METHODS AND COVPOSI TI ONS FOR REDUCI NG WEAR. | N HEAVY- DUTY DI ESEL ENG NES
Field of the Invention This invention is directed, in part, to nethods and
| ubri cant conpositions for reducing wear in heavy-duty diesel engines. In
a preferred aspect, the lubricant conpositions of this invention conprise
a conbination of an anti-wear effective amount of a dispersed, hydrated
al kali nmetal borate, a neutral sulfonate, and an overbased 5 detergent
conposi tion. Refer elMETHODS AND ICOMPOSIFIONS'HKER REBUCINGOWHEAR NS
application as superscript RHEANY-DUTYDDESEI. EVNGRNES Lubricating Q|
Conmpositions, US Patent No. 6,103,672, issued August 15, 2000 2 CQutten,
Crankcase Lupfei&caibe iQentidgavy Duty Diesel O, US Patent No. 15 5,719, 107,
i ssued February 1771998 3 Curtis, et al., Synthetic Diesel Engine

Lubri cants Cbhis aiventiep isPirsgied,dmpnart,¥o swdwids gndvivlifi¢ang corapabitians dor redatling ed

Phenol Deter t. P t .. 6,331, 51 Lssued enber 18, 2001 20 All
of the above&rgie}flfé P f(l"aétn é@kgglgs%?%}l?f‘ ?ﬁlcd&rsépg{l @eg@tﬁﬁb&cgﬂé@@q?s BT r
entirety to éhiis inanEoRsdBfiseasconibieion of Adinti-Gual cffeefies SRRt VRS
specifically_and individual Iﬁ% indicated to_be incorporated by reference in

its entir et ydispessed; hydsated alkpla metal bexztss a perdra) sielfonate; sl aneretbaged v t r ucki ng
mar ket hags agﬁﬁgagc%ﬁﬁogﬁ%el engine as its preferred power source due to
ellTent To -

both its exc gevity and its economy of operation. Specialized
| ubri cants have been devel oped to neet the nore stringent 30 performance

requi rement ngtfererI\lg%vy- duty di esel engines conpared t Q passenger car
engi nes. SEEAEAS
The following references are cited in this application as superscript
numbers:
10

! Dunn, et al., Lubricating Oil Compositions, US Patent No. 6,103,672, issued

August 15, 2000
z Outten, Crankcase Lubricant for Heavy Duty Diesel Oil, US Patent No.
15 5,719,107, issued February 17, 1998

3 Curtis, et al., Synthetic Diesel Engine Lubricants Containing
Dispersant-Viscosity Modifier and Functionalized Phenol Detergent, US Patent No.
6,331,510, issued December 18, 2001

20
All of the above references are herein incorporated by reference in their entirety to the
same extent as if each individual reference was specifically and individually indicated
to be incorporated by reference in its entirety.

25

State of the Art

Over the years, the heavy-duty trucking market has adopted the diesel engine as its

preferred power source due to both its excellent longevity and its economy of

operation. Specialized lubricants have been developed to meet the more stringent
30  performance requirements of heavy-duty diesel engines compared to passenger car

engines.

Recently, the specifications for heavy-diesel engines indicate a longer interval
between oil changes than has been customary in the past. In order to formulate engine
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Recently, the specifications for heavy-di esel engines indicate a |onger
interval between oil changes than has been customary in the past. In order
to fornulate engine -1 oils with longer drain intervals, higher |evels of
certain additives such as detergents and, in particular, overbased

det ergents have been incorporated into the |lubricant conposition 3 Hi gher
concentrations of detergents have been necessary in order to control

deposi ts dur bilgwithddngexdraimdadrialy, Bighad IsvelSoflospiamaddditives s daidgleegents ]
concentrations, of overbased detergents in the |ubricant conpositions have
i ncreased t h@"d:dR BITEYEe OYRIRREH deiFrachis bpysbesh drpogpqrated indp thegybicaghout 5.

10 As noted ggrg%&@ticﬁix Higmif &@S@ﬁmﬁhs SPB%%EgQ%Qé‘ﬁeeﬂfneQ&Fﬁ-Wﬁthd%rR)r ovi de

accept abl e sit contfo ring extende rain 1ntervals; their use
resul ts in i nerteddepbséndinmg sunk axtendedhelanvplsdut y di esel engi nes,
particulagly valve train wear, as neasured in a Cummngs M 11 valve train
wear test”3 15 Curtis, et al.3 disclose heavy-duty | ubricant conpositions

sui tabl e for TypRalthsi:dtthiglesx bendatlatiing ohoRebdsed SeterbRfts G0 HRASHAdaANS di scl osed
therein enploy a synthetic base stock in conbination with a sulfur-free

functi onal i z&oMmpoaiisdpr/Inceatedithe (ot Bassmamber oftbe &inisbed oil pratdeast ahyput o
Curtis, et alk., this conbination provides both acceptable extended drain
intervals wifh a concomtant acceptable wear results in such heavy- 20 duty
di esel engines. Synthetic |lubricants, however, significantly increase the

costs of .the lubricant copposition. In sone cases, the increas cost of
synt het i &6 I ul@fi“@%ﬁﬁ‘ﬂ% theart, Wgﬁ? ?qgétar, COIW}EWB%% Of! C}%t%gqpésrpreyiggg,ccqp{a%?es. not .
Accordingly, gbloswRuhithiRBHRGE AN iREISE] théiRhsd RadR if ilfeRe£OPHNAL T ON

of additives which, when conbined into a I ubricant conposition suitable
for use in heaeyindeayy-dity deselenginas partigolatly vplve Wiatewtrat 4s esaseredauladr ai n

interval s an ac%egtﬁ@ie wpﬁ£;LQ n&; fal and synthetic |ubricating oi

for nul ati ons.”"FHEss AT S0 ASVE 8kt ed to the di scovery that wear in
heavy-duty di esel engines 30 arising fromthe use of |ubricating oi
conpositions conprisikng high concentrations of _ overbased detergent can be

Coduced By | haBimeta SRglosmhear kAR IHenent ssrnasiions petablsse durig

extended drain periods. The compositions disclosed therein employ a synthetic base
stock in combination with a sulfur-free functionalized hydrocarbyl-substituted phenol
detergent. According to Curtis, et al., this combination provides both acceptable
extended drain intervals with a concomitant acceptable wear results in such heavy-

20  duty diesel engines.

Synthetic lubricants, however, significantly increase the costs of the lubricant
composition. In some cases, the increased cost of synthetic lubricants is justified,
whereas, in other cases, it is not. Accordingly, it would be particularly beneficial to
25  find a combination of additives which, when combined into a lubricant composition
suitable for use in heai/y-duty diesel engines, would provide both extended drain

intervals and acceptable wear in natural and synthetic lubricating oil formulations.

This invention is directed to the discovery that wear in heavy-duty diesel engines
30  ansing from the use of lubricating oil compositions comprising high concentrations of
overbased detergent can be reduced by incorporating an alkali metal borate into these

compositions.



conpositions. -2 Wth regard to the above, the art has discl osed

conbi nations of detergents with borate dispersants for use in marine
cylinder lubricant conpositions.' SUMVARY OF THE | NVENTI ON 5 As noted
above, this invention is directed, in part, to lubricant conpositions
particularly suitable for extended use in heavy-duty diesel engines. Such
| ubricant conpositions conprise a conbination of a neutral sulfonate, an

over based detwiilgRBhrd t6 HERNSVS, e arbig d@scjfﬂs@cpﬁélﬁlﬁiﬂ%ti@%@ﬁ'ﬁét@%eﬁﬂs kit barRkal

borate. This conbination of additives in the lu ricant conposition reduces

wear |evel s difpergntofis s ingrarsre ciybedey lubgicarfiopmpogigens. engi nes whi | e

mai nt ai ni ng accept abl e deposit control over prolonged use. Accordingly, in
one of its conposition aspects, this invention is directed to a

| ubricating oil conposition SUMMBRY OF THFINVENTIOM Y- duty di esel engine

whi ch copposition conprises a.majqr anpunt of an oil of |yhricating
vi scosi ty; 1&8&0&%%9}5?&1% lﬂaﬁmﬁwsgkrefé???&@%rbégﬁwna@#@mgeﬂﬁlﬁ%&ﬁdi tive to
control depomi%ulaﬁgEﬁifwleoﬁaﬁéﬁmdea ued i%ﬁﬁﬁ@\@{a@% irﬁ:g.e?,&éh 1%[83181; g a

sufficient amount of a neutral alkali or a ine earth netal onat e
havi ng a TBRompodits compnsPbcanbingivnrodla ndeipad siitfenatie) iah wyerbagpd detengrat at ur e

operation of said..heawy-dut i,esel i-ne; d 20.a.suffi.cient .anount of
a di sper sed, SPURYAYS [ glalégi:ge}{s&g,tlgﬁra%cfag? IPSta?H‘Fﬁa%i t%‘%?@b%}opﬁé_ operat i on:
of said heavydditives ifliiRSebriAgdMEpositidn RedHees WEL A6k B MRMIPBEatios Uf héafient
anounts of the overbased detergent additive are enployed to provide a

total bad® ndrbelicselmmgines hilpmantanngageqptabls dapesit syenpsplopgedgiseat

| east about 5. More preferably, the finished |ubricant conposition has a
TBN of fromabout 5 to 20. In one enbodi nent the finished |ubricant
conposi ti on BasordingBNin afe dflisrphpoditiorl &spedin this diveatioeishiddctedns a t he

finished |ubricant caopposition has.a. TBN of. from5 fo Jess than 10. 30 In
anot her pr ef SPFSHNER n?'ﬁé’ﬁ’ttl,ontgl‘\’éa%(lﬁ %Ef%@&hﬁ}ﬂ'g]?@dh%?? gineRehigh horat e

conposi tion smpéffionipisayla MERY Blot JaR B3R AMcBire JikcRRUt 5 wei ght
percent of the total weight of the |ubricant conposition and, even nore
pref erably, froneawbdgient amount of an overbased detergent additive to control deposits '
 during operation of said.heavy-duty diesel engine;
a sufficient amount of a neutral alkali or alkaline earth metal sulfonate having a
TBN of less than 25 to control deposits during high temperature operation of said
heavy-duty diesel engine; and
20 a sufficient amount of a dispersed, hydrated alkali metal borate to inhibit wear

during operation of said heavy-duty diesel engine.

In a preferred embodiment, sufficient amounts of the overbased detergent additive are
employed fo provide a total base number (TBN) to the finished lubricant composition

25  ofatleast about 5. More preferably, the finished lubricant composition has a TBN of
from about 5 to 20. In one embodiment the finished lubricant composition has a TBN
of from 12 tol5. In another embodiment, the finished lubricant composition has a
TBN of from 5 to less than 10.

30 Inanother preferred embodiment, the dispersed hydrated alkali metal borate
composition is present in an amount of from about 0.1 to about 5 weight percent of
the total weight of the lubricant composition and, even more preferably, from about

0.2 to 2 weight percent.



0.2 to 2 weight percent. -3 Preferably, the dispersed hydrated al kali netal
borate is a dispersed hydrated potassiumborate. In another preferred
enbodi ment, the conposition further conprises a 5

nmol ybdenuni ni t rogen- contai ning conplex that is enployed in an anount
sufficient to inpart anti-wear and anti-oxi dant properties to the
conposition. In one of its nmethod aspects, this invention is directed to a

met hod for cprfdaly, tH@disﬁ&@dd yackteleaRAl nStatibéraeds 8 BRp&EdMydRdte® heavy-duty
di esel engine, which method 10 conprises: operating the engine with a

| ubri cant coPf8%iW® Befa®onpri sing a major anount of an oil of lubricating
viscosity, a sufficient anount of an overbased detergent additive to
control deposits during operation of said heavy-duty di esel engine; 15 a
suf fici ent ahoanotheopreferrediembmldinadiiteahe canpasitionl funtkereamiphiseyet al sul f onat e

having a _ TBN of |ess, than 25 t.o, control deposits dyring high tenperature
oper a'? i orP of mé’&bgen%&\}’i?gﬁﬁf?}‘t%épn@?@i tﬂ@;ls %‘H@Oﬁe‘g‘l‘j‘f"‘f"iaﬁ {s ﬁﬂﬁ‘ﬁtm of a

di spersed, izl el vk hi adiRh s RYliRidsdo idUoltihsivBar  during oper ati on
of said heavy-duty diesel engine. 20 DETAILED DESCRI PTI ON OF THE | NVENTI ON
This invention is directed, in part, to novel |ubricant conpositions '

st Tonat o s o118 Bleb ooy s FrvaR s FedfielG mBpay tor tniegluge ™ "=
conbi nati on weaxpea sty dpinyostegioneifh hepar diapdiese eng@BOoshich Riefiiodct i on

during Oﬁgration_of heavy-duty di esel engines. Each of these conponents in
t he cl ai hed €EOMRIGSFtion will be described in detail herein. However, prior

to such a descri tFﬁe,jrﬁﬂrg tﬁfb%’l iR R, ﬂﬂ){fcﬁ{t%mpbéiﬁgﬁ Eﬁﬁﬁ@%&ﬁfa&?qmoﬁgt The

term "hydr ocar by as -use erein refers to an orga drc conposed of
carbon and hgfhnogkef lwhilehingwsiscésityal i phatic, alicyclic, aromatic or

combinat i ons -t et Gl ot 31 &l S)bbaskl ELELEN Ml 05 IEPSGLIN 07 ouP
during operation of said heavy-duty diesel engine;

15 a sufficient amount of a neutral alkali or alkaline earth metal sulfonate having a
TBN of less than 25 to control deposits during high temperature operation of said
heavy-duty diesel engine; and

a sufficient amount of a dispersed, hydrated alkali metal borate to inhibit wear
during operation of said heavy-duty diesel engine.

20

DETAILED DESCRIPTION OF THE INVENTION
This invention is directed, in part, to novel lubricant compositions comprising a
combination of an overbased detergent additive, a neutral sulfonate, and a dispersed,
hydrated alkali metal borate. - This combination unexpectedly provides both wear and

25  deposit protection during operation of heavy-duty diesel engines.

Each of these components in the claimed composition will be described in detail

herein. However, prior to such a description, the following term will first be defined.

30 The term “hydrocarbyl” as used herein refers to an organic radical composed of
carbon and hydrogen which may be aliphatic, alicyclic, aromatic or combinations
thereof, e.g., aralkyl. Preferably, the hydrocarbyl group will be relatively free of

aliphatic unsaturation, 1.e., ethylenic and acetylenic, particularly acetylenic .

’
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ali phatic unsaturation, i.e., ethylenic and acetylenic, particularly
acetylenic -4 unsaturation. Mre preferably, hydrocarbyl groups conprise
froml to 300 carbon atons and even nore preferably 6-100 carbon atons.
Exenpl ary hydrocar byl groups and substituted hydrocarbyl groups include
al kyls 5 such as nethyl, ethyl, propyl, butyl, isobutyl, pentyl, hexyl,
octyl, etc., alkenyls such as propenyl, isobutenyl, hexenyl, octenyl,

etc., hydr OXMﬁéaKMhﬁ?on M6 pa@fe%mthd@wwﬂyéups %oz‘ﬂﬁﬁ&@ﬁfd&ﬁ 138'8b9 carbon

hydroxylsopro hydr oxybutyl’, etc., ketoal kyls, such as 2-ketopropyl,
6- ket ooct yl , &r@andﬁvarcaﬁ@ferabh& 100 rashxaiombkyl s, such as et hoxyet hyl |
ethoxypropyl propoxyet hyl , propoxypropyl, 2-(2-ethoxyethoxy)ethyl, 2 10
(2-(2-ethoxyethoxy)ethoxy)ethyl, 3,6,9,12-tetraoxatetradecy|, 2-(2-

et hoxyet hoxy Eaensplary mocaﬂayﬁgmmmbmu hydGtaby BORpEEncluty skglsed al kal |

tal b t | | t t [ tents 15
i sl osi g < HPB et APReP ARt hPhoobitsh DR PRS0 e BUEVILPSh pat en
Nos_ 3, 313, {2dropehyiSobrichyl, %e)toéﬁl BZt%ng:gctglﬁycﬁégyaH%ll@%lZa% and 4, 089, 790

all of which are i'ncorporated hérein reference’in their entirety. The
hydrat ed al khytimhﬁtﬂaﬂ bbY@‘DEI@IQMlII&@k@iﬂS@PTOQS]&‘ 4rhydtdxebw1%swntketqaﬂ@'ﬁa;| on can

b 20 t he ,f I ' MO 3 O\/\hereln M
'S an al kol + SR Clonis kR e AR Db eneLlomin Ry B RBES rom 2. 5
to 4.5 (bot hethbnyethardhddypedpyd pedpoxyén Mop@xy@rd}j-jfm SheNVe &mQ ylethyk28. More

preferred are the hydrated potassium or at es, gartlcularl the hydrated
pot assi ubPtr (%@r%FP@’éYet@SY)Pﬂ@XB{WFYé{%@%&%ﬁf@xﬁt& #desvled-(i | | general Iy have
a mean partig than 1 mcron. In the alkali netal borates
enpl oyed in thﬁgﬁ#nvgﬂ%xgpgéthe ratio of boron to alkali netal wll
preferably range fromabout 2.5:1 to about 4.5:1. 30 G| dispersions of

061 oni zed water 5 sol uiTaRIBYDRAHED Mgkl REEFSLBRRARS bor 1 ¢ aci o,

optional l'y i pyliB€ed alkali metal borates are well known in the art. Representative patents

15  disclosing suitable borates and methods of manufacture include: U.S. Patent Nos.
3,313,727, 3,819,521, 3,853,772; 3,912,643, 3,997,454; and 4,089,790 all of which

are Incorporated herein by reference in their entirety.

The hydrated alkali metal borates suitable for use in the present invention can be
20 represented by the following general formula:
M;0+xB,05+yH,O
wherein M is an alkali metal, preferably sodium or potassium; x is a number from 2.5
to 4.5 (both whole and fractional); and y is a number from 1.0 to 4.8. More preferred
| are the hydrated potassium borates, particularly the hydrated potassium triborates.
25  The hydrated borate particles will generally have a mean particle size of less than 1

micron.

In the alkali metal borates employed in this invention, the ratio of boron to alkali
metal will preferably range from about 2.5:1 to about 4.5:1.

30
Oil dispersions of hydrated alkali metal borates are generally prepared by forming, in
deionized water, a solution of alkali metal hydroxide and boric acid, optionally in the

presence of a small amount of the corresponding alkali metal carbonate. The solution

5
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presence of a small anmount of the corresponding al kali netal carbonate. The
solution -5 is then added to a |ubricant conposition conprising an oil of

| ubricating viscosity, a dispersant and any optional additives to be
included therein (e.g., a detergent, or other optional additives) to form
an ermul sion that is then dehydrated. 5 Because of their retention of

hydr oxyl groups on the borate conpl ex, these conplexes are referred to as
"hydrated al kathin sRfedlto PRIbALSR ¢ ﬁaasl:;lﬁ&{mlspﬂsq@% cﬁpcfftlﬁl')rﬂ!aﬂﬁg v@b&sﬁtw er
emul si ons of these hydrated alka I metal borates are referred to as "oi

di sper si ons @fspeiyent apéansentiony! additives tedeanelyded thereipr(efge rdetbrgsint, adiothser si ons

of al kal i I r tal ratio of about
2.5:1to abouﬁ{l%{%g&%ﬁgfﬁﬂgn%?ﬁ%g%rﬁlesgglrt&e}dé%n@dé}gjdrat " the hydrated al kal i

netal borate partlcles generally wi |l have a mean particle size of |ess

than 1 mg¢ro his regard ‘1&}‘\? s been found that the hydrated al kal i
metal borate e@%ﬁ?e AT referttion;of hydrpx tar@wspﬂnéh%?%{s‘iefompiqx avrconnieresi cl e
size where 9Q%8fengh %‘t%sefh%@;atéd@ﬁcalﬁ%éthm&ﬁes”]alr‘ld%1‘?1 b &St cﬁﬁﬁyrgné m crons.

In the oil dispersion of drated al kal 1 et al te rated al kal i
met al bor at e oiliwrdtdr egeﬂmwraldf yhesohydriteé abblo tetal Botates Ake m&rgaldtto pefdknt ,
preferably 25.to0 50 rcen e, preferably about 30 to 40 wei ght
percent of t EW%P&?W@%@@%RWE%PW %E’) "di spersion of the hydrated

borate. (Unless otherw se stated, all percentages are in weight percent.)

Thi s con*ﬁ) osition or concentrate is enployed, often in the formof an
addi tivelBac E’éﬁ‘é@‘mdt%l disperionseofraikaligeaiel otates ‘Eléld‘{a"@@hﬁmlt? abgli n&tﬁlfratm ent

vt oy STAEPASALIBAR 4.7 AriEther Brdrhits i ol et wfial

conposition prefera conpri'ses from Wel g per cent
of borate acmevfaéboatmbarmle:rgeimra_ﬁyﬁﬁll havef el pamcflé sige a:blakﬁthﬁh 2 niierod. wei ght

percent. The I brica si_tiqns of ntlon can further enpl oy
surfactants, fégﬁaﬂf gasr%f"’ﬁ g?““glt%ét?‘esté’ﬁf@e lomgial beratss Prploned H’s
descri bed bekmw@aﬂldﬁrmmmb@ wﬁm%eawncie%% vwlér@@o%ro& greatd of 1R paktlcles
di spersions of hydrated alkali netal "borates enployed i n this i r?vent I on
gener al | ¥5 copysrlesséhan Q6 speosant , an oil of lubricating viscosity, and
optionally a

In the oil dispersion of hydrated alkali metal borate, the hydrated alkali metal borate

will generally comprise about 10 to 75 weight percent, preferably 25 to 50 weight

percent, more preferably about 30 to 40 weight percent of the total weight of the oil

20  dispersion of the hydrated borate. (Unless otherwise stated, all percentages are in

weight percent.) This composition or concenirate is employed, often in the form of an

additive package, to form the finished lubricant composition. Sufficient amounts of

the concentrate are added so that the finished lubricant composition preferably

comprises from about 0.1 to about 5 weight percent of borate actives and, even more

25  preferably, from about 0.2 to 2 weight percent.

The lubricant compositions of this invention can further employ surfactants,
detergents, other dispersants and other conditions as described below and known to
those skilled in the art. -

30
The oil dispersions of hydrated alkali metal borates employed in this invention
generally comprise a dispersant, an oil of fubricating viscosity, and optionally 2

detergent, that are further detailed below.

s



detergent, that are further detail ed below -6 THE OVERBASED DETERGENT
ADDI TI VE Overbased detergent additives are well known in the art and
preferably are alkali or alkaline earth nmetal overbased detergent
additives. Such detergent additives are prepared by reacting a nmetal oxide
or netal hydroxide with a substrate and carbon 5 di oxi de gas. The substrate
is typically an acid, usually an acid selected fromthe group consisting

of aliphatic substitutedrgel GORRS AN DEHRQENT ADDIPFVEL Ut ed carboxylic
acids, and aliphatic substituted phenols. The term nol ogy "overbased"

rel ates to nbveibasedideteragnt addatives lase wetbkuawisialthsarbandipe bl nargtadeli or
car boxy! at es. . ngh PASANES o WBSI A dhit NG ATRHAL QlTRISLPLERANL, gxCoeds  the
.such sard to

stoi chi onetric anoun salts ar ave CoAVEersion levels in

excess of  1pfidared be reactihey meeipxids er mltathydicidd Gftaciibdtiae: dddear®hi cal
amount of netal needed to conyvert the acjd to its "normal", "neutral"
salt). The esélaﬁé‘«g#%nTh%@grat? isttynieallypniagid, usiisly ey pcifl sefected flRM the  ysed i n
the prior ar i i i Aat] : em cal

equi val ent s gﬁ‘c’%prg?lgg?g@g%{ E@p}%\egk‘gggfeugeds% ? ﬁl? %b@%%k%g{c%ggﬁlﬁegﬁent s of the
met al in a newbexilicselds, aad ebpltiticgubstitkebphenclseni cal reactivity and
stoichionetry. Thus, in a normal or neutral salt, the netal ratio is one
and in an overbased salt, MR is greater than one. They are conmonly

referred to Fhe AYAMIRESovaiRRIDANREE 18 netd YRR pm@big,ahétﬁl Algopre usually
salts of organic sulfur acids, carboxylic acids, or 20 phenols. The al kali

netal ov&P basdipnaies.caghonylatey pnd phangtep yshoseintheamauat plometpl presengerseeds0: 1,

preferably at l . o f . 16: Ih l'ine
ver baced abteeiidtortet Bt Rty PARELARI o Bl biBSlrotilodhty Ifods o2
preferably at00%dsd., they dongnibe miwrethah 1p0% o tiathyoratical &asint 20 miketal 36edad! f oni ¢
aci ds include the no or polynucl ear argmatic_or cycl.oaliphatic conmpounds

b 14

whi ch, when BVeOmYSES B, 2ckrte g aneradl's upubahtsald): Hhsexpressian | mgiptratnl. rérat es
F?EB ;3.6_ Tt (eg(r) gﬁ?&éﬁtﬁ@d %@Mﬁ’ heustB 5 thBBfibr BY alderdifkd &.Cl)éMgi‘ﬁtaftI‘i’(J_,I P08 total
15  chemical equivalents of metal in the overbased salt to chemical equivalents of the
metal in a neutral salt according to known chemical reactivity and stoichiometry.
Thus, in a normal or neutral salt, the metal ratio is one and in an overbased salt, MR,
is greater than one. They are commonly referred to as overbased, hyperbased or

superbased salts and are usually salts of organic sulfur acids, carboxylic acids, or

20  phenols.

The alkali metal overbased detergent typically has a metal ratio of at least 10:1,

preferably at least 13:1 and most preferably at least 16:1. The-alkaline overbased

detergent typically has a metal ratio of at least 10:1, preferably at least 12:1 and more
25  preferably at least 20:1.

Suifonic acids include the mono or polynuclear aromatic or cycloaliphatic compounds
which, when-overbased, are called sulfonates. The 0il soluble sulfonates can be
represented for the most part by the following formulae:

30 [(R)}-T~(SO3), ] M¢ I

[RY(SOs)glsM; i



[R4(S03)g]hM Il -7 In the above fornmulae, Mis a netal cation as described
her ei nabove; T is a cyclic nucleus such as, for exanple, benzene,
napht hal ene, ant hracene, phenanthrene, di phenyl ene oxi de, thianthrene,
phenot hi oxi ne, di phenyl ene sul fide, phenothiazine, diphenyl oxide,

di phenyl sulfide, diphenylam ne, cycl ohexane, 5 petrol eum napht henes,

decahydr onapht hal ene, cycl opentane, etc.; R3 in Fornmula | is an aliphatic
group such asn tlekipbve RbkEIAY, M 194 KoY catidh ko uyatiked hergingtawal koxyal kyl , etc.;
x is at least'|l, and (R3)X + T contains a total of at |east 15 carbon

atons, R4 inTpspsuelie nucleus suchgs.dpy premple beizstp naghtbalers: AMBHCA: ei n
containing a Eér%g?h%on aph?@ieng gﬁﬁ@rtﬂﬂhﬁu&fe ﬂeﬁ&%ﬁomog%,h@ﬁ{%%ﬁ{&een at

| east about is a net cation anpl es of type of
t he R4 radi caheratisazhd dipheayllosnlg) diphdnybsutdds diphemdarhina) dyolopakdnel , etc.

pect12 Sranpl s, bl ae LIRS, SSLNEL LLOmRELl o3, ol ghed and
C4, G5, OB, aftuBphati@ %ﬁfdp%ﬁclﬁml NGyl RIKoRy, HNIKalk Y0 Qarb Sd1RSH 88D N the

pol ymer. The groups and R4 in the above fornul ae can @Jso contain
ot her i nor gam 18 atdﬁaSéig@du(B 1% Tseomtains atetad of 4tieagtitfi ¢arloom atems,Hysie Feruwier at ed

above such a

ni troso, sul K e, Hﬁ%ﬁi% glg,agél?%:%%’(dnh?gg E‘))i{?gn aEZelra?m%%ut ptrétgra})ﬁfgteach of
X, Y, z, T, Geastiaboantl didofieh at Rastbdut 1Spedbh bon@eadM &sa mbtabedtioani ¢ aci ds
usef ul |n this invention g mahggany sul foni c 20 aci ds; brlékt st ock

sul f oni c 18ci dXamgles phiype ohbhe r@)@fqlmllﬂflo%qnab@ll@aﬁlhﬂ garpoalkosyatkyhs
having a Sayhpl tSp¥&1§iSQ§"uﬁ1¥a§;§f(§ﬂd?p bps @8 &%&gp;et{aiat&ﬂ%nﬁ&e@ t 200

seconds at 210 petro c acl pol ywax substituted
sul fonic andunﬁmhwwdpmmﬂhcwacmddpd@pbﬁngJmﬂMhmgmﬂgnmmaﬂﬁbhﬁbéheCaﬁheno

2l phachl or ongBa e aR=ge 1w g aren D cTbRLEN: SEHERPPERT CRPIPhcn as

al kyl benzen@?saldf0h ehPdbotls fdriRE @art MSo Sdrifath o%pﬁllargaaﬁ; dbrgpast 8
carbons), cetyl phenol nonosul fide sulfonic acids, dicetyl thianthrene

di sul f onilé aéillaséltueﬁtmuaaﬁi@}norb@ttbompwmrﬂedgbww]@ a1 OTCEX 2P e BYIOXY,
ni t ronapht halepe, oub{A0LE 138 Sainofikodd, SAat, AUAAGL LR, I5kilundyeh as dodecyl

Formulae Tand 11, each of x, y, z, £, g, 1, and h is at least 1.

Specific examples of sulfonic acids useful in this invention are mahogany sulfonic
20  acids; bright stock sulfonic acids; sulfonic acids derived from lubricating oil fractions
having a Saybolt viscosity from about 100 seconds at 100°F to about 200 seconds at
210°F; petrolatum sulfonic acids; mono and polywax substituted sulfonic and
polysulfonic acids of, e.g., benzene, naphthalene, phenol, diphenyl ether, naphthalene
disulfide, diphenylamine, thiophene, alphachloronaphthalene, etc.; other substituted
25  sulfonic acids such as alkyl benzene sulfonic acids (where the alkyl group has at least
8 carbons), cetylphenol monosulfide sulfonic acids, dicetyl
thianthrene disulfonic acids, dilauryl beta naphthyl sulfonic acid, dicapryl
nitronaphthalene sulfonic acids, and alkaryl sulfonic acids such as dodecyl
benzene"bottoms" sulfonic acids.
30
The bottoms acids are derived from benzene that has been alkylated with propylene
tetramers or isobutene trimers to introduce 1, 2, 3 or more branched chain Cy»

substituents on the benzene ring. Dodecyl benzene bottoms, principally mixtures of
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30 The bottons acids are derived from benzene that has been al kylated with
propylene tetraners or isobutene triners to introduce 1, 2, 3 or nore
branched chain Cl2 substituents on the benzene ring. Dodecyl benzene
bottons, principally mxtures of -8 nono and di dodecyl benzenes, are
avai | abl e as by-products fromthe manufacture of household detergents.
Simlar products obtained fromal kylation bottons fornmed during

manuf act ure @ionblaﬂ@ardoaé&yybelﬁeﬂ;d‘soaeheﬁla(;%s}ay%@mts&mﬂﬂefmﬁnufﬁmﬁfakﬁfng t he
sul fonates used in this invention. The production of sulfonates from

det er gent mh@ﬁ?&b@ldrdétemea@uﬁwlabyrqde% phigmegitiom alkylgtion bygtpmsi fermed | known

to those skil ! P g.]@r e@ﬂ; onation
and Sul fati on ﬁl &fg Otfhn%(élkeé Q‘HE"&%S@JL‘ ﬁ'%%?&%n?%ﬁl%%l I%ﬁ}%l 23,
pp. 194 et seqlfoﬂatﬁslusedmmskw]:ﬁhﬁ hmer "Encycl opedi a of Chemi cal

Technol ogg Fourth Edition, published by John Wley & Sons, N.Y. (1997).
Al so included are aliphatic sulfonic acids containing at |east about 7

carbon at ons The fddamticH of sEASHatRIRIM ddidrge RRMARLGES i N the aliphatic group,
such as paraffin wax 15 sulfonic acids, unsaturated paraffin wax sul fonic

aci ds, hydr opyodsatsdy |r@asrt1erdwﬁh,rfag f $@3, isversl] kuowiotel thosesskilled i Sheaaph: SpssIfeme

o B! SRR RSP T IR, vBERY BRI BSH or €, 2ot

chl oro subst "Sulfdfc Aa;ﬂaf fvioh 288, agh%mhpb@nhﬁ&rkm troparafliin wax
sul fonic acids, etc. ycl Oalfkﬁp atic sul foni C aci ds such as get r ol eum

napht hend020 Qibmer 'rﬁnéyczl‘éi?eéba of Chegpicat \eehgplogy s IFourth £giion, prbligaed

cycl ohexyl s (i sobutyl) cycl ohexyl sulfonic aC|ds etc.
Wth respect%¥%8? gogﬁ §‘1@92£|ds or salts thereof described herein, it is

i nt ended t hat the ter m " pet rol eum sul fonic acids" or "petroleum
sul fonat es” i clu .onic 25 acids, or. th ts thereof derived
From pet ol edHibie o <hplpif Prifuica s Gardins o Todf b S PoirRR et B -
sul foni ¢ aci @ﬁe@aﬂeisheodﬁamplaaan Stoink eine aBFh4R fg{'&ff) Ghl 8PaReERUGe Oof their
reddi sh brown col or) obtained as a by-product fromthe manuf acture of
15 sulfonic acids, unsaturated paraffin wax squomc acids, hydroxy substituted paraffin

wax sulfonic acids, hexapropylene sulfonic acids, tetraamylene sulfonic acids,

polyisobutene sulfonic acids wherein the polyisobutene contains from 20 to 7000 or

more carbon atoms, chloro substituted paraffin wax sulfonic acids, nitroparaffiin wax

sulfonic acids, etc.; cycloaliphatic sulfonic acids such as petroleum naphthene

20 sulfomic acids, cetyl cyclopentyl sulfonic acids, lauryl cyclohexyl sulfonic acids, bis

(1sobutyl) cyclohexyl sulfonic acids, etc.

With respect to the sulfonic acids or salts thereof described hereln, it is intended that
the term "petroleum sulfonic acids" or "petroleum sulfonates” includes all sulfonic

25 acids or the salts thereof derived from petroleum products. A particularly valuable
group of petroleum sulfonic acids are the mahogany sulfonic acids (so called because
of their reddish brown color) obtained as a by-product from the manufacture of

petroleum white oils by a sulfonic acid process.

30 Other descriptions of overbased sulfonate salts and techniques for making them can
be found in the following U.S. Pat. Nos. 2,174,110; 2,174,506; 2,174,508; 2,193,824;
2,197,800; 2,202,781, 2,212,786; 2,213,360; 2,228,598; 2,223,676, 2,239,974;
2,263,312; 2,276,090; 2,276,297; 2,315,514; 2,319,121; 2,321,022; 2,333,568;
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petroleumwhite oils by a sulfonic acid process. 30 O her descriptions of
over based sul fonate salts and techni ques for making them can be found in
the followwng U S Pat. Nos. 2,174,110; 2,174,506; 2,174,508; 2,193, 824;
2,197,800; 2,202,781; 2,212,786; 2,213,360; 2,228,598; 2,223, 676;
2,239,974; 2,263,312; 2,276,090; 2,276,297, 2,315,514; 2,319, 121;
2,321,022; 2,333,568; -9 2,333,788; 2,335,259; 2,337,552; 2,346, 568;

2,366, 027; 2,374, 7%832 325 @@3,23339155232 3425681 8.366,047. 1, #319332 488 3784,
3,595, 790: and 3.798,013. Each of tResé patents i’s  héreby incorporated by

reference in 331,68t 3,48, 403; 8,488286x3;5 3% 7%k pth 3.7 2% Iifacihosthesegistantsaib k al i

and al kal i ne nts f.or, use .in this invention can be nade
i nclude ali ph;ét{e%%l?&%&%r%%%b GeRcgdit ds CI Stélxyl ic acids. The aliphatic

car boxylic acids gener aIIy cont ain at |east 9 car bon atons, often at | east

15 carbon ato rably at | east 18 carbon atons, Usuall t hey
have no nor e- aﬁ]?;ﬁ;icy EGCIS%E%WIH‘EWtab]@H@PéW911{311‘1‘6 P¥sebaseq %@tgp%ts f%om%ar bon

chain is braqﬁlﬂﬁﬂmv{sﬁ%ﬂ%@hggnﬁag d bﬂau%g{dhtal e for any given carbon

atons cont ent e al i phatic carboxylic aci can be saturated or
unsat ur at ed. aﬁ{i9o]yﬁbamce:mémpjd&mcndscThmldl;ihamd:aehmql1acamds gtnendlyedomtahe atd,

behenic acid, ispstearic acid ri_c pal m.t ol aci d, uric acid,
ol ei ¢ aci d, If’a}sgg E%‘? oms, qften gf‘?ﬂ% lélc %%@Wﬁeﬁ%%h%t Lgfacatr@%‘ or

more car bOXy|a|t(ﬁn@QJsd§Iy, thk$ h&eCAb ASreltBid 400 darlﬁﬁ'ﬂ ASms. [RRERNFCF al@ﬂﬂict he
like. Preferred aliphatic carboxylic acids are of the fornula R5-CHCOOH i

CH2COOH A€ wirerbenghas ig byanphed,| thedcady are mpde @t ar bon based group of at |east 7

carbon . at Om;’soRlB %@r{% aﬁ%ﬁbo}lzat&gg 90?1?6 &%@Bahgﬁ'&lcpra%coggﬁp Lcédﬁ eaélcl east 15

car bon at ons, on a ive
equi val ent s tsbtaramfor uaSathimated nSyiceiflc exainplit fhide linbteniodchh Kiyiblelr #&¢d,d is a
hydr ocar byl stit u& ed car. box al kyl ene Ijnked phenol ; dihydr.ocarbyl ester
of al kyl ene e enic acid, 1sostearic ac1 , steatic acid,palmitoleic acid, lauric acid, oleic acid,

ricinoleic acid, commercially available mixtures of two or more carboxylic acids,

15  such as tall oil acids, rosin acids, and the like.

Preferred aliphatic carboxylic acids are of the formula

Rs—(IDHCOOH
CH,COOH

20
wherein R’ is an aliphatic hydrocarbon based group of at least 7 carbon atoms, often

at least 12 carbon atoms and preferably, at least 15 carbon atoms, and not more than

about 400 carbon atoms, and reactive equivalents thereof.

25 Inanother embodiment, the carboxylic acid is a hydrocarbyl
substituted carboxyalkylené linked pheno}; dihydrocarbyl ester of alkylene
dicarboxylic acids, the alkylene group being substituted with a hydroxy group and an
additional carboxylic acid group; alkylene linked polyaromatic molecules, the
aromatic moieties whereof comprise at least one hydrocarbyl

30  substituted phenol and at least one carboxy phenol; and hydrocarbyl
substituted carboxyalkylene linked phenols.
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di carboxylic acids, the al kyl ene group being substituted with a hydroxy
group and an additional carboxylic acid group; alkylene |inked

pol yaromatic nol ecul es, the aromatic noieties whereof conprise at |east
one hydrocarbyl 30 substituted phenol and at | east one carboxy phenol; and
hydr ocar byl substituted carboxyal kyl ene |inked phenols. -10 These
carboxylic conpounds are prepared by reacting a phenolic reagent with a

carboxyl i c r@agerarbokylid@ngrRnadsdre hpatet dyheactingh phdrohc re%gent@iﬂpm? 6
wherein R 1, R 2 and R13 are independently hydrogen or a hydrocarbyl group,

R16 is H 5 &¥baxyligreagentplihgeengrpdformuda an i nteger ranging from o0 to about
and reactive equivalents there 11&@3@; 3] FS type are described in
several U S. patents including gs. at é‘%t)"%g)sdﬁ.'& 281, 346; 5, 336,278 and
5, 356, 546 eawfrersin RHj RK and R'Tare inglepatdentiylyydrogher ehydrobarbyt moemtR 'f astly. 10
Unsat ur at gd hydr car boxylic canpounds .prepared regcting olefinic
corrpounds§ \Mo%lﬂl @ﬁ}llsg.r%lﬁ’r B%iﬁsl@lg%ﬁfﬁﬁ%g%ﬁgmﬁ fé’c?%é%té‘flalre.ac SEBUYRRNSE this
type are deseferdd@dComPosRder tis fpSarchRRt@Hed irl MleﬂngrﬁgPMeﬁs iR UNDS .

5, 696, 060; 5,696, 067; 5,777,142  and 6, 020,500 each of which is

i ncor por at edi’btyntr@seﬁéﬁ&é%;rﬁ,ﬁﬁswérwﬁrSét5§x54Q§aCthfﬁﬁn¢IUS swoxsted by aci ds are

useful for p 38%5. . alts useful in the conpositions of this
i nvention. Tﬁlese éeﬁgllﬁgéﬁjg omatic carboxylic acids such as hydrocar byl

substituted benzoic, phthalic and salicylic acids. Salicylic acids and
ot her ar tic carboxylic acjds_are well known or can be prepared 20
accordi ng t o%%@%i@@oﬁﬁ XYHC CorpeHnds proppise Py Ieasting plggn@fcom@pgnc{sy pe and

processes f og;fhERakbBI{RBpol&Hik also ARduP S e o known
and discloseq} for egg%ple,pfn U.E.Sgatentggg%fgﬁ%ggﬁ;§§%§§%?§§éﬁkh
2,252, 662; 21282e8bY.S2pReuts 08Rding3U 81 BatE@i3Vosa A98,06@ 5,606 06 7ELG 7,042 t hese
patents is inc d herein by. refer e i its entirety. 25 In the
context of t ﬁ?"gg’ﬁz@g‘ﬁﬁ%ﬂ P%Hhﬁhd%/?c%?@r egﬁ!?‘l rHE?Feé‘&e B Yei ds. Thus,
overbased salts of phenols (generally known as phenates) are al so useful
in nakin? t he . L
5  Aromatic carboxylic acids are useful for preparing metal salts useful in the
compositions of this invention. These include aromatic carboxylic acids such as

hydrocarbyl substituted benzoic, phthalic and salicylic acids.

Salicylic acids and other aromatic carboxylic acids are well known or can be prepared
20  according to procedures known in the art. Carboxylic acids of this type and processes
for preparing their neutral and basic metal salts are well known and disclosed, for
example, in U.S. Patents 2,197,832; 2,197,835; 2,252,662; 2,252,664 2,714,092;
3,410,798; and 3,595,791. Each of these patents is incorporated herein by reference in
its entirety.
25
In the context of this invention, phenols are considered organic acids. Thus, overbased
salts of phenols (generally known as phenates) are also useful in making the

overbased detergents of this invention and are well known to those skilled in the art.

30 A commonly available class of phenates are those made from phenols of the general

fornula:
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over based detergents of this invention and are well known to those skilled
inthe art. 30 A commopnly avail able class of phenates are those nade from
phenol s of the general fornula: (R5)a wherein R5 is as described

her ei nabove, R7 is a lower aliphatic of from1l to 6 carbon atons, a is an
integer of froml1l to 3, bis 1or 2 and cis 0 or 1. 5 One particular class
of phenates for use in this invention are the overbased phenates nmade by
sul furizing a phenol as described herei af ve with a sul furizing agent such
as sulfur, a sulfur halide or sulfide qy hydrosufide salt. Techni ques for
maki ng sul furized phenates are descrfbethin U S. Pat. Nos. 2,680, 096;
3,036,971; and 10 3,775,321 which @ (B&k!y incorporated herein by
reference in their entirety. Qther phe#dtes that are useful are those that
are made from phenol s that have bee@5 | i nked through al kyl ene (e.g.,

met hyl ene) bridges. These phenates fle made by reacting single or
multi-ring phenols with al dehydes or ketones, typically in the 15 presence

of an acid or,basigs.catal yst..,Such,linked enat as | 1. as, sul furized
Phenat s, - ar €hIERIF: b B Aot T neimoR v FE s BIR ey e O b B Sbt L ar 1y
col ums 6- 8, atofnB s BQh ivbiez bf RBiENo 3, % i€KBF B&&d ¥ision&ar por at ed herein by
reference in its entirety. Salicylic acids my be considered to be

carboxyl it acids or phenols. Hydrocarbyl 20 substituted salicylic acids
are useful f ' l. 10, I.L] f this
Mnvent fon.  Fony BEAOR I tPbTpand il B inl il GOTRREL LA BB 1
aci d salts amddoby suwihriemgralphend b gédctibédlbrghsnat edth(d satfutiding geansidinat i ons
thereof. 25 Preferably, ,suffici a nt s_ of ver based detergents are
present to p?sog\'rl,fa’éa’fsﬁ raha%‘#%RF %&ﬁléqor{@éwu@% ﬁﬁ‘htkﬁ@%mqﬁi?% EHAMr i cant oi |
conposi tion aigrizaDpienREshe/RMiibedin TBNP NbE.2BsR0Y! 3,534 97kt 20. The
concentration of overbased detergent is, of course, depéndént on the TBN

of the olMler bA3eu32ewhichere expmsply sicormomatedivrondg réBrencevn their estirgbl | wi t hi n
the skill of the art. Preferably, however, the finished lubricant -12

C Ci

Other phenates that are useful are those that are made from phenols that have been
" linked through alkylene (e.g., methylene) bridges. These phenates are made by
reacting single or multi-ring phenols with aldehydes or ketones, typically in the
15  presence of an acid or basic catalyst. Such linked phenates, as well as sulfurized
phenates, are described in detail in U.S. .Pat. No. 3,350,038, particularly columns 6—8,

thereof which patent is expressly incorporated herein by reference in its entirety.

Salicylic acids may be considered to be carboxylic acids or phenols. Hydrocarbyl
20  substituted salicylic acids are useful for preparing metal salts useful in the

compositions of this invention.

Preferred overbased metal salts are the substituted sulfonic acid salts and/or
hydrocarbyl substituted phenates (including combinations thereof.

25
Preferably, sufficient amounts of the overbased detergents are; present to provide for a
TBN of at least 5 in the finished lubricant o1l composition and, more preferably a
TBN of from about 5 to about 20. The concentration of overbased detergent is, of
course, dependent on the TBN of the overbased detergent composition employed

30 . which 1s well within the skill of the art. Preferably, however, the finished lubricant
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conposition conprises fromabout 0.2 to 20 wei ght percent of actives in the
over based detergent conposition based on the total weight of the finished
oil. Overbased detergents are well known in the art and are conmercially
avai lable. In 5 addition, numerous exanples are provided in International
Application Publication No. WO 01/44419 which is incorporated herein by
reference in its entirety. THE NEUTRAL SULFONATE ADDI TI VE The al kal i or

al kal i ne ear tbm n ddiprised fr&iH labonat2oize v@kﬁggrple&;eﬁk GHaeyesh te t he 10
exception that the MR enployed in the neutralization reaction of the

cor r espondi ngverbefied gpfersepicsomnposition hesed op dlep total pieiphi efethe Spishedoikposi ti on
having a TBN of |ess than about 25 and that no carbon dioxide is utilized
during this neutralization. Preferably, the neutral alkali or alkaline
earth netal Qvkfbassldetdngentsard Billdhowe dstht hetand Sre dovemerciaidy evailableelabl y, t he

MR enpl oyed dyt.i.ng the neutralization.reaction is fromi .to_15. ahout 3 and
even mor ¢ pr SAGHSBITERYS GRETRICSHE Brovide ﬂ.&tﬂa?ﬂ%ﬂ ARPIEa{ifn BEDLERSR | no
earth netal syl HanaiR4el® ©RBL Wﬁé’or%@at%&ﬁlaﬁn Bﬁe?éé'&c%%lté &{tire@/f deposits

during high tenperature operation sai d heavy-duty diesel éngine (e.g.,
tenperatures of from about 100C to about 20 400C). The neutral alkali or

al kaline earth netal sulf I f . anounts ranging
from about 0.2 to about 5%%@?5?&%’2#3@6%?@@&?@& otal weight of the
finished | ubriiheamkkli efRAsrctdaftl meld ndiia] SXlkorle ik LBRHEATADY: WidGERS! TY The oi |
of lubricating viscosity used in the conpositions and nethods of this

i nvent i oAO magXesetien fet & MR paployed irthaeeytralization reaction sEBisicoyesnondiagl e f or
use in the  chalHCaseidhn@iliddth %&R?Ae 6PIDR ds%n%%n@%‘]{ﬂib%{?e@?ﬁlaﬂ' | s may
atura neral olrls t1or

be derived from 30 synthetic or n sour ces. use as
t he base oil about2hiasd iavemtdrben dibxidk isdeiliped airfrignhe nenagirbtieni RPrefongblnt her

ils that dj nar.i L in |ubricati i | i tions. Syntheti
o115 1 ol ude IESRIR AR AIG S iR lpRde Bine TERORLS Habds: B8 Usef ui
synthetic hy@iR6 afeRoiblithé MRNGhpEFed dufitb thdPRuiBs SioR tealid\R Righigs - 13

15  about 3 and even more preferably the MR is about 1.

The neutral alkali or alkaline earth metal sulfonate is employed to assist in the control
of deposits during high temperature operation of said heavy-duty diesel engine (e.g.,
temperatures of from about 100°C to about

20 400°C).

The neutral alkali or alkaline earth metal sulfonate is preferably employed in amounts
ranging from about 0.2 to about 5.0 weight percent based on the total weight of the
finished lubricant composition.

25

THE OIL OF LUBRICATING VISCOSITY

The oil of lubricating viscosity used in the compositions and methods of this
invention may be mineral oils or synthetic oils of viscosity suitable for use in the
crankcase of an internal combustion engine. The base oils may be derived from

30  synthetic or natural sources. Mineral oils for use as the base oil in this invention
include paraffinic, naphthenic and other oils that are ordinarily used in lubricating oil
compositions. Synthetic oils include both hydrocarbon synthetic oils and synthetic
esters. Useful synthetic hydrocarbon oils include liquid polymers of alpha olefins
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havi ng the proper viscosity. Especially useful are the hydrogenated |iquid
oligoners of C6 to Cl2 al pha olefins such as 1-decene.trimer. Likew se,

al kyl benzenes of proper viscosity, such as di dodecyl benzene, can be
used. Useful synthetic esters include the esters ofnonocarboxylic acids
and pol ycarboxylic acids, as well as nonohydroxy 5 al kanols and pol yol s.
Typi cal exanpl es are di dodecyl adipate, pentaerythritol

t et racapr oat avigdy the-prbpey visessity. Bshepiallg usefiull spe ity hyeaemiel liquid olifiendrs ke.
Conpl ex esters repared from m xtures of nonq .and di ¢carboxylic acids and
mono and di hyd E@%Clzéﬂm&ﬁbﬁf@s 84k 25| Ledsopnie trigey Likgpvaineialkyl benzgags0f psenes wi t h
synt heti c oi |v?sc§§i§l alchQs HRBhety1 RJHQ R A Ele%eﬁﬁ@?ntﬁ?ﬁqoé% rd BB Ae this
i nvention preferably conprise-the ?ollomnng: an oit of lTubricating

vi scosity; a estafsfaf icantarbonylintacid$ aml phl padrosglic adigy aavell aaimoabhydretal bor at e

to control. degposits,duri.ng.operating of heavy-duty diese gine; 15 a
suf {161 ent aitianeard EINRACRERE] Pletfesare SRRVt e RES IRl fonat o
having a TB%tfhfcz;ir@ﬁS,.diQaﬂhﬁﬁeﬁ 0 adipiitt,f dlauf@eBSdates aktihic Mitte NCahpleg BREGAL Ur €
operation of sai heavy-duty diesel engine; a sufficient anpunt of an

over based detPeipgedtironaaivetisge of mong prdicarheelicagids aad mepe ped dibdioky a
heavy-duty di LhRer . Pl e - i_.sper hydr at ed
al kali et al ag(g?glfg gé}?%lgf;?ee%ga%lf%&poﬁﬂggg%ﬁ ! %%%y)%gh%gg |ﬂ't; gﬁg naﬁ)sfénlﬁgglrlf anount
of fromabout 0.1 to about 5 weight percent of the total weight of the

| ubri cant,_conposition and, even nor referabl fromabout 0.2 to 2 weight
percent. 185 The overbased detergenFSBs'[gLéfﬁp y present in the

conposi tion in amyaEBmPssitictldfof tkd PEntioR pRERMb oir%s@ﬂﬂé%hamg least 5 in
the finished lubricant oil composition "and, re preferably TBN of from

about 5 to about an@il of hibricgiimgenscosity;on of overbased detergent is, of
course, dependent op.the TBN. of. the overbase et.er t 30, conmposition
enpl oyed which i € Sb\ﬁicfenﬁﬂﬂliuﬁ Ogﬁglsg?fﬁ?(f L?S‘ﬁa&eﬁélﬂ(gbtn}eqélr’%@fag‘? 'é?o"‘rc{glﬁoﬁomever ,
t he fini shed depdsits damilg SRMIAEIOF b BBavGQRRY Hized chgigen about 0.2 to 20 wei ght
percent of actives_ in the overbased detergent conposition based on the
total weildht of @afficient amount of a neutral alkali or alkaline earth metal sulfonate having a

TBN of less than 25 fo control deposits during high temperature operation of said

heavy-duty diesel engine;

a sufficient amount of an overbased detergent additive to inhibit wear during
operation of a heavy-duty diesel engine; and

20 optional additives.

The dispersed hydrated alkali metal borate is preferably present in the composition in
an amount of from about 0.1 to about 5 weight percent of the total weight of the
lubricant composition and, even more preferably, from about 0.2 to 2 weight percent.
25
The overbased detergent is preferably present in the composition in an amount
sufficient to provide for a TBN of at least 5 in the finished lubricant 01l composition
and, more preferably a TBN of from about 5 to about 10. The concentration of
overbased detergent is, of course, dependent on the TBN of the overbased detergent
30  composition employed which is well within the skill of the art. Preferably, however,
the finished lubricant composition comprises from about 0.2 to 20 weight percent of
actives in the overbased detergent composition based on the total weight of the

finished oil.
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finished oil. -14 Preferably, the amount of oil of lubricating viscosity
ranges up to about 99 weight percent of the conposition based on the total
wei ght of the conposition. 5 These conpositions are prepared nerely by

m xi ng the appropriate anounts of each of these conponents until a
honbgenous conposition is obtained. The follow ng additive conponents are
exanpl es of sone of the conponents that can be optionally enployed in the
conpositions of this invention. These exanples of 10 additives are provided
toillustrate the resent |nvent|on but they are not intended to limt

it: (1) Oxi d&rsterbivnthesmoypicofoilofpubricating yiseosiy ranges whtoiabRiY weight

4, 4" - met hyl en

4, 4" -bis(2, 6- Ec%tzorf'gﬂgeb%ﬁos @%%&%&Xﬁ%gﬁ% %ht Ofﬁkllelcglgp?sétrl?n but yl phenol ),
15 2,2' - nethylene bi s(4-methyl -6-tert - butylphenol) 4, 4" -butyl ene

bi s 3-net I tert bu henol 4 4' -isopro

b1 S(2. 6oab ¢ APESrCHHENEHS Prephisd Hielolyby B HAS SPbronsiet A aihenol )
2,2' -isobut yIo@ﬂﬁsé)d:&ﬁﬁhn@ntghﬁi@lta{%nﬁﬂg%ﬂ&ls)con%oﬁnomtdﬁﬂlﬁéa@ bi s

(4 nmet hyl - 6- cyclohexylphenol) 2,6-di-tert-butyl - 4-net hyl phenol

2,6-di-tert-butyl-4- ethyl phenol, 2,4-dinethyl-6-tert-butyl phenol,

2,6-di-tert- 4o 1.NQ-
2 6t BN 28 SERRL et cmpons o
4, 4" -t hi obi sbﬁopﬁ(ﬁr{aylbfﬁﬁrplc@kd in ﬁhﬂhyﬂnpb@ﬂikﬁis)of this invention. These examples of
2,2'-th|? met hyl -6-tert - ? phenol ), .and bis(3-nethyl-4-hydroxy- 5
-tert - but 8I b ﬁle‘V‘F%ar%HITOF’Id&Q to BWGH’WP“%HY%OPW’(EﬂWlaéealﬁqtdﬁteFmtﬁl tor:
al kyl ated di ghgny! am ne, phenyl . al pha. - napht hyl am ne, and al kyl at ed
.al pha. - naphthyl am ne. 25 (c) Clher types: netal dithiocarbamate (e.qg.
zi nc di t hi ocar batBt@idatemdnhihiéerhy| enebi s (di but yi di t hi ocarbamate). (2) Rust

agent's: pol yoxyelITERE 190 SAPTh MERL GRRORIEI Erskitner ol conol
et her, pol yoxusighehener,nony?, 6mm@divbuty@h&w1) moméezxm%wmét@b@@upﬂenmenyl
et her, polyoxyethylene octyl stearyl ether, yoxyet hyl ene 0Ol eyl et her,
pol yoxyet fyl @remsiiane Sis(rardui-Saesibatylphsngld téthuw1@1¢é)1s(3-methyl-6 -tert-
butylphenol), 4,4'-isopropylene bis(2,6-di-tert-butylphenol), 2,2'-methylene bis(4-
methyl-6-nonylphenol}), 2,2"-isobutylene bis(4,6-dimethylphenol), 2,2"-methylene bis
(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-
ethylphenol, 2,4-dimethyl-6-tert-butylphenol, 2,6-di-tert-.alpha.-dimethylamino-p-

20 cresol, 2,6-di-tert-4-(N.N'dimethylaminomethylphenol), 4,4'-thiobis(2-methyl-6-tert-
butylphenol}, 2,2'-thiobis(4-methyl-6-tert-butylphenol), and bis(3-methyl-4-hydroxy-
S-tert-butylbenzyl)-sulfide.

(b) Diphenyl amine type oxidation inhibitor: alkylated diphenyl amine, phenyl-
.alpha.-naphthylamine, and alkylated .alpha.-naphthylamine.

25 (c) Other types: metal dithiocarbamate (e.g., zinc dithiocarbamate), and

methylenebis (dibutyidithiocarbamate).

(2) Rust inhibitors (Anti-rust agents)
(a) Nonionic polyoxyethylene surface active agents: polyoxyethylene
30  lauryl ether, polyoxygthylene higher alcohol ether, polyoxyethylene nonyl phenyl
ether, polyoxyethylene octyl phenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, polyoxyethylene

sorbitol mono-oleate, and polyethylene glycol monooleate.
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sorbitol nono-ol eate, and pol yet hyl ene gl ycol nonool eate. -15 (b) O her
conpounds: stearic acid and other fatty acids, dicarboxilic acids, netal
soaps, fatty acid amne salts, metal salts of heavy sulfonic acid, partial
carboxylic acid ester of polyhydric alcohol, and phosphoric ester. (3)
Denul sifiers: 5 addition product of al kyl phenol and et hyl ene oxi de,

pol oxyet hyl ene al kyl ether, and pol yoxyethyl ene sorbitan ester. (4)

Extrene pressur e(®aBthéscotipBuadie s ackd ddduithe g8t Padids, dRhdBRM¢Elackl) T 1 de,
met hyl trichlorgstearate, chlorinated naphthal ene,

f 1 uor oal kyl p&rejlispapraliaty agid grunesalts apsielvalipeideaosuylonicacid Prvial nodi f i er s:

fatty al coho i 1 C s borated gl ycerol
nonool eat e) , kgﬁéﬁ%ﬁagﬁfég%gg?@l%&rﬁ%&%ﬁ??ﬁ l%ﬁlg@a%t ?’ti ves: sulfurized
oxynol ybdenum di {ilemanlfifiemt e, sul furi zed oxynol ybdenum 15 organo
phosphoro_dit hi oate,. ox | yhden nogl yceri de, oxynol ybdenu dji et hyl ate
O s ot e SRR ArEcthiEhe Sfir ooty rbTIoRr AR by bieaym
conpl ex conpasdfelyéxiethiVicns 96ibitin bddglex 1 nmprovers: pol ynethacryl ate type

pol ymers, ethylenegoropylene_copolyners, styrene- 20 isoprene copol yners,
hydrat ed styrene{ddeoneresopehgenss &P ggship)sobut yl ene, and di spersant type

rethacryl at e, ( STREBEEDRS dbboyl Ml aBah (RBREREAAE: pBARRE O ang
di met hyl si | neghiealge| ﬁﬁmbskyiﬁggkildkaﬁalan@mﬂm@mﬁﬂiaw, ni ng additive such as

nol ybdenupd ni trogen- .contajning conpl exes. Conpl exes of nolybdic acid and
an oi | séPubl e b&YikeicHPR PSgERIS: cont ai ni ng compound

fatty alcohol, fatty acid, amine, borated ester (such as borated glycerol

monooleate), and other esters.
(6) Multifunctional additives:
sulfunzed oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
15  organo phosphoro dithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine;molybdenum complex compound, and sulfur-containing
molybdenym complex compound.
(7) Viscosity index improvers:
polymethacrylate type polymers, ethylene-propylene copolymers, styrene-
20  isoprene copolymers, hydrated styrene-isoprene copolymers, polyisobutylene, and
dispersant type viscosity index improvers.
(8) Pour point depressants:
polymethyl methacrylate.
(%) Foam Inhibitors:
25 alkyl methacrylate polymers and dimethyl silicone polymers.
(10) A molybdenum containing additive such as molybdenum/ nitrogen-

containing complexes.

Complexes of molybdic acid and an oil soluble basic nitrogen- containing compound
30  have been used as lubricating oil additives to control oxidation and wear of engine
components. Since their discovery, such complexes have been widely used as engine

lubricating oil additives in automotive crankcase oils.
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30 have been used as | ubricating oil additives to control oxidation and
wear of engi ne conponents. Since their discovery, such conpl exes have been
wi dely used as engine lubricating oil additives in autonotive crankcase
oils. -16 Such conpl exes are described in detail in U S Patent No.

6, 696, 393, ich is incorporated herein by reference in its entirety. 5
EXAMPLES Th “S}WBHQXWW?SP“%Hf@ﬁtat%p@-lﬁé@%tﬁoapéaﬁsws whishisol | owi ng

exanpl es, whiifbrpsatedfhefeinby rpRfchésit il bhitetpdvant ageous net hod embodi nent s.
While the exanples are provided to illustrate the present invention, they
are not intended to limt it. 10 As used in these exanples and el sewhere in
the specification, the follow ng abbreviations have the follow ng

meani ngs. |If not defined, the abbreviation will have its art recognized
meani ng. &St = centistokes 15 L = |EXaMPM¥ROIl ecul ar wei ght ppm = parts
per mllion i = viscosity index 20 In

rpom = rotations per_m nut VI ]
addi tion, alTh V%W&lhée{}ﬁ%‘gefwweéﬁy thefollsyingesrampies, waishgetdarthhe t ot al
wei ght of  t BeqGAIRPAvhhiaRediS pEilRRnIAiASRs. | 1A ¥ Si%vi
Conparative | érrpl es A an%e B 25 The pur poses'owlklﬁgﬁseg&ggl tkgraiélét v‘e’ldg%?rpl es
i s to measuridlustrate thefpeesentanvandian, they smeqot mpendad toolimiifit, a heavy duty di esel
engine arising fromthe use of a lubricant conposition conprising
sufficient anpunts of overbased detergent to provide for a TBNin the
fi ni shedicomeaiedii@thetd ex@AéLmdldiaWheredn thepBGYtdth, SISIRRARS.
30Specifically, a first ful'ly formulated | ubricating oil conposition
(Conpar at i vea loas pyveihe fgllosping mdanisgsn df notadefiokd, dh abpreviation wiblshave

its art recognized meaning.

cSt = centistokes

15 L = liter
MW = molecular weight
ppm = parts per million
pm = rotations per minute
VI = viscosity index

20

In addition, all percents recited below are weight percents based on the total weight of

the composition described unless indicated otherwise.

Comparative Examples A and B
25  The purpose of these comparative examples is to measure the effect on wear during

operation of a heavy duty diesel engine arising from the use of a lubricant
composition comprising sufficient amounts of overbased detergent to provide for a

TBN in the finished composition of greater than 5 and a neutral sulfonate.

30  Specifically, a first fully formulated lubricating oil composition (Comparative -

Example A) was prepared using the following additives:

Succinimide dispersant (2300 MW) 7.0 weight percent
Neutral calcium sulfonate (TBN 17) 7  millimoles

35 High overbased magnesium sulfonate 13 millimoles
High overbased calcium phenate 63 millimoles
Zinc dithiophosphate 19  millirnoles
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Succi ni m de di spersant (2300 MA 7. Owei ght percent Neutral cal cium sul fonate
(TBN 17) 7m | I'i nol es 35Hi gh over based nagnesi um sul fonatel3m | |inoles Hi gh
over based cal ci um phenat e63m || i nol es Zinc dithiophosphatel9m I |linoles -17
nmol ybdenum succi ni mi de antioxidant VI inprover antifoam 0.2 weight percent
9.4 weight percent 2 ppm5 A second fully.formulated |ubricating oil
conposition (Conparative Exanple B) was prepared using the follow ng

addi tives: Succi ninsidemlins pRiciimide(:A80RdMY 7. 0 wei ghty. pereidinheddentt r al

cal ci um sul fonat eviiBpoldy) 7m | | i nol es Hi gh over based gvagResit Yicent

sul fonatel3m | I'i mylgga i gh overbased cal ci um phenat e3m EH mol es Zinc

di t hi ophosphat e19m | | i nol es nol ybdenum succi ni m de anti oxi dant 0.2 wei ght
percent VL i [ t i . . midJ. ion furized
ot er(ant i ofy oy L Py A8 Mk QRPOFRBRCanBEkE rsie Bt

t he conposi t poapaedmpih sledfodiowingtaddiived: base stocks conprising a Goup |
base oil having a kinematic viscosity of 6.6 cSt at 100Cto 20 provide for
a 15W0 oil. These conpositions were individually tested for wear
performance in a Naymmide depergat @3P@MWihet hod for ClfnWRighMaSICHt gh soot
test val ve bri dgeNguizzl celsiunheuifogateiTBY M)1 heavy duty dindiimiolasngi ne. This
test provfdes a sHigmgentasebmagnesivof sitfonkteavy duty dilesefllimeiasr oil (HDMO)

per formance. The Hizhoudibdsededdinhiphatiton 63 millimoles
Zinc dithiophosphate : 19 millimoles
molybdenum succinimide antioxidant 0.2 weight percent
VIimprover 9 weight percent
15 antifoam 10 parts per million
sulfurized ester (antioxidant/antiwear) 1 weight percent

In each case, the balance of the composition comprised a mixture of base stocks
comprising a Group I base oil having a kinematic viscosity of 6.6 ¢St at 100°C to

20 provide for a 15W40 oil.

These compositions were individually tested for wear performance in a M11HST -
standard test method for Cummins M11 high soot test valve bridge wear in the
Cummins M11 heavy duty diesel engine. This test provides a stringent measure of
25  heavy duty diesel motor oil (HDMO) performance. The PC-7 HDMO specification
includes the Cummins M11 as the primary test of soot related valve train wear. The

M11 has 4 - 50 hour phases of operation.

Phases 1 and 3 run under conditions to enhance soot formation, 1800 rpm,
30  over-fueled, and retarded timing. Phases 2 and 4 run at 1600 rpm and

standard timing. Operation under conditions of over-fueling and

retarded timing leads to significant soot build up in the oil. At 200

hrs, the engine is disassembled and the valve bridge parts are weighed.

Valve bridge, cross head wear is reported in mg weight loss. The engine

35 employed in this test is a 6 cylinder, 11.0 L displacement.

The results of this evaluation at 200 hours of testing are set forth in the table below:
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i ncludes the Cummins ML1 as the primary test of soot related valve train
wear. The M | has 4 - 50 hour phases of operation. Phases 1 and 3 run
under conditions to enhance soot formation, 1800 rpm 30 over-fueled, and
retarded timng. Phases 2 and 4 run at 1600 rpm and standard ti m ng.

Oper ati on under conditions of over-fueling and retarded timng |eads to
significant soot build up in the oil. At 200 his, the engine is

di sassenbl ed and tEkamyrl ve bridge parts are wei ghedat of Viédre bri dge, cross
head wear is reported in weil ght | oss. The engine 35 enployed in this
test is a 6 cylin§@mpaaivy aJEPgﬁacenent. The Feltmgs of this eval uation
at 200 hours of t I ; forth in the ta | ow. -18 Exanple
Anmount of Wear @%ﬂrat@\%gxégglﬁp?e A 13.14 ny pjc%n%gr ative Exanple B 13.23
ng 5 (nmg of weight refer to the average weight |loss of the 12 val ve bridges
in the engine) Th¢seg of eeight sef@to denmeraghateighhbsaoftht it Dwalot badgasnvent i onal
anti-wear agent @ECoRRagiak) ve Exanple B -- sulfurized ester) had no inpact
on the wear properties of 10 a fully formul ated heavy duty diesel engine

| ubri cant conposition. Exanple 1 The purpose of this exanple is to
denonstrat e tIhase tesis@yalancaibalrthpaddiiemelracenyentionglntivwesdr pgerdddi ng a

di spersed, h . i ta ri LLson. 20
25" Spec 1 catt oAy PRl B yiBRloPh Bl pd i it G ot FSRBRZL bt

pr epar ed 10si Agulih rmutitddtwiatig dwe didseMdgine Sute vt dwgesidbsper sant (2300

MA 7.0 wei ght percent Neutral calciumsulfonate (TBN 17)7m | linol es High
over based nmagnesi um sul fonatel3m || i nol es

Example 1
The purpose of this example is to demonstrate that improved wear performance is

achieved by adding a dispersed, hydrated alkali metal borate to the lubricant

15  composition.

Specifically, a fully formulated lubricating oil compositions was prepared using the

following additives:

20 Succinimide dispersant (2300 MW) 7.0 weight percent
Neutral calcium sulfonate (TBN 17) 7 millunoles
High overbased magnesium sulfonate 13 millimoles
High overbased calcium phenate 63 millimoles
Zinc dithiophosphate 19 millimoles

25 molybdenum succinimide antioxidant 0.2 weight percent
VI improver 9 weight percent
antifoam 10 ppm
potassium borate (OLOA 9750) 2 weight percent

30 (OLOA 9750 is commercially available from Chevron Oronite Company LLC,
Houston, Texas, USA)

The balance of the composition comprised a mixture of base stocks comprising a
Group I base oil having a kinematic viscosity of 6.6 ¢St at 100°C to provide for a
35 15W40 oil.
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H gh overbased cal ci um phenate63m | |inoles Zinc dithi ophosphatel9m ||inoles
nol ybdenum succi ni m de anti oxi dant 0.2 wei ght percent VI inprover9wei ght
percent antifoamlOppm pot assi um borate (OLOA 9750) 2wei ght percent 30 (OLOCA
9750 is comrercially avail able from Chevron Oronite Conpany LLC, Houston,
Texas, USA) The bal ance of the conposition conprised a m xture of base
stocks conprising a Goup | base oil having a kinematic viscosity of 6.6

cSt at 100C traispiogiposi€ion dfs fested ForkpdAd Berfbrmandding MO ISP L kia@fardasst t est ed for
wear performance in a M T - standard test. nethod for Curmns M 1 high

| HS
soot test vamehasiprgampeansMi h highsoet jpgvalye bridee weavy thefymuinsdil engi ne as
descri bed ab I al uation at 200 hours of testing
are set fortﬁgﬁdﬁfg&g%e%ﬁeﬁﬁée oc\%gcrg%g%b%' Anount of Wear Exanple 1 6.31 ng
10 (nmg of weight refer to the average weight [oss- of the 12 val ve bridges
in the engin This resul t en ared.to.the resul ts of rative
Exanpl es A arnd® E?SBJ@? ‘E‘Jﬁﬁ%@"ﬂ’f’#hécﬁn 4t ﬁggg‘&'{f? Pf tsptingrare ﬁ%ﬁ?ﬁﬂéﬁéﬁg Qg,%%’l’:at ed
al kali metal borate to the fully fornmulated 15 |ubricant conposition
provided a significant reduction in wear. Fromthe foregoing description,
vari ous nodi fi cat Es#mpland changes in the ahove Amewntof féedri nvention wil |
occur to those Sk.'Euuﬁﬁl iln the art. Al such m)d6|§ cations comng within
the scope of the appe ded claims are intended to b&% ncluded therein. 20
CLAIMS: 1. Alubricating oil conposition suitable for use in a heavy-duty
di esel engi ne Wwh{h of AERBSIE @ tHeANBaESRBight 108 STtheMPVAlve BiidgR oi | of
lubricating 5 visgP$btNgine)

This result, when compared to the results of Comparative Examples A and B evidence
that the addition of the dispersed, hydrated alkali metal borate to the fully formulated

15  lubricant composition provided a significant reduction in wear.

From the foregoing description, various modifications and changes in the above
described invention will occur to those skilled in the art. All such modifications
coming within the scope of the appended claims are intended to be included therein.

20
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. a) . a sufficient anount of an overbased detergent additive to control
deposits during operation of said heavy-duty diesel engine; 10 b) a
sufficient anmount of a neutral alkali or alkaline earth netal sul fonate
having a TBN of |less than 25 to control deposits during high tenperature
operation of said heavy-duty diesel engine;, and c) a sufficient anbunt of a
di spersed, hydrated alkali netal borate to inhibit wear during operation
of said heavy®#@&¥Sdi esel engine. 2. The lubricating oil conposition
according to Claim1l, wherein sufficient anounts of the overbased
detergent additive are enployed to provide a TBN 15 to the finished

| ubri cant corposiX lubricating sil compssitiem enitabs. for us.in Fheavyudnty diztél mygioe |
conposition accordiing to CHﬁin12 wherein the f{n'she | ubri.cant

conposition has a GFPPFLRT SHBPHSSS 2oy Fmopn qlﬁ‘bt}IP%ré‘Ealtlﬁé oi |

conposi tign accor gisegsifyo Cl ai m 3, wherein the finished [|ubricant
conposition has a TBN of from 12 tol5. 20 5. The lubricating oil

conposition according to any one of Clains 1 to 4, wherein the dispersed
hydrated al kali ndtal -B&MAckntEREY of pppvarkaspd defengentiadditive sgernsel of £ r om
about 0.1 to about 5 ' f : ' .1 he | ubricant
conposition. 6. The | 3@?‘?’5&? ‘F{ﬁ’é‘&g‘ﬁ“a@S%%ggﬁl‘? ﬁ%a%yéd&@g%e}]gﬁ?%aﬂ aims,
wherein the dispersed 25 hydrated alkali netal borate conposition is
present in an anobdht o stifiorent @bowtt ofa Aettm] ke byhikalpereasthmetal sulftvete

| ubricating oil conpositi.on rding. to, Claiml 5 or 6, erein the

di spersed hydrated al bjﬁ‘f’*’gﬁ@%ﬁ?tﬂwg}f‘@gsstoﬁoﬂﬁrééjéP%ﬁdﬂ Wg‘t‘@j pot assi um
borate. 481 8. The | ubtdngRtdiing opblatiSPOPRK hdaOPdAS REL] it 28y One of
Clains | to 7, wherein the neutral alkali or” alKaline earth netal

sul fonate is present in an anount -of fromabout 0.2 to 5 weight percent
based on the total) wei gseffisient saows opa disperend, hgdrated Thalimgizlibomate tog oi |

conposi tion according a4 @%gpggmgg\/gn%‘%rg%g ugftsgﬁ%efg%g@%ﬁ?e%el e%%in%pti -wear and

anti -oxi dant effective anoun enu

2. The lubricating oil composition according to Claim 1, wherein sufficient
amounts of the overbased detergent additive are employed to provide a TBN

15 to the finished lubricant composition of at least about 5. .

3.  The lubricating oil composition according to Claim 2, wherein the finished

lubricant composition has a TBN of from about 5 to 20.

4.  The lubricating oil composition according to Claim 3, wherein the finished

lubricant composition has a TBN of from 12 to15.

20 5. The lubricating oil composition according to any one of Claims 1 to 4, wherein the

dispersed hydrated alkali metal borate composition is present in an amount of from

about 0.1 to about 5 weight percent of the total weight of the ubricant

composition.

6.  The lubricating oil composition according to Claim 5, wherein the dispersed
25 hydrated alkali metal borate composition is present in an amount of from

about 0.2 to 2 weight percent.

7. The lubricating o1l composition according to Claim 1, 5 or 6, wherein the dispersed

hydrated alkali metal borate is a dispersed hydrated potassium borate.
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contai ning conplex. 10. A nethod for controlling wear and deposits during
operation of a heavy-duty diesel engine, which method conprises: 10 a)

" operating the engine with a |ubricant conposition conprising a nmajor
anount of an oil of lubricating viscosity, b) a sufficient anount of an
overbased detergent additive to control deposits during operation of said
heavy-duty diesel engine; c) a sufficient anmount of a neutral alkali or

al kaline earth netal sulfonate 15 having a TBN of |ess than 25 to control
deposits during high tenperature operation of said heavy-duty diesel

engi ne; and gl) armlibicahi AEpMMondbcAaii £CMAE 24 e alkkal 4, met al
borate to inhibit wear durj ngiBopl)eornattl;on1 %?j%gg?%eavy-g&%y“%flg?etl’e engi ne.
neutra] alkali or alkaline earth metal sulfonate is present in an amount of from about 0.2

to 5 weight percent based on the total weight of the composition.

5 9.  The Iubricating 0il composition according to Claim 1, which further comprises
an anti-wear and anti-oxidant effective amount of a molybdenum/nitrogen-

containing complex.

10. A method for controlling wear and deposits during operation of a heavy-duty

diesel engine, which method comprises:

10 a) operating the engine with a lubricant composition comprising a major

amount of an oi! of lubricating viscosity,

b) a sufficient amount of an overbased detergent additive to control

deposits during operation of said heavy-duty diesel engine;

c) a sufficient amount of a neutral alkali or alkaline earth metal sulfonate
15 having a TBN of less than 25 to control deposits during high

temperature operation of said heavy-duty diesel engine; and

d) a sufficient amount of a dispersed, hydrated alkali metal borate to

mhibit wear during operation of said heavy-duty diesel engine.
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