- 1 LUBRICATING O L COWOSI TION FI ELD OF THE | NVENTI ON The present
invention relates to SAE OWand SAE 5Wnul ti grade crankcase 5 lubricants
for heavy duty diesel (HDD) engines that have | ess than 50 nass % of G oup
|V and Group V base stock, containing phosphorus-based antiwear agents in
an anmount introducing no greater than 1200 ppm of phosphorus into the

| ubricant, which |ubricant§ ygRICATENGGIL COMPORITAON equi renents of API
Cl-4, APl Cl-4 and/or ACEATET speciticatrons. I0 BACKGROUND OF THE

| NVENTI ON Crankcase |ubricants conprise base stock and additives that del ay

degradati on E&ﬁﬁ&ﬁ@m&' nprove its performance. Such additives
typically in based and neutral salts of organic acids,
corrosion inhi bit qhg predit iWe@ition 2e1a@s W SAEUW iaad iSO S W, mbRigedde@Panikeskef i ers,
antifoamants, and demulsifiers. These additives nmay be conmbined in a

package, %ombthiricants rf@ﬂmar’}édmwahesgl diloe) erlt&efmthatl hane biss d?’dn(S@rmEISf ophickage.
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over wi de tenperature ranges ypically, ey are identified by two nunbers
such as | OW 3tidylubng®ats mEeighé wpsmpmmemcqrnqmrrenenmﬁw} aéd, ABiCbﬁatl onis
associated w t r ank tenperature (e.g., -20 C viscosity

requi rement % m{ﬁﬁ%%]’?ﬁ@@% %81 as neasured by a cold cranking sinul ator
(CCS) unger high shear rates (ASTM D5293). In general, lubricants that have
| ow 25 CCS viscosities allow the engl ne to crank nore easily at | ower

t enper at ur es Bax{ d THON tability at those anbient

t enper ature The e ond .n rrber n the mul t. n OCI at ed
Lemperat ures. The scaond MUIDGE. Lo, be w1 ade dRIaNal ol ba28506) -
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hi gh tenperature viscosity requi renent brackets m nimum and naxi num
ki nemati ¢ vi dispsisagt, everbodand/neuisd salts ﬁtorgﬂnghacn@&rpem&lm mhibjitoryj estiwedsl e t o
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additives may be combined in a package, sometimes referred to as a detergent

inhibitor (or DI) package. The additives in such a package may include
functionalized polymers, but these have relatively short chains, typically having a
number average molecular weight Ma of not more than 7000.

20 Multigrade lubricants perform over wide temperature ranges. Typically, they
are identified by two numbers such as 10W-30 or SW-30. The first number in the
multigrade designation is associated with a safe cranking temperature (e.g., -20° C)
viscosity requirement for that multigrade oil as measured by a cold cranking simulator
(CCS) under high shear rates (ASTM D5293). In general, lubricants that have low

25  CCS viscosities allow the engine to crank more easily at lower temperatures and thus
improve engine startability at those ambient temperatures.

The second number in the multigrade designation is associated with a
lubricant’s viscosity under normal operating temperatures and is measured in terms of
the kinematic viscosity (kV) at 100°C (ASTM D445). The high temperature viscosity

30 requirement brackets minimum and maximum kinematic viscosity at 100°C.
Viscosity at high temperatures is desirable to prevent engine wear that would result if
the lubricant thinned out too much during engine operation. However the lubricant

should not be too viscous because excessive viscosity may cause unnecessary viscous



shoul d not be too viscous because excessive viscosity may cause unnecessary
viscous - 2 drag and work to punp the |ubricant which in turn can increase
fuel consunption. In general, the lower a lubricants' kV 100C, the better
the scores that |ubricant achieves in fugl econony tests. Thus, in order to
qualify for a given multigrade oil designation a particular 5 nultigrade
oi | nust si o : { | i Vi,Scosity
requi r enent rer h%%@ﬁg‘l?{’?‘ goe gé/ ﬂ%géggépatgg}@lic(}:l alﬁe{(l)r?lls% qg lEJHc 3% %S%E&?%g{g : OI'Il"hg§
current Vi scéiery, theowé SlabricantSAN IROQ, thedetter thekéovessthaIAbrid4Anbethnevey
GRADES SAE Maxi mum CCS kVj oooc (mm2/s) kVjoooc (mR/s) viscosity Viscosity
i ni mum nexi Hufvel gpoag@ytasts 3Pa. s @ (C)) OW 3250 (-30) 3.8 5W 3500 (-25) 3.8

- | OW 3500 (-20 - 500 .- 2,0 = 12 0y.(+ 5,6 = 25W 6000
(-5 9.3 - 20 - 5 5tudn SR RIS vk stech RGBS Uogiphidlony fartiala 207
60 - 21. % <2fhultigrdde dibmubtesihAitanbdQély sedeeb&h Rt 1@V asehightempaefurd he

requi renents of %oth | ow tenperature and high tenperature performnce. For
exanpl e, an SAEDSWeqriremants hatate sditly s spacticetiprssuch as §éﬂ£’r3i09t ir8e t hat
i mum GCs. §PRESIIPG edfe s in SAEBR0 e RGBS EL LT S v Pobe ot
9.3 m2/s and a maxi mum kV i 00c of < 12.5 mm2/s. The viscosity

characteristics of a lubricant depend primarily on the viscosity
characteristics of the base stoék“%h@séﬂsfﬂ% JBE8i ty characteristics of
the viscosity gag Maximum CCS kV 100 (mm2/s) kVi00ec (mm2/s)
viscosity Viscosity minimum maximum
grade (10-3Pa.s @ (°C))
ow 3250 (-30) 3.8
5W 3500 (-25) 3.8 -
10W 3500 (-20) 4.1 -
15W 3500 (-15) 5.6 -
20W 4500 (-10) 5.6 -
25W 6000 (-5) 9.3 -
20 - 5.6 <9.3
30 - 9.3 <12.5
40 - 12.5 <16.3
50 - 16.3 <21.9
60 - 21.9 <26.1
10

In the SAE J300 scheme multigrade oils meet the requirements of both low
temperature and high temperature performance. For example, an SAE 5W-30
multigrade oil has viscosity characteristics that satisfy both the 5W and the 30

viscosity grade requirements -- i.e., a maximum CCS viscosity of 3500x10-3 Pa.s at -
15 25°C, a minimum kVgpec of 9.3 mm2/s and a maximum kVgpec 0f < 12.5 mm2/s.
The viscosity characteristics of a lubricant depend primarily on the viscosity

characteristics of the base stock and on the viscosity characteristics of the viscosity

modifier. Of the other additives often found in lubricants only high molecular weight



nodifier. O the other additives often found in lubricants only high
nol ecul ar wei ght - 3 dispersants have been thought to influence

visconmetrics, and their influence has been deened snall in conparison to
base stock and viscogsity nodifier. The viscosity characteristic of a base
stock on which a lubricating oil is based is typically expressed by the
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stock neutral nunber for base stock n 20 Merely bl endiggqb e stocks of
di fferent vi 3dHsIHOPNHHEhave bpthsa lower ¥yl 0Qqnd adpwet €CoHba yvticaRtor to neet

the | ow gnd Ri a Vi [ ui ; j de
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i nprover. Usually, to reach the mninumhigh te er,kagilure Vi scosi ty regui red,
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However, the use;afb & e%ﬁ&@ggggn@@unt of viscosity nodifier results in
ubFi can

i ncreased | ow tenpérature viscosity. The ever increasing need to

fornmul ate crankcase |ubricants that deliver inproved performance in fuel

econony tests is drivi n% the industry.-to HDD engi nﬁ* ubricants iE t he | ower
ic
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as been a
continued effort to reduce the content of sulfated ash, phosphorus and
sul fur in t h&SBramkass stoplymtiodanbasggwck® bot h envi ronment al concerns and to

I nsure = (wt. % base stock n/ wt. % total base stock in oil) x 100%

BSNNn= base stock neutral number for base stock n

20 Merely blending base stocks of different viscosity characteristics may not
enable the formulator to meet the low and high temperature viscosity requirements of
some multigrade oils. The formulator's primary tool for achieving this goal is an
additive conventionally referred to as a viscosity modifier or viscosity index (V.1.)
improver. Usually, to reach the minimum high temperature viscosity required, it is

25 necessary to add significant amounts of viscosity modifier. However, the use of an
increased amount of viscosity modifier results in increased low temperature lubricant
viscosity. The ever increasing need to formulate crankcase lubricants that deliver
improved performance in fuel economy tests is driving the industry to HDD engine
lubricants in the lower viscosity grades, such as 0OW20, 0W30, SW20 and SW30.

30 Concurrent with the demand for lower viscosity, high fuel economy lubricants,
there has been a continued effort to reduce the content of sulfated ash, phosphorus and

sulfur in the crankcase lubricant due to both environmental concerns and to insure



- 4 conpatibility with pollution control devices used in conbination with
nodem engi nes (e.g., three-way catal ytic converters and particul ate traps).
A particularly effective class of antioxidant-antiwear additives avail able
to lubricant formulators is netal salts -df dial kyl dithi ophosphates,
particularly zinc salts thereof, commonly referred to as 5 ZDDP. Wil e such
addi tives pr oymfgtitghsalitlepéllpnfoontraindseiced add in@nmrohtaubﬂwimanhdemkngnésr ated
ash, phosphorus and sul fur_to lubricants recent sp i cations for
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of meeting API CJ-4; API CI-4 and/or ACEA E7 performance standards, lubricant

20  manufacturers have formulated fully synthetic, lubricants and lubricants containing
significant proportions of synthetic base stocks defined as Group IV base stocks
(polyalphaolefin or PAO base stocks) and/ or Group V base stocks, such as ester base
stocks. Compared to Group I, Group II and Group III base stocks, Group IV and
Group V base stocks have a high viscosity index (VI), which means that the kinematic

25  viscosity of the base stock varies less with temperature. Thus, by using a low
viscosity, high VI PAO, for example, a lubricant can be provided having a low CCS
viscosity and high kV100. However, Group IV and Group V base stocks are
expensive relative to Group I, Group II and Group III mineral oil base stocks.

Therefore, it would be advantageous to provide a means for blending low

30  viscosity SAE OW and SAE 5W multigrade crankcase lubricants for heavy duty diesel

(HDD) engines having reduced amounts, such less than 30 mass %, of Group IV

and/or Group V base stock, and phosphorus-based antiwear agents in amounts

introducing no greater than 1200 ppm of phosphorus into the lubricant, which



and/ or Group V base stock, and phosphorus-based antiwear agents in anmounts

i ntroducing no greater than 1200 ppm of phosphorus into the lubricant, which
- 5 lubricants neet the wear performance requirenents of APl CJ-4; APl C -4,
and/or ACEA E7 specifications. Surprisingly, it has been found that SAE OW
and SAE 5Wnul tigrade crankcase |ubricants for heavy duty diesel (HDD)

engi nes havi Rihric8%s nlcdpihe ILaPp&fBsialiee RGuirERsRs bVARNAS ar ABT QI ¥ndiase st ock,
and phosphorus-based antiwear agents in anmounts introducing no greater than
1200 ppm of PKOpKdspecifieations.he |ubricant, can neet the performance

requi renents, includin he .wear rfor i e APl CJ-4;
APl Cl-4; and/or g&@&ls%ﬁﬁysbte}baisﬁegg q“Bﬁ@%é% O\?\’ga?xﬁqu:I?gw %uﬁ [gr%&m nor anount
of a non- hydeRaraat abrichb ifst Healy aely drel MDbpéasdindthavikg 1eRnhaf 3¢por on.

SUMVARY OF THE I NVENTION I n accordance with a first aspect of the invention,

there is Prowviadgeth, af SreupdW amshier GaEp 3i/basaistoickr andephoppiivkesased aniiwedt i ng oi |

Fequi r ement s“6m e TR B0 3% p ke iR 200 S ROREN B
speci fi cati ORgprichaY bditmaet I pRhansd reG@IRdREtts, Ghcliding BRAY &t gaeifbﬁﬁhnke 0 mass
% such as fromabout 0.7 to 1.0 mass % a sulfur content of no greater

than 0.4 masseqyjrementsaf frroABhel-dsARbRT-dheandder AGEGrEhsnecificationsovhen mass %
(1200 ppm, such as fromabout 0.08 to Q.12 mass,% ~which | ubricati oi |
conposi &1 o’ STEUHET rubdTaAE e R et are Plbpelrhagno bR R,

i ncl udi ngp | eppmtdfddrabout 30 nmass % preferably less than 10 mass % based
on the total nmass of oil of lubricating viscosity, of Goup IV and/or G oup
V base stock, at least 0.3 mass % such as 0.3 to 5 mass % of a

non- hydrogengﬁﬂ%ﬁ&iégqﬂﬁ(%ﬁr greater than about 40 ppm such as 40

to 600 ppm Fr—aecotd € Wth a second aspect of the

invention, there i$agfoRldndeitd a firdldshedlof B iRl éntoAMPARSR it pRAVideds SIEEOW bed i n
the first aspect, having a TBN of from about 7 to about 15, In accordance

wi th a thirdaedpad:SWmylhgrade geankeasa lubricating ¢i¢ compeditdedfon heavyshity diesdlg oi |
conposit}on, escribed in the first or second a t., co i S) .30
rmgnest ul deAPB FRERK Bietifk i Perfh Gnaf FestBEREMs S BE R oBR SERER S Pacy

0.09 API CI-4; and/or ACEA E7 specifications, having a sulfated ash content of no greater

than 1.0 mass %, such as from about 0.7 to 1.0 mass %, a sulfur content of no greater
than 0.4 mass %, and a phosphorus content of no greater than 0.12 mass % (1200
ppm), such as from about 0.08 to 0.12 mass %; which lubricating oil composition

20  comprises a major amount of oil of lubricating viscosity including less than about 30
mass %, preferably less than 10 mass %, based on the total mass of oil of lubricating
viscosity, of Group IV and/or Group V base stock, at least 0.3 mass %, such as 0.3 to
5 mass %, of a non-hydrogenated olefin polymer; and greater than about 40 ppm, such
as 40 to 600 ppm, of boron.

25 In accordance with a second aspect of the invention, there is provided a
lubricating oil composition, as described in the first aspect, having a TBN of from
about 7 to about 15,

In accordance with a third aspect of the invention, there is provided a

lubricating oil composition, as described in the first or second aspect, comprising a

30 magnesium detergent in an amount providing said composition with at least 0.09
mass % (900 ppm), preferably at least 0.10 mass % (1000 ppm), more preferably at
least 0.115 mass % (1150 ppm) of magnesium.



mass % (900 ppm, preferably at |least 0.10 mass % (1000 ppm, nore
preferably at [|east 0.115 mass % (1150 ppm of magnesium - 6 |In accordance
with a fourth aspect of the invention, there is provided a |lubricating oil
conposition, as described in the first, sgcond or third aspect, further
conprising a nitrogen-containing dispersant in an amount providing the

lubricating oil  GOEROFAALOWitWalBudh adRBSHS tRe B efictS Hepé isproviagen. S In
accordance with a fifth aspect of the invention, there is provided a

| ubri cati ng bibricatimgoid compositiers asldescribétian the firdtesepondsar thind espgit, fether h
aspects, conprisi.ng at, least 0.5 nmass % ,such as at | east 0. s %
preferably aggIPB‘é\%‘Pg G.Wog?ﬁécg%alwnglsﬁ?ré%g Lt ?ng?rﬁlpé%\g?m%tge ﬁlabglgﬁ%go(%l at
| east one astg&gﬁ&iﬁ(m voiadlRatt 0.6hasteof hiklepesul fur-free hindered phenol
antioxi dants, amnic antioxidants, and 10 conbi nations thereof. In

accordanc® with alsascondaamspwith adifth sepectroféhe inyentionhthee isProvided aled a heavy
duty diesel (HDD).engine, |ubricated wth l.ubr.i cat.i il _conposition as
described i ﬁ'}"bé‘r‘fétnbgg’;l ﬁ%‘hP?sﬂt_é?n’laﬁfl%SﬁBﬁ% V‘ftﬁﬁﬁés_g Sugpeh Pq%ﬁtgaaé%%: ance with a
sevent h aspegtmpfisihf @t leBMDY MAks %! ARhAs hbleRit QW £iask B, flefdmilpatichgn.4 nprovi ng
t he fuel econony and wear performance of a heavy duty diese aal-l%)D) engi ne,

whi ch net hod massfy memsprefesabdy atdsast .0 massi% af atlgast hae esidéss @ntapxi

| ubricating oil c osition as.described in any of the first, through fifth
napects,  andSBHES EPMMBREeF R el RS iRt Bt SRR B 4D of gh b
aspect ofgt heohBMaRbALRerebhiere is provided the use 20 of a lubricating oil

conposition as described in any of the first through fifth aspects to
i nprove the fuel d&ceerondansewithesixthbaspeast abthe envehtion,ikereys phovidediadisaty ( HDD)

engine. Qher, and f ohj ect ant ages. and features.of the present
i n\%nti on Wi P{ay ‘g%seﬁh%@ﬁéte%he’gk}grﬁc@?%\r/‘@ﬁ%ggf %’C?ﬁ%g ?@F?%Wsitéoré%seécﬁqs?lﬁbce f i on.
25 DETAI LED RERGRFRE Gkt ol SR HAYENEIsON The oil of lubricating viscosity
useful in the practice of the invention nmay range in viscosity from about 2

mz/ sec (centi st okesjcordangd with as@venth Aspect oftbp svientiony there tvpravided 23 nme/ sec
to about 1 g 0 %Té%léosde for irggrsotvir%rtgé re‘fllf::)clx}ﬁoInryOarrqd%)eoa%I E)er%orrng%/cgg a hgavy duty diesel
(HDD) engine, which method comprises the steps of lubricating the engine with a
lubricating oil composition as described in any of the first through fifth aspects, and
operating the lubricated engine.
In accordance with a eighth aspect of the invention, there is provided the use
20 of alubricating oil composition as described in any of the first through fifth aspects to
improve the fuel economy and wear performance of a heavy duty diesel (HDD)
engine.
Other and further objects, advantages and features of the present invention will
be understood by reference to the following specification.
25
DETAILED DESCRIPTION OF THE INVENTION

The oil of lubricating viscosity useful in the practice of the invention may
range in viscosity from about 2 mm?*/sec (centistokes) to about 40 mm?/sec, especially
from about 3 mm®/sec to about 20 mm?/sec, most preferably from about 9 mm?/sec to

30 about 17 mm?/sec, measured at 100°C.
Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);

liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of



30 about 17 mme/sec, measured at 100C. Natural oils include animal oils and
vegetable oils (e.qg., castor oil, lard oil); liquid petroleumoils and
hydrorefi ned, solvent-treated or acid-treated mneral oils of - 7 the
paraffinic, naphthenic and m xed paraffinijc- napht henic types. G ls of

| ubricating viscosity derived fromcoal or shale also serve as useful base

oi I's. Synt hethCpdriPini& AbpiiBeré hitd mibeddfaeaiiidiRAGBBAR tPhdsS CARGS lubricating |
hal o- substituted hydrocarbon oils such as polynerized and interpolynerized

ol efi ns (e. gviscasiyoderived Jioameanl opshalpalepsarenasusep psa @lse- i sobut yl ene

copol yners, chl origpat.e ol ybut .:le.ne 0 1: hexenes oly(.1-0ct enes),
pol y(1-decenes)); %P&Vgﬁ&ﬁ)fgﬁggg di Sel.nﬁﬁl,de g}ﬂ‘g’ég@ﬁ’%’éﬂﬁ%%‘%}?d‘{?g‘ﬂ%&é‘é‘%‘f,| benzenes,
di nonyl benzemnggsocaibor vils kidH RPeyIm&eied ane sterppBimeRizedYlesiné .6, . bi phenyl's,
terphenyls, alkylated polyphenols); and al kyl ated di phenyl ethers and

al kyl at ed5di pobiptylenesfpodaropyldnesOprdpylienerisobutylens gppeJsmarsd clloripitedys t her eof .

Al kyl ene oxi de, pol yners_ and .i nt er pal rs, and derj.vatives, thereof where the
Cerminat hyaPSRpRoRs Rt bEesh BT ottt P ety pliflieRzentt
etherificati Qag @bgecylbenodhel, tbiddRcBehAaEs, AlrRdB§Ibehzdne\@2sy Nt heti ¢

| ubricating 0|Fs. Thése are exenplified by polyoxyal Kyl ene pol yners

prepared by stiyhey)ketzenes)afolmtepylsie gokiphenys, tpipbpyylaatkyl@edxi de, and t he

al kyl and aryl . ethers of I yal kyl ol r .0, | -

pol yi so- pr opéPB’ﬂ? e’éﬂ@cﬁ’i‘d @gﬁléfe)éﬁﬁ?/}?eﬁ‘é'{e%ﬁﬁgIaB‘XHﬁ(éffat‘?(ﬁﬁqlglPﬁnyg?‘hEéﬁoangr di phenyl
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tetraet hyl en . | .. 20, Anot her suitable.cl.ass of. syntheti.c. |ubricating
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acid, azelaic acid, suberic acid, segg‘gl c acid, fumaric acid, adipic acid,
| i nol ei ¢ aci gotyionrpalkylent polymescprdparad Ry pokyimenizaticod foathyl enekaxnge ormabpylene

id LLh i | coh . @., ., but | |, | hol ,
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di butyl adipatée, di(2-ethyl’hexyl) sebacate, di-n-hexyl fumarate, dioctyl
sebacat e, di iof pobtsthylaneglyte, hagingsodelsptlanweight ef 1008itod 690); pit mahartand

didecyl pht h%lo };[cgfbog(iyﬁci: &sterd lthe%eeot%fiﬁ)?teﬁémlglg,e thg -ac(:ac;[tlhcy.':ll01hcfa ésYelrs,%i?(gé %r-('gffatty
acid esters and C;3 Oxo acid diester of tetracthylene glycol.

20 Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,

25  2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene
glycol). Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic

30 acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cy;
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.



linoleic acid dinmer, and the conplex ester fornmed by reacting one nole of
sebacic 30 acid with two noles of tetraethylene glycol and two nol es of

2- et hyl hexanoi ¢ acid. Esters useful as synthetic oils also include those
made fromC5 to Cl2 nonocarboxylic acidsgand pol yol s and pol yol esters such

as neopentyl glycol, trinethylolpropane, pentaerythritol, dipentaerythritol
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Fi scher Tr opsSch-synt hesi zed drocarbons made from synthesis gas contai ning

hydr ogen and estar @ﬁxiecmphosph@ielcm@ldi@népﬁiymwetﬂ'a&wémﬁhrans:at al yst. These
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hydr oi soner i 15 and dewaxed. Definitions for the base stocks and base
oil's in thissynthens gasrcoatamingbydragen asl carfrmseoficudaiusimg & Fscherermopseh

Pet | I ti t t Li
Cor 1 omt | orehiabtt Sidel hlaeithi S Qb PR kst Brfhes procesl 1agdo beastilon,
Docerer 1998, bigkIanIMekamBR B9 Siay 169 ouSal tnpWld R0 cat egor| zes 20

base stocks as follows: a) | base stocks contain | ess than 90 percent
sat ur at es andiydioispmeaized; Ityldmcr:ﬁ:k% angkydreisomeuitedy dewarcedh envleydaoisdmerpmedt vy

i ndex gr terﬁég n or, equal to 80 and less than 120 wusing the test nethods
specifie i P¥a%CA- b)Yy Group || base stocks contain greater than or equal
to 90 percent sat lneamﬁ)r@rfgrﬂh%ﬁse@&kmﬁ@bﬁeo@m@thﬁ fvEntibh 26 HEAAMesY! f ur
and have a viscosity index greater than or equal to 80 and less than 120
usi ng t he t eshospdourolds thpAvieficanP étroldab lustitute (API) publication “Engine Oil

Licensing and Certification System”, Industry Services Department, Fourteenth

Edition, December 1996, Addendum 1, December 1998. Said publication categorizes
20  Dbase stocks as follows:
a) Group I base stocks contain less than 90 percent saturates and/or greater than 0.03
percent sulfur and have a viscosity index greater than or equal to 80 and less than 120
using the test methods specified in Table 1.
b) Group II base stocks contain greater than or equal to 90 percent saturates and less
25  than or equal to 0.03 percent sulfur and have a viscosity index greater than or equal to
80 and less than 120 using the test methods specified in Table 1.
c) Group III base stocks contain greater than or equal to 90 percent saturates and less
than or equal to 0.03 percent sulfur and have a viscosity index greater than or equal to
120 using the test methods specified in Table 1.
30  d) Group IV base stocks are polyalphaolefins (PAO).
e) Group V base stocks include all other base stocks not included in Group I, II, III, or
IV.



c) Goup Il base stocks contain greater than or equal to 90 percent
saturates and less than or equal to 0.03 percent sulfur and have a
viscosity index greater than or equal to 120 using the test nethods
specified in Table 1. 30 d) G oup IV base9stocks are pol yal phaol efi ns (PAO).
e) Goup V base stocks include all other base stocks not included in G oup

I, I'l, 111, dQablellV- Anal§tical Mdtods for BaselStédkcal Met hods for Base Stock
Pr operty Test_ Mt hod Saturates ASTM. D 2007 Vi scosit y l.ndex - ASTM-D 2270

Sul fur ASTM [Broperty ASTNilestdMehod ASTM D 4927: ASTM D 3120 O of
| ubri cating /g' ?LB_UDI ty—us bl dol‘}.c practice of the present—nvention may
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conprise a exi) G ou oup Il'l, base stocks or base oil bl ends of
the 5 af or emppikéRNOTh Qﬁsgsmg@yoThe oi T of Tubricatl ng viscosity may al so
conprise a base oil nd of one or more Group 1|, Group 11, and/or Group
11, base st ¢oitirand | esASﬂME 2620; ASTM D) 42945 AGTOA DL 4027t A6TM Re¥200f| oi | of
| ubri cati ng wHseestty—eft—onre—-or—rore—Goup—V—andlor—Goup—v-base—st ocks.
Preferably, the oil of lubricating viscosity is mxture of one or nore

G oup Il and/or ARY mass
% preferably Iesgl Fﬁéhbﬁcgﬁg&ﬂ%{%ﬁ%%gg Hgﬂlet he ft&gt0 gther%gééml?g%ﬂg{ﬁ rﬁg]

| ubricating wospdsé & Growd [, Greul, Group [T base stocksor Gaseogd blerdaof theet ocks.

Partlcula |y referreqg are Grou III e. stocks and base stock, bl ends, and
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base stocks. The base stock ase stock blend 15 preferably has a
saturate conBénhass%,éiasdd&asﬁne&ﬁ%mroéoﬂroéﬂtﬂ:m:laluyg wiscdsaézsaf ons¥r neweh as at

| east 85% abl t base st e end, has a
sat Erat e (::ont(grﬁ‘t“?i) @PE w\bﬁaw%%% %F%‘F@&é(bﬁ&‘?s ]t‘?sféollﬂqant VlfF‘PS“HISi%nd wil |
have a sul f unnigRRt 61éned: ﬁ&%%roﬁﬁ‘ﬁrhn@/dmﬁﬁ Z%‘III Bﬁs%fs?dcﬁ%}i ah @fduh@eQ 6 mass

% nost preferably less than 0.4 nmass % such | ess than 0.3 mass %
Pref er abll§ t Heanvidl massl%mrefﬁahmb:sbﬁrae l@mk %;r’oalsmbcm the oathl hhssrid of ed ofreasur ed

ng St P ﬁ awoac gnec% mé V1sc:!-0|\é|1tgl),5 8f0 r?e or more %}Sfoup R?gr ;ou%%l %laset s?ocig. %ﬁl%ufﬁlys uch as

preferred are Group III base stocks and base stock blends, and blends of one or more
Group III base stocks and 0 to 10 mass %, based on the total mass of oil of lubricating
viscosity, of one or more Group IV base stocks. The base stock, or base stock blend

15  preferably has a saturate content of at least 65%, more preferably at least 75%, such
as at least 85%.

Most preferably, the base stock, or base stock blend, has a saturate content of
greater than 90%. Preferably, the oil or oil blend will have a sulfur content of less
than 1 mass %, preferably less than 0.6 mass %, most preferably less than 0.4 mass %,

20  such as less than 0.3 mass %.

Preferably the volatility of the base stock or base stock blend, as measured by
the Noack test (ASTM D5800), is less than or equal to 30 mass %, such as less than
about 25 mass%, preferably less than or equal to 20 mass %, more preferably less
than or equal to 15 mass %, most preferably less than or equal 13 mass %. Preferably,

25  the viscosity index (VI) of the base stock or base stock blend is at least 85, preferably
at least 100, most preferably from about 105 to 140.

A certain amount of oil of lubricating viscosity may be introduced into the

lubricating oil composition as a diluent for the various additives and are commonly

Group I base stocks. The preferred mass percentages, saturates contents, Noack and



about 25 mass% preferably less than or equal to 20 mass % nore preferably
|l ess than or equal to 15 mass % nost preferably | ess than or equal 13 nass
% Preferably, 25 the viscosity index (VI) of the base stock or base stock
blend is at |east 85, preferably at |east0100, nost preferably from about
105 to 140. A certain anmount of oil of lubricating viscosity maybe

i ntroduced i ifPddsbigbed dWakE a7 foRthe®abe SOCKIGake Saclableadshided @ forfrafaté the
various additives and are cormmonly G oup | base stocks. The preferred nass

per cent ages, lubricatingedl copmosition, excbuing anypil thatpmyy be introdpepdpsappdditivee f or

t he base stoq¥ Qr base stock bl ends used to fornulate the |lubricating oi
conposition, é&'(‘lc?tudi ng any oil that may be introduced as an additive

di l uent. The non- hyih Regemalregtnaled ol ¢fin((€o)poBmydraisefus Bf thk pradtitdref the pedsete Of
the present 5 invention is preferably a polymer or copolyner of one or nore
acycl i c oPef iinventonanpieteralgy aaokymer or chpolH@aL of Riecyaneie agydice¢fin

co)polynmers useful ip.t iqvent | r : out one
Goubr e bond: Jhrmirs: Gehday (hY Gt hillobffed Ao B dinB s 8l (0

pol ymeri zi ng ial@tidnUaeé,io? haPOORBVeragd), abdiit vhelBEsblobod pdipobmedrichaiiononers, or
m xtures conprising ethylene and at |east one 10 C3 to C28 al pha-olefin

nononer, in the pr elpobymer raait b prepareq by palyesmzinesAlphy-dlefin gapomener
net al | ocene (e, Q.. a | opent adi enyl -transition netal .c ound), and_an
T umoxane conaigs S{EPTESRAR TR plopk, ot PERBKS AR RS ARRGRAG AU eRE
the pol yger cwidys aPhaorsh hbhdthdaln 1B PRRY dedEneatate sybidha bokh 'éi?%atcan be

provi ded. The percentage of polynmer chains exhibiting term nal ethenylidene
unsat ur at i on leasy oemeglldeener(righ ackyblppeitadienyldransisvoanitel compoyrd)sndiant r at i on,

or C13 NVR Interpolyners oi this.latter t}ﬁ may_b & r&cterize by the
Por mila PoLy- ST eBRiaRupd; o iy s, A¥B5aRin IRiRIBRT Hiard SR o' o7
al kyl, nore pig¥édtaihs pbsdeds feBmalakdthenydiddndBple unPiteaB6R AV b&Prote§2TRE KY |

(e.g., methyl or ethyl) and wherein POLY represents the polyner chain. The
chai n | engt h psrcentageRt palykyar chriosipxhibiting eaamynal egwnlidege onsateratigpmay be

cononomner,(s) | ect f se in the | vnerizati o L,NQr, anpbunt t he
ol ymor 16 ey PR SRclrthehBf B Rh S  AR" Hhie B B, %
POLY- CH=CH2, tafddattéd tPsy tahPBe BharhdigriRdIbyRE forfala BODYaC(R ')-ACI8 Whtrein R' is
nonounsat ur ati on, e.g(%y,h POLY- CH=CH(R5), wherein R is as defined above.

These t er mi nali tp Gensbylipactersblyi Gt or(perikiyb meoramyefoablyr @ptaradiky). sndovpst
met al | ocene Cpr}gfgrasotlyc YJl ?0”82 gﬁ¥l, ?e! E.?m%ﬁlyl or ethyl) and wherein POLY represents the

polymer chain. The chain length of the R' alkyl group will vary depending on the
20  comonomer(s) selected for use in the polymerization. A minor amount of the polymer

chains can contain terminal ethenyl, i.e. vinyl, unsaturation, i.e. POLY-CH=CH,, and

a portion of the polymers can contain internal monounsaturation, e.g., POLY-
CH=CH(R"), wherein R'is as defined above. These terminally unsaturated
interpolymers may be prepared by known metallocene chemistry and may also be

25 prepared as described in U.S. Patent Nos. 5,498,809; 5,663,130; 5,705,577,
5,814,715; 6,022,929 and 6,030,930.

Another useful class of (co)polymers is (co)polymers prepared by cationic
polymerization of isobutene, styrene, and the like. Common (co)polymers from this
class include polyisobutenes obtained by polymerization of a C, refinery stream

30 having a butene content of about 35 to about 75 mass %., and an isobutene content of
about 30 to about 60% by wt., in the presence of a Lewis acid catalyst, such as
aluminum trichloride or boron trifluoride, with aluminium trichloride preferred. A

preferred source of monomer for making poly-n-butenes is petroleum feedstreams



25 prepared as described in U S. Patent Nos. 5,498, 809; 5,663, 130;
5,705,577, 5,814, 715; 6,022,929 and 6, 030, 930. Anot her useful class of
(co)polynmers is (co)polymers prepared by cationic polynerization of

i sobut ene, styrene, and the |like. Comon [ijco)polyners fromthis class

i ncl ude pol yi sobut enes obt ai ned by pol ynerization of a C4 refinery stream 30

having a but gng £AUMARAte . PRQY FeedStobld AORidtlodd iMBBSar¥suchaRdn NS I Fagdt ene
content of about 30 to about 60% by w., in the presence of a Lewis acid

catal yst, sude.49524BAnPalyisobniytdneds & dwsoprefsmied potymaer|of ghe presentinvENtANuM ni um

trichloride preferred. A preferred source. of woner. for I

pol y- n- but enggcqu§e s FCSP%EW%QE%Q}WC E%lcpomneg{%ﬁmggoﬂa'}%ﬁnnarrgglgf C8hese
feedst ocks argingiAelQsesk;idatal &) ahctspeIisdsutylendd genefdfy @Bhtain¥esiddal 952, 739.
Pol yi sobutyl ene”is a nost preferred polyner of the present invention

because i% i smsatardtiony insaragunabhidfeaboyt enx 4thylpmic dorslabend per podymerowaiiut ene

streans (e.g., ..USi Al C13. or BF3 catal ysts). Su al yi.sqgbut.yl enes

general |y coﬁ?ﬁflﬂnerd;%?%gle Cgalﬁna\?ﬁfeﬁe?ioe#sq@}%ﬂg&ﬁp geoscﬁd %%%&?y%l}]ee et hyl eni ¢
doubl e bond ResHaRA VSRR pab@isBbutyRAS bitdadi61a Rh@inGtel NEreshiab Brephraesdiiaer ed
enbodi ment utilizes polyisobut y?,ene prepared froma pure isobutyl ene stream

or a Raf fi natsebntylencawhymers pribgemainaleasylideae olefispuPiefeall ypibesernolynept h
term nal vinylide ol.efins. Preferab t h wners, r.ef.err to as
i nl y -t eact FUETEORAIBENT ket prRderly R TOE- AR ARE RurmliHS LA 1§
content off alcohtRASIT Rkt 659%. 0.g.799%, MBFeHrefefdbf AM1kast 80% 8RSt préfdtablyrast
preferably, at |east 85% The preparation of such polyners is described,

for exanpl e, l¢ast §5%. Thapeaparating of suchawlyroers iHkespiiRd, forlesamnpleaindUiSs Patent

SOy e U R TSTD: FORPEBIRA G et S LAGBARATR: Seppanpd (1rom
non- hydr ogenafegaddh&hNGlisebrBY Y18 BASF) afd ©XaRMe (raalBH-agkieby | ene, has at

nmost 10, such as 5 to 10, % of the polynmer chains possessing a term nal
doubl e bond (or t dnanother embreiimEntgtheaonshydragenated afefial(co)polypier.dene

of 2 comiRr CREFTHe AR TR IFREPY 10ngieh 2 rdbdRat kBB R b P
BP- Amoco) ,  andsddsdingd h YerRiMado@sle BYnPQr YeHRTihA dtHeA i d¥nk iy i ferhiban t ri chl ori de
as 20 catalyst. Preferably the (co)polyner is derived from polynerisation
of one or nownylideed insstunatianpg Sech apalgmesisslonsidersd not 18 ghlyaedstineaanons. An
especial ly pre%rg{)fe%q aoclo%Irriler}ciiaﬁy available polymer is under tradename NapvisTM (from
BP-Amoco), and usually obtained by polymerization with aluminium trichloride as
20  catalyst.
Preferably the (co)polymer is derived from polymerisation of one or more
olefins having 2 to 10, such as 3 to §, carbon atoms. An especially preferred olefin is
butene, advantageously isobutene.
The number average molecular weight of the non-hydrogenated olefin
25  (co)polymer useful in the present invention is preferably in the range of from about
450 to about 2300, such as from about 450 to about 1300, preferably from about 450
to about 950. The molecular weight can be determined by several known techniques.
A convenient method for such determination is by gel permeation chromatography
(GPC), which additionally provides molecular weight distribution information (see
30  W.W. Yau, J.J Kirkland and D.D Bly, “Modermn Size Exclusion Liquid
Chromatography”, John Wiley and Sons, New York, 1979). Further, it is preferred
that the kinematic viscosity of the non-hydrogenated olefin polymer at 100°C, as

measured according to ASTM D445, is at least 9 or 15, such as 100 or 150 to 3000,
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but ene, advant ageously isobutene. The nunber average nol ecul ar wei ght of the
non- hydrogenated ol efin 25 (co)pol ynmer useful in the present invention is
preferably in the range of from about 450 to about 2300, such as from about
450 to about 1300, preferably from about_ 450 to about 950. The nol ecul ar
wei ght can be determ ned by several known techni ques. A convenient nethod
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amount of at 7 safks %. Prersdbl Polubritatingsil fcopositiont ofGhSpiesent oithtibn Com@as %
particularly fromabout 0.5 to about 3.0 mass % i)referabl y fromabout 1.0

to about 2. HespedBan ahoupp & masauin, preferablyilesathangabent 1 2 maposi basshendhe t he
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viscosity andoMaedyfls ogabiabtsch f @foup TVRaUTSroupl tase stk aad At of G oup 1V
and/ or Group V base stock and non- hydrogenated ol efin polynmer. Lubricating
oi | conposi t itydEogsnated elefingodyiperi nventi on contain greater than about 40

ppm such as 40 t 00 . ferably Afro t nor,e
preferably from %%ﬁgﬁé%%%@pﬁ%@&gp%t%ef Igpggelr%gﬁl. e%%oen gog?z%% g% gtrr%} tt})’%n about
i ntroduced i NMogphd)suchdb4d ©I00 BPmirtfe@blyFosi dboms0hy 260 fmd, atobdpreffepBrirant , a
bor at ed qgt e%gent, or other_ boron-containing. addit or, a.mxture

r

thereof, 18r Hpoudaite { Yrpratofdreme dhaPorE A b intgq _ pd 564 816 lubtisBe A,
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t her eby reducddgive, or a mixture thereof, or by addition of elemental boron or other boron
compound.
Metal-containing or ash-forming detergents function as both detergents to
20  reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail. The polar head comprises a metal salt of an acidic
organic compound. The salts may contain a substantially stoichiometric amount of
the metal in which case they are usually described as normal or neutral salts, and have
25  atotal base number or TBN (as can be measured by ASTM D2896) of from 0 to less
than 150, such as O to about 80 or 100. A large amount of a metal base may be
incorporated by reacting excess metal compound (e.g., an oxide or hydroxide) with an
acidic gas (e.g., carbon dioxide). The resulting overbased detergent comprises
neutralized detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such
30 overbased detergents have a TBN of 150 or greater, and typically will have a TBN of
from 250 to 450 or more.

Detergents that may be used include oil-soluble neutral and overbased

sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and



wear and corrosion and extending engine life. Detergents generally conprise
a polar head with a | ong hydrophobic tail. The polar head conprises a netal
salt of an acidic organic conpound. The salts nay contain a substantially
stoichionetric anount of the netal in whigh case they are usually described
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be used i fcl udegmssiumswithispdiume (Tanabinatings of detbrgenly, wheth¢tonvgrhased preavteks,
sul furized phez}art t.hi og@osphonat es, salicylates, and - 13 napht henates

es
and ot her oi IMMA BByl ates of a metal, particularly the alkali or

al kal ine earth net@l|fonaRsthay Be3réphied £66isUTbnie QLRIS WhieR ark itfiédlRNobAhdd UM
and magnesium The nost comonly used netals are cal ci umand nmagnesi um

whi ch  nmay bdphthbeulferetien of alkybstbeti ytadtasornatichydiocarbanssiekazs thoserabtaed ur es

et her over bR SRERER S iRt il SHSPAUR Orafn Bl RS o
prepar ed 1ior onkdthfleNincluded Bidsd\bbiainedb§ aH(Xr[Hti‘ﬁg lbkeizepB! BiuRRE xylde! he

sul fonation of alkyl substituted aromati ¢ hydrocarbons such as those
obt ai ned fr omaphthelehe atiphenyhor their bhlogen desfvativesosuch s chlerablekzenat i on of

aromati ¢ hydrocarbons. 0, Exa s, i nclud t hose oht ai ned by. al kyl atin
benzene. 1ol GO RyHeAed CHEFeRATRIRE TREHBHORSE e he e Bl | va | ves
such as chl orgReNZEeRea catflPbialieh AkYRARg AshtChHv LReRMbBA PREmorEiRarAI(KY! ati on
may be carried out in the  presence of a catalyst with al kylating agents

havi ng from adaohan Bome The alketyhsulfuhates asurdly contais frofirabont K tor abous 80 bonat es
usual I'y ntain frgm about 9 r. .15, no rbon atomsg] areferably

bout 80 1
From abollp 1870% AIBBEIEE- X BERVATUmEO R 6PRYPS! € R A ByPar Rl | ¢
noi ety. The ajybsttedRksnsit herates or al karyl sulfonic acids may be

neutralized with oxides, hydroxides, al koxides, carbonates, carboxyl ate,
sul fi des, hydr osul Thel@bsoluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,
nitrates, borates and ethers of the metal. The amount of metal compound is chosen
20  having regard to the desired TBN of the final product but typically ranges from about
100 to 220 mass % (preferably at least 125 mass %) of that stoichiometrically
required.
Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
25  products may be obtained by methods well known in the art. Sulfurized phenols may
be prepared by reacting a phenol with sulfur or a sulfur containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are
generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
containing bridges.
30 Carboxylate detergents, e.g., salicylates, can be prepared by reacting an
aromatic carboxylic acid with an appropriate metal compound such as an oxide or
hydroxide and neutral or overbased products may be obtained by methods well known

in the art. The aromatic moiety of the aromatic carboxylic acid can contain hetero



nitrates, borates and ethers of the netal. The anpunt of netal conmpound is
chosen 20 having regard to the desired TBN of the final product but
typically ranges from about 100 to 220 mass % (preferably at | east 125 nass
%9 of that stoichionetrically required..Metal salts of phenols and

sul furized phenols are prepared by reaction with an appropriate netal

conmpound suchy@fs, aGcPad Hofn dhddnsed ePrRRGaBIS URE Bloi@y comembagRtarbdn product s
may be obtai ned by nmethods well known in the art. Sul furized phenols may be

prepared by ratemos;inmeyre prefbrahbl theumaiets gpiitains 6ix of neere cabog eamas; forrgamplepound
such as hydr,ogen sulfide ul fur nohal j.de or sul fur dihalide, to form
oroducts whi ge ¥ parafssd Poie  TREOBESHBSoliecIlmah P e e
phenol s are hiofgRImbieties!shed as GRYrahdte Benihe ﬁagg citBér fasedxPoshddcted via
detergents, e.g., salicylates, can be prepared by reacting an aromatic

car boxyl i & aailltyletiettridgas.aphe epboxplic maietimayppastachieddictstliior andisrilyto the

hydr oxi de and _neutral . or gverhased products . be aht ai ned by nethads wel |

known in theaI%fP'ilﬁ.lc ‘?ﬂ}a@? rlgrﬁgetriaﬁyﬁ?ﬁ cgaflgpxg lc?ﬂga %?%’r’r’ﬁtaﬁ?f&’fgﬁgtggéf A L% can

contaln het Eldffom oﬂa‘ih@&@ﬂﬁtic%tﬁ&y,a@cﬂ'ﬁ h Q&8N afdth Q%ﬂ%%nzé?fefﬂr@ MNb, _the _

nmoi ety contains only carbon atons; nore pref erablé the noi ety contains six
fl

or nore car bqmefarabhys thef rpmesiampliaty alse sertams aseeongrivnetrongbgnepp.eugh asthe
aromatic carhoxylic acid nay.contain one.,or r aropat j,c mi.eties, such as
one or ot o HSRRREP gt SRR ete th ST Cep B e B PR S PR e
The car bagy! i GrHRi8nf offile HBnatitacdigd. directly or indirectly to the

aromatic noiety. Preferably the carboxylic acid group is attached directly

to a carbon at omRseferred eaaropies pfameniatic yarbgxidie assdszare salisphic acidsransh t he
benzene ri ng. r.e refera , the.ar tic i et | so,.cqnt ai ns second
functional grigupT?EucH V4t veg%%%ﬁ s aﬁ?’gﬁﬁ)cﬁﬁb@gs@ﬁﬁ'@g salic fcoatﬂbd,.| ich can
be attached diefiQ&iive¥ tidredNAirbQGdsYol Qilfdrizihg, foReRAAPRLAUPIRITaIE- MRARLIIC
noi ety. Preferred exanples of aromatic carboxylic acids are Salicylic acids

and sul f uri selcylisracidaaiefgwwrhiorteest skidlgd fin the ay dyabiclibadidssarp picallyed
salicylic¢racid and,, derjvatives_thereof., Pro es.for.sul furizing, for
xanpl e 45hy AUORERHY MR frdqengls PEURsoReT SoRaE RIS T 0 t hose
skilled in thheadtidesSand thhiCcads ivill pdhérally Bé 6talnéd orMaRP A £dilddAt in

car boxyl ation, for exanple, by the Kolbe - Schmitt process, of phenoxides,

and in that cdguxturg withgaessbexylstedphesiol.ai ned, nornally in a diluent, in
Preferred substituents in oil - soluble salicylic acids are alkyl substituents. In
alkyl - substituted salicylic acids, the alkyl groups advantageously contain 5 to 100,

20  preferably 9 to 30, especially 14 to 20, carbon atoms. Where there is more than one
alkyl group, the average number of carbon atoms in all of the alkyl groups is
preferably at least 9 to ensure adequate oil solubility.

Detergents generally useful in the formulation of lubricating oil compositions
also include “hybrid” detergents formed with mixed surfactant systems, e.g.,

25  phenate/salicylates, sulfonate/phenates, sulfonate/salicylates,
sulfonates/phenates/salicylates, as described, for example, in U.S. Patent Nos.
6,153,565; 6,281,179; 6,429,178; and 6,429,178.

Borated detergents and methods for borating detergents are well known and
described, for example, in U.S. Patent Nos. 3,929,650; 3,480,548; and 4,792,410.

30 Borated detergents can be used to provide the lubricating oil compositions of the

present invention with all, or a portion, of the requisite amount of boron.
Lubricating oil compositions of the present invention preferably contain a

magnesium detergent, more preferably an overbased magnesium detergent, in an



adm xture wi th uncarboxyl ated phenol. Preferred substituents in oil -

sol uble salicylic acids are al kyl substituents. In alkyl - substituted
salicylic acids, the al kyl groups advantageously contain 5 to 100, 20
preferably 9 to 30, especially 14 to 20, .¢grbon atons. Wiere there is nore
t han one al kyl group, the average nunmber of carbon atons in all of the al kyl

groups is prﬁcﬁﬁﬁ@pm&h kRaabri@tihg oARSHIpBsiAEE Wihia2 16kl 0,69k 44 (Itguo
Detergents generally useful in the formulation of |ubricating oi
conposi ti ons ppat)spreferablyaeleastythl0 vasstot(@0¢kprns), inorerprefenhbly aploastd. ldr f act ant

tems, e.g., 2 telsalicyl ._sul fonat.e/ t .
SUTT onat ef SihEs AR bBO Prtiatslee ) Ssruty SHFRDR IR i wuarB 1 or
exanmple, in Qie&ré&ﬁtvﬁnthab&%r hath dPBverlR; a TBRBIS ok 1&ist £boh290d, 48ch AFom

6,429,178. Boratéd detergents and nethods for borating detergents are well
known and5 dezboni 2o about ¥appif@abliynt 16a8.abatt 250 sudbss RN ANUE 360 t@abe80, 548;

and 4,792, 410 30 Bor at det er gent an be used to vide the lubricating
oi | conposi t i iPs ToFe Prciera V@E%ﬁitg"gﬂ‘_&t rﬂ’r‘fg\)?f ”h?kfo_,ut 356)5’ %8?1{ f‘%% of the
requisite amount of,H85QA ash-Loithinfle diBerfidts GRARH 8 nidtAY Sthef tHah SndpheS @M1

invention preferably contain a magnesi um detergent, nore preferably an
over based nagare preferablytpzesganin,amauntscontribmtiagwargreapershanddhlp dafiiee TBbrafdhe i ng

oi |l conpositiopn.with at |east. 0. 09 mass,% (900 , _preferabl t | east
0. 10° mbe. % (1SBBEHBAR. congRa g spRFizBiey biiovPeased Grarket RSE PoRIAS0 pomy of
el ement aly Omgﬁﬁﬁédﬁgﬁg oﬁ%%ﬁrﬁfo@i_?_i'g)’éls 81? ﬂﬂg P?éé@ﬁttlﬁ%oﬁ%gﬁ‘t%ﬁﬂ et fhd@ntaitthg |

have, or have on aveérage, 'a | east about 200, such as from5 about
200 to about deb@gergs bised ablnyetals othea gian alagnesi@hldn aswohts psovidiogmalgpeater250 t o

about  500; re preferably at | t ahout 300, such.as from ahout. 300 to

Sbout 480, Cpes BAREAOYEH o e TN gorlapuieq Entie 1NAEGHRE A B RPSO hr ¢ han
magnesi um ar %@;&Eg@ggﬁgeﬂg esent in anounts contributing no greater than 40
% of the TBN of the

lubricating oil conposition contributed by overbased
det ergent. More prkieicabhg pil tompobtidmsaifithgpresdnt oovepben mapako ebntaineaspless ent

i nventi on_cont ai ver.based ash-cont ai.nj n det ergent s ed on tal s other
than rmorEe: JEE-ERHS REGEeB iU a G -t e S RSy PR S S A BIESHES t of o
TBN contri but gdctidt g exhiapleCRi 1890050299008 1 LI on by overbased detergent.
Lubricating oil conpositions of the present invention may al so contain

ashl ess Preferably, detergent in total is used in an amount providing the lubricating oil
composition with from about 0.35 to about 1.0 mass %, such as from about 0.5 to
about 0.9 mass %, more preferably from about 0.6 to about 0.8 mass % of sulfated ash

20 (SASH). Preferably, the lubricating oil composition has a TBN of from about 7 to
about 15, such as from about 8 to about 13, more preferably from about 9 to about 11.
TBN may be contributed to the lubricating oil composition by additives other than
detergents. Dispersants, antioxidants and antiwear agents may in some cases
contribute 40 % or more of the total amount of lubricant TBN.

25 Conventionally, lubricating oil compositions formulated for use in a heavy
duty diesel engine comprise from about 0.5 to about 10 mass %, preferably from
about 1.5 to about 5 mass %, most preferably from about 2 to about 3 mass % of
detergent, based on the total mass of the formulated lubricating oil composition.
Detergents are conventionally formed in diluent oil. Conventionally, detergents are

30 referred to by the TBN, which is the TBN of the active detergent in the diluent.
Therefore, while other additives are often referred to in terms of the amount of active
ingredient (A.l.), stated amounts of detergent refer to the total mass of detergent

including diluent.



15 (metal -free) detergents such as oil-sol uble hydrocarbyl phenol al dehyde
condensates described, for exanple, in US-2005-0277559-Al1. Preferably,
detergent in total is used in an anount providing the lubricating oil
conposition with fromabout 0.35 to about (4.0 mass % such as fromabout 0.5
to about 0.9 mass % nore preferably fromabout 0.6 to about 0.8 mass % of

sul fated ash 20 ( : Il I i L a
TBN of from about S@%m%@%? ft@l@#ﬂ%sgkﬁlg%e'ﬂ?rs%l%@%%?%ﬁﬂ@hl{f(}%gﬁg%&tvgé,&r%e
preferably framoatdaut agntso Thleanktallay belBNlkaly obalkslanet darthuhaal, doaltuénum,

| ubricating oil conposition by additives other than detergents.

Di spersants, Saditiex mPAvhdsnendmangangiea PICK gl (cePPsty Tihg zasrialte aledaost cont ri but e
40 % or nore of s ' T.BN. {5 0

bri cating. ornalsoStein aEne i b dhioh R 0 150 105G o) 0P e

engi ne compriked upon thbastal Weight of thE hibiicatthg @b sorfipospticay, €Tty nyayf Beprepaad ut
1.5 to about 5 nass % npst preferably fromabout 2 to about 3 nass % of
det er gent, badegcerdangeavithkngwiteshmgneshyhmpuiormingadinydmeaby i ng oi |

convent | onai 1 GTIOB{ERRR, RIEATOBXS UbARA eal Rt B tor Bt a ppenol 1
of the acti vewfiRPes gaidlthérmdutialigink W formed DEPE{ Gfith,a Mhd tnsiuner Faddi ti ves

are often referred to in terns of the amount of active ingredient (Al.),
st at ed anpunt exagfplelatdithiephosphetisracidgneyee medeby raasingmixfures pfprmary and| udi ng

di luent. - 16 _Di hydro | ,dithi.ophosphate.netal salts are frequently used
as anti vvélé)r a?‘?ﬁon%%ﬂ E%?ﬁ‘génﬁﬂg’aléh?@?’ rﬁ’ﬁ%l}a)#eqlgﬁo 3S/p Ogcfﬁ%glcﬁlépf 8rtgbgmaefikal i ne
earth netal, @herdlthéthyti#btarbyl@@supstonone A8 ISR YBIondRIYIARRSActeNAdtBE OF

copper. The zinc salts are nost commonly used in lubricating oil in anounts

of 0.1 to 10, hysiresashyigrouns on theotherspse etarely pyarasy inphataci¢re Toonakie theright of

the lubricating oil, composition. The Y re e in..accordance wth
noun techni qitds by PR Geepse i HEh R G SRR REbE e bBGRE SR ES 4l
(DDPA) , usual éaxfb&wtés@a@hio@tngeﬂ‘eraup%ggﬂomr Coalre&abial aditivesFRQueitly otintdin Bl SS
and then neutralizing the forned A W th a zinc conpound. For exanple, a
di t hi ophd$phosxcessanfizanaduge théharesg®floy exeess of thg basig zincewomppupd imthey and 10
secondary al coh(t)l ﬁ tAI ternatively, multiple dithiophosphoric acids can be
prepared whe e @a}%?cf%célgpbyl groups on one are entirely secondary in
character and the Thygfe@Gaidnhc AhPaBearbi ditheophbkiatesak€oi BSlubIelsyltsdfl mary in

character. To make the zinc
dihydrocarbyl dithiophosphoric acids and may be represented by the following

O

formula:
— S
RO
N
P—S Zn
/

wherein R and R’ may be the same or different hydrocarbyl radicals containing from

1 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 alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
25  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,

methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total

number of carbon atoms (i.e. R and R’) in the dithiophosphoric acid will generally be



salt, any basic or neutral zinc conpound could be used but the oxides,

hydr oxi des and carbonates are nost generally enployed. Comrercial additives
frequently contain an 15 excess of zinc due to the use of an excess of the
basi ¢ zinc compound in the neutralizatiopyreaction. The preferred zinc

di hydrocar byl dithi ophosphates are oil soluble salts of dihydrocar byl

di t hi ophosphohipt $6# S3atRN ATHEYnO 8y ERCESINdiGHophospite {ZDDPYEAthefe@drUl @: S
ROIlI P-SZn 20 RO 2 wherein Rand R may be the same or different
hydr ocar byl readipsist gincshnlkylrdithipphpsphates. Lgbrieatingogfaompiosijions ebthe presentr bon

atons and i ncluding,.radical s,such a | kyl, al k I aryl alkyl
oy ana " et aReh PRbPraRER SRR e A oopBP a2 ALV 028N 1
groups are algih). QrivBsticHally, ZDDP 16 B§AAN aAbRidEnt AIbdésor ehhidl t6 b Matifurmy, for
exanpl e, 25 be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, anyl,
n- hexyl , B- hesnydunt pllgwedy| Thusdlubriratinga postivna teeseprdapcewith theaprgsent phenyl |

but yl phenyl, .cycl ohexyl hyl cycl opent vl ropenyl., ... .order to
obtain oil solf%‘fﬂtllo_flt Wﬁéeﬁf%{ ﬁ?e ﬁl‘ﬁﬁ?‘ﬁ?’e&%fi ieéar%lgﬁleét%lrl'}sp%%t%%hy ?éngeﬂ R) in
t he di t hi ophogPDPrdr&ttRe nfétaMshlk oﬂ@aﬂl?a}dcxrbppdﬁhia o3pRié, ik aRamougat er. The

zi nc di hydrocarbyl dithio hg@fhate ZDDP% can therefore conprise zinc

puitdt.

di al kyl dit hiiophdengfres.a P& tot aboyt Bil R massroel Rhogphores, based qorthe tatal

i nvention have a 0 or Qus content. of no Qgreat an, about, 0..12 mass %
(1500 ' pory - EaR AR BREIE SRRETR b i% FER, ZRR R e aeleE T e
Maxi mm Joantibitaifhl Qd@eve fleeént. | ubricating oil conpositions in accordance
with the present invention, fornmulated for use in heavy duty diesel

engi nes, will pref@xidbtign inbrititersor anpprdents seduee thederdenegypt mufera oils to
dihydrocarbylegithiophos hat nou rod about 0.08 to

about 0. 12 et TSR Bride BB om e o] icREeY SRTE Wy cat i ng
oi | conposi t i1gBricdnk SfatiisP]iNe defabits b15 tHehBetBluEraRROSRINGY WScosk? gfthaisating
additi ve present. i dation inhibitors or antioxidants reduce the tendency
of nineral oidxddation inkibisers dnchede hindered phanels, aknliea ¢ayd meteksaltyphit i on can be
evi denceq 5by éslf(}gigl%arloiltﬂioteagrs having preferably Cs to C); alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil
soluble copper compounds as described in U.S. Patent No. 4,867,890, and
molybdenum-containing compounds.
20 Aromatic amines having at least two aromatic groups attached directly to the
nitrogen constitute another class of compounds that is frequently used for
antioxidancy. Typical oil soluble aromatic amines having at least two aromatic
groups attached directly to one amine nitrogen contain from 6 to 16 carbon atoms.
The amines may contain more than two aromatic groups. Compounds having a total
25  of at ]Jeast three aromatic groups in which two aromatic groups are linked by a
covalent bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -
SO,- or alkylene group) and two are directly attached to one amine nitrogen also
considered aromatic amines having at least two aromatic groups attached directly to
the nitrogen. The aromatic rings are typically substituted by one or more substituents
30  selected from alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro
groups. The amount of any such oil soluble aromatic amines having at least two
aromatic groups attached directly to one amine nitrogen should preferably not exceed

0.4 mass %.



| ubricant, varnish-like deposits on the netal surfaces, and by viscosity
grow h. Such oxidation inhibitors include hindered phenols, alkaline earth
nmetal salts of 15 al kyl phenol thi oesters having preferably C5 to Cl2 al kyl

si de chains, calcium nonyl phenol sulfide,jgoil sol uble phenates and

sul furized phenates, phosphosul furized or sulfurized hydrocarbons or

esters, phosphor ougheshk&ar a t%DDP?Rﬁ@dé@%@bﬁgan@éﬂidmﬁ@fsﬁh't@l&&i’i@@ﬁﬁ.
conmpounds as described in U S. Patent No. 4,867,890, and

nmol ybdenum coi{teindessgZRIBRpoused $n orier iy moeeitphespherusend $e\STh §mats, Jubaeant t wo
aromatic groups attached. directly £o0,the ,nitr n_const.itute, anot her cl ass
of co rr;) ou g ds - %H‘(‘lﬁ"’lt%rs s ﬁ%ﬂ?‘?va%sf%rdthf 5?sultlé’:gtrfe‘§%:aa o 9’.(1(1'3['31/0%1 lggﬁ)ﬂbqnl’ sol ubl e

aromati c an nggf&aMyhg b of Bsly éftidé, QERELSC sulfiir FrRSanfbkidame dLadbri@6hg Bilt O
one anine nitrogen contain from6 to 16 carbon atons. The anmines may

contai n ndre témpoditinsan eeerdancgmolighe pesen oavedtion thergfgrepretsrably cmtam att

| east three aromatic groups, in whi.ch two aromatic groups.are, i by a
coval ent bond[eé‘?t %Wtaﬁ ?ﬂdg °0Preg4;?)lﬁ?5 a@@?“&?’?“@& ng‘g’ng‘i% a§ &t if‘n‘f’ﬁr}lbgjom or a
-CO-, - 502- @fas@®) kbR BEMBYUR )t RAS L0Vt & dHahashibys AtibRidRRdelcete@FOnAM Ne
nitrogen also considered aromati c am nes having at |east two aromatic

groups att achéw gtoureedrsisting of sulirtfieermbgeolic antioxwantramirgc aatinysdant,@raypi cal | y
substituted by one or re.sybstituents 30 sel ected. fromal kyl, cycl gal kyl,
2 Koxy, _aryl ofgmbiagin (Rt 2 hrbies by b Begmegi ofamibinong Mfis s i o
any such | sRkshligyR6ABbAGInHGoRSInARW oTQuir- frEAsHenbMO antRyxedWat hkd gr oups
attached directly to one am ne nitrogen should preferably not exceed 0.4

nmass % - 18 TmeniapAvtiowedantagent ZDDP provi des a strong antioxidant credit to

| ubricants. W Z s, used i der t t...ohasphor.ys. SASH
[imte | ubri cant LROPRATSIBY G BAEA GRS POBL P Bl HEEL | on

in oxidation yghhhi drk @olubRe @i T amsxpréiaepﬂr@%smagéﬁﬂ&i&hmﬁsﬁ hechievpita@slbess,
sul fur-free antioxidants. Lubricating oil 5 conpositions in accordance with
the present i depasitiooronithetakbpagise Theditarcating oid gomapopsition of the peasenthovention 5

% bl y .at t t 0.6 % h | past 0. %
Tor o br of B anpymbrtesab EaR op kRt iy cuuita Mrthef Aty dfea from
the group congispbrsitd oPUispeilshiits aﬁerﬁ@fe%whioge@e&dtaﬁimpersaﬂésra'h@ g_referably

antioxidant, or a conbination thereof.” Preferably, l'ubricatin il
conposi tions contabuterindoiel fiom hbaut€.0800 pbew &t massehnt sush as maabouti0.09 to

conbi nati on O];bosutf lOT llérrhgsrs%/%, rBQS rf)(r)éfjer%bfiynftrci)rg)éll)gl?tq}.Oga{g)dabout 0.16 mass % of nitrogen
to the lubricating oil composition.

20 Dispersants useful in the context of the present invention include the range of
nitrogen-containing, ashless (metal-free) dispersants known to be effective to reduce
formation of deposits upon use in gasoline and diesel engines, when added to
lubricating oils and comprise an oil soluble polymeric long chain backbone having
functional groups capable of associating with particles to be dispersed. Typically,

25  such dispersants have amine, amine-alcohol or amide polar moieties attached to the
polymer backbone, often via a bridging group. The ashless dispersant may be, for
example, selected from oil soluble salts, esters, amino-esters, amides, imides and
oxazolines of long chain hydrocarbon-substituted mono- and polycarboxylic acids or
anhydrides thereof; thiocarboxylate derivatives of long chain hydrocarbons; long

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

phenol with formaldehyde and polyalkylene polyamine.



am nic antioxidant. Di spersants maintain in suspension materials resulting
fromoxidation during use that are insoluble in oil, thus preventing sl udge
floccul ation and precipitation, or deposition on netal parts. The

| ubricating oil conposition of the pr esent i nvention 15 conprises at | east
one di spersant, and may conprise a plurali ?'y of dispersants. The dispersant

or dispersants are.preferably nitrogen-.coni.aini,n i spersant s..and pr.eferably
contribute, in tot Fr}er?lfyoﬁ? PRO-GTOE A B(o'ﬁfldtf’.gﬂ(gm”%srgo%% ‘gl}gﬁagswﬁf Bm
about 0.09 t oyuchlRBHlicQrddd (FBSSe 8 anfEs) ardltBE ahRbBdoffaiHoaROtbull @9nd 0 about
0.16 mass % of nitrogen to the lubricating oil conposition. 20 D spersants

useful in thepadyalkenyl-sahistituted garbeahic acyhating agant wWild efganing ¢he rumpker of
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the present i'nvention has a nunber average nol ecul ar wei ?(ht of from about
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groups, and the type of nucleophilic group employed.
The polyalkenyl moiety from which the high molecular weight dispersants are
20  derived preferably have a narrow molecular weight distribution (MWD), also referred
to as polydispersity, as determined by the ratio of weight average molecular weight
(M,,) to number average molecular weight (M,). Specifically, polymers from which
the dispersants of the present invention are derived have a My/M, of from about 1.5 to
about 2.0, preferably from about 1.5 to about 1.9, most preferably from about 1.6 to
25 about 1.8.

Suitable hydrocarbons or polymers employed in the formation of the
dispersants of the present invention include homopolymers, interpolymers or lower
molecular weight hydrocarbons. One family of such polymers comprise polymers of
ethylene and/or at least one C; to Cag alpha-olefin having the formula H,C=CHR'

30  wherein R' is straight or branched chain alkyl radical comprising 1 to 26 carbon
atoms and wherein the polymer contains carbon-to-carbon unsaturation, preferably a
high degree of terminal ethenylidene unsaturation. Preferably, such polymers

comprise interpolymers of ethylene and at least one alpha-olefin of the above formula,
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homopol yrer s, Qb $&easlcomonomer(s) with ethylene, the ethylene content of such copolymers is
most preferably between 15 and 50 %, although higher or lower ethylene contents
20 may be present.
These polymers may be prepared by polymerizing alpha-olefin monomer, or
mixtures of alpha-olefin monomers, or mixtures comprising ethylene and at least one
C; to Cys alpha-olefin monomer, in the presence of a catalyst system comprising at
least one metallocene (e.g., a cyclopentadienyl-transition metal compound) and an
25  alumoxane compound. Using this process, a polymer in which 95 % or more of the
polymer chains possess terminal ethenylidene-type unsaturation can be provided. The
percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be
determined by FTIR spectroscopic analysis, titration, or C'> NMR. Interpolymers of
this latter type may be characterized by the formula POLY-C(R1)=CH7 wherein R’ is

30  C, to Cy alkyl, preferably C; to C;s alkyl, more preferably C, to Cg alkyl, and most
preferably C, to C, alkyl, (e.g., methyl or ethyl) and wherein POLY represents the
polymer chain. The chain length of the R alkyl group will vary depending on the

comonomer(s) selected for use in the polymerization. A minor amount of the polymer
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ethylemc double bond per polymer chain, positioned along the chain. A preferred
embodiment utilizes polyisobutylene prepared from a pure isobutylene stream or a
20 Raffinate I stream to prepare reactive isobutylene polymers with terminal vinylidene
olefins. Preferably, these polymers, referred to as highly reactive polyisobutylene
(HR-PIB), have a terminal vinylidene content of at least 65%, e.g., 70%, more
preferably at least 80%, most preferably, at least 85%. The preparation of such
polymers is described, for example, in U.S. Patent No. 4,152,499. HR-PIB is known
25 and HR-PIB is commercially available, for example, under the tradenames
Glissopal™ (from BASF) and Ultravis™ (from BP-Amoco).

Polyisobutylene polymers that may be employed are generally based on a
hydrocarbon chain of from about 700 to 3000. Methods for making polyisobutylene
are known. Polyisobutylene can be functionalized by halogenation (e.g. chlorination),

30  the thermal "ene" reaction, or by free radical grafting using a catalyst (e.g. peroxide),
as described below.

The hydrocarbon or polymer backbone can be functionalized, e.g., with

carboxylic acid producing moieties (preferably acid or anhydride moieties) selectively
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chlorinating or brominating the unsaturated a-olefin polymer to about 1 to 8 mass %,

preferably 3 to 7 mass % chlorine, or bromine, based on the weight of polymer or
hydrocarbon, by passing the chlorine or bromine through the polymer at a temperature

20  of 60 to 250°C, preferably 110 to 160°C, e.g., 120 to 140°C, for about 0.5 to 10,
preferably 1 to 7 hours. The halogenated polymer or hydrocarbon (hereinafter
backbone) is then reacted with sufficient monounsaturated reactant capable of adding
the required number of functional moieties to the backbone, e.g., monounsaturated
carboxylic reactant, at 100 to 250°C, usually about 180°C to 235°C, for about 0.5 to

25 10, e.g, 3 to 8 hours, such that the product obtained will contain the desired number
of moles of the monounsaturated carboxylic reactant per mole of the halogenated
backbones. Alternatively, the backbone and the monounsaturated carboxylic reactant
are mixed and heated while adding chlorine to the hot material.

While chlorination normally helps increase the reactivity of starting olefin

30 polymers with monounsaturated functionalizing reactant, it is not necessary with
some of the polymers or hydrocarbons contemplated for use in the present invention,
particularly those preferred polymers or hydrocarbons which possess a high terminal

bond content and reactivity. Preferably, therefore, the backbone and the



Processes for reacting polyneric hydrocarbons with unsaturated carboxylic 5
aci ds, anhydrides or esters and the preparation of derivatives from such
conpounds are disclosed in U S. Patent Nos. 3,087,936; 3,172,892;

3,215,707; 3,231,587; 3,272,746; 3,275,5p4; 3,381, 022; 3,442, 808;

3,565, 804; 3,912,764; 4,110,349; 4,234,435; 5,777,025; 5,891,953; as well
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weight based on the weight of the reaction mixture solution. Typically, the aforesaid
20 monounsaturated carboxylic reactant material and free-radical initiator are used in a
weight ratio range of from about 1.0:1 to 30:1, preferably 3:1 to 6:1. The grafting is
preferably carried out in an inert atmosphere, such as under nitrogen blanketing. The
resulting grafted polymer is characterized by having carboxylic acid (or ester or
anhydride) moieties randomly attached along the polymer chains: it being understood,
25  of course, that some of the polymer chains remain ungrafted. The free radical grafting
described above can be used for the other polymers and hydrocarbons of the present
invention.
The preferred monounsaturated reactants that are used to functionalize the
backbone comprise mono- and dicarboxylic acid material, i.e., acid, anhydride, or
30  acid ester material, including (i) monounsaturated Cy4 to C;g dicarboxylic acid wherein
(a) the carboxyl groups are vicinyl, (i.e., located on adjacent carbon atoms) and (b) at
least one, preferably both, of said adjacent carbon atoms are part of said mono

unsaturation; (i1) derivatives of (i) such as anhydrides or C; to Cs alcohol derived
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The functionalized oil-soluble polymeric hydrocarbon backbone is then

20  derivatized with a nitrogen-containing nucleophilic reactant, such as an amine, amino-
alcohol, amide, or mixture thereof, to form a corresponding derivative. Amine
compounds are preferred. Useful amine compounds for derivatizing functionalized
polymers comprise at least one amine and can comprise one or more additional amine
or other reactive or polar groups. These amines may be hydrocarbyl amines or may

25  be predominantly hydrocarbyl amines in which the hydrocarbyl group includes other
groups, €.g., hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline
groups, and the like. Particularly useful amine compounds include mono- and
polyamines, e.g., polyalkene and polyoxyalkylene polyamines of about 2 to 60, such
as 2 to 40 (e.g., 3 to 20) total carbon atoms having about 1 to 12, such as 3 to 12,

30  preferably 3 to 9, most preferably form about 6 to about 7 nitrogen atoms per
molecule. Mixtures of amine compounds may advantageously be used, such as those
prepared by reaction of alkylene dihalide with ammonia. Preferred amines are

aliphatic saturated amines, including, for example, 1,2-diaminoethane; 1,3-



24- nmono- or diesters of (i); (iii) nonounsaturated C3 to Cep nonocarboxylic
acid wherein the carbon-carbon double bond is conjugated with the carboxy
group, i.e., of the structure -C=C-CO; and (iv) derivatives of (iii) such
as C, to C5 al cohol derived nono- or di€exters of (iii). Mxtures of
nonounsat urated carboxylic materials (i) - (iv) 5 also nmay be used. Upon
reaction wt hla&ﬁiﬁolkraﬁxrtwmetrdlhﬂnmomrmegnls,aﬁimmhbmm pohethylaramnisatuckat ed
carboxylic reactant becones saturated. Thus, for exanple, naleic anhydride
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as those
described, for example, in U.S. Patent Nos. 4,234,435 and 5,229,022, as well as in
20 EP-A-208,560.

A preferred dispersant composition is one comprising at least one polyalkenyl
succinimide, which is the reaction product of a polyalkenyl substituted succinic
anhydride (e.g., PIBSA) and a polyamine (PAM) that has a coupling ratio of from
about 0.65 to about 1.25, preferably from about 0.8 to about 1.1, most preferably from

25 about 0.9 to about 1. In the context of this disclosure, “coupling ratio” may be
defined as a ratio of the number of succinyl groups in the PIBSA to the number of
primary amine groups in the polyamine reactant.

Another class of high molecular weight ashless dispersants comprises
Mannich base condensation products. Generally, these products are prepared by

30  condensing about one mole of a long chain alkyl-substituted mono- or polyhydroxy
benzene with about 1 to 2.5 moles of carbonyl 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 Mannich base condensation



prepared by reaction of alkylene dihalide with ammonia. Preferred am nes are
al i phatic saturated am nes, including, for exanple, 1,2-diam noethane; 1,3 -
25 di am nopr opane; 1, 4-di am nobut ane; 1, 6-di am nohexane; pol yethyl ene am nes
such as diethylene triamne; triethylenegd.etram ne;, tetraethylene

pent am ne; and pol ypropyl eneam nes such as 1, 2-propyl ene di am ne; and
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product s ar e igresfiam ®athlayl, or a portion, of the requisite amount of boron.
Dispersants derived from highly reactive polyisobutylene have been found to
provide lubricating oil compositions with a wear credit relative to a corresponding
20  dispersant derived from conventional polyisobutylene. This wear credit is of
particular importance in lubricants containing reduced levels of ash-containing
antiwear agents, such as ZDDP. Thus, in one preferred embodiment, at least one
dispersant used in the lubricating oil compositions of the present invention is derived
from highly reactive polyisobutylene.
25 Non-dispersant/detergent boron sources are prepared by reacting a boron
compound with an oil-soluble or oil-dispersible additive or compound. Boron
compounds include boron oxide, boron oxide hydrate, boron trioxide, boron
trifluoride, boron tribromide, boron trichloride, boron acid such as boronic acid, boric
acid, tetraboric acid and metaboric acid, boron hydrides, boron amides and various
30 esters of boron acids. Suitable “non-dispersant boron sources” may comprise any oil-
soluble, boron-containing compound, but preferably comprise one or more boron-

containing additives known to impart enhanced properties to lubricating oil

compositions. Such boron-containing additives include, for example, borated



30 condensi ng about one nole of a |ong chain al kyl -substituted nono- or

pol yhydr oxy benzene with about 1 to 2.5 noles of carbonyl conmpound(s) (e.g.,
f ormal dehyde and paraf or mal dehyde) and about 0.5 to 2 nol es of polyal kyl ene
pol yam ne, as disclosed, for exanple, i1U. S. Patent No. 3,442,808. Such
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correspondi ng O dispersant derived from conventional® pol yisobutyl ene. This
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conposi t hgns %PE’Q@" present invention is derived fromhighly reactive
pol yi sobutyl ene Non- di sper sant/ det ergent boron sources are prepared by
reacting a boron Ruvapdfa epokhieaarecg'ehemby tiyl reacionqirbdwitt speresirbhareaditiet | ve
or conpound. Boron conpounds i r}l Lfde bor on oxi d[% bor.qn. oxi de _hydr at e,
boron tri oxi ovebleﬁrglh compounds with at least one epoxide. The epoxide is generally an
aliphatic epoxide having from 8 to 30, preferably from 10 to 24, more preferably from
12 to 20, carbon atoms. Examples of useful aliphatic epoxides include heptyl epoxide
20  and octyl epoxide. Mixtures of epoxides may also be used, for instance commercial
mixtures of epoxides having from 14 to 16 carbon atoms and from 14 to 18 carbon
atoms. The borated fatty epoxides are generally known and are described in U.S.
Patent 4,584,115.
Borate esters may be prepared by reacting one or more of the above boron
25  compounds with one or more alcohol of suitable oleophilicity. Typically, the alcohol
contains from 6 to 30, or from 8 to 24, carbon atoms. Methods of making such borate
esters are known in the art.
The borate esters can be borated phospholipids. Such compounds, and
processes for making such compounds, are described in EP-A-0 684 298. Borated
30 overbased metal detergents are known in the art where the borate substitutes the
carbonate in the core either in part or in full.

Additional additives may be incorporated into the compositions of the

invention to enable particular performance requirements to be met. Examples of



trifluoride, boron tribrom de, boron trichloride, boron acid such as boronic
acid, boric acid, tetraboric acid and netaboric acid, boron hydrides, boron
am des and various 30 esters of boron acids. Suitable "non-di spersant boron
sources” may conprise any oil- soluble, -.pgron-contai ni ng conpound, but
preferably conprise one or nore boron- containing additives known to inpart

enhanced propgfitveswHich P bé GRIUIRE iPie 1umfm9% blliceRposiBokdoftRE pres&fNt ai ni ng
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one or nore of the above boron conpounds with one or nore of fatty am nes,
e.g., an ani 206304 Ad dorBerast al.tdisclisgheastam reaetiorpradunisof Rylading gents nes
may be prepared . by reacting.t amine wth the boron conpound at a

t enper at ur e ‘W%H’r ?Vbng%?&bc%"é‘flgﬁ%?vefrom 100 to 250 C and at a ratio
from3:1 to 1:3 equival ent s g aam’ necyt equi val ents of boron 15 conpound.
Borated fatty epoxi des are erally |t'he reaction product of one or nore of
t he above boron conpounds WFth at | gast one epoxide. The epoxide is

gener al |13() an aliphatic epoadehavtrg)from8 to 30, preferably from10 to
24, nore preferably from 12 to 20, carbon atons. Exanples of useful
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mavi ng 1t om e fam RE kR, ARSI TR Bt B S9 orm The

bor at ed f at t yyRQUIKYEarA6Ly, asylexpalkyl, kilowad ab@bafadosieherebBedcH Did). S.  Pat ent
4,584, 115. Borate esters may be prepared by reacting one or nore of the

above boron ingdependembumlinking mvieeomprising @ cartbestrarbopfsinglg begg o a linking
ol eophi lyigCi t v TYBEE 3 ¥ indb P08 EP M Aoiety of the formula Z(O(CR2)w),X-, where X is
selected from (CR’;),, O and S; R and R’ are each independently selected from H, C,
to Cs alkyl and aryl; zis 1 to 10; nis 0 to 10 when X is (CR’;),, and 2 to 10 when X is
Oor S;yis 1 to 30; Zis H, an acyl group, an alkyl group or an aryl group; each a is
independently 0 to 3, at least one Ar moiety bears at least one group Y in which Z is
20 notH;and mis 1 to 100. Such compounds are described as useful soot dispersants
(see also U.S. Patent Nos. 6,495,496 and 6,750,183 and U.S. Patent Application Serial
No. 11/672,660).
Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final 01l may also be included. Examples of such materials include
25  glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of
long chain polycarboxylic acids with diols, for example, the butane diol ester of a
dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-
substituted mono-amines, diamines and alkyl ether amines, for example, ethoxylated
tallow amine and ethoxylated tallow ether amine.
30 Other known friction modifiers comprise oil-soluble organo-molybdenum

compounds. Such organo-molybdenum friction modifiers also provide antioxidant



contains from6 to 30, or from8 to 24, carbon atons. Methods of making such
borate esters are known in the art. The borate esters can be borated
phosphol i pids. Such conpounds, and processes for maki ng such conpounds, are
described in EP-A-0 684 298. Borated 3Qmwverbased netal detergents are
known in the art where the borate substitutes the carbonate in the core
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wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl

and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon

atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the
20  dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear molybdenum compounds, especially those
of the formula Mo;SL,,Q, and mixtures thereof wherein the L are independently
selected ligands having organo groups with a sufficient number of carbon atoms to

25  render the compound soluble or dispersible in the oil, n is from 1 to 4, k varies from 4
through 7, Q is selected from the group of neutral electron donating compounds such as
water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes
non-stoichiometric values. At least 21 total carbon atoms should be present among all
the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.

30 The molybdenum compounds described above, in addition to providing friction-
reducing propetties, also provide antiwear credits and, therefore, molybdenum
compounds have been used in lubricating oil compositions formulated with reduced

amounts of ZDDP. When used in such reduced phosphorus lubricating oil compositions,



Friction nodifiers and fuel econony agents that are conpatible with the
other ingredients of the final oil may al so be included. Exanples of such
materials include 25 glyceryl nonoesters of higher fatty acids, for
exanpl e, glyceryl nono-ol eate; esters of 3hong chain pol ycarboxylic acids
with diols, for exanple, the butane diol ester of a dinerized unsaturated
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sol ubl e organo-nol ybdenum conpounds i ncl ude dithi ocarbanates; _
di t hi ophds phiatceporatiigithireinrrespinipodinesric maetilla tled futtchion ramtshestitysnodshersi des,

D ot bS] Py o mpp s DG Ceharath JolBmEhs mrketials doqfi ad PonH™
| kyl t hi . i _ -
al kyl t hi ox an{n@@&sﬁg ﬁnﬁ%{g h&qﬁbg%avﬁggmlﬁvﬁe%@%g%%%ﬁm%%lgﬂﬁy(mﬂ Afeoafi di C

nol ybdenum conpo ese conpoun reaCt wth a basic ni'trogen
conpound as ateas §j06d to byouhIINDO@irefErabBAfram abeRBIFG0G0 tbraddutROf00cmdrer e and

are typically hexaval ent. |ncluded ar bdic acid, a i um npl ybdat e,
sodi um ol ybﬂf&feé?blﬁéﬁoﬁéb%‘ﬁ?(iéoarfﬂ 5{9&1&? %@é‘id ﬁ@%sc‘éﬁilWéP%ge HBC

nol ybdat a : U e,
Vo14. b B B N Rl B, B B R Pt um
conpounds. Anmtegial e bendeydietbwith) foo exaonpldsamised, amides, hibregenopoaningons of this

i nvention are organo-nol ybdenum coppounds of . the fornula 15 ROCS2) 4 and
Mo( RSCS2) 4 Dteriosy IOF@OPBDO&H&O‘?TQ*‘A o049 BRlfregiiopplopiconity ﬁ‘t‘)g\%{?r%onsi sting

of al kyl, aryj. Kyl Q‘ﬂ /4 y.0f f 0 ar bon
atons, and p%ldéépeerggi l@%“%tg é%%gﬁi}}ﬁgé{gﬁ.gg%ﬁ%%n% b %’re é@@i@gﬁ% of 2
to 12 car bondat@mited bp patasikngwhatedhaiquesl @necémenidit siethodyd ghl peinseativhanmat es
of nol ybdenum Anot her %f@og}g of organ_o-rml ybdenum conpounds useful in the

| ubri catthg clremgtaeranhyiSTEY, which afdijierallyaiowrdes melequler waiehheisybyEaum
conpounds, egp&el aloh¥sdo"AS® . Yau, J. J. Kirkland and D. D. Bly, "Modern Size Exclusion

Liquid Chromatography", John Wiley and Sons, New York, 1979). Another useful
method for determining molecular weight, particularly for lower molecular weight
polymers, is vapor pressure osmometry (see, e.g., ASTM D3592).

20 One class of diblock copolymers useful as viscosity modifiers has been found
to provide a wear credit relative to, for example, olefin copolymer viscosity modifiers.
This wear credit is of particular importance in lubricants containing reduced levels of
ash-containing antiwear agents, such as ZDDP. Thus, in one preferred embodiment,
at least one viscosity modifier used in the lubricating oil compositions of the present

25 invention is a linear diblock copolymer comprising one block derived primarily,
preferably predominantly, from vinyl aromatic hydrocarbon monomer, and one block
derived primarily, preferably predominantly, from diene monomer. Useful vinyl
aromatic hydrocarbon monomers include those containing from 8 to about 16 carbon
atoms such as aryl-substituted styrenes, alkoxy-substituted styrenes, vinyl

30  naphthalene, alkyl-substituted vinyl naphthalenes and the like. Dienes, or diolefins,
contain two double bonds, commonly located in conjugation in a 1,3 relationship.
Olefins containing more than two double bonds, sometimes referred to as polyenes,

are also considered within the definition of “diene” as used herein. Useful dienes



of the formula Mb3SkL" Q and m xtures thereof wherein the L are

i ndependently selected |igands having organo groups with a sufficient
nunber of carbon atons to 25 render the conpound sol uble or dispersible in
the oil, nis froml to 4, k varies from#A- through 7, Qis selected from
the group of neutral electron donating conpounds such as water, am nes,

al cohol s, pharpiieiBsse cOREidhd BbfM 4 AHbodt [BEGESH AtbAR) ftefepabdy A0 & firdbddes
non-stoi chiometric values. At |east 21 total carbon atons shoul d be present

anong al | t hécubgnawms spehasdsbbptediese dsppseneapiprviane, msthylpentadigse, 30, or at
| east 35 carbpn _at .30 The nu nads [l bgv in
addition to Bﬁ%\y?bd%%er*er ?,ét(#‘igwﬁ%:l-é%@%? 1e§$,?5§é—he?h é‘?l?%ﬁ%tc%&gg%sﬁ’ 1g‘eﬁg’nt i wear

credits and, phitagiegé @Iﬁ@;soﬁ@hyb@iﬁﬁgfefe&@npounds have been used in |ubricating
oi |l conpositions formulated with reduced anounts of ZDDP. When used in such

reduced phosphor uésiugéd herainiin gowidction mpdgiolyasrdlockapmpesitippdenum conpounds
have been used i,n _amounts int cing.d nom about 10 to ahou 1000 ppm such
ne" 70 to aboctredSniERIY ety e HaSinSH B BRI o Mo P ERE e (B8 tr et as
atoms of ol yHAGPIBompbignt\h S0 pblyyhek BRRK iPpresdh€ilaS S oK at 18adt BSYansed, or
i mproved, by 5 incorporating therein certain polyneric materials that

function as weighbefthe blesdti fiers (VM or viscosity index inprovers (V).

Ceneral ly, polynerig naterial s usef. as._ .Vi Scosi nodi fiers.are fhose
vt ng mumbor averagEe Pkl Ml rES ik SRR AR i 8d b 0w
250, 000, 1@r egmgg%kyar% &)%fbﬁb%ﬁoydo cHRd ! WIRAGKYE pAYRePRhydropeRated s er abl y

from about 2 t o about 0. These viscosity nodifiers can be 10
grafted w t hhydragenatign metydre agcemplighied asing fapy obthgrethaiquesnkeown inmthy gripde, and

th fted ial b ted with, f I ' i.des,
ni tr ogen- confl EPhECHaC dpgBylrpeerBn ants o g BiRafcn B T IS
nul tifuncti oBAd atdhi€ie BhiaturdBen s c%h%rtefdd(kﬂﬁﬁﬁie%ﬁﬂﬁingin&e@lﬁtﬁistsﬁc}{@ﬂhf)ée%@gh-t,
Pol ymer nol ecul ar wei ght,' specifical | ', can be  determ ned by various

known t echni derexamgleeincQrdy Eat. &os. Mlhé&ﬁ argl 3200,6% ercthe hpdrogenaginn oxatbegr aphy

GO, ich additipnal .pr.ovi de l.ecul ar, wei. ght,..di strjbutio .

o o ot o DI ERGFSelebtelS St ihafP BRI b s B RO AR ragion .
Excl usi on  Ligkondertdd Rl REI3R AY arordfundithfioa idlconBtied Nemugil for 1979) .
Anot her useful nethod for determ ning nol ecul ar weight, particularly for

| ower nol ecuksample; ighi.S. Pasl aw 35634, 595y 34680,0p4:6% 50 &3 3oaddiael 1,14 shey ok. g. |
ASTM DB592) - ;20 (Nfoet 8550190 b gLy GORRLATR Tmttelolaifite YhE R ke
unsaturation and which are free of aromatic unsaturation.

20 The block copolymers may include mixtures of linear diblock polymers as
disclosed above, having different molecular weights and/or different vinyl aromatic
contents as well as mixtures of linear block copolymers having different molecular
weights and/or different vinyl aromatic contents. The use of two or more different
polymers may be preferred to a single polymer depending on the rheological

25  properties the product is intended to impart when used to produce formulated engine
oil. Examples of commercially available styrene/hydrogenated isoprene linear
diblock copolymers include Infineum SV140™, Infineum SV150™ and Infineum
SV160™, available from Infineum USA L.P. and Infineum UK Ltd.; Lubrizol® 7318,
available from The Lubrizol Corporation; and Septon 1001™ and Septon 1020™,

30 available from Septon Company of America (Kuraray Group). Suitable styrene/1, 3-

butadiene hydrogenated block copolymers are sold under the tradename

Glissoviscal™ by BASF.



to provide a wear credit relative to, for exanple, olefin copolyner
viscosity nodifiers. This wear credit is of particular inportance in

| ubricants containing reduced | evels of ash-containing antiwear agents,
such as ZDDP. Thus, in one preferred enbedz-nent, at |east one viscosity
nodi fier used in the lubricating oil conpositions of the present 25
invention is a |i rfeak pdinbdekssantp PBIE btheonize kaowg aohube bildiw theprovesl
primarily, preferably ;ﬁredom' nantly, from Vilgd?” aromat i ¢, hydr ocar bon
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referred to as polyenes, are also consi ered WtRi'n the definition of
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to about 12 carbon atons, preferably from8 to about 16 carbpon atons, such
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bl ock cornpositeenobserveartaatavineasoidpysitioeainsreabain wisvesispehen sterkdrfononmer or
nmononmer type that is the principle conpopent in that polynmer block is

present in arPraleBegd Prods: Adduives whighipe effgatiypin egntrolling thiscRscopgy gsase

prepared wt i i i I ] e rat i 1d,.such 10
pol ynmers ar eh‘ﬁ%@e@fﬁéﬁ;@ #yam%%‘gﬁ‘%a?‘édél’.s%ﬁ@k@%@%@ﬁ@%ﬁ%;’%nat ed, the
hydr ogenat i ordicayobdicacile op hnipldeidesrvhieh adeysedfin tHegprémedtivingifelke kshtwan i n t he

prior art. For exanple, the hydrogenation may be acconpl.ished such that
bot h et hyl enidisPeEsants2s Sprsinbefarh dise (a%-ila@np@ewwgfmdé@wgﬁwa%d) usi ng

met hods ch . qt " ' Par . , 6 and
3, 700, 63§Bor ltgﬁ%éaﬁgg?gé:gn tIa %lgﬂn%’?ggﬁ%gmég%%éﬁwygﬁggggaélegg'?ﬁ%ee%&&%ﬁg §t hat a
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or no aromatic unpsaturation is converted as taught, for exanple, in U S
Pat. Nos. 3, @3@9‘3}?}@}“&-, 670, 054; 3,700,633 and Re 27,145. Any of these

methods can al S0 bgus ffbroifh HuARERAKS cARhK TR Sr GRBE 8t kAo W kn iy eni ©

additives, each additive is typically blended into the base o0il in an amount that enables

20  the additive to provide its desired function. Representative effective amounts of such
additives, when used in crankcase lubricants, are listed below. All the values listed,
except for those referring to metal detergents, are stated as mass percent active

ingredient (A.L).
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ni t rogen- cortalnlnq ﬁeterocvcllc connounds or alcohql, to form

mul tifuncti qrsappkaental WasiwebnAgéies presgmd - i.0vent i on i|t0 My be necessary to

i ncl ude an 4dditivewhi-ch—nai-ntai-ns—tHe stabity—oltheviscosity—of{the
bl end. Thus,| EsictineMpdiben ar gr oup- conté?nﬁng addltlvé%‘héhieve a suithbly

| ow vi scosi tyVISéOSILtg'R/I(PdIHCI‘UI e Ty Stay d{) | 'fg 10 DEgry pPsgTved that spne
conposi tiong I nNcrease 1n viscosity when ored for grolonged periods.

Addi ti ves wWH

IBdRe oek ef fective 1 n contro

Iﬂm{f;g;et his vi s

®Badcg | Ncrease

include the llang chain bydrocarbons fanctionalized by reaction with nmoho-
di carboxylic acids or anhydrldes whi ch are used in the preparation of the

ashl ess di spersa %?ﬁiﬂ%iﬁﬁlﬁgg ore.dis éhg%ﬁpgf%%ufqﬁgflasgg%r ef red

enbodi nent, the 1 yolatilip g vention
contain an. efdgfblinen ATRUNkbALuhe iRBGEHRL B BIBIHOSIANBE nBLg?EattérQﬁ'ﬁfJ jered by

reaction with o- or dicarboxylic acid or anhydrid
5  mass %, such as no greater than 15 mass %, preferably no greater than 13 mass %.

or

It may be desirable, although not essential to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as
additive packages) whereby several additives can be added simultaneously to the oil
to form the lubricating oil composition.

10 The final composition may employ from 5 to 25 mass %, preferably 5 to 22
mass %, typically 10 to 20 mass % of the concentrate, the remainder being oil of
lubricating viscosity.

As used herein, the terms phosphorus content, boron content, molybdenum
content, magnesium content, calcium content, etc. refer to the content as measured by
15  ASTM D518S5; and sulfated ash content refers to the content as measured by ASTM
D874.

This invention will be further understood by reference to the following
examples, wherein all parts are parts by mass, unless otherwise noted and which

include preferred embodiments of the invention.
20



When | ubricating conpositions contain one or nore of the above-nenti oned
additives, each additive is typically blended into the base oil in an anount
that enables 20 the additive to provide its desired function.
Representative effective anounts of such 3dditives, when used in crankcase

| ubricants, are listed below. Al the values listed, except for those
referring toEx{MPILHESt ergents, are stated as nass percent active ingredient
(A-1.). 33- ADDI TTVE MASS % (Broad) MASS % (Preferred) Dispersant 0.1 - 20
1- 8 Metal Deter génS4EFWAQ grade tubpicantg comtainingshase stopk diipersaniycgmpinatiqn 5

Met al Di hydr ogar byl, Dithi ophasphat -6 0.1 - I 0X1 0-5 0.01 -
2.5 Pour poPﬁﬁorbﬁeSr‘%%&Sésn Pﬂad‘?’n%‘?ﬁgﬁﬂ?‘ a“t%\r‘?ﬁ%% egnfan"é’) 3%2{0“&% 0. 001
-0.15  Suppl edteindphedte] vRaumM GPhste @nd mbghesium sQlfénatd-détergeMs), WDIH isest O- 5
0- 1.5 Viscosity difrer 0.01 - 10 0.25 - 3 Base stock Bal ance Bal ance

Preferably, dispenenickcambiaation efiashliess, Kelfyroires plicophe and aniniqatiosidantsd0di |
conposition (Qil,of . lLubri | NQ._V{.S€0SI.t Lt ves): . | e no
greater t han&fﬁs @tma 33 na/C();q?fl;sdue(r:l mads”ﬁlrll%cs‘]ﬁbra;e[na%eéjo%@éjﬁl diﬁ%gcr?gggg%dl%%rrééoe@ ably no

greater thanpdiat GEsisss¥at dntl 1NXssI6 08950 MaPpstybiatbrid PUBwhaOforgRed i al to
prepare one or nore additive concentrates coqgr|5|n3/add|t|ves
e

(concent r at esonsisigntiwiBsABECHY and(dr4 wgcifisatians (ddanessve Spatk Agempssiher eby
several additi.xes e_added si.nul t anepus 0 €Dl t ormthe
ubr 1 cat ng. SMSCBASNG Erd o Rt PRERHENHEA Snd PEsPiciomb fEPEE Baski 5 1o
25 mass 90 PTAEessalting o3l K4 2roromBsiteof 6% Pipfittlalnyaghsitd cdBteARSH] 1%6Qpnt, he
concentrate, the remainder being oil of [lubricating viscosity. As used

herein, the mwiyephmspnsnuel Hopnreand a BHNoaT 28nTLH of theo THbkomtthutedlit ent |

T < oBh kSRS AR b GRS SN B 4 b
ASTM overbased magnesium detergents.
Valve train wear resulting from the use of the above lubricant was measured in
15  a Cummins ISB engine test; one of the engine tests for the API CJ-4/CI-4

specifications for HDD lubricants. The ISB engine test includes two stages. Stage 1

runs for 100 hours to produce soot in the oil. Stage 2 is a 250 hour cyclic portion,

intended to produce heavy load on the engine in short bursts. At the end of the test,

the valve train parts are measured for wear, reported as tappet weight loss, in

20  milligrams, and camshaft lobe wear, in microns.

The results achieved with the exemplified oil are shown in Table 2.

Table 2
Oil Oil 1 Passing Limit
Grade 5W40
Tappet Weight Loss (mg.) 85 100 max
Cam Shaft Lobe Wear, 43 55 max
Snap Gauge (pm)
25 As shown, Oil 1, a 5W40 grade lubricant formulated with all Group III base

stock and having a phosphorus content of less than 1200 ppm, was able to meet the
wear performance requirements of the API CJ-4/CI-4 specifications.
The disclosures of all patents, articles and other materials described herein are

hereby incorporated, in their entirety, into this specification by reference.



D874. This invention wll be further understood by reference to the
follow ng exanples, wherein all parts are parts by mass, unless otherw se
noted and which include preferred enbodi nents of the invention. 20 -34-
EXAMPLES A SAE 5WI0 grade | ubricants contaisni ng base stock, dispersant
(conbi nation of borated di spersant and non-borated dispersant), detergent
(a conbi nat i o@obosifishsLddibhpiieRatempSahge! Aphubdiity 6NdéfhedRIMPBAGRShrdd be

sul fonate detergents), ZDDP, soot 5 dispersant, a conbination of ashless,
sul fur-free peasohedasingludingrompasitivnxiogmad by edmixingthegledinedplarality af

nol ybdenum di i ogar banat e c ound., Vi SGOSI ifier our oi nf..
epr essant andtroigeEPiRefs oBF RARBRFyBiane fpreiimal apd s o fgpethion
consi stent W $théBtesént-idvettidn Ghvelbsapatebdriveatin tHeSfofehofhgpecifitatoNSiwha. 4 nass

% sulfur and 0.12 mass % phosphorus) in a blend of 4 and 6 cSt. Goup Il
base stocks. amplivhets selynitis their diventionl hawsserois nod e baeonstrugbasdpniteditorthgnesi um

content of 1156.. a | vhdenum. cont ent  of .44 p nd IBN.of ,9.9; 79 %
of 'the ToN contiPact el Rl aRItEE Rk B e otaBBRA s #ke Gracts |
conposi ti on), jINggatpleqdihdethal Yinliify. ONAIRARRY bEREHHR YyURbRakRleden e artval ve
train wear resulting fromthe use of the above lubricant was neasured in 15
a Cunmi ns | SBWitheutriepadiog froonthespiritiob therigvensionest s for the APl CJ-4/Cl-4
specifications for HDD | ubricants. The | SB engine test includes two stages.

Stage 1 runs for 100 hours to produce soot in the oil. Stage 2 is a 250
hour cyclic portion, intended to produce heavy | oad on the engine in short
bursts. At the end of the test, the valve train parts are neasured for
wear, reported as tappet weight loss, in 20 mlligrans, and canshaft |obe

wear, in mcrons. The results achieved with the exenplified oil are shown in
Table 2. Table 2 Gl GOl 1 Passing Limt G ade 5WM0 Tappet Wi ght Loss
(nmg.) 85 100 nmax Cam Shaft Lobe Wear, 43 55 nmax



Snap Gauge (m 25 As shown, G| 1, a 5WO0 grade lubricant fornulated with all
G oup Il base stock and having a phosphorus content of |ess than 1200 ppm
was able to neet the wear performance requirenents of the APl CJ-4/Cl -4
specifications. The disclosures of all pawents, articles and other naterials
described herein are hereby incorporated, in their entirety, into this
speci ficati ogyyiMef erence. - 35 Conpositions described as "conprising” a
plurality of “deftned conponents are to be construed as including
conpositions fornmed by adm xing the defined plurality of defined

The preseni inventyo mayeon et iieite JRRAHATIA SoRPEu IR ERaRe a SRRREY 07 ©

What 5 appli g@idonteaubimd gletel B0, 1 MM Ho] ®Bulfilt@oBtear of ricSgrBster than D@ const r ued
as limted to the particular enbodi nents disclosed, since the disclosed

enbodi ment s @ass Yeeaid epkiospborus cpnfentrafinowaseater: thar 04 R apassforpnd imegtingienges may

be made by those skilled in.the art ' hotﬁw_]n ) ership4  of
the inventi oweat%gneﬁllﬁeﬁégmfmé&ﬁg%fﬁ%%n% nu %%’g&%&gf)?}u rl%gtp“f‘nﬁgi’oi I
conposi tion kA ludicatistibil aérﬁgosi@&hc(ﬁ%jﬁsﬂ{g; of no greater than 0.1 nass % a
sul fur content of no greater than O. mass % and a phosphorus content of

no greater tfan 02nmjereaeouniatioirpblubrgatingevisapsisy whereibyaidhoid f hbgigatingment s of

at least one_of APl CJ-4:. APl Cl-4. and 4 sai d lubricati Qi |
conposi tion Xgﬁ%srl 'yscloﬂ’@. Sé('Sar)0 %re?cr(ﬁf %‘F’n ggr:%uﬁﬁﬁ%gﬁsgo/f Pf%r?e (frt}%&lgcdarﬁ P%E]\I?{gflssecosi ty
wher ei n sai ds@kk aﬁﬁ/oﬂ@mubqabgg@gtockiscosi ty conprises no greater than about
30 mass % of one or nore Goup |V base stock and/or G oup V base stock; (b)

at | east abo(l) 0. 3t lsest bowtd%3 masroh-dfpdondedmasdated elefin petwmyereand and  (c) at

| east 40 pp f boran. .2.. A lybricating oil conposition, as clained in claim
1, wherein g]g‘ic}d of“ﬁ%ﬁwalpﬁg’r?flébaolr?rhg vi scosity conprises no greater than
about 10 mass % of one or nore Goup |V base stock and/or G oup V base
stock. 3. Alubricating oil conposition , as clainmed in claim1l, wherein

said oi | of 2{ ubr Aclbrieajingioslcesinoyitionn 8s eleinekiaclaimal, wheedin id e of | | base
st ock. lubricating viscosity comprises no greater than about 10 mass % of one or more

Group IV base stock and/or Group V base stock.

3. A lubricating oil composition , as claimed in claim 1, wherein said oil of

lubricating viscosity consists essentially of Group III base stock.

4. A lubricating oil composition , as claimed in claim 1, having a sulfated ash

content of from about (.7 to about 1.0 mass %.

5. A lubricating oil composition, as claimed in claim 1, having a phosphorus

content of from about 0.08 to about 0.12 mass %.

6. A lubricating oil composition, as claimed in claim 1, comprising from about

0.3 to about 5 mass % of said non-hydrogenated olefin polymer.

7. A lubricating oil composition, as claimed in claim 1, comprising from about

0.5 to about 5.0 mass % of said non-hydrogenated olefin polymer.



4. A lubricating oil conposition, as clainmed in claim1, having a sul fated
ash content of fromabout 0.7 to about 1.0 mass % 5. A lubricating oil
conposition, as claimed in claim1, having a phosphorus content of from
about 0.08 to about 0.12 nass % 6. A | W®4-cating oil conposition, as
claimed in claim1, conprising fromabout 0.3 to about 5 nass % of said
non- hydr ogengt ed @ RibiiBatfip] din®mpogitiof, hudisinedtin otpireill, whergiosiid han, as
clained in claim1, conprising fromabout 0.5 to about 5.0 nass % of said
non- hydr ogenhy&Qgenaieq elefin polymer 1s sglected from polybpieas.inedyien uteé‘@ﬁﬁié‘l‘i“i“bﬁi as
clainmed in clﬂ?eiréqfl, wherein said non- hydrogenated ol efin polyner is

sel ected from polybutene, polyisobutene and m xtures thereof 9. A

| ubricating oil conposition, as clainmed in claim8, wherein said non-

hydr ogenat ed ol efi n pal yner has a nunber average. nol ecyl ar wei ght of from
about - 450 t 8 abodk BNl CORPAFHIONe A% Flagned;ih clagifo SNETCHHSA4 RO ai ned i n
claim1, contajni

| ubri cati ng (i)‘?{%gg%ﬁ%fs@g? gﬁ?%nseég?sa% Rn%rgp‘%% a@g?ﬁ%&x@%aﬁ? %k?%lfr%;? ?B?r%t about
50 to about #60tpssouod3@oron. 12. A lubricating oil conposition, as clained
inclaiml, further conprising one or nore netal detergents including a
magnesi um detergent in an anopunt providing said conposition with at | east

about 0.09 S %,0 I " MOL At RghiR 1 SR frdBbodS0
clainmed in gﬁgi m ﬁ{ub&ﬁ%ﬁﬁdﬁpéﬂg ltln@glcrllesélbsr%%dielt erlgel’ltC prlogrlﬁd%s sa?"g
conposi tion w hkouat00 ppsitofdoaust 0. 115 nmass % of magnesium 14, A

| ubricating oil conposition, as clained in claim1, having a TBN of from7

to about 15. 15. A lubricating oil conposition, as clainmed in claima1,

further conprisin : %H‘bﬁ‘]% 0 i - t i Qi i
conposition vlvil’t h ?\r%r%na g}g){qﬁ %ﬂﬁbﬁggﬁdggr%@q@bf% }éir? nf?grig@dl%
| ubri cating 60lto absp a0 ppapf besorcl ai med in claim 1, further conprising at

| east about 0.5 mass % of an ashl ess anti oxi dant sel ected fromthe group
consi sting of

12. A lubricating oil composition, as claimed in claim 1, further comprising one or
more metal detergents including a magnesium detergent in an amount providing said

composition with at least about 0.09 mass % of magnesium.

13. A lubricating oil composition, as claimed in claim 12, wherein said
magnesium detergent provides said composition with at least about 0.115 mass % of

magnesium.

14. A lubricating oil composition, as claimed in claim 1, having a TBN of from 7

to about 15.

15. A lubricating oil composition, as claimed in claim 1, further comprising a
molybdenum compound in an amount providing said composition with from about 10

to about 350 ppm of molybdenum.

16. A lubricating o1l composition, as claimed in claim 1, further comprising at
least about 0.5 mass % of an ashless antioxidant selected from the group consisting of

sulfur-free phenolic antioxidants, aminic antioxidants, and mixtures thereof.



sul fur-free phenolic antioxidants, am nic antioxidants, and m xtures

thereof. - 38 17. A lubricating oil conposition, as clained in claim1,
further conprising at |east one nitrogen-containing dispersant, in an
anount providing said lubricating oil cad®osition with at |east 0.08 mass%

of nitrogen. 18. A lubricating oil conposition, as clainmed in claim17,
wherein sai dini t r aggRBricaiiptdl ciny@stionpey dairteddn claim de furtiier benaptisingat

di spersant derived from highly reactive . polyisobutyl ene. &31 A | ubrjcating
oi | conposi t 1e8ft ongNiEPgANngaRtaining dzspessant, i an axaount grayidiag sajd Jpbrigating oih npunt

of at | east L ' Q : e formula: (Y') a(Y)a A~ F
L-Ar),,, mhe?glgggsgﬁ&}l\gﬁ@%g&%gmﬁ%Afjggrrngfgé‘%ﬁs an aromatic noiety having O
to 3 substituents selected from al kyl, al koxy, al koxyal kyl, hydroxy,

hydr oxyal kyl , acylox%h acyl oxyal kyl, aryl oxy, aryloxy al kyl, halo and

conbi nat i ons 18her dolubrigating qil ¢ampasiipapanclaimadyin glamdi; whensh) Bi4NE88HYi si ng a

ol oty of ¢ neoTRPE L3RG Rlarolschl Rt AL OB BRIt S p IR BT 1V 0 e

S; Rand R abkiwedafyldnedependent|y selected fromH C, to C6 alkyl and
aryl; zis 1to 10; nis O0to 10 when Xis (CR 2)zf and 2 to 10 when Xis O
or S, yisl1lto 30; Zis H an acyl group, an alkyl group or an aryl group;

each a is ingdependently. . -] e - -Ar ie : ast one
G oup i 1 uhiten 2 SHgkh diPotupdlids RS s iR 17k ae Phpling £
conposi ti on, niforcdnounedf atlesst ahérsdot dispedshigrcoapapnd sf thg fermuta:nor anmount of a
| i near bl ock copol ynmer conprising one bl ock derived primarily from vinyl
aromati ¢ hydrocarbon nononerY)and onéYBtock derived primarily from diene
mononer. 21. An SAE OWor 5Wnultigragde lubricating oil conposition having a
sulfated ash content of no ¢rea ﬁL_L n 0.1 mass % a sul fur content of no
greater than 0.4 nmass % and a ospﬁ‘ﬂhs content of fromabout 0.08 to

012 o 38 BT gt gt g i L D
ACEA E7, sai delketbd froat dlkyg, elkbxy atipayalkiyhhydroxy, hydroxyalkyl, acyloxy,
acyloxyalkyl, aryloxy, aryloxy alkyl, halo and combinations thereof; each L is
independently a linking moiety comprising a carbon-carbon single bond or a linking
group; each Y’ is independently a moiety of the formula Z(O(CR2),)yX-, where X is
selected from (CR’;),, O and S; R and R’ are each independently selected from H, C;
to Cg alkyl and aryl; zis 1 to 10; nis 0 to 10 when X is (CR’3),, and 2 to 10 when X is
OorS;yis1 to30; Z is H, an acyl group, an alkyl group or an aryl group; each a is
independently O to 3, at least one Ar moiety bears at least one group Y in which Z is

not H; and mis 1 to 100.

20. A lubricating oil composition, as claimed in claim 1, further comprising a
minor amount of a linear block copolymer comprising one block derived primarily
from vinyl aromatic hydrocarbon monomer, and one block derived primarily from

diene monomer.

21.  An SAE OW or 5W multigrade lubricating oil composition having a sulfated
ash content of no greater than 0.1 mass %, a sulfur content of no greater than 0.4
mass %, and a phosphorus content of from about 0.08 to 0.12 mass %; and a TBN of

from about 7 to about 15 and meeting the wear performance requirements of at least



conprising: (a) a mgjor anount of oil of lubricating viscosity wherein said
oil of lubricating viscosity conprises no greater than about 10 mass % of
one or nore Group IV base stock and/or Goup V base stock; (b) 0.3 to about
5.0 mass % of a. non-hydrogenated ol efin pgl.ymer having a nunber average

nol ecul ar wei ght of from about 450 to about 2300, selected fromthe group

consi sting OBnQBfX?Pt?QleAPg@IM! SRPUCEICEANGi b HEA RS 61h&fn%?fsmoﬁc) an amount

of an overbased magnesi um detergent providing said l‘ubricating oil
conposi tion wbmprisingl east 0.09 mass % of magnesium (c) at | east 0.5 mass %
of an ashl es

ant i oxi.dant sel rom.the u con5| n f.sulfur-free
phenol i ¢ ant ?@m dAMRYOr ARPYRL O aﬁP?BPmaﬁlﬂ%“S@)ﬁﬁygﬁ@?m? &4 lr?grl‘g’&’rca“%) at
| east one ni SRR : v, V@GP IVIaké
| ubri cating gfsiegéc?%rrpom thi%@%etq%e?gfah%gg@tmoﬂ%% /ngggﬁ/fgﬁ‘ﬁgfét roggn and (e) a

nmol ybdenum cetmpbamﬂfor Graup Ytesastogk; ovi di ng said lubricating oil conposition
with from ab 0 350 bden |nS|dIubr|cat|ng
oi | conposi tﬁgn h 5359 Pb%o f%‘g?ao?onf' [?F%%%BO y@% VIR®HH ppm 22.
A | ubri cat i ngyfibr £RERRTHhSIEANar @agﬁd @ﬂmaﬁ&t%am%bt 2806 sElieBred oth gltel g\f

| ubricating viscosi ty consi sts es tially of Goup Il base stock. :
| ubricati ng grdupconpetng oﬁpolylaﬂer[el, polmsdbmtaneczimi mix2dres thsvretotﬁer conpri si ng a

mnor anount qof at |east one so sper si ound t he, formul a:
R A L A WHBPECOHL oA LRAGHRI P A RSO g SRCMBT g by

having 0 to 3,8 y%ﬁbﬁ mta%leaaai 65 bk %r&%f%h&ihm al koxy, al koxyal kyl,
hydr oxy, hydroxyal kyl, acyl oxy, acyl oxyal aryl oxy, aryl oxy aIkyI, hal o

and conbi nat ilgns thkagdf maschh df ansashlessclmpemdemtde;ecaadlﬁomﬂwggrmp ety
conprising a carhon- on.single.bond or a linkin ou ach Y is
i ndependent | FORSIHHREBS 9“'3‘? r-freepicgelit F‘%P%(“&“éﬁ??ﬁmmf 93(“0’8 &F‘éme&o

selected fromdldf 2),, 0 and S; R and are each i ndependent ly sel ected
fromH Cl1 to Co alkyl and aryl; zislto 10; nis O to 10 when X is
(CR 2),, and(@ t o aflBasttoma nirogen-containing dispersant, in an amount providing said

lubricating oil composition with at least 0.08 mass% of nitrogen; and

(e) a molybdenum compound in an amount providing said lubricating oil
composition with from about 10 to about 350 ppm of molybdenum;

wherein said lubricating oil composition has a boron content of from about 50 to

about 100 ppm.

22. A lubricating oil composition , as claimed in claim 21, wherein said oil of

lubricating viscosity consists essentially of Group III base stock.

23. A lubricating oil composition, as claimed in claim 21, further comprising a

minor amount of at least one soot dispersing compound of the formula:

(Y)a (Ya

|

Ar—CL—Arn),
where each Ar independently represents an aromatic moiety having 0 to 3 substituents
selected from alkyl, alkoxy, alkoxyalkyl, hydroxy, hydroxyalkyl, acyloxy,
acyloxyalkyl, aryloxy, aryloxy alkyl, halo and combinations thereof; each L is
independently a linking moiety comprising a carbon-carbon single bond or a linking

group; each Y’ is independently a moiety of the formula Z(O(CR3),)yX-, where X is



Oor S; yis1to30; Zis H an acyl group, an alkyl group or an aryl
group; each a is independently O to 3, at |east one Ar noiety bears at

| east one group Y in which Zis not H and mis 1 to 100. 24. A lubricating
oi | conposition, as claimed in claim21, gyurther conprising a ninor anpunt
of a linear block copolyner conprising one block derived primarily from

vinyl aromatje¢ h Q 1t ) i I i rom

i one monomerS et FGRTCR AL SHATER o R, REZ0h ARepaREhaP i REmH, G

| ubri cating @ic, alk@mpasiylj £13 j&® 10 aiigeto | OwbkaXnis (CR2Y,, ald Dealy wieh X idi esel

(HDD) engine lubricated with a lubricating il conposition as clainmed in

claim21. 270 ok Sydtinbdio 3GrZ isthragvackygronr apadleyl gEQUnAT AR fEY BPuR CAEL P duty

di esel (HDD). i i Il hricat bng t he
ngine with a rircating”’ oil conposition, as clainmedin claiml, and

e 1nd§ﬁ%dgﬁgl W 5 r11t Etrb%% &H’H&egp@e%rst zﬂq?aﬁ{ S‘rPeSdgrBEp IY"'B vb}ﬁ?ﬁ A

oper ati ng t hgotlHthimdeaiedtera. ne. 28. A nethod for inproving the wear
performance of a heavy duty diesel (HDD) engine, which nmethod conprises the
steps of lubricating the engine with a lubricating oil conposition, as

claimed in C&ﬁ.i m %jiubgcrﬁqmg%ﬁrc%HpgﬁtiBH,easl cltlﬁlrnie&% 8%?99,‘ fifther comprising a
minor amount of a linear block copolymer comprising one block derived primarily
from vinyl aromatic hydrocarbon monomer, and one block derived primarily from

diene monomer.

25. A heavy duty diesel (HDD) engine lubricated with a lubricating oil

composition as claimed in claim 1.

26. A heavy duty diesel (HDD) engine lubricated with a lubricating oil

composition as claimed in claim 21.

27. A method for improving the wear performance of a heavy duty diesel (HDD)
engine, which method comprises the steps of lubricating the engine with a lubricating

oil composition, as claimed in claim 1, and operating the lubricated engine.

28. A method for improving the wear performance of a heavy duty diesel (HDD)
engine, which method comprises the steps of lubricating the engine with a lubricating

oil composition, as claimed in claim 21, and operating the Iubricated engine.



