - 19

- pronoters is

found in US Patents. 2,777, 874; 695, 910; 2, 616, 904;

3, 384, 586 an®l 3, 492, 231. These patents are lncorporated herei n by

reference for their dlsclosure of R .C — NH,
CHy ,
10 wherexn R7 is a hydrocarbyl group containing from one to

15

20

25

30

35

about 30 carbon atoms. Such amines are illustrated by
tert1ary-butyl amine, l-methyl-l-amino-cyclohexane,
tertiary-octyl primary amine, tertiary-tetradecyl primary
amine, tertiary-hexadecyl primary amine, tertiary-octadecyl
primary'amine,_tertiary- octacosanyl primary amine.
Mixtures of tertiary alkyl primary amines are also
useful for the purposes of this invention. Illustrative of
amine mixtures of this type are "Primene 81R" which is a
mixture of C,,~C,, tertiary alkyl primary amines and "Primene
JMT" which is a similar mixture of C,,~C,, tertiary alkyl
primary amines (both are available from Rohm and Haas
Company). The tertiary alkyl primary amines and méthodse

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

in the art. The tertiary alkyl primary amine useful for
the purposes of this invention and methods for their_
preparation are described in U.S. Patent 2,945,749 which is
hereby incorporated by reference for its teaching in this
regard. - | _ :

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

thYdrocarbyl groups may contain one or more olefinic

unsaturations depending on the length of the chain, usually

'no more than one double bond per 10 carbon atoms.

Representatlve amlnes are dodecenylamine, oleylamine and
linoleylamine. Such unsaturated amines are available under
the Armeen. tradename.

Secondary amines 1nc1ude dlalkylamlnes hav1nq two of
the above hydrocarbyl, preferably alkyl or alkenyl groups



prormtérs EspeC| ally useful are the rmnohydri c alcohols 5 having up to
abdbut” 10 C?"xFuuu ators, m xtures. of methanol w th higher nonhydric al cohol s

and phenol rhal ents speci-fically describing techniques for

maki ng ba ereinabove-described sul fonic acids, carboxylic
acids, and- y two or nore of these 10 include U S. Patents
2,501, 731; ,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 di scl osures of t hese patents gge-hereby in this present
sepcification for their disclosures in this 15 regard as well as for their.

di scl osure of s%éerrlf §Uigab! gy ﬁawdlgﬁ Rdsh e_{,g'énQ&)j_)HQ duth agdttinercial

~material (e.g. acetic™acl
resul ting over M%Q@%@ aninesas &G @ndripgmeery

nost of t en MagREHredn RPESAi RESPPREEE PNEorUeR 9 vy
and U. S. 4,627,928 Ka d]és [ ié.ugh gg alln??ggségﬁga#e)?hﬁg{js for)ls
.‘maki ng sane. TrﬂasgatEXt&H Pa?% @Sﬁre%???r %ﬂp(ﬁ%‘?‘éﬂ maY, B 35 Jower

- relevant di scl %1—]% @fou y(iI-a'redamonbaecﬂsmesabhsalst ethiy125butydsnietc. ,
acids. Al arge o”# %ﬁ&gogﬁéﬁiylsa&ééu&rwabkabéﬁ alkyl group
bearing other non-reactive or polar substituents (CN,
alkyl, carbalkoxy , amide, ether, thiocether, halo,

_ sulfoxide, sulfone) such that the essent:.ally hydrocarbon'

10 character of the group is not destroyed.

- Tertiary amines such as trialkyl or tr1a1keny1 amines
and those contain:.ng a mixture of alkyl and alkenyl amines
- are useful. The alkyl and alkenyl groups are substantlally
as described above for primary and secondary amines.

15 Other useful primary amines are the primary ether
amines R"OR’NH, wherein R’ is a divalent alkylene group -
ha_ving 2 to 6 carbon atoms and R" is a hydrocarbyl group of
about 5 to about 150 carbon atoms. These 'primary ether
amines are generally prepared by the reaction of an- alcohol

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

' unsatnrated nitrile. - Typically, and for efficiency and
economy, the alcohol is a linear or branched allphatJ.c
alcohol with R" having up to about 50 carbon atoms,
preferably up to 26 carbon atoms and most preferably from

25 6 to 20 carbon atoms. The nitrile reactant can have from '
2 to 6 carbon atoms, acrylonitrile being most preferred.
Ether amines are commercially available under the name
SURFAM marketed by Mars Chemical COmpany, Atlanta,

| Georgia. Typical of such amines are those having from

‘30 about 150 to about 400 molecular weight.  Preferred
etheramines are exemplified by those identified as SURFAM
P14B (decyloxypropylamine}, SURFAM P16A (linear C,s) » SURFAM
P17B (tridecyloxypropylamine). The C chain lengths ( i.e.,
C,, etc.) of the SURFAMS described above ~and used

35 - here:.nafter are approxlmate and 1nc1ude the oxygen ether

may be replaced with vvate[ The :
lag' o



“for UWLU—%S of this invention. Such overbased salts are
wel 1= 0 those skilled in the art. The foll ow ng Exanples are provided
overbased materials. These illustrations are

to ill El’i gttl.ﬁ§13£eyp.qsacg$ 30 |
not i M the scope of the clained invention. Unl ess

|nd|"cat aII _parts are parts by weight and tenperatures are in
degrees arrpl e A-1l 35 A m xture of 906 grans of an oil

sol ution of an aIkyI 20 phenyl sulfonic acid (having an average

mol ecul ar wei ght .of 450, vapor phase osnorelsy)s - 564 granms mineral oil, 600
grans toluene, 98.7 grans namgnesi um oxi de and 120 grans water is blown with
carbon di oxi de hinkageuperRdmrexahpl8, = G| eSUREAM raminmuweudd have ctheé

about 3 cubic f X hour The reaction mxture is
constantly agi ta %8{"}%8% 8% ?h?“ gg’%g&g‘onatlon After carbonation, the
reaction mxture is stripped to 165[err the residue filtere
d 65[ ] C/ 0csH h d f I d.
The filtrate is an opheSOAMAQS (W¥€Q to form the amine salts may be

5 hydroxyamlnes. In one embodiment these hydroxyam1nes can
be represented by the formula

. | / R“’O) H\ /(CH(R ")CH(R ")°ij
10 . o
o -
/a | \
[CH(R"") cH(R" "m,n

wherein R *® is a hydrocarbyl group generally containing from
‘about . 6 to about 30 carbon atoms, R is an ethylene or
propylene group, R'® is an alkylene group containing up to
about 5 carbon atoms, a is zero or one, each R™ is hydrogen
20 or a lower alkyl group, and x, y and 2 are each
independently 'integers from zero to about 10, at ,least one

- 15

of x, vy and z be:mg at least 1. o
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 o0 include -hydroxyethylhexylamine, 2-
hydroxyethyloleylamine, ‘bis(2-hydroxyethyl)hexylamine,
'bis(2-hydroxye_thy1)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' "Ethomeen" and "Propomeen". Specific examples include B
M"Ethomeen C/15" which is an ethylene oxide condensate of a
coconut fatty acid conta:.m.ng about 5 moles of ethylene.
oxJ.de. "Ethomeen C/20" and "C/25" which also are ethylene



10. oiI)—e#~Lhe_Qg§LLg%;%¥ﬁ{based magnesi um sul fonate having a netal ratio
of about 3. Exanple A- i xture of 160 grans of blend oil, 111 grans of
pol yi sobiisaess Has. fikeg @verage nolecular weight=950) 15 succinic '
“anhydrid n- butyl alcohol, 11 grans of water, 1.98 grans of
Pel adow [ Dow. Cheni cal identified as cont ai ni ng 94-97%
CaClp[err]) an nms of hydrated |inme are m xed together. Additional
hydrated line is added to neutralize the subsequent |y added sulfonic 20 .
acid, the anmount of said additional [ine beBBg-dependent upon the acid
number of the sulfonic acid. An oil solution (1078 granms, 58% by wei ght "of
_oil) of a stnmqﬂudehacnndeasayhonenpemdugﬂﬁ(Nﬁt@@ClGOGﬂnutcuféﬁtY acid

wei ght =430) i s ?%gggq%ﬁéh éggu£en96ragﬂae 95 t§ lggachmonégugygﬁﬁluaxfaé

exceeding 79[ err tenperature i s adjuste to 60[err] .The reacti.on
product of heptyespeehively; ne'Rrrponeen AlRlids &h W tiep Predfichs
of methyl al cohgy ghe ﬂdﬂ? ofTaf Qaﬁhhﬁ& WihURe nicl i PyopyIdne askide.

di oxi de to a base nu

30 grams) Ps added @@m¥ﬁ§°%§££Yléﬂa gbgﬁeéggﬁégﬁgg°ﬁi?E%P H§gﬁ¥%ne friee”
with carbon ygégei deis (0 indlud@a®gthodudiien T/13" and "T/20" which
' are ethylene oxide condensation products of _N-tallow
trimethylene diamine containing 3 and 10 moles of ethylene

oxide per mole of diamine, reSpectiVely.

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.
Sultable fatty polyamlnes such as those sold under the nanme
Duomeen are commercially available diamlnes described in

15 Product Data Bulletin No. 7-10R, of Armak Chemical Co.,
chicago, Illinois. In another embodiment, the secondary
amines may be cyclic amines such as piperidine, piperazine,

- morpholine, etc. |
In a further embodiment the sulfur- and phosphorus- -
20 containing compOSition is (B-3). Preferably, a and b are
| _each' 1. 'In_ one embodiment, each R,, Ry and R, is
independently hydrogen or a hydrocarbyl group having from
aboﬁt 1 to about 18 carbon atoms, and a and b are each 1.
Preferably, each R,, R, and R, is independently hydrogen or

25 an alkyl or an aryl group selected from the group

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

~ cresyl, or phenyl, provided at least one is said alkyl or
aryl group. . '

In one preferred embodlment at least two of x,,:x1o and

30 x11 are sulfur.

In another embodiment the sulfur- and phosphorus-,

' contalnlng composition may be (B-4) a mixture of two or
more of the compounds represented by (B-1) to (B-3).

_ In another embodiment (B-1) is a thlophosphorlc acid. -

.35 - The di-organo thlophosphorlc acid materlals used in thls E
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(phenol pht hal ein) . of 45-60, while maintaining the tenperature of the
reacti'on m xture at 46-52[err]C. The latter step of hydrated |line addition
foll owed by carbon dioxide 35 blowing is repeated three nore tines with

t he exception - 21 - with the last repetition the reaction mxture is
carbonated to a base number (phenol phthal ein) of 45-55. The reaction
mxture is flash dried at 93-104[err]C, kettle dried at 149- 160[err]C,
filtered and adjusted with oil to a 12.0% Ca.level. 5 The product is an
over based cal ci um sul fonate having, by analysis, a base nunber. (bronophenol
blue) of 300, a netal content of 12.0% by_'\'A/e:?7g-h'f, a netal ratio of 12, a

SOlTaL 251 Comt gl P el hd et Mo ihots. 1 %
Exanpl e A-3 A reacti @heri >0 0-edieopganongdithigphospliordical avids 336anr abe
YT 200 O AR CHN! Siaele,, Ty BhaBbhd) ey Aarany
equi val ent) of rcempounds with phosphorus pentasulfide. Suitable organic
5 hydroxy compounds inclu_de' alcohols, _si_.xch a's,'. alkanols,
‘alkanediols, cycl'oalkanols, - alkyl- and cycloalkyl-
substituted aliphatic alcohols, ether alcohols, ester
alcohols and mixtures of alcchols; phenolic compounds, such
as, phenol, cresol, xylenols, alkyl-substituted phenols,
10 cycloalkyl-substituted phenols, phenyl-substituted phenols,
alkoxy phenol, phenoxy phenol, naphthol, alkyl-substituted
.naphthcls, etc. The nonébe'nzenoid organic hydroxy
. compounds are generally the most useful in the preparation
of the 0,0-di-organo dithiophosphoric -acids. A full
15 discussion of the preparation of these compoun'd's_ 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 6rgaiu'.c hydroxy
compounds. ' ' |
' The O,S-di-organo trithiophosphoric acids can be
prepared by the same manner employed in the preparation of '
the dithiophosphoric acids described above, except that a
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 thidphosphinic or ‘thiophosphonic acids. The use of the
term thiophosphoric, thiophosphonic or thiophosphinic acids
is also meant to encompass monothio as well as dithio
dé.r:i._vatives of these acids. Useful phosphorus-containing
acids are described below. _ _
'35 In one embodiment, when a and b are 1, and one of X,,



15 . oil acids, 60 grans (about 2.75 equival ents) of nagnesium oxide, 83

grans net hanol, and 62 grans water is carbonated at a rat.e of 15 grans of
carbon di oxi de per hour for about two hours at the net hanO‘hlsS}&EﬂHiXBeenReplaced

tenperature. The carbon dioxide inlet rate is then reduced ns
per 20 hour, and the methanol is renmoved by ra|5|ng t he te
- about 98[err]C over a three hour period. Water (47 grans) is a
‘carbonation is continued for an additional 3.5 hours at a tenperature of

about 95[err]C. The carbonated m xture |s..tt3g1.str|pped by heating to a 25
tenperature of 140[err]-145[err]C over a 2.5 hour period. This results in

an oil sol utionxof basy Cc xzagﬂ33|sm1§@ft S afeer rest bira Weﬁ t|@hgf -
about 10. The c bo#ét ed m xt i,s cooled tq bout 60%5‘” err and
208 grams xyl enBOBBRGFUREC ing oKPEROSi% &Panjss ar#@t‘ﬁ':éﬁ)"i dag a
granms water ar emoddtulbbhbephorlealahmmtommormﬁmmhpﬁaﬁer ate of 15
grans .per hour for t I nm rature T e
carbon di oxi de addi tiﬁgnaﬁgﬁéftgﬁlo? a‘#g%aﬁgypé %
met hanol |s5renonedonymoaespﬁgthleemmgjrﬂJDMMUt 35 95[err]C over a
three hour period. An addltlonal 41.5 grans 195 \

R0 /

P(O)SH

10 - | | - Rlo
| | | ™~ P(S)OH
R%0 —
| L Rlo L
15° | > P(0)OH
 R%s - |
 wherein R' and R? are defined as above, preferably each R!
and R? is independently a hydrocarbyl group.
Monothiophosphates may be prepared by the reaction of
20 a sulfur source such as sulfur, 'hydrocarbyl sdlfides and
polysulfides and the like and a dihydrocarbyl phosph:.te.
The sulfur source is preferably elemental sulfur.
_ The preparation of monothiophosphates is disclosed in -
US Patent 4,755,311 and PCT Publication WO 87/07638 which
25 are incorporated by reference for its disclosure of
| monothiophosphates,  sulfur source for  preparing
- monothiophosphates and  the - process . for making
monothlophosphates. _ | |
_ Monothlophosphates 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., tem‘peratures from about 30°C to about 100°C or
higher) to form monothiophosphate. It is also possible
'35 that moﬁot_hiophosphate is formed under the conditions found



- 22 - water are added and carbonation is continued at 7 granms per hour at
a tenperature of about 90[err}-95[err]C for 3.5 hours. The carbonated nass
is then heated to about |50[err]-160[err]C over a 3.5 hour period and then
further stripped by reducing-the 5 pressure to 20 nm (Hg.) at this

tenper at ure. The carbonated reaction product is filtered, and the
filtrate is an oil-solution of the desired basic nmagnesi um salt _
characterized by a metal ratio of about 20. Exanple A-4 10 A m xture

of 835 grams of 100 neutral mneral oil, llgggranms of a pol ybutenyl.
(ol ecul ar wei ght =950) - substltut ed. succi ni ¢ anhydride, 140 grans of a 65: 35

nol ar m xture af ﬁ/in &re, anyl al cohol, 43.2 grans of a 15%
cal cium chlori a ueous soI ution and 86. rams of_ lime i 5 reg&r ed.,
Wi | e mai nt ai ni ng t Hen (B Jre WRSTH R Qél‘glbr pEe o0& 20 ATEN OFYGSN 7

sol UL' on of o Rideky @RA0-¥) kite betaFuer,SuAhaNR; s dH, haie gphospheruisar
wei ght of about 480, neutral | zat i aci d nber f . 11 5% wei ght
of an organi ¢ (ﬁ‘?’lféﬁn*%gadd&i’nm?ﬁﬁ'ei‘mxtur c&feeta{pe& tys 3
5 dithiophosphoric acid or phosphorodz.thioic acid. '
Dlthiophosphorz.c acid may be characterized by the
formula

R,O' - - SH

. 8

o |

S . o
I

15 : - OR, _ _
wherein R, and R, are as defined above. Preferably R, and
R, are hydrocarbyl groups.

The dihydrocarbyl phosphorodith:l.olc "acids may be
prepared by reaction of alcohols with P,S; usually between

20 . the temperature of about 50°C to about 150°C. Preparation -
of dithiophosphoric acids and their sai.ts is well known to
those of ordinary skill in the art. ' '

In another embodiment, the "pho'sphorus-containing
composrtz.on is represented by Formula (I) where each X, andl

25 X, is oxygen, each X, and X, is sulfur, R, _15 hydrogen, gnd
each R, and R, is independently hydrogen or '

_ _ xs'

30 | | ,' | o ' |

- R, (X;), _ P XR, — (II)
_ (Xs) Rs _

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

Pr,eferably} when each R,. and - Rg is independently
- 40 .hYdrocarbyl, they are the same as described for R, or R,.
Preferably, X, and X, are oxygen, and X, and X, are sulfur.




Zb IS drled at 150[err]C to about O. 7%water The mxm
46-52[err] C where 127 grams of the isobutyl-anyl al cohol rhgigxs HhE o descri bed

above, 277 grans of methanol and 87.6 grans of a 31% solu
f or mal dehyde- coupl ed, heptyl phenol ~having a netal ratloﬂ’
cal ciumare added to the m xture. Three increnments of 1

are added separately and carbonated to a neutralization base nunber |n t he
-range of 50-60. A fourth Iine increment of 171 grams is added and

- carbonated to a neutralization base number 4@ < phenol pht hal ei n) 45-55. 30
~ Approxinmately 331 granms of carbon dioxide are used. The mixture is dried
at 150[err] C t pragprablyatR] y i& Saénvwodeylefiée grmig,; oI anurelkylemat eerd

e 1) bl Ret LB RS0 prpal o8 Ak £07 A0S lberaniy

41%o0il. . - ZZom -dbouipl2 Ro5 abmnacﬂomoressmefelsahimrgbquw 3 qarbon

gr_ar_ns _( 2 atoms. R, 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 the 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 epoxide or a styrene  oxide. Examples of
useful epoxides include ethylene oxide, propylene oxide,
butene oxide, octene ox:.de, dodecene oxide, styrene oxide,

%25

etc. - Propylene oxide is preferred.

| The glycols may be al:_.phatic 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 dithiophosphoric acid and

the glycol or epoxJ.de is then reacted with an 1norgan1c
phosphorus reagent such as phosphorus pentox:.de, phosphorus
trioxide, - phosphorus tetraoxlde, phosphorus ac1d

. phosphorus halides and the like. The above reaction is
25 Xknown in the art and is described in US Patent 3,197,405
 issued to LeSuer. This patent is incorporated herein by
reference for its disclosure of dithiophosphoric acids,
glycols, epoxides, j.norganic phosphorus reagents and

- methods of reacting the above. '

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

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

35 are compounds of the formula



equi val ent s) ybut enyl - substit ut ed succi ni ¢ anhydri de
derlve ronla polybutene (Mnh-1000, 2:1 ratio of 5 polybutene to naleic

~acid), wmﬁ.&e acedjui val ent) of tetrapropenyl phenol, 1122 grans of
xyl ene a f 100 neutral mneral oil. The mxture is stirred
and heat under nitrogen, and 580:grans of a 50% aqueous

sol uti-on roxi de are added to the 10 vessel over 10 m nutes.
The mxture S heated from80[err]C to 120[err]C over 1.3 hours. The
reaction mxture is carbonated at 1 standar%?gubi c foot per hour (scfh)
whi l e renoving wat er by azeotropic refl ux ‘terrperatu-re rises to -
150[ err] C over -6 hours while 300 grans of Wat%n Is collected. (1) 15 The
reaction mxture is cooled to about 80[err]C ereupon 540 granms of 50%
aqueous sol ution of sodi'um hydroxide are adddd to the vessel. (2) The
reaction mixture is heated to 140 tlL.C over P’ h_Qu water is re d
at reflux cgnditions. (3) The reac d|50n m xture is car borPdlatﬁed at 1 stang&,ja
cubic 20 ‘foot per hour (scfh) while renmovingt water for 5 hours. Steps
(1)-(3) are repeated using 560 grans of an acmﬁgus sodi um hydr oxi de

ms of an aqueous sodi um

Pydr ox de sol ut FBAEeLnGAATE) %) Che. SFGHBRepka: She BABEGMAGrLARRE L 104
of _ hereinabove. Preferably R, and . ‘R, are each alkyl, more
' 10 preferably containing from 1 to about 30 carbons, even more
preferably 1 to about 18 carbons. R, is alkylene or
alkylidene containing from 2 to about 28 carbons_ .
preferably alkylene containing from 2 to about 18 carbons,
more preferably 2 to about 6 carbons, even more preferably .
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 N
| herein by reference for relevant dlsclosures 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. | - |
30 Compounds ( B-3) :mclude th:.ophosph:.tes and hydrogen
' thiophosphites. These are readily prepared by methods
known in the art including reaction of mercaptans with
phosphorus halides, alcohols with thiophosphorus halides -
- and the like. Preferred are those compounds where a and b
35 'are each 1 in  Formula III and wherein R, and Ry are
' hydrocarbyl, preferably alkyl having from about 1 to about
24 carbons, more preferably from 1 to ‘about’ 18 carbons,



25. a 50% aq'ueous sodi um hydr oxi de sol uti on. The reaction mxture—+s—_
cool-ed and 1000 grans of 100 neutral mneral oil are addgﬁsghgetthBreEction

‘m xture. The.reaction mxture is vacuumstripped to 115[¢ i pacegl
mllimeters. of mercury. . The residue is filtered througﬁ ,30
earth. The filtrate has a total base nunber of 361, 43.4 ,

16. 0% sodi um 39.4%o0il, a specific gravity of 1.11, and the overbased

netal salt has a nmetal ratio of about-13. Exanple A-6 35 The '

over based salt obtained in Exanple A-5 is~d#Ruted = 24 - with mineral
oil to provide a conposition containing 13.75 sodium a.total, base nunber

of about 320, amereseferalEkyind|to about s carhensys and aryh hayddd,fmen
700 grams of aﬂ%gg?fa'gaﬁy N PSS g'ggegzﬁgbmyar@ #d . boEUN 2alcRT DO

the succinic a of Exanpl e A-5 Q0 grans (2.5 equivalents) of a
50% aqueous sol BRF@rPrefersably AylPoapgut 10 carbons.

When compound (B-3) has the Formula IV, it is
5 preferred that R, and R, are as defined hereinabove, and Ry
is hy'drocarbyl or hydrogen. In a preferred emb_odiment Ry is
H which is a tautomeric 'form of Formula III.
Alternatively, in another preferred embodiment R, is
hydrocarbyl, preferably alkyl or aryl as defined for R, and
10 R, hereinabove. _ |
‘Preferably said phosphorus and sulfur containing
composition is selected from the group consisting of
| (B-1) a compound represented by the formula

15 o
' n - _
R,0 P—— ORy (VI)
20 | | . I

_ A _
wherein each R,, R, and R; is independently hydrogen,
hydrocarbyl, or :

25 o s
| || |
R,0 P—— SRg — © (VII)
30 | I |
| I oR,
provided at least one of R,, R, and Ry is -
35 . o _ |
| R,0— p- SR, — (VII)
40 OR

v}he_rein each R, and Rg is independently hydrogen or
hydrocarbyl, provided at least one of R, and Rs'___ is
hydrocarbyl, and wherein R, is an alkylene or alkylidene



-

The-reaction mxture is stirred and heated to 80[err] C whereupon 66 grans
(0. 25 equi Y4 $Hadi Has B¥en R&JIdcaPr openyl 10 phenol are added to the reaction
“vessel . ure is heated from80[err]C to 140[err] C over

+ 2.5 hours whamugllmww nitrogen and renoving 40 grans of water. Carbon
~di oxide (28 ivalents) is added over 2.25 hours at a
tenperature from 140-165[err] C The reaction 15 mxture is blowmn wth
nitrogen at 2 standard cubic foot per hour (scfh) and a total of 112 grans
of water is renoved. The reaction tenperaturgsis decreased to 115[err]C and
the reaction mixture is filtered through di atonaceous earth. The filtrate
has 4.06% sodi ugrsug ot al base nunber of 89, 20 a specific gravity. of
0.948, 44.5% 0|I and the H)ased sal t has, a. netal ratl o of .about, 2.
Exampl e A-8 A reaction vesS&T2ls i3 g AFNRRIID g Py FAIN e(Osglz:q ofa 4R
of the succi nlcprﬂmlﬂiewleabflmm,em%ﬂxy@&igé}& grams of xylene, 26 grans

o 1 The mexture is heat CirTh oty epRpednd #6658s8hned wBo Ll dbllL)

an aqueous sodi um hydroxide solution are addegd to the reaction mixture. The
mxture is bl own W|th mtrogen at 1

i _
- P 0 . (VIII)
10 . o | Ry .
H
15 or
o)
| |
20 | . . R,S- P SR, ' (IX)
H
25 or
SRy
30 - R,S- P—— SR, O (x)

wherein each R,, Ry and R, 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
and sulfur containing composition is ' (A-1), wherein at
least one of R, and R, is hydrogen or - '

40 . ' ' " .
'RO—— P—— SR, — (VII)
45 - | | OR,

provided at least R is hydrogen, wherein each R, and Ry is
independently an alkyl group having from about 2 to about



scih——and—t—he—r-eaeu—en tenperature is |ncreased to 148[err]C. The
'reactlon mxture |s then blown with carbon dioxide at 1 scfh for one hour

and 25hjss eplaced) grams of water are collected. . The reaction
m-xture 80[err]c wher eupon 272 grans (3.4 equival ents) of the

above s oxi de solution are added to the reaction m xture, and
- 25 - the mxture is blowmm with nitrogen at 1 scfh. The reaction °
tenperature is increased to 140[err] C whereupon the reaction mxture is
blown with.carbon dioxide at 1 scfh for 1-hadr -and 25 minutes while 150
grans of water are collected. The 5 reaction tenperature is decreased to
100[ err] C, and 272 cgrdon (&otnszqanﬂal ntis) ah alkydlanes group mhaydngxifiron

.solution are ad b jale) th nitrogen at 1 scfh. The

reaction terrper%ﬁ%‘?‘gn?s |né§§4§ eg ?gr%??[ érrt%ﬂn\@ and the reaction mxture is

bl own with carbon di BRri danattherscfdspm:idﬂyl preferndd40embodiaenthi | 0

grans of water gt Q:Q]]Eer

and 250 grans 0@5‘%% ngﬁtrgﬁdm ner a ‘* are a go#éogﬁgkggaé I on dulfne

5 t (B-2) and is derived from an alkyl amine having from

about 1 to about 24 carbon atoms, preferably a tertiary
‘alkyl prin_lary amine containing from about 10 to about 16
carbon atoms. I

In a further especially preferred embodiment the

'10 phosphorus and sulfur containing coinposition is ' the

compound (B-3), wherein each R,, Ry and Ry is independently

H or an alkyl group containing from 3 to about 24 carbon
atoms provided at least one is said alkyl group.

In a particularly preferred embodiment, the phosphorus

15 and sulfur containing composition is one prepared by the

procéss comprising preparing an acidic intermediate by

conducting at a tempe’rature' of from about 0°C , to about

150°C, a series of reactions comprising reacting

_ approximately equivalent amounts of a phosphorodithioic
20 acid having the formula ' ' '

R,O /S
| R0 \
25 wherein each R, and R, is independently a hydrocarbyl group

with an epoxide and subsequently reacting the product
obtained thereby with -phospl_'xorus pentoxide, the molar
ratio, based on $OH , of the phosphorodi_thioic acid-epoxide’
reaction product to phosphorus pentoxide being within the
30 range of from about 2:1 to about 5:1, and neutralizing at
a temperature of from about 0° to 200°C, at least about 50%
of the acidic mixture with an amine selected from the group
consisting of a "hydrocar'byl and a hydroxy-substituted
hydrocarbyl amine having from about 4 to about 30 carbon
35 atoms. Preferably the amzne is a tert1ary-a1ky1 prlmary

('x'n)



m xt ur e.
resi due is fﬂlépr through dlatonaceous earth. 15 The filtrate contains
50. O@bsodlu dASTH D- 874, total base nunber of 408, a
specific gra 7.1%o0il, and the salt has a netal ratio of
abouf 15. 8. olutlon of 780 parts (1 equivalent) of an

al kyl ated 20 benzenesulfonlc acid (57% by wei ght 100 neutral m neral oi
and unreacted alkylated benzene) and 119 parts (0.2 equivalents) of
the pol ybutenyl succinic anhydride in 442-p&& s of mneral oil is
mxed with 800 parts (20 equivalents) of sodium hydroxide and 704
parts (22 25 emmnealmqre)pneferahhnotontahningxfnon aboutold totabeut bbe

di oxide at 7 cf e f t the tenperature

slowy incr easelsg {'- Bﬁ??tg cif i"?Eelll;re)él:?:ej'(%l(g'?‘(lcar %’so@de flowis reduced
to 6 cfh and the tenBbeafa bouéoqegxeupéegmumstsepertmeovef swbfur+cand
m nutes. The r ﬁo@?ho%sﬂébh%iﬁ'iﬁ& d?éﬂﬁ&%ﬁ&s r eﬂ&égﬂ 0in Clthef %réé)é’é't

35 m nutes and nE rature s creases to 73[err]C. The volatile
material's-aPe sEPRBREH E?nﬁloﬂfngtﬁﬂﬁrogﬁﬁ h th orfANAMPLIEK L1AXL

at 2 cfh. for 1ﬂﬁt§hd&ae%oa%é hg1 1 eseeaBivec onlys/and Yar@chegsdhtighded to

160ferr] C Aftfr itrIERe scope of the invention. Unless indicated
otherwise, all parts are parts by weight and temperatures
are in degrees Celsius.

10 Example B-1 -

- o o-di-(z-ethylhexyl) dlthlophosphorlc acid - (354
grams) having an acid number of 154 is introduced into a
'stainless steel "shaker" type autoclave of 1320 mnl.
capacity having a thermostatically controlled heating

15 jacket. Propyleme is admitted until the pressure rises to
170 pounds per square inch at room temperature, and then
the autoclave is sealed and shaken for 4 hours at 50° to
100°C during which time the pressure rises to a maximum of
550 pounds per square inch. The pressure_decreases as the

20 reactlon proceeds.

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

‘25 dithiophosphate. '

' | Ammonia is blown into 364 parts (1 equivalent) of the
dithiophosphoric acid of Example B-1 until a substantlally'
_ neutral product is obtained.
- 30 - Example B-3 .
' To 1,780 grams (5 moles) of O O-di-(z-ethylhexyl)
phosphorodithioic acid,.stlrred at room temperature, there
is added portionwise 319 grams (5.5 moles) of propylene
oxide. The ensuing reaction is quite exothermic and the -
35 temperature rises to 83°C within 15 minutes.  The



35 is conpleted the mxture is held ai 160[err]C for an - 26 -
additional 45 minutes and then filtered to yield an oil solution of the

desired basi ¢ sodium sul fonate having a netal ratio of about 19.75. Exanple .

A-10 5 A blend is prepared of 135 parts of nagnesi um oxi de and 600
parts of an al kyl benzenesul fonic acid having an equival ent wei ght of about
385, and contai ni ng about 24% unsul f onated al kyl benzene. Duri ng bl endi ng,
an exot hernic reaction takes place which causes the tenperature to rise 10
- to 57[err]C The mixture is stirred.for engghal f hour and then 50 parts of
wat er i s added. Upon heating at 95[err]C for one hour, the desired

g s s b éaseies 1P, gairtained (ot na0sal ot inen e,

506 parts by weTRExe °%-ﬁf‘n&d:§51ttﬁqn%]0%§ gﬁaggnt&ry#rﬁ&aﬁggpk wﬁ%

~equival ent of - cosidet 48t iagided.neuThds mepramrenisamaintained at 90°C for
another hour, followed by stripping to a final temperature

5 of 90°C at 28mm Hg pressure. The dark yellow liquid
residue shows the following analysis: §, 15.4%; P, 7.4%.
' Employing substantlally the same procedure of Example
3 the followlng are reacted:

o Example Phosphorodithioic acid  Epoxide

10 B-4 0,0’-(4-methyl-2-pentyl) Epichlorohydrin

o B-5 0,0’ ~-(isopropyl) Propylene oxide
B-6  0,0’-di-(2-ethylhexyl) Styrene oxide

Example B-=7
| Phosphorus pentoxide (64 grams, 0.45 mole) is added at
15 58°C within a period of 45 minutes to hydroxypropyl 0,0-
di(4-methyl-2-pentyl) phosphorodlthioate (514 grams, 1.35
moles, prepared by treating di(4-methyl-2-pentyl)-
phosphoro- dithioic acid with 1. 3 moles of propylene oxide
at 25°C). The mixture is heated at 75°C for 2. 5 hours,
20 mixed with a fllterlng aid (dlatomaceous earth), and
~ filtered at 70°C. The filtrate is found to have, by
analysis, a phosphorus content of 11.8%, a sulfur content -
of 15.2%, and an acid number of 87 (bromophenol blue
indicator). ' o :
25 |  Example B-8
A mixture of 667 grams (4.7 moles) of phosphorus
pentoxide and the "hydr02ypropy1_ 0,0’-diisopropyl--
phosphorodithioate prepared by the reaction of 3514 grams
_ of dilsopropyl phosphorodithioic acid with 986 grams of
30 propylene oxide at 50°C 'is heated at 85°C for '3 hours and
- £iltered. The filtrate has, by analysis, a _phosphorus'
content of'15 3%, a sulfur content of 19.6%, and an acid
number of 126 (bromophenol blue 1nd1cator)

'Example B-9
35 =~ To 217 grams (0 5 equlvalent) of the acidic filtrate



al kyl ated salicyclic acid wherein the alkyl groups have an average of about
16 t-0 24 aliphatic carbon atons and about 20 30 parts by weight of an oi

m xture containing about 0.037 equivalent of an al kyl ated benzenesul foni ¢
‘acid together with about 22 parts by weight (about 1.0 equivalent) of a
magmesi um oxi de and about 250 parts by wei ght of xylene i's added-to a flask
and heated to tenperatures of about 60[err]C 25 to 70[err]C. The reaction
i s subsequently heated to about 85[err]C and approximately 60 parts by

wei ght of water are added to the reacti on=m#ss =which.is then heated to the

refl ux tenperature. The reaction-mass is held at the reflux tenperature
of about 95[ err pflE¥anmple CBF6r thexe is caddedoats 25y 3@ &QHSemidhin a

stripped at abopp lagl e:gf]%o URSERGLER, MU graid | (bl 85ckquividiFenit) t oFt ca

conprises the basic carboxylic rragneswms I'ts andis ch,arac erjze b
sul fated ash cofcamersialsteskiesy addnh RIGAASH ARADR (X { 1ta$|e

Sto'Ch'O”Etr'cahbhmﬁﬁukﬁase@b 3MpaRiing3an averdge molecular weight of 191
5 in .which the aliphatic radical is a mixture of
tert:.aryalkyl radicals containing from 11 to 14 carbon
atoms. The partlally neutralized product has by analysls
a'phosphoras content of 10.2%, a nitrogen content of 1.5%,
and an acid number of 26.3. _ ' ' '
10 . Example B~10
_ A portion of ‘the fiitrate of Example;B-7 (1752 grams)
is neutralized by treatment with a stoichiometrically
equivalent amount (764 grams) of the ‘aliphatic primary
‘amine of Example 8 at 25°-82°C. The neutralized product
15 has, by analysis, a phosphorus content of 9.95%, a nitrogen
content of 2.72%, and a sulfur centent of 12.6%.
_ Example B-11
Phosphorus pentoxide (208 grams, 1.41 moles) is added
at 50°C to 60°C to hydroxypropyl o,0'-di-1sobuty1phosphoroe
20 dithioate (prepared by reacting 280 grams of propylene
o oxide with 1184 grams of o,O'-di-isobutylphosphorodithioie
acid at 30°C to 60°C). The reaction mixture is heated to
80°C and held at that temperature for 2 hours. To the
acidic reaction mixture there is added a st01chlometrlca11y
25 equivalent amount (384 grams) of the commercial aliphatic
| primary amine of Example 8 at 30° C to 60°C. The product is
filtered. The filtrate has, by analys:.s a phosphorus
content of 9.31%, a sulfur content of 11.37%, a nitrogen -
content of 2;50%, and a base number of 6.9 (bromphenol blue
30 indicator). ' | |

Example B-lz
To 400 parts of O, o’d:L—(J.soctyl) phOSphOI‘Odltthlc

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

'Example B-13
35 - Butyl phosphonic dichloride (175 parts, 1 mole) is



Exarrpl e A-12 A reaction nixture corrprl si ng apprOX| mat el y 1575 parts
wei ght of an oil solution containing about 1.5 equival entl laced
al kyl at ed 4- hydroxy-1, 3- 5 benzenedi car boxylic aci d (mﬂ

gr dup has an average of at |east about 16 aliphatic carbor 0|I
m xt Gre contai ning about 0.5 equivalent of a tall oil fatty aci d toget her
wi-th about 120 parts by weight (6.0 equivalents) of a nagnesi um oxi de and
~about 700 parts by 10 wei ght of an organic solvent containing xylene is
added to a flask and heated to tenperatures ggangi ng from about 70[err]-
75[err]C. The reaction is subsequently heated to about 85[err]C and -
approxi mately 2pgageelswi¥hva&i ﬁhktﬁfevefeiwrgaﬁeélpduﬂbw;e 1<Gstane tHish
is then heated to_the refl ux 158‘9&enper %re The reaction mass is held
at the reflux teRfer4: BRELSy dpiRleosis i?‘ﬂ an%err]C for about 3 hours and
subsequent |y stgwmmm_wbout 155[err]C under vacuum

and filtered. The |Itrat [ Q.S t he basjc,carb esj u '
calts. 20 compoB1E 16T bie, Efig| nFadRt cLFRaREdn f148 LN (o
conpri sing &pr axhydrebyrBQCl phlcsPhliy:e.V\/emgle: phosphdite aidy bmlnepmented
containing abogf tﬂe5follow1ng formulae:

)
10 1 o
R,,0 1l> OR,, - ~ (XIII)
H
15 '
| OR,,
20 - | | - |
o R,,0 ' P - OR,, (XIV)

wherein each ‘R’ group is independently hydrogen or a
hydrocarhyl group provided at least one of Rw' and Ry, is
hYdrbcarbyl. In an especially preferred embodiment, the

25 phosphite has the formula (XIII) and Ry and R" are each,
independently, hydrocarbyl.

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

30 more preferably from 1 ‘to about 18, and more preferably
from about 1 to about 8 carbon atoms. Each Ry Ry, and Ry,
group may be independently alkyl, alkenyl or aryl. When
" the group is aryl it contains at least 6 carbon atoms;

_ preferably 6 to about 18 carbon atoms. Exatdples of alkyl

35 or alkenyl groups are propyl, butyl, hexyl, heptyl octyl,
oleyl, linoleyl, stearyl etc.

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

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



equi val ent of an al kyl ated | -hydroxy-2-naphthoic acid whereinthe-alkyl
group has an average of at |east about 16 25 aliphatic car bon .atons and an

oil mxture containing 0.25 equival ent of a petrol eum sul fon aSBeenRe laced :
together with about 30 parts by weight (1.5 equival ents). of a _
oxi dé and about 250 parts by weight of a hydrocarbon sol vent

reactor and heated to tenperatures ranging to 30 about 60[err] 75[err]C

The reaction mass is subsequently heated to about 85[err]C and

approxi mately 30 parts by weight of water -a added to the mass which is

then heated to the reflux tenperature. The reaction mass is held at the
reflux tenperatggeratapbgubuyiigrr]-100[err] C for about 2 hours and 35
subsequently stri pped at a tenperature of _.apout 150[err]C, - 28 -, under

vacuum and filtered™® 5FB“P?I Rrert die AP Bes MA¥e 3189 CAURTISE |3 @ixture -

magnesi um net.al ofal hydrbearplyd Adirbubsal dériveder fzond somnetcdlal | mixed
prepared by reagi&gﬂoisa Cerr] alkyl substitut ed salicylic acid wwth line

and
5 Examples of monohydr:.c alcohols and alcohol mixtures

" include commercially available "Alfol" alcohols marketed by
Continental 0il Corporation. . Alfol 810 is a mixture |
containing alcohols consisting essent:.ally of straJ.ght-
chain, primary alcohols having 8 to 10 carbon atoms. Alfol

10 812 is a mixture comprising mostly C,, fatty alcohols.
Alfol 1218 is a mixture of synthetic, primary, straight-

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

15 GLC ( gas-liquid-chromatography). _

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

20 and C,; alcohols; and Neodol 45 is a. mixture of C,, and Cy
linear alcohols. Neodol 91 is a mixture of c,, C,, and C,,
alcohols. - ' _

Another example of a commerc:.ally available. alcohol
mixture is Adol 60 which comprlses about 75% by weq.ght of

25 a straight-chain C,, 'p'rimary alcohol, about 15% of a Cy
primary alcohol and about 8% of C,, and C, alcohols. Adol
320 cqrhpris'es predominantly oleyl alcohol. The Adol
alcohols are marketed by Ashland Chemical.

A variety of mixtures of monohydric fatty alcohols

30 derived from naturally occu'rring triglycerides and ranging
~in chain length of from C; to C,; are available from Procter

& Gamble Company. These mixtures contaln various amounts

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

'~ carbon atoms. ' For example, 'C_O-lé14 is a fatty alcohol

35 mixture coritaining 0.5% of C,, alcohol, 66.0% of C,, alcohol,



carbonating in the presence of a suitable pronotor such as methanol

yi elding a cal cium overbased salicylate having a netal ratio of about 2.5.
(B) The Phosphorus and Sul fur Contai ni ng ‘Conpositions 10 The
phosphorus and sul fur containi ng conpositions enployed in the grease
-conposi tions of the instant invention include phosphorus and sulfur

cont ai ni ng aci ds, salts and other derivatives and other conpounds i ncl udi ng
t hi ophosphi t e- conmpounds. Useful sulfur and phosphorus 15 contai ning
conpounds are described in detail hereinbet @ -These conpounds, when used

- together with an overbased organic acid and a hydrocarbyl phosphite at
anount s i ndi cat @é.l0d& @ifnh d,palezshol rmdrép@%ngfpﬁunﬂlw si npl e net al

soap thi ckened base C y o. r ﬁ§ﬁ§t
SO[err] C as neasured bygigﬁﬁ#%$3¥§%u?eggg gggbég%s e f%ﬁ? ??EEEF%F?EIH
si nce these conphosphites eresavajdphie gomseyrcialiys r Parpieul ariyam%egul
anti wear conpou en nd h

: ﬁ sptl ta&e?t ﬁlﬁdﬁymymars %éﬁhib@?n Oﬁ)ﬁﬁé]leyll

to h ' t t ff d
0 have @ 14! SRS (W13, SISyl oBBBeBIeaS,  Bekpsig SiSLinive

normal ly en®lo
sul fur-contai ni gt eEd igufersriyldialkye lgydmgeno[:hbsphltesent i on for

| nereasing the A number of dialkyl = hydrogen phosphites are
‘commercially available, such as lower dialkyl hydrog_en
phosphites; which are preferred. Lower dialkyl hydrogen
10 phosphites include dimethyl,_diethyi, dipropyl, dibutyl,
'dipentyl and dihexyl'hydrogen phosphites. Also mixed alkyl
hydrogen phosphites are useful ln the present invention.
Examples of mixed alkyl hydrogen phosphites include ethyl,
butyl; propyl, pentyl; and methyl, pentyl hydrogen
15 phosphites.

The preferred dihydrocarbyl phosphites (C) useful in
the present invention may be prepared by technlques well
known in the art, and many are available commercially. In
one method of preparation, a lower molecular weight

20 dlalkylphosphlte (e.g., dimethyl) is reacted with alcohols
comprising a stralght-ohaln alcohol, a branched-chaln.
alcohol or mixtures thereof. As noted above, each of the
two types of alcohols may themselves comprise mixtures.

, Thus, the straiéht—chain alcohol may comprise a mixture of

25 straight-chain alcohols and the branched-chain alcohols may
comprise a mlxture of branched-chain alcohols. The higher
"molecular welght alcohols replace the methyl groups
(analogous to .classic transesterification) with the

. formation of methanol whlch is strlpped from the reaction

30 mlxture. ' '
' _ In another embodiment, the branched chaln hydrocarbyl
. group can be introduced into a dlalkylphosphlte by reacting
the low molecular weight dialkylphosphite ‘such as
dlmethylphosphlte with a more sterlcally'hlndered branched-

35 chain alcohol such as neopentyl alcohol (2 2-dimethyl-1-



droppi ng point of sinple netal soap thickened base greases include 30
(B-1) a compound represented by the formula [err] - 29 - wherein each
Xperr], Xerr], Xerr] and X[err] is independently oxygen or sulfur
provided at |east one is sulfur; each a and b is independently O or 1; -and
wherein each Rerr], Rerr] and Rerr] is independently 5 hydrogen;
hydrocarbyl, a group of the formula [err] wherein each Rlerr] and Rlerr] is

- independent |y hydrogen or hydrocarbyl, provided-at | east one of Rlerr] and
Rlerr] .is 15 hydrocarbyl, Rlerr] is.an atrk§lene or al kylidene group, each
a and b is independently O or 1, and each Xerr], Xerr], Xerr] and Xerr]
i s i ndependent IprapamgEl) or Enlthus 2eac¢nomqgmnqaqf the nethylagrpups| ds,

mhereln R[erﬂ rébfgbéakﬁyegengﬁpentyl group, and, apparently because of
the size of the neopentyl group, the second methyl group is
‘not displaced by the neopentyl alcohol. Another neo
5 alcohol -having. utility in this invention is 2,2,4-
trimethyl-1-pentanol. | | |
_ In another embodiment, 'mixed aliphetic-aromatic
| phosphites and aliphatic phosphites may be prepared by
reacting: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 phosphite,, subsequently or
'~ concurrently with one mole of water. '
Dihydrocarbyl phosphites are generally considered to
have a tautomerlc structure. '
20 | B o
_ _ “

(R’0),POH == (R’0), P—H
2 — 2 .

25 " The following examples.illustrate the preparation of
some of the phosphite esters (C) which are useful in the
compositions of the present invention. Unless otherwise
indicated in the feliowing'examples and elsewhere in the
specificetion 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-ethy1hexanol,
1022 parts (7 moles) of Alfol 8-10, and 777.7 parts (7
moles) of_dlmethylphosphlte is prepared and heated to 125 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 ebout 406 parts of distillate are



al kyl i dene group; (B-2) an ami ne or an ammoni'um salt of (A-1) when at |east
Rl err] 'is hydrogen; (B-3) a conpound represented by the fornula [err] 25
wherein each Rlerr], Rerr] and Rerr] is independently 40 hydrogen or
a hydrocar byl group provided at | east one is hydrocarbyl, each Xerr],
X[ert] and X err] is independently oxygen or sulfur provided at | east one

is sulfur, and each a and b is - 30 - independently 0O or 1; and (B-4)
m xtures of two or nore of (B-1) to (B-3) thereof. In a preferred
enbodi nrent, a and b are each 1. 5. In ne enbodinment the - sulfur-

and phosphorus contarnrng conposition is T conpound (B-1). 'Preferably, a
o epeniont s AR TR, TR WAL B R 150-c at 50
- mm. Hg. » and ‘an additional 40 parts of distillate are
recovered. The residue is filtered through a filter aid
"and the filtrate is the desired mixed dialkyl hydrogen
S phosphite contalnlng, by analysis, 9.6% phosphorus (theory,

9.7%).

: ‘A mixture of 468.7 parts (3.6 moles) of 2-
ethylhexanol, 1050.8 parts (7.20 moles) of Alfol 8-10, and
10 600 parts (5.4 moles) of dimethylphosphite is prepared and
heated to 135°C while purging with nitrogen. The mixture
is heated slowly to 145°C and maintained at this
temperature for about 6 hours whereupon a total of 183.4
parts of distillate are recovered. The residue is vacuum
15 stripped to 145°C (10 "mm. Hg) and 146.3 parts of
additional distillate are recovered. The residue is
filtered through a filter aid, and the filtrate is the
desired product containing 9.3% phosphorus (theory,'s.qs%).
. | Example C=3 ° . | |
. 20 . A mixture of. 518 parts (7 moles) of n-buténol, 911.4'_
- parts (7 moles) of 2-ethy1hexanol{ and 777.7 parts (7
moles) of dimethylphoéphite is prepared and heated to 120°C
while blowing with“nitrogen. After about 7 hours, 322.4
parts of distillate are collected, and the material then is
25 vacuum stripped (50 mm; Hg. at 140°C) whereupon an
additional 198.1 parts of distillate,are recovered. The
residue is filtered through a filter aid; and the filtrate
is the de51red product contalnlng 12.9% phosphorus (theory,
12. 3%)
30 . Example C-4 |
' ‘A mixture of 193 parts (2.2 moles) of 2,2~dimethyl-1-
propanol and 242 parts (2.2 moles) of dimethylphoéphite is
prepared and heated to about 120°C while blowing with
_ nitrogen. A distillate is removed and collected, and the
35 residue is vacuum stripped. The residue is filtered and



30 carbon atons and Rerr] is Hor a hydrocarbyl group 10 containing from1l
to about 30 carbon atonms. In a particular enbodi nent, each of Rerr],

Rlerr] and Rlerr] is independently an al kyl group containing froml to .
about 18 carbon atons or an aryl group containing fromabout 6 to about 18
carbon atons, and nore particularly each of R err], Rerr] 15 and R3. is

I ndependent 'y a butyl, hexyl, heptyl, octyl, oleyl or cresyl group. In

anot her particular enbodinent, Rerr] is H Wiwen R3is Hit is preferred
that each of Rlerr] and Rlerr] is indepenegessly an al kyl group containing
from1l to about 18 carbon atons or 20 an aryl group containing from about

6 to about 18 chheonfiltmateanils nothe paldsixddir Iprathutt ofcdRitainingd X 2%]

i s i ndependent | hexyl, heptyl, octyl, oleyl or cresyl group. In a
preferred enbod hgs$ﬂ5¥ggéh R[err] R[err] and err] i's 25 independently

hydrogen or [err] Prueuagdweremr]thetgm roaarhych’ quef’rtqywaqlwk]
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 "hydrocarbyl" includes
hydrocarbqn,-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. ' _

'Hydrbcarbyl groups can contain up to thréé, preferably

15 up to two, more. preferably up to one, non-hydrocarbon
substituent, or non-carbon heteroatom in a ring or chain,
for évery ten carbon atoms provided this non-hydrocarbon
substituent or non-carbon heteroatom does not significantly
‘alter the predominantly hydrocarbon character of the group.

20 ‘Those skilled in the art.w1ll be aware of such heteroatoms,
such as oxygen, sulfur and nltrogen, or substituents, which
include, for example, hydroxyl, halo (especially chloro and
fluoro), alkyoxyl, alkyl mercapto, alkyl sulfoxy, etc.

Examples of hydrocarbyl groups ‘include, but are not

25 necessarily limited'to,'the following:

(1) hydrocarbon groups, that is, aliphatic (e.q.,
alkyl or alkenyl), alicyclic (e.qg., cycloalkyl,
cycloalkenyl) groups, arématic groups (e.g., phenyl,
naphthyl), aromatic-, aliphatic- and alicyclic-substituted

30 aromatic groups and the like as well as cyclic groups
wherein the ring is compéted through another pottion of the
molécule (that is, for example, any two indicated groups
may together form an alicyclic radical). . '

(2) substltuted hydrocarbon _groups, that is, those

35 groups contalnlng non-hydrocarbon contalnlng substituents



- 31 -, independently hydrogen or [err] 10 As menti oned
| east one of X[err], Xerr], Xerr] and X4 must be sul fur Wmle t he

remaining groups may be oxygen or sulfur. In one preferr
of X[err], Xerr] and Xferr] is sulfur and the rest are oxyged
Rlerr], Rerr] or Rlerr] is a group of the formula. 15 [err]

preferred that X err] and Xferr] are oxygen and X err] and X[ err]

sul fur, or one .of Xerr], Xerr], Xerr] and Xerr] is sulfur and the rest
25 are oxygen. In these cases preferably—eaph-of X[err] and Xerr] is

oxygen and nore preferably X[err] is oxygen. In a further enbodi ment each
of Rlerr] and Ryhdch, s imdephedemidntdwilr oofr bthisavi ingvéntion, todabounioﬁo

carbon ator and SpREALatty o AIICT by, FOppatpialihgre ol Sl bere
Xerr], Xerr], cb(peap}:emdth[oaer ]skilkedfim the ant wdidl dnec awamseof such
2{ gf g;;ggn?”md BE’r e?% 9e 1 ﬂaﬂcv\ahxiééﬁkgﬁéi1§U&ﬁ1'6r6n£'n&<[ﬁddn§'ﬁ9 HiEEdty,
' _ : lkoxy, mercapto, alkylmercapto, nitro, nitroso, sulfoxy,
- ete.)? ' '
| (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 ring or chain otherwise composed of carbon
atoms. Suitable heteroatoms will be appareht to those of
ordinary skill in the art and include, for example, sulfur,
oxygen, nitrogen. Such groups as, e.g., pYridyl; furyl,
thienyl,'imidazolyl, etc. are representative of heteroatom
15 containing cyclic groups. | | _
- Typically, no more than about 2,-preférab1y no more
than one, non-hydrocarbon substituent or non-carbon atom in
a chain or ring will be present for every ten carbon atonms
in the hydrocarbyl group. Usually, however, the -
20 hydrocarbyl groups are purely hydrocarbon and contain
substantially no such non-hydrocarboh groups, substituents
‘or heteroatoms. o
Unless indicated otherwise, hydrocarbyl groups are
substantially saturated. By substantially saturated it is
25 meant that the group contains no more than one-carbon—to-
carbon unsaturated bond, olefinic unsaturation, for every
ten carbon-to-carbon bonds present. Often, they contain no
more than one <carbon-to-carbon non-aromatic unsaturated
'bond for every 50 . carbon-to-carbon bonds present.
. 30 Frequently, hydrocarbyl groups are sﬁbstantially-free of
' carbon to carbon unsaturation. It is to be understood
. that, within the content of this invention, aromatic
unsaturation is not normally considered to be olefinic
unsaturation. = That is,'aromatic groups are not considered
35 as having carbon-to-carbon unsaturated bonds. |



al kyl ene. 35 I'n anot her enbodi ment, the phosphorus and sutfot—muouo_

~containing conposition is the ammoni umor amne salt (B- 2)1ﬂg Le ah

and b are each 1. Wen any of Rlerr], Rerr] or Rerr] is H hmm
rof Formul-a | is an acid. The salts (B—2) can be consi dered

~derived fromthat acid. Wien (B-2) is the ammonium salt, the

32 - considered as being derived fromamonia (NHerr]) or annnnla yleldlng
conpounds such as NH err]OH. Qher anmoni a yi el ding conpounds will readily
occur 'to the skilled person. Wien (B-2) i's—a®3amne salt, the salt may be 5
consi dered as being derived fromam nes. The am nes may be I mar
secondary or tertiar yAEnﬂﬁé§1°§PdnbﬁF&1@§hW@re&°mmrﬁ%§ar&/ ). g(%bpﬁm@)f(c)

the am nes may bgral i @888l CinCYhiNer i Ridutts’ &ffedtive FEST eiibkdadde the
hydr ocar byl grou s are ali ha |c re 10 preferahly al kyl or alkenyl
most pref erabl y, gpgypng e base grease by at least 50°C :

Preferred mlnimum amounts of each component used in
5 the grease _compositions depend to some extent upon the
‘specific nature of the component, but generally at least
about 0.25% of each component should be present. Useful
‘amounts of component (A) range from about 0.25% to about
10% by weight, preferably about 0.5% to about 5%, more’
‘10 preferably from about 1% to about. 2%. wWith reepeet to
~ component (B); useful amounts for the purposes of this
invention range from about 0.25% to about 5% by weight,
preferably from about 0.5% 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 5%, preferably from about 0.5% to about 3%, more
preferably from about 0.75% to about 2% by weight, more'
often up to about 1% by weight. : _
_ The components (A), (B) and (C) are used in relative
20 "amounts by weight ranging from about 1 part (A) to 20 parts
each (B) and (C) to about 40 parts (A) to 1 part each (B)
and (C). Preferably, the components are’ used in amounts
ranging from about 1 part (A) to 10 parts each (B) and (C)
to about 10 parts (A) to about 1 part each (B) and (C),
25 more preferably from aboﬁt 1 part (A) to 5 parts each'(B)
and (C) to about 5 parts (A) to 1 part each (B) and (C).
It generally'is not neceseary'tO'use more than a total
of about 20% by weight of components (A), (B) and (C) since
no -additional benefit is obtained and often, deteriorating
30. performance with respect to the dropping point and other
| ‘characteristics of the grease is observed above this
treating level. More often no more than a total of about
10%, frequently ﬁo more than about 5% is employed. Often
. 1%-3% by weight is: sufficient to provide a 50 c increase in
35 dropping p01nt. '



the amine is an alkylamne it is preferred that the al kyl group contains
from1l to about 24 carbon atons. In one preferred enbodi nent, the am nes
are primary hydrocarbyl am nes containing fromabout 2 to about 30, 15 ,
nore preferably about 4 to about 20, carbon atons in the hydrocarbyl group.
The hydrocarbyl group may be saturated-or unsaturated. - Representative
.examples of primary saturated amnes are the al kyl am nes such as nethyl
ami ne, n-butyl amne, n-hexyl amine; those known as aliphatic.20 primary
fatty am nes, for exanple the commercially own "Arneen” primary am nes
(products available from Akzo Chenmicals, ~Cf%ago, |Illinois). Typi ca

fatty am nes.includg am nes such as, n-qciylam ng, n-gdodecyl anmine, n- .
t et radecyl ani ne, ﬁ38§faﬂgc§féﬂ¥ﬁgérre§s#§aY§? ghﬁﬂ?ﬁ%}? samgunt et Fhe
am ne (ol eyl anaddjitieés. colisistant awithaattairdhd athe desired ullopping
Akzo's Arneen-Cé?fﬁgpggé até EE%%'QQ r@ggﬁﬂgducfvneen-kﬁ, Armeen S and

i € NES 0

Arneen SD, all are rtatty am varying purity. In another

preferred embodi ment Compenentse Al is (&) 33ndt (A | magnthenpresenitosduring

Lo e o G LBIREAEnS, RGY, TRES OBLEREY DO, o Al

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

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

components to the preformed base grease since they may be'

adversely ‘affected during preparation of metal soap
10 thickeners. ' _

' Other additives may be incorporated into the base

grease to improve perférmance of the gréase_as a lubricant.

Such other additives ‘including corrosion inhibitors,

antioxidants, extreme pressure additives and others useful

15 for improving specifid performance characteristics of a

base grease, are well-known and will readily occur to those

skilled in the art. Oftentimes these additives have an

adverse effect on the dropping point of the grease. Use of

components (A), (B) and (C) together with these other'_

20 additives often compensates for this effect. _ '

: The following examples illustrate grease 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.. Dfopping points are determined using ASTM Procedure

- D=2265. All amounts unless indicated otherwise are on an

oil free basis and are by weight. ' |
Example A o ‘

30 _ A lithium 12-hydroxystearate thickened base grease

showed dropping point of 210°C. This is a typical simple
lithium salt thickened base grease.

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

' 35 - grease as in Example A, 0.5 percent by weight of the



carbon,atons in the aliphatic group. Usually the tertiary aliphatic primary
am nes are 35 nonoam nes, preferably al kyl am nes represented by the -
33 - formula [err] 10 wherein R[err] is a hydrocarbyl group containing
fromone to about 30 carbon atons. Such amines are illustrated by
tertiary-butyl am ne, "I -met hyl -1 -am no-cycl ohexane, tertiary-octyl
primary amne, tertiary-tetradecyl primary amne, tertiary-hexadecyl
prinmary amne, tertiary-octadecyl 15 primary amne, tertiary--octacosanyl
primary amne. Mxtures of tertiary alkyl prBmary amnes are also useful

for the purposes of this invention. Illustrative of amne m xtures of this
type are "Prinmensrédit wobtaimsed myt reacting elopoCpartst @f i &P ‘al(di) -

B i e ST L 1 el fot Reted s tihcting anoue
and Haas Conpany}. mohest metihytly amyl/| apcohody withhet malenofhdyss with 183
parts of propylene oxide, reacting the product obtained
5 thereby with 144 parts of P,0; and neutralizing the acidic
product obtained thereby with 584 parts of Primene 81-R,
1.0 percent by meight of dibutyl hydrogen phosphite and 1.8
percent by weight of a calcium overbased Cy3.4g alkyl
salicylate having a metal ratio of about 2.9 and containing

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 338°C.

15 Example D . :

To a grease composition as in Example C is added 0.5%
by weight of a sulfurized isobutylene. The dropping point
_is 300°cC. -
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. :
Exémples H, T, J _

| Examples B-D are repeated replacing the lithium 12-

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

For comparative purposes. grease compositions are
prepared employing components (A), (B) and (C) individually
and in several-combinations. It is moped that enhanced

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

'when components (a), (B) and (C) are used together.
Ekamples K=0 '

Grease compositions are prepared by blending into a
:lithium 12~hydroxy stearate base grease the " indicated

35' percentages by weight of the prodﬁct obtained by reacting



for. their preparation are known to those of ordinary skill in the art. The
tertrary alkyl primary am ne useful for 25 the purposes of this i nvention
and nethods for their preparation are described in U S. Patent 2,945, 749
which is. hereby incorporated by reference for its teaching in th|s Prlnary
am nes in which the hydrocarbyl group 30 conprises olefinic unsaturation
al so are.useful. Thus, the hydrocarbyl groups may contain one or nore

ol efinic unsaturations depending on the |ength of the chain, usually no
nore than one doubl e bond per 10 carbon atenss8 Representative am nes are
dodecenyl am ne, ol eyl am ne and 35 |inol eyl am ne. Such unsaturated am nes
~are avail abl e untieoot pardsnesfi O, ederf{di) -mEthylcaryl adithiophokplleric acid’
“di al kyl am nes h 0,

al kenyl groups aﬁﬂ-%ﬁ&‘& %%SCI‘I €:§Q¥eaﬂ¥\?£| rfgﬁ’wwaérﬁ %ﬁiﬁ{cfﬁﬁ 134.{%@1}]& with
commerci al fattylseebadafyPsPy wiLhslas mgmﬁnarnpwmemxm areacting

n xed di al kyl am the ‘fﬁ%ﬁ%cﬁ 06b€§fﬁ@!ieth@i‘°eb§ k@iitﬂr 4y 'ﬁarts of P,0, and
5 neutralizing the-acidic'product obtained thereby with 584

parts of Primene 81-R.
Example % by weight additivg Dropping Point (°C)

K 0.5 ~ 210°C
L | 0.75 . 267°C
10 M 0.85 - 262°C
‘N 1.0 - 257°C
o 1.5 267°C
Exgmples P-R ' |

Grease comp051t10ns are prepared by blending into a

15  lithium 12-hydroxystearate base grease the _1nd1cated
| percentages of dibutylhydrogen phosphite ((Butyl-O)ZPHO)'

Example % by w_eight additive Dropping Point (°C)

P - . 0.35 ' 200°C

Q 0.45 - 202°C

20 S R E 0.55 R 197°C .
Example S

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

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

From the foregoing Examples it is apparent that the
combination of overbased compositions with certain sulfur
and phoSphorus containing compositions and a-hydrocarbyl

30 phosphite provides increased dropping points compared to
the base greases without additive. It is also apparent
that the components used individually, or only two of the
components takeh together do not provide the substantial

increase in dfopping point observed with this invention.

35 While the invention has been explained in relation to



a fatty group and the other alkyl group may be a lower 5 alkyl group (1-7 -
carbon atons) such as ethyl, butyl, etc., or the other hydrocarbyl group
may be an al kyl group bearing other non-reactive or polar substituents -
(CN, alkyl, carbal koxy, amde, ether, thioether, halo, sulfoxide,

sul fone) such that the essentially hydrocarbon 10 character of the group
is not destroyed. Tertiary am nes such as trialkyl or trialkenyl am nes and
those containing a m xture of alkyl and al kenyl am nes are useful. The

al kyl ~and al kenyl groups are substantial | y_ asg descri bed above for prinary
and secondary am nes. O her useful primary amnes are the primary
ether amnes R'@g :{Bdféférfe&r%nnodﬁmé;@s di y&l e tKyb&nanderstdoy i that

to 6 carbon atom; a I.s a hydrocar byl gro%p Qf _about 5 to ab%b ﬁg
carbon atoms. YREIOUS BRRAficatdonsitherente WdddePECre,RERAFER %"t ose
reaction of an %hc(i(l'l@d 20n R'€kt vagtei apoRl’ readidyy ddie nespedificatlione
with an unsaturated rile, ypical fi nc nd

the al cohol is Qgﬁtﬁé‘}vr%r l}f"‘an(’:ﬁed&él I%aﬁr@de(ﬁ qrtﬂ? M R&hﬁawﬁ&gﬂeﬂn
about 50 carpondiseldsed tiexedn yl.su}intena&mabbooverosnchnliodiaficPtebBSaBBy_
from25 6 to 2Q.53" RALAY Bhie Jé@p@'éf'éﬁergﬁﬁéﬁaédcéfaﬁﬁ&? from |



2 to 6 carbon atons, acrylonitrile being nost preferred. Ether am nes are
comrercrecH—y——avar-l—ab’r‘eWe‘r the nane SURFAM narketed by Mars Chem cal

Conpany, AtI t m E&ha Typi cal of such am nes are those having from
30 abouhiss 400 nol ecul ar wei ght . Preferred et heram nes are
exenplifif | ntified as SURFAM P14B (decyl oxypr opyl am ne),
SURFAM P1 r] ),. SURFAM P17B (tri decyl oxypropylam ne). The C
chain lengths (i.e., (Jerr], etc.) of the SURFAMS described above

and used 35 her ei nafter are approxi mat e kP ifhcl ude the oxygen et her -
35 - linkage. For exanple, a (Jerr] SURFAM am ne woul d have the follow ng

general fornmula Cerr]Herr]OJerr]Herr]NH err] The am nes used to form
t he am ne sal t SLAEMB8:be 5 hydroxyam nes. I n one enbodi nent, these
hydr oxyam nes can be1 represent ed by the fornu|a [err] 15
[ CH(R*11) CH(R*11) O] [érr] IET composition comprising .
major amount of an oil-~based, 51mple metal soap thickened

5 base grease and N
(A) from about 0.25% to about 10% -by weight of
an overbased metal salt of an organic acid;
(B) from about 0.25% to about 5% by weight of a
phosphorus and sulfur containing comp'osition selected from -

10 ) _
(B-1) a compound represented by the formula
| X
15 | . "
A e
20 o X )R,

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

30 xa
I

Ry (Rs)y —— P——X;R¢- (D
35 - | ' l '

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

M



wher ei-n"R[erri—Tsahydroecar byl group generally containing fromabout 6 to
about %%ﬁ%ﬂ&ﬁ%ﬁg%éqgs R*9.is an ethylene or propylene group, R[err] is an
al kyl ene f ?ﬂg up to about 5 carbon atons, a is zero or one,
each R*:[HmMKm! en 20 or a lower alkyl 'group, and x, y and z.
-are ‘eac y integers fromzero to about 10, at |east one of X,
y and z being at |east 1. The above hydroxyam nes can be prepared by
techni ques well known in the art, and many %ﬁcb hydr oxyam nes are 25
comercially avail able. The useful hydroxyanmnes where a in the above
formula is 0 include 2- oygyet hyl hexyl am n . 23 ‘
‘hydr oxyet hyl ol eyl am ne, bisf%*%&d?bky hyl7hé?§?a%%né§ 1ndepen§ent1y
bi s(2- hydr oxyet hyl ) ol eyl aoxygen aod smkfures thereof. Also 30 included are
t he conparabl e nenbers wherein i h Y t ;Least. one of X y
is at least 2. A nunber of hydro%%m%r%g%mﬁé glhﬁg“gglr@ﬁ%ér gﬁﬁorl'g'. %/%%F%ﬁ?gﬂ
fromthe Armak Chenical Dsianalkyleneony, alkylidenecgyouplsl |inois, under
t he general gt rade desi gnation 35gp_ At hogRekms "Bro A ci _
exanpl es i ngl ude " Et honeen C/ 15§(Bv\hé|§ch |g§ ;&rﬁnlﬁ'yl elélegggjsggugor? e%a{néhg a -
coconut -fatty acid cont ai$t¥y @ho(B-1) n¥hes aF LeafFeRe is hydrogen;

. (B-3) a compound represented by the

formula

10

=

s My r (XygyRg 0D
o _ |
'.20 or
X Ry
25 |

Ry Xg——P X0Rg @

wherein each R,, R; and R, is independently hydroéen or a
30 hydrocarbyl group provided at least one is hydrocarbyl and
each X,, X, and X,, is oxygen or sulfur provided at least
one is sulfur; and :
(B-4) mixtures'of’th or more of (B-1) to

- (B=3) thereof: and - '
35 (©) from about 0.25% to about 5% by weight of
a hydrodarbyl phosphite; wherein the'dfopping point of the
‘base grease is increased by:at least about 50°C as measured

' by ASTM procedure D-2265. | |

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

% c L M s %



oxi de; “Ethomeen (/20" and "C/ 25" which also are ethylene - 36 - oxide
condensatjon products from coconut fatty acid containing about 10 ‘and 15
nol es of Dfmﬂ'ﬂm'm, spectively. "Proponeen 0/12" is the condensation
pr oduct * J'E amne with 2 noles propyl ene oxide. 5
Commerci all y avdi | &bl & GXaanes of al koxyl ated am nes where a is 1 include
"Et hoduoneen T/ 13" and "T/ 20" which are ethyl ene oxi de condensati on
products of N-tallow trinmethyl ene diamne containing 3 and 10 nol es of

et hyl ene oxide per nole of dianm ne, respéttﬁ%éTy 10 . The fatty
diamnes include nono- _or dialkyl, sym trlcal trical ethzhene
di ani nes, propane di3ani n&h§ 199936? gogposy nﬂ'@lé irodPeFe e

- above.” Sui tabl aifalitiy iedlaraddmgs Hsicd %dimsersbiﬁhﬂuﬂesoabe name Duomeen
-are commercially avallabl di am nes descrih

r odugt BuII
No. 7-10R, of Armak 4cheni FoeasSen coIRg st %111°nn0‘?€ CLRm, dt %&em
.embodi nent , thal&aﬂﬁmﬁa@anﬁhrmﬁtmmysaapcyslaccahcnem sncmagaepnmmwsmame

plpera2|ne,5 5. The drease composition of any one of the
preceding claims, wherein the metal soap is a fatty acid
Imetal'salt, |
6. The grease CQmpositibn of claim 5, wherein the
fétty acid is a Cg to G, mono-carboxylic acid, optionally

10 hydroxy-substltuted... _ |

7. The grease comp051tlon of claim 5, wherein the
metal socap is a 12-hydroxy stearate.

- 8. The grease compositich of any one of claims 1-7

wherein the metal salt (A) is an alkali or alkaline earth

15 metal salt or a zinc salt. ' .

9. The dgrease composition of Claim 8, wherein the

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

20 to about 40. ' _ '

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

12. The grease composition of claim 11 whereln the

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

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

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

30 15. The grease composition of any precedlng claim,
wherein the phosphorus and sulfur contalnlng composition is
(B~-1) and a and b are each 1.

This Sheet Has Been R,

WA




nmorpholine, etc. In a further enbodi ment the sulfur- and phosphorus- 20 _
contaimmmng conposition 1s (B-3). Preferably, a and b are each 1. In one
errbodl .. Rlerr] and R err] is independently hydrogen or
a hydro ﬂ!“ﬂl“ﬂ Imlmi mkg fromabout 1 to about 18 carbon atons, ‘and a and
b are- eaG re era , each Rlerr], Rerr] and R err] 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 |east one is said al kyl6r=aryl group. In one pref erred
enbodi ment at least two of X[err], Xerr] and 30 Xerr] are sulfur. In
anot her embodi nent tlte s(Mteigrease plcmpplwmn oéne ﬁhmnbsco‘ﬁ%%@?%?‘dh apgd
be (B-4) a mxtyre . of 1 $8 GRRAupEeBoARaining £roko
(B-3). In anot t%r&e.%be 19{dé(£%trﬁ3 );"ﬁty@ll ophos hoy'i ¢ aC| d. 35 Th%

di - organo- t hi odhot@h@bputa@lod m@?fﬂaﬁ§°m§e@r5% Hiks H or3Aa_ Rydrocarbyl

group contalnlng ‘from 1 to about 30 carbon atoms.

5 17. - The grease compos:.tlon of claim 16, whereln R,J,‘ is
18. The grease qomposition of claim 15 or 16, wherein
each of R,, R, and R; is independently an alkyl group
containing from 1 to about 18 carbon atoms or an aryl group
10 containing from about 6 to about 18 carbon atoms. .
19. The grease compos:Ltlon of any one of clainms 15-
18, wherein one of X X5 and X, is sulfur and the rest are
oxygen. ' _ o '
20. The grease composition of claim 15, wherein each
15 of R,, R, and R; is. independently hydrogen or

Xg

20 ' ”

R4 X; 1|:- — X7Rg— W)

X R

25 68

_21. The grease composition of claim 15, wherein R; is
hydrogen ‘and each R, and R, is independently hydrogen or
- 30 _ _ . S -

X6 Rs

40

- 22. Th_e' grease compositioh of either of claims 20 and 21,

wherein .X5 and X6 are oxygen and wherein X, and X8 are sulfur.
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I nvention can be prepared by well known nethods. The O, o-di-organo
dithjpphosnhnrir acids can be prepared, for exanple, by reacting
organi ¢ - hydroxy conpounds wi th phosphorus pentasul fide. Suitable organic
5 hydr oxy MMMI """”ﬂﬁ al cohol's, such as, al kanols, al kanedi ol s,
cycl-oal kan d cycloalkyl substltuted allphatlc alcohols
ether al cohols® este! alcdhols and m xtures of al cohols; phenolic
conpounds, 'such as, phenol, cresol, xylenols, alkyl- substi t ut ed phenol s, 10
“cycl oal kyl - substi t ut ed phenols phenyl subs6#t at ed phenol s, alkoxy phenol ,
~phenoxy phenol, naphthol, al kyl-substituted naphthols, etc.
non- benzenoi d organ?2- h?b?og}feé§ﬁp(ﬁ9ﬁ5%51é'—llé“gQ.fnéi’afl'qryof Hélaﬁ‘%tz%%‘i’ Alsin
the preparationypérdieofle Gfdk; OIXGRO @hnd hi Oﬁboﬁﬂffﬁl’:‘léfndaEhél&'est & vkygehd
di scussi on of the pregaratlonSOf t he'se co ynds is in the Journal 8f t he
“Anerican Chemical SogfetyT evSFﬁﬁ§e6?°mP?§&%%°nb8§é“?68§e §18@5:27 1%Yano
t etrat hi ophosphgsj Gwh%Q-éﬂ{S cadh &zex ranlaﬂ(;_s sbpxjrgml same net hod descri bed

above, except that 2 aptans are e F%§F88h8§ ﬁ@?ﬁ80£32h§h8£§§ﬁi§éis.'

hydr oxy conpounds. ed9r8?§§n8°mp
26; The gréase composition-of claim 15, wherein each

oxygen.

of R, and R, is independently hydrocarbyl having from 1 to
about 30 carbon atoms and R, is -R,OH wherein R, is an

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

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

28. The grease composition of any one of'claims_1-14,
wherein the phosphorus and sulfur containing composition is

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

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

20 - atoms. : : _ oo C o

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

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

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

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

30 33. The grease composition of any précedlno claim, wherein the '
phosphite (C) is a dihydrocarbyl hydrogen phosphite or a
trihydrocarbyl phosphite, wherein each hydrocarbyl group of
the phoéphite (C) independently contains from 1 to about 30
carbon atoms. - |
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pr epar ed by the same manner érrpl oyed in the preparation of the
dithbophospnorlc aci ds descri bed-above, except that a 25 m xture of

nercapt ' droxy conpounds is reacted with phosphorus

pent asul Eﬂﬂ mﬂmu rus and sul fur containing conmpound (B-1) include,
t hi ophosphore ¢ taci®ds si nél udi ng; but not*linmited to, dithiophosphoric as
well as nonot hi ophosphoric, 30 thiophosphinic or thiophosphonic acids.

The use .of the termthiophosphoric, thiophosphonic or thiophosphinic acids
is al so neant to enconpass nonothio as wel+ @8 dithio derivatives of these
-aci ds. Useful phosphorus-containing acids are described bel ow. 35 “In
one enbodi nent, when 3 .andhe agleeaseanqmpnsmﬁ.on of cladign -33¢ ewhéreXhethp

or Xerr] is Sugx‘gsg{le“ k cf edls a&fb\?i‘.‘ 1*2%0 ﬁﬂ@@gﬂitgo@f’“ 28utyl

conposition is d as a rmnot ricaci
nonot hi ophospha®hosphe tifonstin d-’rﬁuféiihm |P!S°$ﬁl9'lt%é ehadirt eri ‘EE@IOW—YS_

one or nore of igp>pHiltay ng forml ae
' 5 35. A grease comp051tlon 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 contalnlng
comp051tlon prepared by the process comprising preparing an
acidic intermediate by conducting at a temperature of from
about 0°C, to about 150°C, a series of reactions comprlslng
reacting apprqx1mate1y equlvalent - amounts of a

15 phosphorodithioic acid having the ‘formula

R40\
. , P
20 | o “s/

\
:

wherein each R, and R; is independently a hydrocarbyl group
and an epoxide and subsequently reacting the product
‘25 obtained.théreby'with phosphorus pentoxide, the molar ratio
of the phosphorodithioic acid4epoxide reaction product to
phosphorus pentoxide being within the range of from about
2:1 to about 5:1, then neutralizing at a temperature of
from about 0° to 209°ci'at least about 50% of the acidic
30 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

.__\_‘*_‘_ﬁ_%__-‘~
* This Sheet 1.
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[err] 15 wherein R err] and R err] are defined as above, preferably each

Rl ers] and‘ﬁTéTTT’TE’T%HEBEﬁEéntIy a hydrocar byl group. Monot hi ophosphat es
may be pr Q@%Q}QXB&hag gattion of 20 a sul fur source such as sul fur,

hydr ocar by pol ysul fides and the |i ke and a di hydrocar byl
phosphite. Hm&“ml rce is preferably elenental sulfur. The

pr eparati on osphates-is di sclosed in US Patent 4,755,311 and
PCT Publication WD 87/07638 which 25 are incorporated by reference for

i ts -di sel osure nonot hi ophosphates, . sul fur 66 source for prepari ng
nonot hi ophosphates and the process for maki n nothlophosphates may
be formed in the |ub{i@an@t301BR&Nd BReaddihydxogamRyloc RheFPhHtes pwitt ethe
a |l ubricating ceepasilai on containing a sul fur source. The phosphlte may
react with the sul fur source under blending conditions (i.e., tenperatures
fromabout( 30[err]C to about 100[err]C Qr higher) to form
nonot hi ophosphat e. It is al so possibl ;35 that nDnothlophosphate is
formed under the conditions found . I . .

_15”0 — P .II (X1II)

.10

OR,;

wherein each of Rm and R,; is independently a hydrocarbyl
15 group containing from 1 to about 50 carbon  atoms and-.
wherein (A) is present in amounts ranging from about 0.25%
to about 10% by weight, and (B) and (C) are each
independently present in amounts ranging from about 0.25%
to about 5% by weight, to increase the dropping point of
20 the base grease by at least about 50°C as measured by ASTM
procedure D-2265. -
36. The grease composition of claim 12 or 35 and claims depen-
dent thereon wherein the overbased metal carboxylate (A) is an alkyl or
alkenyl substituted salicylate wherein the substituent contains
25 from about 12 to about 50 carbon_atoms; ” '
37. The grease composition of claim 12 or 35 and claims depen-
dent thereon 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 ac1d -wherein R; and R, each
30 independently is an aliphatic group having from 3 to about
12 carbon atoms or an aromatic group containing from 6 to
about 12 carbon atoms, with an epoxide having from 2 to
about 4 carbon atoms then reaéting the product obtained
thereby with about 1 mble, per 2.5 to about 3.5 moles of
35 phosphorodithioic acid-epoxide reaction product of
phosphorus pentoxide then neutralizing at least about 50%
of the acidic mixture with an alkyl amine containing from
about 8 to about 16 carbon atoms; and'wherein (C) is a

This Sheet Has Been RTi
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- 39 - in operating equipnent. In Formula I, when a and b are 1; X err] and
X[ er,r] are oxygen; and X err] and X err] are sulfur, and Rerr] is H the
phosphor-us-_cant ai ni ng conposi tion i's characteri zed as asb _
di t hi ophosphoric acid or phosphorodlth|0|c aci d. Dithiophosphoric acid may
. be GharacterLEHmm,uIﬁwm) la [err]. 10 15 wherein R err] and Rerr] are

- as defined a Rlerr] -and Rl err] are hydrocarbyl groups. The
di hydr ocar byl pﬁosphd?odlth|0|c acids may be prepared by reaction of

al cohols with P[err]S[err] usually between 20 the tenperature of about
50[err]C to about 150[err]C. Preparation of dithiophosphoric acids and-
their salts is well known to those of ordinary skill in the art. In another
enbodi ment, the phosphorus-containing conposition is represented by Fornmula
(1) .where each Xerr] and 25 X2 is oXygegy gach X[err] and Xferr] is

sul fur, R3 is hydrogen, and

dialkyl phosphlte'whereln each of R10 and Ry,, independently,

contains from about 1 to about 6 carbon atoms.

38. The grease composition of any preceding claim

comprising from about 0.5% to about 5% by weight of
5 (A), from about 0.25-3% by weight of (B) and from 0.25-3%
by weight of (C).

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

10 comprising incorporating therein a comp031t10n according to any

preceding claim.

Fhls Sheet Has Been Repl
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each R[érr] and R[err] is independently hydrogen or [err] 35 wherein the
various R, a, b and X groups are as defined previously. Preferably either
bot fi Rlerr] and Rferr] are the group of Formula Il; or R is hydrogen and
Rlerr] is the group of Fornula Il. Preferably, mhen each Rl err] and Rlerr]
~is igndependently 40 hydrocarbyl, they are the sanme as described for Rerr]
or Rlerr]. Preferably, Xerr] and X err] are oxygen, and X[err] and X err}]
‘are sul fur. - 40 - Preferably R6 is-a68aryl ene group, or an al kyl ene or
al kyl i dene group havi-ng from 1 to about 12, nore preferably from about 2

t o about 6, nore preferably-about 3 carbon atons. R6 is preferably an
ethylene, propylene, or 5 butyleneABFBRACTpreferably a propyl ene group.
The group represented by the Fornmula Il is derived froma conmpound which is
the reaction of a dithiophosphoric acid with an epoxide or a glycol. The"

di t hi ophosphoric acids are those dezgasehecompesitionsThe epoxide i s generally

Improved grease compositions comprise a major amount
of an oil based simple metal soap thickened base grease, an
overbased metal salt of an organic acid, at least one
‘sulfur and phosphorus containing éompoSitioh and a
hydrocarbyl phosphite, together in amounts sufficient to
increase the dropping point of the base grease, as measured
by ASTM Procedure D-2265 by at least 50°C, the phosphorus
and sulfur compound being described in detail herein.




10 an+aliphati« epoxide or a styrene oxide. Exanple__
i ncl ude ethyl ene oxi de, propyl ene oxi de, butene oxi ¢é,: e. .
dodecene oxi de, styrene oxide, etc. Propylene oxidevis preferr
glycols may be aliphatic glycols having from1 to:15 about. .12,
about 2 to about 6, nore preferably 2 ori3-carbon:atons,. of ar
glycols. Aliphatic glycols. include ethylene glycol, propylene gIYCol
triethylene glycol and the |IiKEELD OF Invnummmm C. glycols i ncl ude
hydr oqui none, catechol, resorcinol, and the like.. 20 The: reacﬂm@n

product of the d-rﬁbgoaks%m%hc RBicfb ANt & hgrehxeolco%oeae&b@e i's MBgH

reacted with an I norgani c phosphorus reagenf such as phosphor us pentOX|de

phosphor us %&t@ﬂ:ﬁlﬁarl phaspheeystest &id a@ingte mtWEPMIaYS thaekened
phosphorus hal i des an the | i ke. The above reaction is 25 known in the

art and i s peser geedses WavRalcedrahpith 465inss utticikeake8udry athileapat eant
IS incorporated herein by reference for its disclosure of dithiaphosphoric

aci ds, gl ycabsut nddg@ms mesmspddrols A3 gomceduaed D26¢ds of reacting the
above. 30 Salts of the foregoing product are al so described in LeSuer

(US 3, 197, 405)whi ch is i ncoBAGKGROUNDcQE| FHy INVENTION

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

Until the mid-1800's, lubricants continued to be
primarily mutton and beef fats, with certain types of
vegetable oils playing minor roles. In 1859, however,
Colonel Drake drilled his first oil well. Since that time
most lubricants, including greases, have been based on
petroleum ("mineral") oil, although synthetic o0il based
lubricants are used for special applications.

In the NLGI _ILubricating Grease Guide, C 1987,
available from the National Lubricating Grease Institute,
Kansas City, Missouri, USA, is a detailed discussion of
éreases, including various types of thickeners. Such
thickeners include metal soap, complex metal salt-metal
socap and non-soap thickened greases.

Metal soap thickened greases have provided exemplary
pexrformance. However, under certain conditions an
~/j increased dropping point as measured by ASTM Procedure D-

2265 is required.
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reference for its disclosures in this regard. Such salts are enconpassed
within the group of conpounds (B-2). Also included within the conpounds
identified as (B-1) 35 are conmpounds of the fornula - 41 - [err]
wherein each of the groups is the sane as identified herei nabove.
Preferably Rlerr] and Rlerr] are each al kyR, -nore 10 preferably contai ning
from1l to about 30 carbons, even nore preferably 1 to about 18 carbons.

R6 is al kyl ene or aIkyIidene containing from 2 to about 28 carbons,
preferably alkyleneneombgimbngnh&@ﬁfé E%faﬁﬁbbpiﬁgcgbbﬁﬁsgfﬁhbgep@ﬂiﬁkﬁﬁiy
2 to about 6 rb, ven.nore prefera 0 4 carbops nds
of Formul a (X?% n%y 58 preerﬁ:ar 8d% gac ﬁaio T2 hﬁ;reg ar bg? a clg%pli

di t hi ophosphagreaaet How gmpmpona:tlnepot(h@eelras cegitedns sacidsier @wm@aﬁdy
These conpoun ho pr ri sa d bed S

3,197, 405 (Le%ée??%qghusd%%{%nt %%ﬁl 2%33 2%% ?,%Ssefe‘??{abo r?l QMOF% are
hereby expres§1Fﬁ€SP§¥ﬂ&Fed301dS and certain aromatlic acids.

process necessarily consumes considerable time resulting in
reduced production.
Doner et al, in a series of US Patents, specifically,

US Patents
5,084,194 5,068,045 4,961,868
4,828,734 4,828,732 4,781,850
4,780,227 4,743,386 4,655,948
4,600,517 4,582,617

teaches increased thickening of metal salt thickened base
greases 1is obtained employing a wide wvariety of boron-
containing compounds. Other additives contemplated for use
with boron-containing compounds are phosphorus- and sulfur-
containing materials, particularly zinc dithiophosphates.

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

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

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

_1 1 NOV 1897
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herein by referene for relevent disclosres contained Triesters can be
pr epar ed by reacting t he correspondi ng phosphorus and sul fur
-containing acid with, 25 for exanple, an olef in. A detailed discussion of
triesters and nmethods of preparing sane are given in US Patent 2,802,856
(Norman et al) which patent is incorporated herein by reference for

rel event disclosures in this 30 Conmpounds (B-3) include

t hi ophosphites and hydrogen thi ophosphites. These are readily prepared by
nmet hods known in the art including-reaatien of nmercaptans w th phosphorus
hal i des, al cohols wth thigQphg ,Qo 1 he |ike. Preferred are

t hose conpounds where a a 2OMEA ' ormula |11 and wherein
Rlerr] and R err] are hydrocarbyl, preferably al kyl having fromabout 1 to

about 24 c S I ef Eﬁp f 1,51&5\;:}%% - 42 -
nore pref ef‘i‘%?Q i'Into g:b% { cgr o{r-ig an L&T[% avi nga'w %n?o about 18
car bons, prMMHbIMV-@& ap§ut an? 9&1bbﬂ§edwor§ippéﬁera1§|")?16 Se®3xbout 10
car bons. thickened base grease and

(A) from 0.25% to 10% by weight of an overbased

metal salt of an organic acid;

(B) from 0.25% to 5% by weight of a phosphorus
and sulfur containing composition selected from

(B-1) a compound represented by the formula

[
B, X1)a T X3Ry @
EPv%2

wherein each X,, X,, X,, and X, is independently

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

wherein each R,, R, and R, is independently
hydrogen, hydrocarbyl, a group of the formula

X

R ——F X R @
X 9uRs

wherein each R, and R; is independently hydrogen
or hydrocarbyl, provided at least one of R, and R, is
hydrocarbyl,

R, is an alkylene or alkylidene group, each a and
b is independently 0 or 1, and

11NV 897
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When conpound (B-3) has the Formula IV, it is 5 preferred-that- Rerr] and
Rlerr] are as defined hereinabove, and is hydrocarbyl or hydrogen. In a
preferred enbodinent Rlerr] is H which is a tautoneric form of
Formula [I11. Alternatively, in another preferred enbodinment Rerr]
I's hydrocarbyl, preferably alkyl or aryl as defined for Rerr] and 10

R err] herei nabove. Preferably said phosphorus and sul fur contai ning
conposition is selected fromthe group consisting of (B-1) a conpound

represented by the fornmula 15 [err] wherein
each Rerr], Rerr] and Rerr] is indepengent_l y hydrogen, hydrocarbyl, or
25 [err] provided at |east one of Rerr],

Rlerr] and Rlerr] i ®dakrX¥;,4Xwh&;candeXghig dndependertdyr oxXygen ox
i ndependent |y Rygregen or hydrocarbyl, -provided at |east one of Rlerr] and

Rlerr] is hydrocarbyl’, and wherein R6 i*s an_al kyl ene or al kyl i dene
or a group of the formula -R,0H, wherein R, is an

alkylene or alkylidene group; =
(B~-2) an amine, an ammonium or a metal salt of
(B-1) when at least R, is hydrogen;
(B-3) a compound represented by the formula

X1

l

P
l
H

R7(x9)a (xlﬂ)bns {m

or

%11®
By Xy P %Ry @™

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

(B-4) mixtures of two or more of (B-1) to (B-3)
thereocf: and

(C) from 0.25% to 5% by weight of a hydrocarbyl
phosphite.
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- 43 - -group; (B-2) an amonium or amne salt of (B-1) provided at
| east Rl err] is hydrogen; (B-3) a conpound represented by the fornula 5
each Rerr], Rerr] and Rerr] is independently hydrogen

[err] 30 wherein
or a hydrocarbyl group provided at |east one is hydrocarbyl; and (A-4)

m xtures of two or nore of (A-1) to (A-3). 35 In one especially
preferred enbodi nent the phosphorus and-s@fur cont ai ni ng conposition is

(A-1), wherein at |east one of Rerr] and R err] is hydrogen or [err] 45
provided at |east Rlerr] ig hydrogen, wherein each Rl err] and Rerr] is

i ndependently an apjy! grauRaavi g¢ i 00Yhventic#%re useful - for
lubricating, sealing and protecting mechanical components
such as gears, axles, bearings, shafts, hinges and the
1liké. - Such mechanical components are found in automobiles,
trucks, bicycles, steel mills, mining equipnient, railway
equipment including rolling stock, aircraft, boats,
construction equipment and numerous other types of
industrial and consumer machinery.

A D. 9)

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

In general, the dropping point ‘of a grease is the
temperature at which the grease passes from a semisolid to
a liquid state under the conditions of the test. The
dropping point is the temperature at which the first drop
of material falls from the test cup employed in the
apparatus used in ASTM procedure D-2265.

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

Complex metal socap greases provide increased dropping
point, but have a number of significant drawbacks. Complex
thickeners involve in addition to a fatty acig component,
a non-fatty acid, e.g., benzoic, organic dibasic acids,
etc. component. ~_ The formation of the complex grease

1100y 1507
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- 44 - 12 carbon atons and Rerr] is an al kyl ene group having from about 2
. to about 6 carbon atons. In another especially preferred enbodi nent, the
phosphorus and sul fur containing conposition is the amne 5 salt (B-2) and
is derived froman al kyl am ne havi-ng from about 1 to about 24 carbon
atons, preferably a tertiary alkyl primary am ne containing fromabout 10
to about 16 carbon atons. In a further especially preferred enbodi nent the
10 phosphorus and sulfur containing conposition is the conpound
(B-3), wherein each Rerr],Rerr] and Rerg]-is independently H or an al kyl
group containing from3 to about 24 carbon atons provided at |east one is

saijd a: ][<yl grm%@;oiysasp@"ﬁd@tdﬁlynméaf @damilgngpdamtaﬂtouﬁ hg¢npbospdsts 15
and sul fur copt ajni conposition is g ; epare € _process o sin
reparing an BESHPEAPHYor Wh8 SR8 i prienblontsl AL TN
about O[err] Gree abohbr&ﬁoﬁndrp&ron-eonbaﬁning<dbmpunnﬂ$xw§ _conpri sing
reacti.ng approxi LYekBHLYaLGR! v2IBYRLALHh13 yP RPN YNl Gl 3EHE

having the forrmula Terr )
5 material referred to is absent or present in amounts having

an essentially unmeasurable or insignificant 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 with
a metal soap thickener.

The grease compositions of this invention employ an
0oil of 1lubricating viscosity, including natural or
synthetic lubricating oils and mixtures thereof. Natural

15 o0ils include animal oils, vegetable o0ils, mineral oils,
solvent or acid treated mineral oils, and oils derived from
coal or shale. Synthetic 1lubricating oils include
hydrocarbon oils, halo-substituted hydrocarbon oils,
alkylene oxide polymers, esters of carboxylic acids and

20 polyols, esters of polycarboxylic acids and alcohols,
esters of phosphorus—-containing acids, polymeric
tetrahydrofurans, silicone-based oils and mixtures thereof.

Specific examples of oils of lubricating viscosity are
described in US Patent 4,326,972 "and European Patent

25 Publication 107,282, beth-herein-incorporated by reference
for—their-—disclesures—relating—to—lubricating-eils. A

basic, brief description of lubricant base oils appears in
an article by _D.V. Brock, "Lubricant Base 0ils", Lubricant
Engineering, volume 43, padges 184-185, March 1987. This
20 rtic . 1 R . rod 1 e e L
disclosures—relating-to-lubricating eils. A description of

0ils of lubricating viscosity occurs in US Patent 4,582,618
(Davis) (column 2, line 37 through column 3, line 63,

inclusive), incexrperated—herein by —reference—for—its-
35 ise] , 03 e lubricati . ity
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25 wherein each Rlerr] and Rlerr] is independently a hydrocarbyl group

Wi th an epoxi de and subsequently reacting the product obtained thereby

wi t h phosphorus pentoxide, the nolar ratio, based on %H, of the
phosphor odi t hi oi ¢ aci d- epoxi de reacti.on product to phosphorus pentoxi de
being wwthin the 30 range of fromabout 2:1 to about 5:1, and neutralizing
at a tenperature of fromabout O[err] to 200[err]C, at |east about 50% of
the acidic mxture with an am ne selected fromthe group consising of a
hydrocarbyl and a hydroxy-substituted hydyacarbyl am ne having from about
4 to about 30 carbon 35 atons. Preferably the amne is a tertiary-alkyl

primary - 45 jEHHﬂHérTEE&r@éeBQFiﬂfbﬁﬁaﬁfﬂﬂ“ié?éfd&ﬁ@beﬂls1Gsba o ut

16 carbon atons in th erti al kyl agroup, T ol | o xanpl es

1 et rate  FREPae oipbELoabhe G¥pAlrRs. LBndGa Tt  SEeRS

the grease 5guidejodNatiiormml dubricatingveréase. Instibtate, Kaaspsecityre

pLended o, Yooty otsEr oY 980 0ol oo rURehe 41 Lekdisantale °f
5 inceorperated-hereinbyreference.

The simple metal soap thickeners employed in the
greases of this invention are well-known in the art. These
metal soaps are incorporated into a base oil, typically an
0il of lubricating viscosity in amounts, typically from

10 abeut 1 to-abeut 30% by weight, more often from abeut 1 to
abeut 15% by weight, of the base grease composition. 1In
many cases, the amount of metal soap used to thicken the
base o0il constitutes from about 5% to-abeut- 25% by weight
of base grease. In other cases from abeut 2% to abeut 15%

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

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

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

25 Types and amounts of simple metal soap thickeners to

employ are well-known to those skilled in the grease art.
The aforementioned NLGI Iubricating Grease Guide, pp 1.09-
1.11 provides a description of simple metal soap

thickeners. This—text—is—hereby -incorporated-herein—by

30

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

35 a thickening agent thereto. Thickening agents useful in
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othertwi se, all parts are parts by weight and tenperatures are in degrees
Cel sius. 10 Exanpl e B-1 0, 0-di - (2-et hyl hexyl)

di t hi ophosphoric acid (354 grans) having an acid nunber of 154 is

i ntroduced into a stainless steel "shaker"™ type autoclave of 1320 m .
capacity having a thernostatically controlled heating 15 |acket.
Propylenre is admtted until the. pressure rises to 170 pounds per square
inch at roomtenperature, and then. the autoclave is sealed and shaken for
4 hours at 50[err] to 100[err]C during whigh-time the pressure rises to a
maxi nrum of 550 pounds per square inch. The pressure decreases as the 20
reacti on procthdsgréheeauiodC tdibis | tnveat boh t are othet il wietal heoapsess

propyl ene, 15 BT Sad { NGpeait kel i Ol (b ELATELL
0, 0-di - (2-et hgtbéﬂ&lﬁ.pmétiricpidpy ne2¥radi metaiheyita of E&!m:yea&ds AmmByi a
o, CofBeRRLLAIE] B KRSk ooy Yol A 5P e ok o
: 5 metal salt contains from abeut 90% to -abeut 110% of the
metal required to prepare the stoichiometrically neutral
salt, preferably from about 95% to abeut 100%.

Fatty acids are defined herein as carboxylic acids

containing from abeut 8 to abeut 24, preferably from -abeut
10 12 to abeut-18 carbon atoms. The fatty acids are usually

monocarboxylic acids. Examples of useful fatty acids are

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

acids are useful. Preferred carboxylic acids are linear;

that is they are substantially free of hydrocarbon
15 Dbranching.

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-, 1l4-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
saponification of a fat which is often a glyceride or of

25 other esters such as methyl or ethyl esters of fatty acids,
preferably methyl esters, which saponification is generally
conducted in situ in the base o0il making up the §rease.

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

30 a grease kettle, forming a mixture of the base o0il, fat,
ester or fatty acid and metal-containing reactant to form
the soap in-situ. Additives for use in the grease may be
added during grease manufacture, but are often added
following formation of the base grease.

35 The metals of the metal soaps are typically alkali
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30 ¢ Exanple B-3 To 1,780 grans (5 nol es) of

0, 0-di - (2- et hyl hexyl) phosphorodithioic acid, stirred at roomtenperature,
there is added portionwi se 319 grans (5.5 noles) of propyl ene oxide. The
ensuing reaction is quite exothermc and the 35 tenperature rises to
83[err]C within 15 mnutes. The -46- tenperature is maintained at
90-91[err]C for three hours, whereupon an additional 29 grans (0.5 nole) of
propyl ene oxide is added. This mxture is maintained at 90[err]C for

anot her hour, followed by stripping to a-fgnal tenperature 5 of 90[err]C

at 28mm Hg pressure. The dark yellow liquid residue shows the foll ow ng
anal ysis: S, méetéls, PachaQ.%neEréﬂmh nﬂesatbstanai all uyritom.s arFopr paeposesof
Exanpl e 3 the ollo PEISACT] Phos rodithioic

Dot ge 10 - of cobf §fabdgd (BE9ReaeG. e NS Latr i o G arPRERred

- (i sopropyhto the thlékepgrehy peadtiBg6the fﬂt;)edtetZeetﬁqthgxgbid
Styrene oxi de with basic metal contalnlng reactants such as oxides,
5 hydroxides, . carbonates and alkoxides (typically 1lower
alkoxides, those containing from 1 to 7 carbon atoms in the
alkoxy group). The soap may also be prepared from the
metal itself although many metals are either too reactive
or insufficiently reactive with the fat, ester or fatty

10 acid to permit convenient processing.

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

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 2,999,066, and the
aforementioned NIGI Lubricating Grease Guide, all—ef-which

. tod 1 . ) £ e 1 l
diselesures—of-grease-thickeners.

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

25 salt complexes‘such as metal soap-acetates, metal soap-
dicarboxylates, etc. are not simple metal soap thickeners
as defined herein.

A The Overbased Metal Salt of an Organic Acid

Component (A) is an overbased metal salt of an organic

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 organic acid
reactant. The amount of excess metal is commonly reported
in terms of metal ratio. The term "metal ratio" is the

35 ratio of the equivalents of metal base to the equivalents

BN '
| AMENDED _SHEET H




"Exanpt e B-7 Phosphorus pentoxide (64 grans, 0.45 nole) is added at 15
58[err]C within a period of 45 minutes to hydroxypropyl O, O- )
di (4- met hyl - 2- pentyl) phosphorodithioate (514 granms, 1.35 noles, pr epar ed
by treating di(4-nethyl-2-pentyl)- phosphoro- dithioic acid with 1.3
nol es of propylene oxide at 25[err]C). The mxture is heated at 75[err]C
for 2.5 hours, 20 mxed with a filtering aid (diatonaceous earth), and

filtered at 70[err]C The filtrate is found to have, by analysis, a
phosphorus content of 11.8% a sulfur centent of 15.2% and an acid nunber
of 87 (bronophenol blue indicator). 25 Exanpl e B-8°

A m xture of cd6thy Iam:ga(rﬁ.c? auﬂcb&éubstrq:hesphhrneupzaﬂ.osade hasna metiad
Feact o of FaEEY ot R8E PDeve *‘*EF@‘? AN TR iftos |
of 30 propyloxneater dhan IS.O[WP}@ LYhﬁaPEdlaﬁ &9[ abopt Mér C&' manes. anod
sul fur content of TS EREeRr uebal¥ Gaks Sordup” %p‘gﬁ‘??n% o
i ndi catory. Hehenicad gtbstracts (CAS) version of the PerJ.odJ.c Table of
the Elements). Most preferred are sodium magnesium and
calcium, with calcium being especially preferred.
In the present invention, the preferred overbased
materials have metal ratios from about- 1.1 to abeut 25,
10 with metal ratios of from abeut-1.5 to akeut 20 being more
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 organic 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 magnesium, the acidic material may be replaced with
20 water. |
Orgariic Acids
The organic acids useful in making the overbased salts
of the present invention include carboxylic acid, sulfonic
acid, phosphorus-containing 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.g.,
carboxylic acids having up to akeut 22 carbon atoms such as
acids having abeut- 4 to abeuwt 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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35 ' To 217 grans (0.5 equival ent) of the acidic filtrate - 47 -
Exanple B-6 there is added at 25[err] to 60[err]C within a period of 20

m nut es,

of

66 granms (0.35 equivalent) of a commercial tertiary aliphatic'

primary am ne (Prinene 81-R, Rohm & Haas Co.) having an average nol ecul ar
weight of 191 5 in which the aliphatic radical is a mxture of
tertiaryal kyl radicals containing from11l to 14 carbon atons. The
partially neutralized product has by analysis a phosphorus content of
10.2% a nitrogen content of 1.5% and anjgci.d nunmber of 26.3. 10
Exanple B-10 A portion of the filtrate of Exanple B-7 (1752 grams) is

neUtr?"fe?H%hﬁﬁ r}{@@ta&iaﬁ ﬂssiﬁtéﬁaéaetb'iﬂbhhd%ﬂ%m&mdﬁﬂdjgﬁbdﬁc{ﬂ
grans) O e, al) all c pr.l amne o er.r
neat Tl | zed SHTANAChess FnaTegt gk e, anbysHouHor OwaR Y bieas
nitrogen contasrl of hdlidés,andactondsir andt endixtures 6%thexaoi e\ﬁxﬂélss

10

15

20

25

30

35

otherwise specifically stated.

The carboxylic acids of this invention are preferably
oil-soluble and the number of carbon atoms present in the
acid is important in contributing to the desired
solubility. Usually, in order to provide the desired oil-
solubility, the number of carbon atoms in the carboxylic
acid should be at least about 8, more preferably abeut 12,
more preferably at least abeut—18, even more preferably up
to abeut- 30. Generally, these carboxylic acids do not
contain more than abeut 400 carbon atoms per molecule,
preferably no more than abeut- 100, more preferably no more
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
acid, linoleic acid, tall oil acid, etc. Mixtures of two
or more such agents can also be used. An extensive
discussion of these acids is found in Kirk-Othmer
"Encyclopedia of Chemical Technology" Third Edition, 1978,
John Wiley & Sons New York, pp. 814-871;—these—pages—being
incorpeorated-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
these acids can also be used.

The monocarboxylic acids include isoaliphatic acids.
Such acids often contain a principal chain having from
about 14 to abeut- 20 saturated, aliphatic carbon atoms and
at least one but usually no more than abeut four pendant
acyclic lower alkyl groups. Specific examples of such

11 Nov 1897
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Phosphorus pentoxide (208 grams, 1.41 noles) is added at 50[err]C to
60[err] C to hydroxypropyl O 0'-di-isobutyl phosphoro- 20 dithioate
(prepared by reacting 280 grans of propylene oxide with 1184 grans of

0, 0" - di--i sobutyl phosphorodi thioic acid at 30[err]C to 60[err]C). The
reaction mxture is heated to 80[err]C and held at that tenperature for 2
hours. To the acidic reaction mxture there is added a-stoichionetrically
25 equival ent anount (384 grans) of the comercial aliphatic primry am ne
of Exanple 8 at 30[err]Cto 60[err]C. Ihgyproduct is filtered. The
filtrate has, by analysis a phosphorus content of 9.31% a sulfur content

of 11.37% am;dar @mta&ﬂid@fn&ﬁﬂfé 19¥het iasa dirdilicatiofc Gcid, 3-
(br onmphenol I ndi cat ot B- 12

0 t f .
0, 0' di - (|soct i TP A 6?&8acFHd 8-nmg, i@ﬁ?%%#§§9 n9ig a8ty ne
(Arneen 0- Arnak) Tlﬁaipbalﬁph&tﬁ& acidsBuindlydwsplhatures obf obrdmcht/5

parts, 1 rol ec)haiﬁ: ac:idé8 prepared by the isomerization of commercial
5 fatty acids (e.g. oleic, linoleic or tall oil acids) of,
for example, about 16 to abeut 20 carbon atoms.

‘The higher molecular weight mono~ and polycarboxylic
acids suitable for use 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 Canadian Patent 956,397.
are incorporated herein by referen
of higher mole

elr disclosure
ight mono~ and polycarboxylic acids

20 A group of useful aromatic carboxylic acids are those
of the formula
x"
l
25 (c-X"H),
R',——Ar \ (XV)
30 (x"H),

wherein in Formula XV, R® is an aliphatic hydrocarbyl group
of preferably abedt 4 to abeut 400 carbon atoms, a is a
number in the range of zero to abeut 4, Ar is an aromatic
35 group, X', X" and X" are independently sulfur and oxygen,
b is a number in the range of from 1 to abeut 4, c is a
number in the range of 1 to abeout 4, usually 1 to 2, with
the proviso that the sum of a, b and ¢ does not exceed the
number of valences of Ar. Preferably, R' and a are such
—3-1-Noy 1997
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.reacted with a mixture of 146 parts, 1 nole, 1-octane thiol and 74 parts, 1
nol e, 1-butanol. (C Hydrocarbvl Phosphites Conpositions of the present

i nvention also include (C) 5 a hydrocarbyl phosphite. The phosphite nay be
represented by the followng fornmulae: [err] 20 wherein each "R group is

i ndependent |y hydrogen or a hydrocarbyl group provided at |east one of
Rlerr] and R err] is hydrocarbyl. In an especially preferred enbodi nent,
the 25 phosphite has the formula (XI11) and Rerr] and Rl err] are each,

i ndependent |y, hydrocarbyl. Wthin the_cogstraints of the above proviso, it
Is preferred that each of R err], Rerr] and Rerr] is independently a

hydr ogen or d byde gLQuU Jg?g o] o] 0 :
preferably #?gﬁglﬁggggbg%% ég,ehn ﬁggeagrgy%r% ?sef%gﬁgg%o§t3fﬂ§¥§ﬁ%ﬁu 8
carbon at omSarkeRhakpesr proyided B¥d terR| greupsméin beachdqempaund y

al kyl , al kepdprdserited Mperoihe18 Ryp is aryl it contains at least 6
car bon at ons; prggerabl 6, 0o about 18 c¢arbon atons. Exan%!es of al kyl 35

or al kenyl groupsBf ATFRRYIC FERYP ARckd FORBRLf XVompy have the same

5 structure as any of the aromatic groups Ar discussed below
under the heading "Phenols". Examples of the aromatic
groups that are useful herein include the polyvalent
aromatic groups derived from benzene, naphthalene,
anthracene, etc., preferably benzene. Specific examples of

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

Examples of the R" groups in Formula XV include butyl,
isobutyl, pentyl, octyl, nonyl, dodecyl, and substituents

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

(COOH),,

25 R . (XVI)

(OH) .

30 where in Formula XVI, R* is an aliphatic hydrocarbyl group
preferably containing from abeut 4 to about 400 carbon
atoms, a is a number in the range of from zero to gbeut 4,
preferably 1 to about 3; b is a number in the range of 1 to
about” 4, preferably 1 to abowt 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 and a are such that the
acid molecules contain at least an average of about 12

11 Ny 1897
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pleyf, l'inoleyl, stearyl, etc. Exanples of aryl groups are phenyl,
napht hyl , heptyl phenyl, etc. Preferably each of these groups is
i ndependent|y propyl, butyl, pentyl, hexyl, heptyl, oleyl 40 or phenyl,

nore preferably butyl, octyl or phenyl and nore - 49 - preferably butyI.
The groups Rlerr], Rerr], and Rerr] may al so conprise a m xture of
hydr ocar byl groups derived fromcomercial m xed al cohols. 5 Exanpl es

of nonohydric al cohols and al cohol m xtures include comrercially avail able
"Alfol" alcohols marketed by Continental 1@ I~ Corporation. Al fol 810 is a
m xture containing al cohols consisting essentially of straight- chain,

primary al coamh hB&4cN0 cArbonl0 HEsmon 2h0MkheA AAlipHatHl? | Bydrstitbof
conpri si ng nDPﬁﬁ¥ ELE%F%_fatty alCOQ§1 | fol 1218 is a m xture of

synt heti c, s having from12 to 18 carbon

at ons. Alfol 20+ ahcmhdba wieh&nxtheeelaésLBfZﬁr@manﬁcycatbohylichanndg

(XIV) are the aliphatic hydrocarbon-substituted salicylic

5 acids wherein each aliphaﬁic hydrocarbon substituent

contains an average of at least about 8 carbon atoms per

substituent and 1 to 3 substituents per molecule. Salts

prepared from such salicylic acids wherein the aliphatic

hydrocarbon substituents are derived from polymerized

10 olefins, particularly polymerized lower l-mono-olefins such
as polyethylene, polypropylene, polyisobutylene,
ethylene/propylene copolymers and the 1like and having
average carbon contents of abgut 30 to abeltt 400 carbons
atoms are particularly useful.

15 The aromatic carboxylic acids corresponding to
Formulae XV and XVI above are well known or can be prepared
according to procedures known in the art. Carboxylic acids
of the type illustrated by these formulae and processes for
preparing 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.
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

30 sulfonic acids can be represented for the most part by the
following formulae:

R" -T-(S0,H), (XVII)
R%-(s0,H), (XVIII)

35
In the above Formulae XVII and XVIII, T is a cyclic nucleus

such as, for example, benzene, naphthalene, anthracene,

17 S
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nmostly, on an al cohol basis, Clerr] alcohols as determned by 15 G.C
(gas-1iqui d-dhronmat ography). Another group of commercially avail abl.e

al cohol m xtures includes the "Neodol" products avail able from Shell

Chem cal Conpany. For exanple, Neodol 23 is a mxture of (Jerr] and

Clerr] alcohols; Neodol 25 is a mxture of Clerr] 20 and (Jerr] al cohols;
and Neodol 45 is a mxture of Cferr] and (Jerr] linear alcohols. Neodol 91
is a mxture of (Jerr], Cerr] and (Jerr] al cohols. Another exanple of a
comercial |y available alcohol mxture is Adol 60 which conprises about 75%
by weight of 25 a straight-chain (ferr] primary al cohol, about 15% of a

C20 primary al &bou of err oI S.

conpri ses preﬁ}%arﬁg' ol eyﬁgxgggiho%dﬂeﬂl%&% +uftf(l?s ar e Par ke

Ashl and Cheni mxwhmems.etq/t@f R%t prefesabiyndsy ani sliphayig mss@h
derived from 8 Wy, AAqEny1Ng asz&yceam&ﬁa,@n@i ar&ér;.g I ﬁﬂfw 1@%@*\

of fromerr] er ] are avallablefromProcte

These m xturesl'ccﬂﬂ iB ﬁl%&tﬁhﬁﬁnﬁswaﬂaﬂ@ aft cprFt @%Fﬁl n&aﬂ%ﬂ% y
12, 14, 16s orat:lcﬁns.ar et s is aEpralei:ﬂ{a& Olﬂtlﬁsaanyt Yontadhy
35 mixture CQE Adud ::(\)b)g'D O;.SCL %rllnc.).e.l. %Oﬁ)pf s:'.LZ %l g 1%Ex’atic-

substituted cycloallphatic group, the aliphatic groups
usually contain a total of at least ab?ﬁt 12 carbon atoms.
R¥ is preferably alkyl, alkenyl, alkoxyalkyl,
10 carboalkoxyalkyl, etc. Specific examples of R¥' and R® are
groups derived from petrolatum, saturated and unsaturated
paraffin wax, and -polyolefins, including polymerized, C,,
C;, C,, G5, C,, etc., olefins containing from abgﬁt 15 to 700
or more carbon atoms. The groups T, R¥, and R2 in the
15 above Formulae XVII and XVIII can also contain other
inorganic or organic substituents in addition to those
enumerated above such as, for example, hydroxy, mercapto,
halogen, nitro, amino, nitroso, sulfide, disulfide, etc.
In Formula XVII, a and b are at least i, and likewise in
20 Formula XVIII, a is at least 1.

Specific examples of oil-soluble sulfonic acids are
mahogany sulfonic acids; bright stock sulfonic acids;
sulfonic acids derived .from 1lubricating oil fractions;
petrolatum sulfonic acids; mono- and poly-wax-substituted

25 sulfonic and polysulfonic acids of, e.g., benzene,
naphthalene, phenol, diphenyl ether, naphthalene disulfide,
etc.; other substituted sulfonic acids such as alkyl
benzene sulfbnic acids (where the alkyl group has at least
8 <carbons), cetylphenol mon-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




-. 50 ' 26. 0% of Cerr] al cohol and 6.5%)of.C[err] al cohol . Phosphites and
their preparation are known and nmany phosphites are available commercially.
Particul arly useful phosphites are di butyl hydrogen phosphite,
trioleyl 5 phosphite and triphenyl phosphite. Preferred phosphite esters
are generally dialkyl hydrogen phosphites. A nunber of dial kyl hydrogen
phosphites are comrercially available, such as |ower dialkyl hydrogen
phosphites, which are preferred. Lower dial kyl hydrogen' 10 phosphites
i ncl ude di met hyl, diethyl, dipropyl, dihutpy ,-dipentyl and di hexyl hydrogen
phosphites. Al so mxed al kyl hydrogen phosphites are useful in the present
I nventi on. EXHHB'%%éH él EéKthhhd&ﬁ&&WI&K§pﬁét@ﬁmé&@l6¥3f%&ﬁﬁtene
butyl; propyl Eent ge a¥ enté drogen 15 ghos hlteB .The
oreferred di nELBEXELHO phBEERANEE () Aserll OFn 1GRE pPESBRRSAREBAL o mmy
be prepared bsubettinuenes oAl th&rbenzenet hingl t , DEdECYR ez énd ot adhs,
comercially. prlnclpally 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 sulfonates from detergent
manufactured byproducts by reaction with, e.g., 80;, 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, preferably 700 to 1200, more
preferably about 1500 with chlorosulfonic acids, paraffin
wax sulfonic acids, polyethylene (Mn equals agpﬁt 900-2000,
preferably agdﬁt 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

30 acids, polyisobutene sulfonic acids wherein the
polyisobutene contains from 20 to 7000 or more carbon
atoms, chloro-substituted paraffin wax sulfonic acids,
etc.; cycloaliphatic sulfonic acids such as petroleunm
naphthene sulfonic acids, lauryl cyclohexyl sulfonic acids,

______ NV
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one nethod of preparation, a |ower mol ecul ar wei ght 20
di al kyl phosphite (e.g.,, dinethyl) is reacted with al cohols conprising

st rai ght - chai
not ed above,

n alcohol, a branched-chain al cohol or m xtures thereof.
each of the two types of al cohols may thensel ves conprise

m xtures. Thus, the straight-chain alcohol may conprise a m xture of 25

strai ght -cha

n al cohol s and the branched-chain al cohols may conprise a

a
As

m xture of branched-chain al cohols. The higher nol ecular weight alcohols

replace the

with the fornation of methanol which is s

- d ro r n be
W%x L6501 eheh] dh £ai Pyhig Ui

hite by reactin nol ecul ar melght

m xture. In

i nt r oduced |nto a dlal

met hyl  groups (analogous_t?GCLassic transesterification)
ri pped fromthe reaction 30

d!alkylphospﬂﬁQQ? such as di methyl phosphite mnth a nDre sterlcally
hi nder ed branched-wSgn Qaépac@ w%héushménmeomé Gk C8A%ks thereof

described terePh2054% the na;;[prgnsde{ a i , 9E & SngadY!

(2, 2-di net hyl
groups is
5
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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)
ocbtained 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 invention.

Phenols

The phenols useful in making the salts (A) of the

invention can be represented by the formula

R® -Ar-(oH), (XIX)

wherein in Formula XIX, R® is a hydrocarbyl group of from
aggﬁt 4 to ayyﬁt 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
range of 1 to abgut 4, more preferably 1 to apdut 2. R®
and a are preferably such that there is an average of at
least a?ﬁﬁt 8 aliphatic carbon atoms provided by the R¥
groups for each phenol compound represented by Formula XIX.

While the term "phenol" is used herein, it is to be
understood that this term is not intended to limit the
aromatic group of the phenol to benzene. Accordingly, it
is to be understood that the aromatic group as represented
by "Ar" in Formula XIX, as well as elsewhere in other
formulae in this specification and in the appended claims,
can be mononuclear such as a phenyl, a pyridyl, or a

‘7 .
mﬁiﬁ%ﬂ |




neplaéed by a neopentyl group, and, apparehtly because of the size of the

is

neopentyl group, the second nethyl group is not displaced by the neopentyl
al cohol . Anot her neo 5 alcohol having wutility in this invention
2,2,4- trimethyl-1-pentanol. In another enbodinment, mnixed

al i phatic-aromatic phosphites and ali phatic phosphites may be prepared by

reacting an aronmati c phosphite such as triphenyl phosphite, 10 wth
al i phatic al cohols to replace one or nore of the aromatic groups with
al i phatic groups. Thus, for exanple, t«ipheryl phosphite nay be reacted

wi th butyl

may be prepargtidnyl cast ipglynacheares oThel pplhghuclehtohtoupst katb beoret

Tl & of vat or b AR AR e PR EHPRA b Rhe TSR e ekl Ay R0E

nmol e of

taut omeri ¢ stpaints etop0another nucleus such as found - in naphdhyl 25

al cohol to prepare butyl phosphites. Dial kyl hydrogen phosphites

a

The follow C\%Wagr}l u,sie%{;ﬁ:'.st r'i‘hﬁebgg LAY 'sgci(‘)l?tfi% SoCatho! B ROt e

esters (C

Unl ess ot Ber diinked divne shaneimhat deagh tyocrusdeds (gifhers manonuialeae
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int oSl tlon he present I nvention.

or polynuclear) are linked through bridging linkages to
each other. These bridging linkages can be chosen from the
group consisting of alkylene linkages, ether linkages, keto
linkages, sulfide linkages, polysulfide linkages of 2 to
agﬁht 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.
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
of Ar.

The R¥ group in Formula XIX is a hydrocarbyl group
that is directly bonded to the aromatic group Ar. R¥
preferably contains ab96% 6 to agpht 80 carbon atoms,
preferably abgn% 6 to abgut 30 carbon atoms, more
preferably abgﬁf 8 to abgﬁt 25 carbon atoms, and
advantageously agﬁﬁt 8 to ag&ht 15 carbon atoms. Examples
of R® groups include butyl, isobutyl, pentyl, octyl, nonyl,
dodecyl, 5-chlorohexyl, 4-ethoxypentyl, 3-cyclohexyloctyl,
2,3,5~-trimethylheptyl, and substituents derived from
polymerized olefins such as polyethylenes, polypropylenes,
polyisobutylenes, ethylene-propylene copolymers,
chlorinated olefin polymers, oxidized ethylene-propylene
copolymers, propylene tetramer and tri(isobutene).

Metal Compounds
The metal compounds useful in making the overbased
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.specification and clains, all parts and percentages are by 30 weight, and
.all tenperatures are in degrees Celsius. Exanple CG1 A mxture of 911.4
parts (7 noles) of 2-ethyl hexanol, 1022 parts (7 noles) of Alfol 8-10, and
777.7 parts (7 noles) of dinethylphosphite is prepared and heated to
125[err]C 35 while purging with nitrogen and renovi ng net hanol as a
distillate. After about 6. hours, the m xture was heated to 145[err] C and
mai ntai ned at this tenperature for an additional 6 hours whereupon about
406 parts of distillate are - 52 - regguered. The reaction mxture is
stripped to 150[err]C at 50 mm Hg., and an additional 40 parts of

distillate “hEthioay kgd oleEﬁer ‘aﬁ&k&d %e‘lldst Al deHeriin @ pasiermatdiand

the filtrate 1s the desired m xe hy rogen 5 phosphite conta|n|ng,
by anal ysi s, COMBORBHSs FAPAR & Pﬁeé’flo}'mlg"g?%a 14s Fidie the orgapie aeidg;
468. 7 partsof£3n6 oakes), 8Aldrdéxides, carbonates, alkoxides, etc.

Group I or Group II metal compounds (CAS version of

5 Periodic Table of the Elemenf.s) are preferred. The Group
I metals of the metal compound include alkali metals
(sodium, potassium, lithium, etc.) as well as Group IB
metals such 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, calcium, barium, etc.) as well as the Group IIB
metals such as zinc or cadmium. Preferably the Group II
metals are magnesium, calcium, or zinc, preferably

15 magnesium or caléium, 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 HCI1,
H,BO;, SO,, SO;, CO,, H,S, 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 abp/ut 8 carbon atoms,
nitric acid, sulfuric acid, hydrochloric acid, metal

30 complexing agents such as alkyl salicylaldoxime, and alkali
metal hydroxides such as 1lithium 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 abg(\t 30 carbon atoms. A comprehensive discussion of
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et hyl hexanol , 1050.8 parts (7.20 noles) of Alfol 8-10, and 10 600 parts
(5.4 nol es) of dinethyl phosphite is prepared and heated to 135[err]C while
purging with nitrogen. The m xture is heated sl.owy to 145[err] C and

mai ntai ned at this tenperature for about 6 hours whereupon a total of 183.4
parts of distillate are recovered. The residue is vacuum 15 stripped to
145[err]C (10 mm Hg.) and 146.3 parts of additional distillate are

recover ed. The residue is filtered through a filter aid, and the
filtrate is the desired product containing % 3% phosphorus (theory, 9.45%.
Example C-3 20 A m xture of 518 part% (7 noles) of n-butanol, 911.4

o Tl SSlomSlefa Sl SRR un, B BREaREB™d Sy LS, Sl ot
ni trogen. /ﬁtZgGhbpmo47 mmnan E@Q 4uﬁbr35492 ﬂB&tl||EhﬂSHJHEH&&HE¢£dEe
and the materigl,ther i 3 1| 1 o [ kCD

wher eupon an addr
residue is ﬂInﬁnmatem$ougssaebuamiyensefu%uaraethelmpaphmdrnduaknmh¢ba

E;gg;f; Efgtaﬂﬂbﬁﬂhiz up 7B AHUWY UPo (EEEBoH atomt) ‘mPltures of methanol
with higher monhydric alcohols and phenolic materials.

Patents specifically describing techniques for making

basic salts of the hereinabove-described sulfonic acids,

carboxylic acids, and mixtures of any two or more of these

10 include U.S. Patents 2,501,731; 2,616,905; 2,616,911;

2,616,925; 2,777,874; 3,256,186; 3,384,585; 3,365,396;

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

disclosures of these patents are hereby i

—tHeir disclosures in this

this present specificatio

15 regard as we or their disclosure of specific suitable

As indicated hereinabove, the acidic material (e.qg.

CO,, acetic acid, etc.) may be replaced with water. The
resulting overbased salts are described as hydrated. These

20 products are most often magnesium overbased compositions.
U.S. 4,094,801 (Forsberg) and U.S. 4,627,928 (Karn)
describe such compositions and methods for making same.

25

A large number of overbased metal salts are available
for use in the compositions of this invention. Such
overbased salts are well known to those skilled in the art.
The following Examples are provided to illustrates types of

30 overbased materials. These illustrations are not intended
to 1limit 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

e L ST,
e
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A nixiure of 193 parts (2.2 noles) of 2,2-dinethyl-l- propanol and 242
parts (2.2 noles) of dinethyl phosphite is prepared and heated to about
120[err]C while blowing with nitrogen. A distillate is renoved and
collected, and the 35 residue is vacuumstripped. The residue is filtered
and - 53 - 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 atomdirectly 5 attached to the remai nder
of the nol ecul e and having predom nantly Rydrocarbon character within the
context of this invention. Thus, the term "hydrocarbyl" includes

hydrocarbon, pgadBehaentdybst apt hal knghydrocarbon groups. Substantially
hydr ocar bon descr’i bes grougs, i ncl udi ng 1f0 hydr ocar bon based gr.oups, which
contai n non- hydr ocar bon{Bufat | RAXFRTES, OL,4Wo XL 0TS OFs (Bri) (Fg(Br3)

chai n, which ¢tigef@bfal ter the predom nantly hydrocarbon nature of the
group. In a preferred embodiment, a and b are each 1.
5 " In one embodiment the sulfur- and phosphorus
containing composition is the compound (B-1). Preferably,
a and b are each 1. In one embodiment R, and R, are each
independently hydrocarbyl groups containing from 1 to gbdﬁt
30 carbon atoms and R; is H or a hydrocarbyl group
10 containing from 1 to qpéﬁt 30 carbon atoms.

In a particular embodiment, each of R,, R, and R; is
independently an alkyl group containing from 1 to{;bﬁht 18 -
carbon atoms or an aryl group containing from apdﬁf 6 to
a?zﬁ% 18 carbon atoms, and more particularly each of R;, R,

15 and Ry is independently a butyl, hexyl, heptyl, octyl, oleyl
or cresyl group.

In another particular embodiment, R; is H. When R, is
H it is preferred that each of R, and R, is independently an
alkyl group containing from 1 to quﬁt 18 carbon atoms or

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

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

25 independently hydrogen or

X5
I

30 I

XgRs

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

1997
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Hydr ocar byl groups can contain up to three, preferably 15 up to two, nore
preferably up to one, non-hydrocarbon substituent, or non-carbon heteroatom
in aring or chain, for every ten carbon atons provided this
non- hydr ocar bon substituent or non-carbon heteroatom does not significantly
alter the predom nantly hydrocarbon character of the group. 20 Those
skilled in the art will be aware of such heteroatons, such as oxygen,
sul fur and nitrogen, or substituents, which include, for exanple, hydroxyl,
hal o (especially chloro and fluoro), al kyoxyl, alkyl nmercapto, alkyl
sul foxy, etc. Exanples of hydrocarbyl grou%i Tnclude, but are not 25
necessarily |i; t.he f 0 (1) hydr ocar bon groups, that is,
al i phatic (e. fﬂ&éﬁ%&ﬂént%% %%%?I? alicyclic (e.g., -cycloalkyl,
cycl oal kenyl ) groups, aromatic groups (e.g. henyl, napht hyl ), aromatic-,
al i phatic- and alicyclic-substituted 30 ar& t|c groups and the like as
wel | as cyglic groups wherein the ring is cbnpeted through another portion
of the nolecule (that is, for exgsple—any puwo_ind ted groups may
toget her form an allcycllc radi cdl yP; (2) ibstltut cPhydrocarbon groups,
that is, those 35 groups containing non-hydrocarbon cont ai ni ng
substituents ' X

10 As mentioned hereinabove at least one of X,, X,, Xy and

X, must be sulfur while the remaining groups may be oxygen
or sulfur. In one preferred embodiment one of X,, X, and X;
is sulfur and the rest are oxygen.

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

15
Xy
| |
' . R P XR - v
20 4Xs | s V)
XRs

it is preferred that X; and X; are oxygen and X, and X, are
sulfur, or one of X;, X,, X, and X, is sulfur and the rest

25 are oxygen. In these cases preferably each of X; and X, is
oxygen and more preferably X, is oxygen.

In a further embodiment each of R, and R, is
independently hydrocarbyl having from 1 to abaﬁ% 30 carbon
atoms and R; is R,OH wherein R, is an alkylene or alkylidene

30 group containing from 2 to abefit 28 carbon atoms. In this
case one of X,, X,, X; and X, is sulfur and the rest are
oxygen. In a preferred embodiment, X; and X, are sulfur and
X, and X, are oxygen. Also preferred is where R, is
alkylene.

35 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 R;, R, or R; 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

LINOV 1997
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- 54 - which, in the context of this invention, do not significantly
alter t he predom nantly hydr ocarbon character; those skilled in the

art will be aware of such groups (e.g., halo (especially chloro and
fluoro), hydroxy, 5 alkoxy, mercapto, alkylnmercapto, nitro, nitroso,
sul foxy, etc.); (3) hetero groups, that is,, groups which will, while having

a predom nantly hydrocarbon character within the context of this invention,
contain atons other than carbon 10 present in a ring or chain otherw se
conposed of carbon atoms. Suitable heterogjons will be apparent to those of
ordinary skill in the art and include, fof“exanple, sulfur, oxygen,

95T o SRS, N Bafng Qe Lt aehSER) ! U dhidon i,
more than abdtkelding ecemponpdsoswiehe ashdf Gile, ther dasanian yielsiingient
g{ Ogg“' car borpcigiinds dr£1R PelilyNocthl! tBetReesRIN1ed Pasdonlen carbon
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. Hydrocarbyl groups of the
amines may be aliphatic, cycloaliphatic or aromatic.
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_apnd% 24 carbon atoms.

In one preferred embodiment, the amines are primary
hydrocarbyl amines containing from apoﬁE 2 to anﬁE 30,

15 more preferably égcﬁf 4 to agbout 20, carbon atoms in the
hydrocarbyl group. The hydrocarbyl group may be saturated:
or unsaturated. Representative examples of primary
saturated amines are the alkyl amines such as methyl amine,
n-butyl amine, n-hexyl amine; those known as aliphatic

20 primary fatty amines, for example the commercially known
"Armeen" primary amines (products available from Akzo

Chemicals, Chicago, 1Illinois). Typical fatty amines
include amines such as, n-octylamine, n-dodecylamine, n-
tetradecylanine, n-octadecylamine °~ (stearyl amine),

25 octadecenyl amine (oleyl amine), etc. Also suitable are
mixed fatty amines such as Akzo’s Armeen-~C, Armeen-0,
Armeen-0D, Armeen-T, Armeen-HT, Armeen S and Armeen SD, all
of which are fatty amines of varying purity.

In another preferred embodiment, the amine salts of

30 this invention are those derived from tertiary-aliphatic
primary amines having from abett 4 to abéut 30, preferably
agguf 6 to apolt 24, more preferably abqut™ 8 to ahgﬁf 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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in the hydrocarbyl group. Usual Iy, however, the 20 hydrocar byl
groups are purely hydrocarbon and contain substantially no such

non= hydr ocar bon groups, substituents or heteroatons. Unl ess indicated

ot herwi se, hydrocarbyl groups are substantially saturated. By substantially
saturated it is 25 neant that the group contains no nore than one
carbon-to- carbon unsaturated bond, olefinic unsaturation, for every ten
carbon-to-carbon bonds present. Oten, they contain no nore than one

car bon-to-carbon non-aromatic unsaturated $pnd for every 50
carbon-to-carbon bonds present. 30 Frequently, hydrocarbyl groups are
substanti al | y flgy@mi@f carbon to carbon unsaturation. It is to be
understood that, within the content of this invention, aromatic
unsaturation is not normally considered to cg%olefinic unsat uration. That
I's, aromatic groups are not considered 35 ag having carbonto-carbon

unsat ur at el bonds. - 55 - As nentioned herei nabove, conponents (A), (B)
and (C R c NH,
CH;

10 wherein R7 is a hydrocarbyl group containing from one to

abedt 30 carbon atoms. Such amines are illustrated by

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

s 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 C;,~C,, tertiary alkyl primary amines and "Primene

20 JMT" which is a similar mixture of C,~C,, tertiary alkyl

primary amines (both are available from Rohm and Haas

- Company). The tertiary alkyl primary amines and methods

for their preparation are known to those of ordinary skill

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 2,945,749 wititeh—3s—

Primary amines in which the hydrocarbyl group

30 comprises olefinic unsaturation also are useful. Thus, the

hydrocarbyl groups may contain one or more olefinic

unsaturations depending on the length of the chain, usually

no more than one double bond per 10 carbon atoms.

Representative amines are dodecenylamine, oleylamine and

35 1linoleylamine. Such ﬁnsaturated amines are available under
the Armeen tradename.

‘Secondary amines include dialkylamines having two of

the above hydrocarbyl, preferably alkyl or alkenyl groups
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are used in mnor anounts effective to increase the dropping point of the
base grease by at least 50[err]C. Preferred m ni num amounts of each
conponent used in 5 the grease conpositions depend to sone extent upon the
specific nature of the conponent, but generally at |east about 0.25% of
each component should be present. Useful anounts of conponent (A) range
fromabout 0.25%to about 10% by wei ght, preferably about 0.5%to about t
5% nore 10 preferably fromabout 1%to about 2% Wth respect to
conponent (B), useful anounts for the pu:p%Fes of this invention range from
about 0.25%to about 5% by weight, preferably fromabout 0.5%to about 3%

mor e pref er ablgeddy3B ObrV- pRihRr§P Uthinds bﬁﬁﬁﬂtgi&_)%?% Oggit?gﬁnéﬁhn{egcﬂa% 15

i
general ly present I n anmounts Tangi ng from about O. t 5%

preferably fr&atdiosecensiany, apians @S3ATMaaTE 26 and dsmeen R 56@ 216075%
to about 2% byjwRididiaNG 1aniie) wheke, abert edtdmpYe)ebabl-alkiyd drd s

Sbout 1 part () EREEROSEENR W HERS) SRREY G LEYL, RRAtE onBY, B A) Jo¥eF
part each % B) adkyl Qroupyy fisikRBarbdh atomppresuts ascethegl,i butydynietc.,
ranging from %li'ouiihte 10&%1% det&céllgpﬁr tq}o'?ﬂaChmg@ ggd 419 alkyl group
bearing other non-reactive or polar substituents (CN,
alkyl, carbalkoxy, amide, ether, thioether, halo,
sulfoxide, sulfone) such that the essentially hydrocarbon

10 character of the group is not destroyed.

Tertiary amines such as trialkyl or trialkenyl amines
and those containing a mixture of alkyl and alkenyl amines
are useful. The alkyl and alkenyl groups are substantially
as described above for primary and secondary amines.

15 Other useful primary amines are the primary ether
amines R"OR’NH, wherein R’ is a divalent alkylene group
having 2 to 6 carbon atoms and R" is a hydrocarbyl group of
ab(on’ﬁ 5 to abgn’{ 150 carbon atoms. These primary ether
amines are generally prepared by the reaction of an alcohol

20 RYOH wherein R" 1is as defined hereinabove with an
unsaturated nitrile. Typically, and for- efficiency and
economy, the alcohol is a linear or branched aliphatic
alcohol with R" having up to a t 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 being most preferred.
Ether amines are commercially available under the name
SURFAM marketed by Mars Chemical Company, Atlanta,
Georgia. Typical of such amines are those having from

30 about 150 to about 400 molecular weight. Preferred
etheramines are exemplified by those identified as SURFAM
P14B (decyloxypropylamine), SURFAM P16A (linear C,;), SURFAM
P17B (tridecyloxypropylamine). The C chain lengths (i.e.,
C,r ©€tc.) of the SURFAMS described above and used

35 hereinafter are approximate and include the oxygen ether
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to about 10 parts (A) to about 1 part each (B) and (O, 25 nore preferably
fromabout 1 part (A) to 5 parts each (B) and (C) to about 5 parts (A) to-.1l
part each (B) and (C). It generally is not necessary to use nore than a
total of about 20% by wei ght of conponents (A), (B) and (C) since no
additional benefit is obtained-and often, deteriorating 30 performance
wth respect to the dropping point and other characteristics of the grease-
i s observed above this treating level. Mdxre often no nore than a total of
about 10% frequently no nore than about. 35004 s enpl oyed. Often 1% 3% by
weight is sufficient to provide a 50[err]C increase in 35 dropping point.
- 56 - Thus, 1inkagelef efdredekampie,t be €] NiSURPMM NS wbddadiive veRe
consistent with_attaini ng t he _desireq droppi ng point elevation of at |east
50[err]C. Oon%‘a}ngﬂY’%n?A?, nergl £ @ may be present during 5 grease
formation, i.e., during formation of theglgocimnekener, or may be added
after the base 9" SfR& ha%ﬁigggn used to form the amine salts may be

5 hydroxyamines. In one embodiment, these hydroxyamines can

be represented by the formula

/ (R*90) zn\ cH(R")cH(R") 03,1
10 ”////,,a’/r/{ |
*8 0 N

I
R N—R"

/a \
[cH(R"')cH(R") 01 H

wherein R* is a hydrocarbyl group generally containing from
abgit 6 to abolit 30 carbon atoms, R is an ethylene or
propylene group, R''® is an alkylene group containing up to

15

abgut 5 carbon atoms, a is zero or one, each R is hydrogen

20 or a lower alkyl group, and x, y and 2z are each
independently integers from zero to a}aﬁt 10, at least one
of X, Yy 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 0 include 2-hydroxyethylhexylamine, 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 2zero are
available from the Armak Chemical Division of Akzona, Inc.,
Chicago, Illinois, under the general trade designation

35 "Ethomeen" and "Propomeen®. Specific examples include
"Ethomeen C/15" which is an ethylene oxide condensate of a
coconut fatty acid containing about 5 moles of ethylene
oxide; "Ethomeen C/20" and “C/25" which also are ethylene
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pr epar ed. In many cases it is preferred to add the conponents to the
preformed base grease since they may be adversely affected during
preparation of metal soap 10 thickeners. Qher additives may be

i ncorporated into the base grease to inprove performance of the grease as a
| ubricant. Such other additives including corrosion inhibitors, '
antioxi dants, extreme pressure additives and others useful 15 for inproving
specific performance characteristics of a base grease, are well-known and
will readily occur to those skilled in thaaLt. Oftentines these additives
have an adverse effect on the dropping point of the grease. Use of
component's (Abyeidl) 8Bflablkat0f MNeiroliidid Negfot! NebcRutadddtees sbign
conpensat es for is effect. e f 'ﬁ(ﬂM n& exanples 1llustrate grease

conposi ti ons @PnEAiBingyeabpul od0coAPdr adbyemelefl ©F WwatWIeng c £¥idec

benefits obt a}-888e88PYEYY NI 1Hi-SpbieRtoL12" | is ithd @difidtilet 56w Prddaét
these exanples _are intended to bi 25.i 1 lust atlggﬁland are hot |ntg$ded to
be limting i AfafRewB9lePEpplrylpaminge ¥ithye MieRk PIRRVLCARTRI A Gcedur e
D-2265. A | anoungsmderesalilygpdavatitzdblehexanpd ety ofoalkoxylatedciliines

and are by “B&ﬂgéé a is 1 include "Ethoduomeen T/13" and "T/20" which
are ethylene oxide condensation products of N-tallow
trimethylene diamine containing 3 and 10 moles of ethylene
oxide per mole of diamine, respectively.

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. 7-10R, of Armak Chemical Co.,
Chicago, Illinois. In another embodiment, the secondary
amines may be cyclic amines such as piperidine, piperazine,
morpholine, etc.

In a further embodiment the sulfur- and phosphorus-

20 containing composition is (B-3). Preferably, a and b are
each 1. In one embodiment, each R,, Ry and R, is
independently hydrogen or a hydrocarbyl group having from
abeit 1 to akdut 18 carbon atoms, and a and b are each 1.
Preferably, each R,, R; and R, is independently hydrogen or

25 an alkyl or an aryl group selected from +*the—group
eensisting—ef propyl, butyl, pentyl, hexyl, heptyl, oleyl,
cresyl, or phenyl, provided at least one is said alkyl or
aryl group.

In one preferred embodiment at least two of X,, X10 and

30 X111 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 aqid materials used in this

4 Nov W3I
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Exarrpl e A 30 A lithium 12- hydroxystear ate thickened base grease -
showed dropping point of 210[err]C. This is a typical sinple lithiumsalt

t hi ckened base grease. Exanple B A grease conposition is prepared by

bl ending into a 35 grease as in Exanple A, 0.5 percent by weight of the

- 57 - product obtained by reacting 1000 parts of 0,0'-(di)- methylanyl

di t hi ophosphoric acid prepared by reacting about 4 noles nethyl anyl

al cohol with 1 nole of P[err]S[err] with 183 parts of propyl ene oxi de,
reacting the product obtained 5 thereby_wth_144 parts of Plerr]O[err] and
neutralizing the acidic product obtained thereby with 584 parts of Prinene
81-R, 1.0 per | gfat d h o] p n er

by wei ght of a caljgluﬁﬂfo%bg%edg%!ef}# xﬂéﬁ/g&sﬁ%ﬂm ate %v?’n an?netyHet
ratio of abouPhQS@m%ﬂr&%qucm tion ﬁer‘é‘llaﬁ?tﬁrﬂ-&@ﬁt.as Phe

droppi ng poi NhondtHidPHRIsgHEE 34kt £d ' £ monothiophosphate.
The monothiophosphoric acids may. be characterized by
5 one or more of the following ‘formulae

R'o
\\\\‘~p(0)sn
R%0 —
10 R'O
' \\\\\‘P(S)OH
R20 —
Rlo
\
15 P(O) OH
/

R3S
wherein R! and R? are defined as above, preferably each R!
and R? is independently a hydrocarbyl group.
Monothiophosphates may be prepared by the reaction of
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 Publication WO 87/07638 whieh

25

‘or preparing

process for making

Monothiophosphates may be formed in the 1lubricant

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 abozt/ 30°C to about 100°C or
higher) to form monothiophosphate. It is also possible

35 that monothiophosphate is formed under the conditions found

11 Nov 1997
AMENDED _SHEET

]




Exanple C To a grease conposition as in Exanple B is added 0. 1% by wei ght
tolyltriazole. The dropping point is 338[err]C. 15 Exanple D To a grease
conposition as in Exanple Cis added 0.5% by wei ght: of a sul furized

i sobutyl ene. The dropping point is 300[err]C. Exanples E. F. G 20

Exanpl es B-D are repeated replacing the lithium 12- hydroxy stearate base
grease with the correspondi ng cal ci um soap thi ckened base grease. Exanples
H 1.J Exanples B-D are repeated replacing the lithium 12- 25 hydroxy
stearate base grease with a sodiumtall owage < hi ckened base grease. For
conparati ve purposes. grease conpositions are prepared enpl oyi ng conponents

(ﬁ\), (B% andd@e)eﬁe:ﬁbmydun Iyisalndnl nasgienel groippatomwnan alékyllsarm)ted' |

t hat

when conponenPaRYALASHE arl bavihg Fedh 3o b8! At AL héEC R eBEhByY°

conposi tions &rempr dzbtdﬂqymﬁmgsynmwng preferably abeut 3 carbon
atoms. 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 the 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 epoxide or a styrene oxide. Exanmples of
useful epoxides include ethylene oxide, propylene oxide,
butene oxide, octene oxide, dodecene oxide, styrene oxide,
etc. Propylene oxide is preferred.

The glycols may be aliphatic glycols having from 1 to

15 aepﬁé 12, preferably a;oﬁg/z.to abodt 6, more preferably 2
or 3 carbon atoms, or aromatic glycols. Aliphatic glycols.
include ethylene glycol, propylene glycol, triethylene

glycol and the 1like. Aromatic glycols include
hydroquinone, catechol, resorcinol, and the like.
20 The reaction product of the dithiophosphoric acid and

the glycol or epoxide is then reacted with an inorganic
phosphorus reagent such as phosphorus pentoxide, phosphorus
trioxide, phosphorus tetraoxide, phosphorus acid,
phosphorus halides and the like. ' The above reaction is
25 known in the art and is described in US Patent 3,197,405
issued to LeSuer. i i
reference for its disclosure o ithriophosphoric acids,
inorganic phosphorus reagents and

30 Salts of the foreg01ng product are also described in
LeSuer (US 3,197,405) i 3 3
reference for its disclosures

Such salts

regard.

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

{ 1 NOV 1997
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l'ithium 12- hydroxy stearate base grease the indicated 35 percentages by
wei ght of the product obtained by reacting - 58 - 1000 parts of

0, O -(di)-nethylanyl dithiophosphoric acid prepared by reacting about 4
nol es nmethyl anyl alcohol with 1 nole of Plerr]S[err] with 183 parts of
propyl ene oxi de, reacting the product obtained thereby with 144 parts of
Plerr]O[err] and 5 neutralizing the acidic product obtained thereby with

584 parts of Prinene 81-R Exanple % by wei ght additive Dr oppi ng
Point (SC) X - 0.5 - 41 - 210[err]CL

0.75 267[err] C 10 M 0. 85
262[err]C -N 1.0 s 257[err]C O

1.5 267[ err] C Exanpl es P-R,G ease conpositions are
prepared by blending into a 15 [lithium 12-"hydroxystearate base grease

the indicated percentages of dihmy-l-hyel-laog@n—phes-phislqon - _ (XI)
((Butyl -0)perr] PHO) .
'ORz
wherein each of the groups is the same as identified
hereinabove. Preferably R, and R, are each alkyl, more
10 preferably containing from 1 to ab 30 carbons, even more
preferably 1 to apdut 18 carbons. R, is alkylene or
alkylidene containing from 2 to abefit 28 carbons,
preferably alkylene containing from 2 to algd(t 18 carbons,
more preferably 2 to a,b€ut 6 carbons, even more preferably
15 2 to 4 carbons. Compounds of Formula (XI) may be prepared
by reacting O0,0-dihydrocarbyl dithiophosphates with a
glycol or epoxide as discussed hereinabove. These

compounds and methods for preparing same are described in
US Patent 3,197,405 (LeSuer) and US Patent 3,341,633
20 (Asseff both-aq hi ineos

disclosures contained

DA

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) ich—paten : incorpera

herein by reference for

30 Compounds (B-3) include thiophosphités and hydrogen
thiophosphites. These are readily prepared by methods
known in the art including reaction of mercaptans with
phosphorus halides, alcohols with thiophosphorus halides
and the like. Preferred are those compounds where a and b

35 are each 1 in Formula III and wherein R, and R; are
hydrocarbyl, preferably alkyl having from aheut 1 to }beﬂf:
24 carbons, more preferably from 1 to apzﬁt' 18 carbons,
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Exarrpl e % by wei ght additive Dropping .Poi nt ("C P 0. 35

200[err]C Q 0. 45 202[err] C 20 R
0.55 197[err] C Exanpl e S The grease conposition of Exanple
B without the overbased cal cium salicylate has a dropping point =
281[err]C. Exanple T 25 The grease conposition of Exanple B w thout

t he phosphite has a dropping point = 225[err]C. Fromthe foregoing Exanpl es
it is apparent that the conbination of overbased conpositions with certain
sul fur and phosphorus contai ning conpositigfs-and a hydrocarbyl 30
phosphite provides increased dropping points conpared to the base greases

wi t hout additinkre prdfdrallyq &[&@k@ﬁ: uhabaMr@}Wla&?m&ﬂdung from
i ndi vi dual |y, aé) onI %f th conponen% en tq%et € ovi de
the substanti & ¥fc MDFL d‘?a(}%i’ﬁ v&d #‘5“ °6W’.' 35
Wile the i nvardrearplmﬁextmryeaptal agdﬁtnMebarbonst.o -
When compound (B-3) has the Formula IV, it is
5 preferred that R, and R, are as defined hereinabove, and R,
is hydrocarbyl or hydrogen. In a preferred embodiment R, is
H which 1is a tautomeric form of Formula TIII.
Alternatively, in another preferred embodiment R, is
hydrocarbyl, preferably alkyl or aryl as defined for R, and
10 R, hereinabove.
Preferably said phosphorus and sulfur containing

composition is selected from the-group-consisting-of

(B-1) a compound represented by the formula

15 . o}
I
R,0 P OR, (V1)
20 l
OR

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

25 S
R,0 P "SRy — (VII)
30 |
OR;
provided at least one of R,, R, and R, is
S
3
> I
R,0 P SR, — (VII)
40 ORg

wherein each R, and R is independently hydrogen or
hydrocarbyl, provided at least one of R, and Ry is
hydrocarbyl, and wherein R, is an alkylene or alkylidene
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- 59 - its preferred enbodinents, it is to be understood that various
nodi fi cations thereof will becone apparent to those skilled in the art upon
readi ng the specification. Therefore, it is to be understood that the
invention 5 disclosed herein is intended to cover such nodifications as

fall within the scope of the appended cl ai ns. -60- CLAIMS: 1. A
conposition conprising a nmajor anount of an oil-based, sinple netal soap

t hi ckened 5 base grease and (A) from 0.25%to 1. 0% by .wei ght
of an overbased netal salt of an organi c_ag%d;_ (B) from 0.25%to
5% by wei ght of a phosphorus and sul fur containing conposition selected

from1l0 (B-1) gar&&;mound represented by the fornmula [err]

(B-2) an ammonium or amine salt of (B-1)

provided at least R; is hydrogen; _
(B-3) a compound represented by the formula

5
S
R,0 P OR, (VIII)
10 l
H
15 or
0
i
20 © RS P SR, (IX)
H
25 or
SRy
30 R,S P SRy (X)
wherein each R,, R, and R, 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
and sulfur containing composition is (A-1), wherein at
least one of R, and R, is hydrogen or
S
- 40 "
R‘O P SR6 —_ (VII)
45 OR;

provided at least R; is hydrogen, wherein each R, and R is
independently an alkyl group having from abgut 2 to abét
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mhereln each X err], Xerr], Xerr] and X err] is independently oxygen or
sul fur provided at Ieast one is sulfur; each 25 a and b is
i'ndependently O or 1; and wherein each R err], Rerr] and Rerr] is

i ndependent |y hydrogen, hydrocarbyl, a group of the fornula [err] 30
wherein each Rlerr] and R err] is independently hydrogen 40 or

hydr ocar byl , provided at |east one of R err] and R err] is hydrocarbyl,
Rlerr] is an al kyl ene or al kylidene group, each a and b is independently O
or 1, and each X[err], Xerr], Xerr]_apgd X[err] is independently oxygen
or sulfur; or a group of the fornula -Rlerr]0OH, wherein R err] is an

al kyl ene or aljleyl &£hehén JheBRs %nd R, is an alk leﬁg )r u?n
anmoni um or a net salt of whtn at | east . err] ydrogen (B— 3)
a conmpound r % @ “Ethes caltbon “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
ahdﬂi 1 to qydﬁf 24 carbon atoms, preferably a tertiary
alkyl primary amine containing from abeGt 10 to eboﬁf 16
carbon atoms.
‘In a further especially preferred embodiment the
10 phosphorus and sulfur containing composition is the
compound (B-3), wherein each R,, Ry and Ry is independently
H or an alkyl group containing from 3 to agzﬁf 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 aggﬁE o°c, to ipzﬁt
150°C, a series of reactions comprising reacting
approximately equivalent amounts of a phosphorodithioic
20 acid having the formula

(XII)

25 wherein each R, and R; is independently a hydrocarbyl group
with an epoxide and subsequently reacting the product
obtained thereby with phosphorus pentoxide, the molar
ratio, based on %0OH, of the phosphorodithioic acid-epoxide
reaction product to phosphorus pentoxide being within the

30 range of from about 2:1 to agaﬁﬁ 5:1, and neutralizing at
a temperature of from abpﬁf'0° to 200°C, at least ageﬁi 50%
of the acidic mixture with an amine selected from the-gxroup
censisting—of a hydrocarbyl and a hydroxy-substituted
hydrocarbyl amine having from qpoﬁf'4 to about 30 carbon

35 atoms. Preferably the amine is a tertiary-alkyl primary
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formula [err] 10 25 wherein each Rerr], Plerr] and R err] is independently
hydrogen or a 30. hydrocarbyl group provided at |east one is hydrocar byl
and- each X err], Xerr] and X[ err] is oxygen or sulfur provided at | east
one is sulfur; and (B-4) m xtures of two or nore of (B-1) to (B-3) thereof: -

and 35 (O from 3.25%to 5% by wei ght of a

hydr ocar byl phosphite .. base grease...is increased by at |east about
50[err] C as neasured 2. The grease conposition of claim1l, wherein the 40
metal soap is an alkali, an al kaline earthgor_ an al um num netal soap.

-62- 3.  The grease conposition of claim2, wherein the alkali netal soap
i's a sodi um ogpkhkli HBF&08Peferably containing from aggﬂf 10 to ap6ut 16

carbon atoms in the tertiary alkyl group.
The following examples illustrate types of sulfur- and
phosphorus~containing compounds wuseful in the grease
5 compositions of this invention. These examples are
intended to be illustrative only and are not intended to
limit the scope of the invention. Unless  indicated
otherwise, all parts are parts by weight and temperatures
are in degrees Celsius.
10 : Example B-1 -

0,0-di-(2-ethylhexyl) dithiophosphoric acid (354
grams) having an acid number of 154 is introduced into a
stainless steel "“shaker" type autoclave of 1320 ml.
capacity having a thermostatically controlled heating

15 jacket. Propylene is admitted until the pressure rises to
170 pounds per square inch at room temperature, and then
the autoclave is sealed and shaken for 4 hours at 50° to
100°C during which time the pressure rises to a maximum of
550 pounds per square inch. The pressure decreases as the

20 reaction proceeds.

The autoclave is cooled to room temperature, the
excess propylene is vented and the contents removed. The
product (358 grams), a dark liquid having an acid number of
13.4 is substantially 0,0-di-(2~ethylhexyl)-S-isopropyl

25 dithiophosphate.

Example B-2

Ammonia is blown into 364 parts (1 equivalent) of the
dithiophosphoric acid of Example B-1 until a substantially
neutral product is obtained. |

30 , Example B-3

To 1,780 grams (5 moles) of O0,0-di-(2-ethylhexyl)
phosphorodithioic acid, stirred at room temperature, there
is added portionwise 319 grams (5.5 moles) of propylene
oxide. The ensuing reaction is quite exothermic and the

35 temperature rises to 83°C within 15 minutes. The

1.1 uﬂlJSﬁl
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4, _ The grease conposition of claim2, whieréin the al kaline earth netal
soap is a calciumor nmagnesiumsoap. 5. = 5. The grease conposition
of any - one of the preceding clainms, wherein the netal soap is a fatty
acid netal salt. 6. The grease conposition of claim5, wherein the fatty
acid is'a ERR] to (J ERR] nono-carboxylic acid, optionally 10

hydr oxy-substituted. 7. The grease conposition of claim5, wherein the
netal soap is a 12-hydroxy stearate. 8. The grease conposition of any one
of clainms 1-7 wherein the netal salt (A- igg an alkali or alkaline earth 15
netal salt or a zinc salt. 9. The grease conposition of Caim8, wherein

the netal of teactefawithl & niktugenOfNES6 Upartsal ahole, 1D-odb&nar €A61

conposition of 8n¥4oner%f clalnﬁfb %. mq?rel the metal salt (A) has a
parts, bitangy.

metal ratio o? 11. The grease conposition of
any one of cl Hyd@owa: sed netal salt (A is selected

from car boxyl ates ?poﬁétiOPf of the rpfﬁééﬂétfﬁvéﬂgléﬂ' 4908! fic1dde (8

grease conposition 0
5 a hydrocarbyl phosphite. The phosphite may be represented

by the following formulae:

o
10 I
R,,0 P OR,, (XIII)
H
15
or
ORy,
20 l
R,,0 P OR,, (XIV)

wherein each ‘R’ group is independently hydrogen or a
hydrocarbyl group provided at least one of R,; and R,y is
hydrocarbyl. In an especially preferred embodiment, the

25 phosphite has the formula (XIII) and R,, and R,, are each,
independently, hydrocarbyl.

Within the constraints of the above proviso, it is
preferred that each of R,,, R;, and R,, is independently a
hydrogen or a hydrocarbyl group having from 1 to apeﬁ% 30,

30 more preferably from 1 to apaﬁ% 18, and more preferably
from ahgﬁ% 1 to akéut 8 carbon atoms. Each Ry, Ry and R,
group may be independently alkyl, alkenyl or aryl. When
the group is aryl it contains at least 6 carbon atoms;
preferably 6 to aggﬁg 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 pﬁenyl, 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

1_1JQDLF§W
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25

overbased netal salt (A) is a salicylate. 13. The grease conposition of

cl'aim 11 wherein the overbased netal salt (A) is an al kyl benzene sul fonat e.
The grease conposition of claim 11l wherein the overbased netal salt

14. -

(A) is a coupled phenate. 30 15. The grease conposition of any
preceding claim wherein the phosphorus and sul fur containing conposition
Is (B-1) and a and b are each 1. -63- 16. The grease conposition of
claim15, wherein Plerr] and R err] are each independently hydrocar byl
groups containing from1l to 30 cacbpy atons and Rerr] is Hor a
hydr ocar byl group containing from1 to 30 carbon atons. 5 17.

The grease co éﬁdﬁlyofb\my"am 16., wherein Rerr] is H 18 The grease

iti 15 d
C o o ! A el ok %a%?ﬁ%mwoaeia% e

group 10ofcomyirocayrybm groups 6G6derivis cafrdom atnmmerclal mixed

aryl

10

15

20

25

30

35

alcohols.

Examples of monohydric alcohols and alcohol mixtures
include commercially available "Alfol" alcohols marketed by
Continental 0il Corporation. Alfol 810 is a mixture
containing alcohols consisting essentially of straight-
chain, primary alcohols having 8 to 10 carbon atoms. Alfol
812 is a mixture comprising mostly C,, fatty alcohols.
Alfol 1218 is a mixture of synthetic, primary, straight-
chain alcohols having from 12 to 18 carbon atoms. Alfol
20+ alcohols are mixtures of 18-28 primary alcohols having
mostly, on an alcohol basis, C,, alcohols as determined by
GLC (gas-liquid-c¢hromatography).

Another group of commercially available alcohol
mixtures includes the "Neodol" products available from
Shell Chemical Company. For example, Neodol 23 is a
mixture of C,, and C;; alcohols; Neodol 25 is a mixture of C,,
and C,; alcochols; and Neodol 45 is a mixture of C;, and C
linear alcohols. Neodol 91 is a mixture of C,, C,, and C,,
alcohols. '

S

Another example of a commercially available alcohol -

mixture is Adol 60 whlch comprises apo/t 75% by weight of
a straight-chain C,, primary alcohol, abcﬁ: 15% of a G,
primary alcohol and a?atﬁ: 8% of C,3 and C,, alcohols. Adol
320 comprises predominantly oleyl alcohol. The Adol
alcohols are marketed by Ashland Chemical.

A variety of mixtures of monohydric fatty alcohols
derived from naturally occurring triglycerides and ranging
in chain length of from C; to C,;g 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, CO-1214 is a fatty alcohol
mixture containing 0.5% of C,; alcohol, 66.0% of C,, alcohol,

PRBVIE <.
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19. The grease conposition of any one.of claims 15- 18, wherein one of
X[err], Xerr] and X(err] is sulfur and the rest are oxygen. 20. The grease
conposition of claim15, wherein each 15 of Rerr], Rerr] and ; is

i ndependent|y hydrogen or [er] 20 21. The grease conposition of claim 15,
wherein R err] is hydrogen and each Rlerr] and Rlerr] is independently

hydr ogen or 30 [err] 40 22. The grease conposition
of either of clainms 20 and 21, wherein X and X are oxygen and wherein
Xerr] and X/ err] are sul fur. -64- 23 SHhe- grease conposition of either

of claims 20 and 21, wherein one of Xerr], Xerr], Xerr] and Xerr] is
sul fur and t hehiebt arim oxthen. cdhtebte gofas&hdenpoinvewbion, andwnenot

0ol 2000 FAgIPBARTED SR el "RbpipaBUIY". Ryarocarndi
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 ring or chain otherwise composed of carbon
atoms. Suitable heteroatoms will be appareht to those of
ordinary skill in the art and include, for example, sulfur,
oxygen, nitrogen. Such groups as, e.g., pyridyl, furyl,
thienyl, imidazolyl, etc. are representative of heteroatom

15 containing cyclic groups. : _

Typically, no more than al}aé 2, preferably no more
than one, non-hydrocarbon substituent or non-carbon atom in
a chain or ring will be present for every ten carbon atoms
in the hydrocarbyl group. Usually, - however, the

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

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

25 meant that the group contains no more than one carbon-to-
carbon unsaturated bond, olefinic unsaturation, for every
ten carbon-to-carbon bonds present. Often, they contain no
more than one carbon-to-carbon non-aromatic unsaturated
bond for every 50 carbon-to-carbon bonds present.

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 olefinic
unsaturation. That is, aromatic groups are not considered

35 as having carbon-to-~carbon unsaturated bonds.

1 1 &‘QLW 4
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oxygen. 26. The grease conposition of claim 15, wherein each of R err] and
Rl err] is independently hydrocarbyl having from1l to 30 carbon atons and
Rlerr] is -Rerr]OH wherein R err] is an 10 al kyl ene group cont ai ni ng
from2 to about 28 carbon atons. 27. The grease conposition of claim 26,
wherein X err] and X err] are sulfur and X err] and X err] are oxygen. 28.
The grease conposition of any one of clains 1-14, wherein the phosphorus
and sul fur containing conposition is 15 the amonium anm ne or netal salt
(B-2) and a and b are each 1. 29. The g+eBse-conposition of claim 28,
wherein (B-2) is an amne salt fornmed from an hydroxyam ne, an ether am ne
or an al kyl am ne hasimentioned hereindbovel, bcomponemtsnya)30.(Blhamt egd)e

anime 31 i clBeE MO (Bl | SfEARNG bd, ML Yoo
phosphor us andlxepping cpeint nefigtbenbaset grease by athdeasthpat@. (B-3),
wherein each of  jefétred"dinThiily lamduntdI8RC UMM |dopSHEHECRERE in
group havi ng from to carpbon at ons.

5  the grease compositions depend to some extent upon the
specific nature of the component, but generally- at least
a@puf 0.25% of each component should be present. -Useful
amounts of component—{(A)—range—from—abeut—0+25% to about
10% by weight, preferably apzﬁt 0.5% to apout 5%, more

10 preferably from about 1% to a)wéxt 2%. With respect to
- | component (B), useful amounts for the purposes of this
invention range from apofit 0.25% to abpdt 5% by weight,
preferably from about 0.5% to abolit 3%, more preferably
from abgut 0.5% to apofit 1% by weight. Component (C) is
15 -generally present in amounts ranging from agzﬁ% 0.25% to
abgut 5%, preferably from apeit 0.5% to abodt 3%, more
preferably from abgut 0.75% to about 2% by weight, more

often up to abett 1% by weight.
The components (A), (B) and (C) are used in relative
20 amounts by weight ranging from about 1 part (A) to 20 parts
each (B) and (C) to ahefit 40 parts (A) to 1 part each (B)
and (C). Preferably, the components are used in amounts
ranging from abodt 1 part (A) to 10 parts each (B) and (C)
to abouf 10 parts (A) to abedt 1 part each (B) and (C),
25 more preferably from quﬁt 1 part (A) to 5 parts each (B)

and {(C) to abpﬁ% 5 parts (A) to 1 part each (B) and (C).
It generally is not necessary to use more than a total
of about 20% by weight of components (A), (B) and (C) since
no additional benefit is obtained and often, deteriorating
30 performance with respect to the dropping point and other
characteristics of the dgrease 1is observed above this
treating level. More often no more than a total of about
10%, frequently no more than agpﬁ£ 5%.is enmployed. Often
1%-3% by weight is sufficient to provide a 50°C increase in
35 dropping point.
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32. .The grease conposition of any one of clains 1-14, wherein at |east two
of XertT], X[erriand—Xferr] are sul fur. 30 33. The grease
corrp05|t| ing claim vvherel n the phosphite (C) is a

di hydr oc L F“(!Mﬂi Eﬂosphl te or a trihydrocarbyl- phosphite, wherein
each-hydrecae t he phosphite (C) independently contains from1l
to 30 carbon atons. -65 34. ¥hédrease conposition 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 grea osition. of claiml1, wherein (Ais a netal over based

i

aliphatic arbon substituted aromat I ¢ carboxylate; 10 (B)is at
| east one phosphq_rus ad s;g{ni,gglgga,ialdw glgﬁrg)oaltlon prepared by the
process conpri,sin lgarl ng an agidi.c inger ITEdI g %PC'[I at Aned
t enper at ur e83 OF; £ pE an oil- @er f'Bp R4 ?‘8#?
conpri sgnNg pase grease and

(A) from 0.25% to 10% by weight of

_an overbased metal salt of an organic acid.
(B) from 0.25% to 5% by weight of a

phosphorus and sulfur containing composition selected from

10
(B-1) a compound rrpresented by the formula

X,
15 "
By Xpa T X3R; ®

20 : )R,

wherein each X,, X,, ¥; and X, is independently
oxygen or sulfur prcvided at least one is sulfur; each

25 a and b is independently 0 or 1; and
wherein each R,, R, and Ry is independently

hydrogen, hydrocarbyl, a group of the formula

30 P

R4 (XS)a P x']R"'
35 [ .
] X PuRs
wherein each R, and Ry is independently hydrogen
40 or hydrocarbyl, provided at least one of R, and R, is
hydrocarbyl,

R, is an alkylene or alkylidene group, each
a and b is independently 0 or 1, and

gro e tannn DI
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reacti nW e'qui'val ent anount s of a 15
phosphorodl thioic aci da{ﬁll ng the formula [err] wherein each R err] and

Rlerr] su“ﬁmm“‘ hydrocar byl group and an epoxi de and subsequently
reacting

bt ai ned thereby with phosphorus pentoxide, the

molar rati® of the" phosphorodl thioic aci %&:pom de reaction product to
phosphor us pentOX|de being within the ra of from 2: 1to 5:1, then

neutralizing at a tenperature of_ from r] at | eas

50% of the acidic 30 mixture3FRh X5n aﬁvne %‘?eéﬁ &m%ﬂéﬁ 1y

am ne and a hydroxy- s@;g;éé,ytgg BudreRga byl am ne having from 4 to

30 carbon atons; and 66 - (Ois at Ieast ope di ydrg{ar byl . phos h|te
)

of the fornul a [err] wher ei n @ach FFOWP LF1thRd PHael B \Ra
hydrocar byl group contya rHrPgalfcf(QEhel_otxo alkylidene @Q-o@gjpon at onmg,

5 (B~2) an amine, an ammonium or a metal

salt of (B-1) when at least R; is hydrogen;
(B-3) a compound represented by the

formula
10
15 R7(xD)a T (xlo)bks (m
H
20 or
xR
25

R; Xy P X108 @™

wherein each R,, Ry and Ry is independently hydrogen or a
30 hydrocarbyl group provided at least one is hydrocarbyl and
each X,, X, and X,, is oxygen or sulfur provided at least

one is sulfur; and
(B-4) mixtures of two or more of (B-1) to

(B-3) thereof: and .
35 (C) from 7.25% to 5% by weight of

a hydrocarbyl phosphite .
base _grease.. is. increased by at least about 50°C as measured

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

metal soap.

cmosem e A
somararmre: =y
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36. The frease conmposition of claim 11 or 35 and cl ai ns depen- dent thereon

wherei n m w'n ﬂw al carboxylate (A) is an al kyl or alkenyl
substitu Werei n the substituent contains from 12 to
50 carbon atons: 37. 5 The grease conposition of claim 35 wherein (A) is

an overbased cal cium al kyl salicylate hqyiﬁ%_g nmetal ratio of from3 to
20, (B) is prepared by reacting the phosp odithioic acid wherein R err]

and Rl err] each ipdepepdently is an aliphati.c_group _having from3 tp 12
carbon atons or aﬂ‘ar oﬂ"g‘ﬁ dERRER &Rﬂaﬁgﬁ% §or GCEBlTQQ%'arH LR bR the

w th an epodliecabihvimatalr %a%: tg;4acgbaqmnatm11mﬂumeg@ta?1 thF pro]guct
mol es, .o

obt ai ned thereby pwth 1 nole, per.2.5to . .5
phosphor odi t hi oi CXVl act e HHE TS q@i‘?ﬁ"bﬁlm‘p%uﬁlamoﬂ phEBeFRiR the
pent oxi de t hdkalkineé abaFthdmitd PaSbap -is a calchiiit 6F mBgrREANE SoEglre
wth ansal kyl amfe co%%al ning from8,to . 16 carbon atons; and
wherein (C) is & -8% - IHeARG| FRERASHELORCr 8Fn &X%h- oPNR] e9F akhe
Rlerr], indppeatsliing. claims, wherein the metal soap is a fatty acid
metal salt.
6. The  grease composition of claim 5, wherein the
fatty acid is a Cy to C,, 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 1.1
20 to = °  4o0.

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

12. The grease composition of claim 11 wherein the

25 overbased metal salt (A) is a salicylate.

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

1l4. The grease composition 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.




contains—from1 to 6 carbon atons. 38. The grease conposition of any -
precedin claimconprising from0.5%to 5% by wei ght of (A, from 0. 25- 3%

by wei ght H ﬂ ml,l 0.25-3% by weight of (C). 39. A nethod of
I ncreasi int of an oil-based sinple netal soap thickened
 base grease by at ea%t *50[ err] C as nmeasured by ASTM procedure D- 2265
conprising incorporating therein the cogpggeats (A), (B) and (O as
descri bed according to any preceding claim
16. The grease composition of claim 15, wherein R, and
R, are each independently hydrocarbyl groups containing from

1 to " 30 carbon atoms and R, is H or a hydrocarbyl

group containing from 1 to 30 carbon atoms.

5 17. The grease comg;osition of claim 16, wherein R, is
H.
18. The grease composition of claim 15 or 16, wherein

each of R,, R, and R; is independently an alkyl group

containing from 1 to 18 carbon atoms or an aryl group
10 containing from 6 to . ", 18 carbon atoms.

19. The grease composition of any one of claims 15-
18, wherein one of X,, X, and X; is sulfur and the rest are
oxygen.,

20. The grease composition of claim 15, wherein each

15 of R, R, and R, is independently hydrogen or
20 I |
X6 Rs

25
21. The grease composition of claim 15, wherein R; is
hydrogen and each R, and R, is independently hydrogen or
30
35 Ry Xy 11’ LR~ M
X6 Rs
40

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

wherein X and Xg are oxygen and wherein X; and Xg are sulfur.
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23. The grease composition of either of claims 20 and 21,
wherein one of Xe, Xgs X, 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.

25. The grease compbsition of claim 24, wherein X, is
oxygen.

26. The grease composition of claim 15, wherein each
of R, and R, is independently hydrocarbyl having from 1 to

30 carbon atoms and R; is -ROH wherein R, is an

alkylene group containing from 2 to about 28 carbon atoms.

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

28. The grease composition of any one of claims 1-14,
wherein the phosphorus and sulfur containing composition is
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 . 24 carbon
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
the compound (B-3), wherein each of R’ and R® is
indepexidently a hydrocarbyl group having from .1 to

18 carbon atoms. .

32. The grease composition of any one of claims 1-14,
wherein at least two of X,, X,, and X;; are sulfur.

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 30
carbon atoms.

1-3-ngy 1997
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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. : )
35. A grease composition. of claim 1, wherein

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

(B)is at ‘least one phosphorus and sulfur containing
composition prepared by the process comprising preparing an
acidic intermediate by conducting at a temperature of from

o°Cc, to 150'0; a series of reactions comprising
reacting approximately equivalent amounts of a
phosphorodithiocic acid having the formula

oo

wherein each R, and R; is independently a hydrocarbyl group
and an epoxide and subsequently reacting the product
obtained thereby with phosphorus pentoxide, the molar ratio
of the phosphorodithioic é.cid-epoxide reaction product to
phosphorus pentoxide being within the range of from

2:1 to . 5:1, then neutralizing_at a temperature of
from ‘"g° to 200°C, at least 50% of the acidic

mixture with an amine selected from
a hydrocarbyl amine and a hydroxy-substituted hydrocarbyl

amine having from 4 to 30 carbon atoms; and




\

O /.

- 66 -

. (C)4sat least one dihydrocarbyl phosphite of the
formula

wherein each of R,, and R,, is independently a hydrocarbyl
group containing from 1 to 50 carbon atoms,

36. The grease composition of claim 11 or 35 and claims depen-

dent thereon wherein the overbased metal carboxylate (A) is an alkyl or
alkenyl substituted salicylate wherein the substituent contains

from . 12 to . 50 carbon atoms. ,
37. The grease cc;mposition of claim 35
wherein (A) is an overbased calcium alkyl salicylate having
a metal ratio of from 3 to 20, (B) is prepared by reacting

the phosphorodithiocic acid wherein Ry and R, each

independently is an aliphatic group having from 3 to

12 carbon atoms or an aromatic group containing from 6 to
12 carbon atoms, with an epoxide having from 2 to
4 carbon atoms then reacting the product obtained

thereby with 1 mole, per 2.5 to 3.5 moles of
phosphorodithicic acid-epoxide reaction  product of
phosphorus pentoxide then neutralizing at least . 50%

of the acidic mixture with an alkyl amine containing from
8 to 16 carbon atoms; and wherein (C) is a
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dialkyl phosphite wherein each of R,, and Ry, independently,
contains from 1 to 6 carbon atoms.

38. The grease composition of any preceding claim
comprising from 0.5% to 5% by weight of (A), from 0.25-3%
by weight of (B.) and from 0.25-3% by weight of (C).

39, A method of increasing the dropping point of an
oil-based simple metal soap thickened base grease by at
least 50°C as measured by ASTM procedure D-2265 comprising
incorporating therein the components (A), (B) and (C) as
described according to any preceding claim.




