PF2009L001- 1 - LUBRICATING O L COWOSI TION The present invention
relates to lubricating oil conpositions. Mre specifically, the
present invention is directed to lubricating oil conpositions that 5
provi de i nproved soot-handling performance, particularly in diesel
engi nes provided with exhaust gas recirculation (EGR) systens.
BACKGROUND OF PFHBLONVENTI ON  Envi r onnent-dl- concerns have led to
continued efforts to reduce the NO( 10em ssions of .conpression
ignited (diesel) internal ccduRms G ) HASHTAONSt t echnol ogy
bei ng used to reduce the NO em ssions of d| esel engines is known as
exhaust gas recirculation or EGR EGR reduces NO em ssions by

i ntroduci ng nonconﬁhsﬁmkﬂnelncmmﬂmdmbsto(lebq-haumg oifyemhpdsiiions.t Merel ncomi ng
air-fuel charge i t oduced into the ustlo chamber. This

reduces peak PP 3é 8%"5?’8"%{%‘8“ HEating o) ﬁ%ﬁ%ﬁ“ﬂ%ﬂ‘%
the sinpl esdi bfbbidanmﬁif&ve&goo%aﬁdnﬁg E%mﬁﬂcee &Hc@ﬁ%&ﬁesé%ﬂﬁx&é Sovided
NO em ssion is achieved by cooling the exhaust gas before 1t is
returned to tMétherbrusesas Ryércyaime(EGRIsEk@nE har ge al | ows better
filling of the cylinder, and thus, inproved power generation. In

addi tion, because the EGR conponents have hi gher specific heat val ues
than the inCOMGROIMGFJ’EHEMEN’E!O Nhe EGR gas further cools 20
t he conbustion m xture | eadj ter wer nerati etter
el Ceconony at = FrsimmResebeers fash o epiimaed 8or @ eeficy HENG,
contains gyl f HIEIISSIEH@&' colrr@wfsﬁyﬁ fgafted i R8P Intdritf lcomBRtRR @ﬁ%lﬁé},o The 1A4GQ0
ppm of sul fur. is burned in the englne is sulfur is
converted to 3@‘11101(?3}’ being usebie, redice therNQremiggipnsrotgiese epgines is kegwn ase
conbustion of Ef?é”@?a . )
exhaust st rearenl'éhélctz])ér@Eiso &@fr@@%@%fb@?&ﬁ 0 Pgéég@‘ﬁ%h\%%%ﬁ%%ggcmé ﬁ‘&} he
past, the presanostibie cb:lnpmntm(hns}taasl(gess itta thenndoriing airired bhazgminireduced
"because the exhayst gases repanined,ex rrel hot nd .t hese

conponent s wel#&2 g’f %E‘F gmbustion hambers d g%ces a'éaé‘efg‘ﬂée teppgraure and Ny |

‘when the gRQi BéhetbioR M RIARHNMG it sﬂﬁbl%tﬂﬂ@ffe&%f@m@tangﬁﬁl gx8atei xed
W th cooler intake air and recirculated 30 through the engine, the .
.wat er vapor cedueiisnden eavissiandgachiexed by eqpkingithesrbaustgasdes ifetymeg
forma mst o

- phenorenon i S{Oftﬂ%% re 3@%@@%‘;‘1&%38“%9%%]}?%&%& %a%ﬁf%g%héﬁ thos,
rbefore it is imgirovalgowengénemtionglmeldition, because the EGR components have higher

specific heat values than the incoming air and fuel mixture, the EGR gas further cools

20 the combustion mixture leading to greater power generation and better fuel economy

at a fixed NOy generation level,
Diese! fuel contains sulfur. Even "low-sulfur" diesel fuel contains 300 to 400

ppm of sulfur, When the fuel is burned in the engine, this sulfur is converted to SOy,
In addition, one of the major by-products of the combustion of a hydrocarbon fuel is

25  water vapor. Therefore, the exhaust stream contains some level of NO,, SOy and
water vapor. In the past, the presence of these substances has not been problematic
because the exhaust gases remained extremely hot, and these components were
exhausted in a disassociated, gaseous state. However, when the engine is equipped
with an EGR and the exhaust gas is mixed with cooler intake air and recirculated

30  through the engine, the water vapor can condense and react with the NO, and SO,
components to form a mist of nitric and sulfuric acids in the EGR stream. This
phenomenon is further exacerbated when the EGR stream is cooled before it is

returned to the engine.



PF2009L001- 2 - In the presence of these acids, it has been
found that soot levels in lubricating oil conpositions build rapidly,
and that under said conditions, the kinematic viscosity (kv) of

| ubricating oil conpositions increase to unacceptable |evels, even in
.the presence of relatively small |evels of soot (e.g., 3 w. %soot).
i Because i ncr edEeWIL®1| ybricant viscosity Adversely affects

;perfornance and can_.even cau en ail ur
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fcontrolllng th asicity ant nitrogen, ap
rincrease i@ Iumdﬂmant vi scosity associ at ed mnth t he use of engines

16, 303, 550 suggest s U P CUF R ERAPTSHETy N DO BRSPS rrRbru P00t
saromati ¢ hydr agdicbdintreasd ihperege sty @tﬁb(}daté@ Qfith BGH-eghigped Iﬂl&)selieﬂglaes

i?nunber aver age npl ecul ar wei ght rang 000 to 30, 000 |s
icertain degre&abpe ennérﬁélP%bh@lwm@tpgﬁmﬂfqeé@mﬂm copapedspd- AteR NGs.

~‘advant ageous teOzﬂsd@ﬂtdnme és'dbw@gggw {10k by SRRz brtafaididhat, sB@&ﬁc%ﬁy
“performin diesel englnes speci % di esel ~engi nes equi pped with

' ECR systents, 26ri@spiscositly myodéfiess; aiclugling bbcle@ﬂmbpw ofi poly(meneiémd ethnECR
- Syst s, fore 515' 1{ tﬁgguu' al l gdroget?]{a{eﬁa fe/rtgong%gat ch@ne? ag w%ﬁ?as Ellaﬁ%gsants and/or

ramel iorate so rea uri1 ng-use o
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“aspect of the present jnvention, there rovided a, lubric
conposi ti on WIRGEFSH Y Lﬂ%t Y’ﬁ?ﬁ’&b@é"%@?4 Bithiirase Og%{‘rgﬂeé BToéﬂ’dlaé t% Eod&

“ydi esel engi nesyRERVEMACR Mickibrafih AS PaBABNG aicwscstsio%%%ﬁts &ﬁ@ﬁ%l&ust ens,
.and more particularly in diesel engines equipped w condensed EGR

By isystens, vlic lgopolymers of poly(monovinyl aromatic hydrocarbon) and hydrogenated poly

i - {conjugated diene) in a number average molecular weight range of 8,000 to 30,000

> display a certain degree of dispersing characteristics.

o It wouid be advantageous to identify lubricating oil compositions that better

7 perform in diesel engines, specifically diesel engines equipped with EGR systems,

25  especially diesel engines equipped with condensed EGR systems, more particularly,
lubricating oil compositions that ameliorate soot-induced viscosity increase during

use of such engines.

SUMMARY OF THE INVENTION

30 In accordance with a first aspect of the present invention, there is provided a

lubricating oil composition which provides improved performance, particularly in
diesel engines provided with exhaust gas recirculation (EGR) systems, and more

particularly in diesel engines equipped with condensed EGR systems, which



PF2009L001- 3 - lubricating oil conprises a ngjor anount of oil- of

| ubricating viscosity, and mnor anounts of (a) a viscosity nodifier
conprising one or nore block copolyners of hydrogenated

pol y(nonovi nyl aronmatic hydrocarbon) and poly (conjugated di ene)and
(b) one or nore detergents conprising one or nore optionally

substi tut ed bPrdesepiShydr ocar byl phenol -8endensates, or netal salts
t her eof . In accordance with a second _aspect of the present

i nvention, thwbdcatisg pil gomeaees 8 maiarsgueiofod of ibrgatgaiscPsitye ardgminor

vi scosity inc PN o=\l i : j (AN in
di esel engi neéﬁ%@gqufg@%%oﬁlﬂééﬁgg%Jo@g&%g??@%{}ﬁ%ibﬁﬁ%@yﬁ%é{ems,
and nore par thghdgendtyd pely@heseinylemgnatashydopsanbpe)Xhndipbly (conjdgatesiatierieiaRd
systens, which 10 net hod conprises.the step of fornul ati e

b cati ng. o SETBER Cr G R TR PTG PR st Pigeed
nodi fier and perQEASNHhAb doRBerdshtes br ARABSts tHektdFi cating the crankcase
of the engine with the fornulated |ubricating oil conposition and
operating the engilh@ccordpnae with @seroad aipest of themiresgntdByraEipn.dhere jeprovided
present invengj 1 OV : : - ' j of
Phe vi scosi  yh iamod bEBHE Bl AU IRl HBRe | bREARE R, AP il
reduce the soprtidutmllyde diestl engises provideat witls exhatfist gad nebirdutation KEGR) systems,

conposition for, the lubricatign of an engine, . art'cul(ja;11_§}lé in diese
ang! nes. pr ovi SEFTE prtEHLG SsCenelts Fomai milf Py Ll arert Fikh
.more part e ul @bthyd édintiseS@k sRP 9f RSuRek BPBbHvktidy SIHHASIA6h FHRa
isystenms during use. 200t her and further objects, advantages and

‘features of t¢mbiratieeaf theniseonity srpdifiar andydeteraens of the diast agpecte fubrisang the
the fol | ow i.firnati : i g df 1 cation.
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:the term "hydrocar
ito the renni nileengifie.a nol ecul e, refers to groups that attach to the
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“alicycl i c- subgtiyce thesgolgingneed; viscositydnaease oS lybricatine semaositinndder e and
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group; (ii) substit hydr ocar bon groups; that is, groups
cont ai ni ng,no‘f}ﬁ’-n ?&?ﬁ@ﬂﬁyﬁe@ﬁ%ﬂ%‘ﬁ%ms that do not alter the
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&
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BIPYIRG SRESHTIARIQDY |

In the following specification, the term “hydrocarbyl”, when referring to
substituent groups attached to the remainder of a molecule, refers to groups that attach
to the remainder of the molecule via a carbon atom, which are purely hydrocarbon or

25 predominantly hydrocarbon in character within the context of this invention. Such
groups include (i) purely hydrocarbon groups; that is aliphatic, alicyclic, aromatic,
aliphatic- and alicyclic-substituted aromatic, aromatic-substituted aliphatic and
alicyclic groups and the like, as well as cyclic groups wherein the ring is completed
through another portion of the molecule (e.g., where any two indicated substituents

30 together form an alicyclic group; (ii) substituted hydrocarbon groups; that is, groups
containing non-hydrocarbyl substituents that do not alter the predominantly
hydrocarbon character of the group, such as hydroxy, nitro, cyano, alkoxy and acyj;

(iii) hetero groups, that is groups that, while predominantly hydrocarbon in character,



PF2009L001- 4 - contain atons other than carbon in a chain or ring
ot herwi se conposes of carbon atons. Exanples of such hetero atons
include nitrogen, oxygen and sulfur. In general, no nore than three
substituents or hetero atons, such as no greater than one substituent
or hetero atomf wll be present for each 10 carbon atons in the 5
§hydrocarby| grgﬁwwunm The term "l ower™*-as used herein in
‘conjunction with. ter such,as hydrocanbyl . al kyl . .al kenyl kox
and the 11 ket Sonf el RS Sl B CHRN o S thenyt diese €Y,
iof up to 7 car homsaEeamples SE30EH heddro glonBrindhinde miipeueal exywar shdspiuo. flnes
the presence of stated features, O_Stegs, or integers or conEo ents,
ibut does not pBYER d@l{l?{e%é‘ysﬁ sgipenidief Refp 2igMms oRie By NhFFECIIPALne

jfeatures, stepghsifitRILheteroGRIPONGNE pREerd iR 1@l atorh R the
expressions "consists of' or "consists essentially of' or cognates
imay be enbr acebydsbaabiyh gtogpnpri ses” or cognates, wherein "consists
- jessentially of' peryts. I8 i N . i.all
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% of a conposi $ANGHNING a totalef up .7 carpen 31eM-nt ended t hat any upper and
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“li ndependent |y conbi ned.” 20~ DETAI LED DESCRI PTI ON THE I'NVENTI ON
The oils ofi0 | uierscer integery puesepongnts duf ddes not precludsrthe pressacedr addiion of one
s nvention may range i ¥i Scosj.i: om.|ight disti t L neal ojl
LoV RnLen, T, G008 sy KREGEh b, s LAonfl P e Tl B
“l'ubricating oif®nsifd offer ¥yordists\esthealBl ofO bt cognflesmanpbé smbraedtwichin
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s/ sec, nost Qneheses BbymitERMyAPREnAh ST R 8Fisti} FRRUomEBsi TR (0SPich &S
“imeasured at . 100C. Nat ural” oils 1nclude animal oils and vegetable
oils (e.g. )Scasnpbies.oil, lard oil); liquid petroleumoils and

“hydrorefined, sol Veﬁie‘t&ﬁﬁﬁkﬁl&xe &?iﬂ'#%%&gss%%?ﬁﬁks%Uf%c%p%@t{i@?of

-paraffinic, naphthenic an para ni c- nap eni c’ types.
il ubricating vi anahé teym deninor echofuntd meawdkssahansifahass & sfn @arpositias. usef ul

.base oils. Synt'hetic .lubri.cati oils include hydrocarbon ails.
and hal o-Subst i t ut SRS DAY B Dy Sies o8 Tyt SR GieR A reto it
:_gi nt er pol ymer i zgg fihefetdhs mh§ b@independently combined.

. DETAILED DESCRIPTION OF THE INVENTION

The oils of lubricating viscosity useful in the practice of the invention may

range in viscosity from light distillate mineral oils to heavy lubricating oils such as
gasoline engine oils, mineral lubricating oils and heavy duty diesel oils. Generally,
25  the viscosity of the oil ranges from about 2 mm?/sec (centistokes) to about 40
mm?/sec, especially from about 3 mm?/sec to abouf 20 mm?%/sec, most preferably from
about 4 mm’/sec to about 10 mm”/sec, as measured at 100°C.
Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);
liquid petroleum oils and hydrorefined, solvent-treated or acid-treated mineral oils of
30  the paraffinic, naphthenic and mixed paraffinic-naphthenic types. Qils of lubricating
viscosity derived from coal or shale also serve as useful base oils. )
Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,



PF2009L001- 5 - pol ybutyl enes, pol ypropyl enes, propyl ene-isobutyl ene

‘copol yners, chlorinated pol ybutyl enes, poly(1-hexenes),
-pol y(1-octenes), poly(1l-decenes)); alkylbenzenes (e.qg.,

dodecyl benzenes, tetradecyl benzenes, dinonyl benzenes, di(2-

ethylhexyl)be@ ‘ﬂ%%é polyphenyls (e.qg. blphenyls t er phenyl s,
al kyl at ed 5pol é% ﬁ and al kyl at ed di phenyl et hers and al kyl at ed

e sul T s b e e, AU PRI
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“having a nol ec
. pol ycar boxyl i c est Atkylanhexide bolyfers aadtangbdymt:ﬂseanédemiadvadhdeds&leresthe

' m d C3-C8 f 5 d t d C33 d .di
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~phthalic acid, succinic acid, alkyl succinic acids and al kenyl

“succi ni ¢ d8i deolypralyleng gplymersatrared by polymesianion; of etyleae 0Xip biprepylene
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cadi pate, di (2psiitybdx§Ky bskerS elopBAtEs exdmpm- fheXdtichbidrbtefsCmixdt Q51 fatty

{sebacate di i sooctyl azelate, djjsodec

azel ate, dioctyl phthal ate,

“di decyl pR# hared estergprd €uddno %@H%%‘éﬁf@fyqfﬁ%hﬁm&%wohexyl di ester of
“linoleic 25 acid dj one
| AdiSther sﬁmléasss%?gmﬁ c‘ﬁﬁ)tn%étn %1%&“5% 5 gﬁ%ﬂﬁggtfm

“mol e of sebacic aC|

nol es o tetraet yl ene

.ol es of 2-et ﬁrpmhmémamdsmmhthahc aciistuerigic @sidf dkylascoyymm@ﬁtand aflieng

cal so -include thos

f . . Cl2
j poI yol s and p?)lfcmglc ag@g’e?glglgggﬁ??ftg%hce%bdeﬁ ﬁgg‘%? Y %/asw amdmfumam atid,

tri met hyl ol pr @cﬂp\lﬁamdpl&[bﬂdiem{d Bier,ahalolt pedtadiaiinthlbiic aeills, atkdnyl malonic

gtrlpentaer thrito 308|I|c n- based oils such as th o] yal kyl -,
 pol yaryl - poP%}‘iﬁ) RERP-VagFLy|9 kaa@% %@&uw alseo! el Seob Hpdee deelsoph

{conpri se anot hRfyy Hr%‘iﬂ?l‘éllcoﬁblaétﬁ{l%e Y& h&Ethﬂeﬁé’Q?&&%{bﬁﬁethéuﬁr’apﬁbﬁesglycol).

linclude tetraethyl sil | cat e

- et hyl hexyl ) si Spaseiceexamples af fugh nﬁ@hwcl@csadlgwh@uwbs di(%@ﬁwﬁlexyl) sebacate,
tetra-(p-tertgyh u}'né/xyi RIAGEML )dloc%ﬁ Aoy %&tgodl 1sc§octyl azelate, diisodecyl azelate, dioctyl

etral sopro I cate

phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic
25  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-ethylthexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cy»
monocarboxylic acids and polyols and polyol esters such as neopenty! glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

30 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 tetraethy! silicate, tetraisopropyl silicate, tetra-(2-

ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)



silicate, hexa-(4-nethyl-2-ethyl hexyl)di sil oxane,

pol y(net hyl ) si | oxanes and pol y(net hyl phenyl ) si | oxanes. O her
synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl
phosphat e, di gighybrgpt er of decylphosphog;c acid) and polyneric
tetrahydrofurans. SUnrefined, refined and re-refined oils can be used

in lubricants sfcafeRexRY£ERMy!-D RS Hek AMisildRbAT, bAnéthyIfkilaxMied Aifdse
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or a mxture of Group | base

EFpmoyng sped afditikestag © 1 Brofusts;

or oil blend, as measureéd by t

:Systent, | ndust legst $6%oy such os aidpast 85%{1?‘/1051:@9’?6{@%!11@ b stodknor psedatier

11996, Addendurydhy {REGSIRGK: ARt orSRkAerttih d05at bR B, BRYT FSR blend wil

have a sulfur content of less than 1%, preferably less than 0.6%, most preferably less
than 0.3%, by weight.
Preferably the volatility of the oil or oil blend, as measured by the Noack test
(ASTM D5880), is less than or equal to 30%, preferably less than or equal to 25%,
30  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 about 105 to 140.



Sbase stocks as follows: a) Goup | base stocks contain | ess"than 90
percent saturates and/or greater than 0.03 percent sulfur and have a
viscosity index greater than or equal to 80 and | ess than 120 usi ng
the test nmethods specified in Table 1. b) Goup Il base stocks
contain greater than or equal to 90 percent saturates and 10l ess than
‘or equal to OPBHYHdEPent sul fur and have 7x viscosity index greater
than or equal to 8Q and le an 120 usj t.he test nethods
specified in Tabl e? famtleesffé%%gaawsoc @@%?%@Egn%wa?woaﬁ@arb%?mwn
or equal to 9Qme@fo%ﬁmn tﬁahu{eﬁkﬁﬁp@:%&uhﬁmuhdeqnpgrpuswabn Bn h O3]
percent sulfur and have a viscosity index greater than or equal to

120 usi ng t he Licsstingndiatificager System, industapPervires Depgytmeni fpurtegnthas e
e e e o
Anal yti cal s Mebasedeckpas fRllses: St ock Property Test Method Saturates ASTM
D 2007 Viscosity b Gup 15ase stocks-contain leds Hhart 50 percont safidate Sndor groaier than
0.03 percent sulfur and have a viscosity index greater than or equal to 80 and
less than 120 using the test methods spéciﬁed in Table 1.
b) Group Ii base stocks contain greater than or equal to 90 percent saturates and
10 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.
¢) Group III base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulfur and have a viscosity index greater than
or equal to 120 using the test methods specified in Table 1.
15 d) Group IV base stocks are polyalphaolefins (PAO).
ej Group V base stocks include all other base stocks not included in Group [, II,

III, or IV.

Table 1 - Analytical Methods for Base Stock

Property Test Method
Saturates ASTM D 2007
Viscosity Index (ASTM D 2270
Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120

20
Viscosity modifiers useful in the practice of the present invention comprise
block copolymers of hydrogenated poly(monovinyl aromatic hydrocarbon) and poly
(conjugated diene). Suitable vinyl aromatic hydrocarbon monomers from which the
poly(monovinyl aromatic hydrocarbon) block(s) may be derived include those
25 containing from 8 to about 16 carbon atoms such as aryl-substituted styrene, alkoxy-

substituted styrene, vinyl naphthalene, alkyl-substituted vinyl naphthalenes and the



ASTM D 4927 ASTM D 3120 20 Viscosity nodifiers useful inthe
practice of the present invention conprise block copol yners of

hydr ogenat ed pol y(nonovi nyl aromatic hydrocarbon) and poly
(conjugated diene). Suitable vinyl aromatic hydrocarbon nononers from
whi ch t he pol y(nonovi nyl aromati c hydrocarbon) bl ock(s) may be
derived incl ud&* P8 25contai ning from8to about 16 carbon atons

such as aryl -substit d styrene | koxy- substituted styvrene. vinyl
mapht hal ene,  ikey Foedlidiand oikad Goadheriiny RErah sl o P carbad
PF2009L001- 8 atonks| feferabhe framkinb 4ahthoa latomsy TavBsbéruwdalkgl sretkdxypi cal |y

conprise from1l to 6 carbon a}tqms, preferably from1l to 4 carbon
atoms. The nurfdestitusnts Rerwpplege, 4l iasent: iy dtnee it & tpbandiis ReefGragly 1 1
present, nmay range ; A0 8 RL 8 MohiucaH diahl Bodd
nmononers from whi cﬁaﬁﬂﬂee%g}ﬁ?%gnj ugfé?tgm@eﬁe&gwggﬁg) mal?/lmS %G(Q%y
derived i nél ude derivedsechadenthasedontpifingfromd 2tto abdi b carbox stolwefonexsmple,

for exanple, fraq Q out. 12 carbon a uch as 1, 3-but adi ene,
| soprone’ . pi pdFYT bl SuE R ashaicR SR8 o8 AT ditE e Red: PPOYicRE

3, 4- di et hy 1- neBryhxadicne pherhiButstiaiehy i -dimetByloGl-aekadivhe, 4f-Hidthyl-1,3-

1, 3- but adi ene and, i soprene, being preferred., The hydrogenated

pol y( monovi nyleciadigntmith nbptadispasmd isopesmg beiga pisfeiicdd 10 di ene) bl ock
copol ynmers of the ' ' e
ol ecul ar e ght (B PR DO Bl B P B DR B o a0

““from 85, 0000 wdEng)ddokOBpolymefsrod thegBes@O0nyentigOorefddhly bavefarmmhEs et

0 00 e R e VoS 0RY ESTERIS B Pl e
;- the number  aves s@RO0TDbERdHh 85,006 B0, 008 W Ednt ¥50,60096900,000. When the
amount of vinyl aromatic content of the copolymer ranges from 5 % and about 40 %
by weight of the copolymer, the number average molecular weight typically ranges
15 from 85,000 to 300,000, Polymer molecular weight, specifically Ma, can be
determined by various known techniques. One convenient method is gel permeation
chromatography (GPC), which additionally provides molecular weight distribution
information (see W. W. Yau, J. J, Kirkiand and D. D, Bly, "Modern Size Exclusion
Liquid Chromatography", John Wiley and Sons, New York, 1979). Another useful
20  method for determining molecular weight, particularly for lower molecular weight
polymers, is vapor pressure osmomeiry (see, e.g., ASTM D3592).
The hydrogenated poly(monovinyl aromatic hydrocarbon)/poly (conjugated
diene) block copo]jrmers of the present invention are represented by the fonﬁula: A
(B-A),-B, wherein A is a polymeric block derived predominantly from vinyl aromatic
25  hydrocarbon monomer; B is a polymeric block derived predominantly from
- conjugated diene monomer; x and z are each independently a number equal to O or 1;
and y is a whole number ranging from 1 to about 15.
As used herein in connection with polymer block composition,
“predominantly” means that the specified monoi‘ner or monomer type that is the
30  principle component in that polymer block is present in an amount of at least 85% by
weight of the block.
The hydrogenated poly(monoviny! aromatic hydrocarbon)/poly (conjugated

diene) block copolymers of the present invention may also include tapered blocks and



15f rom 85, 000 to 300, 000. Pol ymer nol ecul ar weight, specifically M,
can be determ ned by various known techni ques. One conveni ent net hod
is gel perneation chromatography (GPC), which additionally provides
nol ecul ar wei ght distribution infornmation (see W W Yau, J. J.
Kirkland and D. D. Bly, "Mdern Size Exclusion Liquid

Chr omat ogr aphy¥3009ébh W1l ey and Sons, New-York, 1979). Another useful.
20 met hod for determ ning nol ecul ar weight, particularly for |ower

mol ecul ar wei @htePWPTWﬁbbjsthe farmulacrA/Bribwhereia A isranebemsric(bleck degves |
ASTM D3592 gEEgm
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i nvention ar ederéxmdqasﬂnﬁmdnﬂyﬁbme:oh;ugamd éinleﬁnmc(anéx) ychNBvisertepenedA is

a polyneric block v om_nant | | aronmatic

v oar bon niwater dersoF ol o Y AfkmatieobAmb R e E R ety
from conj ugat ghld@inghRshomenoner; x and z are each lndependently a
nunber equal to O or 1; and y is a whole nunber ranging from1l to

about 15. As used Psfeaithy.ithe @dmz&%%@m%m%&ﬂm m&gc&rbcn)/poly
conposi tion, cﬁg@g@ga ?ﬁgé)é%ock@ﬁﬁd]fm%rt}@hh% F‘esa%?deﬁiuﬁﬂa ;bR

nononer type pri e conponent i n that pol’yner EI ock
is present incamlmﬁmnt of at Ieast 85% by wei ght of the bl ock.

The hyd ted i c_hydro
(coni gat o i ene) I BERIEH BEVYRGISITS) momatn SERATPHOUR(Rainenisg disne,
i ncl ude t aper pRclbtspoknadste ki?&ﬂ:@ﬂ.&h@mamﬁare cRfimeRPRIIGaeAfaBR. BYcH Bleck

“formula A-A/B-B wherein A is a polyneric block derived predom nantla?/

“from vinyl ar 6RRDIRETHGANDSRAdB 67N ProRetedty: anppicspolympgizptien W an ekl met

s tapered segnent derive
~and conj ugat ed,764, ﬂ?bBéBilmmeS and 5,194P88f er abl y, the hydrogenat ed

: pol y( nonovi nyl dro ugat ed di ene), bl o
o yrnee of e RO R PSR PR o BRI OB Rt RE o oiER'e
. Hydrogenated peivydbipsascinty hadrogaiicd, thyidilhaankieg:é pohyhd; arnpugal ed
- diene) 10 bl ock copol yners are kr?own In the art and are co ["ICI ally
“avai | abl e. SuttRYENEERSELHN ?r}g]g

“pol yneri zat i 0By Winbdt pRdterablal moffRbRbS th@hﬁéaﬁel}é?fon%{%hbe@&eh drogenation. The
'sec-butyllithium as descfibed, for exanmple, in US %’ ﬁlo

derived predofg E‘ﬁé}tsh%eﬁcf ?%ﬁ?gﬂaﬂ%t %%e?drf%@ffbx“ex% R, Sa{;‘ﬂ B 1S a

ot h Vinyl aromatic hydrocarbon nononer

nfSiedlocks tdusrdde dcmpst 0nmats fEg CAIYR Mo
hydrogenation of these copolymers may be carried out usmg a vanety of well
established processes including hydrogenation in the presence of such catalysts as
20 Raney Nickel, noble metals such as platinum and the like, soluble transition metal
catalysts and titanium catalysts as described in U.S. Patent No. 5,299,464
Sequential polymerization or reaction with divalent coupling agents can be
used to form linear polymers. It is also known that a coupling agent can be formed in-
situ by the polymerization of a monomer having two separately polymerizable vinyl
25  groups such a divinylbenzene to provide star polymers having from about 6 to about
50 arms, Di- and multivalent coupling agents containing 2 to 8 functional groups, and
methods of forming star polymers are well known and such materials are available
commercially.
Aécording to the present invention, the hydrogenated poly(monovinyl
30  aromatic hydrocarbon)/poly (conjugated diene) block copolymers include different
mixtures of the polymers described above. For example, copolymer can comprise one
or more linear block copolymers having different molecular weights, different vinyl

aromatic contents.



4,764,572; 3,231,635; 3,700,633; and 5, 194,530. The pol y(conj ugat ed
di ene) bl ock(s) of the block copolynmer may be, and are 15preferably
sel ectively hydrogenated, typically to a degree such that the

resi dual ethylenic unsaturation of the block is reduced to at nost

20% nore preferably at nost 5% nost preferably at nost 2% of the
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described 1 WOImpRRR 2NEReds Ryygcauan) segmen CORTRET 1 G 3bOb 20 wi.% of
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“linear bl o copol yners havi ng di P4€T H’} ecyj ar wei ghts, different

. vinyl aromatic contents. PF2009L001- 10 “Preferably, the
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e

..di ene) bl ock copolyners will hose-i'n whi‘ch the hydrogenated
“;pol y( monovi nyldegméatwniand ky.ds the boematisadgeesity af dhppalyeer-centainizgssoluiioout
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-;according to ApidMibPesified inihe ASTMIBGE B-9PWoRdoBAUR Hiestl irfdttor nbXzle

: Examples of commercially available hydrogenated poly(monovinyl aromatic .
hydrocarbon)/poly (conjugated diene) block copolymers useful in the practice of the
invention include_styrene/hydrogenated isoprene linear di-block copolymers Infineum

20 SV140™, Infineum SV150™ Infineum SV155™ and Infineum SV160™, available
from Infineum USA L.P. and Infineum UK Ltd.; Lubrizol® 7318 available from The
Lubrizol Corporation; and Septon 1001™ and Septon 1020™, available from Septon
Company of America (Kuraray Group). Another type of suitable di-block copolymer
is styrene/1, 3-butadiene hydrogenated block copolymer, such as that sold under the

25  tradename Glissoviscal by BASF.

Lubricating oil compositions of the present invention can comprise from about

0.01 mass % to about 10 mass %, preferably from about 0.25 mass % to about 3 mass
of the hydrogenated poly(monovinyl aromatic hydrocarbon)/poly (conjugated diene)
block copolymer viscosity modifier(s).

30 Detergents coﬁpdsing bridged, optionally substituted phenol condensates and
metal salts thereof, useful in the practice of the invention include detergents of general

 formula (I):



10SS/ =100 xfres"afier v- kv freshoil wherein kyfrea, is the
ki nematic viscosity of the pol yner-containing solution before
degradation and kvaiter is the kinematic viscosity of the
pol ymer - cont ai ni ng sol ution after degradation. Preferably, the
hydr ogenat ed pol y(nonovinyl aromatic hydrocarbon)/poly (conjugated
di ene) block cepmbyuwer s used in the practijgce of the 15 present
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the i nvention

Iﬁetal ion; each c is 0 or 1, provided that, when c is 0, M is replaced with H; and each
X is independently H, -CHO or CH,OH.

In one embodiment of the invention, the optionally substituted bridged phenol
condensates and metal salts thereof are simply bridged phenol condensates or metal

15  salts thereof, represented by formula (If):

O(M), : OM).
.

wherein d’ is 0 to 10, preferably 1 to 8, more preferably 2 to 6, and most preferably 3

(I

20 to 5; each Y’ is a divalent bridging group is a divalent bridging group, particularly a

| hydrocarbyl group more preferably a hydrocarbyl group having from 1 to 4 carbon
atoms, such as -CHs-; or an ether group, preferably an ether group having from 1 to 4
carbon atoms such as -CH;OCH;-; R’ is a hydrocarbyl group having from 4 to 30,
preferably 8 to 18, and most preferably 9 to 15 carbon atoms, each b’ is independently
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wherein each X’ is independently-CHO or —CH,OH; each Y’ is a divalent bridging

group, particularly a hydrocarby! group more preferably a hydrocarbyl group having

from 1 to 4 carbon atoms, such as -CH;-; or an ether group, preferably an ether group

having from 1 to 4 carbon atoms such as -CH,OCHj,-; provided that -CHO groups

comprise at least about 10 mole percent of the X** and Y’ groups; each M’ is

independén,tly an alkali or alkaline earth metal ion; each R’’ is independently a

~ hydrocarby! group containing | to about 60 carbon atoms; d’’ is 1 to about 10; ¢”’ is 0

or 1 provided that when ¢’” is 0 the M™’ is replaced with H; and each b’ is

independently 0, 1, 2, or 3; provided that at least one aromatic ring contains an R”’

substituent and that the total number of carbon atoms in all R*’ groups is at least 7;

and further provided that if d*’ is 1 or greater, then one of the X’” groups can be -H,

Saligenin detergents of formula (IiI) and methods for forming same are known and
described, for example, in U.S. Patent No. 7,462,583.



d" 5 wherein each X' is independently-CHO or -CH20H, each Y" is a

di val ent bridging group, particularly a hydrocarbyl group nore
preferably a hydrocarbyl group having from1l to 4 carbon atons, such
as -CH2-; or an ether group, preferably an ether group having froml
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for exanple, in U S Pateg . 7,462,583. PF2009L001- 13 -

Al so considered within tlge s Efyhe present inventio

optionally substituted B engf /salicylate condensﬂygs whi ch
are sonetines referred to @ te detergents and can be defined
as detergents conprising g nore units of formula (1V) and/or
sformula (V): (1'V) i o each end of the conpound having a
~term nal group which is independently a unit of fornmula (VI) or
formula (M1): COOR,

Y??; v)

10 each end of the compound having a terminal group which is independently a unit of
formula (V1) or formula (VII):

or
OH
COOR,
Rs (VI
Rs RG



C00121 PF2009L001- 14 - with the proviso that the salixarate nust
have at |east one unit of formula (IV) or fornmula (VI) and one unit
of either formula (V) or formula (VI1); wherein in fornmulae (1V)
through (M), Y'" is a divalent bridging group, particularly a

hydr ocarbyl grgugyepegiore preferably a hydyocarbyl group having from 1
to 4 carbon atoms, such as or an ether group, preferably an et her
group having from 1 to 4 carbon atons such as - CH20CH2-;

010 2! R P RGARBRE L it gt et gﬂerrg%er%“thf%fﬁé'?fr@arr?‘&fr

hydr ocar byl grfotila €VH agd oﬁ]urhtsofl‘éitﬁh’r(fdrﬁiulaa(ﬂq oRZorath (W)W Eerein in formulae
i ndependent |y either hydrogen, édrocarbyl or 10 hetero-substituted
hydr ocar byl , - diVroxgh (R),. &r' e ing divaleyt briggingmroupspastiewhaty sipalresgeil group

hydrocar byl or &%tpfé'f&aﬁly gglghrto%rﬁg c#%'g{) @?}ﬁ’?g%h {/)Ef ﬁ %ﬁﬁﬁ%t?m? léﬁ(ﬁl as -CHz-

conmpounds have at "l east uni t
uni ts of for mudraneMper guoop,ereferablenalethyr grotehavang ot Heo Agatben atofns mmltzs -

of units of fo o,the nu r of units_of .farnul a ra S
Promabout 0 SCtGiRYe barbesh RO oaRbydBoys” B9 is tydfoen Ond Mard ARRT
15particul arl ye {915t 2; ans(hy&o%en b Rydro@b R RE h G8tetol SibRRutsd hjdtbcaltiyl BRup! 0
50% of the units, such th he amount of sulfur incor porated in t

nol ecul e is u;ﬁmher Ros hpdrexyhzed Ry prd Ra @r tndseendrrnlymﬁéeréwﬁmméorﬂrocarhﬂ or
‘amount  of sul f
it he corrpound |H§L’Ee§(t ?lfl}gﬁw@ dl%lc%ﬂ er r 4t elﬁj‘lglgodJ A rrzerﬁftﬁ J% | ghg&@éen,
“hydr ocar byl ( daygrocaxaykml h)etegcr—mhptrmfed hyﬂmcabyiu Prédérably sachoempatuaisthavdit

‘is preferably a h roca r t 0 about n at ons ch
s 1 to ahout 186t b et s (HEid o eafaPaBigs ¢ o0k marr iR
‘atoms. R3 is Qh@iaﬁb@rmr)ﬁneeehaﬂrrﬁ:@amms oqsrorﬂﬂutatheuﬁemepafm@ oftt ONB,

-such as Ito about 30 carbon atons. R3 may al so be hetero-substituted.

‘The hetero at dfEn@ (\Grigugss fiemyabigat 0. b1 topbounH , mese povferablyiflelal teekil, v
s G2 R4 Js }Qiyt%%?l)ﬁabéﬁgv 54 g6 ﬂ{? g a{aﬂ 80 su1 uﬁgp {0550% of the units,

~hydr ocar by group to abou bon a
ipreferabl y abouth fhat the atnoarit o[ﬂxlﬁmrrtconpome:dnn theFx’noleemldm)sdrpchcg&@lmoR% iof the
hydr ogen; t ot al

T o0et 5 LrvEionk nieBe FrBpR 6o arorhavite ¢ Ko dng b sS4 3a

~Salixarate detigbaeahSoditithe dothpoi®l Bs@GiritfR, of the present invention
‘al so 30 include netal salts of the above conpounds. Salixarate

‘detergents and met Wagreferedieatbadiment Rmis adrvdraeadh(can ¢lkybsrounmid, to phgut
el o Bt B v 9 1 il
| lof the above detlessgentaboutridlcaden apmeyabentefonablallso abmiy 6aarbsmdﬁoum Rsis
preferably a hydrocarbyl of 1 to about 100 carbon atoms, such as 1 to about 30 carbon
R atoms. Rj may also be hetero-substituted. The hetero atoms or groups may be ~O—or
~NH-. In one embodiment, Y’’’ is CHas; Ry is hydroxyl; Rs and R¢ are hydrogen; R,
25 is ahydrocarbyl group of about 6 to about 60 carbon atoms, more preferably about 6
to about 18 carbon atoms; R is hydrogen; R is hydrogen; ¢ is I; the total number of
units of formulae (IV) and (V) is least 5; and the number of units of formula (IV}) is 1
or 2.
Salixarate detergents useful in the practice of the present invention also
: 30 include metal salts of the above compounds. Salixarate detergents and methods for
forming same are known and described, for example, in U.S. Patent No. 6,200,936.
The alkali and alkaline earth metals that are useful in the formation of metal

salts of each of the above detergents include monovalent metals such as sodium,



PF2009L001- 15 - potassium lithiumor preferably, a clivaleitt
metal, particularly calciumor magnesium The bridged phenol
condensates useful in the practice of the present invention include
the ashless (netal -free) conmpounds, as well as nmetal salts in which
between 0 and 100 percent of the phenolic -CH groups are
non-neutralizéﬂ?m?ﬁwldetergents can be ndf- Sneutralized, or

partially or fully neutralized Ww.th. one or ngre noval ent or .
i val ont et alPoisHe, i orgecrelbiy's AEettafli, b S i Rmamsyam.
det er gent s mayrie®mlgédphandlebadentttdsalse il iatind %‘Bétﬂ:ﬁ@f fhie re3 il iilendn hélBde
metal in which case they are usually described as normal or neutral

salts, and wouh®jashlgss @gialyfregheaapaunds; 4 walbasangiel $plés in gyhicheqtees Ocad 192
10 rreasur ed_ bieASIMBRAARNIR' OHf AR o o0k e (b AEAC AT, O

a netal base e i ncorporate reacting excess ne conpoun
(e.g., an oxi deutoalizbd; dr partialdy) orviullymeurabued drith ayasr frereggmonavaleioor divalent
di oxi de). The reﬁulting over basecl detergent conprises neutralized
detergent as tP&¥3Wer | ayer of a metal base (e.g. carbonate)

mcel l e. Such over g aflydRleileNias GPhe IBHR RiclihishaylBRtalidi8stitialip
greater, and typically will have a TBN of from 250 t6 450 KOH g or

nor e. Thtoichinmesne tmouns gbihe imetpl Euviieh egse thep laesrsralboleaaibed aenormal
detergent (s i | i i j i Lians of
the present i Bt S Ul WA ESpbilh ek 2o Bl ifhofbet o BN OR it B, P
from 2 to @20, maneehbeASTRODIZN) offréin Do dEmg KEEEs. YA lgs edown of heetal

.total mass of ,the | ubr.icatin il composition., 20Lubricating.oil
composi tions JFSTEY B BEARAral b FrapiE Gasss Hioth CuBRRER BB atR T al
‘detergents ot hglrokiag withen SRdit Rk oY, cabbS BibkidbE dHRréstRg oPfieRel

wcondensates descri bed above. Suppl enental detergents that may be used
“include oil - sdetgreeat soaprises neutsehized detergerd @s thglouteh tayerof aghds dags(e.g.

sulfirized ph hj Q?Q@ ' , es
‘and ot her oil %E%Fﬁ?@?)gtl 1?%1%*03%?}? a esggfdeé‘?gé*ni‘%‘é’f@%&ﬁ}gﬁf?%@@

al kal i or &l kardatee, aad typicabie twall bavear TBN obAom 250 te4ill KOH/portrassi um
l'ithium- cal cium d magnesi um._ The .qost . conmo us netals are
‘cal ci um and mgnes?ﬁﬁ?pﬁﬁﬁ Suﬁﬁwtﬁﬂ)gﬂdﬁ? PRl Sof ef\‘lﬁ‘?te(fga‘?eégeé‘g%t?n gged
in a |ubricantipcofsdehtéd MtdliBcatihg 6idtsthpbiitRRS6Ohe PREZAE MivEoMiA bn SAGNEM
:Particularly convenjent sug&lenental metal detergents are neutral and

.over based cal ¢nginedinm 8ade 84 mieforably fom 3Nt Gy morg prafesdly Gom 3do krmags %,
: tral d [ firized phenat havi
.neutral an Oéggeggi?%t&wggg}g q%cgé?ggﬁ%gi}%h_ze phenat es havi ng

"TBN of from50 t neutra ased magnesi um or
‘cal ci um sabi cyl at ebulrivatingjoibcobipdsiviond ofche A@sandind&DiolChil gjso contain

‘Combi nations of delergents, WhpLhe YerRashd oL RRY Ak L]t N T
; condensates described above. Supplemental detergents that may be used include oil-
soluble neutral and overbased sulfonates, phenates, suifurized phenates,
thiophosphonates, salicylates, and naphthenates and other oil-soluble carboxylates of
25 ametal, particularly the alkali or alkaline earth metals, e.g., barium, 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
supplemental metal detergents are neutral and overbased calcium suifonates having
30 TBN of from 20 to 450 KOH/g, neutral and overbased calcium phenates and
sulfurized phenates having TBN of from 50 to 450 KOH/g and neutral and overbased
magnesium or calcium salicylates having a TBN of from 20 to 450 KOH/g.

Combinations of detergents, whether overbased or neutral or both, may be used.



PF2009L001- 16 - Sul fonates may be prepared from sul fonic acids
which are typically obtained by the sulfonation of al kyl substituted
aromati ¢ hydrocarbons such as those obtained fromthe fractionation
of petroleumor by the al kylation of aromatic hydrocarbons. Exanpl es
i ncl uded those %ﬁ@ﬁ ed by al kyl ati ng benzene, toluene, xylene, 5
napht hal ene, df w or their hal ogen derivatives such as

chl or obenzene, chl ol.uen ng..ch h . i

may be carried out %Iru(ri]’ttop |a1t85 %g%g%ﬂgéar%(?ﬁ%ﬁg@?@@%%&% I?I%IP%F @b’%%‘!‘?h%‘%“
agent s havi ng by tewelbmatioBoftatkyisubetifuted arofaticdyh@oarbbiasach dshtkosalolsaainet
sul fonates usual ly contain frgm about _%to algout 80. or npr.e _carbpon
atons, pref er abPs the Eartigptien of petioleuahen iy thpalkdatiyholfarqsmatichyrogaRons.

10substi tuted pgOEMd ifcliRidGhoke obtained by BRyRiihg 6QLER RhiHE HRAEES or
al karyl sul fon?c Aci ds. may be neutral )eré With oxides, h’)fgr oXi des,

al koxi des, &ar maphthalsss, digheind vy thairdizlogen deriyetdvesisyehras shlofdbgresene,

nitrates, borates d et hers of netal . .The. anpunt . |

Compound i o chenanRittnf hFlorRenh PR P ab iR TR Y cRlric Bhfin the
product but typesatd of 4 ARYRSwith @lk?fﬁﬁ@glhgeﬁﬁlﬁﬁng'@o&?&owfi to%more than 70
(preferably at | east 125 wt. %  of that stoichionetricall rbg&ui red.

Met al sal ts of CasbraiAmas. abhe alkaryl splfonates uiREK sprtaig fomhahophy 80 or
reaction with At | L AEr @ alkv]
ydr oxi de and AOCRRORBIONE: fro TR FOR U 18 (S W 35 BRrb e p S ety
met hods welld ksubstriuted atonmtiamtoietBul f uri zed phenols may be prepared by

reacting a phenol w.,th.,su r sul fur.cqoptaini conpound. such. as
20 hydrogen sul fi d\gf:hesoﬁll SPh{b%rﬁBﬁé‘?ﬂ?g‘Tsi"aékaV‘ §"ﬁf aclfﬁ%éqyi%ﬁ f’llljtfaglz?d(‘)l?’ﬂh
product s whi choades, 1g@aaddds] alko¥idek,Watonaits, eatpodae sulfidey)hiydldsldfidds, nor e

phenol s are bridged by sul fur containing bridges. Car boxyl at e
det ergents, e.Bjtrates; hpiatas|apd ethers ehthepretaly dhepaenn of metabeqmppuadis chosen
aromatic carb i i L bk "

an oxi do o 20 nareBRa B R TBRRYORY Aok ol B SRR AR SR but
obt ai ned bys nmet0iad82wi.|% kprefsrablyrat {dast 126twt, %h ef theitachiometocallyyregfiretine
aromati c carboxyli cj d..cap.cont ai t.ero.,atgns, such.as nitro

2nd oxygen: Pr et er d0R9! SR AT RHER Lt By e AP eRaRt O BY afAchOR §f an
preferably theappripeiat m@ltcdmpouril skclPls dyxaletrhpardxidt andneutral orxaitpded
benzene is a preferred noiety. The aromatjc carboxylic fci‘d n'%y
contai n one orPtAgHE My b Ssbsddymsthedsaxcll known in thegre Syltunizsd @hepolyBae
rings, either ( i it i i P, b
ol oty may be T eReRRERE el M RS o AR R o6
Pr ef er abl y2a hehydsogon xylfide, salfirdngnobalpleios selfurddiabide, ¢ foemtpryducts whidearbon

atom on the aronmatj,c _nni et such as. a.,carbon atomon the.benzen
o horo. proTRelg aREy bt et T it R rd gk b e
contai ns a set@nthidihg Bidde9nal group, such as a hydroxy group or a

sul fonate group, which can be attached directly or indirectly to a
car bon at qu onpt he %me%d%ggtsy_e.g., sal?cylates, ca¥1be prepared by reac%; g an

aromatic carboxylic acid with an appropriate metal compound such as an oxide or

25 hydroxide and neutral or overbased products may be obtained by methods well known
in the art. The aromatic moiety of the aromatic carboxylic acid can contain hetero
atoms, such as nitrogen and oxygen. Preferably, the moiety contains only carbon
atoms; more preferably the moiety contains six or more carbon atoms; for example
benzene is a preferred moiety. The aromatic carboxylic acid may contain one or more

30  aromatic moieties, such as one or more benzene rings, either fused or connected via
alkylene bﬁdges. The carboxylic moiety may be attached directly or indirectly to the
aromatic moiety. Preferably the carboxylic acid group is attached directly to a carbon

atom on the aromatic moiety, such as a carbon atom on the benzene ring. More



Preferred exanples of aromatic carboxylic acids are salicylic acids
and 5sul furized derivatives thereof, such as hydrocarbyl substituted
salicylic acid and derivatives thereof. Processes for sulfinizing,
for exanple a hydrocarbyl - substituted salicylic acid, are known to
those skilled in the art. Salicylic acids_are typically prepared by
car boxyl at i on PF¥0%Y% anpl e, by the Kol belZ-Schmitt process, of

phenoxi des,
a diluent,

BB R i BB BB P hohAy

Preferred sub&ydribxiegrotp bina Qilfonate g@p YIS énl te)akthéhed Qireldl yat endieltly! to a

substituents.

In al kyl - substituted salicylic acids, the alkyl

groups advant S§EoLEPR andhg apwatic meietpo, preferably 9 to 30, .
especially 14 to 2 f | hap: al kyl
p y 2 Pref Hlé%glf'lﬁ&s‘)mror}m% cﬁrb%k'ﬁfceic a3 g#h%ﬁtgﬁlgl% 3?9&1 y

group, the average nunber

carbon atons 1'h a groups

i s 15pr ef es abbylfigized dabmatie:stieradisuclkeasddmqeatby] oibktitsiet sdicyiit acid and

Suppl enent al
| ubricating o

A IhEret Svetors B et RFauanb: PO £ Biasedh T astiyis

"hybrid" det esgRyliGadidarBehownltd th¥beel1eauA HRGHATali SNIS thEldS are@ySeally
phenat e/ sal i cyl ates, sul fonate/phenates, sulfonate/salicylates,

sul f onat es/ phatsatred by satbexplatioasior examplss by thedepibs oychanith pigcess, 9fn

20pendi ng U.

U S Patent
~det er gent 90 ar edmiséule with uherfaylatedphermd. of | ubricating oil

. conpositions of th resent .j nventi.on e l.ar amoun f .det er.gent
.soap introduced byﬁ rFE’é"eéﬁ%ﬁf’@ﬁgﬁf’h‘?’i}aﬂ%’?ﬁg?ﬁ&@)ac B{flagq‘)géu%ﬁmﬁ?tgg?er
“than 80 % suslhyla%uus@inﬁé@ﬁmeﬂio?a%idsha@aligl é%zgjg@ﬂeaﬂgemw&mmm 100,

a

greater than 60 % such_as no greater t
greater than E@f%blléﬁ&3(h§sﬂ%lag

0 e ot ey ITBb AL iATBUE. Al beLARRI . A0AR IR Bkl

~lubricating ol

S I A T

% nost preferably no
Y thtod0, eathen aomseWherp teggria moes thamens 20
ositions

Sition: I cati ng ol

- of the preésenprefenabdystilesst 2 arenalrs edeoate ailisolbidity.enent al  vi scosity

~modi fiers other than the rogenat,ed po noyi I ar ti .
_hydrocar bon)/ pol y f‘ﬂ’@ﬁf’f‘lfa@g e’%?'ﬂﬁ&'_)at %F%{Ei‘gsggﬁb%ﬁﬁ%%% 8‘%8&155%@%‘13 oil
jabove. Suppl egangoRitions STEE pleYentfbitiofrassolifdide™RYorRE défeltbnisTeimtdayith
lvi scosi ty nodifiers derived from pol yi sobutyl ene ;toPoI ynmers of

8

et hyl ene” and Bixsgyrideriant pestopiret-Baphopnigisalicylates; swop

penatespol yner s,

copol yners of stﬁ%nh&@/@ﬁ{cl)'/fa%s,egllfonates/phenates/salicylates, as described, for example, in

20

25

30

pending U.S. Patent Application Nos. 09/180,435 and 09/ 180,436 and U.S. Patent
Nos. 6,153,565 and 6,281,179.

Where supplemental detergents are used in the formulation of lubricating oil
compositions of the present invention, the molar amount of detergent soap introduced
by the supplemental detergent(s) should be no greater than 80 %, such as no greater
than 70 %, more preferably no greater than 60 %, such as no greater than 50 %, most
preferably no greater than 40 %, such as no greater than 30 % or no greater than 20 %,
of the total molar amount of detergent soap present in the lubricating oil composition.

Similarly, lubricating oil compositions of the present invention can also
contain supplemental viscosity modifiers other than the hydrogenated poly(monovinyl
aromatic hydrocarbon)/poly (conjugated diene) block copolymers described above.
Supplemental viscosity modifiers that may be used include viscosity modifiers
derived from polyisobutylene, copolymers of ethylene and propylene,

polymethacrylates, methacrylate copolymers, copolymers of an unsaturated



PF2009L001- 18 - dicarboxylic acid and a vinyl conpound,
interpolynmers of styrene and acrylic esters, as well as the partially
hydr ogenat ed honopol yners of butadi ene and i soprene. A

di spersant - viscosity index inprover functions as both a viscosity

i ndex inproverp@pfgég @ di spersant and mey al so be included in

| ubricating oiT conpositions 5 of the pr esent invention. Exanples of
di spersant - Vdig&£BSdviiY adild d8xa hﬂﬂrdéﬁ-@bﬁnd RELHHATMERT btvRAe RACSMFlicSesREs,
am nes, for exanpl e polyam nes, wt hydrocar byl - substit ut ed

nono- or di - cards¥l aséhea@mallwrhyémg@,rmtesiﬁ@mwdm@roﬁwa@lmmidtlmne
conprises a chain g i i A

i mproving properti eé ]?gé %ahe @%ﬁﬂt géﬁnfp%méegﬁg{c{é?aé a§ﬁgﬁw‘)sf%g§s]ﬁﬁﬁdex

i ndex i mpr overingropeasiasta digpyrsie and oy elsabpireludad phyrmtingéil aorﬁ;ﬁbs(%ns
to C24 unsatur%ted ester of, vi E}‘” qlc ol or a C3 to.g{%g.unsatur.aﬁedd
mono- car boxy| | ¥ BErEseRt inyengEan, Gxampleq BSRRH VECURY dPaRi fTRPRgyers include
unsat ur at ed nifehQ@8PrdaQBts 8F thines, FRRAABHIe PaMamehed vhfh d s Qftked
a polynmer of a C2 to C20 olefin with an unsaturated to ClO nono-

or di - car boxy|henceer di-cabaxylislaciddn whichrihehydsegarhyl swbyfdﬂ@)wpmameﬁ@ chain g

o conel: o 2 REANER e S ANE I 8, BB Rl B s

ni t rogen- cont ageatral thmmry 1t1dmr1&1q)rbvef dibpergnerhiy g fcaremnpla,t apcdyreet of a
sacid onto the poly backbone a n reacyr (2 car bo@yl i.c acid
Gr'a 5

"groups of the 2‘\‘3 salpfaieq steno ‘Hn}él CHBOIOr‘iﬁ odRFafralsf mndyhol .

‘\Mhere suppl enegbikyNd ﬁ&&ém tw,qd &Lc@ﬂfoxﬂwéc% wh 8P 8fsaRfited nltfb§é;108l ty
120 modifiers are errpl oyed, said f(éemant al viscosity nodifier

and di sper santcontajirgmananer haging i4 & 1Q garegnoaiprds; proolimss oh Cyy o @feﬁphan
80 % such as With & lﬁg%tﬁlratetd@% é)f’ };)n ﬁDs - prlg({‘ngl@ Jllé/ néﬁ?raﬁi:e%av%lﬁ{ ar{ %gﬁe,

,_60 % such as no greater t y no’grea
©40 % such as hydrayykatiae ot drealcddol; %@pollsrmagomm}éesnetmm tho%go okefit fiether

“total mass_ % of VISCS d|f|er resent thelubrlcatln oi |
composi t1 off ' JSKRAS B s £ 5 i Bhomasyald pLroer B Rt SHTPREE o

conposi tions Gherbdifor Bg\@iﬁlhé’ﬁh luRa@nAd Rid cﬂﬂc’iﬂﬂe(ﬁo%ﬁ? b#AbbrteCdnld Wen

reqU|renents i ncl ude dispersants, corrosion inhibitors, oxidation
inhibitors, frrestingearhesiliciaeid groups pEvhe grafis aeid i angmine, hydipkyngnine or
~agents, antl-vng@)?1 ggents and pour point depressants. Some are

- di scussed in fur Rer detail bel ow. 30Ashless di spersants effectively
‘reduce formation ofWhepegiptemenpbrisesiy mdg'a:snindafmedapdsaﬂlt esistos#ngi nes,

mhen added_to lu |cat| oi ls.. Ashl.ess in th
Conpost {1 offs. GPOTHES B eBRD e PO OR TRBHTO 8B fipresent-
ipolymeri c | ong/ighsity mbaHéds) Bkouldy ame b %ﬁd’ate@ﬂﬁh 8090 dixh 330 pdaker @Han
.-associating with particles to 2009L0 19 - be dlspersed

“Typi cal Iy, sucl® 6 sprepsefpratlynogates thaabdiie, sueh Sodrreater has 006, metter
_,p0| ar noi etie a%}aﬁg_]m% LfRer i 409, yﬁ@l’i %’Q Eiecrarpjd'%%r\ﬂb grdeﬁ epfﬂaggb@g
i spe “be, for exanple

.group. The aslhl ess rsant nmay sel ect romo
“isol ubl e sal t s,of¢isttetabmassio nﬁvxe@ls&y m,odsﬁv:t plesqnt imthel bbricatol g ol x2wipbsiten. of

Long ehal oo kOB SEL RN oERYBRLY RLHREA e BFES O

E invention to enable them to meet particular requirements include dispersants,
corrosion inhibitors, oxidation inhibitors, friction modifiers, other dispersants, anti-
foaming agents, anti-wear agents and pour point depressants. Some are discussed in
further detail below. ‘.

30 Ashless dispersants effectively reduce formation of deposits upon use in
gasoline and diesel engines; when added to lubricating oils. Ashless dispersants
useful in the compositions of the present invention comprises an oil soluble polymeric

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



chai n hydrocarbons; |ong chain aliphatic hydrocarbons havi ng

pol yam ne noieties attached directly thereto; and Mannich
condensati on products fornmed by condensing a | ong chain substituted
phenol with formal dehyde and pol yal kyl ene pol yam ne. The npbst conmmon
di spersant in pseid 5t he well known succinimde di spersant, which is
a condensati on pro uct of a hydrocarbyl -'substituted succinic
anhydri de and I i Al

bi s-succinim d@e ?d%%gszgélsﬂﬁ?r?gﬂﬂ%%rl% téibot ?%%#?‘g’a@%ﬁbmgﬁwﬁﬁg%\%?
Preferably, thplaghietis ada@p@tosthmpolymerabdckbogh afeh etad Endgivgg ggbup. The

di spersant havi a..nunber aver ecu i ght reater t.han
or “Bquar o . SO8sS R &1 B Sxltheis s i solib e el S Eania®
nol ecul ar wei géstersf angRs, iwidds aﬁl‘ﬁ@@ﬂ@hr&ﬁl of lefg thedeh oo Eabstitgedimbfo-

form the di spersant, the nunber of functional groups present, and the

type of polar Igmelcamaryligrasids orsrbydyde theraf thiogarbprylate derivatives of long

pol yi sobutyl e
di spersant is n%r?gl oyﬁéﬁaﬁgﬁggﬂgg?%w Ea(ic}k%g% haw %E‘“éﬁﬁiﬁg 1etles
aver age nol ecuitachedaligtily thérefo; amd Menmdtoenddb@®nt modistbrms@dy. cofr@qnsmgh

pol yi Sobut yI enbnbryBPa by PReoL i R aiee apd BrbRE R o g, e

rangi ng from ahedicoBRion dizpabain @38 he quthd,maicbmﬁﬁtdbmsp@mt Gvhich is a
anhydride (MN= 98) and derl vatized with gam nes having a

“mol ecul ar Hei gion %Fatfqnd?W%bQﬁa WGEPC%"Y‘&B’@%‘U@ succinig yppdidend @ower
nol ecul ar wei Ieﬂéa?xﬁn eBHﬁfrﬂoﬁo-su%én{nﬂHé%?l‘ tﬂ?sd@fnﬁﬁn% ﬂfsgé’i@in%mmd

:di spersants b |nco poratl nmer chalns into
~di spersant, \Ahnnchlrcﬁahetbd)amomﬂﬂtmwhed usi ng nmethods that are know in

Tpoly ol ef e di s pereRDs e stueRBibeMn A PRSP Sl Bl
and pol yi sobuthsviRpe- rﬁﬂﬂ)@ﬂa@l‘a?,@ﬁfo?s%ﬁiaﬁwe@ﬁf@ﬁrgl&éﬁiérmaﬂr&%@fal 4, @0esuch
‘iashl ess di spersants derived from 3 i SObUtif(l ene substituted wth

'succi ni ¢ abhydsibaevegn 088 anthe, Q@aéfhe@rwss' molespipewhightiqaees ik depend og
. ipol yet hyl ene %@R?Bé'ﬁ y%&l%éﬁﬁé %'ﬁﬂﬁt%%ﬁkh@ﬂ%{lﬁpﬁg %r%?hﬂﬁffé’rﬁl grha 0

ipol yam ne, ropyl ene di a am none
" hydr oxy corrpoupw&enteargi the perbéipolyt fandtioahl; grwpobmphﬁ@ﬁo FhOXbmpROfor a

nbi nat th ticularl d, d
Combi nati on' i P hiserade R Ed Hagttopl b Hieh s bR 8 wryiaovg ¢ n
'succi ni ¢ anhy dbink VG4 Sl &cbaelaﬁfﬁ& aaving & BurhBr aferByehhORsYul&OraEHY Bl from

~e.g., pent aeryt hrito oxyal kyl ene pol

I am ne,

-pol yoxypr offy| exheutdio §ﬂim<(é>oub$60 D yeicH spypmersjal b/r?é{a%qu%sobé%&ne-bssed
. -pol yet hyl ene 0
Bbout 2 ol es purEts Baih BRARERINLRNEOIARNS FRNACa bl sER P Doctid
preferred di spesigtmingogiim abanO(bmrapmhts?éﬁO a{"ummmlmad bpmalsic aphydride
4;po| yi sobut enyl (o] ride.wth (B ol yal kyl.ene | yam ne,
g et aet TR e TR byt fy ik Pl EorpR oY Aom
-;poly hydr OXY- Susiti 100 t@sboat 3 50N FHolEndds b MBHYr Blefifar vsight may also be used to
~pent aeryt hritol or, 10trispethyl ol am nonet hane, as descrl bed in U S

‘Patent No.Z253, dagm high molecular wgizht ispersapigdy iRsormosaiing sauliple pelymgr thsins into
jconpri ses Nannh&msﬁ?s%ﬁt GRRARAR BE LQBmBLARY Glifg m@ﬁx@§§ ﬁ,hﬂ e kb d¥eRfhe art.

‘products are prepared by condensi ng about one nole of
‘al kyl - substitut ed Poeferredogroypsiof dispersany inghidz goﬁeamnmdeammd foly a-dlefBy,

:, gglr :fs oﬂmf g;ﬁ%gsélfrs%ﬁg%ggggﬁaﬁg 'eélgl[egéf%utfer?era a-cﬁg'ﬁ/n and po?ylsobutylene-based

dispersants. Particularly preferred are ashless dispersants derived from

30  polyisobutylene substituted with succinic anhydride groups and reacted with
polyethylene amines, e.g., polyethylene diamine, tetracthylene pentamine; or a
polyoxyalkylene polyamine, e.g., polyoxypropylene diamine,

trimethylolaminomethane; a hydroxy compound, e.g., pentaerythritol; and



15nol es of pol yal kyl ene pol yam ne, as disclosed, for exanple, in US.
Pat ent No. 3,442,808. Such Manni ch base condensati on products nmay

i nclude a polynmer product of a netall ocene catal yzed pol ynerization
as a substituent on the benzene group, or may be reacted with a
conpound cont gigpdeshesuch a pol yner substisputed on a succiniC
anhydride in a manner simlar to that described in U S. Patent No.
3,442,808. 20 domdimatien thdredfl Oaik ipartiablnd ¢ grefonad dispetednt vanbinetbnok ef i n

pol ymers synt hesi zed usj met aJ | ocene, catal yst syste re descri hed
'n i he publ i cEOMBEIILEHAY Pplwgﬁle}m@ Substltuteér_KVéthaPéﬁw ayrife ropes an
further post tréa%?éd‘%ﬁtlﬁh)ﬁh‘j@f’bk?%ﬁﬁunﬁf@%ﬁ!ﬁéta@gg{ﬁt&?F(?N)Oatsﬁo%g)txgﬁﬂirl&ne

such as boration, as generally taught 1n ten .. 3,087,936
and 3, 254, 025.poBemiite, 68., pdlyexierapytepe disgamne, ps()aawiialkylame displins ka€d by
treating an ac ni. L,y .0gen- Ml I, i r
conpound such a,i eﬁl lregﬁﬁlc?% e%n%géc}%%{rllly eggp%ésﬁlgé ?)%H%%b:,&é&s?j g%%%éls?g}roéesgf
boron acids, i(B),d0) &b} petfridle bEE@). Mmotheopefiared disparsdnodminationo
about 20 atom c proportions of boron for each nple of acylate

ni t r ogen conpcfgwrlmﬁ.ace@gmmwwfs(ﬁépglaﬁp tenyh useiniq angnindsorith Bas to
about 2.0 masgolui§lede pollaRife A0 YotrliBedcGedBRite, Shd{CTRSSIyHYRRY ddhol
The boron, m?’é’?}%zﬁ‘gpeg gE(i n__t’heg’prod.ul(q:%('fl_’e 38’35 _dehydra(tcgg%bgjr’?"c acl d0
pol yners (pri mapblyhydreBeripgituted gliphatic eximdrytaming, e@e pepteerythaitd ios per sant
i mdes and diinid am n I . alt of the
i de B0 artmeRaREpfitithaig o gﬁst‘ﬁ%e@ ‘85%?‘?93@ grgno% %00, 5 to 4
mass % e.g., fromaAmbthei cldsstof ashies isPersmsscofipfibaMshnivh Hakecomdasatiyn

oL bl o eES: Bobedb i Rk rghot o enieasi ARt e of o
conpound and hgaj kigtidtddnsol bF Ibdlﬁyﬁléox‘}'b@ﬁ‘ﬂeﬁ@@% adRr €16 9,530k 0f190C,
e.g., 140C to 170C, for fromabout "1 t0 about 5 hours, followed by

ni trogen stri ppibrgyl campewndé®) (we) formeldehyde peshparslomaidahyd®and peout 0.5 to 2
conducted hy adOCi%F“ ﬁ?@%tlkg%eﬁ%h%y%ﬁ]mg,ea?%\E,\s)ﬁi{o?&fng%!?axﬁ%létih' ‘iﬁs.cﬁate@ IHQ-?

di car boxyli’c ag] , e’renmoving water
post reacti on 3p44Q868.s Bechdviaamich bask comdensatiort fredwts mayainclatis o ptigmer product

appl i ed. The di spersant al so .be fur T pOS reated b
reaction with %awlaglgwfn@&aﬁﬁﬁg&?ﬁwag@mn as 3(%‘}15&?&“?8?1 €|bgnzene group, or
ni trogen- cont g4y Hegemea%ﬂﬁ@wnﬁmhﬁa/@o&ﬁﬂﬁ%Emw%ér@uﬁsﬁ%&ﬁﬁmccmic

adverse effect sSuch di spersants have on the fl uoroel astoner. engi ne

seal s. 10 Nunm@pbydside ippimagnes gignles todhe desaribediin B ePaterde. 3.842.80% known
" cappi ng ents" .CQr I: i LNQ to
non- basi c%rmi (EE?(IA félgfe? gig%m&%g‘%#%gg}é&%% %Qﬁ%ﬁ%eg g?fg@) °§r%{§}sn§§t@§ﬁ‘fq{‘§§1%§.
The reacti on abetalooertercagbyst systetnaiare degeribed pethe pultlicatiehs addatified supra.
acetoacetate (e.g.,,ethyl acetqacetate i s described, for
oo in U S SpInE e bt G TS Gy por Fegbd b 3oL eV ighl Post
reaction of a tRhfeABAch skHoRHoA] 23igfkraliyStReshS AU, SAP&edt QId¥l T08KITS dnd
described, for exanple, in U S Patent No. 3,185,704. The reaction

product of a MAAd3enBewtiempiihpdispereapbisseadily aprempliphed by ireating an acyl
cappi ng aggnt s: 10 L : iC
o) a5, DB PR To g v kG o RRd B g5 gy B xR
5, 861, 363 (al kylidesradoraddids| andeestay dfbomnesids.an gn amewrit phiigientambonds feom

5, 328, 622 (nong- ide): -5,026,495: 205,085 788: 259,906, .

51207, 501 (porgo o 462D oEe PraBsions of SoRumeEPtnelt niote (R hatcdnitsnae

or succini c anrbqgsdit) .Ustii dfspéremes dogtald Bdm boud 0105 ex Hsows 2 Oveasatig e.g.,

ot her net hods of capping nitrogen-containi i spersants are kno to

those skil | ed ffom shioit 0P o Bpurley HBF%/",C'H’PW&° ' gggfpgsa\ﬁlew Prgars wé%\r%‘ct

mal eat ed djpSPQE daYurak A yERd abY poBAftd (BHAmArily (HBO,)s), is believed to attach to the
dispersant imides and diimides as amine salts, e.g., the metaborate salt of the diimide.
Boration can be carried out by adding from about 0.5 to 4 mass %, e.g., from about 1

to about 3 mass % (based on the mass of acyl nitrogen compound) of a boron



25pol yal kenyl - substi tuted nmono- or dicarboxylic acid, anhydride or
ester; and a polyam ne, having fromgreater than about 1.3 to |ess
t han about 1.7 nono- or di-carboxylic acid producing noieties per
pol yal kenyl noi ety and wherein said pol yal kenyl noiety has a

nmol ecul ar meiggﬁgﬁgﬁirlbutlon (M, / \n) o% froml1l.5to 2.0 and a
nunber aver ag ul ar wei ght (M) of !6m about 1800 to about

0'S. patent NeRRPAUSEe R R aRich, BALPRAFILAT b SHATES Gomidlpd

deposit contrahd hatm'gtmithg&ﬁmganfrarhrabm IGSerraba:ntwow; el lad‘d?et?b 170°@Nn
anount providing, the Iubrlcatlng oi | 3) tion vmthfromabov;gbo.OS
PF2009L001- 2Zorfropyakousd toaboyby hoss: f@i YOHIrogeR SEPRIBEy AEHAN

0.07 to about yGrh2re tf/éh%fe cBhdcRABY- addmg bori é:Wl‘éra%@fejﬂé’tion mlxa.]re of
di t hi ophosphat e net a ts are frequently used as antiwear an

ant i oxi dants agl@rmgubombc aed mlatentalyand @mame, aflhi&aramoumgaﬂ/a(@rl iQnker pastiréaction

metal, or alumnu ese, nickel or
copper. The zPﬁ%eSg}éﬁ ?Oémﬁ?rgyg%s“fn%%%ﬂ?? E}Jgé’gapﬁaepubri cating oil in
anmounts of 0.1 to TRhe d:p;bsesfaﬁmbjr Ms@b&ﬁlhﬁeraaowtreaﬁéﬂ bbaéa%domwﬁﬁatsdilealleﬁt al

wei ght of the |ubricating. oil osition. They may be prepared .
accor dance wi t $RPRI8RECH va%rw nftrorggle-cwmumnaglsaeramﬁaﬁvsg wpped

di t hi ophosphok] fa@Githe a(@l%lpé\kffeéﬂ%&lﬁ'dxébeﬁi{ntﬁ BAROnOR: Mor@é?%td?ﬁer %@e seals.
al cohol or a phenol 10 with P2S5 and then neutrali zing

-DDPA wi th 18 ziNvneonwoenpping agois aekueihbds arak@nwm@ﬁdh@lslpﬁm 'icaplang aeniey
be nmade by re ct | {ﬂ?t m xt % sccgf %rrlltmlanr1 0and gle%orrﬂﬁa (Y md eg h@ id
-AIternatlver, Bh f)nﬁ § HOPTEERER (e "2 B'r & HWEB
‘the hydrocar byhidg rgﬁmps) aﬂélmeﬂ%uiazrbﬂia efmelréz&hyn Sﬁﬁﬂ&d@dnycoht’mrﬁﬁg’\d@;ﬁﬁht amdd
‘the hydrocarby] groups on the others are entirel

‘character. To® etoReetals (feB-1esd pectoaspigteB ) 13 F]"‘%%'Bﬁ‘fglr eﬁq%le, in US.
compound coul gyiof 1Wed ghyby - 083937 sS4 Kk XiTle Radish AATASRRES AT e

‘nost general |y enpl oyed. 'Conmercial additives frequently ain an
excess of 15i neordeiningdispergany ged ﬁ)ﬁmmcelmsé@snbﬁd fom exdsapdé,an Bl PatsoriPound

e e 8Bk byt o pinc BB R HEgF R

- di hydr ocar by!| seltableicapping pdeatsiage @ascxﬁiﬁdamd Sr@ytemaquep,ﬁese&n(gmblyc Adhd);

Followng Tormul g, 15 5 334301, 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;

20  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
methods of capping nitrogen-containing dispersants are known to those skilled in the
art.

Preferably, the dispersant is a thermally maleated dispersant formed by reacting a

25  polyalkenyl-substituted mono- or dicarboxylic acid, anhydride or ester; and a
polyamine, having from greater than about 1.3 to less than about 1.7 mono- or di-
carboxylic acid producing moieties per polyalkenyl moiety and wherein said
polyalkenyl moiety has a molecular weight distribution (Mw/M,) of from 1.5 t0 2.0
and a number average molecular weight (M) of from about 1800 to about 3000.

30 Such preferred dispersants are described, for example, in U.S. Patent Nos. 6,734,148
and 6,743,757.

For adequate piston deposit control, a nitrogen-containing dispersant can be

added in an amount providing the lubricating oil composition with from about 0.03



RO \ /PS Zn RD -2 wherein R and R nmay be the sane or different
hydr ocar byl radicals containing from1l to 18, preferably 2 to 12,
carbon atons and including radicals such as al kyl, alkenyl, 25aryl,
aryl al kyl, al karyl and cycloaliphatic radicals. Particularly
preferred as RPRiW@LIEL groups are al kyl grpups of 2 to 8 carbon atons.
Thus, the radicals may, for exanple, be ethyl, n-propyl, i-propyl,
n- butyl, i-butmiss ¥swmbbutG/15 massh, prefetablyyfrom abdmeﬂjbvxo abootﬁyﬂ masise‘k&wtt‘
dodecyl, octadecyl, 2-ethyl hexyl, phenyl, butyl phenyl, cycl ohexyl,

met hyl cycl opentlﬁ%/ pr openyl , butenyl In order to obtain oil
solubility, the totmhy&QMenh@f;h@pmd@@metat QI areifreQueryanell 43 ahtilvbartahe
di t hi ophosphoric acid will generally be PF2009L001- 23 - about 5 or
greater. The zqnﬁemaama%%aﬂme%mwhfﬁlﬁ@Hﬁ@Hézf alkaline eapl metabrqs aluminum,
conprise ziyc \ p y be
particul ar |53 ulgé UF’ I{\kﬂg‘?\&eﬁggﬂa\% %ﬁﬁ@ﬁtehlgﬁlf%—gﬁ% @%srrpqg%lz{d?\éﬁgg dégﬁltogﬁni ng
phosphor us | evehsnady tlisedm mbocating ofl2n sroowitoeft0. Dtoll®, pmEsatily 0 8uc B wasyo,
fromabout 0.Q3 t 0, 10. %, or .from abou 5 to,about
0|08 mss v HirsuipreR Heiale PiaRParudhiplaing STuRR iR, They mghEprepired
preferred enbodia@idancd vk ke@ih REhdgles 69 ﬁfb@ﬁirﬁqh%rﬁsdlﬂffdrbtfh% JIr esent
i nvention contain zinc dial kélngi t hi ophosphat e derived predom nantly

(e.g., over 5(ﬂiﬁht'ﬂphow0§mqiﬂ DAybus YHtsreaC%n er‘EPrP'é@@Eﬁ*ﬁi%h?l or a phefiol
al cohol s. & %mlgzg B&Iu%h%%ﬁfé%r%'d%ﬁ “rnﬁ prohﬁaﬂ%?cy of
oils to et eril or

m ner al ate 1 n Service atlv loration can
be evi denced Wampiadzgéthwphoﬂdmhubmdomytbe made hy setacﬂmgqudteps)@ﬁmaoy\artdﬁe

met al surfaces b |sc it rowth. .S at.i on,i nhibitors
i ncl ude hi nder&e na ﬁ%qoéols ﬁr%“ I%g}@q?lﬁgﬁﬂg?ﬁgsgﬁ}ogxcggds can be prepared

al kyl phenol t hiiesé ge dydevirbg g%@tsaﬁabé Me Chtirely sedoadatyky bhazhdle andtiens,
cal ci um nonyl phenol sul fi de, sol ubl e phenates and sul furi zed

phenat es, phodpHEsHP V]L#TP%R?dmltBe @;therg arereHTCHERIPRFY ibelFastsns To make the zinc

phosphor oug; e r |
conpounds ?s ?ég Car%P’ bgﬁé Iailnn%{}%pﬁ@ %%E?ah%(?ougi ﬂe61§>9&8 g‘% tﬁea&ﬂ%eﬁydromdes and

mol ybdenum cormeebionitagare opstgeneisily Tpploged. @inhmesoialdsldétives rauently coritriesn
having at |easf cés\é\of ahe Hi?et to(fheqtjsg '4P2n excess of the basic zinc compound in the
neutralization reaction,
The preferred zine dihydrocarbyl dithiophosphates are oil soluble salts of
20 dihydrocarbyl dithiophosphoric' acids and may be represented by the following

formula:

5
=L
/ n
R'O
— 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,
25  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

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



attached directly to one amne nitrogen contain from6 to 16 carbon
atons. The 10 am nes may contain nore than two aromatic groups.
Conmpounds having a total of at |least three aromatic groups in which
two aromatic groups are |linked by a coval ent bond or by an atom or
igroup (e.g., an oxygen or sulfur atom or a -CO, -SO2- or alkylene
)group) and twlral€LWMirectly attached to-@de anine nitrogen also
iconsi dered aromatic ani nes_hayi n%hat | east two aromatic groups

‘attached di r e@PPYf 3% ersser-nThs Bpedihydrgcarind dithigphosphate raﬁg%er%ﬁa@ comprise
itypically SUb%ﬁdctdi'J]Eﬂ dhﬂwﬁlﬂfspﬂftesm?'h@ p?ééQﬁ ‘idvteh'{%htrﬁ nfl?é ﬁ&ﬁcﬁgarlfyru%ﬂll when

aIkyI cycl oal kyl koxy, aryloxy, acyl, acy dr oxy
nitro groups. used with mmanpr:cenmttnous(cmrmsg ah@pb@mrhmlgxofe‘imn el;cam ana to

‘combi nat i on. pref e re

composi t1 ons dPoReEI P 2 sEM TR B AROH (Tt Aks e o5 Fomaponita
1.2 mass %sof t@abdmtooamasm; bi3ed onhd tdtalanasabbtie céingositnabosie profeded
‘mass % of phenol |% anti%inl dant . I n anqther preferred enbodi nent ,
I'ubricating oi¢Mmbe Fﬁ?BB YorigHmeoil compositiens b theinrcreniipsrtianrniain zing digkyl
jabout 0.1 to Iﬁﬁiébh&s é‘@e?ﬁzeﬁ/ r@ﬁoamam(f(eag"tdve%smat% EicREs BRAGH bl 1os)
-to about 3 mass 9 (g enol i ¢ ant 1 oxi dant and PF2009L001- 24 -
‘mol ybdenum corigsusedon Uaﬁkfénbunt providing the lubricati ng oi |

‘conposition froma o

TRt on modi 1 er < Ao ish BB ke R R T TonteRS M Hinesp gilgq
a1 Pe ot Eer 1i0ngrderiéhenate§? @érvfcéleofddaﬁdrel detdriorsfiyn aArsSie e}l}&iﬁhd%glblyd?ﬂge E)(tﬁérpljes
"‘of such materials include. 5 ycery noesters of higher fatty acids
for exanpl e, @era"‘thBk%‘;@%‘@O 1Brtal Yriages Apd by isqosity growth. Such

.pol ycar boxyl i %x@sﬁaﬁnmh&s @hcmd% hirld8fed PV, ekameeahyhﬁmsa@rs ef ester

cof a dinmerized unsaturated tfatty acid, oxazoline conpounds; and

‘al koxyl at ed aklylrhendithioestens daving sfearhln€sto G abyheide chais,eleium et her
.am nes, for e y Y.

“ather an ne. * SERREno (SR iRcRh¢ Ml A8 0GR LA RS R
.or gano- nol 1y bd ensutfucieediowdastarbo i) phospheranoestond, yriethd fionafirairates anl soluble

:nmodifiers also provide antio nt i \wear ts. to
slubricating oFPPREDHFHRIUR W‘f(ﬁ‘i‘gﬁé)l“g@g at%ﬁ. &Bgig@ At Ie“’lygdenum“

~or gano- nol ybdgpmimmeBapadRsi ncl ude dithi ocarbamat es,

“di t hi ophosphat es, dithi ophosphi nates, xanthates, thioxanthates,

‘sul fides, and the Tymieal oflselublieseramatic amines baving sifeast iwaArematic Bewser r ed
‘are nol ybdenu P@[E(ﬁt V.

xant hat es andmgl%&&{l? E&ﬁg aﬁgne'q S%Aﬁ t‘{"gdﬁ f]’fc&?@????&'% ‘Z’lﬁ%ﬁh"
‘compound rmay Iamn‘ﬂ:b'lnmglcdmtmnm(dryﬁﬂanmraromatlc 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 also considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.
25  The aromatic rings are typically substituted by one or more substituents selected from
alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.
Muttiple antioxidants are commonly employed in combination. In one
preferred embodiment, lubricating oil compositions of the present invention contain
from about 0.1 to about 1.2 mass % of aminic antioxidant and from about 0.1 to about
30 3 mass % of phenolic antioxidant. In another preferred embodiment, lubricating oil
compositions of the present invention contain from about 0.1 to about 1.2 mass % of

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



conmpound. These conpounds will react with a basic nitrogen conpound
as neasured by ASTMtest D-664 or D-2896 titration procedure and are
typically hexaval ent. 20 Included are nol ybdic acid, ammoni um

nol ybdat e, sodi um nol ybdate, potassi um nol ybdate, and ot her al kal i ne
net al ol ybdat@ge@nebiot her nol ybdenum saldss, e.g., hydrogen sodium
nol ybdate, Mb0OC1l4, MoO2Br2, M203C16, nol ybdenumtrioxide or simlar
aci di ¢ nol ybdeﬁollybdmmmbnqmund in an amount providing thetlteicatid g/ditlempusition from

or gano- ol ybaciiaHh Rofabuf J000RE RERPUPIEHEL: \o( ROCS2) 4 and

or gano- nol y an

Mo( RSCS2) 4 wher ei n HRctisn AddifieSand %@H&nﬁﬁk%@érﬁﬂhﬁﬁ RETSrutiBcOViEh the other
consisting of alkyl, aryl, aralkyl and generally of from

1 to 30 car boringedingts ofithe ﬁpipleCfllem@sbalwlzemdud woles 3bsush sricrialsdnateds
ferably al k
preteraply a #ce?l 2ong te]rgogfﬁﬁlpe??atﬁtc?g foﬁé&gﬁ)k Ahi@f%(?{g{ ﬁé}?%élggg;%rsﬁrs of

t he di al kyldit
or gano- nol ybddnngmlmﬁmxbyuadmxgalﬁmds with dlhle fonde)fa'rrxpaﬂ; tmgnutanaﬂma%bstér@lﬁa of
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20 Included are molybdic acfd, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCl4, MoQO;Brs, Mo;0;Clg, molybdenum trioxide or
similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention

25  are organo-molybdenum compounds of the formulae:

Mo(ROCS,)4 and
Mo(RSCS;)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon

30  atoms and most preferably alkyl of 2 to 12 carbon atoms. 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
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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.

25 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.

It may be desirable, although not essential to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as |

30  additive packages) whereby several additives can be added simultaneously to the oil
to form the lubricating oil composition. The final composition may employ from 5 to
25 mass %, preferably 5 to 18 mass %, typically 10 to 15 mass % of the concentrate, -

the remainder being oil of lubnicating viscosity.
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3 exclusive of any associated diluent. However, detérgents, including the detergents of
20 the present invention, are conventionally formed in diluent oil, which is not removed
from the product, and the TBN of a detergent is conventionally provided foi: the active
detergent in the associated diluent oil. Therefore, weight (and mass) perceﬁts,. when
referring to detergents are (unless otherwise indicated) total weight (or mass) percent
of active ingredient and associated diluent oil.

25 This invention will be further understood by reference to the following

] examples, wherein all parts are parts by weight {or mass), unless otherwise noted.

EXAMPLES
The present invention is illustrated by the following, non-limiting examples.
30 Examples 1-4 are lubricant compositions made from the components shown in Table
1 using techniques which are well known in the art. The base stock ratio was constant

in all of the exemplified compositions.



Conponent Ex.

1 EX. 2 EX. 3 EX. 4 STARS1 37.4 43.9 37.9 44. 4 STAR82

37.4 43.9 37.9 44.4 |Infineum SV1553 13.0 0.0
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Examples 3 and 4 contained an ashless (non-metallized) methylene bridged
alkyl phenol having a weight average molecular weight ranging from 1100 to 1700,
The ashless methylene bridged alkyl phenol was prepared by adding dodecyiphenol,
sulphonic acid (catalyst), paraformaldehyde, water and heptane to a 5 L baffled
reactor provided with a stirrer (200 rpm), nitrogen blanket (600 ml/min), condenser,
Dean and Stark trap, a temperature controlling system, and Cardice/Acetone trap
vacuum system. The reaction components were heated from ambient to 80°C over 30
minutes, then heated further from 80°C to 100°C over 2 hours, during which time
water was removed by azeotropic distillation. The residual heptane and dodecyl
phenol were removed from the reaction mixture under reduced pressure at 200°C.
Finally, the temperature was decreased to 120°C at which point diluent oil (SN 150)

was added to produce the desired level of active ingredient.

Table 1. Compositional Information for the Examples

Component - Ex.1 { Ex.2 | Ex.J | Ex. 4
STARS' ' A 37.4 43.9 379 44.4
STARS® 374 | 439 | 379 | 444
Infineum SV155° 13.0 0.0 13.0 0.0
Infineum V351* 0.2 02 | 02 | 02
Ashless methylene-bridged alkyl phenol 0.0 0.0 | 2.022 ) 2.022
Low Base No. non-bridged salicylate detergent 3.0 3.0 0.0 0.0
Soap [%]° 1.011 | 1.011 | 1.011 | 1.011

Group II base oil available commercially from Motiva,
% Group 11 base oil available commercially from Motiva,
? Styrene/polyolefin diblock copolymer (6% Al) commercially available from Infineum, USA.
* Commercially available pour point depressant from Infineum USA.
% mass % surfactant in the product.

Examples 1 through 4 were evaluated for soot dispersing performance in the
manner described below. In the test, carbon black was used as a surrogate for the soot
produced in diesel engines.

Each of the exemplified lubricant compositions was placed in a vessel and

heated to a temperature of 160° C under air for 96 hours, The vessels containing the
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-compositions were fitted with condensers to retum volatiles to the lubricant

compositions. Next, Cabot “Vulcan XC-72R" carbon black was added to the
compositions to achieve lubricant compositions having 8 mass % of carbon black.
The dispersion of carbon black in oil was stirred overnight at 90° C to equilibrate.
The shear stress as a function of shear rate was measured with a rotational viscometer.
The log of the measured shear stress was then plotted versus the log of the
shear rate, and the slope of the line was determined, The slope of the resulting line is.
hereafter referred to as the viscosify index of the lubricant composition and can have a
value ranging from 0 and 1.0. As the value of the viscosity index approaches 1.0, the
carbon black is completely dispersed in the composition because there is no
dependence of stress on shear rate. A viscosity index of substantially less than 1
indicates that the carbon black is not thoroughly dispersed; when the carbon black is
poorly dispersed, it forms agglomerates that become sheared when subjected to stress.
The practical effect of agglomerate formation is to thicken the lubricant
composition which can result in engine failure because the composition is too thick to
pump. Although carbon black agglomerates cause the lubricant composition to

thicken, the agglomerates will break up when subjected to shear.

Table 2. Soot Dispersing Performance of the Examples

Ex. 1 Ex.2 Ex.3 Ex. 4

Viscosity Index 0.702 0.485 0.893 0.778

Example 3 is representative of the present invention and contained a block
copolymers of hydrogenated poly(monovinyl aromatic hydrocarbon) and poly
(conjugated diene), as a viscosity modifier and a bridged, phenol condensate detergent.

As shown by the resulting viscosity index, the fubricating oil composition of
Example 3, containing the claimed combination of viscosity modifier and detergent
demonstrated superior soot dispersancy compared to the comparative Examples
containing a combination of the claimed viscosity modifier and a salicylate detergent
(Example 1); the salicylate detergent, alone (Example 2), and the claimed detergent,

in the absence of the claimed viscosity modifier (Example 4).
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10carbon black is conpletely dispersed in the conposition because
there is no dependence of stress on shear rate. A viscosity index of
substantially less than 1 indicates that the carbon black is not
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Per formance of the_ Exanpl es .1 Ex, 2 Ex. 3_EX. 4 Viscosity |ndex
0. 702 0. 485 0. 8i3eosiy,Apg mingy amounts of a viscosity modifier comprising one or more block

copolymers of hydrogenated poly(monoviny! aromatic hydrocarbon) and
poly(conjugated diene) and one or more detergents.comprising one or more optionally

substituted bridged hydrocarby! phenol condensates, or metal salts thereof.

2. A lubricating composition according to claim 1 wherein the monovinyl
aromatic hydrocarbon bl(_)ck of said block copolymer of hydrogenated
poly(monoviny! aromatic hydrocarbon) and poly (conjugated diene) is derived from
monomer containing frdfn 8 to about 16 carbon atoms selected from the group
consisting of aryl-substituted styrene, alkoxy-substituted styrene, vinyl naphthalene
and alkyl-substituted viny! naphthalene.

3. A lubricating composition according to claim 1 wherein the conjugated diene
block of said block copolymer of hydrogenated poly(monoviny! aromatic
hydrocarbon) and poly (conjugated diene) is dertved from monomer containing 2 to
16 carbon atoms selected from the group consisting of 1,3-butadiene, isoprene,
pipervlene, methylpentadiene, phenylbutadiene, 3,4-dimethyl-1,3-hexadiene, and 4,5-
diethyl-1,3-octadiene,

4, A lubricating oil composition according to claim 1 wherein said block
copolymer of hydrogenated poly(monovinyl aromatic hydrocarbon) and poly
(conjugated diene) is represented by the following formula:

A(B-A)yBy
wherein: A is a polymeric block derived predominantly from vinyl aromatic
hydrocarbon monomer; B is a polymeric block derived predominantly from
conjugafed diene monomer; x and z are, independently, a number equal to 0 or 1; and

y is a whole number ranging from 1 to about 15.
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wherein d’ is 0 to 10; each Y’ is a divalent hydrocarbyl or ether bridging group; each
R’ is independently a hydrocarbyl group having from 4 to 30 carbon atoms, provided
that the total number of carbon atoms in all R’ groups is at least 7; each M’ is

g _ independently an alkali or alkaline earth metal ion; and each ¢’ is 0 or 1, provided that,

when ¢’ is 0, M’ is replaced with H.

10. A lubricating oil composition according claim 8 wherein said one or more
» optionally substituted bridged hydrocarbyl phenol condensates, or metal salts thereof

are compounds represented by formula (III):



wherein d is 0 to 10; each Y' is a divalent hydrocarbyl or ether
bridgi ng group; each R is independently a hydrocarbyl group having
from4 to 30 carbon atons, provided that the total nunber of carbon
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atoms in all R*” groups is at least 7; and further provided thatif d*’ is 1 or greater,
then one of the X’ groups can be ~H.

11. A lubricating oil composition according claim 1 wherein said one or more
E optionally substituted bridged hydrocarbyl phenol condensates, or metal salts thereof
are optionaily substituted bridged phenol/salicylate condensates, comprising one or

more units of formula (IV) and/or formula (V):
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with the proviso that said condensate nust have at | east one unit of
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agents and pour point depressants.
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with the proviso that said condensate must have at least one unit of formula (IV) or
formula (V1) and one unit of either formula (V) or formula (VII); wherein in formulae
(1V) through (VII), Y*** is a divalent hydrocarbyl or ether bridging group R, is
hydrogen ora hydrocarbyl group; R; is hydrogen or a hydrocarbyl group; e is 1 or 2;
- Rs is hydrogen, a hydrocarbyl group or a hetero-substituted hydrocarbyl group; either
X i R is hydroxyl and R; and R4 are independently either hydrogen, hydrocarbyl or
,::; hetero-substituted hydrocarbyl, or R; and Ry are hydroxyl and R, is either hydrogen, a



14. A method of reducing soot-induced viscosity increase in engines,
whi ch net hod conprises the step lubricating a crankcase of the engine
with a lubricating oil conposition according to claiml, and

operating the engine.
PF2009L001 -35-
hydrocarby! group or a hetero-substituted hydrocarbyl group; with the proviso that
Y*"’ may optionally be sulfur in up to 50% of the units, such that the amount of sulfur
incorporated in the molecule is up to 50 mole % of the Y groups; or metal salts of said

condensates

12, A lubricating oil composition according to claim | comprising from about 0.5
to about 30 mass %, based on the total mass of the lubricating oil composition, of said
optionally substituted bridged hydrocarbyl phenol condensates, or metal salts thereof|
and from about 0.01 to about 10 mass %, based on the total mass of the lubricating oil
composition, of said one or more block copolymers of hydrogenated poly(monovinyl

aromatic hydrocarbon) and poly(conjugated diene).

13, A lubricating oil composition according to claim t comprising one or more
additional additives selected from the group consisting of dispersants, supplemental
metallic detergents, supplemental viscosity modifiers, oxidation inhibitors, friction

modifiers, antifoamants, antiwear agents and pour point depressants.

14. A method of reducing soot-induced viscosity increase in engines, which

method comprises the step lubricating a crankcase of the engine with a lubricating oil

composition according to claim 1, and operating the engine.



