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Technical Field of the Invention This invention relates to |ubricating
conposi tions, concentrates and greases containing the conbination of an
organi ¢ pol ysul fi de and an overbased conposition or a phosphorus or boron
conpound. Background of the Invedtion 25 Pol ysul fi des have
been used to provide extreme pressure protection to lubricati-ng

conposi tions. However, polysulfides may |ead to copper corrosion, seal
conpatibility, oxidation stability, and thermal stability problens. It is
desirable to find a polysul fide which when used in conbination with other
additives provides good extrenme pressure properties to |ubricants w thout
the abbve adverse effects. 30 Summary of
the Invention This invention relates to a lubricating conposition
conprising a major amount of an oil of lubricating viscosity, (A at |east
one q*?anic pol ysul fide conprising at |east about 90% di hydrocar byl :
trisultide, fromabout 0.1% up to about 8% di hydrocarbyl disulfide, and

| ess than about 5% di hydr ocar byl hi gher 35 pol ysul fi des, and (B)
at | east one overbased netal conposition, at |east one phosphorus or boron
conmpound, or nixtéées of two or more thereof. The invention also relates to
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20 Technical Field of the Invention
This invention relates to lubricating composmons, concentrates and greases
containing the combination of an organic polysulfide and an overbased composition
or a phosphorus or boron compound.
Background of the Invention
25 Polysulfides have been uséd to provide extreme pressure protection to
lﬁbﬁcating compositions. However, polysulfides may lead to copper corrosion, seal
compatibility, oxidation stability, and thermal stability problems. It is desirable to
find a polysulfide which when used in combination with other additives provides
good extreme pressure properties to lubricants without the above adverse effects.
30 . Summary of the Invention
| This invention relates to a lubricating composition comprising a major
amount of an oil of lubricating viscosity, (A) at least one organic polysulfide
comprising at least about 90% dihydrocarbyl trisulfide, from about 0.1% up to
about 8% dihydrocarbyl disulfide, and less than about 5% dihydrocarbyl higher
35 polysulfides, and (B) at least one overbased metal composition, at least one
phosphorus or boron compound, or mixtures of two or more thereof. The
invention also relates to concentrates and greases containing the above
combination. The invention also relates to methods of making the organic

(

polysulfide.



hydr ocar bon groups. Substantially hydrocarbon describes groups which -
cont ai n heteroatom substituents that do not alter the predom nantly

hydr otar bon nature of 5 t he substituent. Exanples of hydrocar byl
groups include the follow ng: (1) hydr ocar bon substituents, i.e.,
~aliphatic (e.g., alkyl or alkenyl) and alicyclic (e.g., cycloalkyl
cycl oal kenyl) substituents, aromatic-, alighatic- and alicyclic- substituted
aromatic substituents and the like as well as cyclic substituents wherein
the ring is conpleted througDesniptionrofthe Preferrefl Ehbodinlentsul e (that is, for
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context of this jnvention, t her than car resent in a
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ordinary skill 1n"the art and i1nclude, for exanple, sulfu
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the hydrocarbyl groyp) Tysbgilted hyaxlaemﬁomusuﬁente,omuﬁbsdmba{t@atwm
substituents in the hydrocarbyl group. 25 Therefaore, the

hydr ocar byl gr otfRtaining pepbydrosarhon groups whigh, mheﬁomath thh’éfléYeim% domoty at i o
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distillation apparatus for _gvery gne p renoved fromthe apparatus. 3
As degcri bed abﬁ\?@a tPhEmBrE@é’Fﬂ ﬁWnte? relates to conpositions

containing (A) at |qgpt %f@ﬁbﬁ‘ﬁdﬁbiﬁtﬁ’éﬁtﬂ”‘ ¥, SebstiRRAls HicH Wil QitileHa%ingfa
sul fides in combination
predominantly hydrocarbon character within the context of this invention, contain

an atom other than carbon present in a ring or chain otherwise composed of carbon
atoms (e.g., alkoxy or alkylthio). Suitable heteroatoms will be apparent to those of
20 ordinary skill in the art and include, for example, sulfur, oxygen, nitrogen and such
substituents as, e.g. pyridyl, furyl, thienyl, imidazolyl, etc.
In general, no more than about 2, preferably no more than one heteroatom
substituent will be pmént for every ten carbon atoms in the hydrocarbyl group.
Typically, there will be no such heteroatom substituents in the hydrocarbyl group.
25 - Therefore, the hy.cifo-carbyl group is hydrocarbon. |
The term reflux ratio refers to the ratio of the amount of material returned to
the distillation apparatus to the amount of material removed from the distillation.
For instance, a reflux ratio of 5:1 means that five parts of distillate are returned to
the distillation apparatus for every one part removed from the apparatus.



with (B) at | east one overbased conposition, at |east one phosphorus or
boron conpound, or mxtures thereof. In one enbodi nent, the organic

pol ysul fide (A) is 5 present at concentrations in the range of
about 0.1%to about 10% by wei ght, or from about 0.2% up to about 8% or
from about 0.3% up to about 7% or from about 0.5%to about 5% by weight.
Here, as well as elsewhere in the specificgtion and clains, the range and
ratio limts nay be conbined. In one enbodinent, the overbased conposition,

the phosphorus or baiQRsGNER ABOE, ﬂﬁrsgregehi iiventidAaeRRk t&@hmi::@siﬁonscontaitﬁiéf
present in an anount from about 0.05% up to about 10% or from about O, 08%
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di hydrocar byl hig pol ysul fides._ Hi gher polugsul fides are defined as
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e di hydrocar Lsulfide is present.in an amunt .from about .0. 1%. or
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and FI D detector SP-4100 conputing integrator. The Colum is a 25 m
Megalb®re 25  is present imep agpunt fromabeut§83% mprte abpwt§0% ar frons atmut 108% 2

mn., to [err] at..| ] ooz T |} i o Dbk us make-up. The

i njection tenpe atf)ua?)éﬁtl 8'sgﬁ["[gei‘rer aa%gﬁ?téiie%\éﬁ@t ecat(i?’(t:))gt f%r??e‘rg%{%tfe is [err]. The

i nj ection size QrgaficcPolysulfidef er ences are the nonosul fide, disulfide and

trisul fide anal ogueg,to the suylf conposi tion for. anal ysis. ref erences

my be. bt ai i ed. by T QoG BATHderS Aot ComBaes fh ot about 50% 'L e
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analysis is as follows.” (1) An area % determnation is run on each of the

r ef et®nce dihydrocarbyl disulfide, and less than about 5% dihydrocarbyl higher polysulfides.
Higher polysulfides are defined as containing four or more sulfide linkages. In one
embodiment, the amount of trisulfide is at least about 92%, or preferably at least

about 93%. In another embodiment, the amount of dihydrocarbyl higher

polysulfides is less than 4%, or preferably less than about 3%. In one
20 embodiment, the dihydrocarbyl disulfide is present in an amount from about 0.1%,
or from about 0.5% up to about 5%, or preferably from about 0.6% up to about
3%. _
The sulfide analysis is performed on a Varian 6000 Gas Chromatograph and
. FID detector SP-4100 computing integrator. The Column is a 25 m. Megabore
25 SGE BP-1. The temperature profile is 75°C, hold 2 min,, to 250'C at 6°C/min.
The helium flow is 6.0 ml/min plus make-up. The injection temperature is 200°C
and the detector temperature is 260°C. The injection size is 0.6, ul. References
are the monosulfide, disulfide and trisulfide analogues to the sulfur composition for
analysis. The references may be obtainied by fractionating the product to fczrm
30 sulfide fractions (S1, S2 and S3) to be used for analysis. The procedure for



sanples to determne its purity. (2) An area %determnation is run on the
sanple to be tested to get a general idea of its conposition. (3) A
calibration blend is accurately wei ghed based on the area %results of the
sanple to be tested: then the 5 i nternal standard toluene, is
added to the blend in an anount equal to approxinately one-half of the

wei ght of the | argest conponent. (This show#d give an area approximately
the sane as that of the | argest conponent.) (4) The wei ghts of each
conmponent (i . e.analysis is gs follows. {IBAnzaren Fodetermination is runcomegshraf the feferencet ep

1. (5) The cali ' lend . N0 Py tLd RLL ' t Lec
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conponent s* area_of jnternal standar total areg of peaks
(concentration %ﬂcmrﬁl:émahe&ﬁ?éﬂ@e grea. results\gf ﬁ?tséﬁpﬁo‘f’%'f‘?‘i then thee
standgrd i.e.: "RREardRbRIBe, id A0 RS tHeBlend i dnl dndifit Rl g@NCENt rati on

inf
of conponent. (6) These response factors, plus the response factor for the
singl e S-3 peakappraximetely onerhalfoofctheiweighy ofidliegargess componente (This shéuld givee

sanples to be tested. (7). Results for S-1 and \S; re adj usted
to include all %g%égé’?)“gfaﬁ?' Hlﬁ%ﬁletﬁagﬁe%me( Qfgeﬁﬁ W’Iﬁ )_ygél fl}ed\gglg Fe '
det ermi ned by dbff éach @BmPonknt (ik.,! $¢, §-2! dndV8-Bpark Rbtredted bptke % phidityfronl St +
S-2 + S-3 + light ends) Light ends ,are defined as any peaks_eluded prior to

the internal sthn&RrThe calibragion bland ispm in friplicate yeng e qoprestad wejghtoand py |
h 25 ' A | f t . }Q?&u% ,
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atons. The hydramb842yl groups may be aromatic or aliphatic, preferably

al i phatic. In one enbodi nent, the hydrocarbyl groups are al kyl groups. The
organi ¢ polysul fides may be derived froman olefin or a nercaptan. 30

The ol efins, whrphs r%&fmﬁ%f&@o@naﬁﬁpqai arél of! ineedal %ﬁd@bef iyni ¢ doubl e
bond, = 5 which is(e Ined as a non-aromati c doubl e bond. et 1 ns having

from2 up to total area of peaks ) (concentration of internal standard)
15
* Adjusted for purity of the standard i.e.: component weight times
percent purity equals concentration of component.
(6) These reéponse factors, plus the response factor for the single S-3 peak are used
for determining weight percent results for the samples to be tested. (7) Results for
20 S-1 and S-2 are adjusted to include all the peaks attributed to them. (8) Higher

polysulfides are determined by difference using the following formula:
S$-4 = 100% - (S-1 + S-2 + S-3 + light ends) Light ends are defined

as any peaks eluded prior to'the internal standard.

The organic polysulfide generally has hydrocarbyl groups each

25 " independently havmg from about 2 to about 30, preferably from about two to about
- 20, or from about 2 to about 12 carbon atoms. The hydrocarbyl groups may be

aromatic or aliphatic, preferably aliphatic. In one embodiment, the hydrocarbyl
groups are alkyl groups.

The organic polysulfides may be derived from an olefin or a mercaptan.

30 The olefins, which may be sulfurized, contain at least one olefinic double bond,



about 30, or fromabout 3 up to about 16 (nost often | ess than about 9)
carbon_atons are particularly useful. Aefins having from2 up to about 5,
or from2 up to about 4 carbon atoms are particularly useful. |sobutylene,
propyl ene and their 5 dimers, trimers and tetranmers, and m xtures
thereof are especially preferred olefins. O these conpounds, isobutylene
and diisobutylene are particularly desirable. The nercaptans used to nmake

t he pol ysul fide may be hydrocarbyl nercaptags, such as those represented by
the formula R-S-H, wherein Ris a hydrocarbyl group as defined above. In
one enbodi nent , wRichsis slefinédkas 3 namarbfhatic double bonchl @Mmbhaﬁm?mﬁi Byap.toor

| oal keny! . lso b hyd | k
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about 2 to about 24 or from about bout on at onb
i ncl ude butyl n8 ﬁt@rbonamms prer pazticudanly wsefu).| Isvbuwbpe,aprppyiene,/tnm:tapt an,
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enbodi nent, the org c pol qu be prepared by reactin optionally
under superat nosphe?ﬁte °ﬁ‘%ﬁ£°15?“1!4?é“%)bbﬁlb ds with 20
a mxture of Sulfei anasnm@eﬁge rﬁé‘db aby of a
catal yst, such as aﬁ al k am ne c yst ?#Jﬁagﬁv\gg ygr_g-rlr’poél'lé el@I%gz\’v
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ol efl and net of r| n ne ar descrl bed S, Patents

4, 11él 549, 4,19 fP%g% °f3h‘g‘°’h>’ R, may plsa, %k’g@a“ﬂ’of these

pat ents is hereby&bm)p%ﬂiﬁeb,@mkypm% (é@rhfcﬁoxymeth_lyl hydréx%eﬂ@? dption

of the sulfurized ol efins and @ﬁaratlon of the pol ysul'f'i de” t hus

produced is f raﬂll‘P}BH‘élgr%ﬁpﬁq &anle thanmsmebwaamabop&q@am atemsfort he
f d
present inventiggm A%upﬁ? ﬁcﬁﬁcﬁ of d&ﬁﬂttl i, ﬁ]% £ § Lhrbbf bRl %ﬁﬁsugoﬁ[

subat nospheric pressure. p| cally t on pressure Is a
1 to about 250, uphxdbehutmlmeréaptm ainghmeﬁ:aptandbwltmétﬁﬁbtamrocmeﬁmﬁny&rom

gﬁ%é'?lf ? gc??onﬂi’%ﬂ%"ﬂbom 251 nopyl er@agtr 5 ooyl r’]‘%["l’a%pa“'c Wueh :
dodecanethiol, dodecyl mercaptan, 10-hydroxymethyl-tetradecanethiol, and
tetradecyl mercaptan.
In one embodiment, the organic polysulfide may be prepared by reacting,
optionally under superatmospheric pressure, one or more of the above olefins with
20 a mixture of sulfur and hydrogen sulfide in the presence, or absence, of a catalyst,
such as an alkyl amine catalyst, followed by removal of low boiling materials. The
olefins which may be sulfurized, the sulfurized olefin, and methods of preparing
the same are descnbed in U.S. Patents 4,119,549, 4,199,550, 4,191,659, and
4,344, 854. The dxsclosure of these patents is hereby incorporated by reference for
25 its description of the sulfurized olefins and preparation of the same. The
polysulfide thus produced is fractionally distilled to form the organic polysulfide of
the present invention. In one aspect, the fractional distillation occurs under
subatmospheric pressure. Typically the distillation pressure is from about 1 to
about 250, preferably from about 1 to about 100, or preferably from about 1 to

30 about 25 mm Hg. A fractionation column such a Snyder fractionation column may



be used. In one enbodinment, the fractionation is carried out at a reflux
.ratio of fromabout 1:1 up to about 15:1, preferably fromabout 2:1 up to
about 10:1, or preferably fromabout 3:1 up to about 8:1. The fraction
distillation occurs at a tenperature at which the sul fur conposition which
IS being fractionated boils. 5 Typically the fractiona
distillation occurs at a pot tenperature f®Bom about [err] to about [err],
or fromabout [err]_ to about [err]. The conditions of fractignal

distillation abeused cIneneembndiment, the fragtionation dscamieshowat ageflpx ratioof . The
e

present inventi [ ' Fﬂa{ggog I r | €0,
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a sul fur conpogpreféerably fidm abmitiBoH up o about 8: heThe fractionalistillatiom ocoampatsa t i on t o
a tenperature at which boil.i.ng ocqurs. The, di st.i,l|ation, syst i s., br ought
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fromthe distillation apparatus. The amount of the desired fraction may be

cal cul at ed by about 300°C, or fromtabewt 9)°Gototabeutp?5€: ti on f sul fides. The
desired fraction is | I+ Ll AG: ACGM AL E i control on
the-distillation syﬁ%%@ﬁ%%i@%@@gg&é&ﬂb@s&gpg&wg%wzia&s'peci fic
vapor and tenpeomposidor being distilléd.aThe present lheventidnl also relsteotd & medjoddfed t o

mai ntain the tenperature at i C hj s fraction boil]s. After. renoval qf the
desired fracti 6@“’!&1 ©OFgRNS Eﬁyﬁ_\"_g@‘i%@%f L]ﬁ’t"‘rf@?tg?‘? P"("Qi_r"éﬁl fragnogel distilation of
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bat ch process. In a continuous process the materiral to be fractionated is

fed to a fract itemperamrg aovhicinboiling eptirsr Thedistillsionrsystemds broughttosyst em such
as feed flow, t I, r t Qr hout th o] , flux r.atio,
etc., to separ gﬁgﬂﬁﬁ@mﬁgﬁﬁ@oﬁ Wé’g& wm ch%% t%@'%ﬁ{q%ﬁt@esghg%‘terhead
and bottonms st abeve). Tihe factiGisoobriined fromethe didjillationchré eenidved tftonm tliehe desi r ed
conposition in the overhead and bottons _streanms, For a batch _rqcess, the

material to be dstilationapnamius. sTheainey of thedestied fragtion masberalemiated bYheat ed
to bpiling te the PRofortidier SRS ai‘her&ﬁﬁ?&ﬁﬁa&ﬁﬁ i%B talndd ppoi Nt the
stems Uil u

fractionation cofurm rought to eq rrum sequently, the 30
desi red ref| ux maintainingsaccetate 1€uipemtire nomtfol tohahel distildtiontsystem. ¢Thenoilingl, as
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fractions are removed at a specific vapor and temperature for that fraction. The
reflux ratio is adjusted to maintain the temperaturé at which this fraction boils. -
After removal of the desired fraction, the fraction may be further filtered as
20 desired. '
In general, fractionatiion is carried out in a continuous or a batch process.
In a continuous process the material to be fractionated is fed to a fractionating
column. Parameters are controlled in the system such as feed flow, temperatures
throughout the column, and the reflux ratio, etc., to separate the components in the
25 " feed into an overhead and bottoms stream. These parameters are afdjusted to
maintain the desired composition in the overhead and bottoms streams.
For a batch rocess, the material to be fractionated is charged to an agitated
vessel and is heated to boiling temperatures. Once the material reaches the boiling
point, the fractionation column system is brought to equilibrium. Subsequently, the

30 desired reflux ratio is set. Collecton of the distillate is commenced, as described



7 herein. The reflux ratio is incresed as is necessary to nmaintain the
appropriate tenperatures in the fractionating colum system As the
distillation rate slows, the reflux ratio is increased until eventually the
collection of the distillate stops. The different fractions are separated
as t+e above process is repeated at higher 5 tenperatures. The
foll ow ng exanple relates to sul fur conposi¥ions of the present invention
and nmet hods of making the sanme. Exanple S-1 (a) Sul fur (526 parts, 16.4

mol es) is char gbﬁemoqﬂlejr&ﬂwem@,isﬁﬁgtseémeésmssaw to maintain the appropgatewhi ch

is fitted with ' r A |, cool i cQIi LS. .. Jgerated brine
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i ntroduction of reflag ratics isdnicresised antinéventuAlly dlie collebtidiOoft the distilate @fops. The
evacuating to aby torr and cooling, 920 parts (16.4 noles) of isobutene

t 2
and 279 parts (@iffsrenpfractionsars,separatrd Asthe abone prpcest ifteprated; a8 higher  eact or .

The rgactor is {éﬁgkﬁq“b@ ng steamin the external 15 jacket, to a
tenperature of abdut [err] over about 1.5 hours. A maximum pressure of 1350

psig is reached at dBeubllpwing]exdmplenglatdsite shifart composiHonsof the presanthi ng t he
peak reaction t rature h essure starts to decrease and continues to
decr ease steadiﬁvngﬁ?ntngg%é%%tgyégﬁ ¥M%r e consumed. After about 10
hours at a reaction tenperature of abougxdmplels-1the pressure is 310-340
psig and 20 e rate of pressure change is about 5-10 psig per

th
hour. The unreact ed ®YeWBELA26 pants, d6.4meles)sisisharged tasp dacketed, digh-pressurecover y
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I ncl udi ng unreagted isobutene, rcaptans and nonosul fi des, The residue

after nitrogen DFERFIRYS ractagss; ARy 3 Fe8GiaLy SYaFYating to 3bont 2 toraAndy
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sul furized conposition | contains 42.5% sul fur. Char ge
the product of sulfidgtre charged yo the reantory cEhetroactonisdheated @sing steam in thevextemal
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pressure of 1350 psig is reached at about 168°C during this heat-up. Prior to

reaching the peak reaction temperature, the pressure starts to decrease and

of

continues to decrease steadily as the gaseous reactants are consumed. After about
10 hours at a reaction temperature of about 182°C, the pressure is 310-340 psig and
20 the rate of pressure change is about 5-10 psig per hour. The unreacted hydrogen
sulfide and isobutene are vented to a recovery system. After the pressure in the
reactor has decreased to atmospheric, the sulfurized mixture is recovered as a
liquid. |
The mixture is blown with nitrogen at about 100°C to remove low boiling
25 " materials includir;é'ﬁnrea'cted isobutene, mercaptans and monosulfides. The residue
after nitrogen blowing is agitated with 5% Super Filtrol and filtered, using a
diatomaceous earth filter aid. The filtrate is the desired sulfurized composition
which contains 42.5% sulfur. '
(b) Charge 1000 Ibs. of the product of Example S-1(a) to the reactor, under
30 medium agitation, and heat to approximately 88°C - 94°C. Bring to equilibrium



and .maintain equilibriumfor 30 mnutes prior to col l ection of distillate.
Set.the reflux ratio at 4:1. Raise the tenperature to [err] to ensure a
steady distillation rate. Collection of the distillate will require

approxi mately 20-24 hours and the yield will approxi mte 230-260 | bs. Raise
t he-tenperature to [err] 5 Bring the systemto equilibrium and
maintain for 30 mnutes prior to collectioB of distillate. Set the refl ux

ratio at 4:1. Raise_ the tepperature tq [err], in gorder to_ensure a steady
distillation randmainsineguiliariam; for 40 aninytes prior. torolipgtion of distillate; Sef fyeat i on

! otuct con ai Ao 3 EaACTRAfme fimihpfian’ fogicRs it o sty deftied

Exanpl e S-2 | nratey €ollettioni afithe distibate imill aequine appraximatellyr20-24 Honro ad theans of

o on- o AR Bt Ty R et o
tenpegature. Mprgahds spshén €SlepiliHok Bd Sairbin Tor 30 Rfimibés Por'sd ook oron of
distillate. Set the refl ux ralo at 1. Under these

condi tions, coldistiflate; rfiet thesreflux ztie aﬁl‘lﬂ Reise fb@&mﬁﬂedﬂ 181°@|-§t214T¢.ame i s

| ess than ST iohieh Yo bl € Sreadllbiioh 00! Glnehd ol blek 75106 H0bAL 10 88

grans of distil vapor errperat ure al se enperat ure
of the vessel [ddmll]moﬂ?g&ldsapmxmhﬂalylmm%s ofi dte deSirdDppdacts The desired

distillate, at a yapor te [ r [err] |l ect and renove 1838 grans
of distillate, PM\‘FF %agkl 96‘18§%s§ zgﬁgg'on as long as the distillate
ratggtays greater than 5 m/ 15 m nut gxambfe £9i | i ng drops off, raise the
tenperature of the vessel {err] Cont i nue coIIectlna distillate until the

distillation rate ilnawessekwithafractiomtion colusn, bring 44,000 gmmsTofethelpradutt at e

ol acton of o Enriplk & 1 % BBS o SRy FEF, fihder pb gl Bring

[err], not 25 the column toeifﬁﬁﬁdﬁtﬂ@y[teguﬁunﬁawpm&&ﬁpéﬁtuﬁ Midintaihi thei | | at e,
containing 214 grans of distillate at a vapor tenperature of [err]

Conti nue col | e®dnibihrigm PhéDF‘BH‘HPﬁH’é‘PT tSfcollﬁréwalojtdmtuﬂatee Set the: reflux FP{!;‘O at
aPPrEK Tt ol Y AL ANa e cchRoAE RS o e i a2t 01

rate 1s |l ess than m nut es. ter ctlonatlon shoul d

appr oxi mat e 67 distijjateris less thancSmleigi ISeminptesdCGoliect Tmmbldsthe distijate dontainingnt ai ns
0, 0,

30 AR 2 mai. ﬁlst\flla%e a g’va;?o? tgn@pesrg’ﬁnea ndeélcl 5R/3xsse4 the temperature of the

vessel 15°F. Remove an additional aliguot of 50 grams of distillate, at a vapor
temperature of S8°C. Collect and remove 1838 grams of distillate, continuing

20 collection as long as the distillate rate stays greater than 5 ml/ 15 minutes. If
boiling drops off, raise the temperature of the vessel 5.5°C. Continue collecting
distillate until the distillation rate is less than 5ml/15 minutes is achieved. The
distillate contains approximately 473 grams of desired product. For the final
collection of distillate, raise the temperature of the vessel 9°C to 116°C, not

25 " exceeding 121°C. Remove 220 ml of the distillate, containing 214 grams of
distillate at a vapor temperature of 69°C. Continue collection of the remainder of
the distillate, containing approximately 4114 grams of the desired product, until the
distillation rate is less than S5ml/15 minutes. A yield after fractionation should
approximate 6777 grams of the desired product. The desired product contains

30 approximately 2% S2, 95.6% S3, and 0.15% S4.



9 As, described above the lubricating conpositions, concentrates and grease
additionally contain at |east one overbased conposition, at |east one
phosphorus or boron conpound, or mixtures of two or nore thereof. Overbased
Met al Conpositions 5 I n one enbodi nent, (B) is an overbased
netal .salt and is present in an anount from about 0.5%to about 4% or from
about 0. 7% to about 3% or from about 0.9%9 o0 about 2% by wei ght of the

| ubricating conposition. Overbased netal conpositions are characterized by
having a netal cont & daseribedmabove e lubrigating compositiong, eancenteates-andzgrease di ng

compound. The Astispel chlfadt e G oiehBsdliuioeitn, a Jes one T oy
The term "net al baréit compmtd] bembaise odtwd bemiosd thereefjui val ents of the netal

to the equivalepnts_ of th cidi c Qrgani c conpound. A salt having a netal
ratio of 4.5 wiPrenbased Meeﬁéjéﬂmmmﬂss of excess netal. The overbased salts

genergl |y have a mellont bdinicht!'(BPMn dveibaddl biad B ind'f) préent 04 O 2

up to about 30, or from abou 3 up to about . I'n one
embodi ment , t heamean fromaabaut 05 %) teshout 44, an fratmoahiout 0.7% togabeat 3%, tohfromabout

10, or greater tha t 15 e ove d erials are., prepared by
reacting an aciWR’g?"g#ﬁ %Hopt g%&y&@?@:&%%@g c&o&npqﬁﬁoﬁ S(R‘fﬁr. e
conprising an amegl Sofipdivng afeOshanicRbizediby Bavihg QinéEICiontenE BIENCeSs STOh#t
| east one inert,_ organic solvent for the acidic 20 organic

conpound, a st owhishdyamd be pessent agcasding te th; stoighipmetry. of fhe metal g acidic

pro er. Gener i agalollly ngﬁh g.?fa]

car gg%at es, and%ﬁ'ﬁ%ﬁh@?ﬁ‘?@o?hds Ep (t)g’g"lonl cglgtra?p osp %??g’@m g;ﬁa S. The
netal s of the bmtioc Thetterim tmetpbratid’s isathe rajionefrthé kotaladguivalentsadfithe metal déatheh,
and transition netals. mples of the netals of e ,basi c t al ound
el ude 25 0" Sttvalents, o e Roid: et SomBoit fosal BiR A sielaapie of A Wit

barium titani Upgve P gqifaAents 6P Blels mBfak KThe oFIbARBd sald gbnérall§ hav¥ & ka0l ¥
sodi um potassium cal cium .and magnesium The acidic organi c conpounds

useful in maki negtiotonsebous dseup tnehsut #) arrfione mbeute wr tesehent 3\vasrfrom gbout
' ncl El'.ﬁe car boxyg .luﬁ.tg(&%lﬂ.ti pg{naq?lng%xﬁ)odﬁﬁgn{ U ﬁ}e&‘f rfifey i ?g?eater than about 7, o,
0 | phenol's,

r
phosphorus contai hing aci'ds, and m xtures of AWO of nore thereof.
greater than about 10, or greater than about 15. -

The overbased materials are prepared by reacting an acidic material,
typically carbon dioxide, with a mixture comprising an acidic organic compound, a
reaction medium comprising at least one inert, organic solvent for the acidic
20 organic compound, a stoichiometric excess of a basic metal compound, and a
promoter. Generally, the basic metal compounds are oxides, hydroxides,
carbonates, and phosphorus acids (phosphonic or phosphoric acid) salts. The
metals of the basic metal compounds are generally alkali, alkaline earth, and
transition metals. Examples of the metals of the basic metal compound include
25 - sodium, potassium, lithium, magnesium, calcium, barium, titanium, manganese,
cobalt, nickel, copper, and zinc, preferably sodium, potassium, calcium, and
magnesium.
The acidic organic compounds useful in making the overbased compositions
of the present invention include carboxylic acylating agents, sulfonic acids,

30 phosphorus containing acids, phenols, and mixtures of two or more thereof.



10 Preferably, the acidic organic conpounds are carboxylic acyl ating
agents, sulfonic acids, or phenates. The carboxylic acylating agents
include fatty acids, isoaliphatic acids, dimer acids, addition dicarboxylic
acids, triner acids, addition tricarboxylic acids, and 5

hydr-ocar byl substituted carboxylic acylating agents. In one enbodi nent, the
carboxylic acylating agent is a fatty acid.1gratty acids generally contain
fromabout 8 up to about 30, or fromabout 12 up to about 24 carbon atons.

I n anot her enbo®refembly, theacidie brgagicicompoyndstare garboxylic sicylating agents; sulfonihat i c

acids. Such aci ont &l principal saturated, aliphatic chain typically
havi ng 10 qgidg’&r@ﬁ&é%but 14 to about 20 carbon atons and at | east

Fgre’r] ;)ugl llif/lualglrgu,ng wgacri iC’c?E?hngrlléeggHg%s ?ﬁgﬂafﬁggl@?dﬂhigﬁuc aci ?j‘gsi&?gialﬁde
10 11 hyl -1 ot 1 A868R AGRBIOR AIGATbARY GF RGAGsfasmetBgan SR gR Fiparbylc acids, and h

8- met kyl - oct ade 9&%& b flets chrb3aV1] s | I Gﬂe.“éiﬁcﬁ'xﬂ - chain
aci dst%/repar ed gly ol i B@%ﬁﬁgg{%&on;oﬁlgﬁgﬁggﬁéﬁt ty acids, sﬂgaﬁgs ol ei c,
15 . : i pube:’;;dlcaaedlatxag!agmt lis a&uwamtz:l Batty &ids %bngmglyﬁmwm iraamlabdg
products resultign romt ileMerizatign q nsaj,urated fatty acids an
general |y cont alhrf’ﬂ’atﬁ ‘i’%‘rgtgé’fff'i"mé%%d? u?gota.ﬁog%llﬁa%%,atgps.f rom about 28 to
about 40 carbon atonmariacmbn@aﬂidﬁan@rtﬁeéh@myuib%gy tmghg‘éntsﬁﬁéladeﬁoaipﬁﬁec 760,
2,482,761, 2,731,481 _ 2,793,219, 2,964,545, 2,978,468, 20 ]

3,157, 681, and 8&cidseSuguacidy,eontain amsingipal-sabieted aliphaticehein wpisally bavingr at ed
her eiy by refer rgaﬁg ' ' ent s
are eil dition ca?@g%l |glgg§%§ﬁtﬁg ageh{%&hs\/\ﬁ“gﬁ lg%&g%éﬁ ﬁ%@%bﬁ%‘%ﬁé@'ﬂ)
pr o(cjiuct S 01;] an abmﬂtfmrapgtﬂaﬁtaadyyli‘atdvm (esg.o@,.galalkghgﬂougé.l S%ciﬁisen@letsl ofi \(/:\,h eh
acids, with one or, yjore, 25 . . nsat yr at cay boxylic reagents, ,whic
are descri bed béﬁ‘%\/&?‘.’ah?&téc %ﬁﬁlﬁj’?c]éfp% lﬂ'ﬂf@?ﬁ't?tﬁﬁﬁ%?’cﬁ&i Arethd- "g‘,‘ 10193
the disclosure géid)\Hd-8-methyldeRdQandit aeid eIt SoalphdtR RIRAQudd Branctaliber
enbodi ment, the carboxylic acylating agent is a tricarboxylic acylating
agent. Exanpl es chain aeids prapesed| bycoligomerization of gommercilcfattyl ecids,isuch agoleic,

acyl a.l%ﬁ ng agent fingﬁﬂ: Jnlaetaﬁ%ﬂ%&fgciﬁi()dum of an unsaturated carboxylic

acyl at’1 ng
The dimer acids include products resulting from the dimerization of

unsaturated fatty acids and generally contain an average from about 18 to about 44,
or from about 28 to about 40 carbon atoms. Dimer acids are described in U.S.
Patents 2,482,760, 2,482,761, 2,731,481, 2,793,219, 2,964,545, 2,978,468,

20 3,157,681, and 3,256,304, the entire disclosures of which are incorporated herein

' by reference.

In another embodiment, the carboxylic acylating agents are addition
carboxylic acylating agents, which are addition (4+2 and 2+2) products of an
unsaturated fatty acid, such as tall oil acids and oleic acids, with one or more

25 " unsaturated carbék)'rl'ic reagents, which are described below. These acids are taught
in U.S. Patent No. 2,444,328, the disclosure of which is incorporated herein by
reference.

In another embodiment, the carboxylic acylating agent is a tricarboxylic
acylating agent. Examples of tricarboxylic acylating agents include trimer

30 acylating agents and the reaction product of an unsaturated carboxylic acylating



agent (such as unsaturated fatty acids) and an al phabeta- unsaturated

di carboxylic acylating agent (such as maleic, itaconic, and citraconic

acyl ating agents, preferably nmaleic acylating agents). These acyl ating
agents generally contain an average from about 18, or about 30, or about 36
to about 66, or to about 60 carbon atons. The 5 trimer acyl ating
agents are prepared by the trinerization oftione or nore fatty acids. In one
enbodi ment, the tricarboxylic acylating agent is the reaction product of

one or nore unsagent (sueldasunsbrated fattyagids) andjaragjpha,beta-uwisatamtedndicarbaxylicat ed
fatty acid or unsaturated al kenyl ;succi nic anhydri de angd..an

al phabet a.-unsatwgil@ﬁ aé%fﬁt(ﬁ}@ﬁ%"ﬂ‘%‘&g@%%ﬂ@] % uiincid B 2B, Arsferably
reagents i ncl ud@aldesetilating afentd). These acylatﬁ%rag&_ith’ lgbrferdllyi ébitade in aferdgdifrom
functional derivatives thereof, such as anhydrides, esters, am des, imdes,

salts, acyl hal8heut18,05abawt30, oe gbout 36 toabent 6, oete ahout 6% garben atomse nfhe

i ncl ude nono, di. L A iy Gaol . Lfi

usef ul" nonobas id‘!(l:mbe% & glgtﬁnaé %;%?% Weg %gctﬁggﬁﬁ%%aﬂég Sgéééy&l @6%'?;3 hﬁ %ﬂg'

met haf:r ylic acid, cimmmei mbadlménb i t,ahe:)tritaiborﬂki ahylalning agemhﬁttplrpalmﬁmrpmdn' caci d.
Exe ary 15 0 asi c_acids ijpclude, mal eic acid, maleic

ey | o, T et e, oTe PRSP PO B PR AR A B i
General Iy, the audas iishubsled aIkeRy! Yshbdnit AARFIMde |ahd 3R afihe, beabudatufed aci d, or
| ower ester, e.g. those containing |ess than eight carbon atons. In one

“enmbodi nent, t hecatbrxalic reagent. dTheaunsaturatadccagboxylie reagents includgamesaturated cont ai ns

an ayerage fro . LT . 18 up
to aggut- 30 ca;%gﬁoq‘ﬁ% ééid s %ﬁ%%p%@gﬂg?ﬁ%ﬁle‘g%w%{)}?{%ﬁ%% Flfcgl agcaypyiﬂdne& agents
wCl ude I[Errpoi [gzsédss,maTsagflidbgbhns,@eynm_ ! |idé?hhd/nft|-|ﬁlﬁin The upsaturated | t:anbe;j gylic
strene[err avail able copmercially from Hunko Chenjcal, a

Uni dyme[ err]. 60FeAgRt mmahide menandi,dFiar ttracribex i 15ae P&\“’ﬁcﬁ"&?‘!’{}ﬁ."fl n
anot her enbodi ' {0 ' : &M&cj,- 5
substituted ca?%xﬁgle‘&gﬁacy gﬁﬁg‘%?ﬁﬂ&ﬁ%&@gﬁg{é‘g%ﬁ‘iﬁﬁu ut ed1102

car boxyl i ¢ acyl &id,rcinmgte asid acretopicegrid, edd 2yphenylpropenaie acifl. Bxemplaryror e

ol efin or polyal kene. wi th .one,or re.of t.he abo dgscri bed, unsat ur at ed
car bRy 11 o' eagRvesic ek BRRAL el S e R e, SRS Hein, MBI out.
to about 300, Ogcid, itdbiio@bid ahd ditPacofticaleid)t GeliépallyD thef uingaturbd darbidxyli® t O
about 150, or from about_ 30 to _about 100 30 car bon .atons.th;nn

anot her embodi nteagent i maleiciandydrids; acidy et lowen gstes, 8- thospreniaining less
eight carbon atoms. In one embodiment, the unsaturated dicarboxylic acylating

agent generally contains an average from about 12 up to about 40, or from about
20 18 up to about 30 carbon atoms. Examples of these tricarboxylic acylating agents
include Empol® 1040 available commercially from Emery Industries, Hystrene®
5460 available commercially from Humko Chemical, and Unidyme® 60 available
commercially from Union Camp Corporation.
In another gmbddiment, the carboxylic acylating agent is a hydrocarbyl
25 " substituted carbolei-c acylating agent. The hydrocarbyl substituted carboxylic
acylating agents are prepared by a reaction of one or more olefin or polyalkene
with one or more of the above described unsaturated carboxylic reagents. The
hydrocarbyl group generally contains from about 8 to about 300, or from about 12
up to about 200, or from about 16 up to about 150, or from about 30 to about 100
30 carbon atoms. In another embodiment, the hydrocarbyl group contains from about



12 8.up to about 40, or from about 10 up to about 30, or from about 12 up
to about 24 carbon atonms. In one enbodi nent, the hydrocarbyl group may be
derived froman olefin. The olefins typically contain from about 3 to about
40, or from about 4 to about 24 carbon atons. These olefins are preferably -
al plra-.ol efins (sonetinmes 5 referred to as nono-1-ol efins or
termnal olefins) or isonerized al pha-ol efixes. Exanpl es of the

al pha-ol efins include 1-octene, 1-nonene, 1l-decene, 1-dodecene, 1-
tridecene, 1-teBupdeabay 401 opfomaahout 4@ up 1o hbout 3¢ enfromiaboetpl e tealsout 1-

t ad , 1- 1-sei .1-h i 1-d . :
o ot Tacocene, 24 SABGE Afbms 1F 8 SHaimient GRS hSRRERPY, ey iy B decived ipmc o,
be used i ncl udean blefiherThe oléfins typically conltsth Flomhtoue3 3b @bbit 40, befrbh about 4

al pha-ol efins, [err | pha-ol efins, [ery] alpha-olefins, [err]
al pha- ol efi ns, {"e@h“}‘t Zfﬁﬁgﬁ”bﬁ@msns'r,h%ﬁ’ prorpreferably #lpha-plefing (sometimes

al phasol efi ns, @f&redhaﬁq%ﬂ'be{ 'fg{;@;m ﬁn%y eler=TE oIV Phe | s derived
froma pol yal kene. The pol yal .gﬁgn?ﬁt u eslhi(‘}no o‘#ymars an m%ie%'rﬁbg’l yners
of pol ymeri zabl Bxahplés of thealpharalefins\inclydé i-ontefle, Usndneng dodécend; 1-dudedene)12 up
to about 6, or fr 1 bout caJ bon ons, The ol efins may
be nonool efins, L’sdgg%\l%aig%faa%eé’ﬁ’elfpﬁ%%ﬁ@néé‘efa?‘{?ﬁ?'@nz'&‘eptg%ﬁl‘?Iléne, and
1-oct ene, or pobitadeeéne])ilmorBdeemy, Elyei¢d§6ﬂel,ldi-li%ﬁeidéééhéfli-dﬂoﬁséﬁ@,n%éaseﬁﬁch

1, 3- but adi ene and i soprene, The ol efins also may be one or nore of the

above descri bed®& (Fosmereially, availapleiphasolsfin fraetians thatsan be asgsbinglude thiesCa.

honmoggl yner. 1In | gent ol ' 0
pol yE%t ene, sucl gs a pol y?ﬁf%‘#@@*ﬁ‘em*aé@? 'og%.w?’oé“f%aép}f%?lm Giegs
derivgd fron}buﬂWhedbﬁmiKhﬁg?hymﬁMﬁhmea%ﬁﬂpmﬁdhﬁmﬁ(Qmu§Qﬁ¥en§hgnﬂ&
procedures. In one odj. men e yal kene | s characterized as
contai ning from aboﬁgb%oﬁ'ﬁr ?’Bb‘éﬁﬁﬁ?eg@d‘ydﬂcaﬁ?’ group d¢ derivgd from 8 poblkengop,
or from about 3%hé!polyslkareois élgm&MﬁéﬂaanZ @t Qﬂa?intéxﬁ?lgﬁﬁgg%f% ' bletubeﬁn |

a u erage nol ecul ar

pol yal kene is characterized by er ‘a
wei ght) of at |®eBemersdayingdom? uptto|abautt 1600 fronc2 Op teebaut 6, by from2 to

DOLYEE"? o, SRS ) e O LB B 0500, o
from about 900 propylene;ebuten20i3Gbutylene,untilesctent) 6£lpolpslefinidinondmiers from
about 500 up t Oinca:ﬁggltg &39:0mic %oxio;n%g, %Ec u%ﬁl?x?adije?le tarcid ?s%orlgle.le'i%eo bleci?'irns 1;lrsgm
about 800 up P
may be one or more of the above described alpha-olefins. In one embodiment, the
interpolymer is a homopolymer. In one embodiment; the homopolymer is a
20 polybutene, such as a polybutene in which about 50% of the polymer is derived
from butylene. The polyalkenes are prepared by conventional procedures. In one
embodiment, the polyalkene is characferized as containing from about 8 up to
about 300, or from about 30 up to about 200, or from about 35 up to about 100
carbon atoms. In one embodiment, the polyalkene is characterized by a Mn
25 " (number average ‘molecular weight) of at least about 400 or at least about 500.
Generally, the polyalkene is characterized by having an Mn from about 500 up to
about 5000, or from about 700 up to about 3000, or from about 800 up to 2500, or
from about 900 up to about 2000. In another embodiment, Mn varies from about

500 up to about 1500, or from about 700 up to about 1300, or from about 800 up
30 to about 1200.



30 . to about 1200. 13 The abbreviation My is the conventional

. sywbol representing nunber average nol ecul ar weight. Gel perneation

chromat ography (GPC) is a nmethod which provides both wei ght average and
nunber average nol ecul ar wei ghts as well as the entire nol ecul ar wei ght

di stribution of the polyners. For purpose of this 5 I nvention a
series of fractionated polynmers of isobutdde, pol'yi sobutene, is used as the

cal i bration standar e GPG. The technig for determ ning M and Mv
val ues of pol ymars 'ﬁ}eeaq;}agq g%\ &'G“&P\ée"é!@ TCRCRIHRE JWEbELoks and
articles. For le&ﬁ%mﬁ ¢ %elt#éﬁnaﬁfo dl'il'di'x%é fd‘l’t}%‘ﬂ ular
wei ght distri butlon o pol yne ?tsl IS described iIn Wﬁb@an . Kirl'dand and

D.D. Bly, 10 which provides\both weight 2 mbe[aqmge mbleoviar weighisias well) .

Wley & Sons, 979 e | kenes ve a M
fromat | east ﬁso@'ﬁten ?lest}rigrg\ve taé‘?'%ﬁ%&g%@ﬁ@o i’%{r 856’5 1700.
In ome enbodi nﬁﬁbntlﬁf@smhbﬁhh&i&ﬁtehm%fisbmﬁ?%uyxswﬂ@naﬁs tieedadgout
3200, or from about 1500 up. to, about 2800, or from about 1700-up to-about

2400. In a pretherqaibration siandasd, in thfﬁ . The t “hﬂ‘lée rainingMa apd Wiwr r om
about 1700 to F?ﬁg}?“ I Ay Mh from
about 1.5 to ag%iu%t ?t;rom a out ‘?ﬁgﬁ&aﬁ oProm about 2.0 to
about 3.4, or ﬁntnles.ali’oubxain;ﬂe,tmethd:ﬂs@r ﬁerieteThmahpnl |06Mrr !n;d melebslar weight
carboxylic acylat]i nts are _desc edl S. ent 219, and
4230, 435, ¢ nedHLBHaR Af BavmRr s dewribed LPLE) Yo b ordendied B3 By

r ef gigence. | n exRidfrSiR RRhsiE Liquid €hial ;mg JoWile§ &Bpnd)Ind); BPAI ed by
reacting one or nore of the above descri be yal kenes with an excess of

mal ei ¢ anhydride t onanetherembediment, meenplmlmﬁh@veemmcmgt dgeinaboutiher ei n
t he nunber of %ggﬁl Hhoi1960 t uent
group, i.e., i?&glog e?ét Hﬁb &aé\tl’leér‘sgup FZ at eas%mﬁ%aoug’gl , or at
| east about 1. polydkem!s HaeaatMmliont abhuSlS(lUmp tmabcmlﬂﬂﬂmmb&bmudut gmompil |y
not exceed about out 3.5, swt range is f.rom ahout 1 4 up
Lo about 3. o, b tiub 28 of om by 1700 b ot 241 2 Preped i,
equigeal ent wei gl pofalieinb Hat E‘Mﬁ‘tﬁoﬂf%? 1700 to about 2400. The polyalkenes also

generally have a I\-dw/f/-ln from about 1.5 to about 4, or from about 1.8 to about

3.6, or from about 2.0 to about 3.4, or from about 2.5 to about 3.2. The

hydrocarbyl substituted carboxylic acylating agents are described in U.S. Patent

3,219,666 and 4,234,435, the disclosures of which is hereby incorporated by

20 reference.

In another embodiment, the acylating agents may be prepzlired by reacting
one or more of the above described polyalkenes with an excess of maleic
-anhydride to provide substituted succinic acylating agents wherein the number of
succinic groups for each equivalexit weight of substituent group, i.e., polyalkenyl
25 " group, is at least about 1.3, or at least about 1.4, or at least about 1.5. The
maximum number will generally hot exceed about 4.5, or about 3.5. A suitable
range is from about 1.4 up to about 3.5, or from about 1.5 up to about 2.5 succinic
groups per equivalent weight of substituent groups.
The carboxylic acylating agehis are known in the ar and have been de-
30 scribed in detail, for example, in the following: U.S. Patents 3,215,707 (Rense);



The carboxylic acylating agents are known in the art and have been de- 30

) scribed in detail, for exanple, in the followng: US. Patents 3,215, 707
(Rense) ; 14 3, 219 666 (Norman et al); 3,231,587 (Rense); 3,912,764
(Parner); 4,110, 349 (Cohen); and 4,234,435 (Meinhardt et al); and U K

1, 440, 219. The di scl osures of these patents are hereby incorporated by
reference for their disclosure of carboxyhigc acyl ati ng agents and net hods
for maki ng the sane. 5 I n anot her enbodi nent, the carboxylic

acyl ating agenszlﬁﬁﬁﬁla%rhnhat kD] 322058 (Rense)p 8,912,364 Palmer); 4,110,349

Compobndd i nel (uApen aod 438 bl o ot 1Lk 1. D3T8 . The Rlclosizes o

lauryl -O [er riheé@patents are herdb§'ihdorpdrited by rEféfehl:e fdrhéit disdloEE oﬁﬁéxﬁéxﬁfc

avai |l abl e commercially from Sandoz™ Chem Cal Co. under the tradename “of
Sandopan aci dsacylasing agents and methods for maldegithe samodi ment, the carboxylic

oo byl e acide ar vﬁﬁ&?é%‘wﬁﬁsﬁfﬁémﬁﬁefiﬁﬁ@ﬁg%%?xﬁ Fap 7el 8 an O
al i phatic hydrﬂkylancyleneglmabaidmfa@mymhﬁexkglya&lm&xémdcmn at ons,
a is a nunber in the range of zerotongF 54 Arlsanaro ti

group, each X specificfxpmples of these compou “bis a
nunber in the ?&'ﬁg‘iafdr%@ l_t@_(é‘ty@ﬁ d)m Nh'slaﬂl;yil@ﬂber in the range of

zero to about four, usually “one or fvio ovi so that the sum of a,
b and ¢ does n&Hﬂh@ég-ﬁﬂ@QﬁmWyleﬁ-(QHL@i@@mzC%H okeyb@e enbodi nent,

[err]. and a ar h e ls St out ei ght

al i ﬂ‘hat ic car b'@ﬁﬂ?@"@b@%dhﬂw ﬁ}&&égfﬁgﬁ.ﬁfﬂ éb‘?el% 1'gboups. The

aromati ¢ gr oUP(CHTH, e, {CHTOZH; tryl-8-(CHACH, 03], CHISOM; snfiphenyln ot her
0'(CH2CH20)8CH1C02H; Octyl'phenyl'O'(CH:CH:O)IQCH2C02H; 2‘Octyl'
decanyl-O-(CH,CH,0),CH,CO,H. These acids are available commercially from

Sandoz Chemical Co. under the tradename of Sandopan acids.

15 In another embodiment, the carboxylic acylating agents are aromatic
carboxylic acids. A group of useful aromatic carboxylic acids are those of the

formula

(R,), — Ar-(C(X)-XH),,
20 I

(XH),

wherein R, is an aliphatic hydrocarbyl group having from about 4 to about 400
carbon atoms, a is a number in the range of zero to about 4, Ar is an aromatic
25 group, each X is independently sulfur or oxygen, preferably oxygen, b is a number
in the range from one to about four, ¢ is a number in the range of zero to about
four, usually one or two, with the proviso that the sum of a, b and ¢ does not
“exceed the number of valences of Ar. In one embodiment, R, and a are such that
there is an average of at least about eight aliphatic carbon atoms provided by the
30 R, groups. ' - |
The aromatic group, as represented by “Ar”, as well as elsewhere in other

formulae in this specification and claims, may be mononuclear or polynuclear.



formulae in this specification and clains, may be nononucl ear or

pol ynucl ear . 15 Exanpl es of nononucl ear Ar noieties include benzene
noi eties, such as 1,2,4- benzenetriyl; 1,2,3-benezenetriyl;

3-nmet hyl -1, 2, 4- benzenetriyl; 2-nmethyl-5-ethyl- 1,3, 4-benzenetriyl;

3- propoxy-1, 2, 4, 5-benzenetetrayl; 3-chloro-1, 2, 4-benzenetriyl;

1,2,3,5- benzenetetrayl 3 cycl ohexyl -1, 2, 4-3@nzenetriyl; and

3- azocyclopenty benzenetriyl, and pyridine noieties,

such as 3,4 Eemt@nise of moanwckammiet&sdndudabmmmnmxesﬂsmm V24cl ear

groups may be t ucl.e use t ojnts to
anot her aromati ?%c%g{ qﬁkﬁ‘%&@éﬁ?ﬂiﬁh iﬁt#ih? %E?aﬁly ?‘Bﬁpi‘e ecific
exanpl es of fusdg 4-bmemtﬂy1a3+paopmyﬂt,2 ¢S-b€ﬁzeh&@irt54€3-cﬂtloi‘o-3‘2 ﬂ@&ﬁéﬂ%ﬁne
1,5, 8-napht hyl e 8(1 azonapht hal ene) rreth | - 9-

d h
met hoxy- 1, 2, 5, gmﬁ?%ﬁ?léﬁgfmt sr yc ohexylol.2Aenzenetyiykand %mc»clmndﬂyz,s-
benz( @) phenant hpapRndrifl, find Byoiding HidferieQ iy ségars&agmeﬁ@ &%&g&ﬁ%@gﬁm

| east two nuclei (eithef onuc ear or pol ynuclear ’I'I'nke
bri dgi ng |i nkag8éza M&e'lbemdlynn@earlgmwganamm whersan drdsmﬁtidiilfcl@sﬁslp

O nas any oA Frd bR ool oo LGS, o818 bR et
atons. Specific gﬁ&pﬂpSﬁé‘mﬁﬁ exXAmpMYeST fuded! ring arBiﬁﬁﬁ'c ﬂﬂﬁéﬂ%k'@lr% gfﬁtBLC
noi ety incl ude: - bi sbenzenet etr 4- pheny ene ther;

2, 3- phenyl ene Z“M‘Jb)ﬂ?ﬁeh}i &@P@ﬂ%ﬁﬁ&, SYMHM&WPMMM 7-methyl-9-

% rzre:ihyl 1, 2 4- enza??if{lﬁ st&%ﬁ@pgggﬁhw&Pgh%%@Wﬁ% ene
groups); and anberm(a)mqnhmureae,sa&,sm-yl 2The polynuclear gioup, Maypthogeivhireat (s i Ng
nucl eds. | ower TS Gt et SanpRicetior B aclEh 26 iAked throngh a@fg‘i‘gr??e”e
napht hal ene nuclifkifges. TiResk Aridki ngnm%es&n@ wa{daaaﬁewm Ig%i@om Skt sgs?rom

directly bonded to the aromatic group Ar.” [err] pl ca
about 6 to aboutlkglene inkgges rethes dinkages; keto Hnkages, sulfideelinkagessmd polysulfide about

o oo T e BEEE: 238 € e, S B E PRS2 Bked
5-chl or ohexyl , pelghideay promiatic, maewnémaex 3 oL \5-bisbenZenetetrayai(BWL hept yl
propyl ene tet r r,;ﬁenyletng)lether’bzué ﬂéﬁyl and subit i tuents derived from one of t he
above descri bed
1,2,4,5,8-yl; 2,2-di(3,4-phenylene)propane; sulfur-coupled 3-methyl-1,2,4-benzatriyl
(having 1 to about 10 thiomethylphenylene groups); and amino-coupled 3-methyl-
20 1,2,4-benzatriyl (having 1 to about 10 aminomethylphenylene groups). Typically
Ar is a benzene nucleus, lower (e.g C,) alkylene bridged benzene nucleus, or a
naphthalene nucleus.
The R, group is a hydrocarbyl group that is directly bonded to the aromatic
- group Ar. R, typxcally,contams from about 6 to about 80, or from about 7 to
25 " about 30, or from about 8 to about 25, or from about 8 to about 15 carbon atoms.
Examples of R, groups include butyl, isobutyl, pentyl, octyl, nonyl, dodecyl,
5-chlorohexyl, 4-ethoxypentyl, 3-cyclohexyloctyl, 2,3,5-trimethylheptyl, propylene
tetramer, triisobutenyl and substituents derived from one of the above described
olefins or polyalkenes.

ene-2,6-naphthylenemethane; and 3-methyl,9H-fluorene-



ol efiins or pol yal kenes. 16 Wthin this group of aromatic acids, a useful
cl ass of carboxylic acids are those of the fornmula [err] wherein [err] is
defined above, a is a nunber in the range of fromzero to about 4, or from
1 to about 3; bis a nunber in the range of 1 to about 4, or froml to
about 2, ¢ is a nunber in the range of zero to about 4, or from1l to about
2, and or 1; 10 with the proviso fgat the sumof a, b and c does
not exceed 6. In one enbodinment, [err] and a are such that the acid

nol ecul es cont ai n at Withis this groap ef agomatic aeidspia udefuladlass lnfiicisbogglidavidsdrens i n
the aliphatic hydrocarbopn substituents per acid nolecule. Typically, b and
c are egch one iﬁﬁbfﬁém%ﬁpﬁ§Gylic acid is a salicylic acid. In one

enbodi ment, the salicylic acids are hydrocarpyl substituted salicylic 15
aci ds, wherein each hydrocarbyl substit.uen ins an average of at |east
about 8 carbon atoms per substituenfRir stubstit(G8),per ol ecul e.
I n ong; enbodi nent, the hydrocarbyl substit ¢s derived fromone or nore
above- descri bed pol yal kenes. The above aronmalic\carboxylic acids are well
known or can be prepared 20 accordi ng t yQH)pcedures known in the

art. Carboxylic gcids, of, ype il lustrated, by these fornulae and
processes for pr’@’ﬁ?r"?#glﬁhgﬁea Y%&Iwéﬁ’ﬁné’ﬁ%%%ﬁﬁ%@mz@@mt%ﬁﬁm
and discl osed, fm $%8%BbW3; ib/is 9 mamRA L He Sartee 1 1 €34bout’d, J? Frdf T to about

2,252,662; 2,252,664; 2,714,092; 3,410, 798; and 3,595, 791. I n another
enbodi ment, t he 2aeiisia aumbgnin the sangp of zeroi to abouti4, fopfiom 4¢d dbo2, and or 1;

The fonic aci h.NC| Qni ¢ d,thi,osul fonjc acjds, preferahl

sul fzir# c acids. “g’ﬁlemngg% @Héa%'feggmi ‘ﬁ?ﬁ’ Llfoaél_dt%‘goeﬁﬁﬂ 9’“’8?& g°oF§HB%PE§P%"
aromatic or cyciRyaindphaé sechohapibe ackd. maleculéy donfdh adlesst aHlaberape ofigbdle 198y be
represented for {iglgat,rmst part by one _of the followng fornmulae: [err] and

[err], wherein Ripaatg WI%O%E! ©g gliphatic hydrasarhon substitpeptsines peidanolecule.
ant hr acene, di p@ﬁ%?ﬂ%g%ﬁsggﬁ %]Qll, one and the ca{:{;&@%&gg&ea %ic&iigﬁcid.and

pet rol eum napht phatic group
In one embodiment, the salicylic acids are hydrocarbyl substituted salicylic

15 acids, wherein each hydrocarbyl substituent contains an average of at least about 8
carbon atoms per substituent and 1 to 3 substituents per molecule. In one
embodiment, the hydrocarbyl substituent is derived from one or more above-
described polyalkenes.

The above aromatic carboxylic acids are well known or can be prepared

20 according to procedures known in the art. Carboxylic acids of the type illustrated
by these formulae and processes for preparing their neutral and basic metal salts
are well known and disclosed, for example, in U.S. Patents 2,197,832; 2,197,835;
2,252,662; 2,252,664; 2,714,092; 3,410,798; and 3,595,791.

In another embddiment, the acidic organic compound is a sulfonic acid.

25 " The sulfonic acicié include sulfonic and thiosulfonic acids, preferably sulfonic acids:
The sulfonic acids include the mono- o polynuclear aromatic or cycloaliphatic
compounds. The oil-soluble sulfonic acids may be represented for the most part by
one of the following formulae: R,-T-(SO;),H and R;-(SO,),H, wherein T is a
cyclic nucleus such as benzene, naphthalene, anthracene, diphenylene oxide,

30 diphenylene sulfide, and petroleum naphthenes; R, is an aliphatic group such as



17 alkyl, al kenyl, al koxy, al koxyal kyl, etc.; [err] contains a total of at _
keast about 15 carbon atons; and [err] is an aliphatic hydrocarbyl group
containing at |east about 15 carbon atons. Exanples of [err] are al kyl,

al kenyl , al koxyal kyl, carboal koxyal kyl, etc. Specific exanples of R3 are

gr oups- derlved from petrol atum saturated and 5 unsat ur at ed
paraffin wax, and one or nore of the above-#éscribed pol yal kenes. The

T, F I th
orous T LT R M, e SuSRANEATSE Uk e S e i

such as, for exaaRiofl.atdhisl raﬁam, iSBh aRPh-tic H}a}damm gretqs E:Qntaﬁﬁlgrlﬁ ledst ABRE 15
sul fide, di sulflde etc. In the above Fornul ae, are at | east one.

10 carbop, atoras. eﬁxmlgs oﬂ& are aligyls aimrwl,aaékcmal&ﬂe carboalkoxyalkyl, and

tri-al kyl ated bepze d
hydr ogenat ed fofe?r!"zs %ﬁb ?’Ir}gﬁ& ?f‘#i’?. caeﬁ;ﬂr‘gﬁ SHiLe We%“d
benzer® and nﬁphmbahnftedm%fnma mddge a:rmotdnf&heabm%alemrﬂgdqblyﬂkenef s
substituents hayjng fro ou 0 .abQu %ﬂ‘iﬂ‘ on or from about 10
to about 30 car gﬂf’éﬁ@&!‘? L. %&%‘%’&Pﬂ’&ﬁ“ﬂg&m"
atonms. Specific

d%@%k@ﬁ;b@ﬁtuéﬁt&ﬁ:?ﬁdd’iu&ﬂdj&o&r &uﬁﬁ?ﬁ&?&ﬁbr or‘ﬁé:*h lfl Cat?&aﬂél 2r: lﬁ

bright stock sulfon aclids; sulfonic acids derive
fractions havi ndiydrasaymetcapto; Balogen; pitfa, eminds aitrosouifides disulfide; etf.c dn thet o

about 200 secon t ol er troI at sul foni ¢ aci ds; nono- and
pol ywax- subst i tﬂi%ggf'g% . %ﬁ 3 gp@‘l%}?hzene sul fom c acids (where the
al kylagroup has at Eiefe?reﬂ@’r&%éﬂ sulfdRlic acids are mon6, ey and RPalRyRGE HefiXdne

sul foni ¢ aci ds, and al aryI sul fonic acids, such as dodecyl benzene

"bot t oms” sul f orfind naphthalenesnlfonin asids,iaplading shein hydrogenated fomnsa Mllustrative of he
terial left f t
g?eelrjlsgd fgr ﬁ‘é%n%ﬁl}%’iaé{?@dr%ems ia'[% Mgottohs%gﬁn@@g%éwl{ogg:%ﬁ%%ﬁaldﬁggr
br anched- chai n alohtainingalkyl substituéits having from abnut altglabeml‘iﬁlqarlﬁmadtmme
f d. Th dugti f I f nt f d,-
Dy~ product s by R AP 1 PisbO: 4 SRbG ppinS; & S PORHAR PR TRULES PP el
in thesart. Seeatdms. Syedifid Sxanipl® offsulfbhie acidy |af‘e%\§ﬁcfg§ny Sulfdhid 4cidd; Iwignt

"Ency- clopedia of Chenical Technology", Second Edition, Vol. 19, 291

et seq. publishatpckysulforia apidsesnlionicaeids darived fromggbricating oil fractions havmg a
Saybolt viscosity from about 100 seconds at 100°F to about 200 seconds at 210°F;

petrolatum sulfonic acids; mono- and polywax-substituted sulfonic acids;
alkylbenzene sulfonic acids (where the alkyl group has at least 8 carbons),

20 dilaurylbeta-naphthyl sulfonic acids, and alkary! sulfonic acids, such as
dodecylbenzene “bottoms” sulfonic acids.

Dodecylbenzene “bottoms” sulfonic acids are the material leftover after the

removal of dodeg_ylbenzene sulfonic acids that are used for household detergents.
The “bottoms” may be straight-chain or branched-chain alkylates with a

25 " straight-chain dialkylate preferred. The production of sulfonates from detergent |
manufactured by-products by reaction with, e.g., SO,, is well known to those
skilled in the art. See, for example, the article “Sulfonates” in Kirk-Othmer “Ency-
clopedia of Chemical Technology”, Second Edition, Vol. 19, pp. 291 et seq.
published by John Wiley & Sons, N.Y. (1969).



18 I n anot her enbodi nent, the acidic organic conpound is a phosphorus
contai ning acid. The phosphorus acids include phosphoric acids, phosphonic
aci ds, phosphinic acids, and thiophosphoric acids, including

di t hi ophosphoric acid as well as the nonot hi ophosphoric acid,

t hrophosphi ni ¢ aci ds, and thi ophosphonic acids. 5 I n one

enbodi nent, the phosphorus containing aci d8i s the reaction product of one
or nore of the above pol yal kenes and a phosphorus sul fide. Useful

phosphorus sul fi de In@oethesembrdimens, heasistic prganip campound isdephosphoreshor us
sesqui sul fi de, Qs S Lde. e d] . Thesr | f..t he
pol 3;: kgneI andu}?'%ém:ggéﬂ' p;]ﬁ’ %Péjh??éﬂﬁsl écggg‘r:\lé?%ﬂl%/shﬁ%rif %g%sﬂﬁﬂ%%h%ﬁﬁ%?' »

m xi ng t he twoplaisphiniceneids) aduthiophOsphoric acids, incliming ditkiophosphorid acidrasiivellt
[err] to about rrj. neral ly, the .prqducts, have a phosphoyus content

f rom about 0. X?‘Pé‘l%gg?l’%?ﬁ%‘%&”ﬁ Uﬁ?&'ﬂ lﬁ.afw'_t%’dég’&ﬁﬁ“g UGREH-e| at i ve
propgrtions of ;f G dIRARRGI:! the PhogheRis doftalnsy i€ ls ﬁeﬁ&ﬂcﬁﬂﬁgtddﬁctgﬁrtﬁkm l'y

from0.1 part to 50 parts of the phosphorizi ng agent per 10 arts of the

ol ef i n pol yneror mbre ¢fithe pbavepolyabkenas anchg phos emasdﬂdes&lsefubpﬁdsphms.

Pat ent 15 3.232. 88 issued to. L er.. This refere is herein

I ncor por at ed b?ﬂﬁ%ef %éﬂcﬁ%‘%? X scﬁgﬁﬁ@'df’op}i °SFF0?B%‘B§‘E§§°¢ont ai ni ng
aci ds and net hglitsplicriis hépeasalfidegintithe HREEThd Feadtivi Sfcthe polyalkeni@aid thelphosiCi di ¢
organi c conpound 1s a The phenol s, may bhe represented by the fornula

h | .
[err], wherei nPlf%‘srf“lﬁ‘Ee g&%%dnmocwrby simply sying thextwq at tempestrei ¢ gr oup
as ggscribed VE 80°C S HbGut W@%%ﬁ&%ﬂ%ﬁgaf{’he nurr?g ,rfﬁE Hea the

sumof a and b berng rh the range of two U 0 | splaceabl e
hydr ogens on t pleospharastontent diime alkoud 10.05% teeabonf 18%, omfromiabost @¢%i toadboatoove.

one 15 Shoot 158: T SBiebpBBnERE o R Bt IR Ghe B e 10° 1O
[err] and a argenetidly fidtd 0.1 Pt & 56 pats GBé phésphbrizhg h@as perd r8idf lthe

aliphatic carbon atons provided by the [err] groups for eacgeﬁp enol

conpound. Pr on®lefin polyimer.ofThe phospharusicopiaining aads arp desoribedinsUeb. Patent sal ts.
The.gronot ers, ' i ' L ac] L.l t. | |.on of
the1§xcess met %?5?}%%3(5?%3}}%&1@0\/“ ugéegﬁl%ar%;&g ,ﬁsagérréelhﬁésogp%?? Igp g%%?ée:}dénd
wel | known in fthdiseloture &P the phosphorus cdnmining aciisiand/methofis fiirrépariag diescussi on
of suitable prgarrrnoeters Is found in U S~

In another embodiment, the acidic organic compound is a phenol. The
phenols may be represented by the formula (R,),-Ar—(OH),, wherein R, is defined
20 above; Ar is an aromatic group as described above; 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, which
is defined above. In one embodiment, a and b are each independently numbers in
the range from one to about four, or from one to about two. In one embodiment,
25 " R,and aare sucl; Pt'lllét there is an average of at least about eight aliphatic carbon
atoms provided by the R, groups for each phenol compound.
Promoters are often used in preparing the overbased metal salts. The
promoters, that is, the materials which facilitate the incorporation of the excess
metal into the overbased material, are also quite; diverse and well known in the art.

30 A particularly comprehensive discussion of suitable promoters is found in U.S.



19 Patents 2,777,874, 2,695,910, 2,616,904, 3,384,586 and 3,492, 231. These_ .
.patents are incorporated by reference for their disclosure of pronoters. In
one enbodi nent, pronoters include the alcoholic and phenolic pronoters. The
al coholic pronoters include the al kanols of one to about 12 carbon atons,
such as 5 met hanol , et hanol, anyl al cohol, octanol, isopropanol,
and m xtures of these and the |ike. Phenolds pronoters include a variety of
hydr oxy- substituted benzenes and napht hal enes. A particularly useful class

of phenol s ar e Ratents?,2Y7,8742.,695910) 2,606,904 3,384,586 | and 13492231 Thescrpatents
2 TT ST o9 e HEOHOERY e N o OBl 1L 5
whi Clh are reagtmbd&méntlpanﬁieﬁ ﬁkmde&h@ﬂb?licﬁcgpdqf\émm@maﬁﬂ. 'gfeonot_er,d |
met al conpoun n .eactive neqi al.e S | scl.osed_ I n ,the above,cite
patents, for exai'ipglpﬁs p@@tapa@&v&'@? glignols af one, s about S%FB"?H%E?% guch as
I ncor gor at ed bymécﬁ&ﬁiz%oi,%f '&fdoﬁol?h?tﬁﬂ&?ﬁéﬁroﬂémﬁ%ﬁ rikutdsCofthéSand! S-

e Kt p of uSeful ' i al I '

I ncluded within 't nown gro acidic materials are |1 qui
aci ds, such as thelike.c Phénolic promoters inclnde a averiety of hydmdxy-subtstitutedabendenels and ¢

id, sulfuri i d.. hydrochl orj ' d ] id ' id,
Subst i tut ed carbRIHRIEndE & PaniEalarly Aset e ofCpheBols el Ao lite PPl
material al t houss typedistsdinCU . 8C Patbt ZPTHET4) €3., Hepiylphendik; octyllstiehdls, 4y r']

etc., are ordinari enpl %d as the acidic materials. Particularly useful
aci di ¢ mat er i al Ronylpdenals.nMixyres,af yarioysiprameters arg spmetimes used. The

nmet hogs for prepari < ke bl Ss r
mat erilgal s, are known |‘%pmé%?$§?§%r%@3§dgiegr‘2ﬂ%?§cﬁygj?§?‘gzriﬁe‘;)%gﬁn%de, in
the foll ow ng Uompoiad,eprombdies.metdl dhipotfd and raadtiveomedinm, Gretal@Odisclased4r, 080;

3,250, 710; 3,256,186: 3,274,135; 3,492 231: .and 4, 88, Thes atents

di scl ose proc es‘g&é&%‘f‘(&ﬁﬂ‘&fc&s’ o |°5W“B¥Sn6é% %F@F éfég’gogs ﬁ‘}‘?s&tfﬁﬁ?‘??gfeﬁlm
bases, pronot ergcorphidtedby reference for their diselodileQfisatibacidie nidérialdSIndludad | ety
of specific overbased products useful in producing the overbased systens of

thi s invention witkinghe knewe group of lugeful anidie materialy arg liquidaacidshyuchasfompice f or
h ool . . o Y
cont S8t ed it h i SR AGERIRE vl Moh s AlE o8 Mol adl, |0

measur e upon t ligydestaomid avid, agfbamiciaeid, substituted carbamic acids, etc. Acetic acid is a

very useful acidic material although inorganic acidic compounds such as HC, SO,,

S0, CO,, H,S, N,0,, etc., are ordinarily employed as the acidic materials.
Particularly useful acidic materials are carbon dioxide and acetic acid.
20 The methods for preparing the overbased materials, as well as overbased
materials, are known in the prior art and are disclosed, for example, in the
following U.S. Patent Nos.: 2,616,904; 2,616,905; 2,616,906; 3,242,080;
3,250,710; 3,256,186; 3,274,135; 3,492,231; and 4,230,586. These patents disclose
processes, materials, which can be overbased, suitable metal bases, promoters, and
25 : acidic materials, a-aé'ﬁrell asa variety of specific overbased products useful in
producing the overbased systems of this invention and are, accordingly, incorpo-
rated herein by reference for these disclosures.
The temperature at which the acidic material is contacted with the remainder
of the reaction mass depends to a large measure upon the promoting agent used.

30 With a phenolic promoter, the temperature usually ranges from about 80°C to



30 . . Wth a phenolic pronoter, the tenperature usually ranges from
.about [err] to 20 about [err], and preferably from about [err] to about
[err]. Wen an al cohol or nercaptan is used as the pronoting agent, the
tenperature usually will not exceed the reflux tenperature of the reaction
m xture and preferably will not exceed about [err]. 5 I n one
embodi ment, the overbased netal salts are #brated overbased netal salts.

The above over BRS8N Eea raferably o b U R ocbpb 200 e a8 sicBBits
conpounds i ncl W%&&?ﬂi&rigﬁkﬁwﬁeb%&ﬁgd@emﬂ{e&w RS Bsually Will@dt  bor on

trifluoride, boron tri boron trichloride, boron acid such as

boroni c acid, ®8ceed the reflux tesmpératuzecofcthe reaction vixturezandpreferblyewilbaeti ¢ aci d,
boron hydri des, _bor.o at' T and various esters of boron acids. The boron
esters are prefeé'ﬁgl Fower ~al kyl (1-7 carbon atons) esters of boric acid.

Prefegably, the bor gpnofoémbodisients the@verbasedi letall fuits lacy boratdd overbasedanetalet al
salts generally contains fromaboyt 0.1%up to aboyt, 15%  or from aboyt
m@a{eﬁé%mone

0.5% up to abogeltso¥he borated Gierhassd metals splts e ik or more o
wei ght bor on. '%Rée&ﬁ/éogx&&ﬂ Elals QUIROWith IoRE Or nofd boroR IcbRiPokiIED Edrbrk ONS
nd net hods of

containing the sane a preparing borated overbased conpositions
are found in U.cBmpbandsrincluderbicron 2@ide; barom oxide hydeate, boropttrigxide, bomon pPat ent

4,792,410, issyed to, Sghwi nd, et .al , and .BCT .Pulyl i L ON 44 ..The

di scl osur es reltiﬁﬂﬂp?fbdet g°‘i°ﬂ3"‘31‘88\} & g’?@“&&?@?&’ﬁ’@%@%ﬁﬂﬁ% c8dd o 20
The {@! | owi N BRBTALRS tet@baricadi® afdy RickidBRE atil] Bdrof Aydiides, tbrbw kmides and
overbased netal salts and methods of making the sane, Unless the, context

i ndi cates ot hervariges estass of heropacidsa The berfstess ans preferablyelower 8yl Un’ and
clains, parts aBboRGhGRY!MRLobdcHid " PERkably, 3HP BoRh tofhpoind & LHFR'RRE

Cel sius and pressure is nmospheric pressu
- Exetrepborated dvdrbdsed\ nmdtal tsalteganerally Tontainssromi abait 01 % alpdolabbyt 410

o “addi t1 onal SO HTPOABR A% 35,3 SO o OB 187 o8 Hearrf B0
addijson of sodjdipht e X BeftddSoverbased compositions, lubricating compositions
containing the same and methods of preparing borated overbased compositions are
found in U.S. Patent 4,744,920, issued to Fischer et al; U.S. Patent 4,792,410,
issued to Schwind et al, and PCT Publication WO88/03144. The disclosures
relating to the above are hereby incorporated by reference.

20 - The following examples relate to overbased metal salts and borated
overbased metal salts and methods of making _the same. Unless the context
indicates otherwise, here as well as elsewhere in the specification and claims, parts
and percentages are by weight, temperature is in degrees Celsius and pressure is
atmospheric pressure.

25 - Example O-1

(a) A mixture of 853 grams of fnethyl alcohol, 410 grams of blend oil, 54
grams of sodium hydroxide, and a neutralizing amount of additional sodium
hydroxide is prepared. The amount of the latter addition of sodium hydroxide is
dependent upon the acid number of the subsequently added sulfonic acid. The

30 temperature of the mixture is adjusted to 49°C. A mixture (1070 grams) of



dependent upon the acid nunber of the subsequently added sul fonic acid. The
.30 - tenperature of the mixture is adjusted to [err]. A mixture
(1070 grans) of 21 straight chain dialkyl benzene sulfonic acid

(ol ecul ar wei ght -430) and blend oil (42% by wei ght active content) is
added. whil e nmaintaining the tenperature at 49- [err]. Polyisobutenyl

(nunber average n=950) - substi tuted succi nigianhydride (145 grans) is added
to the reaction m xture. Sodi um hydroxi de (838 grans) is added 5

to the reaacti ciraighkchaim distiy] bemzene syifoniv acié (meleempmwelght +430) and ]blenilhml

reaction m xtur bIo wr.th 460 f rban di. 0x] The m re S
flash stripped (?%% ive |°P’L‘t8?tg n@eg vﬁrﬁf@al{l%@]eggm

product. The prsvdu:ctpdlﬁs@ﬁﬁt@r%(xﬁﬁ%ﬂametungsoj-éxmaﬁmdraum @hsam ausber
(bromophenol blue) of 440, a netal content of 19A5% by vveﬁg a met al

ratio of 20, a gFems)dsaddeshtothe reagtionmixtare. Sodium h i gams) is gdded
| f r 0 h
r odut From B8t e miiehd s Hmperdhufd Kt ]’ﬁ&gﬁf"% e

a) above n anti foam ng agen
(kerosene sol utmixeurefs B]ownﬁmlmrﬁtggﬁﬁﬁ df|carban dioxddel 3Bheymixtareds flastestripped i s

heated to 74-79 h B 486 ' dddt.th
reaction i xt urte TG wAterech it of pRide. e ity Praduct.” The rodusCisran”
l'iberate water &Erlfa&‘él%ddﬁﬂn@ﬁlfbrﬂ& 1 itegby bave inkilbeP {bréhisp: ﬂeﬁarlhuemﬁamsd in

the product from Exanple 1(a). The reaction mxture i s heated [err]
and mai nt ai ned metak ¢ontent efnb%ﬂé ubyeweight, la metel mtie of 200a sulfats a&haﬁoéitent:oflt ents

are duced to | ess,_an xi mately 1-2% by wei ght,
resp tlvel y. #ﬁﬁ%aﬁ%ﬁ%%ﬂﬂ@f"? texit |€§%3’ q Y qéred The filtrate has
6. 1% boron, 14.4% 2@) A mixturées6f1000) graxfis! of i1 produch &roin’ Bxaniple ©-#a) oi | .
Exanple 0-2 (a) A mxture of 1000 grams of a primarily branched, chain

nmonoal kyl benzebeve - Fhgrm of arjantijganiin aﬁgemﬂeraseawlw%oawyn@mwﬂ%
grams of polyi sg hrgssﬁwhé gmeamerﬁrag& ﬂxﬁm&‘%&)m%zg'm ﬁ-ﬂh?(dﬁoﬁ‘é akidl

prepared and the enperature 1 s adj ust err Magnesi um
oxi de (87.3 gra(#ﬁ«)gramséus mdchdrtdtl(&ﬁaaxogrmnmm ﬂ’hem:;alcnanmxmte rsfm-atddgvarrs)

o0 48T, (59, OPATR) g intliog SERLSL Al o s SRS 0 el
the product from Example O-1(a). The reaction mixture is heated to 154-160°C
and maintained at that temperature until the free and total water contents are
reduced to 0.3% by weight or less and approximately 1-2% by weight, respectively.
The reaction product is cooled and filtered. The filtrate has 6.1% boron, 14.4%

20 sodium, and 35% 100 neutral mineral oil.
Example O-2
(@ A mixture of 1000 grams of a primarily branched chain monoalkyl
benzene sulfonic acid (h_dw=500), 771 grams of o-xylene, and 75.2 grams of
polyisobutenyl (number_ average Mn=950) succinic anhydride is prepared and the
25 ' temperature is adjusted to 46°C. Magnesium oxide (87.3 grams), acetic acid (35.8
grams), methyl alcohol (31.4 grams), and water (59 grams) are added sequentially
to the reaction vessel. The reaction mixture is blown with 77.3 grams of carbon
dioxide at a temperature of 49-54°C. Additionally, 87.3 grams of magnesium
oxide, 31.4 grams of methyl alcohol and 59 grams of water are added to the

30 reaction vessel, and the reaction mixture is blown with 77.3 grams of carbon



di oxi de at a tenperature of [err]. Additionally, 87.3 grans of nmagnesium
.oxide, 31.4 grans of nethyl alcohol and 59 grans of water are added to the
30 ' reaction vessel, and the reaction mxture is blowm with 77.3
granms of carbon 22 dioxide at [err]. The foregoing steps of nagnesium
oxide, nethyl alcohol and water addition, followed by carbon dioxide

bl owi ng are repeated once. O xylene, nethyhsal cohol and water are renoved
fromthe reaction m xture using atnospheric and vacuum flash stripping. The

reaction m Xt UrdioXide St04Y-84% NGhd Fdrbguimsistes 6ff Magrie¥iumdoxide, methyl alddhoPariuct

is an overbased magnesi um sul f onat e havi nqg a base nunber (bronophenol bl ue)
of 400, a net alwatesradditiongfollpwediby\carhomdiexide, blowing are sepegtedronee, O-xylengy| f at e

ash content of % f 0 ' : .

m xt ure of 100514%}# r%”%‘?g?‘ﬂdf’gér% Gt H%?n@a%éﬁ%%&gf a; a% ar 1‘r%sl:‘cof
di luent oil is andaheuhnt Aalestripping.Bdhe reaetionl migtfe iyrcacked and filteréd do altality.0

the reaction mxture,is,heated to,[err].over..a period of 8 hoyrs. The
react? on ni xt urkeiRIogHet is an ﬂ\é"ﬂdbaiPd F"@ﬂ‘ %Ful?@_ngpq(jmpg_akasmqup%gn sparge is

started and t NquichRihba bl oF 400, mBAPbHet OF UEI% by WP HRNMES of U1 |

the water content 1S 3% by weight or |ess. The reaction mxture is filtered
to provide the lddkiarsulfaterash gontentiofed60%.candia sdfur gowtent 0fclk6% rhygweightum and

4.35% boron. 15 . A
reaction vessel is g??ar g@dmvl\f?lﬁe ?8’1“085‘%‘%‘5 ?Bt.hg 10 uq%gf)gl%ggzzé) S{i‘a
pol ybut enyl - suligigrarhe of didesnit bilds hededito 792 Ol eBorieatid (300 grams) isladdehand
(n=1000), 281 parts of xylene, 26?£arts Of tet rap_ggjpen | substituted phenol
and 380 parts dhe 1egctionmixture igheatedito 124°C aveg apetiod ok 8ihourse sThereactiongr 1 |

d 272 t 24 .2 intai yi i i d
an parts (it rtc% maintained at.l@‘ﬂbl'zy%‘?é'ﬂf-h}ﬁhm?m%ﬂ?@%#?%?g% hrt roxide

sol ution are added e reaction m xture. e mxtu
nitrogen at 1 %N8tharsictidremixuretis beatedtop493Clogeimeove watee antilcthe vaterr r]. The
reaction mxture j

jS. I bl own wi th catbon di oxi.de at S f or..one hour
ind_ 25 nut es oL TSR by e s, e iEachipR iutuls Mieed ©0TigR U o ur e
i's cool ed to [ efekitedprodect2 FheRRodiRt tontding?.63% magnesiuneshd 435%Hokdn.Of t he
above sodi um hydroxide solution-is added to the reaction m xture and the

m xt¥¥e is blown with nitrogen at 1 SCAMampeeOracti on
() A reaction vessel is charged with 281 parts (0.5 equivalent) of a

polybutenyl-substituted succinic anhydride derived from a polybutene (n=1000),
281 parts of xylene, 26 parts of tetrapropenyl substituted phenol and 250 parts of
100 neutral mineral oil. The mixture is heated to 80°C and 272 parts (3.4

20 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 SCFH for one hour and 25 minutes while 150 parts of water is
collected. The reaction mixture is coéled to 80°C where 272 parts (3.4

25 . equivalents) of the -a-bove sodium hydroxide solutioh is added to the reaction
mixture and the mixture is blown with nitrogen at 1 SCFH. The reaction
temperature is increased to 140°C where the reaction mixture is blown with carbon
dioxide at 1 SCFH for 1 hour and 25 minutes while 150 parts of water is collected.
The reaction temperature is decreased to 100°C and 272 parts (3.4-equivélehts) of

30 - the above sodium hydroxide solution is added while blowing the mixture with



tenperature is increased to [err] where the reaction mxture is blown with
carbon dioxide at 1 SCFH for 1 hour and 25 mi nutes while 150 parts of water
is collected. The reaction tenperature is decreased to [err] and 272 parts
(3.4 equival ents) of 30 t he above sodi um hydroxi de solution is
added while blowing the mxture with 23 nitrogen at 1 SCFH. The reaction
tenperature is increased to [err] and the reaction mxture is blown with
carbon dioxide at 1 SCFH for 1 hour and 40 38 nutes while 160 parts of water
is collected. The reactiqn mxture is cooled to [err] and where 250 parts
of 100 neutral FHIEQBFBAL B%F%e%&éﬁ“!’b‘%&faﬂ%&m to 148°C and ghe, t yr e

The reacti on M fiaufich inbk OB MRREfbA AR de PSEFHI'TE: 1 DM 46

filtered through di at omaceous ear trate contalns 50.0% sodi um
sul fate ash (thounuses while 360 pasys of watsiTisl colleqed. The sdactionsmixturetis coaléed 408, a

specific gravit 1,1 7. 1%:Gink. A tio sgel _is. charged
wth 700 parts é?%ﬁﬁd B’?‘S%%og@f’éﬂgq()b ne&t@l m%?&ﬁ@%&" M%E‘&Fﬁ% Bact i on
m xtume is heat afixdufe. [ Flid leatthr Mixtdte i ddcuam(stripped it 70BC and the Rbidots ¢ aci d
i s added over 30 minutes. The reaction mxture is heated to [err] overaslffS

m nutes and t hefilteredthrgugh digfnmnaceonscearty. nkhefilizate canteins 50.0% sedium

neutral m neral Qil..& ) &t =) | ' e The .
“reaction mxt urgﬂ%&é&%ﬁ%\?&)?ﬁ %??%g?ﬁ%&%%&ﬁ&?@ﬂ ’X4 %ﬁeﬁg—’(ﬁ %&Hm es
while 15 of 1.185and37t1% ofl. water is collected. Xylene (200 parts) is
added to the reactiop,m xture and the.reacti,on, .t er at I s ,mai nt ai ned at
[err] for 3 hours. Tﬁ’ reécﬁ%mﬂeﬁegﬁ%ega%ﬁ@Pﬂs#é.ﬁeWP@r ] and 20
mlliggeters of myrem-sgﬂ.e THR SeabiSn inSixfuré isieafdd th 7§20 Widie Q83 earth.
The filtrate contains 5.84% boron (theo- retical 6.43) and 33.1%oil. The
resi due has a t equivalentslofihasiscacidis added ovay 30 minutes. The reaction mixture is

Ex le 0-4 A m ° ‘ ' =950,), .succi ni

ey ar  de. 904 Bl ) PO Cicke? aStuflnel Bnd AR XormpdtiR By riAiFRA for 2

dentified as anoums.onaueum@n&ﬁlumimincnaenslrglinflsfg1 (80 pts)Js. o025l oatioh ninedre| fhe 72. 6
of propyl ene tetramer phenol, 4 of water, .5 grans, of a_.

kgr osege ggl ut i B‘Fi‘c%?n %P%O‘F oW wish ‘}‘E\‘?E%ﬁd‘tifﬁcm at 160%': fé?gwg’é‘ﬁﬂqeﬁ yhileoo

cSt als [err], ang pAnd ofwalth iPbolleaidd! PGSR0 barks it 8ddei 46 Meaction mixture

and the reaction temperature is maintained at 130-140°C for 3 hours. The reaction

mixture is vacuum stripped at 150°C and 20 millimeters of mercury. The residue
is filtered through diatomaceous earth. The filtrate contains 5.84% boron (theo-
retical 6.43) and 33.1% oil. The residue has a total base number of 309.
20 Example O-4
A mixture of 794.5 kg of polyisobutenyl (n=950) succinic anhydride, 994.3
kg of SC-100 Solvent (a product of Ohio Solvents identified as an aromatic
hydrocarbon solvent), 858.1 kg of blend oil, 72.6 kg of propylene tetramer phenol,
. 154.4 kg of water,-I13.5 grams of a kerosene solution of Dow Comning 200 having
25 | a viscosity 1000 cSt at 25°C, and 454 grams of caustic soda flake is prepared at
room temperature. The reaction mixture is heated exothermically by 10°C. The
reaction mixture is heated with stirring under reflux conditions to 137.8°C over a
period of 1.5 hours. The reaction mixture is blown with CO, at a rate of 45.4 kg
per hour for 5.9 hours. Aqueous distillate (146.2 kg) is removed from the reaction

30 mixture. The reaction mixture is cooled to 82.2°C, where 429 kg of organic



room.tenperature. The reaction mxture is heated exothermcally by [err].
The .reaction mxture is heated wth stirring under reflux conditions to
137.8 C over a period of 1.5 hours. The reaction mxture is blown with
[err] at a rate of 45.4 kg per hour for 5.9 hours. Aqueous distillate
(146.2 kg) is renoved fromthe reaction 30 m xture. The reaction
m xture is cooled to [err], where 429 kg ofzﬁrganic 24 distillate are

added back to t ' ' T ction m xture is,heated to, [err]
and 454 kg of oot gl Bethme Ao ATAY T <At g i o
[err] at a rate 188°@and 454 kpof caait sbdd are.addédUThe whabtich tibingt 3¢ BloWa Wile
tenperature at ?ﬁ; 141 C. T‘&e eactjon mxture is heated to [err] and

mai nt ai ned at t a5 a rate of 45.4 kg ugifer &9 hours| whilesmaintaining thedempersture 49. 4
kg of aqueous digpfs a : : ' igs i I ed
g q 2P 138141, e Aficiidh sl 1O ARG fo FHo° dnh%%gﬁapga i

over a 5-hour period. The reaction mxture | strip at a
pressfe of 70 tempegataresuntil distillattonzcdasesofl4Q4ukpofsaqiestsi distillate andd 87Ok ok g

of organic disti € 4.ak moved fromt react,i on,.m xture. 858. 1 of
bl endgoi | are ag&%@c %‘%.ﬂ%tig'e(f?ma"ﬁ%‘%é 6{5@“@&??% Fﬂ%f"@f’t‘%m‘% 10
to the reacti on stipped te 160PICat’ L p@ssubdloN T i Blg dbsdlite! e32ekg 6f Msbgle t he

desired product. The resulting product has a sulfate ash content of 38.99%
by wei ght, a so teswmd o00-3J5g aforganic Pistillete @ra removed from the meastion ofixtuge. 0%

by wei ght, a bagsefRENSLILRY AIRRNEAEY. BE1Wp ot distoRaceduy batfiORdr i oo hbiala ©St

at [err], and a specrfic gravity
enbodi@rent , t he tothericactiod miztuné. The reactiormmixthfei it diltered 1o lpfavide the desided

tal salt. As i Nt h i ficat, ded cl aj |fit
over based et al PLOHEL (TR EPRUSE Pdbt Hesacsiite HoR ueu ot it SHh by Aelatiues on
and a [err] ani gadiuh@hfnkof £2.63% 709 iFﬁtE e'ed, éoﬂteﬁPQFIZ.?%SW‘?ﬁigﬁﬁéhwy be

é
sulfite, sulfate, or mxtures of sulfite and sulfate sa e or
sul fate over bas&umbes Gromephenoldgue) of 320, a vispesjty f 94i8c¢Sat d00°Q and lasspedifiv e
descri bed over b%ﬁﬁ]{ rB‘Ptl salts or the borated overbased netal salts. In
t hi s enbodi nent, L %Surtite or sulfate overbased netal salts may be
prepdfed by using a Bubdelsmbislimeitsithe ovbibasedusietalsdaltris a Gulfitd!bf siilfateSovertused i de

as the acidic materi i.n the oyerbasjng process described above. Exanples
of sul furous acifél sgﬂ‘rhﬁfrqsﬁ‘gé“, &‘Srﬂe“éé@g‘\og and @ppraded claims, g ylfite pyerbased
metal salt contains a salt which is composed of a metal cation and a SO, anion,

where x is a number from 2 to about 4. The salts may be sulfite, sulfate, or
mixtures of sulfite and sulfate salts. The sulfite or sulfate overbased metal salts

20 - may be prepared from the above described overbased metal salts or the borated
overbased metal salts. In this embodiment, the sulfite or sulfate overbased metal
salts may be prepared by using a sulfurous acid, sulfurous ester, or sulfurous
anhydride as the acidic material in the overbasing process described above.
Examples of sulfurous -acids, anhydrides, and esters include sulfurous acid,

25 - ethylsulfonic acid, S{!lfl—ll' dioxide, thiosulfuric acid, dithionous acid, etc. The
overbased metal salts also may be prepared by using an acidic material other than a
sulfurous acid, sulfurous ester, or sulfurous anhydride. When the overbased salt is
prepared with acidic materials other than sulfurous écid, anhydride or esters, then
the overbased salt is treated with a sulfurous acid, sulfurous anhydride, sulfurous

30 ester, or a source thereof. This treatment displaces the acidic material with the



25 et hyl sul fonic acid, sulfur dioxide, thiosulfuric acid,

di t hi onous acid, etc. The overbased netal salts also nmay be prepared by
using an acidic material other than a sulfurous acid, sulfurous ester, or
sul furous anhydride. \Wen the overbased salt is prepared with acidic

mat €ri-al s other than sul furous acid, anhydride or esters, then the

.overbased salt is treated with a sul furous I d, sul furous anhydri de,

sul furous 30 ester, or a source tHereof. This treatnent displaces
the acidi c mat eighRlroNd ;g; téﬁﬁuro s ;mh QQ¥

sul furous ester. Genera y an gxce % urgﬁgaglirg ﬁydrl de

is used to treasulfirousacid tmteamrrmhydndeakmgd fﬁymatﬂielqv;sr&swmahbsﬂlts.o 5to

about 1 equi val | furo ter, ride s reacted with
each equi val ent q&k’“’%’@%ﬁ é‘)‘#@tﬁc &’zﬂ‘f eq%ﬂf’%fc‘f %‘fé“‘&“%ac‘d ester, or
carbonat ed over halyelfidetis fealted aithckatik eEivaERbf OveibASANHetiPaRS. Tohiactihg

sul furous acid or anhﬁﬂrl de is preferred. The contacting is_acconpli sﬂed by

t echni®ues knov\/\"?‘“"?’enqt gger Aea Rerated carbonated avexbrsed metak salt with &

over based netal 4 de’ eneral ly an
excess of sul fur e I'S %?%ﬁhgmfﬁuh&%ﬁs%&o%ﬂ@%%%E%;pq?%e met al
salt is conti nukdomto those deﬂxelaﬁd am)unt of the acidic material is

di spl aced by the sul urous

hyd t
Generally, it is pre “8‘*’1"2@? rbei’ﬂ?fﬂ g‘?"é%ﬁi‘l?ﬁiﬁ%?ﬁﬁ[rghre]?eém ete
di spl acenent ofsﬁlhecﬁsxndé(s tﬁehaﬂlylﬁl%xéyséefﬁﬁﬁ%mxf Llrs%ﬁé&j ppdrateri al

may conveniently be foll owe nfriared spectral or total base
nunbd© anal ysi scongarting of the meta{mhlstqmnmmdmxml alesiredamaust oftheanidit oxi de,

t he decrease in | dis cement of
t he carbon di Oxpﬁ%afrﬁs;cﬁyﬁeﬂbg peglgﬁ'g%bsé ‘%a}a}‘%y‘g%ﬁ’r?fa eﬁ’e%&'p% 971 [err].
The sulfate peaﬂenemlly inis laeferreditb efferk azombletd of subkthntiallyeconpiter at ure of
the reaction ca from B'&“' oomte grature up to the deconposition

t enperature of ’ﬁB apeIaent 9 Bhe displacennn of acidie matprial xaay

from about [ err {neliRnlBo ?"el‘r“’fr“”eat"?%g%'%aésh% A3 B loral akd b ARy

met alSsalt is f dhe a@érstmmeml tisicarhorodiodide] thg dacrease. ih the carboratespdak {885

overbased metal 53] Ly,xtNge 3 ﬁkgnllen of Ble™erBin>dioxide. The sulfite peak appears as a
broad peak at 971 cm™. The sulfate peak occur as a broad peak at 1111 cm™. The
temperature of the reaction can be from about room temperature up to the
decomposition temperature of the reactants or desired product. Generally, the

20 temperature is in the range of about 70°C up to about 250°C, preferably from

about 100°C to about 200°C.

In one embodiment, a sulfite overbased metal salt is further reacted with an

qxidizing agent to form a sulfate overbased metal salt. The oxidizing materials

include oxygen and peroxides, such as hydrogen peroxides and organic peroxides
25 (e.g. C,gperoxides). In another embodiment, the sulfite or sulfate overbased metal

salt is prepared by reacting one or more of the above overbased metal salts,

including the borated overbased metal salts with sulfuric acid.

The following Examples 0-5 to O-10 are provided to illustrate procedures

for displacing acidic material from the overbased product with SO, or a source of

30 SO,.



I n¢l ude oxygen and peroxi des, such-as hydrogen peroxi des and organic

peroxi des 25 (e.g. [err] peroxides). In another enbodi nent, the
sulfite or sulfate overbased netal salt is prepared by reacting one or nore.
of the above overbased netal salts, including the borated overbased netal
salts with sulfuric acid. The foll ow ng Exgnples 0-5 to 0-10 are provided
to illustrate procedures for displacing acidic material fromthe overbased -
product with [err] or a source of 30 Example O-5 [err]. 26 Exanple 0-5 The

Do (15 6 equr vaTbnpiotos of Brampic PeieL{Telp ghis, Jo8 Ssiivelsfusyis tiowh ' 40%
tenperature ofyiesnd grafid 7(@28'&%51%@)6{8@, &ver@hfbight Wout péridd dtavel in the 5

resul ting product 1Is 1 47% b The total base nunber (bronmophenol

bl ue) is 218. tamperatute of 13% 5§ﬁ1$%s“ﬂ@1%’l9§°v§&@jh-t Tha £Qnleveldaithen cont ent

IZCS% egfﬁ) \?;I eﬁ%%%ﬁ%l%ll% @‘%ﬂ%ﬁ?d’fﬁ{ E%W&I%WheqU| va (raﬁ'[n;)

of [err] at a isenpeTat wilfurconfent 1s] 12517 by wdight andtthe sddivim 4onteht &d7.6% bt
hours. The resulting product is stored at roomtenperature for 16 hours
under a nitrog‘!é"rlgll!ﬂ anket and then filtered using diatoma- ceous earth. The
product has a sulfur content of 8.2% byapldbls and a sodi um content of

18. 2% by wei ght. 15 | e 0-7 The
product of Exarrpleme@masﬁgxmemuam(mﬂugmmé)equsvms oM 320

o 380" ot h 1 orvigk 326 Brsie. 175 Babvaivo T SO Bl feliioe of i 3 fpd 5 771 ©

di at onmceous e fate Bha WQ&Céxgﬁtﬂibuﬁ S'ﬂid‘té&ulﬁﬂ@bﬁﬂhctq‘ﬁ storegbapoymvei ght, a
sodi um content of 12.6% 20 and. a 8&@_98 content of

6. 06% by wei gHempesRame for tﬁ@m@qﬁad’eﬁ&geafb gtrandcthen aging digtama-)

equi val ents) 1gohl Qiith. V‘Tﬁé1product has a sulfur content of 8.2% by weight and a sodium
content of 18.2% by weight.

15 Example O-7
The product of Example O-6 (1750 grams, 10.0 equivalents) is blown with

320 grams (10.0 equivalents) of SO, at a temperature of 130°C and a flow rate of
1.0 cfh for 15.5 hours. The resulting product is filtered using diatomaceous earth.
The product has a sulfur content of 7.26% by weight, a sodium content of 12.6%

-

20 by weight, and a boron content of 6.06% by weight.
Example O-8
The product of Example O-5 (3480 grams, 20 equivalents) is blown with
640 grams (20 equivalents) of SO, over an 15 hour period at a temperature of
140°C and a flow rate of 1.35 cfh. The reaction mixture is then blown with
25 . nitrogen for 0.5 hour. The mixture is filtered using diatomaceous earth to provide
3570 grams of the desired product. ‘The sulfur content is 8.52% by weight and the
sodium content is 13.25% by weight.
Example O-9
The product of Example O-1a (1100 grams, 4.4 equivalents, based on

30 equivalents of sulfite) is charged to a reaction vessel and air blown for eight hours



640 grans (20 equival ents) of [err] over an 15 hour period at a tenperature
-of 1400C and a flow rate of 1.35 cfh. The reaction m xture is then bl own
with 25 nitrogen for 0.5 hour. The nmixture is filtered using

di at onaceous earth to provide 3570 grans of the desired product. The sul fur
content is 8.52% by wei ght and the sodiumcontent is 13.25% by wei ght.
Exanpl e 0-9 The product of Exanple O la (12@0 granms, 4.4 equival ents, based

o oun tor ot GRS e o bElorloa S 00 b tats B S o™
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(2.2 equival ent f, t o ARV ution is
added to the m&%’l.f? fo ]‘?ﬁ Q'Sei‘ | on%gﬁg%?aetqﬁwglenﬁ%?f@g@?%?&“ﬁ%% cally to
[err]s Infrar ecbemadwdlmomidladdéd%b thel Intigtuee, PTRKReadtiohltémperatuke incisagesd
decrease in sulfite peak 971 her&wl\/bre hydr.ogen peroxi de soI utlon (25

grams, 0.2 equiskathermiraliy QaH-ﬁb gnalysis ipdi ptepeaks (1d %Lr%‘ﬂure
S |ncreased fr,pgg&&géhg‘ﬁﬁ ?geéi‘ (97’16{111")"‘%3&% fd‘iﬁﬁ%o rrat%? ks s’ The

bl owmn with 10 nitr nat [err] tore
residue is centOZ'i:qgealemlmaﬂ@MtheLneapllod vessedmdathbetetnpmatum:smmméedit' [err]

wi th nitrogen W i due i§ the Qroduct. uct hs 12. 4%
sul fur, 5292%?6? a}?gdclgﬁ?’é?%?g R ‘{‘}En‘?ﬁ H'F‘g Ql? and a
base]_ounber (brrﬂﬁ@éﬁ?ﬂﬁﬁiqulﬁ@}erﬁﬁveﬁ&blatﬁémrﬁ]soﬂﬁ résidue is centrifug ed (1600°

reaction vessel_is charged with 3700 grans equi val ent s, based on

sulfite) of theRWbdeMSMQden@tmpedmelﬁeew eiagemblowinge Pt ed t o
wh 25 0 d t
Fgralldede'[g thg'egfieac I on f/bgggtg:y@ljﬁe{i&% hg% éff‘g s@‘ﬂrec%g"‘ﬁw?&?b ton

1505 grans ( 13.Mfnber@heablphthalein)fof 30 ,/arhyad baxgemmber (broieplenbliblue)ofl 60. ad d ed

to the reaction vessel 20 ﬁqﬁ Water is renoved by
nitrogen bl ow ng and the reaction terrp creases from[err] to [err]

overaggwo hours. The Ardaetisi vésSel is charged w1th 3700 grams (14.8 equivalents, based on
sulfite) of the product of Example O-1a. The vessel contents are heated to 110°C
where 256 grams (2.3 equivalents) of a 30% hydrogen peroxide solution is added
to the reaction vessel. Distillate is collected. An additional 1505 grams (13.28
equivalents) of 30% hydrogen peroxide solution is added to the reaction vessel
20 over two hours. Water is removed by nitrogen blowing and the reaction
temperature increases from 110°C to 157°C over two hours. The product is
diluted with toluene and filtered through diatomaceous earth. The filtrate is
transferred to a stripping vessel and blown with nitrogen at 1.5 standard cubic feet
' .per hour at 150°C. The residue is the desired product. The product has 16.3%
25 " sodium, 11.9% sulfur, a base number (phenolphthalein) of 5.8, and a base number
(bromophenol blue) of 39.
In one embodiment, the overbased metal salt is a sulfurized overbased
composition. The acidic material used in the preparation of the overbased mefal
salt is SO, or a source of SO,. The overbased metal salt is further reacted using

30 the sulfur or sulfur source. The sulfur sources include elemental sulfur and any of



diluted with toluene and filtered through di atonaceous earth. The filtrate
‘is transferred to a stripping vessel and blown with nitrogen at 1.5
standard cubic feet per hour at [err]. The residue is the desired product.
The product has 16. 3% 25 sodium 11.9% sul fur, a base nunber
(phenol pht hal ein) of 5.8, and a base nunber (bronophenol blue) of 39. In
one enbodi nent, the overbased netal salt i28a sulfurized overbased

conposition. The acjdic material used in the preparation of the overbased
metal salt is [@esplfgrcompoynds.deseribedchergin. mantherembodimentthe acidic matgrial

further reacted ' I Q&aﬁg fur
sources incl udglse ee?re@rlf%a ?ﬂorm%%éilp M’# 1s,%e2§éih% lﬁécoérrpoun é
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this gnbodi ment o SouRCHOSOLfbr HR iRTios F hnie&o%ibla@@hﬂiaw;iah Fheddigiet | ve
anount of [err] 5 or a source of [err] for an period of tine to

di spl ace at |ea@awpdrﬁoqun@rb@pdmﬁmmlémttw@nmwﬂfwtmw@ibem sal t

prior to or dur] E.E) Eon with the sul fur or sulfur source. The
contacting of t ovef ase Etal salt with the [err] or source of [err] is
preferably affect ed 'ﬂteldmgtaeﬁmgldﬁﬂﬁ oyerbasedquetal sattnwitlc ther80,t erclonice wf 8O, ds g. ,

bl i , 10 nbogd t
1 om about 0. 1 PieferalbyARae Dithe SaRdkd sadigag poHRcRE eohpiants (5 Moty i 1
nor e gr ef er abl yscp;a{] 2R It nOonk én?oo?!'&ﬁéﬂt 86, AbW- rat@pﬁsmpmﬁ@oqtibxb&ﬁtqmoabout

0.1 to about 5 e used. Contacti ng of the overbased netal sal

with the [err] ¢h, émfmddy ot abau} 0ilstobaut 2Liefl, mord pre&rabbsfmmlmbodttoof
th di t 5
of arr] < comer St 10 b, BECEE oferaRud T Bbod: U Skl Blott g be weidh  anc i i 1y

conpl ete di spl aceiifaﬁmgaff thé 6verbasdd Gneralisalt iwith the SO, idheoures of SOJ isscuntifigedof
[err]. However the weig rati o of naqndi spl aced aC| dj.c rrat erial to

di spl aced aci di E“q*ﬂt‘?ﬁr%q amgwnt of theeacidic maaterial has degndisplaced by the)§9: PRst ances
can 48 11 om aboyielsso @Byl A0 redbh'@fcf § SHARRHE cdehgbO

1 20 Technl gues wn o f e art su h as
i nfrared spect r completeldjsplacembntsaf the atidic material rwithethe SQgth spurce of SO,.

However the weight ratio of nondisplaced acidic material to displaced acidic

material can range up to about 20:1, and in some instances can be from about 20:1
to about 1:20, and often from about 1:1 to about 1:20. Techniques known to those

20 skilled in the art such as infrared spectral analysis, base number measurement, etc.,
can be used to determine the progress of the reaction and the desired end point.
The sources of SO, are described above and include the oxo acids of sulfur. The
temperature of the reaction can be from room temperature up to the decomposition
temperature of the reactants or the reaction products, and is prefefably in the range

25 " from about 70°C to about 250°C, or from about 100°C to about 200°C, or from
about 120°C to about 170°C. The time of the reaction is dependent upon the
desired extent of displacement. The reaction can be conducted over a period of
about 0.1 to about 50 hours, and often is conducted over a period of about 3 to
about 18 hours. '



can be used to determne the progress of the reaction and the desired end
poi nt. The sources of [err] are described above and include the oxo acids
of sulfur. The tenperature of the reaction can be fromroomtenperature up
to the deconposition tenperature of the reactants or the reaction products,
and-is preferably in the range 25 2% om about [err] to about [err],

or fromabout [err] to,about, [err], or fromapout [err] . to about [err]. The
time of the reacti orA"F E‘%g‘é‘f?ér‘?&’@m’ SPRY ég? P@@Lé&?t ‘ﬂg‘@F§d2éEenent .
The reaction cagyh& &OSYM&SnsE &Y&fed?rﬁﬁ% %Eid@in @‘éﬁlg&iz&tibﬂoﬁh{étﬂv urs,

and often is conducted over a period of about to about 18 hours. 29 As

i ndi cat ed abovemetsl sgit withthe)sulfir or salfercsource. ihen digplacement ofthefagidiq or
source of [err] . eff eghe Lor 0, LRQ: | ion of the
over based net al m(ségegfpv&mnﬁﬁﬂet ﬁg’ gﬁﬁdﬂ% %éggh{sfewtégg%@an%&%dﬁp acenent of
the Fusi dic rr}at es@lﬁiﬁwﬁdm%ﬁme oﬁlabas]edqmdiml tindth thé sd]ﬁn‘][o} sirl]lﬁuesbﬁreg,tﬁféxpectedd
simul taneously with the ) sul furization of the overbased product
with the sul furraé‘FJ]EaEﬁszfrf%%PBé’,fd& t¢ R WFQP&W_M‘&% on of
desired thi osul fal e PGifitiSed 3VEPoES BorRBSRIOHS dre g BY'Lrticking dhov T Dased

conpositions are made by contacting the overbased net salt With the

sul fur or sul f upverbased enetal rsalt withf the sulfiveorputimsbunde for am effentiva tperiod of filnei ent
tenperature to foymithe.desired sulfurize odugt . .~As i,ndi ed 10,.

above, 11 1s beMtL i RGN GEPuRirs 1§ bER P SR st bR A ficated
thi ol fate. Thgbse)itas bélitgred thiat e stifufigdd prodiey igacdeas i pat 8 dhibsulfat, Bhe f ur
source with the overbased_ product using standard m xi ng or bl ending

t echni ques. Thecempatingcan beeffective\by mixing the syHmeromifupsoureewithdhe 200
hours, preferablyey Hbr&u@u%go&ﬁn&%%# %gbﬁﬂﬂﬁg@écﬁﬁﬁggégtﬁ A t&ﬁgtggfeo

about 50 hours, and In“many | ances out

30 hours. The t ésypicaliyfromi aboged.4d rtalabgutf200rhoatso pteferahlynabeutietozboutel(h t o
t he deconpositi

t t f. th t ant desired ducts havi
the | owest  suchbPERPE RIFIETBly; dhout 215p F00 S\ Rt e By FoanY (PBACRsrom ] -
nor e gy ef er abl y apRRUD th Abéut 30chad) UThd Ripkranit® i€ gdheRil9 fridh ¥balResdm[ err] to

about [err]. Typically, the ratio of equivalents of sulfur or sulfur source
per 20 tempetatyg | uprto the desomposition tesnpsaature of she regetants oridesired ¢ o0 about

10, preferably 39)%%& Qla%ng the lowest such temperature, preferably from about 20°C to about
300°C, more preferably about 20°C to about 200°C, more preferably about 20°C
to about 150°C. Typically, the ratio of equivalents of sulfur or sulfur source per

20 equivalent of overbased product is from about 0.1 to about 10, preferably about 0.3
to about 5, more preferably about 0.5 to about 1.5. In one embodiment the ratio is
about 0.65 to about 12 equivalents of sulfur or sulfur source per equivalent of
overbased product. _

For purposes of this reaction, an equivalent of the sulfur or sulfur source is

25 ~ based upon the number of moles of sulfur available to react with the SO, in the
overbased metal sait. Thus, for example, elemental sulfur has an equivalent weight
equal to its atomic weight. An equivalent of the overbased metal salt is based
upon the number of moles of SO, in the overbased metal salt available to react

- with the sulfur. Thus, an overbased metal salt containing one mole of SO, has an



to about 5, nore preferably about 0.5 to about 1.5. In one enbodinent the .
~ratio_is about 0.65 to about 1.2 equivalents of sulfur or sulfur source per
equi val ent of overbased product. For purposes of this reaction, an

equi val ent of the sulfur or sulfur source is 25 based upon the
nunber of noles of sulfur available to reagé with the [err] in the
overbased netal salt. Thus, for exanple, mental sul fur has an equi val ent

wei ght equal taq Hé{ ' g\@iig ggg ot al
salt is based n&?r‘{)e OFHRS?A&% o] l%ﬂg'r?i}i?n e overgase | salt
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sul fur source |s | so_a m xture, of .a nupber, of prqducts but includes,, at

| east in part, 8f Bradysta butripglpd séFleéﬁtdﬁr?PE:aﬂP"sc“ eoﬁWSa@é&"m&I
salt is a sodi PRRLE t
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(Sul 11 ve) - Cana Sottush Selsbetn 8 R REY 5 roblachf s elsh suf el wit s
with the sul furs@J osstufdeof SDicaf beaaprb@nfeawmemrﬁﬂxmmd;mmw),a [err] 15

(Thiosulfate), wherein in each formula x is a_nunber th I S generally one

or” hi gher. The (Subieleard g thioswfaty f%é@é’)’ﬁhﬁa@ﬂf%‘@a?f% suifite withdheisi ng
i nfrared or bas
measr i ng the S BE lnd S8uts b pERoresBR bt ol REONANEISON: | o
over hgsed pr odu@hiosulfate)) mﬁglm irheach fernaila diié ﬁmumben thht istgeaﬁalbpbm ogr aphy
which is a kno nalytical technique.involvjn ur|n
Current ve. " pot BEetal thesivaress G poil SRR IORY A he meenreLr9iE B
base number analysis. One technique for quantitatively measuring the sulfite and
thiosulfate content of the inventive sulfurized overbased products is through the use

('D-

of differential pulse polarography which is a known analytical technique involving
20 measuring current vs. potential applied to a sample within an electrolytic cell.
The following Examples O-11 through O-16 are illustrative of the
preparation of the sulfurized overbased products.
- Example O-11
A mixture of_ 1490 grams (5.5 equivalents) of a first sulfite derived from the
25 * product of Example 0-1(a) and SO, having a sulfur content of 12.6% by weight
and a sodium content of 17.6% by weight, 300 grams (1.0 equivalent) of a second
sulfite derived from the product of Example O-1(a) and SO, having a sulfur
content 10.7% by weight and a sodium content of 16.2% by weight, and 208 grams
(6.5 equivalents) of sulfur are heated to a temperature of 140°C and maintained at
30 that temperature with stirring for 22 hours to provide 1535 grams of the desired



The.fol |l owi ng Exanpl es 0-11 through 0-16 are illustrative of the _
preparation of the sulfurized overbased products. Exanple 0-11 A m xture of
1400 grams (5.5 equivalents) of a first sulfite derived fromthe 25
product of Exanple O 1(a) and [err] having a sul fur content of 12.6% by
wei ght and a sodi um content of 17.6% by wei ght, 300 grams (1.0 equival ent)
of a second sulfite derived fromthe produg® of Exanple O (a) and [err]

having a sul fur content .10..7% by wei_ght and.,a ,sodi ug content of 16. 2% by
het gne, “and. 200PTBNuR SRS 18 i (P ArouR ol i Prict s § SURG pogtent o

temperature of Fos bl vlisht Bl A RUREccHeBOf 16.9% by welght tenperature with
stirring for 22 hours to0 provide 1535 %;am; of the desired 31 product
T

which is in the formof a brow oil. amppledd2 has a sul fur content of

22% by wei ght and a ,s9djum { 01 Welg -

i X(; ure of 1172 grar@" 'ﬁ"ﬁq‘fﬁ@?ﬁ%‘% (%%‘?Y%Q%sr)\ggﬁ% {’WE&%%%%B%%@SS
and 68 grans (Zandcpdl graing (2 eyuivilents) éflsulfar areltateddo aGerdpératifecoB140-E509C [err]
and mai ntai ned at that.ter;gerature with stirring for 21 hours, to Brovi de '

1121 grans of t47d maBiained abthat trappepturevith sirAng for 31ohonrsio prowidshd2bi | . The
product has a s I gfyu vy hé RrmPorth Browatdi

17. 2% by wei ght” ngrp e%ﬁﬁ%ﬁltfg&& J]{%}Pl@ e CAm xturgdlgmggiog?gnl%g(z
equi val ents) ofa sylfur gontdntoof 1S5.Hbpweightand-adsodivan gantent nfd 72% by avpightal ent s)
of sulfur are heated to a tenperature g;m%ﬁrsr%_ gnd mai nt ai ned at that
tenperature with stirring for 17.5 houf™ rl ms of diluent oil are

addeglp The reacti on Armiktufecofl $80NRANE 2 eQuilalénts) off the pRdduét fréifl Ex@impl@-gr0ur .
The m xture is filtered to provide 985 granms of the desired product which

'S in the 15  and 77 prams/GAcniralsnishet s axkestad e sctempamtugs of130TC awht ont
O 2" ' st i BRIl i B s Y g gl o GG
equi val ent s) ofareladdemk cThecteadtionrmiximenis keabedRoald0-158°C withastirrifg fdai one hour.
equivalents) of i L itlire 2t Bndied'tS Grovide s s oF Hiedodtred product which is in the
15 form of a brown oil. The product has a sulfur content of 12.1% by weight, a
sodium content of 10.48% by weight, and a boron content of 5.0% by weight.
Example O-14
A mixture of 1310 grams (3.36 equivalents) of the product from Example
0O-8 and 53.4 grams (1.67 equivalents) of sulfur are heated to a temperature of 140-
20 150°C and maintained at that temperature with stirring for 29.5 hours. The

reaction mixture is cooled to 100°C and filtered using diatomaceous earth to
provide 1182 grams of the desired product which is in the form of a brown-black
oil. The product has a sulfur content of 12.0% by weight and a sodium content of
17.5% by weight, and a base number (bromophenol blue) of 241. The product has
25 " copper strip ratings (ASTM D-130) of 1B-2A (100°C, 3 hours, 1%) and 2A-2B
(100°C, 3 hours, 5%).
Example O-15 -
A mixture of 8960 grams (70 equivalents) of the product from Example O-
1(a) and 1024 grams (32 equivalents) of sulfur is heated to 140-150°C with
30 stiming. 2240 grams (70 equivalents) of SO, are blown through the mixture at a



20 , [err] and mai ntained at that tenperature with stirring for
29.5 hours. The reaction mxture is cooled to [err] and filtered using

di at onaceous earth to provide 1182 grans of the desired product which is in
the formof a brown-black oil. The product has a sul fur content of 12.0% by
wei ght and a sodi um content of 17.5% by megght, and a base nunber
(bronophenol blue) of 241. The product has 25 copper strip

ratings (ASTM Drie38h 1.9 BoetA feriod’df]34 houlkO Ut reddfonafibtugéigBlowh it - 3
hours, 5% . Exanple O 15 A m Xture of 896‘2$%rarrs 70 equi val ents) of the

product from Exeifrpgen for on¢ hpuratd SOOCand fitersd(Bingadiatomasasus earthvto provider i s
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and a copper strip rating (ASTM D-130) o ([errT, ours, 5% . In one
embodi ment t he effdctive ametntofeat Beastonepactive sulfurreducingagent tocrediceithe active
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wherei n the sul iMukized oterbased pRsdubts Ak 6drisidered t6 ®B 166! Eoreubivefob thet digired
corrosive for the_desired 10 applicatigon. The term "active

sul f 30" is usecanplicetion. { ThenteEn “active sulfpr is used, herein s mean selfurdn adorn thatg of
copper and sim Lar 84 %gﬁdﬂﬁ : t | r
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can be air in cDAl30nae availablet for achsurmgetlfonadtivity. st eam one or nore of the
boron conpounds (e. baric .acid} described 15. . . .. abaye . one.or

Tor e of the. phosphi C e fe8ve SulR eduefiE fgent e4p YAt i pmbinaticR ALK peeated
phosphi te) descgdrbgf] staineofie of nofd)8f Bk bdRinScopou®s @lgs o dcRl) described I |
[err]-olefin mxture) described above. In one enbodi ment, the active sulfur
reduddng agent abovehenererametef the phiesphitesi(egndli end ribngylphosphite, sipheaylacy| at ed

amnes or a G Obiposbixite) described herein, or one or more of the olefins (e.g., Ci4s ®-olefin

mixture) described above. In one embodiment, the active sulfur reducing agent is

the reaction product of one or more of the above acylatéd amines or a Group I
metal dithiophosphate.

20 Typically, the weight ratio of the active sulfur reducing agent to the

' sulfurized overbased product can be up to about 1, but is preferably up to about

0.5. In one embodiment, the active sulfur reducing agent is boric acid and the
weight ratio between it and the sulfurized overbased product is from about 0.001 to
about 0.1, preferably about 0.005 tb about 0.03. In one embodiment, the active

25 - sulfur reducing agex;t is one of the above indicated phosphites, preferably triphenyl
phosphite, and the weight ratio of it to the sulfurized overbased product of from
about 0.01 to about 0.2. In one embodiment, the active sulfur reducing agent is
one of the above discussed olefins and the weight ratio of it to the sulfurized
overbased product is from about 0.2 to about 0.7. |

30 Phosphorus Compounds



metal dithiophosphate. 20 Typically, the weight ratio of the
-acti ve sul fur reducing agent to the sulfurized overbased product can be up
to about 1, but is preferably up to about 0.5. In one enbodinent, the
active sulfur reducing agent is boric acid and the weight ratio betmeen it
and- the sul furized overbased product is fromabout 0.001 to about 0.1,
preferably about 0.005 to about 0.03. In ogg enbodinent, the active 25

sul fur reducing agent is one of the above Indicated phosphites, preferably

triphenyl phosphi t e ThaNgbrida@ingebdpéstiond, icBnd@htrates, lafid gh@sdsUnhy iickfld sover based
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up to about 4%4%/ of fréi abbat0.089% Aip foliboito3 B peUfrord .1 % fto BbAN2% b owedghtbout
2% bgpwel ght. 10 The nmetal thiophosphate are prepared by

reactPng a netal baddenetal ‘B%?@hﬁph#ﬁra@ prePyph &% ing agegtalbaserith one or
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Al cohol s gener dRITPIAETR sRRPIFH SRGRRorR S ERSIgas BT e JiFee Wi PBe SE B 24,
or from about 3a1&éhol9§30!ﬁeﬂ1?o he hBﬁ@rﬂcmﬂHy bé nitio! Br ABRSBhoSpHoRisPAIdsA L THE -

Al cohol s used to prepare the th| ophosphoric aci ds include propyl, butyl,
any| 152- et hy| heglgehols gengrally contain from one to about 30, or from two to about 24, or from

about 3 to about 12, or from about 3 up to about 8 carbon atoms. Alcohols used
to prepare the thiophosphoric acids include propyl, butyl, amyl, 2-ethylhexyl, hexyl,

octyl, oleyl, and cresol alcohols. Examples of commercially available alcohols
include Alfol 810 (a mixture of primarily straight chain, primary alcohols having

20 from 8 to 10 carbon atoms); Alfol 1218 (a mixture of synthetic, primary,
straight-chain alcohols containing 12 to 18 carbon atoms); Alfol 20+ alcohols
(mixtures of C,3-C,; primary alcohols having mostly C,, alcohols as determined by
GLC (gas-liquid-chromatography); and Alfol 22+ alcohols (C,s-C,; primary

| _ _ alcohols containix_lg_ 'grimarily C,, alcohols). Alfol alcohols are available from

25 Continental Oil Company. Another example of a commercially available alcohol
mixtures are Adol 60 (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)
and Adol 320 (oleyl alcohol). The Adol alcohols are marketed by Ashland
Chemical. '



octyl, oleyl,. . and cresol alcohols. Exanples of commercially avail able

-al cohol s include Alfol 810 (a m xture of primarily straight chain, primry
al cohol s havi ng 20 from8 to 10 carbon atons); Alfol 1218 (a

m xture of synthetic, primary, straight-chain alcohols containing 12 to 18
carbon atons); Al fol 20+ alcohols (mxturesof [err] primary al cohols
havi ng nostly [err] al cohols as determ ned by G.C

(gas- I'i qui d- chr ot ograRRY Jof ntRfhrdd §fGhoryd:d FRYQlcohbE Hefiledfrbitaturlyr OO S
containing primarily [err] alcohols). Alfol alcoOhols are available from 25
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mar ket ed by Ashland Chem cal . 34 A variety of _m xtures of hydri c
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in chain | engt hyeindir 960%r'a,, biRohdl'ahll 65% of '8 il@éﬂo. fromProcter & Ganbl e
Conpany. These m xt Ur'es contafn various anounts of fatty al cohols

cont ai ni ng mai nl'y 12Andher grayp of candmergialiy availablesmixtares inchndp Iths “Neodol”

CO 1214 is a fatt | coh ] Xt nt ai ning 0. 5% of, [err cohol... 66. 0%
of [err] al cohoP','c’}&E‘%'.s B%I%Lle[?é?‘?]léﬁ‘g\l (ng'ﬁg’llcagh%' g?%%wplf’eﬁ?‘i&&?%%%r‘!mﬂf?ot her
group of commer gf e},l andC2 alcaldls, NéodbL28 & d ﬂﬁituﬂa:ﬂ%p;aﬁd\egm&o‘hoag allict s

avai l abl e from Shell Chem cal Co, For exanple, Neodol 23 is a m xture of
[err0and [ err] Ngpdali48)is a mixtae pf £ toLig lineatalpoholss Needol91sis @ miziyre of C,,

al cohols; and 1 odol 45 is a mxture of [err] to [err] linear

al cohol s. Neodo ‘%afldi%"glc%lé}?ure of [err], [err] and [err] al cohols. Fatty
vicinal diols al so afattywdeihall diols dlsoraps asefulcinddbese incdwdethasel avhilablé from

Ashl and GO | d th |, trade, desi ti Adal 14 Adgl .158. Th
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the 15 fori@t isederived B0k ¥ SaifhtURath dlfa dlefit BRI SC, LA/ and ten. I N

one enbodi nent, the phosphorus acid’is a thiophosphoric acid, preferably a
nmonot¥® ophospholatter Lscdeawectfrbm@spﬁmraln}ma%ﬁfmsgamynbe prepared by the

reaction In one embodiment, the phosphorus acid is a thiophosphoric acid, preferably

a monothiophosphoric acid. Thiophosphoric acids may be prepared by the reaction
of a sulfur source with a dihydrocarbyl phosphite. The sulfur source may for
instance be elemental sulfur, or a sulfide, such as a sulfur coupled olefin or a sulfur

20 coupled dithiophosphate. Elemental sulfur is a preferred sulfur source. The
preparation of monothiophosphoric acids are disclosed in U.S. Patent 4,755,311 and
PCT Publication WO .87/07638, which are incorporated herein by reference for
their disclosure of monothiophosphoric acidé, sulfur sources, and the process for
making monothiophosphoric acids. Monothiophosphoric acids may also be formed

25 -+ in the lubricant b'l'eli—d l;y adding a dihydrocarbyl phosphite to a lubricating
composition containing a sulfur source, such as a sulfurized olefin. 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 the monothiophosphoric acid.

In another embodiment, the phosphorus acid is a dithiophosphoric acid or
30 phosphorodithioic acid.” The dithiophosphoric acid may be represented by the



of @ sulfur source with a dihydrocarbyl phosphite. The sulfur source may
-for, instance be elenental sulfur, or a sulfide, such as a sulfur coupled
olefin or a sulfur 20 coupl ed dit hi ophosphate. El enmental sulfur
is a preferred sulfur source. The preparati on of nonot hi ophosphoric acids
are disclosed in U S Patent 4,755,311 and,pPCT Publication WO 87/ 07638,
which are incorporated herein by reference™for their disclosure of

nonot hi ophosph
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nonot hi ophosphoric acid. In another enmod i ment, the phosphorus acid i
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al kyl phenyl groups,” or mxtdres thereof. ratlve | ower al ky phenyl
[ errOgroups i n@omapylmdmhwylandmr%bmdwom hept yl phenyl and ni xtures
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metals, and transition metals. In one embodiment, the metal is a Gtoup A metal,

such as calcium or magnesium, a Group IB metal, such as copper, a Group IIB
metal, such as zinc, or a Group VIIB metal, such as manganese. Preferably the
20 metal is magnesium, calcium, copper or zinc. Examples of metal compounds
which may be reacted with the phosphorus acid include zinc hydroxide, zinc oxide,
copper hydroxide, copper oxide, etc.
Examples of metal dithiophosphates include zinc isopropyl, methylamyl
dithiophosphate, zinc isopropyl iscoctyl dithiophosphate, barium di(nonyl) dithio-
25 - phosphate, zinc di(c;'clbhexyl) dithiophosphate, copper di(isobutyl) dithiophosphate,
calcium dihexyl) dithiophosphate, zinc isobutyl iscamyl dithiophosphate, and zinc
isopropyl secondary-butyl dithiophosphate.
In one embodiment, the phosphorus compound (B) is a phosphorus acid
ester. The ester is prepared by reacting one or more phosphorus acids or
30 anhydrides with an alcohol containing from one to about 30, or from two to about



metals, and transition netals. In one enbodinent, the netal is a Goup IlA .
-metal, such as cal ciumor nmagnesium a Goup IB netal, such as copper, a
Goup IIB netal, such as zinc, or a Goup VIIB netal, such as nanganese.
Preferably the 20 metal is magnesium cal cium copper or zinc.
Exanpl es of netal conpounds which may be rgﬁcted wi th the phosphorus acid

I ncl ude zinc hydroxide, zinc oxide, copper hydroxide, copper oxide, etc.

Exanpl es of etz oflfrbhi 44RO RE @b 12UaHH Utcths) CThe RRSIIN lised 1B !
di t hi ophosphate, zi nc isopropyl 1sooctyl dithiophosphate, bariu I (nonyl)

gl t hi ob 25I d_phosphoﬁtscac;] esters mﬁlutb m@pﬁﬁriﬂalén d\_)e x misital shioplwsphases. copper
sobutyl | soam RARERRBRI ek of S5 all & ety therBuGE BAGRRAYS peobotts
di t hi ophosphat euch as plisspheras eritexifle, phosphohsribgide,sphosphionus w@rdBde, s a

phosphorus acid_ester. The ester is prepared by reacting one or nore
phosphor us aci dehosphomms acid, phosphoriggidi phesphopys; halide, Q?Cg'!@hmiqlig from

one to about 3 ‘Qﬂséﬁge? JoTa Wz o) to about 12
carbon atons. g%gldéé()ﬁéoqv% use ?Rﬁg%rg?éﬁfﬁépﬁ%%%or us aéci?’d{ﬁgsters

i ncl ude those dhosphonescacibis\ecthiaphosphonis acid arpdati thérenfe STheTthiophosphotioacids aci d
or anhydride is eral.l y an inorganic osphor us, reagent ,..such as

phosphor us pe nﬂ?ﬂﬁggf sﬁlﬁ&éﬁﬁ%‘mgﬂf‘? ¥%i E:’gmﬁﬂ?ﬁg RB??@&"@P?‘G)&S'&E inglude
phosphor ous acighospHosic RGN dic amFtrH esteROsiBpéd by haictifiea phesphbri® BeigRipor us
esters, or one of the above described phosphorus sulfides. In one

embol® ment , t heanBydridenwith sreselj alcahslsae.ghirigpasylpbesphate. aci d or salt thereof .

The t hi ophosphori c i . ' . gagﬁ;' . Fé? es of
phosphorus acid estyggfﬁ%ﬁ%g%eﬁg%ﬁgﬂsg? I_Hgﬁgxstaafﬁl_%ﬁgl% ergmforr epar ed
by reacting a pprepandiddby ceaetinglome orlfiore dithiophosphiotiy deiddeitinan bpaxideser a

al cohols, e.g. tricr | phosphate. I n Qne epbodi nent,. the osphor us
compound’ (5) i S TESER R GERtict Bk S Bl R QRS TAPAOVIR S o

di t hi ophosphori lofuscid) R} blRweF eﬁeﬂ"ﬂfeoépo ideii$ é&?dliy' :ﬁﬂaliiﬂlﬁéémt
may be used al olglg,a{sﬂor furtr?gﬁyr.eact ed with a phospﬁlort}.sgaci d,” anhydri de, or
| onelSest er. Treposideor dctyreneyexide. aExamples of ugsfultepoxides include ethyleapoxidde or a

styrene oxide. [EXAARILSi8d piht SkidEPOtMskidd) GbaskEnE bitit, Sftebile, etc.
Propylene oxide is preferred. The glycols may be aliphatic glycols, having from 1
to about 12, or from about 2 to about 6, or from about 2 to about 3 carbon atoms,
or aromatic glycols. Glycols include ethylene glycol, propylene glycol, catechol,
20 . resorcinol, and the like. The dithiophosphoric acids, glycols, epoxides, inorganic
phosphorus reagents and methods of reacting the same are described in U.S. patent
3,197,405 and U.S. patent 3,544,465 which are incorporated herein by reference
for their disclosure to these. o
The following Examples P-1 and P-2 exemplify the preparation of useful
25 - phosphorus acid 'e'st;m:
Example P-1
Phosphorus pentoxide (64 grams) is added at 58°C over a period of 45
minutes to 514 grams of hydroxypropy! O,0-di(4-methyl-2-pentyl)phosphorodithi-
oate (prepared by reacting di(4-methyl-2-pentyl)-phosphorodithioic acid with 1.3
30 moles of propylene oxide at 25°C). The mixture is heated at 75°C for 2.5 hours,



propyl'ene oxi de, butene oxi de, octene oxide, dodecene oxi de, styrene oxide,
etc. Propylene oxide is preferred. The glycols may be aliphatic glycols,
having from1 to about 12, or fromabout 2 to about 6, or fromabout 2 to
about 3 carbon atons, or aromatic glycols. dycols include ethylene glycol
propyl ene glycol, catechol, 20 resgycinol, and the like. The

di t hi ophosphoric acids, glycols, epoxides, inorganic phosphorus reagents

and nmethods of e with aldiohac®useatiiafictilkdirat 70°C. SThePflu@td contalis’1 % and
U S. patent 3,544,465 which are incorporated _herein by reference for their

disclosure to t heseightphospbprusil hg% tbyaweightssuifun, and hapan agidawmber of 8Te

preparation of phosphorus acid esters. Exanple P-1
Phosphor us pent @?@gﬁl{%lglrug)ﬁs) is added at [err] over a period of 45

m nutes to 514 grans of hydroxypropyl Example P-2
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formulated lubricating composition. When the phosphorus acid esters are acidic,
they may be reacted with ammonia, an amine, or metallic base to form the
corresponding ammonium or metal salt. The salts may be formed separately and
then the salt of the phosphorus acid ester is added to the lubricating or functional
fluid composition. Alternatively, the salts may also be formed when the
20 phosphorus acid ester is blended with other components to form the lubricating or
functional fluid composition. The phosphorus acid ester could then form salts with
basic materials which are in the lubricating composition or functional fluid
composition such as basic nitrogen containing compounds (e.g., acylated amines)
and overbased materials.
25 . The ammonium salts of the phosphorus acid esters may be formed from
ammonia, or an amine, or mixtures thereof. These amines can be monoamines or
polyamines. Useful amines include those disclosed in U.S. Patent 4,234,435 at
Col. 21, line 4 to Col. 27, line 50, this section of this reference being inéoxporated

herein by reference.



15 « formul ated | ubricating conposition. Wien the phosphorus acid
-esters are acidic, they may be reacted with amonia, an amne, or netallic
base to formthe correspondi ng ammoni um or netal salt. The salts may be
formed separately and then the salt of the phosphorus acid ester is added
tothe lubricating or functional fluid conpgsition. Alternatively, the
salts may al so be fornmed when the 20 phosphorus acid ester is

bl ended wi th ot her ﬂhﬁmiemmesaeﬁmlm bdve at idasti mhydgpcoxbyf grovpicontaining ui d

conposi tion. ter f ts. wth.basic
matm;rl al s whi cﬁ%ﬁgqﬁﬁ% Lfﬁ fﬂsci??"(:itﬁ @g#ﬁ’gﬁ gl?? }Tfﬁﬁg (BHTS g‘?"ﬁu d
conposi tion sugiefered)aBitic fromt I twalibucemeaigrmae prereRed) nBﬁaxﬂlﬂerf mofiddnihey
am nes) and overhased materials. 25 The _anmmoni um salts of

t he phosphor us iBgpde mw%yﬂWMPmrepﬂmWam‘nmw Greﬁ%h%‘bﬂaﬁﬁne:or

m xtuges thereq ];Hﬁ%em@amg’, eb %g,h,y Useful

am nes I ncl ude tﬁ'ose I scl osed 1n %%mﬁﬁy line 4
to Col. 27, Ii rdamEdhylanhna; dmh;ﬂammepdxptdwlanumf ditexydamine ngﬂnylhutqunme,t ed
herei n by ref er he, noam nes, eral ly -have | east one

hydr ocar byl cfgtﬁﬁﬁ%‘ﬁl g° Wgﬁ‘g ?#ﬂ %Fh? sfroml
to about 12 Carﬁ&ﬁylﬁkﬂiﬁaﬁﬁér&hﬁﬂ@ﬁ@mﬁe etdg.th froml to about 6 being nore
preferred. Exanpl es_of nonoam nes i ncl ude net hyl am ne, ethyl am ne,

propyl ani ne, but yl ak Aee embediment, ghe amine iea faity (Cy.s0) amineowhich dnslede and

i et 01 ami ne. o P n-AEAGRNR, 4roBibd Bl MO RIGY h ey tamine,
tet h%weg Ima LnenmoaadecyﬁmMe, a;egllagmé;esc | thgngjfful faittymlﬂ;(ées?ntlnde cc(:)mnxélercially
e;ﬂI)odl )r/rent t hé¥ ﬁﬁﬁ%g [aér?‘}"% ‘g&?a@?%}‘ﬁ& Q m Akzo

n-octyl am ne, 'ﬂﬁﬁﬁé’dl@@ﬁ&gonﬂm&)cﬂcﬁm&?een@tﬁ&ﬂeﬁﬂ@ﬂ:ﬂﬁbﬂ@L Ammeen T,
n- hexadecyl ami ne, n-octad ecyl am ne, ol eylam ne, etc. Also useful fatty’

ami nes incl ude &Mr&T.aﬁmeea\&amhbneeﬂrdE,ywmlnéhe kettehdesignatiomeelatés i nes
(progucts avail f em | ca |linois), such Arnmeen C,
Ar ne 0, Ar mee"ﬁgéﬁty éﬁ%éﬁc a%cﬁeéﬁyﬁ_ﬁal gtﬁm@i &8P meen SD, wherein
the letter designatiOtherrnskfal @mired include pnmary ether amines, such as those represented

by the formula, R“(OR’),NH, , wherein R’ is a divalent alkylene group having

about 2 to about 6 carbon atoms; x is a number from one to about 150, or from
about one to about five, or one; and R” is a hydrocarbyl group of about 5 to about
20 150 carbon atoms. An example of an ether amine is available under the name
SURFAM® amines produced and marketed by Mars Chemical Company, Atlanta,
Georgia. Preferred etheramines are exemplified by those identified as SURFAM
P14B (decyloxypropylamine), SURFAM P16A (linear C,s), SURFAM P17B
(tridecyloxypropylamine). The carbon chain lengths (i.e., Cy, etc.) of the
25 . SURFAMS described above and used hereinafter are approximate and include the
oxygen ether linkage. '
In one embodiment, the amine is a tertiary-aliphatic primary amine.
Generally, the aliphatic group, preferably an alkyl group, contains from about 4 to |
about 30, or from about 6 to about 24, or from about 8 to about 22 carbon atoms.

30 Usually the tertiary alkyl primary amines are monoamines represented by the



15 - .. the fatty group, such as coco, oleyl, tallow or stearyl
.groups. Other useful amines include primary ether amnes, such as those
represented by the fornula, [errr], wherein R is a divalent alkylene group
havi ng about 2 to about 6 carbon atons; x |s a nunber from one to about
150- or from about one to about five, or o€ and R' is a hydrocarbyl group

of about 5 to apout, 2 : 50, c bon An exanple of an et her
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is a simlar n desgribedin Uk Pjiten&.%SAMB 14011011 is hereby incorporated by referencenfores

(both are avail ghle {. ohm a Haas Conpany). The tertiary aliphatic
primary am nes g tmﬁ@"ﬁ(%lg“”ﬁg eir preparation are known to those of

ordingy skill in thm dietembbdéméng/ the afinedinkyp baai iydivxyiming. Aypialy,ahe

described in U S. Patent 2,945,749, which is hereb}(/ar ncor por at ed by

reference for hydroxyamines are primary, secondary or tertiary alkanol ammes or mixtures
thereof. Such amines can be represented by the formulae: H,—~N—R'—OH,
HR')N—R'—OH, and (R’,)»—N—R'—OH, wherein each R, is independently a

hydrocarby! group having from one to about eight carbon atoms or

20 hydroxyhydrocarbyl group having from one to about eight carbon atoms, or from
one to about four, and R’ is a divalent hydrocarbyi group of about two to about 18
carbon atoms, or from two to about four. The group -R-OH in such formulae
represents the hydroxyhydrocarbyl group. R’ can be an acyclic, alicyclic or

_ aromatic group. Typically, R’ is an acyclic straight or branched alkylene group

25 such as an ethylene,-propylene, 1,2-butylene, 1,2-octadecylene, etc. group. Where

. two R’; groups are i)resent in the same molecule they can be joined by a direct
carbon-to-carbon bond or through a heteroatom (e.g., oxygen, nitrogen or sulfur) to
form a 5-, 6-, 7- or 8-membered ring structure. Examples of such heterocyclic
amines include N-(hydroxyl lower alkyl)-morpholines, -thiomorpholines, -piper-

30 ' idines, -oxazolidines, -thiazolidines and the like. Typically, however, each R/, is



itsteaching in this regard. 15 I n one enbodi ment, the
.am.ne_may be a hydroxyam ne. Typically, the hydroxyam nes are primary,
secondary or tertiary al kanol am nes or m xtures thereof. Such am nes can
be represented by the fornulae: [err], [err], and [err] wherein each [err]
I s 41 ndependently a hydrocarbyl group having fromone to about eight carbon
atons or 20 hydr oxyhydr ocar byl g#oup having fromone to about

ei ght carbon atonms, or fromone to about four, and R is a divalent
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about four. 0 Sq

hydroxyhydrocar 033%6‘8%“‘%3 caﬁ&%{é‘%g% &gyl“?de“{"mf‘ %tef C OS' aroma I'C
group. Typi cal Iethyl%andatﬂﬁle,am;tjzlﬂiemaablaﬁﬁmhtcor branched al kyl ene group 25
such as an ethylene | ene, 1, 2-buytyl ene, 0C | en et.c. group.
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nitrogen or sulfur) to forma nbered ring structure.
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group. Exanples of these al kanol ami nes include non ,
tri et hanol ani nebe @mblﬁﬁ}?cfpmlﬂ% (\éﬂbnéi(Rl)—N—(RO),

but Yigl et hanol g@a‘?’%‘}fi) -—éﬁ'w r-Qi‘Iyéﬂ‘ [}ﬁfer&ﬁ& #laSfinfter HOntitdGE 2 to about

N- ( hydr oxyhydr

hydr oxypol y( hydtSoamt Ryimﬂ(mararaaldmbed abdve. Rjpmey dlse beiadesirdxygolythydra-nes
(these anal ogs al$)§ cl ude hydroxyl -substituted oxyal kyl ene anal ogs). Such
N-(hydroxyhydr )§ EMPres can be conveni ently prepared by reaction of

one or nore of the FhewethémPerbslnnem the anfif b i Whichk y be
S 0139,

represented by the fornul ae: [err] (VIII) and
[err] (X), wherwpressatedbythefamaslatr om about 2 to about 15 and [err] and R
are 3s descri bed above. [err] may al so be a hydroxypol y(hydro- carbyl oxy)

gr oup:

®ROH  ROH
I |
20 R—N—R,), —N—R,0)H

wherein R, is a hydrocarbyl group containing from about 6 to about 30 carbon
atoms; R, is an alkylene group having from about two to about twelve carbon
atoms, preferably an ethylene or propylene group; R, is an alkylene group

25 containing from 1 up to about 8, or from 1 up to about 5 carbon atoms; y is zero
or one; and each z 15 independently a number from zero to about 10, with the
proviso that at least one z is zero.

Useful hydroxyhydrocarbyl amines where y in the above formula is zero

include 2-hydroxyethylhexylamine; 2-hydroxyethyloctylamine;

30 2-hydroxyethylpentadecylamine; Z-hydroxyethyloleylamine;
2-hydroxyethylsoyamine; bis(2-hydroxyethyDhexylamine; bis(2-hydroxyethyl)oleyl-

amine; and mixtures thereof., Also included are the comparable members wherein



| n anot her enbodi nent, the anine is a hydroxyam ne which may be represented.
by the fornula 15 [err] wherein [err] is a hydrocarbyl group containing
fromabout 6 to about 30 carbon atons; [err] is an al kyl ene group havi ng
fromabout two to about twelve carbon atons, preferably an ethyl ene or
propylene group; [err] is an al kylene group 25 containing froml
up to about 8, or from1 up to about 5 carbon atons; y is zero or one; and
each z is independently a nunber from zeroctto about 10, with the proviso
that at |east one z is zero, Useful hydroxyhydrocarbyl am nes where y in
the above f or mift thejaboye formulacat Jemst thw #dpast By asfox gramplee
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e respectlvely,

nol es of et hyl ene oxi 12 mhlch IS an ethylene
oxi de condensateﬂwlﬂnprozcdﬁctesmctlmlyyl‘idlnmm [97) 3 whwhngambdulene opidees of

et hyl ene oxi de le of t honee S/ 15 ar_e, I ene
oxi e condensacPBFnRioR vt b Sleyna¥ Forthiring 33 2. FefeR ot SibSnd swick b
nmol es of et hyl @isle OR afténep Bthomeen S/15 and S/20 which are ethylene oxide condensation

products with stearyl amine containing about 5 and 10 moles of ethylene oxide per

15 mole of amine, respectively; Ethomeen T/12, T/15 and T/25 which are ethylene
oxide condensation products of tallow amine containing about 2, 5 and 15 moles of
-ethylene oxide per mole of amine, respectively; and Propomeen O/12 which is the
condensation product of one mole of oleyl amine with 2 moles propylene oxide.
The amine may also be a polyamine. The polyamines include alkoxylated
20 diamines, fatty diamines, described above, alkylenepolyamines (described above),
hydroxy containing polyamines, condensed polyamines, described above, and
heterocyclic polyamines, described above. Commercially available examples of
alkoxylated diamines include those amines where y in the above formula is one.
Examples of these amines include Ethoduomeen T/13 and T/20 which are ethylene
25 oxide condensation products of N-tallowtrimethylenediamine containing 3 and 10
moles of ethylene oxide per mole of diamine, respectively.
In another embodiment, the polyamine is a fatty diamine. The fatty
diamines include mono- or dialkyl, symmetrical or asymmetrical ethylenediamines,
propanediamines (1,2, or 1,3), and polyamine analogs of the above. Suitable

30 commercial fatty polyamines are Duomeen C (N-coco-1,3-diaminopropane),



15 , nol e of amine, respectively; Ethomeen T/12, T/15 and T/ 25 which
.are. et hyl ene oxi de condensati on products of tallow am ne containing about

2, 5 and 15 nol es of ethylene oxide per nole of am ne, respectively; and
Proponmeen 0/ 12 which is the condensation product of one nole of oleyl am ne
with 2 noles propyl ene oxide. The am ne may al so be a pol yam ne. The

pol yam nes incl ude al koxyl ated 20 4® am nes, fat t y di am nes,
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or hydr oxy- subsSu¢huslkylendpoblantines mclodmmﬂlqunepalyainneg eﬂ@lenqutyammesprrs Mh

is a nunber from1l,to bout 10, m about 2 fo about, 7 m . about 2
Lo about e ang Suylsnpdlyines Propy saEROIARG e leBe i, 106 R
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N- am no propylenediamine, trimethylenediamine, tripropylenetetramine,

"-

triethylenetetraamine, tetracthylenepentamine, hexaethyleneheptamine,
pentaethylenehexamine, etc. Higher homologs obtained by condensing two or
more of the above-noted alkyleneamines are similarly useful as are mixtures of two

20 or more of the aforedescribed polyamines.

In one embodiment, the polyamine is an ethylenepolyamine. Such

polyamines are described in detail under the heading Ethylene Amines in Kirk
Othmer’s “Encyclopedia of Chemical Technology*, 2d Edition, Vol. 7, pages 22-37,
Interscience Publishers, New York (1965). Ethylenepolyamines are often a

25 " complex mixture of polyalkylenepolyamines including cyclic condensation
prdducts. Other useful types of polyamine mixtures are those resulting from
stripping of the above-described polyamine mixtures to leave, as residue, what is
often termed “polyamine bottoms”. In general, alkylenepolyamine bottoms can be
characterized as having less than 2%, usually less than 1% (by weight) material

30 boiling below about 200°C. A typical sample of such ethylenepolyamine bottoms .



al kyl - substituted piperazines, are also included. Specific exanples of such
15 . pol yam nes are ethyl enedi am ne, triethyl enetetram ne,
tris-(2-am noethyl)am ne, propylenedianine, trinethylenediam ne,
tripropylenetetram ne, triethyl enetetraaam ne, tetraethyl enepentan ne,
hexaet hyl enehept am ne, pentaet hyl enehexam ne, etc. Hi gher honol ogs obtai ned
by condensing two or nore of the above-notad al kyl eneam nes are simlarly
useful as are m xtures of two 20 or nore of the aforedescribed
pol yami nes. | n obtsinedrfroui the Mow Chemizal Gampany afsFreepost, Texasrdasighytad ME1160” Such

ol yam nes are scribed in.det e headi n Et hyl ene, Amines in
Eiri Ct hner' s %ﬁ gravityrat aﬁwc%l{%hﬁﬁw UQQFnéMWP'&ht ofi33.15 7,
pages 22-37, |nixﬁf§i‘risé‘6§%9 aPub*cnah@zﬁwﬁ&mX@r&ai mﬁﬁgﬁ?’kgﬂnfﬁiéﬁﬁﬁh%es
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bottoms". |n gepentathylenehexamiepmidytagher anklogs. OThess alkyl@ieplfdniing oitahs as
havi ng Iess t han ﬁ‘é;f:ga,uall Ies th n 1% ( by wei ght) materlal 30
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designated "E-100""has a speC| ravity at a“percent
n|trogen by wei bttomsfmaabe matndsel &wﬁbshetgcyhmgageqt oo they2iay: be useslt wites

Gas romat ogr f such a sa e contains about 0.93% "Light
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tirethyl enetetraam ottt usdtd pelyaming iyh eomiRasition TedtGom Between &llfst one
pent aet hyl enehe ne and h| gh &ﬂ!‘anal 0gs. These al kyl enepol yam ne bottons
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t hey may be us epblylhydric atrohols and aminest (The pwhyhydsc alohols aterdescribed below. Ule's
ther Anot he a ne IS a co ensatl reacgtio t ween at
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at | east one  amines include any of the above-described monoamines reacted with an alkylene

oxide (e.g., ethylene oxide, propylene oxide, butylene oxide, etc.) having from two
to about 20 carbon atoms, or from two to about four. Examples of polyhydric
amines include tri-(thydroxypropyl)amine, tris-(hydroxymethyl)amino methane, 2-
20 amino-2-methyl-1,3-propanediol, N,N,N',N'-tetrakis (2-hydroxypropyl)
ethylenediamine, and N,N,N',N"-tetrakis (2-hydroxyethyl) ethylenediamine, prefera-
bly tristhydroxymethyl) aminomethane (THAM).
Polyamines which may react with the polyhydric alcohol or amine to form
the condensation peructs or condensed amines, are described above. Preferred
25 ) polyamines mclude tnethylenetetramme (TETA), tetraethylenepentamine (TEPA),
pentaethylenehexamine (PEHA), and mixtures of polyamines such as the above-
described “amine bottoms”. The cbndensation reaction of the polyamine reactant
with the hydroxy compound is conducted at an elevated temperature, usually from
about 60°C to about 265°C, or from about 220°C to about 250°C in the presence
30 of an acid catalyst.



primary or secondary am no group. The hydroxy conpounds are preferably
pol.yhydric al cohols and anines. The pol yhydric al cohols are described
below. In 15 one enbodi nent, the hydroxy conpounds are pol yhydric
am nes. Pol yhydric am nes include any of the above-described nonoam nes
reacted with an al kyl ene oxide (e.g., ethylene oxide, propylene oxide,

butyl ene oxide, etc.) having fromtwo to ag ut 20 carbon atons, or fromtwo
to about four. Exanples of polyhydric amn i ncl ude

tri-(hydroxypropyl) r ﬁq&ﬁ I tsgﬁg
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pol yam nes include trie | enetetram ne (TETA), tet r aet hél enepent am ne

(TEPAP, pent aet Apinss ms prailable eqramercially from Hni hide(ea; withch as
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t enperat ure, usprithiry dinep Hbt%liby[vm‘iglit seeondiry dmihe and 7.4% by weighe beatiary[ err ]

to about [err] in, the es ne30 , " of 'd catal yst. 44 The
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publ i cation W086/ 0530 hnsther éin&dnﬁéﬂteﬂk polyadfineslfe 6:

I ncorporated by reference for its di scl'osure to the condénsates and methods
of nmdRing A pare g.cpolyoxyalkylene diaminésrand polyoxpalkylend mapmqsahaadng avanagePA Taf t

Co. vith typi caPpet Vehf e R Rl S GPRLF U, by oR el B 5 oF

12. 3% by wei ght atiyt 2000/ 'miapeferﬂsd pblyoryalkiled polganinagimclodanhene and 7. 4% by
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anot her errbodl eﬁﬁlai} prlyesyRieRy ?RS"I %‘%9‘5?&‘}‘{] POLIRYBRP 10

e.g. pol yoxyal ky.gie | 203 Gy €T age
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to 15 be obtained, for example, from the Jefferson Chemical Company, Inc. under the
trade name “Jeffamines D-230, D-400, D-1000, D-2000, T-403, etc.”. U.S. Patents
3,804,763 and 3,948,800 are expressly incorporated herein by reference for their

disclosure of such polyoxyalkylene polyamines and acylated products made
therefrom. , ,

20 In another embodiment, the polyamines are hydroxy-containing polyamines.
Hydroxy-containing polyamine analogs of hydroxy monoamines, particularly
alkoxylated alkylenepolyamines, e.g., N,N(diethanol)ethylene diamines can also be -
used. Such polyamines can be made by reacting the above-described alkylene

_ amines with one or more of the above-described alkylene oxides. Similar alkylene

25 oxide-alkanol amine reaction products may also be used such as the products made
by reacting the above described primary, secondary or tertiary alkanol amines with
ethylene, propylene or higher epoxides in a 1.1 to 1.2 molar ratio. Reactant ratios |
and temperatures for carrying out such reactions are known to those skilled in the
art. Specific examples of hydroxy-containing polyamines include

30 N-(2-hydroxyethyl) ethylenediamine, N,N‘-bis(2-hydroxyethyl)-ethylenediamine,



about 2000. The preferred pol yoxyal kyl ene pol yam nes i ncl ude the

-pol yoxyet hyl ene and pol yoxypropyl ene di am nes and t he pol yoxypropyl ene
triam nes. The pol yoxyal kyl ene pol yanm nes are comercial ly avail able and
may 15 be obtained, for exanple, fromthe Jefferson Chem cal
Company, | nc. under t he trade name "Jeffampnes D230, D400, D-1000,

D- 2000, T403, etc.". U S Patents 3,804,763 and 3,948,800 are expressly

i ncor por at ed hengphyBioxy&hSipa8zihe mbrbthydréiybfopyHLiBstitited tifdethylene-

pol yoxyal kyl ene pol yam nes” and acy ["at ed products made t her ef rom 20
| n anot her enbogentamine, No@- lpdrwbutubstetametmlenecd@mmtar rnglger nes.
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N- (2- hydr oxyet hyl ) ehi‘mioﬂ’(&@mwﬂiﬁ&nt the amine 1s a heterocyclic amine. The heterocyclic
NN - bi s(2- hydr oxyet hyl ) - et hyl enedi am ne,

1- (2-Mydr oxyet hpplypmines dnclude azisidinesy peetid mraaglﬂlyessmt and, dibydropyridines,

tet t hyl - t
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et her |inkages acconpani ed by femoval of water. Mxtures of two or nore of
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pol yani nes i ncl u e azlri nes,” azo nes, ra-
di hydr opyri di ne$:membered heterocyclic amines containing only nitrogen, oxygen and/or sulfur in

the hetero ring, especially the piperidines, piperazines, thiomorpholines,
morpholines, pyrrolidines, and the like. Piperidine, aminoalkyl substituted piper-
20 idines, piperazine, aminoalkyl substituted piperazines, morpholine, aminoalkyl
substituted morpholines, pyrrolidine, and aminoalkyl-substituted pyrrolidines, are
especially preferred. Usually the aminoalkyl substituents are substituted on a
nitrogen atom forming part of the hetero ring. Specific examples of such
heterocyclic amines include N-aminopropylmorpholine, N-aminoethylpiperazine,
25 . and N,N'-diamineethylpiperazine. Hydroxy heterocyclic amines are also useful.
Examples include N-(2-hydroxyethy1)cyolohexylamine, 3-hydroxycyclopentylamine,
parahydroxyaniline, N-hydroxyethylpiperazine, and the like.
Hydrazine and hydrocarbyl substituted-hydrazine may also be used to form
the acylated nitrogen dispersants. At least one of the nitrogen atoms in the

30 hydrazine must contain a hydrogen directly bonded thereto. Preferably there are at



pyrrol es, indoles, piperidines, imdazoles, di- and tetrahydroi m dazol es,
_pi perazi nes, isoindoles, purines, norpholines, thionorpholines,

N- am noal kyl nor phol i nes, N-am noal kyl t hi onor phol i nes,

N- am noal kyl pi perazi nes, NN -di- am noal kyl pi perazi nes, azepi nes, azocines,
azoni-nes, azecines and tetra-, di- and 15 4¢ per hydro derivatives of
each of the above and m xtures of two or nore of these heterocyclic am nes.
Preferred het erleay twé myalmgdmssbcmded ﬂha:tlsvablhyataenle nitrapen aﬁd,rl’ﬁmbq&dﬁmbly,

heterocyclic a ntal ni n on tro gen d/ar syl fur in the
hetero ring, ;%g}éf'& Fensifze g "8!' g nes,

mor phol i nes, pmyﬂzh%&?éme mehmdﬁh 1Lr@anﬁm am ymgaaiﬁiuuted'

pi per- 20 di nes, am no subst | tut ed pi perazi nes,

mor pho: |k nle, aLn pluaylhydramgslﬂ eméxN wﬂtyﬂbdrazms -ﬁpy:artolyi)cm‘rm-bwym ydraTme. )
am no su e y the
anm no Ikgl sub?%M?@thﬂWﬁt@% ﬁh@’yfﬁﬂﬁﬁkﬁwgﬁan of
tl\ltlgmhﬁt)gigp;: nnI)Qkahol N- am noet h F?ﬁ%ﬁ?ﬁ?@gﬁm Qﬁd Itli&hwe
NN- di ami noet hyl pi per'lalzm@ salts ob the ﬁ@ﬁ@rwd eaar@dbygwmm|
Exanpl es inclu aﬂhnlﬁ

3- hydr oxycycl og€ ntyl am n‘gﬁﬁ)par l1%ﬁoxyam e, yalr oxygt'?ylrepl gera2| ne,
anddt he :cl ke. tﬁ%@hﬁ%@b&?@wmmanpbmk%tmmmttaﬂm ifnagtndammalbe
used_to formthe.ac ni trogen an east .on

ni t raéen atons ¢ &tsxgyc%exxdes,car m%h?%%s '&‘ﬁ.sl Jjﬁféﬁ‘% aly E%r‘ﬁ

directly bondedinthigé Gréup X, HMA] BD iitodgheVEBRAR] VI met#ld (CAS SersioCoflthelr 0gens

bonded di rectly to hydrazine nltrogen and, nore preferably, both hydrogens

are on the sanePesiodicobable offhedilements) sFisse meils inglyde the alkali mptalss alkaline ar e
eyl e e A CLEL sl 2. 1% B YL A6 0 Gronp TA

phenyl hydr azin Zl ne
N- (para-tolyl) ﬁieeal,lsu&uasyd:a)lethd&anmzsﬁm a Group IB metal, such as copper, a Group

N- t d N-net h I ne, -
N, N 350 ( par o cHB AP i 5.6 o8 17905 LS ENPPL HED &5 HBRRIEN: AT anc

the like. The npbgj xssakg;ﬁsﬁ& E&l@iuﬂﬂ% r&suﬁ&léxﬁm&réfaéﬁlw by the
reaction of a netal base with tghos phorus acid ester. The metal base may
be any metal cowhishmerycberensted Uoflthf ¢ phespherusacid|include zinghydrpxide, zinc oxide,|

bases include n@op%Lr hydroxide, copper oxide, etc.
In another embodiment, the phosphorus compound (B) is a metal
20 thiophosphate, preferably a metal dithiophosphate. The metal thiophosphates are
described above. In another embodiment, the metal dithiophosphates are further
reacted with one or more of the above described epoxides, preferably propylene
oxide. These reaction products are described in U.S. Patent 3,213,020; 3,213,021;
_ and 3,213,022, issued to Hopkins et al. These patents are incorporated by
25 . reference for such description of the reaction products.
The following Examples P-3 to P-7 exemplify the preparation of useful
phosphorus acid ester salts.
Example P-3
A reaction vessel is charged with 217 grams of the filtrate from Example

30 P-1. A commercial aliphatic primary amine (66 grams), having an average



10 . oxi des, hydroxides, carbonates, borates, or the like. The -
‘metal s. of the nmetal base include Goup IA I1A [IB through VIIB, and VIII
netals (CAS version of the Periodic Table of the Elenments). These netals
include the alkali netals, alkaline earth netals, and transition netals. In
one "enbodi nent, the nmetal is a Goup IlA netal, such as cal cium or
magnesium a Goup IB netal, such as copper, a Goup 15 1B netal,
such as zinc, or a Goup VIIB netal, such a&7 nanganese. Preferably the
metal is magnesium cal cium cgﬁper,.or zinc. Exanpl es of netal conpounds

whi ch may be rﬁmlw_lwwqightwél dn phishithe gliphatic medicad ds znﬁstumfrmiaueﬁkxl nc
phosphor us. compediaiy B il Fily 3 18 e ciibin oo RUER oit Kb R0 15 ,

anz)?lhe?i tegi)ggh?rent t?\te et altdiihi okdind ha?ts arehbf urg he? reta?qg.e\%i lt,ylh one
l ; A

or nore of the Xf5iRhG 4REORS, w%&iﬂ%?gm%ﬁ&%@%%w S ke, These

reactigpn products are described in U S Eﬁgﬁlg[étp_;ﬁ, 213, 020; 3, 213,021; and

3,213,022, issued to Hopkins et al. These patents are incorporated by 25
reference for such dEhefiltrate of\Example: -2 €762 igrams) ris thixadsat 25+82° Covitlo Wb g

Exanples P-3 to P- Jf Ve th reparation of ~usef.u h hor acid
ester salts. EX egﬁ%ﬁ%‘ﬁa’% 9@?&‘1‘“&? Bﬁgf%elﬁ'ﬁh?ﬁ%}es fs of the
filtrate from Eppsttabehas®.95% phosphorus; .72% mieegen) endi2.6%isalfak i c -pri mary

am ne (66 grans), having an average 47 mo] ecul ar wei ght of 191 in which
the aliphatic radical is a m xture of t@?‘?‘?‘ﬁW‘él kyl radicals containing

(R0, 16 o Benambegan s S Intak T REiGE flgflt Btiste’
ni trogen cont entwhefeupors 85 parts=(6ghnoles)aofcphasphonisipentaxiderare kdded. cver 5 period of
CHaTDLe P TS 45 S AR B AR b B )
resul ting produdhehistude BoHmied anRidaitiofial 25 Rl 41ithis eciperatarefandisGhers Latter -
heated at 70" C for about 2-3 hours. Primene 81-R (2362 parts, 12.6 moles) is
15 added dropwise to the reaction mixture while maintaining the temperature between
about 30-50°C. When all of the amine has been added, the reaction mixture is
filtered through a filter aid, and the filtrate is the desired amine salt containing
7.4% phosphorus (theory, 7.1%).
Example P-6
20 Phosphorus pentoxide (852 grams) is added to 2340 grams of iso-octyl

alcohol over a period of 3 hours. The temperature increases from room
temperature but is maintained below 65°C. After the addition is complete the
reaction mixture is heated to 90°C and the temperature is maintained for 3 hours.
Diatomaceous earth is added to the mixture, and the mixture is filtered. The

25 filtrate has 12.4% phosphorus, a 192 acid neutralization number (bromophenol
blue) and a 290 acid neutralization number (phenolphthalein).

The above filtrate is mixed with 200 grams of toluene, 130 grams of

mineral oil, 1 gram of acetic acid, 10 grams of water and 45 grams of zinc oxide.

The mixture is heated to 60-70°C under a pressure of 30 mm Hg. The resulting



Exanmple P-5 10 Al fol 8-10 (2628 parts, 18 noles) is heated
to a tenperature of about [err] whereupon 852 parts (6 noles) of phosphorus
pent oxi de are added over a period of 45 mi nutes while maintaining the
reaction tenperature between about [err]. The mixture is stirred an
additi-onal 0.5 hour at this tenperature, and is there- after heated at 70
'C for about 2-3 hours. Primene 81-R (2362 $arts, 12.6 noles) is 15

added dropwi se to fhe react,i m,xt yr e i | e maintajni he te tyre
bet ween about 3(!”—‘5‘%5“’%3““’%’&?3 gﬂtf'regf“st“ﬁé‘ ATCHECERYS nﬁﬁgmt" WS@gﬂ%n
mxture is filteqn8d.03% phepheruéi | ter aid, and the filtrate is the desired
am ne salt containing 7.4% phosphorus (t heor?/, 7.19 . Exanple P-6 20

Phosphor us pentoxi de (852 grans) is add&ampleZ®B40 grans of iso-octyl
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or ours. ] X . L Ng , o
filtered. The 25’310'%%1 oic acf“f P&M Cﬂaﬁ%&ﬁ%’bﬁ @temperatye gf 50r60°C
neutralization RHYNGR rekRfiR thinehted’td se°é%9d$ei&t3ﬁétgggﬁm 2

number (phenol phthalei n). The above filtrate is mxed w
t ol uene, 130 gr dweursofThe commércial aljphaticyprimaryf amine identified ih Exonple 23 (384 wat er

and 45 granms of zilng .0Xhee. e . xture.i eated to.[er.r].under, a pressure
of 30 rm rig. Tnd VB0 B to WGmBiohis Bt e ERbERLS i Febingd 8 el SF
di at opgceous ear3oRs0°TheTHe lehdtivhanirafe & Hitded tR6ugh datémaesud Bardn hThe! filtrate
Exanpl e P-7 Phosphqrus pent oxi delé(@%(%g ‘ar ans) is added to the product

$

prepared by 5 has9.31% phosphqrny gRifve H0%mimacanendox bere nigmbnr of 69
grans of OO 'd'("“?ﬁ%"%@ %-ngﬁggdl thioic acid at [err]. The addition is

made at a tenperat err the resulting mixture is then heated to
[err] and hel d at t h#t anathgrembodingent, phosphomsrcompdhrd Binkswrmetal saltl of (ajpat ¢

primary amne | qeeag{ brfle! Sigxi!)ﬁlosp %rrTigla%idPa_n% é)? §t4 least one aliphatic or alicyclic carboxylic

15 acid. The dithiophosphoric acids are described above. The carboxylic acid may be

a monocarboxylic or polycarboxylic acid, usually containing from 1 to about 3, or
just one carboxylic acid group. The preferred carboxylic acids are those having the
formula RCOOH (XTI), wherein R is a hydrocarbyl group, preferably free from
acetylenic unsaturation. Generally, R contains from about 2 up to about 40, or

20 from about 3 up to about 24, or from about 4 up to about 12 carbon atoms. In one
embodiment, R contains from about 4, or from about 6 up to about 12, or up to '
about 8 carbon atoms. In one embodiment, R is an alkyl group. Suitable acids
include the butanoic, pentanoic, hexanoic, octanoic, nonanoic, decanoic,
dodecanoic, octodecanoic and eicosanoic acids, as well as olefinic acids such as

25 * oleic, linoleic, and -ﬁnoienic acids, and linoleic dimer acid. A preferred carboxylic
acid is 2-ethylhexanoic acid.

The metal salts may be prepared by merely blending a metal salt of a

dithiophosphoric acid with a metal salt of a carboxylic acid in the desired ratio.
The ratio of equivalents of dithiophospﬁoric acid to carboxylic acid is from about

30 0.5 up to about 400 to 1. The ratio mhy be from 0.5 up to about 200, or up to



grans) is added to the mixture, while the tenperature is maintained in the
range of 10 [err]. The reaction mxture is filtered through

di at omaceous earth. The filtrate has 9.31% phosphorus, 11.37% sul fur, 2.50%
nitrogen, and a base nunber of 6.9 (bronophenol blue indicator). In another
enbodi-ment, phosphorus conpound (B) is a netal salt of (a) at |east one

di t hi ophosphoric acid and (b) at |east one aliphatic or alicyclic
carboxylic 15 acid. The dithiophOSﬁ@oric aci ds are described

above. The carboxylic acid may be a nonocarboxylic or polycarboxylic acid,

usual 'y cont ai niabgutf100[Torlup fo #eRL50,30r ) tol dbShit 2R Pahp&){é’&h Rco%ﬁ’ ?&C’ﬂi

The preferred car boxyl Ic acids are those havi ng the formul a
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Sui tal e acids ﬁ’l‘g’%ﬁ ’QHQF@, H&&B‘aﬁ%ﬁ@ﬁéﬁ%ﬁ@ﬂbﬂ of carhexy groups
nonanoi c, decanm&em_dodecanoi c, octodecanoi c and eicosanoic acids, as well

as olefinic acids such as 25 oleic, linoleic, and Iinolenic
acids, and linoleic &mndamdcprefe:rpdmeamdefor prephning, the onetal =ilts aseful in this
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acid in the desidesetibedibbove fohthemétalosalté of el m@ilvmhlsm@lfal &lishm%m% C
acid to carboxyly‘l:lg acid is_fromabout 30 5 up to about 400 to

1. TH® rati o mapcifdnixpgewithong ofthe abaygdesqibed sretal GOMOundMQNhﬁbthlS method or
up to about 50, p ﬁah@n?@&&% ET%}Q g} o01is
from0.5 up to gb t 4, %% %&bu%nﬂ%gﬁé[}fb;e &{ ¥ c%ﬁg 1. For
this purpose, t Inlecequf matab Mmhwes'mhtt tocthe auﬂbeﬁnfcqumhhtsrof(acﬁbptdsdn& théissthe
nol ecul ar wei gh Lvided by the nunber - PSSH gr oups t, reln andthe
equi val ent wei g?ﬂ ga&isalgs y €ontalh as Wr%i?‘ﬂ‘%a?"dﬁg %PF‘EQ wabolt vk ght
divided by the agiivsléntdof ﬁi&d)%ﬁ’ec?f@l&ﬁ o?la@ia%iy be“px%ﬁ&@&'d TRE dqRivabRY &5
rrethod for preparln% t he net al ts useful in
or this purpose is its atomic weight d1v1ded by its valence. The temperature

at which the metal salts are prepared is generally between about 30°C and about

150°C, preferably up to about 125°C. U.S. Patents 4,308,154 and 4,417,990

describe procedures for preparing these metal salts and disclose a number of

examples of such metal salts. These patents are hereby incorporated by reference

20 for those disclosures.

In another embodiment, the phosphorus compound (B) may be a phosphite.
In one embodiment, the phosphite is a di- or trihydrocarbyl phosphite. Preferably
each hydrocarbyl group has from 1 to about 24 carbon atoms, more preferably
from 1 to about 18-carbon atoms, and more preferably from about 2 to about 8
25 carbon atoms. Each hydrocarbyl group may be independently alkyl, alkenyl, aryl,
and mixtures thereof. When the hydrocarbyl group is an aryl group, then it
contains at least about 6 carbon atoms; preferably about 6 to about 18 carbon
atoms. Examples of the alkyl or alkenyl groups include propyl, butyl, hexyl,
heptyl, octy_l, oleyl, linoleyl, stearyl, etc. Examples of aryl groups include phenyl,
30 naphthyl, heptylphenol, etc. Preferably each hydrocarbyl group is independently



invention is to prepare a m xture of the acids in the desired ratio, such
as those described above for the netal salts of the individual netal salts,
and to react the 10 acid mxture with one of the above descri bed
met al compounds. Wen this nethod of preparation is used, it is frequently
possible to prepare a salt containing an excess of netal with respect to
the nunber of equivalents of acid present; thus the netal salts may contain
as many as 2 equival ents and espeC|aIIy up $0 about 1.5 equival ents of

net al per equivalent of acid may be prepared. The equivalent of a 15

netal for this PEeRydsautyls pmtxl. hema hepidi oJeyl qmphmédnb;c preferably butyh olepher
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an aryI group, then_it copfai nags% | east about 6 carbon atomns;_ preferably

about 6 to aboutP ?%Pheawe S A Agscribed phov éstEﬁemMYeﬂ‘&IB@?Ph@Fusécl@eﬁw gr oups

i ncl propyl , ?'R cigheptyl, octyl, oleyl, linoleyl, stearyl, etc.
Exanpl es of aryl gr I nc ge phenyl 30 napht hyI,

hept yl phenol , etc. Phebm@b@mmhthe;@muatddmmwmﬁmmmaﬂmidey 50
propyl, butyl nt iFF ex 0l.e h M nor. e eferably
butyl, ol eyl or gﬁ’m%sﬂpé#e‘r‘%‘f‘ B‘Hﬂgﬁ'fe It °8‘ry enyl .

Phosphl tes and H@b@l@ﬁ:ﬂ@&h&hﬁ&?aﬁi& rfoMAmAde] and hé 1IMROSTHRI fefidioR Roduct of
avai |l abl e commercially. Particul arly useful phosphl tes are di butyl hydrogen

phosphi te, di ol 4be Phasaheryeacid with the unsatyrated mmidemay be furthey aeastpdrwith Sinkingt e,
and t{gpheny! pRsiing cohtborfifs, SHUACH RhiaeryiE o pRERNAEIE/RBOMAY (B) may
coupled compounds. The phosphorus-containing amides are known in the art and
are disclosed in U.S. Patents 4,876,374, 4,770,807 and 4,670,169 which are
incorporated by reference for their disclosures of phosphorus amides and their
preparation. |
20 ' In one embodiment, the unsaturated compound an unsaturated carboxylic
acid or ester, such as a vinyl or allyl acid or ester. If the carboxylic acid is used,
the ester may then be formed by subsequent reaction with an alcohol. In one
embodiment, the unsaturated carboxylic acids include the unsaturated fatty acids
and esters described_above. The vinyl ester of a carboxylic acid may be
25 represented by the formula RCH=CH—O(O)CR' , wherein R is a hydrogen or
hydrocarbyl group having from 1 to about 30 carbon atoms, preferably hydrogen or
a hydrocarbyl group having 1 to about 12, more preferably hydrogen, and R! is a
hydrocarbyl group having 1 to about 30 carbon atoms, preferably 1 to about 12,
more preferably 1 to about 8. Examples of vinyl esters include vinyl acetate, vmyl

30 2-ethylhexanoate, vmyl butanoate, and vinyl crotonate,



product of a phosphorus acid and an unsaturated conmpound. The unsaturated
conmpounds include unsaturated am des, esters, acids, anhydrides, and

et hers. The phosphorus acids are described above, preferably the phosphorus
acid is a 10 di t hi ophosphoric acid. In one enbodi nent, the

unsat urated conpound is an unsaturated am de. Exanples of unsaturated

am des include acryl am de, NN -nethyl ene bisacryl am de, nethacryl am de,
crotonam de, and the like. The reaction pro8uct of the phosphorus acid with
.the unsaturated am de may be further reacted with |inking 15 or
coupl i ng conpounds, SuEPE e baxylierastercis pacester of awr m

UK
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by subsequent reaction with an alcohol. Tn one enbodi nent, the unsaturated
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~vinyl 30 : ha;l.hexar}oat‘e, vi nyl butanoate, and vinyl crotonate.
51 1 n one enbodifimatic andeitraepmie agids.ed carboxylic ester is an ester of an

d b | | | gi f ' | 1. lic,
Tacont o, ci tracon c e ebediiel, AR fRsicts ClfRbhdis B8 Rachife plRHAOH A, ©
the formul a RO phophotiis-doid 4#d iyl ether. eThe ¢iaghethtri is répiekened ®9thé formula

hydr ocar byl group 5 having 1 to about 18 carbon atons, preferably
1 to about 12, q,rgﬁgrggf y Whegedn R is hydrogen or a hydrocarby! group having 1 to
15 about 30, preferably 1 to about 24, more preferably 1 to about 12 carbon atoms,

and R is a hydrocarbyl group having 1 to about 30 carbon atoms, preferably 1 to
about 24, more preferably 1 to about 12 carbon atoms. Examples of vinyl ethers
include vinyl methylether, vinyl propylether, vinyl 2-ethylhexylether and the like.
Boron-Containing Antiwear/Extreme Pressure Agents:

20 The lubricants andfor functional fluids may additionally contain a boron
compound. Typically, the boron containing antiwear/fextreme pressure agent is
present in the lubricants and functional fluids at a level from about 0.01% up to
.about 10%, or from about 0.05% or up to about 4%, or from about 0.08% up to
about 3%, or from 0.1% to about 2% by weight. Examples of boron containing

25 .antiwearlextreme pressure agents include a borated dispersant; an alkali metal or a
mixed alkali metal, alkaline earth metal borate; a borated overbased metal salt; a
borated epoxide; and a borate ester. The borated overbased metal salts are
described above.

In one embodiment, the boron compound is a borated dispersant. Borated

30 dispersant are prepared by reaction of one or more dispersant with one or more



about 8 carbon atonms. Exanples of unsaturated carboxylic esters, useful in
the .present invention, include nethylacrylate, ethylacrylate,

2- et hyl hexyl acryl ate, 2- hydroxyethyl acryl ate, ethyl nmethacryl ate,

2- hydr oxyet hyl net hacryl ate, 2-hydroxy- propyl nethacryl at e,

2- hydr-oxypropyl acryl ate, ethyl nal eate, butyl nmal eate and 2- 10

et hyl hexyl nal eate. The above |ist includes nono- as well as diesters of
mal ei ¢, fumaric and citraconic acids. |In.on8enbodi nent, the phosphorus
conpound is the reaction product of a phosphorus acid _and a vinyl ether.
The vinyl et her hoson egmponads. o The,dispersantsoinglude acylated amings.cqaghoxyHe psterny dr ogen
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-boratg, a borat : ; ated epoxide; and a borate
5.0, por o MR TERS) RERt) rbin o] o

-ester. The borat'e afts are descri bed above. In one
“enbodi ment, the bor oin enstheriembodiment (the dispersatit apayr alsmbe a Barbaxdit &fer.  The

ore. 52 bor oA RS 5 Fieis paradie st ol QBT ROP R EF Hihes
- carboxylic est erdarboplié) aéylatingugents profeRbly taShydiocaftyt sibitlitutéd dasbdxiylie ed

ram nes, and m xtures thereof, The acyl ated am nes include reaction products
of one or nore dylaHBg aganhewithh atleasyone orgapicydrexyepmpoyndand eptionally aar e

am neyg The am NeguaRY 1P gndthet embodiment, the carboxylic ester dispersant is prepared by
reacting the acylating agent with at least one of the above-described '

hydroxyamines.
The organic hydroxy compound includes compounds of the general formula
R"(OH),, wherein R” is a monovalent or polyvalent organic group joined to the
20 -OH groups through a carbon bond, and m is an integer from 1 to about 10
wherein the hydrocarbyl group contains at least about 8 aliphatic carbon atoms.
The hydroxy compounds may be aliphétic compounds, such as monohydric and
polyhydric alcohols, or aromatic compounds, such as phenols and naphthols. The
aromatic hydroxy compounds from which the esters may be derived are illustrated
25 by the following specific examples: phénol, beta—naphthoi, alpha-naphthol, cresol,
resorcinol, catechol, p,p’-dihydroxybiphenyl, 2-chlorophenol, 2,4-dibutylphenol, etc.
The alcohols from which the esters may be derived generally contain up to
about 40 carbon atoms, or from 2 to about 30, or from 2 to about 10. They may
be monohydric alcohols, such as methanol, ethanol, isooctanol, dodecanol,

30 cyclohexanol, etc. The hydroxy compounds may also be polyhydric alcohols, such



5 those described above, preferably a poltyam ne, such as an
alkylenepolyan1ne or a condensed polyam ne. Acyl ated am nes and methods for
preparing the sane are described in U S. Patents 3,219, 666; 4, 234, 435;
4,952, 328; 4,938, 881; 4,957,649; and 4,904, 401. The discl osures of acyl ated
ni t r-ogen di spersants and ot her dispersants contained in those 10

patents is hereby incorporated by reference. In another enbodi nent, the

di spersant may al so be a carboxylic ester. ®Be carboxylic ester is prepared
by reacting at | east one or nore of the above carboxylic acyl ating agents,

preferrably a hyasalkyleis/polyolbs in bng anbnthbm,(;ﬂei polyhydtiaalcohola gontain frem 2 tat

anot her - embod: mofhout A0 autbgh BB RomA oo Aicane B 28 sbep IO YA occt i ng

the acyl ating aggahpwo&Mzk@asdutqn@dwhﬁheam“emrmwgl édlxyani nes.

ound i ncl udes conpounds of the general or mul a

The organi c hydro
[err] \?\helrel nyR négldmggnévaﬂ%'ﬁmh mwﬂa@%mr@pmlgly@l%w%méu,% t he

tzg abolt 10 wher 3 &% ﬁ@é&o@g“’%cﬂ%r oU cont el M&lﬁ g&{rﬁl leﬂ'?fnéélf om 1

al i phati ¢ car bonmatusitol; tri"n'ihﬁxyﬂblﬂ:ropme,smmuﬂﬂetom)ghhese;lcydbmxanedida‘pound&
Shenol s and naphtHEFe CATPUTAY BTG YR S
may be derived are ilqyésiql ﬁ\t yaflc 3ﬁ:ohols may be dXterified withl meNdcafbokPRCadidhaving
exanpl es: phenol bet a- napht'hol , al pha-napht hol, cresol, resorcinol,

'(I:'ﬁt echol,h Ipp fdlﬁmbquhéﬂsyt:r fr(zngmltsr&ﬂplﬂbnmlls garhomatpm,yprpwdgd)mat et c

e al.cohols fro sters e

e 0L, Ol P RLSE e BRlhA SEGISE 8 bafaho e Wigd o
may be mnohydrlmcwdsabaics ropithit, @&tyﬁietahalabbve ddsbrited| fatty a¢idst Spedific
dodecanol , ohexanol efc e_h droxg conpounds may al so be
pol yhydric al cohwm@&fffhese esterified pply yckwealgépi}dpglu ¢ srrbiRl stk dn € the
pol yhydri ¢ al cOnglofio ol dibiae! i ! a&omclmng%hmﬁta&em&rgngg&o io

about 20; and from 2 to about roxyl groups, or from2 to ut 6.
Pol yhydri ¢ al coholesatej including glydeydlemmog.l @emidstnoleate and erythritol octanoate.
15 The carboxylic ester dispersants may be prepared by any of several known

methods. The method which is preferred because of convenience and the superior
properties of the esters it produces, involves the reaction of the carboxylic
acylating agents described above with one or more alcohol or phenol in ratios from
about 0.5 equivalent to about 4 equivalents of hydroxy compound per equivalent of

20 acylating agent. The esterification is usually carried out at tenipexatures above
about 100°C, or between 150°C and 300°C. The water formed as a by-product is
removed by distillation as the esterification proceeds. The preparation of useful
carboxylic ester dispersant is described in U.S. Patents 3,522,179 and 4,234,435,
and their disclosures.are incorporated by reference.

25 _ The carboxylic ester dispersants may be further reacted with at least one of
the above described amines and preferably at least one of the above described
polyamines, such as a polyethylenepolyamine or a heterocyclic amine, such as
aminopropylmopholine. The amine is added in an amount sufficient to neutralize
any nonesterified carboxyl groups. In one embodiment, the carboxylic ester

30 - dispersants are prepared by reacting from about 1 to about 2 equivalents, or from



inclyding di-, tri- and tetraethylene glycols; propylene glycols, |nclud|ng
di-- tri- 5 and tetrapropyl ene glycols; glycerol; butanedio
hexanedi ol ; sorbitol; arabitol; mannitol; trimethyl ol propane; sucrose
fructose; glucose; cyclohexanediol; erythritol; and pentaerythritols,

I ncl‘uding di- and tripentaerythritol. The pol yhydric al cohols may be
esterified with nonocarboxylic acids having from2 to about 30, or from
about 8 to about 18 carbon atons, provided ghat at 10 | east one
hydroxyl group remains unesterified. Exanples of nonocarboxylic acids

i ncl ude aceti c, ahmpl.ﬁrtbd 8 equtivalénts efhlydateoy eomisonads, laad upaohboutcﬂ 3iequivalent,
Specific exarrpl es ese terifi pol dri I cqhol s i n¢cl ude sorbitol
ol eate, includi tﬁ%ﬂ &8?3}%#@&{ 6% %;%Btl ot per ¢t fm)no-
and di stearate, éﬂgh“ g%?mi' %E%Hoﬂ?ﬁ&ﬂdﬂ'%ﬂhtﬁfg%g‘éht ﬁiﬁjr%‘&e redéted a”d

trioleate and er oct anoat e. he carboxylic ester

di spersants may Mubmusl.%ownm;heohydswmpom@m thetamine,. There mmmlly
whi ch S pref er r%ge&%? W%ﬁ%q@%ﬁ}?b@ﬂﬁ%}&ﬂ& é:*ﬂea{taééh@ggpg &?f}{v%ﬁ{ of

t he es ers it produces nvol e reaction o I'C acCy tlng
agents descri beOhmhe\ahhmgmhewalcumm ef edmivdlaits al‘thph:embmatlm slduld be it om

about 0.5 equival ent to about, vaI r 0X ound per
equi val ent of zgfeasta bout 0. e&@w a&t%@eﬁ‘g gnt O%Wg%%%? ¢S5 carboxyliq estery
carried out at t&%ﬁs{aﬁt M%r@ﬁmﬁn in&hE hrt, &1d tﬁ@?\‘%ﬁiﬁg fofh rﬁﬂﬂ:ei Si-‘r]

The water forned duct 1s renoved by disti n as
esterification pﬂlesednmatlﬁses gesepibedhin, for examplee LS. Ramnm)&.?ﬁ,&ﬁem@r

di spergant is de n S. ,Patents 3 2,179 and 4.234 435, and their
di scl E@ur es are ‘Fﬁ%&ﬁ?’k"é?’%%‘@?@ﬁ&% g&yreerence provicufy. The carboxylic
ester di spersants nmaynh@othef édibsdimens thRWispetsantahay 8186 be arlfydedcaitybsitizatated
descri bed am nes and preferably at |east one of the above described

pol yani nes, suc hamhifeq These hydigdaghyt-subsiitited emises arejuslbkepwneto thoseskilled iy ch
as am nopr opy| MORAGH *h, eférg.\gurﬁ:@a dtk éﬁqﬂ%smt@ﬂ HES@LgISSWSQ“t to

neutral i ze any nonesteri car groups I'n one” enbodi rent
carboxylic est er3,85)4 555 3,565, 804;13555;4333@6 %822,280 o (Thesipdignts erdiereby ihearm

RPY SCRSNNCE TR WIS TR
about 0.25 equi Vﬁhﬁﬂk the sk, YRYPielyPRYdrectibyl Bubstitutéd amines are prepared by

reacting olefins and olefin polymers, including the above polyalkenes and

halogenated derivatives thereof, with amines (mono- or polyamines). The amines

may be any of the amines described above, preferrably an alkylenepolyamine.

20 Examples of hydrocarbyl substituted amines include poly(propylene)amine; N,N-
dimethyl-N-poly(ethylene/propylene)amine, (50:50 mole ratio of monomers); poly-
butene amine; N,N-di(hydroxyethyl)-N-polybutene amine; N-(2-hydroxypropyl)-N-
polybutene amine; N-polybutene-aniline; N-polybutenemorpholine; N-
poly(butene)ethylenédiémine; N-poly(propylene)trimethylenediamine; N-

25 poly(butene)diethylenetriamine; N',N'-poly(butene)tetracthylenepentamine; N,N-
dimethyl-N"-poly(propylene)-1 ,3-propylenediamine and the like.

In another embodiment, the dispersant may also be a Mannich dispersant.
Mannich dispersants are generally formed by the reaction of at least one aldehyde,
such as formaldehyde and paraformaldehyde, at least one of the above described

30 amines and at least one alkyl substituted hydroxyaromatic compound. The reaction



acyl ating agent. The carboxylic acid acylating agent may be reacted

simdl taneously with both the hydroxy conmpound and the ami ne. There is
generally 5 at | east about 0.01 equivalent of the al cohol and at

| east 0.01 equival ent of the am ne although the total anobunt of equivalents
of t-he conbination should be at |east about 0.5 equival ent per equival ent
of acylating agent. These carboxylic ester ggspersant conpositions are
known in the art, and the preparation of a ndnber of these derivatives is

descri bed in, foﬁmcorporat e%o?n eﬁgke s 16 aBout ﬁgdca&q‘rétﬁabout 50° toaﬁo@t34 435

whi ch have been 1 rence previously. In anot
enbodi nent, the 2008Geosfinm a’myt 5°Otdrebout MQi’r(bc'aheb;momubgi ﬂlwomntammh

A thase. am nbatihg a8 of Bydrety @bl tomt i o KmaliRRfiei bl i d £ 1 N
3,454, 555; 3, 565h8dtige Irofp abdut31: 1) do ab&R4{13H). These patents are hereby
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am nesSand net hods oﬂh?di(ﬁfr@asq%‘ss%%\ hsybfteaqeﬁwdwmteea%ﬁ?mm ‘tl

am nes are prep I }Mﬁﬂﬂi the
above pol yal kengt;ﬁgr@%‘iesgﬁgée%%g? erl v tﬁ%’é“g ?l%ere(ﬁ@l W t N nono-
or pol yam nes). thbse substitetedweith hldeaasmne;fanﬂtmefanbbemtmethanedmadqﬂnnc or

referrably an alkyl I byl
Ubst 1t it ed ani rRASYPHCERGEY BOYSE BPBrAhoh 6 a e ABSH R0 fom Mok K ipo

di et hyl - N- pol y(@dohvbml%wxb&ﬂem@ 16 abdu® Q00 Carbbh Gtoii! i Thesd grRPOHRY Be;
pol y- butene am ne; NN-di (hydroxyethyl) - N-pol ybut ene_ am ne;

N- ( 2- BPdr oxy pr opddrivedifropp byear meee ofifha @bove deseritedialefins asipolyalkenes. In one

N- pol ybut enenor pol i 7.,1%'\#}1 ﬁgJ ¥é)&%o%ﬂh%%wg'aaﬂﬂeﬂa substituted with an

N pol y(propyl enejtrimme
pol y( but ene) dl et dliphatie or amy\che hydsocdxberpbasgd [grauprimyingtandedh fof laboe pi20tta mbont;
NN di et hyl - E&ﬂé propyl ene) - 1, 3- propyl enedi anine and the like. In
-anot her errbodl me he di spersant may al so be a Manni ch di spersant.

Manni ch di spersants aflﬁtgﬁﬁ‘?%p}'e Vis Ry 'ﬁﬁﬂn@des&ﬁl?edra%%%b&ﬂaxﬁﬁ: it 1dsE8id NEne

al dehyde, such as fornal paraformal dehyde, at Ieast one of the
above 18escri bed goup. Preferablyaiw mmneansdmator imge of theabavk descrbgskpalyamiaes,

hydr oxyar omati ¢ co eac

tenmperature to adfdi? L"E? P:])lyggyfe?epgkag%ﬁt ?’Eﬁn:{?@ gfsggréa{té 0! dectibed in the
following patents: U.S. Patent 3,980,569; U.S. Patent 3,877,899; and U.S. Patent
4,454,059 (herein incorporated by reference for their disclosure to Mannich

dispersants)..
20 : In another embodiment, the dispersant is a borated dispersant. The borated

dispersants are prepared by reacting one or more of the above disperants with one
or more of the above described one boron compounds.
Typically, the borated dispersant contains from about 0.1% up to about 5%,

or from about 0. 5%~upto about 4%, or from 0.7% up to about 3% by weight

- 25 ' boron. In one embodlment the borated dispersant is a borated acylated amine,
such as a borated succinimide dispersant. Borated dispersants are described in
3,000,916; 3,087,936; 3,254,025; 3,282,955; 3,313,727; 3,491,025; 3,533,945;
3,666,662 and 4,925,983. These references are incorporated by reference for their
disclosure of borated dispersants. .

30 The following examples relate to dispersants useful in the present invention.



[err], or fromabout [err] to about [err]. The anpbunts of the reagents is
such that the nolar ratio of hydroxyaromatic conpound to formal dehyde to
amine is in the range fromabout (1:1:1) to about (1:3:3). 5

The first reagent is an al kyl substituted hydroxyaromatic conmpound. This
termi-ncl udes the above descri bed phenols. The hydroxyaromati c conpounds
are those substituted with at |east one, and preferably not nore than two,
al i phatic or alicyclic groups having from a&®ut 6 up to about 400, or from
about 30 up to about 300, or from about 50 up to about 200 carbon atons.
These groups may be 10 deri ve&xampleBrhe or nore of the above

descri bed ol efins orgpoly . e ' t hydr 0x tic
conmpound is a phenol(azubs%ﬁgﬁyﬁwgnwwgﬂg@%ﬁmwﬁm
Pﬁdr gcar bon- {oajsgrkng;rafuhg belygsobutmyél‘s’ac@hb'cahhydn‘dé,@m_ g'aﬁab;wlh rﬁ?ﬂﬁ@@f N-IflhiS

ird reagent is, am ne ., descy i, aboye co i ng, at |est ane
group. Prerer aof %?aﬁfaegﬁ'ﬁan?lq @déiietﬁgkn?mm? aﬁigs@bmae;m 3485 grams
pol yarg nes, sucpf aindriloiPR! tofleke AEI50°C! Vg . are
described in the followng patents: U S. P tentt3-, QQ%Wg at ent
3,877,899; and tel®nepatent 4,454,059 (herein incorporated by reference for

their disclosure to nni di spe nts). A2 . . |.n_anof her
enbodi nent, the di sp@?san?‘%g‘ng 8%?2@%9?8@‘§%?9°%°%‘59’8@e‘6‘%"§&8%ant s
are prepared byandi6as5igigme (E3stoffis propbrtiohe ofhitvegeri of T8 adylidted\hiBgéine or

more of the above descrihed one boron conpounds. Typically, the borated

di sper sant cont SPRBOSItIQNPbi3Red from1B:1(3) is beateshar: 158G ingritrogannatmosnherenfos 605 up
to aleut 4% or 0 9 Lont. . n. In
one tea'(rar’ubodi rrent,h{) e’ngg?%‘3%??%%?@%’?‘33@@‘%’S‘?’g{%‘é@é‘ﬂﬁgt“é&e a2 ,el?such as
a borated succi aonterteof di94 earslemboroBepatentdofd).33fer sant s are described in

3, 000, 916; 3,087,936; 3, 254,025; 3, 282, 555; 3,53 3,727, 3,491, 025;

3,533, 945; 3,666,662 and 4, 925, 983. The éa’PElP “8nces are incorporated by
reference for their Aifixh@ebf 872 kralRr @latshidi proyicHitF boRth) of boric acid and

The follow ng exanples relate to dispersants useful in the present
i nventi on. 5811l grams (6 atomic proportions of nitrogen) of a acylated nitrogen composition,

15 obtained by reacting 1 equivalent of a polybutenyl (1\7In=850) succinic anhydride,
having an acid number of 113 (corresponding to an equivalent weight of 500), with

2 equivalents of a commercial ethylene amine mixture having an average
composition corresponding to that of tetraethylene-pentamine, is heated at 150°C for
3 hours and then filtered. The filtrate is found to have a boron content of 1.64%
20 and a nitrogen content of 2.56%.
Example B-3
Boric acid (124 grams, 2 atomic proportions of boron) is added to the
acylated nitrogen composition (556 grams, 1 atomic proportioﬁ of nitrogen) of
Example B-2. The tesulting mixture is heated at 150°C for 3.5 hours and filtered at
25 that témperature. The filtrate is found to have a boron compound of 3.23% and a
nitrogen content of 2.3%.
Example B4
(a) A reaction vessel is charged with 1000 parts of a polybutenyl (Mn=1000
. substituted succinic anhydride having a total acid number of 108 with a mixture of

30 275 grams of oil and 139 parts of a commercial mixture of polyamines



Exampl e B-1 (a) An acyl ated nitrogen conposition is prepared by reacting
388Q@ grans of the polyisobutenyl succinic anhydride, 376 grans of a mixture
of triethylenetetram ne and diethylene triamne (75:25 weight ratio), and
2785 grans 5 of mneral oil in toluene at [err]. The product is
vacuum stri pped to renove tol uene. (b) A mxture of 62 grans (1 atomc
proportion of boron) of boric acid and 1645 grans (2.35 atom c proportions
of nitrogen) of the acylated nitrogen conpoSi’ti on obtained fromB-1(a) is

heated at [err] in nitroge ere for 6 10 . hours.. T
mxture is the]n ?‘?‘T?B?‘E‘g'%a{z?ﬁ’ﬂg‘f% W‘ﬁ?g’c’ﬁt%m? %&5?@%@%’5@{' 0
content of 1.94%eafbndmb@ireNis Eeutédoet 1501068 andledwbefobr Bos."TThé reaotia is372

grams (6 atomi c proportions of boron) of boric acid and 3111 granms (6
atom c proporti oblowafwith nitipgemo rgmoxe NMerat ed ni t rogen conposition, 15

obtai ned by reactin ' e e
anhydri de, having ag ‘;’E?%ﬁ%%&?ﬁ%@%é@%gﬁwf@ﬁ%ymw
\r/1vei ght sof 500), B+4(4), 229 paits/of boricsacid, a&l?i Q@&ﬂpnns:bﬁﬂilm?yﬂ.eﬂhe aniktuee isiheated e
Lot r 2t hyl one. pett 1 Reis0 & oA Shedamabranes Finped o daer 5 gemayerl The el
The filtrate is bdpd doftaiRVE3I% rf?!gé%ﬂém%t,@&bnp&%l@@f?(@:@ﬁl mineral oil andd'd 2

nitrogen content”of 2.56% Exa ‘Boric acid (124 granms, 2 atom c
proportions of btatalbass sumbkted 600 the acyl ated nitrogen conposition (556

grans, 1 atom c proportion of .nit f - The |
m xture is heated at e?&]eﬂft?p%"gqﬁgu ?ﬂfﬁm{}ﬁ graeﬁaﬁ lz(ﬁh %?'{ ﬁﬁéﬁ He&g%%t
t enpenat ure. Thealﬁggﬂ,;c iie &rth xhetalfmmdl . mmﬁ( )etahbchafeﬁﬁrecgvmuyliilqﬂra’ﬁedzh 3% and a
ni trogen content of, 2.3% Exanple B-4 A reaction yessel js char W th
1000 parts of a pyHgHaednsal bamte which aa ey i %céﬁﬁf‘c‘“%fﬁ#%?@%ﬂé‘% ing
a total acid nu”ﬂﬁiedoilka]lp&d"%lmir@ el birfte TRESe metal borates ¢ avallaBlEs Of O |
and 139 parts of a conmercial m xture of pol yam nes

commercially. Representative patents disclosing suitable alkali and alkali metal

and alkaline earth metal borates and their methods of manufacture include U.S.
15 ' 3,997,454; 3,819,521; 3,853,772; 3,907,601; 3,997,454; and 4,089,790. These
patents are incorporated by reference for their disclosures of the metal borates and
methods of their manufacture.
In another embodiment, the boron compound is a borated fatty amine. The
borated amines are prepared by reacting one or more of the above boron
20 compounds with one or more of the above fatty amines, e.g., an amine having from
about four up to about eighteen carbon atoms. The borated fatty amines are
prepared by reacting the amine with the boron compound from about 50°C to
about 300° C, preferably from about 100°C to about 250°C, and at a ratio from
about 3:1 tc; about I3 ‘equivalents of amine to equivalents of boron compound.
25 In another embodiment, the boron compound is a borated epoxide. The
borated fatty epoxides are generally the reaction product of one or more of the
above boron compounds with at least one epoxide. The epoxide is generally an
aliphatic epoxide having from 8 up to about 30, preferably from about 10 up to
about 24, more preferably from about 12 up to about 20 carbon atoms. Examples
30 of useful aliphatic epoxides include heptyl epoxide, octyl epoxide, oleyl epoxide



57 carresponding to 85% E-100 am ne bottonms and 15%di‘et hyl enetriam ne. The
reaetion mxture is heated to 150 to [err] and held for four hours. The
reaction is blown with nitrogen to renove water. (b) A reaction vessel is
charged with 1405 parts of the product of Exanple 5 B4(a), 229
parts -of boric acid, and 398 parts of diluent oil. The m xture is heated to
100 to [err] and the tenperature naintained until water is renoved. The
final product contains 2.3%nitrogen, 1.9% B8ron, 33% 100 neutral m neral

oil and a total b nber, of 6Q. In _one enpodi nent, the boron conpound is

an alkali or an %ﬁ?%ﬂﬁeﬁf‘mﬁc&f@“‘d"s may EP%E’EM@W“% ate.

These netal bOf%B&uréﬁéf&%iﬁie@h:théﬁ%ﬂﬁl%u?ﬁﬂ?éﬁd&%%&ﬁmﬂ%&&ism g&% whi ch
u al kal1 an

are known in the art. Al Kali netal borates include m xe
al kal i ne metal babout &4 to ahout 48 ganban atomsatBe borated farlyl epiokides erergenerially | v .

Representative t | LG SWiat g8bl | d al kali .nmetal a

al kal i ne earth @a %‘g%?g@%%ﬁgﬁkr ?%Sﬁh%iolls @Hﬁ?ﬁ‘&&ffé’@%&@% S.
15 5 3, 9%réfefénte for, fislisfldsure of Bérated fitty eporitiés GAd methodS for/fréparmpthe
4,089, 790. These patents are incorporated by reference for their

di scl osures of t tal borates and nethods of their nmanufacture. In

anot her enbodi nent, tIH%n@-@ngdiﬁﬁHH?ﬁ%rbﬁ o&ngél_{nﬂtigq ﬂo?at:% Est@{n'ﬂ?e e

borated am nes are prepare y reacting one nore o e above poron 2 0
conpounds wi t h casteromaynbe greparedhby rebeting dfaineyor amdre of thecabpve baronasmpoudidsvi ng

from about four bout el ghteen carbon atons. The borated faity am nes
are prepared by ‘y@ég’ﬁ? ﬁbmto eOéa ﬁ‘ﬁ%ﬁ ?(i?PhP e @@ﬂ%ﬁ%@ﬁﬂ!ﬁ?ﬁaﬁf%’m [err]
to abpot [err], dbosf €uphd bbitB0, 80RbM dbdit 8 td fboab 24 carbéh aloms2 "Pheffnetholidtt | O
fromabout 3:1 to about 1:;3 equivalents of amne to equival ents of boron

conpound. 25  of making such borgie sriensines kngngotel these: in thearthor on conpound is a
borat ed epoxide. The ﬂﬁﬁ?ﬁ&dezﬁli%!wexﬁ PE3fhtd esteflsS ﬁ%%%%bhébg@ﬁﬁdr el?l%f)ﬁr?gzﬂed

product of one or nore of the above boron conpou eas
epoxi de. The epcphiosgholipidganeprebiryd by redctipgatcombination dfa Iphosphalipidami@ up to

ot 3. P !t AR Ot Sy B2 B G
al i phasi c epoxi defiogeRCdoniRulE R MrbeXPRY esler, a MinflicherRAi A proicE Yor F£RANTaF6r
basic metal salt of an organic acid compound. These additional components are
described above. Phospholipids, sometimes referred to as phosphatides and
phospholipins, may be natural or synthetic. Naturally derived phospholipids
include those derived from fish, fish oil, shellfish, bovine brain, chicken egg,
20 sunflowers, soybean, comn, and cottonseeds. Phospholipids may be derived from
microorganisms, including blue-green algae, green algae, and bacteria.
. The reaction of the phospholipid and the boron compound usually- occurs at
a temperature from about 60°C up to about 200°C, or from about 90°C, or up to
about 150°C. The reaction is typically accomplished in about 0.5 up to about 10
25 ‘hours. The boron compound and phospholipid are reacted at an equivalent ratio of
boron to phosphorus of 1-6:1 or 2-4:1, or 3:1. When the combination includes
additional components (e.I g. amines, acylated amines, neutral or basic meal salts,
etc.), the boron compound is reacted with the mixture of the phospholipid and one
or more optional ingredients in an amount of one equivalent of boron to an

30 equivalent of the mixture of a phospholipid and an optional ingredient in a ratio



58 and the like. Mxtures of €poxides may al so be used, for instance
comaercial m xtures of epoxides having fromabout 14 to about 16 carbon
atons and from about 14 to about 18 carbon atons. The borated fatty

epoxi des are generally known and are disclosed in U S. Patent 4,584, 115.
This patent is incorporated by 5 reference for its disclosure of
borated fatty epoxides and nethods for preparing the sane. In one

enbodi ment, the boron conpound is a borate ggter. The borate esters may be
prepared by reacting of one or nore of the above boron conpounds with one

or nore of ‘the o abataiaobPaboll Bi6 b 1o sbéu Sixdic Rl fouf 89 bk The om 10

~about 6 up to about 30, or from about to about 24 carbon atons. The

‘met hods of maki reguivalentsoofithe snistrecare has@ dmtbgreombinet] equivalents iof phospholipid
anot her enbodi The bor at ed
phosphol i pi ds mgféﬁéﬁhgﬁﬁé%gﬁm@g%ggg%oﬁg& on %JF&}S hosphol | pi d and
a boron conpoundLuli¢anesral | y, the conbination may include an am ne,

acyl ated 15 nitro , a Qarbox lic ester, nj ch
reacti®n product, or As previepsty "Hﬁ%‘ég% ¢pmbipation of agreapic m‘g&ﬁf&b
conpound. - These é@aﬁh RIBAOR PAbShBRR of Bofdn! RAthoRRD R nu':?ﬁ?éﬁl%&!ofﬂ}éjs’

sonetines referred to as s hat irdes and phosphol I"pi ns, nmay be natural or
synt hetic. Nat urusefu} asladdmw ﬁohdumicms i w@dmhmw funcsion mm\anlse@sfanwwear; sh,

fish oil, shellfi br ai n, _chicken. e sunflo
Soybean, corn. Ve BHBE st SOl et Lupcas contpining P Kb

M croorgani sms, have lim td%ed@kqﬁn&s%eéhadmasbrewhﬂgraoah@aeoppaﬂ&nbaﬂieﬁﬁala The-
reacti on of the phasp oI|p|d and the boron compound usual ly occurs at a

t enpelt ure fr onStabilytweas, sopft W:P@d&%ﬁﬁlﬂ[ﬁ!ﬁer fatigugy sea} epmpatibility| aropionor up

bout 10 25 || eIk Bl SKELER. The AT CAPERd B Epaihy, O P 10

‘reacted at an eqmintsebased on diuetseaﬁlshnﬁrlubncamg)msqshwmsludthghaﬁlm and sgnthetic or

1371, Vhen th |ud e | nes,
acyi at od. am nes, IS ol e pERsdhedt, i BRSNS e SrabeRE mouna

‘reacted w th thepBixdtp@iRifor sRrkehaged ahd SoriiprasiibniigRitéd infepidd combuidRl en-
ingredients in an amunt of one equival ent of boron to an 30

~equi vaPent of t hgines, jadlding putampbids prbiragk engines, tue-cyplei engines,i aviptionipisten i n a
rati o

engines, marine and railroad diesel engines, and the like. They can also be used in
gas engines, stationary power engines and turbines and the like. Automatic or
manual transmission fluids, transaxle lubricants, gear lubricants, including open and
enclosed gear lubricants, tractof lubricants, metal-working lubricants, hydraulic

20 fluids and other lubricating oil and grease compositions can also benefit from the
incorporation therein of the compositions of the ﬁresent invention. They may also
be used as wirerope, walking cam, way, rock drill, chain and conveyor belt, worm
gear, bearing, and rgil gnd flange lubricants.

As described above, the lubricating composition contains an oil of

25 lubricating viscosity. The oils of lubricating viscosity include natural or synthetic
lubricating oils and mixtures thereof. Natural oils include animal oils, mineral
lubricating oils, and solvent or acid treated mineral oils. Synthetic lubricating oils
include hydrocarbon oils (polyalpha-olefins), halo-substituted hydrocarbon oils,
alkylene oxide polymers, esters of dicarboxylic acids-and polyols, esters of

30 phosphorus-containing acids, polymeric tetrahydrofurans and silicon-based oils.



59 from about one, or about two up to about six, to about four to one. The
equival ents of the m xture are based on the conbi ned equi val ents of
phosphol i pid based on phosphorus and equi val ents of the optional

i ngredi ents. Lubricants 5 As previously indicated, the
contri nati on of a organi c polysulfide and an overbased conposition, a
phosphorus or boron conpound, or m xture theveof are useful as additives

for lubricants in which the.i can function primarily. as antiwear, antiweld,
and/ or extrene preferablye theniheflubricasing dseositycisra kydnitregtedihineraballionat i on have
I mpr oved propertlsi;ﬁ? :9S: e ' 0 ,0 . PREL1 Stell .her mal
10 stabity y \?gga?myso gfﬁg?{hn%;?&g@?f at f\og%g?}?o?'aéc}g&lfsﬁtfiﬂéﬁ%c? al
conmpati bility, odscosity cocursdnilkSaPatent 43582,618c(colamnd 1inbi37ithrough belumees; line
enployed in a vaLiety of Lubti; cants pased on diverse oils of |upricating
vi scosity, inclt fWﬁ“ﬁ‘é(PlnhﬁTe“hWWWﬁ‘iﬁgx Eeq?rﬁ’lﬁei Lit5 Aigclgsure to pils HHPPHres
thereaf. These lchfigd ¢idtHsty) ncl ude crankcase lubricating oils for
spark-i1gnited and conpression-ignited internal conmbustion en- 15

gi nes, including aut brons ¢mbodiment; theloikofjiuhricating wiscesityl is aqpolyalphs-olefin at i on
pi ston engi nes, AN r g | | . enajne nd the |ike. They can
al so be used in ‘gg@eﬁﬁ{r‘}g'é"ﬁé% ﬁ?@%ﬁ%@ﬁ%ﬁ?%ﬁ&?%&@%‘ﬁ&“%ﬁﬁw g’ﬁé‘ t he
l'i ke. Automati c aboutrBaslebout B0} fions about 14l toi abbut 20, @h frexl sbout'brd abRitI6 gear

| ubricants, including open_and_enc]| ose ear,  lubricants, tractaor
| ubricants, met SATORBAkAMYy Fxamplesef usef y&%mﬂe o those derived from degene. and

ot herqd ubricati ' %E’iﬂ?' ' fe b4 e
[ ncor]bé)r ation t @r@%: gAg?q?ﬁreﬁ?E%pﬁom t oir:rts)ho Pﬁg?%?%o?grll?&:lﬁvﬂeéﬁ? %on. 4'Illlzﬁiey
may al so be usedbag 1005 er frpm, about 4 ko gbah §cSivaty 100°Cc k Esamples o PAOs imclalde 4

Gescr) bed above St RRIFRRRRs o8 RSB xorRfit 4B chr PR RIeR R 1pt0s: o alipadietin.
| ubri cating viscositJ oféémbddiment tHeldil bfclabliciging iviseasitytate sélsdtadie provideal or

synthetic lubricating oils and m xtures thereof. Natural oils include
ani mal oils, ni Aebricating eempasitiong with & kingpatie siscasity of at least aboutch? 68t, or gbr al

O ATl LIBT3 o, 84008 i compotions
pol ymers, est er hawed anlSAFr grax yiscasitycgrade afred lenst gtaius SAESISW s The llfricating
phosphor us- cont g i g, ac 5 1 BYEY doahl HaNEIR iy el sE b5k 25e
T5W-90, 75W-90, 75W-140, 80W-90, 80W-140, 85W-90, or 85W-140. Multigrade
lubricants may include a viscosity improver which is formulated with the oil of
20 ' lubricating viscosity to provide the above lubricant grades. Useful viscosity
improvers include but are not limited to polyolefins, such as eth‘ylene-propylene'
copolymers, or polybutylene rubbers, including hydrogenated rubbers, such as
styrene-butadiene or styrene-isoprene rubbers; or polyacrylates, including
polymethacrylates. Jn one embodiment, the viscosity improver is a polyolefin or
25 ‘ polymethacrylate-.. Viscosity improvers available commercially include Acryloid™
viscosity improvers available from Rohm & Haas; Shellvis™ rubbers available
- from Shell Chemical; Trilene™ polymers, such as Trilene™ CP-40, available
commercially from Uniroyal Chemical Co., and Lubrizol 3100 series and 8400
series polymers, such as Lubrizol 3174 available from The Lubrizol Corporation.



60 Preferably, the oil of lubricating viscosity is a hydrotreated m neral

oil ~or a synthetic lubricating oil, such a polyolefin. A description of
oils of lubricating viscosity occurs in U S. Patent 4,582,618 (columm 2,
line 37 through colum 3, line 63, inclusive), herein incorporated by
reference for its disclosure to oils of lubri- 5 cating viscosity.

In one enbodi nent, the oil of lubricating vggcosity is a polyal pha-olefin
(PAO . Typically, the polyal pha-ol efins are derived from nononmers havi ng
fromabout 3 to abouﬁxaﬂe,embod‘imem theail offlubricating wiscasity inclullésoanledspohe 6 t O

about 16 car bon 0 ef PAGs i ncl ude those der| ved from
decene. egternﬁ'ﬁgéc@ﬁg% ﬂ‘igngauliy theststs ¢antaipip ahous 4;te aheust

150, or from abae préfdrablp FRHmi 3&96 8'abbiit W, 3P %?bo r].
Exanpl es of PAGs |ncI udeﬁ4 CS? pol ytoaef |tns eGE{(Ezistaﬁ’r?E)l ;’/@ﬁbg?"? rtéis Agrded

pol yol ef i ns and in @achesster gotupa| Hersotsewelhes elsewhate, in theostieniGioationt dnd daltnspf

| ubricating vis I l,cat onpositi ons with

a ki ngsanat i Cc Vi sggezhﬁlé Q);nc?qﬁ% lggliiega%ou?a%%kg@&’&% HJI]%I' x%c acdsl east

about 4.0 cSt atindlader glutatie, ailipic qﬁhﬂlid: rmbénc, abetait ahd béb'abicﬂginﬁﬁiﬁw dstepns

have an SAE gear Vi Sqlppj\}tkylggtgﬁ f at qaat about SAE 75W The | ubricating

;g\r/rvpggl t |7g\r/1v ggy lg&wel i g‘qggeﬁzz oflesyicestes rovps.s Jhp ester MEPSZS\(;V 80,
Yidar %%g \ﬁ‘fr!:f ade

| ubricants may include a vi scoglstby | nmpr oveé | %Hdpgs %gr rru%fnee%w t%['t he

oil of 20 ester grgvpi i partiguleily vseful gster of prdmarbtmylmaclzidlimdiizddam iazelate.

grad Usef ul v, Y, [JVers I ncl ude but are not limted to

pol yor'efi ns, &‘f‘fg@g@ﬂf*@ﬁ propyl ene copol yners, or pol ybutyl ene

rubbers, incl udI ng huﬂéﬁm&deﬁtumaqm&maﬁﬂg Boxﬁ?os&ldﬂ’s%ﬂﬂ’f&l&@ﬁﬁl%ﬁdsor

styrene-i soprene rubpbers; or crylates, including pol ynmethacrylates. In
one enbodi nent, @ﬂéﬂﬁ%ﬂ?f? Wﬁ%‘ﬂb&/@ﬁfeﬂ@ meqsbqe;&m@r antiwear zgents, corrosion

pol ymet hacryl at ai (
Acryloidferr] vi scg[g&%gﬁdlw?%%iog g%lgn A'B@r cﬂo‘f‘ i é}egga“a%aé% e%qk/i s[err]
rubbers avail ablcerrbsxmraﬁlehﬂatidneummamg a'gentb evhi¢lemay bp@ﬂnthmﬂin tl&ulubneﬁlts

Tril [err] CP- iai | rcially from Uni Chem_ cal Co., and
Lubr 551 “51bo o 2h Sultifte 3hed G3BF B #&%’?‘“Q‘bfgﬁﬁ{%ﬁmﬁnﬁ%i 8174

avai | abl e from thkrihated, a@imtﬁonmimg such as chlorinated olefins or waxes; metal

thiocarbamates, such as zinc dioctyldithiocarbamate, and barium heptylphenyl

dithiocarbamate; dithiocarbamate esters from the reaction product of dithiocarbamic
acid and acrylic, methacrylic, maleic, fumaric or itaconic esters (e.g. the reaction
20 product of dibutylamine, carbon disulfide, and methyl acrylate); dithiocarbamate
containing amides, prepared from dithiocarbamic acid and an acrylamide (e.g. the
reaction product of dibutylamine, carbon disulfide, and acrylamide); alkylene-
coupled dithiocarbamates (e.g. methyiene or phenylene bis(dibutyldithiocarbamate);
sulfur-coupled di_thipcarbamates (e.g. bis(S-alkyldithiocarbamoyl) disulfides).
25 - Many of the abové—fnentioned auxiliary extreme pressure agents and
corrosion-oxidation inhibitors also serve as antiwear agents.
The lubricating compositions and functional fluids may contain one or more
pour point depressants, color stabilizers, metal deactivators andfor anti-foam agents.
Pour point depressants are a particularly useful type of additive often included in

30 the lubricating oils described herein. The use of such pour point depressants in



61 In one enbodi nent, the oil of lubricating viscosity includes at |east
one~ester of a dicarboxylic acid. Typically the esters containing from
about 4 to about 30, preferably from about 6 to about 24, or from about 7
to about 18 carbon atons in each ester group. Here, as well as el sewhere,
In the specification and clains, 5 the range and ratio limts may
be conbi ned. Exanpl es of dicarboxylic acids_include glutaric, adipic,
pimelic, suberic, azelaic and sebacic. Exa Be of ester groups i ncl ude

hexyl, octyl, d gggg I 5 . grou i ncl ude

i near as wel | yﬁ%ﬁ?ﬂ'@ es er‘°3‘?’é@é’%q§‘83‘ﬁﬁ%¢?x{g‘§§%ﬁéﬁg‘é‘0 g f the

gsterdgroijp. AI pepmipositibo: ",asisywelkkﬂoﬂr:ji;%elarto}‘sw,fgi@ﬁixbﬂ&yllbdgemﬂ.#gﬁﬁam

i i sodecyl azel af ,...10, Addi ti Additiyes: In_one enbodjnent,
the lubricating %@‘m% | oy dnd- Smathegrand gﬁw&ean SHEt\{‘c‘bﬁFﬁ?HﬂGﬁ@%P“%h@S.

auxiliary ext rerclewlmmﬁ‘o,qurmmwuséﬂﬁ%&pdmrdeﬁfe%&ﬂgﬂ}@i bitors

and/ or oxidation inhibitors. Auxiliary extrene pressure agents and
corrosPon and oxpclametbacrylates;nolyastylatess polyaciylaptidesagorslensatioh prishicts oft he

| ubricants 15 . ﬁml | ds..Qfk the.inuention are '
exenplified by h%otysgrﬁfﬂ g@g"%&@%@ or?r{g&é’g',as’é'l'?y fraR 19%@&3"83‘&%&99 such
as chlorinated despblymeroof dialkgHumantes) vinjli et ORMRY @6ids ahé AIKYE vihyDéthers.

di octyl di t hi ocarpamat e, .and bari uegj hq%ptyl phenyl dithiocarbanat e;

di t hi ocar bamat e “&%! ppuat #Fﬂﬁﬁsﬁﬂé ug ‘eilc r the W’MG%Pf this inventione technigues fari d and
acrylic, methacreybi ?repaiah&i Gnd fHelFiskEare'd d?}gﬁﬁ?ggern&a%%ﬁ%%?ﬁ)l?ﬁﬂﬁf hon

20 product of dibutylam ne, carbon u

acryl¥e); dit hiZe¥x4rurdi8dS 03kt 21Mi,408; 21666746; RT21877c 8,721 878;ckind I8, 28057 15ani C
acid and an acry, ' Q. the reacti rogduct .of . di but,yl am ne, carbon
di sul fide, and a‘lé’?‘@ %%1%23"9 “ﬁ%‘%ﬁ@gyé‘%ﬁﬁ? °&i&H‘ﬁ' GPXP‘HM%. g.
met hyl ene or phenyl emmtidfoafdigents wtehiised it etub 6RpRYent $he fornaicii et fable

| kyl di t hi gcar banoyl ) disul fides). 25

di t hi ocar banmat es g e. gﬁwbl ﬁ S:g)? | )a ] ]

Many of the abovg sAEentisioam agents includessilicones o& oyganig polymaersn Additional
corrosi on- oxi datg b Rl '?Q‘nsaa{r . t 4 LS. Jdhe

| ubricating conpdggffto?lgﬁmgﬁﬁﬁ unc?lgg%gr’gffﬁggﬁn%éﬁ%grﬁa%ﬁ ’O%Xeﬁ%ﬂ’ryr%re pour
poi nt1%epr essantkemerdNoyesDatiai Carparation, 1876), pageadRb62.0r s and/ or anti -foam

agents. Pour point depres Is ,are.a particul arl usefuyl .type of additive
019 ten includ eg in 'i‘Rese a%ﬁﬂlona] ad%mveg, when used, aré/ present liln ﬂleyigventive

lubricating and functional fluid compositions at sufficient concentrations to provide

the compositions with enhanced properties depending upon their intended use. For
example, the detergents are added.at sufficient concentrations to provide the

20 - inventive compositions with enhanced detergency characteristics, while the
antifoam agents are added at sufficient concentrations to provide the inventive
compositions with enhanced antifoaming characteristics. Generally, each of these
additional additives are present in the lubricants and functional fluids at
concentrations from about 0.01%, or from about 0.05%, or from about 0.5%.

25 These additional additives are generally present in an amount ﬁp to about 20% by

weight, or up to about 10% by weight, and or up to about 3% by weight.

In one embodiment, the lubricatir_xg compositons contain less than 2%, or
less than 1.5%, or less than 1% by weight of a dispersant. In another embodiment,
the lubricating compositions are free of léad based additives, metal (zinc)

30 dithiophosphates, and alkali or alkaline earth metal borates.



30 - the lubricating oils described herein. The use -of" such pour
poi &t depressants in 62 oil-based conpositions to i nprove | ow
tenperature properties of oil-based conpositions is well known in the art.
See, for exanple, page 8 of "Lubricant Additives" by C V. Snal heer and R
Kenriedy Smith (Lezius-Hiles Co. publishers, Ceveland, GChio, 1967).
Exanpl es of useful pour point depressants are 5
pol ynmet hacryl at es; pol yacryl ates; pol yacryl ggi des; condensati on products of
hal opar af fi n waxes and aromati c conpounds; vinyl carboxylate polyners; and
terpol ymers of dial kyl f umdnanether ethbgdiment; theonibirfation f thei atgarde golybidfille
vinyl ethers. Paour int,depressants us f(li’:tff r the purposes of this
i nventi on, techn#&tfg g &Wpﬂ?té%?ra&f’ oﬂ’ﬁﬁmﬁﬁ’éi o com, s JRIXIUBRE] |
U.S. Patents 2, 3RdrebOmay Be %i& i’oncdiftrates. The conceAtrts Indy/Sntatn Setatidee;
2,191, 498; 2,666, 746, 2,721,877, 2,721,878, and 3, 250, 15 whi ch are herein
i ncor porat ed by mt’é‘ﬂ”é‘ﬁﬁé]‘?”@ﬂft‘ﬂ‘l@ othercomponents nsed| in puepasing Aully formulatedgent s
are usgd to red : I t ahl i cal .

5 ‘lﬁﬁn&?ﬁsp ThY i@?ﬁceﬁ@ﬁe b %ﬁt‘sﬂl@ aP ielg%tl @Qmsrﬁggtﬁﬁ@éy yegfhér%amc

anti-foam agents 1 nclude silicones or organic
ant i - f oam conpoddilventy whivhcincledesr kebaseéne, minérabhdisiitanés; of oi6mindre, oftie DSy T.

15 Kermnet (Noyves Data Corpotation, 197q),. pages 125-162. These
addi tional addi tlfr}@‘é?{‘“%%{é*ﬁ"%?éﬁméﬁea s etf OnerPR imietd £ FORCENUMES eentiing
and functi onal f&csm@.mmp%hwmaw%ﬁdﬂffidn?hﬁdﬁOQ%WEE'&S&@%QB% by wa egf’e

the conpositions, with enhanced properties dependi ng upon elrr - i’nte
use. For exanpl dhe prganigediientent s are added at sufficient concentrations to

[ he 20 h Dentd i1i ' h d _det,
Char eider i sti os, wni 11 SRR EiTpRE IR 1d Bty of G BaR inyealipn "

concentrations to provide the inventive @xampkili ons with enhanced
antifoam ng characteristic of , these .additional additives

S. Gjnﬁ_[all%, eac . .
are present in the |ubricdhB&TInRrcantisiarenamd by incerpomting 3,5% af thetnredust pf om
about 0. 01% or HéaRifl8aynd13%0r B précih 8POiinpl P¥intcs SAE 90 Jubricall}gSe
additional additives are generally present in ar? anount up to a oute % by
wei ght, or up t ®ilkpixtare10% by wei ght, and or up to about 3% by weight. In
one odi nent, the lubricating conpositag@ns ogiai n less than 2% or |ess
than 1.5% or less than 1% by wei ght of g"%ﬁ' B sant. In another

enbodi ment , A lubricant is prepared as described in Example I, except the
lubricant additionally contains 0.9% of product of Example O-2b.
Example III
A gear lubricant is prepared by incorporating 4% of the product of
20 Example S-1 and 1.3% of di(C,,,5) hydrogen phosphite into a SAE 80W-90

lubricating oil mixture.
Example IV
A gear lubricant is prepared by incorporating 3.3% of the product of
Example S-2, 1.2% of the product of Example O-2b into an SAE 80W-90 lubricat-
25 ing oil mixture.
Example V
A gear lubricant is prepared as described in Example IV where the
lubricant additionally contains 1.2% of the product of Example P-3.

30



the lubricating conpositions are free of |ead based additives, netal (zinc)
30 . di t hi ophosphates, and al kali or al kaline earth netal borates.
63 I n anot her enbodi nent, the conbination of the organic polysul fide and

t he overbased conposition or the phosphorus or boron conpound, or m xtures
t hereof may be used in concentrates. The concentrate may contain the above
conbi nation alone or with other conponents used in preparing fully
formulated 5 | ubricants. The concentrate al so contains at |east
one substantially inert organic diluent, mh%ﬁh i ncl udes kerosene, m neral
distillates, or one or nore of the oils of bricating viscosity discussed

above. In one enbodi nent, the concentrat gh§gin fromO0.01% up to about
49.9% or fromabout 0.1% up to about 45% wei ght of the organic diluent.
10 The f ol lAogéan dutiticantyils @reparcdiyeincorpotatiing 5% b thefprédiRt of

present inventi e ar _lubrigcant is epar, by | ncorporating
3.5% of the pr o%@]ﬂgéhﬁ : Pff°@ﬁh°€€%@? %ﬁgpﬂj&#@aml e P-3
into a SAE 90 | phodphité im6 aRiSAEDS lebrRatidgoil mixture.

Exanple Il A lubricant is prepared as described in Exanple |, except the

| ubri cant additionally contains 0.9% of BxemglecYIlof Exanple O 2b. Exanpl e

11 A gear lubricant is pr A | Lat l. 4%, 0of the- product of 20
Exanple S-1 and 1. 3% of [é%ﬁﬁ%é?%ﬁﬂgﬁﬁﬁgggﬁcpgﬁ Wt%xag:p&@%%pgame
| ubricating oi | lubricantrslditionaliyptentaivs A2geef the phoduenof Exdinple €pap.ed by

i ncorporating 3.3%of the product of Exgxnl)l e %2, 1. 2% of the product of
Exanpl e 0-2b into an SAE 80W 90 | ubri cat? pje VII ing oil mxture.

Exanpl e V A gear |ubricani jubribdn® &epiparad adl@ScHbRPR Bntpl@ ¥R eRedpt/01/88) & t e
10 the product of Exémple P-5 and 0.35% of dibutyl hydrogen phosphite is used in
place of the the product of Example P-3.
Example IX
A lubricant is prepared as described in Example VI, except the
lubricant includes 0.9% of the product of Example B-4.
15 Example X
A gear lubricant is prepared by incorporating 3.5% of the product of
Example S-2, and 0.4% of the reaction product of a C,; epoxide and boric acid into
an SAE 90 lubricating oil mixture.
Greases
20 Where the lubricant is to be used in the form of a grease, the
lubricating oil generally is employed in an amount sufficient to balance the total
grease composition and, generally, the grease compositions will contain various
quantities of thickepers and other additive components to provide desirable
properties. The organic poylsuflide is generallly present in an amount from about
25 - 0.1% up to about 10%, or from about 0.5% up to about 5%by weight. The
overbased composition or the phosphorus or boron compound is generally present
in an amount from about 0.1% up to about 8%, or from about 0.5% up to about
6% by weight.
A wide variety of thickeners can be used in the preparation of the

30 greases of this invention. The thickener is employed in an amount from about 0.5



| ubri cant additionally contains 1.2% of the product of Exanple P-3. 30
64 Exanple VI A gear lubricant is prepared by incorporating 3.5% of the
product of Exanple S-2, 1.3% of the product of Exanple P-3, and 0. 3% of
tri phenyl phosphite into an SAE 90 lubricating oil mxture. 5

Exanple VI1 A lubricant is prepared as described in Exanple VI except the
l'ubricant additionally contains 1.2% of th&3product of Exanple O 2b.
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Exanple I X A lubricant is prepared as described in Exa , except the
| ubri cant i ncl uehsth me@bsaaps offattyracidls and dattyEmateriale hviag fromn about 12 to about

Exanple X A ge Lubricant i.5 _pr red, by. i;ncorpnorating 3. 5% of t r oduct
of Exanple S 2a§%ﬁ?§gﬁ‘ ﬁ@ﬁf "?ﬁé“?ﬁ%&ﬁ gﬁ%ﬁp}d’us& or 15“?5‘? F‘?"‘é‘&b&‘f‘@@“@ﬂb
bori csaci d i nt oEgamiés-ofofitty wiktérindy inolude slearié %did) IgydrddysRa®sacld, oleic acid,
Where the lubricant is to be used in the fqormof a grease, the |ubricating
oil generally i asid Anyristig geidyeotanseedrail acids, and Bydragenated fisheoil apids
grease conposition and, : : ot L | tain
various quantities of t h?g@g{]girlésﬁg%%“%%ﬂ%fégggggﬁ\e‘g&godﬁp%%%’sﬁf%%r ovi de
desi r abl e pr opecdl¢iom. stéhiate-acetate i(d.So Patentu,1 97j263) s bayhume stedrhte-acetetec@LS.i N an
anount from aboyt .0.1%up to out 10% or fr gut. 0.5% up
to about 5%y t&'ﬁfl.’swglm}%‘gg éﬁ*"@%ﬁ&BQ‘?@F‘Bﬁ"%‘F ‘?ﬁ‘@{%ﬁ%@gﬁgﬁ%“‘or bor on
conpagnd i s gengpod 066)PEAERM! saité afd scRE® B low-intdimRiiate afld highURolesulbReighi8 %

or from about 0.5% up to about )
acids and of nut oil acids, aluminum stearate, and aluminum complex thickeners.

1)

Useful thickeners include hydrophilic clays which are treated with an ammonium
compound to render them hydrophobic. Typical ammonium compounds are
tetraalkyl ammonium chlorides; These clays are generally crystalline complex
15 silicates. These clays include bentonite, attapulgite, hectorite, illite, saponite,
sepiolite, biotite, vermiculite, zeolite clays and the like.
Example G-1

A grease is prepared by incorporating 3% by weight of the product

of Example S-1(b) and 0.9% of the product of Example P-3 into a lithium grease,
20 Southwest Petro Chem Lithium 12 OH Base Grease.

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

25 *  modifications as fall- within the scope of the appended claims.



6% by weight. A w de variet% of thickeners can be used in-the preparatien—

of Lhe 30 This Sheet H; % this invention. The thickener i in
an armount fro m 65 to about 30 percent—eardr ef Hmmm I”m
i?t acludighgs™ " '3

to about 15 pe t of the tofaHI3GHEEEHAS i on*

anorig the thickeners are alkali and g4 kgl i ne RERUAGEDet al fsoaps of fatty
acids and fatty materials having from abett—12t0 about 30 carbon atons.
The netals are typified by sodium lithium calciumand barium 5

Exanpl es of fatty materials include stearic acid, hydroxystearic acid,
oleic acid, palmtic acid, nyristy Fﬁ& &t onseed oil acids, and

hydr ogenated fish oil acids. Clhetrlft |g§gﬁgreisél@%cl ude salt and salt-soap
conpl exes, such asAdabrdcating composition somprisiag @Unijor Rmibant of2ard 8il ,of AYricakiagi um
stearate-acetate (U.S. Patent 2,564,561), cal¢ium )

st ear at &I€aPIKs @eat deast Qne OHEIRSI @i&lﬂ?@. mysingn#t legst about 90% dibydyoeprbys) |
cal ci um %&B for | i ks < | 00} L1k ShahSbett
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w th an ammpni ym co und to rg&ﬂ}er t hem hydr ophobi c. Typi cal anmoni um
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crystalline ool elhel Somposition of cifid it Glicfsin IO REOCIBYCaoflps bEgaPaR! onl L e,
te, Iotite,

attapulgite, hectorite, Ite, saponite, sepioli ermculite,
zeol i t e indepgadeantly dlkyl groups hfvmnfrom Gtd abouy 30asebonsatpms pamc i dptionally

I ncorporatin % by wei gh f the prodyct of a e S-1(b) and 0..9%.of the
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4, The composition of any one of claims 1-3 wherein (B) is selected from the

group consisting of (1) a sodium, calcium, or magnesium sulfonate, carboxylate, or phenate,
(2) a metal dithiophosphate, (3) a phosphoric acid ester, or an ammonium or metal salt
thereof, (4) a reaction product of a phosphite and sulfur or a source of sulfur, (5) a
phosphite, (6) a reaction product of a phosphorus acid or anhydride and an unsaturated
compound, (7) a borated dispersant, (8) an alkali metal or a mixed alkali metal, alkaline
earth metal borate, and (9) a borate ester. _

5. The composition of any one of claims 1-3 wherein (B) is a borated overbased
metal composition or a sulfurized overbased metal composition.

6. The composition of any one of claims 13 wherein (B) is selected from the
group consisting of (i) a phosphoric acid ester selected from esters prepared (a) by reacting a
dithiophosphoric acid with an epoxide to form an intermediate, and the intermediate is
further reacted with a phosphorus acid or anhydride, or an ammonium or metal salt of the
phosphoric acid ester, or (b) by reacting a phosphorus acid or anhydride with at least one

alcohol containing from one to about 30 carbon atoms, or an ammonium or metal salt of the



66 CLAI M5 1. A lubricating conmposition conprising a ngj o

oi l .of lubricating viscosity, (A at |east one phosphorus f m?'m;f”m“m
pol ysul fide conprising at | east about 90% di hydrocarbyl tri suI ffde, fMrom =
about 0.1% up to about 8% di hydrocarbyl disulfide, and | ess than about 5%
di hydr ocar byl hi gher polysul fides, andqB) at |east one overbased net al
conposition other than a sulfite or sulfate overbased netal salt or a

phosphor phosphobieraei esterp Giinal hy@ifocﬁbgl plicdphitdiidesdndeine h@\hﬂ% dm @ﬂd tc( Bowrr e
bl ended with the oil to make the | ubricating_conposition

conposi t RN cArbomatomaHR carthhydracarhyly growR i) & Pbmbomsqoxxsalang carboxyhc

d d ndqf
ggt ?gﬁgl %;P/rh%%/ e&gdr( géétegr 8#@%8{'%8 bg%#&m%%a@%gﬁ? ro m ag?&?ﬁgﬁ car bo n
atons, s labmpnunda,r(ulv)w thetad galt ofi hfmntmre of {@ravleast ond dltlﬁbﬂhﬁdphona acidtdnd (b) at

i ntermediate is tlonatlonally till ed. The conposition of
any one dfastPag ﬁ’épr}?"GrOrz Igrlicesapbaxprlic ﬁG%yZY?I 3 HRPhosBials A% & TERAHOBRIORNGS Of 0,

up to ab 0C 0 |

T sl 1 qrosphif Sl AITRE BF détu e 38 SRR and (v B thveRtaRi e Cat pRARACE) BY

The conpaeedcting anadvetbaged netad Salc bfi anncxﬂlmBonghmc eompbiad M&tlﬁa':‘ berinasbnipound iohe
' t| n .of (1) a saodiu m..or nmagnesi um sul fonat e

%?ng;f)gg)e Y &¢a Hﬁéﬁ {dverbassd me eitbgalt fﬁﬁj mlelsm;gmapempe@} withsfweyscacid d

ester, e h xar% a
phosphlte an sul tur o(r%a so?&lf:ezﬁo e F{l E§ E %lte ?@g a r‘giattl(l:tlon

pr oduct sﬁlfmmmswmeoﬁswlﬁud or anhydr| de and an unsaturat ed conpound, (7)

-

a borated di s ersa (8 an. al kal i Qr xed  al kali metal, alkaline
earth netal bdrate, 1“8“ @&Y&“@é’?@a“nsei'gn hepein (e cRMPIsition esmtaing up

one of ckgiy 1%@ gfﬁn?t( SrsahtPOr ated overbased metal conposition or a
sul furi zed over bas corrBoleon 6. The conposition of any one of

clains 1-3 whé:ei nmﬁ)cmq:osmioamfadyfmemftclnﬁngrle’bwhemm'ﬂidd:mnpositidriilsaagw
phosphor i g acid ester selected fromesters prepared (a) by reacting a
di t hi oph8 phoric acid with an epoxide to forman internediate, and the

~internediate igs fur ﬁb& ?DOB{' I

anmoni um or negtsal f% t nc? E s&ﬁ sp%rl C g?%qég?egﬁﬁbgwélﬁﬁpgggrs{é%c a
- phosphor irerg cirganic didnént dind (IA) \at 1dastadnel argadic polyselfide tmknpmhigaatrleasy abdmmwlﬂ e
to about dﬁlo Foc: Tt%étﬁﬁﬁé, f%m%%ogtm% H{:n tg Lboutts% ds dtrocafrb cﬁsulﬁde and less

than about 5% dihydrocarbyl higher polysulfides, and (B) at Ieast one overbased metal

composition or a phosphorus or boron compound.

10. A method of lubricating a differential comprising the steps of introducing to a
differential a lubricating composition comprising a major amount of an oil of lubricating
viscosity, (A) at least one organic polysulfide comprising at least about 90% dihydrocarbyl
trisulfide, from about 0.1% up to about 8% dihydrocarbyl disulfide, and less than about 5%
dihydrocarbyl higher polysulfides, and (B) at least one overbased metal composition or a
phosphorus or boron compound. "

11. A grease composition comprising at least one oil of lubricating viscosity, at

. least one thickening agent, and (A) at least one organic polysulfide comprising at least about
90% dihydrocarbyl trisulfide, from about 0.1% up to about 8% dihydrocarbyl disulfide, and
less than about 5% dihydrocarbyl higher pdlysulﬁdes, and (B) at least one overbased metal

composition or a phosphorus or boron compound.



67 phosphoric -acid ester,. (ii) a hydrocarbyl phosphite independently having
fromone to about eighteen carbon atons in each hydrocarbyl group, (iii) a
phosphor us-cont ai ni ng carboxylic am de, acid, ester, or ether prepared by
reacéting a phosphorus acid with an unsaturated conpound, (iv) a netal salt
of & mxture of (a) at |east one dithiophosphoric acid and (b) at |east one .
aliphatic or alicyclic carboxylic acid, (v) a thiophosphate or a reaction
product of a phosphite and sulfur or a source of sulfur, and (vi) an
overbased netal salt prepared (a) by reacting an overbased netal salt of an
acidic organic conmpound with a boron conpound or (b) by reacting an
~overbased netal salt of an acidic organic conpound with a sul furous acid or
source thereof to forman internediate,. and then further reacting the
internediate with sulfur or a source 5? sul fur. 7. The conposition of any
one of clains 1-6 wherein the conposition contains up to about 2% by wei ght
of a dispersant 2Z7R  The conposition of any one of clains 1-7 wherein the
conposition is a gear oil. 9. A concentrate conprising fromO0.1%to

49. 9% by weight of a substantially inert, organic diluent and (A at | east
one organi ¢ polysulfide conprising at |east about 90% di hydr ocar byl

trisulfide, fro bout 0. 1Y t 0 % i o] I i and

| ess than about ‘%% di hydréﬁﬁﬁgf‘ éb (#éﬁiéﬁé&%% ghétgﬁpast one
over bdsed netal conpositi GRENMSES ING THE NAKHON-QF AN A

met hod of |ubricating a dORGANKE PQL IDE; AND AN QVEBBASED nt r oduci ng to
a differential a |ubricat CQMBROETION ORnA FIRSTHRORYSOREHORONGOMPQIINEN
oil of lubricating viscosity, (A) at |east one organic polysulfide
conprising at |east about 90% di hydrocarbyl trisulfide, fromabout 0.1% up

to albxt 8% di hydrocar byl disulfide, and Absteacthan about 5 % di hydrocar byl
hi gher pol ysul fi des, and ) at | east, one O\ferbas_ed netal, conposjfion or a

phosphorus” or boron conpodhis. inyention zelgtes 1.3 1ubsicAURE COMPPSHioR FOMPIISRER | east

one oil of lubri i i i : ‘sQ?kﬁ t N J : at
| east one or ganlhga?(go y;ﬁx}t?fﬁéb@%@?@c{aﬁ?g{ eg’s{mg%g%tspg%% fmﬁ%’?%‘g?lé%ﬂ
trisul fide, froeompusinget Wlﬁboub9%dﬂtyd&¢>%bdl mmdcaﬁwmbouts@xﬂ%i eto and
| ess than-about gi6iohugdr acar i o AE! Rkt hEISE sBllydBlarblt RS 0N

overbased netal ?
15 polysulfides, and (B) at least one overbased metal composition, at least one

phosphorus or boron compound, or mixtures of two or more thereof. The
invention also relates to concentrates and greases containing the above
combination. The invention also relates to methods of making the organic

polysulfide.
20 '



conposition or a phosphorus or boron co
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CLAIMS
1. A lubricating composition comprising a major amount of an oil of lubricating

viscosity, (A) at least one phosphorus free organic polysulfide comprising at least about 90%
dihydrocarbyl trisulfide, from about 0.1% up to about 8% dihydrocarbyl disulfi_de, and less than
about 5% dihydrocarbyl higher polysulfides, and (B) at least one overbased metal composition
other than a sulfite or sulfate overbased metal salt or a phosphorus or boron compound, or
mixtures thereof, wherein (A) and (B) are blended with the oil to make the lubricating
composition. _ .

2. The composition of claim 1 wherein the-hydrocarbyl groups of (A) are
independently alkyl groups having from 1 to about 30 carbon atoms, and is optionally
prepared by reacting an olefin having from 2 to about 30 carbon atoms, sulfur, and hydrogen
sulfide to form an intermediate, and the intennediéte is then fractionationally distilled.

3. The composition of any one of claims 1 or 2 wherein the polysulfide contains
from about 0.1% up to about 5% dihydrocarbyl disulfide, at least about 93% dihydrocarbyl
trisulfide and less than about 4% dihydrocarbyl higher polysulfides.

4. The composition of any one of claims 1-3 wherein (B) is selected from the
group consisting of (1) a sodium, calcium, or magnesium sulfonate, carboxylate, or phenate,
(2) a metal dithiophosphate, (3) a phosphoric acid ester, or an ammonium or metal salt
thereof, (4) a reaction product of a phosphite and sulfur or a source of sulfur, (5) a
phosphite, (6) a reaction product of a phosphorus acid or anhydride and an unsaturated -
compound, (7) a borated dispersant, (8) an alkali metal or a mixed alkali metal, alkaline
earth metal borate, and (9) a borate ester.

S. The composition of any one of claims 1-3 wherein (B) is a borated overbased
metal composition or a sulfurized overbased metal composition.

6. The composition of any one of claims 1-3 wherein (B) is selected from the
group consisting of (i) a phosphoric acid ester selected from esters prepared (a) by reacting a
dithiophosphoric acid with an epoxide to form an intermediate, and the intermediate is
further reacted with a phosphorus acid or anhydride, or an ammonium or metal salt of the
phosphoric acid ester, or (b) by reacting a phosphorus acid or anhydride with at least one

alcohol containing from one to about 30 carbon atoms, or an ammonium or metal salt of the
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