GREASE COWPCSI TIONS This invention relates to grease conpositi orikol4dbs erxs
particularly, it relates to netal soap thickened base greases having
droppi ng points as nmeasured by ASTM Procedure D 2265 increased by addi ng
cert.ai n-conponents described in detail hereinbelow. 5 Man's need to reduce
friction dates back to ancient tines. As far back as 1400 B.C., both nutton
fat and beef fat (tallow) were used in attenpting to reduce axle friction
in chariots. Until the md- | 800's, Yubricants continued to be primarily
mutton and beef 10 fats, with certain types of vegetable oils playing

m nor roles. In 1859, however, Colonel Drake drilled his first oil well.
Since that tinme nost lubricants, including greases, have been based on
petroleum ("mneral") oil, although synthetic oil based |ubricants are used
for special applications. In the NLGA Lubricating G ease CGuide, C 1987
avai l able fromthe National 15 Lubricating Grease Institute, Kansas City,
M ssouri, USA, is a detailed discussion 2 of greases, including various
types of thickeners. Such thickeners include sinple netal soap, conplex
nmetal salt-netal soap and non-soap thickened greases. Sinple netal soap

t hi ckened greases have provided exenpl ary performance. However, under
certain conditions an increased dropping point as 5 neasured by ASTM
Procedure D-2265 is required. One way to increase the dropping point of
base greases is to convert a sinple netal soap grease to a conpl ex grease
by incorporating therein certain GRESSE coMpseaidns car boxylic acids such as
acetic acid, al pha-onega-dicarboxylic

This invention relates to grease compositions. More particularly, it relates
to metal soap thickened base greases having dropping points as measured by
ASTM Procedure D-2265 increased by adding certain components described in

detail hereinbelow.

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
10 fats, with certain types of vegetable oils playing minor roles. In 1859, however,
Colonel Drake drilled his first oil well. Since that time most lubricants, including
greases, have been based on petroleum ("mineral”) oil, although synthetic oil

based lubricants are used for special applications.

In the NL.GI Lubricating Grease Guide, C 1987, available from the National

15  Lubricating Grease Institute, Kansas City, Missouri, USA, is a detailed discussion
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acids and certain aromatic acids. This process necessarily consunes
considerable 10 time resulting in reduced production. Neverthel ess,
conpl ex greases provide highly desirable properties and are w dely used.
Otenti nes conpl exi ng does not take place and the grease retains
substantially the properties of the correspondi ng sinple soap grease. Such
greases are referred to herein as faiEed conpl ex greases. Reasons for
failure to achieve conplex formation are not well understood. 15

Doner et al, fgrda! i&mcﬁﬁ%U&i&@é t§gé§of BRk@ntsC Fuck thidRerds ﬁrtqﬁdésiﬂgﬂe 194
5, 068, 045 4,961, 868 4, 828, 7 4,828, 732 4,781, 850
4,780, 227 metal 4oap JohBflex metal salt-mbial 3¢8p and@OnSdap thickeneddgroBs617 20
teaches increased thickening of netal salt thickened base greases is

obt ai ned enpl oyi ngSEOREddnetal | 8e3p othigksnsd- EBeRSES nhAYe cBIYBdert s exemplary
addi tives contenppl at ed r.use wth ron- contai ni ng co nds.are .
Phosphor us. - aTSaReE- ERnreTeR: Widdh e Rl G il BofeABe YD Boint as

di t hi ophosphagRisurBeRGIA SINPPRSHEES PE2IE PisFehvisepcar byl - phosphor odi t hi oi ¢
acids with 25 epoxidés are described by Asseff 1n US 3, 341, 633. These

products are descrOhedvas t@&aredsehthe adroppmgdpdingy of basedgaasésnisetoneativettes f or
preparing lubricant additives. US 3,197,405 (LeSuer) describes phosphorus
and ni trogen YBWlematalgseapngresse tod SOPIeR BERASE\PY! WEaTpegating therelnceertain
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10 time resulting in reduced production. Nevertheless, complex greases provide

highly desirable properties and are widely used. Oftentimes complexing does not

take place and the grease retains substantially the properties of the corresponding

simple soap grease. Such greases are referred to herein as failed complex greases.

Reasons for failure to achieve complex formation are not well understood.

15 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

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

Reaction products of 0,0-dihydrocarbyl-phosphorodithioic acids with

25 epoxides are described by Asseff in US 3,341,633. These products are described

as gear lubricant additives and as intermediates for preparing lubricant additives.
US 3,197,405 (LeSuer) describés 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



US 4,410,435 (Naka et al) teaches a lithiumconplex grease containing a 5
base oil, a fatty acid having 12-24 carbon atons, a dicarboxylic acid
havi ng 4-12 carbon atons and/or a dicarboxylic acid ester and |ithium
hydr oxi de thi ckened with a phosphate ester and/or a phosphite ester.

| mproved grease conpositions have been proposed conpri sing a maj or
amount of an oil-based sinple nmetal sqQap 10 thickened base grease and

m nor anounts of additives to increase the dropping point of the base .
grease. The aplibsphoess qeaguritsand phusgivingsa asubstaritialr portidmi ofi 3gid acidic
conposition, alone, or together with _an overbased netal. salt of an organic
acid and a hyit mfgsmimpesaﬂhem@gmmsﬂymnar%dmnb%iom dubricant
conposi tion s§§f$ted fromthe group described in greater detai

her ei nbel ow. ¥KES i nvention relates to inproved netal soap thickened

base greases sel ecirds i %r?gtsirtﬂ&ra% %@ﬁ@ggﬂ&td Ntk g@g@%g%%&aéﬁﬁaiﬁ%ge d

failed conpl ex greases. nprove conprises gr aving 1 nc

droppi ng Boi Nbsseadil, 3l fady 48id ﬁdﬁﬂ% i10CRf PAHBh a8sins hedRafbd¥ylietici@hiviagdi-12 ves
conpared to the greases”w thout The additional additives.” In one enbodi nent

this inventi ocarbeh ateas taadiora dicatbayydiesacid @sten sindi lathsuraubsiraxideahickehede
of boron and boron-contai ni ng conpounds, conprising a nmajor anmount of an

oi | -based netwithsophospbais esteraand/en 4 pHosphiisl estelbase grease and a 25 i nor
amount of at | east_one phosphorus and sul fur containing conposition
sufficient to incrEBEEvehSIEReHSPREPTSLARS dRVE P Base grease,—as derernt ned

D S PSR 8Bl bt Sl 8, ISR LR iyt o,

cont ai ni ng conposition selec he group

her ei nbellQw. thickeRed kb greRBHRAM MBIYr drhbents DfAAditdves' 1 intafasé thé BRIpPieE

Irease point of the base grease. The additives comprise a phosphorus and sulfur
containing composition, alone, or together with an overbased metal salt of an
organic acid and a hydrocarbyl phosphite, said phosphorus and sulfur containing
cbmposition selected from the group described in greater detail hereinbelow.

15

This invention relates to improved metal soap thickened base greases
selected from the group consisting of complex greases and failed complex greases.
The improvement comprises greases having increased dropping points arising

20 fromincorporation therein of certain additives compared to the grbases withoutthe
additional additives.

In one embodiment this invention relates to improved grease compositions
substantially free of boron and boron-containing compounds, comprising a major
amount of an oil-based metal soap complex or failed complex base grease and a

25 minor amount of at least one phosphorus and sulfur containing composition
sufficient to increase the dropping point of the base grease, as determined by
ASTM procedure D-2265, by at least 15° C, said phosphorus and sulfur containing

composition selected from the group described in greater detail hereinbelow.



conpositions conprising a major anmount of an oil-based netal soap conpl ex
or failed conpl ex base grease and m nor anounts of (A) an overbased netal
salt of an organic acid, (B) at |east one phosphorus and sul fur contai ning
conposition and 5 (C) a hydrocarbyl phosphite, together, in amunts
sufficient to increase the dropping pognt of the base grease, as determ ned
by ASTM procedure 2265, sai d, phosphorus and sul fur.containing copposition
sel ected fromthe &oﬁ‘b(’thé’"sc?mb@ thtg thig dnvenson Irei?éF%itﬁbéF&%PVQ‘ﬂggreasc

O orocti ng o eomhBYE ks Enfiine Entiiot Aot of 4R idiP BasetReldt dodf dofibie or
hi nges and thfaiiéd%mﬁéﬁ%aﬁ?gpﬁ%%ﬂh rﬁﬁfa?%%ﬁrﬁs%!iffﬁ %Weiﬁhs%ﬂ?ﬁ&ﬁpkél%f

trucks, bicycles, m ni ngequl pnent, rai yequl pnen

i ncl udi ngrol | hxﬁ‘@ﬁé&%(aqié'(’@ra@féast SRS FosphORASd dridhsul fuR cofitaimNg Tondptsitia@idUS
other types of industrial dnd consumer machinery. 15 . Various

pr ef err ed § eaf@y eshydrbcardyd dphosphite ptogéther, nine aionntsaseffidentr tdhencroasethdy
way of non-limting illustration. Heat resistance, of gr es is, measured in
a number of wésePPiRE ponsfithe base igaeasey asdstespuned gyvﬁg?g’f@ﬁmﬁlr@é?ﬂﬂéi

ant i1 it ho' S GBS AR S e e SURBRBeR sk e B
Soci ety f Test.i ' St t, Philadel phi a,
pannsyl vani a) SPRCoet bR GEUREIPRANRTC “AsTi b 2265, whi oh pr ovi des a

means for neasuri nghkheredsQPBE NEiP MVENtRIn Aceaserul fdt Gfiiating, tdealiflg o/l Nd
point of a grease is the tenperature at which the grease passes fronta

seni sol i 0t 0 protéatinigdmethirdcalnstanpohents such as @earsp hxlesebeariigs, 2haft§Hrnges
dropping point is the tenperature at which the first drop of material falls

from t he testanglifhehifgeoySuch mechenizphsompencntsears foundria gy as, .
Cat i o1 at of y. biekelesrec mills qoiunE pgR PRIRNAU WAy M RReNdR g g gock,
aircraft, boats, construction equipment and numerous other types of industrial and
consumer machinery.
15 Various preferred features and embodiments of the invention are
described below by way of non-limiting illustration.

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

20  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.

25  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



5 mani fested by a droppi ng point above that possessed by sinple netal soap
t hi ckened greases is desirable. Conplex metal soap greases provide
increased dropping point, but have a nunber of significant drawbacks.
Compl ex thickeners involve in addition to a 5 fatty acid conponent, a
non-fatty acid, e.g., benzoic, |ower aliphatic, organic dibasic acids, etc.
conponent. By lower aliphatic is neant [err] aliphatic. The formation of
the conpl ex grease typically requires extended heating periods, sonetines

several ti rresmﬁﬂﬁ&%ée(? .thg{iirgi)giﬁ%igﬁﬁea@o@ Eﬂﬂtﬁ)dﬁ%és%bdsl%ﬁ@hhblegﬁmﬂdsoap

grease. 10 ve ause of their generally goo

hi gh-t enper atiickenedpecdses s depimabix greases are in demand. As nentioned
her ei nabove, fromtine to tinme attenpts to_form cor‘rgl ex greases fail,

resulting in a grcGemphexinetal sonp greaseaproyidemcseased droping §OpY: bt haveide
correspondi ng sinpl e net SO t hi ckengd ease.. . Wile t al r es
are thi ckened}umh%fyoﬁﬁgﬁgicaﬂba&%gaq en@éwgieﬁﬁ CRERerY WE\?%E%?J&&%&& i es
as the sugcesgf ul I L u [ I b i

i oppi ng. ot retS: R AREIEHE (S Rn-fall, i€, L perkolc 15k Aphate, Yrghnie
di spl ayed by aibssiw%,se{c%oﬁlgeﬁw By fower aliphatie idagdant il eC} aliiatieg Ties | ed
conpl ex greases up to successful conplex grease standards. It is also

desirabl e to formetion f ﬂﬁamnfalbxf greabe typicailp aequizes exwndexpihegtipgipertodss

conpl ex grease conpositions. In accordance with the.i nventi@q?n it is

possi bl e to psométitoes sexeralfimas shasaepuised to RESPAre 2 sitpple@etyl sqap thickened
conposi tions having val uabl e properties; to provide grease conpositions

havi ng 25 ir’rﬁeé%d thermal (heat) stability as indicated by an increased
droppi ng eIt as Nevertheless, because of their generally good high-temperature properties

complex greases are in demand. As mentioned hereinabove, from time to time
attempts to form complex greases fail, resuiting in a grease having substantially
the same dropping point as the corresponding simple metal soap thickened grease.
While the failed greases are thickened, they do not possess the same high
15 temperature properties as the successful complex greases. Failure usually is
manifested by a dropping point significantly (e.g., often 20-50° C or more) lower
than that displayed by the successful complex grease.
It is desirable to bring failed complex greases up to successful complex
grease standards. It is also desirable to provide a means to further increase
20  dropping points of complex grease compositions.
In accordance with the invention it is possible to provide novel
grease compositions;-

to provide grease compositions having valuable properties;

to provide grease compositions having
25  improved thermal (heat) stability as indicated by an increased dropping point as

measured by ASTM Procedure D-2265;



measured by ASTM Procedure D-2265; 6 to provide a neans for bringing
fail ed, conpl ex base greases up to conplex grease standards ; and/or to
provi de a nmeans for increasing the dropping point of conplex greases to

| evel s exceedi ng that of the base conglex grease. 5 The grease conpositions
of this invention display dropping poPnts greater than the-dropping point
of the corresponding conplex or failed conplex netal soap thickened base
grease. This benefit is obtained by incorporating into a 10 conpl ex or

failed conpl ex basg; Preasde GehdadisNr&rbiriihgaiRd fRhRMPhOKYIRxCBIEeAI Ni NG
conpositions alone, or together with an overbased organic acid and a

hydr ocar byl pRreases up to comphexngrease ftandardst; wod/arcr ease t he droppi ng poi nt
of the correspondi ng base grease as neasured by ASTM Procedure D-2265.
Greases are frequeh? Ipyorkfsogeteans fiat dncregniss. the dsoppigigr eming ehat gener al

15 purpose greases be substantially fr.ee of nents that are readily
adversely aff 83?’82"'%%“(8&9 exﬂﬁfxg%“r‘ﬁﬂg Mtojﬁﬁgﬁas%S Eﬂ‘dgreéfee sensitive
to water, gither being water-soluble, being subject to |eaching fromthe
grease into water or being readily hydrolyzed yiel ding undesirable

hydrol ysis products or to hydrolysis products 20 which readily | each out
into water. Preferably, the grease of this invention is substantially free

of boron and bor onThegredseicompositionsrefehisTinventign displayndropping pointsgriestef r ee
of' nmeans that the Eterj al referred to isnabsent, roif predzent, only in
amount s havi nHaartherepping| paint,ahthescoraespongding rempiex ot fledocomplexgnetahe

grease Conposécgz{poﬁiickened base grease. This benefit is obtained by incorporating into a

10 complex or failed complex base grease certain sulfur and phosphorus containing
compositions alone, or together with an overbased organic acid and a hydrocarbyl
phosphite in amounts sufficient to increase the dropping point of the
corresponding base grease as measured by ASTM Procedure D-2265.

Greases are frequently exposed to water. Thus, it is desirable that general

15 pﬁrpose greases be substantially free of components that are readily adversely
affected by water.

Many boron-containing compounds are sensitive to water, either being
water-soluble, being subject to leaching from the grease into water or being readily
hydrolyzed yielding undesirable hydrolysis products or to hydrolysis products

20 which readily leach out into water. Preferably, the grease of this invention is
substantially free of boron and boron-containing compounds.

The expression "substantially free of" means that the material referred to
is absent, or if present, only in amounts having an essentially unmeasurable or
insignificz.mt effect on the grease composition.

25 Greases of this invention are generally prepared by thickening an oil
basestock. The greases of this invention are oil-based, that is, they

comprise an oil which has been thickened with a metal soap.



25 G eases ofthis invention are generally prepared by thickening an
oi | basestock. The greases of this invention are oil-based, that is, they
conprise an oil which has been thickened with a netal soap. 7 Conpl ex
greases are generally forned by reaction of a netal - containing reagent
with two or nore acids. One of the acifds is usually a fatty acid or
reactive derivati V%B:P?éﬁ%iem Lhe Rilkeniis rested by AdncrionBif & @ddad-such
as benzoic acid, an al pha-onega 5 | carboxylic acid such as azel ai ¢ acid,
a | ower carboxpht£indagdreaigefic a5 tAcCetd @ranoxe anddd heOhe k. thheaids als seegl liys
the salt of the fatty acid and the non-fatty acid is the conplexing agent.
A common pr ocedfattyf aeidoepredatdve otgyisrciyedbereed and itheqowiar ih tsugily an
steps, the nornal ‘_&si n@_léjg) soap is fqrmed.({i rst_ then it is conplexed by
reaction 10 @FPTRtiReaSKL sHeh a6i BenRiCePhtty F8| S A AW & T ex grease nmybe

ored by 4 0ok g R KL 00 LIS RELGR, Mt R R 30EM s o
coter e The ¢ SRR TryShal gt RSt e Tehonkico e iy hen

and the remain er conplexation 1s conpleted. This

permts nore pRPESmMpRAASEeOHt. the grease 15 allow ng subsequent
processing, such as " mlli ng, to be conducted soon after the grease is

f ](c)r med. Tlher e i s nd\ abswmhott proceduse qu% ptepadagdcomapiex ihgn@sch'e cdrmexp outyimpbvat
of a conplex grease. However, it _is often accepted that m ninum droppi ng
poi nt sI of2 Oabga%eppgﬂl_c]nmlc(smmlglyéaamys g@ﬁ@‘ig‘fﬁﬂg%é‘sﬁ Q_QW\B\%P@ %Xdrﬁéﬁféon
gener a ef.jnition of a.c ex. grease is_one which is prepared as,.
dosor | bed Her BTHBSECaIACHE SHEmRAIELY BscmBER B s rm Sa I Bararyre
higher, typicgl) & df4A8LcRRUAMh the metal reagent. As stated above, the acid reactants

may be reactive derivatives of the acid, such as esters. The reaction is typically

conducted in a portion of the oil base and the remainder of the oil is added after
complexation is completed. This permits more rapid cooling of the grease

15  allowing subsequent processing, such as milling, to be conducted soon after the
grease is formed.

There is no absolute industry standard defining the dropping point of a
complex grease. However, it is often accepted that minimum dropping points of
about 260°C are displayed by complex greases. However, a more general

20  definition of a complex grease is one which is prepared as described hereinabove
and which displays a dropping point significantly higher, typically at least about
20°C higher, than the corresponding simple metal soap grease.

As noted herein, the dropping point of a failed complex grease is usually
about the same as that of the corresponding simple metal soap grease.

25 It can be concluded, then, that a metal soap contributes to the thickening of
both the successful and failed complex grease. Thus, both the successful complex
grease and the failed complex grease are referred to herein as metal soap thickened

greases, but are distinguished from simple metal soap greases as defined herein.



[err] higher, than the corresponding sinple netal soap grease. As noted
herein, the dropping point of a failed conplex grease is usually about the
sanme as that of the corresponding sinple netal soap grease. 25 I t
can be concluded, then, that a netal ;oap contributes to the thickening of
both the successful and failed conpleX grease. Thus, both the successful
conpl ex grease and the failed conplex grease are referred to herein as
nmet al soap thickened greases, but are distinguished fromsinple netal soap
greases as defi ned Ther giefise compbsitionsafehBonpentién @aploy ahhdi$ of uerEdting
empl oy an oil of lubricating viscosity, including natural or_synthetic

| ubri cating oiviscosity, inckading maturel epfsynthigtiarlubricating pils landemaxtires| theidof.,

veget abl e oi | mperal oils, .sojvent or acid treated.m neral oils, an

or s Ger  ved Naswalods mefudermial afssyegatr B olls Mk aiogPornuentotpoidiregiod
hydr ocar bon oiJ.s. h - i ' '

pol ymers, est (kaélglel(.) gggTaZ'gg’éﬁtsidtgHggﬁ?M%%q%{6?[%?'&@}51?@% g‘%@@ﬁﬁ%@éi&gﬁ‘é’%&dy I C
aci ds and &l celardoarieisii 6115, RiloRBstuesd hy&@dhrdon 61s, alkglene RRIde"Pblyiners,
tetrahydrofurans, silicone-based oils and m xtures thereof. Specific
exanpl es of oiestersdf daroiytiatacidy andpobwils jestarsofipalycarbexlylicadids #ed aloohdls,

4,326,972 and European Patent Publjcatjon 107,282, both herein_li nconorat ed
by reference esteryof@hospharusgentaringacids; pRlymericigrahydrotugans,; silicone-pasad:

brief descripti.on_qf brican ase oils appears in an article by D. V.
Brock, "Lubri 8yﬁtan§é’§ié‘%geﬁgh°&?€bri cant Engi neering, volunme 43, pages

184-185, March 198§peaﬂ<§ex€friﬂlé‘d ¢F oils of H%l?%cﬁﬁﬁg&%‘éoﬁg &edeotibedif U Paehtor

its disclosures relating to l'ubricating description of oils of
| ubricati by vids32s97%amt Eurapean Pa@nPRubhitatiorbBY], B8R boliaberejn thcotporated byl i ne
37 through colum 3, line 63, _inclusive), incorporated herein hy reference

for its di scl sefgranceofas theindisalpsuresitrelaging; to dubricatingnotlser Asdiastce el

| nformation regarditih ¥ lbribaf base ofil SH5als in'i rfidle 7 D.V. Brock, "Lubricant
Base Oils", Lubricant Engineering, volume 43, pages 184-185, March 1987. This
article is incorporated herein by reference for its disclosures relating to lubricating
15 oils. A description of oils of lubricating viscosity occurs in US Patent 4,582,618
{Davis) (column 2, line 37 through column 3, line 63, inclusive), incorporated
herein by reference for its disclosure to oils of lubricating viscosity.

Another source of information regarding oils used to prepare lubricating
greases is NLGI Lubricating Grease Guide, National Lubricating Grease Institute,

20 Kansas City, Missouri (1987), pp 1.06-1.09, which is expressly incorporated
herein by reference.-

The metal soap portion of the greases of this invention are well-known in
the art. These metal soaps are present in a base oil, typically an oil of lubricating
viscosity in amounts, typically from about 1 to about 30% by weight, more often

25 from about 1 to about 15% by weight, of the base grease composition. In many
cases, the amount of metal soap used to thicken the base oil constitutes from about
5% to about 25% by weight of base grease. In other cases from about 2% to about

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



greases is NLA Lubricating G ease Guide, National Lubricating G ease
Institute, 20 Kansas City, Mssouri (1987), pp 1.06-1.09, which is
expressly incorporated herein by reference. The nmetal soap portion of the
greases of this invention are mell-knomn in the art. These netal soaps are
present in a base oil, typically an ol of lubricating viscosity in
anounts, typically fron1about | to about 30% by weight, nore often 25
fromabout 1 to about 15% by wei ght, of the base grease conposition. In

nmany cases, the angieispefificeirmunsefinetabsshpiroqiiiddéteen dédpentasetirinhetal soa
constitutes from about 5% to about 25% by wei ght of base grease. In ot

er
cases from abemployed. cTkeiype andamoyniefimetal ssrapreseployedissrequeptly destated byt he
base grease. Th eci fiec ampunt of nmetal soap required often depends
on the netal é}?faa %ﬁ%ﬂb@ °tjfﬁ%gf%% and anount of metal soap enployed is
frequently dictat eei‘h@tgb@%nﬂ%ﬁi& gﬁé{{ne%o%h tg*lf‘se% %gs%edxc&%%sw Bfe 80red

anount of netal soap to use iS a the desire

consi stency, \Yohsiktens Yam@tsum ﬁieah'il% deghe&idg@wmbabhicheﬂgrgﬁmerxe&s@t s
def ormati on under application of force. Consistency is usually indicated by

t he ASTM Cone qoﬁmmmmu wder applicat@nffore? Consigenypis ust@y indicatedeaythe

" the. or ease ATV GRac BB EHBA Pt S INIG- ﬁ&&r.“i'gmgv Badoe 10°° Qi der

gﬁdlsggplcérlrpﬁgge;%%é?g&‘)%{s %ﬁ‘g§ ?E(lce)ﬁgrtse eﬁﬁ)ljg( afe%@@ll—glg% B

for its discl qredessified ™ e pRafe 8FCaBke hﬂir@ﬂfﬁﬂﬁbﬁed m&lﬁbﬁﬁ&_&rﬂs&

her ei nabove the grease conpoSitions of this invention are ol ased,

i ncl udi ngl@ot IGuide ppel .09idl symd héd+lcl HprovideSraaiesesiptioreofmdtal soapthidkenersoi | s
and soap complexes. This text is hereby incorporated herein by reference for its
disclosure of 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
15 by incorporating a thickening agent therein. Thickening agents useful in the
greases of this invention are the metal soaps. By metal soap is meant the
substantially stoichiometrically neutral metal salts of fatty acids and additional
aliphatic and/or aromatic acids which are not fatty acids as defined herein. By
substantially stoichiometrically neutral is meant that the metal salt contains from
20  about 90% to about 130% of the metal required to prepare the stoichiometrically
neutral salt, preferably from about 95% to about 120%, more preferably 99% to
110%.
Fatty acids are defined herein as carboxylic acids contaiming from about 8
to about 24, preferably from about 12 to about 18 carbon atoms. The fatty acids
25  are uvsually monocarboxylic acids. Examples of useful fatty acids are capric,
palmitic, stearic, oleic and ofhers. Mixtures of acids are useful. Preferred .
carboxylic acids are linear; that is they are substantially free of hydrocarbon

branching.



15 by incorporating a thickening agent therein. Thickening agents useful

in the greases of this invention are the netal soaps. By netal soap is
meant the substantially stoichionetrically neutral netal salts of fatty
acids and additional aliphatic and/or _aromatic acids which are not fatty
acids as defined herein. By substanti AP y stoichionetrically neutral is
meant that the netal salt contains from 20 about 90% to about 130% of the
nmetal required to prepare the stoichionetrically neutral salt, preferably
from about 95%t o0 ph¢ihlabRPUeefiPEEdR ABE %@B&&&?me&ia&wfatﬁahéms apthlasare
defined herein as carboxylic acids containihg ffomabout 8 t'o about 24,
preferably frhydrekputtedrit hcidawheteirl 9ne asrbmorehgdroxyToupatihyy beildsated at ar e
usual I'y nonocar boxylic acids. Exanples of useful fatty acids are capric,

pal mitic, steinteraal pesitionsign thenearbon ghainy, such a3 13divsoxy-e 14duidiexy-, etc.
Preferred carhox Iicﬂacids are linear; that is they are substantially free

of hydrocarbo SR F'ng. 10 Particularly useful acids are the
hydr oxy- supsti t ut e fné Rahslar. d QYIS Aoy AEERNbELACINY AERIeRkIy £BE OF
nore hydr o@)zy groups r}ay&pge Igcatez tﬁint er na éSfoostl"a(?i ons ‘on t he" car bon

chai n, such asot] prépyaed xdirectli frioyt faty -acidy. c . Tind eppical grdasksmaking procesyhi | e
the soaps are fatty acid salts, they need not be, and frequently are not,

prepar ed di r elvolvesisaponification of adat whichtis oftenia glyecride omef othepesenssuch
ot or s such o aehy| r Sohyeotts: oF daoy pcithy Prdelely Tetdl dadtish
Cok T yu PR Bty GFASAALA ST b iy Wi
prepared - om aci dWhpth&shenfetalgoapi@sgrease is prepared from acids or esters, greases
" are usually prepared in a grease kettle or other reactor such as described by K.G.
Timm in "Grease Mixer Design", NLGI Spokesman, June, 1980. Such other
reactors include contactors and continuous grease-forming reactors. The mixture
of base oil, fat, ester, fatty acid or non-fatty acid and metal-containing reactant
15 react to form the soap jn-situ. As mentioned hereinabove, the coniplexing acids
or reactive derivatives thereof may be present during soap formation or may be
incorporated afterwards. Additives for use in the grease may be added during
grease manufacture, but are often added following formation of the base grease.
The metals of the metal soap greases of this invention are typically alkali
20  metals, alkaline earth metals and aluminum. For purposes of cost and ease of
processing, the metals are incorporated by reacting the acid reactants with basic
metal containing reactants such as oxides, hydroxides, carbonates and alkoxides
(typically lower alkoxides, those containing from 1 to 7 carbon atoms in the
alkoxy group). The soap and complex salts may also be prepared from the metal
25  itself although many metals are either too reactive or insufficiently reactive with
the fat, ester or fatty acid to permit con&enient processing.
As stated hereinabove complex greases are prepared from a mixture of

acids, one of which is a fatty acid and one which is not a fatty acid as defined



are usually prepared in a grease kettle or other reactor such as described
by KG Timmin "G ease Mxer Design", NLA Spokesman, June, 1980. Such

ot her reactors include contactors and conti nuous grease-form ng reactors.
The m xture of base oil, fat, ester, fatty acid or non-fatty acid and

nmet al - cont ai ni ng reactant 15 react tdform t he soap in-situ. As nentioned
her ei nabove, the conpl exi ng acids or reactive derivatives thereof nay be
present during soap formation or rmay be incorporated afterwards. Additives
for use in t h%&éﬁaS?hmnbﬁtt?%%i Sy b8In&drpafedat uﬁ?%tageeof e thacienef t en
added follow ng formati on of the basé grease. The netals of the netal soap
greases of thifermatiemti on are typically alkali 20 netals, al kaline earth

nmetal s and al umi num For purpqgses of cost gnd ease. of processing, .the
metal s are incor por%@%ﬁlﬂe@"’j&aﬁ thigg, SOAHIP CRIFWR, ¢SIWRs Daripg gpd

cont ai ni ng reagtants sugh as_.nxi y. | des, 0 . | des
(typically | O\é]rlmgf%xi ﬁﬁ%"jﬁqlﬁ'ogggg%rﬁ&a#éﬁ%gjpﬁ’oﬁ@ﬁ&ogga 3‘%}‘%@%’ gttgﬁrrfsfﬁ ﬁ%

t he al koxy grg?%?gi Bfapregnd conpl ex salts may al so be prepared fromthe
metal 25 |5ts g\lﬂtzﬂggh rrgny netals are either too reactive or
insufficiently reacRreferred tfhtty heidsatare esté¢aic acid, apalynifici atid,o opec mrd their
conveni ent processing. As stated herei nabove conplex greases, at;ﬁ pr epar.ed
from a ni xt ur ecosrespending estess, incluging glycerides ghats). Hydaoxnsubstituted fatky acids ot
a fatty acid as fined erein. The non-fatty acid be. i neor por at ed
at any stage dM%HRE COHCE pe F%‘F%ﬂ‘?ﬁﬂ.mﬁrff&%e#é’&&h%&l%ﬁi pﬁggﬁﬁi‘t hi um
sodi um cal ci um rr?q@ un ' eﬁi?l ' bal & e
l'ithium sodium and cal ci umogﬁ%ﬁ%&ﬁ]@éljs @ﬁ%lfé@@ﬂ)@ d[))%/g?e red.g%hseé

Pref er r ed 10at tinchidedsomttc, dJb@er aliplaticchndudibasit acidacRépresbniativasgamblisrare
correspondi ng esters, including gl ceri.des.d(fats). Hydr oxy- substi t ut ed
fatty acids benzoic acid, acetic acid and azelaic acid.

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

15 disclosures of grease thickeners.

Complex greases, e.g., those containing metal soap-salt complexes such as
metal soap-acetates, metal soap- dicarboxylates, etc. are not simple metal soap
thickened greases.

For reasons which are not well-understood, complexation is sometimes not

20 successful. Thus, although the processing is expected to and usually does, attain
enhanced thermal properties of a complex grease, sometimes only a slight or no
increase in dropping point is obtained. Such greases are described herein by the
expression "failed complex" grease.

For the purposes of this invention, both successful complex greases and

25 failed complex greases are grouped within the class of "metal soap thickened
greases”. Failed complex greases are referred to as such, and successful complex

greases are referred to as complex greases.



and the corresponding esters, including fats are particularly preferred.
Preferred non-fatty acids enployed in formati on of conpl ex greases 10

i nclude aromatic, |lower aliphatic and di basic acids. Representative
exanpl es are benzoic acid, acetic acid and azelaic acid. These and ot her

t hi ckeni ng agents are described in USt%atent Nos. 2,197,263; 2,564,561 and
2,999,066, and the aforenentioned NLA Lubricating Grease GQuide, all of

whi ch are incorporated herein by reference for relevant 15 di scl osures of
grease thickeners. Thenglickengrsessbsth theGsucctfifslecemplieri md theTelid soaplesal t
conpl exes such as netal soap-acetates, netal soap- dicarboxylates, etc. are
not sinpl e negmasevans refarrdsndgran asmetal soap thickensrs. Iths thbemrdesstood that

| | - under st oqd, I ' i ' t .20 ful. Th

&l though the. ArbEES 3gp ks fole dBiIc, §rehstdt A9t SUSPITEE FORRRihdse
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 nor ease |’ arSRERSE peith REBURS 1PERRR SornTEF icTRE HalioR QIO HoRhot,

by the expsespbsiess fi dantk SRFRdtEisti@IRARRs thometd]aR oRFIES oPthel shicBessful
i nvention, both successful conplex greases and 25 failéd conplex greases

are grouped wcommiphext preast.aIheadistimaionl lisoapthenhighetenperptores propertiesi ofethe
conpl ex greases are referred tq .as such, and successful conplex greases are
referred to a?%gtmﬂ gTeagG ERMPYSIION. 15 The thi ckeners of both the successful

conplex and t fal r s ferr.qd to herein as netal soap
thi ckeners. [T % o faf @&r’{ﬁéﬁspap thi ckener of the
failed grease i s n@lonfpdiieiP/(R) MBI oveFthsBdimeE Al Qﬁt@ﬁe&rgaﬁid h&idl ngtel 1 ty

to cause conpl ex grease formation it obviously does no
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 ratio of the equivalents of metal base to the
equivalengs of the organic acid substrate. A neutral salt has a metal ratio of one.

15 Overbased materials have metal ratios greater than 1, typically from 1.1 to about
40 or more.

Preferred metals are Group I and Group II metals (Chemical Abstracts
(CAS) version of the Periodic Table of the Elements). Most preferred are sodium
magnesium and calcium, with calcium being especially preferred.

20 Inthe present invention, the preferred overbased materials have metal ratios
from about 1.1 to about 25, with metal ratios of from about 1.5 to about 20 being
more preferred, and with metal ratios of from 5 to 15 being more preferred.

Generally, overbased materials useful in the present invention are prepared
by treating a reactibn mixture comprising an organic acid, a reaction medium

25 comprising atleast 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 water.,



5 possess the sane characteristics as does the netal salt conplex of the
successful conplex grease. The distinction |[ies in the high tenperature
properties of the resulting grease conposition. (A The Overbased Mt al
Salt of an Organic Acid Conmponent (A) is an overbased netal salt of an
organic acid. The 10 overbased materPals are characterized by netal
content in excess of that which would be present according to the
stoichionetry of the netal and organic acid reactant. The anount of excess
metal is comm@niggniceAoidsed in terns of netal ratio. The term"netal ratio”
is the ratio of the equivalents of netal base to the equivalents of the
organi ¢ acid subst riheeorganiteaeids| usefultinhmaking theapvarbased saltsopk they present

Over based materials hav tal ratios.greater than 1, typically.froml.1 to
about 40 or naResHopcRediofbeRPe 2Pl siiibia S rhostSRf Sonthiplnd adta,
(Chem cal Abs @ﬁ&ﬁor(xgtﬁ@néée&fst%rb%ofé‘ﬁleﬁfaﬂ odic Table of the Elenments).
Most preferred are sodi um nmagnesi um and cal cium w th cal ci um bei ng
especi al | y5pr €laeboggic AQids In the present invention, the preferred

overbased materials _have netal ratios fromabout 1.1 to about 25, with
metal ratios of frdrheatasboxyliGaeids asefil inonalang ghersalts hbmayrbejaliphatiowt h
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materi al Ay (22 cadminatenhswor tetrapaopenyl-substButed succinic anhydride) as well ashigher
molecular weight carboxylic acids. Throughout this specification and in the
appended claims, any reference to carboxylic acids is intended to include the acid-
producing derivatives thereof such as anhydrides, lower alkyl esters, acyl halides,
lactones and mixtures thereof unless otherwise specifically stated.

15 The carboxylic acids of the overbased metal salts employed in 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 about 12, more preferably at least

20  about 18, even more preferably up to about 30. Generally, these carboxylic acids
do not contain more than about 400 carbon atoms per molecule, preferably no
more than about 100, more preferably no more than about 50.

The lower molecular weight monocarboxylic acids contemplated for
making the overbased metal salts for use in this invention include saturated and

25 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,



Organi c Acids The organic acids useful in making the overbased salts of the
present invention include carboxylic acid, sulfonic acid,

phosphor us-cont ai ni ng aci d, phenol or m xtures of two or nore thereof. 5
Car boxylic Acids The carboxylic acids useful in making the salts (A) may be
aliphatic or aromatic, nono- or pol ycadfboxylic acid or acid-producing
conpounds. These carboxylic acids include | ower nolecular weight carboxylic
acids (e.g., carboxylic acids having up to about 22 carbon atons such as

aci ds having @gg%,tJoﬂnWilgf&%onst\le\g %o?ﬁ,&?gﬁl?géj@lm t}stF pa esht?eér}x]%irnc%qorated

t et rapropenyl - stituted succinic anhy as ‘well "a ecul ar
wei ght car boxhéﬁdinbyirs&ren'&roughout this specification and in the appended
clains, any reference to carboxylic acids is intended to include the acid-
produci ng deri vat i ¥xemphesr @ff losverh nacleaulhy dweight | polyoanboayliy | acids eingludgcy|
hal i des, | actqgnes, ang. m xt.ure her eof unl ess ot.herw se specifically .
stated 15 dicarodylic adifs,apt devAES o> U aEH HebE malphic acid,

enpl oyed i& t RS i r i b I
car bon at oiys. L SBESHABhe b BolSLERR ihRiride; B L BuRp Bl ool of tndte
desi red sol ubpgidk ¥an isedd wsedi n order to provide the desired
oil-solubility, the nunber of carbon atons in the carboxylic acid should be
at | east about 8, Wheanpnedagbemyilic adidsiindade nsmaliphate¢ acils! ySucth acids often

about 18, even nore preferably up to about 30, ney al | t hese carhoxylic
aci ds do’ not EGHEH A DHICI GARNANIRE Jgen @hp%hfgea uprQ sHraedy aiphatic
preferably no r f I 9 0.
by o1 a1 o6 ) AP ke B AP oM iR Pt PARaBPRUIIEC,
over basedjgret fwerddlk§l LRSupss eSpébiﬁB 'e&ah@‘l&”bf Slich Maﬁﬁﬁaﬁ@faéfd@tiﬁ@l_uﬂedl (143
unsat urated aci ds. Exanpl és of such useful acids include dodecanoic acid,
decanoi ¢ aci dmethyHetradeainoitaeid, Beethyli-exadecariodc acidcind 8-tmethylaictadecanioicet c.

M xtures of two, or nore such agents can al so be used. An extensive
di scussi on of 8#ese acids is found in Kirk-O hner "Encycl opedia of Cheni cal

Technol ogy” Third %ﬂietié-o%phatic acids include mixtures of branch-chain acids prepared by
the isomerization of commercial fatty acids (e.g. oleic, linoleic or tall oil acids) of,
15 for example, about 16 to about 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 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;

20  3,278,550; 3,306,907; 3,312,619; 3,341,542, 3,367,943; 3,374,174; 3,381,022;
3,454,607; 3,470,098; 3,630,902; 3,755,169; 3,912,764; and 4,368,133; British
Patents 944,136; 1,085,903; 1,162,436; and 1,440,219; and Canadian Patent
056,397. These patents arel incorporated herein by references for their disclosure
of higher molecular weight mono- and polycarboxylic acids and methods for

25 making the same.



14 1978, John Wley & Sons New York, pp. 81 4-87 1, these pages being
i ncorporated herein by reference. Exanples of |ower nolecul ar wei ght
pol ycar boxylic acids include dicarboxylic acids and derivatives such as
sebacic acid, cetyl malonic acid, 5 tetrapropylene-substituted succinic
anhydride, etc. Lower alkyl esters of WPhese acids can al so be used. The
nonocar boxyl i c acids include isoaliphatic acids. Such acids often contain a
princi pal chain having fromabout 14 to about 20 saturated, aliphatic
carbon atons and atA ofasefilluiromatialchyboxglicriciist 4¥a theseaiftthé Gerimplgndant
acyclic 10 |ower al kyl groups. Specific exanples of such isoaliphatic
acids include 10- nethyl-tetradecanoic id, 3-ethyl-hexadecanoic acid, and
8- et hyl - oct adecanoi ¢ acid. The isoal iXfatic acids include m xtures of
branch-chain aci ds prepared by the isggerization of commercial fatty acids
(e.g. oleic, linoleic or tall oil acids) a&f, 15 for exanple, about 16 to
about 20 carbon atons. The higher no@X*aH)ei ght nono- and pol ycarboxylic
aci ds suitsble for use in nmaking ;pélsalts ( are well known in the art
and have been described in detail / for exanple, in the fokX¥png U.S.,
British and Canadi an pat®®@s: UMS\ Patents 3,024,237, 3,172,892; 3,219, 666
3,245,910; 3,271,310; 3,272,746; 2 3,.278,550; 3, 306,907; 3,312,619;
3,341,542; 3,367,943; 3,374,174; 3,3 3,454, 607; 3,470, 098;
3,630,902; 3,755,169; 3,912,764; and %4, 368€133; British Patents 944, 136;
1, 085, 903; 1,162,436; and 1, 440, 219; and Canadi an Patent 956, 397. These
patents are i }HREEAIRFRANIR XWV) RDYs éﬁﬁﬁﬁ%ﬁ%&%&bﬁ%@uﬁ%ﬁf&éﬁb& Sout
hi gher nol ecul ar wei ght nono- and pol ycarboxylic acids and net hods for

10 4 to about 400 carbon atoms, a is a number in the range of zero to about 4, Ar is

an aromatic group, X , X ~and X are independently sulfur and oxygen, b is a
number in the range of from 1 to about 4, ¢ is a number in the range of 1 to about
4, usually 1 to 2, with the proviso that the sum of a, b and ¢ does not exceed the
number of valences of Ar. Preferably, R and a are such that there is an average

15 of at least about 8 aliphatic carbon atoms provided by the R’ groups in each
compound represented by Formula XV.

The aromatic group Ar in Formula XV may have the same structure as any
of the aromatic groups Ar discussed below under the heading "Phenols".
Examples of the aromatic groups that are useful herein include the polyvalent

20 . aromatic groups derived from benzene, naphthalene, anthracene, etc., preferably
benzene. Specific examples of Ar groups include phenylenes and naphthylene,
e.g., methylphenylenes, ethoxyphenylenes, isopropyiphenylénes,
hydroxyphenylenes, dipropoxynaphthylenes, etc.

Examples of the R’ groups in Formula XV include butyl, isobutyl, pentyl,

25  octyl, nonyl, dodecyl, and substituents derived from polymerized olefins such as
polyethylenes, polypropylenes,polyisobutylenes, ethylene-propylenecopolymers,

oxidized ethylene-propylene copolymers, and the like.



25 maki ng the

sane. 15 A group of useful aromatic carboxylic acids are

those of the fornula [err] wherein in Fornmula XV, Ris an aliphatic
hydr ocar byl group of preferably about 10 4 to about 400 carbon atons, a
a nunber in the range of zero to about 4, Ar is an aromatic group, [err]

and [err] are independently sulfur ancF6oxygen, b is a nunber in the range

is

of froml| to about 4, ¢ 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 Wiithif thi§ gﬁﬁ?’ Stirymalic aBills2a A5&uP Uals bP'@drbbReliaéids afe

average 15 of at |east abolt

al i phatic carbon atons provided by the R

groups i n eachhesptiedormplaesent ed by Fornula XV. The aronmatic group Ar
Formul a XV nay have the sanme structure as any of the aromatic groups Ar
di scussed bel ow under the headi ng "Phenol s'cdes |l es of the aromatic
groups that are useful herein inclyde_thg/polyval8nt 20 aromatic groups

derived from benzene, naphihal ene,/ arthXacene, etc., preferably benzene.
Specific exanples of Ar R#OuUpsS—t I phenyl enes and napht hyl ene, e.g.,
S ﬁgﬁb

net hyl phenyl enes, et hoxyphehyl enes
di propoxynapht hyl enes, etc. Exanple

I ncl ude butyl,

spr opyl phenyl enes,
f Xhe [err] groups in Formula XV

i sobutyl, pentyl, 25 octy .O'ifﬁyl’ dodecyl, and

substituents derived from pol ynerized ol efi'ns “®uch as

pol yet hyl enespol ypr opyl enespol yi sobut yl enes, et hyl ene- propyl enecopol yners,

oxi di zed et hyl

10

15

20

25

ene- propyl ene copolyners, and the |ike.
wherein Formula XVI, R °is an aliphatic hydrocarbyl group preferably containing

from about 4 to about 400 carbon atoms, a is a number in the range of from zero
to about 4, 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 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 ¢ does not
exceed 6. Preferably, R and a are such that the acid molecules contain at least
an average of about 12 aliphatic carbon atoms in the aliphatic hydrocarbon
substituents per acid molecule.

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

The aromatic carboxylic acids ’corresponding to Formulae XV and XVI
above are well known or can be prepared according to procedures known in the

art. Carboxylic acids of the type illustrated by these formulae and processes for

in

xyphenyl enes,



16 Wthin this group of aromatic acids, a useful class of carboxylic acids
are those of the fornula [err] 5 wherein Fornula XVI, R*6 is an aliphatic
hydr ocar byl group preferably containing 10 from about 4 to about 400
carbon atons, a is a nunber in the range of fromzero to about 4,
preferably 1 to about 3; b is a nunberin the range of 1 to about 4,
preferably 1 to about 2, ¢ is a nunber in the range of | to about 4,
preferably 1 to about 2, and nore preferably 1; with the proviso that the

sum of a, b angepariifetheOhertet @fd Hasicineid dlts/areRveldRoAnamd &iselBsdéd)dbr t he
acid nol ecul es contain at |least 15 an average of about 12 aliphatic carbon

atoms in the axiapipde,iin th§dPatents BolD 7832512, 19583 S; 2)252,662;02,252,664) 23714,0021ded
within the cl asi of grorzgti § carboxylic acids (XIV) are the aliphatic
hydr ocar bon- sub#l9.7 88 cand3s égﬁilc aci ds wherein each aliphatic hydrocarbon

substi t uent Cﬁhﬁl Eg !gri\!ﬁverage of at |east about 8 carbon atons per 20
substituent a bstituents per nolecule. Salts prepared from such

salicylic acids whepg sulfdific abidphséfuf ilAkALASARNASUREE iih URNESPoGLiSRS bV ed

from polymerized olefins, particularly polynerized’l ower 1-nono-olefins
such as pol yetthis iaventigroinchudepthessaéfonfoand gabsulforoacidst Substantipliy meutrak
copolyners and the |ike and having average carbon contents of about 30 to
about 400 car Beisl saltsed salfenipscidsgse alse useful forpreparing the everbgsed metal salts
car boxylic acm correspondi ng to Formul ae XV and XVI above are well known
or can be pre ed according to procedures known in the art. Carboxylic

acids of the type iTe'Sulfdhfd R¥dd iReRmdEOHE! A6né"d POB REIES ‘aPdmatic or
10 cycloaliphatic compounds. The oil-soluble sulfonic acids can be represented for
the most part by the following formulae:
R* -TSO,H), (XVID)
R™-(SO,H), Xvap

In the above Formulae XVII and XVIII, T is a cyclic nucleus such as, for example,

15

benzene, naphthalene, anthracene, diphenylene oxide, diphenylene sulfide,
petroleam naphthenes, etc. R*' preferably is an aliphatic group such as alkyl,
alkenyl, alkoxy, alkoxyalkyl, etc.; a is at least 1, and R“;T contains a total of at
20  leastabout 15 carbon atoms. When R* is an aliphatic group it usually contains at
least about 15 carbon atoms. When it is an aliphatic-substituted cycloaliphatic
group, the aliphatic groups usually contain a total of at least about 12 carbon
atoms. R* is preferably alkyl, alkenyl, alkoxyalkyl, carboalkoxyalkyl, etc.
Specific examples of R*' and R¥ are groups derived from petrolatum, saturated
25  and unsaturated paraffin wax, and polyolefins, including polymerized, C,, C,,C,,
C,, C,, etc., olefins containing from about 15 to 700 or more carbon atoms. The
groups T, R#’, and R™ in the 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,



17 preparing their neutral and basic netals salts are well known and

di scl osed, for exanple, 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 5 The
sul fonic acids useful in making salts (A) used in the conpositions of this
I nvention include the sulfonic and thi‘gsul fonic acids. Substantially
neutral nmetal salts of sulfonic acids are also useful for preparing the
overbased netal salts (A). The sulfonic acids include the nono-or

pol y-nucl ear g@isafidd, t@" Id Porhiflal XV, RhaHd § afOMPRUSIS -andNfkeWibe 5PFYRh@a
sul fonic acids can be represented for the npst part by the foll ow ng

formul ae: [er XVIIBrais at léast h. t he above For nul ae XVII and XV, Tis a

cyclic nucl eus such as,. for anpl e, benzene, naphthal ene, nt hr acene
di phenyl ene oxi de, apﬁﬁl@nﬁffa@mﬁewffmhéoluéfq BRI aeigh ATt MASOSERY%: sul?@mp]

preferably is a a I K .

B Koxyalky . - effs?bbBRE Mofx i HEidsaspRomy acify SEMYed R Ti¥ricatine of

| east abou§ 1graefh Hﬁ @e%%n s\¥Fehiclagidst mo%oa&x@}ltmlpt@ax%uwtmwsmfaﬁfe%hy
contains at |east aboOut 15 carbon atons | S an

al i phat i c- subpblytsutfenicc ucidsabf,pbat,i begrenep, ndphehalenghphemolgrdiplenyl sethkt,y
contain a total of at |east about 12 carbon atons. R#2 |sﬁgreferably al kyl ,

al kenyl , al konyphthyleneéaﬁ%@@ mygqhmubw spifeniciasids,suahpe slkyl bengenp and
d t { d t t ed

bor (] ore 9oy BiertE ol GetE R RS GNP nbHER K eBons Reofiiet bt

ol efins cont akfl de t f%HI@&E?&% cﬁﬁ "f}ﬂ bé%)néﬁhﬁ%&m@%dét%lk salfones T

[err] and [err e above Formil ae XVI' can al so contain
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 useful. The latter are acids derived from benzene which has been
alkylated with propylene tetramers or isobutene trimers to introduce 1, 2, 3 or

15 more branched-chain C,, substituents on the benzene ring. Dodecyl benzene
bottoms, principally mixtures of mono- and di-dodecyl benzenes, are available as
by product from the manufacture of household detergents. Similar products
obtained from alkylation bottoms formed during manufacture of linear alkyl
sulfonates (LAS) are also useful in making the sulfonates used in this invention.-

20 The production of sulfonates from detergent manufactured byproducts by
reaction with, e.g., SO,, 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 seq. published by John Wiley & Sons, N.Y.
(1969).

25 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 (I\_fIn) in the

range of 700 to 5000, preferably 700 to 1200, more preferably about 1500 with



ot her inorganic or organic substituents in addition to those enunerated
above such as, for exanple, hydroxy, nercapto, hal ogen, nitro, am no,
nitroso, sulfide, 18 disulfide, etc. In Formula XVIl, a and b are at

|l east 1, and likewise in Fornula XVII1l, ais at least 1. Specific exanples
of oil-soluble sulfonic acids are nmahd8any sul fonic acids; bright stock

sul fonic acids; sulfonic acids derived fromlubricating oil 5 fractions;
petrol at um sul foni ¢ aci ds; nono- and pol y-wax-substituted sul fonic and

pol ysul f oni ¢ ahistesulfonie agids, paaffanwax salfohicakcaisgpolybtiiydéne (Vipkqoals abblner ,
napht hal ene disul fide, etc.; other substituted sulfonic acids such as alkyl

benzene sul f ori0§-200Q prefarabheabave900-1900 gnergprefesably 900-12009r £ 30M)suifpnic
cetyl phenol non:,sulfi ul foni.c acids, dilauryl heta ,na hyl | f oni c
aci ds, and al BG4S e ?"gﬁﬁ%ﬁreﬁ?osu’ iciacidy e é§°‘6‘?\;‘dé€ylaﬂﬂeﬁ§@%¥a“6‘i#¥}ﬁ@c
sul foni c aci dg; : | | £:aci ds wherein the al kyl
group contain mat ({ﬁ%’agg@‘dgé%ég% on 5@%@%@?&%‘3@%&%ey| benzene "bottons"
sul foni c asi ds are Arbtinckidad laye dliphdtic sulfmit atidersush asasiraffind®ak satfohiicom
benzene which has been al kylated wth propyl ene tetranmers or isobutene

trimers to intactdiuvasaturated pareffin waxsufentsrasids By duixarsubistituted patasfin weaxnt s
and di - dodecy PueR:Aags PalisaFRaBHETS 25is PRETEE: (e Rty ABLHRR SPREIT o
o househol 3 SELATARR Ror bRt 6O i, S PORTPIARR AP ARDBR P
7 o) 10 ] sy, lcn Mg 3ol s i
e.g., SCB10i s anids, launphayclohexylosidfonid dcidsgmonot bepalytwarSsebstitatedeyelopexyl t he
article "Sulf %G?ftoxensc;aéi s,}gté.k_ O hner "Encycl opedi a of Chem cal Technol ogy",
With respect to the sulfonic acids or salts thereof described herein and in
the appended claims, it is intended herein to employ the term “petroleum sulfonic
acids" or "petroleum sulfonates" to cover all sulfonic acids or the salts thereof
15  derived from petroleum products. A useful group of petroleum sulfonic acids are
the mahogany sulfonic acids (so called because of their reddish-brown color)
obtained as a by-product from the manufacture of petroleum white oils by a
sulfuric acid process.
Thebasic (overbased) salts of the above-described synthetic and petroleum
20  sulfonic acids are useful in the practice of this invention.
Phenols
The phenols useful in making the salts (A) used in the compositions of this
invention can be represented by the formula
R® -Ar-(OH), (XIX)
25  wherein in Formula XIX, R” is a hydrocarbyl group of from about 4 to about 400
carbon atoms; Ar is an aromatic group; a and b are independently numbers of at

least one, the sum of a and b being in the range of two up to the number of

displaceable hydrogens on the aromatic nucleus or nuclei of Ar. Preferably, a and



Second Edition, Vol. 19, pp. 291 et seq. published by John Wley & Sons,

N. Y. (1969). 25 Il1lustrative exanples of these sulfonic acids

i ncl ude pol ybutene or pol ypropyl ene substituted napht hal ene sul fonic acids,
sul fonic acids derived by the treatnegé of pol ybut enes have a nunber
average nol ecul ar weight (M) in the nge of 700 to 5000, preferably 700
to 1200, nore preferably about 1500 with 19 chl orosul foni ¢ aci ds,
paraffin wax sul fonic acids, polyethylene (M equals about

900- 2000, pr ef braxbliydependerdontmbers mothe rangd ef dlibwb@ﬁM;Lﬁ*ﬁﬁ)e cpref&ﬁbd)y 1to

sul fonic acids, etc. Breferred sulfaonic acids are no

tri-al kyl at ed2bewtnR (anda %relmaferghiy@gémaéamr&lmn @%ﬁa%pf a%lmtcﬂhozét 8
acids. 8 . aliphlROckBoh Uass s, bk ARARCR S ARL CoPELoORUE] Bt 1 "

wax sul fonic par

hydr oxy- subst kégtbaitdaPh FormulkeX Xyl fom c aC| ds, polyisobutene sulfonic

aci ds wherein the pol yisobutene contains from 20 to 7000 or nore carbon

at ons, chl®ro- subsWhil¢ the team &plienol Wis>used herem Gt &0 de undemstaodathat théd tephat iC
sul foni c acids such as (gg)t rol eum napht hene sul fonic 10 acids, |auryl

cycl ohexyl sulsenfietengedits limis e argmatisi group of theghen Uf)éz;némq e‘h@a@yqimgly,

| d t th | f oni ' d |t h f
Zésc?{‘tédaﬁ'eriﬁﬁ‘?%ﬁaupﬂ @i@ﬁéﬁw&o& crptoup B Feptfanisdiy " Ar By Fognia
enpl oy the te pa%twsve B&‘é' gsforrﬁ laepﬁxt gﬂé %y&dﬁgétﬁ&{‘%h&% the
cover all sul |c aci s or e sa ts t ereo eri rom petrol eum

products. A uapmﬂdedrcdmmwéandﬁ monenutleat fuzhias aqshedzl ,arpyridyd, oralthgayi, or
sul fonic acids (so call ed because of their reddish-brown col or) obtalned as

a by-prodl@t pebmuclear.nBhepelynueleatgropps easn baofthefused typeswherem anaromatic
acid process. nucleus is fused at two points to another nucleus such as found in naphthyl,
anthranyl, etc. The polynuclear group can also be of the linked type wherein at
least two nuclei (either mononuclear or polynuclear) are linked through bridging
linkages to each other. These bridging linkages can be chosen from the group
15  consisting of alkylene linkages, ether linkages, keto linkages, sulfide linkages,
polysulfide linkages of 2 to about 6 sulfur atoms, etc.
The number of aromatic nuclei, fused, linked or both, in Ar can play a role
in determining the integer values of a and b in Formula XIX. For example, when
Ar contains a single aromatic nucleus, the sum of aand b is from 2 to 6. When Ar
20  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
aand 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
25 bonded to the aromatic group Ar. R* preferably contains about 6 to about 80
carbon atoms, preferably about 6 to about 30 carbon atoms, more preferably about
8 to about 25 carbon atoms, and advantageously about 8 to about 15 carbon atoms.

Examples of R” groups include butyl, isobutyl, pentyI', octyl, nonyl, dodecyl, 5-



The basic (overbased) salts of the above-described synthetic and petrol eum
20 sulfonic acids are useful in the practice of this invention. Phenols
The phenols useful in making the salts (A) used in the conpositions of this
i nvention can be represented by the f%Hnula [err]

(XIX) 25 wherein in Fornula XI X, R#37is a hydrocarbyl group of from about
4 to about 400 carbon atons; Ar is an aronmatic group; a and b are

i ndependent|ly nunbers of at |east one, the*sumof a and b being in the

range of two cipotahexlyl rirethexypdntyl, s Btacdatidxyldorgl, 0 3eh§-tometindheptyiyatand
nucl eus or nuclei, of Ar. Preferably, a and 20 b are independentlly
nunbers in t heubshitatsf derived afiom ~ polyrperzed eplefimp| pucht @samolyethylepes, |

and a are preferably.such that .there is average of at | east out 8

i bhat ¢ bar BOXPRREHS: poMkepuiyiefins o BRI BraMActs sPholyBRR SRfthatta
conpound repr FO¢ \ e BB anliS
used herein, ?It%ﬁ]% to %res, %1 ersfogéﬂ%eﬁg{()ptyrlﬁng%%PW%gﬁz)lﬁﬁ?%gnded trémlai m t
t he aromatS ¢ gi(isobuténe).he phenol to benzene. Accordingly, it is to be

understood that the aromati c group as represented by "Ar" in Formula Xl X,
as wel | as el Mstalcampauadser fornulae in this specification and in the

ded cl ai ms, b | h, heny! '
TPy enyl. or 10 pot PRaseBLrompauRopR oo R vesesB et Bl
X e \ P! .
uth s f oundOTEERKERRt S BACRHS tebic MR oBlopbitiap Chlete bPrRRh ST WER S
be of the |intirdrigime adidy, oftenaixidesqhyydionddesy carbonaes dlkoxites,odtoc Graup ar

pol ynucl ear) are linked through bridging |inkages to each other. These
bri dgi ng 10 nkexfgroupsid mesaloenzpounts (ﬁgsheprgpngﬁ eriodic 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 potassium, and more preferably sodium. The Group II metals of the
15 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 magnesium or calcium,
more preferably calcium.
Acidic Materials
20 An acidic material as defined hereinbelow, 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, 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 being preferred. A preferred combination of
25 acidic materials is carbon dioxide and acetic acid.
I ter
A promoter is a chemical employed to facilitate the incorporation of metal

into the basic metal compositions. Among the chemicals useful as promoters are



15 consisting of al kyl ene |inkages, ether |inkages, keto |linkages, sulfide
| i nkages, pol ysul fide |inkages of 2 to about 6 sul fur atons, etc. The
nunber of aromatic nuclei, fused, linked or both, in Ar can play a role in
determ ning the integer vaI ues of a ang b in Forrmula XIX. For exanple, when
Ar contains a single aromati c nucl eus,the sumof a and b is from2 to 6.
When Ar 20 contains two aromatic nuclel, the sumof a and b is from2 to
10. Wth a tri- nuclear Ar noiety, the sumof a and b is from2 to 15. The
val ue for thewaten, emmordanoch lydrexidenotgadidacidhef d@mtt abdatl darbaraatoats, akcieed

t he total nunber of d| spl &eabl e hydrogens on the aromatic nucl eus or

nucl ei of Ar. sy Hurp agd ulbYdrﬁCIﬂ@FIﬁlﬁ%d xngtal COMMGXANGCag IS S@‘F aﬁ) allgdt s
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8 to about 15 ar on ato 3 groups 1 nc | sobutyl,

pentyl, ocsyl napl@ﬂh}bls,_, adml&scsdch a§amlme2élncbd1\cbdutghemyde ardd ntdnoxmépb})lhydnc
3-cycl ohexyl octyl, 5-trimet hél heptyl, and substituents_derived from

pol ymeri zed olalsxahn!s 9ﬁcup i aeuy QhWbﬁlésatOWél yp¥ pypsehansive discussion of
Dol ymers. - oxi BroBaRE HyPURLAI S oFBRA b b8 P e SRt r B oF4Bh aada s

tri(isobutene ﬁ%rgg e
over based net gf %‘3 5 0 ﬁg{é gr&gagﬁﬁé%gé@gts&ggggage gﬁ}?ﬁwaggﬂlcéﬁandé%ggsw
conpounds capab Eﬁombtefs:rmmlanqﬁ tsefivlidr® tﬁdﬂmonbbmcs:amhdl% haeirigenp axabRg,

hydr oxi des, carbonates, al koxides, etc. Goup | 10 or Goup Il netal
conpoundslq CA$0vearbommterms,Perixtortiscof ssthansdl with lHgheremomhydrie 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
ormore of these include U.S. Patents 2,501,731, 2,616,905, 2,616,911; 2,616,925;

15 2,777,874;3,256,186;3,384,585;3,365,396;3,320,162;3,318,809; 3,488,284, and
3,629,109. The disclosures of these patents are hereby incorporated in this present
specification for their disclosures in this regard as well as for their disclosure of
specific suitable basic metal salts.

As indicated hereinabove, the acidic material (e.g. CO,, acetic acid, etc.)

20 may be replaced with water. The resulting overbased salts are described as
hydrated. These 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. These patents are expressly incorporated herein
for relevant disclosures of hydrated overbased metal salts of organic acids.

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

overbased materials. These illustrations are not intended to limit the scope of the



preferred. The Goup | netals of the nmetal conpound include alkali netals
(sodium potassium lithium etc.) as well as Goup IB netals such as
copper. The Goup | netals are preferably sodi um potassium and copper,
nore preferably sodium or potassium and nore preferably sodium The G oup
Il metals of the 15 netal base includ® the alkaline earth metals

(magnesi um calcium barium etc.) as well as the Goup IIB netals such as

zinc or cadmum Preferably the Goup Il netals are magnesium cal cium or
zi nc, pref er aolammed gnesritiom ddnless midicatedrotheryisel ell paity acapaituby weaghti and
Material s 20 An acidi¢c material as defined hereinbelow, is often
used to acconffPRérafuies P@rlﬂéf‘%gé‘??s elsW& overbased salt. The acidic material
may be a liquid such as formc acid, i ol %:_ild, nitric acid, sulfuric
acid, etc. Acetic acid is particularl -—1norganic acidic materials

may al so be used SUChiRtrd6R904 Sfdnk il $BRitioiioF anSlkyl pHeny PQIlfGHiO %L1

being preferred. A preferredgco%;)i nsa?i onmo?QZSl aciaglli C n‘eﬁer?alag (iqisl car bon
di oxi de anfl ack4ving anaderafe mui¢adariweightof £50,ivapar pimeaosmbonritgy) ojEhgrtams
facilitate the incorporation of nmetal into the basic netal caonpositions.

Among t he chemiagral oll e grams tolusne(98: £ geates magnesiypy oxide andlgfigiams water

hydr oxi de, or c acids gf up to about 8 carbo g nitric acid

S turic-aci d sroRiRaaront oy e A mpotla et F-R5RE A8 1 Bl ptgnt
sal ieylal doxi fRoueutib fdltiof URiton dRide er Bous UPHe Adctioh Mikilinb Y diistaily
sodi um hydr oxi de and potassi um hydr oxi de, phenolic substances such as
phenol s and 5 agitated tthrdughoatiteasarbodtions  Afiet icarboaationlattie cgaction méxtarsis
nono- and_ pol yhydric al cohols of up to about 30 carbon_atons. A i
conpr ehenég ve stippeddei16§° 6¥20 torr and the residue filtered. The filtrate is an oil solution

(34% oil) of the desired overbased magnesium sulfonate having a metal ratio of

about 3.
Example A-2

A mixture of 160 grams of blend oil, 111 grams of polyisobutenyl (number

15  average molecular weight=950) succinic anhydride, 52 grams of n-butyl alcohol,

11 grams of water, 1.98 grams of Peladow (a product of Dow Chemical identiﬁed

as containing 94-97% CaCl,) and 90 grams of hydrated lime are mixed together.

Additional hydrated lime is added to neutralize the subsequently added sulfonic

acid, the amount of said additional lime being dependent upon the acid number of

20  thesulfonic acid. An oil solution (1078 grams, 58% by weight of oil) of a straight

chain dialkyl benzene sulfonic acid (molecular weight=430) is added with the

temperature of the reaction mixture not exceeding 79°C. The temperature is

adjusted to 60°C. The reaction product of heptyl phenol, lime and formaldehyde

(64.5 grams), and 217 grams of methyl alcohol are added. The reaction mixture

25 is blown with carbon dioxide to a base number (phenolphthalein) of 20-30.

Hydrated lime (112 grams) is added to the reaction mixture, and the mixture is

blown with carbon dioxide to a base number (phenolphthalein) of 45-60, while

maintaining the temperature of the reaction mixture at 46-52°C. The latter step



pronoters is found in US Patents 2,777,874; 2,695,910; 2,616,904; 3, 384,586
and 3,492,231. These patents are incorporated herein by reference for their
di scl osure of pronoters. Especially useful are the nonohydric al cohols
having up to about 10 10 carbon atonE m xtures of nethanol w th higher
nmonhydri c al cohol s and phenolic mater FAl s. Patents specifically describing
techni ques for making basic salts of the hereinabove-described sulfonic
acids, carboxylic acids, and m xtures of any two ornore of these include
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repl aced with water. The resulting overbased salts are descrrbe as

hydr at ed. Shesead20BoCs levek Thepradiuceis amowerbased caleiuna selfonatahavirig, dys.

U S. 4,094,801 (Forsberg) and U.S. 4,627,928 (Karn) describe such

conposi tions analysis; mbase munber(bromgophone] biued of 398: emetalpoatant of d241% by
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are provided to illustrates types of gxempisadimaterials. These
illustrations are not intended to linmt the scope of the 23 cl ai ned
i nventi onl0 Unl ess iAntHiaction mizture coimpaising 13 pgrams mirerpbeil 33 gmoisgrilensd

temperatures 306 glre?mg 8(%?? %ql%l'cﬂ%inasdf a mineral oil solution of an alkylphenyl-sulfonic

acid (average molecular weight 425), 19 grams (0.068 equivalent) of tall oil acids,

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

15  abouttwo 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 stripped by heating to a temperature

20 of 140°-145°C over a 2.5 hour period. This results in an oil solution of a basic
magnesium salt characterized by a metal ratio of about 10.

The carbonated mixture is cooled to about 60°-65°C., and 208 grmns
xylene, 60 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

25  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

water are added and carbonation is continued at 7 grams per hour at a temperature



Exanmple A-1 A m xture of 906 grans of an oil solution of an al kyl phenyl
sulfonic acid 5 (having an average nol ecul ar wei ght of 450, vapor phase
osnmonetry), 564 grans mneral oil, 600 grams toluene, 98.7 grans nagnesi um
oxi de and 120 grans water is blown w tl carbon dioxide at a tenperature of
78-85 C for 7 hours at a rate of about cubic feet of carbon dioxide per
hour. The reaction mxture is constantly agitated throughout the
carbonation. After carbonation, the reaction mxture is 10 stripped to
[err] C/ 20 toraf abodt 60-958€] fiwe3. 5 ihoues, eThe Thrbohatedrmtes issthem hoated solabbion
(34%o0il) of the desired overbased magnesi um sul fonate haV|ng a netal ratio
of about 3. EX¥prEO0RG oxenp . dheusiperiod @daﬂwnoﬁlrmeéﬁmnqd mrq upny s of
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and 90 grans yd’rat I'me are mxe t oget her ti onal

i s added t§ nehuratdrizzdibica moslagtiowflapoar2@d sul fonic acid, the am)unt of
said additional |ime being dependent upon the acid nunber of 20 the
sulfonic acid. An oil solution (1078 (ﬁmp&ﬁ:&by wei ght of oil) of a

st rﬁi gEt chai n di al rmxt%g%égfgégu%mamn rm"llleﬁﬁllé%ra‘vxgl glg 43(2“1%5 added
with the tenperatur t t e
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added. The reafta @513mmblwaf mxzﬁlre lof 1§dbwﬂ a/lccbﬁblcamﬂtmnymle&olp@ 0 @aesf a
nunber (phenol pht hal ein) of 20-30. Hydrated |ime (11 w%r ains) is added to

t he react ilBn 5% calejum ehloride agiisousrselutionand #6.digramseflioaisprepirdd. Whilke
base nunber henol.pht hal ein) of 4 i ntaini erature
of the react |( g?ﬁuﬂf%l ttelp)gpgafure%e?«h\g g@t(%’elrd@ ghyms o{'gﬂ %g‘% Sglngon of a

primary mono-alkyl benzene sulfonic acid, having a molecular weight of about

480, a neutralization acid number of 110, and 15% by weight of an organic diluent
is added to the mixture. The mixture is dried at 150° C to about 0.7% water. The
15 mixture is cooled to 46-52°C where 127 grams of the isobutyl-amyl alcohol
mixture described above, 277 grams of methanol and 87.6 grams of a 31%
solution of calcium, formaldehyde-coupled, heptylphenol having a metal ratio of
0.8 and 2.2% 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
20 range of 50-60. A fourth lime increment of 171 grams is added and carbonated to
a neutralization base number of (phenolphthalein) 45-55. Approximately 331
grams of carbon dioxide are used. The mixture is dried at 150° C to approximately
0.5% water. The reaction mixture is filtered and the filtrate is the desired product.
The product contains, by analysis, 12% calcium and has a metal ratio of 11. The

25  product contains 41% oil.

Example A-5

A reaction vessel is charged with 1122 grams (2 equivalents) of a

polybutenyl-substituted succinic anhydride derived from a polybutene (Mn=1000,



24 of hydrated line addition followed by carbon dioxide blowng is repeated
three nore times with the exception with the last repetition the reaction
m xture is carbonated to a base nunber (phenol phthal ein) of 45-55. The
reaction mxture is flash dried at [erp] C, kettle dried at [err] filtered
and adjusted with oil 5 to a 12.0% Ca |l evel. The product is an overbased
cal ci um sul fonate having, by analysis, a base number (bronpphenol bl ue) of
300, a netal content of 12.0% by wei ght a nmetal ratio of 12, a sulfate ash
content of 40170takip oﬁpob’butenanmimlewamd) 106grams ((b# equisaleny) Qﬁ@tgemropﬁtyé oi |
content is 53% by eactlo mxt

conprising 13B 6‘?9&1\1’\@ %8&“&? og})(yﬁ:néég}dg}%grmse&e 09‘1‘64 @§5The

Caver age ol ogtikaP iEFGire® yhd flatly' Bdc ARG AN oREE M4 340 fg??‘h? o B4
acids, 60 gr aH%ué&f@%‘lut?oJ@f SR Rikde Ure AREEE & HIB @%‘séieové?’q{)gxhﬁﬂﬁes

nmet hanol , and grans water is carbonated at a rate of 15 granms of carbon
di oxi de pe§ hdhe nhixturé s hedtedifromB80HO tio 201 Ciover hthvamsnl Thefdaction mixture
tenperature. The carbon dioxide inlet rate is then reduced to about 7 grans
per hour, andis¢@beratad bl standagdrsylig fopt pes BPWg(SPﬂ@ whilg, EsrBOYING w@eabuut

o Cont nued PROTRIGHATEE o et Hlerto 35D SR BRR-EPALE 08 % BT "
The car bonat egf Jaidr i Solleetdd) ¢ 1N Phd teRBE6N Hﬂx@l’?@fs' &Qlé&oﬁbbmr@'svﬂéﬂa ﬁgn of

140 -145 C over a 2.5 hour period. This results in an ol solution o
basi c magnesi 640 gedihs ohd0%cgacoussbliniorofiséditmlatdroxide asbaddedltd thdhessel.

carbonated m xture is cooled to about [er and 208 grains xyl ene, rans
magnesi um®xi (&), Tlmegﬁm mmmtsdleamioe;lzﬂ«({g jiGoverval bau@r@daua@dlﬁmmg
Carbonation is,r r er ho 0 .S at
Che et hanol  FEFSTTK canditionh 3) Thbrreactidth BikePola cebtmmifd ebharnlard il

reduced to 7 gfaijas hB&f (sBAN Wi rehibvifiE Wlft‘él%r s houFTONEHs P)-(3§ard RPekdBE
using 560 grams of an aqueous sodium hydroxide solution. Steps (1)-(3) are
‘repeated using 640 grams of an aqueous sodium hydroxide solution. Steps (1)-(3)
15  are then repeated with another 640 grams of a 50% aqueous sodium hydroxide
solution. The reaction mixture is cooled and 1000 grams of 100 neutral mineral
oil are added to the reaction mixture. The reaction mixture is vacuum stripped to
115°C at about 30 millimeters of mercury. The residue is filtered through
diatomaceous earth. The filtrate has a total base number of 361, 43.4% sulfated
20  ash, 16.0% sodium, 39.4% oil, a specific gravity of 1.11, and the overbased metal
salt has a metal ratio of about 13.
Example A-6
The overbased salt obtained in Example A-5 is diluted with mineral oil to
provide a composition containing 13.75 sodium, a total base number of about 320,
25  and 45% oil. '
Example A-7
A reaction vessel is charged with 700 grams of a 100 neutral mineral oil,
700 grams (1.25 equivalents) of the succinic anhydride of Example A-5 and 200



tenperature to about [err] C over a three hour period. An additional 41.5
grans of water are added and carbonation is continued at 7 grans per hour
at a tenperature 25 of about 90 -95 C for 3.5 hours. The carbonated nass
is then heated to about [err] over a % 5 hour period and then further
stripped by reducing the pressure to 8 mm (Hg.) at this tenperature. The
carbonated reaction product is filtered, and the filtrate is an

oi |l -solution of the desired basic nagnesiumsalt 5 characterized by a

metal ratio ofgrathe(2.52€quitalents) ef A-50% aqfuxbw solatiof 3F spwlivm Iyfdrdxidenéltier al
-mneral oil, 118 grams of a pol ybutenyl grml ecul ar wei ght =950) - subst i t ut ed
succi ni ¢ anhyéi%(‘(ﬁl@n ryptuge dfsstisteds and: @%It%rg(?n(;(t‘ﬁh%fﬁwoﬁ &rams {Peohol

ond 8674 or ansduivelstifotieBiBbind phenal fif e b e tanVasily dRe Aotk ow
[err] 1000 gr ?ﬁi&uﬁ% léﬁeaﬁé&%% 90¢ereo QﬁOQCR{\}eFQrS’hHiS&@%ﬁhé%iovﬂﬁg%?'ﬁﬁ:ro%en

sul fonic acid aving a nolecular weight of about 480, a neutralizati

aci d nunbe ofand réfovinpHOlgmisiofweitent Carbon dioxide (28 gelinhyy 425 equinalénd) iso
the m xture. The mxture is dried at 150 C to about 0.7% water. The 15

mxture i s coedded omerz%%hmaéempm@narfmmﬂ@ﬂé?@bmmeaamm mixiet s

t d d_ab; hapol 7.6
SOl ut 1 on ot CINCVBAT Bitraene 8B dag GHpic Fons AT etk ot ant g tetdhal s 2

io of 0.8 f
ratio o of Wa egidggéiﬂb@éc? W{’F&cﬁgn Eé}ﬁgonat g ésedeééés%ﬂ tbrIQFe&fﬂhs 0

171 grans of Finme are a separately and car neutrali Zati on

base nunber i fhé feactéh miugeisFiltebdtt thbough distondtebusBartt CTienEhtatehasU/06%r ams
is added and carbonated to a neutralizati on base nunber of

( phenol phibal sbdiumgs o8l bap@nmnbmao&% axpecificegravisy of 8r¥8n 44iGkiotleand the
used. The m'xturebls dl’lﬁd at %asl ?%Bﬁ)ximately
overbased salt has a meftal ratio of about Z.

Example A-

A reaction vessel is charged with 281 grams (0.5 equivalent) of the succinic

anhydride of Example A-5, 281 grams of xylene, 26 grams of tetrapropenyl

15 substituted phenol and 250 grams of 100 neutral mineral oil. The mixture is
heated to 80° C and 272 grams (3.4 equivalents) of an aqueous sodium hydroxide
solution are added to the reaction mixture. The mixture is blown with nitrogen at

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

is then blown with carbon dioxide at 1 scth for one hour and 25 minutes while 150

20  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 the mixture is blown with nitrogen at 1 scth. The
reaction temperature is increased to 140°C whereupon the reaction mixture is
blown with carbon dioxide at 1 scfh for 1 hour and 25 minutes while 150 grams

25  of water are collected. The reaction temperature is decreased to 100°C, and 272
grams (3.4 equivalents) of the above sodium hydroxide solution are added while
blowing the mixture with nitrogen at 1 scfh. The reaction temperature is increased

to 148°C, and the reaction mixture is blown with carbon dioxide at 1 scfh for 1



0.5% water. The reaction mxture is filtered and the filtrate is the
desired product. The product contains, by analysis, 12% cal cium and has a
netal ratio of 11. The 25 product contains 41%oil. Exanple A-5 A reaction
vessel is charged with 1122 grans (2 ggui val ents) of a

pol ybut enyl - substituted succinic anhy@ti de derived froma pol ybutene (M=
1000, 26 1:1 ratio of polybutene to nmaleic acid), 105 grans (0.4

equi val ent) of tetrapropenyl phenol, 1122 grans of xylene and 1000 grans of
100 neutral nhoweraad 40 thinuTésevilet 60 granss ftwateeateaotiettedt €tle taacfien njixtmeler

nitrogen, and, 580 grans_of a 50% aqueous_ sol uti on of sodi ym hydr.oxi de are
added to the ipekaoied 6‘?/(999@0&‘?145 %é%&ams ofo.QD ﬁpsem@m%raﬂeﬁtaée addgdtpdhe] to

[err] over 1.3 hours. The feaction m.xture i r t ndar,d
cubi c foot pe?eaﬁg?ﬂ m(‘é‘é’f%)f%{%%‘ét?%%’@f‘ﬁcﬁmﬁ%‘rﬁgﬁg?@g%??@%?%‘@Q%fg%@“erhe
tenperature rj ; ' f &hund

col | ect ed. (ﬂs?ﬁﬁeg&?teﬂg@%iéﬂo%ﬁﬁ%c&oggFﬂ.ﬂ%ﬁltﬁ%@gﬁ%ﬁ{ﬁ[SSEO?]&@E& V\he?%algapg%n
540 grans Sf &WbyASTM D-874 ot basé namberiof £#Q&]racspedificagravingl0ed, 18037 16
vessel. 10 (2) The reaction mxture is heated to [err] over 1.7 hours and
water is renoidcnskthespltpas agneftal rasiosof gut #8e8.r eaction nixture is
carbonated at 1 standard cubic foot pgr_hour ,(scfh) while renoving water
for 5 hours. Steps (1)-(3) are repeatEﬁgggrqﬂé-ém grans of an aqueous

sodi um hydr oxi de s Isgmggﬁs%ﬁgpﬁ%ﬁ@(&?ggivaﬁ@ ?Wgﬁggér@t eﬁésgliﬁﬁﬁm:cé&’f ~an

aqueous sodi um hydr oxi en repeated with

anot her 640 gf5¥96 by weigltdV0aguaralmusal cibaihd dneactdd allotiated benzehepand atd i on
m xture is cooled and 1000 grans of 100 neutral mneral oil are added to

t he reactlbn pars (0.3. eqnivalents) of dhe pokytutenylssucginic anbydride da 442 partoof at
about 30 m 1 xinrirﬁctr Sil Psfmgc?’,a%w 80(}- {)]aertsr (6‘2%I e%%?veillgntfsj. (|>§ s%rd‘?ﬂn%%?o”;ﬂﬁe and 704
parts (22 equivalents) of methanol. The mixture is blown with carbon dioxide at
7 cfh (cubic feet per hour) for 11 minutes as the temperature slowly increases to
97°C. The rate of carbon dioxide flow is reduced to 6 cfh and the temperature
15  decreases slowly to 88°C over about 40 minutes. The rate of carbon dioxide flow
is reduced to 5 cfh. for about 35 minutes and the temperature slowly decreases to
73°C. The volatile materials are stripped by blowin g nitrogen through the
carbonated mixture at 2 cfh. for 105 minutes as the temperature is slowly increased
to 160°C. After stripping is completed, the mixture is held at 160°C for an
20  additional 45 minutes and then filtered to yield an oil solution of the desired basic
sodium sulfonate having a metal ratio of about 19.75.
Example A-10
A blend is prepared of 135 parts of magnesium oxide and 600 parts of an
alkylbenzenesulfonic acid having an equivalent weight of about 385, and
25  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



di at omaceous earth. The filtrate has a total base nunber of 361, 43.4%

sul fated 20 ash, 16.0% sodium 39.4%oil, a specific gravity of 1.11, and
the overbased netal salt has a nmetal ratio of about 13. Exanple A-6 The
over based salt obtained in Exanple A_§9i s diluted with mneral oil to

provi de a conposition containing 13.75”sodium a total base nunber of about
320, 25 and 45%oil. Exanple A-7 A reaction vessel is charged with 700

grans of a 10Q neutral mneral oil, 700 grams (1.25 equival ents) of the _
succi ni ¢ anhy &7 Hfoppne:haip| the fesjred magpesium wgia-ﬁamn tg.ogﬂgﬁeff {roRiamed of

a 50% aqueous | AL of )l d | The reaction mxture is stirred
and heat ed toaﬁgﬁ#nggle‘?oéﬁ%gﬁ{ggb%a@é%%s%‘ equi val ent) of tetrapropenyl
phenol are added to the reaction vessgkamﬁgg,\r]elaction m xture is heated
from[err] Cto 140 C over 2.5 hours iTe blowng of nitrogen 5 and

renoving 40 grams @f resetion mikard comprisiigiabdu? 06 pants byhweigheqfia wiheral 8)] i s
added over 2.25 hours at a tenperature from 140-165C. The reaction m xture
i s bl own Wit hsalutiongentaiming about{la equivalsme of » subspantiallyneutrabmagnesiemasaltot al

of 112 grans of. water. i§ regnoved..The reacti enperature i s decr ed to
115 C and-t he Of aESHaor sRiGRYR oiq PRetia i HiRst GREEs ook dn aluBeEof ARStrne
filtrate has 9 1~-?%Q,gi ry(sjrgﬁ{ § 11
gravity of O. égg@é&fﬁggo ol I%%Igat{o?ésa%rbdér as?e alﬁg%ﬁ%hﬁ%itsa Girléitnlﬁ(glrgf
about 2. ExangbgtatnifigAaboae8. 08P rquiabeit of anclieylard benkéncilfogicaaid (dether

equi val ent) of the succinic anhydride of Exanple A-5, 281 grans of_ xylene,
26 grams of t avithapbapdPparts by weight (about 1.0 equivalent) of a magnesium oxide and

10  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
approximately 60 parts by weight of water are added to the reaction mass which
is then heated to the reflux temperature. The reaction mass is held at the reflux
temperature of about 95°-100° C for about 1 % hours and subsequently stripped at

15 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) corresponding to 274% of the stoichiometrically equivalent

amount.
Example A-12
20 A reaction mixture comprising approximately 1575 parts by weight of an

oil solution containing about 1.5 equivalents of an alkylated 4-hydroxy-1,3-
benzenedicarboxylic acid wherein the alkyl group has an average of at least about
16 aliphatic carbon atoms and an oil mixture containing about 0.5 equivalent of
a tall oil fatty acid together with about 120 parts by weight (6.0 equivalents) of a
25 magnesium oxide and about 700 parts by weight of an organic solvent containing
xylene is added to a flask and heated to temperatures ranging from about 70°-
75°C. The reaction is subsequently heated to about 85° C and approximately 200

parts by weight of water are added to the reaction which is then heated to the



15 substituted phenol and 250 grans of 100 neutral mneral oil. The

m xture is heated to 80 C and 272 grans (3.4 equival ents) of an agqueous
sodi um hydroxi de solution are added to the reaction m xture. The m xture is
blowmn with nitrogen at 1 scfh, and thg reaction tenperature is increased to
[err] C. The reaction mxture is then %I own with carbon dioxide at 1 scfh
for one hour and 25 m nutes while 150 20 grans of water are coll ected.
The reaction mxture is cooled to [err] whereupon 272 grans (3.4

equi val ents) odflwhtengeoatere oliheirmabiidn mxdsdas heldutitberreftux @dgedatuce ohabout
reaction m xt and the mxture is _blown with nitrogen at 1 scfh, The

reaction t errp§§ atl@0e G for abeutahaugs apd f@?sﬁ}lu grippad £ha tetapgretusn ohabaulr e

grams 25 " of tunt er s Vs bud SR B FAR caRini R PR B Sl L

[err] and 272nﬁr§ﬂg§uﬁ§saqtsng val ents) of the above sodi um hydroxi de
solution are added while blowing the m xture with nitrogen at 1 scfh. The
reacti on t®enperature is increased to Exampleahd3 he reaction mxture is

bl own with carbon dioxide at 1 scfh faor | 28 hour and 40 m nutes whjle

160 grams of wat er AgiccléQ)) MR OMPrSIRE apProFHMAteky HP@pats Bywetaht oban eflr |

d 250 .100 t.ral dded, t t .
The reacti 32‘3ﬁ@wapgoﬁ@vé%&&wQﬁf%@lsﬁr&oﬁéﬁwm*h SRie piiditor o
through diato ﬂgﬂfgﬁo% egi&v%ggé gfﬁtsleé&a%&ﬁ?@'aﬁphéﬁﬂ éﬁbﬁf

ash by ASTM D- 874, tot specific gravi

37. 1% oi |, angdtontearmbar oﬂ!ﬁaxﬁlr@’ebﬂdanﬁﬂ% OQZSOé baieﬁt df:hﬁetrtﬂbﬂmidlﬁfoﬁi&aoéd
sol ution of 780 parts (1 equival ent an a kyl at ed benzenesul fonic acid

(57% by WH} ghtogetterveith amutmp@t&bywmghéﬁbw@qumné@ oflalgagnespupexidenad and
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heated to temperatures ranging to about 60°-75°C. The 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 reaction
15  mass is held at the reflux temperature of about 95°-100°C for about 2 hours and
subsequently stripped at a temperature of about 150°C, under vacuum, and
filtered. The filtrate comprises the basic carboxylic magnesium metal salts.
X -14
A calcium overbased salicylate is prepared by reacting in the presence of
20 a mineral oil diluent a C,; , alkyl substituted salicylic acid with lime and
carbonating in the presence of a suitable promotor such as methanol yielding a

calcium overbased salicylate having a metal ratio of about 2.5. Oil content is

about 38% by weight.
B) The Phosph Ifur Containin mposition
25 The phosphorus and sulfur containing compositions employed in the

grease compositions of the instant invention include phosphorus and sulfur
containing acids, salts and other derivatives and other compounds including

thiophosphite compounds. Useful sulfur and phosphorus containing compounds



mneral oil is mxed wth 800 parts (20 equi val ents) of sodi um hydroxi de
and 704 parts (22 equivalents) of nmethanol. The m xture is blown with
carbon dioxide at 7 cfh (cubic feet per hour) for Il mnutes as the
tenperature slowy increases to [err] g The rate of carbon dioxide flowis
reduced to 6 cfh and the tenperature P23 decreases sl owly to 88 C over
about 40 mnutes. The rate of carbon dioxide flowis reduced to 5 cfh. for
about 35 minutes and the tenperature slowy decreases to [err] The volatile
mat eri al s ar earst desgpibddhin détaili egeinbelong e Thdse aoginpdunds ¢ sutieanadeddalone tarr e
at 2 cfh. for 105 mnutes as _the tenperature_is slowy increased to [err]
After strippi tRgether wohpar oxerbaserbonrganiq aud pad pdiydregarpydphosphite yramgunts

Gesi req basi cIEBURERETHHR Sheleertt iRGFBink ol otdng SoBioted ot FiBR SompliE 1
A-10 A bl end s B3 iRtOfcd BikeltBbst filo HRRICHEY BHOHCFAHAO B0 nRak R

an al kyl benzenesul I c acl g an equiv wel ght® of about 3 and

25 cont aifi npy ABTM PriRfedireuD2263t ed al kyl benzene. During bl ending, an
exot herm c reaction takes place which causes the tenperature to rise to

[err] C. The ni xt ulbis effectis susprising since thes¢ compeundsd whiehasmesaally used
ter i s added. heat i t .. 29 h t he desired

hagnest um oxi BbeUTRRGRESSEdnEeasivear st aPids SeteRsenly sl EorReapin e

9. 07% : ) ) e ;9

part s by wer ofigt bPHUBRER o hwf'a SBRELIH0 LK W freEOUIPLIobpRtE AL A FRUEIS

equi val ent of nmamsempldwdlw inqmbveakaimapaﬁugn salt of an al kyl ated

salicyclic acid wherein the al kyl groups have an average of about 16 to 24
al i phati cl®ar bon aTbeeffesionsfatled complex greasss insurphisingrbegaussi 4 pnocgssuvhich
was expected to provide a grease having enhanced thermal properties failed to
provide same. It is surprising to learn that the failed grease responds to the
additives of this invention to provide a grease having enhanced thermal properties
as indicated by the dropping point as measured according to ASTM D-2265.

15 Particularly surprising is the effect of the additives in a successful complex
grease. Such a grease already possesses superior thermal properties. The
significant enhancement thereof by the use of additives which normally are used
in amounts to provide benefits such as extreme pressure, antirust and the like,
when used in somewhat greater amounts, provide even greater enhancement of

20 thermal properties of the complex grease as indicated by increased dropping point
as measured by ASTM procedure D-2265.

Phosphorus- and sulfur-containing compositions useful in the greases of
this invention for increasing the dropping point of complex and failed complex
metal soap thickened base greases include

25



cont ai ni ng about 0.037 equival ent of an al kyl ated benzenesul fonic acid
together with about 22 parts by weight (about 1.0 equivalent) of a
magnesi um oxi de and 10 about 250 parts by weight of xylene is added to a
flask and heated to tenperatures of aggut [err] to [err]. The reaction is
subsequent|ly heated to about [err] and“approximately 60 parts by wei ght of
water are added to the reaction mass which is then heated to the reflux
tenperature. The reaction nmass is held at the reflux tenperature of about
95 -100 C for about 1 [éBPL)hawquumdIgpbsemudmwnyeébnhgged at 15 about
[err] under 40 mmHg, and filtered. The filtrate conprises the basic
carboxylic magnesiumsalts and is characXgrized by a sulfated ash content
of 15.59% (sul fated ash) corresponding tfp 274% of the stoichionetrically
equi val ent anount. Exanple A-12 20 ﬁ A reaction mxture conprising
approxi mately 1575 parts by weight of anlloil solution containing about 1.5
equi val ents of an aIkyIatedgﬂﬁqy +e*y—4:B——beﬂz€x§§§carbdﬁylic aci d wherein
the al kyl §roup has an average of at | eajst about al i phatic carbon atons
and an oil mxture containing about 0.5 lequivalent of a tall oil fatty acid
together with about 120 parts by weight 6.0 equival ents) of a 25
magnesi um oxi de and about 700 parts by 'Xﬂﬂzcﬁ an organi c sol vent
containing xylene is added to a flask and heated to tenperatures ranging
fromabout 70- [err] C. The reaction is subsequently heated to about 85 C
and approximately 200 parts by wei ght of water are added to the reaction
whi ch is then vwisatimcath X (K, X, aad X{)ifs independantiyasxygen of bl furgrovided atieast i s
held at the reflux tenperature of about [err] for about 3 hours and
subsequentPy omneiippelfuz;each aangddr istindepeatenthy Qror[ls@pfl under vacuum and

filtered. The filtrate cvghngrlses krll,eRba i.c.car,box

eineach ,and K, is mdepexYAe'n%ly hydrogen, hydrocarbyl,

a group of the formula

’ -
R (Xga P X,R an

X¢) pRs

20  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
Oorl,and
each X, X, X, and X, is independently oxygen or sulfur;
25 or a group of the formula R,OH, wherein R, is an alkylene or alkylidene group;
(B-2) an amine or an ammonium salt of (A-1) when at least R, is

hydrogen;



magnesi um salts. 5 Exanpl e A-13 A reaction
m xture conpr|5|ng approxi mately 500 parts by weight of an oil solution
cont ai ni ng about 0.5 equival ent of an al kyl ated 1-hydroxy-2-naphthoic acid
wherein the al kyl group has an average_of at |east about 16 aliphatic
carbon atons and an oil m xture conta?%ing 0. 25 equi val ent of a petrol eum
sulfonic acid 10 together with about 30 parts by weight (1.5 equival ents)
of a magnesi um oxi de and about 250 parts by wei ght of a hydrocarbon sol vent
i s added to a reactor a(B-Ieatempoand eepresaited by thafginngat o about [err].
The reaction mass i s subsequently heated to about 85 C and approxi mately 30
parts by weight of water are added to txglnass which is then heated to the
reflux tenperature. The reaction 15 is held at the reflux tenperature
of about [err] C for about 2 hours angj;ubsequently stripped at a
tenperature of about [err] under vacuu and filtered. The filtrate
conpri ses the basic carboygy ragnesi _ugn_net al | tySp EX le A-14 A
cal ci um over based salicyl §t7gx9)§ preparuig] by rea O?QRSn € presence of 20
a mneral oil diluent a [err] alkyl substituted salicylic acid with line
and carbonating in the presence of a suitable pronotor such as nethanol
yi el ding a cal cium overbased salicyl atgghaving a netal ratio of about 2.5.
Q| content is about 38% by weight. (B) The Phosphorus and Sul fur
Cont ai ni ng Cogp05|t|ons 25 The phosphorus and sul fur
cont ai ni ng conpositions enployed in the grease conpositions of the instant
i nvention include phosphorus and sul fur containing acids, salts and ot her
derivatives and ot her conpounds incIuqug i ophosphite conpounds. Usefu
sul fur antl0 phosphorus cont ai ni ng conpodyinds

R;Xg P XoRg @

wherein each R,, R, and R, is independently hydrogen or a hydrocarbyl group

15  provided at least one is hydrocarbyl, each X,, X, and X, | is independently oxygen
or sulfur provided at least one is sulfur, and each a and b is independently 0 or 1;
and

(B-4) mixtures of two or more of (B-1) to (B-3) thereof.
In a preferred embodiment, a and b are each 1.

20 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 about 30
carbon atoms and R, is H or a hydrocarbyl group containing from 1 to about 30
carbon atoms.

25 In a particular embodiment, each of R, R, and R, is independently an alkyl
group containing from 1 to about 18 carbon atoms or an aryl group containing
from about 6 to about 18 carbon atoms, and more particularly each of R, R, and

R, is independently a butyl, hexyl, heptyl, octyl, oleylt or cresyl group.



31 are described in detail hereinbel ow These conpounds, when used al one or
together with an overbased organic acid and a hydrocarbyl phosphite in
anounts indicated herein increase the dropping point of the conplex and
fail ed conplex netal soap thickened bage grease into which they are

i ncorporated, as neasured 5 by ASTM Procedure D-2265. This effect is
surprising since these conpounds, which are normally used as extrene
pressure and antiwear comnpounds, detergents and antirust agents have not
been observed to haygnéthBepdrtiealar empodinénteR sk tECWhen I%iris)HFi't Rpreferret tixdt

| evel s normal |y enpl oyed to inprove said properties. 1 The effect
on failed conphaaxofReaséR,iisinsieppndeitiyrrbalkplugroup contaiwing frdmncihtorbout 18
expected to proyide a grease avi ng enhanced thennal rg ertjes,failed to
brovi de. sane. CRRCONGIGTIS OF AG ARY EFOLY EOAIMIETOR RPN 68 0N LA SATbRR AIRTRY 1 o

the additives Sl ' i Qs L n e r mal
properties asaﬁé&wgg;{a&:’jﬁ %‘s&%ggﬁtﬁ ggg‘%Hggilgtl%@ﬁng%@yg% ??E:g?&ﬁhgeétgﬁASTM
D-2265. 15  octyl, dleyt orceresyll grofipr prising is the effect of the additives in
a successful conpl ex grease. Such a grease al ready possesses superior

t hermal properti esIn Tipeefeingdichiboainnent leacke By andRy isandépendantly bydofgen
additives which nornmally are used in anobunts to provide benefits such as
extreme press@Fe, antirust and the |ike, when used in sonewhat greater
amounts, provide even greater enhancenment of 20 thermal properties of the
conpl ex grease as indicated by increase¥gdroppi ng point as measured by ASTM
procedure D 2265. Phosphorus- and sul fulf-containing conpositions useful in
the greases of this invention for incregsing the dropping point of conplex
and fail et conpl ex net al soei{)“i:l ckenedease grfﬁfse_s m&))ude 25

X¢Rs
15 Preferably, R, is hydrogen and each R, and R, is independently hydrogen
or
Xg
20 7
XgRs

As mentioned hereinabove at least one of X, X,, X, and X, must be sulfur
25 while the remaining groups may be oxygen or sulfur. In one preferred

eembodiment one of X, X, and X, is sulfur and the rest are oxygen.



32 (B-1) a conpound represented by the fornmula [err] wherein each [err] and
[err] is independently oxygen or sulfur provided at |least 10 one is

sul fur; each a and b is independently 0 or 1; and wherein each Rl, R2 and
R3 is independently hydrogen, hydroca le, a group of the formula X4 15
[err] 20 wherein each [err] and [err? I s i ndependent|ly hydrogen or

hydr ocar byl , provided at |east one of [err] and [err] is hydrocarbyl, R6 is
an al kyl ene or al kylidene group, each a and b is independently 0 or 1, and
each [err] and [erWIhe'nsRli,Rﬁ@emdeatgrwip»fg&nfarmdajlfur; 25 or a group of
the formula [err] wherein [err] is an al kyl ene or al kylidene group; (B-2)
an amne or an ammoniumsalt of (A1) n at least [err] is hydrogen;

33 (B-3) a compound represented by the [ornula [err] 5 or 10

[err]

X¢Rs

it is preferred that X, and X are oxygen and X, and X, are sulfur, or one of X, X,
10 X, and X, is sulfur and the rest are oxygen. In these cases preferably each of X,
and X, is oxygen and more preferably X, is oxygen.

In a further embodiment each of R, and R, is independently hydrocarbyl
having from 1 to about 30 carbon atoms and R, is R,OH wherein R is an alkylene
or alkylidene group containing from 2 to about 28 carbon atoms. In this case one

15 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,

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

20 When any of R;, R, or R, is H, the compo;md 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 considered as being derived
from ammonia (NH;) or ammonia yielding compounds such as NH,OH. Other
ammonia yielding compounds will readily occur to the skilled person.

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

The amines may be primary, secondary or tertiary amines, or mixtures

thereof. Hydrocarbyl groups of the amines may be aliphatic, cycloaliphatic or



wherein each [err] and [err] is independently hydrogen or a hydrocar byl
group 15 provided at |east one is hydrocarbyl, each [err] and [err] is

i ndependent |y oxygen or sulfur provided at |east one is sulfur, and each a
and b is independently 0 or 1; and (B:4) m xtures of two or nore of (B-1)
to (B-3) thereof. In a preferred enbodinent, a and b are each 1. 20

I n one enbodi nent the sul fur- and phosphorus containing conposition is the
conpound (B-1). Preferably, a and b are each 1. In one enbodinment [err] ‘and
[err] are eacdromdep@m“emulythqmmoe&rbyl gipups pee aliptasicninoge predenablyt alkgbout
30 carbon atons _and [err] is or a h ocar byl group containing froml to
about 30 car bum lmrwﬂmnowrefcrably, aﬂﬁyla{ﬁh n the@rine isasclkylamine gagpredarrgder r |

d d tI | k | to about 18
carbon at ons A G Y ETgH SEREHIR o D IS Ao a8 hbout. 18 car bon
tons, and t
O a0 T B Pl fch i ksl E ity hOERAA Ak
particul ars erﬂwdmﬂﬁigtfmﬁ%suw td/mdnt% hﬁ)thréfetabl)ﬂii&hﬁWt@(ibbhﬁlO afborof

[err] and [err] is independently an al kyl group containing froml to about
18 carbon at catenmrmathedlyydm@u‘bylpgmpta erlngdrwanb)elbgmupana:a bebsaturated omr bon

butyl | hoxyl SieBEgied KeParsepianve| prnies o BUpRIGFLRed Hies, a6t Sie k!
enbodi ment, - e3ghel "s{léll B Weth§l bnine, 1-BAGARARR! hheXyHLAARE Mosé Knblmld
aliphatic primary fatty amines, for example the commercially known "Armeen"
10  primary amines (products available from Akzo Chemicals, Chicago, Illinois).
Typical fatty amines include amines such as, n-octylamine, n-dodecylamine, n-
tetradecylamine, n-octadecylamine (stearyl amine), octadecenyl amine (oleyl
amine), etc. Also suitable are mixed fatty amines such as Akzo's Armeen-C,
Armeen-O, Armeen-OD, Armeen-T, Armeen-HT, Armeen S and Armeen SD, all
15  of which are fatty amines of varying purity.
In another preferred embodiment, the amine salts of this invention are those
derived from tertiary-aliphatic primary amines having from about 4 to about 30,
preferably about 6 to about 24, more preferably about 8 to about 24, carbon atoms
in the aliphatic group.
20 Usually the tertiary aliphatic primary amines are monoamines, preferably

alkyl amines represented by the formula

CH4

R*7 C NH,
25




15 Preferably, [err] is hydrogen and each [err] and [err] is

I ndependently hydrogen or [err] 20 As nentioned herei nabove at | east one of
[err] and [err] must be sulfur 25 while the remaining groups may be oxygen
or sulfur. 1In one preferred enbodineg% one of [err] and [err] is sulfur
and the rest are oxygen. 35 When | or [err] is a group of the
formula [err] [err] it is preferred that [err] and [err] are oxygen and
[err] and [err] are sylfur, or one of [err] [err] 10 [err] and [err] is
sul fur and t havhesein Rif saixgybecarbylrgmhpsentaaueg fronebdae toboud 3¢ harbonfatoms. and
X4 is oxygen and, nore refera X2, 1 In.a further e ment each
of [err] and PuFh] apun %o@ﬁeﬁﬁ%ﬁﬁt‘iﬂ h iﬁ P‘BS/"“‘B(&VFW@"?W (}rﬁnfﬂ{)yg'd]a‘ﬁ’@&‘?o?o

G oup. cont ai nERGIonFie, Btk bt ARl i feRa ), Rirle Sl b T

[err] and [er tdrtiaSy-RekddecyP DAt difiile, AerfiaPybe@idecyNpAnitr ARy terti
enbodi nment X3é a‘%‘? X4 z;irée sgl fudr}?and [e?é] agyr?d [efcr:% are oxygen. A?slgry

preferred §s mbmcesa[xmlphmaryahhpéene I n anot her enbodi nent, the phosphorus
and sul fur containing conpgsition is the amoni um or_ am ne sal t (B-2
Preferably, a and Mixtaresgf fertiaryyajkyl pnmammmeéraye alsopusefyl fOthe[r@ﬂppsqSS H

t he conmpound of. For.mul acid. The sal ( an be" onsi d

being deri ved® % %“E‘fﬂ?“’&e.@“%%‘ﬁ ?%m? egmftﬁges ‘?%rfﬁiﬂ %esaﬁ?t ?Q?id S

consi dered asyigbigs 48ikHRE of C,,-C,, tertiary alkyl primary amines and "Prlmene IMT™
which is a similar mixture of C,,-C,, tertiary alkyl primary amines (both are

10  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 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.

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

20  available under the Armeen tradename.

Secondary amines include dialkylamines having two of the above
hydrocarbyl, preferably alkyl or alkenyl groups described for primary amines
including such _commefcial fatty secondary amines as Armeen 2C and Armeen
HT, and also mixed dialkylamines where, for example, one alkyl group is a fatty

25  group and the other alkyl group may be a lower alkyl group (1-7 carbon atoms)
such as ethyl, butyl, etc., or the other hydrocarbyl group may be an alkyl group

bearing other non-reactive or polar substituents (CN, alkyl, carbalkoxy, amide,



fromamonia (NH) or amoni a yi el di ng conpounds such as NH40H. O her

ammoni a yi el di ng conpounds will readily occur to the skilled person. 25
When (B-2) is an amine salt, the salt may be consi dered as being derived
fromam nes. The ami nes may be pri malr)éFi secondary or tertiary am nes, or

m xtures thereof. Hydrocarbyl groups the am nes may be aliphatic,

cycl oal i phatic or 36 aromatic. Preferably the hydrocarbyl groups are

al i phatic, nore preferably al kyl oral kenyl, nost preferably, alkyl. Wen
the am ne is ethesp| thydedhemdala, sufopidef sulfenk)tsugh thiethal dsgéntoallyulpydrocardions
from1l to about 24 carbon atons. In one preferred enbodi ment, the am nes
are primary hydreetsr oY theagrogpds ot destroyedli ng from about 2 to about 30, nore

Ryar ocar byl gr oup. by caipgy B dfangA B RdRety Sl P GEF tée o8 Rng oo
of primary sapwighfe oﬁamg‘f&l@aﬁeﬁmnﬁhgy&m%@mﬂ.myﬁtkg@a@akeyl fﬁﬂﬁ;’g’/@are
am ne; I at t

n- butyl am ne, n-hexyl ; those known as al i phat pri mar

am nes, fd ezabgtrtidllyeasodesorbed abdwe forrimidrgrandesetondary@nines.y am nes
(products avail able from Akzo Chemicals, Chicago, Illinois). Typical fatty
anm nes incl ude ani R¥Bersussiubprimary anyingsriane the provayyethes amings R"OR'NH,

ot 0o el SRR AR il ML v B Rt S5 2
Armeen-Q Ar ”ﬁgﬁo%é)%f@;ﬂﬁ;?g abdit " & ablut ﬁd?ﬁﬂﬁa .Aﬂﬁgé‘ﬁl?xé\ri'eiheﬁ

of which are varying purity. I'n another prefefre

enbodi ment, t heiwes dr€ geatrally prepdred biy iverdaction of an falwhiel REOH athefeinR" is
tertiary-aliphatic primry am nes having fromabout 4 to about 30, .

pr ef er abl 10 abaudefinedherpingbove withpaneupsabiratednitrilgb dypi@llyoand berreffigiengyr bon

at ons

and economy, the alcohol is a linear or branched aliphatic alcohol with R" having
up to about 50 carbon atoms, preferably up to 26 carbon atoms and most
preferably from 6 to 20 carbon atoms. The nitrile reactant can have from 2 to 6
carbon atoms, acrylonitrile being most preferred. Ether amines are commercially
1S  available under the name SURFAM marketed by Mars Chemical Company,
Atlanta, Georgia. Typical of such amines are those having from about 150 to
about 400 molecular weight. Preferred etheramines are exemplified by those
identified as SURFAM P14B (decyloxypropylamine), SURFAM P16A (linear
C,¢); SURFAM P17B (tridecyloxypropylamine). The C chain lengths (i.e., C,,,
20  etc.) of the SURFAMS described above and used hereinafter are approximate and
include the oxygen ether linkage. For example, a C,, SURFAM amine would have

the following general formula
C,.H,,OC,HNNH,



in the aliphatic group. 20 Usually the tertiary aliphatic primry
am nes are nonoam nes, preferably al kyl am nes represented by the formul a

[err] 25 37 wherein [err] is a hydrocarbyl group containing fromone to
about 30 carbon atons. Such amines are_illustrated by tertiary-butyl am ne,
1-nmet hyl - |-am no- cycl ohexane, terti a"’rgy-octyl primary am ne,

tertiary-tetradecyl primary amne, tertiary-hexadecyl prinmary am ne,
tertiary-octadecyl primary amne, tertiary- 5 octacosanyl primry am ne.
M xtures of terti arhhesdrkines ps¢drty foramthecamimesalts smyubehydrokyamines. dorgpeses
of this inventiqgn. Illustrative of amne mxtures of this fype are "Prinene
81 R whi ch | $TPGimEDh dhese hydrepyapaings gam be rearesemtshiy fhey and
"Primene JMI" which is a simlar mxture of [err] tertiary al kyl primary
am nes (both are 10 avail ?‘kﬂa‘é{ Rohm and Haas Conpany). The tertiary
al kyl primary am nes and o] their preparation are known to those
of ordinary skill in thefart] The tertiary aldag mﬂf@ﬁ AdeledJseful for

or their” preparatmon are
her eby i ncorporated by
_t . 15 Primary am nes in
whi ch the hydrocarbyl “groyup co | s¢s o I nic unsaturation also are
useful . Thus, the hydrocaNbyl grou may cdptain one or nore olefmc
unsat urations depending on the lenggh of th 311 M re than
one doubl e bond per 10 carbon atons. Represem;veyg%@\es)aygo
dodecenyl am ne, ol eyl am ne and |inol eyl am ne. Such unsaturated am nes are

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

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

The useful hydroxyamines where a in the above formula is 0 include 2-
hydroxyethylhexylamine, 2-hydroxyethyloleylamine, bis(2-
hydroxyethyl)hexylamine, bis(2-hydroxyethyl)oleylamine, and mixtures thereof.

20  Also included are the comparable members wherein in the above formula at least
one of x and y is at least 2.

A number of hydroxyamines wherein a is zero are available from the
Armak Chemical Division of Akzona, Inc., Chicago, Illinois, under the general
trade designation "Ethomeen" and “"Propomeen”. Specific examples include

25 “Ethomeen C/15" which is an ethylene oxide condensate of a coconut fatty acid
containing about 5 moles of ethylene dxide; "Ethomeen C/20" and "C/25" which

also are ethylene oxide condensation products from coconut fatty acid containing



20 avail abl e under the Arnmeen tradenanme. Secondary am nes include

di al kyl am nes having two of the above hydrocarbyl, preferably al kyl or

al kenyl groups described for primary anmines including such coomercial fatty
secondary am nes as Arneen 2C and Arngen HT, and al so m xed di al kyl am nes
where, for exanple, one al kyl group i 0 a fatty 25 group and the ot her

al kyl group may be a |l ower al kyl group (1-7 carbon atons) such as ethyl,
butyl, etc., or the other hydrocarbyl group may be an al kyl group bearing
ot her non-r eaghdutd 00dndPPS Biol&Udrdthylead bside@dspeativgly. 'Rropaimeen ¥/ 1 2trisdbe

38 ether, thioether, halo, sulfoxide, sulfone) such that the essentially
hydr ocar bon ctendensatioropraduct of engpmode abeleybaming with 2I'€10t1¢%ﬂr§3pé{%ﬂﬁ X148, ch
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usef ul primary‘ primary e r am nes erein R is a

dival ent & kY?ﬁf&cwéﬁN-tﬁWMm%ﬂty%& diafheecaritaming® dn®10insoles bfethgleae by |
group of about 5 to about 150 carbon atons. These primary ether am nes are

ggpﬂlgglﬁ prepa{)&cpdnyp?lﬁe)fr@mnhieomspectgfelﬁl co[lol R'OH wherein R' is 10 as
er ei nabove wi an uynsaturated nitri Typi cal l. d f .
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reactant can heyge fS@ilbie ftyholihRes heEs thass 301@0hder the nbgieDuomedn are
preferred. Et Eer amnes are"commercially 15 avail abl e under the nane

SURFAM  nE0 k etenminrciutiysavatieble chiamibeseagribett indtroductdaatagBulletin yoe A1 08,

such am nes are those_having frgom about..1530 {0 .
of Armak ChemlcalgCo., (Q,hlcago, ﬁlmo5ls. in another embodiment, the secondary

amines may be cyclic amines such as piperidine, piperazine, morpholine, etc.

In a further embodiment the sulfur- and phosphorus- containing
composition is (B-3). Preferably, a and b are each 1. In one embodiment, each R,
15 R, and R, is independently hydrogen or a hydrocarbyl group having from about
1 to about 18 carbon atoms, and a and b are each 1. Preferably, each R,, Ry and
R, is independently hydrogen or an alkyl or an aryl group selected from the group
consisting of propyl, butyl, pentyl, hexyl, heptyl, oleyl, cresyl, or phenyl, provided
at least one is said alkyl or aryl group.
20 In one preferred embodiment at least two of X, X10 and X11 are sulfur.
In another embodiment the sulfur- and phosphorus- containing composition
may be (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. The di-organo
25  thiophosphoric acid materials used in this invention can be prepared by well
known methods.
The O,0-di-organo dithiophosphoric acids can be prepared, for example,

by reacting organic hydroxy compounds with phosphorus pentasulfide. Suitable



about 400 nol ecul ar weight. Preferred etheram nes are exenplified by those
I dentified as SURFAM P14B (decyl oxypropyl am ne), SURFAM P16A (linear C16),
SURFAM P17B (tri decyl oxypropylanm ne). The C chain lengths (i.e., [err] 20
etc.) of the SURFAMS descri bed above q@d used hereinafter are approxi mate
and include the oxygen ether |inkage. For exanple, a Cl4 SURFAM am ne woul d
have the foll ow ng general fornula [err] 39 The am nes used to formthe
am ne salts nmay be hydroxyam nes. In one enbodi nent, these hydroxyani nes
can be represenganichyydroxy fcomnpguadp dneluds alcohols, such as, alkanols, alkanediols,

Fo about 30 cpsiamsanal alpdandaystalkle e antea s Hohetyrbapatoiot i o
an alkyl ene 9 SO 5h3%rt o Ibnel: SHERBNE 20 AHFBunds | RS pALndIn:

each [err] is R nor a nd X, yandzare

i ndependent |y drééoeg@ﬂ@ldlé @myﬂ%ﬁbstitﬁteﬂlyh'ého&%ycmaﬂkﬁaﬁibsﬁﬂﬂed{ihanolsypl@d’ﬂjll-z
being at |east 1. The above hydroxyam nes can be prepared by
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Chemical Society, volume 67, (1945), page 1662.

10 The S,S-di-organo tetrathiophosphoric acids can be prepared by the same
method described above, except that mercaptans are employed in place of the
organic 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

15 above, except that a 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, thiophosphinic or thiophosphonic acids. The use of the term

20  thiophosphoric, thiophosphonic or thiophosphinic acids is also meant to
encompass monothio as well as dithio derivatives of these acids. Useful

o phosphorus-containing acids are described below.
In one embodiment, when a and b are 1, and one of X, X,, X, or X, is

sulfur and the rest are oxygen, the phosphorus-containing composition is

25  characterized as a monothiophosphoric acid or monothiophosphate.



Armak Chem cal Division of Akzona, Inc., Chicago, Illinois, under the
general trade designation "Ethoneen" and "Proponeen”. Specific exanples

i nclude 25 "Ethonmeen C/ 15" which is an ethyl ene oxi de condensate of a
coconut fatty acid containing about 5 noles of ethylene oxide; "Ethomeen
C/ 20" and "C/ 25" which also are et hylg e oxi de condensation products from
coconut fatty acid containing 40 about 10 and 15 nol es of ethyl ene oxide
respectively. "Proponeen 0/12" is the condensation product of one nole of
ol eyl am ne w th 2Thehemothiophospherioaicits. m@obmeharhabﬁye(hbﬁbhabﬂ mow«afrthb es
of al koxyl ated am nes where a is 1 include "Ethoduoneen T/ 13" and "T/20"
which are et h@q lovengfpgaulggndensation 5 products of N-tallow trinmet hyl ene
di am ne containing 3 and 10 nol es of ethyl ene oxide per nole of dian ne,
respectively. The fatty di am nes incI dgjmno- or dialkyl, symetrical or
asymmetrical ethylene diam nes, propane dia or 1,3), and

pol yam ne anal ogs of the above. Sui tabl f at %m nes such as those

sol d unders t he nane Duoneen are 10 colﬁ'rﬁ ially avail abl e di ani nes
described in Product Data BulletinNo. [err] of Armak Chem cal Co., Chicago,
II'linois. I'n another enbodi ment, the secondary am nes nmay be cycl i c am nes

such as piperidine, piperazine, nDrph , etc. In a further enbodi nent

t he sul fur- and phosphorus- containi n W@d (B-3). Preferably, a
and b are each 1. In one enbodi nent, ih [e rr] and [err] is

i ndependent |y hydrogen or a hydrocar byR“@ olp haw ng fromabout 1 to about

18 carbon atons, and a and b are each 1. Preferably, each R7, R8 and R9 is
i ndependent |y hydrogen or an alkyl or an aryl group selected fromthe group

consi sti nid of propyl, butyl, pentyl, h§1§ heptyl, ol eyl, cresyl,
or phenyl, provided at |east one is sai or arél group.

R2S /

wherein R' and R’ are defined as above, preferably each R' and R’
15 independently a hydrocarbyl group.
Monothiophosphates may be prepared by the reaction of a sulfur source
such as sulfur, hydrocarbyl sulfides and polysulfides and the like and a
dihydrocarbyl phosphite. The sulfur source is preferably elemental sulfur.
The preparation of monothiophosphates is disclosed in US Patent 4,755,311
20  and PCT Publication WO 87/07638 which are incorporated by reference for its
disclosure of monothiophosphates, sulfur source for preparing
monothiophosphates and the process for making monothiophosphates.
Monothiophosphates may be formed in the lubricant blend by adding a
dihydrocarbyl .phosphite to a lubricating composition containing a sulfur source.
25  The phosphite may react with the sulfur source under blending conditions (i.e.,
temperatures from about 30°C to about 100°C or higher) to form
monothiophosphate. It is also possible that monothiophosphate is formed under

the conditions found in operating equipment.



20 In one preferred enbodi ment at |least two of [err] and [err] are
sul fur. In another enbodi nent the sul fur- and phosphorus- containing
conposition may be (B-4) a mixture of two or nore of the conpounds
represented by (B- 1) to (B-3). In another enbodi rent (B-1) is a

t hi ophosphoric acid. The di-organo 25 fﬁhlophosphorlc acid materials used
inthis invention can be prepared by well known nethods. The 0, 0-di-organo
di t hi ophosphoric acids can be prepared, for exanple, by reacting organic
hydroxy conmpounds v HyrRRESEAHenS ARTE AUl X dihd RBhdeBUyZen; arRIH?Qﬁ&XhXEH OXy
conmpounds include al cohol's, 'such as, al kardol’s, al kanedi'dls, oal k&nol s,
al kyl - and cycshﬁht,laﬁd—Ryissiﬂ,l malpthdspﬂarphabmmmhgca:bm;msnmmsrchafammdsrmw asest er
al cohol s and m xtures of .al cohols; phenaqljc.conpounds, such as, phenol,
cresol, xyl encsh@uoxmqsyhorg%@@qunl@apmrﬁé;tbml%wdoa| kyl -substituted phenol s,

phenyl - 5 substit oS [0)¢ enol.. napht hol ,

al kyl -substituted ﬂ%ﬁﬂ?ﬁﬁ OQF@CKﬁﬁgxﬁ% ‘gg%ﬁggﬁ?,‘“§droxy
conpounds gre generally the nost useful in he preparation of the

0, O-di -organo dithi ophosphoric acids. A ful} discussion of the preparation
of these conpounds is in the Journal of the]]Arerican Chem cal Society,

vol unme 67, (1945), page 1662. 10 The}l| S, S- di - organo

t etrat hi ophosphoric acids can bﬁgféepared t he sa met hod descri bed
above, except that nmercaptans a npl oyed ¥ n pl ace t he organi ¢ hydroxy
conpounds. The 0, S-di-organo trithiophosphoric acids can be prepared by the
sanme manner enployed in the preparation of ffhe dithiophosphoric acids
descri bed 15 above, except that a m xture ﬁ.nercaptans and organic

hydr oxy cq@gpounds is reacted with phosphor Rent asul fi de.

wherein R, and R, are as defined above. Preferably R, and R, are hydrocarbyl
groups.
The dihydrocarbyl phosphorodithioic acids may be prepared by reaction of
15  alcohols with P,S, usually between the temperature of about 50° Cto about 150° C.
Preparation of dithiophosphoric acids and their salts is well known to those of
ordinary skill in the art.
In another embodiment, the phosphorus-containing composition is
represented by Formula (I) where each X, and X is oxygen, each X, and X, is
20 sulfur, R, is hydrogen, and each R, and R, is independently hydrogen or

X4

R Xs)a P XRe- @

25
X pRs



The phosphorus and sul fur contai ning conpound (B-1) include, thiophosphoric
acids including, but not limted to, dithiophosphoric as well as

nonot hi ophosphoric, thiophosphinic or thiophosphonic acids. The use of the
term 20 thiophosphoric, thiophosphoni& or thiophosphinic acids is also
meant to enconpass nonothio as well as dithio derivatives of these acids.
Usef ul phosphorus-contai ning acids are described bel ow. I n one enbodi nent,
when a and b are 1, and one of [err] or [err] is sulfur and the rest are

COISEN oneDMIBRIHCHE RTINS0’ 3 ASORRY, S5

nonot hi ophosphoric acid or noho nronot hi op ospl ric

aci ds may be eftRérsdtE R, 20d R)are Bt oupRfFoemuld H; 6PR| @vhytliogéd 4ad Reisthe
[err] 10 [err] wherein [err] and [erf] are
defined as abgremp effBéramddll; each [err] and [err] is 15 independently a

hydr ocar byl group. Mot hi ophosphat es .be prepared by the reaction of a
sul fur source suchPgefe Y’Mheqﬁﬁﬁg&;ép 51%19F1F’P‘H§§n§ﬁé?}’§€ﬂ°§1§mlf' ¥&ethg t he

ke and 2 O Dk SRR BIBERTLE R, PR BB G BRI o
U 5,75 o R, PRGBSI A G ne ot
source for prbhgeangnfyompbaohabapit okd) habees preferablye fpom cabsomit foto @biiing, more
nonot hi ophosphat es. . Mopot hi ophosphates nmay be forned in_the lubricant blend
by adding a preferably about 3 carbon atoms. Rq’is preferably an ethylene, propylene, or
butylene, more preferably a propylene group.
10 The group represented by the Formula I 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 an
aliphatic epoxide or a styrene oxide. Examples of useful epoxides include
ethylene oxide, propylene oxide, butene oxide, octene oxide, dodecene oxide,
15  styrene oxide, etc. Propylene oxide is preferred.
The glycols may be aliphatic glycols having from 1 to about 12, preferably
about 2 to about 6, more preferably 2 or 3 carbon atoms, or aromatic glycols.
Aliphatic glycols include ethylene glycol, propylene glycol, triethylene glycol and
the like. Aromatic glycols include hydroquinone, catechol, resorcinol, and the
20  like.
The reaction product of the dithiophosphoric acid and the glycol or epoxide
is then reacted with an inorganic phosphorﬁs reagent such as phosphorus
pentoxide, phosphorus trioxide, phosphorus tetraoxide, phosphorus acid,
phosphorus halides and the like. The above reaction is known in the art and is
25 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,

morganic phosphorus reagents and methods of reacting the above.



di hydr ocar byl phosphite to a lubricating conposition containing a sulfur
source. 25 The phosphite may react with the sul fur source under bl ending
conditions (i.e., tenperatures fromabout 30 Cto about [err] or higher) to
f orm nonot hi ophosphate. It is also pog i bl e that nonot hi ophosphate is
formed under the conditions found in Eerating equi prent . 43 In Formul a
|, when a and b are 1; [err] and [err] are oxygen; and [err] and [err] are
sulfur, and [err] is H, the phosphorus-containing conposition is

characterized as a ik rgRT8 | | Bh?é LRty |

Di t hi ophosphoric acﬁaggﬁgy be%ﬁ%@o@%%ﬁ%b@@%ﬁel or rrull‘éas%&mgg’fb’l"ios)
[err] 10 wher gitich & inkbofpoiateé heteinbg raferéeitdel foe its diiesurey @i thisaepard, Such and
[err] are hydrocarbyl groups. The di hydrocarbyl phosphorodithioic acids may
be prepared bygaksarsténsompassesl withihthegronp lof pemppunduéBi2). bet ween t he

t enmper ature of about, 50 o, about [err]. Preparation i t hi ophosphorj c
acids and their sathl§o F@?Véquﬁﬁ%LPB"{pﬁHEQS “Hhﬂ&ﬁ%fé‘lgl?ﬁ’ fOINROY %frt.
I n anot herge 'ﬂﬁﬂf t he phosphorus-contai ning conposition is represented
by For mul as(r;&?(\g\%ere aeach [err] and [err] is oxygen, each X3 and X4 is 20
sul fur, [err] is hydrogen, and each [esrr] and [err] is independently
hydrogen or [err] 25 I

Rlo P - Sl{soﬂ X1)

10
OR,

wherein each of the groups is the same as identified hereinabove. Preferably R,

and R, are each alkyl, more preferably containing from 1 to about 30 carbons,

15 even more preferably 1 to about 18 carbons. R, is alkylene or alkylidene

containing from 2 to about 28 carbons, preferably alkylene containing from 2 to

about 18 carbons, more preferably 2 to about 6 carbons, even more preferably 2

to 4 carbons. Compounds of Formula (XI) may be prepared by reacting O,0-

dihydrocarbyl dithiophosphates with a glycol or epoxide as discussed hereinabove.

20  These compounds and methods for preparing same are described in US Patent

3,197,405 (LeSuer) and US Patent 3,341,633 (Asseff), both of which are hereby

expressly incorporated herein by reference for relevant disclosures contained
thérein.

Triesters can be prepared by reacting the corresponding phosphorus and

25  sulfur containing acid with, for example, an olefin. A detailed discussion of

triesters and methods of preparing same are given in US Patent 2,802,856

(Norman et al) which patent is incorporated herein by reference for relevant

disclosures in this regard.



44 wherein the various R a, b and X groups are as defined previously.
Preferably either both [err] and [err] are the group of Formula I1l; or

[err] is hydrogen and [err] is the group of Forrmula Il. Preferably, when
each [err] and [err] is independently hydrocarbyl, they are the 5 sane as
described for [err] or [err]. Preferaﬁﬁy, [err] and [err] are oxygen, and
X7 and X8 are sulfur. Preferably [err] is an arylene group, or an al kyl ene
or al kylidene group having from| to about 12, nore preferably from about 2

to about 6, ' : j

cthyl ene, pr opyl encorapopi, (153) include UiaaaioRiRs andiyarbper HibGhAhteG"

The group repﬂﬁfé@élfaﬁéjréadilzﬁ\@'egﬁreﬂlﬂ}alﬂ&hdd‘s laedwivad the are iac veudtiohigrh i s
osp

the reaction of a dithio oric acid with an epoxide or a glycol. The

di t hi ophosphomhercaptanswithghosplwsusialides adcohaiewith tiophesphorashalslegamdthal | y
an aliphatic oxi de. or .a styrene oxide. anpl es, of usef ul oxi.d

el ude ot hyl dKE. BFFIRedSre HASe ROPOIRGS MR BIGR AERSacdct BHENBA il and
dodecene oxid . st e [ : ' ' he
al yool o e b reBHSHeiEy a8 By Aoty pref My Iy B i 45 PERF LS Roeyt
about 2 to aboytcRbols) mRomk efrablyfrémoOl to3 absutdPY cattioms, mdke PEIBRbIE 4 to
glycols. Aliphatic glycols includée ethylene glycol, propylene glycaol,
triethyl ene glaboot 12rdrtions, andk eryl Aaving fronybytocbout A8|cadsorisy greferably Hetp

catechol, resorcinol, and the 20 _|ike. The reaction product of the
di t hi ophospho@Peuilt? garheas.iRerepretesably 6 tahauid Oicarbonisn reacted with an

tri o de, phosphor JEPPLEPEBovEa B 13e8 i BIRkR P Rokfordl REPRe ot Ry
the like.jgheapbay ﬁeﬁﬂ@&hhfbﬁhdb%vlé,“%l{ig Rs h§8rovaibyand Hykirégen. dBS & PréfReteln US
Patent 3,197,405 issued to LeSuer. This patent is incorporated hérein by

reference for entbodinsnt Rsisrié wifictlistatantomoerphforircofitondsula §lly ddtesnateyedyiines,
another preferred embodiment R, is hydrocarbyl, preferably alkyl or aryl as

defined for R, and R, hereinabove.

Preferably said phosphorus and sulfur containing composition is selected
15  from the group consisting of
(B-1) a compound represented by the formula

O

R,0 P OR, D

20

OR,



i norgani ¢ phosphorus reagents and net hods of reacting the above. 45
Salts of the foregoing product are al so described in LeSuer (US 3,197, 405)
which is incorporated herein by reference for its disclosures in this
regard. Such salts are enconpassed within the group of conpounds (B-2).

Al so included within the conpounds i dédtified as (B-1) are conpounds of 5
the formula [err] 10 wherein each of the groups is the sane as identified

her ei nabove. Preferably [err] and R2 are each al kyl, nore preferably

T8 carbone. | SiFendeRiss Badn AR itk iR AR EROER BRI shabouc 26

carbons, preferably al kyl ene containing from2 to about 18 carbons, nore
preferably 2 to about 6 carbons, even re preferably 2 to 4 carbons.
Compounds of Fornula (XI) may be prepafjed by reacting 0, 0- dihydrocar byl

di t hi ophosphates with a glycol or epoxide as di scussed herei nabove. 20
These conpounds and net hods Eg; preparpng sane g;g_ges i ed in US Patent
3,197,405 (LeSuer) and US pEathi 3, 3417633 (As§ f), b of which are
hereby expressly incorporated herein by reference for rel evant disclosures
contained therein. Triesters can be pré¢pared by reacting the corresponding
phosphorus and 25 sul fur contai ning aé%% with, for exanple, an olefin. A
detail ed discussion of triesters and net Rods of preparing sane are given in
US Patent 2,802,856 (Nornman et al) which patent is incorporated herein by
reference for relevant disclosures in this regard.

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

10 S
R0 P SRg—  (VID
15 ORg

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

20 (B-2) an ammonium or amine salt of (B-1) provided at least R, is

hydrogen;



46 Conpounds (B-3) include thiophosphites and hydrogen thi ophosphites.
These are readily prepared by nethods known in the art including reaction
of nmercaptans with phosphorus halides, alcohols with thiophosphorus halides
and the like. Preferred are those conpounds where a and b are each 1 in
Formula 11l and 5 wherein [err] and [@ﬁr] are hydrocarbyl, preferably alkyl
havi ng from about 1 to about 24 carbons, nore preferably from1l to about 18
carbons, nore preferably 4 to about 12 carbons, and aryl having from®6 to

about 18 carbons, prefergbly preferably 6 to
about 10 carbons. Wen K%ggoaga%ﬁg?vﬁégerﬁgéggﬁﬁeF‘&%ﬁ@a is preferred
that [err] and [err] 10 are as defined herei nabove, and [err] IS

hydr ocar byl or hydrogen. In a preferr enbodi ment [err] is Hwhich is a
tautomeric forn of Forrmula 111. Altermatively, in another preferred

enbodi ment [err] is hydrocarbyl, prefegrably alkyl or aryl as defined for
[err] and [err] herei nabove Pref erab sai d phosphorugw d sul fur

cont ai ni Ngg conposition is Trom TR 8r oup isting of (B-1) a
conpound represented by the for rruI a [$rr] 47 wherein each [err] and

[err] is independently hydrogen, hydrg¢carbyl, or [err] provided at |east
one of [err] and [err] is

or

O

10 l
.R7S P SR 9 Ix)

H
15 or

SR9

R7S P SRg (5.9)

20

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).



10 [err] 15 wherein each [err] and [err] is

I ndependent|ly hydrogen or hydrocarbyl, provided at | east one of [err] and
[err] is hydrocarbyl, and wherein [err] is an akyl ene or al kylidene group;
20 (B-2) an amonium or am ne salt of (B- 1) provided at |east
R3 is hydrogen; 48 (B-3) a compound9represented by the fornmula [err] 10
15 or [err] 20 wherein each [err] and [err] is independently hydrogen or a
hydr ocar byl group provided at | east one is hydrocarbyl; and (A-4) m xtures

ft f (A1) t -3) . | iall f d enbodi t
he' phosphor us. andits Sy PRESTIE FefsriednBBRoaRB: &g JeHosor e i
I t f 1 I /A [ I
[E0E] Doy oA b Bhiah s LTV of Brélond e GBI beckeAT)
group having fromabout 2 to about 12 gar bon atons and [err] is an al kyl ene
group - l .

ORg

10  provided at least R, is hydrogen, wherein each R, and R is independently an alkyl
group having from about 2 to about 12 carbon atoms and R, is an alkylene group
having from about 2 to about 6 carbon atoms.

In another especially preferred embodiment, the phosphorus and sulfur
containing composition is the amine salt (B-2) and is derived from an alkyl amine

15  having from about 1 to about 24 carbon atoms, preferably a tertiary alkyl primary
amine containing from about 10 to about 16 carbon atoms.

In a further especiallir preferred embodiment the phosphorus and sulfur
containing composition is the compound (B-3), wherein each R, R; and R, is
independently H or an alkyl group containing from 3 to about 24 carbon atoms

20  provided at least one is said alkyl group.

In a particularly preferred embodiment, the phosphorus and sulfur
containing composition is one prepared by the process comprising preparing an

acidic intermediate by conducting at a temperature of from about 0°C, to about



havi ng from about 2 to about 6 carbon atons. In another especially
preferred enbodi nent, the phosphorus and sul fur containing conposition is
the amne salt (B-2) and is derived froman al kyl amne 15 having from
about | to about 24 carbon atons, preferably a tertiary alkyl primry am ne
contai ning fromabout 10 to about 16 ™ bon atons. In a further especially
preferred enbodi ment the phosphorus and sul fur containing conposition is

t he conpound (B-3), wherein each [err] and [err] is independently H or an

| kyl i f. t 0..about 24. b t 20 . I ded. at
o o 4 G T iR ot KRBl PP BN SR ent
phosphor us. anguiiidd!or & PRbEIVBAitBIE pg,thg%ﬁ.e% miifagpar ed by the process

conprising preparing an aci I nterne conducting at a tenperature
of fromabout 0 C, to abgut 50 [err] a series of reactions conprising
reacting approxi mtely e&ﬂ gnt anount B a phosphorodi t hi oi ¢ acid

having the formula [err] 5 wher®&\n ea err] and [err] is_independently a
hydr ocarbyL group with an epoxi de subsequent |y reacti he product
obt ai ned ttereby wi th phosphoru ide, 10 the nolar ratio, based on
%H, of the phosphorodith o [ [ geﬁction product to phosphorus
pent oxi de being within t range of from ab®dt" 2:1 to about 5:1, and
neutralizing at a tenperature of fromabout [err] to [err] C, at |east
about 50% of the acidic mxture with an amne selected fromthe group

consi sting of whergimreach Rypnd Ryds independently suiysrocatbygroyp wotheanspoxids ans
having from about 4 tq 15  .about 30, carbon atgns., Preferably the aning is a
tertiary-al kwsuﬁq.qq\xgpﬁy sgActing the product o tame& a\ereby with pﬁosp)ﬁorus pentoxfae,
10  the molar ratio, based on %OH, of the phosphorodithioic acid-epoxide reaction
product to phosphorus pentoxide being within the range of from about 2:1 to about
5:1, and neutralizing at a temperature of from about 0° to 200°C, at least about
50% of the acidic mixture with an amine selected from the group consisting of a
hydrocarbyl and a hydroxy-substituted hydrocarbyl amine having from about 4 to
15  about 30 carbon atoms. Preferably the amine is a tertiary-alkyl primary amine,
more preferably containing from about 10 to about 16 carbon atoms in the tertiary
alkyl group.
The following examples illustrate types of sulfur- and phosphorus-
containing compounds useful in the grease compositions of this invention. These
20  examples are intended to be illustrative only and are not intended to limit the scope
of the invention. Unless indicated otherwise, all parts are parts by weight and
temperatures are in degrees Celsius.
Example B-1
0,0-di-(2-ethylhexyl) dithiophosphoric acid (354 grams) having an acid
25 number of 154 is introduced into a stainless steel “shaker" type autoclave of 1320
ml. capacity having a thermostatically controlled heating jacket. Propylene is
admitted until the pressure rises to 170 pounds per square inch at room

temperature, and then the autoclave is sealed and shaken for 4 hours at 50° to



nore preferably containing fromabout 10 to about 16 carbon atons in the

tertiary al kyl group. The follow ng exanples illustrate types of sulfur-
and phosphorus- containi ng conpounds useful in the grease conpositions of
this invention. These 20 exanples are intended to be illustrative only and

are not intended to limt the scope ot he invention. Unless indicated
otherwi se, all parts are parts by weight and tenperatures are in degrees
Cel sius. Exanple B-1 O O di- (2 et hyI hexyl ) dithi ophosphoric acid (354
grans) having d. 25 n 154 is introduced into tainless
It et »anaker100; S whikeane e meire pispls ayfay of 50 Sotnd Fer

thermostat'Cagwareg%r.%@grégaﬁle'd&réa@eé<§§t RO PRockBgedi tted until the
to poun

pressure rises S per square |nc room tenperature, and t hen

the autoclave is sayleeditcldve igkeoledoto fodiauemparathe, rthe teXcess Proplyiene]is
during which time the pressure rises to a nmaxi num of 550 pounds per square

inch. The preyeuted and @mgntasemnﬁed e&be poodyst &%%@mnﬁmd@kﬂ@méhevmg

Camoved. The. BRofkIB: ngt gqfﬁﬁﬁe“e%%ﬁ nfBl: B0 (o b ThaR TR of

13.4 is subst ]E%tg} -(2-ethyl hexyl)-S-i sopropyl di t hi ophosphat e.
Exanpe B-2 An@;{moilhoép into 364 parts (1 equivalent) of the

di t hi ophosphoric acid of Exanple B-1I wggbst antially neutral product
I s obtained. 10 anple B-3 To 1,780 grains (5
mol es) of O O di - ( Amatmopidmsblownphtos Béb parts ( hiequvadaitylof the dithiophosphoric
acid of Example B-1 until a substantially neutral product is obtained.
10 Example B-3
To 1,780 grams (5 moles) of 0,0-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 temperature
rises to 83°C within 15 minutes. The temperature is maintained at 90-91°C for
15  three hours, whereupon an additional 29 grams (0.5 mole) of propylene oxide is
added. This mixture is maintained at 90° C for another hour, followed by stripping
to a final temperature of 90°C at 28mm Hg pressure. The dark yellow liquid
residue shows the following analysis: S, 15.4%: P, 7.4%.
Employing substantially the same procedure of Example 3 the following
20  are reacted:

Example Phosphorodithioic aci Epoxide
B-4 0,0'-(4-methyl-2-pentyl) Epichlorohydrin
B-5 0O,0'-(isopropyl) Propylene oxide
B-6 0,0"-di-(2-ethylhexyl) Styrene oxide
25 | Example B-7

Phosphorus pentoxide (64 grams, (.45 mole) is added at 58°C within a
period of 45 minutes to hydroxypropyl O,0-di(4-methyl-2-pentyl)
phosphorodithioate (514 grams, 1.35 moles, prepared by treating di(4-methyl-2-



stirred at roomtenperature, there is added portionw se 319 grans (5.5

nol es) of propyl ene oxide. The ensuing reaction is quite exothermc and the
tenperature rises to [err] within 15 m nutes. The tenperature i s naintained
at [err] for 15 three hours, whereupon an additional 29 grans (0.5 nole)
of propyl ene oxide is added. This nixbPére is nmaintained at 90 C for anot her
hour, followed by stripping to a final tenperature of [err] at 28mm Hg
pressure. The dark yell ow I|qU|d resi due shows the follow ng anal ysis: S,

Fol I ovi ng Zo‘“%f’swﬁféﬁépggro-é i 813 vl P ARE RTeDGenR e ot 25 e

CB)g (i sopr op§/rll %ﬁ“g‘fé ﬂé’z{te@wqt&rgez %ﬁ#‘g&l i m%th%é%@-l I(lﬁ a‘? 4dlatt%mﬁﬁ%%<u>§ 1)

Styrene oxi deegh), and filtered at 70°C. The filtrateEx2 Rl o hdveobyhanalysis, a
pentoxide (64 grams, 0.45 nole) is added at [err] within a perlod of 45

m nut es t o hy@hos@m&pyba@@ﬁjl 1-8%ayet swiur zoptent of ) SWo,smtbam acidmwnber qf514

gr ans, y. t.reat ng di (4- et hyl - 52
pentyl) - p sg%%!r@mfgpﬁfﬁqﬁgl indiGR#9T, 1.3 noles of pr opyl ene oxide at [err]
C). The mixture is heated at [err] fo%@g%gs, mxed with a filtering

aid (diatonmaceous earth), and filtere The filtrate is found to

have, by analysis, A@nﬁ&ﬁﬁeww gi%ﬁﬁf@ TOfnoles) %%kﬁlﬁ)sﬁ%rfddrp&ﬁﬂiﬁetad&f the

15.2% and an aci d nunber of (bronmophenol ue I ndicator). Exanple

B-8 A mixtur ehyﬂrcﬁ@f;r@yi@Q@ﬁop@pybphoiphmmﬂhoamwppmbd)hydbe aeattionef
3514 grams of diisopropyl phosphorodithioic acid with 986 grams of propylene

10  oxide at 50°C is heated at 85°C for 3 hours and filtered. The filtrate has, by

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

number of 126 (bromophenol blue indicator).
Example B-9
To 217 grams (0.5 equivalent) of the acidic filtrate of Example B-6 there
15  isadded at 25° to 60°C within a period of 20 minutes, 66 grams (0.35 equivalent)
of a commercial tertiary aliphatic primary amine (Primene 81-R, Rohm & Haas
Co.) having an average molecular weight of 191 in which the aliphatic radical is
a mixture of tertiaryalkyl radicals containing from 11 to 14 carbon atoms. The
partially neutralized product has by analysis a phosphorus content of 10.2%, a
20  nitrogen content of 1.5%, and an acid number of 26.3.
Example B-10
A portion of the filtrate of Example B-7 (1752 grams) is neutralized by
treatment with a stoichiometrically equivalent amount (764 grams) of the aliphatic
primary amine of Example 8 at 25°-82°C. The neutralized product has, by
25  analysis, a phosphorus content of 9.95%, a nitrogen content of 2.72%, and a sulfur
content of 12.6%.



hydr oxypropyl O, O -dii sopropyl - phosphorodithi oate prepared by the reaction
of 3514 grans of diisopropyl phosphorodithioic acid with 986 grans of

propyl ene 10 oxide at [err] is heated at [err] for 3 hours and filtered.
The filtrate has, by analysis, a phosphorus content of 15.3% a sul fur
content of 19.6% and an acid nunber &8 126 (bronmophenol bl ue indicator).
Exanple B-9 To 217 grans (0.5 equivalent) of the acidic filtrate of Exanple
B-6 there 15 is added at 25 to 60C within a period.of 20 m nutes, 66 gramns

(0.35 equival ent) of a conmerci al terﬁi arL\ﬂ ﬁ_igghati c primary am ne (Prinene
81 -R, Rohm & Haas Co.) having an av | ar wei ght of 191 in which
the aliphatic radi i 1 i Fﬁ[‘*‘* r radj { ad
from1ll to 14 car bgﬁbsﬁl@nrgs- H%"ﬁéﬁggr(?{)% y rigll]lztﬂri(i;{rc%1 g%dgglrig%?tﬂﬁa@s&i)ga@
anal ysi s a phastghio 1 ©10'-difisdbut¥ishosplsto- dithioagaprepuredby reacting 389 and
an aci d nunber of ng%@gxarrpl_e ll%; 1&?%’%01?“ on of t_glpfﬁutﬂr a]tj% of [E%arrpl e
B-7 (1752 gr agems of prepyleatioxids wigh { 1 84 grams of O Q'-di-isobutylphasphenodithiojc

equi val ent_ anpunt rai.,ns) Qf the.aliphatic primar jne af ample 8
o o] Srnoasidat ol G Atk e feadtSnphsGire 1 Brt &S 81" hel ol Mt
content of 9.9579 it t . 1:20% u e, f
T 53 Cuesfiul P BERE, O b eidd toaBiGy dndltiue iy Mgl n |
added at [ err ftoichidm@etricallyt @quindléahoany(389 &antt)) -of e Woyrse i iiphatic
dithioate (prepared by reacting 28038r ans of propylene oxide with 1184

grams of O O pdinary atmneofifxeanplo 8atiBOHC 60 608C. The praduct isfilferedt Thefiltate The
reaction mxt erls? biysarpa )%ig g Igh%sggor%s %rc])gterlll% lo? 9% 1%?%tsulfur content of 11.37%, a
10  nitrogen content of 2.50%, and a base number of 6.9 (bromphenol blue indicator).
Example B-12
To 400 parts of O,0'di-(isoctyl) phosphorodithioic acid is added 308 parts
of oleyl amine (Armeen O- Armak).
Example B-13
15 Butyl phosphonic dichloride (175 parts, 1 mole) is reacted with a mixture
of 146 parts, 1 mole, 1-octane thiol and 74 parts, 1 mole, 1-butanol.



tenperature for 2 hours. To the acidic reaction mxture there is added a
stoichionetrically equival ent anount (384 grans) of the conmmerci al

al i phatic primary am ne of Exanple 8 at 30 Cto [err] C. The product is
filtered. The filtrate has, by analysis a phosphorus content of 9.31% a
sul fur content of 11.37% a 10 nitro@&n content of 2.50% and a base
nunber of 6.9 (bronphenol blue indicator). Exanple B-12 To 400 parts of
O O di-(isoctyl) phosphorodithioic acid is added 308 parts of ol eyl am ne

(Arneen 0- Ar ) amal ﬁ 13! 5 But yl phosphonic dichloride (175
parts, 1 nol e;@s&&&ﬁ Ei % xture of 146 parts, 1 nole, 1-octane
thiol and 74 parts, : @%0@}

Conposi tions of theC(}mgggelﬁP n%ﬂf/)g{r? ginenﬁ%inveé)ﬁlmwgy ﬁgﬁﬁ‘%ﬁt‘}g r&(§§ar B§
phosphite. Th M@pﬁi@@l The @hﬁsﬁlﬂw@ay%%%pwae@nedtﬂyemwbnw@fdrﬁmm ae:
[err] 10 or err] wherein each "R group i's independently

hydr ogen or a hydrocarbyl group providgd at |east one of [err] and [err] is
hydrocarbyl_. In an especially preferre" enbodi ment, the phosphite has the

formul a (XI5||) and [err] and [err] arelleach, independently, 20
hydrocarbyl. Wthin the constraints of|jthe above proviso, it is preferred

that each of [err] [err] ar%ﬂbe | is Pndegend ly a Jpgen or a
hydr ocar byl group having fr | to aboEt 30, m)reupref rably froml to

about 18, and nore preferably fromabout 1 to about 8 carbon atons. Each

[err] and [err] group nmay be independeptly al kyl,
H
10 or
OR 13
15 R O P OR (XIv)

wherein each 'R’ group is independently hydrogen orahydrocarbyl gl;oup provided
at least one of R, jand R, is hydrocarbyl. In an especially preferred embodiment,
the phosphite has the formula (XIII) and R, and R,, are each, independently,
20  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
about 30, more preferably from‘ 1 to about 18, and more preferably from about 1
to about 8 carbon atoms. Each R, R, and R, group may be independently alkyl,
25 alkenyl or aryl. When the group is aryl it contains at least 6 carbon atoms;
preferably 6 to about 18 carbon atoms. Examples of alkyl or alkenyl groups are
propyl, butyl, hexyl, heptyl, octyl, oleyl, linoleyl, stearyl, etc.



25 al kenyl or aryl. When the group is aryl it contains at |east 6 carbon
atons; preferably 6 to about 18 carbon atons. Exanples of al kyl or al kenyl
groups are propyl, butyl, hexyl, heptyl, octyl, oleyl, linoleyl, stearyl,
etc. 55 Exanpl es of aryl groups are_phenyl, naphthyl, heptyl phenyl, etc.
Preferably each of these groups is in&@pendently propyl, butyl, pentyl,
hexyl, heptyl, oleyl or phenyl, nore preferably butyl, octyl or phenyl and
nore preferably butyl. 5 The groups [err] and [err] may al so

conprise a m xture of hydrocarbyl groups derived from.c rci m,xed

al cohol s. Exanpl es b ralr%l ﬁ%‘&iﬁ’g@e aPRENY] cmmw?%@%mlud’é&
commercially ' " " gp&;ﬁ ;s ; ti t \ |

Cor por ati on. ?f %Ff@%ge@?&ﬁ]c% re g(}%tlg?érﬁ% ﬁg&gﬂ%’ﬁ@s" (ll:)([)1 si gtlln% hexyl,
essenti al | y ofheptyladlglorphehyl, mbe peférabk o6l 6r peniyhgndmbee préferabligon
atons. Al fol Bf fj{ls a?m' xturgl”corrplr)i Si ngwr?olgjtllﬁy&glz f at tyy al cohollil?. Al ?(cj)l

1218 is a mi xtbmed. of synthetic, primary, straight- chain al cohols having
from12 to_18 carb at ons. f

primary al2ohol's hakIengFONBS uly ng!nﬁ% #12@%05‘5%@8’5??% %ﬁi&%&%’ -ég%rbyl

detorm ned O oS Gpd vt S TLRLEBRNIE, . o fnh " S0P

Yl Le01e,{ o, e co Gomppas, PRamaw i, Mokl s, i

al cohol s; and chienmedcially availaﬁlm"Aﬂfml'éilocﬁhc[lﬂmaikewmb)[ Eonfindntalél Catpoohtion.

xanpl e of & AP i8R PIxETRRPRBIan & Ficohol cAPS U Lessensilly obrgRtain

conpri ses; gbout I ddontt Aling® 18 18 ChdloA okl 2atror872 ¢ & Mkt SRPRsing
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 primax"y alcohols having mostly, on an alcohol basis, C,,
alcohols as determined by GLC (gas-liquid-chromatography).

15 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;
alcohols; and Neodol 45 is a mixture of C,, and C,; linear alcohols. Neodol 91 is
a mixture of C,, C,, and C,, alcohols.

20 Another example of a commercially available alcohol mixture is Adol 60
which comprises.about 75% by weight of a straight-chain C,, primary alcohol,
about 15% of a C,;, primary alcohol and about 8% of C,; and C,, alcohols. Adol
320 comprises predominantly oleyl alcohol. The Adol alcohols are marketed by
Ashland Chemical.

25 A variety of mixtures of monohydric fatty alcohols derived from naturally
occurring triglycerides and ranging in chain length of from C; to C,, 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,



about 15% of a C20 primary al cohol and about 8% of [err] and [err]

al cohol s. Adol 320 conprises predom nantly ol eyl al cohol. The Adol al cohols
are marketed by Ashland Chenical. 25 A variety of mxtures of
monohydric fatty al cohols derived fromnaturally occurring triglycerides
and ranging in chain length of from[esg] to [err] are available from
Procter & Ganbl e Conpany. These m xtures contain various anounts of fatty
al cohols containing mainly 12, 14, 16, or 18 carbon atons. For exanpl e,

56 CO- 1214 is fatty al.coho I Xt ure contai nin 5% of rr.] .al.gohol.,
86. 0% of C12 SRcafls g@a%s/gltypglefﬁglgp%mwgw &5 SbEcalboigh 6f0fe ofC,,
Phosphi tes an hr ti hosphites are

avai |l abl e com%é%@?’%l%@%ﬁ‘?ﬁgg‘fbﬂ;a/nésé; uldﬁ)tg'ésp | tog's are di butyl hydr ogen
5 phosphite, triol @hosphiespind Qhéiﬂ@)ré?dtﬁﬁ@@ﬁreﬂhmhiahﬁ-mﬁﬁ?f ospllites are
phosphite esters are general di al'’kyl hydrogen phosphites. nunber of

I
gl a: Ey: Eydr og&ail@bgos@rl]ﬁ?mmid%_ clﬁmﬂenka’r ]Icuycfal\l{aap'hoap #es gpﬂ:tdila]ﬁyllwgmgen
i al ky ydrogen osphi tes, ch are.preferred. .Lower di ydr ogen
phospn tﬁsgi nPhgaRiE, fraeley] Phespbitagnd %Mﬁfﬁﬁsrg}lﬁuﬁﬁfim%h_ t e et
i hex ro | . rogen osphites are
usef uIy inyt heggggé%%@wgs/e li@rﬁé}%ﬁaﬁ]@?ggy‘% m ied gl I ylo hygrogen

phosphi tes incl ude sghiwber didialicyl BfdBEen pRSPhites artitdnihénidlly ailable, such
hydr ogen phosphites. The pref%]we?diﬁydlr)ocar byl phosphitesy(C) useful in

t he conpositi asslowfertdielkyl dgminogdmpbasphitesyowhibe gre eprafearedy bewendiplkyl
e oo b st AR e B RAT  peh
0ot ) 105 ARG E e O3, IR R Yo Oes o Bt
in the present invention. Examples of mixed alkyl hydrogen phosphites include

ethyl, butyl; propyl, pentyl; and methyl, pentyl hydrogen phosphites.
The preferred dihydrocarbyl phosphites (C) useful in the compositions of
the present invention may be prepared by techniques well known in the art, and
15 many are available commercially. In one method of preparation, a lower
molecular weight dialkylphosphite (e.g., dimethyl) is reacted with alcohols
comprising a straight-chain alcohol, a branched-chain alcohol or mixtures thereof.
As noted above, each of the two types of alcohols may themselves comprise
mixtures. Thus, the straight-chain alcohol may comprise a mixture of straight-
20  chain alcohols and the branched-chain alcohols may comprise a mixture of
branched-chain alcohols. The higher molecular weight alcohols replace the
methyl groups (analogous to classic transesterification) with the formation of

methanol which is stripped from the reaction mixture.

In another embodiment, the branched chain hydrocarbyl group can be
25 introduced into a dialkylphosphite by reacting the low molecular weight
dialkylph;)sphitc such as dimethylphosphite with a more sterically hindered
branched-chain alcohol such as neopentyl alcohol (2,2-dimethyl-1-propanol). In

this reaction, one of the methyl groups is replaced by a neopentyl group, and,



As noted above, 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
straight- 20 chain al cohols and the branched-chain al cohols may conprise a
m xt ure.of branched-chain al cohols. The hi gher nol ecul ar wei ght al cohol s
repl ace the nethyl groups (anal ogous P8 cl assic transesterification) with
the formati on of nethanol which is stripped fromthe reaction mxture. In
anot her enbodi nent, the branched chai n hydrocarbyl group can be 25
i ntroduced into a dial kyl phosphi t.e by reacting.the | gw nol ecul ar wei ght
di al kyl phos phPBAteli bstatse ol the i5na% HRTIEOPRRH EE Uy S SEoRRd EENY) ERPVRIE e
br anched- chai al ! S PRSP
o?ﬂxf%@ﬁ%d E’tﬁﬁe ﬂéo&%@%g%'iweol. né@ﬁgl‘f@r nk6 atcoftb RN utlhgr in ythlg.

-propanol). In reaction, groups I's reprace

neopentyl gr ogpventidf is 2,2, B-frifiRfigflenpeitaigtause of the size of the neopentyl
group, the second net hyf group i's not displaced by the neopentyl al cohol.

Anot her neo al coholln hnethegembodiment; mixed adiphatieraromatic phosphités and akphagic- |
- t . 1 t mbodi t,.mxed aliphatic-. ti, h hi | d
A phatic 5 PRGOS S5% 0y PIRpaRsBYF At SRTOMAHG PASoh Gr NS HOSEATE o
h triph | | | t ' | | coh |
sueh 25 U1 PSRRI Al AP IP e GG Sphoof 88 RE ™
phosphi te may wigs 1f5HatieGr 'ﬁshmwforak%ﬁﬁw,ﬁmeﬁypﬂ%sghhuhwy&hembdm-

D al kyl hydrogen phosphites nmay be prepared by reactiing tw nol es of

al i phati c al cbitll alédhol voprepare botyl phogphatesl Dialkyl inydpdgenephaspbiesmmayttey or
concurrently with one nole, of water,. D hydrocarbyl phosphites are generally
consi der ed t oPreRAsed by Jeaeie two Bialerof aliphagic alcohol with one mole of triphenyl

10  phosphite, subsequently or concurrently with one mole of water.

Dihydrocarbyl phosphites are generally considered to have a tautomeric

structure.

I

15 (R'0), POH (R0), P—H

The following examples illustrate the preparation of some of the phosphite

esters (C) which are useful in the compositions of the present invention. Unless

otherwise indicated in the following examples and elsewhere in the specification

20  and claims, all parts and percentages are by weight, and all temperatures are in
degrees Celsius.

Example C-1

A mixture of 911.4 parts (7 moles) of 2-ethylhexanol, 1022 parts (7 moles)

of Alfol 8-10, and 777.7 parts (7 moles) of dimethylphosphite is prepared and

25 heated to 125°C while purging with nitrogen and removing methanol as a

distillate. After about 6 hours, the mixture was heated to 145°C and maintained

at this temperature for an additional 6 hours whereupon about 406 parts of

distillate are recovered. The reaction mixture is stripped to 150° C at 50 mm. Hg.,



15 [err] The follow ng exanples illustrate the preparation of
sone of the phosphite esters (C) which are useful in the conpositions of
the present invention. Unless otherwi se indicated in the foll ow ng exanpl es
and el sewhere in the specification 20 and clains, all parts and
percentages are by weight, and all tef®eratures 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

di et hyl phosphlte I S _prepa and 25  heated to [err] while purging wth
nitrogen and @B 53 ﬁéﬁgmaa@ of distliftel apecrecoyares. abRife6ate g}ltetqde

i Ui onal 6 TRSLEn BT Ay fﬂf‘ﬂsﬁﬁ%istﬁg%iﬁ%‘# 'H?%iﬁ?ﬁ@ Bhdiogep Bhofibis,

The reaction @bﬁﬁd{ﬁlﬁglfgy%ﬂygﬁgedwyhgf}g%o 58 and an

additional 40 parts distrllate a ve ed The re5|due is filtered
through a filter aid and the filtrate Bxamgle GHsired m xed di al kyl hydrogen

phosphite cont ai nin anaﬁgm s, 9. 6% phosphor us itheog 9. 7% . Exanple
G25 A i xt m@x e 0b 877pa¥ts§3 pmnglemnickethythexape 90&@%8(7%50 8

S?Léfh&?pﬁgsg"m'@égz@’ Aftol &n0ea 60804 BRILD o isoe R insgRs s propered
ni trogen. | The afiitieltcR tpSt 33t alie baie Wil Rickels ThE ikkiedl Resled siduiy®

tenperature for about ours total” of 18

distillate are¢onésdCanddnaihtnedstithisaemperamaneifior absutpleurs wHepeugonCa todal (10
mm Hg.) and 146.3 parts of additional d| stillate are recovered. The
residue is filofd834 pantsefgistitlate are saconpred. e residue isivacuum stippadtodds? Ced

product ‘0 ' al(ﬂ) . Hg.) and 146.3 parts of additional distillate are recovered. The residue
is filtered through a filter aid, and the filtrate is the desired product containing
9.3% phosphorus (theory, 9.45%).
Example C-3
A mixture of 518 parts (7 moles) of n-butanol, 911.4 parts (7 moles) of 2-
15  ethylhexanol, and 777.7 parts (7 moles) of dimethylphosphite is prepared and
heated to 120° C while blowing with nitrogen. After about 7 hours, 322.4 parts of
distillate are collected, and the material then is vacuum stripped (50 mm. Hg. at
140° C) whereupon an additional 198.1 parts of distillate are recovered. The
residue is filtered through a filter aid, and the filtrate is the desired product
20  containing 12.9% phosphorus (theory, 12.3%).
Example C-4
A mixture of 193 parts (2.2 moles) of 2,2-dimethyl-1-propanol and 242
parts (2.2 moles) of dimethylphosphite is prepared and heated to about 120°C
while blowing with nitrogen. A distillate is removed and collected, and the
25 residue is vacium stripped. The residue is filtered and the filtrate is the desired
product containing 14.2% phosphorus.
As used herein, the term "hydrocarbyl" or "hydrocarbyl group" denotes a

group having a carbon atom directly attached to the remainder of the molecule and



9. 3% phosphorus (theory, 9.45% . Exanple CG3 A m xture of 518 parts (7

nol es) of n-butanol, 911.4 parts (7 noles) of 2- 15 ethyl hexanol, and
777.7 parts (7 noles) of dinethylphosphite is prepared and heated to [err]
while blowing with nitrogen. After about 7 hours, 322.4 parts of distillate
are collected, and the material then i% vacuum stripped (50 nm Hg. at
[err] whereupon an additional 198.1 parts of distillate are recovered. The
residue is filtered through a filter aid, and the filtrate is the desired
product 20 containing 12.9% phosphorus (theory, 12.3% . Exanpl.e. G4 A

m xture of 19@aymmeammmwé§zﬁr@¢arb9mcmrﬁ@fphwlﬂmn thesoataxnt of Hus iwentiens s

(2.2 nol es) ofdi met hyl phqg L te. Sepr re nd heated to,,about, [err], C

whi e bl ow ng Thtish s #?rﬁyeﬁ%ézcafggﬁi thclhdes yﬁmgei)%w aﬁdwé& ‘I‘Seé’tﬂ%s_%?“%f’hl}’ t he
residue i g,gm : : : is

t he desired pirh uct coﬁg?%g Si‘4.%5}§‘§ %sghokr)ﬁaér. bAs&tr?gegeﬂgféellhﬁ,’ litl l&ﬂ?ﬁgfm

"hydrocar byl " hgdrédaybsmobased \grogss) uniicldemﬁsnm-h?'dtmmi supstituentsporned-om

directly attached to the renmai nder, of the nolecule and 59 having

pr edoni nand| y cashatatems dma cing osehain, whidhide nataltevthe predasningnily hydrosathonn

Thus, the term'h drf%%r bél " includes hydrocarbon, as well as substantially
hydr ocar bon g o gt i ally hydrocarbon describes groups, including

hyd bon based ' - _ -
o 5. car bon at ont' ogerbyl pRigRRah el el 4 ARES IR EAT Hp S04, Tmol¥
pr edoni nant | y phefétabiaban one] wiore-hgtirdcatba@r subititddngr srambydrben beksodtom in

contain up to three, preferably up to two, nore _ )
a ring or chain, for every ten carbon atoms provided this non-hydrocarbon

10  substituent or non-carbon heteroatom does not significantly alter the
predominantly hydrocarbon character of the group. Those skilled in the art will
be aware of such heteroatoms, such as oxygen, sulfur and nitrogen, or substituents,
which include, for example, hydroxyl, halo (especially chloro and fluoro),
alkyoxyl, alkyl mercapto, alkyl sulfoxy, etc.

15 Examples of hydrocarbyl groups include, but are not necessarily limited to,
the following;

(1) hydrocarbon groups, that is, aliphatic (e.g., alkyl or alkenyl), alicyclic
(e.g., cycloalkyl, cycloalkenyl) groups, aromatic groups {e.g., phenyl, naphthyl),
aromatic-, aliphatic- and alicyclic-substituted aromatic groups and the like as well

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

(2) substituted hydrocarbon groups, that is, those groups containing non-
hydrocarbon containing substituents which, in the context of this invention, do not

25  significantly alter the predominantly hydrocarbon character; those skilled in the
art will be aware of such groups (e.g., halo (especially chloro and fluoro), hydroxy,

alkoxy, mercapto, alkylmercapto, nitro, nitroso, sulfoxy, etc.);



preferably up to one, non-hydrocarbon substituent, or non-carbon heteroatom
in aring or chain, for every ten carbon atons provided this

non- hydrocarbon 10 substituent or non-carbon heteroatom does not
significantly alter the predom nantly hydrocarbon character of the group.
Those skilled in the art will be awaré&é%f 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 nercapto, alkyl

sul foxy, etc. 15 Exanpl es .of hydrocarbyl. groups include, but are
not necessarily |i k) Beferqgrop %tﬁ%ﬂlﬁ %S.Wﬁ %W%?\B&W%Rfﬁﬁ@}nwiy is,
aliphatic (e. | ' el oal kvl

cycl oal kenyl )g&i%% %@dna%anrgétlgg%érh&ggé %@%ﬂ &pﬁgsngﬁv,mﬁé%’h%ﬁﬁ ,ﬂ%IPS et TC- ,

al i phatic- anehapl é4rbohifresenthid rin@lorERAM! dtheBligs ROnditded 6T ddrbén afors)! |
20 as cyclic groups wherein the ring is conpeted through another portion
of the nol ecuBeitabledteteratdms walddmphpparemtyta thwse rndi ardirady gkilips theagrt and
together forman alicyclic radjcal); (2) .,substituted hydrocarbon grqups,
that is, thoscdudsferexsmple s ,mrgemﬁreg@%-témh&%&ﬁ%%g-,ﬁwéyf,&l}afits
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atoms.  Sujg ablaheb RIS ot blref R824 EBh ah bR s BBy RO Yuithd- 1"
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hydrocarbon groups, substituents or heteroatoms.

Unless indicated otherwise, hydrocarbyl groups are substantially saturated.
By substantially saturated it is meant that the group contains no more than one
carbon-to-carbon unsaturated bond, olefinic unsaturation, for every ten carbon-to-

15  carbon bonds present. Often, they contain no more than one carbon-to-carbon
non-aromatic unsaturated bond for every 50 carbon-to-carbon bonds present.
Frequently, hydrocarbyl groups are substantially free of carbon to carbon
unsaturation. It is to be understood that, within the content of this invention,
aromatic unsaturation is not normally considered to be olefinic unsaturation. That

20  is, aromatic groups are not considered as having carbon-to-carbon unsaturated
bonds.

As mentioned hereinabove, component (B) may be used individually or
together with components (A} and (C) in minor amounts effective to increase the
dropping point of the base complex or failed complex grease.

25 Preferred minimum amounts of sulfur and phosphorus containing
compound to employ individually depends to some extent upon the additive.

When the sulfur and phosphorus containing additive is (B-1) it is preferred to use



5 include, for exanple, sulfur, oxygen, nitrogen. Such groups as, e.g.,
pyridyl, furyl, thienyl, imdazolyl, etc. are representative of heteroatom
containing cyclic groups. Typically, no nore than about 2, preferably no
nore than one, non- hydrocarbon substituent or non-carbon atomin a chain
or ring will be present for every ten®&arbon atons in the hydrocar byl
group. Usually, however, the 10 hydrocarbyl groups are purely hydrocarbon
and contain substantlally no such non- hydrocarbon groups, substituents or

het er oat ons. Unl,es ndi ot hervm rocar b ou .
substantially %A?Q?? 3{’ @%%%%’Féﬁw %hF‘? g‘?fgﬁﬁ? s ¢Bie) brbk
roup contain n;ssi% ond, olefinic
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bond for every 50 car bon t o-carbon bonds present. Frequently, ocarqd\;l
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amounts of each component to use in the grease compositions also 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

15 5%, more preferably from about 1% to about 2%. With respect 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 generally present in
amounts ranging from about 0.25% to about 5%, preferably from about 0.5% to
20  about 3%, more preferably from about 0.75% to about 2% by weight, more often
up to about 1% by weight.
Components (A), (B) and (C) are used in relative amounts by weight
ranging from about 1 part (A) to 20 parts each (B) and (C) to about 40 parts (A)
to 1 part each (B) and (C). Preferably, the components are used in amounts
25 ranging from about 1 part (A) to 10 parts each (B) and (C) to about 10 parts (A)
to about 1 part each (B) and (C), more preferably from about 1 part (A) to 5 parts
each (B) and (C) to about 5 parts-(A) to 1 part each (B) and (C).



the preferred m ni rum anount of (B-3) is about 0.25% by weight. It
generally is not necessary to use nore than about 10% by wei ght of the

sul fur and phosphorus containing conpound since no additional benefit is
obtained 5 and often, deteriorating performance with respect to the
droppi ng point and ot her characteristg%s of the grease is observed above
this treating |l evel. Mre often no nore than about 5% frequently no nore

t han about 2% of the sul fur and phosphorus containing conpound is enpl oyed.
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1% b%tWEI ght .w@?@mﬁggahé ?&sire(dajroppmg(@inaelevm in relative anounts by
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part each (B)
base grease since they may be adversely affected during preparation of metal soap

and complex thickeners.
Other additives may be incorporated into the base grease to improve
15 performance of the grease as a lubricant. Such other additives including corrosion
inhibitors, antioxidants, extreme pressure additives and others useful for
improving specific performance characteristics of a base grease, are well-known
and will readily occur to those skilled in the art. Oftentimes these other additives
have an adverse effect on the dropping point of the grease. Use of component (B),
20  or (A), (B) and (C) together with these other 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. Dropping points are
determined using ASTM Procedure D-2265. All amounts unless indicated
otherwise are on an oil free basis and are by weight. Temperatures, unless

indicated otherwise, are in degrees Celsius.



62 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

obtai ned and often, deteriorating performance with respect to the dropping
poi nt and ot her characteristics of the grease is observed above this
treating level. More often no 5 nore &han a total of about 10% frequently
no nore than about 5% is enployed. Oten 1% 3% by weight is sufficient to
provi de an increase in dropping point. Thus, it is preferred to use the

m ni rum anount_of the additives consistent with attaining the desired

dr oppi ng poi ntExampled on. Components (A), (B) and (C) may be present during

grease formation, i . 10, duging for jon of, the thigkene r. may.be
Sdded af ter the badblgiund2-frloRduteaEhicRend base rinse SERE! aroBpigEot
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thi ckeners. Ofhxammd®ti ves may be incorporated into the base grease to

i mprove 15 performance of the grease as _a lubricant. Such other additives
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1437 parts 800 SUS mineral oil. The resultant materials are milled at 0.003 inch

clearance between rotator and stator and 3000 revolutions per minute. The
dropping point is 195° C indicating complex grease formation did not take place.
1S  Example C
To a Hobart mixer are added 5600 parts mineral oil (800 SUS @ 40°C),
680 parts of 12-hydroxy stearic acid (Cenwax A, Union Camp) and 320 parts
azelaic acid. The materials are heated to 100°C followed by slow addition of a
solution at 82°C of 224 parts LiOH*H,O in 800 parts tap water. The reaction
20  mixture is heated at 104°C for 1.5 hours to dehydrate. The temperature is
increased to 190° C and held there for 1 hour. Heating is discontinued and 1176
parts additional 800 SUS mineral oil is added. The grease is a complex grease
with a dropping point of 285°C.
Examples D-F
25 Grease compositions are prepared by blending into the base grease of
Example B the indicated percentages by weight of the product obtained by
reacting 1000 parts of 0,0'-(di)-methylamyl dithiophosphoric acid prepared by
reacting about 4 moles methyl amyl alcohol with 1 mole of P,S, with 183 parts of



otherwise are on an oil free basis and are by weight. Tenperatures, unless
i ndi cated otherwi se, are in degrees Cel sius. 63 Exanmple A Alithium1l
2- hydroxystearate thickened base grease showed dropping point of [err].
This is a typical sinple lithiumsalt thickened base grease. Exanple B 5
To a Hobart m xer are added 352 parts 642- hydroxy stearic acid (Cenwax A,
Uni on Canp), 2000 parts mneral oil (800 SUS @40 C) and 2 parts of
silicone antifoam The naterials are heated to [err] at which tinme is added
an [err] solution of 90.8 parts [err] (FMC) in 400 parts water. Water is
removed for 1 psomdmasqxrde,rrpeqt epr@duonob@am!dhcrebywth:léﬁpax:s_af BA sand

azel aic acid (Al drich dde eratu i s he rr] for
072 hour ot hefleniralanb & peid pEodict SbtpiBedHICRERY Madh S PErS o Pimene S iBur o
The materials are cool ed by adding 1437 parts 800 SUS mineral oil. The
resultant naterials Exampl¢l ed at 020§ weight aldditieece Hropping Ruint (rCand
stator and 3000 revol utions per mnute. The droppling point 1S éerr] C

i ndi cating conpl ex gredde fornation did nof-&ake place. 15 Exdfdle C To a
Hobart m xgr are added 5600 parts m neral Ei (800 SUS @40 O 6@80 parts
of 12-hydroxy stearic id (Cenwax A, Unio np) and 320 partg zel aic
acid. The materials aregheated to [err] foblppwed by slow additpop of a
solution at [err] of 224 parts [err] in 800 parts tap water. The reaction
20 mxture is heated at [err] Cfor 1.5 hours to dehydrate. The
tenperature is increased to 190 C and held there for 1 hour. Heating is

di scontinued ggd 1376 parts additional 800 SUS mneral oil is added. The
grease is a comﬁ'& ease

10 A grease composition is prepared by blending into the complex grease of

Example C 2% by weight of the sulfur and phosphorus containing product
described in Examples D-F. The dropping point increases from 285°C to 336°C.
For comparative purposes, a grease composition is prepared employing a
conventional phosphorus containing additive which is substantially free of sulfur.
15 Example H
A grease composition is prepared by blending into the failed complex base
grease of Example B 0.9% by weight of dibutyl hydrogen phosphite
((Butyl-0),PHO). The dropping point is 201°C. This value is within the expected
repeatability of the test procedure indicating that the additive has no significant
20 effect on dropping point of the failed complex grease.
Examples I-P
An additive concentrate is prepared by blending at a moderately elévated
temperature dibutyl hydrogen phosphite, the calcium overbased salicylate of
Example A-14 and the phosphorus and sulfur containing composition of Example
25 B-10inaweightratio of 0.9:1.7:0.6. No adjustment is made for the oil content of

the calcium overbased salicylate.



with a dropping point of [err].C Exanples D-F 25 G ease
conpositions are prepared by blending into the base grease of Exanple B the
i ndi cat ed percentages by wei ght of the product obtained by reacting 1000
parts of 0,0 -(di)-nethylanmyl dithiophosphoric acid prepared by reacting
about 4 noles nethyl anyl alcohol with5l nole of [err] with 183 parts of .
propyl ene oxi de, reacting the product obtained thereby with 144 parts of
[err] and neutralizing the acid product obtained thereby with 584 parts of

Pri mene 81-R Exampl e % by wei ght additive,.. .Droppi Poi nt rr
C D rease q;zn@positl/gnsyare plgepare?l gy ;%@dgng inito tHe Dabe g!ease L)F ]
1.0 61. F. : e .
Exanpl e G 10 €xample %ﬁb"r Bﬁ%‘éat%%ﬁ%sﬂaig% by eplg}gtp%rtgg atljayvgldeeﬁ%rlﬂ%eél ?dn(%lég?he
conpl ex gr eas&HR:fe géérrpl e C 2% by wei ght of the sul fur and phosphorus

cont ai ning pro uc{1 escribed in Exanples D-F. The droppi ng point increases

from[err] Cto [err] C. For conparatiy 0S6S, a grease conposition is
prepared enpl oyi ng a conventi onal phosf&&yé@ﬁt

aining,additiv igh.is
substantidl |y free dExamplir. 15 Exam$enoenirate ease co%&?ﬂ‘%ﬁ"i"\@( E:)
prepared by blending into the failed corrplg’étbase grease of le B 0.9%
by wei ght of dibutyl hydrogen phosphite (( yl -0) 2PHO . The droppi ng point
is 201C. This value is pithin the expected]jgepeatability of thEggest
procedure indicating that the additive has no significant 20 effect on
dr oppi ng point of the friled conplex greasé.4 Exanples |-P 214

L 4.8 223
10 M 24 283
N 2.8 244
0] 3.0 255
P 3.5 253
15 Exampl
_ Three percent by weight of the additive concentrate of Examples I-P is
added to a complex grease prepared in a manner similar to that of Example C. The
dropping point increases from 285°C to 334°C.
Examples R-U
20 To each of the grease compositions of Examples D, G, I and Q is added
0.5% by weight of a sulfurized isobutylene.
Examples V-Y
Examples D, G, 1 and Q are repeated replacing the lithium base grease with
a calcium soap-calcium acetate complex base grease.
25 From the foregoing Examples it is apparent that certain sulfur and

phosphorus containing compositions used individually or in combination with
overbased compositions and a hydrocarbyl phosphite provide increased dropping

points compared to the base greases without additive.



An additive concentrate is prepared by blending at a noderately el evated
t enperature di butyl hydrogen phosphite, the cal cium overbased salicyl ate of
Exanpl e A- 14 and the phosphorus and sul fur containing conposition of
Exanple 25 B-10 in a weight ratio of 0.9:1.7:0.6. No adjustnent is nade
for the oil content of the cal ci um ovéPbased salicyl ate. 65 G ease
conpositions are prepared by blending into the base grease of exanple B the
i ndi cat ed percentages by wei ght of the above-described additive
concentrate. % By W¢hflBtthe invention h&X®&BhCexplained in relatibRNES Ats! g}ﬁ'erred
Dropping Point [err] | 2p

embodiment3fiisto be understood that vamous ngodifications thereof w111 becori¢4 L

4.8 223 10 M

283 N apparent to those skiled in the art upon reading tjmspgcxﬁcatlon Therefore it is
3.0 3
15 Exanple Q s beamserand by theiigrentin diselondiBren isdtaer doecoprer suck
Exanpl es I }.&%ﬂg&ﬁo 40 a conpl ex grease prepared in a nanner sinmilar to
t hat of Exarrp e e dropping point increases from285 Cto [err] C
Exanpl es R-U 20 To each of the grease conpositions of Exanples D, G

| and Q is added



0.5% by wei ght of a sulfurized isobutylene. Exanples V-Y Exanples D, G |
and pl acing the lithium base grease with a cal cium

soap mﬁ“mmmu conpl ex base grease. 25 From the foregoing
Exanpkesciti i ot agparent that certain sul fur and phosphorus contai ning
conpositions used individually or in €bnbination with overbased

conposi tions and a hydrocarbyl phosphite provide increased dropping points
conpared to the base greases w thout additive. 66 Wiile the invention
has been explained in relation to its preferred enbodi nents, it is to be
under st ood that various nodifications tHe¥8f will become apparent to those
skilled in the art upon reading the specification. Therefore, it is to be
under st ood that the invention disclosed herein is intended to cover such 5
nodi fi cations 67,1 . .. . . An
i nproved gr glase con‘b‘osi tf*&rﬂ%ﬂﬁ?q sgrr?gs%c%ﬂpgrs It?ﬁoﬁ%%gﬁgaa#aé?rl grggérétdc,)f
netal soap thigkene se a f to r C @i Sthen

conpl ex greajgeﬁgn(gﬁg %%%édnggﬁnpﬁ(gaﬁ girlg:g(ggg%ln%&g] b‘i‘@asg Qél@ct@d( B) f%lgmgg%g)ut

0.25% to_abaut cGiddeng Wi Diriplet greadbandltailed complek steabeiandont ai ni ng
conposition selected fromthe group consisting of

4 (B) from about 0.25% to about 5% by weight of a phosphorus
5 and sulfur containing composition selected from the group consisting of
6 (B-1) a compound represented by the formula
X4
R;{Xy)a P X3R4 @
(X2 pRa
7 wherein each X,, X,, X5 and X, is independently oxygen
8 or sulfur provided at least one is sulfur; each a and b is
9 independently O or 1; and
10 wherein each R,, R, and R, is independently hydrogen,
11 hydrocarbyl, a group of the formula
X4
R4(X5)a P X7R6~—' an
X bRs
12 wherein each R, and Ry is independently hydrogen or

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



e AL F27 . PRSSER) LlncrEe (
sul fur> provideti at I|*east one is sulfur; each a and b is 9

i ndependently 0 or 1; and 10 wherein each [err] and [err]

i s independently hydrogen, 11 68 hydrocarbyl, a group of the
formula X4 [err] 12 wherein each [err] and [err] is

i ndependentidy hydrogen or 13 Ry is an alkylenbydr aderldehe grompi demdhai dndabtisone
of [err] and [err] is hydrocarbyl, 68 14 [err] is an

al kyl ene orSal kyl i dene gndependenidhOrandrd i s 15 i ndependently 0
or 1, and 16 each [err] and_Jerr]. is independently oxygen
or sul fur; 167 eacbrxsa[’@r, ask X feindsperdentlyed sy geprr el iy

[err] is an_18 al kyl ene or alkylidene groyp..,19 . .
(B-2) an ad’ne or an ammoni ufils&l 8rAP ("ééﬁe %ﬂ‘éﬂm% (‘)gﬁle wherein R oif fllR3

i s hydrogen, 21 i Bs. a _conpound represented by the
formul a [e,lﬁ] 22 or 23 alkylene or al(kyhgu)enegwllxgei n each [err] and [err] is

i ndependent Ly hydrogen or 24(552) an amine%ﬁ%ﬂ@ﬁﬁﬁéﬁqm%??fe?% | dednale

| east one 'S hydrocarbyl and i sToxygen
or sulfur ppovided at |egas} R?'??h%/érogen'
21 (B-3) a compound represented by the formula
Tn
RAXgla P (Xm)bRs' (ax)
H
22 or
Tlfnkg
R,Xg P X;0Rs avy
23 ' wherein each R;, Ry and Ry is independently hydrogen or
24 a hydrocarbyl group provided at least one is hydrocarbyl and -
25 each X,, X0 and X, is oxygen or sulfur provided at least one is
26 sulfur; and
27 (B-4) mixtures of two or more of (B-1) to (B-3) thereof;
28 and optionally,
29 (A) from about 0.25% to about 0% by weight of an overbased salt

30 of an organic acid and



o (s-HIIlIIHHlIIalIHBIﬂIIﬂHIIE”d 2 and optionally, 20 () from

about 0% 25% to &bo#it 10% by melght of an overbased salt 30 of an
organi ¢ acid and 69 31 (C© fromabout 0.25 co about 5% by wei ght
of a hydrocarbyl 32 phosphi te, 38%wherein the dropping point of the
base grease is increased by at |east about 34 [err] as neasured by
ASTM procedure D-2Z85. foh about @25 dnabemr 6Wedbyr e’sehiC ot shydrotarbyl
conprising a major amount of a 3 nmetal soap thickened hydrocarbon-based

m neral o0i32 or syrgHsphieoi|l base grease 4 selected fromthe group

consi sting of conplex grease and failed conplex 5 grease, and 6 (B)

f r om about330.\2Beet thh dnepEag poinke b he dasatgreasesis armeeasetifby av leasd about
phosphor us contalnln%%conp05|t|on sel ected fromthe group consisting of 8

(B-1) a cé¥pound rkbreserteagursgd BhASYRPsedweP-2265. wher ei n
each [err] .and [err] is independently hydrogen, 10 hydr ocar byl ,
or [err] 11 provi ded at | east one of [err] and [err] is
2 2. An improved grease composition comprising a major amount of a
3 metal soap thickened hydrocarbon-based mineral oil or synthetic oil base grease
4 selected from the group consisting of complex grease and failed complex
5 grease, and
6 (B) from about 0.25% to about 5% by weight of at least one sulfur
7 and phosphorus containing composition selected from the group consisting of
8 (B-1) a compound represented by the formula
0
RO P ORg (VD)
OR,
9 ~ wherein each R,, R; and R; is independently hydrogen,
10 hydrocarbyl, or
S
R40 P SRg— (VI
ORg

It provided at least one of Ry, R, and R, is



ESdE 3;; llﬁill i lllL"lfl | |!!1““EL§LPO§Z‘:BJ o arded ot 1 east onaoprem 1Y and

ydrocar and wherein [err] is an al kyl ene or
alkylldene gr oup; 15 (B-2) an ammoni um or an am ne salt of
(B-1) provided at |east 16 R3 i sThydrogen; 17 (B-3) a
compound represented by at |east one of the follow ng 18 formul ae:
[err] 19 or 20 or 71 [err] 21 wherein each of [err] and [err] is
i ndependently hydrogen or a 22 hgdr ocar byl group provi ded at | east
one is hydrocarbyl; 23 (B-4)) m xtures of two or nore of
(B-1)-(B-3); and optionally, 24 HA) from about 0.25%to about 10% by
wei ght of an overbased salt 25 of an ofiganic acid and 26 (© from

about 0.25 to about 5 % by RegQht—of—aPhydrocaSRy—27 (Wdkphite wherein the
droppi ng point of the base grease is ipcreased by at | east 28 about [err]
as neasured by ASTM procedure D 2265. 3. A grease conposition
conprising a major anmobunt of an oil-based, 2 netal soap thickened base
grease selected fromthe group consi st®Rg of conpl ex

12 wherein each Ry and Rs is independently hydrogen or
13 hydrocarbyl, provided at least one of R, and Ry is hydrocarbyl,
14 and wherein Ry is an alkylene or alkylidene group;
15 (B-2) an ammonium or an amine salt of (B-1) provided at least
16 R; is hydrogen;
17 (B-3) a compound represented by at least one of the following
18 formulae:
S
R,0 P ORg (VI)
) H
19 or
O
RS P SRg (X0
H

20 or



3 grease and failed conplex grease and m nor anmounts of 4 (A a

net al atic hydrocarbon substituted aromatic 5 carboxylate; 6
(B) L“ﬂmﬁ“mmm&nnphorus and sul fur containing conposition prepared 7 by
t he prrocéss' cdhpr’i si'fng preparing an acidic internediate by conducting at a
8 tenperature of from about [err] to7hbout [err] a series of reactions 9
conprising reacting approximately equival ent anounts of a phosphorodithioic
10 acid having the fornula [err] 7§§r191 wherein each [err] and [err] is

i ndependently a hydrocarbyl group and epoxi de 12 and subsequently
reacting the product obtained thereby|iwith phosphorus 13 pentoxide, the

nol ar ratio of the phosphorodithioic Hcid-epoxide reaction 14 product to
phosphorus pentoxi de being wi thin the[l[range of fromabout 2:1 to 15 about
5:1, then neutralizing tenperatupe_of fro out 0O [err] at 16

| east about 50% of the 3%?% c m xtur ePwith an g‘rlr?ge sel egtxgd fromthe group
17 consisting of a hydrocarbyl and a hydroxy-substituted hydrocarbyl am ne
18 havi n@2 ¥ rom abwhitrednt eacibaft B30 Rgr bod Bj oiss;independently hydmgenaor| aast
one di hydrocarbyl phosphite of the fornula [err] 20 wherein each of [err]
and [err]22 s i ndebgimeatbyy gsoty gravidedgt legsioens isdmdapeathyl;21 from 1 to
about 50 carbon atons and wherein (A) is present, nt s, rangi 22 from
about 0. 2 to about 1(8DHympeqgss Of &RIOT BYOTS (?C;B'ér’gy?e%\%q](’@@ nally.

wpi gt T i hor e t noE Bpp 2o dp 1ok 1D ARe gt el 4 oSk Y

[err]

25 of an organic acid and

26 (C) from about 0.25 to about 5% by weight of a hydrocarbyl
27 phosphite wherein the dropping point of the base grease is increased by at least

28 about 15°C as measured by ASTM procedure D-2265.

1 3. A grease composition comprising a major amount of an oil-based,

2 metal soap thickened base grease selected from the group consisting of complex

LI

grease and failed complex grease and minor amounts of

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

(B) at least one phosphorus and sulfur containing composition prepared
by the process cbmprising preparing an acidic intermediate by conducting at a

temperature of from about 0°C, to about 150°C, a series of reactions ~

W o ~1 O i

comprising reacting approximately equivalent amounts of a phosphorodithioic

10 acid having the formula

R4O \ i /'S -
N

RSO S-H



25 as neasured by ASTM procedure D-2265. 1 4. The grease

conposgiii ' , 2 or 3, wherein the netal of 2 the netal soap is an
al kal mmml\ﬂ“m“m‘m ine earth netal or alum num 1 5. The grease
conpositti on bf tl & m*4, wherein the alkali netal is 2 sodiumor lithium
and the alkaline earth netal is calci@ or nmagnesi um 73 1 6. The
grease conposition of any preceding claim wherein the netal 2 soap is

formed froma netal soap of a fatty acid and a conpl exi ng agent 3 sel ected
fromthe group consisti n&aof aromati ¢ carboxylic ciaci d | ower 4 carboxylic

aci ds and [k rivhersiniicael Baxand Bsagilpdependently a fy rocaf%’ms 501 4B BnBRsE4s on
Lerr] “rono- Gartibkybbecindy' feding iy broali SHHaRE cBiehilb ithoRhtyotirus
1 or 2, 2_clai ng.: 4- | : LR ki 3R 2,
ancrei n el ovariadEE Shrerbid TRed 5 "HE"pRORTRERINGR SRR ) 7,
i nc, car bopyl o Lwithi :
composi 1 ort piPrarid PARHBrY pBoARIPbEme witin (1ranes O ol TB0R deid

on claiml oy fHakmn:2, iwéiﬁﬁ@dtﬁlgigﬁg%tgﬂh@aﬁb@au&ea@dfm faBbue ONt @i POORC, at

conposition is (B-1). e grease conposition of claim1 or
2, or of amg desstadbodt DG 8 the Qoidie Mmiapendath ananthaiselettedr frotmitne Zroup
wherein the 3 phosphorus and sul fur containing conposition is the amoni um
or 4 anine IgaldonsBtiag. ofl a hydrodarbyl itk ayrhyslsexy-ewpstivated ohydrocarbyil maming
2, or of any one of 2 clains 4-10 when dependent on claim21 or claim 2,
wherei n t hd8 having from about 4 to about 30 carbon atoms; and

19 (Cy at least one dihydrocarbyl phosphite of the formula
O
Rm() P H {XIII)
ORyq

20 wherein each of Ry, and R,; is independently a hydrocarbyl group containing
21 from 1 to about 50 carbon atoms and wherein (A) is present in amounts ranging
22 from about 0.25% to about 10% by weight, and (B) and (C) are each
23 independently present in amounts ranging from about 0.25% to about 5% by
24 weight, to increase the dropping point of the base grease by at least about 15°C

25 as measured by ASTM procedure D-2265.

1 4. The grease composition of claim 1, 2 or 3, wherein the metal of

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

1 3. The grease composition of claim 4, wherein the alkali metal is

2 sodium or lithium, and the alkaline earth metal is calcium or magnesium.



3 phos ' cont aining conposition is the compound (B-3). 1
mﬂmﬁmﬁ‘m{ ion of any preceding clainy wherein each 2
hydrocar yle gnoup o e phosphite (C) independently contains from3 1 to
about 30 carbon atons. 74 1 #3.  The grease conposition of claim

1 or 2, or of any 6ne Bfe gredsei cwnpbsipivthef dehATEEPEingn cLp M mviiensingFig feral
2, wherein the overbased 3 netal salt (A ect ed fro A

consi sting & sedpciudprmed fseinumm m%afr%ﬁ’npgra ?If”i% %CAd 15 g‘rg&@ ‘3‘1"8:5 agent
containing at |east ahout 8 carbon atons yl S n

cont ai ni ng o?neSQJ?Cth\o? ey fhes B5QHP t G%ﬂ%@ﬁ“%\héfe%‘)r‘?“%ld;t (% équgcne&é{lﬁy?&%r
substi t uent ont gl ns,.at Jeasti abogt %lﬁ atons, and (A-3) 7 alkyl or

al kenyl . sub Qﬁylo?téﬁlgtsé@ o) 1Carp rease ‘conposi tion of any preceding

claim wherein the grease is 2 a lithi um grease wherein the acids naking up
the netal soap thickener conprise 3 a hydroxy-fatty acid and an [err]-[err]

di car boxyl i el acid centai Aiag %éa@tfnc%%ﬂﬁtﬁ)ﬁ of&laimowd, dhecainbihe ﬁnttgnmndjls a

15. The grease conposi tion 1 or 2, or of any one of 2 <clains 4-9
and 12-14 whe Qdﬁb"su&ﬁedl 0gite,, dfiomd-earboXylisiaeidi n 3 the phosphorus
and sul fur cont I'ni hg conposition i's (B-1), wherein 4 at |east one of

Rland R2 is hydrogen or [err] 5 provided at |east R3 is hydrogen, wherei n
each [err] d [errét dependent | Oﬁ{lt *}ty 1aQE1°PQJthV'&goffr ahouls

to about 12 ar bon RAPTEEPT <9 ene group’having from a out

2 to about (% ¢ é%ﬁg g;f”ygén dependent on claim 1 or claim 2, wherein the overbased

3 metal salt (A) is an alkali, an alkaline earth or a zinc, carboxylate,

4 phenate or sulfonate.

1 9. The grease composition of claim 1 or 2, or of any one of
2 claims 4-8 when dependent on claim 1 or claim 2, wherein the

3 phosphorus and sulfur containing composition is (B-1).

1 10. The grease composition of claim 1 or 2, or of any one of
2 claims 4-9 when dependent on claim 1 or claim 2, wherein the
3 phosphorus and sulfur containing composition is the ammonium or

4 amine salt (B-2).

1 11. The grease composition of claim 1 or 2, or of any one of
2 claims 4-10 when dependent on claim 1 or claim 2, wherein the

3 phosphorus and sulfur containing composition is the compound (B-3).

1 12. The grease composition of any preceding claim, wherein each
2 hydrocarbyl group of the phosphite (C) independently contains from

3 1 to about 30 carbon atoms.



75 1 16. The grease conposition of claim1 or 2, or of any one of 2
cl ai- s Atlmllﬂwal HE iﬁ when dependent on claim1 or claim2, wherein 3

t he phospirAEUSEY | cont ai ning conposition is the amne salt 4 (B-2)
and is derived froman alkyl am ne having fromabout 1 to about 5 24 carbon
atons. 1 17. The grease conpositi ok*of claim3, or of any one of clains
2 4-7, 12 and 14 when dependent on- claim 3, wherein (A is an overbased 3
cal ci um al kyl sal i cy3.at eThagr8gsed compaditiahiaf eflaiw dnp8 2,0 ozbofitanyOone( BY i s
4 prepared by reacting the phosphorodithioic acid wherein R3 and R4 each 5
i ndependent |y diniasn @lR2phadn degpralept havicigih rlowr 3ctadmabowmhetein ahbovveaboned
or 6 an aronatic ?roup containing from6 to about 12 cg}rjfborl atons, with an
7 epoxi de havimetaf sakh @A) 5 slecied 4Temy Bish SEPURNSORMEHNE Hctd A nEagnssiuet 8

?gi gedilil Eolrf?t Zﬁiéka&f)’ﬁ?‘%ﬂzﬁﬁ%a‘ﬂﬁ%ﬂ#% g%‘é%’ﬁ{ %%%215?@0%&?? %EI%ISH%%&% V\ﬁil(g’r el r??%lg
cont ai ns f)r/(.f?mjagtl)%t}? %ﬁgtagfyllgaggtg{&t@ n@@@lgtra oniitgtltg3 %J%E%%t 12 dakb?x@%ﬁﬂﬁé‘,%%égf

i ncreasi ng t7h%ﬁl%ﬁlﬂﬁ@ﬂ%ﬁ&ﬁtﬂ&@@h&ia&eﬁased metal 2 soap thickened base
e romt group con I

grease sel ect Isting of conplex 3 grease and failed
conpl ex grease by at |east about [err] as neasured by ASTM 4 procedure
D- 2265 conprising incorporating therein 5 (B) fromabout 0.25%to
about 5% by lwei yéat The grgabesqimpbsstiamdod &yl precaldingaildimg demrpdsittheoprease is
sel ected fromthe group consisting of . .

2 a lithium grease wherein the acids making up the metal soap thickener comprise

3 a hydroxy-fatty acid and an o-® dicarboxylic acid containing from about 3 to

4 about 12 carbon atoms.

1 15. The grease composition of claim 1 or 2, or of any one of
2 claims 4-9 and 12-14 when dependent on claim 1 or claim 2, wherein
3 the phosphorus and sulfur containing composition is (B-1), wherein
4 at least one of R1 and R2 is hydrogen or

S

R40 P SRg— (VO)

ORg

s provided at least R; is hydrogen, wherein each R, and Rs is independently an
6 alkyl group having from about 2 to about 12 carbon atoms and R4 is an

7  alkylene group having from about 2 to about 6 carbon atoms.
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mherern eac

ound represented by the fornula [err] 8
ﬂlﬂ”" HF Ilrs i ndependent |y oxygen or 9 sul fur
provi ded at f each a and b is independently 0 or 10
1, and 11 Wherei n each [err] and [err] is independently
hydrogen, 12 hydr ocarbyl, a gro@% of the fornmula [err] 13
wherein each [err] and [err] I S i ndependently hydrogen or 14

hyd byl ded at | t f I
Py 002 Oy 1OV IS4 Lot oS0 bl g 0F AAEEATY b8 B/ GH062 Y

i ndependent Ly Q or 1 _an LRI [reJ ]c15§m 2, wh
i ndependent Izy 29I% 12"]rl‘ yheR dep%%ger[tregépc%ﬁﬂt he I1Eor nul a [grﬁem

wherein [err a a ene or kyI 1 GAUPs t#He amine salt
(B-2) an am3]ne E?\ %?%B '? 3 \%hceor[?pgf:LZ | east [err] is

hydrogen; , 7 P SRIIROUAF dL B 65 &iboaf Ditot Hsout
formul a [err] ‘;Bd%ﬁ atﬁdzlls derived fmm\/\,{%gra?rkn each [err] g:nd [err] is

i ndependent gy 9&/%59 gen Qe @
1 17. The grease composition of claim 3, or of any one of claims

2 4-7, 12 and 14 when dependent on claim 3, wherein (A) is an overbased
5 calcium alkyl salicylate having a metal ratio of from 3 to about 20, (B) is
4 prepared by reacting the phosphorodithioic acid wherein R, and R, each
5 independently is an aliphatic group having from 3 to about 12 carbon atoms or
6 an aromatic group containing from 6 to about 12 carbon atoms, with an

epoxide ﬁaving from 2 to about 4 carbon atoms then reacting the product

~J

8 obtained thereby with about 1 mole, per 2.5 to about 3.5 moles of
¢ phosphorodithioic acid-epoxide reaction product of phosphorus pentoxide then
10 neutralizing at least about 50% of the acidic mixture with an alkyl amine
11 containing from about 8 to about 16 carbon atoms; and wherein (C) is a dialkyl
12 phosphite wherein each of Ry, and R,;, independently, contains from about 1 to

13 about 6 carbon atoms.

1 18. A method of increasing the dropping point of an oil-based metal
2 soap thickened base grease selected from the group consisting of complex
3 grease and failed complex grease by at least about 15°C as measured by ASTM
4 procedure D-2265 comprising incorporating therein

5 (B) from about 0.25% to about 5% by weight of a phosphorus and

6 sulfur containing composition selected from the group consisting of



rovided at | east one is hydrocarbyl and each
X[err] 26 j Iﬂiﬁﬂllﬂ%l" “IE oxygen or sul fur provided at |east one is

B- m xtures of two or nore of (B-1) to

(B— 3) ther eof 28 and optlonally 29 (A) fromabout 0.25%to about
10% by wei ght of an overbased rret al 3078alt of a hydrocarbyl substituted
organi c acic} and 31 (C) fromabout 0.25% to about 5% by weight of a
hydr ocar byl /32 phodBnt} @ compound represented by the formula
X4
X R
8 wherein each X, X., X5 and X, is independently oxygen or
S sulfur provided at least one is sulfur; each a and b is independently O or
10 1; and
11 wherein each R;, R, and R; is independently hydrogen,
12 hydrocarbyl, a group of the formula
X4
R4(Xs)a P X,R¢ (aIn
Xg) pRs
13 " wherein each R, and R; is independently hydrogen or
14 hydrocarbyl, provided at least one of R, and R is hydrocarbyl,
15 Rs is an alkylene or alkylidene group, each a and b is
16 independently O or 1, and
17 each X5, X4, X7 and X is independently oxygen or sulfur; or a
18 group of the formula -R¢OH, wherein Ry is an alkylene or alkylidene
19 group;
20 (B-2) an amine or an ammonium sait of (B-1) when at

21 least R; is hydrogen;



UL

T
22 (B-3) a compound represented by the formula
Tn
R4Xgla P X, 0pRs (am
H
23 or
ﬂ‘n“g
R;Xg P XoRg @V
24 wherein each R;, Rg and Ry is independently hydrogen or a
25 hydrocarbyl group provided at least one is hydrocarbyl and each Xy, X0
26 and X, is oxygen or sulfur provided at least one is sulfur; and
27 (B-4) mixtures of two or more of (B-1) to (B-3) thereof,
28 and optionally
29 (A) = from about 0.25% to about 10% by weight of an overbased metal

30 salt of a hydrocarbyl substituted organic acid and
31 (C) from about 0.25% to about 5% by weight of a hydrocarbyl

32 phosphite.
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ABSTRACT

GREASE COMPOSITIONS

Improved grease compositions comprise a major amount of an oil based
metal soap thickened base grease selected from the group consisting of complex
and failed complex greases, at least one sulfur and phosphorus containing
composition alone or together with an overbased metal salt of an organic acid and
a hydrocarbyl phosphite, in amounts sufficient to increase the dropping point of
the base grease, as measured by ASTM Procedure D-2265 by at least 15°C, the

phosphorus and sulfur compound being described in detail herein.



