- 1 - LUBRICATING O L COWOSI TI ON The present invention relates to

| ubricating oil conpositions. Mre particularly, the present

i nvention relates to lubricating oil conapesitions for use in 5engi nes
conpri sing em ssion control systenms. BACKGROUND OF THE | NVENTI ON

Envi ronnental concerns have |led to continued efforts to reduce the
CO, 10 hydrocarbon and nitr qg¢éBRICATING 8O COMPOSITDIOEN of conpr essi on
ignited (diesel-fueled) and spark ignited (gasoline-fueled) |ight
duty internal conbustion engines. Further, there have been continued

ff d h i cul | ssi f
1 gnt duty | nt er nate GBRBTLRUMTERGFIEE Fo Hibieith

npr.ession ignite

S st ©More
upcom ng em GehiarBt IR predent! BVentiBh I relaRS to AibialRE oA RSRMons for use in
manuf acturers (OEMS] 15 rely on the use of exhausf gas

af t er - t r at rapginesievmprsng Suishioresintrodsystgas. af t er -t r eat nent devi ces nmay
I ncl ude exhaust gas recircul ati on arrangenents and cool ed exhaust gas
recircul ati on arrangenents, catalytic converters, which can contain
one or nore BACKGROIUNDOR MHE INVIQS £PNrage catal ysts, and/ or NH3
reduction catal ysts and/or a particulate trap. OEMs are al so | ooki ng
at using selective catalytic reduction 20 (SCR) systens to further
reduce NO em ssi (ifirofdsetal coivetRt BdvesSls toabombuede:fpek Sonaduaddhe CO,
rendered | ess effective by exposure to certain el ements/conpounds

present 10n égrosarben hands nitpgss exxidep QN O)c eissipys 1Y coxpocseion igpited (diesel-

phosphor us hosphor us. c. unds int.rqd d, int.o the exhaust gas
D5 by he o BTedlapToAPE TBHEE e Bl R gt aitetodl RParpn e
additives. Reguert iBBreCRHR! ehScottifucieBfdrtd Y& rbduce WhE Ysar@ithtd Wnfiddfons of
conpounds in the engi ne exhaust gas introduced by the degradation of

bot h t he basemprdssion eghited lighteduty tifernkldomilniataon ergmbss (o mrestctbe cairent ragd
| ubricating oil addit.ives. Partigcul ate traps can . becone bl.ocked

recal |1 oS HOCGHFRErFHRSE. Sspasits ob FStids cagieh SR Pet R e (OEMs)
lubricajsng Qi opgEl ke 83 exhaust gas after-treatment devices, Such exhaust gas after-

treatment devices may include exhaust gas recirculation arrangements and cooled

exhaust gas recirculation arrangements, catalytic converters, which can contain one or

more oXidation catalysts, NOy storage catalysts, and/or NH; reduction catalysts and/or

a particulate trap. OEM’s are also looking at using selective catalytic reduction
20  (SCR) systems to further reduce NO, emissions.

Oxidation catalysts can become poisoned and rendered less effective by exposure
to certain elements/compounds present in engine exhaust gasses, particularly by
exposure to phosphorus and phosphorus compounds introduced into the exhaust gas .

25 by the degradation of phosphorus-containing lubricating oil additives. Reduction
catalysts are sensitive to sulfur and sulfur compounds in the engine exhaust gas
introduced by the degradation of both the base oil used to blend the lubricant, and
sulfur-containing lubricating oil additives. Particulate traps can become blocked by
metallic ash, which is a product of degraded metal-containing lubricating oil additives,

30 Thus in addition to designing engines to include a variety of emission control systems,
OEM'’s also require lubricating oil compositions to be formulated to reduce the

presence of detrimental materials in the exhaust gas stream. At the same time, the



30 Thus in addition to designing engines to include a variety of

em ssion control systens, OCEMs also require |ubricating oil
conpositions to be fornulated to reduce-2he presence of detrinental
materials in the exhaust gas stream At the sane tine, the - 2 -
selected lubricating oil conposition nust provide adequate | ubricant
per f or mance, selearddulibrigatag esjli abeipvsidon prst eedviden adwdatdehbrigmi erformance,
Eur opean patent application 1 167 497 A2 discloses a lubricating oil

5 conposi t i JAClAGDE Adequaterweas priedionfand det§isasihor ous and sul fated ash
content conprising an ashl ess dispersant with a certain nitrogen
content, a netal -containing detergent containing an organic acid

metal salt sel eCt]ﬁﬂoﬁé&”}ahﬂéﬁt GipplidatieANPr 167 NB7amAldiRidsePdra ahbeRhinE oil
earth nmetal salt of an alkyl salicylic acid and an allcali or .
2l kal i ne Searcompusitian having rastricsed sl inbhenhorousand geifatscbashonive! eomprising
manni ch base structure providing a certain 10 sul phat ash. cont ent

R 2inG di al ey PHE PR rS i o EuEs M e SRR deterent
amount and apn@ih &t bp%?mic%whl%ﬁ[ saﬂ_—k@?édté@ﬁ‘blﬂgh@gfoﬁlpfd%ﬁngﬁhﬁﬁeﬁ ARkl or
accordance with this patent application are stated to exhibif good

hi gh t enper alkaliee datlengtahsglt d€spialiewl sdieyliconont arsldrf alkali phalkplineraagthaneal
sul phat ed asgll H%vel f the, conposjtions. 15 gHM\/ARY OF THE.L.NVENTI ON
I'n accor dané®t &R afofRheae! deryaye havieng maprich Rese Sitchire Brovidiag @ Gegam
provi deggpa | j i i it : i ;

p 10 0703 e o & i D g e o
(a) a mj or agmwnuhnindodn @idiatidn iohibitarb Tivbeaitating oal0 forirmitadsi hyapcdriidncawith this
alkali netal or alkaline earth netal_ .all cgll_ salicylate_lubricatin,

oi | det er gemetept aRRtgAtRN pectated tosexhit sond Bighiteppaasturedutpregagy despite the
ki | ogr am of rd ' j It Lons i spersants
provi di ng trllée‘y%u%r&?%ﬁ(?sﬁgb%ufﬁﬂggﬁ oag%dt)%gr%év\%?stogﬁ%r%gn?ﬂgg ﬁiﬁg‘gst 0.12 wt %
to 0.20 wt% atom ¢ nitrogen, based on the weight of the lubricating

oi | conpgsi SanMAaNd GETHE 1eaReTIERNt - vi scosity nodifier. 25 In
accordance with a second aspect of the present invention there is
provi ded a nethod of lubricating a vehicle engine conprising an

h t i | at i E t i Si . N t hat i
of ' Tubr | cat | ng TERPAUREE ST bk ASOFHO AN B oG PG epet oo Rk
I nvention. jibridating (ﬁl co sﬁﬁﬁq{adﬁg%ﬁjh%%ﬂar@s &Bt%@o?ﬁ;ﬁﬁpb.lgfwtt’/ﬂ% sulfated

present invention-t i

ere 1s provideéd a thod according to the second
aspect, whengh cortént ofrugitnel.2 wit¥hermmrisingy (= esmajos einouiti ofeancat of pbricating
reduct | 86] (éi(s:ggsit?;y%g)eaTl alkali metal or alkaline earth metél alkyl salicylate lubricating oil
detergent providing from 7-15 mmol of salicylate soap per kilogram of lubricating oil
composition; (c) one or more dispersants providing the lubricating oil composition
with from at least 0.12 wt% to 0.20 wt% atomic nitrogen, based on the weight of the
lubricating oil composition, and (d) a dispersant-viscosity modifier.
25
In accordance with a second aspect of the present invention there is provided a
method of lubricating a vehicle engine comprising an exhaust gas recirculation (EGR)
system comprising use in that engine of a lubricating oil composition according to the

first aspect of the invention.

30



5Unl ess otherwi se stated, all ampunts of additives are reported in

w. %on an active ingredient ("a.i.") basis, i.e., independent of
the diluent or carrier oil. Gl of Lubridating Viscosity 10The oil of
lwubricating viscosity nay be selected fromGoup I, II, IIl, IVor V

base stocks, synthetic ester base stocks or m xtures thereof. The
base stock groupsnatceodefideneith anhirdaspioeof tharpr&eht nvadionlthatiit ptoyided a
(API') publication "Engine G| Licensing and Certjfication Systent,
I ndustry Serstaed agecgfg%n%ﬁl}e sefone csREd, EHicfsibibe sagBeyErthergeymprises a

Addendum 1, S%gﬁ%%galﬁ%grggu%@%(géﬁgf)@%k wi Il have a viscosity

15preferably o era 10, nost preferably 4.5-8
m2/s (cSt.) at 100C. (a) Goup | mneral oil base stocks contain

| ess than 90% saturates and/or greater than 0,03% sul fur and have a
vi scosi ty i ndex démlessentherivine stated llaamauptsef addifives g geparied MOWY o 9 an

t he test nethods. specifj.ed..in Tabl e. 20A bel o qup_ 1] m neral
oi | base st C%:ﬁge @E%ﬁbﬁl{]t aﬂ'eiaﬁaé}s’ %%a’ﬁgﬂ%engﬁlﬁame(é% ég%o ataF lé?g']s and

| ess than or equal to 0.03% sul fur and have a viscosity index greater
than or equahy i 8Qic VRs&id,han 120 using the test 25nmet hods
specified i W. ) Goup Ill mneral oil base stocks
contain greater than or equal to 90% saturates and | ess than or equal

to 0.03% sul fur and have a viscosity index greater than or equal__jo
190 usi A§ the. t e HherRll PEMEFISHEE VEFRSEY, TAYs0Pr A AR eTBI GRED il BhdYpon

base stocks e y l.eLl - - j

st ocks t hat bggaenStgéeﬂsu e @gﬁ%&’% lg%e% Oé%%ﬁnélrxgé%%th%f?é?%%%%‘?ggg%g{ggggm

(e.g., phthakfigedoi the Aahé{daniPetralzuh, Institesd (ARIT publicatiee i“Begine Oil Licensing
and Certification System”, Industry Services Department, Fourteenth Edition,
December 1996, Addendum 1, December 1998. The base stock will have a viscosity

15  preferably .of 3-12, more preferably 4-10, most preferably 4.5-8 mm®/s (cSt.) at 100°C.

(a) Group I mineral oil base stocks contain less than 90% saturates and/or
greater than 0.03% sulfur and have a viscosity index greater than or

equal fo 80 and less than 120 using the test methods specified in Table
20 A below,

(b)  Group II mineral oil base stocks contain greater than or equal to 90%
saturates and less than or equal to 0.03% sulfur and have a viscosity
index greater than or equal to 80 and less than 120 using the test

25 methods specified in Table A below.

(c) Group III mineral oil base stocks contain greater than or equal to 950%
saturates and less than or equal to 0.03% sulfur and have a viscosity
index greater than or equal to 120 using the test methods specified in

30 Table A below.

(d)  Group IV base stocks are polyalphaolefins (PAO).



al kenyl succinic acids, maleic acid, azelaic acid, suberic acid,
sebacic acid, fumaric acid, adipic acid, linoleic acid dinmer, malonic
acid, alkyl 5 malonic acids, al kenyl nal4onic acids, etc.) with a

vari ety of alcohols (e.g., butyl alcohol, hexyl al cohol, dodecyl

al cohol 2-ethyl hexyl al cohol, ethylene glycol, diethylene glycol

monoet her, propyl @he gByicdble estbic baseSqrecisl ihat exmnmel ®ed donipiiss ahe skers of
i ncl ude di butyl adi pate, di(eethylhexylﬁ sebacate, din-n-hexyl . .
fumarate, di octyl sebadigtboxdiciasieste g4 phthalicacid, speeni¢iacid glet ccinic acids,
azel ate, dioctyl phthal i decyl..pht hal at 1486.C I acate .
t he 2-et hyl hexyl diest %I?Er@% SE?C?{%? é?lgga idglcaffcﬁiéra,gel ]ﬁea%i%ﬁﬁ %)% %Cg ’esrebaclc

formed by reacting oneadd! famatic a68asdisicakidd Mbleld dcDdibRt,88aldhic acid, alkyl
tetraethyl ene glycol and two nol es of 2-ethyl hexanoic acid and the
| i ke. 15Bsters useful mslogigracids alkkeind gualenioakidsi ¢ts.) avithy ai vaciede! alnefnds

de f C5 to C12 | i i I | yol
g? hgr s r gLn ch asoneop eﬁ{}?ﬁgl{@@é?@oh& ﬁ%&éf? %&??a%qq, (gq%géaﬁzc?ﬁ&%-gt%y%gxyl alcohol,
pentaerythritol, di penétﬁfléﬁé nyE&l?'(iietﬁylérﬁeéﬂlfk@rdéﬂ%ﬂfei%' profylene bfcON&tc.)

enbodi nent of the present 1nvéntion, the oil of lubri'cating viscoSity
20 conprises |ess thanSpMRifist Exahples Ffs chese - Ftarpsnbluldasdibuiyl | adipate, aldi(y-
| ess than 30 wt% prefe ly less than 1 % and st preferabl.
substantially no Fi sch‘ﬁ[“y xé’BsS@ﬁacB?fsgubi’ ?%@?Wrg% SPRarae QXSHBCWI
Fi scher -y opsch base 0i)1,iPaR%, 180 MRlifte! Ay IAhEIAIRY didelyiRttiMte, dicosyl
Tabl e Al:5 Anal yti cal Fﬁggs %%raqest%ﬁg %gggﬂ%&ocﬁs Pr% ertyT%st oy
Met hod Sat ur at esASTM degBfaie, \the CashyihexlyhdrestdSeMikiei¢ GacrD Simek,uthaSThidiplex
D2622, D4294, D4927, or D3120 - 5 - Metal Salicylate Detergent

ester formed by reacting one mole of sebacic acid with two moles of

tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.

15 Esters useful as synthetic base stock oils also include those made from Cs to
C;; monocarboxylic acids and polyols and polyol ethers such as neopentyl glycol,

trimethylol propane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc.

In one embodiment of the present invention, the oil of Iubricating viscosity

20  comprises less than 50 wt% of a Fischer-Tropsch base oil, suitably less than 30 wt%,
preferably less than 10 wit% and most preferably substantially no Fischer-Tropsch base

oil; wherein substantially no Fischer-Tropsch base oil means no more than an impurity

amount.

25  Table A - Analytical Methods for Testing Base Stocks

Property Test Method
Saturates ASTM D2007
Viscosity Index ASTM D2270

30 Sulfur ASTM D2622, D4294,

DA4927, or D3120



The present invention requires the presence of at |east one alkali
metal or alkaline earth lubricating oil salicylate detergent. 5
The netal salicylate detergent may be C85C30 allcyl saficylates or
m xtures thereof with Cl10-C20 al kyl salicylates being particularly
preferred. Preferably, the salicylate detergent will be a cal cium
and/ or magnesiednSshdvilaty Dategeaad W I | have a Total Base Number at 100%
active mass (TBN) between %ES and 1000, nore preferably 10 between 20
and 850. The nost preferred detergent for use in this invention is
one or a rrixturemgé over hased ,cal ci um al kyl sali Cﬁ'?tle detergents

% &

having a TBN bet PEEaIRICTE08 . TN Snde aiBarHRhAT e Opp i@l metal or
salicylate dﬁk%g%gﬁhmﬁggth%qﬁl shBkablie@ehty nNo magnesi um al kyl
salicylate detergent. 15l n {The présent invention, the amount of netal
sal i cyl ate detergent used can vary broadly, but typically will be

fromabout 0.1 to_about 5 % preferably O. o 1.5 w. % based on
the total weight of¢ féelcH éfgﬁqgmagenédm%)ébﬁogqo&m@l@é Flieyiiss ps mixtures

mrol es of ' a - K fi [

conpos 1 on. PEaHECfic AREEARDbeR Yerle AL il Phabig he
i n the presednticylate dstetgent @ilbw dedciihandr eaEpaiint saivyliletahd &iill h@asd Téal
nmmol soap per kilogramof the finished oil conposition. Suitably, the
amount of neBae Numberystal QW% achygmass (KBY) batwase 16 el H@0Q, maspnrefgrably

provi dest h it Wi n th 11 per Kkilogram
of the 13 iOni ?‘i?@‘gé%?%% %ng(r)r%t}g‘siﬂlthlgcl)?\(%t ggege%fetdacgﬁ?er‘,gerft h%rerqllr?g?'gﬁl?ss]g Efn(t:]‘;(/)fla %e%r a

det ergent prifhiedf@vedasdd daliiin Akl FERSHe Riekeitabhyingt TERYetWech 300
mass% netal as sul phated ash to the lubricating oil composition. The

met al sal i cyngit®0ndy ope emhedimente thepnetpl aligylate deterggniotamptisesssyetantially no
present in the lubri ﬁ%‘iia}? 1oti I tg_(?rr sitions of the invention.
AIternativeI'{’?gHS?IWé‘ra P Yﬁgrﬁite #itig 30 detergents, such as netal

sul fonat es or phenates, may be present in the lubricating

conposi tion. Advantageously, where the lubricating oil conposition
conprisé§ a - 6 In the putcsené inventibaf thegamunt ghmstal saheylitaldeiergeni wgpdeah vary
conposition_ suitahly canpris, m xt ur e of tal _salicylate a

ot b sul ph Ry duf &gEy o he i shovehSito dEper 3 % MelH B el 5
cal ci um or RRONEILAING L RiabRbibR: o QMpRRA Ao 7EERH

i nvention thegjg Itional Jet er1 en%s are COSF%?’uér%%rrg%g?&ga t%rHan tqlgles
| ubri cati ng odinetal calpyhtd daderglut Qrpkicpeam o et ftidhied bil gompositign ehiitably, the

netal salts. Preferably, the salicylate det_ergent . . .
amount of metal salicylate detergent used in the present invention provides the

=0

20  composition with at least § mmol soap per kilogram of the finished oil composition.
Suitably, the amount of metal salicylate detergent used in the present invention
provides the composition with no more than 11 mmol soap per kilogram of the finished

oil composition.

25 Suitably, the metal salicylate detergent provides greater than 0.3 mass%,
preferably at least 0.4 mass% metal as sulphated ash to the lubricating oil composition.

The metal salicylate may be the sole metal lubricating oil detergent present in
the lubricating oil compositions of the invention. Alternatively, other metal-containing
30  detergents, such as metal sulfonates or phenates, may be present in the lubricating

composition. Advantageously, where the lubricating oil composition comprises a



provides the majority of the detergent additive in the lubricating
oi | conposition. By substantially no nmagnesium netal salt
detergent and substantially no magnesi umgl | cyl salicyl ate detergent
it is meant no nore than an inpurity anount, 10 such as an anount
provi ding |l ess than 50 ppm nagnesi um preferably | ess than 30 ppm

nmagnesi Um anghifsd o fileBdr @Wp\és |tE§Iﬁbﬁ&@ﬁ 8 c@Hrﬁbﬁﬁ&Pﬁﬁt’a ?‘cgzélpnses%ﬁ{ure

salts of organic acids pical used as | ubricating ents
are present aénstaébalisybtﬂ amil Idta:hl stipbpeats idetesgeofs. %etaddllnonalldetefgmts may be

conmponents are generally nmade, 15 b utraI|2| n organi ¢ aci.d

W ot rongie AR, LRI PRALEIe 1o pus PoBedize qﬁtﬁe WFé?Pttlﬁ‘@ntlon
component i Sgfv, dﬂﬁﬁﬁfjdet&keé% t?ra%?‘@él fn@tak §a1{§ J#fdrt%lal atih g@gyﬁﬂ&l
netal base in t e presenc€ of an aci ten carbon IOXI :

| N consedlencangrisel stiseantinifjam magwasﬂhnaﬁﬁtaﬂ baltsa relfeablyq sheavaticytn e defet gt
to the nmetal salt and the conponent contains netal in an anount in

excess of t hBovideytheragionty of gha detargent addibveinghp iwbrigating oilpgmposition.

Manuf act ure of these conponents is extrenely conplex and the final
conposition of the colloidal dispersion is not known with accuracy.

For exanpl e sul f uByzefhstartidly fbhenainesud theg Nl alidtyrodas afid ReBstagially no
bi s-t hi ophenates wth sulk I|inkages of varying lengths. In fact the
nunber of phaagiesianyplkibealiadetdefayzent rik sdmasnt tnegmpreethah annppukitiosmount,

with cerf I nt Sim|arl heno assu 0. copver,

A rotal 1081 (0 o5 pf aPaiiniPed Wi Rl Fgnefths Ry 16 Bkt sh et
neutral i zat | @RISR Akt rgmy%gmagflobpﬁﬁ@eghand the acidity

of the neutrallzlng base. Further the equilibria established when the

conponent is nmade shift whenever the conponent |s bl ended wi th ot her
mat eri al s cont ai bases or th se r 30 the, anpunts
of carbonate, sulr}’f{g%étséts aﬁargﬁ'ﬂié’n%ﬂ“iﬁ t ﬁ)‘gg‘éf‘ﬁng pll gletergents are
lubricant argedenf & §i8le B&maaﬁ hﬁp&mgaﬁ&l@éﬁthe Brrpbfent L ¥eAly made

conponents t'hat are bl ended
15 by neutralizing the orgamc acid with a strong metal base in the presence of process

aids. When the component is overbased, the organic acid is neutralized with a strong
metal base in the presence of an acidic gas (often carbon dioxide). In consequence both
the organic acid and the acidic gas are converted to the metal salt and the component
contains metal in an amount in excess of that required to neutralize the organic acid.
20
Manufacture of these components is extremely complex and the final
composition of the colloidal dispersion is not known with accuracy. For example
sulfurized metal phenates are generally described as bis-thiophenates with sulfur
linkages of varying lengths. In fact the number of phenolic groups actually linked
25  together is not known with certainty. Similarly, the amount of phenol assumed to
convert to a metal salt s often assumed to be 100%. In fact the degree of the
neutralization depends on the acidity of the phenol and the acidity of the neutralizing
base. Further the equilibria established when the component is made shift whenever the
component is blended with other materials containing strong bases. For these reasons,
30 the amounts of carbonate, sulfonate, and phenolic hydroxide present in a lubricant are

inferred from the amounts present in the individual components that are blended to



- 7 - make the finished lubricant. And those anounts are in turn
inferred fromthe charge ratios of raw materials used to nmake the
detergents or by resort to analytical nethods that can determ ne
detectabl e noieties allow ng inference of the remaining noieties.
5Thus the noles of netal salt of an organic acid present can be

det er m ned_dinkRE HeYilifhed ARiCGAS AhdASkd AR Htiin Aferlaritoff dhe Whege

the salt is a calciumsulfonate, direct analysis is possible using
the |iquid chatiosraf cayr aplyrialseisebth thelsc thehietbrgent ASTHY &3di2 to koalytehh@ethods
organic acids, the noles of salt must be der.iyed. nthisis , .
required tit ﬁh@@&tmﬁﬁﬁw&%ﬁﬂmm@ﬁowwm?@m tﬁﬁfﬁfﬁwg pgfesics.
acid nunber (TAN) 10 as determ ned usi ng ASTM D664, dial ysis and

ot her well known anal ytical techniques allow determ nation of the
organi ¢ salt contEnis. thehusled of njpetrvalt asf andrgaaicbaid badksas dah e delemgned
salicylates) the total anmount of netal nust be determ ned and .
al | ocat ed bedivgetly: i rsgEsi easemnand Hopdhers Busicbel deregdn gVheniheasalty i5ta galcium

The total a f.. 41 S | ent ternne

nduct i vel y BB EL B e Aol B TR R Sk pescribed
D4951. Met alinABTM 37320851 Hiper rEarid 8cilg) thd mOIE ¢ h balOhudt®l Aeritdde SWRén this
di vided by the anount of netal in excess of that required to

neutralize dnyeqyirgdhfronetny idclpdieg éme phiseditrimetivie meathndss totall aiénumber (TAN)
neutral i,zi ng iporgani,c._aci | ,ratios_.are quated by . .

Tanut actfr o8 BB R AT Qe AEDsis e Bl S 00w hesfuieab feoiues
manuf act ur ergBAViREiIRAIh SFIRe Qfgalra]i&esa%t%%{enﬂm% R phefdtESardr @a?ﬁdﬁy%ates

and the average 20 nol ecul ar weight of the organic acid. The anoun

of nmetal sal(inchdémesuiicilates) thet tota) entountpf meetal emest henéelernyinali atdy allomgted
t he detergent, and quantifying the apount of the residue. |If the
average nol SEtYeR Q(}éﬁlaﬁ@n%fn BRRICORYIPNg; & mpetal; ratioy o T hg fRfhame et of metal

residue fromg i el d 1 i t s
o convert The el CoReFEaolaLaRtla B MaRIERAchiol ikre’ b0 Rhhion
met hods 15 pr apestrondiy--aABTNME349515 Mepd attio 9¢ dpfineaings ther toedl afhedint of metal
aci ds of known properties. Mire garti cularly, the detergent is

di al ysed and®résg@individed diyethe amoughebametal i c3¢ess A4 that ireAuigd do mpsrelizgrapy
lts to thej i i T i . f t
i xtur e can Crpae B8 rkie, 35 nb MelBund BE PG RAAAE A R af peigfG  eta

I f the deterg@ntare gidtad bg nAgERENLROLT ©niiettiakydtergeas ped ¢ HeRtermined by
phenol i ¢ conpound (e.qg.,  alcohalic derivatives of ethylene 30 glycol

used in nan@TEyY ef bavingriaosyledge s dhatodal apouptetselty presend end) the ayepage

Che" anmtt & el mdBR B CoBOR: X58P THY Shnole SRR RrdefcH A et
nunber det enygs deperNAEM b1 81§72 the et dr® Cdnd dquadiifyinaine drfdhni Tuds

to determne the quantity of non-phenolic hydroxyl groups include
anal yses by residys. dpthstaversge pyplecklagwieight bf herwrgagicosaly is reh EnpwnttherdsiiRe

and correl at.i on,,t o,.conpounds havi ng .kn roperties. 5 A second
mothod T or Ot UIeiADAe SHSTEEH B DRoTeRteoy EhSrane A fo Bpnvert 1P gah o 1
aci d presentcasyies ahiiphedalty AhudnifoioR01 feabhd GRABACSNIR, Bl
conponent isCIi n fact co?i’%/ert dto th%é}slglﬁ‘?. Ien pr’a??(lﬁce the two rhdd
met hods2£ an spgctre sclply glid| yorchldtéd te rtids eduitosyn propettivs.h Mo paticdmdy the
be sufficiently precjise to allow determ nation of the 10 anount of

salt presen#cteizephis dialyed apdthep gepifluedyireaied Wit sirere b tosonyesheny salts to

i nvention. : add- 11 t I ng: '
et on. e e 8. A BSLAREOURERL RS Y, Rl
det ergent pobg3Bdimekiod ddxctigd BYASTR! DARSTIUTE the? dvtbfemubdntdi@dn@s Phenolic
content of the finished oil conposition.
hydroxy! groups on the phenolic compound (e.g., alcoholic derivatives of ethylene
30 glycol used in manufacture of commercial phenates or carboxylic acid groups on

salicylic acid), separate analyses must be conducted to quantify the amounts of those



The_total soap content of the lubricating oil is suitably no nore
than- 1.5 % preferably no nore than 1.2wt % and nore preferably no
nore than 1.0 wt% The total soap contentg-of the lubricating oil
conposition is suitably at least 0.7 % preferably at |east 0.75
wt % Ashl ess Di spersant An ashl ess di spersant generally :
conpri ses anhyirdxy$ Grétiysesopibbty ther hydrdXydl At alatdpmiied BEASTEMI DYS57 can be
functional groups that are capable of associating with particles to
be 25 di sper&stectely pSuiighle techpiguesi topdetemping the gpantite of mparehenglie dtydroxyl
am de, or ester olcurd noi ?ti eﬁ attacheg to th§ ﬁﬁl mer tbackgone oftgn
via a bridgi#§"B 8}13. CTHE VRS PR S5y SRELSEHR> S HArPPaSeRPLY: iidhPTe
nmay be, for NXEEcorfRitRE!1S dompOMS hhvisOkiRlEpopkiies. esters,

am no-esters, am des, imdes, and oxam ines of |ong chain hydrocarbon
substi tutbed nmono and di carboxylic acids or their anhydrides;

t hi ocar boxyl ate deri vat.i ve | ona. chain 30 hydrocarbons, ] o chai n
o ohar DY e oo o shsr o for d2Rfhof S Ruriier ¥ oS ealat sph 0 p Sfiganie
and Manni ch i i i :
Sbsti Tt o CRLPIERER Llphb ol Aed AR Ad SANRENR, Bl e AchuRRE s in

nost conmon fdets@erwsa@ed to nhe sal® In gsatics théhewovehdthddsosan g@vie slighitlyn different
di spersant, which is a congdensafi product of

hydL ocar by| T8yt byt hath ags, beliexe 'togﬂ%;m@iple@bamciaeabﬁ%mdﬁmwéa?ﬁ aEshe
Cher eor ) Car Ardtfbitell & e bk Sl il IPBHEAN B btOh: Bt e

pol yam ne-derivati zed poly cc-ol efin, dispersants, particularly

et hyl ene/ but ene al pha-ol efi n. and pol yi sobutyl ene-based di spersants.
Particul arly preflBraddifionte bging censyraied furtha ameuntedt spap presesth in the finished

pol yi sobut.yl en Lttt Lt h succinic anhydr,i. [ and. .
reacted wt r?%p%lnfpég ’E{t/)fl’e{ﬁﬁgﬁgtr#n %%gl’ﬁéﬁge?er 0 %f%é% tllgﬁgﬁgfgﬁi eer,n um 1.2
t et r aet hyl ergopaidacsd 438 coftento R fifshéabileyhposine! yam ne, e.g., 10
pol yoxypropyl ene di am ne, trinethyl ol am nonet hane; a hydroxy

conpound? e.g., pentaerythritol; and conhinations thereof One
particularly preferred, di spersant_.conbi nat.i on. i.s onbi nati pn

ol yi sobut ! ene dib<oi @iReh ot ARy & r ey po e div £5 v
reacted wi t RrdrBibIR nb WA ManCOIRON BsH nBrdprefeRBR REMYThAL Obwtbd) The total
pol yoxyal kyl'ene pol yam ne, e.g., polyoxypropyl'ene diamne, or (D) a
pol yal | cyl eseapléntatt afithedpbrécating oibodmymisitiph éneniteblpat least Vdwt%, preferably at
tetraet hyl ene Qﬁﬁ‘g{g}ne using about 0.3 to about 2 noles of (B), (O
and/ or (D) %ft 0f (A). Another preferred di spersant conbination
conpriseg a conbination of (A) polyisobutenyl succinic anhydride wth
(B) a pol yalkl mne, e.g., tetraethylene pentamne, and (CO
a pol yhydri ﬁ%ﬁpol yhydr oxy-substituted aliphatic prinmary
amne, e.g., pentaerythritol or 20 trisnethyl ol am nonet hane, as
described in U S. Patent No. 3,632,511. Another class of ashless

di spersants conphinsasblesmfispesiant generally womprEsss iap wilpgobiilecpadymatisadedchspon

th ducgt f d d i t .ol f
oyl - subs e BoGienal e RRRS s aRB o ARosRE el pafiges tosbe
nol es 0f5 caplpayed. Zﬁ‘)rﬁﬁﬂ]??lﬂﬁ@ﬁﬁﬂreréaﬁtzsgml?ﬂrﬁé ?ﬂﬁi@@l’d@ﬁol,a'ﬂﬂﬁde, or ester polar

par af or mal dehyde) and about 0.5 to nol es
moieties attached to the polymer backbone often via a bridging group. The ashless

dispersant of the present invention may be, for example, selected from oil soluble salts,
esters, amino-esters, amides, imides, and oxazolines of long chain hydrocarbon substituted

mono and dicarboxylic acids or their anhydrides; thiocarboxylate derivatives of long chain

30  hydrocarbons, long chain aliphatic hydrocarbons having a polyamine attached directly
| thereto; and Mannich condensation products formed by condensing a long chain substituted

phenol with formaldehyde and polyalkylene polyamine. The most common dispersant in



pol yal | cyl ene pol yam ne, as disclosed, for exanple, in U 'S. Patent

No. 3,442,808. Such Manni ch base condensati on products may include a
pol ymer product of a netallocene catal yzed pol yneri zation as a
substituent on the benzene group, or may be reacted with a conpound
cont ai ni ng such a polymer substituted on a succinic anhydride in a 30

manner sim lae fsothehatll deswhi ethiniieUdiSperfat, eRbicNGs a3cdt@i@as8@h product of
Examples of - 10 - functionalized and/or derivatized olefin Egl ymers

synt hesi zed gravgrbpesulstituled necenie ainhivdridey ande as pely(elkglensamingdd Batht peno-

publications identjfied.supra..The dispersant can,be furth ost

P eat od by spdnrige g PedRolns SRarFhle SR el Mo S
boration, as generally taught in U S. Patent Nos. 3,087,936 and
3,254,025. Boration of the dispersant is readily acconplished by
treating5an acyl Ieferedegroopnbéidispaganti mplats grolyantiidid aivhidred npalp npoiedie,
such as boron oxide, boron halide baoron acids, and esters of boron

aci ds, in arfisnesunts spatireladnt cthylens/bifente 3phonglalip yandy polyispbybdene-baged

Coni by ; : : -
conposi £ 1 on Lielis” o R0l bRerefar e TR Alep BN FHER A ok P Do Bytgpe
mass % e. g.subdtite adthiuclinlanhairiie @b urs. and FessedXo 0 polRethyloge Hahed)c.g.,

whi ch appears in the dpro_duct as_dehydrated boric acid_polyners
(primarily (nabethylne diamipe) tebeethylens pentarphe: oF ¢ pelyaxgieteng polyeminge £.2.,

and diindes as_anm ne sali.s.. e. qg. e, net aborate salt of the

G e 10g0beeaRoRfieRe difippf fupet B AR AT shiiral dpamney ce.
nmass % e. 9.penfabQBAraSR Uindl cdmbidichl OtHered £ M Ehe Yp4rHasady Pefbhed Mhpersaht
acyl nitrogen conpound) of a boron conpound, preferably boric acid,
usual | y as aogbinatign soat bamkisationnpf r{dgepolyisolpsviane subktigead | wigh wiuchinic

ti i t f bout 135C t b 19 .0., 14QC to 170C, .f.
L om nbout fhginds Fastns snd cpacted Rk LREA RO Ry irtopidag £ pRFAEFBHSL (O)
Al t ti | d: } i

er nat i velynolidigaR9leAR phiyamtdee e.rg.,mog%@@gr@%% ggéilugy g@?%” %gxgchﬁiﬂkﬁene

acid to a hot” reaction mxture of t eri dl
and am &, \dwntiee, regy\polgthytene rdianiihéand petsdetindmet peatanpueoossg @ebout 0.3 to
comonly kno in the C al.so be applied The di sper sant
may al so be aﬁﬁ%ﬂaﬂ%dﬁf{@f @b a0 o5,(D) sk Frogmof A, Analbierapipfetrgd dispersant
"cappi ng ag e TaT I o) Al ' \
peen " cappednmgai EGRLHARY fim o E DRI s 28RbAC AN
on the fl uoBelaagdlpieylemnpolyambenks., futraehyls: pajpning, ageiCy aapslyhydric
nmet hods are known. O _the known "capping agents”, those that convert

basi ¢ di sperkahel enpabhyiratysubsttuirdnalidiatic Drglast pwane( 8.8y, pekaR daritgl or
i mdo gpQup [ le... T i

nit roge%gcoz %’afﬂﬁ}?}ﬁg I g%%';ﬁsag%ta?éiﬁ%pfg?{(%a@fgég%gg{% 'a3t’%3265e1.lg. , ethyl
acet oacetate (EAA)) is described, for exanple, in U 'S. 30Patent Nos.
4,839,071, 4,839,072 and 4,579,675. The reaction of a nitrogen- _
cont ai ni ng di spedgatier ;ass fadr aphlessa dispersantsl sewprisas dVanweh daserpomsiensation

U.S. Patent p1"\(|)0ducts. Generally, these products are prepared by condensing about one mole of an

alkyl-substituted mono- or polyhydroxy benzene with about 1 to 2.5 moles of carbonyl
25  compound(s) (e.g., formaldehyde and paraformaldehyde) and about 0.5 to 2 moles of
polyalkylene polyamine, as disclosed, for example, in U.S. Patent No. 3,442,808. Such
Mamnich base condensation products may include a polymer product of a metallocene
catalyzed polymerization as a substituent on the benzene group, or may be reacted
with a compound containing such a polymer substituted on a succinic anhydride in a

30 manner similar to that described in U.S. Patent No. 3,442,808. Examples of



3,185,704. The reaction product of a nitrogen-containing dispersant
and .ot her suitable capping agents are described in U S. Patent Nos.
4,663,064 (glycolic acid); 4,612,132; 5,384, 321; 5, 356, 552;

5,716, 912; 5,849,676; 5,861,363 (al kyl and al kyl ene carbonates, e.g.,
et hyl ene carbonate); 5, 328,622 (nono-epoxide); 5,026,495; 5,085, 788;

5 5,259, 906; filacddhalizfl 4Bk YddrRrafized Bleh- 99?&6@%}11&&%3&1 £88: QRéallocene
(mal ei ¢ anhydri de or succinic anhydride). The foregoing list is not
exhausti ve aedalpitisystemeatesigscrived tethp pulficationsddemificdszaani ng

di spersants are known to those skilled in the art. Preferably, the

di spersant is a thermally nal eated di spersant forned by reacting a 10
pol yal kenyl - subst ThIHRGNRA Qan Ve HEE RX Mcafedd) & v PmrcgﬂﬁenﬂPnal ost
ester; and a polyarnine, having fromdgreater than about 1.3 to esg)

t han about Iltrgatmemts-suchk aglibertivipoasygéneradlyitdugint dnl (e BnPatenti Hos. 5088936 and

pol yal kenyl i and wherei.n sajd pol yal kenyl noiety has a .

mol ecul ar V\egg%‘ﬁb%ﬁ-s{hd‘?rﬁfﬂﬁq 8h thavfisporyay lﬁ,ﬁeqqﬂ@jrﬁcgqulg%e(b by trgaHng an acyl
nunber aver | ¥=1 i ( qm@ 0 .

3000. Such %Eg?%@#‘e@?ﬁg\gs??@%%%@%ﬁgg%éécn ggﬁﬂ F%@ %xg%f))ﬁte%?ﬁqeh boron
U.S. Patent hdlide bérondtidkdndaesterd o¥ BS&on:éids, in an anldudt asftitieftSo provide from
di spersant is suitably present in an anount of from4 to 10 wt.%

preferably =A%t 03 tpsbgui,g0 atomyc propertivns ef beren fei ¢aeh medespEacylptad nitrogen
n : or o g " 5P S ot
o sper Sa0 SaylaBho lh Aokl AR SHEA %, 0 B TERRU Tt 2.

the | ubri catftdig abddt OcFMRCboll @7 ritdsé Po BiroiD The bBah, Whieh\hpdiPidRé Sroduct
nitrogen. Preferably, the dispersant provides the |ubricating oi

conposi t i on agidefydretseh Woricoacid polymerswipvimaribn{HBOLb ), dg believed Whettach to the

nitrogen content pr.ovided.to the |ubricating oil caonposjition .he.

di sper sant césr?eﬁaﬁdgf‘ ?rﬁnﬂed?fnf S &8 CBPESREE %F“t hjetrﬁ‘étg%lﬁt(‘?eqaﬁpggyeocﬁm‘i&
ASTM D5762  Boration BnHecdahRd it DPANSAR FonREdUP 0o nidls NO8 0 Hodt fbut 1
pol yi sobut enyl succini m de di spersants wherein the polyisobutenyl has

a nunbed5avéo apeund| mesd & (haskdjlon (hvhinasst o8 e aitrogdd0cdrop@n@POf a boron
referably about 900 t 00, -,12 - An enhodi nent of the

Br esent i%v_é’ﬂWB'r‘ln tﬂr?ﬁg‘?ég’%cy‘?%ﬂﬁll@ﬁﬁs %@HE?’nfor%_ea"H]i WegeFRrapound

prepar ed UST9 hoR '@ﬂ?%ﬁihgr&?ﬁg&%%feg3§°@@ a%oﬂyiﬁ)obsg.ggtmb&‘@?o 170°C,

streamor a Indte | streamto prepare reactive 1sobat’yl’ene

pol yners wi tfbr freiraboad 1 ¥ Byt Selwrg | Blldwal byPhitlogem bripping h@gRmatively, the
polyners, referred to as highly reactive ggl_yi sobutyl ene (HR-PIB),
have a 5 t &prandsgatmentyen e fendusted bitadding Rorif acid to 8504 reactipn mixiywg of the

mor e prgh et ahlioodlnd G880 A000 JSkuRECLEREREY e | RRSL B U reacton

preparation o poOrymers i's |

Patent No. frobeshed 8 mmbity Rh&wh $n theQwtanailo BRafpIRdi s comercial ly
avai |l abl e under the tradenanes G issopal Tm (from BASF) and U travi sTm

(from BP- Anoco). 10The di spersant may conprise one di spersant or a

combi nation of dll‘ﬁg %ris%%l%ﬁt' mél)]; afsg %e further post treated by reaction with a so-called

"capping agent". Conventionally, nitrogen-containing dispersants have been "capped"
25  to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.
Numerous capping agents and methods are known. Of the known "capping agents",
those that convert basic dispersant amino groups to non-basic moieties (e.g., amido or
imido groups) are most suitable. The reaction of a nitrogen-containing dispersant and
alkyl acetoacetate (e.g., ethyl acetoacetate (EAA)) is described, for example, in U.S.
30  Patent Nos. 4,839,071; 4,839,072 and 4,579,675. The reaction of a nitrogen-

containing dispersant and formic acid is described, for example, in U.S. Patent No.



di spersant conprises a conbi nation of dispersants, the mxture

sui tabl e conprises a | ow nol ecul ar wei ght di spersant and a high

nmol ecul ar wei ght di spersant. A | ow nol ecykar weight dispersant is a

di spersant with a polymeric hydrocarbon backbone having a nunber

aver age nol ecul ar wei ght (M) of about 500 to 1750. A hi gh nol ecul ar
wei ght di spe t7045 1 [ b . ' grgda‘; .
backbone hav?ﬁgsgoﬁur?bhgrréaﬁgégg%d%ﬁﬁfg%q@gr&v@? ght R}ﬁgé}%@Ea out?&gsélggble
to 3000. |n cmwimgvgedisraredescrihed indl. 8l Patemtoss 41663 65é $ghptolicacidnet,612,132;

Lo o219 94 SOIPESLLLER SOIChsetd e58 ANAC RSl Boe LSt
20Pol yer mokgcul ahR) SkorsRECT § b8AKYY Mhondafhhtyde) gsahaed s 7eq,

various known-tec gues. ‘onveni’ent el ’permeat i dn

chr omat ogt aph@59.8P€) 5,40M58h (puldi(é.&.0 bishleyoxiday iadé st 68| (3¢ Ublcioventgttide or
distribution information (see W W Yau, J. J. Kirkland and D. D. )
Bly, "Mdem Sics@icaniydrdeln The ipepias i snras grbptsiive aslgrthenmethgdsaafeapping

ol ocul ar 25 pgfontsn AR AR e oo e et RENAFL A o7

pol ymers, is vapor pressure osnonetry (see, e.g., ASTM D3592).
Vi scosity Modifier 30The viscosity index of the base stock is

i ncreased, or i npPudesebly.the tispesieplor atthegalyhoaledted dispersantrfopudd bercacting a
terialg that, f i . i it i fi VI Vi it -

T3 51 nd | R B R oo ey racd meatBidy S0 sueth and o

viscosity rrqsm%ahﬁﬁ ; mgt ﬁ‘@lﬁe%@zﬁé&i fhidn RUERET.3 X6 LA AbGE U Aot Y-

(M) of from about 5,000 to about 250,000, preferably from about

15, 000 t o abwahoxy00, ad, prerdneingr mbietieh | per f payalkbylt maBty0CMdt evhatedutsaid
150, 000. Suitable viscosity nodifiers.are, palyis yl.ene, olefin 5
copol yners, %cﬁ)@b]keggf 1@8‘6& @%@F’é‘ﬂ%‘?ﬁaét"w&éﬁg? OB;@&M@ r?g%é?ﬁﬂl -Sit% e} and
al pha-ol efi @nuﬁ@ér%%fa@@%cﬁécﬁa?%eié?ﬁl(%j BF%HP&H&%FﬁX%@‘{ Fho 300?.. Such
met hacryl ate copol ynmers, copol yners of an unsaturate cﬂ carboxylic
aci d and5a \prefgtred digpersauts aretescrippmll Yoreexample, Sh . 8NPatat NG réy7134¢148 and
esters, andéﬁ,?@i al |y hydrogenated copol yners of styrene/isoprene,

st yrene/ but &7 and i soprene/ but adi ene, as well as the partially
hydr ogenat ed honopol ynmers of butadi ene and 10 i soprene and

i soprene/ di vi nyl benzene. Dispersant-viscosity Mdifier

Di sper sant - vi scosliHeyashiesi disprrsantai euﬁbi}dgﬁéﬁit fid eiMagibait d Moy 145@OS0 k. %,
nodi fiers, 15 such as those described above, with grafting nmaterials

such as, foPreablppkout 3dp &ivd-%aang dPG°a activameptteniasisy dhedisperpantshogd afavile
on \ _ e dfiee iy PR inRinet
ot or ocgol | cht bl B Rorioo B Wi ar M APE wlla GEOREE: B8RS " Riperay

nodi fiers i Reitasiepamdes thedRbficatihg 38 Gomposition with no more than 0.2 wt % atomic

nitrogen. Preferably, the dispersant provides the Iubricating oil composition with from 0.12
to 0.17 wt% atomic nitrogen.

25 The nitrogen content provided to the lubricating oil composition by the dispersant

can be determined in accordance with the procedures of ASTM D5762

Preferred dispersants are borated or non-borated polyisobutenyl succinimide
dispersants wherein the polyisobutenyl has a number average molecular weight (Mn) of

30  about 400 to 3,000, preferably about 900 to 2,500.



20 hydrocar byl - substituted nono-or di-carboxylic acids in which the
hydr.ocar byl substituent conprises a chain of sufficient length to

i npart viscosity index inproving propertiigs to the conpounds. In
general , the dispersant-viscosity nodifier may be made from for
exanple, a polynmer of a C4 to C24 unsaturated ester of vinyl alcohol
or a C3 to CLO ungaf Whibeithefit0 B 1R PRQ%M Infertioh dutifzes p@ﬂnsbtsm&w succinimide
di -carboxylic acid 25 derivatizecl wth an unsaturated

ni t r ogen- contisbersanty propaserepsinigandlyigpbutylepe p@pessd Hom atporesisobatytent whream of a
a C to C20 q| n_unsat urat ed

i “oar bovy! i LB 1 Sty B R (HRERE BAOSTHHLO YR G ferprlinyifens glofins.
al cohol ; or I lﬂglg,ar fririat

reacted eit hg{d%!;/mgr a?‘ste;)?tgﬁlg% é‘%ﬁﬁgﬂ‘t C(:)tZ% unsatehftg%@lyﬁblﬁftﬁ&ed{kﬁ% have a
ni t r ogen-% onteamimaltguylidersnentettheiat tast 6% v.gg 17004, inkge prefarabdedt least 80%, most

acid 30 onto t ol ckhone and. then reacting carboxylic acid
groups of thEr ?FF%‘E @%lr‘;ﬂ;’;tg(f:|gg(9 Ji) b pAPAFHORET SH%P@W%&%% olor s¥sple, in
- 14 - ¢f [ ra@aNnt i

aromatic anine ﬁ#ggtc{jzﬁg&%gt eﬁlﬁg%ﬁﬁsg}ﬂﬁ gr gpse?poﬁ/m'%smﬁpavaﬂable
preferred armmiet the tadémmes 6libmif¥fbm: -BASF)-and s EheidineBP-Aenoco).

Suitably the polyner is an ethyl ene-propylene 5 copol yner. The
pol ymer preferably has a nunber average nol ecul ar wei ght Vh of at

The. pol yeer nhy  hioe e a8 e 8 (Beaal ot §itBhiog SPGipepag Troe

nore than 60diéfkamnebniiridésed adthlyinaion Wi dishEls ) thel Aidirk abitBle comprises a low
comerci al Iy avail abl e di spersant-viscosity nodi fiers include, but

are not |i mimelgoulas, Wﬁghted;smm ang\sahigia imodectilan weight disp@@aati dalosy, mofecular
mul tifunctiaop rrethacr te Vvi,Scos| t ifiers.s S the

Vi scopl ex Tl\)ivggh t%?slpéﬁ %IF&WI jﬂt @%P@H‘H@ggﬁm Qﬁpéﬁ?ﬁaﬁ&ﬁﬁﬂmber
GtbH 15The phegsgsimoldaMankéish (KR! féb%ﬁfss@té'li?@@rﬁ w%igh

modi fier. It mag bg resenlgml(n gprmunt s of fromO 6}%1%‘%@%% tdmpersam

Ipr gf er apPy abérilspﬁs@f wggh3 M@wdmmdmnbaﬁcbm hayinglhaminber average moldcular
ubricating oi 0siti 0 C to t resent invention may,

addi ti onal | W?@tg@%?f i TheBds 9‘5@ dgpe; éﬁ%@%&ﬂ%ﬁ@?ﬁ%ﬁ%m
oi | additivagsricamaal Eltl&@ 'tﬁaﬁl’kﬁ}sr'ﬂsfeie&w fngs}éb/dcﬁ’%ﬁ than

25Ant i oxi dant s recf'uce t e tende cy o base stOCKs to terrorate 1n
servi ce whi &@ma%mm}aaﬂarm@ledmﬂamced by the products of
oxi dation such as sludge and varnish-1ike deposits on the netal
surfaces and by viscosity growth. In the present i nvention they are

t abl t % Suitable .
oxt dati 2971 o pirouadt TRURIS il Bl N coate dhteriit By Firioms gpwn
salts of al keshighenoDhbicophRASMbAVH mgg@rpeﬁﬁéa@bhm%at@r%g@f@) kihich

si de chains, _cal ci um nonyl phenol sulfide, ashless oil
phenat es an@dditipnallyi previdesanleedar, weisbis@istobutidn inforation (sseW.uWi. Xed, J. J.

hydrocar bo n?(lrk?anﬁyalnd%f tiitéﬁz,” tI\/‘la'odem Size Exclusion Liquid Chromatography", John Wiley
and Sons, New York, 1979). Another useful method for determining molecular

25  weight, particularly for lower molecular weight polymers, is vapor pressure osmometry
(see, e.g., ASTM D3592).

Viscosity Modifier

30 The viscosity index of the base stock is increased, or improved, by incorporating

therem certain polymeric materials that finction as viscosity modifiers (VM) or viscosity



- 15 - diphenyl atnine, al kyl substituted phenyl and napthyl am nes,
phosphorous esters, netal thiocarbamates, ashless thiocarbamates and
oi | sol ubl e copper conmpounds as describeg3zin U S. 4,867,890. Most
preferred are the dial kyl substituted di phenyl am nes, wherein the

al kyl is C4-C20, such as dinonyl diphenylam ne and the hindered

phenol s, sucﬁ,da@"%g@&g 5 fiv. tB [ t¥alerfits SRR

m xtures of sane. Zinc glﬁg/dg%e?g?%)g’/lpgiﬁe?gphosphg%éggpéy%&ﬂ Ziﬁﬁigﬂdare
di hydr ocar bythost hinieg nosbtraswesaga rmeoledular sedightd éViaj lof fromf ablouh\5gectr byoht

10 dit hi opho ic acids and e represented by the faollow .n
formila: RO 5953@{01 Dectesebly fgh abart Fl%e% R a%ﬁﬁtyﬁ%oq&lh@%wfwbly fom about
different h ' co b f : . a

> Lo 15 ooy AROE i EboRE SRR ODBRY PP Tobidh WY fllyisdiSleit SBlokn
aryl, aryd al éopolynetd catly las asogoleyierts asfl éthlede gndr pbipglahes andPauighbiC dipBd-b M fins,

preferred as R and R. groups_are al kyl groups of 2 to 8 carbon atons.
Thus, the r a@flvagthacsdases, fR?ﬁ)Y&l&iyla@ﬁﬁva@:y}éﬁf‘é, acthperylate. ponsbymers, j copplgmens, of an
n-butyl, i- ;= . o D ' I -octyl, decyl, .
dodecyl , oc3§§§%§?§ﬁ§-e¢h%#%%@gy%i%ﬂ%ﬂﬁ?%*%ﬂ#@P@%ﬁﬁ&?&“&?%%%ﬁ%ﬁ?ﬁ%”%%F
met hyl cycl op&try/ land paRialn ydrodenbied ¥bpoljnierO bHl@ rehPisGibrd, BtyRinb/butadiene, and
solubility, the total nunber of carbon atons (i.e. Rand R) in the

di t hi ophosphigtrrenchufadions.| as wrblasrtbg partitlly hadiogenateddonppelymers. of Phitadienenand
di hydr ocar byl dithi ophos te (7ZDDP) can therefore conprise zinc
diaIkyl%@itﬁﬁgﬁﬁgfﬁﬁg?%r.ngfﬁﬁﬁgaF%e nost commonly used

anti oxi dant/anti wear agent in lubricating oil conpositions for

i nternal conbustion engines, and in 25 conventional passenger car

di esel engi rldspetsaniavifcasiModifimmet present Eur opean ACEA
specifications. The lubricating oil conpositions of the present

I nvention suitably contain an anmount of ZDDP (or other dihydrocarbyl

di t hi ophosphat e mEkgdrsRhisboditydhodifiers are produced from grafting viscosity modifiers,

15  such as those described above, with grafting materials such as, for example, maleic

anhydride, and then reacting the grafted material with, for example, amines, amides,

nitrogen-containing heterocyclic compounds or alcohol.

Examples of dispersant - viscosity modifiers include amine, derivatized

20 - hydrocarbyl-substituted mono-or di-carboxylic acids in which the hydrocarbyl
substituent comprises a chain of sufficient length to impart viscosity index improving
properties to the compounds. In general, the dispersant-viscosity modifier may be
made from, for example, a polymer of a C, to Cy4 unsaturated ester of vinyl alcohol or

a C; to Cyo unsaturated mono-carboxylic acid or a C; to Cj di-carboxylic acid

25  derivatized with an unsaturated nitrogen-containing monomer having 4 to 20 carbon
atoms; a polymer of a C, to Cy olefin with an unsaturated C; to C;p mono- or di-
carboxylic acid derivatized with an amine, hydroxyl amine or an alcohol; or a polymer

of ethylene with a C; to Cy olefin further reacted either by grafting a C; to Cy
unsaturated nitrogen-containing monomer thereon or by grafting an unsaturated acid

30  onto the polymer backbone and then reacting carboxylic acid groups of the grafted

acid with an amine, hydroxy amine or alcohol.



- 16 - introduces about 0.02 to 0.12 wt.% preferably 0.02 to 0.1
Ww.% nore preferably 0.05 to 0.08 wt. % of phosphorus into the

| ubricating oil conposition. The phosphon#s content of the
lcubricating oil conpositions is deternm ned in accordance with the
procedures of ASTM D5185. 5 Mol ybdenum Conpound For the

| ubricating oil conpositions of this invention, any suitable oil

sol ubl e organo-nol ybdenum conpound may be enpl oyed. The nol ybdenum
conpound is 10 t hBigdired odispaeant-piscasiiy h raedifigrs asoipeise  amd aromatic  amine

anti oxi dant addit.ive. PRreferably, dineric and trineri¢ nol ybdenum .
conmpounds ar e éﬁf@%ﬁ%la@i’y%&és%@h&gippfygﬁ‘ub eprg%ﬁﬁo%% G &fHR s N-
conpounds  ar ghdnke -gisal | lehd GRS DagwtBE i ablyakl di thi epbRIRPRLSE
diallcyldit hlﬁtl)p osphi na es?kxant hat es, th?oxan?hgﬁeés, car bo%l a??g? ne
and the |5 kesopaiyaneri xiherpedyrnidrenrefefabaras iacuimivet gvepagef o leadaraweight Mn of at

nmol ybdenum dj al | t hi gcar bangt es . Suitable bdenum

di al I cyl di t ﬁk@%éﬁ%dgng{%graﬁﬁaqﬂgagt aioﬁgrafl@ swm%@w@mﬁ?d%- e PBtymer may
diallcyldithy bomeds | | r :
Xi X4 S n X Pﬂtla?(ea%l \'S ||el(§§|§5ég;1 08900, 01355 8 &@%%ﬂ@%gﬁf%@h@gﬁfﬁf ly
i ndependent | arooiei#0,80G strai ght chain, branched chain or aromatic 20

hydr ocar byl group; and X1 through X4 independently denote an oxygen

atomor a sulfur atom The four hydrocarbyl groups, Rl through Itt,

may be i@genti cal 5 T : fg]gg] [ l:cQr O

or gano- r%gl ybdenumsq%tgﬁr%o%on sé}hléag*g [ ngt(ﬁ%gﬂ[st%@r‘{l%g%gﬁdlﬂs ME’luQé, but are
not limited to, HiTec 5777, available from Afton Chemicals, or multifunctional

polymethacrylate viscosity modifiers such as the Viscoplex ™ or Acryloid™ range of

products available from Rohmax GmbH

15 The present invention comprises a dispersant-viscosity modifier. It may be present
in amounts of from 0.05 to 5 wt. %, preferably about 0.5 to 3 wt.% on an active matter

basis.

A lubricating o1l composition according to the present invention may additionatly
20  comprise one or more standard crankcase lnbricating o1l additives; examples or which are

discussed below.
Antioxidants

25 Antioxidants reduce the tendency of base stocks to deteriorate in service which
detertoration can be evidenced by the products of oxidation such as sludge and varnish-like
deposits on the metal surfaces and by viscosity growth. In the present invention they are
suitably present in amount of from 0.1 to 5.0 wt.%. Suitable oxidation inhibitors include
hindered phenols, alkaline earth metal salts of alkylphenolthioesters having preferably Cs to

30 Cy alkyl side chains, calcium nonylphenol sulfide, ashless oil soluble phenates and |
sulfurized phenates, phosphosulfurized or sulfurized hydrocarbons, alkyl substituted



25 conpositions of this invention are trinuclear (trineric)

nmol ybdenum conpounds, especially those of the formula M)3SkLnQz and

m xtures thereof wherein the L are i ndepg¢fdently sel ected |igands
havi ng organo groups with a sufficient nunber of - 17 - carbon atons
to render the conmpound soluble in the oil, nis from1 to 4, k varies
from4 to 7, dighin§lagleg ikl sitsaiitddnghegyiondl Biptiyinine] pBdPRSHAN esters, metal
donati ng conpounds such as water, am nes, alcohols, pho spites, and
et hers, and thiocarhgmates, ragitlesy thipcasbagates iand loil delsble eeppst evopdusde ey described in

val ues. At | t tal, carbon ato houl d sent - anong_al |
Sthe 11 gandsD Soreinsof dvipd ProfRu” 8 e BB o3 5B FPGl g B, oo
| east 35 car PELOR, subh@s dinoa dphatyBunisd SRtEShihdP I'sS@Pas isooctyl-
consi sting oéfmflx- %‘%& Squ\ , R %g ii)X2 10 and \ /R I%:N\%flg’ X2 aRSZISg?ICX
/0 -Rl 5 3,5-di-tert-butyl-4-hydroxycinnamate and mixtures of same.

Sy

Zinc Dihvdrocarbyldithiophosphates

Zinc dihydrocarbyl dithiophosphates are oil soluble salts of dihydrocarbyl
10 dithiophosphoric acids and may be represented by the following formula:

Ny

P——8| Zn

R'O p

wherein R and R’ may be the same or different hydrocarbyl radicals containing from 1
15 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are altkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
20  methyleyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total number
of carbon atoms (ie. R and R’) in the dithiophosphoric acid will generally be about 5
or greater. The zinc dihydrocarbyl dithiophosphate (ZDDP) can therefore comprise
‘zinc dialkyl dithiophosphates. ZDDP is the most commonly used antioxidant/antiwear
agent in lubricating oil compositions for internal combustion engines, and in
25  conventional passenger car diesel engines formulated to meet present Evropean ACEA
specifications. The lubricating oil compositions of the present invention suitably

contain an amount of ZDDP (or other dihydrocarbyl dithiophosphate metal salt) that



5, X2 0 -R2 and mixtures thereo wherein X, Xi, X2, and Y are

i ndependently selected fromthe group of oxygen and sul k, and wherein
R, R2, and R are independently sel ected;drom hydrogen and organo
groups that nay be the sane or different. Preferably, the organo
groups are 15 hydrocarbyl groups such as alkyl (e.g., in which the
carbon at om gibashedhdit d il EIRLRIL L albH 0 a,amfwt%%mye\fe@my 0.05
secondary), aryl, substituted aw an(‘? et her groups. More préeferab
each |igand f0a 08 het. Waokplvspharaa idiy | theg hdwjgating oil &@omposition. e plmsphorus

“thydrocarbyl™ denotes a substituent having, c rbon toms directly,
attached to ffqméeni é?fa‘ihﬁd]élpn‘é%mgr@f CPRBARIQNSSi nithafopgance with the

hydr ocar byI %Itag[ the context of this invention. Such
[ nclu {%rm}i"]:ﬁi'g?

substltuent OW ng: 51. Hydrocarbon substituents, that
is, aliphatlc (for exanple al kyl or alkenyl), ahcyclic (for exanple
cycloall cyl or cycloal kenyl) substituents, aromatic-, aliphatic- and
aIicyclic-sdﬂghbiﬂﬂéuggm@ﬁﬁﬂic nuclei and the like, as well as cyclic
substituents wherein the ring is conpleted through another portion of
the ligand (that is, any two indicated substituents nmay together form

an alicyclic gr Olm-thé@ub%c@ﬂ%séﬁ Eéﬁlﬁ&isldib{ﬁrd}qﬁi’s%&nﬁé@ i[vtsuﬁmléoﬂtéa%le
r

i's, those containing non- ocar bon groups which, he context of
this i nvent iqrgamdmolnfbdermm ecpmpmdpmsdbm emarieyed. h?hlfr Umébrbldymum tampotad is

Qi t ooy 2057 R b HROARE palh ssieichot et S o aapt it PrafRiahly, dimeric

al koxyl , ”Eraﬁél%ﬁen@hlo Biﬁfn?%&fh?ounli?@fet iRd. ExbiBRE of Sitth{ APb1ubE Srghno-
Inportantly, t he organo groups of the |ligands should have a

suf ficient molpstenad mmmpmnﬁatmﬂsﬂmodm&nﬂmhmtmbmmmﬁaodmﬂwkﬁhw@h%ﬁhﬂag
the oil. r nunber of c r.bon at ons ach groyp w !l
general |y rﬁ%g'?@?@@gﬁpqé%‘iﬁ xpnthgtesy, ?Xai’gﬁtesprcéﬁbef‘ﬁﬁtﬁ/ and the l\%@ and

mixtures thereof. Particularly preferred are molybdenum dialkylthiocarbamates.

15
Suitable molybdenum dialkyldithiocarbamates include dimeric molybderm

dialkyldithiocarbamates such as those having the following formula:

Rl ,S TI(I Xz X4 S R3
\N—C"/ \Mo/ \LI/II/ e N/
\\\ o p —_—
R2/ \‘S / \X3/ \S-’ \R4

R, through R, independently denote a straight chain, branched chain or aromatic
20  hydrocarbyl group; and X1 through X4 independently denote an oxygen atom or a
sulfur atom. The four hydrocarbyl groups, R; through Rs, may be identical or different

from one another.

Another group of organo-molybdenum compounds useful in the lubricating
25  compositions of this invention are trinuclear (trimeric) molybdenum compounds,
especially those of the formula Mo;S;L,Q, and mixtures thereof wherein the L are

independently selected ligands having organo groups with a sufficient mumber of



20 from about 1 to about 30, and nore preferably between about 4 to
about 20. Preferred ligands include diallcyldithiophosphate,

al | cybcant hat e, carboxyl ates, diallcylditghLocarbamate, and m xtures
thereof Most preferred are the diallcyldithiocarbamtes. Those

skilled in the art will realize that formation of the conpounds

requi res sel gabbohtofs thireRiefhe R8MbbEnd SRLHPRY BRLILAL 8 RN 46 4L B varies from
bal ance the core's charge (as discussed below). 25 Conpounds

havi ng t he férionTl & poBBkied, fiQm Hevgoumol oeiteal elecren domatingredeghotuyds such as
ani oni c |igands, wherei e cationic cores are represented by ..

ST ot ur 65 Qe A AR PO ARG o KT i £ rogsm SR LA Py fngludes
order to sol yhi LihZRichESEvARke 1udRt bPiGk g8 [Pbd ea%%t all
| i gands rrustM%l -4, 0Four ‘r/mnga??f o‘kr;ﬁﬁc Fligan S gr e0 pre erredr.’ t oaltlg
wi shing to btheligamid’ bygaamgroubgcush ad 4t 1éast 2 lat kg @0 dwdt 1€asp3 Dearbmr oms.
trinuclear cores may be 5 bound or interconnected by neans of one or
nore ligands and the |igands may be nultidentate, i.e., having

I tipl : . i< bel i aeh
il o S en EEREEP s 0808 Son(BL B Shpnd e PR Ch (e oveer

Q| -soluble trinuclear nol ybdenum conpounds are preferred and can be
prepared 10 by reacting TmXne Bppropriatle 1iquid(s)/solvent(s) a

nol ybdenum source such as (N114) 2Md3S13nm( H20), where n varies between
0 and 2 and incl udes nonsgstoichionmetric values, with a suitable

| i gand source such as a F'h(alIcylthiuran1disulfide. O her

oi |l -soluble trinuclear mol R compoungs can be forned during a
reaction in the appropriat£ solvent(s) of a nol ybdenum source such as
(NR) 2MD3Sun{ H20), a | i gaftd source such as 15 tetrallcylthiuram

di sul fide, diallcyldithiocarbamate, or diallcyldithi ophosphate, and a
sul fur abstracting agent such cyanide ions, sulfite ions, or
substituted phosphines. Xit{ernativel®, a trinuclear nol ybdenum sul fur
hal i de salt such as [IVI]2 3S7 , Whereg Ivf is a counter ion, and
A is a hal ogen such as d, , of |, may ge reacted with a |igand
source such as a diallcyldfthi ocarbamate or diall cyl dithi ophosphate
in the appropriate liquid(s)/solvent(s) to 20 forman oil-sol uble
trinucl ear nol ybdenum conpound. The appropriate |iquid/solvent may
be, for exanple, aqueous or organic. The ligand chosen nust have a
sufficient nunber of carbon atons to render the conpound sol ubl e
in the lubricating conpqaition. TheREern1"oiI-squbIe" as used herein

25does not necessarily indkcate ghét t he conpounds or additives are
soluble in the oil in al4 ions. |t4,does nean that they are

sol ubl e in use, transpor)’g{ I on, éﬁ@ storage. - 20 -
2 Ry
10 and
X1 O R]

and mixtures thereof, wherein X, X;, X,, and Y are independently selected from the group
of oxygen and sulfur, and wherein R, Ry, and R are independently selected from hydrogen
and organo groups that may be the same or different. Preferably, the organo groups are

15  hydrocarbyl groups such as alkyl (e.g., in which the carbon atom attached to the remainder
of the ligand is primary or secondary), aryl, substituted aryl and ether groups. More
preferably, each ligand has the same hydrocarbyl group.



A sulfirized nol ybdenum cont ai ni ng conmposition prepared by (i)
reacting an aci di ¢ nol ybdenum conpound and a basic nitrogen conpound
sel ected fromthe group consisting of sugginimde, a carboxylic acid
am de, a hydrocarbyl nonoam ne, a phosphoram de, a thiophosphoram de,
a Matunch base, a dispersant-viscosity index inprove; or a mxture 5
thereot in the pregenegn %ycﬁod%?dgdi’r ABHRED b Sdubstit@ent Maing SHOADASAK Miirect]y
conplex (ii) reacting the nolybdenum conplex with a sul fur containing
conpound, t oattdcheddb\thd mwmamderodtheiligandeand ispedopdeantlyhydodagivhineharacter within
conposition js useful. withipn t ontext of this invention. The

sul furized nBFyBUeHeitiioRYHon- nﬁ‘cﬁﬁ%ﬁ%@ﬁ Brigd f‘ﬁ’@“’@]’&her ally
characterized as a nol ybdenunt sul fur conplex of a basic nitrogen
conpound. The precise nolecular forrmula 10 of these nol ybdenum
conposi tisons i s nht knHydrowdrthdn smbstitsentst vhat o wkphetic (iheymalealibtbi sitadl),
to be conpounds in _which ol ybdenum whose val ences are satisfied
with atoms odlicysticdéy @amplg ylealkyloregyicloalkenshsnbeituaents, iroreatics, éipkaiiet and
of one or nmo ' . i: ' kNl .
compound  uselty b EBBERSE AR Ik R B2 e U WeR AR RO O berein tre
| ubri cati ng G@rposdmplesd tRbughandh@sgittion Y ahé i]ig&dnﬁhatCﬁ,nb@i Bw@ Hdiekded
amount of an oil soluble nol ybdenum conpound. If present an anount of
at | east 10 Substituggtsireayspesthcr oM aalisyskc grorgbdenum from a nol ybdenum
conpound jmay be present in the lubricating oil conposition.
Preferabl’y, about 10 ppmto 300 ppm of nol ybdenum from a nol ybdenum

conpound i s used. Mor esupki@hied akdiocafbdn TRILRtLARA) A0 DPMoS dRlaRie RBFD
20 from a nol ybdenum conpound i's used. These val ues are based upon

t he wei ght dfydtoiearbbm proupsiwhioly i theposiext afithis fvientionpdo Miditér tbe predéimimantly
| ubricating,oi.l c sition contain.an organi ¢ oil-sol ubl e .
friction modpRogROYIRResE 9508 Fybsitpet. (Hhate skilid i e Syl Raewerg of shise
0.02 to 2.0 dibupdo@b., his, tdpBhidilghibRPar fludz AN, Lild to, allEfithGrs
roditi or s D ek, b8, (DR ShbRTady gt i, Oy, mercapto. af e
30al i phafi c métm, némso,abifgdyatte.r fatty acid am des, aliphatic carboxylic
acids, aliphatic carboxylic esters of polyols such as glycerol esters
of fatty acids as exenplified by glycerol oleate, -21 - whichis

preferred, ali ph%g%%@gpﬂ%ﬂé;:% %ﬁe Eb?meq%%%qsiasjghﬁ@ AhveCa RIRSHR %gll%%:%sof

al i phatic thiophos etct, ein th atic group usu

cont ai ns abewdoahauwts @i ghderdbs bompaindrsluble iaghé oilr Godexarile the Aot
suitably oil soluble. Al so suitable are aliphatic substituted

succi ni ni de$aPep goasy eacl geup yill geerdly rapgedetygep iabaut d 1@ gt AP nuefprbly

or 5 anhydri | P> | ssan hgr wi_s
known agyl uggﬁg?q%t I g%%&ngr%vgzgdsinopﬁgrﬁa#ﬁ/gde%eﬁﬁ %ugﬁﬁtﬁﬁp%rggttéﬁr eﬁrzfréneg
whi ch the f ligirds Wclude (dlatid@hioplaRphae:, Qmﬁkgdhathuﬁfboﬁﬂﬂéi dieB§1dahiScai®dohate,
known. Typical of those additives which inprove the | ow tenperature

fluidity of anhaixiges thergpfl Mpst poderred am thedliadipidithiorarhamatese /Rhosgydkilled in the

t at Lyners... pal yakl net h | at dthe like. T b
oed i n anpdigh g Sl S S <GrBoul Serutfs picsfon, o1 e Pivineate
W. % They apgoptid &ladlelty bilgRe thehBR Jemflkdhs RchssBiBedowf 0cks are

enpl oyed but "are not generally required when the base 'stock is a PAO
or syntB®tic ester.

Compounds having the formula Mo;S,L,Q, have cationic cores surrounded by

anionic ligands, wherein the cationic cores are represented by structures such as



15Foam control can be provided by many conpounds includi ng an
antifoamant of the polysiloxane type, for exanple, silicone oil or

pol ydi met hyl sil oxane. Sonme of_tfe above-nenti oned additives
can provide a nultiplicity of effects; thus for exanple, a single
additive nmay act as a dispersant-oxidation inhibitor. This approach
Is 20 well known and does not require further el aboration. The
I ndi vi dual a d|t e incorporated ' ase stock in any

conveni ent eaclg of the co s c&s‘ added directly to
t he base stoc or se oi Iff bl end by di rsr ‘

el of 25
Bhquwng may occur enperature or at

erature he i nventi oMeaC nprrsr he product results

e of e additive conpo forma lubricating

oi | conposition. rably, the additives ' bl ended together to

forma concentrate addi t4,ve 3ghdpackage t s subsequently

bl ended i nto base stock to make the fini shed Iubrlcant The

concent r at e Whichfave m@@hﬁa@kﬁg@ eenty, r prvisT {a sdelize fhesp geres the, total

or the visco nodi f i, er dd d ar.at el the

S oneant ot o Setek SRR bl He IR BRsARIEC S ERAEBuSic TR i Brefirred. Fyiphout
conposi tion. wﬁtﬁﬁ ﬁﬂﬁ@@éﬁnﬂ%@ny\ﬂiebrytﬁ’ﬁltﬁﬁéde& ﬂﬁ@t\ff@ﬁﬂhﬁbﬁttﬂﬁhde@r 6284 Bhybe
t he addltrve(s) n proper anmpunts to provide the desired

concentr &t i dmundr arhisteF¢omatetddobynmicans of onbes mbwe bgandeand éheellg-'mds may be
conbi ned with det er.m ned unt of. a base |ubricant.

o nkease | UBPRASHfaG oo g iR PmSiahs Bhite. o Poteotes (1 betindthar
% preferably,ds &W&Qel&ﬁ%ﬁrﬁ‘a?f)eM&lt&@&‘fcﬁ@ﬁlﬁﬁtn?the'ooﬁéﬁj't'Ve package
wi th the remarnder being base” stock he preSent invention

wi Il now be further described vmth references to the 10fol | ow ng
illustrative exa

e quantities are e a . 100%
active matter bagi““?l‘i‘m%m’é‘ %}@e’éﬁ?oﬁ‘i‘l Fatﬁﬂ”)g' é:é‘?d;‘l’ be prepared

10 by reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such as

issolving it in
t he base stoclq or se oif blend at th esi
concentration.\S
an el evat ed

fromthe adm xt

(NH4):Mo35:5-n(H,0), where n varies between 0 and 2 and incledes non-stoichiometric
values, with a suitable ligand source such as a tetralkylthivram disulfide. Other oil-soluble
trinuclear molybdenum compounds can be formed during a reaction in the appropriate
solvent(s) of a molybdenum source such as (NH,).Mo3S;3:n(H>0), a ligand source such as
15  tetralkylthjuram disulfide, dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur
abstracting agent such cyanide ions, sulfite jons, or substituted phosphines. Alternatively, a
trmuclear molybdenum-sulfiur halide salt such as [M']:[Mo;S;A¢], where M' is a counter
jor, and A is a halogen such as Cl, Br, or I, may be reacted with a ligand source such as a
dialkyldithiocarbamate or dialkyldithiophosphate in the appropriate liquid(s)/solvent(s) to
20  form an oil-soluble trinuclear molybdenum compound. The appropriate liquid/solvent may

be, for example, aqueous or organic.

The ligand chosen must have a sufficient number of carbon atoms to render the
compound soluble in the lubricating composition. The term “oil-soluble” as used herein
25  does not necessarily indicate that the compounds or additives are soluble in the oil in all

proportions. It does mean that they are soluble in use, transportation, and storage.



15Lubricating oil conposition Ol A was prepared by m xing an
additive package conprising 4.8 nmass% of a pol yi sobut enyl

succi ni m de di spersant nmade from a pol yiZpbutenyl with a nunber
average nol ecul ar wei ght (M) of 2225, 1.08 mass% of pol yi sobut enyl
succi nim de di spersants nmade from a pol yi sobutenyl with a nunber
average nol ecul arAwelfightd fbbdeitmotambhg CAmPBsitdH PépabedB2/Xi) TEting an acidic
over based cal cium salicylate 20 detergent and 0.34 mass% of a 565 TBN
over based canelybdensm|cpeppindand ebesgmifogenronpovksslsted fpmghergrup consisting
over based nma esi.u_ndsul fori)%t .de} g{@gnt h0d 84b sS% of. Hi Tehc Eh7Z7 i

di sper sant - v/ SEOETPY hBdPICEC Sty 4 PEHAT FRDHARG &/ pospooramide, a
di t hi ophosph@ioBhosphaiamide, AMARREBER &ididpEesARBsRY SRR GnadlérOxt 8aikiure
into a base stock conprising a mxture of Goup | and G oup 11l base
oils. QOI5 A thempl instbd pees@®e wf ¥polat pioatotat, wshim @ n@@yhwieaune Bomplex (i) reacting

hosphor ous, 0. 2 % sul fur, 130 ppm of .atom ¢ botaon,, 5 m
ol ybdenum 8 FSROE Gty ST SO PR kg LSO IOr vl and
salicylate t%ﬁ@pb&eﬂﬁ%ﬁta%gqﬁgn&%sim isSusBRRithA e wﬁeﬁtﬁff%jls zft%gﬁﬁon. The

content of e Ol was 0.8 % soap. The cal ciumsalicy
det er gent s puliwizdé milgbdemoni @atdnig oohpwsdivpo andyi be gendrdllyOclbractsiséd as a

cal ci um as sul phat ed h. The djspersants provide the lubricating oil
conposi ti on RNy Fhapie gEgen Gprenound of nrﬁ%%eome%%qr%gmula
provi dedpby i E&Fh u i ah:. di : 3 %g]%l% I

provi degoby m rmlﬁgl u a?lﬁm%?{djﬁ}éﬂglgs%erozg%?%%ﬁ}g%&& H At\%\lgs%

then run in Heliwed®IBE Dt AnEN@ IwHicht sl bdenmn.ewlaawalahees keQuidfied withatoms
Mack T-12. The Mack 1-12 test is designed to evaluate the ability of

an oi | to niokpryzes onadiiniiseiher wmploned B ar e st efioms opmoreaytrages eloms of the
Mack 1-12 engi.ne.test is.part of I -4 RA E -f or mance
cat egori es. kit Sltr%g angwn%}%ogmg’g%r}éﬂlg gﬁg thne@%ﬁﬁr%@gﬁgc GSEEC?%EB %’é% © 460
rated at 460 bhp and 1,800 rpm with FOR system The test runs over
300 hours and at the end of the test piston ring wear, cylinder |iner
wear, | @ad bear i Adeddricggigemampesitions of therppeses rinvgnidoronideantama gingr amount
eval uated. The SS il.Limts and the.results for O a set out
1 Tabl o 1 BABRY SaybiE oy taPet ool s FETE i pr o e Fo Py o
wei ght | 0ss a5 %6003 ppay b HSBHLAMRS! from a molybdenum compound may be present in the
lubricating oil composition. Preferably, about 10 ppm to 300 ppm of molybdenum from a

molybdenum compound is used. More preferably, no more than 100 ppm of molybdenum
20  from a molybdenum compound is used. These values are based upon the weight of the

lubricating composition.

Friction Modifiers

25 The lubricating oil composition may contam an organic oil-soluble friction modifier.
Typically, the friction modifier may make up about 0.02 to 2.0 wt.% of the lubricating oil

composition.

Friction modifiers include such compounds as aliphatic amines or ethoxylated
30  aliphatic amines, aliphatic fatty acid amides, aliphatic carboxylic acids, aliphatic carboxylic
esters of polyols such as glycerol esters of fatty acids as exemplified by glycerol oleate,



4,1 5.9 Lead corrosion 0 23 G| Consunption 580 56.8 Merits 1000 1342
A clearly passed the Mack T-12 test at the required APl CJ-4
and ACEA E6 performance | evels. Exanpl e-2120Lubricating oil
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which is preferred, aliphatic carboxylic ester-amides, aliphatic phosphonates, aliphatic
thiophosphates, etc., wherein the aliphatic group usually contains above about eight carbon
atoms so as to render the compound suitably oil soluble. Also suitable are aliphatic
substituted succinimides formed by reacting one or more aliphatic succinic acids or

anhydrides with ammonia.

Pour point depressants, otherwise known as lube oil flow improvers, lower the
minimum temperature at which the fluid will flow or can be poured. Such additives are
well known. Typical of those additives which improve the low temperature fluidity of the
fluid are C; to Ci3 dialkyl fumarate/vinyl acetate copolymers, polyalkylmethacrylates and
the like. These may be used in amounts of from 0.01 to 5.0 wt.%, preferably about 0.1 to
3.0 wt.%. They are preferably used when mineral oil base stocks are employed but are not
generally required when the base stock is a PAO or synthetic ester.

Foam control can be provided by many compounds including an antifoamant of the

polysiloxane type, for example, silicone oil or polydimethyl silloxane.

Some of the above-mentioned additives can provide a multiplicity of effects; thus
for example, a single additive may act as a dispersant-oxidation inhibitor. This approach is

well known and does not require further elaboration.

The individual additives may be incorporated into a base stock in any convenient
way. Thus, each of the components can be added directly to the base stock or base oil
blend by dispersing or dissolving it in the base stock or base oil blend at the desired level of
concentration. Such blending may occur at ambient temperature or at an elevated
temperature. The invention comprising the product results from the admixture of the

additive components to form a lubricating oil composition.

Preferably, the additives are blended together to form a concentrate or additive
package that is subsequently blended into base stock to make the finished tubricant. The
concentrate or additive package may contain the viscosity modifier, or the viscosity

modifier may be added separately from the concentrate or additive package to form the
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Criteria
Example 1

15 Lubricating oil composition Oil A, was prepared by mixing an additive package
comprising 4.8 mass% of a polyisobutenyl succinimide dispersant made from a
polyisobutenyl with a number average molecular weight (Mn) of 2225, 1.08 mass% of
polyisobutenyl succinimide dispersants made from a polyisobutenyl with a number average
molecular weight (Mn) of 950, 0.74 mass% of a 321 TBN overbased calcium salicylate

20  detergent and 0.34 mass% of a 565 TBN overbased calcium salicylate detergent, 0.43
mass% of 709 TBN overbased magnesium sulfonate detergent, 0.84 mass% of HiTec 5777
dispersant-viscosity modifier, and additional zinc dialkyl dithiophosphate, organic
molybdenum dithiocarbamate and antioxidant into a base stock comprising a mixture of
Group I and Group III base oils. Oil A comprised 0.96 wt% sulphated ash, 0.08 wt%

25  phosphorous, 0.21 wt% sulfur, 130 ppm of atomic boron, 50 ppm molybdenum, 0.153
mass % calcium and 0.069 mass% magnesium. The salicylate soap content of Oil A was
8.8mmol and the total soap content of the Oil was 0.85 mass% soap. The calcium
salicylate detergents provide the lubricating oil composition with 0.5 mass% calcium as
sulphated ash. The dispersants provide the lubricating oil composition with 0.135 mass%

30  nitrogen, with 0.096 mass% N being provided by the high molecular weigh dispersant and
0.039 mass% being provided by low molecular weight dispersant.



Pass/Fail Limt (ACEA E6) G| B Camoutlet wear 40 87.3 It can be
seen fromthe results in Table 2 that G| B passes the OM646LA engi ne
test at the required performance |evel fof ACEA E6. The test al so
achieves all 25 of the necessary paraneters for the nore stringent MB
228.51 specification level. - 25 - WHAT IS CLAIMEDIS: 1. A

| ubricating oi | ComOYat {HRArMAY tHRASTNTPERD ik €@h&R ool khdwRas!fe
Wt % a sulfated ash content of up to 1.2 wt % conprising: 5(a)a najor
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or alkaline earth nmetal alkyl late lubrjcating aoil detergent
provi di ng frWﬁWﬂ%%&ﬂqu@P%‘yﬁh@%é& teer T mm&ﬁﬁﬁﬁgﬂmﬁsﬁgaﬁ pifhe
oi | composi t Wfl¢y.4 and ACEA E6 performance categories.

5
The engine used is a modified Mack E7 E-Tech 460 rated at 460 bhp and 1,800
rpm, with EGR system. The test runs over 300 hours and at the end of the test piston ring
wear, cylinder liner wear, lead bearing corrosion, oil consumption and oxidation are
evaluated.
10
The pass fail limits and the results for Oil A are set out in Table 1 below:
Table 1
Criteria Pass/Fail Limit Ol A
Top ring weight loss <105 73
Cylinder wear <1 59
Lead corrosion 30 23
0il Consumption =0 56.8
Merits 1000 1342
15 Oil A clearly passed the Mack T-12 test at the required API CJ-4 and ACEA
E6 performance levels.
Exammple 2
20 Lubricating oil composition Oil B, was prepared by mixing an additive package

comprising 4.8 mass% of a polyisobutenyl succinimide dispersant made from a
polyisobutenyl with a number average molecular weight (Mn) of 2225, 1.08 mass% of
polyisobutenyl succinimide dispersants made from a polyisobutenyl with a number average
molecular weight (Mn)} of 950, 0.84 mass% of a 321 TBN overbased calcium salicylate
25  detergent and 0.34 mass% of a 565 TBN overbased calcium salicylate detergent, 0.43
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provide the lubricating oil composition with 0.135 mass% nitrogen, with 0.096 mass%.
10 nitrogen being provided by high molecular weight dispersant and 0.039 mass% being

provided by low molecular weight dispersant.

Oil B was then run in the Mercedes-Benz OM646 LA (CEC L-99-08) engine

test, which is part of the ACEA and Daimler specifications . This 300-hour test uses

15  the 2.2L common rail diesel OM646 DE 22 LA engine to evaluate engine lubricant
performance with respect to engine wear and overall cleanliness, as well as piston

cleanliness and ring sticking,

. The pass fail limits and the results for Oil B are set out in Table 2 below:

20
Table 2

Criteria Pass/Fail Limit (ACEA E6) | OiB
Cam outlet wear <140 87.3

It can be seen from the results in Table 2 that Oil B passes the OM646LA
engine test at the required performance level for ACEA E6. The test also achieves all

25  of the necessary parameters for the more stringent MB 228.51 specification level,




7.A lubricating oil conposition according to any one of the preceding
claims, further conprising an al kaline earth netal alkyl sul phonate
Iubrlcating oil detergent. 58. A lubricatpfng oil conposition according
t:o any one of the preceding clains, wherein the dispersant is a

pol yi sobut enyl succi ni m de di spersant. 9. A lubricating oi

conposi ti on 9geoT §t o9 AimEmys.one of the preceding clainms which neets
the requirenents of both the API-CJ4 specification and the ACEA 10E6

speci fication. 10. A method of |ubricating a vehi cl e engine
conprising an exh ust recirculation. (E I‘ISI se
in that engine of ' ugall‘s"é%‘t'@ﬁ% %gqf;) Bﬁy g‘%ﬂ’%‘f’ﬁ% Yigipeto
of clainms It® | l aim 10, V\/nereln
the engine i slgw(t:%ﬁh%rs %lgge%%%lcoﬁeﬁ%ﬁﬁgﬁq%%% cBqu‘hQinglz A et hod

according to clai@ 11 amhpremauﬁthﬂ'aﬁbg|otﬁmbn8atmgh@uy1tﬂuty 20di esel
engi ne. 13. A nmethod accor di ngﬂ(to any one of clains 10

wherei n the engi @ f urdthakkal gugsal; arealkaling cgagihy mgtat é%@’hﬁ"yl{cyléter]@éﬂ%mgrpﬂ

devi ce. detergent providing from 7-15 mmol salicylate soap per kilogram of lubricating oil

composition;
(c) one or more ashless, nitrogen-containing dispersants providing the
10  lubricating oil composition with from at least 0.12 wt% to 0.20 wt% atomic nitrogen,
based on the weight of the lubricating oi! composition, and

(d)  adispersant-viscosity modifier.

2. A lubricating oil composition according to claim 1, wherein the

15 phosphorous content is no more than 0.08 wt%.

3. A lubricating oil composition according to claim 1 or 2, wherein the

sulfated ash content is no more than 1.0 wt%.

20 4, A lubricating oil composition according to claim 1, 2 or 3, wherein the
alkali metal or alkaline earth metal alkyl salicylate lubricating oil detergent providing

from 8-11 mmol salicylate soap per kilogram of lubricating oil composition.

5. A lubricating oil composition according to any one of the preceding
25  claims, wherein the one or more dispersants provide the Iubricating oil composition
with from at least 0.12 wt% to 0.17 wt% atomic nitrogen, based on the weight of the

lubricating oil composition.

6. A Tubricating oil composition according to any one of the preceding
30  claims, wherein the alkali metal or alkaline earth metal alkyl salicylate is calcium or

magnesium salicylate or a combination thereof.



10

15

20

-26 -

7. A lubricating oil composition according to any one of the preceding
clatms, further comprising an alkaline earth metal alkyl sulphonate lubricating oil

detergent.

8. A lubricating oil composition according to any one of the preceding

claims, wherein the dispersant is a polyisobutenyl succinimide dispersant.

9. A Tubricating oil composition according to any one of the preceding

claims which meets the requirements of both the API-CJ4 specification and the ACEA

E6 specification.

10. A method of lubricating a vehicle engine comprising an exhaust gas
recirculation (EGR) system comprising use in that engine of a lubricating oil

composition according to any one of claims 1 to 9.

11. A method according to claim 10, wherein the engine is a compression

ignition engine.

12. A method according to claim 11, wherein the engine is a heavy duty

diesel engine.

13. A method according to any one of claims 10 -12, wherein the engine

further comprises a selective catalytic reduction device.



