2005M012 FF -1 LUBRI CATING O L COVMPCSI TI ON FI ELD OF THE | NVENTI ON Thi s
invention relates to a nmethod of inproving the seal-conpatibility
performance of 5 lubricating oil compositions used in engi ne crankcases and
transm ssions, particularly lubricating oil conpositions having significant
sul phur and/or salicylate soap contents, and to lubricating oi
conposi t pemsi2zRavi ng si gni fi cant sul phlur and/ or salicylate soap contents that
exhi bit enhanced seals conpatibility performance in engi nes and
transm ssi ons cont ai ni ng nltrlle rubber seal materials. The invention
further relates to a net hdd/BH NG OHaCONIASITEAN, 0si on per f or mance 10 of
| ubricating oil conpositions used in engine crankcases and transm ssi ons,
particul arl | ubricating oil conpositions having significant sul phur
contents!l&ﬁh&ﬂ&lﬂﬂ@ﬁﬂEﬁ%ﬂaﬁ oi | conpositions havi ng significant sul phur
contents that I rjpance. 15
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Ther ef ore, it S1'T abl e to provide a ne
conyat i bmti ptigatoh, to reduce oil consumption, to inhibit corrosion, to act as a dispersant, and to reduce

friction loss. Some additives provide multiple benefits, such as dispersant-viscosity modifiers.
Many base oils contain sulfur, and a number of extremely effective additives conventionally used
in engine and transmission lubricating oil compositions, including zinc dialkyl dithiophosphates
(ZDDP), certain molybdenum-sulfur compounds, ashless dithiocarbamates and sulfonate and

25 some phenate detergents, also contain sulfur and contribute to the overall sulfur content of such
formulated lubricants.

Modem internal combustion engines and transmissions include numerous gaskets and
other seals formed of nitrile rubber materials. Lubricant sulfur has been found to contribute to the
deterioration of materials. Before certifying a crankcase lubricant for use in their engines, engine

30  manufacturers (oftentimes referred to as “original equipment manufacturers or “OEMSs”) require
passage of a number of performance tests, including tests for compatibility with engine seal
materials. It is also suspected that high levels of salicylate soap from salicylate detergents may
contribute to the deterioration of nitrile rubber seal materials, particularly in “low ash” lubricants.

Therefore, it would be desirable to provide a method of improving the seal compatibility of



2005M012 FF -2 lubricating oil compositions, particularly lubricating oi
conposi tions having significant sulfur contents and/or high |evels of
salicylate soap, and lubricating oil conpositions having significant sulfur
contents and/or high levels of salicylate soap, that provide inproved

seal -conpatibility performance. 5 Lubricant sulfur has been found to cause
copper coMPN&TBN. Prior to granting cértification, OEMs also require
lubricating oil conpositions to pass a copper corrosion test. Therefore, it
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lubricating oil compositions, particularly lubricating oil compositions containing a significant
amount of sulfur, such as a sulfur content greater than about 0.10 mass %, such as greater than

25  about 0.15 mass %, particularly greater than about 0.20 mass %.

Therefore, in a first aspect, the invention is directed to a method of improving the seal
compatibility performance of lubricating oil compositions for the lubrication of an internal
combustion engine or engine transmission, which method comprises adding to such lubricating
oil compositions a minor amount of a non-hydrogenated (unsaturated) olefin (co)polymer.

30 In a second aspect, the invention is directed to the method of the first aspect in which the
lubricating oil composition contains a significant sulfur content, such as a sulfur content greater
than about 0.10 mass %, particularly greater than about 0.15 mass %, such as greater than about
0.18 mass %, more particularly greater than about 0.20 mass %, and comprises a major amount of

oil of lubricating viscosity; a minor amount of at least one sulphur-containing additive, and from
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olefin (co)polyner, wherein all mass percentages are based on the total
mass of the lubricating oil conmposition. In a third aspect, the invention is
directed to the nmethod of the first aspect in which the |lubricating oil
conposition conprises a major anmount of oil of lubricating viscosity; a
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olefin (co)polymer, wherein all mass percentages are based on the total mass of the lubricating oil
composition.
In a sixth aspect, the invention is directed to a method of the second aspect or a
25  lubricating oil composition of the fourth aspect, wherein the sulphur-containing additives are one
or more of a metal salt of a dihydrocarbyl dithiophosphate (e.g., ZDDP), a sulfonate detergent, a
sulfurized phenate detergent a molybdenum-sulphur compound and an ashless dithiocarbamate.
In a seventh aspect, the invention is directed to a method of the second aspect or a
lubricating oil composition of the fourth aspect, wherein the lubricating oil composition further
30  contains a salicylate detergent in an amount introducing into the lubricating oil composition at
least about 9 mmols of salicylate soap per kilogram of finished lubricant and, preferably, has a
sulfated ash content of not greater than about 1.1 mass %, more preferably no greater than 1.05

mass %.



2005MO 12 FF 4 In an eighth aspect, the invention is directed to a nethod of
the third aspect or a lubricating oil conposition of the fifth aspect,
wherein the lubricating oil composition contains a significant sul fur
content, such as a sulfur content greater than about 0. 10 mass %
particularly greater than about 0. 15 mass % such as greater than about O.
18 mass P9OSMMYFE particul arly greater -45 than about 0.20 mass % In a ninth
aspect, the invention is directed to a nethod of inproving the copper
corrosion performance of lubricating oil conpositions for the |ubrication
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In a twelfth aspect, the invention is directed to a concentrate for preparing a lubricating
oil composition of the fourth aspect comprising an oleaginous carrier, a non-hydrogenated olefin
(co)polymer, and one or more sulfur-containing additives.

In a thirteenth aspect, the invention is directed to a concentrate for preparing a lubricating

25  oil composition of the fifth aspect comprising an oleaginous carriet, a non-hydrogenated olefin
(co)polymer, and one or more salicylate detergents.
Other and further objects, advantages and features of the present invention will be

understood by reference to the following specification.

30 DETAILED DESCRIPTION OF THE INVENTION

The lubricating oil compositions of the present invention are for lubricating the crankcase

of an internal combustion engine, preferably a compression-ignited (diesel) engine, more

preferably a compression-ignited heavy duty diesel engine. Crankcase lubricating oil



conpositions for a diesel application, in particular for heavy duty diesel
engi nes, have to be specifically fornmulated to neet the perfornmance

requi renents for such an application. G ls of lubricating viscosity usefu

in the context of the present invention nmaybe selected from natural
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phthalic acid, succinic’acid, alkyl succinic acids and al kenyl succinic
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prepared by polymerization of ethylene oxide or propylene oxide, and the alkyl and aryl ethers of
25  polyoxyalkylene polymers (e.g., methyl-polyiso-propylene glycol ether having a molecular
weight of 1000 or diphenyl ether of poly-ethylene glycol having a molecular weight of 1000 to
1500); and mono- and polycarboxylic esters thereof, for example, the acetic acid esters, mixed
C;-C; fatty acid esters and C;; oxo acid diester of tetraethylene glycol.
Another suitable class of synthetic lubricating oils comprises the esters of dicarboxylic
30  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, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol

monoether, propylene glycol). Specific examples of such esters includes dibutyl adipate, di(2-



2005MD12 FF -6 et hyl hexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
pht hal ate, dieicosyl sebacate, the 2-ethyl hexyl diester of linoleic acid

di mer, and the conplex ester forned by reacting one nole of sebacic acid

W th tmo nol es of tetraethylene glycol and two nol es of 2-ethyl hexanoic
acid. 5 P8™MREFuseful as synthetic orfs al so include those made fromC5 to
Cl12 nonocar boxylic acids and polyols and pol yol esters such as neopentyl
glycol, trimethylol propane, pentaerythritol dlpentaerythrltol and

tri pent a8PyRPsghacate;di-ndghy %ﬁgaéﬂe d‘%(qCE:Yl sqhateten diisopriyl 3zqlase diisadecyl psiafar y1 -

pol yal koyctyDhttake/ aidydyPymaddte, GRicd syl Qétaatd it 25dihyIeR} 1t Qe 6 1R dcgie anot her
useful class of synthetic Iubrlcants such oils include 10 t et raet hyl

si | i cat edimen@pdihe spmRpy estes farmed bereagting pae mole of sehadircaei yidh wogrgles of
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silicate, hexa- - -etgilhexy ) di sil oxane, poly(nethyl)siloxanes and

pon(hethyIphEﬁ?FP%ﬁﬂ@%ﬁﬁé@ﬁc stadse inpjude Hosd wadefiom Geip Cngmesiorasbaxyli¢ ude
liquid e&%%%ﬁdE&FQQB§HQ%%P&§n§QBﬂéhﬂ%&%g@ﬁbgﬁtﬁﬁmﬂymgﬁékl%?&%ﬁggggﬁphate,

trioctyl phospha Iret’hyl  ester o osphoni ol ynmeric
tetrahydﬁgﬂmﬁﬁﬂ@ﬂMEBdGnmemmﬁwaﬁbles of base oil are gas to-liquid ("GIL")

base oils, i
Fi scher - Tropsc Cég%? s?gg g§¥og kgdﬁ W%&ngﬁﬂﬂ%& Pﬂg ?”€§§°%%ntaun|ng
hydr ogenoisrdd sihiedton!swomprisedrotheiusgulalass @fcshrahetfﬁrhdpsmhs sehally srluddhese

hydrfbcar@ﬁ’%?hlﬁ éﬁﬁéa?ea}[eerls?;{]g@ﬁ’Hl?atJ %%52%%@@58&%%%&@9 tetfd- (%’”é% 1%0 be useful as

base oi | wil in , be

hydr oi s oetiylhaxgisilidatedicwe- (mtcké)dtmphbnh}) dilicats dmw@zmdhyldevlad&edyl)dmﬂome _

g’ g L 8' ]S O;r)“ér((lrn%gl ]I)ialogangew% LPogyl(rfl?t{}}%%hen%l)solf)xanlﬁlsb rdtﬁeartgl glgetl\éll nBer n ﬁélls 1n¥lu§ onprise a
af or ene nlﬁquuhfetirsbﬁ$50sph@mls&onﬁfnefg&bﬂb (e)g., thidresybpHosyiiate] Mbdftqu:ﬁlbdiﬁhge,\ﬂlﬂms ity is

a Goup || or,G.oup Il base st mxture thereof, or a mxture of a
G oup I‘ﬁ%@%gﬁ?%gvggﬁﬂwa@ﬁi”&ﬁ”ﬁﬁFQ % gﬁgxﬁ]and G oup I11. Preferably, a
maj or 5 am)u Nt Ofhettdx@mgled ofhsel dillid £a3td-NGuid BGTLILCIASE dils, il.eS tha beIe@hlfnaylbe of OUP

i, | V. or _Group V base stock, or a mx e thereof In one particular
e nbodl tveq forp Elsﬁ%g @PF“E‘&WH%SEZ"B E%‘H?Céjfb"fl%’a E’e% £33 GYHAIREE gr eat er

than 60 ny@fge?and@brbbh@io8dxideQisink dFiscRe T 6H@chVdaBGES I Thesel Ly didtABdma typally The base
stock, or bhase stock bl end referabl%ﬁﬁhas a_sat urate content of(g | east
f e

65% noriedyFedFEieapOgEssps Morder tosgisetul s hasg oil, Fon example.dhay,mayy kY methedst e apl vy,

t he baSQm@%@ﬁkmeQ{b@ﬂﬁﬁo@&ﬂﬁ&ab%?&dma&@&mﬁnﬁaﬁﬂ%ﬁk@mﬁQﬂh@ﬂb &f greater than
90% 30 Preferabl e oil or oil blend will have a sulfur content of no

greéper}WﬁQﬁowmymﬁﬁé%d%W%%ig from about 0.001 to about 0.5 mass %, such
as no great efhetoh%mu@néanﬂgsﬁco{m( ﬁageompfnrs@maﬁemtargum& Gfbugﬁb%ie st mass 9,

preferabI% from about 05 to about 0. mass % Prefera the volatility
a

of the orl ssplléiepd%ﬂfébﬁopforsz@enﬁ@a@ha&ftws tEreferle(cqbe vlép%lpbmqatlgg Yigeasity is

a Group II or Group III base stock, or a mixture thereof, or a mixture of a Group I base stock and
one or more a Group II and Group III. Preferably, a major amount of the oil of lubricating

25  viscosity is a Group II, Group III, Group IV or Group V base stock, or a mixture thereof. In one
particular embodiment, it is preferred that greater than 50 mass %, such as greater than 60 mass %
of the oil of lubricating viscosity is mineral oil. The base stock, or base stock blend 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%.

30  Preferably, the oil or oil blend will have a sulfur content of no greater than 0.5 mass % (e.g., from
about 0.001 to about 0.5 mass %), such as no greater than 0.1 mass % (e.g., from about 0.001 to
about 0.1 mass %), preferably from about 0.005 to about 0.05 mass %.

Preferably the volatility of the oil or oil blend, as measured by the Noack volatility test
(ASTM D5880), is less than or equal to 30 mass %, preferably less than or equal to 25 mass %,



(ASTM D5880), is less than or equal to 30 mass % preferably |less than or
equal to 25 nmass % 2005MD] 2 FF -7 nore preferably |less than or equal to 20
mass % nost preferably | ess than or equal to 16 mass % Preferably, the
viscosity index (VI) of the oil or oil blend is at |east 85, preferably at

| east 100, nost preferably from about 105 to 140. Definitions for the base
stocks aRWMRSE oils in this inventioh are the sane as those found 5 in the
American PetroleumInstitute (APl) publication "Engine G| Licensing and
Certification S\éstern' | ndustry Services Departnent, Fourteenth Edr tion,
Decenber MPFoRBCeTRBlY des8i (haR 9 equﬁé‘&g(?rﬁésrs % 995t Preigiehly hesh e g% 5997l te A¢ Basrhzes base
st ocks aprd@htlR W viRdsitPiieR (V1) b%@ o bosiKS Q4 1adatt d58prefeldBR Mt RAst A6 Ccent
saturates and/or greater than 03 percent sulfur and have a viscosity

i ndex gr 819ftg¥e ?rﬁ%lﬁfrémaéﬁfﬁdw E°d480 and I ess 10 than 120 using the test

met hods speci Hefithibd [FaR Basd stodk) afd Poilskin ﬁ%ﬁﬁveﬁﬁ&%@th@?ﬂﬁ@ds@hcgé RAhEr than

or equal to 90 percent saturates and |ess than or equal to 0.03 percent
sul fut amdhhAperieanPeselemm InptitpigdARD gridizetion “Engine @ Licspging and Eegiication | ess t han

120 usi ng srtcbr? in%ﬁm@%wﬂé%% uﬁPﬁ%htf Fgﬂtebﬁh E&B&'P Ijecen?t)er @S%ugddehél rp‘?‘se st ocks

contain great ér than or e ercent <Saturates ah 1ess than or
equal toDece@)@eqn@ﬁ&ei;ﬁldBuhllﬁajmnaﬁ%ongﬁé)aa stackcasdoliowsi ndex greater t han or

equal to 120 i p | V base
stocks are polfrl)f/a %@? %i?s%tssto?i%&%ﬁhgﬁ13%9%8()“]08%%{;%%1?%%5 anbfor?f e all other
base stocks not i n@DB,rdecbnt wli@mdpiaveamcomtyllhdex gmateNthaQOreTlatilteSO and lfwsal yti cal
Met hods for Base rt %l? esASTM D 2007 Vi scosity

I ndeg(g\STM D 2270 S%?’furA tkz{%%%{hﬂ %P%%j‘ub&ng D 4927 ASTM D 3120 The
non- hydr ogenab)ed oGHiup il taseostqels yomein greadruhanion equakto0 pedcers atarbitet el 1¢ns esent
invention 1is pre r abl mer_.of .one. or

ol efin monomners. Ffé? %ﬁj‘té)@bryper?%ﬁsuﬁ?}roq%géé‘f?aatvé%?o%‘fyé?qeﬁ gfeg% E‘Sﬁlgfy ners usef ul
in the invention hauelto8d aﬂiﬂvetm la&’esl’lweteétbmﬂtod®l§;&01f125uﬂnbb|le bond per

Prg:,%gg CQ?I " )X;I-Bre(gé) %IPgas stocks co tam gre teretﬁzrglnr (?rdeqtl?e}f tcP&J Blerrrc%tl s% ates angha olefin

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

e) Group V base stocks include all other base stocks not included in Group I, 11, III,
or IV.
20 Table I - Analytical Methods for Base Stock

Property Test Method

Saturates ASTM D 2007

Viscosity Index |ASTM D 2270

Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

The non-hydrogenated olefin (co)polymer useful in the practice of the present invention
is preferably a polymer or copolymer of one or more acyclic olefin monomers. Generally, the
non-hydrogenated olefin (co)polymers useful in the invention have, or have on average, about one

25  double bond per polymer chain.

The (co)polymer may be prepared by polymerizing alpha-olefin monomer, or mixtures of
alpha-olefin monomers, or mixtures comprising ethylene and at least one C; to C,5 alpha-olefin
monomer, in the presence of a catalyst system comprising at least one metallocene (e.g., a

cyclopentadienyl-transition metal compound) and an alumoxane compound. Using this process, a



al pha-ol efin nononers, or mxtures conprising ethylene and at | east one C3
to C28 al pha-olefin nononer, in the presence of a catal yst system
conprising at |east one nmetallocene (e.g., a cyclopentadienyl-transition
metal conpound) and an al unbxane conpound. Using this process, a 2005MO12 FF
-8 polymer in which 95 %or nore of the polyner chains possess term nal

et henyl i den®LFype unsaturati on can tfe provi ded. The percentage of pol yner
chains exhibiting term nal ethenylidene wunsaturation nay be determ ned by
FTIR spectroscopic analysis, titration, or C' NMR Interpolynmers of this
latter typemerdy “hish@h &t erepass pLthgpalymershainsossgssderpegaletbenylieneyiypeyher ein 5 R1
is C tOoufedRirafibkYdn be F(ﬁff(ﬁﬁ.a'blllé/pegentgé §PpBlyRkKdthins e@ﬁtﬁmng[]t&&ﬁﬁa@@dhyny@ae&o Cg

al kyl, and nost preferably Cl to alkyl, (e.g., methyl. or ethyl) and
wher ei n Popiwratianpay bhdesermied py FlRespetioadopic anatysds, dtation, réni™MRof the R al kyl
group w mteryawergsﬂqﬁl@%@&ywmsm GATDBUIBLL Bk (GRLRGIY-ERL)MSE wheRid he

pol ymeri zat1 on. m nor anount” of the polyner chalns can contain term nal

et heny| , Ry is G to Cx iyl preferpbhit GirteCis@Hyl, imoee prifioraivly Ghzachipalkydredd mogor t i on of t he

pol ymer s tapn. r tol -9 R» }-gglr—h]g;lﬁw(l?),
wherein %%Pe:fhgﬁgg‘l tggf ?ﬁrc\gd@'é’g%teg&?ol hegg%@g%&%@ﬂd}%ﬁg%ﬁ}}gﬁgl inter pol yners
may be pTepariadensth dwmii ahet gbimoeidineryciependigoy therrdmpsymen(sksslebied fqyuepar ed as

descri bed 4 : ent_ | X k300 B . .5,.814, 715;
6. 022, 928 DepstyrgEhe A amcnf e ifmer PRI el €t leny?. 2

(cg) Pﬁl yﬁ}ssurpgpamdi.WWaﬁllHeﬁHgmmwmt'h:czfalteip@bmemallmﬁorita'mmmraﬂll _ e,b tstyr ene,
an e like. mon (co framthis class jnclude palyisobutenes
obt althed™BRPUBBIYHER %{fi@ﬁw{l‘é@& TR y'S 8% dedasd Hhave S.@e%s HEERE cont ent
of abou'[uxﬁ&uﬂa&d%ﬁ@ﬁ&lym&5%&?k‘e Wepared@ydnad®n hﬁﬁhbﬂeﬁ@@wﬁﬁﬂ@@ﬁﬁmﬁy aldut 30 to
about 60% by w., 1.n the of

, Int bQ}gresence a Llewis acid catal ?/H?t such as
al umi nunRTERFS desereeddr Uo PERINNOR 1449880 e, 068! 8¢h SaO8AT 1 vt 15: €92 DPFe
preferregdodspped erred source of nonomer for making poly-n-butenes is
petrol eum feedstreans 20 such as Raffinate Il. These feedstocks are
di scl osed in 4mgheapield glaps A SRS is (RpRontmeRgPreparEddy sationty POPBIHFABBuUL y| ene
I's a;sDShriRbatRS gtﬁ‘épé?%d/ﬂﬁ@fiké?fc&rhﬁ)ng&?ﬁﬁﬁﬁerb RYRAKiS ORss RRERE $6lylsbbukices T €adi |y
avai | abl e by cationic polynerization from butene streans (e. % , using AlC13
or BF3 obiinedpypalymersuson of el (pirefasut sreen Bavingertuiiene pontent af abowl e phoutl
unsat ur ajsbofy, 41 AIRHREAL RIS DB 308 ziﬁéhﬁd@%b}d@ﬂ% fhe B&Q&cpﬁﬂ‘ 2 PR%Y Mer
chain, positioned along the chain. A preferred enbodi ment 25 utilizes
pol yi solagidyatelyst, pick parlemtinfimdnshiprigde pebareobiflngrideeittstlveiamnotricklomRif f i nat e |
streamt ' i : ne f ] i nylidene
ol efi ns.pqgﬁlg‘%dg%a i f;fr?cfﬁ%%é%f%éfé&#&?&sr %r%él glr)ﬁ//e u?eg‘é‘%é Bﬁ%ogiuﬁ]y@‘?dégégtnlﬁve
pol yA0s obuthydsdRadfinatdrl. PIHeye fe¢viaipeksare disahdserhin tha amydutidasie U.& Batemiio. of at | east
65% e. g, % r % . | east 85%
The. pr epar o SRe SR S el SR L SRSk B EEh Behatec i o B2t ey
No. 4, 1523d499vailkii¥e by cationic polymerization from butene streams (e.g., using AlCl; or BF;

catalysts). Such polyisobutylenes generally contain residual unsaturation in amounts of about one
ethylenic double bond per polymer chain, positioned along the chain. A preferred embodiment
25  utilizes polyisobutylene prepared from a pure isobutylene stream or a 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-
30 PIB is known and HR-PIB is commercially available under the tradenames Glissopal™ (from
BASF) and Ultravis™ (from BP-Amoco).
In another embodiment, the non-hydrogenated olefin (co)polymer, for example,
polyisobutylene, has at most 10, such as 5 to 10, %, of the polymer chains possessing a terminal

double bond (or terminal ethenylidene-type or terminal vinylidene unsaturation). Such a polymer



30 PIBis known and HR-PIB is commercially avail abl e under the tradenanes
A issopal TM (from BASF) and U travisTM (from BP- Anbco). | n another

enbodi ment, the non-hydrogenated ol efin (co)polynmer, for exanple,

pol yi sobutyl ene, has at nost 10, such as 5 to 10, % of the pol ynmer chains
possessing a term nal double bond (or term nal ethenylidene-type or

t er mi nal 2¥MNATT dene unsaturation). Suth a pol ymer 2005MOL2 FF -9 is

consi dered not highly reactive, an exanple of a connercially avai l abl e

pol ymer i.s un istm (from BP— usual.l y obtai ned
by, Dol y IR SHIOBENS AT TR OCH PTG GO ESIA O BAGHET abl y t he
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2 to 10, has g, , carbon atons. An especially preferred olefinis
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pr ef er abl %(hl n the range of from about 450 to about 2300, such as from about

450 to abdutl 145065 3 PrerEPARAY T rOhTREsAR prpfyed Qlehip di Rutegs ddvanfgeqtshecul ar

wei ght cagbdihel0 det er m ned by sever al known techni ques. A convenient nethod
for such determnation is by per nmeati on chronat oq?raph (IGPC) whi ch
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Yau, J.Jinkhd ft@RdnRAfors PreEeJrAbly N&d@ﬁ@e%lfaem%s@dtu% RMibbitt 286 such as from
Chrorrato raphy”, John W and Sons, New York, 1979). Further, it is
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can CO”t anath &91 é/ hAR5S Qen(a fole‘ﬂn 91 EEEnbd’*ca{L e%&r U&h 2o from
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floccul ati ang..pre atl QR or al .parts; .they conprise
25 | ongatc %glébn r&égorug ne ro‘flde %aghcflﬁgy%eqehmgll %De}q%tq' Lublﬁl).“’fltﬁlg(;(fﬂpoI ar head
capabl e mfnpasam iofithe prgsant inkentipacdn wheam thondachydioggated ettfin folyoiemant hy group

5,0 RN LW GG, BTN BT oG, RREBLLY, By ap et
(and t hysrteahrl &bﬂmab@)t 0debd eogehd smassBoy méfedbly mhedboﬁtrle(etodb&peﬁmi %. are al so
Dispersants (or dispersant additives), such as ashless (i.e. metal-free) dispersants hold
solid and liquid contaminants, resulting from oxidation during use, in suspension and thus
preventing sludge flocculation and precipitation or deposition on metal parts; they comprise
25  long-chain hydrocarbons, to confer oil-solubility, with a polar head capable of associating with
particles to be dispersed. A noteworthy group is hydrocarbon-substituted succinimides.
Generally, ashless dispersants form substantially no ash on combustion, in contrast to
metal-containing (and thus ash-forming) detergents. Borated, metal-free dispersants are also
regarded herein as ashless dispersants. “Substantially no ash” means that the dispersant may give
30  trace amounts of ash on combustion, but amounts which do not have practical or significant effect
on the performance of the dispersant. A dispersant additive composition containing two or more
dispersants may also be used.
Ashless, dispersants comprise an oil soluble polymeric long chain backbone having

functional groups capable of associating with particles to be dispersed. Typically, such



regarded herein as ashless dispersants. "Substantially no ash” neans that
the dispersant may give 30 trace anpbunts of ash on conbustion, but anounts
whi ch do not have practical or significant effect on the perfornance of the
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proportions of boron for each mole of acylated nitrogen composition. Combmatlons of borated
and non-borated dispersants may also be employed.

25 An ashless succimimide or a derivative thereof, obtainable from a polyisobutenylsuccinic
anhydride produced from polybutene and maleic anhydride by a thermal reaction method using
neither chlorine nor a chlorine atom-containing compound, is a preferred dispersant.

Dispersancy may be provided by polymeric compounds capable of providing viscosity
index improving properties and dispersancy, such compounds are known as a dispersant viscosity

30  index improver additive or a multifunctional viscosity index improver. Such polymers differ
from conventional viscosity index improvers in that they provide performance properties, such as
dispersancy and/or antioxidancy, in addition to viscosity index improvement (see below under

viscosity modifiers for further detail on multifunctional viscosity modifiers). In the event, a
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or COCOH efiginésOi8tay k166 have acid-neutralizing properties. A detergent comprises metal salts of
organic acids, which are referred herein as soaps or surfactants. A detergent has a polar head, i.e.
25  the metal salt of the organic acid, with a long hydrophobic tail for oil solubility. Therefore, the
organic acids typically have one or more functional groups, such as OH or COOH or SOsH, for
reacting with a metal, and a hydrocarbyl substituent. A detergent may be overbased, in which
case the detergent contains an excess of metal in relation to the stoichiometric quantity needed for
the neutralization of the organic acid. This excess is in the form of a colloidal dispersion,
30  typically metal carbonate and/or hydroxide, with the metal salts of organic acids in a micellar
structure.

Examples of organic acids include sulfonic acids, phenols and sulfurized derivatives

thereof, and carboxylic acids including aromatic carboxylic acids.



reacting with a netal, and a hydrocarbyl substituent. A detergent nay be
over based, in which case the detergent contains an excess of netal in
relation to the stoichionetric quantity needed for the neutralization of
the organic acid. This excess is in the formof a colloidal dispersion, 30
typically netal carbonate and/or hydroxide, with the netal salts of organic
aci ds i n2@Msi2¢el | ar structure. Exanples of organic acids include sul fonic
aci ds, phenols and sul furized derivatives thereof, and carboxyllc aci ds
|nclud|ng aronatic carboxyllc aci ds. 2005NMOL2 FF -12 Phenol s na

non- sulfurlzeg'%WS§ﬁW¢EPW&%ﬂu“#@ﬁ?ﬁéﬁ““?hémF@FdﬁeBﬁédﬁpmﬂa§‘ﬁ%%%”%%reln

i ncl udes iRhRBIKEnAOMh AN Hor I Ba s oﬁél@'&rcﬁ?legrwfd?%ﬂmyﬁlé @nhpl dafeoholgvamie, al kyl
catechols) or fused aromatic rings (for exa (bghthols) and
ot |b6fﬁl mg ]

phenol s wifMaHc Hegs éfopempleptiiofl inarhthp)s) emhceédai
al kyl eneréasﬁ&l%pleﬂh@reohﬁyla{acbrixg&rph&tm%w&ﬁm%gbé%gnd%tl@ea%émlsaagd S

sal i geni n-type phenol s (‘producéd by the reaction of phenol and an al dehyde
under 5 bagaligenig-Hme phanely §hrodurpdbithersaction of ephep@l@aé AR algiehyééwdehba@m furized

form De f h%%g illed in the
art, forkgiggtﬁﬁggeTﬁésllge}%Hglk %@%’egﬁnﬂ{)ﬁ%ﬁﬁ 22858022 an 11§9f5% 9%{( As indicated

above, t h@cesess@Fe kopem o) thosg skilledesin teeartefon cxampleushed). %}H’@tml Nosdhi28102have been 10
nDdified4§ygﬁaenlcal reaction with, for exanple, an al dehyde, and Mannich
base- condensed phenols. Al dehydes with which phenols may be nodified

i ncl ude, for éxidishied afoye,rted tdehipdenol” gsmendihoreal iddhded phenald Widhyhewd belyde. The

Pr et & 1 efoalsdetydenicn LOIRLE AL AL AR T e plEngln oyl ta0! o for

use in accor I és ent1 o are SCri exanpl e,
U S. Pat maolNoAldelﬁfd%Qlt}QﬁHichmtnﬁs BQQbf)ﬁledlﬁMmciu@ fdvasenpig rﬁtdmakdeldfdphenol s are

15 prepar eglolﬁédethh&: § B Ct Ia% %ae?hegpdefn ed al el?lyge 19?o&%dlgehy d dﬁﬂeh %]e S, PExarrpI es

of suitabl ns henor s ar'e Gescr at ent
Nos. 4, 708di8&bphandls slutzblé) foB ﬂﬁa in hccogimmrvath the ]brb&emph&mﬁbrSarErﬂgscmed liny dler

substituents er .th ti ove. .Exa ch

Subet | 1 (ool S hast s 508 SR R, MRS s R e e s ar o

tYEI fﬁal |%fe]§)ilﬁdd&iynlaﬁieﬁy‘101$tiﬁaf}ﬁlﬁﬂd1j aanldehydeald mcmnbeylE;&uip&ts bf witetde Masgeci al |y 20
al ky stitute mat i.c ons 0 e, obtained from
Fhe i1 scRRbtndir pEht b e O PRER N W AR T s or by The
al kyl at i taeplehola raprirciude kubshitoeds diigen than THoee maltioyddodbyle. Pibmplas 6f saeh ds usual |y
contain fbon1about 2 to aboutﬁ}BO or nnre carbon atons. The sulfonic acids

may be sUBEHHPEAEMERPHSEFUPT HYT9ER ARy | group on the aromatic noiety, for

exanpl e they smgnidacidd at wicmnwdbtﬁﬁddm@@mfona@dndﬁfhycﬁb@fr@n@hisﬁmtebeesﬁdéiailpni c acid
has a nunber 25 average nol ecul ar wei ght of 350 or greate nore preferably
400 ¥r garllgléls@}stltu@g,ﬁé@paéqqhy drgefsD s for example, those obtained ffom the fractionation of

petroleum by distillation and/or extraction, or by the alkylation of aromatic hydrocarbons. The
alkylaryl sulfonic acids usually contain from about 22 to about 100 or more carbon atoms. The
sulfonic acids may be substituted by more than one alkyl group on the aromatic moiety, for
example they may be dialkylaryl sulfonic acids. Preferably the sulfonic acid has a number
25  average molecular weight of 350 or greater, more preferably 400 or greater, especially 500 or
greater, such as 600 or greater. Number average molecular weight may be determined by ASTM
D3712. Another type of sulfonic acid which may be used in accordance with the invention
comprises alkyl phenol sulfonic acids. Such sulfonic acids can be sulfurized.
Carboxylic acids include mono- and dicarboxylic acids. Preferred monocarboxylic acids
30  are those containing 8 to 30, especially 8 to 24, carbon atoms. (Where this specification indicates
the number of carbon atoms in a carboxylic acid, the carbon atom(s) in the carboxylic group(s)
is/are included in that number). Examples of monocarboxylic acids are iso-octanoic acid, stearic
acid, oleic acid, palmitic acid and behenic acid. Iso-octanoic acid may, if desired, be used in the

form of the mixture of C8 acid isomers sold by Exxon Chemical under the trade name



greater, such as 600 or greater. Nunmber average nol ecul ar wei ght may be
determ ned by ASTM D3712. Another type of sulfonic acid which may be used
in accordance with the invention conprises alkyl phenol sulfonic acids.
Such sul fonic acids can be sulfurized. Carboxylic acids include nono- and
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5 to 10Qiughsh edmiRivye Gith éhcaBoxyl@siyhencdl |y 14 to 20, carbon atons. Were
there is morg t oA O Y ol B st e A L e ents. Tn alkyl-
substituted salicylic acids, the alkyl groups advantageously contain 5 to 100, preferably 9 to 30,
especially 14 to 20, carbon atoms. Where there is more than one alkyl group, the average number
25  of carbon atoms in all of the alkyl groups is preferably at least 9 to ensure adequate oil-solubility.
The metal detergent may be neutral or overbased, such terms are known in the art. A
detergent additive composition may comprise one or more detergent additives, which can be a
neutral detergent, an overbased detergent or a mixture of both. The Total Base Number (TBN) of
detergents will conventionally range from 15 to 600.
30 Detergents generally useful in the formulation of lubricating oil compositions also
include “hybrid” detergents formed with mixed surfactant systems, e.g., phenate/salicylates
(sometimes referred to as “phenalates”), 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 6,429,179.
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as much as 0.04 mass %, even as much as 0.15 mass %, such as from about 0.06 to about 0.12
mass % of sulfur.
In one embodiment, the invention is directed specifically to lubricating oil compositions
25  containing salicylate detergent in an amount introducing at least about 9 mmols (e.g, about 12 to
about 50 mmols), such as at least about 18 mmols (e.g. about 18 to about 33 mmols) particularly
at least about 24 mmols of salicylate soap per kilogram of finished lubricant and from about 1.0
mass % to about 2.5 mass % of the non-hydrogenated polymer described supra.
In another embodiment, the invention is directed specifically to low ash compositions
30  having an ash (reported as sulfated ash or SASH) content of less than 1.1 mass %, such as less
than 1.05 mass%, preferably less than 0.8 mass %; and a sulfur content of from about 0.10 mass
% to about 0.40 mass %, such as from about 0.15 mass % to about 0.35 mass %, preferably from
about 0.20 mass % to about 0.30 mass % of sulfur, which compositions contain salicylate

detergent in an amount introducing at least about 9 mmols, such as at least about 18 mmols,
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secondary alkyl groups, wherein the secondary alkyl groups are in a major molar proportion, such
as at least 60, advantageously at least 75, more especially at least 85, mole %, based on the
amount of alkyl groups, is useful in the present invention. Preferably a zinc dithiophosphate
25  composition has 90 mole % secondary alkyl groups and 10 mole % primary alkyl groups.
When used in conventional amounts, sulfur-containing antiwear agents can introduce into
the lubricating oil composition as much as 0.15 mass %, and even as much as 0.30 mass %, such
as from about 0.16 to about 0.25 mass % of sulfur.
Anti-oxidants increase the composition's resistance to oxidation and may work by
30  combining with and modifying peroxides to render them harmless by decomposing peroxides or
by rendering an oxidation catalyst inert. They may be classified as radical scavengers (e.g.
sterically hindered phenols, secondary aromatic amines, and organo-copper salts); hydroperoxide
decomposers (e.g. organo-sulfur and organophosphorus additives); and multifunctionals. Such

anti-oxidants (or oxidation inhibitors) include hindered phenols, aromatic amine compounds,
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atoms, such as sulfur, oxygen and selenium, preferably consisting essentially of sulfur.

25 To enable the molybdenum-sulfur compound to be oil-soluble or oil-dispersible, one or
more ligands are bonded to a molybdenum atom in the compound. The bonding of the ligands
includes bonding by electrostatic interaction as in the case of a counter-ion and forms of bonding
intermediate between covalent and electrostatic bonding. Ligands within the same compound
may be differently bonded. For example, a ligand may be covalently bonded and another ligand

30  may be electrostatically bonded.

Preferably, the or each ligand is monoanionic and examples of such ligands are
dithiophosphates, dithiocarbamates, xanthates, carboxylates, thioxanthates, phosphates and
hydrocarbyl, preferably alkyl, derivatives thereof. Preferably, the ratio of the number of

molybdenum atoms, for example, in the core in the event that the molybdenum-sulfur compound
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15 sulfur atom. The four hydrocarbyl groups, R, to R4, may be identical or different from one
another.

In a preferred embodiment, the molybdenum-sulfur compound is an oil-soluble or oil-
dispersible trinuclear molybdenum-sulfur compound. Examples of trinuclear molybdenum-sulfur
compounds are disclosed in U.S. Patent Nos. 5,888,945; 5,906,968; 6,010,987; 6,110,878,

20 6,153,564, 6,232,276; 6,358,894; 6,541,429; 6,569,820; and European patent application no.
02078011, each of which are incorporated into the present description by reference, particularly
with respect to the characteristics of the molybdenum compound or additive disclosed therein.

Preferably, the trinuclear molybdenum-sulfur compounds are represented by the formula
Mo;S¢E.L:ALQ,, wherein k is an integer of at least 1; E represents a non-metallic atom selected

25  from oxygen and selenium; x can be 0 or an integer, and preferably k + x is at least 4, more
preferably in the range of 4 to 10, such as 4 to 7, most preferably 4 or 7; L represents a ligand that
confers oil-solubility or oil-dispersibility on the molybdenum-sulfur compound, preferably L is a
monoanionic ligand; n is an integer in the range of 1 to 4; A represents an anion other than L, if L

is an anionic ligand; p can be 0 or an integer; Q represents a neutral electron-donating compound,

30  and z is in the range of 0 to 5 and includes non-stoichiometric values.
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mass % or more, such as from about 0.004 mass % to about 0.090 mass %, e.g., from about 0.008

25  to about 0.025 mass % of sulfur.

Boron may also be present in the lubricating oil compositions of the present invention.
Boron-containing additives may be 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

30  boronic acid, boric acid, tetraboric acid and metaboric acid, boron hydrides, boron amides and
various esters of boron acids. Examples of boron-containing additives include a borated
dispersant; a borated dispersant VI improver; an alkali metal or a mixed alkali metal or an

alkaline earth metal borate; a borated overbased metal detergent; a borated epoxide; a borate
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temperature at which the fluid will flow or can be poured. Such additives are well known.
Typical of those additives which improve the low temperature fluidity of the fluid are C; and Cys
25  dialkyl fumarate/vinyl acetate copolymers, polyalkylmethacrylates and the like.
Foam control can be provided by many compounds including an antifoamant of the
polysiloxane type, for example, silicone oil or polydimethyl siloxane.
Viscosity index improvers (or viscosity modifiers) impart high and low temperature
operability to a lubricating oil and permit it to remain shear stable at elevated temperatures and
30  also exhibit acceptable viscosity or fluidity at low temperatures. Suitable compounds for use as
viscosity modifiers are generally high molecular weight hydrocarbon polymers, e.g.
polyisobutylene, copolymers of ethylene and propylene and higher alpha-olefins; polyesters, such
as polymethacrylates; hydrogenated poly(styrene-co-butadiene or —isoprene) polymers and
modifications (e.g., star polymers); and esterified poly(styrene-co-maleic anhydride) polymers .
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multifunctional or not, are used in an amount depending on the desired viscometric grade (e.g.,
SAE 10W-40) of the lubricating oil composition, for example, an amount of 0.001 to 2,
25  preferably 0.01 to 1.5, such as 0.1 to 1, mass % of the polymer, based on the mass of the oil
composition.
Representative effective amounts of such additives, when used in lubricating oil

compositions, are as follows:



viscosity nodifier is used in the present invention, the nitrogen content of
the lubricating oil conposition also includes that derived fromthe

di spersant viscosity nodifier. An exanple of a 20 dispersant viscosity
nodifier is Hitec(r) 5777, which is manufactured and sold by Afton Corp.

U. S. Patent Nos. 4,867,890 and 5, 958, 848 descri be exanpl es of di spersant

vi scosi t soosMadex i nprovers, which arélaccordingly incorporated herein.
Generally, viscosity nodifiers, whether nultifunctional or not, are used in

an anount depending on the desired visconetric grade (e.g., SAE |IOWM40) of
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conp05|tA¥ﬂ1°a Ht eparing a | ubricang @Hﬁb%3|t|orOﬂﬁépléontains nmore t han
one ty Fpulsifiyi ti ve (sonetines referr as " addifooi4.2 conponent s"), each

addi ti ve mesy Vb@“"%@%é’éﬁé’@?& Oné@pfma]altl@llcﬁtmgl Chl GOERYSIiGist ances, however, it is
conveni ent 1t Oaj NRAFRPOSRERratd onddALdd bEvenfit Adhns of handling two or more additives

before their use, as well as facilitating solution or dispersion of the additives in lubricant

5  compositions. When preparing a lubricant composition that contains more than one type of
additive (sometimes referred to as “additive components™), each additive may be incorporated
separately. In many instances, however, it is convenient to incorporate the additives as an
additive concentrate (a so-called additive “package” (also referred to as an “adpack™)) comprising
two or more additives).

10 In the preparation of the lubricant oil compositions, it is common practice to introduce
additives in the form of additive concentrate(s) containing the additives. When a plurality of
additives are employed it may be desirable, although not essential, to prepare one or more
additive concentrates (also known as additive packages) comprising the additives, whereby
several additives, with the exception of viscosity modifiers, multifunctional viscosity modifiers

15  and pour point depressants, can be added simultaneously to the oil of lubricating viscosity to form
the lubricating oil composition. Dissolution of the additive concentrate(s) into the lubricating oil
may be facilitated by diluent or solvents and by mixing accompanied with mild heating, but this is
not essential. The additive concentrate(s) will typically be formulated to contain the additive(s) in
proper amounts to provide the desired concentration in the final formulation when the additive

20  concentrate(s) is/are combined with a predetermined amount of oil of lubricating viscosity. If
required, the viscosity modifiers, or multifunctional viscosity modifiers, and pour point
depressants are then separately added to form a lubricating oil composition.

An additive concentrate may contain 1 to 90, such as 10 to 80, preferably 20 to 80, more

preferably 40 to 70, mass % based on active ingredient, of the additives, the remainder being an



additive concentrate (a so-called additive "package" (also referred to as an
"adpack")) conprising two or nore additives). 10 In the preparation of the
| ubricant oil conpositions, it is comon practice to introduce additives in
the formof additive concentrate(s) containing the additives. Wen a
plurality of additives are enployed it nmay be desirable, although not
essenti alPsMOg Fpr epare one or nore additive concentrates (al so known as
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the vi scgst point@epreRentaddi tive concentrate is higher than that of the
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multifunctional viscosity modifier and pour point depressant.
It is preferred that lubricating oil compositions of the invention are multigrade oil
25  compositions having a viscometric grade of SAE 10W-X, SAE 5W-X and SAE OW-X, where X
represents 20, 30 and 40; the characteristics of the different grades can be found in the SAE J300
classification.
Fully formulated lubricating oil compositions of the present invention preferably have a sulfur
content of from about 0.15 mass % to about 1.0 mass %, such as from about 0.20 mass % to about
30 0.35 mass %. Preferably, the Noack volatility of the fully formulated lubricating oil composition
(oil of lubricating viscosity plus all additives) will be no greater than 13, such as no greater than
12, preferably no greater than 10. Fully formulated lubricating oil compositions of the present
invention preferably have a phosphorus content of less than about 1500 ppm, such as from about

500 to 1500 ppm, preferably less than 1250 ppm, such as from about 500 to about 1250 ppm,



additive concentrates that conprises two or nore of additives and then,
adm xi ng ot her additive conponents, such as viscosity nodifier, and
optionally a rmultifunctional viscosity nodifier and pour point depressant.
20 Lubricating oil conpositions of the present invention nmay al so be
prepared by adm xing an oil of lubricating viscosity, an additive
concent r ¥@0EFht ai ning two or nore additive conponents, a non-hydrogenat ed
ol efin polymer and a viscosity nodifier, and optionally a nultifunctional
vi scosi t nDdl ier_an nt depr essan preferred that
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| ubr i catrhdérg preferabbyodtrastitlid AOBA BB @ﬂ&d’uaﬂi)hsyat waittiefACEA BhO®aSACEAE3@er f or mance
requi renents. of the A f | east. the ACEA E7-04
and/ or AFRCRIY &t leaﬁhtéﬁgg@Aaé%z 9‘@2@‘% (??)MZégE% %ggg%g%wé’é’ \Xf“frﬁlthﬁt | east the
ACEA E6-10¢ticatitt/ ddlr coMPbsitiohs éf thppresehi inadntiomare e CRIO hie, théldbﬁ&unhg aling oil
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GF-3, especially at least the ACEA A5-04/ ACEA C2-04/ ACEA C3-04/ API1 SM/ILSAC GF4

specification(s).
It should be appreciated that interaction may take place between any two or more of the
25  additives, including any two or more detergents, after they have been incorporated into the oil
composition. The interaction may take place in either the process of mixing or any subsequent
condition to which the composition is exposed, including the use of the composition in its
working environment. Interactions may also take place when further auxiliary additives are
added to the compositions of the invention or with components of oil. Such interaction may
30  include interaction which alters the chemical constitution of the additives. Thus, the
compositions of the invention include compositions in which interaction, for example, between
any of the additives, has occurred, as well as compositions in which no interaction has occurred,

for example, between the components mixed in the oil.
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of the composition mass % of the composition. All percentages reported are mass % on an active
ingredient basis, i.e. without regard to carrier or diluent oil, unless otherwise stated. The
25  abbreviation SAE stands for Society of Automotive Engineers, an organization that classifies

lubricants by viscosity grades.

EXAMPLES
The invention will now be particularly described, by way of example only, as follows:

30
Example 1

A lubricating oil composition representing a conventional 10W40 crankcase lubricant for
a heavy duty diesel engine meeting the requirements of the ACEA E4-99#3 specification was
prepared by blending a base stock oil of lubricating viscosity, a detergent/inhibitor (DI) package



bei ng suspended in the oil in all proportions. They do mean, however, that
the additives are, for instance, soluble or stable dispersible in the oi
to an extent sufficient to exert their intended effect in the environnment
i'n which the oil conposition is enployed. Mreover, the additional

i ncorporation of other additives such as those descri bed above may affect
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cont Sht DS TRERALAGNR oy Pl A PINF BRI o dPNs S BB 1 250 ppm

of phos pi'eal) esd Muﬂord&mdfﬂimﬁsnemmrmml (M) adpeciSadlp Tpe MdtholddgNéﬁﬁZ)lf (fdrintriBhed

| ubri cant our | ubri.cat |t|oswee red.based on the
above reC|1 )e hﬁes%ﬁare %lown'bacorrp{z;arba tive eerﬁéheq?m WOk ?’i?i e uﬁlgerao ded 450 M
pol ybut euftﬁes(Biﬁ):nangoeanmhexsvﬁed 3 and 4, whi ch represent the invention,
cont ai ned , 1 and 2 mass % of 450 M' PIB, respectively. The four sarrpl es
were th ted for conpatibility with nitrile rubber using the bench tests
used by Bemrreerdes BertapdrtyB) Lahit Dal n ¢ExGhoys| BEx.CIEF) [sesi(f) @Ix] 42y est
Met hod VRAG/83Q14:—10 Masehi “e“f abr--k Au_%“bur &—Nar-rierg VA
speci fi 3%7““@@({ Mt DI N 58%2Y (hitrPe keal? and Nl or én and Tur bi nen
Uni on U7 speciflitaily Tesmb, Met hod DIDpS35R1 (feor nitriille |seals)) The
results O ~Table | nunber
of times, an average resul pq l;O/brovi ded? Tabj e 1f Berich ©
Test Pr oper tyLi m t EX. p@&%®) EX.g g +0Pt0) EX. 3 (L [EX. § (2) 0

# of tests --- >5 2 3 0

MANSEAL NBR | EAB -30% max -43 - -36 -32

TS -20% max -23 -—- -12 -12

Vv 0 to +10% 2 --- 2 2

H -10 pts. max -1 - -1 -1

# of tests -—- >5 0 3 2

MTUSEAL NBR | EAB -35% max -40 -34 -36 -33

TS -20% max -23 -11 -16 -17

Vv 0to 10% 2 2 2 2

H 0 to -10 pts. -1 -1 -1 -2

# of tests - >5 2 2 2

15  *elongation at break; **tensile strength; ***volume; ****hardness



MBSEAL NBREAB* - 35% max- 45-44-37 TS**-20% max-20-19-11 V***0 to 109900
H****.8t o+2pts. 000 # of tests--->5230 MANSEAL NBREAB- 30% nmax- 43----36- 32
TS-20% max- 23----12-12 VO to +109%2---22 H 10 pts, max-1----1-1 # of
tests--->5032 MIUSEAL NBREAB- 35% nax- 40- 34- 36- 33 TS- 20% max- 23-11-16-17

V0t 01092222 HO to -10 pts.-1-1-1-2 # of tests--->5222 15 'elongation at
break; "8W8RFe strength; ***vol ume;28=**hardness 2005MOL2 FF -26 As shown,
in each of the bench tests, the addition of PIB resulted in inproved
performance, particularly ufficiently to provi de a
passi ng resulg’lﬁﬂﬁﬂﬁemﬁﬁgﬂﬁé§@mﬁﬁﬁnﬁFE@Fﬁﬁ‘ggﬁ?@ﬁﬁe%“E%QHBF

| ubri cat pépr@ince, patiodlsily inQdms OPEAB afid TS Guificie Bty t8451%$u1(e31pbg‘saﬂgeéiumsﬂere
phosphor sul fuy). OMO crankcase lubricant for a heavy duty diesel

engi ne né@?%ﬁé”@ﬁ 1@b€ﬂ?¥enents of the ACEA E6-04 specification was
prepared by bl ending a base stock oil of lubricating viscosity, a
detergent/inhibitor (D) package including salicylate detergent, dispersant,
ZDDP ‘andEXg®led i f oamant ;. a viscosity nodifier and LOFI (lube oil flow

i mprover) . Thﬁlmﬁé&h%bﬂgoﬁﬂﬁRQﬁ&&*&Bnmgaﬂn@S&PS&QM&&M&QQ%&QBmQJsﬁﬁ%ﬁ mss %
a sul fur content of 5 mass % a sulfated ash ASH) ~content of 25 mass

% and 800 WHkarawkeasnispierat (952 Aeryy suty dieesl eraﬂm%aqerlwhafeéu@mtswéfhe KGEYyr am  of

fi ni shedpd. g6 aRion Efgyﬁgreﬂa%rﬁy%%ﬁlﬂga@hsje sANRPSH lﬁBrQQt?nchgsl repared based on
t he above recipe a 15 conparative exanpl e, confained no added

450 M piﬂteygmt/@hléltqrr@ﬁ)paclﬁmmﬁpé@g salicyjatg defergent, ghispetsant ZAMPRoandnt  t he
' nvefbt i %tlfogﬂ%tad \ﬂﬁ:@s@y rﬁodlgergn@ﬂgFﬁh{%e gﬁﬂéw(}/ﬂlﬂ%ve??Wrcsﬁllnﬁg cc;n?p%gﬁgﬁ ively.

The four anpl es weré then tested onpat i bi l wth nitrile rubber the
bench t e@ﬂg nifeegery qobtedt ¢ff. 16xeasploca splfufrmtemssf@wsmaar ‘é & prdfiaied bl OASHKh Tabl e

HE content of 0.25 mass % and 800 ppm of phosphorus and 24 mmol of salicylate soap per kilogram
of finished lubricant.
Four lubricating oil compositions were prepared based on the above recipe. Example 5, a
15  comparative example, contained no added 450 M, polybutene (PIB). Examples 2, 3 and 4, which
represent the invention, contained 2.1, 2.5 and 3.0 mass % of 950 M,, PIB, respectively. The four
samples were then tested for compatibility with nitrile rubber the bench tests described in

Example 1. The results are shown below in Table IIL

Table III

Bench Test Property | Limit Ex.5(0) |Ex.6(2.1) |Ex.7@2.5 |Ex.8(3.0)

MBSEAL NBR | EAB* -35% max. -57 -31 -33 -27
TS** -20% max. -35 -11 -12 -11
%k 0 to +10 % 2 2 2 2
H¥xx* -8 to +2 pts. 1 -2 1 -1

MANSEAL NBR | EAB -30% max. -55 -28 --- -27
TS -20% max. -48 -10 --- -10
\% 0 to +10 % 5 5 --- 5
H -10 pts. max 2 -3 -—- -4

20 As shown, the effects of the invention are particularly apparent in low SAPS HDD

lubricants formulated with salicylate detergents. Again, in each of the bench tests, the addition of
PIB resulted in improved performance, particularly in terms of EAB and TS, sufficiently to

provide a passing result, where the base formulation failed.

25



Table I'll Bench TestPropertyLimtEx. 5 (0)Ex. 6 (2.1)Ex. 7 (2.5)Ex. 8 (3.0)

MBSEALNBREAB* - 35%rax. - 57- 31- 33- 27 TS**-20%max. - 35-11-12-11 VW**Q 0+109%2222

H***-8 to +2 pts.1-21-1 MANSEAL NBREAB- 30% max. - 55-28----27 TS-20%

max. - 48-10----10 VOt 0+109%%5---5 H 10 pts. nmax-2-3----4 20 As shown, the

effects of the invention are particularly apparent in | ow SAPS HDD

| ubri can®&MPBFirul ated with salicyl até7detergents. Again, in each of the

bench tests, the addition of PI1B resulted in inproved performance,

particularly in terms of EAB and TS, sufficiently to provide a passing

resul t, WAERLZhe base fornulation failed. 25 2005MOL2 FF -27 Example 3 A

| ubricating olluGRIMRRIbRPositRRFEE&RIHnBY 13WhD Wik G AN RS Eor maiacfﬁlw for a

heavy duty _diesel engine neeting the requirenents of the PC]

speci fi caieichensinganestingias wavispents ehthe Ry-18 spesification wasipreppred by bieading 2 at i ng

Vi SCOSI T Yase BolEIiRSTABRBEAINR MisBsiPa &Q{Qenﬂﬂlﬁ&?c%gb Bedist iNGudihy u0RkEan@nd S

sul furized phenate detergent, di spersant, Z , a nol ybdenum sul fur

c onpoundsulfingedphenatesisieeasnt; disperiantpdPRRm melydemansylfursepiuad, aadd LOFI (| ube

oi I flow,j; - - i it hOon ‘ ent of 0.31
Warl RREANEE dispel BB ES trhdather GRIROR b OB hag 1rgl¥r§{7kﬁ e &ggﬁlg%

mass % a nitrogen content o .14, a SASH cont ent m of

nol ybdenesmpapitionisde spiumcotteny hbe phmessdo, afmdagen edntenteftl. Mga SASHeompwef t i ons

were prepas.ag ' xample 9, a 10 conparative
exanpl e, &g{)’ﬁt gﬁﬁgggﬂ Q%ehgrgégtggjg%ﬁpﬁ%g%%sﬂt ene (PIB). Exanples 10, 11 and 12,
whi ch r epr eselmur tuhacating eihtdnapositionsrwead prephr@l Bsed bn@heaabdvere@perdsempledf a 950 M'
PI B, ,fes i.vel S Pﬁ%s(t ibility with
nit r}qr e rg‘ﬁ’%}é‘ﬁi ééa?%lghc%g%@gé Itloeagiagcl %e%ﬁoﬁ)@g%g?% aE?r‘%Péﬁil&'qrﬂgg&r fezgul ts are
shown bevinvh iepredeabthe invihtion alohteintd/ 0. Beln®imd Pdbmh#s OpaefirdS9 M, HAB Exspe@ivel)) Ex. 10
(0, 8) X e (1, QU EXed Rl ) VBSEAN, NERFARL AS2ABY, 036t ichd 2L

described in Example 1. The results are shown below in Table IV.

Table IV
Bench Test Property | Limit Ex.9(0) | Ex.10(0.5) |[Ex.11(1.0) | Ex.12(2.0)
MBSEAL NBR | EAB* -35% max. -37 -29 -23 21
TS** -20% max. -18 -13 -9 -7
Vo 0to+10 % 2.1 2 2 2
H**** | -8to+2 pts. 2 2 -2 2
15 As shown, the effects of the invention are also apparent in lubricants formulated with

phenate and sulfonate detergents. The addition of PIB resulted in improved performance,
specifically in terms of EAB, sufficient to provide a passing result, where the base formulation

failed.

20  Example 4
Five lubricating oil compositions were prepared based on the recipe provided in Example

3. Example 13, a comparative example, contained no added 950 M, polybutene (PIB). Examples
14, 15, 16 and 17, which represent the invention, contained 2, 3, 4 and 5 mass % of 950 M, PIB,
respectively. The five samples were then tested for corrosion, particularly copper corrosion,

25  using the High Temperature Corrosion Bench Test described in ASTM D6594. The results are

shown below in Table V.
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-29 CLAIM5 1. A nethod of inproving copper corrosion properties and/or
nitriile seal conpatibility in or with a lubricating oil conposition
conprising a major anmount of oil of lubricating viscosity and a m nor
amount of one or nore additives, said conposition having a sulfur content
of at least 0.1 mass % particularly fromO0.15 to 0.40 mass % nore

parti cul #PM12FF om 0. 20 to 0.35 nmass 3§~ based on the total nass of

| ubricating oil conposition, which nethod conprises adding to and/or
incorporating into the lubricating oil conposition an effective anmount, such
as fromgéufﬁ@% 10.0 mass % preferably from0.5 to 5 mass % nore
preferably fr . jof said

| ubri cat |!l ng o%%%%(r)r%giﬁll%%ﬁn e‘/%o‘lrp‘zsz‘?fp’g %&lggﬁﬁ%’g{l%@% ed pol yner,
pref erabl y ancahgdtibilitpd ymneith aﬂuhm:pﬂhgoﬁ tompasitioraconguisytip it waer amdiotr

pol yi sobutene. .2, The nethod of. claim 1l wherein the oil of Iubrlcatl n
viscosity hasoboiked hricatipg misspsityn %farram%a@e&ntwéoee QOMRELds }Gvefyrsél‘der agl y

from 0.005 to, 0, Q% SN to lo
| ubricating vi sc%gll %ﬁﬁw{% (L)%tfld{)%or{?%ﬁ%@at £ tggfméér%eﬁ arP]fr 1ggll tives
conpri sing a ®u.4Umasso¥} mord pagticudarbofrow (p20otei o3 Spasgst %) lmsd oﬁ)tHéOBtal mass %

sul fur based on the nass of said conposition. 3. The nethod of claim1 or
clai m 2 wher eMaAssA! lpkaystingaid C%a?%lil% vhishmeipd Gomgprisss aAding ¢ APt ng

compound i s S%l:&@&&ﬁnghﬁﬁ}ﬂm gtoﬁ Bhn gglhx%%ﬁé&% fe%hkmoa%phat es,
sul fonate detergents uri ze enate detergents, sulfur- containing
nmol ybdenum cofmmﬂmj& 1(H$hia%% ﬂnefdmabiyﬁrroha@r&tt@§ mam%,mbprmrbbiys‘rom her eof .
4. The net hod llains 1 to 3 wher l.ubricating.oil

conposi tion hb@ 2o me m@a t basRd %thebqt@fr@@saﬁ ﬁlﬁ@tawcatﬁng ¢ihgorap l%‘hﬁfed ash
(SASH) conte 15;?&? gleﬁ, 0 1.1 mass %
preferably fp%rlﬁg%t (ﬁr{ec}{ngl rsgte?r}%%g%o p{%feﬁ%gh%@g{i%? aeﬁoa 1 mass %
preferably nocotpobmdr,mmhisﬁxﬂyma:sme%d/c&mxdl}ogobu(em a phosphorus content of

| ess than 1500 ppm preferably | ess than 1250 ppm such as from500 to 1250
ppm nore preferably |ess than 1200 ppm such as 500 2005MO12 FF -30 to 1200

ppm stij | mfl?exﬂftﬁ&&&?&h%‘n %fh%retuﬁ‘ﬁfé o@l@%l%ﬁ@atlﬁ Gféc@s?t a0 Nsp@F dofite fl?o ppm

based on the total mass o e conposition. he e hod of any of clains
to 4 wherei n ofdrain DOBT n@aﬂDmgasm% pmferpb]sflﬁ-omn.oos to 0.05 mass % sulfur, based

on the total mass of oil of lubricating viscosity, and optionally, at least one of the

said additives comprising a sulfur-containing compound providing at least 0.005

mass % sulfur based on the mass of said composition.

3. The method of claim 1 or claim 2 wherein at least one additive comprising a
sulfur-containing compound is selected from metal salts of dihydrocarbyl
dithiphosphates, sulfonate detergents, sulfurized phenate detergents, sulfur-
containing molybdenum compounds, ashless dithiocarbamates, and combinations

thereof.

4. The method of any of claims 1 to 3 wherein said lubricating oil composition has
at least one of, preferably both of, (a) a sulphated ash (SASH) content of from 0.5
to 1.9 mass %, such as from 0.8 to 1.1 mass %, preferably from 0.90 to 1.05 mass
%, e.g., no greater than 1.1 mass %, preferably no more than 1.05 mass %, and/or
(b) a phosphorus content of less than 1500 ppm, preferably less than 1250 ppm,
such as from 500 to 1250 ppm, more preferably less than 1200 ppm, such as 500



conprises a salicylate detergent in an anount providing said conposition
wth.,at |east 9 mmoles, such as at |east 18 nmoles, preferably at |east 24
mmoles, e.g., 12 to 50 nmoles, preferably 18 to 33 mmoles, of salicylate
soap per kg of said conposition. 6. The nethod of any of clains 1 to 5
wherein said |ubricating oil conposition conprises a nitrogen-containing
di sper safMiRd¥ or di spersant-vi scosi®y nodifier in an anount providing in
said conposition fromO0.08 to 0.35 mass % such as from 0.09 to 0.25 nass

% preferably fromO0.10 to 0.20 mass_ % qof nitrogen. 7. The nethod of any of

claims 1 to 60, sill garepreferally igs Sian 88 ppws Fshas fream 580 tad¥sphor us
content of le t ¢ 00 to 1500 ppm preferably
| ess t han 1253&%%9%%%%%@@%3%%%@?%&%03%%pm nore preferably [|ess than
1200 ppm such as from 500 to 1200 ppm still nore preferably less than 850

ppm such as om 50 o 850 ppm. based on the total nmass of said

conposi t ?on. @fw mﬁ‘gmg@% ﬁ%ﬁdofgcrlg&w 91t ‘Eh%{?lﬁssal% lplpicating o SPRPEHIEN 0i | of

| ubri cati ng V.ﬁfqﬁ%‘ j t: | %,: S . st 60
mass % parti%u ar Iegxg%lﬁﬁgéatﬁ el?tr%%gga%m%& rﬁ?ﬁ%ﬁa ld?léﬁ&oglglsog lgﬁgt he t ot al
mass of sai d kaestj9asmblesrsuck as dtHeastit hmabled, peefistalolfy acleastrPel MimbiesSe.ghe&2 ei n sai d
conposition is % pov% t%an m ssion fluid or_a crankcase |lybrjcating oil
conposi tion f@rrVIAmekEgTRgrab %bmwleén@%‘?@%l&@ﬁo%l’%{klgé%i\??/ldduty di esel
(HDD) engi ne @a?gpoggltoinpnal ly, said conposition neets the performance

requi renents of Al E2- 96#5, such as at |east one of ACEA E7-04 and API
Cl-4, preferably ACEA E4-99#3, nore preferably at |east one of ACEA E6-04

and API 7-4. 2005 2 FF 31.10. Th t hod .Qf .any .one_of clains 1 to 9
wherei n $he sH&MAHAd ﬁ%nyofgflé%%@éd te%&'@relﬁé?@&ébn%agg qil FOmBRTto er age

mol ecul ar wei &Jfﬁrﬁrises Mﬁmg@ﬁle@m%ﬁ rcﬁ{?efjsﬁgt drfd/or %s?grsaﬁtuﬁ- Sy fHoAMARP 1O
1300, e.g., from450 to 950. 11. | ubricating orl conposition conprising a
sul f ur cont erdn apfiouat ptogabng . skl comgpobition <ronn 0.8 té 0 Bnfasi 5o, tsoctDasdfPormass %
preferably fromO. to 0. 35 ss % rising a j r anount of an oil of
| ubricating ﬁ-&%&?@fﬂa%%%?@%ﬁﬁﬁmfn @?W%ngmw%?/@qlﬁ%%i ng at |east one
additive having sul fur content, and a m nor anount, such as at least 0.2
mass % such as fromO0,5 to mass % preferably. from1.0.to 2.5 mass %

5.0
of a nont hyd r'@'&éﬂg{l@ao%qfﬁl%p >} ﬁ%ﬁwlge(péxh sajd lubricating oil composition has a
phosphorus content of less than 1500 ppm, such as from 500 to 1500 ppm,

preferably less than 1250 ppm, such as from 500 to 1250 ppm, more preferably
less than 1200 ppm, such as from 500 to 1200 ppm, still more preferably less than
850 ppm, such as from 500 to 850 ppm, based on the total mass of said

composition.

8. The method of any of claims 1 to 7 wherein said oil of lubricating viscosity
comprises at least 50 mass %, such as at least 60 mass %, particularly at least 70

mass %, of mineral oil, based on the total mass of said composition.

9. The method of any of claims 1 to 8 wherein said composition is a power
transmission fluid or a crankcase lubricating o0il composition for an internal
combustion engine such as a heavy duty diesel (HDD) engine and optionally, said
composition meets the performance requirements of ACEA E2-96#5, such as at
least one of ACEA E7-04 and API CI-4, preferably ACEA E4-99#3, more
preferably at least one of ACEA E6-04 and API CJ-4.



pol ybut ene or pol yi sobutene, and optionally, one or nore of the follow ng:
(i) @ sulfur-containing additive selected fromnetal salts of dihydrocarbyl
di t hi phosphat es, sul fonate detergents, sulfurized phenate detergents,

sul fur- contai ni ng nol ybdenum conpounds, ashl ess dithiocarbamates, (ii) a
sul fated ash (SASH) content of fromO0.5 to 1.9 mass % based on the mass of
the conp®¢™Mi&h; (iii) a phosphorus3tontent of |ess than 1500 ppm such as
from500 to 1250 ppm based on the nass of said conposition, (iv) a

ni trogen-contai ning di spersant and/or dispersant-viscosity nodifier
providing fromO0.08 to 0.35 mass % nitrogen in said conposition; (v) a

licyl d e - | |
sallcyl aj@ etﬁ%gﬁaﬁoél%&%@%{ éifgghseiiﬁb _%h@i‘é}?lltge S%ﬁ‘ﬁg %?rdroégnét&l @gr%mm S

salicylate soap per kilogfamo nposi tion. ) tive con trate

conpri sing a paymer bascunimted alerbgd maletuladeeightieshevangd of frodnetdOadm xed with
oil of lubricatin | Scosi yi.elds a_lubyicating oil conposition
according to (§¥gq 1S I§P£¥%E’U§Q=%gv§0 pﬁ?é?@genated ol efin pol yrer,
pref erably pol ybutene or polyisobutene, to inprove the copper corrosion

properties of a sulfur-containing lubricating oil conposition and/or to
i nprove the cdnjmhticdingdilycopgiossion camptisiog iacalfimpntent ofaigess0.05 araséant ai ni ng

fﬂlb];)g; 228{ ﬁ;suz l&'s %lgﬁ(iﬁ Ecg(?g%%gg% (igi){eiférgbly rfrl'cl)?nbs.léo té)g.r?)tS in(l:al's”s z‘%’,l y nitrite
comprising a major amount of an oil of lubricating viscosity, a minor amount of
additive(s) including at least one additive having sulfur content, and a minor
amount, such as at least 0.2 mass %, such as from 0.5 to 5.0 mass %, preferably
from 1.0 to 2.5 mass %, of a non-hydrogenated olefin polymer, such as
polybutene or polyisobutene, and optionally, one or more of the following: (i) a
sulfur-containing additive selected from metal salts of dihydrocarbyl
dithiphosphates, sulfonate detergents, sulfurized phenate detergents, sulfur-
containing molybdenum compounds, ashless dithiocarbamates, (ii) a sulfated ash
(SASH) content of from 0.5 to 1.9 mass % based on the mass of the composition;
(1i1) a phosphorus content of less than 1500 ppm, such as from 500 to 1250 ppm,
based on the mass of said composition, (iv) a nitrogen-containing dispersant
and/or dispersant-viscosity modifier providing from 0.08 to 0.35 mass % nitrogen

in said composition; (v) a salicylate detergent providing at least 9 mmols, such as

12 to 50 mmols salicylate soap per kilogram of composition.

12.  An additive concentrate comprising a major amount of lubricant additives which,
when admixed with oil of lubricating viscosity, yields a lubricating oil

composition according to claim 11.

13. The use of a non-hydrogenated olefin polymer, preferably polybutene or
polyisobutene, to improve the copper corrosion properties of a sulfur-containing
lubricating oil composition and/or to improve the compatibility between a
lubricating oil composition containing sulfur and/or salicylate soap and nitrile

rubber, particularly nitrile rubber engine and transmission seals.





