_LUBRI CATING O L W TH ENHANCED PROTECTI ON AGAI NST WEAR AND CORROCSI ON _
~" [ 0001] The present invention relates to lubricating oil conpositions. Mre

specifically, the present invention relates to |ubricating oil -
conpositions that have reduced | evels of phosphorus and sul fur, yet
provi de inproved |ubricant performance as diesel engine oils, especially
in heavy duty applications. [0002] Environnental concerns have led to
continued efforts to reduce the em ssions of carbon nonoxide (CO,
hydr ocar bon dWdBRICAJIRNG OILAXTTHERNHANGEDPROIFITION NCARNST WEAR
(di esel -fuel ed) and spark-ignitedﬁﬁgﬁngiEe-fueled) i nternal conbustion

engi nes. There have al so been cont® ¥ANt{ o' reduce the particul ate
em ssions from conpression-ignited internal conbustion diesel engines. To
meet the contenmporary emi ssion standards for passenger cars, other

vehi cl es, ardB0Mdavy- dukhe nressht maention relatdsdgd hebtriceting gheompositiont adbter er s
(OEMs) have been applying exhaust gas after-treatnent devices. Such
exhaust gas spédifcally; hetpreseht idesrittaselates o tldbrichitg 6if €omwisitidnBta€Have0,

catal ytic converters and/or particulate traps. [00031Catal ytic converters

typically cesduebd]e8R o?bhBhernahd ahifeyededids hﬁgro.b@ fg&? egl? ger?&{i%Xét S,

and/ or NH3 reduction catalysts. The catal ysts contai ne I'n generally

conprise a gepkifahLhRa ' I ch.as platinum and netal
oxi des. Cat al gﬁc c nvg?%’e(%gé%%ly%ﬁlggﬁ ?Lé% aﬁﬁﬁ H8%%xhaust systemns, for
exanpl e, thimﬁﬁ?aust i pes of t onobi 0 cori_ver(i1 he t%géﬁlgé%%zgznt ioaI

es,
nont oxi ¢ gases. ) The usé OPPEHA SHECETE ﬂWbé?%oqt@“?
in conbati n%@%éobal warm ng trends and other environnental detrinents. The
cat al yst s, {ros of garhop Bopgrids (eQ).drdrocarhearasd niteagen ekide NOyefroinf not
usel ess, as a result of exposure to certain elenments or conpounds,
especi al | y poopishuprrsgnitedidiesalSuclediomg spid-ignitgd (ascdinp!foded)ditemat onpounds
may be introduced into the exhaust gas is the degradation of

phosphor us- canbeastiohrgginehritess have abiolbeal dbrtintes efibtamnb&Rche PRASRRCT US
| ubricating oil additives include zinc dialkyldithi ophosphates and the

like. Zinc dintsiony bt SiRpResahahasd AiemalRRbushe: RSk F‘?%%]‘%EISF r\g&egﬁ&,@

conventional ly used antioxi dants and antiwear agents,

per f or mance_.ap, - i tandpoint., 1R lubricati oi |
CONposi t i ong&m%l e tﬁg{/ﬁ%&ﬁé@?;@ggﬁ %S%ﬁg?rc%?fsdgﬁlte%v ﬂesaﬂ‘i"?ﬂ?ﬁ'dé‘&ent s,
t he phosphorus,. sul fur. a ash they introduce._| the engine react with
the cat al ysPEHREGa0rigNa] faipT r‘i"é‘ﬁ?ﬁ%&%i@@%'%Bweb%aﬁamlymg@xhaust

converters. Reduction catalysts are susceptible to damage by high | evels
of sul fur aff AEFUEAREHEsIRRs Speh ehaui,gas alier-teatmentidieviesineludethuoaieced by
t he degradati ons of both the base oil used to blend the |ubricants and

sul f ur - cont adtdimided tebedtalstic convertaxdintlior garticBlagmpdps of “sul f ur - cont ai ni ng

| ubricant oil additives include, but are not Iimted to, magnesium

sul fonat e af0@#08]} her s TatalitRctoaversdts fypRalldotRires R nSore B%?&Jf@it&l&sﬁé{' ate

traps are usually installed in the exhaust system especially in diesel

! Tt i i t
engi nes, t ONDX 8i6@dte dalBy£2R90r p!:cl-ﬁgrgdlgﬁ% lc | Stes?)f‘}ééé %{t&iﬁt# &%tzﬁg%qjﬁxgr%?n €

particles or aggl onerates 't hereo . rom

rel eased in I : ide from pol |.uti air., water, anpd other
el ement s ofé%ﬁgﬂﬁnc\?)%g{ﬁ%%gbi |a§§3I0?g%% ic ealy %‘Fﬁ%ﬁ#’%&'&“@aﬁ IHSG'En. These
traps, however, &a%w?e bl ocked by nﬁ%gll ic ash, which is the degradation
product of St CRGHLG GOnNEFieTs Bic st ndhe extpustisy viems, IRteEpiy teonmon
ash-produci ng detergent additives. [0005]To insure a long service life for
the aft er - t Poausdmes o gploawbdilps, to sonkest thabixéic gases Werenidxic gasky. Thatsaef oi |
additives that exert a m ni num negative inpact on such devices. To this
end, OEMs ofataipticemvereisosithobghtith defessentiabinwombating globa MahanoRRAGPhaT US
for "new service fill" and "first fill" lubricants. For instance,. when
used in other environmental detriments. The catalysts, however, can be poisoned and

rendered less effective, if not uscless, as a result of exposure to certain elements or



l.i ght-duty passenger-car internal combustion engines, the sulfur |evels
are typically required to be at or below 0.30 w.% and the phosphorus

| evel s at or below 0.08 wt.% The maxi mum sul fur, phosphorus and/ or

sul fated ash |l evels may differ, however, when the |ubricating conpositions
are used in heavy-duty internal conbustion engines. For exanple, the

maxi mum phoopiponuds, tweeiallyrphosphomis coinpoursls. Amengthemany whyssdhokphorys dut y
engi nes, and the maxi num sul fur | evel nay be as high as 0.5 wt.%

[ 0006] Ef f orcompbondsnhaynbeineritisceid dmto clxngdiatdtighs syths Begrhdhtioatof phesphbadow t he
need to provi de adequate |ubricant performance. Autonobile spark ignition

and di esel @R@NRSIUBAYAINGAIVRIditHaL. ESWI&BT phb&fhoHed 108ridaAhY 88 adgRives and
rocker arns, all of which nust be lubricated and protected from wear.

curt er . STRAIR Ak! SRR AYL G  U  Z U GRRN . Bt
duct f -conb I bl. di t ti bl f hyd b
TN T R O ST

to preserve the integrity of catalytic¢ converters has led to ﬁhe use of
| ess phospHEMEbAR@ mﬁegﬁwwgd@%t%feﬁﬁlY@CW9%m PRRisoURg o he use of
detergents, which are typically netal sulfonate detergents, is often

i nevi t abl e chmpasiiensoWhilegheuare affnettverratiasidants pedientisvéar egeris the

oxi dation-derived acids and suspend pol ar oxidation residues in the

| ubri cant . phbogsengdehtfugand ssh theykweducedant tht bugies rdaot Whie thercadilydtd ant of
sul fur or sulfur conpounds in the exhaust. |ndeed, the anount of ash

permtted o8BS the Qbrvid2Aife BF iR MataBR oRVERDS. Redbbiiifaidessal be
exceeded by far less netal sulfonate ‘detergent than is necessary to

achi eve ad t e f vel t er gent
overbasinggﬁggﬁﬁggﬁ%gﬁﬁﬁgqﬁgggfE%@ggg %g?ﬁﬁ%@??QE%ﬂﬁpbﬁg ggagggﬂges t he
acid neutralizing capacjt f t | ybri ca opposi ti.on, ent j,al |y
e ng. o2t Mddens SaRepet B s Eepiifions o boaBR Resectied SEbiERS bt

[ 0008] Therefore it woul d be advantageous to identify _engine oil additives
that not ofbficprs ead syfa-peataining fubsigait el additives.diianplesd selpmpqptqiping
converters and particulate traps to effectively reduce pollutants, but

al so i npr owérigagf mleaddéives imdwdse biyare hotrlinitst anmegnasouy swfoneterandrodhefr i ct i on
within that an engine. A need is thus apparent for conprom ses or new

appr oaches siilfatedghsutdahebd Bedktfpehlze environnmental protection standards and
the engi ne lubrication needs can be nmet. [0009] A desirable |ubricant for

| ow phosphgggeg) and | owtRM|ddHraARRE LEANY DRSal RH A 1R XBa6ke BRARGH, @p&idllyni mum
| evel of antiwear and anticorrosion benefits. But it has been observed

t hat when . j ' ' i il

composi 1 o erd Hikipd o B VB e Sbch BEEL BRI oy cr P CBMATRIE
anticorrosion,, or even antioxi dation, perfor e. . [o C ensate for this
loss in anPPWﬁﬁ?oéﬂﬂﬁﬁpeﬁﬁﬁi GEe ﬁodﬂgﬁ%ﬁg?t ,m?é?Fﬁfﬁggggéﬁpggﬁtaining
conmpounds have been found tg@frqvide wear and_corrosion B&oteption, as
vel | as exendrsnang Asidelrommellniiag air.ovaten 9a¢ Phsselpyens o thesayBoMEthaye
been prepared and enpl oyed as detergents by persons skilled in the art.
For exanpl dies@apct iet ratogdized casmvgem The®: triyst kowewn, cad b dycBed by a
colloidal material that contained boron and phosphorus. The coll oi dal
product wagmeelli@ishedhivh ity drgeslatieopidudiofaetdl ontiiiag hibigatanp @il kal i
nmetal sulfonate or borated alkaline earth-sulfonate; (2) reacting the
borat ed angy Q4 edsHASIEing oiRitaH ﬁh%o&ule}ng"ﬁettagéﬁt ad@msts.one phosphorous

sul fide; and (3) separating the products obtained fromthe reaction. That

coltoidal RIRAKCt vagoIflfe b fobARLe RMO! AL RARLINER! dRNs, itis

extreme- pressute properties ricating oil conpositions.
desirable to identify lubricating oil additives that exert a minimum negative impact on

such devices. To this end, OEMs often set various limits for maximum sulfur and/or

phosphorus for “new service fiil” and “first fill” lubricants. For instance, when used in
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100111l n anot her exanple, Shanklin et al. disclosed in U S. Patent No.

6, 008, 165, a lubricating oil conposition that contained a borated

di spersant, a netal salt of a phosphoric acid, a netal overbased
conposition conprising at |east one carboxyl ate, phenate or sulfonate,
wherein the netal was lithium sodium potassium magnesium or cal cium
The bor at ed light ety pastenganr-cah atierpatoontbustion engineb.dbhailfin dewelsare tytperallywhi ch
was said to confer favorable antiwear properties to |ubricating oil

conposi ti On&e(?l{ilga by @ BéRIw 0138l dhdahe FhosphlirG€leosled: bibeldvip0.0Bat ent  No.
3,480,548, a lubricating oil conposition prepared by reacting a

| ubricatingQid -l -l ] and

al kal i ne ear“’? h)'n%e;rﬁ%yyr o%lg%%%ogﬂﬂménegﬁé&\?mﬂ:fﬁea gl?‘(l)ﬁg%% Iag%}%’d sel ect ed
from boric,acids, boron.gxides, and ueous alk esters. of horic acids.
That  addi t | P 6eG: PERLIELEPHGERe lRPRRTbIS RSy SlheoR B e wer or geni
but substantially, inprove oxidation stability aglg antli corrosive,

properti es, @FBEIORPgIngy dion skarplps B MATITYR PhesPIOBY 1¢vel pay de ashighas
[0013] Furthernore, King et al. disclosed in U S Patent No. 3,929,650, a
parti cul at e Ok wp¥rigithose btaghdaty knginesrend theoramumaopolenel prebuasdtshy
contacting boric acid wwth an al kali netal carbonate overbased net al

sul f onat e wiat Bisnwietd. ol eophilic liquid reaction nmedium That particul ate
di spersion of netal borate conpound was said to confer favorable

extreme- presgpeg Pr oPEHok o EfhanbdEmEaioh REmPhibiRS eI tioP BPersHad@d4hd N yet
anot her exanple, Carrick et al. disclosed in U S Patent No. 6,605,572, a

| ubri cat | 940l 1oGAMAEhdeghkeibiHealiPPrIrRiG oo ARRAULIIE APAR i Hifion ERIMiARD: R

Roe RO- BROOR
engines have valve train systems, including valves, cams and rocker arms, all of
which must be lubricated and prétected from wear. Further, engine oils must provide
sufficient detergency so as to insure engine cleanliness and suppress the production of
deposits, which are products of non-combustibles and incomplete combustibles of
hydrocarbon fuels and deterioration of engine oils.
[0007] As discussed above, the need to preserve the integrity of catalytic
converters has led to the use of less phosphate and phosphorus-containing additives.
However, the use of detergents, which are typically metal sulfonate detergents, is
often inevitable because of the sustained needs to neﬁtralize the oxidation-derived
acids and suspend polar oxidation residues in the lubricant. These detergents,
however, contributes to the production of sulfur or sulfur compounds in the exhaust.
Indeed, the amount of ash permitted undér most of fhe current environmental
standards can be exceeded by far less metal sulfonate detergent than is necessary to

achieve adequate detergency performance. Reducing the levels of detergent

overbasing may reduce the level of ash produced, but it also reduces the acid



RO ,RO-B-O-B-OR or ROO OR wherein each R was independently an organic
group and any two adjacent R groups m ght together forma cyclic group;
wherein the ratio of sulfur to boron to phosphorus 5 was represented by
the formula Si+ 5131 + 31)1> 0.35, wherein SI was the concentration in
percent by weight of sulfur in the conposition, Bl was the concentration
in percent yutvadiziig capécityorfahe lubricird comppsition,ipotentialholepdingdsagithe
concentration in percent by weight of phosphorus in the conposition. That

| ubri cat i ng ceirbsiewoBS ehEiae pisestisand ethePpds. t o 0. 25 wt. % of sul fur, and
0.08 wt.% or |less of phosphorus, and was said to inpart inproved wear

protection. jGidMARY  FQOLAGL inwdulfl bk 2l s tolillGfiify bifpif G halBva that

| ubricating oil "conposition conprising: (a)a major anmount of an oil of

rotal al ky! E5 GERE eI R SR oS BERARR WA R TS 1 e Cart D

o Tor et nafeBBHE GRS aRTcCti B e S LA e SRR S B Ehor e

is provided a |ubricating oil conposition conprising: )
by, for instance, reduce wear and friction within that an engine. A need is thus
apparent for compromises or new approaches through which both the environmental
protection standards and the engine lubrication needs can be met.
[0009] A desirable lubricant for low phosphorus and low sulfur applications
must also demonstrate minimum level of antiwear and anticorrosion benefits. But it
has been observed that when the level of phosphorus is reduced in a lubricating oil
composition, there tend to be an attendant reduction in antiwear, anticorrosion, or
even antioxidation performance. To compensate for this loss in antiwear and/or
anticorrosion capacity, certain boron-containing compounds have been found to
provide wear and corrosion protection, as well as extreme-pressure benefits.
[0010] Various borated compounds have been prepared and employed as
detergents by persons skilled in the art. For example, Parc e/ al. disclosed in U.S.
Patent No. 5,346,636, a colloidal material that contained boron and phosphorus. The
colloidal product was obtained by a process comprising: (1) obtaining an alkali metal
sulfonate or borated alkaline earth-sulfonate; (2) reacting the borated and overbased
sulfonate of (1) with at least one phosphorous sulfide; and (3) separating the products
obtained from the reaction. That colleidal product was said to confer favorable
antiwear and extreme-pressure properties to lubricating oil compositions.

[0011] In another example, Shanklin ef al. disclosed in U.S. Patent No.

6,008,165, a lubricating oil composition that contained a borated dispersant, a metal

4



(a) a major amount of an oil of lubricating viscosity; and (b) one or nore
over based borated al kaline earth netal al kyltol uene sul fonate detergents

prepared by a process conprising: (i) reacting (1) at | east one oi
sol ubl e toluene sulfonic acid, or an oil soluble alkaline earth toluene
sul fonate salt, or a mxture thereof; (2) at |east one source of an

al kal i ne eanltlof mphadphoanacid, a metal ¢&rbased camponiiien cormgprisag) atdeaatomts, at
| east one of which is boric acid, in the presence of a mxture

conpri si ng:cafbdkyRhte, bﬁﬁﬁte csrrsalfbﬂadé atidin thesiBbtbwhs lithhan, (sBdivéd, pp@ssampne | ow
nmol ecul ar wei ght al cohol; (ii) heat i ng the reaction pr ‘oduct from step (i)

to a terfperrﬁégﬂeﬁuﬁmtcajcﬁmg r’l%tb%Eat&P& drbifit ?H b aﬂa!t&ft W8 oh GIIBRSIVOMAES Of the

hydr ocar bon sol vent, the | ow nol ecul weil ght al cohol, and any wat er

oener 2t o, LA bag Eﬂtcf%‘%E?DI%?%’%‘%%‘m?m%m%?i%‘% B v sour ce

of water is added to the reactlon m xture during the process; wherein the
| ubri cat i ng°BPPSIEBAHosi ti on conprises no nore than about 0.20 wt. % of
phosphorus and no nore than about 0.50 wt. % of sulfur. [00l4c In athird

aspect, thdd®2ls proWereaves Hellmud coal. éﬁé}@&@d ind) 8. PantiNa 3439,

conposition conprising adm xing: (a) a major anount of an oil of

| ubri cat i ndubricating ol gompowiti¢rbprepared by remotieg aWwbrisatsreroibdispareidn af kal | ne
earth netal al kyltoluene sulfonate detergents; resulting in a lubricating
oi | conposialkafifie b4 meRNRIb&R% 4@ AR RclehAR nREO Ui ddcZBombul fémaf wighg@sphor us

and no nore than about 0.50 wt. 9% of sulfur.
boron compound selected from: boric acids, boron oxides, and aqueous alkyl esters of
boric acids. That additive was reported to function not only as an effective detergent
but substantially improve oxidation stability and anticorrosive properties, especially
against corrosions induced by ferrous metals.
[0013] Furthermore, King ef al. disclosed in U.S. Patent No. 3,929,650, a
particulate dispersion of an alkali metal borate compound prepared by contacting
boric acid with an alkali metal carbonate overbased metal sulfonate within an
oleophilic liquid reaction medium. That particulate dispersion of metal borate
compound was said to confer favorable extreme-pressure properties to lubricating oil
compositions.

[0014] In yet another example, Carrick ef al. disclosed in U.S. Patent No.

6,605,572, a lubricating oil compositien that contained a boron-containing compound:

?R
RO\ o B\O
_ OR
RO /B RO\ / /Iil\ /]!3,\
RO, RO~B~0—B-—OR, or RO ) OR

wherein each R was independently an organic group and any two adjacent R groups

might together form a cyclic group; wherein the ratio of sulfur to boron to phosphorus

5



[0014d]In a fourth aspect, there is provided a nethod of preparing a
F'ubricating oil conposition conprising adni xing; (a) a major amount of an
oil of lubricating viscosity; and (b) one or nore overbased borated

al kaline earth netal al kyltoluene sulfonate detergent prepared by a
process conprising: (i) reacting (}) atl Iea)st one oil .'soll ubl e toluene |
sul foni ¢ aciwas repressnted by el fuhha 8 kIB re3Rar 0851 whereineS suasitbaat e salt, or
a m'xture thereof; (2) at |east one source of an alkaline earth netal; and

(3) one or %ﬁ%ﬁﬁﬁb{?ﬁﬁé&ﬁe&@yﬂﬁdglﬂbf'sﬁ&ﬁﬁiﬂmc@ﬁwﬁﬁ@ﬂB’SzvaimhéC acid,-in
1 e Co

the presence of a m xt nprising: (a) at |east one hydrocarbon _
solvent; and (b) at. |e gp I : i Q&P Rk P! (ak heheat i ng
the reacti orfoéf%ﬂﬁ?%?nﬂalg%ns 2’3‘%}9’ tﬁ@%ﬁp@?%‘?ﬁ% t(ﬁgt élis greateer t han

‘the distillation tenperatures of .t.he_hydrocarhon solvent. the |ow

‘nol ecul ar méogmn&&p%wc%}ymgl%gf oﬁpﬁlgfus’l ’E?‘&eeﬁcﬁ%s&?nf romstep (i),
so that the solvent, alcohol and water generated nay 2& i Stia’lﬂ3L§‘8 fromthe
product of Skheplubticatingeaibrompesition eantained@ (i (208 Wiatat spllury 3t e
reaction mxture during the process; resulting in a lubricating oil '
conposi.-ti on o desp of plssphorusparsl wisasaidiodutpalt igpraved weap profediophor us and no
nore t-han about 0.50 wt. % of sulfur. [0014e]ln a fifth aspect, there is

provi ded a nmethod of reduci ng wear i 'ﬁ§el engi ne conpri sing operating
said engine with the lubricating oi I—c@%ﬁ ion of the disclosure.

[0014a] In a first aspect, there is provided a lubricating oil cbmposition
compfisingf
(a) a major amount of an oil of lubricating viscosity; and
(b) one or more overbased borated alkaline earth metal alkyltoluene
sulfonafe detergents; wherein the lubricatiilg oil-composition
comprises no more j:han about 0.20 wt. % of phosphorué and no more
than about 0.50 wt. % of sulfur.
[0014b} | In a second aspect, there is provided a lubricating oil composition
comprising:
(@) - amajor amount of an oil of lubricating viscosity; and
(b) one or more overbased borated alkaline earth metal alkyltoluene
sulfonate detergents prepared by a process-comprising:
(i) reacting |
tl).- at Jeast one oil soluble toluene sulfonic acici, or an oil soluble alkaline
‘earth toluene sulfonate salt, or a mixture thereof: l
2) at least one source of an alkaline earth metél; and

3) one or more overbasing acids, at least one of which is boric acid, in the



[0014f]In a sixth aspect, there is provided a nethod of reducing corrosion
in a diesel engine conprising operating said engine with the lubricating
oi | conposition of the disclosure. [0015] The present disclosure provides

| ubricating oil conpositions that provide high levels of protection
agai nst wear and anticorrosion benefits, but which introduce |ow | evel s of
phosphorus and/or sul fur to diesel engines. The | evels of phosphorus in
the lubricating oil conpositions of the present disclosure are typically
at or bel ow about 020 wt.% por at or bel.ow abo .1 . 9% .01 _even at or
bel ow about. 012 wt - oBreopnet pEL B GeodFifits TR isadk iy bolbrn sYgHR
conpositions of the present disclosure are typically .at.or bel ow about
0.50 wt.% or even atanér(gb%tll?ﬂ/?f qHIar I@‘?lﬁ‘f}‘?% .ed/ght@l?{?KOléé‘)gFatB]rgt ‘el ow about
0.35 w.% Although not required, the anount of ash of .these conpositions
are al so typically | oRectioninsedust Bemsiepdd ta s toppopamsha bogeacwhst they or at
or below about 1.5 wt.% or even at or below about 1.2 w.% such as at or
bel ow about 1.15 wt . Wistithtioe fanpratudse obthe rdrocarbdyr sobeent. Mg loiM meletydasi t i ons
are nore desirable froman environnental standpoint than the conventional
di esel engi ne oil s thatigtaatahiol ahd iy phiesgdnoratesl feomd step (if,Lso thaf e _
conpositions of the present disclosure facilitate |onger service |lives for
the catal ytic convert@iwnaRttohbieangarddrGdhabted aqps distillbefrpmaid stotgtt he
desired protection against wear and corrosion in those engines. [0016]In
one enbodi nent, the pie .di sclosure provides a |ubricating oi
conposition suitable for use with various diesel engines, including the
heavy duty ones, co | Si: j . i f Leating

vi scosity and one oPpﬁgigﬂggggggﬁﬁg?%%?@ﬁ%nggﬁ?ﬂkﬁé%5 r%%?gﬁ?% u%ne

sul fonate detergents, mhe&ﬁin the lubricating oil conposition conprises
no more than about 0 BHI9B 8 Shosphorus, and no nore than about 0. 50

wt . % of sul fur. The one or .borated al kal.i ne earth netal alé%Jtoluene
sul fonat e detergents %@er?lﬁitgrgé‘g{i%‘ﬂlgé’ﬂlé’of‘?ﬁ?iﬁ%ﬂ PYIRIIET BRATAEF thehaont
detergents may be prggared by various known processes but nay al so. be
prepared by the i nprdvdwprle o&pkospberss Pk matedhan abogd 79 vk “a RESHBY.

enbodi ment, the present disclosure provides an additive package

- conposi ti on[0014cd condentthiad espectrphersis mepvoded agnethed of repaningd labiricatinghe earth
metal al kyl tol uene sul fonate detergents in an organic diluent liquid, for
exanpl e, base oil, andl apipeinmhlcymptisiogadnix@ign vari ous other additives
desired in lubricating oil, such as, for exanple, ashless dispersants,

ot her non- bor ai ggd) Metamajep RindhmtioTgn dB e Bebithg WRbiiweand addi ti ves,
antioxidants, friction nodifiers, corrosion inhibitors, foaminhibitors,

seal fixes or se@l pagil eicte ol GOABY bbrardQUABHe SFRAHLIENLyIRAe di SCI OSure

provi des a net hod” of operating a diesel engine provided with one or nore

exhaust gas after- trealBRAL ddENcSesihER dTRBANNE BTRLNBSTidHHBAL Cat | ng

said engine with a lubricating-ll’ conposition o st aspect, or

with an additive package conpositipn qr ncentrate of the second
aspect. [0019]In anofWanﬁﬁ%%ﬁWﬂgh ?lﬁﬁg?%?ggﬁbé5¢ Hﬁ?@%ﬁ%@%“&”%%ehod of
preparing a lubricating ail of the first aspect or an additive

nposj tion
package/ concentrate d?mXﬂEmééggﬁﬁ'%§gé@@“'
[00144d] In a fourth aspect, there is provided a method of preparing a

lubricating oil composition comprising admixing;
(a) a major amount of an oil of lubricating viscosity; and

(b) one or more overbased borated alkaline earth metal alkyltoluene

ba



[ 0020] Persons skilled in the art will understand other and further

obj ects, advantages, and features of the present disclosure by referring
to the follow ng description. DETAILED DESCRI PTI ON OF THE | NVENTI ON

[ 0021] Vari ous features and enbodi nents are descri bed bel ow by way of non-
limting illustrations. [0022] The present invention provides |ubricating
oil conpositions as described above. The conpositions have a total
phosphorus content of at or bel ow about 0.2 wt.%in typical enbodi nents,

at or -bel ow about 0.1 % nd at or bel ow
about 0.12 w.%in fugiI ate n%()%ﬂg@#&@&%%gﬁg@ﬁ%@@%ﬁfm ricating oil

- conposi tion of the prfient i nvention contains about 0.12 w. % of
phosphorus, based on @?&gal wei ght of the conposition. [0023] The

| ubricating oil co 05|t|ons nt. inv i on hav I | fur
cont ent of gat or(Bng ot leasbite ‘61 %gl\ghle ]‘i?%%tgélﬁ‘?“é%‘l‘ec“ir‘?gﬁ'aP'ra’réﬁf‘sl,etaﬁ{aﬁﬂ?Sgel ch)w
about 0.4 wt.% in some other enbodi nents, and at or beI ow about 0.35 wt.%
in further enbodi ment earthAnluenesifonriy spigey ik iurRtherept: conposi ti on of the
present invention conprises about 0.34 wt.% of sul fur, based on the total
wei ght of the co(ﬁ)omaulemtm@Souufedftablall@hmwgh\mewbmdty [ 0024] The

| ubricating oil conposition of the present invention is conprised of one
or nore base oil &) whighoranee prvedasing acidg aniaiso oneasfowurich {siboeic acidninghount
greater than about 50 wt.% . Generally, the base oil is present in an

anount greater than ahRidncE0f MniHureonPriemizea) hilant akoiitdrot@rbsh stvestt
greater than about 80 wt.%of the lubricating oil corrp05|t| on. The base

o | sul fur content i syfo/@h GALLY oh@RAy hBRRAAUENRIQYE (pnelhiff @eabl y | ess

than about 0.6 wt. % preferably |ess than about O. .% and
particul arly preferab] Ry icating
oi |l conposition of thee\é(ﬁ)t%oe ené&%%\(}en é}; Pt("?o:glr%}é\%1 es%tgérz} %’&f{é&%&?ﬁa % of base

oil. distillation temperatures of the hydrocarbon solvent, the low molecular
weight alcohol, and any water that is generated from step (ij, so that
the solvent, alcohol and water generated may be distilled from the
product of step (1); | '
wherein no external source of water is added to the reaction: mixture
during the process;
resulting in a lubricating oil composition comprises no more than
about 0.20 wt. % of phosphorus and no more than about 0.5:0 wt. % of
sulfur.
[0014¢]  In a fifth aspect, there is provided a method of reducing wear in a
diesel engine comprising operating said engine with the lubricating oil composition of
the disclosure.

[00141] In a sixth aspect, there is provided a method of reducing corrosion in

6b



[ 0025] Sui t abl e base oils may be one that has a viscosity of at |east about
2.5 cSt, or at |least about 3.0 cSt, or even at |east about 3.5 cSt, such
as at |least about 4.0 cSt. at 40C. Suitable base oils nay al so be one that
has a pour point of bel ow about 20C, or bel ow about 10C, or even bel ow
about 5C, such as bel ow about O0C. [0026] The base oil used in the |ubricant
conpositions of the invention may be a natural oil, a synthetic oil, or a
m xture thereof, provided that the sulfur coq&gnﬁ of such, an oihkpoes not
exceed t heaadsei@ngind ComprivRE SRATLHE SRIHRISHIE HN B 1yhricpeng LMY sust ai n
the I ow sul fur lubricating oil conpositions. The natural oils that are
“sui tabl e ipeidescheuranl oils and vegetable oils (e.g., castor oil, lard.
oil). The natural oils may also include mneral lubricating oils such as
liquid petroleumoils and solvent-treated or acid-treated m neral
| ubri catingo@is)s of traepRa&midiscistre praaidshanticatifg ollc¥@fositions that
par af fi ni c-naphthenic types. G ls derived fromcoal or shale are also
useful . Syntheti ¢ ' | ' ling! ahd dfB€sFdach Winefitss et whish
polynerized”gﬂaeﬁﬁ%ggg%fgﬁ}??gggﬁg?efiﬁga?e'g; polybutyleneE?
pol ypr opyl enes, propyl ene 4 sobyt <) z Qexenes),
pol y- ( 1- octisFeduce 1&?@%}’?@@@3’8@%&%@({&0% E?Qtﬁlsﬁlgég%t Ee’r%%‘l?é‘éls BF
al kyl benzenes (e. g., .dqdecyl benzenes, tetradecyl benzenes, dinan nzenes,
di-(2- et h9ﬁﬁ@§9w%ﬁ¥gﬂ@§at@se.li)cmfpaﬁwﬁéﬁﬂﬁ*g presegt &S PR AT ,iCQﬁ'V &
~terphenyls, alkylated polyphenyls, etc.); ~al kyl ated di phenyl ethers and
the deri vatorbefow sboat @36 vertd, oratwir dglow AknB 816 Wk, OREVSD ator belpw abaut c
-lubricating oils also include oils prepared by a known Fi scher-Tropsch
gas-'t o- I'i Qi 1 ¥ 9 T8E icve Y cTaatiuf i the GakATdating bilaronapoaitions of krequesesy nt het i ¢
| ubricating oils includes al kyl ene .oxi de polyners and interpol yfrers and

deri vati vey Lergafe WHRGfy b Bwnaht (1506oxy lor grabaorhaley bixan Ol {1 ed
by a process such as”esterification or etherification. Exanples of these

synthetic oils in qu§F ol yoxyal £ o0k : od % RRIAIEf dshat | on
of ethylen okisﬁl’ﬁﬁﬁa : w%ﬁé&%@%ﬁ%ﬁgd tﬂe g'aI.EE{‘/:I gns >aryl ethers of '
pol yoxyal | cyl ene pol yners (e.g., net - pol yi $Q-. l.en I ther .
Rav! ng. a. moF these sompgaRs F abospReHlY el R B befty Bt c”

gl ycol having a nol ecul ar weight of 1,000 to 1,500); a nopo- and. ‘
pol ycar boxwti%, arsk er belowabout ?ééﬁ’g%;‘ OR eV @%&e@%wg?z W%&“@Bgﬁ OFatty
acid esters, and C13 Oxo acid diester of tetraethylene glycol). [0028] Yet
anot Her .subtlabl sbout 835 witf%s Yherefdre cthe poeseotilubrigating eil corapesikorssre mere f

di carboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic

aci ds and gLiRBK frSHGRcAviroaficatl stiRdgdiat fhah dhe eapleationaA diede] augherdils aci d,
sebasi c acid, fumaxic acid, adipic acid, linoleic acid dinmer, malonic

acid, al kyﬁﬁ%&ﬂ%‘%th%j %1%5%%&5@9%& sUTRI-OFhE c A SiStlondi df iheapregurit ediyclofure

al cohols (e.g., exyl al cohol’, dodecyl al cohol,

2- et 'hyl hexyl ..al cqhol , et hyl.ene gl ycol . .di.e ' ~

propyl ene ﬂ?ﬂ@ﬁéﬁﬂ%ﬁ‘éﬁ? : #’8?%#%%%@%@?%%#&%#@%% yl

adi pate, di(2-ethyl hexyl) sebacate, di-n-hexyl funmarat.e, .djoctyl .sebacate,
di i sooct y| whte paqvading the;deriredliprateetion agaipy PBEHPHQ?‘Q{‘@}{"&’F%@%P“-
pht hal at e, diei cosyl sebacate, the 2-ethyl hexyl diester of linoleic acid
di mer, and00hgd conpllexnesnbodimentyte dgsentedisdlosute poeidesod e of sebacic acid
with two noles of tetraethylene glycol and two noles of 2-ethyl hexanoic
aci d and tlubritatiss oil OARPPSEHLR suitable forl usa switly varhmtsi diess] enginess including the

t hose made from C5 to Cl12 nonocar boxylic acids ahd pol yols and pol yol
esters suchaRy dABPHRA! SdmEHiNiag la major ARkt 6f £1 61 df ubricatitreisydsityiandlone

di pentaerythritol” and tripentaerythritol. [0030] The synthetic oil can also

- be a pol y-&,l ngl%'k%lrﬁgh Qn&ﬁﬁ@kmﬁ%&é@%k%mlh@& sulfonate d@gents, wherein the

bc



PACs are derived from nononers having from4 to 30, or from4 to 20, or
from6 to 16 carbon atons. Exanpl es of useful PAGCs include these derived ‘
ffrom octene, decene, nixtures thereof, and the |like. These PAGs may have a
viscosity from2 to 15, or from3 to 12, or from4 to 8 mR/s (cSt) at
100C. M xtures of mineral oil with one or more of the foregoing PAGs may
be used. [0031] Unrefined, refined and rerefined oils, either natural or

3 scl osed é@%%ﬁ%%°@§°ﬂJse§Bﬁ“'? s

ubri cat| ng conpositions of 'the present

i nvention. Uprefine e obtaine Ir a
nat ur al 5%‘? gﬂé&fm@% to?f"ﬁ]ﬂ“hgﬁ © Bt P P %M%w
Ref i ned 0| |s are simlar-to the unrefi ned oils except t hey hav een
further trowtadkylolwene salfmdgmm %‘t‘i&bﬂsﬁ‘i $cat i on
techni ques are known to those skilled |n the art such as sol vent

ext ract i ondetefpens dedyybedprepateldtyi vamious kndwn pravesses buttmay slsohe pfepaxeddyi on,
percolation, and the like. Rerefined oils are oils that have been used in

.servi ce bUfhe 3 Wmﬂ%wgg%so that they nmay be re-applied in

service. Becau oi I's al nost al ways contain spent additives and

br eakdown Jﬁmﬁluct s, ﬂ hodfidl leﬁlb&gn{eﬂt tﬁl:eprééeﬂmt%l&mﬁu BroViakd &t ARIitFe@RSkagSt epS

t hat woul d renove t e spent ad Itives and breakdown products nust be

taken. Such rerefined oils are al so, known as recl a sed
oils. compgsttion Y 2. Q0RSETRIS EOMPEISIAE; off E%ﬁ%’g@ﬁ%ﬁétﬂgﬁ

Detergents [0032]1t° has been found that the i'ncorporation of certain
borated alaliyfolesresulfbnatstdetergenty in an gesspicsiluerfliguid, fox evmple, dagsoil he
present invention provides lubricating oil conpositions with the desired

l evel s of andaptionallycalss oshtain parfvisaitheraddifives desived iplubsiciting dibwack @y t op
tier engine performance with [ower than conventional |evels of phosphorus

- and sul furg, 0 RhRes e HorBbraicdahdtl SckAIRIRg detekdeanat e
~detergents o “tHe present nventlon can be prepared by various knomn .
jprocedure as b her ei n.

- [ 0033] Cer ‘ﬁ% Sy %@ﬁl ng ’bora e su %%r?g’%rgglgare nomfglﬁﬁ the art.
- For exanpl. g, U S Paten 683, 126, ' I noue et - at di scl osed-a
t wo- st ep n@?lhﬁﬁ'sf ﬁakgaaﬁear kaI ine earth nmetal. borate dispersion.

"~ During the first step materlals (A t E) are m xed and undergo a

. much of t. Iutlon sol vent

reaction 49018DC to ho@Cthenpmbedifant, ihe i syeerirevides agapgnd obppesgiingadiesel

sol ubl e neutral sulfonate of an alkaline earth netal; (B)-is 10 to 100
parts’ by wesgighiprefided Wittrand atemore exhavsti gie afitr-eqatmedtalevices, sdrchmetod| (O
is boric acid in-an ampbunt that is 0.5 to 6.5 tines of that of (B); (D) IS
5 to 50 pabinpribys m&&ingnémnehgmc@udaawncaﬁn@memﬁwnmmeﬁmw ght of

a dilution sol vent Duri ng. t he second step, the reaction m xture of the

first ste &QQBaél%eg%gﬁﬁcﬂd&ﬂbh%% chflcen@ER\GT the @cbid

osure of .this patent, to-t extentl

it pertains to t he preparation of borated sulfopates, and to the extent it
does not @8KIi ct MW@W@W@W%@%@%‘HW“&P&V%’S ﬁé"f‘eéli“hl ofipEEN2RB®? por at ed |

by reference. 100341in two, rela pat ent.s, | . dISC|O ed a
ot hod of IFiepang ol cempoRRics Pt e e asPar ot 81 RdiE Poskegsinseiils SE

‘increasing the total base nunber (I EN) of such a bor at ed addltlve
Speci f i cahepgcanteaspeetscri bed in U S. Patent No. 3,480,548, a borated
additive prepared by reacting a |ubricating oil dispersion of an

[0020] Persons skilled in the art will understand other and further objects,

advantages, and features of the present disclosure by referring to the following

description.



al kaline earth netal carbonate and an al kaline earth nmetal hydrocarbon
sul fonate with a boron conpound sel ected fromthe group consisting of
boric acids, boron oxides, and aqueous al kyl esters of boric acids.
Moreover, in U S. Patent No. 3,679,584, they described a process for
increasing the proportion of alkaline earth netal in an overbased al kal i ne
earth nmetal sul f onat e PERAIEED BESGRIPTEGNAQFERRE INVENTHINcess conpri sed:
(1) mxing a carbonate-overbased al kaline earth netal sulfonate, an
al kal i ne ea0®ljet al Mestows ifehtyressand dndrddoments ake desatibed beloenbawey nfjnerire
resultant m xture with carbon dioxide. The disclosures of these patents,
to the extemmitihgilluesticisn to the preparation of borated sul fonates, and
to the extent they do not conflict with the disclosures and cl ai nms herein,
are incorpon by r (=Y o Ta¥=HE . i scher et
aL disclos eém?%? u. S gglt% gﬁ%&%ﬁ@me&n@i@ﬁi} dg}z??)%éngl?aa%gﬁgtcgglgggrlﬁ?s%d pr oduct
t hat was al f d ecifically, rocess. co i X m Xi ng an
over based s???c%ﬁg@ég%zet fﬁ% Re' OrS%}r%n¥g a‘ltlepn%%rott‘?H IplgaS ?lam%ézgﬁ %;n?(?tg f Ogg%lgﬁ ng the
m xt ure of ith a borating.agent at at eratyre that, was
sufficient| %g‘%‘ﬁm W%ﬂﬂ@&&lﬁ%ﬁfﬁ?ﬁ%@%@t ‘Prc}%?ﬁ?q}ﬁ)ﬁ{’o t?ﬁ@\éﬁ-‘% ipgomp gther
tenperature of the mxture of (b) to a tenperature that was higher than
t he boi | i ngepbpdimests, ope etror below 2honb (42 avide imfirthar ¢mbediments. Ahe wat er t hat
was added to or generated fromthe reaction fromthe rest of the reaction
m xture of ¢xgmplaty lubricatingionl cogpesitist afithegirésgntainiemdiontcostaoarabontal. &2 and
(e) harvesting the product of (d). The disclosure of this patent, to the
extent it perbabfshdsphdrils HAERPS] @t kAl Weighotaheshnpdsitpnat es, and to the
extent it does not conflict with the disclosures and clains herein, is
i ncor porate refer : AE L . i isel osed
gin(?xkb Qﬂg%bé{gg@lggﬁlnk Bo gsll't'féﬂg%g g&'ﬂ?lnvégtmn' H:a% agér)]tap

in U S Pat 4,96 a process for preparing a borated

over based ol l,-sal ubl tal deter additive for, lubricants

Svaci 11 cal | S RHenCoB bR belgRSORETS vAYS i bhRal HhbodiPErS BT dRowc 0 ved i1
a hydrocarbon saolvent with a netal hase and a pol ar sol vent; ) treating
the metal sabqutﬁi4x%(°éﬂaf>m€&}hea€m§0$%§r al%f{ﬁté)r?’aﬁ@f fﬂ@uf 58%1“5%&% 10C to
about 100C whil e passing an acidic gas through the mxture; (c) filtering
t he treat edfuriber embodiments) Aatexemplamplubreating oplf commegition@Ethegpragsotit 100C;
(d) adding a borating agent to the filtrate of (c) and reacting the
filtrate w invettien dvon@aisengban @y i of spléur, beted Hn aliototal et bHthabout 5. 0
hours at a tenperature ranging from about 15C to about 100C, (e) heating
t he bor at ededthpdsitich. of (d) at a tenperature sufficiently high to distil
all the water and a major portion of the polar solvent; (f) cooling the

distilled and borated m xture Qﬁléfﬂugg%%¥?g$%$%¥§?boiIing poi nt of the

remai ni ng solvent and filtering the coo e mxture; and (Q)

stripping t ol ed d.distilled filtrate J49 xture of 0) under a pressure
ol hu"S, o2EE0: o T nihhite Ghedradsi o The bitthe flveBlod BRShpAsB =00

from about 20C to about 150C, .t hereby recovering the horated netal

det er gent afidP1Ci QF SOTFRASCR1Se WYL AL BICSE, 152 Jajqr fpountiey an aNodpt gipqter
pertains to the preparation of borated sulfonates, and to the extent it
does not cotfnpbeut\ g oh eanesdly o base athig prsaniis anemsiunt gricater e ebaitat ed
by reference. [0037]A variation of this process was disclosed by Schlicht
et at in U & wkit, enprebier thanbon0i¥wt. Th at greatecthas aboutB0iveredd of l& addi ng a
borating agent to an overbased netal salt in the presence of a protic

sol vent andiubribytiipQsBEdRbsERINVERE baB GillsaraE ddhert & typicRRY lc8ékth@h abeda.6 0 5.0
hours at a tenperature ranging from 15C to 100C, ( heating the borated

metal salt gixf gfe@ea&ty(lggf; thih ARt ks b fiL GRS PIERCAHER B S DO 5, 20

| east about 80 percen the protic sol vent (c)

cooling the djistilled borat.ed,m xtur fa{b)ot o, bel ow the boil.ing.,poi nt of
Che. r ol ni 76 ZSURD BREFTT 165 Pl Bad 0. St 2 A i et Suba' (o)
stripping the cOoled-gﬁstilled fil.trate mxture of (c) ¥nder. pressure
rangi ng f r ofAMRPSIHPAS RS RESSIAG ISRUCR COPRTERDAPAE §Y € Wardit®gs%ibm 20C t o
150C, and recovering the borated netal detergent additive. Again, the

di sclosure of this patent, to the extent it pertains to the preparation of
borated sul fonates, and to the extent it, does not conflict with the

di scl osures and clains herein, is incorﬁ%rated by reference. An

| m proved Process to Prepare Borated Al kaline Earth Metal Al kyltoluene

Sul fonate [0038] Specifically, the borated al kaline earth netal

al kyl t ol uene sul fonate detergents of the present invention can be prepared
usi ng an inproved process conprising: (a) reacting




(i) at least one oil soluble alkyltoluene sulfonic acid, or an oil soluble
al kaline earth allcyltoluene sulfonate salt, or a mxture thereof; (ii)

at | east one source of an alkaline earth netal' (iii) at |east one source
of boron, in the presence of a mxture conprising: (a) at |east one

hydr ocar bon sol vent; (b) at |east one | ow nol ecul ar wei ght al cohol; and
(iv) one or [#R5¢ over [Sustablg bass alls mat bd @wshatdne agiscoityodf at eatabput Z&i d;

(b) heating the reaction product fromstep (a) to a tenperature that is

great er thagst,beatlesst abhiaBiEBt] @raven at keat abedt A NeSthyidhas at leas abaltvent , t he
| ow nol ecul ar wei ght al cohol, and any water generated fromstep (a), so

that the solyent40°e! Sefble SR oISy aBBNRI GHe Wkt HBY 2 BEurdichitidrbeKy 4bem t he

product of step (a); wherein no ex ernal source of "water is added to the

react on M SPHE S Ui P! GFERR Ll QP FRNASRoaLEL BKALAAR g th et o

tol uene sul fondte salt prepare S process’ yp ca as Iow sedl ment

rate. For e , the edj may be | ess than.about

Vol o or T HRER pan abdhE b riped Tihe bty COEMH“’QB%F%IT@“ G or
even | ess than about 0.05 w.% such as |ess than about 0.03 vol.% based
on the totabepapiwma oika smbmetmhgrwlmuremére@’émr%ﬁ@d tha the slfrsenigBlas ur ed
by certain standard nethods that are well known in the art, such as the
ASTM D2273. of ¢AGhAihdoehaot @iceédﬁbmbmedimdmm&ﬁmbmnmtﬁmdimbrw&ddi n
this process. For exanple, a suitable hydrocarbon sol vent may be

n- pent ane, i figidthe I6WGHITMENBACAtinE ofl&RERISitions, Tbk aBRiralioflo del arReuitable
n-decane, or m xtures thereof A suitable hydrocarbon solvent may al so be

an aromat i i RAlAGRimalHE RN T QMbIS S ECIE LakioP BT, 13 ANEThORAFENGs Y UENe,

and ni xtures thereor
also include mineral lubricating oils such as liquid petroleum oils and solvent-treated
or acid-treated mineral lubricating oils of the paraffinic, naphthenic or mixed
paraffinic-naphthenic types. Oils derived from coal or shale are also useful. Synthetic
lubricating oils include hydrocarbon oils such as polymerized and interpolymerized
olefins (e.g., polybutylenes, polypropylenes, propylene isobutylene copolymers, etc.);
poly(1-hexenes), poly-(1-octenes), poly(1-decenes), etc. and mixtures thereof;
alkylbenzenes (e.g., dodecylbenzenes, tétradecylbenzenes, dinonylbenzenes, di-(2-
ethylhexyl)benzenes, etc.); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenyls, etc.); alkylated diphenyl ethers and the derivatives, analogs and
homologs thereof, and the like. Synthetic lubricating oils also include oils prepared by
a known Fischer-Tropsch gas-to-liquid synthetic procedure.
[0027] Another class of known synthetic lubricating oils includes alkylene
oxide polymers and interpolymers and derivatives thereof where the terminal
hydroxyl groups have been modified by a process such as esterification or

etherification. Examples of these synthetic oils include polyoxyalkylene polymers

prepared by polymerization of ethylene oxide or propylene oxide, and the alky! and
9



[ 0041] A suitable al cohol for this process is typically one of relatively

| ow nol ecul ar wei ght, having, for exanple, about 1 to about 13 carbon
atons and/or a nolecular weight of no greater than about 200. Al cohols of
t hose nol ecul ar weights tend to have boiling points that are sufficiently
| ow so that they may be distilled fromthe reaction m xture after the
reacti ons anml ethays cftpelyokpalkglenapblemess (818 ,tnadshd-milisdptopyieye ghcolmsher
selected froma variety of | ow nol ecul ar-wei ght nonohydric .al cohol s, each
conpri si ng BRAHE a Indlecudl Qudight Df ¢ MDD @A dthenH . cthép be pslpathylémeallyool hawshaan

al cohol may be, for exanple, nethanol, ethanol, propanol, isooctanol,

cycl ohexano icﬁfa!u oo ! BOdnd f%‘i’;ﬂ,%i/ﬂ :
bet a-phenylineot1 y %%%gf?’ogolti?%g?)yhggﬁ%ﬁ do ecanolo,}@i'tl(?ié)sgéggghr?(rﬁc},f

2- met hyl cycl ohexanol ,..sec- pent al.cohol . . [ f+ou An
exenplary b fréat Eécﬁﬂﬁlaﬁlgleftﬁgegglx%gncﬁéf g‘ﬁ%aaﬁck@%%%’%g%g%éﬁ 3‘%@? geg%gfng of the
present invention is prepared in the presence of nethanol. [0042] A

sui tabl e IoﬁmﬁgﬁﬁkﬂFgﬁmﬂgight al cohol may al so be a pol yhyt hi ¢ al cohol .
For example, such an al cohol may be a di hydric al cohol, such as ethylene
gl ycol . [ OOHMWRRbr eoveet amtharsvitable closs efsynthictic Bbricatingilsove e ledeisiody

wei ght nonohydric or polyhydric al cohols may al so be used. Exanpl es of

t hese deri vdichrbesylimacidsnelgugditlgliy@oid, soxodd fad,sallgn dusrimo ecidears] alkangh as
nononet hyl ether of ethylene glycol and nonobutyl ether of ethylene

gl ycol . [ 004&kitieaddK Ydal&t HERCaAR 1S 0, Gubsidiiid, setasibhicth) fithaidrmeidt ed

al kaline earth netal al kyltoluene sul fonate salts of the present invention

may derive -.he: pr. - Dy et : t HEQWACiHE alReyBhhlonfcOr
exanpl e, t h%{ﬁgﬁcggfdt?%ﬁg%%?&s(ﬁ%ﬁi rgaglzﬁcégﬁﬁaal%(ﬁ% pr ep?alr &d 1%yysul fonat | ng

al kyl t ol uene _.pr.ecur sors usj kno ul.f.onati agent h r
exanpl e, su‘rfwfl%zr)i"i{,1 %?’?fet}éﬁ*%}g?hoﬁ? @ogﬁs[%}gy I a@%qhggglgﬂqfagcr??lgl’gg‘?e&?ﬁ%‘rmﬁso?ﬂ fam c
acid. O her_canventijaonal nethods, sych as the S03/Air Thin Film

Sul f onat | on2iiesay halsohalsdhrenciurelcdicthylcar ehieol mancatich RigPYlent
precursors are mxed wwth a S03/Air falling film nade f&/ f or exanpl e,
CHEM THON( r #lyool).Baccfe ERAfmples of oahsistens ingludes dikutyhadipate.ch@esibylpesdlr sor
may be originally derived froma conventional Friedel-Crafts reaction that
al kyl at es t gdbaene dMntliexghfuphahte ndiodybsebhedit, eiisddey] motlatendispdaylaztate,nay
conprise an alkyl chain that is about 10 to about 40, or about 14 to about

30, or evengiabQ¥phth#lated dRIBOH phifilats, Aid1edsyREdbaEate, ARE-cTHythek 9l digsh& ofi Ny nay
be linked to any position on the alkyl chain except for position 1 on the

al kyl " chai Ny, i REIARAS: Sk bhESrifled Bcrtblmd bl AR SFhdle of REREI ON 1

on an al kyl chain refers tot ( on position at the end of the chain.
any. car bon (P o B Y ey o BB et nd AT ot FREERRG T Oup o
the tol uenealidsthgtli%gched. ,
[0029] Esters useful as synthetic oils also include those made from Cs to Cy2
monocarboxylic acids and polyols and polyol esters such as neopenty! glycol,
trimethylolpropane, péntaerythritol, dipentaerythritol and tripentaerythritol.
[0030] The synthetic oil can also be a poly-alpha-olefin (PAO). Typically, the
PAQs are derived from monomers having from 4 to 30, or from 4 to 20, or from 6 to

16 carbon atoms. Examples of useful PAOs include those derived from octene,

decene, mixtures thereof, and the like. These PAOs may have a viscosity from 2 to
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[ 0046] The olefin that is used to alkylate the toluene can be a single
olefin or a mxture of various olefins, although the latter is typically
the al kyl ati on agent of choice. Regardl ess whether a single olefin or a
m xture is used to allcylate the toluene, however, the olefins are often
isonmerized. If the olefins are isonerjzed, they may be isonerized prior
to, during, 1brordfames te h2 wiffop 4to Smm%/E@St)bmﬂﬂ&Oﬁéhﬁiﬁ@ﬂ@rdbnmel‘aégmihzed
prior to the alkylation step. [0047] Met hods of isonerizing olefin are
known. Per sefi@ostbic ofdhd forédvengPAOL Yilybelusyd.use one of at |east two types
of acidic catalysts for this purpose. Specifically, the acidic catalysts

can be soli gy |1 qui @Jme%arfeanﬂaﬁﬁe@and&@%eéehs @lta@m&ap@fts%méﬁ@(agay be
suitabl e, blt a solid catalyst having at | east one netal oXide is$

ey oo WRR A R i o BE MRS oF it PRI LAY ol LR AAMICAY bZ B h oS,

synthetic zée S SI eves, or exanpl e,
the solid acgidic,catal onprises the aci n acidi.c clay or
an acidic nﬁﬁ gE}E}F‘}i‘F‘“%F BOSIB‘%é’fi]é%ﬁ’rFfeé‘t H%’Wdtﬁﬂ’ g]ms ‘?ﬁ’@pgﬁremﬁ’g PUS e of at
| east 6.0 angstrons. Useful acidic cl ays i ncludi ng, for exanple, .

mont rror i | | ofioseobtpiapd diredlyaliem adgbhnl s syRhigtiowums Wikept farfier purification
natural | y-occurring or synthetic nmaterials. Pillared clays may al so serve
as al kyl at i teatmatta Rgfihed 0ift dre sinmitir ¢¢ tHeamrefined @dls ek edpt thew-hdveregeniforibgr por e
systens, having average pore sizes of |less than 5.5 angstrons, my al so
serve as acirgited sl ot sidre pitAcaHoaStdps AVakesuovpdri ibARGr tddhniGREarel 1,
SSzZ-32, ZSM 23, MAPO 39, SAPO 39, ZSM 22, SSZ-20, ZSM 35, SUZ-4, NU 23,
NU- 86, and l §RbAdaHS Uistifthifon,

descri bed, r‘weg)latﬁg s‘kl’l{bﬁhﬁ?&&aﬁ ﬁic;la%émgﬁ%%%ﬁ% [ EVES by Rosanarie
Szost ak (New

5. 282, 858, g Ea(flf: %?tg)&/f‘lﬁrﬁl 105 N 6.3?(2 Qat %1%1?%% %1}(%%&*,&&?%0%&%&1‘?%&\'0

i sonerization process can be carrl ed out, for e at t per atures
rangi ng frofdg G’E‘“Wts‘?)‘véﬂﬁdﬂ?% eqa%&ﬁ@%ﬁ&%ﬂéh%%y g% I P
boiling points, the process is suitably carried out in the I|qU|d phase,

in batch orincemitaBscansadireuse gils Rlnashalowyrermaingpentipddibigesindoc] ave or

gl ass flask, which may be heated to the desired reaction tenperature, is
typically usedkdd@m produas, iradditiool fo the standard wiusfiping skeps, staps thyg would
efficiently carried out in a fixed-bed process. In a fixed-bed process,
space r at esyenyVehe §RASAIME TR BERRISIn pRALAS mBEbyRREn. (Sheh reafideant s and
the catal yst beds, can range from about 0.1 WISV to about 10 or nore WHSV

(i.e., wei gg'itl ﬁgaf %B@vﬁtask&@gnﬁg%rw&!%se@foﬂgat al yst per hour). The

catalyst is arge into the reactor, which can be heated to the desired
reaction terrperat | ef s exposed
to the catal yst tf%@@fﬂq %%%gﬁ@%a$%gmlﬂﬁﬁ§%;ﬁP géf(rﬁeéatgllllﬁtee to choose

i somerizatign cond| ti which particul a veI s of i zat| on
may be achi K¥&dl Specftﬁﬁaég?? Ou{‘%g‘af‘g@ém‘)&?m?g GG tleia%{ﬂ TCal |y
characterized by the amount of al pha olefins and the | evel of branching in

a parti cul avartl mefahalksitginencorulfonste dﬁt@rgemﬁ@félmmenbmvanwrav@ﬁ n and the
| evel of branching can in turn be determ ned using various conventi onal
met hods, i lwblivatinggpil dempositamp vath the dedieed IFreknsvwramend corfostorRardiet i R)
spectroscopy by followi ng the absorbance of a sanple at 910 cm 1. The

percent age Phe R&ABE ]’ﬁgbﬁkﬂl ARwsHos Bpher BRASE hetomantd WRhipeatthascopy by
foll owi ng the absorbance of a sanple at 1378 cm|. [0050]Wiile the ol efins

in the all cyl ath@ShaMertlice Hﬁ%bhgﬁls%agﬁl@ﬁdmé bé)ﬂaféﬁaa!ikahﬁ@ cBXERRIaRI Y Process

of the present 1 nvention i ves an al kyltol uene that is derived froma
m xture of g[(ylrml{lélll sullfloneﬁgrde%lré%%% Hifd | pidSent invention can be prepared by various

known procedures as well as by the new and improved process described herein.
[0033] Certain methods of making borated sulfonates are known in the art. For

example, in U.S. Patent No. 4,683,126, Inoue ef al. disclosed a two-step method for
11



[0051] The al kyl ation step of the present invention nmay take place prior
to, simultaneously with, or after, the isonerization step. It is however
preferred that the isonerization step occurs before the al kyl ation step,
so that the olefins that are used to al kyl ate tol uene conprise isonerized
ol efins. [0052] Various known allcylation methods can be used to nmake the
al kyl t ol uemeoducingansdraine Earth exetahbbmte dispeypivr dPuritigithe first siepsmalerialen, whi ch
takes place in the presence of a hydrogen fluoride catal yst, may

conpet ent | YAS &y (@ atdrinixcduihif aadergbagedctbe as203C td 1809k ek (19ds 10®mpatshi eve

al kyl ati on, however, a one-stage reactor is nearly always used as the

preferred wosaghhtiol aWGil%Blltﬂalbeneﬂlﬁﬁ}?&ﬂﬁﬁat%Ph@aﬂcﬁl&% RiridGhetal; 0OP110he

al kyl ati on process typically takes place at a tenperature ranging from

bout 20C t ‘ | 1 : . i i I ; d
sbout 20C 3ty 33451 oFL MK 0 DS OPR ARA i GRS, 86500
t dat,e the |i i d .ol i t th t t Th | kvl ati

o o RS B DB SR RIS 5 AR VL. e

being carried out in _a heated and stirred autoclave, or q%ass flask, .and
with the | &f veferyaddEp isrd e R0gwarts Ry sverghk efie gidebion-wbwat Duyrpedhs sepndpde,
the reactor effluent typically contains al kyltol uene, m xed wi th excess

t ol uene. Thiepethe esstionimigtoe efzhe st siepuvae dedsod th KO ke 280°6rin oxder tdpi ng
evapor ati on under vacuum or other neans known to those skilled in the
art. [ 0054¢riowationatarafld aluchof diel dikitioh aslventgTiediecloaire bfithisyatammmel
process descri bed above may be an al kaline earth netal alkyltoluene

sul fonate gl duentili feltafidfo MegReRatRineFdbaAed M1 RABO daa ko mMexicat it hose
skilled inthe art.” Specifically, it may be obtained by reacting an

al kyl t ol ue I [ | [ - SUk ' rth netal
in the preggﬁ%éhggqgﬁw®ggg§ﬁ%ﬁgs%?%%%P%ﬁ#g%gﬁggkﬁﬂgﬁggégﬁkﬁ?gnﬁidroxiIic
pr onot er wat er, but the react.l y 0 be carrj.e ut in the
absence of i:ext er III%FW‘\’AH?I@F‘?B%‘P é’elj{'arm'\@teéfaj: aﬁsﬁl%f‘eﬁg? m(‘f{%’g ,O?PF%’ AN y
water that nmay or nay not be present in the reaction mxture is the

bypr oduct afoiaied adslifete and. a medpd ghoyTbagngand increasingthe dotal RaspBIMESIch as

2- et hyl hexanol, nethanol, or ethylene glycol may serve as the hydroxilic
pronot er. [OBSbpMarcbavergted hiditive Spetifraltyakey desaibed imUdh Datest Nosol vent ,
in which the resulting sulfonate salt nmay be dissolved. As stated above,
that i nert 33180\5d8} a baiited @dditive piepdrddrgnreactinp arttibrivating ofl elipessiorngfehohexane,
n- hept ane, n-octane, isooctane, ndecane, benzene, toluene, xylene, and

m xtures t RROAAE cdrBORBhRUIrb&Rke/ and fCalRAHR kAR nRel hi)diehdbn BRYorR& Wilh Ci UM

barium rmagnesium or strontium For exanple, the al kaline earth netal

| kyl t ol I i sal.t.. ] i
o oyt of el iy pbE el Sl St Lpanb b forsgspondino |
or cal ol um oy de. | Rl TE B eid M el 19V SN 5 450984, ibeonol

described a process for increasing the proportion of alkaline earth metal in an

overbased alkaline earth metal sulfonate lubricating oil composition. That process
comprised: (1) mixing a carbonate-overbased alkaline earth metal sulfonate, an
alkaline earth metal hydroxide, and boric acid; and (2) contacting the resultant
mixture with carbon dioxide. The disclosures of these patents, to the extent they
pertain to the preparation of borated sulfonates, and to the extent they do not conflict

with the disclosures and claims herein, are incorporated by reference.
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al kaline earth netal in the process is typically greater than about
0.20:1, or greater than about 0.30:1, or even greater than about 0.35:1,
such as about 0.40:1. [0058] The al kaline earth netal alkyltoluene

sul fonate salt of the present invention, whether derived originally from
an oil soluble al kyltoluene sulfonic acid starting material or is itself
the startingo3g]eri al In y& ahothehetanide, dieter Spé difclased in/l).SaPswutSe. of boron
is introduced into the reaction m xture to achieve this end. That source

nmay be in thgah @Qm Plarbdiiate-SVABREE prddatt tBatasdsthlsotEaed. BpeMGEAIS thapor on
esters, or simlar boron-containi ng naterials. The boron source of an

exenpl ary pfng))%g‘s%ilo% Etﬁ(@gxﬁex aﬂ &Eﬁsb@ﬁkﬂi‘ RAVAROBY drGndElifert ByE@ known

as boric ac source of water is added to'the

| mvol vi ng afPediek Rt Be Rt o‘?@s‘?ﬂﬂ% o BomiBE R60tF he Sl BT oRE

sul fonic acid and/or an alkaline earth alkyh Iuene ul fonate ) in the
presence of Sufigigntly kveta RgVeRb S %FEISW& € erReRYE O; ?&Fed t hat
condensation of boric acid nmay occur in the presence of water to form
boric acid oliktgenei(b) tosucmpasifure drat evea higher then thedailéng redetmferntesy (Dhe
formul ae bel ow. HOOAH BB 0", "MB BB OH OH These oligoners then react
with the al khdvesubaaitallyallalf tieast tat basadlet 6o bogmetsdran tsaleassion
thereby introducing boron into the alkaline earth netal alkyltoluene

sul f onat es %11{ € ¥ 66HRLcdcRYR Rikke of {éﬁ SiiEherahoiadudstantidlBl dInef thar t h

nmet al al kyltol uene sul fonate salts of e present 1 nvention are typically
overbased. By, def i I 1608 §GhR ks tH¥hea netal
contont i1 bR e RRRPRRIRAAR 6 @e“iheeﬁ%&accor%ﬁhgﬂﬁot fate

stoi chionetry of, the, net cation in.the on ed.
The term " b&Sent{tRHERS tBEhe‘ Eﬁlparﬁﬁ?réf)gb‘frﬁteﬁ ﬁ‘élf(%ﬂ?geﬁh?n P%Baésg(etenzquqlo\%gap‘git to
mlligrams of KOH in o ram of sanple. Thus, gher tr?eflects nor e

al kal i ne pr wdh@tsmalhﬁletdwgosaregraeétc@mahkrsm%ﬁlfl*gpf?%@@ﬁ\bé CRHECBN of sanpl es
can be determined by a variety of nethods, including, for exa ASTM

test No. D2f@B6hnd ot hea fisther vsdrepic, M&bﬂhﬁé@edmg % Setent Net %86539% a

nunber™ or "TBN' refers to the anount of base equivalent to mlligrans of
KOH in one greeRsdbr preparinigonBdrafeluind ovéfbasd diksolublametal detergent additive for

lubricants. Specifically, that process comprised: (4) mixing a metal salt dissolved in a
hydrocarbon solvent with a metal base and a polar solvent; (b} treating the metal salt
mixture of (a) at a temperature ranging from about 10°C to about 100°C while passing
an acidic gas through the mixture; (c) filtering the treated mixture of (b) at a
temperature of about 10°C to about 100°C; (d) adding a borating agent to the filtrate
of (¢) and reacting the filtrate with the borating agent for a period of about 0.25 to
about 5.0 hours at a temperature ranging from about 15°C to about 100°C; (e) heating
the borated mixture of (d) at a temperature sufficiently high to distill all the water and
a major portion of the polar solvent; (f) cooling the distilled and borated mixture of
(e) to below the boiling point of the remaining solvent and filtering the cooled filtrate
mixture; and (g) stripping the cooled and distilled filtrate mixture of (f) under a

pressure ranging from about 10 to about 200 mms Hg, and at a temperature ranging
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often used interchangeably with "base nunber"” or "BN," respectively. The
term "l ow overbased" refers to a BN or TBN of about 2 to about 60. The
term "hi gh overbased"” refers to a BN or TBN of about 60 or nore. [0060] The
borated al kaline earth netal allcyltoluene sulfonate salts of the present

i nvention may have a TBN of about 10 to about 500, or about 50 to about
400, or everfroababdut 200C tocababbli0°G0tiereby cteorsrinhthgtbolhal metabhdeenge200. An
exenpl ary borated al kaline earth nmetal al kyltoluene sulfonate salt of the
present i nvedditioe THe discidtuie ofbisparad tatid dramt it pedidds af thapophratio of

[ 0061] Many conventional nethods and reaction conditions for overgbasing

i nvol ve ovenbasi\gB)ac8hR@m fe@ieflen db&antlcasiliel with e dRISAAS 80
condi tions are described in U. Pat ent No. 3,496, 105, and others. The

, S.
@d%&'r&ﬁkéﬁ%@e sul fonates of the present
. .

bor at ed al kal_i t ) .net
i nvention ar%iealrgg}el%%élsgd,ﬂ&égérﬁ h~one Oor nore overbasing acids, at |east

one of which is boric acid.. Aceqrdingly, if . bori¢, agid.is |ncl din the
process as Ewg%iource%’f’arl?gpﬂr?? Iﬁprﬁg%gyag(gil@&s@%bifgclg{pgfg et S
resulting borated salt. (&{0062} The borated al kaline earth netal

al kyl t ol uen&atsnt Norrh9e5.6¢4. (That proeass pprapusad: () pdding abortipenecyiepar ed by,
for exanple, first prem xi ng a hydrocarbon solvent such as xylene with a
| ow nol ecul averhesedmetall sab o theguedencesofrpeprotio sdlveridnd adwdrocarboh selmentland| i ne
earth nmetal such as a cal cium hydroxide. This prem xing step may be

performed ateaRfing)fifa pREBIE SN Y. 25660 O tajutl 4,a tBpbrafise AingpGim 15 to about
40C, or at about 20C to about 35C. [0063]Follow ng prem xing and if

necessary, Bl He@hiel salf RHATR bdSulfYer®Ptignal 1y be
added to thfé@?dgéctl oe%h%l/ g%etfb? f0064] An al kyl tdglqﬁ)gne sul f%rﬁ!?c 1%I(Y:Ii d may then
be added to_the m xtur Lt h agifaidon hcal | lLluene

sul fonic acfeﬁnl?e?r‘pgl&f&}ﬁ%%@ﬁaf} o?‘ét?éd eagern}-ﬁglh%ﬁ) r&%/(‘: Sr(r%%?‘ B?eg@é’:%n%lﬂéa‘ér apid rise
in tenperatyre..in the reactign mxture, naintainin he .t erat ure of
that m xt ur SistiHed; (Puimglingfhedislledopsted mipits ot 4RO belosy b follme hay of
reaction mxture is agitated for about 5 m nutes to about 20 mnutes at a
t enper at ur ethsfregipining spbent andifieringsbe cooled Ailieate maxtore; andiish stringsg theo as to
i nsure adequate neutralization of the alkaline earth netal reactive base.
The react i onodtektlistibed Slttateemixtaelof ¢o)usidaga prebardrangingtiven 10 tmPthgms

mechani smto about 20C to about 25C, or about 21C to about 24C, and is

hel d at thi it RARER AnPRathA@Beih S FroabROAC b 1500C, 4nd radisutingthedisisted Thi s
neutralization step nay be omtted if an al kaline earth nmetal al kyltol uene

sul fonate sglja '[dgtgg%?t Sddidd. %ayfhﬁ‘rdi@élos!uﬁ’ééﬁﬁg ffenffo aldekhdn® ityRRGIns

sul foni ¢ aci 5 ( A source of boron such as boric acid is then added
slowly over toathe%{rép(e)lpation of borated sulfonates, and to the extent it does not conflict with the

disclosures and claims herein, is incorporated by reference.

An Improved Process to Prepare Borated Alkaline Earth Mctal Alkyltoluene

Sulfonate

{0038} Specifically, the borated alkaline earth metal alkyltoluene sulfonate
detergents of the present in\-fention can be prepared using an improved process
comprising:

(a) reacting

(1) at least one oil soluble alkyltoluene sulfonic acid, or an oil soluble alkaline earth

alkyltoluene sulfonate salt, or a mixture thereof;
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of about 20 mnutes to about 40 mnutes to the neutralized reaction

m xture, while nmaintaining the tenperature of that m xture at about 20C to
about 30C. This is followed by holding the reaction m xture at about 25 to
about 50C for an additional 15 mnutes. Again, this mxture is cooled to
about 20C to about 25C. The cooling nechanismis then renoved fromthe
reacti on ve§deit leasttanersoimemod paelkpnegrarthinedtaln about 30 mi nut es.

[ 0066] Typically, the reaction mxture is then slowy heated to reach one
or nore int @tipedeat end sowpes et hor@s i theipsesbrde ef\nadixtiratombriisingt epped heat i ng
approach may serve to reduce the sedinent rate in the final product. For

exanple, a pg%gkgg@uﬁgajoagrbgﬁgémeﬂ{pt al al kyltoluene sul fonate salt of the
present invention nay be prepared in a process conprising heating the

reaction m W { Rl t enperature of about 65C in about
20 m nutes @%ﬁ%ﬁ%@&%@%ﬁe@%ﬁ%ﬁﬁo%y heating to a second

internedi ate fenperature of about 80C in about 90 m nutes to about 2
hours, foll d by heating to a third internmedi ate tenperature of about :
90C to about. 95C i n about .1 hour,. 10067] Thg | 0 .ml))l gcul.ar wei ght al cohol,
t he hydr ocafiBbenesymagvehesifgprids st leagt ofg e l“’hl“}ﬁéﬁ Ras2B@en generat ed
during the reaction so far are then renoved fromthe reaction m xture

t hrough sepérdeiting thetérstien productLram kiep @ thm tehperature theiis sesataipas the he
borated al kaline earth netal alkyltoluene sulfonate salts of the present

i nventi on nmaptibgidueppeadiresofhphalressbasibvdns, thy lowenoledularkeredght et hod of
distillation, sinply heating the reaction m xture to above the boiling

t enper at ur egicOfol!l 1 AySPE! genstadeiim 3R (MAESihat the sbivait, Meeled aad watee
reaction mxture 1s héated %o reach a tenperature of about 125C to about

140C in abog%nre%aatpcf%?{_b%%%@%%m?b{aam@é}h%%e@; liquid nedium such as a

di l uent oil i'cant base ol may € added to the reaction

m xture to reduce the viscosity, of the ction mxture A i sperse

t he product’ %S’iﬁ’i”c L PHe S fﬁi"raéefd? %dc{?ﬁgﬂlﬁ'}“q rﬁactrplﬁ’él A ang'%/clf? éatrhg defi ned,
for exanple, in FUELS AND LUBRI CANTS HANDBOOK, (CGeorge E. Totten, ed.,
(2003)) at pwgess199, as "base fluids ... of mneral origin, synthetic
chem cal origin or biological origin." It may not be necessary to_add such
an inert |i {f038] nedi ur barateiatkafionearirmactel tolfene selfenss salt prepargshydlist | s
extruded. [0069] The distillation step typically continues for about 2
hours at a pRIERSTAVEE Bis lavaddimbBOGtd onkomipl@ARCyolimk lof wetimbyt thay bié ng
the reaction mxture for about 15 mnutes at that tenperature The

unr eact ed alééégiaﬁ%b%fd.ﬁ PEILa] or' 18R Ehdnk®obies 82 veIoW! 6€leqf thiiosiasut 0i1D ot her
t han boric acid), i

and boric acid are then elim nated using conventi onal

and el | knouy, Tt 38 ik AuEE0: G4 AA9RL NeBPbdhl b 361 9badkion

exanpl e, a I'ne ear metal a tol uene sul fonate salt of

the present i nvention be prepared in a process. C []Si

filtering ofietf Y@g@?&ﬁ%mﬁ}ﬂg@gé@giﬁefﬁ@m&g? en%agsogfrgégg%rgratbgi%ﬁ :ﬁl ter aid
in a precoated pressure filter, followed by washi NG ting pellet
wi th precoattapiard seghagis dhatiage welk knopp i the prt, S‘FB@?Q}W@%? ng borat ed
al kaline earth netal al kyltoluene sulfonate salt of the present invention
conpri ses afidf] 2 to abounbd ofknown bydrapuben solventapanie wedin dgs PPcsyen
about 3.2 to about 4.5 wt.% such as about 3.5 to about 4.3 w.% of
boron. The Fev@langfle,basuaablehytfoearbah solean nikey beeapentaet, bshesamret ai n st andar d
met hods that are well known in the art, such as, for exanple, the ASTM

D4951, or ASINERABS n-NMARY Rloctahél §sdoBRME IA-0&aR0 R hadivadskBeret Acdiitablenet al
al kyl tol uene’ sul fondte of the present invention typically has a boron to

| kal i ' ' ' . . bout
207, o - absiipEbEh Pl fifhe b Bl BI0GINRATE: SR IR0 op

such as about, 1: Q.51 to about %1: 0. ?6.
xylené, benzene, toluene, and mixtures thereof.

[0041] A suitable alcohol for this process is typically one of relatively low

molecular weight, having, for example, about 1 to about 13 carbon atoms and/or a
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[0071] Moreover, a borated al kaline earth netal al kyltoluene sulfonate salt
prepared of the present invention has a viscosity at 100C of about 150 cSt
to about 280 cSt, or about 170 cSt to about 250 cSt, such as about 200
cSt, as neasured in accordance with the ASTM D445. That salt may al so have
a flash point of greater than about 170C, or even about 180C, such as
about 190Cmddecutee asight df ho geatn tasrebeutdG0h Aldebola T thase snolgapbsy Xelghds

| ubricating oil conposition of the present invention conprised one or nore
borat ed al kit ﬁaﬁ%cﬁlinga%)dﬁn{stmétwmfﬁ&bﬁmnmmmhﬁthejpnmp&e ditilled fromor dance
with a variety of suitable processes such as those exenplified above.

Typical ly, hGAk] 1! thE RIRASH st O BorRplefeNBorix@aRIY, alsiivANd dloshoray
conpri se ag%uﬂfé{%{o?gﬁghgﬂ?ﬂm mV  or aboutrﬁlgg to about 50 mM or even about

15 b 4 f ‘ i ]

al ky!t of ueRe st raeuCdfefla VRS BFR-FRIRLAFHNR FERR IR AEoMols, | cati ng
il ition. An, I | ubr | ' il It | fy. th t

nventi on ESPIMESIGSRR. 115 0l bt caonbRarisdER Beac Ay P Sl e

sul fonate salt, based on the total weight of .that |ubricating oi

conposi t i omay bex fes exavaplis ngthenalethpnabanpranglAtposepel GEHPexango73] The

| ubricating oil conpositions of the present invention nay conprise one or
nor e ot her cyaopdntanoh tisibaiyh gldobol, henrybacehad detrephanybathg! alpo tion to the
one or nore borated al kaline earth netal al kyltoluene sulfonate salts
descri bed aBQuRxaddr! ®Wdesd, aiidtdagolp-naghyltwishenanale ser-pamylaldohok thdn bot h
as detergents to reduce or renove deposits and as acid neutralizers or
rust inhi bidppgy A E)@&H@%ﬁ%di\ﬁéaaﬁaﬂn&&&ﬂh%mrm ehlgrk b engi ne
life. Dete?%gﬁgglggﬁg}él?y [ofo) i se a polar head mﬁthaﬁong hydr ophobi c
tail, with the,pol ar head conprj si I jjacid organic
conpound. ‘?ﬂg(’@gﬁﬁﬁeﬁqqin%englfo HE%BF%B%%% g]n{ﬁ%itp?ié%%%i C'E)fr?(P Jnt’I’ée)%ﬂ)c'o ntain one or nore
non- bor at ed det ergents, .whjch are nqrnal.l al t an special I,y _over based
oo o OveltsBha Sal vsuitshledourpileBihuriel dfuor el ap ROy
honbgeneous Newt oni an systens characterized by a netaL Cﬁgtenﬁ i n excess
of that whalshheloBttexemphs, suenen deehsl mayderglibtkicalenhohisyrts§ihYsns he et al
and the particular acidic organic conpound reacted with the netal. The
over based mghicel.i als are prepared by reacting an acidic material (typically
an inorganic acid or |ower carboxylic acid, such as carbon dioxide) with a
m xture COm43§i Ng anM@ebdirCd@iaantsofeerpiaunilblé bvamokaalar eeighedi um
conprising at [east one inert, organic solvent (such as mneral oil,
naphtha, t ' ﬂfyﬂﬁ); I ddhbRENAY ASERCE Al Bansiled sthhaprkrilaivexcess of
a netal baggﬂ%ﬁgmgﬂ%F%%% er.a?0074]fﬁ2 aci di c organi ¢ conpounds useful in
maki ng the overhased canposi ti hoEMhAR MR ude

car boxyl i cné?é{i18@&%@1”?@&?@%&:}#6@%%‘%&%5pgtgg{igﬁ%ggﬁt al ni ng }gci (?s, phenol s or
m xtures thereof Frequeptly, the acidi rgani ¢, conpounds are carboxylic
aci ds or sﬁﬂw&ﬁeél%?ﬁ%‘i]w\éﬂb‘g&? ‘ﬁi"ge&y?et“ﬁigg’%}'foni c groups (such as
hydr ocar byl - substi tut ed benzenesul f oni ¢ .aci ds),. .and rl)ydro(fgﬁ(bw sub}slti tuted
salicylic 400448, The alkyltoluene sulfonic acids from' which the borate aline eart

metal alkyltoluene sulfonate salts of the present invention may derive can be prepared
by methods that are known in the art. For example, the alkyltoluene sulfonic acids
may be prepared by sulfonating alkyltoluene precursors using known sulfonating
agents, such as, for example, sulfuric acid, sulfur trioxide, chlorosulfonic acid, or
sulfamic acid. Other conventional methods, such as the SOs/Air Thin Film

Sulfonation method may also be applied, wherein the alkyltoluene precursors are

16



[ 0075] Car boxyl ate detergents, e.g., salicylates, can be prepared by
reacting an aronmatic carboxylic acid with an appropriate netal conpound
such as an oxi de or hydroxide. Neutral or overbased products may then be
obt ai ned by nethods well known in the art. The aromatic noiety of the
aromati c carboxylic acid can contain heteroatons, such as nitrogen and
oxygen, but npxef withbISQs/Aih&llng Siny mada by fasexmmple, CTEATHOMNR or Sui t abl vy,
the noiety contains six or nore carbon atoms, such as a benzene noiety.
The aronmati BAJAHBIRA®C acid may contain one or nore aromati c noieti es,
such as one or nore benzene rings, fused or otherw se connected via

al kyl ene brygiaes. Exanphes (o iy ROBEACSARR MY e cHiidlyl Reivedifomal i cyl i c

>

acids and sul furized derivatives thereof, such as hydrocarbyl substituted

xamp e & hotsaap g FHRRRGRAE RO AR TGRS Rtk S Ll 4 Sl

skilled in the art. Salicylic acids are,typically.pre

car boxyl at i 6&?“&6‘?“‘%8@5%? ,m%CW%?&PM@ﬁW maﬁ)gra(?gg{;g?%o&lﬁweoﬁgﬁi des.
In that case, salicylic acids are generally obtained in a djdéeue?t in
adni xt ure wabgutdddearbak §0.aregcnraets|l8 t abrrt P& naremates long T 0P8 ed by
using sulfonic acid in to sulfoniate al kyl-substituted aromatic

hydr ocar bonsing uedy tedirkhd toeanytytasitivachf the afky hehain exsepidraposiirmot operaddum or
t hose obtained from al kyl ati on of aronmati c hydrocarbons. Al karyl

sul fonat es ygdial Aypassisakillel ipthealowill $Hpraiadd FposiBeh OF omman elkghbelain at ons,

preferably fromabout 16 to about 60 carbon atons per al kyl -substituted

aromatic mopgLy 1, h{%%ﬂoyﬁioéilﬁoﬁ%k i 8l of HRNALS. BRdhSsthbtidndctic BlGNohain ar e

prepared by reaction wth an appropriate netal conpound such as an oxide

or hydroxi de. tral _qr rb LYoo} tal hods
wel |~ known %?ﬁmg?ttg %ﬁotg%@%ﬁgggf Hﬁ%&?ﬁoﬁnbﬁ(gn%@ glggj Ogh}gog?{epar ed by
reacting a phenol wth_ sul fur, or sul, f yr - cont ai ni ng conmpound such as

hydr ogen suMhicrghe gyl erappaditg to DSI’S%{?F}?‘%' di hal i de, to form products
that are m xtures of conmpounds in which 2 or nore pheng}léfs areI b[?igd%ed by
sul f ur - cont #06hg bri dgeslefingbatgy werd tasikylate helolumfsCaleA TG A OERORG t he
overbased salts are generally any Goup 1 or Goup 2 netal conpounds in

t he Peri odi mi¥iabd ef wtiothelefhgmithbegh thhdatier suppitalisetha pikyltionisgentef a|
conpound include Goup |la alkali netals (e.g., sodium potassium |ithium
as vel |l as Gheibd Repar@Risadnhetieeh siglecsipiress a mdau@riougdio nikyddts therteluene,
preferably sodi um potassium |ithiumand copper, nore preferably sodium

or _pot assi Ut and HRLUHYLA! dedSShETAR! It OB ad honiioup Fesmiabe of

the nmetal base intlude the Goup 2a alkaline earth netals (e.g.,

magnesi um cal ciu strontiu I ; :algs such
as zinc or E:Szggfﬁn&ﬁql PP ’ecguar qr% Ofﬂféérg‘%%lgﬁﬁﬁﬁle%tgﬁ?ug% p%%%@éfﬁ%ﬁgéﬁdci um
barium or zinc, por referably magnesi um or cal cium particularly
preferably PHPE RS 24 @?Q?Es?ﬁrrpl es of the overbased detergents include,
but are not Ilimted to cal cium sul fonates, cal cium phena P]E .cgll g%tjm

sal i cyl at es J0@4l ci um Methodsrofiisemeriring Izt pESOONEy B Fmtﬁl%i 4Bt er gent s
suitable for use with the lubricating oils of the present invention may be
| ow over bas egpiddllyase ofioddt 18as evopbeof {ciBNpathysieioriths)purmuse. SIBRifABUCh a
| ow- over based detergent nay be fromabout 5 to about 50, or from about 10
to about 30hOicidit eRmBHEYEn b6 sbldd ablgyiiid 20nuhber afkaobaselid detiercgmists
suitable for use with the lubricating oils of the present invention nmay

al ternative ' 868 YathlysChavintBN 18B0MR AhalixidOR)prethed. THY of
such a hi gh%aﬁ%bag%ge’g}é‘?%?gentang§ baglr%%rBA(\)ﬂm about 150 to a%)pout 450, or

from about 200 .t o.about 35 . heti

| ow- over bas é‘be(%%lﬁx&‘%fﬁ{’i)ﬁ P g ﬁ%l? éte%%xi&éﬁ. %g n lvﬂg@ﬁegg*%ﬁl&%tf Zeég%a’t@rln&m%nd a

hi gh- overbased cal cium sul furi zed phenate with a.TBN of . abo 0.are tw
exenpl ary o@&@fé@%’&‘?@%é‘?@é%ﬁﬁe‘ﬁ egf’llé‘p\aeuﬁ‘?isglé‘?Pﬂalcglf}#afyég%%ﬁy%els (%)h%saco t he
present invention. The lubricating oil conpositions of i’he resent

i nvent i on mdgrmsoripniasElineing qrt@érﬂ%h“e“’@lﬁéﬂ%%@ﬁ‘:@é?é?‘g% QINGAR BHIREy  be

all low TBN detergents, all high-TBN detergents, or a mx of the those two
types. pore size of at least 6.0 angstroms. Useful acidic clays, including, for example,
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[ 0080] Suitabl e detergents for the lubricating oil conpositions of the
present invention also include "hybrid" detergents such as, for exanple,
phenat e/ sal i cyl ates, sul fonat e/ phenates, sul fonate/salicyl ates,

sul f onat es/ phenat es/ sal i cyl ates, and the |ike. Hybrid detergents have been
descri bed, for exanple, in US. Patent Nos. 6,153,565, 6, 6 281, 179,

6, 429, 178, mordmeriliogitel kponithendiapenits maydedkrivetiempatusally-agsMringet ons and
patents, to the extend they pertain to hybrid detergents and do not
conflict wisyhthttiemeicsialsoBillard ches enay, alar erematiytatmnedtabysts: Otlmrence in t he
entirety. [0081] For the lubricant oil conpositions of the present

i nvention, ghdieciAmEdves Rithlone-diasntRAGEH®E sPi@hd) ﬁﬁﬂﬂ% dedreggsort 65s off Ibss

present, nmay be fromabout 0.5 to about 50 MM or fromabout 1 to about 40

m or eve 2 Sk priaagisment of the
pr esent in\%ﬁfg‘%,ﬁ&g@%ﬁ&m&?%%gg%gﬁggw 'Fé:Nagﬁfbf gﬁate detergent plus about
32 i nM of hi,gh: T I [ i ILIENR } gt he

Cubr i cat i ndtOP P LomauEi |2 R D S S oP BNRE S5 P at 1 ng
oi | conpositions of the present invention may als c,onPri e one or nore
2shl ess. di ZSMSan8 U7 bRIjes b b 6. APETuRM PP derieB Rl Hiea AV HS
suspensi on insoluble materials resulting from oxidation during use, thus
prevent i ng asd deigabdd, fwenpmpleoin HANDRO@COHMOAECHM ROVIEWREISROsHHIIEN et al
parts. Nitrogen-containing ashless (netal-free) dispersants are basic, and
cont ri but e Szosthib NSFBNY ogif, Veanl Nibrisiand Reighold, |1 98D mpakintU.8nPdtentdfd.ch t hey are
added, w thout introducing additional sulfated ash. An ashl ess di spersant

general ly goz&rg%’ea,hﬁgﬂapgﬁergw M@bl%ow;eif&endaydrocar bon backbone havi ng
functional grolups that are capable of associating with particles to be

di sper sed. W t ypesnof. ' r ; Linichg art.

[ 0083] Typi (!a i sper Z%l%tlssoﬁérﬂ:@ﬁ%ﬂfo%g@ %ﬁggggﬁ%ﬁfﬁzgﬁ%xﬁ? am nes,

al cohol s, amides, or este ol.ar ieties dta r
backbones DGRBS Dbt anieba Heb e HEnls2 sl iR/ e
invention may be, for exanple, selected fromoil soluble salts, esters,
ami no- est emigh biliagpointspthgsocesmiy suitably parFigd OB?IHIW%QEhWeW%@é}’bon
substituted nmono and di carboxylic acids or their anhydrides;

t hi ocar boxgbatimiots nogdat inths batth nedg, Titiiad dujastaye ar Blops{laskowgichagnbe

al i phatic hydrocarbons having a pol yam ne attached directly thereto; and

Manni ch comdges ad ierlcgifideadtonitampadtiby, icypibalis usg. Bnltbngthehiznd, a
substituted phenol with fornal dehyde and pol yal kyl ene pol yam ne.

[ 0084] " Car hgxyhidn gh_ﬁe@ﬁ AsBariRicatly eaeicl Q0! PraoRhit RedProdess. 19X fixed-
acyl ating agents z cids, anhydrides, esters, etc.) conprising at |east 34

and pref e 4Bl b el SARL A8 SABOACALPTe bkl M RORAEANE BlclrcgRPOUNds

(such as amnh ydr oxy comnmpoun such as al | phatic conmpounds

i ncl udi ng nonohydri c .and pol dri.c al O‘Q@iﬁ" o a L GO S
i ncl udi ng pHfe ¥Stabﬁﬁs’r‘fﬁer?ﬂ%%'fa%‘gpér S| @E}bﬁ}%{gg%%&ﬁat ersg g These
reaction products include imdes, amdes, and esters. ] 0085 Suc(i:i ni m de

‘
di sper sant sveaght of reagpsat sed par weieht oicanlys epsE: Theriatglyst g charged into

the reactor, which can be heated to the desired reaction temperature. The olefin can
also be heated before it is exposed to the catalyst bed.

[0049] Persons skilled in the art are able to choose isomerization conditions
under which particular levels of isomerization may be achieved. Specifically, the level
of isomerization is typically characterized by the amount of alpha olefins and the level
of branching in a particular olefin sample or mixture. The amount of alpha olefin and

the level of branching can in turn be determined using various conventional methods,
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produced by reacting hydrocarbyl-substituted succinic acylating agent with
organi ¢ hydroxy conpounds, or with am nes conprising at |east one hydrogen
attached to a nitrogen atom or with a m xture of the hydroxy conpounds
and am nes. The term "succinic acylating agent” refers to a

hydr ocar bon-substituted succinic acid or a succinic acid-producing
conpound, t eludirg, dor esnmptep Hewmwisr Traastoringd infeeRed &IdR) srecEpscaPE by ypical |y

i ncl ude hydrocarbyl -substituted succinic acids, anhydrides, esters

(i ncl udi ng halolvigs tteradjorbattelvdhisaaple at @id e 'niile parcersggeaddniretingycan he
formula: /10 RI-CH CHR2_Nn] x_ CH2-/ O wherein each Rl is independently a
hydr ocar byl 595 Bt heaSHENbAFTIR BRYCHBSRDly bydenbwing ke s34Prbatoendfadainpld dte

hydr ocar byl group is an al kyl ‘group, Such as a pol yi sobutyl group.
Alternativek7§%%pessed, the Rl groups can contain about 40 to 500 carbon
atons, and ese atons may be present in aliphatic forms. R2 is an

al kyl ene gr commonl.y . et hyl ene . group. Suceinim i sants
have been n@ﬁ’gol‘ ul ly dgéﬂlr%%%ﬁle 7S mftgé %&%ﬁ&lx .eSI.nabé? egﬁag'c%%ls& IR,
4,234,435, 3,172,892 and 6, 165, 235. The ﬂisq%gsures of thes Pat nts, to-
the extend dhexemplasyarocesyokibe presemntiimention jayalvasan alkydiohsne dat paterived ¢
with the disclosures herein, are incorporated by reference in the
entirety. [0087 Mvsupciipdniesiiebndar alphajolefinst he substituent groups are
derived are typically honopol yners and interpolyners of polynerizable
olefin mnom5$]hof 2 1he Akybaibherpaf disspresendinysntidn maptake phce ariboto, at ons.
The am nes which are reacted with the succinic acylating agents to form

the car boxylihgdhSREISHA, of ATBO Mt ik@Rers Mo 8tefDR AARGWSSr HefddRl M BITIHIRES -
[0088]Succiﬁ?§$de di spersants érelreferred toﬁgg such siﬁie they nornmally

rte 7, A R i i o e

am de functi onafl

i m dazol i nes well as mxtures thereof . To prepare a succini m de

di sper sant,mtwl%?éo@%ﬁlﬁ?r&e%@%dﬁeélﬁr oduci ng conpounds and one or
nore amnes are heated and typically water is reanea, op iagally in the
presence of [M5Rbr mal | Yaripauknevanaikdlatier methods cgn bsese tQ)F’@jSﬁ % 1 quid

solvent/diluent. The reaction tenperature is generally in the range of
about 80C uplkyiolube precosps.didriesmmplenp typatal plkylation eachon trhieh tokes place
product, which typically falls between 100C and 300C. Additional- details

and exanpl e #é prhendr Feeddicen fluoripe eaalysn gay kempeenilnsavethispepersant s
of the present invention have been described in, for exanple, U S. Patent

Nos. 3,172, ﬁgéagd};é?szaigthgﬁ@thoan%zgtgé&ievé1aﬁ§34atﬂ§a,5h0\5m4:ﬁ(h SRSstaRdefidab, 235.

The di scl osur these patents, to the extend they pertain to

preparatio ”nﬁa‘}l S S edh 48 afd IRy %s;selaiﬁq}/}ﬁal Qe B0k bWotld Wkd glaéé? e

di scl osures epéln, are incorporated by reference 1n the entirety.
[0053) The alkylation process typically takes place at a temperature ranging
from about 20°C to about 250°C. Similar to the isomerization process discussed
above, the alkylation process is preferably carried out in a liquid phase to
accommodate the liquid olefins at these temperatures. The alkylation process may be
activated in batch or continuous mode, with the former mode being carried outina
heated and stirred autoclave or glass flask, and with the latter mode carried out in a
fixed-bed process. In either mode, the reactor effluent typically contains alkyltoluene,

mixed with excess toluene. The excess toluene can be removed by distillation,

stripping evaporation under vacuum, or other means known to those skilled in the art.
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[ 0089] Sui t abl e ashl ess di spersants may al so i nclude am ne di spersants,

whi ch are reaction products of relatively high nolecular weight aliphatic
hal i des and anmi nes, preferably pol yal kyl ene pol yam nes. Exanpl es t hereof-
have been described, for exanple, in U S. Patent Nos. 3,275,554,

3,438, 757, 3,454,555, 3,565,804, and the |ike. The disclosures of these
patents, t{0SHE ext eAdsecomianskaltemiative stagtingrmeateptia) pe theanvs] pregesdo not
conflict with the disclosures herein, are also incorporated by reference
in the ent détiYed JKNE A Shet Abilieal i khels mett] afkgitsmons sulfopatesalt hehich nal ude
"Manni ch di spersants,” which are reaction products of al kyl phenols in

whi ch the glkyl pfhata HARERbISKRIwH 18 Wdse IRiNCA HDAE 2t SPFifidallp, Rhghedes

(ﬁspecidal |y formal dehyde) and am nes (especi all yI pol yal kyl ene pol yam nes).
T ' ' - Lot ki Nos.
2, 036, 003, S aR: by I Bn? B BRAEAP G Ll CUATE Parct B RRYCALARE, (0 s

ot conf 1| ERuE ibe et AAy RSB HomgRs: ¢ e ey S RSRRNS By
reference. [0091] Suitabl e ashless dispersants may. even i ncl ude
post - t r eat BEIHETBREbMVatcr i the ragasiop mray; ghiaPaRprredheutih ek P P ani ne
or Manni ch di spersants with reagents su%g a;]a{di me'rgapt ot hi azol@eé), urea,
t hi ourea, esdemehwdicssircaef wakbd dnthdbegse kbe onlysyaterahiforgy ecmay hefde
hydrocar bon-substituted succinic anhydrides, nitrile epoxides, boron
xanpl o i b DG Ratent Moo 5 356, ohp. 5. 449, 250, 3,666,730, and the
exanmple, in U S Patent s. 3, : , 3, : , 3, : , and the
like. The diishlOdiiHessith dsPESRyINRKEMI SmethindlhG cehslieR1y & ndyeeh@iad t o
post-treatgg&%?spersaﬁts and d% not conflict with the %isclosures her ei n,
are furthey i,ngorporated by reference. [0092] Suitabl e ashl ess di spersants
may be pol 9}%’9’:&8 ?ﬁﬁg%°5$e i nterpolynmers of oil-solubilizing nononers
such as decyl thacryl ate, vinyl decyl ether and high nolecul ar, wei ght
ol efins w f%sﬁgﬁorrer FERHCE 15%“‘8811%(0%8 £ in gy et S%HF’S]}rrglr‘fv lcgi per sant s
have been described, for exanple, in U S. Patent Nos. 3,329, 658,
3, 449, 250, T3ukies syinatasalt marbe figeolverh dsataied dwye.dbalgpert Ffé?é@lta&tyé%?t s are
simlarly incorporated by reference. 1[ 3093] I nban exenpl ary lubricating oil
conposi t i oseledted frempngesnne, mhenne aycloheingsubeptamarndsiane cigeedant Bh
et hyl ene carbonate is used as the ashl ess dispersant. In another exenplary
| ubri cati nge@ht, BearmRsicli®B, Bfledehendimbaant thersodnt i on, a borat ed
bi ssucci ni mi de derived from heavy pol yam ne and a pol yi sobutyl ene succinic
anhydride igsgped asshiignigshb sksalith SREHAAE may Be YALuA)Bhi@h, @X@RIval,Yy
IubricatinL oir conpos???gh of tﬁe pr esent iﬁ%ention, an ashl ess
di spersant I xt ure I Si . Of j IBiMrslese v ¥sgd.
[ 0094] The 81‘3?1';{0 glgm d?ggg%%éégq?g%%%a%%q%%?gﬁﬁ H):jﬁ\r?!nglrﬁmgm)uent )(Sf from
about 0.5 to abouyt 10.0 wt.% qr about 2.0 t bgut 8,0 . % or even
Sbout 3.0 edouBEHL sdngeowondie St histe S batr R et 0o
exenplary lubricating oil conposition |

hydroxide (also known as lime) or calcium oxide.

[0057] The weight ratio of low molecular weight alcohol to the source of an
alkaline earth metal in the process is typically greater than about 0.20:1, or greater
than about 0.30:1, or even greater than about 0.35:1, such as about 0.40:1.

[0058] The alkaline earth metal alkyltoluene sulfonate salt of the present
invention, whether derived originally from an oil soluble alkyltoluene sulfonic acid
starting material or is itself the starting material, is further borated. Specifically, a

source of boron is introduced into the reaction mixture to achieve this end. That
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of the present invention conprises an ethyl ene-carbonate treated

bi ssucci ni m de di spersant in an anmount of about 2.0 wt.% Anot her

| ubricating oil conposition of the present invention conprises a borated
bi ssucci ni mi de di spersant in an anount of about 4.0 wt.% as well as an
et hyl ene-carbonate treated bi ssuccini m de di spersant in an anount of about
2.0 Wt .% Anircevmay bégetiedornh 0095] cRaspley boiic atid hypran inhydngadiororestersf t he
present invention nmay further conprise one or nore antiwear agents.

Di hydr ocar by infllat bbrophesphdhe makirals. $hé beroakeurts ebareeemplarg oaess et | wear
and anti oxi dant agents. The netal nay be an alkali or alkaline earth

metal, or e}tﬁ?{e%ﬂf@nvéﬁﬁﬁg’is Fhﬂebdm'dék}g@%%o%%%ﬁé@oidﬁiAqiﬁ@h #9ho COpper .

The anmount o I's particular type of antiwear agent nmay be Timted by the

phosphosphorus cont ent. maxi.m I j i Ll LidQns of the
present | n\‘?’étﬁﬂagﬁqur%c%fo%fﬂnla Iay,eﬁtﬁtetgegre%%@ Iggﬁ%%g’gwn%%}l 1831813%@%%@?” t he
lubricating oil. in_gnmounts qQf about 12 t.o abqut 24 i or about 14 to
about 22 "811“‘5\?@%‘3&"8%1‘3“18‘@8‘“&5‘8@& € IRFLIER l\qeaqaﬁe Btaf’cati ng oi l
conposition of the present invention conprises about 19 nmM of a zinc

di t hi ophos plkattelueppadbpitasid adjonnn alkalingcath plyhelaencgulfonatgsalh 1 Msvn
techniques by first form ng a di hydrocarbyl dithiophosphoric acid (DDPA),
usual | y by presaatkiofa softatde ovomobaruiar ategghit alcolol. & iphedievtd that ¢pndgsBtiomd t hen
neutralizing the forned DDPA with ‘a zinc conpound. For exanple, a

di t hi ophosphpéricaci® iy Bevurls sdiie bERGle Rforh bbtc edd eligpmenpsuchand
secondary al cohol s. ternatively, multiple dithiophosphoric acids can be

pr epar ed Wg%g&t 4 W@Eé&g?%%@en% Rfe AR WRiR:entirely secondary in

character ydroca groups on the others are entirely primary in
character. To neke the zinc salt, any basj& oroneuswal zinc conpound coul d
be used but the oxides, hydroxides and carbdpat are nost often enpl oyed.
Commer ci al additivesyofregientdsy contain an &xcess of zinc due to the use

of an excess of the basiBC zIiBic conpound in thebneutralization reaction.

[ 0097] The preferred oil é@pl e zinc dialkyl di&hi ophosphat es may be

produced from di al | cykyl di t hi ophosphoric acids of the formula: SH OR The

hydroxyl altkyde dipemRH e Fdaomvithitehalkdlimedanh ket rddiiaphesptioivira aci ds are
derived can be represented generically by the fornula ROH or R . OH,

wherein R ‘Bgra%dé s, 3hdtyh &&mauaa% bbidhatoah&ykatinr afmalhnanbienshed or
ed al ky 3

non- branch cont di ni ng o 30 carbon atonms. More preferably, R or

R is a brg&ggneaes%rfﬂ%o&ésbern Pn%ﬁt‘ilorf’.‘l kyl containing 3 to 8 carbon atons.

[0059] The borated alkaline earth metal alkyltoluene sulfqnate salts of the
present invention are typically overbased. By definition, overbased materials are
characterized by a metal content in excess of that which would be present according
to the stoichiometry of the metal cation in the sulfonate said to be overbased. The
term “base number” or “BN” refers to the amount of base equivalent to milligrams of
KOH in one gram of sample. Thus, higher BN reflects more alkaline products and
thus a greater alkalinity reserve. The BN of samples can be determined by a variety of
methods, including, for example, ASTM test No. D2896 and other equivalent
procedures. The term “total base number” or “TBN” refers to the amount of base

equivalent to milligrams of KOH in one gram of functional fluid. These terms are
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[ 0098] M xtures of hydroxyl al kyl conmpounds may al so be used. These

hydr oxyl al kyl conpounds need not be nonohydroxy al kyl conpounds. The

di al kyl di t hi ophosphoric acids may thus be prepared frommono-, di-, tri-,
tetra-, and other pol yhydroxy al kyl compounds, or m xtures of two or nore
of the foregoing. Preferably, the zinc dialkyldithi ophosphate derived from
only pri mar yfied k3ed isteRahglcablySvideriave duthbatmon “BN{1degpeptivalar Theatmo Hiolw
Preferably, that single primary al cohol is 2- ethyl hexanol. Preferably,

the zinc di gldyhdirt RirgR s BRESCTEI U issut I8 aboR! 6. TRERADEhIbhaleased”

al cohols. Preferably, that m xture of secondary al cohols is a m xture of

2- but anol and. 4- -2saent I 1The phosphorus pentasul fide
react ant us%egeﬁsﬁggﬁgy%ﬁﬁ?ﬁyq? ? iégﬁl{glgo% oric acid formation step may
contain mn unt s, of . any one. or re of P2 PAS3, PAST P4S9.
Cbnpositionﬁmﬁgrguch Eﬁ?b%Wé@' SF%%%Pﬁgﬂa@ﬁﬁ%ﬁ??a%%bPW8§d§Uﬁih?.
Viscosity Index Mdifiers [00100]The lubricating oil conpositions of the
present i nvEWS‘iH@mWﬁSlOlbmaV@ﬁw%?Bi‘b?ﬁﬂh%}bl%ﬁ’eﬁb@]ﬂt s & ogg&rq%bquhﬂ%
nodi fiers. The viscosity index of the base stock is increased, or

i nproved, byr éveaabparl@0itogbettE08) suck as tlxiun 1pdtoyateut 200hdineaxiemiptary hat
function as viscosity nodifiers (VM or viscosity index inprovers (VIl).

General |y, B@lapaRili=tinfBiH hnetal alkgRblubneasulfohste 85l b thopeistntdnsentiog id hose
havi ng nunber average nol ecul ar weights (M) of from about 5,000 to

250, 000, prg@@gqgé%?%%ga&ﬁﬁngﬂégD@ggmhqﬁgpo,000, more preferably from

about 20, 00 se viscosity nodifiers can optionally be
grafted wit fting terials such fqr : - TRl L] i de,
and the gr atbtogﬁiﬁrrat er Magl%yésgﬂveﬁ@(’l?%é%?tg%dsvﬂaﬁ?ﬁﬁgﬁgé@éﬁg)@ ef{,a} gvrfG? es, glam' des,
ni trogen-cont aj ni ng heterocyclic,co unds. or .al cohol , ., to .form.

mul ti funct i BalvevebsEng ;'?Yr%ﬁ’PFid&P%E%? 3“1"%‘5‘8}% Shpu i%‘i}i}%‘istaydﬁﬁﬂﬁi%‘?‘ésr 5

[ 00101] The exenplary lubricating oil conpositions of the present invention
enpl oy vari dmgg@@pﬂéﬁel’@iﬂmﬂ}}@éﬁ%eﬂ}% ars- Tiba bavated plkahngeaythipetahe
grafted by mal ei ¢ anhydri de. The copol yners may be enpl oyed at an anount
from about 8ikPlidlacmdxuifondtds 6f the piésemtrinaintion afe @rertmseh oach Bith ong oBoruch as
about 2.0 to about 6.0 wt.% of the lubricating oil conposition. Friction

Modifiers LAQB2d stideht i8hdl oREBPGERN Borid &fd.| Atbidiagly rigberid addiposi ti ons
of the present invention further conprises one or nore friction nodifiers.

vari ous sul iihiddtH H MA@ CILRPIoHRE YPARBRT RATRRY RS 8 6ydibidind O

function as ftriction lers in lubricating oil compositions, while al so

provi di ng antigﬁd a{rélai ‘gnﬂ antiwear credits to a lubricating oil
conposi ti on"EXFAPPEL %G such oi |l sol ubl e or gano- nol ybdenum conpounds

el ude LS baret s, 4L EROsEARt ety 1, QRN QTR e Pt e
present invention may be prepared by, for example, first premixing a hydrocarbon
solvent such as xylene with a low molecular weight alcohol such as methanol and a
source of an alkaline earth metal such as a calcium hydroxide. This premixing step
may be performed at or near ambient temperature, such as at about 15°C to about
40°C, or at about 20°C to about 35°C. . .
[0063] Following premixing and if necessary, foam inhibitors and other
processing aids may optionally be added to the reaction vessel.

[0064} An alkyltoluene sulfonic acid may then be added to the mixture with

agitation. Typically, the alkyltoluene sulfonic acid is added slowly over a period of
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[00103] G| sol uble or dispersible trinuclear nolybdenum conpounds can be
prepared by reacting in the appropriate |liquid(s)/solvent(s) a nolybdenum
source such as (NH4) 2Mb3Si 3n(H20), where n varies between 0 and 2 and

i ncl udes nonstoi chionetric values, with a suitable |igand source such as a
tetral kylthiuramdisulfide. QGther oil soluble or dispersible trinuclear

nmol ybdenumtizwsnpaisnidis: pid rixe ifi cmepedatdrerin tige mactmagixtme,imaintmisgiheopri at e
solvent (s) of a nolybdenum source, such as of (NH4)2M3S13.n(H20), a

l'i gand soungfp&hitfe GthitGhikalrk it 4 Ringé 8f fbddit 30T fothouth58C Kyhetedfter abar bamat e,
or dial kyl di t‘r)ﬂ ophosphate, and a sul fur-abstracti ng agent such as cyani de

ions, sulfi | . i i : i nucl ear
oy bdenum SStpR i is3babd bt bG5S A iRae) UES Knplrdine
counter ion

A, h @ 0 |, d with
a |igand s Pg(guqégc(ﬁoa%oggm EW gﬁ] ﬁ?)o%ctgrgf?g\%i;%eeirnsro %&i‘%&‘% gﬁc{eﬁ?%%ﬁosghat e
i th iate |i i d(s)./sol t to f il. l.ubl e.
i 'sper s bl @eRF?fabeet ek bR A BOHDbAHE e TABArSHPR SRR SR sof vent

may be, for exanple, aqueous or organic. [00104] The terms "ol soluble" or
"di sper si blcevledusidg hdat o afleer woelingmechanism tp abaut Z8Edo ebett 261 e @ shp¥unds

or additives are soluble, dissolvable, mscible, or capable of being
suspended i2n1°C keatiut 24°C, ahd ispiehiairthiis cersperdtioesrangtoforelout 1Howetceabout hat t hey
are, for instance, soluble or stably dispersible in oil to an extent

suf fi ci ent HoRrse Xk hehthBizhtibmitepaag velbhfitéd ifan bhaligavirtonsrnilkyltolutiech t he
oil is enployed. Mreover, the additional incorporation of other additives

may al so p £l rafd: i i r additive,
T des roa U TbtstORAS B RE Rl SRR LEUFUR RUAAIBIE I The pr ecent
i nvention )] oys a npl ybdenym succini m de ¢ X, friGtion ifjer O
the | ubri ci{;ﬂ) oi | c?bf‘f%’é%‘i ‘E}ﬂ’é)ﬁ?n ?Ur?b aﬁ?f’?ﬁa‘élﬁgﬁh g%“rlr% egfidnvgl Oggrné;?%% e
fromabout 0.1 to 0.8 wt.% or fromabout 0.15 to, about 0,5 wt.% or even
from about of abeit28 mipwigs tpabeyt ¢ migutegio thy BeiTalizsr e IBRIHE White

conposi tion of the present invention conprises a sulfurized nolybdenum
succi ni m denajowipinexthi tenaperatmeuafithas mixbwe ot HopO2AWE. 19@beE SOL obhis e t ot al

wei ght of the lubricating oil conposition. Antioxidants [00106] The

| ubri cat i ngoldéwedONRAGink ittteeacfont thixtype es sbitut R weattonb 50 Cafpr apadditianal y
further conprise one or nore antioxidants. Oxidation inhibitors or

anti oxi dantis e AL thi@RARREY is@loolBdNE hBbutQOPE td &botlle2 30 Fhateoling servi ce
Such oxidation inhibitors include hindered phenols, alkaline earth netal

salts of al ' ' f CambrRdiately inSi1 de

chai ns, calng%h%n%g%{hgﬁgﬁ#@?ﬁﬁeﬁg%@f&s‘%ﬁﬁgﬁgﬁhena?es aﬁlld%l furized
phenat es, pBos osul furized or sul furized hydrocarbons or esters, '

" phosphor oudPRYCHTBINESt 5| ¢ hij ocar bamat es, oi | sol ubl e copper conpounds as
described in, for exanple, U S. Patent No., 4,867, 890. 0107],Aromati c

ami nes havilbdF6dt | eastypicallydhefgetion ﬁP’SHE?S‘SQIePa‘;Z‘WgH?‘H?tLgH’ieﬁ B 1% He
nitrogen constitute another class of compounds that is frequently used for
ant i oxi daneyore Tiytpingaliatotempsoitutes.dt srbstinvedcthatthisstephed/ henling eppreaet mayo
aromatic groups attached directly to one amne nitrogen contain from®6 to
16 carbon ateeBe reliee tEisedimenpiateciarthatinalrppoduct. Haon exawpley obaticd akabinps. The
aromatic rings are often substituted by one or nore substituents sel ected

from for exanilee afdyk¥luens¥afnalcknlt of Mdi@¥sent RivihtdmayBy prepaey iwa no,
hydr oxy, and nitro grfoups.

process comprising heating the reaction mixture to a first intermediate temperature of

about 65°C in about 20 minutes to about 40 minutes, followed by heating to a second
intermediate temperature of about 80°C in about 90 minutes to about 2 hours,
followed by heating to a third intermediate temperature of about 90°C to about 95°C

in about 1 hour.
23



[ 00108] Lubricating oil conpositions in accordance with the present

i nvention may contain fromabout 0.05 to about 5.0 w.% or from about
0.10 to about 3.0 wt.% such as from about 0.50 to about 2.0 w.% of one
or ore antioxidants. An exenplary lubricating oil conposition of the
present invention conprises about 0.5 wt.% of an antioxidant that is

di - C8- di phejogbm ne. ‘At loer mokevipd weight albsliod,ahe hydrocdrborcsohyrnsias wehl asf  t he
present invention conprises about 1.0 wt.% of a hindered phenolic

propi onat e B8 G@lfer Ak haXbAecRerdfd Watihg @ R 6 £2 Até 1Hén $émoved from the
di - C8-di phenyl am ne. O her Additives 1001091C her additives may be

i ncor por at ed_ | r.cat i R ORRS Ll SEM

i nvention trga%d%%lﬁgi%‘?/ﬁ f %&p&%&%ﬁgﬂﬂg‘é@? or nahltgel&reglagfl Fﬁee@h? gleassopé?’at ed
wi th diesel, engin ils. | es,,0 uch her ditives inel for
exanpl e, rJbE ngfﬁ%tﬂ?ff%ﬁﬂg ,egéﬁ%ﬁ Bgﬁﬂtﬂgle’é%%ﬁfog?teg %%QT’ P‘f‘ﬁ“éi‘&%ﬁ%‘l 101Rust
i nhibitor or anticorrqgsion agents nay be a ﬁ ni oni c ﬁ%%@i{%ﬁ%h | ene
surface acthyebapEpired b PHIFES G98INFEIEShe e @O el SR8 ent s
include, but are not limted to, polyoxyethylene |auryl ether,

pol yoxyet hydimply Heatihe theatantionimistuneto, about thebpdlingaperafwesfgheslgohads her |
pol yoxyet hyl ene octyl phenyl ether, pol yoxyethylene octyl stearyl ether,

pol yoxyet hydorat gldeywhtes Th eiat piekysotheetdvyion nexmes iheatked orest 2ar at e,
pol yoxyet hyl ene sorbitol nono-ol eate, and pol yet hyl ene gl ycol nonool eate.

Rust i nhi bitsﬁagéraa{reaﬁaﬂo%@m?@'@%amwmﬁm@kmo&e ot her conpounds, which
i nclude, for exanple, stearic acid and other fatty acids, dicarboxylic

aci ds, met aps, fatt i ] ?ﬂ] I : fonic
aci d, partﬁgpé@ar boxy‘?ﬁttéé/na{%&b&e@ erIﬁ ao p%@%nﬁcg a%??(k)lh?)rftgﬂ dgﬁaﬂ%%%g}ohori C
esters. [0Ql1l1lFoam inhibitors typically include alkyl methacr te

pol ymers arftSaPHenay fher :bF iaé@qftgéﬁ%m&&qﬁ’:@gﬁ%ﬁ%ﬁgug% &%C??lﬁfnos 0‘1‘a t he
present invention contain silicon-based foaminhjbitors in anmounts ranging
from about regctigprmixgire pad/er digpgipihe produch putipRle dilvent ginesnanB it o ppm
such as about 30 ppm based on the total weight of the conposition.

[ 001121 Seal arf, iand sreatedined, Sor ¢xemmpde) is EAELSAD LUBRJCAYENHSNBBO e dfeprgeily i er s.
They are often enployed in lubricant or additive conmpositions to insure
proper el astaeml ec.s.,leﬁabbm at pdre 190exsdasilaidnt.uoemsneed] ofigid, syrebetand

| eakages. Seal swe agents may be,
chemical origin or biological origin.” It may not be necessary to add such an inert
liquid medium at this juncture if, for example, the product is extruded.
[0069] The distillation step typically continues for about 2 hours at a
temperature of about 180°C to about 200°C, followed by holding the reaction mixture
for about 15 minutes at that temperature. The unreacted alkaline earth metal reactive
base, source of boron (if other than boric acid), and boric acid are then eliminated
using conventional and well known methods such as centrifugation and/or filtration.
For example, the borated alkaline earth metal alkyltoluene sulfonate salt of the present
invention may be prepared in a process comprising the filtering of the reaction |

product in the presence of a certain filter aid in a precoated pressure filter, followed

by washing the resulting pellet with précoat oil and storing such a pellet.
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for exanple, oil soluble, saturated, aliphatic, or aromatic hydrocarbon
esters such as di-2-ethyl hexyl phthal ate, mneral oils with allcphatic

al cohol s such as tridecyl alcohol, tri phosphi te ester in conbination with
a hydrocarbonyl -substituted phenol, and di-2- ethyl hexyl sebacate.

[ 00113] Sone of the above-nentioned additi ves can provide a nmultiplici ty of
effects; th[€70pr exaiht msublingibogited alkialinti eah meeyal aditylialncae silfyetesaliotas
wel | as an oxidation inhibitor. These nultifunctional additives are well

known. [ 001dglhsscheiaddtion WodpistLaduby td faes skivh,|cedbout X tbabautts wt.ve
anounts of certain additives are suitably listed With the unit "mM rather

than the unlt 'é%ba@t"sfﬁéd@vmts \ﬂf%aéhcﬁQQhEquQSt%BﬂuM $Wed, W bhrohhe uni t

" "is ca culatedvvl erence to the amount of calciumion in 1

ki | ogr am of Hov&, SIRES rahe ¢

[ 00115] V\henTﬁ%B"ly ?ldoa{l Oﬁon 1(1’1({&%53%]% bﬁs %g}ril{e k%gﬁ%&i%%nrar%rd e op&%s\égata

ment i oned addj tives, ach a itive is typ base 0|I
in an amountel ‘PWEHh %’Fﬁ‘%p]f’othf)%ﬁﬁﬁsg ﬁi@&ﬁﬂﬁﬁttl on.
may be desirabl e, although not essentl al, to prepare one or nore additi ve

concent r at eMozenver.itkg reguliiseberaeskalkalins carth metad slkyBalensrudionaied theef er r ed
to as additive packages) whereby several additives can be added

si mul t aneoupieyerit invehiowiypidatly fhas abbive tb atkelivatarthgmelal iop satproef initmrangthe
final conposition may enploy from5 to 30 wt.% preferably 5 to 25 w.%

typically 18f4Ru @0 to%beht 1:0, 604HaN1 03 18 abbliel :0.6/'® svep abhgilr(ys tdhe oi | of
| ubricating viscosity. An exenplary final |ubricating oil conposition of

the pr esent ¢ $i00y BT 5. PBGHLo 180 18566 Of a concentrate, with the

remai nder being a“suit e 0| ricating viscosity. The corrponents
can be bl en n any,prder and ca t
conponents. ﬂ]%(;}61)116] TP(F%S(?V&"/’ean qr%tﬁg\%ﬁ(g'l lg%gﬁ&l Fﬂﬁﬂ@%@%ﬁ%@ r ef erence
to the follow ng exarrples which are not to be cons tive of
its scope. FxANPfpEthemesentinyRRiq qS&MIWQSIMﬁ]Qﬁe@ ﬁ%@“g ?%@?S% nt)%ﬁ
illustrate the present invention without limting it. Wile the present
i nvention h280 deeor abost 1 The toiabent28P 6Pk sach ?tsdibQWeQﬁquSé BIBIERM s, this
application is intended to enconpass those various changes and
substi t ut i onsotdaate with tieASTNE Dy s t Thas enistohy hisd have a Aeshgrointwif greoter
departing fromthe spirit and scope of the appended claims. Exanple 1:
Preparing amauBsR1g0°Ber 3k6sl akett ¢ 8ORD, HidH aslabotUIBNeC Sislvheisatee in

accordance with the ASTM D93.

[0072] The lubricating oil composition of the present invention comprised one

or more borated alkaline metal alkyltoluene sulfonate salts prepared in accordance

with a variety of suitable processes such as those exemplified above. Typically, a

lubricating oil composition of the present invention may comprise about 5 to about 60

mM, or about 10 to about 50 mM, or even about 15 to about 40 mM, of one or more

borated alkaline earth metal alkyltoluene sulfonate salts, based on the total weight of

the lubricating oil composition. An exemplary lubricating oil composition of the

present invention comprises about 16 mM of a borated calcium alkyltoluene sulfonate

salt, based on the total weight of that lubricating oil composition.
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Salt [00118]In a 5-liter glass vessel, 228 grans of nethanol, 1800 grans
of xylene, and 192.5 grains of hydrated |ine (cal cium hydroxide) were

m xed to achi eve honogeneity or near honpbgeneity. 572 grans of an

al kyl t ol uene sul fonic acid, which had a nol ecul ar wei ght of 471, was added
to the vessel, while maintaining the tenperature in the reaction m xture
in the range of 20C to 30C. Thi s adiher Addities conpl eted in 15 m nutes.
291.9 grans of boric acid powder was then added to the vessel, while

mai nt ai ni ngMdigl-Cenaniing Welerebnshe reaction mxture in the range of 30C to
35C. The reaction mxture was then kept at this tenperature for 15

m nutes. Th o8 sel ¢ Mat] [ st ated in 3
steps: (1) fro SSCtgH%Q%%I;CEIL?’%&F?Oﬁ G?C(:Hlt@g% ;éfﬂgﬁiﬁ%ﬂﬁ% to 128C.

358 granms of a GGoup | mn | _Qqjl . : '

\ivgs 08 B i)r r egf:onf‘Wésee i°F 8% %‘%F gl%%'g F %@u ﬁl@ﬁgf}é@_tbg{hgedé{e?@gﬁtgS‘gﬁdgt ﬁmglt x;u °
, and the solid sedi nent d, .Thi | | '

the I qui d BHlisent 8 DeSeuHaR ARt AB Dt SHarub st GiAng (he

sol vent xyl ene. N&OOllQlThi S process was repeated in a second batch using

the set of shajesMatadrconipininger ashdorming tlelgrgentediragtion bothhascdgiergemato t he
anount of nethanol added to the prem xture was increased to 240 grans The
resul ting sedduee sreremosadépositsl amhas adidnedmaliners opruspimbibitess, dreactyi rededing n
Table 1 below. Table 1: Analysis of the borated cal cium all cyhol uene

sul fonat e slehSandR¥oABELA hES extending engine life. Detergents generally comprise a polar

head with long hydrophobic tail, with the polar head comprising a metal salt of an
acid organic compound. The composition of the present invention may contain one or
more non-borated detergents, which are normally salts, and especially overbased salts.
Overbased salts, or overbased materials, are single phase, homogeneous Newtonian
systems characterized by a metal content in excess of that which would be present
according to the stoichiometry of the metal and the particular acidic organic
compound reacted with the metal. The overbased materials are prepared by reacting

" an acidic material (typically an inorganic acid or lower carboxylic acid, such as
carbon dioxide) with a mixture comprising an acidic organic compound, in a reaction
medium comprising at least one inert, organic solvent (such as mineral oil, naphtha,
toluene, or xylene) in the presence of a stoichiometric excess of a metal base and a
promoter.
[0074] The acidic organic compounds useful in making the overbased
compositions of the present invention include carboxylic acids, sulfonic acids,
phosphorus-containing acids, phenols or mixtures thereof. Frequently, the acidic

organic compounds are carboxylic acids or sulfonic acids with sulfonic or thiosulfonic
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Batch / Batch 2 wt..% Calcium7.66 7.90 wt % Sul fur 2.81 2.80 w % Boron
4.09 4.08 Base Nunber (nglCOH g) 168 174

groups (such as hydrocarbyl-substituted benzenesulfonic acids), and hydrocarbyl-
substituted salicylic acids.

[0075] Carboxylate detergents, e.g., salicylates, can be prepared by reacting an
aromatic carb())_cylic acid with an appropriate metal compound such as an oxide or
hydroxide. Neutral or overbased products may then be obtaingd by methods well
known in the art. The aromatic moiety of the aromatic carboxylic acid can contain
heteroatoms, such as nitrogen and oxygen, but preferably, the moiety contains only
carbon atoms. Suitably, the moiety contains six or more carbon atoms, such as a
benzene moiety. The aromatic carboxylic acid may contain one or more aromatic
moietics, such as one or more benzene rings, fused or otherwise connected via
alkylene bridges. Exampies of aromatic carboxylic acids include salicylic acids and
sulfurized derivatives thereof, such as hydrocarbyl substituted salicylic acid and
derivatives thereof. Processes for sulfurizing, for example a hydrocarbyl-substituted
salicylic acid, are known to those skilled in the art. Salicylic acids are typically
pfepared by carboxylation, for example, by the Kolbe-Schmitt process, of phenoxides.
In that case, salicylic acids are generally obtained in a diluent in admixture with
uncarboxylated phenol.

[0676] Sulfonates can be prepared by using sulfonic acid in to sulfoniate
alkyl-substituted aromatic hydrocarbons such as those obtained from the fractionation
of petroleum or those obtained from atkylation of aromatic hydrocarbons. Alkaryl
sulfonates usually contain from about 9 to about 80 or more carbon atoms, preferably
from about 16 to about 60 carboﬁ atoms per alkyl-substituted aromatic moiety.

[0077] Metal salts of phenols and sulfurized phenols are prepared by reaction
with an appropriate metal compound such as an oxide or hydroxide. Neutral or

overbased products may be obtained by methods well known in the art. For example,
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Cl osed Cup PMCC Fl ash Point (C) 202 196 Exanple 2: Lareer Scale
Preparation of an Overbased Borated Cal cium Al kvitoluene Snlfonate
1001201A 1900-liter stainless steel reactor equipped with a turbine m xer,
a hot-oil jacket and a cooling coil was used as the reaction vessel. 798
kil ograns of m xed xyl ene was charged into the vessel. The reactor was

t hen cool edsilfir20€phahilcinaybs ptephred byhreading shphpodl withoful fay bemsnlfuse ni t r ogen
purge step was used to reduce the amobunt of oxygen in the reactor to 3

ppm 126 Ki Logsialie @npgoshs swh L9gaests sulpeydarfurasniatide acddfir dihalids
reactor via a screw conveyer. The contents in the reactor was bl ended and

i xed. Wi 6, B3 pHAGH ARBOhRLIok ShiBHG A B HANKO dihéle Wnadded Lo t e

react or over m nut es, I ng which the tenperature of the

reaction mxture.ros to 43C. The, reactor was cooled to 20C, and 195
ki | ogr ans ogn%%?ﬁibé'sél ORI PEASEY  ough the screw conveyor over a peri od

of 10 mnutes. 113 kilograns of nethanol .was then added t h t
over a peri B878F 15 mlpgmsdal CHWPP“J%?‘IE‘HWH@“P% é’rvﬁﬁﬁﬁeélos&hs g’i‘?ree?gag'[ i on

m xture rose to 36C. The contents of the reactor was bl ended and m xed at
t hat t enper gengradlyfany GuoupHer Group 2 metal compounds in the Periodic Table of the

Elements. The Group 1 metals of the metal compound include Group 1a alkali metals
(e.g., sodium, potassium, lithium) as well as Group 1b metals such as copper. The
Group 1 metals are preferably sodium, potassium, lithium and copper, more
preferably sodium or potassium, and particularly preferably sodium. The Group 2
metals of the metal base include the Group 2a alkaline earth metals (e.g., magnesium,
calcium, strontium, barium) as well as the Group 2b metals such as zinc or cadmium.
Preferably the Group 2 metals are magnesium, calcium, barium, or zinc, more
preferably magnesium or calcium, particularly preferably calcium.

[0079] Examples of the overbased detergents include, but are not limited to
calcium sulfonates, calcium phenates, calcium salicylates, calcium salixarates and
mixtures thereof. Overbased detergents suitable for use with the lubricating oils of the
present invention may be low overbased (i.e., Total Base Number (TBN) below 100).
The TBN of such a low-overbased detergent may be from about 5 to about 50, or
from about 10 to about 30, or from about 15 to about 20. The overbased detergents
suitable for use with the lubricating oils of the present invention may alternatively be
high ox-ierbased (i.e., TBN above about 100). The TBN of su(;h a high-overbased
detergent may be from about 150 to about 450, or from about 200 to about 350, or
from about 250 to about 280. A low-overbased calcium sulfonate detergent with a

TBN of about 16, and a high-overbased calcium sulfurized phenate with a TBN of
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15 mnutes. The reactor was then heated in 4 steps at atnospheric pressure
to renove the nethanol and the water that was generated during the
reaction: (1) from34C to 69C, over a period of 60 mnutes; (2) from 69C
to about 78C, over a period of 100 mnutes; (3) from78Cto 93C over a
period of 60 minutes; and (4) from93C to 127C, over a period of 60

m nut es. 16GBoki 260gratveo efenspla@@viibasadaletefdntsimctha iboidating aiheormpasifions. The
reactor was then heated to 171C and the pressure in the reactor was

reduced to QKA Fresdat Rivehitich. TE hwtdlicafing dibcdarhpositisns o6 thehmesehhimvantioane may be
distilled. The pressure in the reactor was then restored to the

at oS pher | Gu gy ESSe molDHEANE SertAR ol UATHHR AAPbAGWIGAITERN | wis

added to th pressure filter with the aid of diatomateous earth

was used to, filter di ment i i ed to be 1.2
vol . % The q’e%%ﬁ“?%’ ﬁg\ﬁab%lfiﬁga&gﬁr %ﬁ,gfaﬁgog&e}’igﬁsgﬁgbs t was anal yzed and
its properties are listed below in Table 2. Tabl.e 2: Larger.scale
g repar ?ft i or[g%qﬂlansoveslﬁtél Bg]é‘diﬁ%%’ﬁse@r gﬁl Ipbrigating lecf’mpﬂﬁlﬁ@% %fLﬂS“f BiSSEE
roperties Large Scal e Batc

invention also include "hybrid" detergents such as, for example, phenate/salicylates,

sulfonate/phenates, sulfonate/salicylates, sulfonates/phenates/salicylates, and the like.
Hybrid detergents have been described, for example, in U.S. Patent Nos. 6,153,565,
6,281,179, 6,429,178, and 6,429,179. The disclosures of these patent applications and
patents, to the extend they pertain to hybrid detergents and do not conflict with the
disclosures herein, are incorporated by reference in the entirety.

[0681] For the lubricant oil compositions of the present invention, the amount
of the non-borated overbased detergent(s), if present, may be from about 0.5 to about
50 mM, or from about 1 to about 40 mM, or even from about 2 to about 38 mM. In an
exemplary embodiment of the present invention, about 4 mM of a low-TBN sulfonate
detergent plus about 32 mM of a high-TBN sulfurized phenate detergent are present
in the lubricating oil composition. |

Ashless Dispersants

[0082] The lubricating oil compositions of the present invention may also
comprise one or more ashless dispersants. Dispersants are generally used to maintain
in suspension insoluble materials resulting from oxidation during use, thus preventing
sludge flocculation and precipitation or deposition on metal parts. Nitrogen-
containing ashless (metal-free) dispersants are basic, and contribute to the TBN of a
lubricating oil composition to which they are added, without introducing additional

sulfated ash. An ashless dispersant generally comprises an oil soluble polymeric
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w.%Calcium7.65 w.% Sul fur 2.78 I' wt. % Boron 4. 03 | Base Nunber

(mgKOR/ g) 167 Kinematic Viscosity (4 loot (cSt) 112 Exanple 3:

Eval uati on of Protection Against War 100121]G 1 A and Conparative Ol A
were prepared and tested for wear protection in a nodified 4-Ball wear
test. Specifically, a typical 4-ball machine was used. Prior to the test,
the steel bhydecaborbigsbenclysitl functional groups dahpr sapible elgssaridingvith 160C
in the presence of an air flow at 15 liter/hour, using a sinple glass tube
as a bubbl epartitike taBe dilspeaseta dLanynysds o&aﬁﬂevgldmpsmmﬁslaredmoa}npndm arqitel y 1800

revol utions

[0083] Typical dispersants include, but are not limited to, amines, alcohols,
amides, or esfer polar moieties attached to the polymer backbones via bridging
groups. The ashless dispersant of the present invention may be, for example, selected
from oil soluble salts, esters, amino-esters, amides, imides, and oxazolines of long
chain hydrocarbon substituted mono and dicarboxylic acids or théir anhydrides;
thiocarboxylate derivatives of long chain hydrocarbons, long chain aliphatic
hydrocarbons having a polyamine attached directly thereto; and Mannich
condensation products formed by condensing a long chain substituted phenol with
formaldehyde and polyalkylene polyamine.
[0084] "Carboxylic dispersants” are reaction products of carboxylic acylating
agents (acids, anhydrides, esters, etc.) comprising at least 34 and preferably at least 54
carbon atoms with nitrogen containing compounds (such as amines), organic hydroxy

- compounds (such as aliphatic compounds including monohydric and polyhydric
alcohols, or aromatic compounds including phenols and naphthols), and/or basic
inorganic materials. These reaction products include imides, amides, and esters.
[0085] Succinimide dispersants are a type of carboxylic dispersants. They are
produced by reacting hydrocarbyl-substituted succinic acylating agent with organic
hydroxy compounds, or with amines comprising at least one hydrogen attached to a
nitrogen atom, or with a mixture of the hydroxy compounds and amines. The term
"succinic acylating agent" refers to a hydrocarbon-substituted succinic acid or a
succinic acid~producing compound, the latter encompasses the acid itself. Such

materials typically include hydrocarbyl-substituted succinic acids, anhydrides, esters

(including half esters) and halides.
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per mnute. An auto-l|oading systemconprising a notor, a |loading arm and
a force transducer nounted between the notor and | oading arm was used to
apply load to the balls. The force transducer was al so connected to a
conputer that nmeasured and adjusted the |oad in accordance to the anount
of | oad required at each given stage of the test. At the far end of the

| oadi ng ar nj0086}i spl aBecemt-basmisdisperastsioyntadde wriethohehesieab giradiures,

di stance between the sensor and the | oading arm once every m nute and
recorded t h@hichShayt 5o repiodéied by @Rfbiaulaus readout of the extent of wear.
The equi pment further conprised a torque sensor, which neasured the
friction of the rotating ball vis-a-vis the |oweg stationary balls,
recording a readout every m nu}, . A tenperature s nseg_yi@s al so nounted to
the ball hol der to nmai nRaigy erature of the oids. [100122] The conponents
of Gl A and Conparative Ol A/aNe—ﬂ]i‘?st JeRow R T%bl e 3, where the
results of the nodified 4-8&+4C wear test are |ist balow in table 4. O
A and Conparative O 1 A each his a phosphor us confent of 0.12 w.%and a
sul fur content of 0.34 wt.% T&ble 3: Conponents®f O A and Conparative
Gl A Conponents G| A Conparative O A None Borated Cal ci um

Al Il cyl tol uene Sul fonate 16 mMM Rotated Succinimde 4wm. % 4wm . %

wherein each R, is independently a hydrocarbyl group, such as a polyolefin-derived
group. Typically the hydrocarby! group is an alkyl group, such as a polyisobutyl
group. Alternatively expressed, the Ry groups can contain about 40 to 500 carbon
atoms, and these atoms may be present in aliphatic forms. R is an alkylene group,
commonly an ethylene (C;ILy) group. Succinimide dispersants have been more fully
described in, for example, U.S. Patent Nos. 4,234,435, 3,172,892 and 6,165,235, The
disclosures of these patents, to the extend they pertain to succinimide dispersants and
do not conflict with the disclosures herein, are incorporated by reference in the
entirety.

[6087] The polyalkenes from which the substituent groups are derived are
typically homopolymers and interpolymers of polymerizable olefin monomers of 2 to
16 carbon atoms, and usually 2 to 6 carbon atoms. The amines which are rgacted with
the succinic acylating agents to form the carboxylic dispersant composition can be
monoamines or polyamines.

[0088] Succinimide dispersants are referred to as such since they normally
contains nitrogen largely in the form of imide functionality, although the amide
functionality may be in the form of amine salts, amides, imidazolines as well as

mixtures thereof. To prepare a succinimide dispersant, one or more succinic acid-
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Et hyl ene Car bonat e-Treated Bi ssucci ni mi de 2wt . % 2wt . % Low Over based
Benzene Sulfonate 4 nM 4 nM Hi gh Overbased Phenate 32 m M 32 ni M Zi nc- DTP
19 inM 19 mM Mol ybdenum Conpl ex 0.2 wt %

producing compounds and one or more amines are heated and typically water is
removed, optionally in the presence of a normally liquid and substantially inert
organic liquid solvent/diluent. The reaction temperature is generally in the range of
about 80°C up to the decomposition temperature of the mixture or the product, which -
typically falls between 100°C and 300°C. Additional details and examples of the
procedures for preparing the succinimide dispersants of the present invention have
been described in, for example, U.S. Patent Nos. 3,172,892, 3,219,666, 3,272,746,
4.234,435, 6,440,905 and 6,165,235, The disclosures of these patents, to the extend
they pertain to preparation of succinimide dispersants and do not conflict with the
disclosures herein, are incorporated by reference in the entirety.

{0089} Suitable ashless dispersants may also include amine dispersants, which
are reaction products of relatively high molecular weight aliphatic halides and amines,
preferably polyalkylene polyamines. Examples thereof have been described, for
example, in U.S. Patent Nos. 3,275,554, 3,438,757, 3,454,555, 3,565,804, and the
like. The disclosures of these patents, to the extend they pertain to amine dispersants
and do not conflict with the disclosures herein, are also incorporated by reference in
the entirety.

[0090] Suitable ashless dispersants may further include “Mannich
dispersants,” which are reaction products of alkyl phenols in which the alkyl group
contains at least 30 carbon atoms with aldehydes (especially formaldehyde) and
amines (especially polyalkylene polyamines). These dispersants have been described,
for example, in U.S. Patent Nos. 3,036,003, 3,586,629, 3,591,598, 3,980,569, and the
like. The disclosures of these patents, to the extend they pertain to Mannich
dispersants and do not conflict with the disclosures herein, are likewise incorporated

by reference.
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0.2 wt % di - C8-di phenylamine 0.5 wt.% 0.5 wt.% Hi ndered Phenolic Ester
Iwt. % 1wt . % Foam I nhi bitor 30 ppm 30 ppm Pour Point Depressant 0.2 w.%
0.2 w.% Viscosity Index |nprover

[0091] Suitable ashless dispersants may even include post-treated dispersants,
which are obtained by reacting carboxylic, amine or Mannich dispersants with
reagents such as dimercaptothiazoles, urea, thiourea, carbon disulfide, aldehydes,
ketones, carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitrile
epoxides, boron compounds and the like. Post-treated dispersants have been
described, for example, in U.S. Patent Nos. 3,329,658, 3,449,250, 3,666,730, and the
like. The disclosures of these patents, to the extend they pertain to post-treated
dispersants and do not conflict with the disclosures herein, are further incorporated by
reference.

[0092} Suitable ashless dispersants may be polymeric, which are
interpolymers of oil-solubilizing monomers such as decyl methacfylate, vinyl decyl
ether and high molecular weight olefins with monomers containing polar substitutes.
Polymeric dispersants have been described, for example, in U.S. Patent Nos.
3,329,658, 3,449,250, 3,666,730, and the like. The disclosures of these patents are
similarly incorporated by reference.

[0093] In an exemplary lubricating oil composition of the present invention, a
bissuccinimide treated with ethylene cérbonate is used as the ashless dispersant. In
another exemplary lubricating oil composition of the present invention, a borated
bissuccinimide derived from heavy polyamine and a polyisobutylene succinic
anhydride is used as the ashless dispersant. In yet another exemplary lubricating oil
composition of the present invention, an ashless dispersant mixture comprising both
of these bissuccinimides is used.

[6094] The ashless dispersant is suitably present in an amount of from about
0.5 to about 10.0 wt.%, or about 2.0 to about 8.0 wt.%, or even about 3.0 to about 7.0

wt.%, such as about 4.0 to about 6.0 wt.% . An exemplary lubricating oil composition
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3.6 .%3.6 mt.% MA-G afted EP Copol ymer 6wt. % 6wt . % Treat Rate 12.8 wt. %
12.8 wt.% Table 4: Results of the Mudified 4-Ball War Test GOl A
Conparative G| A Ponderated War | ndex

of the present invention comp:ises an ethylene-carbonate treated bissuccinimide
dispersant in an amount of about 2.0 wt.%. Another lubricating oil composition of the
preseni: invention comprises a borated bissuccinimide dispersant in an amount of
about 4.0 wt.%, as well as an ethylene-carbonate treated bissuccinimide dispersant in
an amount of about 2.0 wt.%.

Antiwear Agents

[0095] The tubricating oil compositions of the présent invention may further
comprise one or more antiwear agents. Dihydrocarbyl dithiophosphate metal salts are
frequently used as antiwear and antioxidant agents. The metal may be an alkali or
alkaline earth metal, or aluminum, lead, tin, molybdenum, manganese, nickel or
copper. The amount of this particular type of antiwear agent may be limited by the
phosphosphorus content maximum of the lubricating oil compositions of the present
invention. Accordingly, these zinc salts may be present in the lubricating cil in
amounts of about 12 to about 24 mM, or about 14 to about 22 mM, or even about 16
to about 20 mM. An exemplary lubricating oil composition of the present invention
comprises about 19 mM of a zinc dithiophosphate.

[0096] They may be prepared in accordance with known techniques by first
forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by reaction of one or
more alcohol or a phenol with P,Ss and then neutralizing the formed DDPA with a
zinc compound. For example, a dithiophosphoric acid may be made by reacting
mixtures of primary and secondary alcohols. Alternatively, multiple dithiophosphoric
acids can be prepared where the hydrocarbyl groups on one are entirely secondary in
character and the hydrocarbyl groups on the others are entirely primary in character.
To make the zinc salt, any basic or neutral zinc compound could be used but the

oxides, hydroxides and carbonates are most often employed. Commercial additives
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25 (average of 2 runs) 34.6 (average of 3 |1 nnms) [00123]It may be
observed that G| A which conprised 16 nM of a berated cal ci um

al kyl t ol uene sul fonate salt detergent, exhibited significantly inproved
protection agai nst wear, as conpared to Conparative Ol A which does not
conprise such a detergent. 1001241G | B and Conparative G| B were

prepar ed i nfizquantkfaontin am ¢vessadmpenbetts the we eflabetawys ofithd biiezibe
Specifically, Conparative Ol B conprised a berated cal cium allcyl benzene

sul fonat e r abgbuldiathendd@aBiAidnGadctiptm al kyl t ol uene sul fonate salt. Ol B
and Conparative Ol B each has a sulfur content of 0.39 wt.% and a

phosphor us mnt of ]ﬂeé f ccf’/Bilg&%g?ﬁzﬁ%}ﬁﬁaﬁggﬁﬁﬁsﬁﬁé&%aﬁﬁ@adti es of

these oils determn In a sta test, which sinul ates

the operatin ongdj ti of f heavy .duty di ‘ ine and allows the
measur enent p&f%gﬁopﬁfﬁh@(yéﬁgggﬁlgép% ‘%ﬁ%feids{%ﬁe fgf}ggug Specifically, a
nmodi fied Mack E7 E-Tech 460 engine rated af 460 bhp and 1800 rpm with
EGA. and 2002 |l owsw rl conbustion ®pstem? was used in the test. In a
300- hour procedure, the first 100 hours re rated speed and power to
generate soot. Thereafter, in the |ast Z00™~gurs, the engi ne was
over-fuel ed at peak torque rpmto naxerm ze the wear on the rings and the
i ners. The anount of wear on the rings and liners are reported below in
Tabl e 6. Taht dyfrox@alipdvempsuwads @it viidrtlic CnlipddittiophesghdricRc@smponent s
Gl B

derived can be represented generically by the formula ROH or R’OH, wherein R or
R’ is alkyl or substituted alkyl, preferably branched or non-branched alkyl containing
3 to 30 carbon atoms. More preferably, R or R’ is a branched or non-branched alkyl
containing 3 to 8 carbon atoms.

[0098] Mixtures of hydroxyl alkyl compounds may also be used. These
hydroxyl alkyl compounds need not be monohydroxy alkyl compounds. The
dialkyldithiophosphoric acids may thus be prepared from mono-, di-, tri-, tetra-, and
other polyhydroxy alkyl compounds, or mixtures of two or more of the foregoing.
Preferébly, the zinc dialkyldithiophosphate derived from only primary alkyl alcohols’
is derived from a single primary alcohol. Preferably, that single primary alcohol is 2-
ethylhexanol. Preferably, the zinc dialkyldithiophosphate derived from only
secondary alkyl alcohols. Preferably, that mixture of secondary alcohols is a mixture
of 2-butanol and 4-methyl-2-pentanol.

[0099] The phosphorus pentasulfide reactant used in the
dialkyldithiophosphoric acid formation step may contain minor amounts of any one or
more of P3Ss3, P4S3, P4S;, or P4Se. Compositions as such may also contain minor

amounts of free sulfur.
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Conparative G| B None Borated Cal cium Al |l cyl tol uene Sul fonate 15mM
Borated Cal ci um Al | cyl benzene Sul f onate None 15mM Bor at ed Bi ssucci ni m de
0.85 Wm.%0.85 wt.% Et hyl ene Carbonate-Treated Bi ssuccinimde 6.60 w.%
6. 60 - wt . % Mol ybdenum Conpl ex

Viscosity Index Modifiers

[00100] The lubricating oil compositions of/the present invention may
optionally comprise one or more viscosity index modifiers. The viscosity index of the
base stock is increased, or improved, by incorporating therein certain polymeric
materials that function as viscosity modifiers (VM) or viscosity index improvers
(VID). Generally, polymeric materials useful as viscosity modifiers are those having
number average molecular weights (Mn) of from about 5,000 to 250,000, preferably
from about 15,000 to 200,000, more preferably from about 20,000 to 150,000. These
viscosity modifiers can optionally be grafted with gxaﬂiﬁg materials such as, for
example, maleic anhydride, and the grafted material can be reacted with, for example,
amines, amides, pitrogen-containing heterocyclic compounds or alcohol, to form
multifunctional viscosity modifiers (dispersant-viscosity modifiers).

[00101] The exemplary lubricé.ting_ oil compositions of the present invention
employ various ethylene-propylene copolymers, which may or may not be grafted by
maleic anhydride. The copolymers may be employed at an amount from about 0.2 to
about 10.0 wt.%, or about 1.0 to about 8.0 wt.%, such as about 2.0 to about 6.0 wt.%,
of the lubricating oil composition.

Friction Modifiers

[00102] 11‘1 certain embodiments, the lubricating oil compositions of the present
invention further comprises one or more friction modiﬁeré. Various sulfur-containing
organo-molybdenum compounds are known to function as ﬁictioﬁ modifiers in
lubricating oil compositions, while also providing antioxidant and antiwear credits to
a lubricating oil composition. Examples of such oil soluble organo-molybdenum
compounds include dithiocarbamates, dithiophosphates, dithiophosphinates,

xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.
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0.10 wt.% 0. 10 wt. % Pour Point Depressant 0.30 wt.% 0.30 wt.% Hi gh
Q/erbasgad Phenate 15nmM 15nmM Low Over based Sul fonate 1.75 nM 1.75 nM
Di - C8- Di phenylam ne 0.05 w.% 0.05 wt. %

|00163] Oil soluble or dispersible trinuclear molybdenum compounds can be
prepared by reacting in the appropriate liquid(s)/selvent(s) 2 molybdenum source such
as (NH4);Mo3S13n(H;O), where n varies between 0 and 2 and includes non-
stoichiometric values, with a suitable ligand source such as a tetralkylthiuram
disulfide. Other oil soluble or dispersible trinuclear molybdenum compounds can be
formed during a reaction in the appropriate solvent(s) of a molybdenum source, such
as of (NH4)>2Mo3S13.n(H,0), a ligand source such as tetralkylthiuram disulfide,
dialkyldithiocarbamate, or dialkyldit}ﬁoi:)hosbhate, and a sulfur-abstracting agent such
as cyanide ions, sulfite ions, or substituted phosphines. Alternatively, a trinuclear
molybdenum-sulfur halide salt such as [M'2[MO5S7A¢], where M' is a counter ion,
and A is a halogen such as Cl, Br, or I, may be reacted with a ligand source such as a
dialkylditiliocarbamate or dialkyldithiophosphate in the appropriate
liquid(s)/solvent(s) to form an oil soluble or dispersible trinuclear molybdenum
compound. The appropriate liquid/solvent may be, for example, aqueous or organic.
[60104] The terms "oil soluble" or "dispersible” used herein do not necessarily
indicate that the compounds or additives are soluble, dissolvable, miscible, or capable
of being suspended in the oil in all proportions. These do mean, however, that they
are, for instance, soluble or stably dispersible in oil to an extent sufficient to exert
their intended effect in the environment in which the oil is employed. Moreover, the
additional incorporation of other additives may also permit incorporation of higher
levels of a particular additive, if desired.

[00105] An exemplary lubricating oil composition of the present invention
employs a molybdenum succinimide complex as friction modifier. Of the lubricating
0il composition, the molybdenum complex may constitute from about 0.1 to 0.8 wt.%,

or from about 0.15 to about 0.5 wt.%, or even from about 0.20 to about 0.40 wt.%. An
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Secondary Zinc DTP 22inM 22nM Primary Zinc DTP 4nM 4nM Foam | nhi bi t or
10ppm 10ppm Vi scosity Index Inprover 8.3wt.%8.3wt.% Treat Rate 14.05 w. %

exemplary lubricating oil composition of the present invention comprises a sulfurized
molybdenum succinimide complex in an amount of about 0.20 wt.%, based on the
total weight of the lubricating oil composition,

Antioxidants

00106} The lubricating oil compositions of the present invention may
optionally further comprise one or more antioxidants. Oxidation inhibitors or
antioxidants reduce the tendency of mineral oils to deteriorate in service. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to Cy, alkyl side chains, calcivm
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil
soluble copper compounds as described in, for example, U.S. Patent No. 4,867,890.
[00107] Aromatic amines having at least two aromatic groups attached directly
rto the nitrogen constitute another class of compounds that is frequently used for
antioxidancy. Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine niﬁ:ogen contain from 6 to 16 carbon atoms. The
amines may contain more than two aromatic groups. The aromatic rings are often
substituted by one or more substituents selected from, for example, alkyl, cycloalkyl,
alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.

[00108] Lubricating oil compositions in accordance with the present invention
may contain from about 0.05 to about 5.0 wt.%, or from about 0.10 to about 3.0 wt.%,
such as from about 0.50 to about 2.0 wt.%, of one or more antioxidants. An
exemplary lubricating oil composition of the present invention comprises about 0.5

wt.% of an antioxidant that is di-Cg-diphenylamine. Anther exemplary lubricating oil
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14.05 wt. % Table 6: Results of the Mack T-12 Test Ol B Conparative Q|
B Pass/Fail Standard CJ-4 Linear Wear (pM 25.9 25 < 24 Top R ng Wi ght
Loss (ng) 60 | B

composition of the present invention comprises about 1.0 wt.% of a hindered phenolic
propionate ester antioxidants as well as about 0.5 wt.% of di-Cs-diphenylamine. |
Other Additives

[00109] ther additives may be incorporated into the lubricating oil
compositions of the present invention to satisfy the particular performance
requirements associated with diesel engine oils. Examples of such other additives
include, for example, rust inhibitors, anti-foaming agents, and seal fixes.

[00110] Rust inhibitor or anticorrosion agents may be a nonionic
polyoxyethylene surface active agent. Nonionic polyoxyethylene surface active agents
include, but are not limited to, polyoxyethylene laury! ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene
sorbitol monostearate, polyoxyethylene sorbitol mono-oleate, and polyethylene glycol
monooleate. Rust inhibitors or anticorrosion agents may also be other compounds,
which include, for example, stearic acid and other fatty acids, dicarboxylic acids,
metal soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhyric alcohols, and phosphoric esters.

[00111] Foam inhibitors typically include alkyl methacrylate polymers and
dimethyl silicon polymers. Exemplary compositions of the present invention contain
silicon-based foam inhibitors in amounts ranging from about 10 ppm to about 50 ppm,
or from about 20 ppm to about 40 ppm, such as about 30 ppm, based on the total
weight of the composition.

[00112] Seal fixes are also termed seal swelling agents or seal pacifiers. They
are often employed in lubricant or additive compositions to insure proper elastomer

sealing, and prevent premature seal failures and leakages. Seal swell agents may be,
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81 < 105 EOP Pb Increase (ppm 15 18 < 35 _ 250-300 hr. Pb Increase (ppm
8 8 <15 G Consunption (g/h) 60.7 80.6 < 85

for example, oil soluble, saturated, aliphatic, or aromatic hydrocarbon esters such as
di-2-ethylhexylphthalate, mineral oils with alkphatic alcohols such as tridecyl alcohol,
triphosphite ester in combination with a hydrocarbonyl-substituted phenol, and di-2-
cthylhexylsebacate.

[00113] Some of the above-mentioned additives can provide a multiplicity of
effects; thus for example, a single additive may act as a dispersant as well as an
oxidation inhibitor. These multifunctional additives are well known.

[00114] As readily understood by those skilled in the art, the amounts of certain
additives are suitably listed with the unit “mM” rather than the unit “wt.%.” An
amount of an additive, when listed with the unit “mM,” is calculated with reference to
the amount of calcium ion in 1 kilograrh of an additive concentrate comprising such
an additive.

[00115] When lubricating compositions contain one or more of the above-
mentioned additives, each additive is typically blended into.the base oil in an amount
that enables the additive to provide its desired function. It may be desirable, although
not essential, to prepare one or more additive concentrates comprising additives
(concentrates sometimes being referred to as additive packages) whereby several
additives can be added simultaneously to the oil to form the lubricating oil
composition. The final composition may employ from 5 to 30 wt.%, preferably 5 to
25 wt.%, typically 10 to 20 wt.% of the concentrate, the remainder being the oil of
lubricating viscosity. An exemplary ﬁﬁal lubricating oil composition of the present
invention employs about 12.8 wt.% of a concentrate, with the remainder being a
suitable oil of lubricating viscosity. The components can be blended in any order and

can be blended as combinations of components.
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Total Mack Merits 905 641 > 1000 [00126] As can be observed from Tabl e 6,
the lubricating oil conposition conprising a borated cal cium al kyl t ol uene
sul fonate salt perforned better in linear wear, top ring weight |oss, Pb
i ncrease, oil consunption and total Mack nerits than a correspondi ng
lubricating oil conposition conprising a borated cal ci um al kyl benzene

sul fonate salt. The latter salt has been denonstrated to inpart inproved
wear protecti | ubri.£344 ki FResr th@fodObyietnde hatheSalldwing a
part. Exanpl elaﬁl:lt@val uﬁgﬁ*%‘?"%r‘dé?ggu on Agai nst C%\*ryrfosi on [00127]G I C
and Conparative Q| \wer red.:i NG he |ist of
conponents i nexﬁaeé‘&lg\%?:gﬁg{@g%&g |I%%e€§€9%0ma$0§%$§£b% | C conprised a
borat ed cal ci um al kyl benzene sul f onat [ Eat her than a borated cal ci um
al kyltoluene sulfonate salt. Gl C Mm‘rative G| C each has a

phosphorus content of 0.12 wt.% and a sul fur ] . 9
[00128] The cd@Pbkilon prot i%@"(‘?ﬁ%%f‘?ﬁ%mSP?%%%;Bé%gg%%é%%gﬁern1 ned

and conpared in a standard ASTM D549, (HTCBT) test for their. ity to

protect the ecnyeniiensyg@PHdimigige F‘om.théﬁréﬁ?“ﬂ%’ﬁ?% Bap been &nég%tf%ég%ﬁj pons -

i ncl udi ng copper, lead, tin and phosphor bronze were imersed in. a

measur ed anpumferafee thwpetifisemiofiments, fhifarpiaandy Hit%@lé%e’i‘cﬁg‘p%ﬁsl%éosgt an

el evated tenperature for a period of tinme. Wen the test ¥\@S cor’r%li&t ed,

the coupons avetioss clesgedhndishbstinetans dhedmardg mage gattese skifleqd Buthpart without

Concentrations of copper, lead and tin were reported in Table 8 bel ow
departing from the spirit and scope of the appended claims.

Fxample1: Preparing an Overbsed Borated Calcium Alkyltoluene Sulfonate

Salt

[00118] Ina 5-liter zg‘r,lass vessel, 228 grams of methanol, 1800

grams of xylene, and 192.5 grams of hydrated lime (calcium hydroxide) were

mixed to achieve homogeneity or near homogeneity. 572 grams of an

alkyltoluene sulfonic acid, which had a molecular weight of 471, was added to

the vessel, while maintaining the temperature in the reaction mixture in the range of
20°C to 30°C. This addition was completed in 15 minutes. |

291.9 grams of boric acid powder was then added to the vessel, while maintaining th@
temperature of the reaction mixture in the range of 30°C to 35°C. The

reaction mixture was then kept at this temperature for 15 minutes. The vessel
containing the reaction mixture was then heated in 3 steps: (1) from 35°C to

65°C; (2) from 65°C to 93°C; and from 93°C to 128°C.

358 grams of a Group I mineral oil was added to the vessel and the mixture

was stirred. The entire mixture was then subject to centrifugation at a 10000G and the
solid sediment was removed. This was followed by heating the liquid phase to

185°C under a vacuum of 40 mbar, thereby distilling the solvent xylene.
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Table 7: Conponents of G| C and Conparative O C Conponents Gl C
Conmparative Ol C Borated Cal cium Al lcyltoluene Sul fonate 16 nM None :
Borat ed Cal ci um ADryl benzene Sul fonate None 16 mM Berated Succini m de 4wt %
4w . % Et hyl ene Car bonat e- Tr eat ed "Bi ssucci ni m de

[00119] This process was repeated in a second batch using the set of steps

and the same amount of all materials except that the amount of methanol added to the

premixture was increased to 240 grams. The resulting salts were analyzed and

its various properties are listed in Table 1 below.

Table 1@ Analvsis of the borated calcium al_kvltoluene siifonate salts

Properties Batch I Baich 2
wi.% Calcium 7.66 7.50
wi% Sulfur 2.81 2.80
wt.% Boron 400 4,08
Base Number (mgKOH/2) 168 174
Closed Cup PMCC Flash Point (C) 202 196

Example 2: Larger Seale Preparation of an Overbased Borated Calcium

Alkvltoluene Sulfonate

[00120] A 1900-liter stainless steel reactor equipped with a turbine mixer,
a hot-oil jacket and a cooling coil was used as the reaction vessel. 798

kilograms of mixed xyiene was charged into the. vessel. The reactor was then cooled
to 20°C, which was below the flash point of Xylene. A nitrogen purge step was

used to reduce the amount of oxygen in the reactor to 3 ppm. 126

kilograms of calcium hydroxide powder was then added to the reactor via a screw
conveyer. The contents in the reactor was blended and mixed, while 351

kilograms of alicyltoluene sulfonic acid was added to the reactor over a period of
48 mimutes, during which the temperature of the reaction mixture rose to

43°C. The reactor was cooled to 20°C, and 195 kilograms of boric acid

was added through tﬁe screw conveyor over a period of 10 minutes. 113

kilograms of methanol was then added to the reactor over a period of 15

minutes, during which the temperature of the reaction mixture rose to 36°C. The
contents of the reactor was blended and mixed at that temperature for another
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2wt . % 2wt % Low Over based Sul fonate 4 mM 4 nM Hi
\ . gh Overbased Phenate
32 ™M Zi nc-DTP 19 mM 19 mM Mol ybdenum Conplex 0.2 w.%0.2 w. % sz m

15 minutes. The reactor was then heated in 4 steps at atmospheric pressure (o remove

the methanol and the water that was generated during the reaction: (1) from
34°C to 69°C, over a period of 60 minutes; (2) from 69°C to about

78°C, over a period of 100 minutes; (3) from 78°C t0 93°C, overa

period of 60 minutes; and (4) from 93°C to 127°C, over a period of

60 mimutes. 163 kilograms of a 100 Neutral Oil was added to the reactor.

The reactor was then heated to 17 1°C and the pressure in the reactor was
reduced to 50mms Hg over a period of 115 minutes so that the xylene

may be distilled. The pressure in the reactor was then restored to the atmospheric
pressure. Thereafter, 23 kilograms of 100 Neutral Oil was added to the reactor.
A pressure filter with the aid of diatomateous earth was used to filter away the
sediments, which was estimated to be 1.2 vol.%. The resulting borated

alkyltoluene sulfonate salt was analyzed and its properties are listed below in Table 2.

Table 2: Larger scale preparation of an gverbased borated calcium alkylioluene

sulfonate
| Properties Large Scale Batch
wt. % Calcizm 7.65
wt. % Sulfur 2.78
wi.% Boron 4.03
Base Number (mgKOH/g) 167
Kinematic Viscosity @ 100°C (¢St} 112

Example 3: Evaluation of Proiection Agrainst Wear

100121} il A and Comparative Oil A were prepared and tested for wear
protection in a modified 4-Ball wear test. Speciﬁcally, a typical 4-ball machine was
used. Prior to the test, the steel balls were “pre—ageé” in the test sample oil for 2 days
at 160°C in the presence of an air flow at 15 liter/hour, using a simple glass tube as a

bubbler. The machine was run at a single spn?ed, at approximately 1800 revolutions
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di - C8-di phenylamne 0.5 m.%0.5 w. % H ndered Phenolic Ester 1wt.% 1wt.

Foam I nhi bi tor 30 ppm 30 ppm Pour Point Depressant 0.2 wt.%0.2 w%
Viscosity Index Inprover 3.6 W%

per minute. An auto-loading system comprising a motor, 2 loading arm, and a force
transducer mounted between the motor and loading arm, was used to apply load to the
balls. The force transducer was also connected to & computer that measured and
adjusted the load in accordance to the amount of load required at each given stage of
the test. At the far end of the loading arm, a displacement sensor was mountéd, which
measured the distance between {he sensor and the loading arm once every minute and
recorded the results, giving 2 continuous readout of the extent of wear, The equipment
further comprised a torque sensor, which measured the friction of the rotating ball vis-
a-vis the lower stationary balls, recording a readout every minute. A temperature
sensor was also mounted to fhe ball hoider to maintain temperature of the oils;
{00122} The components of Oil A and Comparative Oil A are listed below
in Table 3, where the results of the modified 4-ball wear test are listed below in table
4. Ol A and Combaraiive 0il A each has a phosphorus content of 0.12 wt.%

and a sulfur content of 0.34 wt.%.

Table 3: Components of Oﬂ A and Comparative 011 A

Components 01} A . Comparative Oil A

Borated Calcium Allylolpene Sulfonate i6 mM None
Borated Succinimide 4 wit% 4 wit%
Ethylene Carbonate-Treated Bissuccinimide 2 wt% 2 wi%
Low Overbased Benzene Sulfonate 4 mM 4 mM
High Overbased Phenate 32 mM 32 mM
Zinc-DTP 1% mM 19 mM
Molybdenum Complex 0.2 wi% 0.2 wt%
di-C8-diphenylamine 0.5 wth 0.5 wt%
Hindersd Phenolic Ester i wi% 1 wth%
Foam Inhibitor . 30 ppm 30 ppm
Pour Point Depressant 0.2 wi% 0.2 wi%
Viscosity Index Improver 3.6 wt% 3.6 wt%
MA-Grafted EP Copolymer & with 6 wti
Treat Rate 12.8 wi.% 12.8 wt.%
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3.6 wt.% MA-Gafted EP Copol yner 6wt. % 6w . % Treat Rate 12.8 w.% Table
8. Results of the HTCBT Test | Q1 C Conparative Ol Cl Pass/Fail Standard

Cu (ppm 6 6

Table 4: Results of the Modified 4-Ball Wear Test

Oil A Comparative DIl A
Ponderated Wear Index ' 25 {average of 2 34,6 (average of 3
runs) TURS) :

[00123] It may be observed that Oil A, which comprised 16 mM of a

borated calcium alkyltoluene sulfonate salt detergent, exhibited significantly
improved protection against wear, as compared o Comparative Oil A, which does not
comprise such a detergent.
[08124] 0il B and Comparative Oil B were prepared in accordance to the
components listed beio*& in Table 5. Specifically, Comparative Oil B comprised a
borated calcium alkylbenzene sulfonate rather than a borated calcium alkyltoluene

| sulfonate salt. Oil B and Comparative Oil B each has a sulfur content of 0.39

wt.% and a phosphorus content of 0.16 wt.%.

{00125} The wear protection capacities of these oils were determined in a
standard Mack T-12 test, which simulates the opet-{ating conditions of a heavy duty
diesel engine and allows the measurement of wear in the presence of the test oils.
Specifically, a modified Mack E7 E-Tech 460 engine rated at 460 bhp and 1800 rpm,
with EGR and 2002 low-swirl combustion system, was used in the test. In a 300-hour
procedure, the first 100 howrs were rated speed and power to generate soot.
Thereafter, in the last 200 hours, the engine was over-fueled at peak torque rpm fo
maximize the wear o the rings and the liners. The amount of wear on the rings and

liners are reported below in Table 6.



S20 Sn (ppm) | 1 <50 Pb (ppm 8 | 11< 1100 1 - [00129] From Table 8, one
may draw the conclusion hat a |ubricating oil conposition conprising a
berat ed cal ci um al kyhol uene sul fonate salt has marginally better
anticorrosive capacity than a conposition conprising a borated cal ci um
al I cyl benzene sul fonate salt.

Table 5: Components of Oil B and Comparative Oil B

Componenis QilB Comparative Qil B
Borated Calcium Alkyltoluene Sulfonate 15 mM None
Borated Calcium Alkylbenzene Sulfonate None 15 mM
Borated Bissuccinimide 0.85 wt% 0.85 wt.%
Ethylene Carbonate-Treated Bissuccinimide | 6.60 wi.% 6.60 wt%
Molybdenum Complex 0.10 wt.% 0.10 wt.%
' Pour Point Depressant 0.30 wt% 0.30 wt.%
High Overbased Phenate 15 mM 15 mM
ELow Overbased Sulfonate 1.75 mM 1.75 mM
Di-C8-Diphenylamine 0.05 wt.% 0.05 wt.%
Secondary Zinc DTP 22 mM 22 mM
Primary Zinc DTP 4 mM 4 mM
Foam Inhibitor 1) ppm 10 ppm
Viscosity Index Improver 8.3 wth 83 wt%
Treat Rate ' 14.05 wt.% 14.05 wt.%

Table 6: Results of the Mack T-12 Test

OilB Comparative Qil B | Pass/Fail
_ Standard CJ-4

Linear Wear (M) 25.9 25 <24

Top Ring Weight Loss (mg) 60 81 <105

ECP Pb Increase (ppm) 15 18 <33

250-300 hr. Pb Increase (ppm) | 8 8 <135

Qil Consumption (g/h) 60.7 80.6 <85

Total Mack Merits 905 641 > 1600

[00126] As can be observed from Table 6, the lubricating oil composition

comprising a borated calcium alkyltoluene sulfonate salt performed better in linear
wear, top ring weight loss, Pb increase, oil consumption and total Mack merits than a
corresponding lubricating oil composition comprising a borated calcium alkylbenzene
sulfonate salt. The latter salt has been demonstrated to impart improved wear
ﬁrotection to lubricating oil compositions to which that salt is a part.

Example 4: Evaluation of Protection Against Corrosion

[00127] 0il € and Comparative Oil C were prepared in accordance with
the list of components in Table 7 below. Specifically, Comparative Oil C comprised a

borated calcium alkylbenzene sulfonate salt rather than a borated calcium alkyltoluene
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WHAT IS CLAIMED IS: 1. A lubricating oil conposition conprising: (a) a
maj or anmount of an oil of lubricating viscosity; and (b) one or nore
over based borated al kaline earth nmetal al kyltoluene sul fonate detergents;
wherein the lubricating oil-conposition conprises no nore than about 0.20

wt. % of phosphorus and no nore than about 0.50 wt. % of sulfur. 2. A
| ubricating oil conposition conprisi 8 (a) maj or _amount. of an oil of
| ubri cati ng uﬁbmﬂsmﬁyoﬂdhdmiGym@W@Hﬁ'ﬂéﬁ%ﬁ%@@@ﬂﬁgﬁ@mﬂ§ﬁﬁwga(glkallne

earth nmetal al kyltoluene sulfonate detergents prepared by a process
conpri sing: ¢.i) wieasid agulfir)coatent eb§134om00i | sol ubl e t ol uene sul fonic
acid, or an oil soluble alkaline earth toluene sulfonate salt, or a

m xture thergagig)(2) at |?ﬁé&eﬁ%@n@ﬂﬂé&%@ﬁpamaabkﬂiesmiseme Hetemetingéd  and
(3) one or nDre overba3|ng aci ds, | east one of which is boric acid, in

the presence oﬁlﬁa&w %%tﬁﬁﬂ?&rAmwésﬁﬂm%Bﬁ?&ﬁﬁfoﬁﬁﬁﬂhﬂﬂﬁWaf#mmc’f
sol vent; and 3 | east one | ow nol ecul ar wei ght al cohol; (ii) heating

A Oné%#gé% £ T 3b 8B Spbcibion, FBRRIERLARnS fhafadink cOpRatIesd, t han

the distillati eratures of the hy drocarbon sol vent, the | ow

mol ecul ar wey, SR &srm?%?eqw&@%n&@r%&f ipOSREkALE quoﬁﬂmm&ee@st(om Ai$0 that

t he sol vent, generate distilled fromthe product

of step (i); was passed through the oils at an elevated temperafure for a period of time. When the

test was completed, the coupons and stressed oils were examined to detect corrosion.

Concentrations of copper, lead and tin were reported in Table 8 below.

Table 7: Components of il C and Comparative Oil C _

Components Gil C Comparative Git C
Borated Calciom Alkyholuene Sulfonate | 16 mM None
Borated Calcium Alkylbenzene Sulfonate | None 16 mM
Rorated Succiimide 4 wt% 4  wt%
Ethylene Carbonate-Treated 12 wt% 2 wt%
Bissuccinimide _
Low Overbased Sulfonate 4 mM 4 mM
High Overbased Phenate {32 mM 32 mM
Zine-DTP 19 mM 19 mM
Molybdenumn Complex . 0.2 wt% 0.% wi.%
di-C8-diphenylamine 0.5 wt% 0.5 wt.%
Hindered Phepolic Ester 1 wt% I wt%
Foam Inhibitor ) 30 ppm 30 ppm
Pour Point Depressant 0.2 wt% 0.2 wt.%
Viscosity Index Improver 3.6 wt% 3.6 wt.%
MA-Grafied EFP Copolymer 6 wit% 6 wit%
Treat Rate 12.8 wt%
Table §: Results of the HTCBT Test
QilC Comparative Oil C_| Pass/Fail Standard
Cu (ppm) , 6 6 <20
Sn (ppm) i i <50
Pb (ppm) g 11 <100

[06129] From Table 8, one may draw the conclusion hat a lubricating oil

composition comprising a borated calcium alkyltoluene sulfonate salt bas marginally
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wherein no external source of water is added to the reaction m xture
during the process; wherein the lubricating oil conposition conprises no
nore than about 0.20 w. % of phosphorus and no nore than about 0.50 wt. %
of sulfur. 3. The lubricating oil conposition of claim1 or claim 2,
conprising no nore than about 0.16 w. % of phosphorus. 4. The lubricating
oi | conposi tbiwer apficarresive @Gpadityrtban 8 cogpostiomeanpriving abwated Galciont . % of
phosphorus. 5. The lubricating oil conmposition of claiml1 or claim 2,
conpri si ng atkyteheerdchaforosdlt.0. 40 wt. % of sulfur. 6. The lubricating oi
conposition of claimb5, conprising no nore than about 0.35 w. % of

sul fur. The lubricating oil conposition of claiml1l or claim?2, conprising
5to 60 MM of the one or nore borated al kaline earth netal al kyltoluene
sul fonate detergents. 8. The lubricating oil conposition of claim?7,
conprising 10 to 50 mM of the one or nore overbased borated al kaline earth
netal al kyltol uene sul fonate detergents. 9. The |ubricating oi

conposition of claim8, conprising 15 to 40 mM of the one or nore

over based borated al kaline earth netal alkyltoluene sulfonate detergents.
10. The lubricating oil conposition of claim2, wherein the one or nore
over based borated al kaline earth netal al kyltol uene sul fonate detergents
each has a TBN of 10 to 500. 11. The lubricating oil composition of claim
10, wherein the one or nore overbased borated al kaline earth netal

al kyl t ol uene sul fonate detergents each has a TBN of 50 to 400. 12. The

| ubricating oil conposition of claim1l, wherein the one or nore overbased
borated al kaline earth nmetal al kyltoluene sulfonate detergents each has a
TBN of 100 to 300.
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13. The lubricating oil conposition of claim 12, wherein the one or nore
over based borated al kaline earth netal al kyltol uene sul fonate detergents
each has a TBN of 150 to 200. 14. The lubricating oil conposition of claim
1 or claim2, further conprising one or nore non-borated netal -containing
detergents. 15. The lubricating oil conposition of claim 14, wherein the

one or c&"% .retal -contai ning detergents are selected fromthe
group X@ﬁé?égl hg Mg[ggsr'boxyl ate detergents, sulfonate detergents, phenate

det er gqnt s, Adobricating wileompsitist comprisin@ie | ubricating oil conposition of

claim 14, wherein. the netal _in. S Snh@angbor at ed
met al - cont al G EARYEHL ainso'ltségﬁlécf e&ﬂér\lﬁf)t € group consisting of

sodi um pot g@%d&%r hbidbyErbasap peratedratiatinns eanth metali alkyitoliansRulighRt®ar i um
zinc, and cadmum 17. The lubricating oil conpositi i ,
wherein at IdemgelﬁiﬁéWbﬁffeﬂfhﬁ‘eo‘HQ"%'ﬁ‘ah'}go‘ﬁ‘éc%ﬂg% r?'h&erhbﬁr%?sg'lf'q @lo()(rill'!te gi? a:{i{lng

detergents | hty hofud RGN A6 imbire 38dr aboult®. 50 ké. Youddrsiulfat.i ng o |
conposi ti ona§Pﬁtc(?‘gPSr'1hleJ, é%e?%r? at | east one of the one or nore

non- borat ed netal -containing detergents is a calciumsulfonate. 19. The

| ubricating oil .composjtion of claim.l5 .wherein at | east one of the one
or m)re?-nonﬁb@LH@ngr@l%qmegﬂ['%?ﬁ%g}%gpérgents i s a cal ci um phenate. 20.
The | ubricayhNg @i thajop@Riint opanaii of lubiricatity vishesie Anghe cal ci um sul fonat e
is a |low overbased detergent. 21. The, | icating Qi khkon of claim
19, wherei n (bhe mearmrﬁm?@%b%faﬁ‘gﬁ[‘%'v‘ r%%@edeé%%%gﬁlfbézz. The

| ubricating oil %gﬁgﬁgtjatdecr&ggms%@ba}e%y wippsceise cohreprisirg: or nor e

nonbor at ed netal -'contalning detergents are present in an anount of 0.5 to

50 MM 23. The | @breadctingng oi|l conposition of claim 22, wherein the one or:

nor e nonbor at ed al - cont ai ni ‘ bRibR alRalent of 2
to 38 MM 24.1)Thg'ﬁ}ieiﬂﬁtPegtq%r?é)"ﬂ)qﬁ?q@%ﬁ%‘%gwtﬁgﬁéﬁ?pgﬁéﬁggg of the preceding

clains, further cofiohiche autenate salt, er aghixtes thitréper sants. 25. The

| ubricating oil conposition of c|aim?24, wherej east one of the one
or nore ashl@s ditderst ORRSOUTGe 8@'&%@1’3}5?%93@%@&&5?%8% sant .

(3)  one or more overbasing acids, at least one of which is boric acid, in the
presence of a mixture comprising: (a) at least one hydrocarbon solvent;
and (b) at least one low molecular weight alcoho; (ii) heating the
reaction product from step (i) to a temperature that is greater than the
distillation temperatures of the hydrocarbon solvent, the low molecular
weight alcohol, and any water generated from step (i), so that the _
solvent, alcohol and water generated may be distilled from the product

of step (i);
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26. The lubricating oil conmposition of claim25, wherein the

succi ni c- based di spersant is a bissuccinimde dispersant. 27. The

| ubricating oil conposition of claim25, wherein the succinic-based

di spersant is a borated dispersant. 28. The lubricating oil conposition of
claim 24, where the one or nore ashless di spersants are present. in an
anount of 0.5 1t0.10.0 . % 29. The Lubricating oil,. co itjon of claim
8. where «HENGRN B exfraal SonraRer vinep b S0 LtoPE BpehRRRE a0 e of
2.0 to 8.0 Whe gfocsdy; The lubricating oil conposition of claim29, where
the one or nore ashl ess di spersants are present in an amount of 4.0 to 6.0
w. % 31. Twheneimtheclbricajing ¢il csmpesiiian epmprises Be more dharcplEyh 2, furt her
conpri sing ﬁ&\tﬁi WRAS e

conposi ti onO@?ogﬁé?y"%@, her el %ﬁcgﬁﬁﬁioggftﬁ%%éﬂgyﬂ ??g V\g'n@e/CJ %‘%%te ant i wear
agents is zinc dithiophosphate. 33. The lubricating oil conposition of
claim3]l, rein the one or nore antjwear agents are present | anount
of 12 0 24 T bscatndof coPESERR T s LARGaT ZofbpRura irad® fhnrern
the one or nEBsUt®HE We AIPROEFhGUS. present in an anpunt of 16 to 20 nM
35. The lubricating oil conposition of any one of the preceding clains,
further conprising one or nore viscosity Index nodifiers. 36. The

| ubri cagi ng Hi ' | L . Al o At TeIPYoN one
or nor ej"vi scﬁ@% {U&QII%E@B%QE@ ?3@2%@%&“&%@5@%&%5@%2 copﬁgjlcuﬂr)ehfz. 37.
The | ubri catwh&s of phosptpwes.ti on of claim 35, wherein the one or nore
viscosity index nodifiers are present in an anmount of 2.0 to 6.0 wt. %
38. The lubricating oil conposition of any one of the preceding clains,

f urt hersconprie iubicatiey 6l copesitibh &f cRimMOeK ¢laik 2, comprising no more than
about 0.40 wt. % of sulfur.

6. The lubricating oil composition of claim 5, comprising no more than about 0.35
wt. % of sulfur.

7. The lubricating oil composition of claim 1 or claim 2, comprising 5 to 60 mM
of the one or more borated alkaline earth metal alkyitoluene sulfonate

detergents.

8. The Iubridating oil composition of claim 7, comprising 10 to 50 mM of the one
or more overbased borated alkaline earth mefal alkylioluene sulfonate

detergents.

9. The lubricating oil composition of claim 8, comprising 15 to 40 mM of the one
or more overbased borated alkaline earth metal alkyltoluene sulfonate

detergents.
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39. The lubricating oil conposition of claim38, wherein at |east one of
the one or nore friction nodifiers is a nol ybdenum contai ning naterial .
40. The lubricating oil conposition of claim39, wherein the

nol ybdenum containing material is a nol ybdenum succi ni m de conpl ex. 41.
The | ubri cati ng oi | conposition of claim38, wherein the one or nore

frictio re esent o 42. The
| ubrica “96'8%‘8& 8’5 %mBPS[h?%PﬁC%EFR%\M%Veh%L?]ﬁt@%éﬂ%%éﬁ‘oo\r%m)r e friction
nodi fiers ar@a%ﬁéﬁ%or’afécﬁélkﬁimléﬁrﬂOfneQalJ:ﬂkgtlt@ILQané smtifon&te didergBinés each

| ubricating oil osition of claim42, wherein the one or nore friction
nodi fiers ar’@asp@é'&rﬁiﬁfﬂ?ﬂ‘hﬁo%munt of 0.20 to 0.40 wt. % 44. The

| ubricating oil conposition of any one of the preceding clains, further
conprising one or nore antioxidants. 45. The lubricating oil conposition
of cl ai .44, Thehabeicatirg oll earspositien of claimg 1dhwhereinbheoa@of Bxdréants i s an

aronatic amne 46., The, | i atln oil._c 0 ein
at | east one (?frbﬁ?éj %W@t%#]glkﬂ ZH& B@ﬁf%u' eﬂ@f&ﬁgetn srhn@ﬁgfe c?étg}sg[%%ts . The
| ubri cating m;éacr@mgﬁm toao®f claim 44, wherein the one or nore

antioxidants are present in an anount of 0.1 to 3.0 wt. % 48. The
| ubricating oil conposition of claimd47, wherein the one or nore

ant | oxi Nt sral RpAESRENb b&ng?sﬂgﬁ‘é%la% 0, iR 16 he . The

| ubricating oil conposlition one of preceding clains, further
conpri si ng mrbasetbbra*a&ﬂﬂukahtae@rm mataldalkylmlnen&ﬂﬂfonﬁtﬁ detergents eaetm

i nhi bitors, ,and The lubricating oil conposition of claim
49, wherein hgs ?jgﬂ {)L@efﬂ?’qrtge foaminhibitors is a silicon-based foam
inhibitor. 51. The lubricating oil corrp05| t| on of claimb50, conprising 20
to 40 me of a silicon-based foaminhjbit
3. The lubricating oil composition of clalm 12 wherein the one or more
overbased borated alkaline earth metal alkyltoluene sulfonate detergents each

has a TBN of 150 to 200.

14.  The lubricating oil composition of claim 1 or claim 2, further comprising one or

more non-borated metal-containing detergents,

15. The lubricating oil composition of claim 14, wherein the one or more non-
borated metal-containing detergents are selected from the group consisting of
carboxylate detergents, sulfonate detergents, phenate detergents, and

mixtures thereof.

16.  The lubricating oil composition of claim 14, wherein the metal in the one or
more non-borated metal-containing detergents is selected from the group
consisting of sodium, potassium, lithium, copper, magnesium, calcium,

strontium, barium, zinc, and cadmium.

17.  The lubricating oil composition of claim 14, wherein at least one of the one or
more non-bhorated metal-containing detergents is a ¢alcium sailt or a

magnesium salt.
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52. The lubricating oil conposition of any one of the preceding clains,
conprising at |east about 50 ppm of boron, based on the total weight of
the lubricating oil conposition. 53.The |ubricating oil conposition of
claim52, conprising at |east about 100 ppm of boron, based on the total
wei-ght of the lubricating oil conposition. 54. The lubricating oi

oo 48,00, e kR dRntoi E3RELARA S Blairh A hBRAH bt RS BEGGInPOHOD: DRsec

on the t al ricating oil’ conposition. ricating

oi | conposi tinere AbN-BbEItEY Petakcomainirigdetatgentasta eddoum 4dfthatem of boron,
based on the total weight of the lubricating oil conposition. 56.The
| ubricating oil conposition of claim?2, wherein each of the one or nore

over basggl bofigd Efﬂ»rie!aﬁdy{)?ti‘e?ﬁ.%&ihoﬁ%? alairf 16y Wnehdif e icuist bRa sk thadshebgent s

is derived froman a ol uene sulfonic acid, and wherein the al kyl group
of the al kylmorairor-bstdted metabeontainingetseemoisiacalgiugnpbiatat ons. 57. The
| ubricating oil conposition of claimb56, wherein the al kyl group of the

al kyl t ol uene sul fonic acid conprises 12 to 30 carbon atons. 58. The

| ubri ca2.ng The IubritRRT bil compbsitibaiofnciim 18heherain thee calcluy suifanate &fat he

al kyl t ol uene sul fonic acid conprises 16 to 26 carbon atons. 59. The

| ubri cati ng '8 oveHRRes det8FISS. ¢l ai m 56, wherein the al kyl group of the

al kyltol uene sulfonic acid is a |linear alkyl group. 60. A nethod of
preparing a |lubricating oil conposition conpri si_n% adm xing: (a) a major
amount 2f. anThe lubgitalingeil campagition ©f ckimy19, ahgrein the calcium phenate'is a

high overbased detergent.

22.  The lubricating oil composition of claim 14, wherein the one or more non-
borated metal-containing detergents are present in an amount of 0.5to 50
mM.

23.  The lubricating oil composition of claim 22, wherein the one or more non-

borated metal-containing detergents are present in an amount of 2 to 38 mM.

24.  The lubricating oil composition of any one of the preceding claims, further

comprising one or more ashless dispersants.

25.  The lubricating oil composition of claim 24, wherein at least one of the one or

more ashless dispersants is a succinic-based dispersant.

26. The lubricating oil composition of claim 25, wherein the succinic-based

dispersant is a bissuccinimide dispersant.

27.  The lubricating oil composition of claim 25, wherein the succinic-based

dispersant is a borated dispersant.

28. The lubricating oil composition of claim 24, where the one or more ashiess

dispersants are present in an amount of 0.5 to 10.0 wt. %.
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(b) one or nore overbased borated al kaline earth netal alkyltol uene
sul fonate detergents; resulting in a lubricating oil conposition that
conprises no nore than about 0.20 wt. % of phosphorus and no nore than
about 0.50 wt. % of sulfur. 61.A nethod of preparing a |ubricating oil
corrpositi on conprising adm xing; (a) a major anmount of an oil of

Iubric S I i ne
carthomdchr the SRTslg, BN SomskiBl o Sleufiieh wRSRE RRCGte BOMRE Hsfietd

conpri si ng dipersaaRCireBesérit)in ah dreawit of2¢0 t 8.03@l &hl e tol uene sul fonic
acid, or an oil soluble alkaline earth toluene sulfonate salt, or a

m xture thereof; (2) at |east one source of an alkaline earth netal; and

(3) onezpy MPhE LDYRE bwaoﬁfggeﬁlon%fcla%szg mr@ihevmecbrm@ggmes@c'd in

the presence of a mxture conprising: (a) at |east one hydrocarbon

sol vent ; anddispgrsantslaragresend ih ow amowdwif £4:0 (ocb.§wt. 8d.cohol ; (ii) heating

t he reaction product fromstep (i) to a tenperature that is greater than
the distillation tenperatures of the hydrocarbon solvent, the |ow

ol ecul @1, weTightubaicatiipbil campositivn\wiciimthat claisn efuethat edmprising sinepor(i ) ,

so that the solvent, alcohol and water generated may be distilled fromthe
product of sTefF ?WJWEW% no external source of water is added to the
reaction m xture during the process; resulting in a lubricating oil
conposition conprises no nore than about 0.20 wt. % of phosphorus and no
nmor e t haa. abbhe lubrisating oil eowosilioh wf clagp. 31AW¢IO@t&ﬁaSt edecf g oR2Prin a

di esel engi ﬁngh ne with the |ubricating oil
conpositi onnlﬁ'f)?eag@{%%ern%e?@$gs%g%t$@bg A et hod of reducing
corrosion in a diesel engine conprising oper ating sal d engine with the
| ubri cat n sitjon of an 59.

Hbr I g ‘?he Iu%ngapt?né 01|I compositio o? cFa[m 31 w Ierrrclesln the 8ne or more antiwear

agents are present in an amount of 12 to 24 mM.
34. The lubricating oil composition of claim 33, wherein the one or more antiwear
agents are present in an amount of 16 to 20 mM.

35. The lubricating oil composition of any one of the preceding claims, further

comprising'one or more viscosity Index modifiers.

36.  The lubricating oil composition of claim 35, wherein at least one of the one or

more viscosity Index modifiers is an ethylene-propylene copolymer.

37. The lubricating oil composition of claim 35, wherein the one or more viscosity

index modifiers are present in an amount of 2.0 to 6.0 wt. %.

38. The lubricating oil composition of any one of the preceding claims, further

comprising one or more friction modifiers.

39. The lubricating oil composition of claim 38, wherein at least one of the one or

more friction modifiers is a molybdenum-containing material.

40. The lubricating oil composition of claim 39, wherein the molybdenum-

containing material is a molybdenum succinimide complex.
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41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

The lubricating oil composition of claim 38, wherein the one or more friction

modifiers are present in an amount of 0.1 to 0.8 wt. %.

The lubricating oil composition of claim 41, wherein the one or more friction

modifiers are present in an amount of 0.15 to 0.5 wt. %.

The lubricating oil composition of claim 42, wherein the one or more friction

modifiers are present in an amount of 0.20 to 0.40 wt. %.

The lubricating oil compaosition of any one of the preceding claims, further

comprising one or more antioxidants.

The lubricating oil composition of claim 44, wherein at least one of the one or

more antioxidants is an aromatic amine.

The lubricating oil composition of claim 44, wherein at least one of the oné or

more antioxidants is a phenolic ester.

The lubricating oil compasition of claim 44, wherein the one or more

antioxidants are present in an amount of 0.1 to 3.0 wt. %.

The lubricating oil composition of claim 47, wherein the one or more

antioxidants are present in an amount of 0.5 to 2.0 wt. %.

The lubricating oil composition of any one of the preceding claims, further
comprising one or more additives selected from: rust inhibitors, foam

inhibitors, and seal fixes.

The lubricating oil composition of claim 49, wherein at least one of the foam

inhibitors is a silicon-based foam inhibitor.
The lubricating oil composition of ¢laim 50, comprising 20 to 40 ppm of a

silicon-based foam inhibitor.

The lubricating oil composition of any one of the preceding claims, comprising
at least about 50 ppm of boron, based on the total weight of the lubricating oil

composition.
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53.

54.

55.

56.

57.

58.

59.

60.

61.

The lubricating oil composition of claim 52, comprising at least about 100 ppm

of boron, based on the total weight of the lubricating oil compaosition.

The lubricating oil composition of claim 53, comprising at least about 500 ppm

of boron, based on the total weight of the lubricating oil composition.

The lubricating oil composition of claim 54, comprising at least about 1000

ppm of boron, based on the total weight of the lubricating oil composition.

The lubricating oil composition of claim 2, wherein each of the one or more
overbased borated alkaline earth metal alkyltoluene sulfonate detergents is
derived from an alkyitoluene sulfonic acid, and wherein the alkyl group of the

alkyltoluene sulfonic acid comprises 10 to 40 carbon atoms.

The lubricating oil composition of claim 56, wherein the alkyl group of the

alkyltoluene sulfonic acid comprises 12 to 30 carbon atoms.

The lubricating oil composition of claim 57, wherein the alky! group of the

alkyltoluene sulfonic acid comprises 16 to 26 carbon atoms.

The lubricating oil composition of claim 56, wherein the alkyl group of the

alkyltoluene sulfonic acid is a linear alkyl group.

A method of preparing a lubricating oil composition comprising admixing:

(a) a major amount of an oil of lubricating viscosity; and

(b) one or more overbased borated alkaline earth metal alkyltoluene sulfonate
detergents; resulting in a lubricating oil composition that comprises no more
than about 0.20 wt. % of phosphorus and no more than about 0.50 wt. % of

sulfur.

A method of preparing a lubricating oil composition comprising admixing;
(a) a major amount of an oil of lubricating viscosity; and
{b} one or more overbased borated alkaline earth metal alkyltoluene suifonate

detergent prepared by a process comprising:
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62.

63.

() reacting

(1) at least one oil soluble toluene sulfonic acid, or an oil soluble alkaline earth

toluene sulfonate salt, or a mixture thereof;

(2) at least one source of an alkaline earth metal; and

(3) one or more overbasing acids, at least one of which is boric acid, in the
presence of a mixture comprising: (a) at least one hydrocarbon solvent; and
(b) at least one low molecular weight alcohol; (ii) heating the reaction product
from step (i) to a temperature that is greater than the distillation temperatures
of the hydrocarbon solvent, the low molecular weight alcohol, and any water
that is generated from step (i), so that the solvent, alcohol and water
generated may be distilled from the product of step (i);

wherein no external source of water is added to the reaction mixture during
the process;

resuiting in a lubricating oil composition comprises no more than about 0.20
wt. % of phosphorus and no more than about 0.50 wt. % of sulfur.

A method of reducing wear in a diesel engine comprising operating said

engine with the lubricating oil composition of any one of claims 1 to 59.

A method of reducing corrosion in a diesel engine comprising operating said

engine with the lubricating oil composition of any one of claims 1 to 59.
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