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The present invention relates to diesel engines, particularly passenger car
5 (PCD) and I}ﬁ(% duty diesel (HDD) engines, provided with exhaust gas
recircul ation % ) systens and Iubrlca i'ng oil conp05|t|ons provi di ng
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and thus, i ogdrompasiioneentgaing phenplene diamaniisaot dispeisantaiuse t he EGR
conponent§ have hi gher specific heat values than the incomng air and fuel
m xture, the EGR gas further cools the conbustion mxture leading to
greater poweBAECKEROUND OFTHE INVENTgONeCconony at a fixed NO generation
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Therefore, the exhaust stream contains sone l'evel 30 of NO., SO and water

vapor. |5t hexkaust gastecircplasions EGR. EGRgeduces NQuaresuissionsdyristroducing non-

combustible components (exhaust gas) into the incoming air-fuel charge introduced

into the engine combustion chamber. This reduces peak flame temperature and NOx
generation. In addition to the simple dilution effect of the EGR, an even greater
reduction in NOx emission is achieved by cooling the exhaust gas before it is returned

20 tothe engine. The cooler intake charge allows better filling of the cylinder, and thus,
improved power generation. In addition, because the EGR components have higher
specific heat values than the incoming air and fuel mixture, the EGR gas further cools
the combustion mixture leading to greater power generation and better fuel economy
at a fixed NOx generation level.

25 Diesel fuel conventionally contains 300 to 400 ppm of sulfur, or more. Even
the most recently contemplated "low-sulfur” diesel fuel will contain up to 50 ppm of
sulfur (e.g. 10 to 50 ppm). When the fuel is burned in the engine, this sulfur is
converted to SOy. In addition, one of the major by-products of the combustion of a
hydrocarbon fuel is water vapor. Therefore, the exhaust stream contains some level

30  of NOx, SOy and water vapor. In the past, the presence of these substances has not
been problematic because the exhaust gases remained extremely hot, and these
components were exhausted in a dis-associated, gaseous state. However, when the

engine is equipped with an EGR system, particularly an EGR system in which the
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U.S. Patent No. 6,715,473 to Ritchie et al. describes lubricating oil
compositions for engines equipped with condensing EGR systems that contain certain

20  polymeric materials found to control soot induced viscosity increase.

U.S. Patent No. 6,869,919 to Ritchie et al. specifies lubricating oil
compositions containing certain combinations of dispersants and detergents, and
combinations of detergent and polymeric material that ameliorates soot induced
viscosity increase.

25 While the above-noted patents describe means for reducing soot induced
viscosity increase in lubricating oil compositions, particularly lubricating oil
compositions that, with use, can be expected to become highly soot-loaded, additional
solutions to the problem have been sought.

It is known that certain phenylenediamine compounds stabilize organic

30 materials, including lubricating oils, against oxidative and thermal degradation.

U.S. Patent No. 5,207,939 to Farng et al. describes certain reaction Mannich

base reaction products of phenylenediamine, an aldehyde or ketone and a hindered
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(OEMs) have required reduced levels of lubricant phosphorus (e.g., < 800 ppm). To
date, lubricating oil specifications for heavy duty diesel (HDD) engines have not

20 limited phosphorus content, although the next generation of lubricant specifications
(e.g., API CJ-4) is expected to do so. Expected limits on phosphorus content (such as
to 1200 ppm or less), and reductions in the allowable amounts of sulfated ash (SASH)
and sulfur will limit the amount of zinc dialkyldithiophosphate (ZDDP), one of the
most cost-effective antiwear/antioxidant compound, that a lubricant formulator can

25 use. Reducing ZDDP levels requires formulators to employ increasing amounts of
metal free (ashless) antioxidant, making the use of phenylenediamine as the primary
antioxidant even less viable. Further, phenylenediamines are more costly than other
available ashless antioxidants, specifically diphenylamines and hindered phenols.

Surprisingly, it has been found that with lubricating oil compositions

30 containing at least one phenylenediamine compound, rapid soot-induced increases in
lubricant viscosity associated with the use of engines provided with EGR systems can
be ameliorated, even when such phenylenediamine compound is used in amounts at

which the adverse affects of such compounds do not manifest.
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as described in the third aspect, in which intake air and/or exhaust gas recirculation

streams are cooled to below the dew point for at least 10% of the time said engine is

in operation.

20 In accordance with a fifth aspect of the invention, there is provided a method,
as described third or fourth aspect, in which the engine is a passenger car diesel
engine and is operated for at least 6,000 miles without a change of lubricating oil.

In accordance with a sixth aspect of the invention, there is provided a method,
as described third or fourth aspect, in which the engine is a heavy duty diesel engine

25  and is operated for at least 15,000 miles without a change of lubricating oil.

A seventh aspect of the invention is directed to the use of a phenylenediamine
compound to ameliorate soot viscosity increase in lubricating oil compositions for the
lubrication of the crankcase of internal combustion engines, particularly passenger car
or heavy duty diesel engines provided with an exhaust gas recirculation system, more

30 particularly an exhaust gas recirculation system in which intake air and/or exhaust gas

recirculation streams are cooled to below the dew point for at least 10% of the time

said engine is in operation.
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and the combustion air are cooled in an EGR cooler 4 and aftercooler 5, respectively,

before being mixed. Most preferably, the portion of the exhaust gas routed to the
EGR system and/or the intake air will be cooled to a degree such that the air/exhaust

20  gas mixture exiting EGR mixer 2 is below the dew point for at least 10% of the time
the engine is operated. The air/exhaust gas mixture is fed to the intake manifold 6 of
engine 8, mixed with fuel and combusted. Exhaust not routed to the EGR system is
exhausted through exhaust outlet 7.

When the engine is a passenger car diesel engine and is lubricated with a

25 lubricating oil composition of the present invention, it is preferable that such an
engine can be operated over at least about 6,000, preferably at least about 8,000, more
preferably from about 8,000 to about 12,000 miles, without a required lubricating oil
change. When the engine is a heavy duty diesel engine and is lubricated with a
lubricating oil composition of the present invention, it is preferable that such an

30 engine can be operated over at least about 15,000, preferably at least about 20,000,
more preferably from about 20,000 to about 40,000 miles, without a required

lubricating oil change.
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Natural oils in e animal oils and vegetable 0|Is (e.g., castor oil, lard

oil); liquid pet Nitedhoids inslude aniftyall bids @id Vepdtabieodilsgdlg:, tcastat 6it] 1ad oil);
acid-treated mneral oils_of _the paraffinic, naphthenic and m xed
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al kyl benzenemgl%g?,?gn ofle AS% i enyfl&h{te g&?ﬂ%&&ﬁ&@ﬁﬁs ed$ nonyl benzenes,

di (2 20 ethy enzenes pheny er phenyl s,
al kyl at ed polybutylenes, polypropylenes propylene-isobutylene copolymers, chlorinated

polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-

20 ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
derivative, analogs and homologs thereof. Also useful are synthetic oils derived from
a gas to liquid process from Fischer-Tropsch synthesized hydrocarbons, which are
commonly referred to as gas to liquid, or “GTL” base oils.

25 Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,
constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-

30 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 C3-Cj fatty

acid esters and C;3 oxo acid diester of tetraethylene glycol.
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silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and

20 poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.

The oil of lubricating viscosity may comprise a Group I, Group II or Group III,
base stock or base oil blends of the aforementioned base stocks. Preferably, the oil of

25  lubricating viscosity 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 viscosity is a Group II, Group III, Group IV
or Group V base stock, or a mixture thereof. The base stock, or base stock blend
preferably has a saturate content of at least 65%, more preferably at least 75%, such

30 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%, preferably less than 0.6%, most preferably less than 0.4%, by weight.
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oil's in this invendst tHanane usih@ tha¥et Methold\Greifle@ N Table 1t he Anmerican
PetroleumiInstitute (API) publication "Engine G| Licensing and

Certificati oh) SysGsetp Hibastusioeks ceatairi gresteDdign of agudl fo $Qpercedsatiratesdingdi on,
Decenber (1996, Addendum 1, e r 1998. .Sai d, publication.categorizes 10
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and have a viscos
or equal to 120 using the test methods specified in Table 1.

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

€) Group V base stocks include all other base stocks not included in Group [, II,
III, or IV.
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
25 Phenylenediamine compounds useful in the practice of the invention include

compounds of the formula:



or equal to 80 and less than 120 using the test methods specified in Table
1. ¢) Goup Ill base stocks contain greater than or equal to 90 percent
saturates an%ooh%? than or equal to 0.03 gpercent sulfur and have a
viscosity index greater than or equal to 120 using the test methods

specified in Table 1. 20 d) Gqup |V base stocks are, pol yal phaol efins (PAO).
e) G oup V base stocks include a’I ot her /bage stoy 2not included in G oup
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an al kyl, al ken allyl or methallyl radical of up to 30 carbon atons, a
cycl oal kyl oralbay/@t mathaahvladlcalaeﬁ@atp 38fca3>09@tozn%arcm@lﬁal§vb<hrscy@bzai1@nw ly
substituted b e I envl adi,cal s of
up to 30 car bé‘rlllga ﬁtoeacaﬁb(’%a%gllgs oﬁhgnal Suvélt&eé X& fecae%l(y%u glt“flt uted by

one or norse adlkybs m@iﬂﬁﬂy\M’adlcallsthF% 30reirbanh ht\binsrea@h Cﬁﬁ'aﬁleﬁdluﬂ iParyBO car bon
atons each, or an aryl-al kyl, aryl-alkenyl, aryl-allyl or ar yi met hal | yl
radi cal with fagicalsubgtitaigd hyena s more hlkyhélkamelyallyl@r raethallyl eadicalsoof updohal |y

resi due and tionall St i tute t re al kyl,
L keny T, iy s Shonts B0 bi A 5P afiph SR, TR Sy e Pefen i, “and
R3 and R4 ar eadiest ﬁ@lﬁf&?t cﬁwicz{rﬁ@ﬁ @tahlsaﬂdleeﬂley] AREYE BN 0T nidthAIY1 alsiatk and

me

al kenyl, allyl or allyl radical of up to 30 carbon atons, a cycl oal kyl
or cycl oaI kerﬁﬂtloﬂ@l!ﬂ supstitgiedn; the aryl m%hymeﬁn@m alsylaplkgndugisdior ut ed by

one or amé%h l%cﬁgeﬂ {uﬁa Ig/d %113 I%éﬁl Jadl cals of up to 30 carbon

at ons eac an ar an ar substituted by
Rz and R4 are the same of d1fferent and each represents H, an alkyl, alkenyl, allyl or

methallyl radical of up to 30 carbon atoms, a cycloalkyl or cycloalkenyl radical of 5 to
7 carbon atoms optionally substituted by one or more alkyl, alkenyl, allyl or methallyl
radicals of up to 30 carbon atoms each, an aryl radical, an aryl radical substituted by

15 one or more alkyl, alkenyl ally or methallyl radicals of up to 30 carbon atoms each, or
an aryl-alkyl, aryl-alkenyl, aryl-allyl or aryl-methallyl radical with up to 30 carbon
atoms in the alkyl, alkenyl, allyl or methallyl residue and optionally substituted on the
aryl moiety by one or more alkyl, alkenyl, allyl or methallyl radicals of up to 30
carbon atoms each; and

20  wherein said phenylenediamine is in the form of a free base, or an oil-soluble salt.

Preferred are compounds of the above formula wherein each of R; and R; is

hydrogen and R; and R, are the same or different and each represents an alkyl,
alkenyl, allyl or methallyl radical of up to 24 carbon atoms, a cycloalkyl or
cycloalkenyl radical of 5 to 7 carbon atoms optionally substituted by one or more

25  alkyl, alkenyl, allyl or methallyl radicals of up to 24 carbon atoms each, an aryl
radical, an aryl radical substituted by one or more alkyl, alkenyl, ally or methallyl
radicals of up to 24 carbon atoms each, or an aryl-alkyl, aryl-alkenyl, aryl-allyl or
aryl-methallyl radical with up to 24 carbon atoms in the alkyl, alkenyl, allyl or
methallyl residue and optionally substituted on the aryl moiety by one or more alkyl,

30 alkenyl, allyl or methallyl radicals of up to 24 carbon atoms each.



* 15 one or nore al kyl, alkenyl ally or nethallyl radicals of up to 30 carbon
atons each, or an aryl-alkyl, aryl-alkenyl, aryl-allyl or aryl-nethallyl
radi cal w thppb@ 30 carbon atoms in thg alkyl, alkenyl, allyl or

met hal I yl residue and optionally substituted on the aryl noiety by one or
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radi cal s 6f watkyl,alkeayk alploor a¢tbatlyl eadi¢nls aﬁupatwlé carlzahi ataing eanh anytylr adi cal

bsti d by,. I L I k || t hal I f
Lo 34 car bon AigHercind R ¥R usioRbior rihre P eBeprt ol or meRhil oy ' 1P
aryl - met hal | m&?yb tovmstéa:m @ Gack2bP NI A1, a1 heend], k1. &enyl
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one or nore atylyhe;theﬂtyl addiahwlith wl toyll6 carbomsttdras inythe by, caiiteaybfallyﬂport o 24

carbon atons e 2005L00 10 st. pref d are co ounds of th bove
formul a vvheré‘? aglé(I:FFSISII"eIQE % Iéép’ﬁ% BBSI?‘F a&II]omR‘:? APOREAOTIPEre; ?sama or
di ff er ent;pand@acnaliAR: RIS l?dalc%IsI‘éfIl?toa}BIﬁ‘é‘fBbhat&IlIé’chhor net hal 'yl radi cal

of fromabout 6 10 16 carbon atoms cl oal kyl or cycl oal kenyl radical of
5 to 7 carbon at ohefoprlyottwlphpn;slamsxhamuueednippumﬂIMSODr myee®nSivatagela al kenyl ,

allyl or methallyl radic Is of 0 car,bon, at ons_eac r I r adi caI
on aryl s agi ddoskn cRftEr R aor b 3 Bass o FEABHE | F Ay o pAreralh b aboenal |y
radi cal's of g fQsslp t&%&@%%txﬁ&% %akﬁ&'e pi’éfe?a'Bl}ﬂerxIn BblY] mady %Ito%b&ﬂ“ll()l
aryl-allyl or aryl-nethallyl radical with upto 16 carbon atons in the

al kyl , al kenynass &. | Kdr eﬁﬁEctl\rmohadllsp&rmpesa,rdUQ almdomp,n soonaiduyedswlsmsutyut ed on

t he aryl noi et b . O re alk al ken al | or _rmet hal | yl

radi cal s 1of “EEI?‘H’(S‘%“%&“O‘I?S %E(Imypeﬁf’@?’é‘r‘%oq%mpoflﬁ €i$REny| enedi ani ne
conmpound has héH lélﬁﬁﬁnﬁﬁle }Iﬁﬁﬁﬁsa@ prakdit GORR lﬁlﬁil{aﬁﬂg onco S8R AHAn 3 Mass %
to about 13 mass % preferab (%ﬁfrom about 4.5 nmass %'t out 10.5 mass %
nmor e pref er abinpufirafrat kdasiabolt (E2Emess %, pigdarably @t leﬁas@ot%() @:I)masﬁf%esuqh\% soot

di spersi on, apl%ast abourﬁI (540 Irngsts os$9éferagp I,J %dph\éhjﬁ%t?esdlar%ne compound(s) will be

present in the lubricating oil composition in an amount of from about 0.04 mass % to
20 about 4.5 mass %, preferably from about 0.05 mass % to about 2 mass %, more
preferably from about 0.08 mass % to about 0.8 mass %, wherein all mass
percentages are based on the total mass of the lubricating oil composition.
Additional additives may be incorporated in the compositions of the invention
to enable them to meet particular requirements. Examples of additives which may be
25  included in the lubricating oil compositions are dispersants, detergents, metal rust
inhibitors, viscosity index improvers, corrosion inhibitors, oxidation inhibitors,
friction modifiers, other dispersants, anti-foaming agents, anti-wear agents and pour
point depressants. Some are discussed in further detail below.
Lubricating oil compositions of the present invention may further contain one
30 or more ashless dispersants, which effectively reduce formation of deposits upon use
in gasoline and diesel engines, when added to lubricating oils. Ashless dispersants
useful in the compositions of the present invention comprises an oil soluble polymeric

long chain backbone having functional groups capable of associating with particles to



- 15 increase in lubricants upon use, a phenyl enedi am ne conmpound is, or
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substituted giamine, e.g., polyethylene diamine and tetraethylene pentamine using about 0.3 to

20 about 2 moles of (B), (C) and/or (D) per mole of (A). Another preferred dispersant
combination comprises a combination of (A) polyisobutenyl succinic anhydride with
(B) a polyalkylene polyamine, e.g., tetracthylene pentamine, and (C) a polyhydric
alcohol or polyhydroxy-substituted aliphatic primary amine, e.g., pentaerythritol or
trismethylolaminomethane, as described in U.S. Patent No. 3,632,511.

25 Another class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing about one mole of an
alkyl-substituted mono- or polyhydroxy benzene with about 1 to 2.5 moles of
carbonyl 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.

30 3,442,808. Such Mannich base condensation products may include a polymer product
of a metallocene catalyzed polymerization as a substituent on the benzene group, or
may be reacted with a compound containing such a polymer substituted on a succinic

anhydride in a manner similar to that described in U.S. Patent No. 3,442,808.



Wi th succinic anhydride groups and reacted with pol yethyl ene am nes, e.g.,
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readily acconplis reating an acyl nitrogen-cont’aifing dispersant with

a boron conpdoifior ubbutdstoldoa’ hotirs|dolldesdby nirakémigrippingn Adeiisivelgntheest er s
of boron acids, in an anount sufficient to provide from about 0. 1 to about
20 atomi c pr SpEttresHEenscan e gondusicdbyadding berig acid tg ok reaption wipdpre of

the dicarboxylic acid material and amine, while removing water. Other post reaction

20 processes commonly known in the art can also be applied.
The dispersant may also be further post treated by reaction with a so-called

"capping agent". Conventionally, nitrogen-containing dispersants have been "capped"
to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.
Numerous capping agents and methods are known. Of the known "capping agents",

25  those that convert basic dispersant amino groups to non-basic moieties (e.g., amido or
imido groups) are most suitable. The reaction of a nitrogen-containing dispersant and
alkyl acetoacetate (e.g., ethyl acetoacetate (EAA)) is described, for example, in U.S.
Patent Nos. 4,839,071; 4,839,072 and 4,579,675. The reaction of a nitrogen-
containing dispersant and formic acid is described, for example, in U.S. Patent No.

30 3,185,704. The reaction product of a nitrogen-containing dispersant and other
suitable capping agents are described in U.S. Patent Nos. 4,663,064 (glycolic acid);
4,612,132; 5,334,321; 5,356,552; 5,716,912; 5,849,676; 5,861,363 (alkyl and alkylene
carbonates, e.g., ethylene carbonate); 5,328,622 (mono-epoxide); 5,026,495;



- conmposition. Useful dispersants contain fromabout 0.05 to about 2.0 nmass %
e.g., 10 fromabout 0.05 to about 0.7 mass % boron. The boron, which appears
in the produgfys gy dehydrated boric acid polymers (primarily (HB02)3), is
believed to attach to the dispersant imdes and diimdes as am ne salts,
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170'C, for fromabout 1 to about 5 hours, followed by nitrogen stripping.
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For adequate b ol S on Sibtidc). The tetulling Svelbased Aeteigont camplised nentdlged 2t ¢an be
detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such overbased
20  detergents may 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
naphthenates and other oil-soluble carboxylates of a metal, particularly the alkali or
25  alkaline earth metals, e.g., sodium, potassium, lithium, calcium, and magnesium. The
most commonly used metals are calcium and magnesium, which may both be present
in detergents used in a lubricant, and mixtures of calcium and/or magnesium with
sodium. Particularly convenient metal detergents are neutral and overbased calcium
sulfonates having TBN of from 20 to 450 TBN, and neutral and overbased calcium
30 phenates and sulfurized phenates having TBN of from 50 to 450. Combinations of
detergents, whether overbased or neutral or both, may be used.

Sulfonates may be prepared from sulfonic acids which are typically obtained

by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained



added in an anount providing the lubricating oil conposition with from about
0.03 mass %to about 0.15 mass % preferably from about 0.07 to about 0.12
mass % of  npdsegen. Metal -containing o_r14a_sh-forrn' ng detergents function

both as detergents to 10 reduce or renove deposits and as acid neutralizers

or rust rnhi I?Itgtg?ﬁé frdcREhARA th:;éIISIeHHI r%rVISﬁBe I)aIﬁgI}l B??g%t%%?ﬁﬁ%&ﬁ%ﬂ%”g

engine life. ergents gener y conprrse a

hydr ophobi ¢ tBxiamplesiihdluddiethps abtaihedbbly alkylating benzeae,teluahe, sgleneof an aci dic
organi ¢ conpound. The salts may .contain a substantially %t oi chionetric
anmount of t haapkthalens, diphenyhordBeiphalagsn deryatiessauch ayelprobgrasngs nor nal or

neutral 15 s i : . TBN (as
can be neas u%é?%g%ﬂ%wggg%lg?ﬂﬁ/%%ﬁl@ylé@éﬁa?gg S%‘%E%EI&“O‘I)’? a netal
base may be ipresendeosfalcacalysywitheadkylativgy speasdmvingtfadm abogr@undndgre tigan, 706n oxi de
or hydroxide) with an acidic gas_ _ (e. g.,ﬁﬂfar bon. dj oxiage). The resul ting

over based detcagB o dkayhulfopates varlly senigingeom ageutd e Bgues0 etayer of a

| b ] I h
TN of 150 or g7 saped SRHG bt dfim SR 1R1GROAR TR AR E SRARTaBTE 450 o

mor e. Det er genbssititB@hromalticgoietyed i ncl ude oil -sol ubl e neutral and overbased
sul fonat es, phenates, sulfurized phenates, thiophosphonates, salicyl ates,

and napht henat es Ths@ilowoiuble glfongiss opplkaghswénnye agidsmay be newtralized with

particul arly J: 1.Qr . ' rmg@ I g }

pot assi ur;irI]O I iOI(Iu &%}Iﬁggﬁl%eguarﬁﬁg’gg %Igﬁ‘gaé?sg% %%h%?g%solﬁ%ﬁﬁgh#spéd nmet al s
are cal ci um aiehtERBORs WA etHetLdT theshetOt The empumsH ietalicompotied Beshbsenused i n
a lubricant, and m xtures of cal cium and/or magnesiumw th sodi um

Parti cul ar | y heving segasthto thedasiredetRIN 9f thesfinal aradagt bud typigall yggeges depspiakant ci um
sul f onat es hagyj f t t . r based
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Conbi nat i ons r&fuiredet er gent's, whet her overbased or neutral or both, may be
used. Sul fonates may be prepared from sul fonic acids which are typically

obt ai ned 15by the Métrlowalis pbphenpls:angysplfuiizeiphenels areaprepated by Fpafio ®itheAs such
R 1 T
by al kyl at i ngrdro®eansy; bd cBtuiase by xetiwyde 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
20  generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
containing bridges.
Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,
lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
25 commonly used in lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2 wt. %,
based upon the total weight of the lubricating oil composition. They may be prepared
in accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohol or a phenol
with P,Ss and then neutralizing the formed DDPA with a zinc compound. For
30 example, a dithiophosphoric acid may be made by reacting mixtures of primary and
secondary alcohols. Alternatively, multiple dithiophosphoric acids can be prepared

where the hydrocarbyl groups on one are entirely secondary in character and the

hydrocarbyl groups on the others are entirely primary in character. To make the zinc



* napht hal ene, di phenyl or their hal ogen derivatives such as chl orobenzene,
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groups on onge@f hﬁd ,908rop Al ypﬁypaolﬂﬁw, -&u?h@é@ﬁﬁ@f affyll nh&yl, mﬂékﬂcaro@m
groups on the others are entirely primary in character. 70 nmake the Zinc
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,

15  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
about S or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise
zinc dialkyl dithiophosphates. The present invention may be particularly useful when
used with passenger car diesel engine lubricant compositions containing phosphorus

20 levels of from about 0.02 to about 0.12 mass %, such as from about 0.03 to about 0.10
mass %, or from about 0.05 to about 0.08 mass %, based on the total mass of the
composition and heavy duty diesel engine lubricant compositions containing
phosphorus levels of from about 0.02 to about 0.16 mass %, such as from about 0.05
to about 0.14 mass %, or from about 0.08 to about 0.12 mass %, based on the total

25  mass of the composition. In one preferred embodiment, lubricating oil compositions
of the present invention contain zinc dialkyl dithiophosphate derived predominantly
(e.g., over 50 mol. %, such as over 60 mol. %) from secondary alcohols.

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
deteriorate in service. Oxidative deterioration can be evidenced by sludge in the

30 lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such



* 2005L004 - 15 salt, any basic or neutral zinc conpound could be used but the
oxi des, hydroxi des and carbonates are nost generally enpl oyed. Commerci al
addi tives fregyepsd y contain an excess 9F zinc due to the use of an excess
of the basic zinc compound in the neutra ?zation reaction. 5 The preferred
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about 0. 16 ngﬁsv%e YN 28 tWP&Fﬁ‘gffGﬁtf aﬁ?@aﬁd t@ gne,HBine net.rqg@nﬁg;&scweldeﬁedf rom
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The aromatic rings are typically substituted by one or more substituents selected from

15  alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.
Multiple antioxidants are commonly employed in combination. In one
preferred embodiment, lubricating oil compositions of the present invention, in
addition to the phenylenediamine compound(s) added to ameliorate soot-induced
viscosity increase, contain from about 0.1 to about 1.2 mass % of aminic antioxidant

20  and from about 0.1 to about 3 mass % of phenolic antioxidant. In another preferred
embodiment, lubricating oil compositions of the present invention contain from about
0.1 to about 1.2 mass % of aminic antioxidant, from about 0.1 to about 3 mass % of
phenolic antioxidant and a molybdenum compound in an amount providing the
lubricating oil composition from about 10 to about 1000 ppm of molybdenum.

25  Preferably, lubricating oil compositions useful in the practice of the present invention,
particularly lubricating oil compositions useful in the practice of the present invention
that are required to contain no greater than 1200 ppm of phosphorus, contain ashless
antioxidants other than phenylenediamines, in an amount of from about 0.1 to about 5
mass %, preferably from about 0.3 mass % to about 4 mass %, more preferably from

30  about 0.5 mass % to about 3 mass %. Where the phosphorus content is required to be
lower, the amount of ashless antioxidant other than phenylenediamine will preferably

increase accordingly.
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thereon or by grafting an unsaturated acid onto the polymer backbone and then

20  reacting carboxylic acid groups of the grafted acid with an amine, hydroxy amine or
alcohol.

Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final oil may also be included. Examples of such materials include
glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of

25  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.

Other known friction modifiers comprise oil-soluble organo-molybdenum

30 compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. Examples of such oil soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,

dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.



25 Preferably, lubricating oil conpositions useful in the practice of the
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di spersants 1nclude reaction products of am nes, for exanple polyamn nes,
wi th a hydr osimilay heiflic rsellybdenunt einpayinds.- or  di car boxylic acid in which the

hydr ocar byl substituent, co i,ses a chain of sufficient.|length to inpart
W scosttyYi ndex | AEGRIGIBD BT slhiiniTser ibG sAEon are gL s ienie
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to C24 unsaturated ester of vinyl alcohol or a C3 to Cl O unsaturated

nmono- carboxylic acid or a C4 to Cl O dMaROESeyland aci d with an unsaturat ed
nitrogen 15 contai ni ng nononer havi ng@hg g%ﬂcar bon atons; a polyner of a
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Friction modjginf @alkidithie€drbARRBOMMAYEINEmt hat are conpatible with the
other Another group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear molybdenum compounds, especially those
20  of the formula Mo;S¢L,Q, and mixtures thereof wherein the L are independently
selected ligands having organo groups with a sufficient number of carbon atoms to
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 O to 5 and includes
25  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.

Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low

30 temperature fluidity of the fluid are Cg to C,3 dialkyl fumarate/vinyl acetate

copolymers, and polymethacrylates. Foam control can be provided by an antifoamant

of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.
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materials include glyceryl nonoesters of higher fatty acids, for exanple,
gl yceryl m)ngé% te; esters of 25 |ong claai n pol ycarboxylic acids with
diols, for e 9 , the butane diol esterl?sf a dinerized unsaturat ed fatty

aci d; oxazoline c unds; ,an | kox ed al kyl| - bstitut.e - am nes,

di am nes and al kysg@gﬁgﬁeaq%oﬁg'ﬁnhg?gde g%\ieg,ca%ngidélaarﬁlgglpfh{;gy Eﬁéﬁeg ’'ne and
et hoxyl at ed thak fevexainply, adifighead diliveahaK QW8 afdispeisaMoxi@4tion! iBhiit6© NFHié Se

oi | - sol ubl e organo-nol ybdenum 30 conpounds. Such or gano-nol ybdenurn
friction nodpppresch iamwel knowniand nged neptieduriher elahgrated hetelar credits to a

| ubricating oil ¢ OSié[sieOtnr VE)&'% 141%% Bf Scl.éCh o] Ii sl%l gtgulle ; ;{ganoc- nol ybdenum
conpounds i ncl ude R OCAT Baefnna es, &l?ﬁ?oﬁmt)%gfeg, 89? i B’I% hi nat es,
xant hat ess t hiagxans thatsebilits of ted@scosiay 8f thb ®ldndK Ehudntthbigt polgsgrobgr eof .
2005L04 -18- Particularly preferred are nol ybdenum dit hi ocar bamat es,

di al kyl di t hi egigisingaddiiveapchyp¢ve asuiablytlew vaseasity inythe nicolending siege it has

Addi tional ly, the molyhdenum compound nmay be.an. aci.di ¢ nmol ybdenum conpound.
These conpouREid distived BRE O EMBdRrF 48 Bre et 8 Racur ea . by
ASTM t est D pforiped PedSRE Additivdsivicipire cefdetive ialkdn@é@ink Yk ¢RLoNtyRo8xMa! ent .

I ncl uded are nol ybdi ¢ aci d, ammoni um nol ybdat e, sodi um nol ybdat e, potassi um

nmol ybdat e, ainglugeltles loag khaih hgdresahpnshiinghenalized binteaotiorewithmignedenum sal t s,
e.g., hydrogen,.sodi um.nol ybdat e MO0 2Br M)20306 | ybdenum

r Poxi detty “IERneRih S e URR w8 ostinde DB ARG o BrHER) baenum
conpounds usgﬂ‘syérsams iersapares discdsredof this invention are

or gano- nol ybdenum conpounds of the formula: M(ROCS2)4 and Mo(RSCS2) 4

wherein R is an oMhendubicatipg sempesitensicopiain one qjrroers of dresibove-meengipned ky| |

andt pr o er aptgGvoteed SRV WhicaRTBERThilths baRThLin § i P esBIg T

carbon at onsthegBiEivE 8 pyovileaisalesiee fuatort. he di al kyldit hi ocar banmat es of
mol ybdenum Anot her group of organo-nol ybdenum conpounds useful in the
| ubricatihg conpd¥dienilehricaing cQMBOSIHRNSIFONEN QfecorTRPIA OF thegaboieimentierrdm

conpounds, eg(f)cﬁt?\lie%l éa\éh tag&ﬁ%e is typically blended into the base oil in an amount that enables
the additive to provide its desired function. Representative effect amounts of such
additives, when used in crankcase lubricants, are listed below. All the values listed

are stated as mass percent active ingredient.

20

Table II

ADDITIVE MASS % MASS %

(Broad) (Preferred)

Metal Detergents 0.1-15 02-9
Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4
Antioxidant 0-5 0.01-3
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-0.5
Friction Modifier 0-5 0-1.5
Viscosity Modifier 0.01-10 0.25-3
Basestock Balance Balance




- 20 of the formula Mo3SKLQ and m xtures thereof wherein the L are

i ndependently sel ected |igands having organo groups with a sufficient nunber
of carbon at Qg&ﬂ,& render the conpound sg| uble or dispersible in the oil, n
is froml1l to 4, k varies from4 through 7, Qis selected fromthe group of

neutral electron 4endtthRsul QUBAS:r SHCH e &3 RlbricH 6P hol s,
phosphi nes, and et he?s, an%lglzmr an sr %ﬁfo?n Oertl%ﬁ% a%@r@ﬁu&%@bg
non- st oi chi orempbsitivad ofethe phselteamentidd pted¢rabl ydavd o sulfitraroatenh ofiless than pr esent

anong all the ligand organ roups, such at | east 25, at. least 30, or at
| east 35 car ﬂ“ta{g Fass &@B‘EP?‘ %é?ﬁﬁtth@é’}o%gggf@,ss & H&rwgeéerﬁﬁﬂdm% al ype oi |
fl ow i nprover, t RN r i luid wll
fl ow or can t?go%gﬁ@ egljaSAS%\’(lz\ﬁIChaagg?S?} 1\{/53?5 g?%@mpgﬁﬁi%o%%%%ggﬁ Nggd{ hose

addi ti ves st hatlatihipy ofthe fildty foomula@GdtROPOr(all of hibkicatingy tiycosity phs all additives)e C3

to C18 dial kyl. f t el vi t at | , I th t es.
Foam cont r ol WHPBE BFET HEY L by uch e BFORRERE | 2oie D paP EEA S LI Gy po.
for exampl e, gsitirGia Rl CHORRHE bR hveRlibP 8RR IFITL FPLrca cSpTe Of the

above-nenti one Ives can provide a nmultipricity o cts; thus for
exanpl e, a sil2g0 gpmdiiphbsphomesy suwhtas as geeatkirsipar K300t ppax ofiglidsphorusiurmot or . Thi s

h i 1k d d t be_f h | ab t h in. In th
DO | R e e ot ey et Sl gL ed herels, 1 e
mai nt ai n§,t hg,ahabh hhﬁﬁ%’rﬁ@é’ Hab@ﬁlﬁhl?eﬁ&?h%%sggﬁ)*ﬁpt@hﬁéﬁbolhﬂé 1m:f§'s%‘ﬁ§ﬁ§&.p°' ar

group- containing a S achieve a sul oW Vviscosity I1n't
pr e- bl endi ng st agdruily fomsulatbé beavylbaty diesk] ehgihe $EDD) dabrjppating odeemippsitiease i n

viscosity when stored for _ prolonged periods. Additives which are effective
in controlli 9% theriesept g{cysgt#fryprﬁ%a%i&e ve § aa%nt?wfﬁﬁﬁ@hwiaor}t b apse ®bons
functional i g pys [e&ARAL Mbuf0IMIRPP mdpé pﬂe@er%lggés@m' dbbuf§ 4 $as8, 30V AT | des

which are used 1 n the preparation of the ashle di spersants as
her ei nbef or e adiess tmaatouthEnmiasssoi Patferablys threddsdackivotusilicoof the fiulne or nore of

e B I SRR bRl T
above- ot i oRel S B, S R ISl sTa To et e pase
oil in an amthamt 12 Hadlydnabhleted HIDIR lahittiating eil compositionbeofithe prtesit imanfiomct i on.
Representati \f)?efglfa{)ﬁlcl}avg rggug?eta erct)l];anSHS%B ppm of phosphorus, such as no greater than
1400 ppm of phosphorus, or no greater than 1200 ppm of phosphorus. Fully
20  formulated HDD lubricating oil compositions of the present invention preferably have
a sulfated ash (SASH) content of about 1.0 mass % or less.
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
25 to form the lubricating oil composition. A concentrate for the preparation of a
lubricating oil composition of the present invention may, for example, contain from
about .1 to about 16 mass % of phenylenediamine; about 10 to about 40 mass % of a
nitrogen-containing dispersant; about 2 to about 20 mass % of an aminic antioxidant
and/or a phenolic antioxidant, a molybdenum compound, or a mixture thereof; about 5

30 to 40 mass % of a detergent; and from about 2 to about 20 mass % of a metal

dihydrocarby! dithiophosphate.



“additives, when used in crankcase |lubricants, are listed below. Al the
values listed are stated as nass percent active ingredient. 20 Table 11
ADDI TI VEI\/ASSZ%EWS % (Broad) (Preferred) Jetal Detergents0O.1- 150.2-9
Corrosion Inhibitor0-50- 1.5 Metal Di hydriocarbyl Dithi ophosphateO. 1-60. 1-4

Ant i oxi dant 0- 50. 0 i ol tehR 51395 Ak ?Ag[a j
Agent 0- 50. 001- 0. 1éhlgupp %Onlgg(%safonﬁﬁw %E%@Af\goentgstg %%}6%3 g rfag’@?%ﬁj e
Modi f i er 0- 50-mMas$ %Vitgmicalyt 40 tebidi rthassr of thekdfic@fral:, BesestaockBbdiag o B&l ance

2005L004 -20- Fully formul at ed, passenger. car di esel engine |ubricating oil
( PCDO) corrpo%‘i‘tlri%ﬂgg&sc?sﬁté{ aﬁgé%gﬂﬁltyilﬁ g‘ﬁ?f'on preferably have a sul fur

content of less t %pwe%lgﬁﬂérc%xtéleﬂﬁés%ea/ hex%fhc(g}nﬁ:% &tﬁé@?g{ﬁﬁicﬁgﬂyﬁre%a% spss %
9

nore preferably less t about "0. 03 mmass suc ess than about 0.15
mass % Psef ectnd ingredieat A koiemaifale dddityvep ind/beupanl thy tdtalrweiglst & dnf?CDO ( oi |

of lubricating,viscosit lus all additiwv YRR no.greater. than 13,
such as no gragglf‘é‘?'p?ﬁ@ﬁg’ %f%}l@fﬁé?fhw r’f‘é}ﬁa"éﬁ‘?%’r‘nf’ggﬁ Ai'é.qveléﬂfqu)?a? rmul at ed
PCDGCs of the aH&i‘ii%@gfusitﬁB’%ig%nP&tha?B%?BihXedﬁave no greater than 1200 ppm of

phosphorus, such aS no greater than 1000 ppm of phosphorus, or no greater
t han 800 ppm of pHAhspingention wAlll HeyfuftbermuidetseshdPgDEErafce tdthedoBewemyg 10

invention preferably have sul fated ash (SASH), content of about 1.0 mass %
or less. FulK3mPlgsyhessia Wé&%?rem%éﬁ"éég?t’ %‘Hh&‘isr?ghe(rﬁtﬁﬁ)nofﬁbri cating oil
conpositiigns of the present invention preferably have a sul fur content of

| ess than about 1.0 mass % such as | ess than about 0.6 nmass % nore
preferably | EAMPLESbout 0.4 nass % such

The Mack T-11 test is an extreme engine test in the latest PC-10 HDD engine
oil specification (to become API CJ-4) designed to measure viscosity control in highly
sooted oils, specifically, levels of soot that would accumulate in a crankcase lubricant

15 for a HDD engine equipped with a condensed EGR system, with use. The kinematic
viscosity at 100 °C of the carbon black dispersion is measured using the test method
described in ASTM D445.

Two samples representing fully formulated 15W-40 grade API CI-4 crankcase
lubricants were prepared. Both samples contained identical amounts of the same

20 phenate and sulfonate detergents, dispersants, ZDDP and antifoamant. Each sample
was blended with the same viscosity index improver and a lube oil flow improver
(LOFI). Oil “Comp. 17, contained 0.60 mass% of a conventional diphenylamine
antioxidant. In Oil “Inv. 17, representing the invention, 0.50 mass % of N-alkyl-N’-
phenyl phenylenediamine having a mixture of C¢ and C; alkyl chains was added (in

25  addition to the diphenylamine antioxidant). The lubricant samples were subjected to a
Mack T-11 test and the results are shown in Fig. 2. Results are reported as Akyi00
(relative to the kyi0o of a sheared (KO90) fresh lubricant sample; ky109 being measured
using the test method described in ASTM D445) at increasing levels of soot. As
shown, the samples performed similarly until the level of soot reached about 4%.

30  Above 4% soot, particularly above 5% soot, the viscosity of the sample containing
only the diphenylamine began to increase rapidly and Oil Comp. 1 failed the Mack T-
11 test. In contrast, with Qil Inv. 1, viscosity remained under control, even in the

presence of large amounts of soot, resulting in passage of the Mack T-11 test.



- as tess than about 0.15 mass % Preferably, the Noack volatility of the
fully 15 formul ated HDD | ubricating oil conposition (oil of lubricating
viscosity pl ‘é%sﬂﬂm additives) wll be no freat er t han 20, such as no
greater than preferably no greater an 12. Fully for rruI ated HDD

| ubricating oil c f r r no
greater than 1600%2?&0?659%35?3“ u%n&sﬁz Iéggh ﬂgﬁ]@%g%% élra R‘t &?4{%6&%%%1 of
phosphor us, dreraby 1g¢oepdiratred1lhahelﬂ.alﬁmegpmmmmm;ﬂcam:sby Faféﬂeycéo fornmul at ed

HDD | ubri cati i on§ of the, pr \ referably have a
sul fated ash (?‘%9@56 106‘6 PS AOTRrISNED @ ép%‘{f:a ﬁ %‘£°°“P OI}?B‘? 3fptobe
desirable, aldAQHRN a8 HcIRBRE B hPdsitihsRbERY (A0 BE A1,

concentrates conpri si ngC add?&lS vg(gSl cgncentr tes sor%e?ipmaé bei aM§' ferred to
as additisve qaﬁn&hgnnpommseris)prmelpéssapreﬁahﬁdtanﬂmhmans bed anidexjofmpartdtmaneousl y

to the oil 25 _to formithe lubricating o itiogn ncentyrate for the
preparation &f e PIEERBE IVEREQINAYE)| eE‘b&‘b“G L?‘f’é‘ﬁ o Or?gﬂén%ﬂ?%go Uphhy on may,
for exanpl e, gﬁéﬁlsrhui)m 0 Ventibn! RovddRHlis 46 tg%%%or@&med%ﬁﬁme@qggi eam ne;
about 10 to about 40 mass % of a nitrogen-"containing di spersant out 2 to
about 20 mas9attontar@mbadinmnts distlosed| dact the disdlosed anbdsrhnmhlsmrmtgamd dant, a

nol ybdenum cqupound, m xt ure thereof; bout 0. mass % of a
detergent ; antistigHe sl Ehap impiting o GihaDersiibass %16@"'%3’&’9? kilehipdheadr by

di t hi ophggph ition may errployfrom5to 25
mass % glr ef S%Ia ugg%éh%llfémﬁjthe gﬁ;ﬂcéf{}%f@g 10 to 15 mass % of the
concentrate, the renai nder being oil of | ubr| cating viscosity and viscosity
nodi fier. Al weight percents expressed herein (unless otherw se indicated)
are based on 5 active ingredient (A l.) content of the additive, and/or
upon the total weight of any additive-package, or formulation which will be
the sumof the A l. weight of each additive plus the weight of total oil or
diluent. This invention will be further understood by reference to the

foll owing exanples, wherein all parts are parts by weight, unless otherw se
noted. 10 EXAMPLES The Mack T- 11 test is an extrene engine test in the

| atest PC- 10 HDD engi ne



- oil “specification (to becone APl 04) designed to measure viscosity control
in highly sooted oils, specifically, levels of soot that would accunul ate
in a crankcasgyhypficant 15 for a HDD engj ne equipped with a condensed EGR
system with use. The kinematic viscosity~at 100 ' C of the carbon bl ack

di spersion i ¢t ed using the test method described in ASTM D445. Two
sanpl es represerntrmg fully fornul ated 15W40 grade APl C -4 crankcase

| ubricants were prepared. Both sanples contained identical anmounts of the
sanme 20 phenate and sul fonate detergents, dispersants, ZDDP and antifoanmant.
Each sanple Mas ) dicad@nging providedswivh ay pxhayst ga5 recirsslatiomsyssmy saidenging upe

oil flow inpn Myhd I )it Ol 1 b ] d}ﬁllg n{gﬁa.sa%q .
conventi onal bg?ﬁgk%lel%é gr?l&nréh %drﬁr}coxlﬁ%glrlltk Qmpﬁs‘?%grfé \llsqngg epre(g]félﬁ |(r)1lb t he

i nvention, 0.050ubrizasngyietosityadnkiyd midor amoentydf anb enyloee phidienediahdne ng a

m xture O C6 and C7 al kyl chains was added (in 25 addition to the

di phenyl ami n€CBRPI¥ki dant). The |ubricant sanples were subjected to a Mack
T-1 1 test and the results are shown in Fig. 2. Results are reported as

Ak, 100 (relative to the k,100 of a sheared (K090) fresh |ubricant sanple;
kvl oo bei ng reeasurfedieselengige o elaire 1 wiredehodidipisenyldhediamineAShipduad 39 a at
increasing levels of spoot. As shown, the sanples perfornmed simlarly until
the I evel of ceppeupdeftheforamdnit 4% 30 Above 4% soot, particul arly above 5%
soot, the viscosity of the sanpgle containing only khe di phenyl am ne began
to increase rapidly and GO | Con'b\l fail et he Mac -1 1 test. In
contrast, with Gl Inv. 1, viscosi c ad upder control, even in the
presence of |arge amounts of sooty resu g in p§sage of the Mack T- 11
test. 2005L004 -22 The disclosyges of alT patents, grticles and other
material s described herein are 3hereby incorporated,”in their entirety, into
this specification by reference. Conpositions described as "conprising" a

plurality of defined conponents are to be construed as including
conposi ti ons Whereie &1 byd Rdaiexhesamdrer difeientandotagh a¢presentsfansalkidf alkenyl,

ts Th i nci : di ment d ymd f ti f
Che. pr esent | AVETCTGRAG fsi L 8 SRR FHBR e LR e ubaio 5y SbuBPRI et Fon.
Wat  appl i caaHical 985 ¥ chuboh ARinfis dptoaally Qibstif@ENMEIne drimretaliyd, dlengPnst r ued

as limted to the particular enbodi nents disclosed, since the disclosed
enbodi nent s aH¥l erapethalbd radicals of upstor3fqathonrasene eachhamaryl radidahgin a¥langes may

be made by thoge slildibstdh bylodd'& Bbke alkyl, alkenyl, allyl or methallyl radicals of up to
30 carbon atoms each, or an aryl-alkyl, aryl-alkenyl, aryl-allyl or aryl-methallyl

radical with up to 30 carbon atoms in the alkyl, alkenyl, allyl or methallyl residue and
optionally substituted on the aryl moiety by one or more alkyl, alkenyl, allyl or
methallyl radicals of up to 30 carbon atoms each; and

R3and Ry are the same of different and each represents H, an alkyl, alkenyl, allyl or
methallyl radical of up to 30 carbon atoms, a cycloalkyl or cycloalkenyl radical of 5 to
7 carbon atoms optionally substituted by one or more alkyl, alkenyl, allyl or methallyl
radicals of up to 20 carbon atoms each, an aryl radical, an aryl radical substituted by
one or more alkyl, alkenyl, allyl or methallyl radicals of up to 30 carbon atoms each,
or an aryl-alkyl, aryl-alkenyl, aryl-allyl or aryl-methallyl radical with up to 30 carbon
atoms in the alkyl, alkenyl, ally or methallyl residue and optionally substituted on the
aryl moiety by one or more alkyl, alkenyl, ally or methallyl radicals of up to 30

carbon atoms each.



- 10 without departing fromthe spirit of the invention. 2005L004 -23 CLAI V5:
1. A diesel engine provided with an exhaust gas recirculation system said
engi ne bei n%(#sip&f. cated with a lubri cat_iﬂg_ oi |l conposition conprising a

maj or anmount of oil of lubricating viscoSity, and a m nor anount of one or
nor e phenyl enredi am 2. j : j Gy : ein said
phenyl enedi a%i' ne %Hﬁgﬂ%ﬁ@@&@@aﬁ%@&ﬁfgﬁiﬁ% E%wfy([)@ﬁg]l a. ﬁ]dgraiqltr{% and R2
are t he sane contedi éfffeoreabowtrictoehott I3apassent s an al kyl, al kenyl, allyl or
met hal Iyl radical of up to 30 carbon atons, a cycl oal kyl or cycl oal kenyl
radical of 5 to 7 carbon atons optionally substituted by one or nore al kyl,

al kenyl, al lgyl ora gRid@hbik of eRifal Whefeitdhid RibARateRy &P&brﬁﬁ&ﬂ?on%ﬁfbris@:f‘ aryl
db I enyl”, allyl

radical, an aryl radical "substitute y one or nore al kyl, alk

or net hal |yl fromdabait §.0dftoapoutat.5 8RAsc%rdicaidgthenglenatidmines bazed an yHe-tataky| |

aryl - al kenyl , aryk-al Hbl or, ar.?{l -methallyl radical with up to 30 carbon
atons in t he BASRYF said fubkicating off FOMPOSItGRet hal |yl resi due and optional Iy
substituted on the aryl noiety by one or nore al kyl, alkenyl, allyl or

methal Iyl radicals of up to 30 carbon atons each; and R3 and R4 are the sane
of different 5and eeadieselepgmsefitkirhll, wheminksaid lublik®imgl qil @mhpdsitaom furth¢rhal |yl

radi cal of up to 30 carbon at , a cycloal kyl or cycloal kenyl radical of 5
to 7 carbon °aMBHEeSAGasHRAC %sﬁlgs%%%ﬁ’@@@&ﬂmﬂ%ﬁw ghegy pdiagyingany | ,
allyl or methallyl radicals of up to 20 carbon atonms each, an aryl radical,

an aryl radical substituted by one or nore al kyl, alkenyl, allyl or
met hal | yl radi cal A dieselpngine 80 claam Howhereonsikhbticatingroibgongpogitionl fusther

aryl -al kenyl, aryl-allyl._ or | -met hal | yl_ radi ca ith up to 30 carbon
o i ot he cameties Tk angie O B Ao g o et ptleer et onal | v
substituted Qpidhgant2bMipoliRi &Qaetéayfr&ﬁ%@gmﬁpe&qs%dﬁglof hfdkRhendl |y OF
nmethal lyl radicals of up to 30 carbon atons each. 2005L004 - 24 3. A diesel
engi ne of cl a>mptyndshéipbenylanind cpmpoyidsnadi mixtures theseod. nit rogen content of
fromabout 3 to about 13 mass % 4. A diesel engine of claim1l1, wherein said
| ubricating oil conposition conprises

7. A diesel engine of claim 1, wherein said lubricating oil composition comprises
at least one additive other than said phenylenediamine, selected from the group
consisting of dispersant, detergent, rust inhibitor, viscosity index improver,
dispersant-viscosity index improver, oxidation inhibitor, friction modifier, flow

improver, anti-foaming agents and antiwear agents.

8. A diesel engine of claim 1, wherein said lubricating oil composition has at
least one of a sulfur content of no greater than 0.4 mass %; a phosphorus content of no
greater than 1200 ppm, a sulfated ash (SASH) content of no more than 1 mass %; and

a Noack volatility of no greater than 13.

9. A diesel engine of claim 8, wherein said lubricating oil composition has a
sulfur content of no greater than 0.4 mass %; a phosphorus content of no greater than
1200 ppm, a sulfated ash (SASH) content of no more than 1 mass %; and a Noack

volatility of no greater than 13.

10. A diesel engine of claim 1, wherein said exhaust gas recirculation system is

exhaust gas recirculation system in which intake air and/or exhaust gas recirculation



*fromabout 0.04 to about 4.5 mass % of said phenyl enedi am ne, based on the
total mass of said lubricating oil conposition. 5. A diesel engine of claim
1, wherein sajgkloppricating oil conposi tj%1 further conprises at |east one
ashl ess anti oxi é‘ant addi tive ot her than a“phenyl enedi anine. 6. A diesel
engi ne of cl &l AN LR i ' ' [ %’f? It J .

conpri ses frgsltn%@?ija%ut Ol.bgédgg§gfo&)Jthglag%'gﬁédtg&n%s’}éasgoo Q’Z!ttﬁf{ tgrggtgﬁgtﬁggiggﬁﬁ ess
ant i oxi dant comperatidn.sel ected fromthe group consisting of hindered phenol
conpounds, di phenyl am ne conpounds, and m xtures thereof. 7. A diesel engine
of claim1, wherein said |ubricating oil conposition conprises at |east one
addi tive otheyj t hag qeRbibnRRRIVFIEMRA WHidlEs aHEhAFERY didsenenplife. 9T oup

consi sting of dispersant, "detergent, rust inhibitof, viscosity index

i nprover, dispersant-viscosity index inprover, oxidation inhibitor,
friction nodifier, flow _ inprover, antj-foam ng agents and anti wear agents.
8. A diesel egi neAdethqdg Pf{at%ﬁér@%ﬁig%ﬂefHragadpgaf%%gﬁu%gﬁsposition has
at least on I c 3 : 04, a

phosphor us C(;erﬁtafécrlll?a t(ﬁ)#l S %Emgggiac?lgfrl etﬁﬁ%ﬁ%llg{ %g%g%&gﬁgﬁa?? grtl glé a( SASH)
content of ndubniraeinglodcofnposition ¥omprising a nidj@acdmeoit af o1l iof jubsitativg yseaiter t han
13. 9. A diesel,  engine of claim8, wherein said |ubricating oil conposition
has a sul furané&rff”é‘ﬁfa‘BP“’H(?fQP%S’E@Pr"LWY@P%ﬁW&@ QMPQUAhosphor us cont ent  of
no greater than 1200 ppm a sulfated ash (SASH) content of no nore than 1
mass % and a Noack volatility of no greater than 13. 10. A diesel engine
of claim 1, wereiThesacttodrhaast 12 agharénisaidphahylemedsamine compourekisaust gas
recircul ation g{steq%l@ n y%rﬁﬂ intake air and/or exhaust gas recirculation
2005L004 - 25-coBtpoundet thedormy'ed t 0 bel ow the dew point for at |east 10% of
the tine said engine is in operation. 11. A diesel engine of claim1l1, which
is a heavy duty diesel engine. 12. A nethod of operating a diesel engine
provi ded with an exhaust gas Rgcircul ation system R\ani ch net hod conpri ses

| ubricating said engine with a I\(bri ca oi |l cofipOsition conprising a

maj or anmount of oil of lubricatin iS¢ a mnor amount of one or
nor e phenyl enedi am ne conpound. \

R} R,

wherein R; and R are the same or different and each represents an alkyl, alkenyl,
allyl or methallyl radical of up to 30 carbon atoms, a cycloalkyl or cycloalkenyl
radical of 5 to 7 carbon atoms optionally substituted by one or more alkyl, alkenyl,
allyl or methally! radicals of up to 30 carbon atoms each, an aryl radical, an aryl
radical substituted by one or more alkyl, alkenyl, allyl or methallyl radicals of up to
30 carbon atoms each, or an aryl-alkyl, aryl-alkenyl, aryl-allyl or aryl-methallyl
radical with up to 30 carbon atoms in the alkyl, alkenyl, allyl or methallyl residue and
optionally substituted on the aryl moiety by one or more alkyl, alkenyl, allyl or
methallyl radicals of up to 30 carbon atoms each; and

Rj;and R4 are the same of different and each represents H, an alkyl, alkenyl, allyl or
methallyl radical of up to 30 carbon atoms, a cycloalky! or cycloalkenyl radical of 5 to
7 carbon atoms optionally substituted by one or more alkyl, alkenyl, allyl or methallyl
radicals of up to 30 carbon atoms each, an aryl radical, an aryl radical substituted by
one or more alkyl, alkenyl, allyl or methallyl radicals of up to 30 carbon atoms each,
or an aryl-alkyl, aryl-alkenyl, aryl-allyl or aryl-methallyl radical with up to 30 carbon
atoms in the alkyl, alkenyl, allyl or methallyl residue and optionally substituted on the



*13. "The nethod of claim 12, wherein said phenyl enedi am ne conpound is a
conpound of the formula: wherein RL and R2 are the sane or dif,ferent and
each represenpssiafy al kyl, alkenyl, all yI nmet hal |yl radical of up to 30
carbon atons, a cycl oal kyI or cycl oal ken% radi cal of 5 to 7 carbon atons
optionally s . I hal | yl
radi cal s of E%q%%&%%%ga%éﬁﬁgﬁrgﬁgygég( ﬁ%gﬁh}gr(g rﬁ‘?gﬂliyééa&é%#fa%ﬁdﬂ adi cal
substitut ed lyrbonatams emshe al kyl, al kenyl, allyl or nmethallyl radicals of up
to 30 carbon atons each, or an aryl - al kyI, aryl -al kenyl, aryl-allyl or
aryl-methallyl radical with up to 30 carbon atons in the al kyl, al kenyl,
allyl or nethall y|ThE‘?§étH'&?oiaé]£}1m PPWIEZ:?&h'and%H%}Ibﬁé&‘i:ﬁﬁn@'ﬁﬁ Qﬁltﬁﬁr ¥h nmoiety by
one or nore al kyl, alkenyl, allyl or nethall radi cal s of up go 30 carbon
atons each; annlteﬁiSofafrcdnmer%otaheutslérmassf%dlffer ent and each represents H,
an al kyl , alkenyl, allyl or nethallyl radical of up to 30 carbon atons, a
cycl oal kyl or cycl oal kenyl radical of 5 to 7 carbon atons opti onal |y
substituted Ry onerhermém&ﬁopélm 12 %ﬂe%axlsmd%ﬁryaanﬁéoﬁ%g@bh %ﬁ?ﬁ&:@' s of
up to 30 carbon atons eac an ar radi cal, an ar tuted by
one or nore eﬂdnyhboml)li)értylabomltﬂ Slmass%rmftshnilphyhylemﬂlamins tm‘sedjpntlm t8@l car bon
at ons each, -al kenyl, aryl-allyl or aryl-methallyl
radi cal wit hnﬁfﬁsf’g %‘E)K’(}:"&‘Fi’f&i{g 015?‘8%12 oSO he al kyl, al kenyl, ally] or

met hal Iyl residue and optionally substituted on the 2005L004 -26 aryl noiety
by one or nore al kyl, alkenyl, allyl or nethallyl radicals of up to 20

car bon at ons léach . The4netidrbofradaiho iR, ofherdinisard Idhricahing eil comapsitiph &mtheenedi ami ne
has a nitrogen content of fr m about t o, about, 13 mass % . 15.. The net hod
of clai m 12, CARBRSSI 4P CPeS IF&Sa%"iuﬁé‘dgM addishisetherithan Tebrpvlecediamingom apout
0.04 to about 4.5 mass % of said phenyl enedi am ne, based on the total nmass
of said lubricating oil conposition. 16. The nethod of claim 12, wherein
said | ubricatli’fng dihe nnnbhqﬁ)@icﬂiiunlﬁ Lwltekmin said dutpicates o roinpastionfiethes hl ess

ant i oxi dant addi t.i v hlg ng ed| a[? E 117 The net hod of claim
16, wherein §8€“B“f"i§ ‘?“&a ‘H@ ¢ A Ohy easéBH‘bP%h%"éé f r om about
0.1 mass % t @n@bQqednt 50&96&13@&&&@&6&@% g@aﬁc&%mtﬁg%f hﬁﬂEfe@ﬁh@ﬁ(ﬂt conpound

sel ected fromthe group consisting of hindered phenol
compounds, diphenylamine compounds, and mixtures thereof.

18.  The method of claim 15, wherein said lubricating oil composition comprises at
least one additive other than said phenylenediamine, selected from the group
consisting of dispersant, detergent, rust inhibitor, viscosity index improver,
dispersant-viscosity index improver, oxidation inhibitor, friction modifier, flow

improver, anti-foaming agents and antiwear agents.

19.  The method of claim 18, wherein said lubricating oil composition has at least
one of a sulfur content of no greater than 0.4 mass %; a phosphorus content of no
greater than 1200 ppm, a sulfated ash (SASH) content of no more than 1.1 mass %;
and a Noack volatility of no greater than 13.

20.  The method of claim 19, wherein said lubricating o0il composition has a sulfur
content of no greater than 0.4 mass %; a phosphorus content of no greater than 1200
ppm, a sulfated ash (SASH) content of no more than 1.1 mass %; and a Noack

volatility of no greater than 13.



+ conpounds, di phenyl am ne conpounds, and m xtures thereof. 18. The net hod of
claim15, wherein said lubricating oil conposition conprises at |east one
addi tive oth?&)i&ﬁn sai d phenylenedianiQ%n_selected fromthe group
consisting o 5|spersant, detergent, rust™inhibitor, viscosity index

i nprover, dispersant-viscosity index inprover, oxidation inhibitor,
friction nodifier, flow inprover, anti-foam ng agents and anti wear agents.
19. The net h@d. of ThkmathckBof oMisr K, whesiinl sdidbxhavat gasgeardulationpgsemiion has at

| east one of a sulfur content of no greater than.0.4 nass % a osphor us
content o nEX R EER BrCiRIAIOR SHTC B ROk 1 41 /Oh LGRS 525 KEIOLOBY o

more than 1. d{hasadool8dfh Beld0akddiebat fdrlay1eal: 109, OF @BliRe Lllftheln 1520 The
met hod of claim 19, wherein said |ubricating oil conposition has a sul fur
content of ndngpeaticer than 0.4 mass % a phosphorus content of no greater
than 1200 ppm a sulfated ash (SASH) content of no nore than 1.1 mass %
and a Noack volatility of no greater than 13. 2005L004 - 27 21. The net hod
of claim 15, ogher GhB nadhdh PAIANSLs, AR rdif? i QItbaleneihe 1Y #heflyl dury BBUST gas
recirculation systemin which intake air and/or eXhaust gas recircul ation
streans are engihed to bel ow the dew point for at |east 10%of the tinme said
engine is in operation. 22. The nethod of claim 15, wherein said diesel
engine is a heavy duty diesel engine.





