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METHODS AND COVMPCSI 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 netal borate, a neutral sulfonate, and an overbased 5 detergent

conposi tion. Ref erW'ﬁﬁoﬂétﬁl\fwbtﬁm@%ﬁ%ﬁ‘s%R ﬁc‘itﬁhﬁ N S
application as superscript I§M¥g§f§ g‘ EInNg rlcatlng al
Conmposi tions, US Patent No. 9 |ssue %&mnw 15, 2000 ? CQutten,
Crankcase L eid% t for Heavy Duty D|eseI Gl, US Patent No. 15 5,719, 107,
i ssued Febr:ﬁrly—m&%‘—% Curtis, et al., Synt hetic D esel Engine
Lubricants Crnit Giveitivg iDHEQesdS aibart, ¥ 5a®US dndMaeiiéine tompskifiotRabl Raadihg ed

Phenol Detergent, US Patent No. 6,331,510, issued Decenber 18, 2001 20 Al
of the abovév‘?aéffe]i*fémf@é‘wd?@seh@}g@i% i Inearpisrad é@egytheéﬁler@nt@mppmtmsr

entirety to I n
speC|f|caII;ﬁgﬁd |ng|5ﬁ§%§ﬁ%eg%o ?g@ofﬁg&bfgﬁﬁégﬁg%ﬁ% %ﬁby feference in
its entiret ;dtspzﬁsc&lmimt@ifalkdiﬂnéﬁatb@aetahélﬂrai/aﬂfoﬁlatetiilﬁié:tﬁa)ceﬂnaibldy t rucki ng
mar ket -has gg?qpt%? the diesel engine as its preferred power source due to
both i t's ex: R BRIt y and its econony of operation. Specialized

| ubri cants have been devel oped to neet the nore stringent 30 performance

reqU|renents of heavy- duty di esel engi nes conpared to passenger car
engi nes. ‘References -

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
- Outten, Crankcase Lubricant for Heavy Duty Diesel Qil, 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
!m) same extent as if each individual reference was specifically and individually indicated
o 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.

‘ -Recent_ly, the specifications for heavy-diesel engines indicate a longer interval
between oil ehanges than has been _customary in the past. .In order to formulate engine
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Recently, the specifications for heavy-diesel engines indicate a |onger
interval between oil changes than has been customary in the past, .In
order to fornulate engine -1 oils with [onger drain intervals, higher

| evel s of certain additives such as detergents and, in particular,

over based detergents have been incorporated into the |ubricant
conposition.3 Hi gher concentrations of detergents have been necessary in
order to congkQlk j i -1 0t ar-val ically,
Such hi gher  CapouniSRES ik SN0 (HED IRELRREER WALYE dhen i dBLERS
conposi ti ons ahdue paricnien seetbaded detrgdnthinse baeminesrpofatddhiatof thaihsirdntoi | to at
| east about 5. 10.As;npted in the. art, il e higher concentratiqgns of

detergents pFOVPARNYEC FaRcehERins of dsirrgcts RAYE bReN BECEREEM Heita

i nterval s, tfﬂ;@jlt[eoll@ﬁogﬁtgahlﬁﬁésdcﬁ ckROASES e AN0i ne  wear in heavy-duty diesel
engi nes, particularly valve train wear, as neasured in a Cunm ngs M1

val ve traPn wear test 3 15 Curtis, et al.3 disclose heavy-duty | ubricant

conposi ti ons i I ' i t ende ai n. perjods.. The

conposi tions T??‘é’c Gs g%ﬁ @h%#%?ﬁgegl #ﬁﬁ‘g@f 0338 0 f‘??gtq%%’r%% S d%? g‘i’ﬁlcf‘rﬂ

conbi nati on wbinpositicnsIHaue intreased the eithlbasd mriskr Y tHeqRasHaM loilsy a8 1databes
phenol detergent. According to Curtis, et al., this conbination provides
bot h accept al§re extended drain intervals with a concom tant acceptable -
wear results in such heavy- 20 duty diesel engines. Synthetic |ubricants,
however, significantly increase the costs of the lubricant conposition. In
sone caség, tsmoteddn teset] whis higher syetitedtions bfdetérgatt provide acsepthbled,
whereas, in qther cases . .it is t., Accordingly, it would be particularly
‘benefici al ¢ QeBsitpEel Suping g Faddhreinnieals, Pk sciFrels IvAgiRaRdBEREd | Nt o
a | ubricant GREP@tehPluty AidséidRbmel ParttsPurly AR by SRSl £RG NES,
woul d provi de both extended drain m%erval s and acceptable wear in natural
“and synt het i &ummipgeMilil valveitairf weaniesai i ons.  This invention is directed to
t he discovery that wear in heavy-duty diesel engines 30 arising fromthe
use of lubricating oil conpositions conprising high concentrations of

over basetls deCarijeattal ¢ discloge hiagiicad hpritae 66pssaidmR Gudbl@fdealst dimigal borate
into these

‘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 & concomitant acceptable wear results in such heavy-

20  duty diesel engines.

,} i ‘Synthetic lubricants, however, significantly increase the costs of the lubricant
~ composition. In some cases, the increased cost of synthetic Jubricants 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 hea#y—duty_diesel engines, would'p'rovide 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  arising 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 narine
cylinder lubricant conpositions.' SUMVARY OF THE I NVENTION 5 Di scl osed
herein are | ubricant conpositions particularly suitable for extended use in
heavy-duty di esel engines. Such lubricant conpositions may conprise a
conbi nation of a neutral sul fonate, an overbased detergent conposition and

a dispersed, Wygiabad taltrkeaduov@%@krt QY & éﬁoseﬁmo b?%h?%%fi&@rggﬁts gﬁﬂ%ﬂt}ées

in the Iubrlcant conposi tion can be used to re ce wear

operation of ﬂ’éﬁ%ﬁﬂt&j@tfysﬁlm@llnmglndaslubmmlacmpmmmm ng acceptabl e
deposit control over prolonged use. Accordingly, in a first aspect, there
is provided a lubricating oil conposition suitable for use i.n a heavy-duty

~di esel engine which conpositSUMSMARY GESIHE IRVENBIONNt of an oil of
| ubricating viscosity, 15 a sufficient anmount of an overbased detergent

addi tive t-b cBistlostd berpvsire s Iublivanhepripesitians on of sai d heavy-duty diesel

engi ne; "a suffigilan, &uR %@“ 'S I.nege rtﬁrécne a
sul f onat e hav&f)ng am}ﬁ'BN g;ktﬁ‘o%x@? an 5@?&%& BF&‘FS% S'ff%‘rlfl
tenperature ocmmtsmmm rady ecanm‘zse la&ﬂmrdu@ryof@ tﬁﬁlﬁbl &W@*\dﬂ@ ,ana;ngrbagédadeter ent
sufficient anmpunt erseﬁ é%t ed al kali nmetal_ borate to inhibit

wear during %05%905 Bﬁmg Hewe phakimedad bogatgyi hiis cpRdingtier ef r ed
enbodi ment,  syfifiies irRRd IulﬁfﬁQM B&rﬁoo@ﬁoﬁé&ﬁ bQ Ms%'a Qﬂ@&'ﬂe de %{q’é\lglg Bdrin ggér%tfo & Haby-

errployedto provi de.a total base nunb |n|s ricant
conposi tiiéh dmy @feselengimgs whilp mnt&mmgmccematdé de}aisitw,ontrbbmfer piaioregd use.
l.ubri cant conposition has a TBN of fromabout 5 to 20: In one embodi ment
't le finished |ubricant conposition has a TBN of from 12 tol5. |n another

enbodi nent ; t Aeofdinglys reglfistddpeetotheretio pRARCHGON has a  TBN of from 5 to |ess
than 10. 30 I n_ anaot her preferred enbodi nent, the dispersed hydrated al kal i

met al bor at e [WR@FRYBE PHlicgrmpositigr suitable fox u%lﬂaﬁhﬁ#ﬁbf—dﬂty ficeehenpinatwhichl t o
gggm eseﬁekgiﬁgngEE?gﬁggﬁgms‘%sﬁg%ag %{)M‘fft‘& oM of1iGida 11131rg Iv?sacgsgl orrpOSI tion
a sufficient amount of an overbased detergent addltwe to control deposits
during operation of said heavy—duty diesel engine;
a sufficient amount of a neutx‘al-aﬂgglx or alkaline earth metal sulfonate having a
TBN of less than 25 to control deposits during high temperature operation of said
heavy-duty diésel engine; and
20 . 2 sufficient amount of a dispersed, hydrated alkali metal borate fo 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 basg‘number (TBN) to the finished lﬁbricant composition
25 qf at least about 5. More preferably, the finished lubricant composition has 2 TBN of
from-about 5 to 20. In one embodiment the finished lubricant composition has a TBN

. ~of from 12 to15. In another embodiment, the finished Jubricant composition has a
TBN.of from 5 to less than 10. |

30. In ahother preferred embodiment, the dispersed hydrated alkali metal borate
composition is present in an amount of from about 0.1 to about § 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 nent, the conposition further conprises a 5

nol ybdenuni ni t rogen- contai ni ng conplex that is enployed in an anount
sufficient to inpart anti-wear and anti-oxi dant properties to the
conposition. In second aspect, there is provided a nethod for controlling
wear and deppgidcs k ' ~gut ' i:ne, which

met hod 10 cdﬁ%gﬁggg% gggggﬁqﬁ%h?%gggﬁgfﬁggﬁ¥¥ﬂggyﬁg%&?%%ﬁﬁﬁ%%%gosition
conprising apefagsormm bewsimt of an oil of lubricating viscosity, a sufficient
anmount of an overbased detergent additive to control deposits during
operation of said heavy-duty diesel engine; 15 a sufficient .anount of a
neutral al kaln anthed pledtirddeeftydienteihal cofipobitina ra ter¥bMprises aTBN of | ess than
25 to control deposits _during high tenperature operation of said_

heavy- duty dmebddennynipgeasantaining ¢quaplex thagirsumployd ia agiagwensadficiagideat ed

i cael eng: natg e RSt BB BRBATRR thi s i nventi on 1
directed, in part, to novel l|ubricant conpositions conprising a '

conbi nation of an over ed.detergent additive, a neutral sulfonate, and a
di sper sed, ﬁfﬁ?%ﬁdeaép%qq’ﬁ@?rle 'WP‘HF&E%P’S&Q.Q for coRydlingonbi nati on unexpected!y .
provi des bote i Aol it L ' Il

Peavy- duty dr o S A o T S R Nl fhcflog

conposi thlon eewpriss described in detail herein. However, prior to such a
description, the fol %ﬁfén termtﬂ/i I, first be defined...30 The term
T"hydrocar byl " asPRIGEERE BIENG ¥itR Adubricani Composian GOmBrising LHRINE ABgUR
carbon and hyfdingiest Iwhicabing@ischgeyal | phatic, alicyclic, aromatic or

conbi nations thereof, e.g., aralkyl. Preferably, the hydrocarbyl group
will be rel ati vet suffigigat aggount of an overbased detergent additive to control deposits

—

during operation of said heavy-duty diesel engine;

15 a suffici‘cnt 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 dispérsed, hydrated alkali metal borate to inhibit wear

during operation of said heavy-duty diesel engine.

20
| DETAILED DESCRIPTION OF THE INVEN_;I‘ION

{,«:::;) : - 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 boratg. -This combination uhexpectedly providesboth 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, i.e:, ethylenic and acetylenic, particularly acetylenic..

4



ali phatic unsaturation, i.e:, ethylenic and acetylenic, particularly
;acetylenic.. 4 unsaturation. Mre preferably, hydrocarbyl groups conprise
from1l 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., hydrox h .as- 23 hydroxyethyl . 3-hydro r0,

i oxy sopr SEg e, B 9! MU BB s BRI 8500 caten o opy1
6- ket ooct yl , alh.and abdtompidefetibly 6B enbayatalkyl s, such as et hoxyethyl,
et hoxypropyl, propoxyethyl, propoxypropyl, 2-(2-ethoxyethoxy)ethyl, 2 10
(2-(2-et hoxyet hoxy) et hoxy) et hyl, 3,6,9, 12-tetraoxat etradecyl, 2-(2-

et hoxyet hoxy ) aﬁﬁE E@ﬁg A ed al kal
nmet al- bor at e?aglégﬂarv\%ﬁ&?(cno glhg;\ﬁt egglrt. Re|c1)1 ggg%bgt ve gég%lg%gﬁ@%S

di scl osi ny s eudhesineetindy dbdsprapyl, betyh dsbbuiyl, peniyly haxylysayl] eicl, atkenylsish Pat ent

Nos. 3,313,727; 3,819, 721; 853, 772; 3,912,6643; 3, 997, 454; and 4, 089, 790
all of which® Bﬁ”Bélfyié‘ﬁcFib%ﬁnXﬁ@axﬁ?BZé’icf?n%c‘}ce%ﬁk@ﬁ?’iq?1SP%é?%z'enti rety. The

- hydrat ed al kaldro L, PEYELLFrSpYLL BRIrSxipropgE ALy dk S bRVE SR kekdhy§AL | ON can
be 20 represZntg%&% thg fo I%n%en%@gldﬁ?orn%a%NEgEBZOGyHZO wher ei n

Mis an al kaFichpsiZdictonsesi.crkgpyctsl dicy nﬂf@r(y‘gmi et eﬂlkvn%}’iaél?d&ﬁum from
2.5 4.5 \ i ; i .0 4. 8.
Vore pref err SASKEAREAR] SibiSIakls pRBwE T bR 2

hydr at ed1pot ¢5-ethvtyethoayriiesy)llpy/], 1316, 9/12de@dordichadaye 2par ticl es will
general ly have a nean particle size of less than 1 micron. In the alkali
{metal borat eg'%@‘r)fﬂﬂi‘fy‘éﬂl@#ﬂﬁ%i s invention, the ratio of boron to alkali
metal wll preferably range fromabout 2.5:1 to about 4.5:1. 30 O

di spersions of hydrated al kali netal borates are generally prepared by
formng, in deionized VBHEHYBRAIED AoKALI METAIL BORATIOYdr oxi de and

boric aci d’ '?lg)(sill‘a(t)erglaallllcéfi rh&af Qoerates 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,0
m} | ‘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
o are the hydrated potassium borates, particulaﬂy the hydrated potassium tiibofates.
25  The hydrated borate particles will generally have a mean particle size bf less than 1

micron.

In the alkali metal borates employed in this invention, the ratio of boron to alkali
- ~mietal will preferably range froﬁl 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



presence of a small amount of the corresponding alkali netal carbonate. -The
solution -5 is then added to a lubricant 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 conplex these conplexes are referred to as

"hydrat ed alk and.conposi tions L.wat er
oo o K Bl DRBALER o PSR RS ST Refe yRbesi 7T

di spersi ons @i&;])dﬂs&i’f aiehyadpkiahal adBitiaks B Wedhdheded & eir(@fe aldRebrint, FiofREr Si ons
of alkali netal borates will have a boron to alkali netal ratio of about

2.5:1 to abotitionalpdditives) taformnar erpylsioa tiat s bamdehdmted the hydrated al kali
netal borate particles generally will have a nean particle size of |ess
than 1 mcron. In this regard, it has been found that the hydrated al kali
met al borsat eBemn efjthelr tatentivhio$ hjrdmeyltg'rmrps ponehebabie)omipldx, irvecangierdssi cl e
15 are less than Q.6 m crons.

size where 90% o eat t.h arti
In the oil d?f&%%tfﬂg 4o a1 Lﬁ@f&ﬁﬁéﬁ@@l %O%% And Gempesitions(enidMRGt ed al kal |
net al bor at egj)alel eﬂﬁﬁﬁfn@ Iok' MlﬂQ@Hﬁ}Hrﬁté@alﬁQl?ertai- Borafs 4re Wl Al REFGENT

preferably 25 to 50 wei ght percent, nore pref erably about 30 to 40 wei ght
percent of t@lepqlﬁomoﬁba’dgimdaikaltmetabﬁidmtgﬁ di spersion of the hydrated
bor at e. (UnI ess otherw se stated, all percentages are in weight percent.)
This conposition or concentrate is enployed, often in the formof an

- addi ti veipack@gsredofl digerSidrid@rhikali shted bortbdsiviaitave 8 BBR%Ith alkali niiilfrhigd ent
anount s of the concentrate are added so that the finished | ubricant

%)rrp05| tion Prabputdhbilyo Bbaidri: ek qpther m@iﬁmed@m_tmti@n%dh@ hydrggsil ghkaliper cent
of b t ht
ot e TR A M ROV oy

percent. hrERVent Ton can her “enpl oy

surf act ant s, In thistregagd it Isas beth frund ﬂ&pﬂ:raﬂ@ﬂfaﬁed&fll&lﬂhhﬁt barawrd einpluysd &6
descri bed beI ow and. kno ose skilled in the art. 30 The oil
di sper si ons B Ry AR O %Ha{l]é(l‘?"h & f PHHFlssEE g@/ @* grsater of heinagtielasi o

gener al | yg COxR1dss halt 0B SRE6SANt, an oil of lubricating viscosity, and
optlonal y 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 concentrate is employed, often in the form of an
'm) _ S 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. -
0 | |
The o1l dispersions of hydrated alkali metal borates employed. in this invention
- generally comprise a dispersant, an oil of lubricating viscosity, and optionally a

déterg_ent, that are further detailed below.

-6-



detergent, that are further detail ed below -6 THE OVERBASE. D DETERGENT
ADDI TI VE Over based 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

aci as. and ol i phat i o sudit AYERBAREIEPEERGRRY SPMRREE over bacear

rel ates 1o npéadbase@btsrgeht AURNVEOLY wolBkRwnSAlkSarPindfe bl P8 bB&lior

carboxyl ates and phenates, wherein the anount of netal present exceeds the
st oi chi onet ralkaliagsenth mewleverbased detagenisuidiives, Hughedetesgrnépddibvesiasgel s in

excess of % (] -] 0 e i cal
amount of né)tg%ﬁé\del@glgadg 0 %gﬁgg{l?éﬁh%&%%}@%gd%@@%%&r@%'%nla"'%%g)g’%lr al"
salt).  The al@idsgasomherabadatyiatypdcallyahtaeid, usiably ev bt eclectsd MAn the used in
the prior art and herein_to designate the ratiqQ of total 15 chem cal

equi val ent s PUR ATt Of iphate B ssuipdsalfenic acidnafikabe sbifif¥afent s of the
metal 1N a NGkl Sakd, -AEAMIALO R RMInGRCT cal reactivity and

stoi chionetry. us, I'n a normal or neutral salt, the netal ratio is one
and in an overbased salt, MR is greater than one. They are conmonly

f d to.as, d based b | t d a N
Cal s of or o EMERTPEF SRS ORREG A et MEBLREREIB AR ol The' o ke i
netal over basHenAed 4860 atky RidGHehited) dhereiBlcdindudt dQnéthl itsehediledO: 1,

preferably at.least 13:1 and nost preferably at |east 16:1. The al kaline

“overbased dbe gpighiometypamennty Suedsalis eersaid to dnyecasversion|lewels injeycdss of

“preferably 3?01’{1?@.%%0@]%: cg)lrn%gig? HB{:eeth% l13(}(39/% %E‘ reatgé&fetﬁtgl %rﬁ(g\g'{t Io% %ggal'l ng'e':’HeIiO ni

acids inclu ynucl ear " aromatic of- cyc ¢ conpounds
whi ch,” when-tovermleasthel acid teits GldraalstHelinnidsals), THaexpieksiciotmidthleragofl basat es

can be represented fqr_the npst part by the follow ng fornul ae: 30 R3) X-
T- (SB) y] . Eﬁa% rcv%ap@g(@ ]Qﬁlmzd 111|th£ prior arf and herein to designgte the ratio of total L(R3)

15  chemical equivalents of metal in the overbased salt to chemical equi\}alents 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,
1s 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.

e _ The alkali metal overb_ased 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 preferablj at least 20:1. o

* Sulfonic acids include the mono or polynuclear aromatic or cycloaliphatiq compounds
‘which, when-overbased, are called sulfonates. The oil soluble sulfonates can be
represented for the most part by the following formulae: | |

30 [R)-T-(SOs)yl M X

[R¥(SOs)ghMi I



7 In the above fornulae, Mis a netal cation as described hereinabove;, T is
‘a cyclic nucleus such as, for exanple, benzene, naphthal ene, anthracene,
phenant hrene, di phenyl ene oxi de, thianthrene, phenothi oxine, diphenyl ene
sul fide, phenothiazine, diphenyl oxide, diphenyl sulfide, diphenylam ne,
cycl ohexane, 5 petrol eum napht henes, decahydronapht hal ene, cycl opent ane,
etc.; R3in Formula | is an aliphatic group such as al kyl, al kenyl,

al koxy, al kaoxyal kyl , .carboal] koxyal kyl ,. etc.: .x .is at.least 1, and (R3)x +
T contains glxntt@"t é%"&for&’t“? eg%t a _%klacrag%asaqeé%b,edﬁ&re’ﬂrﬁb%?’wI a Il is an
al i phati.c grpum ?&ﬁé’ﬁﬁ&éﬂs&ﬁ@h RerstidRampRt Bémzég nahtlgas! anhaoéne), preferably
at |l east about I2 and often at | east about 15 carbon atons and Mis a

met al cat i orbhenantieapdinhsnyerserdde thianthreng, pheppthigking, dipkgmdane sglfideny | |

al koxyal kyl ()¢ : : AN : e groups
derived f roh?h%§§[?%?gléuaré¥ﬁésn§%}ﬁlg ’gigghgﬁg %Ef%‘{sea‘?‘ﬁﬁg‘?@ lggircg{ﬂf)ﬁﬁxa\?\%k gandIo

pol yol .ef ims,pdtrmﬂungﬁapgﬂﬁﬁésydmahy&dn@mhaﬁﬁﬁ, @éloﬁéiﬁanelcet&; Rétin rl;‘prrrmilae!‘ris' ns
contai ning up to about 7000, carbop ato in e r. . .The groups T,
R3, and R4 i#4lipbatiggowr ¢ ﬁﬁla_g‘é(téﬁﬁ?n&# ot alesrylEn oo gaivt b
organi ¢ 15 Z;Fi%%uéagﬁnaﬁd )xadq*'c})hfamsfaqo&b&asa%ieﬂawwa@aoﬁmﬁ@,\w i Wehn@s, for

exanpl e, hydroxy, nércapto, halogen, nitro, amno, .nitroso, sulfide,
di sul fide, efidsan aliphhtic oy as ddsoribadl teeecin cemaining at lsagilabodt % praferably ot ¢, i,

and his at least, 1. Specific examl es.of sul fonic ids useful.in this
“invention ar‘gasir&hﬂ’daﬁfné ﬂ%?‘bﬁﬁ%asg%oéliﬂgg?rgm e ag(?@c]l? astﬂ?tfliﬁﬁugnaci ds;
sul f oni craci Bgakjfied ofghd sfane RURMicaRark AtkyBialkehyiaslkb BRscyl havbdatkokySayibol t
Vi scosit(:;ly f rom about :%(’)% seconds at 100 taoeag(’)ut %0 'Yseconds a’? )Z/Il;l)OF;

;petrol at um eel Bpesifc exemples ofBn aregreunsaletivek frempstrolatis gaumtedmd and
“gol ysul f oni ' . ~diqoh t her,
Popht ha one. uittufiedmatly G, REEANReANR ARMARARmANERR,, COBENE, =L her

etc.; other aubslehihsiémthiding apld sivue 7600 csbamdmaim th gyllymeeTherngogus|T, oni ¢
aci ds (where_ihe alky roup. has at least 8 carbons),. cet¥l henol

|
monosul fi de BulPReRi &n@&% Ve fﬂ%’é‘f‘??m‘t TP HRECHNSIATIE I O Ys, di | aury!l
beta napfy hylypstitnbA0ifadifild o gﬁ 8 Bhntheratdll LbARABE DAkRRQamPlel BdiExyici dS, and

) A ( s :
al karyl 'sul fonic acids such odecyl benzene"boftons" sulfonic acids. 30
- mercapto, halogen, nitro, amino, nitroso, sulfide, disulfide, etc. In the above

Formulae I and 11, each of X, y, 2, f, 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

R

_ 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 carboné), cetylphénol monosulfide sulfonic acids, dicetyl
' fhianthrene «disulfonic acids, dilauryl beta naphthyl sulfonic acid, dicapryl
nitronaphthalene sulfonic acids, and alkary! sulfonic acids such as dodecyl
_ benzene"bottoms" sulfonic acids.
30
The bottoms acids are derived from benzene fhat has been alkylated with propylene
tetramers or isobutene trimers to introduce 1, 2, 3 or more branched chajn Ciz

substituents on the benzene ring. Dodecyl benzene bottoms, principally mixtures of

8-



The bottons acids are derived from benzene that has been al kylated with
propyl ene tetranmers or isobutene trimers to introduce 1, 2, 3 or nore
branched chain Cl2 substituents on the benzene ring. Ebdecylbenzene
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

cul T onat o uba P @ @eliradtiesrie L ible Sr b el Bl B il 7°

det er gent rralm:ﬁaﬁﬂdmaengmd Lﬂitrﬁlabyroﬂﬁaﬁ bbt@ﬁe&\llﬁbh'n alkylgtion Ssibmd Sred | known
to those skilled in the le, the articles "Sulfonation

and Sul f at i .ofringyeanu Wﬂﬁéhn%eiké'l S@%ateéws)%ﬂFBW@M%ﬂng% . 23,

pp. 194 et sgfirnhe ﬁk By kK hnmer "Encycl opedi a of Chemi cal
Technol ogy"; Foﬁrti egltlmcl)srh véﬁ} bI'r shed by John Wley & Sons,.N. Y. (1997).

Al so inclauded are aliphatic suI fonic acids containing at | east about 7

carbon at ons en. at | east a 2 carbon_atonms in the aliphatic group,
such as par aTIF‘WfOéMOTQf@ ?‘ ?‘%ﬁ%‘ge %‘F@d paraffin wax sul fonic

~acids, hydrogyd fefabﬁ&ﬁwﬁﬁr@%fﬂﬂ; lmeumv&@wtﬁo@@kﬂfediﬂw gey lene

sulfonlc acids, tetraanylene s fonic acids yi sobut ene sul fonic acids

wherein the, ??@Hml%ﬂlﬂﬂréﬁés '&So%ﬂoaa&mlm&wfa@on"o\’%b@@,m 14fnet seqcamdon at ons,
chl oro subst, f fon nitroparafflin wax

sul foni ¢ aci aﬁl%gftgppc,%cygf’ #apﬂ:h ks Sgﬂ’lcl?(’%ﬁ Oﬁglél ds such as petrol eum

napht hen® 200gutdr OBhdychpedia of Chtiticat Yedhapleay'y [Fotitth E@ﬂldﬁ )Ii3Bed bypYohyl

cycl ohexyl sulfonic acids, bis (isobutyl) cyclohexyl fonic acids, etc.
“Wth respect Wilsy 8n8ongyNi%(189%¢i ds or salts t her eof descrl bed herein, it is
“intended.-that the term "petroleum sul fonic acids" or "petrel eum

sul fonates" includes all sulfonic 25 acids or the salts thereof derived
from petrol e&hnﬂxucﬂndiwdtasa aliphpte sultmicaacids coatairdind &t lgaso aipoud 7 gagtonakamnsn

Feddli oh br oW 75! BTGl APORAGD 1 5F ANOIas kR, FHD R PRRe of
‘petrol eurs Wil BnfRi dofils ihsatubdied P GinaedxCulbRiE @8Rls, hydroxy su_bstltuted 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  -sulfonic 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 herein, it is intended that
the term "petroleum sulfonic acids” or "petroleum sulfonates" includes all sulfonic

25 - acidsor 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 suifonic acid process.

30 | Other descriptions of overbased sulfonate salts and techniques for making them can
. befoundin 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;

9.



30 Ot her descriptions of overbased sulfonate salts and techni ques for

‘maki ng 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; -9 2, 333, 788;
2,335, 259; 2,337,552; 2,346,568; 2,366,027, 2,374,193, 2,383, 319;

patent s 15 RabSBRC R0 ety 2 it bt e T e D, e

Carboxyl i c' aghs 6i &0 M08 388 291365081 K50l inddltb b KA lEafo AU RARAE is
detergents for use in this invention can be nmade include aliphatic nono

and pol y- basherelainberpytatad tyolefesenc ireitaerntiseisit i ¢ car boxyl i ¢ acids general |y
contain at |least 9 carbon atons, often at |east 15 carbon atons. and
preferably at |east 18 carbon -atons. Usually, they have no norethan 400
car bon at®neCafbeRgicddids frarh whith saithlbalkali and Slkelkddmrieba detdrgedis srabed, the
acids are nore oil soluble for_ any given carbon atons content. The

al i phatic caPHb%@;}FY@U%P%Ibb“ciﬁﬂd%'@"lugﬁﬁléﬂhﬂléaloép" unsat urated. Specific

exanpl es i ”051&%&_’? g i (e PO P o To P -V oYl : L 1 j tearic
acid, stearic c(?l 'bg% %&P%)@iﬁ:@ggg]'f, 4@11}%?%%%}(&119%92%&?2@ , Un{ra?rg?tnol eic
aci d, comrer keasgtld gartsonzatdind) loftemntdtant ¢S cabot wionerandprafeablytad jepbt 8 @adicds, 15

such as tall oil acids, rosin acids, and the like. Preferred ali.phatic

car boxyl | o atioms. Ol boBed b e tRaieisetion aioin Seppeltpat e aiffidice n R
is an al jpphatiBol VPRI DRAD AL AR Rof oift | €ast 7 carbon atons, often
at least. 12 carbon atons and preferably, at |east 15 carbon atons, and not

snpre than  agwuble Jgomy givsosaden atomsanedtent dde ialiphasigwarheiglin aridsmandef . 25 In
“dnot her enbodli t., the car | idis hydr pcar byl ..subst i tuted
car boxyal kyl artng% eldn Ealgsaﬁlﬁeﬁ%lcg;(p\éﬁlﬁcﬁfgg%eﬁ B&?ﬁ‘dgi‘t“gfé Gfacig’ @‘I%glﬁeac}dﬂ

di car boxyl i ché@hftsacid, @stahkydoRt) 8tcd#io ueld peinti®ise bsill] lwriestidyidldic acily dr oxy
group and an _ additignal carboxylic acid group; alkylene |inked.
pol yar onat i clifBplsiqacih copppercially 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

R5m(l3HCOOH
CH,COOH
o 20 _
(-3 wherein RS_ 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 carbo;_(yalkyleﬁe linked phenol; dihydrocarbyl ester of alkylene
dicarboxylic acids, the alkylene group being substituted with a hydroxy group and an .
additional carboxylic acid group; alkylene linked polyaromatic mdlecules, the
aromatic moieties whereof comprise at least one hydrocarbyl |

30  substituted phenol and at Ieasf one carboxy phenol; and hydrocarbyl
substituted carboxyalkylene linked phenols. '

~10-



Zhncor por at e Wiffethes Crarhﬁyy}i@mmé arenaisq u@ﬁénfﬂpmmwlds 2153

aromati c noi eties whereof conprise at |east one hydrocarbyl 30 substituted
:phenol and at |east one carboxy phenol; and hydrocarbyl substituted

car boxyal kyl ene |inked phenols. 10 These carboxylic compounds are prepared
by reacting a phenolic reagent with a carboxylic reagent of the general
formula R 1C(O (CRI 2Rl 3) xCOOR16 wherein R11, R12 and R13 are independently
hydr ogen or a hydrocarbyl group, R16 is H 5 or an aIkyI group, and x is an

i j f b d of .
Compounds. ofER < Rrybe SPmRetith pReP R e e PGS Rartd Y i ng U s

Pat ent Nos. o@;&&ﬁhéﬁﬁge@oﬁﬁé,gaﬂe%aﬂaﬁn@laSSG 546 each of which is
incorporated by reference initg entiref Unsat ur at ed;

hydr oxycar boxyl i ¢ conpounds pr epaF€ (B ﬂ%éﬂ@@@ﬁ& ol efi ni c conpounds with

eserbed  NAERERTRCET ot MdRR oty by CRIRRUPE R B G S

5,696, 063; réd alkitZrouprad & 10 20 i€l eaingofiomi0ite b and eaciios apmhldmys

reference in its.entiret Aromatic c oxyllc ids are

preparing - et Soppofids offiis e e o ﬁ%ﬁ%ﬁc&nﬁew@  piipas Freduind Bis. “These

I ncl ude ar O%Ttén@N%QrﬂDZB?iYizﬂﬁcs a5 993 Mbﬁéswéfﬂh%@%&ﬂm ﬁié@ﬁ:io‘réthﬁ gfl benzoic,

phthalic and salicylic acids. Salicyli’c acids and ot her ar tic carboxyllc

aci ds are watferdeowritomticstys be prepared 20 according to procedures known

in the art. Carboxylic acids of this type and processes for preparing

their neutral and basic netal salts are well known and discl osed, for

exanpl €,10i N Whsturdat lpyitesxyRab 0Ty RRRmpbuhey pi8pkred By 2R2iHAefiRic 2oApbhis

2,714,092; 3,410,798; and 3,595, 791.. Each of t%ese Patents is
histypparccdsserdbed of

“t'h t d
sa: tssI g:‘/eghleir?lg?vep#genéﬁtﬁl%]{ﬁnﬁl Eigiahena fégbre’bébzﬁsﬁgail@gf %I‘ﬁ? lf?f@fngkl ng

T

the over basad 6420800 eﬂtﬂﬁof@f’hlél’hls&nctdﬁp@ﬁted oy remfbnaé ® iwadntirdtpown to t hose
skilled in the art. 30 A conmonly avail abl e cl ass of phenates are those
made from phenols of the general

15 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 neufral 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 fiom phenols of the general

formula:

-11-



formula: _11 (OH) (R7)c (R5)a wherein RS is as described herei nabove, R7
/is a lower aliphatic of from1l to 6 carbon atons, a is an integer of from
1to3 bisl or 2and cis 0 or 1. 5 One particular. class of phenates
for use in this invention are the overbased phenates made by sulfurizing a
phenol as descri bed herei nabove with a sul furizing agent such as sulfur, a
sul fur halide or sulfide or hydrosufide salt. Techni ques for naking
sul furized phenates are described in U Pat. Nos. 2,680,096; 3,036,971,
and 10 3,775,321 which are expressly i N4 )porat ed herein by reference in
their entirety. Qher phenates that g useful are those that are made
from phenols that have been |inked | kyl ene (e.g., nethylene)
bri dges. These phenates are made by 2 chi ngle or multi-ring phenols
wi t h al dehydes or ketones, typically/in the 15 presence of an acid or basic
catalyst. Such |inked phenates, as(RE)II as sulfurized phenates, are
described in detail in US Pat. % 350, 038, particularly colums 6-8,
t hereof which patent is expressly |ncor;7)orat ed herein by reference in its
entirety. CviakdicRl ﬁa:'asaleisdﬁ:ed&yrehmbom dex kaver aliftetic af oxy1 tocd embas or
phenols Hydrocarbgl 20 sﬁfgtltutgd icylic a |ds are useful for
preparing matoms, ¢3¢ Pinfregy of from Litp b(‘zso 14 oY Bil-t his i nventi on.
Preferreg overbased netal salts are the substituted sulfonic acid salts
and/ or- “hydrocarbyl substituted phenates (including conbinations thereof.
25 Prefer abIQqe radidulagiclns ofphsoates fopfuse iméhlsvmba@teeredhft evegeased phenatepr esent
N.of at st 5 Ln the.finis i.cant

d
bomhosl t§ on 1ts By s iRtiAbe R Bperi 58 adtchtlid tifeiddbdi? BEE Aol hef o he

;concentrati a@saﬁuoyaﬂﬁ@&erﬂda@tsaﬁgﬁr&r hyarosﬁ[de s@l@ul‘éi:ﬂm d@d%ﬁdﬁmngon the TBN
~0f the overbased detergent conposition enployed is well within

the skill ofulipézedphenatesare degsrihed wdheyvRH, Neg g, 6|891ﬂ9§h%935 ﬁﬂslaéﬁnt

10 3,775,321 which are expressly incorporated herein by reference in their entirety.

‘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

N

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 B

| Preferably, sufficient amounts of the overbased detergents aré present to provide for a

TBN of at least 5 in the finished lubricant oil 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 compositioﬁ employed

.30 which is well within the skill of the art. Preferably, however, the finished lubticant

12



- viscosity suita Ol !
“engi ne. The gdbeicoicidiseaytralledde pioyisg for pemma@sifipntiasmege BN pilass ansour ces.

-12 conposition conprises fromabout 0.2 to 20 wei ght percent of actives in

the overbased detergent conposition based on the total weight of the

finished oil. Overbased detergents are well known in the art and are
comercially available. In 5 addition, numerous exanples are provided in

I nternational Application Publication No. WO 01/44419 which is

i ncorporated herein by reference in its entirety. THE NEUTRAL SULFONATE
ADDI TI VE The al kalj or al.kaltj[ ne earhla miéal .neutral 0?ul fonate is described
above with tTREPASIIORCEFPIIET Famaebauhd-2iR m%veam?w RENEEER 11 i zat i on -
reaction of M@ba@@d&&&%%%ﬂ@osiﬁéﬂmea 6n @l tBal WeizBNSHtRE iBRhdDoiRr Ovi de for a
conposition having a TBN of [ess than about 25 and that no carbon di oxide -
is utilized during this neutralization. Preferably, the neutral alkali or
al kal i ne earth t al, sul f onat . han. 1 e :
preferably, {)ﬁ%rg??ﬁggﬁ%f%ﬁ}esﬁu%ﬁ?ﬁg%oﬁé%ﬁl%g{tfa}é‘fl‘sl%é)%' "c')':erélgﬂc?agl%blle's roml to
15 about 3. &fHtiRY aimsRLS cRingfleradprsvideé iVRtdriatipalApplicalibePuidlitatioh al kal i
or alkaline earth metal sulfonate Is enployed tg assi st in the control of
deposi ts durNagWie HA44Hreusch ﬁ#@&i‘%ﬂﬁﬁ%‘ﬁ“’&y @%‘ﬁ’cﬁé‘h\ﬁ/@&ﬁ?v di esel engine
(e.g.,  tenperatures of from about 100C to about 20 400C). The neutral

al kali or alkaline earth netal sulfonate is preferably enployed in amounts
rangi hg from about 0.2 t oTHENEUTRAMSURONSTEADDIEEEE on t he total

wei ght of the finished |ubricant. conpoesition. 25 T. L OF, LUBRI CATI NG
Vi scosi Ty Thaeakaler gikaline eagh %E%P?@Pégﬁqlb’“ﬁ@éﬂg‘?sﬁ“{%eﬂgc?gﬁﬁ’é 'Ltbj? ons and
met hods gf t E}lc%%tiérmﬁ%é MR _@iﬁiﬂoﬁ&i i tRehdlirafkdifonEaci¥A bh@lkiceneigondly

e for use in the crankcase of an internal conbustion

M | oils._f he b [ P P o T T [ | ffinic,
napht neni ¢ aRtrobzhar G A0 G fbsiaRike dyl iR AR R " ©

2T,

conposi t i onsthepyitcdlQlliali o ialiGlind\@kttideetiiGulfod hacar BRI fesntihatlisc B¥chs and
synthetic esters. Useful I\SAX{nt hetic hydrocarbon _oils ing¢lude |iquid
pol yners of BphRIetrabiy.the employed during the neutralization reaction 1s from I to

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 confrol
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 compositioﬁs and methods of this
" jnvention 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 hﬁ/drocarbon synthetic oils and synthetic
- esters. Useful synthetic hydrocarbon oils inclnde liquid polymers of alpha olefins

-13-



-13 having the proper viscosity. Especially useful are the hydrogenated
liquid oligomers of C6 to Cl2 al pha olefins such as 1-decene.triner.

Li kewi se, al kyl benzenes of proper viscosity, such as di dodecyl benzene,
can be used. Useful synthetic esters include the esters of nonocarboxylic
aci ds and pol ycarboxylic acids, as well as nonohydroxy 5 al kanol s and

- polyols. Typical exanples are didodecyl adipate, pentaerythritol

t et racaproat,e, . di.;2-et hyl.hexyl @adi e il a sehacat e,,..and the ||ke.
e o Ao b Al B ot
nmono an | B e11s $idh adl cdie. tHigef) L1 dzBfdsat pfopes W
synthetic oils are %I so useful. 10 FORMULATI ONS The conpositjons of this

i nvention préf@sspIsyclraifidedseykhcazang sapfedged. Usstud synthstic ssisrs watuda dhe

Vi scosity;- f O - of ' - i | borate
Vo control Sukoat BORGaATAI® ar foh SRR s bl Efa Sy i 15 2 ©
sufficiedt aatbanols all miyeduiypicalaixkmples are dtlédecynmlipde, phntastytiritslul f onat e

having a TBN of |ess thap 25 t ontral deposits i ighte erature-
oper atii on oﬁegﬁ?aaroaf%gﬁj_g?&éﬁ}?y%@?@ _d@ﬁ‘b"iyﬁgl?acﬁte_sﬂ%%& ﬁgﬁt & ﬁ’ﬁgg‘?ﬁ an
over based d—g@@ﬁ@s@ﬁoﬁqaixhkyseoﬂrﬁoﬂdmmmiéarm@uic deink Bst meReiad difPdidkya
heavy-duty .di esel engi ne; and 20 optional additives. The di spersed hydrated

al kal i net alalksol enjalsopeaed: Ringds of adesrel dily wikesyothetio oils fsmldorpsefh anount
of fromabout 0.1 to about 5 weight percent of the total weight of the .

| ubri cant conposition and, even nore preferably, fromabout 0.2 to 2 weigh
.percent.10 25 The overbased det er g&FORNMNUDRATIONSDI Yy present in the _ :
conposition in an anount_  sufficient to provide for, a TBN of, at least 5 in
“the fini shed | ubFiecempositionoiiBisdnYsngan pesierablirspePHrehefalaWing: TBN of from

~dabout 5 to about, 10 . ion of overbased detergent is, of
course, dependent olrloﬁiﬂg%gﬂﬁggé% over based detergent 30 . conposi.tion
enpl oyed whi-ch issufBtiententdunhof hdispkidd] hyfratbd elkali tnetdPbefats @hdopfrohowever ,

the f1 ni shed, | At G301 52RS7LA] 0, GUIR S0P AEQM about 0.2 10 20 wel gh

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;

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 m the composition in
- an amount of from about 0.1 o 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 oil composition
and, more preferably a TBN of from about 5 to about 10. The concentration of
" overbased detergent is, of course, dependent on thé TBN of the overbased detergent
30 . composifion 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. o
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actives in the overbased detergent conposition based on the total weight of
‘the finished oil. -14 Preferably, the anount of oil of lubricating
viscosity ranges up to about 99 weight percent of the conposition based on
the total weight of the conposition. 5 These conpositions are prepared
merely by m xing the-appropriate anounts of each of these conponents until
a honbgenous conposition is obtained. The foll ow 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

to illustratBef-h®R USSRt BFEINbE RBricAlil videeyitydtlzed @b tb BE@NYedvdight | i it
it: (1) Oxidation inhibitors (a) Phenol type oxidation inhibitors:

4, 4' - et hy| areecent of the canppsitiqay hasedyen e fofaliweight of the composition.
4,41-bis(2,6-di-tert-butyl phenol), 4,4 -bis(2-nmethyl-6-tert-butyl phenol),
15 2,2' -met hyl ene bi s(4-nethyl-6-tert-butyl phenol), 4,4'-butyl ene

bi s( 3- metshy| Fites¢ esrhpdsitionk plreairepared wherbly bysmpinpihk appropriate amounts of each
bis(2,6-di-tert-butyl phenol), 2,2 -nethyl ene_bis(4: nethyl-6-nonyl phenol),
2, 2" -i sobut wfélilf‘éeﬁ?@(’%}eéisd%%?%‘l“ﬁﬁ%‘rﬁ’&? gompositionda ppigingte  hi s

(4- nmet hyl - 6- cycl ohexyl phenol ), 2,6-di-tert-butyl-4-nethyl phenol,
2,6-di-tert-butyl-4- ethylphenol, 2,4-dinethyl-6-tert-butyl phenol,

2, 6-di -t ert -Thel foHawingiadditivg components 42¢ exampdes of some of the components that can

i’ 2_ E“t h;[g[);[ ;@%fl}lﬂ& qrrngoflgil i’ t@%ﬁpg%}éﬁgfe ?19 this invention. These examples of

2, 2" - t hijghi S{Hitivet Wslprévill & tiusasterRe prbdnt ireeidl, SGEtheR ildyot frténadi exy -
5-tert-butyl benzyl)-sul fide. (b) D phenyl am ne type oxidation inhibitor:
zl kyl at ed dilpnéiyl ami ne, phenyl - al pha: napht hyl amine, and

~dl kyl.at ed. al pha. } 25 (¢) Other types: netal dithiocarbamate
(e.g., zinc dit h'lgégﬁgér%@%gsnd nmet hyl enebi s (di butyidithiocarbamate).

(2) Rust inhibi t@)Bhdnhiype bidtiergmhibithrs{ 4)4"-iNethiylene bisf(dJ6ydixyset hyl ene surface
& conol ot nen BB B araie g remyblpkenf A TaisdmA BRI iRpred oct
phenyl efsher >0aluokNEHEMLEREYRE k- by RRAENDY), l48htylene bis(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'dir'nethylaminometllylphenql), 4,4'-thiobis(2-methyl-6-tert-
butylphenol), 2,2-thiobis(4-methyl-6-tert-butylphenol), and bis(3-methyl-4—hydr6xy—
3) 5-teﬁ—butylbepzyl)—sulﬁde.
~ (b) Dipheny! amine type oxidation inhibitor: alkylated diphenyl amine, phenyl-
; .ﬁlpha.~naphthy1amine, and alkylated .alpha.-naphthylamine.
25 (c) Other types: metal dithiocarbamate (e.g., zinc dithiocarbamate), and
methylenebis (dibutyidithiocarbamate). ‘ A

(2) Rust inhibitors (Anti-rust agents)
| (a) Nontonic polyokycthylene surface active agents: polyoxyethylene
‘30  lauryl ether, polyoxyethylene higher alcobol ether, polyoxyethylene nonyl phenyl
ether, polyoxyethylené octyl phenyl ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbito] monostearate, polyoxyethylene

~ sorbitol mono-oleate, and polyethylene glycol monooleate.
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pol yoxyet hyl ene ol eyl ether, pol yoxyethyl ene sorbitol nonostearate,

‘pol yoxyet hyl ene sorbitol nono-ol eate, and pol yet hyl ene gl ycol nonool eat e.
-15 (b) Ot her conpounds: stearic acid and other fatty acids, dicarboxilic
acids, netal soaps, fatty acid amne salts, netal salts of heavy sulfonic
acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric
ester. (3) Denmulsifiers: 5 addition product of al kyl phenol and et hyl ene

oxi de, pol oxyet hyl ene al kyl ‘ether,.. a olyo t hyl ene sorhitan, ester. (4)
Extrene pressur e(%gég}ff §°Téwr§§eﬁ?@:a°@?ﬁ“ﬁﬂﬁlef3¥yo‘ﬁ¥%: HWF‘?WéﬁS?I 51t de,

net hyl tri chingfapsdaB@it@iveacid AhiicisARd, Qtbtal BAR VRO Qilfonic acid, partial

f1 uoroal kyl pol ysi | oxane, and | ead naphthenate. 10 (5) Friction nodifiers:
fatty al cohotarbgxalie geidester ofaprilyheydrip olcaheldandphosplosiscdstass bor at ed gl ycer ol
monool eate),” an 32}3}%%%1%@ grs.. (6) Multifunctional additives: sulfurized
oxynol ybdenum di Y hi'ocarbanst e, sul furized oxynol ybdenum 15 organo

phosphor & di t hi osdd&tionprydaet yf dikelphimoandéehyless oxide, potonyethybme atkyl cther,

di et hyl at e -am de, am ne- nol >§Bdenum conpl ex conpound, and sul fur-containing

mol ybdenym cioboxgehplsnneoroltan efrscosity i ndex i nprovers:

pol ynet hacryl at e 9 IS acdik pefaen .opyl ene copol yners, styrene- 20
i soprene copol yng??g&ﬁgdk)at e g%yre e-1 sotgjr ene copol yners, polyisobutyl ene,

and di spersant swfoszed sitspdiphynyil suléde,i mphyvscldorosBpraRy ¢hlopmatetl depr essant s:
bol yrer o” ancap B Greatkdha e AT L3830 6 benum cont 4l ni ng
addi ti veygguch as(syplividenbdiierst t rogen- contai ni ng conpl exes.
- ) ‘ o fatty alcohol, fatty acid, amine, borated ester (such as borated glycerol
monooleate), and other esters.
_ {6) Multifunctional additives:
- sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
15  organo phosphero dithioate, oxymolybdenum monoglyceride, oxymolybdenum
diethylate amide, amine;molybdenum complex compound, and sulfur-containing
molybdenym complex compound.
(7) Viscosity index improvers:
o polymethacrylate type polymers, ethylene-propylene copolymers, styrene-
20 isoﬁrene copolymers, hydrated styrene-isoprene copolymers, polyisobutylene, and
dispersant type viscosity index improvers.

(8) Pour point depressants:

polymethyl methacrylate.
- (9) Foam Inhibitors:
25 | alkyl methacrylate polymers and dimethyl silicone polymers.
(10) A molybdenum containing additive such as molybdenum/ nitrogen-

containing complexes.

Complexcs of molybdic acid and an oil soluble basic nitrogen- containing compound
30  havebeen used as lubricating oil additives to control oxidation and wear of engine
components. Since their discovery, such comple)tes have been Wideljr used as engine -

lubricating oil additives in automotive crankcase oils.
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Cbﬁpjexes of nol ybdic acid and an oil sol uble basic nitrogen- containing

«conpound 30 have been used as lubricating oil additives to control

oxi dation and wear of engine 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 $NehcénflBfes 3R3AUesclbed i defuil ih TE PREKMNLCE O3B Andl i ef erence in
its entirety. 5 EXAMPLES, The invention will be further illustrated by the

fol | owi ng exXAfpeaied {grein By EeferencsiR fs e{iEgty-i cul ar | y advant ageous net hod
enbodi mrents. While the exanples are provided to illustrate the present

.invention, they are not intended to limt it. 10 As used in these exanpl es

and el sewhere in the specification, the follow ng abbreviations have the
foll owi ng neanings. If not defined, viation will have 1: its art
recogni zgd nmeani ng. ¢St = centi stokéft$)?‘g¥§p[lt‘f£:§ liter MV = nol ecul ar wei ght
ppm = part s TefinvEntidd @1l bé Aftler IRsGite@ B tHREOIGWRE Xamyles, wMLR §QIbitl | ndex

20 In addition, all percents recited bel ow are wei ght percents based on the
total wei ghtPagfculaly adeavigasens method sxboflisesnts NWVaile therrxamples dranrheided te.

Conpar at i ve; Itng@%?qﬂ%‘/%ngénjg% ﬁghgﬂgl%ng%q {ogﬁﬁgitgorrpar ative exanpl es

is to nmeasure the on wear ring e a heavy duty diesel
engine arising fromthe use of a lubricant conposition conprising

sufficient anounts of overbased detergent to provide for, a TBN in the
~ finishe Oco%d@if‘ilnd Iee

essrexgmples apd ehawhare imthe sperafieation. bgfelipdng. 30
oo el o o arner '
peci fi cal | ih@vialion hak%:‘ ltﬁé’foilB{vgﬂF#a@%%ﬂ%sr 'ggﬁ%%ﬁfgh{igq, l%é abh hivifihave

(Conpar ative Exanple was pr OW ng additives:
) its art recognized meaning.

cSt = centistokes

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

20

P

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 comp’oéition 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 millimoles
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Succi ni m de di spersant (2300 MW 7.0 wei ght percent Neutral calcium

'sul fonate (TBN 17) 7 mlIlinoles 35 H gh overbased magnesi um'sul fonate 13

mllinoles High overbased cal cium phenate 63 mllinoles Zinc

di t hi ophosphate 19 mllinoles -17 nolybdenum succinim de antioxi dant 0.2
wei ght percent VI inprover 9.4 weight percent antifoam?2 ppm5 A second
fully formulated lubricating oil conposition (Conparative Exanple B) was
prepared usi ng t hemPhibdeim sucstdmideastoxidarici ni ni de diGpersigtpe(@800 MN
7.0 wei ght percent VINBpioverl cal ci um sul fonate (TBN 17)9.4 wiiglitipewleas 10 Hi gh
over based magnesi usntfadthonate 13 millinoles Hi gh overbasgeeh cal ci um phenate
63 mllinmoles Zinc dithiophosphate 19 mllinoles nolybdenum succinim de
anti oxi danf OAZcyidfully pafdnéd lublicdiRloM@inpdsiidh §0bmPpaLER Exakipla By iagam 10
parts per mllion sulfurized ester (antioxidant/antiwear) 1 weight percent
I n each case,PicREehy5aa e folloving 2ddivesi ti on conprised a nixture of base
stocks conprising a G oup | base oil having a kinematic viscosity of 6.6

cSt at 100Cto 20 j . il. These co itions were
i'ndi vidual l'y test ealﬁ)({:g}rﬂng&a&r@ﬂe%%%éﬁg% in a I\/[LlHSTW?%:FV ’r%'g‘gp%fc?rgst met hod
for Cunmi M | hi.gn %S\aﬁgxﬂég{ apate }dge wear in fhe™Emalehs M |
heavy duty’ di esel i HEL 1Dagnes #8s a stringbht WlEQESe of 25
heavy duty di esel veRased qatyiimy pheRater nance. The P& 7niibwmlespeci fication

~includes the Cunmié&iciithiophesphafe primary test of sootl% emalliswlesal ve train

wear. The M | hagolybdeBan husgnipligsetoxflardper at i on. Rhaisehipaneht3 run
under conditions t¥lamremere soot formation, 1800 rpm 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

re;tarded timing leads to significant soot build up in the oil. At 200

hrs, the engine is disassembled and the va_ive 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, 11.0L displacemeht.
The results of this evaluation at 200 hours of testing are set forth in the table below:
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30 over-fueled, and retarded timng. Phases 2 and 4 run at 1600 rpm and
standard tim ng. Operation under conditions of over-fueling and retarded
timng leads to significant soot build up in the oil. At 200 hrs, the

engi ne i s disassenbled and the valve bridge parts are wei ghed. Valve

bri dge, cross head wear is reported in ng weight |oss. The engine 35
enployed in this test is a 6 cylinder, 11.0 L displacenent. The results of
this eval uati on atER@fiplaours of testing are set A@bhdtdfWédie tabl e bel ow
-18 Exanpl e Anmount of Wear _Conparative Exanple A 13.14 ng Conparative
Exanpl e B 13.23 g 8mpPHEUYR EXamilgiy refer to t hel3alASREge weight |oss of the
12 valve bridges gpmphgifNGkAeIle Bhese results ey ggpce that the addition
of a conventional anti-wear agent (Conparative anpfe B -- sulfurized
ester) had no inpact on the wear properties of 10 a fully fornul ated heavy
duty di esel engi ne(thgibfweightrefoo hptisiaveage wEightipbseofithd hevglue padgesof thi s
exanpl e i s to denpinghé adgind)hat i nproved wear performance is achieved by
addi ng a di spersed, hydrated-alkali netal borate to the |ubricant 15
conposition. Specifically, a fully fornulated |ubricating oil conpositions
was prepar ed '@g‘?sﬁ gestpeviglesicr dvit thy addifion of esonvamtional ehiriwedar egaht sper sant
(2300 MN 7. 0/vgi : Ne, clum sul f t IBN 17) 7.

ol es - H AR haaBle b RO Roof B R Rt WS Pipegfesof

over basedial zfuliy fohmulated h6a yrduty diesdl e8giniubeicsliticbinppditsmhat e 19 mi | i nol es
25 nol ybdenum succi ni m de anti oxi dant 0.2 wei ght percent VI inprover 9

wei ght percent antifoam 10 ppm

» | 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 millimoles

High overbased magnesium sulfonate 13  millimoles

High overbased calcium phenate 63 millimoles

_ Zinc dithiophosphate 19 millimoles
e 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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pot assi um borate (OLOA 9750) 2 wei ght percent 30 (OLOA 9750 is comrercially
avai l abl e from Chevron Oronite Conpany LLC, Houston, Texas, USA) The
bal ance of the conposition conprised a mixture of base stocks conprising a
G oup | base oil having a kinematic viscosity of 6.6 cSt at 100C to provide
for a 35 15W0 oil. 19 This conposition was tested for wear performance in
a M 1HST - stag,dard test nmethod for Cuimmins M 1 high soot test valve
bridge wear i ALSKEMPAHHPREasfesied foramsay perfionynadie et MAnHSHe steadatddesti bed

above. 5 The t i 1.Qn 200 .hours .of, testin set
forth in the ?ggilég f%re?{éw ' %@gg%klﬁgﬁ%t% Ealc‘)’fSe %ﬁgﬁ? Wﬁﬁéﬁﬁﬁ‘eegﬂmﬁl%lﬁﬁrg 10 (ng
of wei ght r ef beavydutshdiese engigeasidesglitied labswe. of the 12 valve bridges in the
engi ne) This result, when conpared to the results of Conparative Exanples A
and B evidence that the addition of the dispersed, hydrated al kali netal
porate o $ heThiekitd 6t c2ilastion's? 2b0/Rbf BPEes RO S AN nPHE WnAELbidly
significant reduction in wear. Fromthe foregoihg description, various

nodi fications and changes in the above described invention will occur to
those skilled in tpe ant. Al such nodifications, comng w thin the scope
of the appended clarnsrare—ntended—to—be—inetudd@OmoiVear o0 _20 CLAI MB:
1. A lubricating oExamggleposition suitable for usgsjpea heavy-duty diesel
engi ne whi ch conposition conprises a major anount of "an oil of |ubricating
5 viscosity, a) a sufficient amobunt of an overbased detergent additive to
control ‘®eposits f@%&@ﬂgﬁé@éﬁ&ﬂ@hewem@\deightalmgscoﬁlhq/lmzﬂsebri@gegi ne; b) a
sufficient amount Bfthaengnd)ral al kali or alkaline earth netal sulfonate

i 2

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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having a TBN of |ess than 25 to control deposits during high 10 tenperature
coperation of said heavy-duty diesel engine; and c¢) a sufficient anount of a
di spersed, hydrated al kali netal borate to inhibit wear during operation
of said heavy-duty diesel 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 comjagsiMg:on of at |east about 5. . 3. The lubricating oil
conposition according to Claim2, wherein the finished |ubricant
conposition has a TBN of - fromabout 5 to 20. 4. The lubricating oil

conposi tion accoyf gi | s i | j

conposition 1ﬁas %ﬂlpg]{l%la%ﬁ?Cﬂrgdn@fgltkoy%giﬁégf%Tﬁggrﬁieﬂ%w?gg{(iﬂﬁsgl gi ©

conposi ti on accorwhiclgcdopasitioncompoibesGl mijos athotnt of anwhexf &bricatieg di sper sed
hydrated al kali netal. borate conposition is present in an anount of from
about 0. %P to abouts®S{¥i ght percent of the total weight of the Iubricant
conposition. 6. The lubricating oil conposition according to O aimb5,
wherein the di spefysed.a ggfidinaaiotst ¢f dadtiverbaBidaletdrpén bedit 0amOSIntiobn | s
present in an anmount of from about 0.2 to_ 2 wei% t cgercent_. 7. The

| ubricating oi | conposleppaits dating ppsraiion of seidhaavy-duty @escbengiiifer ei n t he

di spersed hydrated alkali netal borate is a dispersed hydrated potassium
borate.. -21 8. .Thg | ubyj ! ' L1 @C‘cﬁﬁ ' f
Clains 1 to 7, whérei hﬂfuﬁg&kﬁr@ﬂ@%ﬁ al kal'i %lgﬂ%t ka |lﬂllg%g%1??lﬁarir§?lgﬁ;&t@

sul fonate is present ilmvig @NBNRf las tHan @tabanttol depbsits dudngvhigiht per cent
based on the total weight of the conpaosit.ion. 9.,.The lubricating oil

; CPNpOSi t3bn accor di ng FEPeiareoReratign ofisaid hepywsfuty disseh «age; ad ot - wear and
~danti-oxidant effective anmount of a nol ybdenuni nitrogen- containing conpl ex.
10. A nethod for gont r Pdutifieny nboth SRS Byddhted BlkaRRARIA LN &f @
heavy-duty diesel” engine, which nethod conprises: 10 a) operating the

engi ne with a | ubri caninhibttryrss dedingopssation of iseig heaviaghgy diesel engine.

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

Iubricant 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, wherem 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.

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

about 0.2 to 2 weight percent.

hydrated alkali metal borate is a dispersed hydrated potassium borate.
21~



amount of an oil of lubricating viscosity, b) a sufficient amunt of an
"overbased detergent additive to control deposits during operation of said

heavy-duty diesel engine; c) a sufficient anount of a neutral alkali or

al kaline earth netal sulfonate 15 having a TBN of less than 25 to control

deposits -during high tenperature operation of said heavy-duty diesel

engi ne; and d) a sufficient anount of a dispersed, hydrated al kali netal

borate to inhibit wear during operation of said heavy-duty di esel engine.
-22 :

8.  The lubricating oil composition aécording to any one of Claims 1 to 7, wherein the
neutral 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.  Thelubricating oil composition according to Claim 1, which further comprises
an anti-wear and anti-oxidant effective amount of a molybdenum/mitrogen-

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 oil 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)  asufficient amount of a dispersed, hydrated alkali metal borate to

e ‘ . inhibit wear during operation of said heavy-duty diesel engine.
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