1 EGR EQUI PPED DI ESEL ENG NES AND LUBRI CATI NG O L COVMPCSI TIONS FI ELD
OF THE | NVENTI ON The present invention relates to diesel

engi nes, particularly passenger car (PCD) and heavy duty diesel (HDD)
engi nes, provided with exhaust gas redircul ation (EGR) systens, and

| ubricating oil conpositions providing i nproved perfornmance in such
engines. More particularly, the present invention relates to
conpr essi on-i gni int.e usti LRl Ne guibpped- it h EGR
systens | ubri cat k) rﬁ&b?]@é?.iﬁ@ AN DY 'a\ﬂ‘ ott-ar ni ng

al kyl at ed phenot hi azi ne soot QHPEEAPOSITEANSGROUND OF THE | NVENTI ON
Envi ronment al concerns have | éd to continued efforts to reduce NO

em ssions of conpression-ignited (diesel) internal conbustion

engi nes. ﬁ@mmﬁv%mbei ng used to reduce the NO em ssions
of heavy ®t known as exhaust gas recircul ation or
EGR EGR r educege pieseatiisghdisrebiyesi to disselleigh@s Tandaitdrlisiastdnger car
conponents (exhaust gas) into the incomng air-fuel charge int |io_duced

into the @&g)rraddsabldity diesel{Eidrensmesprpwded wathsahaus gagfecirculation
t enper at g y . - - -

ef Toot - of (LY Hepscaal Bty ol RoRBHb Ay o0t A Rl 2la
achi eved iyh enghes gMoleepaetididarhyt, tiggsedeat mventidn rektaséd nomprtssion-igrated

engi ne. The cool er inptake, charge allo etter filli of t .
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the EGR C<9|'1&8?1?71'%éﬁt?om\ﬁ%iﬁlh%%%&la%a%eflbtﬁiagﬁﬁtsobﬂadik&%ahﬂan the incom ng

air and fue xture, the gas further cools the conbustion

m xture | eading to greater power generation and better fuel econony
at a fi xwéﬁﬁmu esel fuel conventionally
cont ai ns , nore. Even the nobst recently
cont enpl at ed "Egwrondlehtil cokbe8galavé 14dlto bbhtinueaBEfaits tdkdiice 190, pRidsdhs
sulfur (e.g. 10 to 50 ppn). Wen the fuel is burned in the engine,

thi s sul fafrcompressiondeniéad (dissgpinterpy] ceadupliomengdiss. dhe {3t ipgheplogy

by- products of the ¢ N QN Of . : g \&aﬁgﬁ,v por.
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been 2 problematic because the exhaust gases, remaj nhed extrenely hot,
B et dugoehd
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particul arl'y "an systemin Ich the EGR stream 1 s "cool ed before
it is retgehaadoh.olit ddditémgioniks sitple dlDRon8ect afdbeEGRapoeven grealee i s

cool ed bel ow t he W pai nt,. causi ng the. water vapqr t ondense. This
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and sul fypige agigs THR dobfr EdkednaBRMllows 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 NOy generation level.

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 SO,. 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 of

NO,, SO, and water vapor. In the past, the presence of these substances has not been



In the presence of these acids, it has been found that soot levels in
| ubricating oil conpositions build rapidly, and that under said
conditions, the kinematic viscosity (kv) of lubricating oi
conpositions increase to unacceptable?evels, even in the presence of
relatively small levels of soot (e.g. 3 wt. % soot). Because

i ncreased lubricant viscosity adversely affects performance, and can

even cause engine failure, the use of an EGR system particularly an
ECR syt oPRODIRAANG 6 HIS el crhabst S FEIRE LRt Pt s cgmpgnents
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of phenyl EREd5APhe (PDA) compounds to |ubricating oil conpositions
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| NVENTI resent “invention solves the problemin '772 by
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In accordahce with a first aspect of the invention, there is provided
a passengidnt emgraton heendgnsing pode baws| been douns tpbewinafelg taviddiesathisx haust

gas recircu] ati syste the ik ej | i .t h..a
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| ubri catijpeffvdtseosity, -and a m nor anmount of one or nore oil-soluble
or oil- dispersible alkylated phenot hi azi nes. An enbodi nent of

the first aspect of the invention provides an engine, as described in
the first asp | ' [ ' d48Hif gm@i\é% 3 iti
recircul ati onegéﬁr%fg%é%%nggg%%%%%g%ﬁgw ﬁfe? ew pol}g?l(? ?Oérrlp Og% lDlngast
10% of t hipat perrinitetteniaipassengericar aplicaty doty diesel engines equipped with EGR

systems, particularly EGR systems that operate in a condensing mode.

EP-A-1 741 772 (*772) describes the addition of phenylenediamine (PDA)
compounds to lubricating oil compositions for diesel engines, particularly heavy duty
diesel engines equipped with EGR systems, particularly EGR systems operating in a
condensing mode, to ameliorate soot-induced kinematic viscosity increase of the
compositions. ‘772 mentions possible drawbacks in the use of PDA’s, particularly
apparent with PDA’s having higher nitrogen contents, noting that PDA’s have two

nitrogen atoms per molecule. Also, ‘772 describes comparative tests of compounds



In accordance with a second aspect of the invention, there is

provi ded a nmethod of operating a passenger car or heavy duty diesel
engi ne provided with an exhaust gas recircul ati on system whi ch net hod
conprises lubricating the engine with3a l[ubricating oil conposition
as described in the first aspect. An enbodi nent of the second
aspect of the invention provides a nethod, as described in the second
aspect, in which the _engine is a passenger_c di esel. engine and is
oper at ed €®itaiRing|oEs FIrEEEn BPMPEEROIGEYEGMme %k&lﬁﬁg dighepylgmines;  ng

oil. . i ?&% the invention
provi des gq@?g{ah&é%ﬁ&%ﬁ%@?ﬁ@?ﬁggf@# éd&gly?gggﬁgdl speg%)f &{Stﬁ' whi ch the
engine is a heavy duty diesel engine and is operated for at |east
15,000 m |l es w thout. A Mbricating oil. 4 A further
aspect ofﬁﬂﬁgﬂﬁﬂﬁgiﬂig to the use of the above al kyl at ed
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oi | conpositions For the Tubrication of the crankcase o% i nternal
conbust i omareciyiateyiatepphenbthidzindsythpiduye apenitiogen aformhpeswolenylsang; thate|

engi nes provided with an exhaust, gas recircul at] :
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point for "at | east 10% of the time said engine is in operation.
O her and further objects, advantages and features of the present

invention will be S f . X

speci fication. I n the
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to form an air/exhaus xture. Preferably, the portion of
exhaust gdispasitletdileylatodpbstotiiaziaéss are cool ed in an EGR cool er and
aftercool er, respectively, before being m xed. Mdst preferably, the
portion of the exhaust gas routed to the EGR system and/or the intake
air is cool ed gyehtohfhed: BeRIfrh@XHRYSE thedgvetih Providiahefging e EGR
m xer is below the dew point for at |east 10% of the tinme the engine

i s oper at émcrifdveindbe fiesk hepast inyebichriintaler ar augd/erexheest ghfereringuation
mani fol d of the engin 1 xe i th f :
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When t he At i S a passenger car diesel engine and is |ubricated
with a lubricating oil conposition of the present invention, it is
preferable that such an engi ne can be operated over at |east 6, 000,

preferably at | east, dipQ00n FRORESIE ALY iveRS (M0is BoVide POO

mles wthout a required cating o ange. n the engine is a
heavy dut pethio€ 9€bpaagnge passehgdes cdrub heavat ddy diesdl eagine ipravidtd wigh e |
conposition of the present invention, Lt is preferabl e that such.%n
engi ne ¢ axhgust gas recirculation system which met od comprises [ubricating the engine wit

a Jubricating oil composition as described in the first aspect.

An embodiment of the second aspect of the invention provides a method, as
described in the second 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.

A further embodiment of the second aspect of the invention provides a
method, as described in the second aspect, in which the engine is a heavy duty diesel

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



5 operated over at |east 15,000, preferably at |east 20,000, nore
preferably from 20,000 to 40,000, mles without a required

| ubricating oil change. Lubricating oil conpositions useful in
the practice of the present invention4onprise a major anmount of oi

of lubricating viscosity, and a m nor anount of at |east one

al kyl at ed phenot hi azi ne conpound. Qls of lubricating
viscosity useful in the context of the present invention may be

sel ected from nat ural Iubricating oi |l s, synthetic lubricating oils
and m xtures th r. n i i from
ant i st 11 st PRt of M b ibAR SlqsMH ARSI o5 PR fled
gasol i ne ggbilgaidsIoe afeNefgl sobtiktosiy intgease irsludrichtingavlycosipoyitiohesel
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al kyl at ed dlphenyl ethers and al kyl ated di phenyl sulfides and
derivati Vﬁ OL . B M NAI so useful are
synt het i =64 cess from

Fi scher - Tr opsch tgy epa@ﬁmm@mrhmr{mqampe@ feawphluthdiased eagimepnporiioeder r ed
to as gas to liquid, or "GIL", base oils. ? géherlflcatloﬁ
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succi ni ¢ AR 4 RANA@IR¥ne 36sriibE. TRd &lfex kel nfigiuge 1sa’z@toaﬂhé: aci d,
subeci c acid, sebacic acid, fumaric acid, adipic acid, linoleic acid
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%, ot e isRleofh BROBLR Sfefhis b phioliohs oigiateonol  dodecy

nonoet her, propyl ene gl ycol). SpeC| fic exarrpl es of such esters

i ncl udes di but adi pate, di(2- ethylhex | ) sebaca di - n- he
fumarate, dioc %@P n SieFAEHEdS 2 JRISSBEE O3 1%9? FRglpe a‘&ﬁﬁ%‘&ﬂ&?ﬁ?ﬂ"é} fate,
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y from 8 O%Oyto 12, 000 m&les wﬁﬁout a reqmredqu Iy cartlmg ol ange \ghen 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 engine can be



Esters useful as synthetic oils also include those nmade fromGC5 to
C12 nonocar boxylic acids and pol yols and polyol esters such as
neopentyl glycol, trinethyl ol propane, pentaerythritol,

di pentaerythritol and tripentaerythritol. Silicon-based oils
such as the polyal kyl -, polyaryl-, polyal koxy- or polyaryl oxysilicone"
oils and silicate oils conprise another useful class of synthetic

| ubricants; such oils include tetraethyl silicate, tetraisopro&gl
si | i cat e, opertted oye-at deasty 1 HeQd, pyefetablyaat Zﬂ,aSt 20,000, more preferably from 20,000

112, R R BB g o e

pol y( et hyl ) si | oxanes and pol y(net hyl phenyl ) si | oxanes. Q her
synthetic lubricating oils incl]ude quuid esters of

phosphor us- conlabcage &éli cempositigns ugefyl ap teyaragiiss o Higtnsesept inyeitian
phosphat e Leth r.of I j i LB dGit

t et rahydr%‘?Iﬂ?rgéﬁsyﬁ@%%ﬁouwgﬁyllmg@ P{?}%ﬁsgﬁf’t ?hzg])dvf@g}g)g |9t y nmay

conpri se Ra§ions@llylatéd phemothlazime éanmpopntll |, base stock or base oil

bl ends of the aforementi oned base stocks. Preferably, the oil of
lubricating viscosity is a Goup Il or Goup Ill base stock, or a
mxture ther eobas 9 hﬁ)ri@atﬁ%&i&o@ﬁy ﬁ?e@il% Rhe cdaase oﬁih@%s@ﬂﬂn@é]ﬁioﬁrmz{?)r e
a Goup Il and oup TI'T. "Preferably, a major anpunt of the oil of

| ubri cat i bgsealésabSomynahgaldu@iatipg lofls, s@nibeiic lubricat@ganls ap¥ mwktu@soup V
base stock, or ] xture thereof. The base stoc of. e stock.blend
pr ef er abl {REHRE ihg]allﬂ’f}f:%‘f‘bg Q:lgwlagmnggfin gllsccrsgngor%ggl&t ‘i&%ﬁ@%‘?’&%‘"ﬁ%ﬁ %/0 at
| east 75‘V?(ea%yqlkbr?e%ﬁa§ oli8asth 28 %%801MeSheiRé 6116 mABEMI lubHEathpsHlsShe Gkavyor
base stock bfend, has a saturate content of greater than 90%

Pr ef er abl gytydisselodils. diengrallybthe vischsity of thaipit tangeviiomm todt0, pwgsiallian

1% prefegably less than 0.6% ferably | ess than 0.4% by

wei ght . from ‘}lﬁgr?g)f’ B yastlﬂ%asi}%’goi’ﬂl?ﬁcg of the oil or oil blend, as
measured by the Noack volatility test (ASTM D5880), is |ess than or
equal to 30% preferably less than or equal to 25% nore preferably

| ess than or ebfatiraltodls 2adyderanimalpilstaad ypgsiable olls tergancastor eduiard aiby,

Pr ef er abl .Lhe viscosjity.i X ) i . 1 Q] '

east oo, MapapErdig b Fa Rl lien tEnd) br fo feuctyfRle 1y
Def i ni ti o phpifibibendphaRnil Maksixadgarbtiitc-ahphshenit typess Oitwefiubdmtiage
the same as those found in the American PetroleumIpstitute (API)

publ i cat i YRCOSEH gHEeddrem coRletiShalg alspdera e upsElae AlSy st ent', | ndustry
Servi ces Departnent, Fourteenth Edition, Decenber 1996, Addendum 1,
Decenber 1998. This publication categorizes base stocks as foll ows:

a) Goup | basgymhetKsbrcuingioilsiedsdet ydm@bopeils end helatsubstttesdand/ or

greater than 0.03 percent sul fur, apnd have vi scqsity index greater
than or efapcarppeilssygh F%E%IYP’I%{EC‘QW e If’ﬂézegé’iffﬁ/r}%?'ﬁods

speci fi Ed%%y%%{?%g%f Eaglgp%ﬁpgegigﬂ g:r](g))}?&%gs&tu@yq&% &%Biﬁ?éﬂs,ﬁhﬁﬁlﬁfedt han or

equal to | ess than or equal to 0.03 percent

sul fur angblplaviglenesy psly(khexencs)dpaly(redtnes), phiyll-deceagsilalkydbedgerasd

| ess than, 120, usi 8 t he test rretlhods sp cifiled in Tda\Pie 1. 8
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di{2-
ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
derivative, analogues and homologues 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.

Alkylene oxide polymers and interpolymers and derivatives thereof where the

terminal hydroxyl groups have been modified such as by esterification or



c) Goup Il base stocks contain greater than or equal to 90 percent
saturates and | ess than or equal to 0.03 percent sulfur and have a
viscosity index greater than or equal to 120 using the test nethods
specified in Table 1. d) G oup |V bases stocks are pol yal phaol efi ns
(PAO. e) Goup V base stocks include all other base stocks not
included in Goup I, Il, IIl, or IV. Table I - Analytical Methods for

Base Stock Property Test Method Saturates ASTM D 2007 Viscosity |ndex
ASTM D 22a@besfi¢ation, constitute another class of known synthetic lubricating oils. TheSe are

exemplified by polyoxyalkylene polymess prepared by polymerization of ethylene
oxide or propylene oxide, and the alkyl and aryl ethers of 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 Cs-Cg fatty acid esters and Cy3 oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, subecic acid, sebacic 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-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic

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

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

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyDsilicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate, hexa-(4-methyl-2-ethylhexyl)disiloxane, poly(methyl)siloxanes and
poly(methylphenyi)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorus-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl

ester of decylphosphonic acid) and polymeric tetrahydrofurans.



ASTM D 2622 ASTM D 4294 ASTM D 4927 ASTM D 3120 Al kyl at ed
phenot hi azi ne conpounds useful in the practice of the invention

I ncl ude conpounds of the formula: RLR2 wherein RL is a linear
or branched radicat having from4 to 24, such as 4 to 10, carbon
atons and being an al kyl, heteroal kyl or al kylaryl radical; and R2
I's, independently of Rl, a linear or branched radical having from4

to 24,

such as 4 to 10 carbon atons and being an al kyl, heteroal kyl

or al kylenyl radical, or is a hydrogen atom

The oil of lubricating viscosity may comprise a Group I, Group I or Group
111, base stock or base oil blends of the aforementioned base stocks. Preferably, the
oil of 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 HI.
Preferably, a major amount of the oil of lubricating viscosity is a Group II, Group III,
Group 1V 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 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 has a sulfur
content of less than 1%, preferably less than 0.6%, most preferably less than 0.4%, by

weight.

Preferably the volatitity of the oil or oil blend, as measured by the Noack
volatility test (ASTM D5880), is less than or equal to 30%, preferably less than or
equal to 25%, more preferably less than or equal to 20%, most preferably less than or
equal 16%. Preferably, the viscosity index (VI) of the oil or oil blend is at least 85,
preferably at least 100, most preferably from 105 to 140.

Definitions for the base stocks and base oils in this invention are the same as
those found in the American Petroleum Institute (API) publication “Engine Oil
Licensing and Certification System”, Industry Services Department, Fourteenth
Edition, December 1996, Addendum 1, December 1998. This publication categorizes
base stocks as follows:

a) Group I base stocks contain less than 90 percent saturates and/or greater than

0.03 percent sulfur and have a viscosity index greater than or equal to 80 and

less than 120 using the test methods specified in Table 1.

b) Group II base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulfur and have a viscosity index greater than

or equal to 80 and less than 120 using the test methods specified in Table 1.



As an exanple of the above fornula RL is a nonyl group and R2 is a
hydrogen atom or a nonyl group. The al kyl at ed phenot hi azi nes of
the invention preferably conprise mxtures of nono- and di al kyl at ed
phenot hi azi nes, for exanple where 15 t&% 85 mass % of the mxture is
nonal kyl ated. PF2010MD06 FF9 Al kyl at ed phenot hi azi nes are
known in the art and may be prepared by nethods known in the art. For
exanpl e, phenot hi azi ne be al kylated in the e%ence of an acidd

catal yst By reQEQuPdAl base ﬁ%ﬁkscfp‘lt%n EF6eE tham o ‘38‘1‘ BPECRTaEY S an
sui tabl e such p ?fh'aft‘%r LG ktf@ @ﬂc@ﬂ%uﬁhpﬁddr}ﬁvéﬁditécﬂél inaéx Slegiel an
for exanple isobutylene, di so ty ene, nonene and ecene.
Preferably, ther q:njmehmt]tﬁOamngethc@npmaﬂhddsSpealrfEdm Esldntl in the

Iubrlcatl oi | ition in an. a t 0.04 to 4.5,

pref er abl ¢ froﬁf?}lp(r)[@?%eémc%tfs PB%‘@P&SP ?ﬁr"b@nmo 08 to 0.8, mass %

wherein aly rm@?oug)e‘f/ B AARS iR EdLABRHeMAsé BiBckstlorindRRE n@t%rétl}ﬂ I,
np

| ubricating oil osition. Addi tional additives may be
i ncor por at ed i HLtondVconposi ti ons of the | nventl on to enable themto

nmeet particul ui jtives, different from
t he above- rrenf?ﬁh@g Mﬁ?@&‘%ﬁgﬁgf whi ch may be i ncl uded
in the lubri calprdd@ I COWpO$b§tlmo@.re d spersant s, detergents,

metal rust inhi .{u[fé)tésg VI'SCOaKi¥1 DRy | nprovers, corrosi on
I_nhl bitors, ox 1% Al dégl i A‘SFI{MDIQQJB“O nodi fi ers, other
g—&ggg

di spersants, ast |ua|| r agents and pour poi nt
SoHEYSr o discu dM 4022, o detail bel ow.

depressants. S Fthe

Lubricating oill_conposition A§fTN[ DF\'Q"QAF\QF\Y]T' i nvention may further
contai n one ori_nore ashless ASIMEPHRs Mhich effectively reduce
formati on of deposits upon UsSTMDGHEEHl i ne and di esel engi nes when
added to lubricating oils. Ashless dispersants useful in the
conpositions of the present invention c ri,.se an 01I-§ | ubl e .

pol yneric | ongAbyHat MBWW%“F‘W&?I%QG RJRAERS g"&d%?”éloﬂf
associ at i @glu%ggmpgﬁﬁds%[f% {Oﬁpgﬁ di spersed. Typically, such

di spersants co se am ne, cohol, amide or ester polar noieties
attached to the pol ynmer backbone, bri dgi ng group. The
ashl ess di spersant may be, fromoil-sol uble
salts, esters, amno-ester i m dg¢s and pxazolines of |ong

oftHn vi a

anhydri des thereof t hi oca deri f long chain
hydrocar bons; |ong chai n algip i ¢ hygfocar s gavi ng pol yam ne
noieties 10 attached directly thereto; and Mannich condensati on
products formed by condensing a |long chain substituted phenol with

formal dehyde avrs}ﬁergf)nl ﬂﬁts iﬁmn%greor'%q]cuyc%géi Mdtical having from 4 to 24, such as 4 to 10,

carbon atoms and being an alkyl, heteroalkyl or alkylaryl radical; and R? is,
independently of R, a linear or branched radical having from 4 to 24, such as 4 to 10
carbon atoms and being an alkyl, heteroalkyl or alkylenyl radical, or is a hydrogen

atom.

As an example of the above formula R} is a nonyl group and R?is a hydrogen

atom or a nonyl group.

The alkylated phenothiazines of the invention preferably comprise mixtures of
mono- and dialkylated phenothiazines, for example where 15 to 85 mass % of the

mixture is monalkylated.



Preferred di spersants include polyam ne-derivatized poly a-olefin

di spersants, particularly ethyl ene/butene al pha-ol efin and

pol yi sobut yl ene-based di spersants. Particularly preferred are ashl ess
di sper sanPR0HB4U0¢EE fr om pol yi sobut yl éhe substituted with succinic
anhydride groups and reacted with pol yet hyl ene am nes, e.g.,

pol yet hyl ene di am ne, tetraethyl ene pentam ne; or a pol yoxyal kyl ene
pol yam ne, e.g., polyoxypropyl ene diam ne, trinethylolam nonethane; a
hydr oxy conpound, e.g., pentaerythritol; and conbinations thereof.

One particul ar lypsies 5ﬁ611%@119a1§é&ea&§mwxpﬁmé BALh halybe r@pam mation of
(A) polyisobutylene substituted with succinic anhydri groups and
react ed \/\nmtho(iB)anmyrdﬂlomyt Eonpmmde pdﬂegothlap@nm@efrlaptahkyl@t@d inthe) a

pol yoxyal k Iene en ) a
pol yal kyl@%é AP n% ﬁalyﬂp}’gﬂ%‘? ALY Qf’?@?w %ﬁ]f e e’“%‘)erf)he
pent am nesdiﬁbl&%ué‘lb@léhn@u%lﬁcﬁ’ngﬂilphﬁ olgflﬂ@érﬁl&nt%inaﬂ Blefing,Gbr &nsedds (D) per
nmol e of (A). Another preferred dispersant conbination conprises a
conbi nat|Isnblﬁ$fle(l¢\)dﬂp©¢1§i}’1§%lﬁpém andcédcane anhydride with (B) a

pol yal kyl ene pol yam ne, e.g., tetraethylene pentanmine, and (C) a
pol'yhydric al cohol or pol yhydr oxy-substituted aliphatic primry
amne, e.g., peRfaely!thephalotidbzihe b@ﬁpmhM(sr)laa:r@ramehfmambrmating oil
described in U, S. Patent No._ 3,632 @Q{ r&%l a%s of ashl ess
di sper sanfENRASHIN 1888 2oHA ‘&ftff‘?fa@éj“cteﬁdseﬁ?g?ﬁa e difette 2 BOffer al |y,

t hese pr

al ot - SU b0 BBH 0%, B nﬁ?”?ﬁi‘?‘%%ln%%edmﬁm%&?E%S%‘ Tols of
car bonyI otarposn df & 1{Eiqgting b compoetigrde and par af or mal dehyde) and
0.5 to 2 nol es of polyal kyl ene pol yam ne, as discl osed, for exanple,
in US. Patent No. 3,442,808. Such Mannich base condensation products

may include a RebiyigRil a@ﬁﬂ%ﬁna?ﬁ)e%%ﬁiﬁﬁth@ﬁ%@t@ﬁb@im{&%f the mventlon
pOl ynerl zation as a substituen

on the benzene group, é@e
react ed muotemalaleehﬁmmmdetqmmcazdww@wntSa Bxemptasof gd@isves, diftegend drom

d d l S.
pat ont. Noie Sbaro pest e R Bl b e BRI L e

ol efin pOl'uleH@eftﬁlg?oertidﬂﬁﬁisﬁﬁﬂs el digpefiahR)] drcreats, Gﬁétﬁlll msttmlsﬂmmemswsay
described in the publicatjons identified supra.
di sper sanndeaimprevesy OFEIop deibersAxadntien Ué\hlblé\(?fﬁseffl{jtl‘éﬁ m@éﬁ’@éﬁaf’ﬂ@hal

Ros. 3. oa B 4 e RELREE Bt BRI b PHORL adgecsants, TGP
acconpl i sfredisbysstd eafurthgr daaiabslbwni t r ogen- cont ai ni ng di sper sant wi t h

a boron conpound such as boron oxide, boron halide boron acids, and
esters of boron acids, in an anount sufficient to provide fromO0.1 to

20 atomc pr O@ﬁ%ﬁc‘%{'ﬁ?ﬁ 811 BB Qﬂtlalgf oﬁ%ﬁ:eé‘gﬂt %@Btl&?ﬂlﬁ??ﬁﬁﬂ]eﬁ‘ béﬁt@ﬁ%e

conposi tion. spers nts contaih fromO0.05to 2.0, e.g., from
0.05 to Cbr?fnormalsh;le%d)memantstmcE)@rfﬁnanal\tW&dthafmeah@l oﬁldqphatmmdu@@ as

dehydrated b d pol 02 i eved
at tach t doeRw e R cieshh e SRR et Oy A BBl
the met aboesf ¢n ﬁﬁlcbn%sﬁlhﬁs ol m@bft@entfﬁwe@hbﬁ) @oxﬁgﬁsebﬁl SREiEE ﬁgg&nebw

adding from0.5 to 4, e.g., from1l to 3, mass based on t mass of

acyl ni t rlogerhainimpdipedy hafing finstionnl gmvp@gmblqo@feaswng VEt patigles 9,

usual |y ur,r t 0,.t he nitr Q t th
stirr ngab[ft‘%meé?ﬁdl i Uione Sipgrumd SRSRSHRE YeghOp abfRl et
hours, f ghdifasichys NidhQD@he polyRpt Patkbéhd, Gftéllatzia\aairidglﬂéﬂgob@r Ohe
treatnent can be conducted by adding boric acid to a hot reaction

m xture oﬁShbh%d@P@%m@ylﬁeefoé@K@nﬂﬁt setqcid e odrohble splsi ¢ster ABRGg

t
\Qlflsgr be aeﬁg élgnaes nqglgél.%lﬂi %{agglgfeég)?] och%gﬁgﬂnltér Fci;quf},ulr %pﬁtggrggon%an
treated byhdipdgdattaryit b&ld@oﬁﬁﬂ@&hﬂ@dhcrea@mm@rlag@mre derGanivendf lonal | v,

chain hydrocarbons; long chain aliphatic hydrocarbons having polyamine moieties



Met al - cont ai ni ng or ash-form ng detergents function both as
detergents to reduce or renove deposits and as acid neutralizers or
rust inhibitors, thereby reduci ng wear and corrosi on and extendi ng
engine life. Detergents generally conpfise a polar head with a | ong
hydr ophobic tail, with the polar head conprising a netal salt of an
acidic organic conpound. The salts may contain a substantlally
stoichionetric_amount of the petal in %%FCh case th y a e usu LXga

descr i bedatisheddmgatlydhergign endMagnich sondensating ar

total bas r QI}I-IQJ fromO
to 80. A ﬁaggggg%%lthﬂog\lpgé%et f@%é%g@’géggdwg??g%gg&g bi/ reacting
excess netal conpound (e.g., an oxide or hydroxide) with an acidic

gas (e.g., carbon dioxide The resyl ti ng overbaged det ent
conpri ses neut PGSl iRRSFIPdRTudeP g ’[déFlV"i‘t%%‘?éPO]é’fo‘ Sl dipersaats,

(e.g. car di & TBN of
150 or gr@ggg%lgﬂy Ehé@ggﬁgﬁﬁggég@@gﬁ g?éd%ﬁ 20(5@?% 14 Ogaélr nor e.
Det er gent Barnblaalhrlyrp;efémedme dshlﬂas Idispersents demaddofien pelyﬂsohhtybermd sobgititad ed

sul f onat es, phenates | furized hen hos honat es,
sal i cyl at Wih S‘é??&“ﬁ&b‘?ﬁqsﬁ@ﬁgf%ﬁ’séﬂﬁ a aﬂ?otl ﬁﬂ D&’éi‘?%&%’l ates of a

met al , glsélyeﬁheﬁé anaﬁm: @éd@eih'yle% p@ﬁ%ﬁ‘ﬁﬂengr £961yBx YRt bR pyainine, e.g.,

sodi um tassium lithium calcium and magnesi um 'The nost conmmonly
used met apdyerypragianediaming, mmﬂeéwlmnmtbanermyydmmcmwn@segn in
det ergents a l.ubricant ture f .ca

magnesi urk i a[eﬁngg&l R Clgﬂ.ﬂbfl}agﬁfl%%ﬁ ?OQO%R? Zﬁ@aﬂ%i’é e rafgg&e%tns are
neutral aRgnIMAIRAS Q@oﬁ@irféhbﬂbﬁ@? mﬁlmaﬂa fsTiBvafwith m&@: to
450TBN, and neutral and overbase CI um phenates and sul furized

phenat es #dyiride SRNPHING qeafﬁf@@mtﬂi&Bmseydreéﬁﬁmawwe gofreriaewiyink §C)
whet h :Im}f
Su?f oﬁ;t g\s/&%rg g(ygénegjare rﬁ 2&1?0 326% 38 In%ho]rgD% tp§.11 alkg ﬁne

obt ai ned djymtda:ee gYlpbbetiylae d&ﬁm@b kid tesrabihiyiehe pedaainemaingabout 0.3 to
hydr ocar bons such as t tained fr fractionation,.of

pet r ol eurdbpt %w@%@féﬁgﬁﬁ@@ﬂr é?rﬁ 8??2‘% Pé@y%&‘%ﬁ BEAS e G SRA5TaEE
i ncl uded éol;mﬁ at gesba/cahmmaﬂ mAljg,emmehﬁl HEARic 204 @ with

napht hal ene, p eny or their halogen”derivatives such as
chl or ober‘(ﬂaraq:;olyaﬂllt)dcrmtpﬂlymeem ehahpaeppertaahioamand o a pbkylydti¢ on

M I At L R A T

sul f onat et%sﬁﬁ@th?idl%nﬁ@ﬂfcﬁlaﬂefarsQl%c%bE@ i80. 9 Pai¥Rt Ro, N6®L §18bI Y from 16
to 60, carbon atons per al Kyl substituted aronmatic noi ety. The

oi | -sol ubl e sulfonates or alkaryl sulfonic acids may be neutralized

Sul 1 des, nyr S e o R psp R LR RO i @ b amatip,

The amurﬁromctm@eraw@gmdact@ taﬁs@epdaad/by\goﬁdegaﬁg oh®©mbleoftmsilicyed
TBN of the final product but typically rangtes fromabout 100 to 220

mass % ( FubsEnigsmongt of E%lybydfgsy hﬁ%n%"ﬁbfl P e meled PEFATBARH 1 i cal | y
required. pound(ltyféfé wﬁ?thﬁl%ieﬂytdepalﬁﬂ gr }a?orﬁﬁ(ijde% {15)%‘1{] 980 Bféh prare

pr epar ed By Reac an -appropri ate net conpound such as an

oxi de or dﬂmﬁmmexdepdydnmeMrcﬁiclmd cfmeemmel 1plb$lllta1te31tmhy3}462,<868al ned
by net ho

known .in the art Sulfurlzed ed by
react i ng BhRdamchypass capdensation pradugty ‘P B‘WF&II‘W )ﬁ@e %@gﬂé 2such as
hydrogen 3 mﬁ}ﬂéﬁc@ﬁe catd e}fZHé ?@Hﬁﬁ%ﬁﬁﬁs%rsu Hitflé’rft oﬂ'tffbaigénggne ér@uﬁ er'ﬁ‘lay

product s are gener y m xtures of conpounds in or ‘nore
phenol s dreaehnédigal alwpnpobifidicotainingi sucng pblynwg ehstituted on DSde@C ar byl

di t hi ophosphate netal salts,are fr uet. a nt,i and
ant i ox!od y & maer Rigplar t‘?‘r’eﬂ?t c ﬁedaf%l};sslg%?&ﬁ%;r%ﬁﬁgogart h
metal, Orpginiiies GH tfdtMAzdd8RE or b AvatiZRl YREAPSHmrROERRRERd ubingkel or

metallocene catalyst systems are described in the publications identified supra.




The preferred zinc di hydrocarbyl dithi ophosphates are oil-sol uble
salts of di hydrocarbyl dithiophosphoric acids and may be represented
by the following formula: S- RO/PS Zn RO -2 wherein Rand R may be
the sane or different hydrocarbyl radiltals containing from1l to 18,
preferably 2 to 12, carbon atons and including radicals such as

al kyl, al kenyl, aryl, arylalkyl, alkaryl and cycloaliphatic radicals.

Particularly preferred as R and R groups_are alkyl groups of 2 to 8
carbon atons. Thudispersnt caribe Birthenpgst teged Bx ApIiy Osgo’é‘felWPl}al post-

n- propyl ,, i-pr - ol s , = bt Fraey

i - hexyl | t#ﬁé@?“y?tﬁ?éh%}‘e%y‘f?’%ﬁd&a%% %}M%ﬂ&%@ﬁg%b Stteﬁ%lﬁsé%ﬁ el
bu'sj yl phen_‘y,E54,0252I BF&)@)? ptf) thetdisplecsynt ie peadily laccqmpisber/by treatingrapl acyl n
order to obtain oil. so ility,.the total f b

(el R abirogen coniainie dhhereat it ARORRRARn Sioydh b s gpron
greater. ﬂ-ﬁﬁe%glftﬁ i by dn PEALDYE bstoh BB A SR AR EnCRRFIARE bRIvede from

conprise zinc al kyl "di t hi ophosphates. The present invention nmay be
parti cul ad.lyo 08 efomic pamorticgsdf woton fpreachmemle ofaaylalédrigiogememieosition.

par! tou g
012, sucHeaE Prenmea i Gomsd Sa FPGEo e C 4 b asea
on the totgd pd¥BaSwiith bPfeafOMRRS hlodBe as ASKy dbit i bbeanald Bulyynedd gﬁi@iarﬂy

engi ne | ubricant conpositions containing phosphorus |evels of from
0.02 to OHEBO:)suisthetisvd toritacton the digperaant imidep and dilmales as gning saligss

% based on hggpétg%%:aﬁgsgﬁf e JildRaE OBRARL kb tkried Su MRS Rih e

enbodi nen?‘,g" : ( conpositrons 0O e present ‘i nve
contai n zjpeo 8 @fkfbrdi td8, e Sh(tateal siethe neds pf &ydnitroget tympeurgt) pf a

over 50 nl?olrbn (c):/(c))mlsjglfnr}l, gfefg\z{glry b%?ic ggild; us(){l()allgz rag gﬂ sl%rGrgr?trcl)dt er ch? ln%?orzggln S
compound and heating with stirring at from 135 to 190°C, e.g., 140 to 170°C, for
from 1 to 5 hours, followed by nitrogen stripping. Alternatively, the boron treatment
can be conducted by adding boric acid to a hot reaction mixture of the dicarboxylic
acid material and amine, while removing water. Other post-reaction 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”,
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.
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 ,
5,085,788; 5,259,906; 5,407,591 (poly (e.g., bis)-epoxides) and 4,686,054 (maleic

anhydride or succinic anhydride). The foregoing list is not exhaustive and other



Oxi dation inhibitors or antioxidants reduce the tendency of m neral
oils to deteriorate in service. Oxidative deterioration can be

evi denced by sludge in the lubricant, varnish-like deposits on the
metal surfaces, and by viscosity growih. Such oxidation inhibitors

i ncl ude hindered phenols, alkaline earth netal salts of

al kyl phenol t hi oesters having preferably C5 to Cl12 al kyl side chains,
cal ci um nonyl phenol sulfide, oil soluble phenates and sul furized
phenat es, mpthodphbeapping titregenorontaining dispergany aiedaars da hosp g ehisy the
esters, neEaI t hi ocar bamat es, oil-sol ubl e copper conpounds as
described®n U S. Patent No. 4,867,890, and nol ybdenum cont ai ni ng
conpounds. Typical oil soluble aronmati c am nes having at | east
two aromatic groups attached directly to one anine.nttro%en con%ain
from6 to 16 cHPURSIEIHA!S RISIONIISROENTANESL Ry ITRLRCONIAINBE dispFaant CoR Pe
aromatic ' : ; iC
ar oups | riShen BB RE R SRRl Sy R AR P o
by an at opfeteratgy diom 0.67 go 0.12ymessygefinorogsul f ur atom or a -CO-, -802-
or al kylene group) and two are directly attached to one am ne
nitrogen are al so considered aromati c am nes having at |east two
aromatic gr OUpﬁ/Ie@efl-tcﬁﬁﬁﬁﬁlnogj%lra%ﬁlfbﬁfnihg dbfRfeents IRGRRA bolings RAQEEI & I ngs
are typically substitute y one or nore substituents selected from
al kyl , cyeloa dyemont Kepogits and/dsaxid neatiplizers oy fuaninhiditorsy heeky redising

nitro groups. Miltiple antioxi dant (e co nl I i
Conb nat | SFEE 4 <giresiph apt PrEn Bk el R, DB TEETRRYS PR & fola?
conposi ti g with 4 [gMyasPRbbic ME RiHRe pblar Beldi dohphising atiietaibdakyifahed
phenot hi azi ne(s) cornpoun és% added to aneliorate soot-induced

Vi scosi t yadidie vegesis cogenuaiin The salisonay ¢aztain 2 spipsantioll y stolehigmedric
anti oxi dant and.fro ; % i I 0X]

ot her prBr IRt baL e ey P bR A B
present i faeNinidaioule Bipadally e Ebtdl Hase Aurdberas IBIS @ cambeineasured by
antioxidant, fromQ.1 to 8 mass % of phenol j c anti oxi dant .an

da 16
mol ybdenufsS E¥hB8ad at froght feline 1iee ¢rerRPiaraetal s E%i"é’ibﬁdn‘iﬂfl’omte%
conposi ti t 0 ; i
br ot or abl < PoER B30 mAd (R £ g RT Py OUDEANIR acidic ges
t he presefetg.davient dioxide)p aftteireanltang gverbased deteigant winlpriseampuditizains
useful in the practice of the present jnvention that..arg required. to
cont ai n n¥FtEReRas he %WOIE%@?Bﬁ?ﬁ@w‘%aﬁ%%ﬁ)ﬁﬁrﬁ’ﬁgé}e)c%}ﬁg?'ngléc%cﬁ'&bsased
anti oxi dafds o0t elayHies . ik &t 180 @fgg@@ht&b enPybicaly RSl TBN fafmaasuint
of fromO.1 go 5, preferably fromO0.3 to 4, nore preferably fromO0.5
to 3, nmste #) onmeore. t he phosphorus-content is required to be | ower,
t he amount of ashl ess anti oxi dant other than the al kyl ated
phenot hi azine(s) is preferably increased accordingly.

Repr esent at i vepgxasERlsaBatGhayshy ksel ligclvdessibsdlbble Avetidl ard svabased
pol yi sobut yl ene, copol yners of ethyl ene and propglene

pol ymet hasyfphatesphemesh salfyized @hewits, (renhesphonpaiss.saksylates, ang)

unsat urated di carboxyl i 1 ' : ReL}IR s of
styrene alhar?hg"ce?l%elggn%é% grr@?k(glﬁlggg%@f) %{glﬁ?é%/ Oﬁ%@ %g’ ng[t1 éélgg J[Ié{)polayrnar s of
styrene/ i1RGpERAEH nSdtylseNe/ divaal priasivan dithismpeateiehbandudagresiunasThee| |
as the partially hydrogenated honopol yners of, but adi ene and. i soprene.
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O her known friction nodifiers conprise oil-soluble organo-nol ybdenum
conpounds. Such organo-nol ybdenum friction nodifiers also provide

anti oxi dant and antiwear credits to a lubricating oil conposition.
Exanpl es of such oil-sol ubl e organo- md} ybdenum conpounds i ncl ude

di t hi ocar bamat es, dithi ophosphat es, dithiophosphinates, xanthates,

and t hi oxant hates, sulfides, and m xtures thereof. Particularly

preferred are nol ybdenum dit hi ocarbamates, dial kyl dithi ophosphat es,
al kyl xant hat e3ul&gates |3y 'ierﬂ%l%’éﬁfﬁa’f“e%&fomc amd%xﬁﬁ?ht %%l%ﬁ,y c{g’ﬁaéneds
mol ybdenugy ga @Hﬂmﬁﬁgﬁf giai@-%bsﬁﬁitéh FofRtiy RAGOLITLGREROM A oSGt Sined

conmpounds teact wt Ic nitrogen conpound as neasured by ASTM
t est D 668omrthOir28Mation ofpdtoieupr ockdie ellkyhaticarsd aroppitisdiydyocarbons.

hexaval ent. |nclud re mol ybdi.c agid,. anmoni um nol yhdat e, sodi um
mol ybdat eEX Desioe ‘ﬁﬂ]%?%&%‘%@?dﬁﬁaﬁ‘dfﬂ@ﬁg&r%@% tofbidpd, Xyfensy ybdat es
and ot her . maiRGeUph&Al bSiheR halogeMHEH RGBS Sediat anloRbehgate, MOCL4,
MoO2Br 2, 03C16, nmol ybdenum trioxide or simlar acidic nplybdenum
conpoundschlorotoluenamnd ghlomenapbihglsaenThe ellmation oy bs spuiedioyt b
conpositions of th

Formil o Roveeceby saht Vo) il LA RRRLARA IR RN | o

sel ect ed £th@8) The alkh6A BuleaAtds Sbady htadh Kyin 9 30 or mora) peyferatniy from

al koxyal ki/l’ %gneral 'y of from1l to 30 carbon atons, and preferably 2
to 12" 18ligrdbrarhena®mener a3t subpdntsdApmatg wPlethef 2 to 12 carbon
atons. Especially preferred are the dial kyldithiocarbamates of

nol ybdenum Anot her group of organo-nol ybdenum conpounds

useful in the Thbsil-salublegutfompessirtailang soifoniciasids magrbeinentralized with

tri I | ybden, ds, i all hose. ,of .t f I
ND3SKL. Cob i, T GDBES AORBHED o aR B PRV Ie s YRRy
sel ect ed Aih%@,do%rﬁ@%alﬂgetﬁérgaﬁme%é@aap%\eﬂah{buﬁt Stthéthcdoifound m@Hos&f

carbon atons to render the conpound sol uble or dispersible in the
oi |, n i shdvirgmegartdo the desired TBY dfrtharfinalipmedneyhutzypicallysragggsdears @bgytom

am nos. - SiEHRaRd ok gE kel STRLIREPEN RN SHENGBBIANE
and i ncl udgsirdion- stoi chionetric values. At |east 21 total carbon

atons shoul'd be present anong all the Iigand organo groups, such as
at least 25, at least 30, or at |east 35 carbon atons. Pour

oi nt depress j X ' j LCOP! ),
Pouer tho m n i palSelbli SAPARed Mo di el B rEXRER vittoiR )
pour ed. Supfopid inktdBSorapcinkdnaunas alygHidabr lnfdréxids endastirhi oresvetthatd
i nprove the low tenperature fluidity of the fl u']g are Cg to C18
dial kyl fRIRdvGs @ay PRyPlanedibyractbegsdinpE 8 thesr % furet R W@wﬁ&é’?
Foam contgrgﬁ}%%p%%gﬁ.pg%gﬂm BYthaAAY:  QARRbnRinidd @ R ¥&shaxane

type, for ne oi | or polydi nethyl siloxane. .
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are

generally mixtures of compounds in which 2 or more phenols are bridged by sulfur-

containing bridges.

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or zinc,
aluminum, lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are
most 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 alcohot or a phenol



Sone of the above-nentioned additives can provide a multiplicity of
effects; thus for exanple, a single additive nay act as a

di spersant-oxidation inhibitor. This approach is well known and need
not be further el aborated herein. 14 In the present invention it
may be necessary to include an additive which naintains the stability
of the viscosity of the blend. Thus, although pol ar group-contai ning
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The preferred zinc dihydrocarbyl dithiophosphates are oil-soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:

P—S| Zn

— —2

wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total
number of carbon atoms (i.e. R and R’) in the dithiophosphoric acid is generally 5 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 levels of
from 0.02 to 0.12, such as from 0.03 to 0.10, or from 0.05 to 0.08, mass %, based on
the total mass of the composition, and with heavy duty diesel engine lubricant
compositions containing phosphorus levels of from 0.02 to 0.16, such as from 0.05 to

0.14, or from 0.08 to 0.12, mass %, based on the total mass of the composition. In
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one preferred embodiment, lubricating oil compositions of the present invention
contain zinc diaikyl 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
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to Cy2 alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons, phosphorus esters, metal thiocarbamates, oil-soluble
copper compounds as described in U.S. Patent No. 4,867,890, and molybdenum-

containing compounds.

Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitrogen contain from 6 to 16 carbon atoms. The
amines may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO»- or
alkylene group) and two are directly attached to one amine nitrogen are also
considered aromatic amines having at least two aromatic groups attached directly to
the nitrogen. The aromatic rings are typically substituted by one or more substituents
selected from 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 alkylated phenothiazine(s) compound(s) added to ameliorate soot-
induced viscosity increase, contain from 0.1 to 1.2 mass % of aminic antioxidant and
from 0.1 to 3 mass % of phenolic antioxidant. In another preferred embodiment,
lubricating oil compositions of the present invention contain from 0.1 to 1.2 mass %

of aminic antioxidant, from 0.1 to 3 mass % of phenolic antioxidant and a

5
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molybdenum compound in an amount providing the lubricating oil composition from
about 10 to about 1000 ppm of molybdenum. 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 the alkylated phenothiazine(s), in an amount of from 0.1 to 5, preferably from 0.3
to 4, more preferably from 0.5 to 3, mass %. Where the phosphorus-content is
required to be lower, the amount of ashless antioxidant other than the alkylated

phenothiazine(s) is preferably increased accordingly.

Representative examples of suitable viscosity modifiers are polyisobutylene,
copolymers of ethylene and propylene, polymethacrylates, methacryiate copolymers,
copolymers of an unsaturated dicarboxylic acid and a vinyl compound, interpolymers
of styrene and acrylic esters, and partially hydrogenated copolymers of styrene/
isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially

hydrogenated homopolymers of butadiene and isoprene.

A viscosity index improver dispersant functions both as a viscosity index
improver and as a dispersant. Examples of viscosity index improver dispersants
include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono- or dicarboxylic acid in which the hydrocarbyl substituent comprises
a chain of sufficient length to impart viscosity index improving properties to the
compounds. In general, the viscosity index improver dispersant may be, for example,
a polymer of a C4 to Cp4 unsaturated ester of vinyl alcohol or a C; to Cyp unsaturated
mono-carboxylic acid or a Cy to Cy di-carboxylic acid with an unsaturated nitrogen-
containing monomer having 4 to 20 carbon atoms; a polymer of a C; to Cy olefin
with an unsaturated Cs to Cyg mono- or di-carboxylic acid neutralised with an amine,
hydroxyamine or an alcohol; or a polymer of ethylene with a C; to Cyp olefin further
reacted either by grafting a C; to Cyo unsaturated nitrogen-containing monomer
thereon or by grafting an unsaturated acid onto the polymer backbone and then
reacting carboxylic acid groups of the grafted acid with an amine, hydroxy amine or

alcohol.



O- 50- 1.5 Viscosity Mdifier 0.01 - 10 0.25 - 3 Basestock Bal ance
Bal ance Ful ly fornul at ed passenger car diesel engine

| ubricating oil (PCDO conpositions of the present invention
preferably have a sulfur content of |d%s than 0.4, such as |ess than
0.35, nore preferably less than 0.03, such as |ess than about 0. 15,
mass % Preferably, the Noack volatility of the fully fornul ated PCDO
(oil of lubricating viscosity plus all additives) is no greater than
13, such as no greater than 12, preferably no greater than 10. Fully

formul ated PCDEg.Qf, ﬁaﬁaﬁefseaaa% y@gﬁo%ggbn&rtﬁ&%@@w%m‘r@wﬁﬁ Y ster

t han 1200, such as no greater t or no greater than 800, ppm
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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
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. Examples of such éil-soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,
dithiophosphinates, xanthates, and thioxanthates, sulfides, and mixtures thereof.
Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl

xanthates and alkylthioxanthates.

Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds react with a basic nitrogen compound as measured by
ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCly, MoO,Br2, M0,05Clg, molybdenum trioxide or

similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention
are organo-molybdenum compounds of the formula:
Mo(ROCS3)4 and
Mo(RSCS;)4
v\;herein R is an organo group selected from the group consisting of alkyl, aryl,

aralkyl and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12
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polysiloxane type, for example, silicone oil or polydimethyl siloxane.

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

approach is well known and need not be further elaborated herein.

In the present invention it may be necessary to include an additive which
maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has
been observed that some compositions increase in viscosity when stored for prolonged
periods. Additives which are effective in controlling this viscosity increase include
the long chain hydrocarbons functionalized by reaction with mono- or dicarboxylic
acids or anhydrides which are used in the preparation of the ashless dispersants as

hereinbefore disclosed.



PREPARATI ON OF ALKYLATED PHENOTHI AZI NE Phenot hi azi ne (55g) and
nonenes (139g) were heated to 80C in a 500nL baffled reactor fitted
with a condenser, nitrogen blanket (100 mM mm 1), nmechanical stirrer
(400 rpnm) and a controlled nmantle. A $Blid acid-clay catalyst (K5, ex
SudChem e, 9.9g) was added and the reaction m xture heated to 146C
over 20 mnutes. After 14 hours, the reaction m xture was cool ed.
Thin | ayer chromatography (TLC) showed that a small quantity of
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are stated as mass percent active ingredient.

Table II

ADDITIVE MASS % MASS %

(Broad) (Preferred)

Metal Detergents ¢.1-15 02-9
Corrosion Inhibitor 0-5 0-1.5
Metal Dihydrocarbyl Dithiophosphate 01-6 0.1-4
Antioxidant 0-5 001-3
Pour Point Depressant 0.01-5 0.01-1.5
Antifoaming Agent 0-5 0.001 - 0.15
Supplemental Antiwear Agents 0-1.0 0-05
Friction Modifier 0-5 0-1.5
Viscosity Modifier 0.01-10 0.25-3
Basestock Balance Balance

Fully formulated passenger car diesel engine lubricating oil (PCDO)
compositions of the present invention preferably have a sulfur content of less than 0.4,
such as less than 0.35, more preferably less than 0.03, such as less than about 0.15,
mass %. Preferably, the Noack volatility of the fully formulated PCDO (oil of
lubricating viscosity plus all additives) is no greater than 13, such as no greater than
12, preferably no greater than 10. Fully formulated PCDOs of the present invention
preferably have no greater than 1200, such as no greater than 1000, or no greater than
800, ppm of phosphorus. Fully formulated PCDOs of the present invention preferably
have a sulfated ash (SASH) content of about 1.0 mass % or less. |
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Fully formulated heavy duty diesel engine (HDD) lubricating oil compositions
of the present invention preferably have a sulfur content of less than 1.0, such as less
than 0.6, more preferably less than about 0.4, such as less than about 0.15, mass %.
Preferably, the Noack volatility of the fully formulated HDD lubricating oil
composition (oil of lubricating viscosity plus all additives) is no greater than 20, such
as no greater than 15, preferably no greater than 12. Fully formulated HDD
lubricating oil compositions of the present invention preferably have no greater than
1600, such as no greater than 1400, or no greater than 1200, ppm of phosphorus.
Fully 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
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
0.1 to 16 mass % of alkylated phenothiazine; 10 to 40 mass % of a nitrogen-
containing dispersant; 2 to 20 mass % of an aminic antioxidant and/or a phenolic
antioxidant, a molybdenum compound, or a mixture thereof; 5 to 40 mass % of a

detergent; and from 2 to 20 mass % of a metal dihydrocarbyl dithiophosphate.

The final composition may employ from 5 to 25, preferably 5 to 18, typically
10 to 15, mass % of the concentrate, the remainder being oil of lubricating viscosity

and viscosity modifier.

All weight percents expressed herein (unless otherwise indicated) are based on
active ingredient (A.1.) content of the additive, and/or upon the total weight of any
additive-package, or formulation which will be the sum of the A.L weight of each

additive plus the weight of total oil or diluent.
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This invention will be further understood by reference to the following

examples, wherein all parts are parts by weight, unless otherwise noted.

EXAMPLES

The following examples illustrate the invention but are not intended to limit

the scope of the claims thereof.

PREPARATION OF ALKYLATED PHENOTHIAZINE

Phenothiazine (55g) and nonenes (139g) were heated to 80°C in a 500mL
baffled reactor fitted with a condenser, nitrogen blanket (100 ml min '1), mechanical
stirrer (400 rpm) and a controlled mantle. A solid acid-clay catalyst (KS, ex Sud-
Chemie, 9.9g) was added and the reaction mixture heated to 146°C over 20 minutes.
After 14 hours, the reaction mixture was cooled. Thin layer chromatography (TLC)
showed that a small quantity of unreacted phenothiazine was present; major spots at
R¢ = 0.52 and 0.42 were assumed to be di- and monoalkylated phenothiazine

respectively.

The reaction mixture was filtered through celite and concentrated in vacio 10
give a crude product (ca. 50g). Part thereof (30g) was purified by column
chromatography and 20 fractions (each 250 ml) collected. Fractions 16-20,
containing a mixture of di- and monoalkylated phenothiazine, were combined and the

solvent extracted to give a final alkylated phenothiazine product (14:35g).

The product obtained consisted of a mixture of mono- and di-nonylated

phenothiazine in the ratio of 15:85 (area:area) by gas chromatography (GC).
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procedure was carried out in the "Bohlin Gemni |1" rheoneter at
100C. the rheoneter increases the shear rate fromO to 300 s -1 and

back dowigHP [0S xdgitighd NEASUGRReMtyS COS| TV Adiie AhGeGdaity al Fhrer
rate 100|s -1 (VISC 23 10D) is cal cul ated. A high value indicates gn
oi | with| poor]ly dtaspegsed oot Mudifier | ow val ue indicates an il Ot h
wel | di spersed—sooi——Fthe—+esttts—are—shop—betow—Ot

A 3.00 7 - 80

B 13.00 7 DPA (0.6) 79.40

1 13.00 7 Alkylated phenothiazine | 79.40

(0.6)

Oil A was a reference oil that contained no amine antioxidant compound.

Oil B was a comparison oil containing DPA, a commercially available
alkylated diphenylamine containing 16 % mono, 74 % di- and 9% tri-

alkylated material.

Oil 1 was an oil of the invention, containing the alkylated phenothiazine

prepared as above.
Except as indicated, Oils A, B and 1 were identical.
TESTS & RESULTS

To mimic oil aging experienced in an engine, each oil was aged using the
industry standard CEC L-48B test at 160°C for 96 hours and then tested for carbon
black dispersancy. CABOT “Vulcan XC-72R” carbon black was weighed at 8 mass
% with the test oil in a container, which was shaken overnight at 100°C and the oil
viscosity measured. The procedure was carried out in the “Bohlin Gemini II”
rheometer at 100°C: the rheometer increases the shear rate from 0 to 300 s ™' and

back down to 0 s ', and measures viscosity. The viscosity at shear rate 100's ' (VISC



VI SC 100 (average) A (reference) 379 B (conparison 417 1 (invention)
49 As expected, G| B perfornms |less effectively than the
reference oil (Gl A). This is because Q| B contained DPA which is
known to have an adverse effect on so@® dispersancy. However, the oi
of the invention (Ol 1) was surprisingly and significantly better
than the conparison oil and the reference oil. 24

100) is calculated. A high value indicates an oil with poorly dispersed soot and a low
value indicates an oil with well dispersed soot.

The results are shown below:

OIL VISC 100 (average)
A (reference) 379
B (comparison 417
1 (invention) 49

As expected, Oil B performs less effectively than the reference oil (Oil A).
This is because Oil B contained DPA which is known to have an adverse effect on
soot dispersancy. However, the oil of the invention (Oil 1) was surprisingly and

significantly better than the comparison oil and the reference oil.



CLAIMS: 1. A diesel engine provided with an exhaust gas
recirculation system said engine being |ubricated with a |ubricating
oil conposition conprising a major anmount of oil of lubricating
viscosity, and a nminor amount of one 8f nore oil-soluble or

oi | - di spersi bl e al kyl ated phenot hi azi nes. 2. A diesel engine of
claim1 wherein the al kyl ated phenothi azine is a conpound of the
formul a: %iggbggn Rl is a linear or branched radical having from4 to
24, such y 10, carbon atons and being an al kyl, heteroal kyl or
al kylaryl radical; and R2 is, independently of Rl, a |linear or
branched radical having from4 to 24, such as 4 to 10 carbon atons
and bei ngl-an afdjesel epspes pravided with ag| erpaush gis fegidgudaijon syptems sgid engine

hydr ogen @t. . i . i Y i j yl
oy oup. hai i popSece oAk B 00 Qe Aol eamiiBhh reth dfo B of
al kyl gr oaffdutudssting vschsityl Gnd aedinetr daios of ok orAnste @i edolubhgomel-of any
of clains 2 tg 3 wherein Rl i,s.a nonyl group and R2 is a hydrogen

at om or adipRsagiPlegiipigied phenofigRigiSe| engine of any of clainms 1 to 4
wherein the al kyl ated phenot hi azi ne conprises a m xture of nono- and
di al kyl ated phenot hi azines. 6. A diesel engine of claim5 wherein 15
to 85 masxd % oA didsel erignteufecldim hwhealnkiht atkythted @isnothiazine is a compound

of the formula:
N
q D
\/ -
R1\\ s ,>\\R2

wherein R’ is a linear or branched radical having from 4 to 24, such as 4 to 10, carbon
atoms and being an alkyl, heteroalkyl or alkylaryl radical; and R%is, independently of
R, a linear or branched radical having from 4 to 24, such as 4 to 10 carbon atoms and

being an alkyl, heteroalky! or alkylenyl radical, or is a hydrogen atom.

3. A diesel engine of claim 2 wherein R* is an alkyl group having 4 to 10 carbon

atoms and R? is a hydrogen atom or an alkyl group having 4 to 10 carbon atoms.

4. A diesel engine of any of claims 2 to 3 wherein R’ is a nonyl group and R’isa

hydrogen atom or a monyl group.

5. A diesel engine of any of claims 1 to 4 wherein the alkylated phenothiazine

comprises a mixture of mono- and dialkylated phenothiazines.

6. A diesel engine of claim 5 wherein 15 to 85 mass % of the mixture is

monoalkylated.



7. A diesel engine of clainms 1 to 6 wherein the lubricating oi
conposition conprises from0.04 to 4.5 mass % of the phenot hi azi ne,
based on the total nmass of the lubricating oil conposition. 8. A
di esel engine of any of clainms 1 to 72%herein the lubricating oi
conposition further conprises fromO0.1 to 5 mass % of at |east one
ashl ess anti oxi dant conpound sel ected fromthe group consisting of
hi nder ed phenol conpounds, di phenyl am ne conpounds, and m xtures
thereof. 7.9. pAdiiessbengneficdaims 144 P wherein she wbrcatigz ot geamesiiopne

| ubricati i it j LibME, r
than t he Grunises R0 25 sRRTH LORE pRlnd RS PRSI 1A A Be
di sper santhe lteicetigeail compsditiomhi bi tor, viscosity index inprover

di spersant -vi scosity index inprover, oxidation inhibitor, friction
nodi fier, flow inprover, anti-foam ng agents and antiwear agents.

10. A diegel CRYAE) éHtgiIﬁerBfa § ot bRIS1 To ¥ nlreM e gittichhife bitbingaiilin®
oil conposition has at” | east "one of a sulfur content of no greater
t han 0. 4 fusbsr dmmisphieptbi ts5 owns #nef ableastioongraghlessrantinzidanixecpopny a
sul fated ash SH)., content of. no r.e than mass % and a.,Noack
Vol ati |1t epteCito By pansiving of ipgerc Hifad oPRBRmr s BRI 1
wherein tgb@nﬂoqgag,gﬁghﬁgtuggslth@@mosi tion has a sul fur content of no
greater than 0.4 mass % a phosphorus content of no greater than 1200

ppm a sulfated ash (SASH) content of no nore than 1 mass % and a

Noack volatility.of no.qgreater . i . ' .
of cl ai mﬁl to‘&ﬂes\%@gé nO%?’ﬁg Ogéﬁglﬂuss%?%gag&j %gegﬁhg&?%ﬁa 8?@%{}2?’3%5?@8%
exhaust gasnpried AtQedsebhORd e, 8thet thawthepheindihddetneabdleantiiron thx haupt

gas recirculation streans are cool ed to bel ow t he dew point for at

| east 109%08pistingof dispersanb dsteagenb 1pst INKDHYeViSeesiy 1ndex3MPROVET.esel

engi ne of ;. g J: . i eh. | : i8S engi ne.
26" 14, AR, EeSTind hptdvor o It DK Bip S Ao
exhaust daprées) antivfoamingageystaathantieartageetshod conpri ses | ubri cati ng
the engine with a lubricating oil conposition conprising a mjor
anmount of oil of lubricating viscosity, and a m nor anount of one or

nor e phengy hi azif&s] @2iMeffiangdr cRIANY 1P wheRiihe lutrafing oil 2ompB&iiod 0
control soot-induced Kinematic viscosity increase and enhance
di sper sartmy ableast dneaf y sulfitycontenpabregigeier than Ocfi wassl Zehphaseh¢myBr i cant

phenot hi 5P PLRERT kot A4 20 ity i Eus S Sy Rt of i Grc' 3

mass %; and a Noack volatility of no greater than 13.

11. A diesel engine of claim 10 wherein the 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.

12. A diesel engine of any of claims 1 to 11 wherein the exhaust gas recirculation
system is 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

the engine is in operation.

13. A diesel engine of any of claims 1 to 12, which is a heavy duty diesel engine.
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14. A method of operating a diesel engine provided with an exhaust gas
recirculation system, which method comprises lubricating the engine with a
lubricating oil composition comprising a major amount of oil of lubricating viscosity,

and a minor amount of one or more phenothiazines as defined in any of claims 1 to 6.

15.  Use, to control soot-induced kinematic viscosity increase and enhance
dispersancy of a heavy duty or passenger car diesel engine lubricant, of an alkylated

phenothiazine additive in the lubricant where the phenothiazine is defined as in any of

claims 1 to 6.



