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PF2009LOA - | - LUBRI CATING O L COWOSI TI ON The present invention relates
to lubricating oil conpositions. Mdre specifically, the present invention
is directed to lubricating oil conmpositions that 5 provide inproved

soot - handl i ng performance, particularly in diesel engines provided wth
exhaust gas rpggjoocopgat i on (EGR) systems. BACKGROUND OF THE | NVENTI ON

Envi ronnental concerns have led to continued efforts to reduce the NO 10

em ssions of conpression i gRivERICATERE O1L, CEMPOSIAQONISt i on engi nes. The
| at est technol ogy being us€d to reauce the NO, _emssions of diesel engines

is known as exhaust gas recirculation or EGR EGR reduces NO em ssions by
i ntroduci ng non- nmbusti bl e conponent s, (exhaust., gas) into e i ncomng
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dilution effect of fhe , an even greater reductron in NO emission is
achi eved by oeootidegnprhecdsoothandliggyetfefmanee] pariieulanbyt mrdiesd] enginasipzoaded ne.
The cool er int.ake.charge allgws b r filling of the cylinder, and thus,

i mproved poméY‘ab“éﬁli‘@?’sétgg%WP‘rF‘ﬁaté%f‘E{(}'@rﬁyStﬁE@ause the EGR conponents have

hi gher specific heat values than the incomng air and fuel mxture, the ECR
gas further cools 20 the conbustion m xture |eading to greater power

gener ati on aBAGKGROUNRODRETHIONVENTION i xed NO, generation | evel. Diesel

fuel contains sulfur, Even "low sulfur" diesel fuel. contains 300 to 400 ppm
of Csulfur - When t HEMIGBICTE! SRCHEA HYF T EraHe SHSloSB g5 80 onvor t o4

to SO . hn %ﬂﬂ%sﬁdr@'&fg@r&g{eggioﬁ it@@j((ﬂ%semlpfém\’!%ﬁusq{onteﬂ in€® MoSTatedn Of a

hydr ocarbon fuel 1s 2 er vapor. Ther'efore, the exhauSt stream contains
sonme | evel oftedi@plogHbringrnded toatducethpOy etmssidms of difsel engmepisdsemmensof t hese

- subst ances has, not been obl emat | cayse exhaust, gases renai ned
ptwiapalt gt 9 AR e e e e A e i AL

gaseous st at &o e %‘é@&om Htst(%aﬁﬁ%agﬁiniqsth%%oﬂﬂﬁgair%élf&hgﬂge Bfddaed t he

exhaust gas is mxed wth cooler i1ntake air and recircul at 30 through the

engi ne, the atbehe eregier coratrustomdemster aiibisredures peakhflanietePeraturd aBON O,
o onent s o o Sl e S NS A S By e ESR st rcam
It s reduction in NO, emission is achieved by cooling the exhaust gas before it is returned
to the engine. The cooler intake charge allows better filling of the cylinder, and thus,
improved power generation. In addition, because the EGR components have higher
specific heat values than the incoming air and fuel mixture, the EGR gas further cools
20  the combustion mixture leading to greater power generation and better fuel economy
at a fixed NOy generation level.
Diesel 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 SO,.
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 NOy, 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.



returned to the engine. PF2009L00I -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 lubricating
oi | conpositions increase to unacceptable levels, even in the presence of
relatively sighboolgqe! s of soot (e.g., 3_wt. % soot). Because increased 5

| ubricant viscosity adversely affects performance, and can even cause engine
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6, 303, 550psuggssits. t hat di bl ock 20 copol yners of pol y(nonovinyl aromatic
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with condensed EGR systens, nore particularly, lubricating oil conpositions
that anel i or &t,¢l %633 anh6,8862919 suggsstithat byceleatses chmainnaglditiee, specificaly engi nes.
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hydrocarbon) and hydrogenated poly (conjugated diene), as well as dispersants and/or
detergents, and/or controlling the level and basicity of dispersant nitrogen, the rapid
increase in lubricant viscosity associated with the use of engines provided with EGR
systems can be ameliorated. U.S. Patent No. 6,303,550 suggests that diblock

20 copolymers of poly(monovinyl aromatic hydrocarbon) and hydrogenated poly
(conjugated diene) in a number average molecular weight range of 8,000 to 30,000
display a certain degree of dispersing characteristics.

It would be advantageous to identify lubricating oil compositions that better
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 pérformance, particularly in
diesel engines provided with exhaust gas recirculation (EGR) systems, and more

particularly in diesel engines equipped with condensed EGR systems, which



| ubricating oil conposition which ptovides i nproved perfornmance,
particularly in diesel engines provided with exhaust gas recirculation
(EGR) systens, and nore particularly in diesel engines equipped with
condensed EGR systenms, which PF2009L00I -3- l|ubricating oil conprises a
maj or anount ppfgestighy Of |ubricating viscosjty, and mnor amounts of (a) a
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In accordance with a th ect of the present i1nvention, there is
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speci fi cat i offankqps ﬁﬁthf’&vgemg\ @f)gem‘t?%a{ t‘%ﬁca it wosw&raegézpsrgtmg, when
referring tOtheSéﬂgﬁﬁ%! tuent groups attached to the remai nder of a nol ecul e,
refers to groups that attach to the remainder of the nolecule via a carbon
atom which are plraicprdande withallind me@&fphemmmantehyomybbrem@rbdded the

character wthi he cont ext this.inv | on ro ncl ude
purely hydr oB%Fr‘trj’Ld}E\ e ghmBbination e“ﬁc%ﬁ“iyﬁﬁ “étltl?"c§?,‘F‘iggnt ‘gpﬁ‘?w}é’fsﬁ 651’““
al i phatic- apgd,al iheX6bi. ﬁdﬁé&%éc‘okttfﬁ‘tc&raém@ftdlﬁbn@s&fﬁg%h&o?nti@ﬁffdrtt}ié ed

al i phatic and
lubrication of an engine, particularly in diesel engines provided with exhaust gas

recirculation (EGR) systems, and more particularly in diesel engines equipped with
condensed EGR systems during use.

20 Other and further objects, advantages and features of the present invention will
be understood by reference to the following specification.

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 acyl;

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



alicyclic groups and the like, as well as cyclic groups wherein the ring is
conpleted through another portion of the nolecule (e.g., where any two

i ndi cated substituents 30 together forman alicyclic group; (ii) substituted
hydr ocar bon groups; that is, groups containing non-hydrocarbyl substituents
that do not abgfRporlodf Pr edom nantly hydrogarbon character of the group,
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The term “major amount” means in excess of 50 mass % of a composition;
and the term “minor amount” means less than 50 mass % of a composition.
Further, it is intended that any upper and lower quantity, range and ratio limits
set forth herein may be independently combined.
20
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 about 20 mm*/sec, most preferably from
about 4 mm?/sec to about 10 mmz/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. Oils 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.,



25 the viscosity of the oil ranges fromabout 2 m2/sec (centistokes) to
about 40 mm® /sec, especially fromabout 3 m2/sec to about 20 mmR/sec, nost
preferably from about 4 nmmR/sec to about 10 mR/sec, as neasured at 100C.
Natural oils include aninmal oils and vegetable oils (e.g., castor oil, lard
oil); |iqui PFpPk@iteum oils and hydrorefbrned, solvent-treated or
acid-treated mneral oils of 30 the paraffinic, naphthenic and m xed
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' succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,

adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic

20  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

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-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Ci,
monocarboxylic acids and polyols and polyol esters such as neopentyl 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 tetraethyl silicate, tetraisopropyl silicate, tetra-(2-

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



Speci fic exanpl es of such esters includes dibutyl adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate,

di i sodecyl azelate, dioctyl phthalate, didecyl phthal ate, dieicosyl
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begin with oil "that has al ready been used in service. Such re-refined oils
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Goup |, Goup Il , THIALSF Ihbricating viscosity may comprise a Group 1, Group II, Group III,
Group IV or Group V base stocks or base oil blends of the aforementioned base
20 - stocks. Preferably, the oil of lubricating viscosity is a Group II, Group III, Group IV
or Group V base stock, or a mixture thereof, or a mixture of a Group I base stock and
one or more a Group I, Group III, Group IV or Group V base stock. The base stock,
or base stock blend preferably has a saturate content of at least 65%, more preferably
at least 75%, such as at least 85%. Most preferably, the base stock, or base stock
25  blend, has a saturate content of greater than 90%. Preferably, the oil or oil blend will
have a sulfur content of less than 1%, preferably less than 0.6%, most preferably less
than 0.3%, 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.



Goup IV or Goup V base stocks or base oil blends of the aforenentioned
base 20 stocks. Preferably, the oil of lubricating viscosity is a Goup II,
Goup IIl, Goup IV or Goup V base stock, or a mxture thereof, or a

m xture of a Goup | base stock and one or nore a Goup Il, Goup III,
Goup |V or @exgepLod1base stock. The base.gtock, or base stock bl end
preferably has a saturate content of at |east 65% nore preferably at |east
75% such as at | ErfinitBmYtforhe bagersefoks ahd Yaselokle ibtgeinsemivh, arothelzame ast ock 25
bl end, has a saturate content of %reat er than 90% Preferably, the oil or

oi | bl end wi those fRupd in the fAmgricanobgtiodguny fnsfigie (AR} publigatign eFegiapQjl | ess t han

0. 6% nost pk abl : Y i I olatility
of the oil orL %elﬁFlﬂgla}e{%g? ﬁgisca{r}glggﬁreelﬁ ’I?/@%Sﬁmgg?(s [Fé}%%ﬁ{eﬁggf) W@%O) , 1S
| ess than or Fdéiioml DieCendityo] 996,cAktealhy 1, Beserhbeari 998. BajdgublicatidhYategdfizeor €

preferably | ess than or equal to 20% nost preferably |l ess than or equal
16% Pr ef &r abpse stagks agfadlopsi t y i ndex (V1) of the oil or oil blend is at

| east 85, pref er Qbho al} s 5tks g RES i SerahYseh ¥ AROUS orbfi3: i 140
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invention are the.(3g/eeceassilinasd havsdlvistosithénddBféata@nhiedr sualionSonsdi t ut e
(API') publication "Engine G| _ Licensi ngs and Certification Systeni, Industry
Servi ces Depar t misf thapdgPrusimgithe tegignethads spoeidigdiafablods, Addendum 1,

December 1998. S?k%r Iibﬁ?et%t&?cs% tgﬁp%‘%eﬁglstha§o{)@t§§% RAf cdh? éz;tgllra'teg"éﬁd a)

G oup | base stocks contalin 1ess ercen urates reater

than 0.Q8 per ceidss shanfatleqadldo DB efcerti st and havedexs@isitaimiex igharerdlianequal
to 80 and less than 120 using the test methods specified_in Table 1. b)
Group |1 base st 8EREuatEn8Giand lgpsther 1 29 weing Hie temathads sperified wekablesht ur at es

areater than or CbarEifbash Sl bbeRh ERAler ' el PAYRcByRRRRLAN ' MO

speci fied in Tabl&s thanoyx eqidlwp 0J0B Ipehraesutfue ekdhoed Abdvsiyy aaler gréabenhar equal
to 90 percent saturates and . less than or equal to 0.03 percent sulfur and
have a viscosity OF AHek toy}&husing the dest methody seeiticd imd@blesh-ng the test met hods

specified.in Tabl pol yal phaol efi ns (PAO).
e) Goupqé/ base g?(()% #ﬁ@%sg%)%ﬁﬁﬂe}épﬁg?ﬁ%g%gﬁgfPO/gQg not included in G oup
P N e) Group V base stocks include all other base stocks not included in Group I, II,

II1, 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
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11, or 1V. Table 1 - Analytical Methods for Base Stock Property Test Mt hod
Saturates ASTM D 2007 Viscosity Index ASTM D 2270 Sul fur ASTM D 2622 ASTM
D 4294 ASTM D 4927 ASTM D 3120 20 Viscosity nodifiers useful in the
practice of the present invention conprise block copolynmers of hydrogenated
pol y(nonovi nypip,@b gt | ¢ hydrocarbon) and_goly (conjugated diene). Suitable
vinyl aromatic hydrocarbon nononers fromwhich the poly(nonovinyl aromatic

hydrocar bon) 1k o¢ké kyl Qﬁoﬂesrubytﬁqemglmayquleahgsc%n?p%se%m 0l §artbbM 8 tO

about 16 carbon atons such as "aryl -substi d styrene, al koxy- substituted
styrene, Vi nyntommprﬁtfhable/rfmméltkﬁlcaémbatqms,ltﬂctnunrrlydr ofialiyt ¢redlikores and t he

PF2009LO0 - lik The . al and al kox sti tu nt S |1y
conpri se froﬁ’r‘lPSt‘lt n Q?é%‘??ull(%ffiﬂfﬁsen @0% otfh apd,is r?:%?‘%bh?atons The
number of al kyl OrSu%l‘ﬂ@HYene%’&%Hve%ﬁﬁw}H% tHE‘iJo?}Q(%rﬂugdtéd &Eﬁ»‘é@l@&k(sm range
froml to 3, and is preferably 1. Suitable di ene nonomers fromwhlch¥

pol y(conj ﬂgatbededv@mcllukie,dkeés)con’mmmgfrbm Zerabeutl16 carberdatomshios exaopleai ni ng
from2 to abqut rom8 to abouﬁﬁlZ car bon

b
L om? Locn 3t 8% SRL297 cAbOMBiogiss b S T ButaichS Roppl PPESIATEd: one.
phenyl but adi Qg1 erﬂatﬂéﬂ@agﬂéﬂyﬂu&ﬂé}ﬁx@w L&RRthyf] 3- Hiéx%ﬁféﬁé 415 alet}f-}qllaéj' ene,

with 1, 3-butadi ene and | $opreéne bei ng preferred. The hydrdgenat’ed
pol y( nonovi npbtadreomvm}clﬁyhimﬂzawtmd)xdqpmnp(hemgmg&md I 0 diene) bl ock

| f th [ t f bly. nb
ol ecul ar el ght - (e RERGRGS oM vaub SR cag8 asaon] BYEPRRBRES f r om
85, 0000 po %%epﬂgck %pc;ly'lﬁ@?s%@t gge&:ﬁt 306t brefRfably QWCW a’&&a?@o 000.

When the anmount” of vinyl aromatic content of the copolymer ranges from5 %
and about 40 n%ledm}'arwealght( M) rirpgng froml 851000, to t1EO0QDh i ermaplagfeonmEISe0O00 ar

Vel ght LRI ol b0 566195 From 85,000 to 300,000, or from 350,000 to 900,000, 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. Kirkland 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 osmometry (see, €.g., ASTM D3592).

The hydrogenated poly(monovinyl aromatic hydrocarbon)/poly (conjugated
diene) block copolymers of the present invention are represented by the formula: 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 0 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 monomer 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(monovinyl aromatic hydrocarbon)/poly (conjugated

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



15 from 85,000 to 300, 000. Polyner nol ecul ar weight, specifically M, can be
determ ned by various known techni ques. One conveni ent nethod is gel

perneati on chromatography (GPC), which additionally provides nol ecul ar

wei ght distribution information (see W W Yau, J. J. Kirkland and D. D.
Bly, "Mdem $rzRofpee! usion Liquid Chroma@ography , John Wley and Sons, New
York, 1979). Another useful 20 nmethod for determ ning nolecular weight,

particul arly ntefprbpeu bg%@f‘dﬂn%[a NEA/BDB wiRediN MBS o'ly‘%né&?do&E)clP&&ﬁ/%Hr e
osnonetry (see, e.g., ASTM D3592). The hydrogenat ed pol y(nonovi nyl aromatic
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nonomer; B i ge d@n&@wﬁm ﬁ’on’ﬁ|b@ﬂkv1ﬂ?lrdré!ﬂgtlé)ﬁﬁﬂ@éﬁrﬁ@}ﬂﬁlbﬁo&éxoéﬂd% ;\%aeaed di ene
nmononer; x and z are each independently a nunber equal to O or' I;, andy is

a whol e ninbéfolefamgiongmérom 1 to about 15. As used herein in connectlon With

| bl ock ¥ t d
b monomer type.t Raaeteby e B ERTed AR ondE R o s tAfoBRANEP Sbl ook 1o,
present in ag c@@m d?éne@bldcﬁ%@ﬁol??e@smfthé"ﬁegéﬁt ugfenﬁ&eaﬂah&eé& dm%ck

hydr ogenat ed pol y( nonovi nyl aromatic hydrocarbon)/poly (conj ugated diene)
bl ock copol yeepdywerst he present i nvention may al so i nclude tapered bl ocks

and PF2009L001 -9 re n d by .the formul a A-A/ B- ein A IS

o yme o bl ook qbBRuAmaaEd SR aniiny) Srodint o e b h Py el
mononer ; 1B '%lc%kréebé’l%'éfscarl?kﬁ&lﬁn uﬁt%'aM%ﬂdBf@&ﬁx%&%ﬁ‘l]MﬁvﬁﬂéM@ CSliUh‘%ﬁ@éked
di ol efi n nononmer ; A/IBis a tapered segnent derived from both vinyl

aromatic hydrcomlymm qemhgmdeaamb@mfle:gaw@mcaamrmatlnn withomerdkalifmetbler abl y,
t he hydr ogenat. monoyi nyl. .ar oma r.ocar bon) / pal nj ugat ed

i ene) bl ook THGRGT Sirbes SEr ot B B g RrONhEonemp e 1t pat BRI Gek

copol ymers. bﬂma@ggnﬁtz@ﬂéwlsﬁmvaﬁwt 194, 95@t i ¢ hydrocarbon)/ poly

(conj ugat ed di ene) bl ock copolyrrers are known in the art and are

commercial ly avai ﬂanbtpely(@mwgatﬁdahme) bb}wb(s\)néth@b&@k dopolyade mparbepandarde by

ani oni ¢ ROl y g?erﬁlar% tyI s?:pectwetly h?grogénlé?ed typi ca?ly to a degree such that the residual

ethylenic unsaturation of the block is reduced to at most 20%, more preferably at most
5%, most preferably at most 2% of the unsaturation level before hydrogenation. The
hydrogenation of these copolymers may be carried out using a variety 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.

According 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.



initiator such as sec-butyllithium as described, for exanple, in U S. Pat.
Nos. 4,764,572; 3,23 1,635; 3,700,633; and 5,194,530. The pol y(conjugat ed
di ene) bl ock(s) of the block copolynmer may be, and are 15 preferably

sel ectively hydrogenated, typically to a degree such that the residual

et hyl eni ¢ unsghgopsgdion of the block is reguced to at nost 20% nore
preferably at nost 5% nost preferably at nost 2% of the unsaturation |eve

before hydr ogenat iggferabiie théwﬂirege%@aipeg(%nmﬁﬁear&ﬁa@d WyRbSarBohy/pBfy carri ed

out using a variety of well ‘established processes including hydrodgenation
in the preser{cenjudateidibne bl atkywpslyasr2@il RanbysaNinoklth thedtydwgeeated s such as

pl ati num and t | ike, solubl.e. transjition netal catalysts.an i i um
Catal yats as RILGEIPEGAY ROBAS hidBRbom S eBtn GompgRes i AEtatinr 20 W OVof

pol ymeri zati Qe 8dpolya&t i on with dival ent coupling agents can be used to form
|l i near polyners. 1t  is also known that a coupling agent can be forned in-
situ by the pol ynéSheatStamlityfIndexTdSHE) reffiere tothetahdity epapealysiey tquebighrer i zabl e

vinyl 25 groups .,such di vi nyl benzene .t o .provi de, star  pol rs having from
about 6 o aBrRdaRPTHET Se5ICE sordifionsy Uk Hisher 5 Th (i 1SS aHPEE Bo ROUTHY ng 2
to 8 functiongl K AURSus@PbleTElsiOseradation! oM ddfRkd ROINEHRIcEnAEE el | known
and such materials are available comercially. According to the present

i nvention, tipehhyardegeadyisdosiyllggsrmnd ds/éabgilated acnooding icARY N DO2TH0% pdipgl vy

(conj ugat ed dLeEE% bl ock gg%olyners include different mxtures of the
pol yners descPf BEQVAMYBaURYr exanpl e, copol yner can conprise one or nore

| inear bl ock copolyners having different pplecylar weights, different vinyl
aromati c gontents. PF2009L001 - 18S/P:titeralry —t¥e hydrogenat ed

pol y(nonovi nyl aronatic hydrocarbon)/ pol y4v¢aonfugat ed di ene) bl ock
copolymers will be those in which the hydrogenated poly(nonovinyl aromatic
hydr ocar bon) vesieia kvreedfrid kiegmatic vissgsity abibapobnextcontabsfing stietiaropsdorgrer . 5
"Shear Stabiljty  lndex" ("SSl") refers t.o the il of a. pol r..to resist
dogr adati on st RE e keoi s FEHERTerigeaig pEfe mel rarcohifiind 8L 1 e
the polyner afReldédrgdaione PefsabRt ihelhgdidgehdied poldedoatyl afbmane! is defined
as the percentage of polyner-derived viscosity [oss and is cal cul ated
accor di ng t o hxdmeribenypelggcangugnated diene) block copolymers used in the practice of the

15  present invention have an SSI value of 2 % to 50 % after 90 cycles in the testing
apparatus specified in the ASTM D6278-98 protocol with a diesel injector nozzle
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 SV14OTM, 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 comprising bridged, optionally substituted phenol condensates and
metal salts thereof, useful in the practice of the invention include detergents of general

formula (I):



the follow ng equation: 10 SSI =100 x fresh kviite kviY it - k'"u wherein
~kvffsh is the kinematic viscosity of the pol yner-containing solution before
~degradation and kv,ftee is the kinematic viscosity of the polyner-containing
solution after degradation. Preferably, the hydrogenated pol y(nonovi nyl
~aromatic hydﬁggqég&ﬂ)/poly (conj ugat ed ngne) bl ock copol yners used in the
. practice of the present invention have an SSI value of 2 %to 50 % after
.90 cycles in the testing Q@fpar peci fiied in the ASTM D6278-98 pr ot ocol
e
I

tus

‘with a diesel injector ng BM: of\ corefki al 1y avail abl D)
~hydrogenat ed pol y(npnovi iy

' bl ock copol yners usefyl A%
styrene/ hydrogenated if s
- SV140TM | nfi neum SV15Q

carbpn)/paly (conjugated diene)

he prent i on i ncl ude
ol ynmers I nfineum 20
and nfi neum SV160TM avail abl e

from I nfineum USA L. P.Z/ an® ey K Ltde; dbri zol' 7318 avail able from

- The Lubri zol CbrpordBﬁon; and ‘é%bon 1001 band Septon 1020TM avail abl e

from Septon Conpany of Americaj{(Kuraray G oup). Another type of suitable

di - bl ock copol yner is styrene/ 'l, 3-butadfene hydrogenated bl ock copol yner,

~such as that sold under the 25 tradenane dissoviscal by BASF. Lubricating
oi |l conpositi . [ b J f 1 mass

Gbto abour 10 Anah gavE IE]EIBrably I & BrE RRRAGRBRS %, ah SR ety 30 T0;
t he hydr ogenatted; Was ¥ divatenybrigging proup} partibulad pe dydrotdrb plodryug mong pigfersbdy

~diene) block copolyner viscosity nodifier(s). 30 Detergents conprising
bridged, opti GriROIGFARYhEEOUP hR¥AESToan bito é@ﬁé@ﬂe 8%5%&8 -ﬁ&zworgwherthereof,

Formila (1) PEOBORIERHRY phe B aphe Rip 18 CRBR RIS G &1 B, (R
d }/\hergig g i-€HOOCHI, % R isprieidercatiyy gtoupha8ingfione 46 80,gprafetabl 8 to18&,andnd nost
prefera

most preferably 9 to 15 carbon atoms, each b is independently 0, 1, 2 or 3, provided
that at least aromatic group has an R substituent and that the total number of carbon
10 atoms in all R groups is at least 7; each M is independently an alkali or alkaline earth
rnetal 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 (II):

)

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



to 5 Yis a divalent bridging group, particularly a hydrocarbyl group nore
preferably 5 a hydrocarbyl group having from1l to 4 carbon atons, such as
-CH2-; or an ether group, preferably an ether group having from1l to 4
carbon atonms, such as -CH20CH2-; R is a hydrocarbyl group having from4 to
30, pref erabl &9&&118, and nost pref er_a&_y 9 to 15 carbon atons, each b is
i ndependent |y 6 2 or 3, provided that™ at |east aromatic group has an R

substi t uent oups is
at |east 7; gj;ghﬁ pf?’é;r ?ﬁgéﬁgﬁdaeﬂ%%ﬁﬁgf%%@ or allftsﬁggrilléﬁéeﬁér%%ﬁng% al ion;
each ¢ is O aotallnurpb@\dfdad»ohlaaﬁns infallR ’ggrowpsQs aMleass 7¢ eqphaded inddpendéntlgnd each

X is independent CHO or, CH2OH. I n_one enbodi nent he invention, the
optional |y sﬁﬁk%‘u&@&‘%ﬂ%@@ﬁmﬁ%m’ an¢ gachen & ekl @Wﬁﬁ'&?i adep s 1sler eof
are sinply brjd %QPIQ%% " ndensates or netal 15 salts thereof,

repr esent ed by orrru '\?1'1??0 AQM)c QM)c QM)c (Il) R R R d wherein
d is 0 tse 10, prd’frefeﬁbﬂ}deti:rgeﬁts&f fomida (Iiedfre havihy a 2velight Gy erageimoiestilar
preferably 3 20 to 5; each Y is a divalent brldﬂgp%(g(’oup is a dival ent

bridgi ng gr olEiEAMWXei 1;2?990 2630, as meayussd byMiP abf% Agpiptpd aser

hydr ocar byl S n
ether - qr oup, P8R bSads2 Tiche b PGS FA pcPlr By Beltsfhis SEmuRIIE" o
as - CH2OCH2- ;anR'métlsods ﬂmyﬁ)mh%rdmle g'e&upwhaa,ﬁ aplcss anetd]-free) Atergame of er abl y 8
to 18, and nost preferably 9 to 15 carbon_ atons, each b' is independently
PF2009L001 - fepmwa (M) isglegiribed, foF exanapies ip hhs- %{bluswsﬁatwm%m@r &p has an
R substlltoue[?too 7%??t the total nunber of carbon atons in all R groups
is at least 7, each™ M  is independently an alkali or alkaline earth netal
ion; and each c' iThepoiondlly bstitutbddridied phetlobortlensasesind ndtalisalty thpteat ed

W|th H 5 Preferred detergents of fornula (1)) are having a ht average
mol ecul ar  weisgit i thepragtice oifhe PEPSE‘L’HS’@VG"H@n ﬁ@ﬁé’%ﬁlw T%LWI‘ST‘Eﬂ%t‘{t%t rix

Assi sted Las Flight) mass spectronetry.
Det ergent s o%alf%éﬁﬁnﬁ?ét%@? ﬂeﬁﬂ:& d@ﬂfoﬁh@ﬁ orrri ng sane, are known; an
ashless (nmetal -free) deter gent of ~formla (I I) descri bed, fcthl)exarrpl e,
in US. Published Patent Appl QEM")oh No. oM )c
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15 wherein each X’ is independently-CHO or —CH,OH; each Y’ is a divalent bridging
group, particularly a hydrocarbyl 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,OCHs-; provided that -CHO groups
comprise at least about 10 mole percent of the X’ and Y’’ groups; each M’ is

20 independently an alkali or alkaline earth metal ion; each R’’ is independently a
hydrocarbyl group containing 1 to about 60 carbon atoms; d’* is 1 to about 10; ¢’” is 0
or | 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;

25 and further provided that if d”’ is 1 or greater, then one of the X’ groups can be ~H.
Saligenin detergents of formula (I1II) and methods for forming same are known and

described, for example, in U.S. Patent No. 7,462,583.



10 20050277559. The optionally substituted bridged phenol condensates and
netal salts thereof wuseful in the practice of the present invention also
i ncl ude hydrocarbyl -substituted saligenin detergents, represented by
fornula (111): Q™M)C OXIl. (II1) Y, X X' _6_~ (R')b" (R')b" d" 15
wher ei n each 0§§) ndependent | y- CHO or -CH20H;, each Y" is a dival ent
bridgi ng grgﬁg lbg ticularly a hydrocarﬂ " group nore preferably a

hydr ocar byl group ,havin fr.o Q 4 car © or an

et her group, pref g‘tlsaobcio glgﬁ n@“g}eosﬁﬁpe ?B&S?rﬁ eﬁ“%@%’é‘?ﬁ% i at oms such

as - CH2OCH2- suiRfifié geb@henm@mel @@deﬁwmrwmh afe sofRSined bstuiredfd 4301 €

percent of the X' and Y' groups; each M is 20 independently an alkali_ or

al kal i ne ear saimmt@deter@ﬂms and parFpe defined @e detangentsicpmprising one ormeys urjisaip

cont ai ni ng I g 8? (goc% bog isons d" is 1 to about 10; c" is O or |

provi ded tha e ¢ aft M is replaced with H, and each b" is

i ndependestly 0, 1, 2, or 3; pI’OVI ded that at |east one aromatic ring

contains an R' substituent and that the total nunmber of carbon atons in all

R' groups is at least 7; g rther provided that if d" is 1 or greater,

then one of the X' groupg kéﬁ%Sallgenln detergentin& formula (111)

and net hods for form ng A Aang kn and descri bed xanple, in U S
3 Also considered within the scope of

the present invention are dptishally substituted bridged phenol/salicylate

condensat es which are fetirfes referred to as salixarate detergents and

can be defined as detergentsiconprising one or nore units of formula (IV)
and/or formula (V): 5 (R2)e VYOOR{(1V)

Ry
Yy V)
R5 R(,

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

(RZ)e (VI)

or

OH
COOR,

R4 (VII)



HOCOORiI R4 Y' (V) YRS R R3 to each end of the conpound having a
termnal group which is independently a unit of formula (VI) or fornula
(M1): (RD, (VI) [/ or OHCOOR, R4 (VII) R5 R6 R3 PF2009L001 -14 with the
proviso that the salixarate nust have at |east one unit of forrmula (1V) or
formula (VI) eR00%00@& unit of either formulé- (V) or fornmula (VII); wherein in
formulae (IV) through (VII), Y'' is a divalent bridging group, particularly
a hydrocarbyl group 5 nore preferably a hydrocarbyl group having from1 to 4

carbon at 0m51wﬁh'ﬁ§ §V1B%t the sQlﬁxa@zE\e%J&?Ba\%*g%s}z&fe%ﬂrﬁ%ﬁmgﬁ‘g@g%?r group

having from1 to carbon atons such as - n or
hydr ocar byl gfoeapla (K2) drsl dmy:dmagnef either farrin;&al (G ar foyrhpla (&’I])swhemm 1ﬁ forlﬁallaes

R 8 TS B a5 s bl o
10 h
(Ca)irt her h g{ 8g@§g%%%§%§g%ﬁﬁd}?9%§§‘%{“’e‘} ﬁ)a{w%gt&?ﬁ utigg‘d@al%& oglzglrg)%k X-Ezle’r ably

such corrpound& anateer group|, prédralsipan ethiet grfupfhavimg|feong ll\v() 4aaﬂboﬁtatdmﬁ:h o
units of forrrulaé ; nore preferably the ratio the nunmber of unlts of
units of forneHzOCHw Rudsh ogmr%@rhyefocamﬂ groyp; Rg ishydrogen 9y a hydrgeardylk om

about 0.1:1 1.0;: 300Ut 2 idhydIBER, RE§EBEABYYor% Heteho sBbstitdted hydrocarby! group;

either R, is hydroxyl and R; and R4 are independently either hydrogen, hydrocarbyl or
10 hetero-substituted hydrocarbyl, or R; and R4 are hydroxyl and R is either hydrogen,
hydrocarbyl or hetero-substituted hydrocarbyl. Preferably such compounds have at
least one unit of formula (IV) and at least two units of formula (V); more preferably,
the ratio the number of units of units of formula (IV) to the number of units of
formula (V) ranges from about 0.1:1 to about 2:1, more preferably 0.1:1to 1:1,
15 particularly 0.1:1 t0 0.5:1. 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. In one embodiment, the amount of sulfur is between 8 and 20 mole %, and
in one embodiment the compound is sulfur-free.
In a preferred embodiment, R, is a hydrocarbyl (e.g., alkyl) group of 1 to about
20 6 carbon atomé. R; is preferably a hydrocarbyl group of 1 to about 100 carbon atoms,
such as 1 to about 30 carbon atoms, more preferably 1 to about 6 carbon atoms. Rj is
preferably a hydrocarbyl of 1 to about 100 carbon atoms, such as 1 to about 30 carbon
atoms. Rj may also be hetero-substituted. The hetero atoms or groups may be —O— or
—NH-. In one embodiment, Y’’’ is CHj; R4 is hydroxyl; Rs and R are hydrogen; R
25 is a hydrocarbyl group of about 6 to about 60 carbon atoms, more preferably about 6
to about 18 carbon atoms; R, is hydrogen; R; is hydrogen; e is 1; 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,



15 particularly 0.1:1 to 0.5:1. Y'' may optionally be sulfur in up to 50% of
the units, such that the ambunt of sulfur incorporated in the nolecule is

up to 50 nole % of the Y groups. In one enbodinent, the anount of sulfur is
between 8 and 20 nole % and in one enbodi nent the compound is sulfur-free.
In a preferrekF2emboddi nent, R, is a hydroceE byl (e.g., alkyl) group of 1 to

about 20 6 carbon atons. R2 is preferably a hydrocarbyl group of | to about
100 carbon atpmmslunsdndhumwrprttferahb'oaudl\@&ntmemhrpaammly ¢absiemr efagnedilp. 1 t o

about 6 carb ref erab ydr car of 1to bout

carbon at ons, ggg pﬁsrioé %’H%ﬁ atepIsg Hb péﬁ‘c P% pﬁ%fﬁntaff’%g‘ 58 Hhelide”

het er o- subst Ithelhﬁﬂessmetah%@mn?goqﬁas A5 Wall QYRR LATANIIR wiflch Bétweembland oy one
enbodi ment, Y'' is 2: R4 i’'s hydroxyl; R5 and R6 are hydrogen; R3 25 is a

hydr ocar byI greneept ofthalpbcnolﬁ chlgbumaremonﬂmemlzaddhsdetmgeetswebenam y about
6 to about 18crbnato R . ], _hydrogen; I s _hydrogen

Dotal nuntler tHEalRR: @ TRy on L ned G 28 it e pE oS b Taveler o Siv@lentinper
of units of foeabas (V) is 1 or 2. Salixarate detergents useful in the
practice of the present invention also 30 include netal salts of the above
conpounds. Sal i xarHiesfutlg neutgadized satscf et dbods detergenfsana ctgltaa'amulastmtilahpvm and

descri bed, for ample, in U Pat nt No. 6, 200, 936. h I and
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PF2009L00I - 15 potassi um um-or era y, a divalent nme
particul ardl y medsuredmyokSTMghwﬁ)nf froﬁl”(étotﬁOn@Kd)PhgeAdbrgemndmnsafzememkef ul in
the practice of the present g\{)ent i gn include the ashless t | -free)

conpounds, sba\ﬁ%may §“PFé’[f%ﬂfa‘§ ¥ $eaCHNG YRS Bt hEFRPY 4 {8 22 i %ent of the
h [ i -OH | t 5
phenol i c rgrd par 5}9&1&1%%{&%2&%0 cnemg@)t 1@%&&1@3&&&59@

neutral i zed, y or eutrallze one nore nonoval ent
or dival ent duosdrgdnt |compnséEhieufralIizle;l dlamgetnahs thedutealdysr of a tnbtal hdaxe\(egdet ergents
may contain a subst st oi frdretrl c anount of vvh| ch

case they ar ecaRpalq Vlllﬁf’gtel R AV asﬁg RireentsmEpave) Téﬁleotfy Vgl d
(yBice Vel Shelphans osies So\THY st spudeceaired b 1o
i ncorporated by r Bt prignaikcadstinmeddridgedphenot] cgrelegsate detergritts) can be
incorporated into lubricating oil compositions of the present invention in an amount
ranging from 0.5 to 30, preferably from 2 to 20, more preferably from 2 to 15, mass %,
based on the total mass of the lubricating oil composition.
20 Lubricating oil compositions of the present invention can also contain
supplemental detergents other than the optionally substituted bridged phenol
condensates described above. Supplemental detergents that may be used include oil-
soluble neutral and overbased sulfonates, phenates, sulfurized phenates,
thiophosphonates, salicylates, and naphthenates and other oil-soluble carboxylates of
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 sulfonates 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.



hydroxi de) with an acidic gas (e.g., carbon dioxide). The resulting
overbased detergent conprises neutralized detergent as the outer |ayer of a
netal base (e.g. carbonate) mcelle. Such overbased detergents may have a
TBN of 150 KOH/ g or 15 greater, and typically will have a TBN of from 250 to
450 KOH/ g or pemoeLodihe optionally substitused bridged phenol condensate
detergent (s) can be incorporated into lubricating oil conpositions of the
present invention $ulf@nteamuayte prepared frgmfsubfoni@.abids wvhdéh arptyfiedighibyaifiedom 2 to
20, nore preferably from2 to 15, mass % based on the total mass .of the
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over based sul fonates, (ﬁhenat es, sulfurized phenates, _thiophosphonates,

sal i cyl at €%, panthalene: Eh“dt)’(legr_ thel halogen fi@}i“l'al%’@? shshas shlomberances of 25 a
metal , parti CEH]@Jok&fu‘%rE%ﬁﬁ'ch%lréna@fnhﬁiehé' Tﬁ@alﬁgfaht}n Hﬁ&%%aﬁd%t i@k um
I'thrum cafcium ‘and nagnesi u he

sodi um  potassium nost conmmonly used

metals are Cplesénd@ofia datiBeneih uliylavifg @ferit@iavigd fromeabpluEeS ®thotethgleT@®r gent s
used in a lubricant, and m xtures of cal cium and/or magnesiumw th sodi um

Particul arly esberesip@st Thealkerd selfenatesipsually coatain Fem abogt & et 89 omnd
overbased cal ¢ium. il f é%ﬁ@%%%g@%%gﬁoéga@ﬁ'\i 6 C?fbrgﬁt;%nog(?aé%oqhﬁggs g%%ﬂ neutr al

and over based"¢al & um P arize avin of from
50 to 4501KOHabsatattdtesothhtad mafty.over based magnesi um or cal cium salicyl ates
having a TBN of from 20 to 450 KOH g. Conbi nations of detergents, whether

over based or neut r &he oil seJgbls sulenatescorabieadyl spHowo9cide may begieuiylized vdthes may

be prepared fromsulfonic agids, which are tvpicall t ai,ned t he
oul Foraet on o et rdrgRiss AtcRiie HafibefleS, daliixSle. kuReE HRbsuiMint 0o
obt ai ned fr ofhRes, Horaes A éhérd 8f e Al AR WM oUnt BYmERPcahiUnalié Shbsed
aromati ¢ hydrocarbons. Exanples included those obtained by al kyl ating

benzene, t ol ubsving seghudrie thdasiphTBA efitbe figalmmediydt buttypicelly rangesoigem about
der 1 V2 052, A0S 9L RERABF el 0L TR S S IGE Tne
agents having fromeeguiltsofifhendls 8nd QfriZ8d pRéioOdte Brpared bl Badtok it an
sul fonates usually contain fromabout 9 to about 80 or
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may
be prepared by reacting a phenol with sulfur or a sulfur containing compound such as
20 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.
Carboxylate detergents, e. g;, salicylates, can be prepared by reacting 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 bridges. 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



nore carbon atons, preferably fromabout 16 to about 60 carbon atons per

al kyl 10 substituted aromatic noiety. The oil sol uble sul fonates or al karyl
sul fonic acids may be neutralized with oxides, hydroxides, alkoxides,

car bonat es, carboxylate, sulfides, hydrosulfides, nitrates, borates and

et hers of th&FePE001 The anount of netal-1@enpound is chosen having regard

to the desired TBN of the final product but typically ranges from about 15

100 to 220 varefefablm thearerhitic ramet)e«dm camgnsa seoueld ddnctippal gsoup, shéhaaset ri cal |y

required. salts s_and fur 0 are prepared by
Feact | on” vi  Aa Bstibalt BHEnHs ExPe whishuoh o8 St Ak GaBbERRIGR oxd e
and neutral Qarbel afRRs# the RAMICISichRY be obtained by nethods well known in
the art. Sulfurized phenols nay be prepared by reacting a phenol with

sul fur or a sulf urPr@"mc(bcxamrgescqup@um culedxyhis agds hyechabigdiv asidsfande, sul fur

hal i d L d I t f d h al,|
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prepared by reacting an aromatic carboxyl | 'c acid wth an appropriate netal
conpound sucIsalag/haramdxardémownZGtdesloHcdjm thedrtnSalicydic aords avestybwslyl pr oduct s

may be obtained b known re. e aromati ¢ noi ety of
the aromati cpEeé’PW)éﬂquag’ lag‘%[‘,’aﬁqr E’Eﬂ?ﬂ%lf’rp Hb?iﬂo %‘fﬂ&tt PERFER™> 85 nitrogen and
oxygen. Pref ?h@fQJdeesteﬂﬂ iHoha C¥seC A %&d&?al%%b?ﬁﬁ&? 'ﬁonﬁ‘&lf}m'ﬁ’a dIRfeRt, i ef erably

the noiety contains six or nore carbBon atons; for exanpl’e benzene is a
preferredOrrmaémy(tuférvat}ammaﬂimglatmlrpm;(qll|c acid may contain one or m)re 30

aronatic noieties cha r nmpre benze erln er fused
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di tl i I
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acid group is Ire ytoacar atom o aromat’i ¢ noil ety,
such as a caphaferablydhtodo, Estpecnlak}ylzlémeZ(Dldagzonl‘des PFRE6 theddik more Thawr afeer abl vy,

e et ) St S b s ek S A Bl %,
O EEAY o B LA AT sy el er e Sxarmles of
t hereof, such as [Sygplemanfaldetengbistt itliatitmeag bealsed in the faaiuthtmndf lubricating oil

compositions of the present invention also include “hybrid” detergents formed with

mixed surfactant systems, e.g., phenate/salicylates, sulfonate/phenates,

sulfonate/salicylates, sulfonates/phenates/salicylates, as described, for example, in

20  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

25  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 o1l compositions of the present invention can also
contain supplemental viscosity modifiers other than the hydrogenated poly(monovinyl

30  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



derivatives thereof. Processes for sulfurizing, for exanple a hydrocarbyl -
substituted salicylic acid, are known to those skilled in the art.
Salicylic acids are typically prepared by carboxylation, for exanple, by
the Kol be - Schmtt process, of phenoxides, and in that case, wll
general ly be UBOMLAYd, normally in a diluBht, in 10 adnmixture with

uncar boxyl at ed phenol. Preferred substituents in oil - soluble salicylic
acids are al kdirarbepbdiciacideands vinyl cogipeynd,-intgrmedymers oéstyreariang petaliaesters, t he

cepci a1y 10 BERHTay PSR kB oAb ity o

group, the averagea ispeRantafvigasiBpmdat GfiBrovér fahétidak at Bethal yiydosily fideg s 15
preferably at |east 9 to ensure adequate oil solubility. Supplenental

det er gent s t hisproesy apd agia digperaant faad may ifodei ineluddd indpbriceting ay cempositions

Formed w o onbBRed FRERk "ESbRLe A SRlaAE UG T el M0be
sul f onat e/ pheRgétR®, produitS GumiRésS &irlekiiinplegfolyamihé Rathast ket e-shsatitey | at es,

as described, for exanple, in 20 pending U'S. Patent Application Nos.
09/ 180, 435 anmogepn diecatlBexykindeid iswhied thehydmcarbylesubg 868 Soem s&, DB®mafd .

Where supplenental detergents are used.in.the fornulation of |ubricating oil
conpos: ¢ 1 one. Brni e BrP Ao TR maeh s ey R PRt 6 i serRyBie. Bosp

introduced byenbhe tBAPRLAI MRk iHPERiet 8RpéSant S HelfdR Rx AApQT @E@)@fne% ben 80 %
such as no greater 25 than"70 % nore preferably no greater thanh 60 % such

as no gr eHt erCs todips BOsalyrated sster ofrdfdradtsihpl oma gy tvef prunsdtamatedonego-such as no
greater than 30 % or nq greater, than 20 % qf .the total | ar amount of
detor gent sos A BEARG R oS Cundtreaaale arif el TueReReres wiherhy |y,
lubricating Oddntéﬁﬁﬂgﬁﬁinbhféf‘ﬁaﬁﬁgKlft?2®Eﬁ§61%tohﬁ‘,/§ Blg/?gér 6PN C3k$0,, d1otmt ai n

suppl emental viscosrity nodifierS other than the hydrogenated pol y(nonovinyl
30 aromatic hyidh e andatmited 6l yo Caonpuayairaitcabexygic dsidudutrabipel yiteas anésgr i bed
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propyl eneys pehyaptinRe b}/’ |g?&fﬁ§g a (Rhdagy M{s%&té@ﬂ%éﬁé&taiﬁﬁ@%mé of an
unsat urated PF2009LCA 18 dicarboxylic acid and a vinyl “conpound,
i nt er pol ymer sthefeos by b e grftarganansyluratedadie osto thapolyeier badkbomeanskthen al | y
hydrogenat ed rggcq}?l%%l rcr)?(glﬁc g(];id %lrjgu%g i()?ﬁl% g?erll edi e;sc?cp \E\/(letﬁ%m amine, hydroxy amine or
alcohol.
Where supplemental viscosity modifiers and/or dispersant - viscosity
20  modifiers are employed, said supplemental viscosity modifier(s) and dispersant -
viscosity modifier(s) should provide 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 mass % of viscosity modifier present in the lubricating oil composition.
25 Additional additives that may be incorporated in the compositions of the
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



A dispersant - viscosity index inprover functions as both a viscosity index
I nprover and as a dispersant and nay al so be included in |ubricating oil
conpositions 5 of the present invention. Exanples of dispersant - viscosity
i ndex i nprovers include reaction products of am nes, for exanple polyam nes,
wi th a hydr ocBF908Lbstituted nono-or dil9earboxylic acid in which the

hydr ocar byl substituent co%ﬁri ses a chain of  sufficient length to inpart
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added to lubricating oils. Ashless dispersants use in the conpositions
of the presentheitypeetfipobymeraispd fosfosmale dispersanit,ith¢ nupbényafdunationplgrgupshai n
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polyisobutylene derivatized dispersant, a high molecular weight dispersant is one
formed with a polymer backbone having a number average molecular weight of from

20  about 1680 to about 5600. Typical commercially available polyisobutylene-based
dispersants contain polyisobutylene polymers having a number average molecular
weight ranging from about 900 to about 2300, functionalized by maleic anhydride
(MW = 98), and derivatized with polyamines having a molecular weight of from
about 100 to about 350. Polymers of lower molecular weight may also be used to

25  form high molecular weight dispersants by incorporating multiple polymer chains into
the dispersant, which can be accomplished using methods that are know in the art.

Preferred groups of dispersant include polyamine-derivatized poly a-olefin,

dispersants, particularly ethylene/butene alpha-olefin and polyisobutylene-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



PF2009LOA - 19 be dispersed. Typically, such dispersants conprise anine,
al cohol, am de or ester polar noieties attached to the polynmer backbone,
often via a bridging group. The ashless dispersant may be, for exanple,
selected fromoil soluble salts, esters, amno- esters, am des, imdes and
oxazol i nes ofP2¥F0Uhai n hydr ocar bon- subs2d+uted nmono 5 and pol ycar boxylic
aci ds or anhydrides thereof; thiocarboxylate derivatives of long chain
hydr ocar bons;combingtionnthereef.i Pneparisicalaely prefemerhdisprasant gorpbingten s noi et i es

hed di . : ' ion. .
condensing & sl L LpARErMAPhE BuSHBRAIP R SRR ARl e bR Y
pol yal kyl ene rpatatawith €B) d hpdroXPESmpauidpe g J bemedryaufitol| (Cd)thSlﬁ)lif@(ytah@léﬁ@ | known
a

succi ni m de di spersant, which is a | 0 condensation product of
hydr ocar by - Sohgming e palyexynrapylenp dinmiage ofl) a polyslkyleaeidjaminesmg.ne) . Bot h

nono- succini m de .and bi.s- lnl I 1S fs.(a LXL UL es st hereof) are
vl t Rnowt. LFeRREhe SR Al Bl JEREAR Pat oy TR S8R 2nfeRgt e
di spersant  RBY,i(09 aAd/6t(IPESer até a0 )T REr prefiRéDiibpdridnt cahBAbesn t han or
equal to 4,000, such 15 as between 4,000 and 20, 000. The preci se nol ecul ar

wei ght r angesomiprisesiegumbingion ¢fd A) pplyissbuisnysweeiniesallydridef withd B e
di t, th f f.unctional . t., ~and t f pol
et b R A R T e

di spersant, arhboBhyaik§eibaiuté® hBptatidipHRAK S afinel é.gg?entaé@ﬂm@ldﬂ th a pol yner
backbone having a nunber average nol ecul ar’ wei ght of from 20 about 1680 to

about 5600. Tyignethylotasminemeihand, us dessribedinel SoPgtenidNetddEnzllbased

di t t ai | yi sobpt . pol havi . nynb

toi boutar e oht AR LGS SisBEAHT Eomils M YR LR o 1y
nal ei ¢ anhydrgrél@icts ¥reradl) thesddshoddts ¥tpréRded/ by fondehs@iattRs ohdiboGbfan

mol ecul ar wei ght of from about 100 to about 350. Polyners of | ower
nol ecul ar weialfl-splsfiteied mope- erspadyhydr@ey teorenchvignabmit é ol rmolkes ght

whi ch can be HeBiRTGrRRCLE, ePaBs R parS RS g p TR e e
0 Sper sants, Lt ol o o i | it No.
pol yi sobut yI éw2:308e BuchMpaicharse comdgnsation paadugtspnaf iseludel a okynzes prastyst
i spersant s Jer G809, 2] PR RS o SRR heleh LR 6L oS
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.
20  Examples of functionalized and/or derivatized olefin polymers synthesized using
metallocene catalyst systems are described in the publications identified supra.
The dispersant can be further post treated by a variety of conventional post
treatments such as boration, as generally taught in U.S. Patent Nos. 3,087,936 and
3,254,025. Boration of the dispersant is readily accomplished by treating an acyl
25  nitrogen-containing dispersant with a boron compound such as boron oxide, boron
halide boron acids, and esters of boron acids, in an amount sufficient to provide from
about 0.1 to about 20 atomic proportions of boron for each mole of acylated nitrogen
composition. Useﬁﬂ dispersants contain from about 0.05 to about 2.0 mass %, e.g.,
from about 0.05 to about 0.7 mass % boron. The boron, which appears in the product
30  as dehydrated boric acid polymers (primarily (HBO»)3), 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
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to provide fro abo 0.1 to ahout. 20 atoni.c pr.oportions of baron, for each
mol 2 0:‘“ acy! ép{gneplﬁpqgl%&z}gems are Qeslcjzribed in LtI.S. PaterFl)t IS(E)S 4,868,064 (glyccﬁic aci(I);

4,612,132; 5,334,321; 5,356,552; 5,716,912; 5,849,676; 5,861,363 (alkyl and alkylene
carbonates, €.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 (M./M,) of from 1.5 to 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



conposition. Useful dispersants contain fromabout 0.05 to about 2.0 nmass %
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reacting a

neutralization reaction.
The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
20 dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:

— —

N
/ 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



25 pol yal kenyl -substituted nono- or dicarboxylic acid, anhydride or ester;
and a polyam ne, having fromgreater than about 1.3 to |l ess than about 1.7
nono- or di- carboxylic acid producing noieties per polyal kenyl noiety and
wherein said polyal kenyl noiety has a nol ecul ar weight distribution (M/M)
of from 1.5 tgrgosRooand a nunber average. ypl ecul ar wei ght (M) of from about
1800 to about 3000. 30 Such preferred dispersants are described, for

exanpl e, in Wbdut $3f giehteNOFhe And dthydfblarbgndittfioplfb3plifd carFtBErcsie qbmbpasedi st on
deposit control, a nitrogen-containing dispersant can be added in an anmount

provi di ng t hezingdiplkyhdithigphasphatespldie rressat venicy ey bpparticwany usafploplgno ol
-22 mass % Lﬁ.}s@&)% 19151%&&%3 o8t %gﬁﬁ%ﬁ?%@%ﬁ@ﬁ?fé%ls Qrfd téi)o%Pg.HE - 12

mass % of rogen. ydrocarby e metal salts ar

frequently usf®dued 12fiasyBREuchNR franbbeuti0BND aBYET. 50 mAKe 6t fdm EBYuteo AN
al kali or alkaline earth nmetal, or alumnum 5 lead, tin, nolybdenum

manganese,5 nitelabputdt.0&mpssco, bappd on thectotphmass ef the gervposiitommolnlope psefarred

lubricati i Li s of O 10 ferably 0, 2 t w .. %. based
upon the t ot S iidoRT Bl ol orkis ity BF e Giaheiptefich ofialf sing bighor e
prepared in dgesphdaphate ddrived bfuaroﬂliﬁac(m e.gU0%erB0 hbl. 94, sheh 28 d\@r 80 mol. %)

di hydrocar byl dithi ophosphoric acid A), usually by reaction of one or
nore al cohol fHm ageqomdpryialcohglswi t h P2S5 and then neutralizing the fornmed DDPA
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salt, any basic,or neutral .zinc ,conpound cpul.d be used but fhe.oxides,
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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
20  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 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.
Multiple 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



S ROIlI /P-SZn RO 2 wherein Rand R may be the sane or different
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ol ybdenum C&Hﬁ@ﬂh@sp@@na?e%@ﬁ%agess; thioxanthates, sulfides, and the like, and mixtures thereof.

15 Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl
xanthates and alkylthioxanthates.

Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.

20  Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCl4, M0oO;Br,, M0,0;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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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

20  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.

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 lubricating viscosity.
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anmoni um nol yBW&P%““Eodi um nol ybdat e, pot—éési um nol ybdate, and ot her

al kal i ne netal nol ybdates and ot her ybdenum salts, e.g.,, hydrogen sodium
nol ybdat e, MbOCl14, %xﬁaml %lzlhxa@mg %lmoymé%@ﬁﬁ 9ﬁh5>pr%$éntdnver§iom lar acidic
nol ybdenum co I ful

conpositions g%?#ﬂﬂg |nven %@FMg%sggge%rw%aﬁoown@?&ggéa%ﬁnagSmhg?ﬁn gggftoth
forml ae: M( BRduB2} prefechbl MrOMSEEA) % to aer €3, man(ﬁe @rbfaﬁbl@zrfﬁorglabmp osel ect ed
fromthe group consisting of alkyl, aryl, ar al kyl and al koxyal kyl ,

general |y of fbnl l“tkaQg{ &é‘?‘%ﬁ@?m and preferably 2 to 12 car bon 30

atons and st pre |y
preferred glr)e t he f’ﬁllﬁ‘ﬂ%l Edt%%l o@gaartﬁjén@t%o? ?RB‘BF ﬁfclllg eseﬁi g’b group of
or gano- nol ybdpfeﬂiei‘alﬁgmmwmdﬂfauaﬂishl(SASHt) henﬂenﬂxwm iDM@74)cfrapowti It. 1 gass ort hi s

invention are trinuclear bdenum corrpounds espem ally those PF2009LO0
-25 of the folessipgef wél%a&muei 0awass % it lgpse orppie&apblyabewits mass Yo carl@ss

i ndependently sel i
nunber of carbon a gfg%ﬁu%?éhﬁ@ 9%{{]2%110509@391 %ngpﬁfgkég?ngpgég’grogl 'e"in the
oil, n is fropreleritslyhavka vidfirednfehOof 1dss thzh’r §809h0.4,m43s 1%, ii@leeeds elerfabom t he

group of neutral electron donat.i n? conpounds such as 5 water, am nes,
al cohol s, pho9gRimass o MeEe mefféalﬂy eahthan apaidh@3 magsyoosuch as lesh ghanabpides

non- St of chi OBt ol Uesyerdl | B2 Rbadyd R RRTREBSRAGTT LRy JobRygease™

anong all the Tigand organo oups suc or at
| east 35 car bﬁﬂbn@ﬁtﬂ@oﬂ Rﬁﬂposttmnr(bﬂ@ewbmsmg Biscaith grusiasieadinivenabadditde: oOi |
flomllnprovers (LOFI) | ower the mninumtenperature at which the fluid

will flow or edvenbevidiaroereatgrthan 18, wabips ne gesater thandi2, prefsolly noyeseater)  of
Chose a5 iy TR o B TP b Bl L 2,
Foam cont nol p%rﬂﬂyﬂh&%’h&@ﬂ:a&ﬂl&ﬂ 1200 pfm&mphbsphorus such as no greater than
1000 ppm of phosphorus, or no greater than 800 ppm of phosphorus.
All weight (and mass) percents expressed herein (unless otherwise indicated)
are based on active ingredient (A.l.) content of the additive, and/or additive-package,
exclusive of any associated diluent. However, detergents, 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 for the active
detergent in the associated diluent oil. Therefore, weight (and mass) percents, 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.



of the polysiloxane type, for exanple, silicone oil or polydinethyl

sil oxane. Sone of the above-nentioned additives can provide a nultiplicity
of effects; 15 thus for exanple, a single additive my act as a

di spersant-oxidation inhibitor. This approach is well known and need not be
further el aborab@gdedierein. In the presenfpinvention it nmay al so be
preferable to include an additive which mintains the stability of the
viscosity of the biefthlesTharsl 4 sbrithiaedin dlads (inomptallzed) mkthy kgl Beldgdd ves
achieve a suitably low viscosity in the pre-blending stage 1t has 20 been
observed t hatalkd rp}ée@% MRYIEE @) vershtiayerage 50 qulaw%%fraqgwaqgmslﬂ@%@ 17k

pr ol onged per4 Lb | r i i . i ]

i Scosity | nolasety RbbUES pHA N BRI A G R PG I b ReDL o,
reaction wit hsulphofic aefd (catiabar) psutyfotfaldehyilie, wateh mity biptaRIo WS ICBafllegé used in
the preparation of the ashlers dispersants as hereinbefore disclosed. 25

When | ubr iScatretoraumpeed vithastissht20paanispesdtankst ((Renkmwiy ccorderseoned
o e o85S b MR S R R B S S Bl o T

that enabl es provi unctron. Tt be

desirabl e, alvdoouaRydieh. ahseaictioh coBpiieaRalée ABR e frofDirfbidicto BOUE over 30

concentrates cpnpr|5|ng additives (concentrates sonetines being referred to
§

as 30 addi ti veinyisktheeByatethbrtapyfram\ddr@ro 2 Craveed heurs, duringdwieigh time

si mul t aneousl othe oil,. to formthe. rieatin il conposithon, The
inal - conposi Ve humie by SscofPls PgitabBh, T8 IR b RIBRT Wb 15 s
% typicaloly penélovek® remswedirdh thRadRdnGsirturatfder rédiRed pressurear 20veCng oi | of
| ubricating viscosity. PF2009L001 -26- Fully fornulated | ubricating oil
conposi ti ons Binalbhhejemperature W@éﬁ@qrwe@)k}evéflﬁwwhmmna diigrntatil @GN [¥Ast 8. 5,
preferably at_|east h .as .fr ab R .ahout 13, preferably from
about 9 to ab“é%fta%?%(? ?dal?{ﬁallgc()ertge S?Sér% g}leé’lgwft%c%(‘)’ml&a%%q}?r% to about 11 ng KOH g
(ASTM D2896). 5 Fully fornul ated lubricating oil conpositions of the present
invention preferably have a sulfated ash (SASH) content (ASTM D-874) of
about 1.1 nass % or | dable br €pmpasitipnaldador matiomter sheEaampless, nore

pr ef erabl y abpout—6-8—rmass—%or—tess—Futty—fornygtated—ubriecats ||§ 1

conposi tions |of the presenfomppapnt on further pr EXel gblx. hay &xadspBxd

content of | ess—than—-about—0-4—wass— % noretess-than-about
STARS' 37.4 | 439 | 379 | 444
STARS? 374 | 439 | 379 | 444
Infineum SV155° 13.0 0.0 13.0 0.0
Infineum V351* 0.2 0.2 0.2 0.2
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

15 " Group II base oil available commercially from Motiva.

? Group 11 base oil available commercially from Motiva.

3 Styrene/polyolefin diblock copolymer (6% AI) commercially available from Infineum, USA.
* Commerecially available pour point depressant from Infineum USA.

> mass % surfactant in the product.

20
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

25  heated to a temperature of 160° C under air for 96 hours, The vessels containing the



to 0.35 mass % nore preferably |l ess than about 0.03 mass % such as |ess
than about 0.15 mass % Preferably, the Noack volatility (ASTM D5880) of the
' fully fornulated lubricating oil conposition (oil of lubricating viscosity
. plus all additives and additive diluent) will be no greater than 13, such
-as no greater PF%&&,;, preferably no gr eat,gr than 10. Fully formul ated
~lubricating oil conpositions of the present invention 15 preferably have no
~greater than %3Hgom&s%erelﬁ%@m{h%nd§+é6£ t8FetBh W /AELH thO RfbrickR00 ppm of

' phosphor us, greater than 800 ppm of phosphorus. Al wei ght (and nass)
percents expr esmgokitiarseiNex(, tﬁﬂbets‘életmeKﬂ-'éRimbmabledc)wam@eda@&& on active

dient (A 1. tent af th t di tiye-package,
exal usi ve. of  &PpPeSERts Bretiew IBERET PRI SE BRSO REPEOTHE: he

~detergents of 130 dIsB@rsR)'h%‘-f%thboh%Yé%ﬂtnh en 1wa§rs§n6&BVé’rH{fghP£l6§d 1§ tt)%[lﬁfirdté‘ di | uent
~oil, which is not renoved fromthe product, and the TBN of a detergent is

" conventi onal | )Thplshnar dtedssfasa formtionof shear raje ves geasurq:chwtthe ramsiondl aisedmeiet.uent
~oil. Therefore, SS rcents, eferring to detergents
are (untess ot her wiiBe lgsh e s e Do SRSt e fon niiied) vepus dialol Shieac | ve
ingredi ent and,as30€ a3k %k éjbé}éj@fpgf fhé wagéetzll?hlﬁed NYRNIH A oMt k‘es’ﬂﬁl gqfnteri"@r

under st ood by reference to t l om ng exanples, wherein al rts are
parts by wei ghtregfer rﬂfm&;i to anthe siscotityeindesef thohé:dxcantE:WBJEiSn'ﬁhécmmw

invention is ilJustrate the foll | i mting, exanpl es. 0
Bl eo 104 SPBERIIEMED Lol 5 Shier i he sefests s sREREResh O | n
~Table 1 ygi ngalh6f BIACENE %n’ﬂﬁ!?t@lt} Bbgerslih 1}#& ositioh Bt thefd g ngase stock

' ratio was constant 1n a he "exenpl | conposi tions. PF2009L001 -27-

~ Exanpl es 3 andependemteaifisressam shedriretes A viscosity tiadexiof suhstaneially less éhalnrli dged
al kyl phenol haying avera | ecu ran fro 100 to
1700. The as mdé%aéesr@%tvf? gﬁﬁémbﬂae'@gsdwg%m g&ﬁé%wr%gs wﬁﬁgﬂ&% fng
dodecyl phenol

ylp L&;gg ??ﬁgéaf it %6l ég(??(;xﬁtl:r)ﬂ@% at B@éo'i’:f}]é)%@?tleﬂ %méﬁ%%@tw fo n;wés

~ heptane to a 5 react prow a stirrer
ni trogen bl anket (668 prdctinilmffecﬁomfragglmmate f@emtiontoShizkén thedyhricant

tenperature controlling stem nd Cardi.ce/ Acetone trap vacuum system The
' reaction démp&ﬂ‘é‘ﬁ?%m%}”él &AR EFUL 1D FREND %er%%a%@‘%mp%ﬁlonrf? Fﬂﬂégﬁ‘ ®hen

heated furthep, f0R886gh CarbAPHia0V 81 0mBAWsSaudHhé B¢t Brpb&fon 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

20
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 lubricating oil composition of
25 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).



wat er was renoved by azeotropic distillation. The residual heptane and
dodecyl 10 phenol were renoved fromthe reaction m xture under reduced
pressure at 200C. Finally, the tenperature was decreased to 120C at which
point diluent oil (SN 150) was added to produce the desired | evel of active
i ngredi ent. TBROBILIOI Conpositional | nforrdPi-on for the Exanpl es Conponent

Ex. 1 ExX. 2 Ex.3 Ex, 4 STARS 37.4 43.9 37.9 44.4 STAR82 37.4 43.9 37.9
44. 4 | nfineum Svibbadisdogures of alkpatends, @rtiqlestandetharwasariplpdescybed hereingro

hon br 1 dged 2 AR b BOERed i RRRRY, ifodhg sfecgrictin by Pbipeent iy ERT 8017
1.011 1.011 {He cempufientd ddrasiBeditiova iyl raddt @nd@rooRdicivad b&foﬁh@ﬁtib@,tsidtg%e 2

Goup Il base oil available commercially from Mtiva. 'Styrene/polyolefin

di bl ock copol 9hise apgdhergtpre; sorpesiiens| des¢ibgdaapramprisig”) ranpisting casenially

Conmercially amaj k : » PQI Nt fr fi mass %
surfact ant4 i ngi:(ra]dé g&léia&‘@g% %f“@‘éﬁgf‘g‘?ﬁﬁ%ﬁ? EP‘Sﬁg‘%‘%ﬁé‘?gg%‘%ﬁ@S‘% gsd for soot
di spersi ng pemchidiransepoditiohs obtaied oFf obtaiablelgchdatkiogw thd definae pligality ofar bon
bl ack was used as a surrogate for the soot roduced in diesel engines. Each

of the exenpl d¢fined comppnenint Theoprnsinles, orpfemrdsepbedimgnts and mpdes ef opgriion2s
heated to a t erature of ..160 C er. ahr . .to hour The .ves
cont ai ni ng th(g{rtgﬁg%égﬁdﬁﬁgn-mﬁgavec%%ggglsﬂbg%n f}\q}g%@regﬁngésge%ﬁgaﬁmgbﬁﬁézﬁser s to

return vol ati h@sichfs blitnit Whei€ atVienti 6YMBARYEr, Rfot tdNgXEonsradds linvikdL@dheXC- 72R"
. carbon bl ack was added to the conpositions to achieve |ubricant

" conposi ti ghs partifver @nbatiments discloaed since Higekisclosed embiodireands ara regardadrason

- black i il ti d ni.ght at 90 Ct il te ..o, Th h
REARMAN - e T R e e T

- visconeter. Whﬁoﬁtqumingmm@%p{rﬂ@fﬂﬁqmenﬁbﬁ_ess was then plotted versus

the log of the



- descri bed as

shear rate, and the slope of the line was determ ned. The sl ope of the
resulting line is hereafter referred to as the viscosity index of the

| ubri cant conposition and can have a value ranging fromO and 1.0. As the
val ue of the viscosity index approaches 1.0, the 10 carbon black is

conpl etely di 8p9PYHAl i n the conposition béBause there is no dependence of
stress on shear rate. A viscosity index of substantially less than 1

i ndi cat es t hatVHAL BaChMMERIS: | s not t horoughl y di spersed; when the carbon
black is poorly dispersed, it fornms aggl onerates that become sheared when
subjected to stress. The practical effect of agglonerate formation is to
thi cken the | wpri canubd&atiegmplasiipositionitbmprisiag armegol Amouvnt @figil o€ lubaichtitige
because the conposition is too thick to  punp. Al though carbon bl ack

aggl oner at es ¥iEREYt il Miner pRGHRLS OHAPISEPLIYIROFIGCT ¢HRRIIERE onafE MGk at es

wi |l break up ' ; i, .ng Performance
of the Exanpl 8@@’.‘?‘%%ﬁﬁg&rég?%?@j%{ﬂn&@gﬁ‘énﬁaﬁgie{&d‘g“%gﬁ%‘i.@SS 0.893 0.778
20 Exanpl e 3 psly(cepfupardididney enddnd drandgre derpgentsvodtprising d@iechr Gauit aptiethlls

bl ock copol ynmers of hydrogenated pol y(nonovi nyl aromati ¢ hydrocarbon) and
poly (conj ugé‘ﬂ‘@ﬁ“ﬂ?"e‘?@&ed%ﬁ’dfé’c%béfgﬁiﬁl%c%%ﬁa esrorgpefaksalp thegead, phenol
condensate detergent. As shown by the resulting viscosity index, the

| ubricating oil conposition of 25 Exanple 3, containing the clainmed

conbi nation ob, vi sposbtiyatimpdbfmipesitiondccdedifg gecihim deviensdt trtBonGamer i or soot
~ dispersancy conpared to the conparative Exanples containing a conbination
~ of the cl ai medropmatis byfrogarhpaibfackof sad blpocksopelymer ef lixdragee (Exanpl e 1);

- the salicylat 201, I . | ai t ent, in

the absense or PRSI an R Ry BTG PRl SR SBHERERR - 20

The di scl osur gfnéimeatdntaiaingfoin 836 bl @6 camdn Aoy seldtedr fréth sShedgsap | bed

herein are hereby incorporated, in their enti reté,g into this specification
\B

by ref erence. consitjingof anirsubstifpeheitene.cblsryrpotittsd\eyrerg vinwhaephthpdene

~conditions of forpul ation . OF r. use and therefore, conpositions
a%(g?“rlpwi %foﬁtgmfedié%r@lg@p}lﬂaneéssenti ally 5 of or "consisting of' a

plurality of defined conponents are to be construed as including

conposi tions obtai ned or obtainable by adm xi ng. the defined plurality of
3 A lubricating composition according to claim 1 wherein the conjugated diene

block of said block copolymer of hydrogenated poly(monovinyl aromatic
hydrocarbon) and poly (conjugated diene) is derived from monomer containing 2 to
16 carbon atoms selected from the group consisting of 1,3-butadiene, isoprene,
piperylene, 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),-By
wherein: A is a polymeric block derived predominantly from vinyl aromatic
hydrocarbon monomer; B is a polymeric block derived predominantly from
conjugated diene monomer; x and z are, independently, a number equal to O or 1; and

y is a whole number ranging from 1 to about 15.



defined conponents. The principles, preferred enbodi nents and nodes of
operation of the present invention have been described in the foregoing
specification. What applicants submt is their invention, however, is not
'to be construed as |imted to the 10 particul ar enbodi nents di scl osed, since
the disclosed gappgigients are regarded as ﬂjlustrative rather than
limting. Changes nay be made by those Skl? ed in the art wthout departing
fromthe spirit of the invention. PF2009L001 -30- WHAT IS CLAIMED IS: 1. A
lubricating oil composition conprising a nmajor anmount of oil of lubricating
viscosity, and.m nok hémzatingoibtompesisaosicosdimpe dlaier | edapin sidblooke or nore
‘bl ock copol yners, of hydropgenated pol y(nonovi nyl .aromati ydr,ocar bon) and
pon(conjugaté@pﬂbgﬁ%?¥gﬂﬁgﬂﬁ@“@ﬂxﬁﬂpé&8EW¥¥@Bﬁ?gcE&ﬁ%??'Wﬁ ngﬁ@? nor e
optional ly L{@éﬁ]h%&ié@%eﬁé)'@?eﬁgesgﬂtgﬂ 85 MLpIoR REmEANdensat es, or et al

sal ts thereof ricating conposition according to claiml| wherein the
‘nmonovi nyl aromatic hydrocarbon bl ock ofAg€BeBbl ock copol yner of

hydr ogenat ed oly. novi nyl aroqmati c hydro arbon nd nj ugat ed
diene) is deri %égfgﬁ?aaeﬁmﬁw%&%ﬁﬂéﬂﬁg&ar%wma@ ly ab@af/lyaf% HiL’bon at ons
selected from i

-al koxy-substi tl%{agocfgg@;r}ﬁg%@%b\?l %;1/ Qﬁ(ﬂg’h‘ ﬁgls!aorsgla*eﬁt«%& %E@‘Pﬁkx St tut ed vinyl

napht hal ene. Zonfghtebrdidefin mynomepasd tA/Bris ataperedisagment detisedrrémviiogtt eingl t he
conjugated diene block of said block copol yner . qf _ hydrogenated

pol y( nonovi nylar%EPBthca]PY 0CRA} HERPBEANI LA uge)tgg d((ﬁ ?'gar'di ene) is derived
from nononer containing 2 to 16 carbon atons selected fromthe group

consi sting of 1,3-butadiene, isoprene, piperylene, nethylpentadiene,

phenyl but adi enfe, 3, AdubrivatifyybH ﬂ:orﬁpdmu@da'taen&l,in@moblaﬁnﬁ} whiereirhsdid Blo8k oct adi ene.

copol ymor ot 1ipae SEsH A BHTBBTAHRGTIPP  BY LATARRaC RYAIPHRBIDANS and pol s
(cconj ugat ed d'pgﬁyg @ﬁé&t&?&l@ﬁ%{}%@%emﬁb@pﬁégglrﬂ%%aﬁ@&?‘fﬂ %lﬁg@,]%nﬁéyo&a«

wherein: Ais rrc b rived predom nantly aromatic
hydr ocar bon naedp®0;00B.i s a pol yneric bl ock derived predom nantly from

7. A lubricating oil composition according to claim 1 wherein said block
copolymer of hydrogenated poly(monovinyl aromatic hydrocarbon) and
poly(conjugated diene) has an SSI value of 2% to 50% after 90 cycles in the testing
apparatus specified in the ASTM D6278-98 protocol with a diesel injector nozzle.

8. A lubricating oil composition according to claim 1 wherein said one or more
optionally substituted bridged hydrocarbyl phenol condensates, or metal salts thereof

are compounds represented by formula (I):

OM), OM), OM), Y
Y Y- X

Ry Ry (R)b

d



conj-ugat ed di-ene nononer; x and z are, independently, a nunber equal to O or
1; and y is a whole nunber ranging froml to about 15. PF2009LOO -31 - 5.
A lubricating oil conposition according to claiml wherein said bl ock

copol ynmer of hydrogenat ed pol y(nonovi nyl aromatic hydrocarbon) and poly
(conjugated diene) is represented by the followng fornmula: A-A/B-B

wherein: A i sraognbyneri c bl ock derived pyedom nantly fromvinyl aromatic
hydr ocar bon nononmer; B is a polyneric block derived predom nantly from

conj ugated diolefin nmonomer; and A/B is a tapered segnent derived from both

vinyl aromat r 6. A
VLY ol O a5 FAOY TRIGSIa PGP SRL Ak SBLEL WPBRTE
copol yner of ihdupendsmristads dpaiayyiproopihayingdropmdito 60dwybliroaaimbsagh arigl

pol y(conj ugated di ene) has_a nunber averaqe nol ecul ar, wei ght rangi ng from

85,000 to 1 15memmtlyﬁ> e p%rnre\ati%@ab@t bAoA PIalA SERPdRERME to claim |

wherein said

hydr ocar bon) Sm) ﬁl‘femﬁgfg%ﬁ%{;%@%%&égene?H%g)z&alﬁq‘gg E&gﬁ%g’%#ea j] MS%LA) after
90 cycles in 1§ hﬁlep@ﬁibmnwa afpikali at ulkabpecirthi reétal ionf d¥eh A VoP62pt8vid8d fiagt ocol
with a diesel injector nozzle. 8. A lubrjcatin oi | osition accordlng
to claiml whidraicis §aMiisserdacsd with H; ansrachAais!i @QW&WIWSE(-J@P@ prigHeO

hydr ocar byl phenol condensates, or netal salts thereof are corrpounds
mmewMaijmwmaU):QM,CHM:QMC(U X\VY. YX(Rb (Rb (RDb
I'd PF2009LOCA9. - 32-Ameirc@u'mg 6i1 temposittonldicordingsclaintld valefit sdiy On@6@ambyl or

et her bridgi ng group each Ris independently a hydrocar byl grou havi ng

from4 to 30@RHBEAIYubsted bedzed hydrocanbmd phgerongengates, or e salts hewsof ded
that at |eas tdre com&u%g?%pges%nt%& %y&&%mﬁa (IB

oM, (I1)

d'
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

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):



substituent and the total nunber of carbon atons in all R groups is at |east
7; each M is independently a an alkali or alkaline earth netal ion; each c
is 0 or 1, provided that, when c is 0, Mis replaced with H and each X is
i ndependently H, -CHO or CH2CH. 9. A lubricating oil conposition according
clai m 8 wherei peRgdi§opne or nore optional lﬁ_substi tuted bridged hydrocar byl
phenol condensates, or netal salts thereof ""are conpounds represented by
formula (11): QM)c QMK QM )C (I1)~ Y Y R R d whereind is 0
to 10; each Y is a dival ent hydfMdtar|byl or eOierbiidgi ng group; (#Bch R
1s independently a hydrocarbyl group lhaving frlom4 {o 30 carbon atons,
provided that the total nunberiof cagrbon ato i Il R groups is at |east
7. each M is independep" Y 't ¥'h netal ion; and each
c' is 0 or 1, provided that, is O, placed with H 10. A

| ubricating oil conposition a ding claim erefn said one or nore
‘optionally substituted bri dg?ﬁn hydr odar byl (Rhﬁ)pol cpndensates, or netal
salts thereof are conpounds re)BresenLed by formul a é.l I1): PF2009LOO - 33
aMyVv, amM)"" (Irrry X1 Yy X. ---t:b~ (R')h" (R')D, d.. wherein each X"
is independent WierehiQRaeh X CddfdtperddilyYCHICBora-CH)GHI ech Yhydraasiodlemtl or et her
bridging group; provided that -CHO groups conprise at |east about 10 nole
percent of thehydroeasy!'wr ethen bpdging growphprow ideq! ks pEH2 groups eempiiseatileasor

al kal i ne earth ,ne ion: each.R' 45 i ndependent | ,hydrocar byl, aroup,.
:cont aining | ?boouggémo?%aerggﬁBgﬁlea}lt(_or?gfl q@ EROYPS e_f%h g‘oo\\ﬁtm e(?;emg%ﬂ?' ndﬂ%}l I
provi ded that yhfkalfie dafth nidtdlRén;Mach R’’rig ldap@fiendly B hitiroen®yEa6lp Bonthifiing
i ndependently 0, 1, 2, or 3; provided that at |east one aromatic ri ng
contai ns an R'!sushout 6@ esrbomagmshe’ tint & abouib@re’ ofs Goerrlopmvidad dras wihen al’lis R

groups Ts at | gagtvhiis Aadell Will1; RICALAE? if Mkpdaedy b1, 2, OF 3. 3rSFHES that

at least one aromatic ring contains an R’’ substituent and 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.

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

more units of formula (IV) and/or formula (V):

(RZ)C Ym (IV)

HO
COOR,



then one of the X' groups can be -H 11. A lubricating oil conposition
according claiml wherein said one or nore optionally substituted bridged
hydr ocar byl phenol condensates, or netal salts thereof are optionally
substituted bridged phenol/salicyl ate condensates, conprising one or nore
uni ts of fornubﬁ¥édyg and/ or fornul a (V):_ggp, Yit, Y (IV) HO COOR,
PF2009LOA - 34- 41Y tV) RS R6 R3 each e of the conpound having a

term nal group which is indepegpdently a unit of fornula (VI) or formula
(MI1): (R)e (VI) or OH@OR* Ra (VII) Rg R6 3 with the B&oviso t hat
sai d condensate nust have Qegunit of formula (1V) ofY) formula (V)
and one unit of either faYm ¥ orformula (VII); wherein in formnul ae
(I'V) through (VII), Y'' is 8 al ents’ hydrocarbyl or ether bridging group R,
is hydrogen or a hydrocar by p; R2 is hydrogen or a hydrocarbyl group;
eis | or 2; R3 is hydrogen, hytyocar byl group or a hetero-substituted
hydr ocar byl group; either R s hydf oxyl and R2 and R4 are independently

ei ther hydrogen, hydrocarbyl d¥ hetero-substituted hydrocar byl , or R2 and
R4 are hydroxyl and R, is either hydrogen, a PF2009L001 - 35

each end of the compound having a terminal group which is independently a unit of

formula (VI) or formula (VII):

(R2)e

(VD)
or
OH
COOR,
R4 (VD)
Rs R6
R;

with the proviso that said condensate must have at least one unit of formula (IV) or
formula (VI) and one unit of either formula (V) or formula (VII); wherein in formulae
(IV) through (VII), Y’*’ is a divalent hydrocarbyl or ether bridging group R, is
hydrogen or a hydrocarbyl group; R; is hydrogen or a hydrocarbyl group; e is 1 or 2;
Rj; is hydrogen, a hydrocarbyl group or a hetero-substituted hydrocarbyl group; either
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



hydr ocar byl 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 nolecule is up to 50 nole %
of the Y groups; or netal salts of said condensates 12. A lubricating oi
conposi tion acgoheiney to claiml conprisip? fromabout 0.5 to about 30 mass
% based on the total nass of the Iubricat'%g oil conposition, of said

optionally su i e} I C , . I
Salts they eof , AeH R SROUEA A ARRRIK hOREERYCRBYE R B mrfiedBAC
'mass of the | ugrt ealiopgondlly becsuhfpofi dp H0%bE Saivglitonactothatiheanuacst sulfur
copol yners of hydrogenat ed pol y(nonovi nyl aroomati c. hydrocar bonij and
pol y(conj ugat eicefiparigd inthe mplaculsrs BRiiq Hymeiq Yol o ¥igrowns; eicaetabisallg of s2id| ai m
| conprising opeior.fmre additional additives selected fromthe group
~consisting f dispersants, supplenental nmetallic detergents, supplenental
viscosity nodifiers, oxidation inhibitors, friction nodifiers,

antifoamants, antiwear agents _and pour point depressants. 14. A nethod of
reduci ng soot - Ihducddubricatipg pil pompesitiar acqordiag il ¢laien | gpmprisingdionpebarbfpr i ses

the step lubrigatin crankca t.h ngi Ath a.lubricating oil .
conposition actg)oqtba\ng%ggal qngssc%‘) al?ar%écf?gghﬁc}o%bgllags[ &ﬁtgéﬂuﬁé‘@tmﬁ %L?Om‘gmﬂﬂm’ Ol? 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 1 comprising one or more
additional additives selected from the group consisting f 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.



