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
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Envi ronment al concerns have | éd to continued efforts to reduce NO

em ssions of conpression-ignited (diesel) internal conbustion
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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 .
oyl nder MigHRA CHES GRS CPOMEC TNEAR DA PR T g Mgicaing
the EGR cq ﬁt%m\fl%iﬁlh%%%&la%a%eflbtﬁiaaﬁﬁtsobﬂadié&%ah@an 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 xw [ TI NDi esel fuel conventionally
cont ai ns _ , nore. Even the nost recently
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sulfur (e.g. 10 to 50 ppn). Wen the fuel is burned in the engine,
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adversely affects performance, and can even cause engine failure, the

use of aretEdRedNDegaerssipniaval-arly an EGR system that operates in a
condensi ng node during at |least a portion of the operating tine,
requi res frequent lubricant replacenent. API-Cl-4 oils devel oped
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I nef fectiy g, (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



Therefore, it would be advantageous to identify lubricating oi
conpositions that performbetter in passenger car and heavy duty

di esel engi nes equi pped with ECGR systens, particularly EGR systens
that operate in a condensi ng node. 2 EP-A-1 741 772 ('772)
describes the addition of phenyl enedi am ne (PDA) conpounds to

| ubricating oil conpositions for diesel engines, particularly heavy
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in the above environnment in spite of their close structural
simlarity to the poorly-perform ng ADPA'Ss, I n accordance with
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Therefore, it would be advantageous to identify lubricating oil compositions

that perform better in passenger car and heavy duty 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



A further enbodi ment of the second aspect of the invention provides a
met hod, as described in the second aspect, in which the engine is a
heavy duty diesel engine and is operated for at |east 15,000 mles

wi t hout a change of lubricating oil. 34 A further aspect of the
invention is directed to the use of the above al kyl ated
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method of operating a passenger car or heavy duty diesel engine provided with an

exhaust gas recirculation system which method comprises lubricating the engine with

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.



O ls of lubricating viscosity useful in the context of the present
invention may be selected fromnatural lubricating oils, synthetic

| ubricating oils and m xtures thereof. The lubricating oil may range
in viscosity fromlight distillate mmeral oils to heavy |ubricating
oils such as gasoline engine oils, mneral lubricating oils and heavy
duty diesel oils. Generally, the viscosity of the oil ranges from2
to 40, especially from4 to 20, mmRs-1, as neasured at 100C.

Natural oils include animal oils and vegetabl e oiIs (e.g., castor
oil, lard oil ui d i r
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The oil of lubricating viscosity may conprise a Goup I, Goup IT or
Goup IIl, base stock or base oil blends of the aforenentioned base
stocks. Preferably, the oil of lubricating viscosity is a Goup Il or
Goup Il base stock, or a mxture theseof, or a mxture of a Goup |
base stock and one or nore a Goup Il and Goup IIl. Preferably, a
maj or anount of the oil of lubricating viscosity is a Goup I, Goup
11, Goup IV or Goup V base stock, or a mxture thereof. The base
st ock, or opested sverck lasse HyOQ), pfeferablyyat keast 20,400 moz prefesahli fronp 0,890
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content of greater than 90% Preferably, the oil or oil blend has a
sul fur content of less than 1% preferably |ess than 0.6%, nost
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equal to RaShoneallElNédplemnatiiyzihessngduad. or equal to 20% nost
preferably | ess than or equal 16% Preferably, the viscosity index
(M) of the oil or oil blend is at |east 85, preferably at |east 100,
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to 80 and Iestg t.han 12Q usi n% tlae i nmet hods specified in Table 1.
b) G oup IPIEHOL M B, BIRERIITIGH 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 80 and | ess than 120 using
the test net hodetusyedlsfickeds animalyhls and vegeteble ailn{ge-1 ¢aptop el lasd @bk s
contai n gy.eater. than e . X : Ahan
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[11, or IV. Table I - Analytical Methods for Base Stock Property

Synthetic lubricating oils include hydrocarbon oils and halo-substituted
_hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
(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



Test Method Saturates ASTM D 2007 Viscosity |Index ASTM D 2270 Sul fur
ASTM D 2622 ASTM D 4294 ASTM D 4927

etherification, 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 3120 Al kyl at ed phenot hi azi ne conmpounds useful in the
practice of the invention include conpounds of the fornmula: RIR2
wherein RL is a linear or branched radical having from4 to 24, such
as 4 to 10, carbon-atons and being an &l kyl, heteroal kyl or alkyl aryl
radical; and R2 is, independently of Rl, a linear or branched radical
having from4 to 24, such as 4 to 10 carbon atons and being an al kyl,
het eroal kyl or al kylenyl radical, or is a hydrogen atom As an
exanpl e of the above forrmula R1L is a nonyl group and R2 is a hydrogen
atom or a nony rou . ... The al kyl at ed ot hi nes f
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exanpl e, enothla [ Y. acid
catar yat By Pousier B GiolR ! BRE R 5 E oL ol S ORI ERE il AL

sui tabl e Bledate ea‘ inﬁﬁ)r iameunicifnge &l phibsikafrigndscasity 1smt(é1rouplII @}reﬁp HE,
for exanple iso | ene, dil sobutyl ene, nonene ing 1- dﬁi
Pr ef er abl GroupHy q; PHY base Sock RRfgnmdure fheseal. Jhe bass sty P jase stock

| ubri cat 'ﬂg?djgllefegﬁ’tgg(ﬁﬁé Egﬁﬂra'ter'ccﬁl'fbn"ﬂpg%{gfﬁsgg?%[ Hl%}@%rgfkrélﬂ%ﬂt l?ast 75%

preferably nore pre romoO nmass
wher ei n aduch amsslepet 86 @nt Mostprafembha sechasm stoblg or basel storkdderst, hase

| ubricating oil osition ditiqgnal, add tiv

i ncor por at aﬁeﬁopwgpg-%g{ﬁ%}gli Qlfllbﬂg%ofPffﬁ%@bfYn@E if gt lf)le ‘ﬁgel‘?l aegﬁtltﬁlém to
meet  par tigighe [:8GtHah qg@ggeTeraE?SﬂE%l tBn @B%’D‘%s&%ﬁéfﬁablﬁlé&@ EHagmta%h M
t he above nentioned al kyl’ated phenot hi azi nes, may be i ncl uded

in the | uleigbati ng oil conpositions are dispersants, detergents,
nmetal rust inhibitors, viscosity index inprovers, corrosion
i nhibitors, oxidation inhibitors, friction nodifiers, other

di spersants, apfferhiQ@Mhdiebl2ARNbS theailt ¢r-cmﬁénc@geﬁie53uamb3pma Ngaok nt
depressants. Sone are discussed in further detail bel ow.
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.



Lubricating oil conpositions of the present invention may further
contain one or nore ashless dispersants, which effectively reduce
formati on of deposits upon use in gasoline and di esel engi nes when
added to lubricating oils. Ashless di ghersants useful in the
conpositions of the present invention conprise an oil-sol uble

pol ymeric | ong chai n backbone having functional groups capabl e of
associating with particles to be dispersed. T&@gcabb ,_such

di spersan®ls coRprursiél base socksgqnirip erealgrhag g cqual éﬁrlcgﬁ‘t S s
attached to the palygeE ﬁ@%‘@@ﬁ‘gem@ﬁﬂsﬁﬂuf’é@l Rvehivebas ﬁﬂ&ygreafgf"ﬁlan
ashl ess di spersant may % , selected fromoil-sol ub
salts, esters, ongjuabtoelNerng thmrtedesethods spesifisddn daldezdl i nes of | ong

chai n hydrocar n- ti t ut ed oxylic acids or
anhydri de® the?QJ SBEQFE%QWP&B’&%E“@?H%@E%,&@%@ | ong chain

hydr ocar bgns; Vlﬂﬁée”st@élds R deCal EE R8¢ DOAE Hwiﬂcngieﬂ@;h VRGP 11,
noi eties 10 at ached directly thereto; and Manni ch condensation

product s forrreHIth&’ondenm ng a |l ong chain substituted phenol with
f or mal dehyde y pol yam ne. Preferred di spersants
i ncl ude pol ya??ﬁ'épger‘%éﬂ Eagﬁd tg‘f’é §1 gtfaégreisﬁocéﬁ spersants, particularly
et hyl ene/ but ene erajcpha- ol ef I MTandigRdy 1 sobut yl ene- based di spersants.
Particularly p ShERted are 4aRTRED Hjogpersant s derived from
oot oo w ' AR ] IRSTMBEEZO o AUYEY ) 96 9 0ups o

et nyrene aﬂH‘W ,
tetraet hyl ene ngfp;m ne,—or{a—pol ¥eo ! kyd ene pol yam ne, e.g.,
pol yoxypr opyl ene_di am nF\ frArsj‘ D%.- nE)rret hane; a hydroxy
conpound, e.g.. pentaerythri/A§IM Qn‘tP?&orrb nati ons thereof. One

particularly freferred di spdASIM DcHibi nation is a conbination of (A)
pol yi sobutyl ene substituted with succinic anhydride groups and

ted with (B) a h : d, thritol: (G
oy owyal kyl e alsBis RS e Comsiupas STy MaEagicant HE ingnippy

pol yal kyl , et hyl ene di am ne and tetraethyl ene
pent am ne%§§l| %S&E{\B&ﬁ}dsgﬂ chHﬁ 1)(‘glut 2 noles of (B), (C and/or (D) per

nol e of (A). Another preferred di spergant co
combi nation of (A) polyisob

i nati on conprises a
ride with (B) a

pol yal kyl ene pol yam ne, e. g, aet hyl efpje pentam ne, and (C) a
pol yhydri c al cohol or pol yhydyoxytlsubstit phatic primry
am ne, e.g., pentaerythrit hSet i-Aonet hane, as

described in U S. Patent Ngg 32, 514~ nogher class of ashless
di spersants conprises Mannich base condensati on products. Generally,

t hese products are pr epar ed by condensing one nole of an

al kyl - substi t ut b 380 shctPasPd el

car bonyl corrpouﬁ%f sn) (1S aQ{neQ&ryﬂ?er%Qﬁ}’a e&gﬁgﬂﬁ %;]4 2f‘ ﬁc S 0

0.5 to 2 emwb®satoispod Marhgﬁhen@d pﬁteymkyle:; aleksrladylsradhosleaind R?)rs exarrpl e,
in US Patent No. 3,442, 808. Such base_condensat i n pro cts
may i ncl waée@nsert%%erpﬁ@aaetor&ra%hggfﬂgrqa ayvine fromg S‘?%dsu 39
pol yneri z h YA, HaRrdalEy1 R ARG G yBraRIHE, of [s T
reacted w %&Qat@%s@gﬁﬁ%ﬁ%gm arni ngrsuﬁh a %‘2 y?rer substi t ut ed@%n a
succi ni ¢ @ofydri de in a mnner simlar to that described in U S

Pat ent No. 3,442,808. Exanples of functionalized and/or derivatized
ol efin polymers synthesized using netallocene catal yst syst ens are
described in tﬂga ? Iﬂ@b!fﬂﬁsabbd@fﬂﬂnﬁllaeﬁlﬁléﬁfoﬂyl grédp and R? isBydrogen
di spersant can be furt post treated by a variety of conventi onal
post - t r eadtomdrs omghgmsepbor ati on, as generally taught in U S. Patent
Nos. 3,087,936 and 3, 254, 025. Boration of the dispersant is readily
acconplished by treating an acyl nitrogen-containing dispersant with

a boron conpoufigh HKGRtedHRANARZR%S BEthe DRreaRoR1leIeblD @O MPrifCmilGurcaod
mono- and dialkylated phenothiazines, for example where 15 to 85 mass % of the

mixture is monalkylated.



12 met hods of capping nitrogen-containing dispersants are known to
those skilled in the art. For adequate piston deposit control
a nitrogen-containing dispersant can be added in an anount providing
t he | ubri BEOIGMPO6FF conposition with ffom 0.03 to 0.15, preferably
fromO0.07 to 0.12, mass % of nitrogen. 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 corrosion and extending engine life. Detergents
general |y conpiiggaiag gﬂélﬁ'ihi%ﬁ’éi 2 kdhven In0RE aR ¥EE aRGRIpEedasdd by Wi th
the polar head conprising a nmetal salt of an acidiC organi c conpound.
The sal t smethpds bmewi in the sttb Sonerdnale,pherathighing megyrtiesl din gL t he

metal in which case th re.usually descpi be 0 | ra
ol i, anBeNBAFHOL OO GV e e B e SR (AR e
nmeasur ed QAR KVEIP3RAEY irRludifapkh dlefifdandAnteniy 6leBiNB)OF extlimpde Net al
base may be incorporated by reacting excess netal conpound (e.g., an
oxi de or isgbutplenelalilsofutnlens ngaensi anddadecere.g. . carbon di oxide). The
resul ting overbased detergent conprises neutralized detergent as the
outer layer of a netal base (e.g. carbonate) mcelle. Such overbased
det er gent s mayphasteblg, thBNhaiotHiatine torgp@aide) areaprdseny ju tha lubyichidngoia TBN

of from 250 to 450 or nore. Detegﬁents %Qﬁi nﬁy be used include
oi | - sol ubfENRRSIHATAR 28 E oY erifEre § AP Fon RrderablyHEm VLS 1o ymoff i zed
phenat es, J i . er
01| a0l ub s aH CDRLEE S, AR B ALES J ARG RRRPLE bRk

al kal i ne el oiussref dik $ubrecating o8 odinpogitigot assi um it hium cal cium and
magnesi um The nost conmonly used netals are cal cium and nagnesi um
whi ch may both be present in detergents used in a lubricant, and

m xtures of cahgiiighANAERTveBEPBE ittBrpMriBd BPBE ¢BpBatibhscatl the Invention
conveni ent netal detergents are neutral and overbased cal ci um

sul f onat e® enalvlie therT BNoEetfpasiquay requiGTEN Examplasof addilives diffprent besed

| ci d I ' her havi 0
450, ConbRAPYGrReBioRd AT B RRRAED. Witk Ao R mRhecd A" ©

bot h, mayjubAcatiRdil cokipositions aWidpenahesda@gets, mstelpastadhibiton) sistdshni ¢
acids which are typically obtained by the sulfonation of

al kyl - subi@eex inaRrgVers.cIoaIOS O pibeIar AFadasion driHbisers t IHgHen medHicke @thef om
the fractj, i . | | at.l i

nydr ocar SRRt S0 EE B, Ui eak By AR B RIOAERARE, Some
t ol uene, xykigaessedaphirthat énsil bedowhenyl or their hal ogen derivatives
such as chl orobenzene, chl orotol uene and chl oronapht hal ene. The

al kyl ation may be carried out in the presence of a catalyst with

al kyl ati ng ageﬂﬁbgriéﬁﬁ}f%gﬁcéﬁlg&ﬁoﬁs%f% eEé?ﬁ'ihvé%ti&ﬁfr@?@uxﬁk?%maﬂihﬁl

(v
al karyl sul fonates us ontain from9 to or nore, preferably

from 16 tar mBére ashiedsatismrants, phichaifeptivedy trstuce formdtien ohdepositsupoatuge

The oil -sol ubl.e sul.fonates.or al karyl, sulfoni.c acid bhe

neut r al i ZBERANG 299dfSEL engings 3&1‘38 ééé,(edatf)ﬁ%‘?{f‘:&bgg Oﬁ%r‘gﬁﬂg’%&ﬁp ersants

car boxy!l af@ful sl BEHosiBBHE o6k bidas invdintibREEBpriROmAiESolabe pelyneik Of
the netal. The amount of metal conmpound is chosen having regard to

t he desi rledg TBNR dackbore hiviag funcienal eranps cagableced] associatingewitl pakelabbut

100 to 220 SS % (preferably ,at | east 125 9

Stoi chi o Raayy Watlyeue dRbers gt e Aechbl, s or pter

sul furi zeghiphasietiss Ala8hdd ©RBE SelyRir bRkBohe) Biteh Via acttidypiy gpup.aThe et al
conpound such as an oxide or hydroxide and neutral or overbased,

product s ashleshdispiysant may bsyfomskppls, seksitd Fom oHsokble sadfsy gsigrs, ABYNO-

h I b . I Wi | .
SRR In e
nonohal i dgdgfolgoattorklidéias boenhytigddsahdredl; dducdisoxtite berivaeiveeofdnag | y

chain hydrocarbons; long chain aliphatic hydrocarbons having polyamine moieties



14 with P2S5, and then neutralizing the formed DDPA with a zinc
conpound. For exanple, a dithiophosphoric acid nay be made by
reacting mxtures of primary and secondary al cohols. Alternatively,
mul ti pl e dithiophosphoric acids can bdOprepared where the hydrocar byl
groups on one are entirely secondary in character and the hydrocar byl
groups on the others are entirely primary in character. To nmake the
zinc salt, any_ basic or neutral zjinc conpound &$uld be used but the

oxi des, h3tAcHd deectlyriBereiay BRmiaBRIcA CRNGRBSIIOGIRRANAS PIBFHPHARfiensIng a
Comrer ci aiongéﬁaih'sﬂ @g&gﬂﬁm Wth%l%ﬁﬂ&a@ﬁgﬁ?(Eﬁ?ﬁkﬂfen@?&ﬁraﬁ%. to the

use of an eXcess o asi c zinc conp he” neutralization
reaction. The preferred zinc di hydrocarbyl dithiophosphates are

oi |l -sol ubl e salts of, di hydrocarbyl dithjophasphoric acids, apnd may. be
represent ed byPieﬁ%rqddﬁWWﬁaﬁﬁ IF@P‘yﬁW(gya@m 1y giged ROky (ﬁofe%mvdi@reéﬁa SR
and R i el I, ci : i ni ng
froml {Tgy afg&l%}rﬂg? %?iaggf@ﬁ§g% %fp%%wé%l%or?g %ﬁly{lﬁ%ﬂaﬁ% %S nggnﬁdédi cal s
such as aPdstitylady kefisrred ae yhlesardjdpatskyts dedvddafrorh palyisobyiglamalshpdidtted
radicals. Particuyl ar| referred,as R,and R ups are al kyl groups
of 2 Lo B EArIIS AL O s G Rastr S R ol b
ethyl, n'aﬁﬁlﬁéﬂ{ Jend dRFQRY botraBhYiEnY entamBiét ¥t a pSI§ExRMYtne Rmine, e.g.,

n- hexyl, 1-hexyl, n-octyl, decCyl, dodecyl, octadecyl’, 2-ethyl hexyl,

E henyl I bpﬂiy@pdpmgyﬂqnec%mnmhetxiyl}e;hy}?ammhmem hydroxype@peonpd, e.2.,
t o . t ai i N . |
A e

gener al | yedmithat@ngadh@bmbidadion bf'%ﬁ&ﬁ%&ﬁﬁél@’éubdﬁtﬁﬁﬂ%ﬂoﬁmbﬁi@ can
therefore conprise zinc dial kyl dithiophosphates. The present

i nvent i orenkagrigreeienaps ard feagted WilbdBlp hyAoRy GeBAoWd: B-2p REBRAIGENIELLC)
di esel engj j 4 § of
from 0. 02 PRI R SO AR SR B SO R (B ol BHE G
mass % bdiagthepe gt, polyetiyidne igasine ind tetracthpieos péritaminecanchgwubbit hdavy
duty diesel engine |ubricant conpositions ntai nin hosphor us
level s ofabprlb%ml@zoft(gic{.&?e{ld/gh@ﬁ Rz Mot @psinogien b ?I‘f‘iﬁf pegient. o
to 0.12, MRSSindhonR@sERist N tdfbihic of RS poBfisdbifnFIREaRiclandPdride with S
(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.

Another class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing one mole of an alkyl-
substituted mono- or polyhydroxy benzene with 1 to 2.5 moles of carbonyl
compound(s) (e.g., formaldehyde and paraformaldehyde) and 0.5 to 2 moles of
polyalkylene polyamine, as disclosed, for example, in U.S. Patent No. 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.
Examples of functionalized and/or derivatized olefin polymers synthesized using

metallocene catalyst systems are described in the publications identified supra.



one preferred enbodi ment, lubricating oil conpositions of the present
i nvention contain zinc dial kyl dithiophosphate derived predom nantly
(e.g., over 50 nol. % such as over 60 nol. % from secondary

al cohol s. Oxi dation inhibitorsildr antioxidants reduce the
tendency of mneral oils to deteriorate in service. Oxidative
deterioration can be evidenced by sludge in the |ubricant,

varni sh-1i ke degosﬂs on the netal surfaces, and by vi scosl,tégi growt h.
Such oxi dationT. %ﬂisﬁ‘iﬁﬁ%ﬂti?ra]i bre fusEher PO ir&r1ed DpReABEY, OféPIPééﬂnPH 2P h

nmetal sal f_al

al kyl si dttégaé gllnﬁghéﬂca Cl um ﬁgﬁg%ﬁgﬁc}%tpgugr‘e%ﬁh é%l3%7é%8%§at es
and sul f us,pzed2hhBoaties of fiieakgpleosnt it weadig dcamishé by Eeaimg an acyl

hydr ocar bons, phosglhoru esters, r’r%t al thiocarba tg} o] Icl i’l ubl e
copper coRFOEFHEOMen $ReReRt Vih @ beronsamppung guch as dgkongegde, horpn
mol ybdenugn ¢ '%?dr{"éc’i‘(% GRIPRRLE BB boron acids, IMRh G RlouRl JufBQbathb ?rcﬂﬂi&ﬁ b C
am nes having at st two aromatic groups attached directly to one
am ne ni t0.0gel0 atmualpmp‘ortmns@fboronﬁowacbomlapﬁwlat%@tfézﬁm@@nmwﬂ

east ¢y G ot gt i AR R 0o ar ot 3 4 e g Bofimncea™

by a Covatﬁentsorsﬁmdm@ﬁ app(eamnah@moaﬁct%@upydrﬁe@;bon@ﬁm@pwmr@pxmrﬂyr
atom or a -CO, - - or al kylene group) and two are direct

att ached (BGDS, asrheheveni tpragethiodhe digpessant dniies anddiraidsfras iﬂémérﬁ‘]rﬁ%s
having at L oAt iPolQRLE feQiiS BbLAGHES t LEAL] Ju'eR ddifhg from

ni trogen. I'crings are y |ca y y one& or nore

substit uems o 80d. 8¢ H0eh T foBNnedsk V3 (basatmromb Iydss ofadyduirogen yoropyundofh
acyl am no, hydr oxy, and nitro group Mul tiple anti oxi dant s are

comonl y @mé‘w@aww e&fﬁﬁmtbioaﬁ acidnissaly gy a$Fcl B AR
| ubri cati | t
o e P SABRR P ok EsBResSTe el g et on Lo

soot - i nduggd 1vio SIS yommerdagsmuogamtﬁppmgr thbﬁ]aﬁvdlp, the Borvaseabhatft
am ni ¢ anti oxi dant and fromO 0.3 nmass % of enol gntl oxi dant .
mlx@&@%@f’

I'n anot hetanpesradides @Tﬁ@fhﬁlg@‘i’fﬂc aql‘élE?r? BoItIE34OB; 1BFROXSHC ¢ he
present in }((?H]%l'[e?ﬂl ﬁlﬁ{n@ \irﬁf?ér}eglolﬂr%é)w%teno o@c 28acABh Pldeesses

ant i oxi dan rom to 3 nmass % nt| oxi dant and a
nol ybdenmnnﬂ@nﬂg'n}mdwnnnﬂman@mrﬁisoﬂjecnppﬂedlg the | ubricating oil
conposition from about 10 to aﬁ”ﬁ 000 of nol ybden,
Preferably, | ubfg QSRGTRARE B1aY a9 &Eft rd?‘?é ef‘U:ly AR Igl?%é?{%lée

the pres e'@é%élﬂ%ggéﬂto ncOmﬁlb&myaﬁitﬂbgw%mmiﬂgrmspekdan@m@seetnl "QAgped”
useful in the tice of gresent invention that are required to

cont ai n nio reghattley adviezse eﬁZQlOSllp dispérsptie bpreomuibe ﬂé@@@h’ﬁﬁ@% Rpgigg seals.

antioxidants other than t | k henot I I unt
of 11 om oNmEQUScennia Beeath Rt ey e REHS. HE R KIPkRLraiod el s
to 3, masgodimW@Reet B&si® BREGEAI UsHEOR0EP tol nrtRsidinsietidsde g ahtue s
t he amount of ashl ess anti oxi dant other than the al ky] ated

phenot hi a1m1d@g@)lps)§1r9 mostsuablp. (The reastien ohe aiiogeRrgpytaining dispersant and

DT e g AL 5, L S BB (BR05] M MLTDILE 61 B, n U

pol ynet hapdist MNas4, swofmar 8395072 mmim Tmzoemitmrmf s nitfogan-

unsat urated dicar boxyl ic acid and a viny npound, | ol rs of
styrene aﬁmt%@ﬂgﬁis@e@%t@@ forapig 2pigrs ﬂ%ﬁcrlpeqa r%‘@@ﬁl& Ehnbg) ‘%‘E@Ps of

styrene/ as well

2t he  pabEal Ty R o o R o ene

A vi scosi guytabledeppibgpeoneire despibed ant).S. Pateht Nos 4aiBied glycolisedd);t y

i ndex inprover and as a a s -of _yj J i nde

| pr over A LhERS al AHleh dabos bap (16T B v S HHO Lt el ?@%m c

pol yam negyyiiated, &g N¥HLREALRBESHOS bi30Red (HBRRepsYidd)l S,a0028y. I ¢ acid
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



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- maybdenum 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 di t hi ocar bamat es, di al kyl di t hi ophosphat es,
al kyl xanmhtiods oberppiigkjiregancseatainiag dispersants areAagynite Higse gkilleghin the
nol ybdenum conpound may be an aci di ¢ nol ybdenum conpound. These
conpoundsm?eact Wi th a basic nitrogen conpound as neasured by ASTM
test D664 or D- 2896 titration procedure and are typically

hexaval ent. Included are no;%bdic aci d, annoniun1nnh%5date, sodj um

mol ybdat e, pot Besidgavate PiplaLcRosibeRItIgH RaH ragapafonRniAg faPeTitil ¢ A 8¢ es
and_ot her - A o ey L
MoQ2Br 2, ?\@h%‘gﬁ%%@%&&égﬁ%tﬁﬁug%ﬂg or si ISar aci di ¢ nol ybdenim
conpoundspreferably fidD.g7 the. 12phydsdepiinitogapounds useful in the
conpositions of this invention are organo-nol ybdenum conpounds of the
formul a: Mo(ROCS2)4 and My( RSCS2) 4 wherein R is an organ group

sel ected from { e, GhRUMIPMNSIshitbAGing et dls fuAéitn boll & devdrgaigio
al koxyal kyl, generally o rom1l to 30 carbon atons, and preferably 2

to 12 18redacchmrembuerdemsis aukas aoidiamtralizars af kel inbibitorst dieneRy gegusang

atons. Especi al,l referred are the dj.al kyl dithiocar t es.

nol ybde .nuYE’;f'ar and C%Hgﬁ%f‘ﬂé?’g&?c&%?wn%b%aﬁ%e-t%?’gf)%eé’%ﬂ%c@ ?g%ﬁ%ég olar
usef ul i MpdaR&yitHPIdnealydRGHESBRAE MiihaRS pofar hédScolpyietikiaghietall @lt of an
trinucl ear nol ybdenum conpounds, especially those of the formula

MD3SkL. Qracidid ongariqcomepaundy Eb¢ salisenasi eongdie 2 subjiantinlhy siochipapaing

sel ected |igands.havi.ng i f.£ b Cl f
car bon' at SHETEQY PR RUAaT U AR Pl ReRidhtd i Al YTk af

oi I, n i ssaitsamdiwdidd dppidallyaries tdtaldmdnihbaug TBYN (2Qchs bs alcentretiby r om
the group of neutral electron donating con%ounds such a

2 nas, - SASENbDEEO G5 SioM PSS adetgt REICGDT hAcPste} TG B B SHegpYrBies
and incl gl%f%aug[e s SLRLGRLOIERA Ogrl?{ ?ét%gﬁ‘lli ofitde bERRrodde ! WiiRhn §@RRYAS

atons sh resent anon I gand oT gano ‘groups, such as
at | east @f%., @tbdoalistidd), Terealtingasrba36d deteiyent carmpmises neutralizedPour
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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 everbased calcium
phenates and sulfurized phenates having TBN of from 50 to 450. Combinations of

detergents, whether overbased or neutral or both, may be used.
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16 to 60, carbon atoms per alkyl substituted aromatic moiety.

The oil-soluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate,' sulfides, hydrosulfides,
nitrates, borates and ethers of the metal. The amount of metal compound is chosen
having regard to the desired TBN of the final product but typically ranges from about
100 to 220 mass % (preferably at least 125 mass %) of that stoichiometrically

required.

Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods known in the art. Sulfurized phenols may be
prepared by reacting a phenol with sulfur or a sulfur-containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are

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

containing bridges.

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
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with P,Ss, and then neutralizing the formed DDPA with a zinc compound. For
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
salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequenily contain an
excess of zinc due to the use of an excess of the basic zinc compound in the

neutralization reaction.

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
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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.
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(&0 220rgano-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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carbon atoms and most preferably alkyl of 2 to 12 carbon atomns. Especially preferred

are the dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear molybdenum compounds, especially those
of the formula MosSxL,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 0 to 5 and includes
non-stoichiometric values. At least 21 total carbon atoms should be present among all

the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.

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 known. Typical of those additives that improve the low temperature
fluidity of the fluid are Cg to Cyg 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.

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.
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When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount that enables

the additive to provide its desired function.

When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base 0il 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.

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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wel | di szﬁrn%eﬁeasug%an 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.



The results are shown below. O L VISC 100 (average) A (reference) 379
B (conparison 417 1 (invention) 49 As expected, O B perforns
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B contai ned DPA which is known to haveian adverse effect on soot

di spersancy. However, the oil of the invention (G| 1) was
surprisingly and significantly better than the conparison oil and the

reference oil.
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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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
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CLATMS:

L. Use of an oil-soluble or oil-dispersible alkylated phenothiazine additive to
control soot-induced kinematic viscosity increase and enhance dispersancy of a
lubricating oil composition in a diesel engine provided with an exhaust gas

recirculation system.

2, The use of claim 1 wherein the alkylated phenothiazine is a compound of the

formula:

T

wherein R' is a linear or branched radical having from 4 to 24, such as 4 to 10, carbon
atoms and being an alkyl, heteroalky] 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 aikyl, heteroalkyl or alkylenyl radical, or is a hydrogen atom.

3. Theuse 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 atorns.

4. The use of any of claims 2 to 3 wherein R! is a nonyl group and R? is a

hydrogen atom or 2 nonyl group.

5. The use of any of claims 1 to 4 wherein the alkylated phenothiazine comprises

a mixture of mono- and dialkylated phenothiazines.

6. The use of claim 5 wherein 15 to 85 mass % of the mixture is monoalkylated.
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7. The use of claims 1 to 6 wherein the lubricating oil composition comprises
from 0.04 to 4.5 mass % of the phenothiazine, based on the total mass of the

Iubricating oil composition.

8. The use of any of claims 1 to 7 wherein the lubricating oil composition further
comprises from 0.1 to 5 mass % of at least one ashless antioxidant compound selected
from the group consisting of hindered phenol compounds, diphenylamine compounds,

and mixtures thereof,

9, The use of any of claims 1 to 8 wherein the lubricating oil composition
comprises at least one additive, other than the phenothiazine, selected from the group
consisting of dispersant, detergent, rust mhibitor, viscosity index improver,
dispersant-viscosity index improver, oxidation inhibitor, friction modifier, flow

improver, anti-foaming agents and antiwear agents,

10.  The use of'any of claims 1 to 9 wherein the 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 ofno more than 1 mass %; and
_a Noack volatility of no greater than 13.

11.  Theuse of claim 10 wherein the lubricating oil composition has a suifur
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
ofno greater than 13.

12.  The use 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 exbaust gas -

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

the engine is in operation.

13.  The use ofany of claims 1 to 12, wherein the diesel engine is a passenger car

or heavy duty diesel engine.





