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engi nes provided with 5 exhaust gas recirculation (EGR) systens, and
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being used to reduce the NOy emissions of heavy duty diesel engines is known as

exhaust gas recirculation or EGR. EGR reduces NOy emissions by introducing non-
combustible components (exhaust gas) into the incoming air-fuel charge introduced
into the engine combustion chamber. This reduces peak flame temperature and NOy
20  generation. In addition to the simple dilution effect of the EGR, an even greater
reduction in NOx emission is achieved by cooling the exhaust gas before it is returned
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
25  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,.
30 In addition, one of the major by-products of the combustion of a hydrocarbon fuel is
water vapor. Therefore, the exhaust stream contains some level of NOy, SO, 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
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Therefore, it would be advantageous to identify lubricating oil compositions
that better perform in heavy duty diesel engines equipped with EGR systems that
20  operate in a condensing mode. Surprisingly, it has been found that by selecting
certain additives, specifically certain viscosity modifiers and/or detergents, the rapid
increase in lubricant viscosity associated with the use of engines provided with EGR

systems that operate in a condensing mode can be ameliorated.

25 SUMMARY OF THE INVENTION
' In accordance with a first aspect of the invention, there is provided a heavy duty

diesel engine provided with an exhaust gas recirculation system in which intake air
and/or exhaust gas recirculation streams are cooled to below the dew point for at least
10% of the time said engine is in operation, said engine being lubricated with a

30  lubricating oil composition comprising a major amount of oil of lubricating viscosity,
and a minor amount of one or more high molecular weight polymers comprising (i)
copolymers of hydrogenated poly(monovinyl aromatic hydrocarbon) and poly

(conjugated diene), wherein the hydrogenated poly(monovinyl aromatic hydrocarbon)



segnment conprises at |east about 20 wt.% of the copolyner; (ii) olefin
copolyners containing alkyl or aryl am ne, or am de gr

ni trogen-contai ning heterocyclic groups or ester |i nka§§gé'£%3ﬁ8r”?% i)
acrylate or al kylacryl ate copol yner derivatives having dispersing groups. 5
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30 In accordance with a fifth aspect of the invention, there is provided a
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lubricating oil composition comprising a major amount of oil of lubricating viscosity,
and a minor amount of one or more neutral and/overbased metal-containing
detergents, wherein from about 50% to 100% of the one or more detergents are
phenate and/or salicylate detergents.

20 '

In accordance with a fourth aspect of the invention, there is provided an engine,
as described in the third aspect, wherein the lubricating oil composition further
comprises a minor amount of one or more high molecular weight polymers
comprising (i) copolymers of hydrogenated poly(monovinyl aromatic hydrocarbon)

25  and poly (conjugated diene), wherein the hydrogenated poly(monovinyl aromatic
hydrocarbon) segment comprises at least about 20 wt.% of the copolymer; (ii) olefin
copolymers containing alkyl or aryl amine, or amide groups, nitrogen-containing
heterocylclic groups or ester linkages and/or (iii) acrylate or alkylacrylate copolymer

~ derivatives having dispersing groups.

30

In accordance with a fifth aspect of the invention, there is provided a heavy duty
diesel engine provided with an exhaust gas recirculation system in which intake air

and/or exhaust gas recirculation streams are cooled to below the dew point for at least
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lubricated with a lubricating oil conposition conpri SigifkcaMBiRIppgmount of

oil of lubricating viscosity, and a mnor anmount of one or nore

ni trogen-cont ai ni ng di spersants wherein greater than 50 wt. % of the
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copolymer derivatives having dispersing groups.

20 In accordance with a seventh aspect of the invention, there is provided a
method, as in the sixth aspect, wherein the lubricating oil composition further
comprises a minor amount of one or more neutral and/overbased metal-containing
detergents, wherein from about 50% to 100% of the one or more detergents are
phenate and/or salicylate deiergents.

25

In accordance with a eighth aspect of the invention, there is provided a method
of operating a heavy duty diesel engine provided with an exhaust gas recirculation
system in which intake air and/or exhaust gas recirculation streams are cooled to
below the dew point for at least 10% of the time said engine is in operation, for at

30 least 15,000 without a change of lubricating oil, which method comprises lubricating
said engine with a lubricating oil composition comprising a major amount of oil of

lubricating viscosity, and a minor amount of one or more neutral and/overbased



2002L009 - 5 netal-containing detergents, wherein from about 50%to 100% of
the one or nore detergents are phenate and/or salicyl adapeckvBgEResES. I n
accordance with a ninth aspect of the invention, there is provided a nethod,
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am ne, or am de groups, nitrogen-containing heterocylclic groups or ester
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navi ng. di sper of 9 S BURET Splih Rkt LR G R Eant ¥ el
inventioB, taef Beletoih aYiede W RrdIR HRAdbAEatink Di1QRSIREI0E farte W rildéya di esel
engi ne provi ded vm’t%'n an ‘exhaust gas recirculation systemin which intake air
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shows di agranmatically the operation of a heavy duty di esel engine provided
with an exhdgymgglspersend g10UPHt i on systemthat is optionally operated in a
condensi ng node in which intake air and/or exhaust gas recircul ation streans
are 30 cooled to bel ow the dew point. 8 DECEMBER 2005 2002L009 -6 DETAI LED
DESCRI PTI ON OF Thiacd ¥4NE votth d teatioppeatdfolme iaberdtlen, egrd ppecvibedy ynethddyofdi esel
engi nes i s best ,desg}rgi bed wth reference éo,Fia%. }1] In such ain,engi ne, a
portion 18f {OReraHngy 3 Yy yidiesgl engiegyovided with an exhaust gas recirculation

system in which intake air and/or exhaust gas recirculation streams are cooled to

below the dew point for at least 10% of the time said engine is in operation, for at

least 15,000 without a change of lubricating oil, which method comprises lubricating

said engine with a lubricating oil composition comprising a major amount of oil of
20  lubricating viscosity, and a minor amount of one or more nitrogen-containing

dispersants wherein greater than 50 wt. % of the dispersant nitrogen is non-basic.

Other and further objects, advantages and features of the present invention will
be understood by reference to the following specification.
25
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows diagrammatically the operation of a heavy duty diesel engine

provided with an exhaust gas recirculation system that is optionally operated in a
condensing mode in which intake air and/or exhaust gas recirculation streams are

30  cooled to below the dew point.



fromthe exhaust manifold | of engine 8 to EGR mxer 2, in which the portion
of the 5 exhaust gas routed to the EGR systemis m xed gwibeqagpRyedsi on air
provided through air inlet 3 to forman air/exhaust gas m xture.

Preferably, the portion of exhaust gas and the conmbustion air are cooled in
an EGR cool excoz.oand aftercooler 5, respecdively, before being m xed. Mst
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coal or shalealso serve as useful base oils. 30 Synthetic lubricating oils

i ncl ude hydrexbaviiehthopush Qiilhéuﬂﬁ@lltiets'bbwthﬁtl iﬁlﬁé@ateﬁyﬂﬁb%hlrbb@ﬁﬂtﬁ <I>115 such as
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al kyl benzenes 8 DECEMBER 2005 2002L009 - 7 - (e.g.,dodecyl benzenes,

t et r adecy! beabPBhE&00Qmilsh Wity @eduiredilybricating il ichaife) benzenes) ;: pol yphenyl s
(e.g., biphenyls, terphenyls, alkylated polyphenols); and al kyl ated

di phenyl ethers and al kyl ated di phenyl sulfides and derivative, anal ogs and
honol ogs t her eof 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

20  gasoline engine oils, mineral lubricating oils and heavy duty diesel oils. Generally,
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 mmzlsec, as measured at 100°C.

25 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
the paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating

viscosity derived from coal or shale also serve as useful base oils.

30 Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated

polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
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tetraethyle l'ycol”. 15 A other " sui'tabl e class of syntHhetic lubricating
oi | s conpri desvithe, estlegssandfhondilegsrthereyf.i ¢ aci ds (e.g., phthalic acid,
succinic_acid, alkyl succinic acids and al kenyl succinic acids, mal ei ¢
acid, azelaic acid, suberic acid, sebasic acid, fumaric acid, adi pic acid,

i nol ei c_acid dlmpyen@ekiﬁae'psly%ryan@ n@fb&?h&&'&d@féhdﬁwe@'tﬁ&%wﬁ@é% ¢ 20

acids) with a variety of alcohols al cohol , hexyl al cohol
dodecyl al cedrolinal r@dandyygm;)yha\&l tEﬂGh(DﬂlqdlﬁfE(hw mlfgjaycmle,thaﬂlfeahgm@ne gI ycol

nonoet her, propyl ene col Specific e np es q ch esters des
di butyl adi FERR! u‘a@eﬁthg{‘ﬁ h‘@?P?’n 5@!8‘@&8%1 “C%H‘L%n‘” jﬂqesq %Fﬁﬁ?‘%\‘F‘BLPE‘s EXtyl

bacat e i
St e CRARRRTAHL A PRt S S008 Kb ARgLAt e ot dh AL LR By

| i nol ei @0 acm;hdtd; aret the atkyl talhrealc/bnqlnbsmf@@i)@rxyalbylnedp@ymeea@tg rrgetbmb nol e of
sebacic acid w of tetraethyl|ene glycol S

S Dy hexaRobEospogy kel B! Ghetti i Ve Relehr o A CrPyfinthose
made from Caf blly Qlﬂyleﬁ@g"l%@mﬁ‘?mg'd fHoRehds wandt Be1000ts 1300); RAd Wihoeaier s such
as neopentyl glycol, 30 frinethyl ol propane, pentaerythri t'ol,

di pent aer yt hpiymboamldc esterp dhrerendr for wkample, thejargticoasidesiess, mixed GeoCfaliy t he

pol yal kyl - I ' C al k licone oils and silicate
ol 5 conpr | 2848 Yiid GBI EsieRd ftggg?tﬁle%{%:%X%ECENBER 2005 2002L009 - 8-

| ubricanmss; such 0| I s include tetraethyl silicate, tetraisopropyl silicate,

tetra-(2- ethyl hexyl )silicate, tetra-(4-methyl-2-ethyl hex%ll )silicate,
tetra-(p-tert- btﬁl‘Sﬂ ejﬁw ylasssq»ﬁ syatie c lubricating oils comprises the esters of

e e WL R A et |
esters of 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

25  linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic

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

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

30  trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.

Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or

polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic



5 phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl
phosphate, diethyl ester of decyl phosphonic acid) andsp¥CEVEBERC2005
tetrahydrofurans. Unrefined, refined and re-refined oils can be used in

| ubricants of the present invention. Unrefined oils are those obtained
directly frogmomatural or synthetic 10 spurce without further purification
treatnent. For exanple, a shale oil obtained directly fromretorting

operations; lpgidaatsseimsils iablude aedediyl stitdry, tbir4iso ciiﬂd);sytllsilicaﬁel @efa-(@r ester oil
obtained directly froman esterification _and used wi thout further treatnent

woul d be an etilegxyhisdicate; tetirefRetdYo? ethydica yBsilirttartet s (Ritfriebytieabals except
h h |
that the oi smcaﬁeﬁ‘;hg{& {kf;lfne{ y(f%t&g{lkgf\)ggﬁs&) E)glr}}?r'ft‘ﬂh )ga?&;ep zﬁlrfps to

i nprove one or per I €S SUC 1 on ques, such

as distil | atjodfimesto} pishty])eXdNanes.i Other ayannlet@rlubxb@smg ot (mbidediguid edidsaf i on
and percol at| on are known to those skilled in the art. Re- refined oils are
obt ai ned Shy mmmg@scmtmmaracm (£-HosEcTane @hewhaicotfiogy] PBesPhals. diethyl but

eI, M o B P P oP R M BRLA T, . Tines, o

are often subjected to
additionally 20 processing using techniques for renoving spent additives and
oi | breakdown products. The oil of |ubricating viscosity may conprise a

Group |, Group |Unre@ped;pefined andcaede%nqd\plbrcaebéw@ed/mﬂa%recaslmcfkhe pfeseiise oi |
bl end f th f b P |
Pubr cati ng e SRR 88 fhose btaltRy b RS Anartdaybillis o v pase

stock, of a yasmtbumehduhﬁfmfr purificaioni tidattheént0Fone £anaple) d shhRsel sitaimkd and one
or nore a Goup | Goup IIl, Goup IV or Gaoup V base stock, The base
stock, or bhHEsty tfr@ekr%wﬁa opfFiatigns pryolsum oil %béﬁla?da@lée%ldrff@ﬂtdl%lﬂlaa?HAqsast

65% more prg e?roﬁl?)lbYaméf d+ ?tfr%ég{}’i le%@ﬁﬁca‘?iroﬂfa‘ﬁﬁ% %d" wﬁﬁodt%’ﬁﬁerox?éé ment

Preferably, the oil have a cont ent ess t han
1% pref er abkguld (bssanmheaﬁrﬁd(ﬁ% Rufisied pile heersaod 1yr tloemseftnladrmll@ex@ps%at the aiki ght .

Preferably the volatility of the oil.or .oil blend, as neasured t he NOACK
Lot - (ASTMIBBEHE) Bepted el ormaraRisRasin HePSomTng e B ABIYT BEPertin o

equal 1 0;525%1a8y REGEMBER1OPRRAEELDNL N R-didilaB oR Bl VehedlActifs Sactd@n or

equal to 20% nost preferably |ess f han or equal 16% Preferably, t he
vi scosity i rm@«extmc)loo;rfﬂsmomrand percoliation pegrkdiopva tatthase skilled s th|9r9éff eRfabI y at

| east 100, st e r 14Q. [ t he base
stocks and ba 1réedg<|51f E%B{%ned % %Ig{%sns%grﬁg} tt%he Sseélﬁgd gggrb?ﬁ%ggﬁ ed Olc? burtl
Anerican Petteglrewith bilshatthat alré AR heepubdd @akivice. "y ireeeflied oils are also

known as reclaimed or reprocessed oils and are often subjected to additionally

20  processing using techniques for removing spent additives and oil breakdown products.

The oil of lubricating viscosity may comprise a Group I, Group II, Group I,
Group IV or Group V base stocks or base oil blends of the aforementioned base
stocks. Preferably, the oil of lubricating viscosity is a Group II, Group III, Group IV
25  or Group V base stock, or a mixture thereof, or a mixture of a Group I base stock and
one or more a Group II, 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%, most preferably at least 85%. Preferably, the oil or oil blend will have a
sulfur content of less than 1%, preferably less than 0.6%, most preferably less than

30 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%,



Li censing and Certification Systenf, Industry Services Departnent,
Fourteenth Edition, Decenber 1996, Addendum 1, Decenb 1
publication categorizes base stocks as follows: 10 a) %&%%&?Egg@g st ocks
contain |l ess than 90 percent saturates and/or greater than 0.03 percent

sul fur and hay®oe vi scosity index greatergithan or equal to 80 and |ess than
120 using the test nethods specified in Table 1. b) Goup 11 base stocks
contai n greaher préferbly leeqthah ot eq tB0% cimmbst patfarabl elessathdn od&quak$6%t han or

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

equal to 80 Bipfarabliedbe RFOSYGRaRS ng OB PUSK OIS aglﬁéfgiSfSi @&fqr@qr&bl e 1.

c) Goup III i t h or equal to 90 percent
I%A%??Go,%%ﬁ&f&%%ﬂrgp%% 1%5 tb 180

saturates an ess n or to 0.03 percent sulfur and have a
viscosity index greater than or equal to 120 using the test nethods
specified in Table 1. 20 d) Goup |V base stocks are pal yal phaol efins (PAO).
e) G oupSV base R¢fyukaens 1o thehase piocks apdbapils igithisiaventipn ardhe 8¥8E fh G oup

[, 1, 1, . - i . ‘ ropertyTest
Met hod Sat urt%‘?sréesf%‘mt‘%mi%ﬁ#er{ﬁa@c@ggﬁelif“laﬂﬁ‘é%@&g%%?gﬂ@uﬁ{tﬁq‘i\%ﬁ) D 2622
ASTM D 4294 1A&M N ah9Tertddvion S3k&eh’ 2 Indbs D SEVRER IRpanm20) Fodnth 10 The
viscosity index of the base stock is increased, or &%ﬁérrgroved, b

= X ed, Dby .
i ncor por at i riflitione Ascamber 1 %0n Addendust 1 DsreMbEY 1998 ¢ PrRlisatippRatagorizes cosi t y
nodi fiers (bgFQ 9k VdsF5RSH LY 1 ndex inprovers (VI1). Generally, polyneric
materials useful as Vi scosity nodifiers are those having nunber average
nol ecul amw wei ghts (M) of from5 about 5,000 to about 250, 000, preferably

from about 15,000 to about 200, 000,. nore ef erably from about 20,000 to
about 150, 000. 'ﬂ%&r@“ﬂg@&ssi“i SﬁB’&f?Piqgﬁséh@g‘fr‘P pacent saturates a“%%r greater than

0.03 percent sulfur and have a viscosity index greater than or equal to 80 and
less than 120 using the test methods specified in Table 1.
b) Group II base stocks contain greater than or equal to 90 percent saturates and
15 less than or equal to 0.03 percent sulfur and have a viscosity index greater than
or equal to 80 and less than 120 using the test methods specified in Table 1.
¢) Group III base stocks contain greater than or equal to 90 percent saturates and
less than or equal to 0.03 percent sulfur and have a viscosity index greater than
or equal to 120 using the test methods specified in Table 1.
20 d) Group IV base stocks are polyalphaolefins (PAO).
e) Group V base stocks include all other base stocks not included in Group 1, 1I,

I, 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

25



grafted with grafting materials such as, for exanple, maleic anhydride, and
the grafted material can be reacted with, for exanplegm@a R &gk des,
nitrogen-containing heterocyclic conpounds or alcohol, to form

mul tifunctional viscosity nodifiers 10 (di spersant-viscosity nodifiers).

Pour poi nt deprewsants (PPD), otherw se- kmown as |ube oil flow inprovers
(LOFIs) lower the tenperature. Conpared to VM LOFlIs generally have a | ower
nunmber aver age fibleegicosity indexyhf thelbakestodk isli@Ftased.aor imprapedf byed with grafting
15 materials such as, .for exarrrpl e nmaleic aar}h%drhgef. and the. rafdt{sd
material cafOPOTRURE PEEFHFHIN PRIy MERS it el ah B ctiappgypgcosity modifiers

ni trogen- CQWR&)@r%CGﬁEFTn@&W ﬁhf)&)veﬁ({mu @ﬂ:ﬁex‘aﬂy?ﬂcﬁ Sfic rarfaR¥eful as
mul ti functional” additives. Polyner nol ecul ar weight, specifically M-, can be

det er m ned biscosty mogdified dcetwse heinpingubs: averezeqoolvan iewei ghtst(Vbd of frogel

perneation chro raph , ich additionall rovi | ecul ar

wei ght df st @bmgwtpﬁga%?&g@& p?@%aw i sy | 5900 akwt%ﬁﬁ#@zgarﬁareu D.

Bly, * Nbde%@&%bﬁq%ﬂ%gﬁ 20,606 & O?Gpﬁp L0 afhidye visco%ﬂp@n &Y c%m;%sons, New
Anot her user ul or

York, 1979). met ho eterm ning nofecular weight,

parti cul ar | grdfed widwerafting reatatials sweh g forpoxasnpie, snaldis anltayivide parelstbel geafted 5
osnonetry (see, M. D3 One class o | yners that .can be used as

_e.qg., AST 92) . f
the "hi gh BVl g B%F;?ﬁ‘éfl'”vla?’%%%f‘é‘a”’;ﬂl%gmesi ﬂv@%&i%ﬁog@'w&éﬁ’wms of

hydr ogenat eHetERJ%&HP&QHMM‘ds BF AFBRAICto fAVHTANRNRLAIn AN BAlYmb&PRIugat ed
di ene), wherein the hydrogenated poly(nonovinyl 30 aromatic hydrocarbon)

segnent 1¢onftispesanatviscesiytmadidigts)20 wt . % of the copol yner (hereinafter
"Polymer (i)"). Such polyners can be used in lubricating oil conpositions
as viscosity nodifiers and are commercially avail able as, for exanple,

SV151 (I nfineump éinPde)presE’érﬁE @F‘F’I@ﬂ o&k‘i‘@iéia waﬁ%@ﬂﬁeid}lﬂi%dﬁxﬁﬁﬁfv@@n nonomner s
8 DECEMBER 2005 2002L009 - 11 wuseful in the formation of such materials

i ncl ude st y(le@Els) wgriths epperatutee Camparehie, VMalLKIly gensselly haveedoweyr ene,
vyl napht ol ene, A0 9Ll U ST ERBRASLAE o ThE Lo and

U
al koxy subst T PaEN'S pl Ca conprise’ from1t a

preferaldy tiatnals suehds,dar &xuingle omBleicldidydtide)and dfe ghiyd material Kanbe
substituents per 5 nolecule, if present, may range from1l to 3, and is
pref erabl y Bietedpyigh doh SdmPn ARy At e AT o8 i AR T AR DIEEIEtATO ¥eliEhe f or mat i on

of such mat @6&1%@}?52}2%%%9% tRk Remireaoad Hugnes containing from4 to 24

car bon at ons, ,
Polymer molecular weight, specifically M», can be determined by various
20  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, "Modem Size Exclusion Liquid Chromatography",
John Wiley and Sons, New York, 1979). Another useful method for determining

molecular weight, particularly for lower molecular weight polymers, is vapor pressure

25  osmometry (see, e.g., ASTM D3592).

One class of polymers that can be used as the "high molecular polymer" of the
present invention is copolymers of hydrogenated poly(monovinyl aromatic
hydrocarbon) and poly (conjugated diene), wherein the hydrogenated poly(monovinyl

30  aromatic hydrocarbon) segment comprises at least about 20 wt.% of the copolymer
(hereinafter "Polymer (1)"). Such polymers can be used in lubricating oil
compositions as viscosity modifiers and are commercially available as, for example,

SV151 (Infineum USA L.P.). Preferred monovinyl aromatic hydrocarbon monomers



but adi ene, isoprene, piperylene, methyl pentadi ene, 2-phenyl -1, 3- but adi ene,
3,4 10 di net hyl -1, 3- hexadi ene and 4, 5-di et hyl - 1, 3- oct agipaleeMBlirefogs r ed are
bl ock copol yners conprising at |east one poly(nonovinyl aromatic

hydr ocar bon) bl ock and at | east one poly (conjugated diene) bl ock.
Preferred bl®8k¥®pol yners are sel ected- ﬂﬂ0n1those of the fornula AB,
wherein A 15 represents a_ bl ock pol yner of predom nantly é(nnnOV|nyI

aromati ¢ hydissEdrin & formygiqneefrsus maéer@lsgp@,l@fge wreﬁ?e%xhs.uhmm disyrgne
ted
R O e e e

hydr ocar bonsTigd gkt aﬁdeﬂleoy@mdbmtua{tkmay Zﬁblsﬂb&iohipnitseﬁoﬁt ytceﬁearbpﬁratdmg,ul arly
styrene. Preferred conjugated dienes are those containing from4 to 12

car bon at orrsprefmatéyélm bt cgrbpp gipnes. {hequghep ghalkylormlkoxysypstepents per
butadlengrghﬁyf knq- L. RLE gﬁgagwﬁgggbqqggeg“g?éﬂgmggpqy%rs Preferably, the

pol y(iso rogeh topolymers selectlvely
hydr ogenat ed bIock copolyners are known in the art and are comercial ly
avai | abl e. Such bl ock copol ymers can be nmade can be nade by anionic

pol yneri zati on wPrefered coniighied fisng| m@nﬂr@qramfulsnélw feEmatéqn hmateialsn  as

descri bed, for I 00, 633
and 5, 194, 5@6 gﬁﬁgﬁ %o@Pg?g%ﬁFBga(% éTZ%ﬁ%E{?“?ghgéﬁheggPééa éopolyner
may be sel eqsutwlexye ifypenegeipatyhie, mymnytpahiamehe Bphegl-¢S-utediehd)3t4-t he

r esi dual g%lenlc unsaturation of the block is reduced to at nobst 20%

nore pr efoer aimethl-lxhbexagigne gpd ¢ Jodisthyt-apretadiengpst 8 DECEMBER 2005 2002L009
-12- 2% of the unsaturation | evel before hydrogenation. The hydrogenation of
these copolynmers may be carried out using a variety of well established
processes i ncl udPreferrdadyade bguehabp@jmnien dobhgpripingse ivast @ie ;mmhmomat/ialyyst S as

Raney Ni ckel, nobl met a S Iatlnunland the I.ike, | ubl e
transition naéf’ﬁllatlﬁ |o§]‘%r¥> Hﬂacqi ?‘ldafﬁ AT g ALy (fogugated dé‘é%e%ﬁroﬁgd in US.
Pat ent No. %%%eﬂ%ock%’éfé‘?ﬁér@bre@@ie}é@ rﬂo%ﬁﬂo@@opﬂhe F&Ral4 B, WHekeifiAval ent

coupling agents can b to formlinear polymers. It is also known that
a coupl ing agpnﬁmUanbhEkﬁvbmsﬂCﬁmﬂgkmunmhvImhdﬂpmbwnﬁkmzamhth¢mcabnohoner

naind. 0 SSoat el RALY L ATHIGnt oy (udhpRenssn 2 O vinyibenzene o

Preferably, the poly(conjugated diene) block is partially or fully hydrogenated.
More preferably, the monovinyl aromatic hydrocarbons are styrene and/or alkyl-
20  substituted styrene, particularly styrene. Preferred conjugated dienes are those
containing from 4 to 12 carbon atoms, more preferably from 4 to 6 carbon atoms.
Isoprene and butadiene are the most preferred conjugated diene monomers.

Preferably, the poly(isoprene) is hydrogenated.

25 Block copolymers and selectively hydrogenated block copolymers are known in
the art and are commercially available. Such block copolymers can be made can be
made by anionic polymerization with an alkali metal initiator such as sec-
butyllithium, as described, for example, in U.S. Pat. Nos. 4,764,572; 3,231,635;
3,700,633 and 5,194,530.

30

The poly(conjugated diene) block(s) of the block copolymer may be selectively
hydrogenated, typically 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



50 arms. Di- and nultival ent coupling agents containing 2 to 8 functiona
groups, and nethods of formng star polyners are well ghjiewamsiidepsiCh
materials are available comrercially. 15 A second class of polyners useful
in the practice of the present invention are olefin copolyners (OCP)
cont ai ni ng dbo®persi ng groups such as alkyp_-or aryl am ne, or am de groups,
ni trogen-contai ning heterocyclic groups or ester |inkages (hereinafter

"Pol ymer (i i2p% pf thehmsahetion lmpbd:fprmlnysirmmatimnp’fli]esleychongenatmﬂ)bﬁmeis@n of
olefin nononers, but are nost commonly ethylen | east one ot her
a-ol efi n. TKEPGYISE PayLe C%}ﬁ‘éd@Ph\é?“%laBPréffth T sneplhed eBereneononA g an

a-ol efin hamaﬁ)cggnﬁt ol th x?? ﬁ%{f?ﬁ@]caﬂp t %I@Eﬁeﬁ&@é ekl R)’ésh%@e As

is well kno ners ene |g er fins suc

propyl ene, @Mtﬁmm mal uhdehke,t dmaarbl@ﬁhgmmn mafal eatalystoard Staniuby patablstsads t hese

ot her nononers are non-conj ugat ed dlenes such as the foll ow ng,

non-1 i m 8i ngeestbepiny-SPaent No: 8i29M0¢hai n di enes such as 1, 4- hexadi ene and
1, 6-oct adi ene; b. branched chain acyclic dienes such as

5- et hyl - 1, 4- hexadi ene; 3, 7- dinmethyl -1, 6-octadi ene;

3, 7-di net hyl - 1, ‘:Seqaéraﬂail poly nenidatidixexcke it nEW ish dﬂval&hhg(ﬂnpﬁngr;ag@necanbb used

di hydrooci nene; c, single ring.alicyclic dienes such as 1,4-cyclohexadi ene;

1, 5- 30d. cyévmamaéﬁelyr%ﬂ issalsq knoyyb et a AP wiwe a&amttqanﬂvﬁﬁ@ﬂaﬂ iy ¢
fused and brj ﬂggpolghﬂzgizQ I%Uﬁ&n atvﬁ{g @ﬁ%@%a%@%ﬁ%%&% 6588% 5

met hyl t et r ahy ene, cyc openta en

2002L0090- 13Zroup’,sich ) dhaptlberzehe ci moeidalskee w]ynmlrkmmdgfrenmhohoélté(emdt and
cycl oal kyli ene norbonmenes. such as 5-net hyl ene- 2- norbo ﬂene

B) .
5-et hyl i dene* (5r?ﬂ§1rf§lﬂ(tl|§|f{i§51t cayl pgﬁg&? $eomain e /oo ctiona grom?ps and
5-i soproyl i qlﬁaﬁoé’s STELRANPENE poRmieds S GHAPEIWEE ducR e AENSailfble

cycl ohexyl i dene- 2- nor bor nene.
commercially.

15 A second class of polymers useful in the practice of the present invention are
olefin copolymers (OCP) containing dispersing groups such as alkyl or aryl amine, or
amide groups, nitrogen-containing heterocyclic groups or ester linkages (hereinafter
"Polymer (ii)"). The olefin copolymers can comprise any combination of olefin
monomers, but are most commonly ethylene and at least one other a-olefin. The at

20  least one other a-olefin monomer is conventionally an a-olefin having 3 to 18 carbon
atoms, and is most preferably propylene. As is well known, copolymers of ethylene
and higher a-olefins, such as propylene, often include other polymerizable monomers.
Typical of these other monomers are non-conjugated dienes such as the following,

non-limiting examples

25
straight chain dienes such as 1,4-hexadiene and 1,6-octadiene;

b.  branched chain acyclic dienes such as 5-methyl-1,4-hexadiene; 3,7-
dimethyl-1,6-octadiene; 3,7-dimethyl-1,7-octadiene and mixed isomers
of dihydro-mycene and dihydroocinene;

30 c.  single ring alicyclic dienes such as 1,4-cyclohexadiene; 1,5-

cyclooctadiene; and 1,5-cyclododecadiene;
d.  multi-ring alicyclic fused and bridged ring dienes such as

tetrahydroindene; methyltetrahydroindene; dicyclopentadiene; bicyclo-



O the non-conjugated dienes typically used, dienes containing at |east one
of the double bonds in a strained ring are preferred. sHECEMISER foef er r ed
diene is 5- ethylidene-2-norbonene (ENB). The anobunt of diene (wt. basis) in
t he copol yner 10 can be fromO0%to about 20% with 0%to about 15% bei ng
preferred, a02®to about 10% bei ng nmed8 -preferred. As already noted, the
nost preferred olefin copolyner is ethyl ene-propyl ene. The average ethyl ene
content of the copol ynéh2,dxhepthd, ndichevalkenyR 0lkybdere, wpilegikenyhgnd. The
preferred m ni num et hyl ene .cantent iis about, 25% re.preferred m ni num
"5°30% The. maxi mum e RAGHEESA BRCOBEIZISEha S PRS2 RSB en. el ght
has, preferably the may - B né BY05- ) about
80% Preferably, the omg}yr? %%Bﬁg:hsér}ger@sgg%%ﬁ:i nﬁ%lrso% a%%g?kggaq{fﬁ%bgﬁ’. %
et hyl ene, nore pref er ablisopfoydideabdutorb@neng, aibyaycldpentyenydp-Z2nbrpoereae; Fhe

nmol ecul ar_ wei ght (nunber average) of the olefin copolyner can be as |low 20
as 2000, but the pref e?¥cé‘§leﬁi"ﬁ&%hﬁpgrtb?@eﬁ%)o. The nore preferred mninumis

15,000, with the nost preferred m ni mum nunber average nol ecul ar wei ght
being 20,000. It is believed that the nmaxi mum nunber average nol ecul ar
wei ght can be asOf Hiegtona®njiza®GdGli @66 typitedl ypised, etanesl comxinmgnat ileas adyeudf

1, 000, 000, with the nost. referred maxi num . being about. 750,.000. An
especial l'y %@BBPQE@OP%HQ@%&WW%”%BYC? ' aglé’e&’&?ségiﬂtf ed diengis 5I5 or the
ol efi n copol ¥ARIRneR-ABoRERS BINB). MVRNMh &It bBdithO W, BRIVt 3R QP8IynRrabout

500, 000. defin copol ymers can be rendered multifunctional by attaching a
ni t rogenk canndierfrany Ofotosabonb2@bywitk O to abriinkd % aeinggreftroha@hd ©% i de) to

th | b . _The nit -cont ai ni i et tional |
of the. 1 or mibguRfet B motperteirh AR A doRe Bednrsh ESERILTIERY ol kyl . aryl
of H Al so sigpbRhes i9EByleAs-PPodyldhea Tha@Serafe éthﬁ]e'ﬁ@ééﬂlérﬁ dRitiR cdotyRerRan

wherein R and R' are aronmatic %ro_ups and each are is al kyl. The nost
common net hd® 4sdewias2Rfnen & weight PptihcThoprsfergd DECEVBER!IDOOR cCROBPLBO9 - 14

OCP viscosity Ipsid i &f L, AvVRLyes %ﬁuﬁ@ﬁ% 5edi gal ngaq(%%}noe%ﬁ%rhet&%tent can
ni.t rogen- contarnimng ~pol ar nnlegy o0 the pofyner ackbone. e
ni t r ogentsc oreads i glgagp@0% on MoV et e pibferabdy thechedmum éth@epotomendt is1857g a.

doubl e bond within the olzgrsr i.e., the double bond of the diene portion
of an EPDM pBPSmETcragly a@vu Ger Preferably- (51 5t CRRONMES SORBIYEURAPERLY di ng a
bri dgi ng gr QYR sGANYALR|REe, AR Rl 6r DR Goh&bBur 50'MBaBb& 70ARN YA EIGfendS
descri bed, for exanple; in US" Patent Nos. 3,316,177; 3,326,3804; and
The molecular weight (number average) of the olefin copolymer can be as low
20  as 2000, but the preferred minimum is 10,000. The more preferred minimum is
15,000, with the most preferred minimum number average molecular weight being
20,000. It is believed that the maximum number average molecular weight can be as
high as 12,000,000. The preferred maximum is about 1,000,000, with the most
preferred maximum being about 750,000. An especially preferred range of number
25  average molecular weight for the olefin copolymers of the present invention is from

about 50,000 to about 500,000.

Olefin copolymers can be rendered multifunctional by attaching a nitrogen-
containing polar moiety (e.g., amine, amine-alcohol or amide) to the polymer
30  backbone. The nitrogen-containing moieties are conventionally of the formula R-N-
R'R", wherein R, R" and R" are independently alkyl, aryl of H. Also suitable are
aromatic amines of the formula R-R'-NH-R"-R, wherein R' and R" are aromatic

groups and each are is alkyl. The most common method for forming a multifunctional



carboxylic acids and ketones as described, for exanple, in U S. Patent No.
4,068, 056), and subsequently derivatizing the functi osalEcesBErodogster with
the nitrogen-containing polar noiety. A nore conplete |ist of

ni trogen-cont ai ni ng conpounds that can be 10 reacted with the functionalized
OCP are des@¥%8¥ infra, in the discussidh-of dispersants.

Mul tifunctionalized OCPs _and. nmethods for formng. such nmaterials are known
in the art &l aissogaimpdibics invohes the tigq spdical idition efthe BijtpgenGaRtalii&e fr om

Et hyl Cor porag. : Pﬁélég t : 1
Preferred arpgﬁeilgl\?vme h;(;lten gT“S?F%Jkgg%%@t%fe’%‘gd%&oﬁ%ﬁtﬁﬁ’grbé’%w % év‘?ﬁﬁ.be%
et hyl ene andittaehedng the pelgtrer usivg b dgeblabbed within weipghimdr€iavetha dbGble®dnand

20,000 grafted with maleic arlli%dri de and am nated with am nopheyl di am ne
and ot her @ dhsedignmporgion wéan EXDMipelvimer, of byl rgacting the, polymsr #1ief ul in the

racti ce cof I : te :ﬁwﬁl r .2 copol yner
8eri vat i \;es Ctﬁgl ioﬁgggfdé)gcgpg?é%fdé%ﬁé@%%@?%l}dr?gfat%o%%l " o?&%gi’%a?(%l?) )p T%ese
pol yners hawahpdride dssdederitsedytdrtexbmplel ind &, Pdies pNbS 31816, Vi7$8636, 894 nadi fi er s
in lubricating oil caonpositions, and | ower nol ecul ar _wei ght __pol yners of
this type h&@-&’oﬁé]é‘ha‘El‘%élnch%etﬁmstqsfdﬁﬁfétbP@rf&F eéﬁ@@i@r@&hﬁ/t%mté‘ia 248,059,

pol yners ar i L : e Y] ) -

product of %ﬁgﬁﬁ%ﬁﬁﬁgﬁiﬂ %eg&%ﬁ%g%%@gﬁé%%ﬂg?@ﬁ@ ggmf g[l:é eﬁlr% %nrgrgéhstalgﬁ]dg al kyl
acryl at e or poletnfdetyy | At@reooapreslidisehilogem comaininy comtpoandothaPedrnyeer (i)
can be prepared from_ the corre;{gondi ng .acrylic¢c or nethacrylic acids or

their défivaeasswitsthafugetiopalizgt OE argidescpibed it dn hsidisorptihotind
conventi onal; i.q o . | i i ] by
el i 6 hydr S B e o e bl AR

pol yner i zat iknowofin Fagparo pi dh=zciveiiablaceminheidbsterg HINEC 875~ avallabledromf t he

pol ymer to rm acryl.ic acid. t hacrylic._acid.can repared by, for
exanpl e, oxi%ﬁ&li cﬁpﬁyaé‘o &b%éé%oﬁ%fg%&h-s%%eﬁgﬁﬂ )a-al kyl  vi nyl
ketone with netal hypochlorites; dehydrating hydroxyisobutyric acid with

phosphor us pentoxi de; or hydr olézi ng acetone cyanohydrin. Al kyl acrylates or
met hacr yibat e nodeetered @emlopectpylepapletin 9polzmers ¢egtaimag aBowddiwed pri mary

al cohol with,the acrylic aci ryli il i vent | I
esterificati-oh l%nae?agﬂiﬁzaéwgby“%e?%,a@%ag?%’r%%“% S‘?"t‘g‘ltd’gh‘%‘ﬁﬁ@ﬁi 40d 29,000, 4
i nhi bi ted f regaftedpoitly iildiz ahhyairidean/eh@and with haduéphepkianbue bad beheal Kyl

acrylates or_alkyl nethacrylates contain fromabout 1 to about 30 carbon

atons in t hdiSPERgnt ABPEHN

20 The third class of polymers useful in the practice of the present invention are
acrylate or alkylacrylate copolymer derivatives having dispersing groups (hereinafter
"Polymer (iii)"). These polymers have been used as multifunctional dispersant
viscosity modifiers in lubricating oil compositions, and lower molecular weight
polymers of this type have been used as multifunctional dispersant/LLOFIs. Such

25  polymers are commercially available as, for example, ACRYLOID 954, (a product of
RohMax USA Inc.) The acrylate or methacrylate monomers and alkyl acrylate or
methacrylate monomers useful in the formation of Polymer (iii) can be prepared from
the corresponding acrylic or methacrylic acids or their derivatives. Such acids can be
derived using well known and conventional techniques. For example, acrylic acid can

30  be prepared by acidic hydrolysis and dehydration of ethylene cyanohydrin or by the
polymerization of B-propiolactone and the destructive distillation of the polymer to

form acrylic acid. Methacrylic acid can be prepared by, for example, oxidizing a



chain. Typical exanples of starting alcohols include nethyl alcohol, ethyl
al cohol, 10 ethyl alcohol, butyl alcohol, octyl alcoholg dtéﬁv E#¥$5alcohol
i sodecyl al cohol, undecyl alcohol, dodecyl alcohol, tridecy cohol
capryl al cohol, lauryl alcohol, nyristyl al cohol , pentadecyl al cohol,

pal mtyl al cphgloo@nd stearyl al cohol. The startlng al cohol ~can be react ed
with acrylic acid or methacrylic acid to ?ornlthe desired acryl ates and

TS ol eoul arisiay SRl Kol SR AAR B e Rl RS ot RS OB LB Ol P
wei ght  rangeid &ithrphosphoaut peatdXid0r hyd¥olzQ@Gicetbae pyavhdériman acryl ate or

nmet hacryl ate with a dispersing group, the acrylate or nethacryl ate nononer
is copolynerized with an am ne-contai ni ng nononer or the 20 acrylate or

met hacryl ate mai ny ?h&xga?eltsyd?'?ﬁethfcr %‘iine??c ﬁ %Pea%hg

sui table for graftl hen anln con alnlng e gra Eed onto

the mains ciwsned)ynm}wﬂe@hcﬂ iwith theaE1§HE adit @i men@cﬁmcmﬁm a donaepioa)l of
am ne-cont ai ni ng mononers include the basic amno substituted 25 olefins

such as p- ( Zzseriéicayompatalyeediy jcidinreferdly praglpeneniudiopigesideanstinhivitad from
het er ocycl espoﬁ‘fr}’)énzgat%n% Nﬁﬁ%&ﬁ%}]&o 'rﬁ‘&ﬁ: erl Al % M%&&iﬁ(&t&%&‘fbs“ tuent

such as the nyr=pyridines yrro esters-of am no

al cohol s W tihetiaG@lawsabotthin Gafbddoul 1 & amudso Szubbn a®ndiineidulk @ratast hyl
met hacryl ate andrﬁﬂjynerlzable unsat urat ed basi c am nes such as allyl

ani ne. 30 Predrix rlepiqadeyaraples pf starting alcohals snglyda mgdybarohabt siadrajgohob
| |
copoL Y ae, TR AR Bbedl AOBRLSIELY Hoendissacs Aashan.quehor of

8 DECEMBER zmﬂ&onm@hQQkahabumhﬁylmuﬁbekanAakehmohymﬂhh@hbyh@&ﬁgﬂopolyners
made from a bl end of aIc h

I i f th
ot ween 6 ool FEREF I ALFoBEh REBHY! Bobe ameAnt BGBR. tohescirine Bpbok ded
in the formgf %&&Qm&ﬂx&g«m @&@I&Aetrﬁcpﬁrmﬁ ¥ RHR thd-ahfk s a&ﬂgmesoadd

conposi tions useful in the practice of e present invention contain
Pol yner (i) ,méthadrylafesi re}peo@rvela ﬁilncsaﬁceyltmqméﬁhf;rs immaydrave momber oferdgeom about

0.2 t o doutiedgiiupeiehis (ESLorIP oPEr YD Pl iERoG, B Pt il i ot

Al ternati velpngdis (ﬁio%?u&ﬁit 200,000 - 600,000.

To provide an acrylate or methacrylate with a dispersing group, the acrylate or
methacrylate monomer is copolymerized with an amine-containing monomer or the
20 acrylate or methacrylate main chain polymer is provided so as to contain sights
suitable for grafting and then amine-containing branches are grafted onto the main

chain by polymerizing amine-containing monomers.

Examples of amine-containing monomers include the basic amino substituted
25  olefins such as p-(2-diethylaminoethyl) styrene; basic nitrogen-containing
heterocycles having a polymerizable ethylenically unsaturated substituent such as the
vinyl pyridines or the vinyl pyrrolidones; esters of amino alcohols with unsaturated
carboxylic acids such as dimethylaminoethyl methacrylate and polymerizable
unsaturated basic amines such as allyl amine.
30
Preferred Polymer (iii) materials include polymethacrylate copolymers made
from a blend of alcohols with the average carbon number of the ester between 8 and

12 containing between 0.1-0.4% nitrogen by weight.



the nultifunctional conponents; specifically Polyners (ii) and (iii); said
conponents are present providing nitrogen content to ghg pﬁa 55 cating
oi |l conposition from about 0.0001 to about 0.02 wt. 9% prefe from
about 0.0002 to about 0.01 wt. % nost preferably from about O. 0003 to
about 0.008 3RP2L098 of nitrogen. Polymers -6y, 15 (ii) (iii) and m xtures

t hereof, need not conprise the sole VM and/or LOFI in the |lubricating oil
conposition, and other VM such as non-functionalized olefin copolynmer VM
and, for exanpl 3y used
in conbl nation ther e{%kefr}éa%é%& il Crﬁﬁgkgﬁ {/Iﬁ%?{l/ FOsrgI(‘-}Beezlgc;llrBralfealCo 818
present i nvewith dre myagbeatbobmunﬂieedf thietekteabetwioen € ahd rhg conﬂmrmmgmﬂsnetn on
wherein the 20 hi nmol ecul ar ght. polynmer. is tur ortprl Si ng from
about 10 tooa%&&ﬁ@@lwgenb%"fﬁ“ 9&@6@%?&%?@?& FenBodkyck

copol yner, aﬂgthg&gfgt@bout 10 to about 90 wt. % non- functl onal i zed OCP.

Met al - cont ai nr ng ash-fornm ng detergents function as both detergents to 25
reduce or renove deposits and as acid neutralizers or rust inhibitors,

t hereby reducing wear and corrosion and extending engine life. Detergents
general Iy conpr ?Is\ébrspaﬁag ail compaitians AseAullip thy M6 h 8l Rreteat Invemien pol ar

head conpri %% %?Bb@x}er%@t@)o(ﬁ]u)a[}r A6k Hube th@fegf"% ﬁn%ﬁe mformﬁ Vﬁﬁi Fro™®

contain a sub onmetric anount ‘o case
they are us L%lohyZ aha sl b:b;ed oapohandraleighit; n&nﬁpmferslﬁytfﬁ)m atveeht B2 tocubbalk 1

typi cal L%/) have a total base nunber or TBN ( can _be npeasured bajéASTM
D2896) f r'¥im7o st gocferablyfrefe ahapiung t%?b%}t %t\aq T aAlermavely in disenssiveat ed
by reactin r an
ani di o gas. (5E BREERIEEE GARRRATS shetifeayFanie e find g) Gl CohpBhor
conpri ses nednt palsemaﬁoﬂdmgm@ogen&mmatlﬁ()l@ﬁrx@ﬂﬁ@kﬁnﬁ)mpokmcmsmme out er

may have a TBbY.0a8ptomeg) 0 Zar A pieghb i goaiti odbve SR S Fom 250

to 450 or mpeg pre%eﬁ%tﬁfr&%@%@utt@@@oj%yab@ﬁt@'@@giw't g logdardeh: polyreineut ral
and overbased sulfondtes, phenates, sul furized phenates, thlophosp lonat es,

sal i cyl alSes,(iixafid) amapmthmﬁalnﬁsofan@ﬁdomqm@mnﬁe %lglsgbl‘él\’lcandlmmla]tlesh@f a
metal , part G I%rr%]l %c;[llhc%;m 0S1 1on Qnd ot%exk‘é rggcheaas o}ﬂ H]E Et%]nsah%od &leg bar i um

sodi um pot as i m cal Ci nmag hes 8rmonl y used
met al s are aabelyusrand aﬂﬁ,gﬂtbéSxajﬂ’plev\ﬁikylﬁuri;ﬁkamenijHthabﬁcdpr&th(DlF\Isdﬁyer gents

used in a | l{)grulsgc? ?rE corgl?lglat?gnxtthgrre%%thOfFo(i%lxgllngl@ z? Egz{vy duty diesel engine of the
present invention may be lubricated with a lubricating oil composition wherein the
20  high molecular weight polymer is a mixture comprising from about 10 to about 90 wt.
% of a hydrogenated styrene-isoprene block copolymer, and from about 10 to about

90 wt. % non-functionalized OCP.

Metal-containing or ash-forming detergents function as both detergents to
25  reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail. The polar head comprises a metal salt of an acidic
organic compound. The salts may contain a substantially stoichiometric amount of
the metal in which case they are usually described as normal or neutral salts, and
30  would typically have a total base number or TBN (as can be measured by ASTM
D2896) of from 0 to 80. A large amount of a metal base may be incorporated by
reacting excess metal compound (e.g., an oxide or hydroxide) with an acidic gas (e.g

*y

carbon dioxide). The resulting overbased detergent comprises neutralized detergent



magnesium w th sodium Particularly convenient netal detergents are neutral
and overbased cal ci um sul fonates having TBN of from 2@ e R%b% tral and
overbased cal ci um phenates and sul furized phenates having 0 rom50 to
450 and neutral and overbased nmagnesi um or cal cium salicylates having a TBN
of from 20 t@oA®9 15 Conbi nations of deyergents, whether overbased or
neutral or both, may be used. In one preferred lubricating oil conposition.

Sul f onat es nBYhdButRF £a§arr&da heanb sl gnéLb@fate) snivdlieC IS uah @ vedbRbddtaf &t ai ned
by the sulfonation of alk substituted aromatic hydrocarbons such as those

obt ai ned 20 mmohﬁntehzeTBNatft1|56rva1gr@tﬁro@n4jépwdﬂ)ewﬂi bﬁrvebyTBNeofafrmyQé@ fofd Obf
aromati ¢ hydraocarbons. Exanples included those obtained by al kyl ati ng
benzene, tol YeR¥ xyl ene, napht hal ene, di phenyl or their hal ogen
derivatives such as chl orobenzene, chlorotoluene and chl oronapht hal ene. The
al kylation may be carried out in the presence of a catalyst with alkylating
agents havi ng fanﬁeeamtsttha may brovsedtinelnderal- Qﬂuwamb@nalamdmerbﬁml al karyl

sul f onat es us contain from 9 80 or rbon at ons,
ref erably (YlnabbReAges ST regah HSRRt i tar alie RIS, &Bbar ¢ ut eq
aromati ¢ i @h¥ihehs Md oth& dPkQuBK|EARAYRRs OF a MlfAl YirtiswlaflQ MeCalRa] s mMay be
neutralized with 30 oxides, hydroxides,  al koxi des, carbonates, carboxylate,

sul fi des, hydkaimlefartb@sﬁtalmetg abasiim tsodiams potssdurat hidiumofaleibe, ped al . The

f | i s ch d to the desired TBN of th
el produdtomse g ol Rarpy PARGEDY PrarraR e CAanma5aE MRS i or abl'y

at | east;ol25m% botibeGresehin detedieité adwLtif iaGatrlcnt, 6Uini Sdres®f PEHCEMBER/EP05
2002L009 - 18 Metal salts of phenols and sul furi zed phenol s are Fm{ﬁared by

reacti on wi tmamsm@pmtbg@dlame hastinlady epiyanignisuetal dpsergants areiecudra roxi de
and neutral Rerté&d Qﬁﬁl ﬁuﬁ)froggtgg ég‘BHE%BReoPﬁ%ﬁ'2B?94§M I{E%hjgpéjr?%g%l 4as§\cﬁ§1 ?\f,]m In

the art. SultTdri7€d by reactin

sul fur or a @WihmrphesntLind Sﬂlﬁfuﬁﬁfﬂ)phﬁhdtes lhﬁhngS‘BI\hyﬁfm@eiﬂ l$)U15K)Iaﬁ|1€ neStdlf ur
nonohal i de or sul fur di halide, to form products which are _ general Io)f/
m xtures of ¥GrRYSthsed mAgZRGsIwhopCalsiumpsalicWaien Brdng  d BIY pf from Y tost ik ur

contai ni ig Ok ARGt o RIPRNY, MRS LEEBERE Dr néutfhl or EéiH oy HeQiRed CRIN DE

prepared by reacting an aronmatic carboxylic acid with an appropriate netal
conpound sucdnegsefaredkibdicaiong oihgoimpgsilen.and neutral or overbased products
may be obtai ned by nmethods well known

Sulfonates may be prepared from sulfonic acids which are typically obtained by

the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained

20  from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.
Examples included those obtained by alkylating benzene, toluene, Xylene,
naphthalene, diphenyl or their halogen derivatives such as chlorobenzene,
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than 70

25 carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or
more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl

substituted aromatic moiety.

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



in the art. The aromatic noiety of the aromatic carboxylic acid can contain
het eroat onms, such as nitrogen and oxygen. Preferably, tdwedmugiy09nt ai ns
only 15 carbon atons; nore preferably the noiety contains six or nore carbon
atons; for exanple benzene is a preferred noiety. The aromatic carboxylic
acid may conbg@ipos one or nore aromatic npgeties, such as one or nore benzene
rings, either fused or connected via al kylene bridges. The carboxylic

noi ety may be attached directly or indirectly to the aronmatic noiety.
Preferably the carboxylic acid group is attached 20 directly to a carbon

at om on t he ar oRdenksaisiofphenadyginl %’Efuﬁz%PWﬁlsé%ﬁﬁeBHeﬁ% redgHQRENEN 41 ng.
Mor e preferahl . I i I i i I
group, such %B%%B‘“#%‘r‘%é@%g‘ﬁ%oﬁ% HI(%{r]gﬁagssaﬁl é@%ﬁ?@@f 6(}(3%9 r\ﬁ/\ﬁ?e%h%%: éﬁ%eéb%? ?ao hed

directly omprédidisiag$ by obtaindd G&meaRoditvaell Ribwi tBE Bl ilfufiBidgihenok Inay
Preferred exanples of aromatic carboxylic acids are salicylic acids and
sul furizéd &empraparddesreasirgophenolwithsyling e owdiup gontaining jomposadsach 2%y i ¢

acid and derijvatiy t hereof . Prqacesses,f or. furd zin for ex le a
hydr ocar byl %_y drsgﬁﬁr_éts'f 18%,63(51%551()'118%1/%(1% o Sfiigur Cgkrl%}a?h%\/\fﬁ"{l SQQ%SgSeW@ﬁﬁgFeed in the
art. Salicylgefer@ty ffxt@fed Jf ¥PinpBhids in WISEAL 6£mbe SRnbIRaYd Biid@d, byf ilfuexanpl e,
by the Kol be - Schmtt process, of 30 phenoxides, and in that case, wll

general | y bé&owpmamseddgesornal |y in a diluent, in admixture with
uncar boxyl at ed phenol. 8 DECEMBER 2005 2002L009 - 19 Preferred substituents
in oil - soluble salicylic acids are al kyl substituents. In alkyl -

substitybed sal i Crbexydat dsterdens, akk yhlidylDer) sartlbly priepage by stactiagnahain 5 to
100, preferably 9 to 30, especially 14 to 20, carbon atons. Were there is
nore than oREMaticiarbaxyle acidivHeh ey eprigRrisie mstal compedndovish 46 amexids o8l | of the

al kyl groups,} f I r qﬂ% i huhi Lity.
Detergents 3@%@?93%‘36‘2{&?& éfios{&tdhag or %ﬁtﬁg{n ?8%98? tﬁﬁ%grl cat‘g'ztlhﬁg4 g?ﬁ kHQM]
conposi ti onsn thalagto Thecdrondetié mibaty df thderengdntasbdoticrdidwiahltoniaked sur f act ant

systens, e. Fhenat e/ sal.i c% nat es,

g. , | at es, sul fgngt e@gh% .
sul fonate/ s F‘FW_‘HP%@C}EL@S YHPRh Y ESMERRN AT AR FE PrUPELONEINAE r i bed, for
exanpl ;51 N cRBBKLRRnsYmdre gﬁetf&ﬁfaly tﬁ@moﬁ&gkbmn&@&- orQ94rt 3Qtbaueng 189/ 180, 436
and U.S. Patent Nos. 6,153,565 and 6,281,179. Surprisingly, it has been
found that, ekamplhdeprens eng predérrecindictyyehes arpmdtiel aubarylicbacihmag gentain on of a
heavy duty %Inee 3t ranIeen bGP rrr?o\{&latclje%fjsuvc\q')tag ofillof r)ﬁrc])%ugetnz s ges(,: Lttt lfgsteld%rr]

connected via alkylene bridges. The carboxylic moiety may be attached directly or

indirectly to the aromatic moiety. Preferably the carboxylic acid group is attached

20  directly to a carbon atom on the aromatic moiety, such as a carbon atom on the
benzene ring. More preferably, the aromatic moiety also contains a second functional
group, such as a hydroxy group or a sulfonate group, which can be attached directly

or indirectly to a carbon atom on the aromatic moiety.

25 Preferred examples of aromatic carboxylic acids are salicylic acids and
sulfurized derivatives thereof, such as hydrocarbyl substituted salicylic acid and
derivatives thereof. Processes for sulfurizing, for example a hydrocarbyl - substituted
salicylic acid, are known to those skilled in the art. Salicylic acids are typically
prepared by carboxylation, for example, by the Kolbe - Schmitt process, of

30  phenoxides, and in that case, will generally be obtained, normally in a diluent, in

admixture with uncarboxylated phenol.



systemin which intake air and/or exhaust gas recirculation streans are
cooled to below the dew point for at |east 10% of t hesbhETEMBERR@NgI ne i s
in operation, certain detergents have a significant effect on the rate at
whi ch ki nem%ti ¢ viscosity rises due to the presence of soot in the

| ubricating 91 .OOQSpeci fically, it has beéf-found that 20 kinematic viscosi ty

i ncreases due to ,s0pt i,n ricating oil,,compositi.qns_ i eavy. du di esel
engi ne provi ded -r{aﬁerxg!q Sgﬁﬂﬂ?f s lé’aos}p'rSé)élfbtl%Eﬁqgétyﬁ%ﬁmg?/%rtee%)?ﬁ%%lit%‘#s}/m ake air
and/ or exhauygiyl 9asbdiReded sMlc3lit abids ! the a1 aoBpsailafdgtsusBet ik 5o dew poi nt
for at least 10%of the tine said engine is in operation can be effectively

control | ed tpyefswibbe? itng0.cesperaalbr beint 205 garberraiomsywiy e fheemis alsethaBeyet o 100%
of the one or re detergents are 2 henat e and/ or ,sal.i cyl ate.neutral or
over based. Vel GEES TR CURERT FLrRao By of BASLER R ERE & ar o
preferred. Ryreknhdbhieadt 906 ehakd Q&qghﬂeog%mw! ons useful in the present
invention will contain no nore than about 30 % preferably no nore than

about 20 wt. % nore preferably no nore than 5 w. % sul fonate detergent,
based on the t | weijght of detergent. 30 1t i of unusual to.add a
detergent or ot ﬁé‘?a}e%mst ef}%r,ahYBsqu{ %Bgﬁ’ fcoéﬁniu;?élofiioﬁ,]uq’&pat_’% { EPVRO S ent r at e,
in a diluentysosiyeidé PRIbrRIM dbtedgdiRS fdrﬁh@dinthtrﬁﬁceégﬁlﬁgctmlsgﬁéms,re‘?%?! esents an
active ingredient (A I1.). For exanple, detergent nay be added together 8

DECEMBER 20(the2@€/34l0)3ate Qulferiatdiplanateg,ual fonse/ghlicydbdtedi | uent in which case
the "additivey. is 50% A |, detergent. . sed herei.n, the i ght

por cent Put “okphSegehtriisssnlif e B derrPRLii St df peidite PR SR &rs 1o
the wei ght of pechiiveNos.di9g fi (245, anldeiopT WA I6San@ANBEPhte MG, ¥, 169 3B g  from
about 0.5 to about 5 w. % preferably fromabout 0.8 to about 3.8 wt. %

most 5 pref &20L17%rom about 1.2 to about 3 wt. %of a lubricating oil
conposition fornulated for use in a heavy duty diesel engine. D spersants
mai ntain in suspension materials resulting from oxidation during use that
are insol ubl e i rswplisingliyuis hps Bseafoumdthat, itlge préseacaibbddidapeaattedrdaeingi t at i on,
or 10 deposition on nmetal parts. Dispersants useful in the context of the
present Pnveht PRFAUGTHRY 2bea VY HEty ‘%Eﬁifz CRFING P’Eor"&g"éinw'gbﬁ‘ﬂ sXhaupiggas seacakagion

(metal -fr ee)s%,gleé,qﬁrmm iR addPorR&hakt ERCL ST God QAUAR oFOLITRd @n of
deposits upoh use in gasoline and diesel "engi nes, when added to |ubricating

oi | s. The adklwsthe dtivspansinasleast 10feofghe tigretsaidengme ionn opeyatpen, sertain o |
sol uble pol ycfg?el;ée%tsl e acsqgriliﬁcgn(’%%%&no% tgg ¥3i.tg % &Hﬂ:ﬁ%r?e@r?&ltic%ﬁs%%&%y rises due
to the presence of soot in the lubricating oil. Specifically, it has been found that
20  kinematic viscosity increases due to soot in lubricating oil compositions in heavy duty
diesel engine provided with an exhaust gas recirculation system in which intake air
and/or exhaust gas recirculation streams are cooled to below the dew point for at least
10% of the time said engine is in operation can be effectively controlled by selecting a
detergent system in which from about 50% to 100% of the one or more detergents are
25  phenate and/or salicylate neutral or overbased detergents. Phenate neutral and
overbased detergents are preferred. Preferably, lubricating oil compositions useful in
the present invention will contain no more than about 30 wt. %, preferably no more
than about 20 wt. %, more preferably no more than 5 wt. % sulfonate detergent, based
on the total weight of detergent.
30
It is not unusual to add a detergent or other additive, to a lubricating oil, or
additive concentrate, in a diluent, such that only a portion of the added weight

represents an active ingredient (A.L). For example, detergent may be added together



15 capabl e of associating with particles to be dispersed. Typically, such

di spersants have am ne, am ne-al cohol or am de pol ar mwEiEMvasERigoached to
t he pol yner backbone, often via a bridging group. The ashl ess di spersant
may be, for exanple, selected from oil soluble salts, esters, am no-esters,
am des, im desgramgd oxazolines of |ong chapn hydrocarbon-substituted nono-
and pol ycarboxylic acids or anhydrides thereof; 20 thiocarboxylate

derivatives with h0Bghat R&ight BY dilen@ib@Rsch daghe Chadinvel ik Bha Ad. ddwgecar bons
havi ng pol yam ne noieties attached directly thereto;, and Mannich

condensat i orApisdlerain.fthe ieaa \wgl@td?mé (W 7 wbwgamﬂu&ﬂ LY §GB‘§fgetnﬂ%@£h9henol
wth for mila(agg%(l e ersgtoQHe X/ Iﬁ}/l E Qc%vgﬁl{xé/rgdlerr?te De%ffrﬁg;et KOn%@C&mr}R'psg-

di car boxylic pro u0|ng react nuc eophi group

(am ne or arféighband.s hﬁ'abwrrban %f pfeférabliydrsth aB6Q OpsStol dbobih®8 wt. %, most
pol yal kenyl - substi t ut ed carboxyllc acyl ating agent w | | determ ne the nunber

of nucl éoptir¢fembdy Gapsabiont 1.8d0 ebentshed %l pEpbibsigaiing Gbcarpposyiinyiarmelayad
noi ety of the dIS er.sant Ofd% resent i nventi on has a nunber average
mol ecul ar waPGRE 1BR HeRBhidy &%ast about 1800, preferably between 1800
and 3000, such as between 2000 and 2800, nore preferably from about 2100 to
2500, and nost preferably from about 2200 to about 2400. The nol ecul ar
wei ght of a 8 D@Emmtemmtaomamgnmmmamr@berﬁs&tnmg frgngym@q{@hld}arlegpr essed

in ternms of the nolecu of the t he precise
ol ecul ar veiB L pige Ghte dhaihud breb SR B e R R s B0 B o <

i ncl udi ng t hRpbsifen 6h nided] YaRrs, Dﬁs@@rsbﬁ)ts@@éfh}/ﬂ th@@orﬂéﬁﬂﬁ"tﬁ@}lﬁ&sent heventigper of
functional groups, and the type of nucl eog@pl ic group e oyed. 5 The

pol yal keny| nelpde (hefrArgR fmiEeeca pErRiaAT 25 m@alpﬁr@@@mperswérlmpwn torh9 be
derived has ?fe@é’{e[ %V}‘egpég%ﬁ%%o 2@1 (%5}5%1 Lﬁ)togllllgy A Og;ﬂo](n!m\é/%d dlgge?gn er red to

as pol ydi spersi ermn at1o ni)l ecul ar

wei ght (Mn) wien dﬂldﬂdb&j’luar/leaitﬁ@&nHml"heBﬂ}ﬁ?éssvu?lslgalfﬁan(sl\df)the ﬁ}eemtﬁmeahbxy, pol ynmer s
fromwhich the 10 dispersants of the present jnvention are derived have a
Mv M, of f COMPAIS®AP 0@ ssluple polpyegic Lon(s Chﬁméxaékmewavm@rﬁlaemel 8ro8ps o about

1.9, m)sﬂs PTe Igﬁﬁ@@f Xssfa f@/gH:paljth@eS t8 be lﬂ%ﬁfsedi Pypickl i }F %Qér?cti @gﬁge@@mns or
pol ymers enp In t orna ion of the dispersant e present
i nvention i rm:hudemhoemhohylrmrasmdc poler polistiee agaahed k@tkerpomphedlabhbone,

often via a bridging group. The ashless dispersant may be, for example, selected from

oil soluble salts, esters, amino-esters, amides, imides and oxazolines of long chain

hydrocarbon-substituted mono- and polycarboxylic acids or anhydrides thereof;

20 thiocarboxylate derivatives of long chain hydrocarbons; long chain aliphatic
hydrocarbons having polyamine moieties attached directly thereto; and Mannich

condensation products formed by condensing a long chain substituted phenol with

formaldehyde and polyalkylene polyamine.

25 Generally, each mono- or dicarboxylic acid-producing moiety will react with a
nucleophilic group (amine or amide) and the number of functional groups in the
polyalkenyl-substituted carboxylic acylating agent will determine the number of

nucleophilic groups in the finished dispersant.

30 The polyalkenyl moiety of the dispersant of the present invention has a number
average molecular weight of from about at least about 1800, preferably between 1800
and 3000, such as between 2000 and 2800, more preferably from about 2100 to 2500,

and most preferably from about 2200 to about 2400. The molecular weight of a



wei ght hydrocarbons. One fam |y of such polyners conprise polyners of
ethylene and/or at |east one C3 to C23 al pha-ol efin haV| the formula
H2C=CHR1 wherein RL is straight or branched chain al k %‘H\‘EE“ 2008npri si ng
1 to 26 carbon atons and wherein the pol yner contains carbon-to-carbon
unsat ur at i ongo2pgcef erably a hi gh degree 26 of term nal ethenylidene
unsaturation. Preferably, such polyners conprise interpolyners of ethylene

and at | eastisp&xgartlip pene@dIBf éxpr&xked Mmetealovthé afoldchiur wakit @ the glydlgendd kyl of
from1l to 18 carbon atons, and nore preferably is alkyl of from1l to 8
carbon at on#0iEHES Ph?rlﬁc‘iiﬁfeﬂf’éieébllayw§t§m range of thisidispersgnidepspdoon BRBHHPUS

a0, br Biyreiss AP Ehiep SARNIRG 0, SRR Bl Rer B M Rk Ror,

decene- 1, dﬁdﬂﬁ@ﬂ‘ﬁ gtoups! hieGe Repelof nucleophlllc group employed.
tetradecene pentadecene 1, hexadecene- 1, hept adecene- 1, oct adecene- 1,

nonadecehe-1, and m xtures thereof (e.g., mxtures of propyl ene and

e e bbb R AT UGB R B o

et hyl ene- buaam@dlha@thwemmec@@r WeRpY R fubivh @M@VDFQ@O}&B&R&_CIQBGS the like,
wherein the pol yner contains at |east sone termnal and/or internal

unsat ur at i oFIOIYIilSEﬂéﬁ}’,e@d detsirpineddydher %meftwaht@de@épmmias wepghtéMh tene and
propyl ene and t Iene a ut ener he_Ln i_nvention
n fyerage mio ;lf:cuti%r v&el Bt](,:h'dr} %gemh?a] gerE) k\-&? the

may cont ai n"an ffon 8

DECEMBER) 2088 &@&abeﬂ&ep?&enpmmmtaﬁad@lwdqfawa aMﬂM},QifEfom oI to it IS
preferred tha? the polyners of this invention conprise only al pha-olefin

honmopol yrrer 8bout gils pmﬁr@h@rfgor@fabamtdhanmm A-9, Bostorielerady e abeued Py mer s of
et hyl ene anglf 29 ol efin comonomers. The nolar ethylene content of the

pol yners e oye inthis invention is preferably in the range 5 of 0 to 80
% and nore preferably 0 to 60 % Wen propyl ene and/ or butene-1 are

enpl oyed as connnonerg %@F h et hyl ene, the ethyl ene content of such

copol yners is npdiblepy Pys fHeFtC\bé'@ﬁrSfB’ %@dseﬂ% fognptiuYHbAidiRES Y | ower
et hyl engs copf @R §esemxvaﬁlo%ﬁas@é hor;xgpc;ﬁpﬁl%f"s Hf?ér}ﬂ@if‘ayfr&rsr@rylo%r Ric&Raf£d by

pol ymeri zi ng al pha-ol efin nmononer, m xtures of al pha-ol efin nononers, or
m xt ures cowpighshydroetrhgmse r@neafwula/t Oﬂ seals polymers @8nprise @REymadrp b edlylhe n

OO bkl RIERERSECOl &Sl ok TR TSRO 1 RSl MBS
?Ih gmox ane cRnpaipheor bahakdtdham DKk AGESiSal RNPRISHEEY tol 26 Mb&Nat8ms %Un@r mDr e of
wherein the polymer contains carbon-to-carbon unsaturation, preferably a high degree

20  of terminal ethenylidene unsaturation. Preferably, such polymers comprise
interpolymers of ethylene and at least one alpha-olefin of the above formula, wherein
R' is alkyl of from 1 to 18 carbon atoms, and more preferably is alkyl of from 1 to 8
carbon atoms, and more preferably still of from 1 to 2 carbon atoms. Therefore,
useful alpha-olefin monomers and comonomers include, for example, propylene,

25  butene-1, hexene-1, octene-1, 4-methylpentene-1, decene-1, dodecene-1, tridecene-1,
tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1, octadecene-1,
nonadecene-1, and mixtures thereof (e.g., mixtures of propylene and butene-1, and the
like). Exemplary of such polymers are propylene homopolymers, butene-1
homopolymers, ethylene-propylene copolymers, ethylene-butene-1 copolymers,

30  propylene-butene copolymers and the like, wherein the polymer contains at least some
terminal and/or internal unsaturation. Preferred polymers are unsaturated copolymers

of ethylene and propylene and ethylene and butene-1. The interpolymers of this

invention may contain a minor amount, e.g. 0.5 to 5 mole % of a C4 to C,3 non-



15 pol yner chains possess term nal ethenylidene-type unsaturation can be
provi ded. The percentage of pol yner chai ns exhi bi ti ng sttmcEvMmBER Blokenyl | dene
unsaturation may be determ ned by FTIR spectroscopic analysis, titration,

or C13 NVR. Interpolyners of this latter type nay be characterized by the
formul a POLY20QRIR02) =CH2 wherein R1 is GCR2t-0 C26 al kyl, preferably d to C18
al kyl, nore preferably Cl to C8 al kyl, and nobst 20 preferably Clto

al kyl ., (e.g.gsomugated diolefintcegionomed Hhweedmnit Mrqurédrﬂe@éhﬂ polyimers gfdhigmer

comononer () aErtss SR oalaphrpRES oy Ra et b R RERGF ARhBaHINor ¢ he
pol ynmer  chaiggofcifers aAd Ritdtpbl§hidrdét etwrwmd, alph£olefi¥ cBMonoMAS AtTHE Fd1AN,
i.e. POLY-CH=CH2, and a portion of the polynmers can contain internal

nmonounsat ur aethyﬂnne eogfentROLhe Q@y@b&s@ﬂq}%yed itleis e venfon isspraferapdy imtdd raigove.

ot al 1 ocene aelh 475 st fomprelaredy Do ¥ hn ared pte BEELRAuaHerel 8 pat ent
Nos. 5, 498, 89%?10?6@§s’3¢o1r§(910n§:r?s§)§u§r7ezhyler% %Qeﬂetﬂyﬂléne &n%o?&%h%?o@n%@isg:so-

30 Anot her use cl ass of ymers i's pol yner's prepared by cationic

pol yner i zat i mostgirefesabyb@mesn 5 ynéhe 7, altbioughehibhder |Guomuhylpn! gontess f rom
this class include polyisobutenes obtained by polynerization of a C4
refinery str@ahPRRIESAYa butene content of about 35 to about 75% by wt.,
and an isobutene content of about 30 8 DECEMBER 2005 2002L009 -23 to about
60% by wt., in the presence of a Lewws acid catal yst, such as al um num
triflhoridde or bbhene ptObinﬁdrsrmaiydne.prepqwceb)epwlemee@img@@h@folnﬁmmpntnror maki ng
poly-n- butenes is F]té)é Ltlmfeedstream; §uch as Raffi ﬁa]tge H. Ttr]essg

f eedst ocks aP&Hies et 8 ST PRRCTEE JJRRTAES GHPRTIES BRYIEAT ajdhat 199%983¢ 739
Pol yi sobut yl e €5 alpHiRsiéfiPfdhemeLdn thelinedehonsf Otatilhe sYERELIImpritHEdti on
because it is readily available by cationic polynerization from butene

streams (e. gleast@sp mftaloct® @8- Breydencaladiang)-tramyiidon meil ¢PHBOHNGY A 8k
generally copfal Qa eédxﬂ%h d UDRALME AL OR L 1 F@H&I ﬁ “% 99% PG Glifiy! enic

doubl e bond per mer: chai n, positi oned Rarn. preferred

enbodi merst upolymze&xam;l ;yjssembtﬁryﬁmetuanelﬁxmnedyﬁermrm@rmwnecansbetpm\xdﬂmla“hst ream
or ato Raffinate | streamto prepare, reactive |sowtyl ene polymers with

term nal vi nBATsAéAEs of pobmgishaips sxaibying ermipelcahenyligeRs Wsaugsion By bo as
hi ghl'y reactae\rmgéa/ gp’pﬁi yﬂe%ﬂ%sco&z%npi}@s’ RS, 3r £ Kivird! In\rérpxi ‘?sn§f

content of at |east more preferably at |east 8 nost
preferably, tislheasypShiy b&'hﬁaraéteﬁ&ma}ty e fofmAaPOLY-C(R1)=CH, Wherem R' is
C; to Cy6 alkyl, preferably C; to Cig alkyl, more preferably C, to Cy alkyl, and most
20  preferably C; to C; alkyl, (e.g., methyl or ethyl) and wherein POLY represents the
polymer chain. The chain length of the R’ alkyl group will vary depending on the
comonomer(s) selected for use in the polymerization. A minor amount of the polymer
chains can contain terminal ethenyl, i.e., vinyl, unsaturation, i.e. POLY-CH=CH?, and
a portion of the polymers can contain internal monounsaturation, e.g. POLY-
25 CH=CH(R1), wherein R is as defined above. These terminally unsaturated
interpolymers may be prepared by known metallocene chemistry and may also be

prepared as described in U.S. Patent Nos. 5,498,809; 5,663,130; 5,705,577;
5,814,715; 6,022,929 and 6,030,930.

30 Another useful class of polymers is polymers prepared by cationic
polymerization of isobutene, styrene, and the like. Common polymers from this class
include polyisobutenes obtained by polymerization of a C, refinery stream having a

butene content of about 35 to about 75% by wt., and an isobutene content of about 30



polymers is described, for exanple, in U S Patent No. 4,152,499. HR-PIB is
known 15 and HR-PIB is comercially avail abl e under the ptrcadetERRgs
Gissopal" (from BASF) and U travisTM (from BP- Anbco). Pol yi sobutyl ene

pol ymers that nmay be enpl oyed are generally based on a hydrocarbon chain of
from about 78680 E{% 3000. Methods for maki?ZAg pol yi sobutyl ene 20 are known.

Pol yi sobut yl en functionalized hal o enat i on chl.ori nation),
the thermal '© é’ﬁ%““ &ghwdn 1n H’FHS?SCPF%%P%/%W@ AFdfatalyst rféj‘chgf AYTINWL; o) vst
(e.g. peroxigehorid@®r 696 &ﬂlbs&l&elﬁgrefaﬁ@d QARSI foPRLYRE hoRAg kbone

can be functionalized, e.g., wt car boxylic acid produci ng” rml eties
(preferably tatérets oy peird}wmm fatdstnaines suek ps Reffeatd Ne [Fiaeseafte@mcas ato:fdlsclosed

car bon-t o-car bon unsat ur.a Y. car.bon chai

random y al dRGPCHAES aﬁé?wgg rﬁ}elﬁw‘i ﬁe%t2 g@epﬁ % i%“en‘éﬁt“i‘(bsﬁg i e or
conbi nat lsONS,,LRGIHHRAS thd HreSdhY 11%%?1H89B§cau§91t'1351‘35&%5%11591"&: gbiigg pol ymeri c
hydrocarbons W th unsaturated carboxylic acids,” anhydrides or esters and

t he prepar atpo(bymaﬁzadmmfmm bwtese ftreamssigh, Ltsmgpfblﬂhdsr BEtjceat:dym:)l ézed in U S

Pat ent Nos. 087, 936; 3,172,892; 3, 215 707; 231, 587; (2)72 746;

3, 275, 554; @%&Owﬁm%ﬂ genoraliy §onginsisa 86‘4‘“@“@‘112“7%2”102“%? abgig Ong  DECENBER
2005 2002L0G; M&ﬁcgéc_\%g%oﬂééer 171¥1Zr9r?a p%sx%gﬂe(ﬂﬁén ﬁ’%(fr ain - reflrrdl 382 450B

1; CA-1, 335, A-14 19 Theé "pol'yner or n nay be
functi onal i zeshodimentexdiagd pqumpbxhylenapmpn;ddlfmrmalpdrqonsobiuylengstmhebi &S

referably aci.d or. anhydri reacting.t he olymer, or h car bon under
Condi ¢ o’ RETTHELTF 1P PIFERE R iSO oL BREY "G B BET e gon o.
i.e., acid, cﬁéﬂmédrpréﬁrab%sttﬁéseqselﬁﬁér@%efe%fea 10 asomtgalytres‘ctﬁelﬁbﬂsﬁgobm lene,

hydr ocar bon chains prindrily at 'sites of carbon-to-carbon unsaturatl on (al so
referred t dlﬁéPahiaIam ermabilyliderns comteat of 2itleash PS5 %s p1gg 70 nhae ogen

aaction. 10eet B RS Bl hEnEieldl Mokl LaRE BBl Byt ™

hal ogenat i nqaolﬁn&s is dé&sBligdd, fatdxagnpds, il UOS Phgdnt NG, 41162 499 AHR-RIF & larodhef i n
polymer to about 1 to 8 wt. % preferably3t07wt % chl opj ne, or

br oni ne,15hasad Fok-NIRds eumepsicidly Hwilphigunger theradenamed &iissepal padeimg t he
chl orine or oh AXH@ at a tenperature of 60 to 250C,
preferably ﬁ%ﬁfﬂoﬁ%&ggﬁfégﬁfrgﬁﬁp Cﬁ?(% for about 0.5 to 10, 15

preferably I to 7 hours. The hal ogenat ed poI ymer or hydrocarbon (hereinafter

Polyisobutylene polymers that may be employed are generally based on a
hydrocarbon chain of from about 1800 to 3000. Methods for making polyisobutylene
20 are known. Polyisobutylene can be functionalized by halogenation (e.g. chlorination),
the thermal "ene" reaction, or by free radical grafting using a catalyst (e.g. peroxide),

as described below.

The hydfocarbon or polymer backbone can be functionalized, e.g., with
25  carboxylic acid producing moieties (preferably acid or anhydride moieties) selectively
at sites of carbon-to-carbon unsaturation on the polymer or hydrocarbon chains, or
randomly along chains using any of the three processes mentioned above or

combinations thereof, in any sequence.

30 Processes for reacting polymeric hydrocarbons with unsaturated carboxylic
acids, anhydrides or esters and the preparation of derivatives from such compounds
are disclosed in U.S. Patent Nos. 3,087,936; 3,172,892; 3,215,707, 3,231,587;
3,272,746; 3,275,554; 3,381,022; 3,442,808; 3,565,804, 3,912,764; 4,110,349;



backbone) is then reacted with sufficient rmnounsaturat ed react ant capabl e
of adding the required nunber of functional noieties ]g(:]‘ﬁmpﬂﬁ

nonounsat urated carboxylic reactant, at 100 to 250C, usua ou 18OC to
235C, for about 0.5 to 10, e.g., 3 to 8 hours, such that the pr oduct

obt ai ned wi Lj,eqptai n the desi red nunmber, 20 of nol es of the nonounsaturated
carboxylic reactant per nole of the hal ogenated backbones. Alternatively,

the backbong 2andi3she, 7&@@99@@@#@5@ ¢ u%ﬁraQ@PYG 582 tﬁﬁm 6@\ 1 %568915 afdGand
heat ed whil e"adding chlorine to the hot materi al le chlorination

nor mal |y helfps, 44ﬁérléa§éephbfmeeachydmot:a,rbmi rrsityémtfurmglootlefednfor 28appleywshs wi t h

nonounsat urat ed funct.ionalizing.reacta W th sone of
the pol ymer $25PXHYHRGE BF ﬁ’é’g@g‘?t %ﬁrt]eéablp'&fndﬁ(g f’}ﬁd}t‘f‘\’g% %"éé‘ﬂg thevent i on,
particul arl %r?ﬁb?%rﬁ%&&ﬁo@éﬂb@ﬁ’uH&Er%@ﬁ&%oﬁ’{thQVQﬁﬂ?ﬁNﬁQQ@dM’Gh 6f‘ft919§§1%§13 a high
term nal ontent and reactivity. Preferably, therefore, the backbone

and the Srmmmetmtanragexﬁsi ifeuracid amtgldridy, eseaciagties, ac. gonto¢lw]lndx§nler qar react ant
are contacted_ at e to cause an initjial thermal "ene"

ted t t
reacti on tolY&iesas %Pae %gﬁgmat@;%%?tgﬁq@{ C&f@nktﬁmonsmwmﬁp@lmﬁe%bztoog
-25- The hygé ngﬁtﬁgﬁaﬂm% omwa&tsattﬁﬁm%ﬁn ﬁg@@&ﬁ@@ﬁdcﬁ%gal%a@ndom

at t achnent tional noieties along t al ns a variety of
met hods. FQ&.g.eotﬁmmhael,onlpn@cmloyﬂmrthemal§aidjtreamomr insolid form may be

grafted with the nonounsaturated carboxylic reactant, as descri bed above,
in the presence of a free 5 radical initiator. Wen performed in solution,

the grafijing ta D2 LV e bRpRGabY HalolgBnd nge of about
100 to ZI%OC pr??ﬁgg‘?gﬁf%@oam’gc t%r ecfatéra y,tby rgeg ?5@%2? ‘initiated

grafting V\ouhlrtrllnetmag:mohsrphnmg thewmssatrated ed-oléﬁmh)poltyaier togabout 1 te 8wt Feon

cont ai ni ng, e. %. preferably 5 to 30 w. % pol yner based on
the initi aPrEtfataQty %tqwaﬂatcht?ﬁme,m brpminey ased qaitheayeight ?fp 19Per 9Mhat may be

used are peﬁg?ﬁ'og%%on éagtﬁg% étﬁépm@&%romeqmmgymol &f 87:ARYe ,Itattﬂée t hat

have a boilihg point dreater than about 100C and deconpose ther 'y within
the graftingf 6@trpé5(ét’CUpe:f¢rahlgel 1080 p6OYE, de.f 128g0 1149%1:: dat shouRBprted@nt at i ve of

oo 1R bEhEBh, | B bS!S BB BB oS e neber ot e
The :) niti ab@ékboﬁls)el@ thisadactéd with 3hfficidns mb‘i)@dndafhraed adreLaRt cApabaifuaamhg0. 005%
and 1% by the required number of functional moieties to the backbone, e.g., monounsaturated
carboxylic reactant, at 100 to 250°C, usually about 180°C to 235°C, for about 0.5 to
10, e.g., 3 to 8 hours, such that the product obtained will contain the desired number
20  of moles of the monounsaturated carboxylic reactant per mole of the halogenated

backbones. Alternatively, the backbone and the monounsaturated carboxylic reactant

are mixed and heated while adding chlorine to the hot material.

While chlorination normally helps increase the reactivity of starting olefin
25 polymers with monounsaturated functionalizing reactant, it is not necessary with
some of the polymers or hydrocarbons contemplated for use in the present invention,
particularly those preferred polymers or hydrocarbons which possess a high terminal
bond content and reactivity. Preferably, therefore, the backbone and the
monounsaturated functionality reactant, e.g., carboxylic reactant, are contacted at
30 elevated temperature to cause an initial thermal "ene" reaction to take place. Ene

reactions are known.



wei ght based on the weight of the reaction m xture solution. Typically, the
aforesaid nonounsaturated carboxylic reactant nateri akpgognMpeeeoadi cal
initiator are used in a weight ratio range of fromabout 1.0:1 to 30:1,
preferably 3:1 to 6:1. The grafting is 20 preferably carried out in an inert
at mosphere, 260atho%@s under nitrogen bl ankesi-ng. The resulting grafted
polymer is characterized by having carboxylic acid (or ester or anhydride)
moi eti es random'E/hﬁah)t@mblorabmymhlebngbwndllﬁtd’lln@lonahzddél}’rfgndmer st ood,

of course, that, sone

radi cal gr aff PRy gg??“b‘é’ﬁag’b%ége%%\lﬂn% ef?@n ‘iq’ g’??:‘%?gﬁgtyp-r ’%‘&Pg “and

hydr ocar bonsRfexhiABleP RSN mer ? SN AR solerm e{a@rweeqaﬂfean»oum% ur at ed
reactants that are used to functionalize the backbone conpri se nono- and

di car boxyl i onemdughs atatated ealrboxyhe.rs:acamtbhs desdripgdiatieye, ox thea;msdneso%a frcmt erial,
i ncl udi n (1) ,,monounsat t ed t di c box | i wher ei (a) the
car boxyl d%‘ﬂ)‘goldflgla\ﬁrc Ws n pe(rgrgleg 1§ H?%IB i‘]‘ pg%ﬁet?b AR 5{236' A and

(b) at |ea?t&m@&%tur@Er?fh%rré’t?ée)’oﬂ%bhn 109 10280 EC %ibﬁ?zﬁﬁ'& 18@ PRIt @Efe fHbEy, PAr t
of said mono unsaturation; (ii) derivatives of (i) such as anhydrides or Cl

to C5 al cohdteededloabmltlamhguraftmg wpeldtberascashpl{shed i & miperatdnonicesmgurilat ed C3 to

C o nonocarboxylic acid where VB 05,2002L009 - 26-

car bon- car bc?ﬂf(%ﬁﬂbﬁoetabrbﬂ%ﬁ% ib%?%&’é%é’r&?faﬁ&ﬁeo g(g jyog'f%ﬁ’as?d%mheof t he
structure - GrGalGial An@idiion) derivatives of (iii) such as C, to C5 al cohol
derived nono- or diesters of (iii). Mxtures of nonounsaturated carboxylic

material® (i) - (iv) also may be used. Upon reaction with the backbone, the

t t f.th 5 d boxy!l t b
Caturated.  Thus, THPeGdia B CRATIP T iy e e BUROHES THORBRGSUIEL | t ut ed

succi ni ¢ anhydtb ouﬁdsdp@@émblthaga that rbeggmﬁlr@qsamcg?@atwbﬁt hbotl @dowr opi oni ¢
acid. Exenplary of such nonounsaturated carboxylic reactants are fumaric

acid, itacorfind da@waposmh@mllacwmnﬁbﬁ g@@lr@ﬁw@ﬁa&ee rangg [to prsnvideeiree-aci d,
chl or omal ei ('ré&l@ .dkl I%ser&&{ +ﬁ?@s%'fpee-rg§tcgﬁﬁ %ngu %t? éczéo aci d,
, and g.,

ci nnam ¢ aci ier al efré of the
foregoi ng, démgthyllerthyhe-2ps-batertiaey-bydyl f)d:msnrchtaed dmrﬂnemtpb;dmdmrmlﬁeat e. To

provi de the required functiona t he nmonounsat ur at ed oxylic reactant,
preferably ritiaios. WheyeeAdwp! ps.lga%eﬁynmﬂﬁm%t Sietiseq o ai.??raa 4% Bhgi ng

from about ix?el%ﬂ‘ﬂa%{i &4 th%rWéiGBt $fan@Rakfionl Ak tife so%itﬁa?ﬁc &SPically! etfhéra?é}lsé’alé to 50
wt. % excess, on the noles of polyner or hydrocarbon.’ Unreacted
excess nonounseunsabeted carboxylic reactant material and free-radical initiator are used in a

weight ratio range of from about 1.0:1 to 30:1, preferably 3:1 to 6:1. The grafting is

20  preferably carried out in an inert atmosphere, such as under nitrogen blanketing. The

resulting grafted polymer is characterized by having carboxylic acid (or ester or

anhydride) moieties randomly attached along the polymer chains: it being understood,

of course, that some of the polymer chains remain ungrafted. The free radical grafting

described above can be used for the other polymers and hydrocarbons of the present

25 invention.

The preferred monounsaturated reactants that are used to functionalize the
backbone comprise mono- and dicarboxylic acid material, i.e., acid, anhydride, or
acid ester material, including (i) monounsaturated C4 to Cyo dicarboxylic acid wherein

30 (a) the carboxyl groups are vicinyl, (i.e., located on adjacent carbon atoms) and (b) at
least one, preferably both, of said adjacent carbon atoms are part of said mono
unsaturation; (ii) derivatives of (i) such as anhydrides or C; to Cs alcohol derived

mono- or diesters of (i); (iil) monounsaturated Cs to Cjp monocarboxylic acid wherein



carboxylic reactant can be renoved fromthe final dispersant product by, for
exanpl e, stripping, usually under vacuum if requireds DROEMBER 2005
functionalized oil -sol ubl e polyneric hydrocarbon backbone is then
derivatized with a nitrogen-containing nucl eophilic reactant, such as an

am ne, ami nd%2kP¥ohol , amide, or m xture2@hereof, to forma corresponding
derivative. Am ne conpounds are_ preferred. Useful am ne conpounds for

deri vati zi ngherearan-eaihen deiple pond inepraiugaiss Middhe cabaxs groypel- aneffie and can
conpri se on ) AEeh T | q ' i r groups.
These am negtrﬁ)rr(glﬁgggg r@ggdob%@bn@w’) Cge?nﬂvgtg\ée%%rf ?‘#%3‘5 &E‘% %ﬁg?&%‘fﬁogﬁ{ ?é}%?}dr ocar byl
am nes i n whidla- bhéiehyaraigan)bwixgiredpl mosdunstesracidharboxgiioupseriads @) - (ikydr oxy
groups, al koxy groups, am de groups, nitriles, imdazoline groufps, and the
l'i ke. Parti alsPanawbaiasefyUpgnireretion mitihe Sagkhensdle mopsunsawitiozntyiben nes,
e.g., polya I . ] f 0] ch 30 as
> {0 ab o goron@itBoHAhEICERR BRDHNIAGRCE 3G for Syl BN 0
to 12, pretgliybkid¢ bdcdpeObackbsiie-pibsfituraiBuycihierathadddd, abd heryHbacid 7 ni trogen
atons per nolecule. Mxtures of am _ne conpounds_ nay advantageously be used,
such as t hoBecomgsdisgkanersybstiytedinsopignic 2Ky (EXRBPHATY 8f Fird MPRAVnsaHTHGd.
Preferred amn 200! s -2 A= .alip I: r.at ed

am nes, inc%?%%lgéggagggﬁé\p@ Eﬁr %%g-ﬁdﬁg%l%%%??ia&n%l?m%gf |éé(?nan S?lgg’ane;

1, 4- di am nobhloasiRaleit, oid] chldtsrndiexankydride), ¥atly haoemeatihcrglc a¢i@crofhic

di ethylene triamne; triet hXI ene tetram ne; tetraethyl ene pentam ne; and

pol ypr opY| eAEEnsIABYNS AcH, 484 over sikyh{(s-8nk1 Bl Gnilkyl) agidcsters of the foregoing,

di - (1, 2- propyl riam.ne ) i es, known as PAM are
comer ci al | e&é\?gi&rgb*g&tga?t? cﬁﬁ%ﬁtg%g?ﬁe@#@?rf%%ﬁyam ne mxtures are

m xtures derived by distilling the light ends from PAM products. The
resulting mxtures, kno as "heavy. PAM or HPAM are also comercially
avail abl'e. The pGBRYE I avireh Ppfienally. i moRaRTEAR G gro PRI,
descri bed, Eférfexﬁti TRAIBic dnfydhidR, ngﬁéa‘ﬂg wim-us&%ﬁﬁéinﬁlar%% Rtk absug 30, 714;
10 5,241, 003; 5,565,128; 5, 756,431; 5,792,730; and 5,854, £86. Cther useful
am ne cofpoemesiolarammat teadbiony E0Q wt.¢b ghtass Prefarchl ol tal S Uwt.db eaersndmstdy| )

| oh d h | i ' d imd | i .
ot hor - uecPiechaies of lef ali G8EREf oTD UG eSS rRapbf iR 15 ar ni nes

as di scl osedarbBxWicTeattaiteah bblesmoved¥pom e/ finat dpErsdft firoduc? 63, 8 8xarapld,
5,229,022. Also usable is tris(hydroxynethyl)am no nethane (TAM as
descri bed i piripping, usually under vacuum, if required. ,

20 The functionalized oil-soluble polymeric hydrocarbon backbone is then
derivatized with a nitrogen-containing nucleophilic reactant, such as an amine, amino-
alcohol, amide, or mixture thereof, to form a corresponding derivative. Amine
compounds are preferred. Useful amine compounds for derivatizing functionalized
polymers comprise at least one amine and can comprise one or more additional amine

25  or other reactive or polar groups. These amines may be hydrocarbyl amines or may
be predominantly hydrocarbyl amines in which the hydrocarbyl group includes other
groups, e.g., hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline
groups, and the like. Particularly useful amine compounds include mono- and
polyamines, e.g., polyalkene and polyoxyalkylene polyamines of about 2 to 60, such

30 as 2to40 (e.g., 3 to 20) total carbon atoms having about 1 to 12, such as 3 to 12,
preferably 3 to 9, most preferably form about 6 to about 7 nitrogen atoms per
molecule. Mixtures of amine compounds may advantageously be used, such as those

prepared by reaction of alkylene dihalide with ammonia. Preferred amines are



U S. Patent Nos. 4,102,798; 4,113,639; 4,116,876; and UK 989, 409.
Dendrimers, star-like am nes, and conb-structured am %’8{’?% be used
Simlarly, one may use condensed am nes, as descri bed in F2nt

5,053, 152. The functionalized 20 polyner is reacted with the am ne conpound
usi ng convenfopmwad techni ques as descri.hed, for exanple, in U S Patent
Nos. 4,234,435 and 5,229,022, as well as in EP-A-208,560. A preferred

di spersant chippast tdtontddsangines, Guipdih g fogexaimpleast- dmnﬁncmlhanal kenyl 25
succinimde, which is the reaction product of a polyal ken substituted
succi ni ¢ anhijamieereRang; 141ﬂI1?BSAPb‘é\tﬁEIe d ‘?Jéla%?ﬁf}?ém(q?ﬂ%yet € REYNe Lkipl i ng
ratio of fraq 0 0.8 to about
1.1, nost prareg}déég%he ?r }agnlraﬁnég ? i%’ éetfa gmgg tg{rgerim%% éeﬁgﬁgggtdéh?t of this

di scl osure, potgstpbylegeanaihésuchay 1eprofeehadidnase; and ai-{ Q2 @toyikeniahgie, of
succinyl groups in the PIBSA to the nunber of 30 primary am ne rgroups in the
pol yam né r HehNlyamiae PHEIGS) H&W@ﬁswarﬁﬁ@@mr&ralmvgmbl%tsm galarly

pr oduct o ar sy HRE AR A RER AR R BOSHE RS OB L one
mol e of a | angvchradiactal kyé reSultigg irhittig ek, RBOWn a@rhemoy Yy, o Sz efeeals t h
about 1 to 2.5 noles of car bongppcorrpoun S) ,. formal dehyde and

par af or mal d@%@grcaﬂa aypibaple.0The proportigpp aféﬂib%'%ﬂ cgfaordyl’é%a%waﬁﬁ% aregs
di sc| osed, génbe@éa%‘?'e?arﬁlgfé M gs. ?@ e‘ﬁ{‘ﬁo%\'qx 93% fs‘izé%% 55?“59536\’9{‘ ich base

condensatlon rod clude a oduct’™o Iocene

catal yzed pcﬂ,yatnem(oa:@tmsmzas5,7a6s,em55 r79:uém a@d 51;856 I3énzene group, or nmy be
reacted with a conmpound containing such a polynmer substituted on a succinic
anhydride in a manner simlar to that described in U S. Patent No.

3,442,808. Exanphgg, Qgef'%tl%hé kabﬁﬂtlﬁ‘a%@rahcﬁ@ i ahiné€hidl 81 . pol ymers

syntheS|zed using netal |l ocene ca systens are to described in the
publicati onsh(adﬂnom:uhglj cryuphaxanihmddine@pmyshmtlw@gemtomp@nﬂs esdnds i nventi on

Pr ot orred nEMUPOAPS AMaPtiaeholess pRATRFCA (s Bo P I Bt rS8bue . 96 of

the nit5006Mmihés £NsNERAGn UTH PRGNS ¥,85R31 T, 7934, 87, 985,275; and
ni trogen-containi ng di spersants can be T ender'ed non-basic by reacting the

ni t rogen- cot%0Hg Alsspertdamtrigihydrarymsthybamieeimetdapp hgMage described in
- Conventi onahl x, plih! REEY; RA! 2119 63b5P 68T Ak BESR09. Dendrimers,

star-like amines, and comb-structured amines may also be used. Similarly, one may
use condensed amines, as described in U.S. Patent No. 5,053,152. The functionalized
20  polymer is reacted with the amine compound using conventional techniques as
described, for example, in U.S. Patent Nos. 4,234,435 and 5,229,022, as well as in
EP-A-208,560. ’

A preferred dispersant composition is one comprising at least one polyalkenyl
25  succinimide, which is the reaction product of a polyalkenyl substituted succinic
anhydride (e.g., PIBSA) and a polyamine (PAM) that has a coupling ratio of from
about 0.65 to about 1.25, preferably from about 0.8 to about 1.1, most preferably from
about 0.9 to about 1. In the context of this disclosure, “coupling ratio” may be
defined as a ratio of the number of succinyl groups in the PIBSA to the number of

30  primary amine groups in the polyamine reactant.

Another class of high molecular weight ashless dispersants comprises Mannich

base condensation products. Generally, these products are prepared by condensing



capped to reduce the adverse effect such dispersants have on the nitrile
seal s used in 20 engi nes. Nunerous cappi ng agents and s®ECEBVBER20KNowWn. The
reaction of a nitrogen-containing dispersant and tautoneric acetoacetate
(e.g., ethyl acetoacetate (EAA)) is described, for exanple, in U S. Patent
Nos. 4,839, *P93L04? 839, 072 and 4,579, 67528 TFhe reaction of a

ni trogen-contai ning dispersant. and formalin and/or formc acid is |

descri bed, fa&rouwwk,ofmons ehapaliahsingiut ,TSB?ﬂ@PPMBWM}GB%mwnh

ni trogen-co W] i j ' ol [ for exanple, in
U.S. Pat en?1t b%gm 2(9 %g%ﬁ@giéﬁgérg%@l %grfﬁgl%?(g,?%ﬁ?ﬁ%%ﬁﬂwggrg%dacti on product of
a nitrogen- mogbanaldaigydd) speaisan.aod mokep! poigalkyleappolygmagead disaobsed,
described in U S. Patent = Nos. 3,366,569 (acrylonitrile); 4,636,322 and
4,663,064 (dPyerAmples S, Pategyho.1 552,86, 3931&*,1&&@1@, bespCamisnsationy 6 912;

R I i o

(mal ei ¢ anh e Or “succli ni e oron).

f or egoi ng | isdubksStuent orethb desidne @raupd opinhg be recteddsitiod caap@indgontdiniagen-

cont ai ni ng di spersants are.  known to those skilled in the art. 8 DECEMBER
2005 2002L00YCh apopapersybstiiief 98 BECIPSARRY e igragnarnepmifmi R ihdaki nemat i ¢

vi scosity of il jCaty Ll d BAERS H e SE : and aci ds
gener at ed up%ﬁ&g%égqgfw'ﬁggﬁgﬁtﬁé';k%l ésel Exgn Fhﬁeog prol\%ﬁlelgﬁv?nﬁ%} EGR syst ens

t hat oper at ederivadzeziosielfem polyghendsimthenized agieg metdhicanedangdydisgpansarrt s i n whi ch
greater than_about, 50 wt. % of the r}jtrogen is 5 rendered non-basic by
react i onlOwi t4¢s¢ahedenithe Pytlicaiiensidenilied séRiddes and t aut omeric acet oacet ate
(e.g., ethyl acetoacetate), are preferred. Additional additives nay be
incorporated into the conmpositions of the invention to enable particular
performance requlhedepdrsant@) bbthapreseixavgitios agf pratkditily wes-pblymenivi(elg.,may be
included in the | ubrigati n‘% ol .l Sorrposi tions of the present invention are
metal rust iBHISPPEDISTPCHBENESS)i ndex i nprovers (other than pol ymer i, iii
and/or iii), corrosion inhibitors, oxidation inhibitors, friction

modi fiers, anti-foamng agents, anti- wear agents and pour point depressants
(ot her tHWan pol yPreferfedidispesants ingladeithesaipswlich greatey thanabodetwt- bef 8w 15

0 vl ocar et sebssel e el oLl ad yS L et
or al um numcanlbeaender¢dnonyohsydble rHadtingwhe gitneea.contadked depersajpdth a Jhe zi nc
salts are m)csagled "capping agent". Conventionally, nitrogen-containing dispesants have been
capped to reduce the adverse effect such dispersants have on the nitrile seals used in
20  engines. Numerous capping agents and methods are known. The reaction of a
nitrogen-containing dispersant and tautomeric acetoacetate (e.g., ethyl acetoacetate
(EAA)) is described, for example, in U.S. Patent Nos. 4,839,071; 4,839,072 and
4,579,675. The reaction of a nitrogen-containing dispersant and formalin and/or
formic acid is described, for example, in U.S. Patent No. 3,185,704. Capping of
25  nitrogen-containing dispersants with epoxides is described, for example, in U.S.
Patent No. 3,267,704; 3,373,021 and 3,373,111. The reaction product of a nitrogen-
containing dispersant and other known capping agents are described in U.S. Patent
Nos. 3,366,569 (acrylonitrile); 4,636,322 and 4,663,064 (glycolic acid); 4,612,132;
5,334,321; 5,356,552; 5,716,912; 5,849,676; 5,861,363 carbonates, e.g., ethylene
30  carbonate) 4,686,054 (maleic anhydride or succinic anhydride); 3,254,025; 3,087,963

(boron). The foregoing list is not exhaustive and other methods of capping nitrogen-

containing dispersants are known to those skilled in the art.



comonly used in lubricating oil in ambunts of 0.1 to 10, preferably 0.2 to
2 Wwt. % 20 based upon the total weight of the |ubricgbiesmBik 2665MP0Sition.
They may be prepared in accordance with known techniques by first formng a
dihydrocarbxbmgb&piophosphoric acid (DDPA), usually by reaction of one or
nore al cohol”™0r"a phenol wth P2S5 and then neutralizing the formed DDPA

Wth a zinc compaynd, %er,gé%rchg@gg@%ra% Qi&lgg}?@'%gcﬁlg%ﬁ%ic&i?c&%?y gmbma@de by

reacting m xtures secon ernative

mul tipl e di toilijaplkesphnticpragingsof et bed fviépginerhtedity@ineust e hbwdr depdiegtl
groups on one are entirely secondary in character and the hydrocar byl
groups on t i§eginehereyidgdevithECGResyptents thafraperate Bnhendensing medemiEogde zi nc
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frequentky gemiepddn@baik BYR8GoVitEIfaEndinefdrmid Aad pexidts aml exessaicof the
basi ¢ zinc conpound in the neutralization reaction. 8 DECEMBER 2005

2002L009 - 3@cetPigetgie é4-gr @] sqefracetatey.crdpriesyad. di t hi ophosphates are oi |
sol ubl e salts of dihydrocarbyl dithiophosphoric acids and nay be represented
by the followwing formula: r SRO 11 P- SROZn 2 5 wherein Rand R may

be the same or dddiesentaddiyisePsay By indofsbread st @Y @nipd’fions 8Mhelinténtibd,
preferably 2 to 12, carbon atonms and |nclud|ng radi cal s such as al kyl,
¢

al kenyl , ~ artgEnabde prisickiar perforaange regremprts dabs preat Fxamples efadditivsrticul arl y
preferr as .R.a . 0} I 8 [ . .. Thus,
Phe radia i i e inglhdeehs A iRl Of CHBRRlans of B EBnPRR R e

i -butyl, segndltnibt, inAitktbrs, Misbextylinddx-ikgtyvers (otigtiyin polyfledie iy hnd/aoiigcy! |,

oct adecyl , 2-ethy|hexg], phenyl , butyl phenyl, cycl ohexyl nethylcgflopentyl,
propenyl , bS$PER§IPD iNKDMPraXi g iomnRDHOS; fricign msidifiery, antineaminedgenfumier of

Can o Ok e R i AR GRS RO 08 M e el | oo
conpri se in further detail below.

15

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and
antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminum,
lead, tin, molybdenum, manganese, nickel or copper. The zinc salts are most
commonly used in lubricating oil in amounts of 0.1 to 10, preferably 0.2 to 2 wt. %,

20  based upon the total weight of the lubricating oil composition. They may be prepared
in accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohol or a phenol
with P,Ss and then neutralizing the formed DDPA with a zinc compound. For
example, a dithiophosphoric acid may be made by reacting mixtures of primary and

25  secondary alcohols. Alternatively, multiple dithiophosphoric acids can be prepared
where the hydrocarbyl groups on one are entirely secondary in character and the
hydrocarbyl groups on the others are entirely primary in character. To make the zinc
salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an

30  excess of zinc due to the use of an excess of the basic zinc compound in the

neutralization reaction.



zinc dial kyl dithiophosphates. The present invention nmay be particularly
useful when 15 used with |ubricant conpositions contai RigiGRMesPigEus | evel s
of fromabout 0.02 to about 0.12 w. % preferably from about 0.03 to about
0.10 wt. % Mre preferably, the phosphorous |evel of the lubricating oi
conposi tion %P@#mge | ess than about 0.0830&. % such as fromabout 0.05 to

about 0.08 wt. % |dt|o hi bitors .or antioxidants

t endency of m ne?QFP cq gne a’é‘yaﬂcﬁﬁt’é{f dithigphasplaiesare ‘a\’i’? ﬁ:taé?%erl oration
can be evideggog Ry ta'ﬁt% t&f?c didIHaGRRY be ¥PFAERED b kiR BABRSIE S on the
met al surfaces‘}3 and by VIS ty g?émt S%%H:*%deatlo% |nh|b|t3%s i ncl ude
hi nder ed phefusinsla:al kal i ne earth net al salts of al kyl phenol t hi oesters
having preferably C5 to C 2 al kyl side %yains, cal ci um 25 nonyl phenol

sul fide, oil soluble phenates an | fud zed phlenates, phosphosul furized or

sul furized hydrocarbons or esterfs, oslhor ous lesters, netal thiocarbanates,
oil soluble copper conpounds as| descN hed in U S. Patent No. 4,867,890, and
nol ybdenum cont ai ni ng conpounds.| S DE ER 2005 2002L009 -31 Aromatic

ic grolibsatPachéd directly to the

of npounds jfthat is frequently used for

| s y be used in small anounts, preferred
5 enbodi nents of the present inv ~on are free of these compounds. They are
preferably used in only small anvunts, i.e., u 20 0.4 wt. % or nore

pref erably = aglaeR aﬂhti@gﬂn%h@é th@SHRE of HﬁfkréHﬁgdl%@BU?ltra@&aﬁ%nfa%H%Fro?r? an
inpurity from anot onent of the conposSition: 10 Typical o sol ubl e
aromati c ani hesldprefegbly 2 tedBtcathon awmosrand mc@dwsdlcdstsadhachlkiylc elgedyl, t o

one amine nitr infrgm6 to 16 c The

cont ain mor b e iS afshnd Cy GHE SN R PG P B BAGR | cast
three arOnath%u?i%%&ﬁqﬂﬁnmﬁkQ%2h$@cﬁﬂﬁﬂﬁﬁ@ﬁsQfﬁﬂpﬁwé&ﬁchhﬂ%@dﬁﬁkx%nﬁﬁya|ent
bond or by an atom.or group (e.g., an oxi/gen or | fur atom or a -

-S2- or 15 bwtwleneprgpﬁupprombl nthybylai-butgl secbutyl, amyhahbekyl.o-levgl, anvat,
nitrogen el oY ered neg . .hav e aromatic

gr oups at ac I Pél%dgc?ﬁowt&c?lhe elrttl? ﬁex r?%en)?hﬂélﬂglrpﬁ%rﬁb Chhr?g 1are typically
substi tut ed i@ytt@t&ycwpemt eprsp&nst |bt1wapt SInE‘(EJi@Qb ettalir @solabikyy, theyedloal kyl

al koxy, aryl oxy, acy am_no ., and nitro groups.. The anopunt of

any such oi | NWBP&IA éaﬁtoéﬁﬁ?m%(lénRﬁég R g d&bl%@&?thtl%Clér\*dHeaemeragmeps

about 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise

am nes having at |least two aro
ni trogen constitute another clas
anti oxi dancy. Wile these materi

zinc dialkyl dithiophosphates. The present invention may be particularly useful when
15  used with lubricant compositions containing phosphorus levels of from about 0.02 to

about 0.12 wt. %, preferably from about 0.03 to about 0.10 wt. %. More preferably,

the phosphorous level of the lubricating oil composition will be less than about 0.08

wt. %, such as from about 0.05 to about 0.08 wt. %.

20 Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
deteriorate in service. Oxidative deterioration can be evidenced by sludge in the
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to C), alkyl side chains, calcium

25  nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil
soluble copper compounds as described in U.S. Patent No. 4,867,890, and

molybdenum-containing compounds.



20 attached directly to one am ne nitrogen should preferably not exceed 0.4
W. %active ingredient. Representative exanples of sgibtebMBERI28650Sity

nodi fiers are polyisobutylene, copolynmers of ethylene and propyl ene,

pol ynmet hacry] at e met hacryl ate copol yners, 25 copolyners of an unsaturated
dicarboxyliéﬂﬁ%#)gand a vinyl conpound,'ﬁﬁferpolyners of styrene and
acrylic esters, and partially hydrogenated copol yners of styrene/ i soprene,
styrene/ but adi ene, and i soprene/ butadi ene, as well as the partially

hydrogenat ed honRRGHhMFEISin&S hAkih A6k 18R tvdd GronR@R 'o8H\Hs a8cHedl difeb @ tdMpdi fi ers
and fuel econony agents that are conpatible with the other ingredients of

the final oinitroggn einsotubeeariotladr wtbssl of Exapeinds thef issfuesjuentdy vseidd€bs i ncl ude

| yceryl nmonoesters of _higher fatty. acids, for. exanple, glyceryl

?m%o- o%/eate;a“élé’f‘@gcyofwrﬂ’flg Sﬁﬁ%ﬁt?\‘}laﬁ%m?ﬁiiaBB@E{/‘PiS@%H&H\?ﬁ%WG{#‘?ﬂ s, for
exanpl e, st he.huiaRendioPlhestt e Mvertich PECEVBER 200530025088y a32  di meri zed

unsaturated fatty acid; oxazoline conpounds; and al koxyl at ed al kyl -
substi t ut ed prefecabdyriasealsin odlyasmhalbsmavmts.dlekyip te Olfewt. #hd aresorefpogfembbnpl e,

et hoxylated tallow anjne and ethoxylated tallow ether amne.. A preferred
ubr i cat | ng BRIGCdAIAETFatBE (BehtusATaRnlpSBaY SRHI %8 GREBEITY SFTB AN e

present i nveny QA Ee Qhwosddsh, © a nitrogen-containing friction nodifier.
Q her known frlr%t%ie%n modﬁ i Fé?slcorrpri se oil-sol ubl e organo- nol ybdenum

conmpounds. Such organo-nol ybdenum friction nodifiers al so provide

ant i oxi dant and_B?nt i welar edits to a |ybrjcat :Lﬁng oi | conposi tion. As an
exanpl e ¥f such Fflcall.@l S8l %rOH}ablﬁﬁH}l?Fﬁl Ble i toWﬁo"HﬂEi‘é,lc EIEP? may be
mentioned t hgdhddWiReaYy REBRE 8Sine MirbfincRhesPhshes 1o i EhbapheaRhiThat es,

xant hat es, thioxanthates, sulfides, and the like, and m xtures thereof.
Parti cul ar | yarpines may eontainenens! thivd syuanodiatipigowws b &eatpeynds having a total of at

di al kyl di t hi.gphgsphat es.. al kyl .xant hates_ and..al kyl t hi gxant,hates. 15
Addi ti onal | Q?%t ﬁlergen%rl()%% lrj?npédrrln‘)v ﬁcngtwr?a%/ro 'éltl%lﬁr&e{ll %ﬁegmqn% y%&ecr?ﬁ%emconpound.

These conpoustdd onblylanragae br Bdup (8.ghasioxypér 610@Edr 6 UAICEs, -SERSYF ed by
ASTM test D-664 or D-2896 titration procedure and are typically hexaval ent.
| ncl udediSar ealldeRmerrep)andd woarag et hi sHschestiqrane agung nitiogen plsaspesidesed assi um

oo 20" hydi e Eha KRS b R S P R MRS
tri oxi de or Tisi eroinatic siagdiare tyitalbdmbstituedriyyouneds .more substituents selected from
alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups. The
amount of any such oil soluble aromatic amines having at least two aromatic groups
20  attached directly to one amine nitrogen should preferably not exceed 0.4 wt. % active

ingredient.

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

hydrogenated homopolymers of butadiene and isoprene.

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

long chain polycarboxylic acids with diols, for example, the butane diol ester of a



Anmong the nol ybdenum conpounds useful in the conpositions of this invention
are organo- nol ybdenum conpounds of the fornula 25 M(ROpEekfMBrtoodV0( RSCS2) 4
wherein Ris an organo group selected fromthe group consisting of alkyl,
aryl, aral kyl| ggg al koxyal kyl , generally of from1l to 30 carbon atons, and
preferably 224% car bon atons and nDstzpreferany al kyl of 2 to 12 carbon

at ons. EspeC|aII ref rre Id|th| r bapat.e

ol ybdenum SR Slpe AT gtifcondrybmm b ot AR RTERE AT, ¢ ne
lubricating sﬂﬁfmﬁéd fobReLam@es! Biafihdd\aa bikgDetBb Carhinks) Y61 SnpIB] VRS kD
conmpounds, especially those S DECEMBER 2005 2002L009 -33- of the fornula

MD3SKL" Q anthlleivaminesnd pdpepiatedrialiey nthph@nmeaneprefﬂn@dénwmg oilse| ect ed

| i gands havin ano_gr.ou n_at.ons
ender the. cOMBRRATLSTUARES gibirtaf P obEo Tt eRaFaER Rhefibhy Bt B 4
varies from 4nitt egq@ﬂmﬁnnéhhﬁKﬁqh&ﬁﬁgd fromthe group of neutral electron
donati ng conpounds such as wat er, am nes, al cohols, phosphines, and

ethers, and z ranges fron10 to 5 and incl udes non-stoichiometric val ues. At

| east 21 total carbon ato shoulg esent a t ands' organo
groups, such as g)t[hqrpkﬁg‘fm g’g‘:tl% mEGHIEES p”c?F of§so n?”g’g%?rgégo 5@%%4?%’?’0% The
l'i gands are é&gf&ﬁﬂgeSﬁéfb’orgﬁﬁ@%(ﬁﬁ)cfeh@ﬁ‘ﬁlb@orgx'h@éﬂﬁe?éc algcppr&&rdean%oxxﬁant\ R 2,
X2~ X1\\\ /R - X2\ and
and antlwear credits to a lubricating oil composition. As an example of such oil
10  soluble organo-molybdenum compounds, there may be mentioned the dithiocarbamates,
dithiophosphates, dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and
mixtures thereof. Particularly preferred are molybdenum dithiocarbamates,

dialkyldithiophosphates, alkyl xanthates and alkylthioxanthates.

15 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.
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,

20  hydrogen sodium molybdate, MoOCls, MoO,Br;, M0,03Clg, molybdenum trioxide or

similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention
are organo-molybdenum compounds of the formula
25 Mo(ROCS;), and
Mo(RSCSy)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
atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the

30  dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating

compositions of this invention are trinuclear molybdenum compounds, especially those



X1\ OR X2 \OR2 5, and m xtures thereof, wherein X, X1, X2, and Y are

i ndependently selected fromthe group of oxygen and SlglﬂwEMmo\ﬁgler ein R1,
R2, and R are independently selected from 15 hydrogen and organo groups that
may be the sane or different. Preferably, the organo groups are hydrocar byl
groups such aszabkyl (e.g., in which thesgarbon atom attached to 8 -DECEMBER
2005 2002L009 -34 the remainder of the ligand is primary or secondary),
aryl, substigdfubefbrmiid MaSiLad hed mighupespheredbvieergin eedr adeliydepeaddntlli gand has

t he sane hydrocarbyl group. The tern1"h¥drocarb yl " denotes a substituent
havi ng car bo§! eéteéﬁ*@%‘? @thg;pr@né?t&f%}&ﬁéﬂ h psuffigentapmbapefrcagron aems fogand and
is predomn t (S

IS pre 41]@{ tllﬂ% élublg fﬁggérgl%f‘er 1][101?{% &f‘!n'}s Pr&? ICtH;/l E&‘%mg{) frdd's

i nventi on. uen s inc

substi t uent Sthrdu@ﬂﬂ QSS selddtqahfadrh ehe( grotip eﬁmﬁn’aleeleﬂtﬂ@yndommgld@ﬁwhﬁds sualh agyclic
(for exanple cycloal kyl or cycloal kenyl) substituents, aromatic-, allphatlc-
and 10 alsi cywatFi 28insst aleqholsdphasphines. anheBFiE; andrirapges fronk@to %@ncw@r:lu &8s cyclic
substi tuent s Vms?mgfﬁxomtenl} vl OB AR ﬁt okﬁo%%ﬂo& %t gf seﬁ’t °f the

l'igand (that nofls WO 1h uen

alicyclic grip¢pgands: ogbhhﬁgrbhpﬁ gd:hha}édt 1@@@015051 1@19@1 lot ateéusws &ziia@n thmst hose
cont ai ni ng non- 15 hydrocarbon groups whi ch in the context of this
invention, do not alter the predom nantly hydrocar byl character of the
substituent. Th i r sui t abl e groups
(e.g., halo, esglzlgelﬁ dk%lh@?egggﬁwsﬁgrcoéd f?t(r?[nnrtl%’\,\@r ﬁll)(oiyl mer capt o,

al kyl mergapto, nitro, nitroso, sulfoxy, etc.). 20 3. Hetero substituents,
that is, substituents which, while predom nantly hydrocarbon in character
within the context of this inventiog, centain atogs other than carbon
present in a chain or ring otherw se conposed of carbon atons. I|nportantly,
t he organo groups of the |igands have a sufficient nunber of carbon 25
atons to render the conmpound sol pgtgl e or dispersible in the oil. For exanple,
t he nunber of carbon atons in eac \group wi |l generally range between about
1 to about 100, preferably fromaboft—* Ro about 230, and nore preferably
bet ween about 4 to about 20. Pr red |igands include

di al kyl di t hi ophosphat e, al kyl xan te, and dial kyl dithi ocarbamate, and of
t hese di al kyl di thi ocarbamate is nore preferred. Organic

__.Y 3 ,

R
and
Xl O R]
NN
W

and mixtures thereof, wherein X, X;, X»,and Y are independently selected from the
group of oxygen and sulfur, and wherein R;, Ry, and R are independently selected from
15 hydrogen and organo groups that may be the same or different. Preferably, the organo

groups are hydrocarbyl groups such as alkyl (e.g., in which the carbon atom attached to



30 ligands containing two or nore of the above functionalities are al so
capabl e of serving as |igands and binding to one or n®DECEMBHER206Or €S.
Those skilled in the art will realize that formation of the conpounds of
the present invention requires selection of |igands having the appropriate
charge to babegnoe® t he core's charge. 8 DECEMBER 2005 2002L009 - 35 Conpounds
havi ng the fornmula MO3SkL"Q, have cationic cores surrounded by anionic

| i gands and tmem@meegémtégaWSQtim onsesorslagyh, aad, @bstitdted adyllhad ethaet char ges

of +4. Consequent| in_order b|||ze t e cores the total charge
among al | t Oqﬂsgﬁ%(%r Fﬁf%rf‘bﬁeeacgh q’éﬁf& B?/lg%ﬂ%% are preferred.
Wt hout wishing to be bound by any theory, it is believed that two or nore

trinuclear 10 cores maybe bound or interconnected by nmeans of one or nore
| i gands and t he Thegemu $hydnepprtly€” damiotes d entstitwent Bualy csibomcatmnsaéirtfcelbfl Wit hin

t he scope of t i nventi on. is. includes the c dent at e
o ang Pl wigathstiep eaSia Rt tbisapd ol & efodtagiis hydoeapd g Rgten. ¢ hat

oxygen and/ %nkﬁﬁhﬁ@o&l@kﬁ@ﬁ’th@‘h\%ﬁéﬂ'$dé§1%9b§tﬁfen{%%éflhﬁe th@f&lf&%‘vlﬁgre(s) 15
Q| -soluble or dispersible trinuclear nolybdenum conpounds can be prepared

by reacting in the appropriate liquid(s)/solvent(s) a nolybdenum source

h NH4) 2Nb3S bet 0 | ud
on- st of chi omet rirc . NUrtRECor PR B s SRS G SO g,
tetral kyl t higramcdrsakihpie cy%ﬁlﬁg RickeloARLHD) BibQTtudhhS BRInRiB!, GibRdiouglear

nol ybdenum conpounds can be’ f during a 20 reaction in the appropriate
sol vent (19) alicylicesubsithetnd moa@upmeclsmrﬂd tlatshkn‘ as whlHdy @{vﬁesﬁgnmdﬁ@whemm gand

source such as . tetral kylthiura ul fide, i t.hi ocar ba

ial kyl di ¢ nitbres i e S R ane i st ofebs Rl gBh S uBe Ve TBhibiR 2005
2002L009 - 3Gpuh@GivddtsiBay @BStherSfalhiah Qlit RNE gr ?)substl t ut ed phosphi nes.

Al ternatively, a trinudclear nolybdenum suI hal i de salt such as

[M]2] Mo3S7A6], where M is a counter ion, and A is a halogen such as O,
Br, or 1, may b re utbgtciituwglhgpk |$ lﬂ)sﬁ tht1 ho%?ﬁgntau non-

di al kyl di t hi ocarba e or |opﬁospha e’in priate

l'i qui d( s}/ scmlym@am(bsﬁ gﬁ)ulp@wfhilihmnahe Cbrtexs @F thi i@ vertiod d:‘cpﬁft&lt&i thet ri nucl ear

nmol ybdenum ¢ ound. The appropriate _|iquid/solvent may be, for exanple,

aqueous or @fq%ml&anﬂy hydrocarbyl character of the substituent. Those skilled in'the art will be -
aware of suitable groups (e.g., halo, especially chloro and fluoro, amino, alkoxyl,

mercapto, alkylmercapto, nitro, nitroso, sulfoxy, etc.).

20 3. Hetero substituents, that is, substituents which, while predominantly
hydrocarbon in character within the context of this invention, contain atoms other than

carbon present in a chain or ring otherwise composed of carbon atoms.

Importantly, ihe organo groups of the ligands have a sufficient number of carbon
25  atoms to render the compound soluble or dispersible in the oil. For example, the number
of carbon atoms in each group will generally range between about 1 to about 100,
preferably from about 1 to about 30, and more preferably between about 4 to about 20.
Preferred ligands include dialkyldithiophosphate, alkylxanthate, and
dialkyldithiocarbamate, and of these dialkyldithiocarbamate is more preferred. Organic
30 ligands containing two or more of the above functionalities are also capable of serving as
ligands and binding to one or more of the cores. Those skilled in the art will realize that
formation of the compounds of the present invention requires selection of ligands having

the appropriate charge to balance the core’s charge.



A conpound's oil solubility or dispersibility may be influenced by the
nunber of carbon atons in the ligand s organo groups. sbrcEdsrrspounds of
the present 10 invention, at |least 21 total carbon atons shoul d be present
anong all the ligand's organo groups. Preferably, the |ligand source chosen
has a suffi coenpohunber of carbon atons3fn its organo groups to render the
conpound sol uble or dispersible in the lubricating conposition. 15 The
ternms "oil-soluble” or "dispersible" used herein do not necessarily indicate
t hat the compounds or additives are soluble,  dissolvable, mscible or
Capabl o of _be: nd-SEOUEN RN FedREmeR Mo S o PR SRy tits Srrbgrly moan,
however, t habidheNoRl€and QE regrEShRAGS sir®®hBOLRNQE Stably dispersible in oil
to an extent sufficient to exert their intended effect in the environnment
in which the oil is enployed. Mreover, the 20 additional incorporation of
other additives may al so permt i kel higher levels of a
particul ar additive, if desired. conpound is preferably an
or gano- nol ybdenum conpound.  Mor eo denum conpound is preferably
selected fromthe group 25 consi sti bdenum di t hi ocar bamat e
(MoDTC), nol ybdenum dit hi ophosphat ¢, |y um di t hi ophosphi nat e,

mol ybdenum xant hate, nol ybdenum t™M@ §xant hat &% nol ybdenum sul fi de and

m xtures thereof. Mdst preferably, tRe nmolybdenum conpound is present as
nol ybdenum di t hi ocar banate. The nol yb conpound may al so be a
trinucl ear nol ybdenum conpound. 30 A vistRosity ifidex inprover di spersant
functions both as a viscosity index inprover and as a di spersant. Exanples
of viscogitimﬂndex i nprover dispersants include reaction products of

am nes, for exanple polyanm nes, with a hydrocarbyl 8 DECEMBER 2005 2002L009
-37- substituted nono -or dicarboxyli i d i n_which the hydrocar byl

substituent conprises a chain of @?6 é\% gth to inpart viscosity
npofind n general, the viscosity
rrpl&

i ndex inproving properties to the
e J a polynmer of a 4 to C24

i ndex i nprover dispersant may be,
C10 unsaturated 5

unsaturated ester of vinyl alcohol gr

nmono- carboxylic acid or a C4 to CMO Yl -carb lic acid with an unsaturated
ni t rogen- contai ni ng nononmer havi ng carbon atons; a polynmer of a C2
to C20 olefin wth an unsaturated C3 ™NQVZL0 nono- or di-carboxylic acid
neutralised with an am ne, 7,

and have net charges of +4. Consequently, in order to solubilize these cores the total
charge among all the ligands must be -4. Four monoanionic ligands are preferred.
Without wishing to be bound by any theory, it is believed that two or more trinuclear
10  cores may be bound or interconnected by means of one or more ligands and the ligands
may be multidentate. Such structures fall within the scope of this invention. This
includes the case of a multidentate ligand having multiple connections to a single core.

It is believed that oxygen and/or selenium may be substituted for sulfur in the core(s).

15 Oil-soluble or diSpersible trinuclear molybdenum compounds can be prepared by
reacting in the appropriate liquid(s)/solvent(s) a molybdenum source such as
(NH4)2Mo3S13-n(H,0), where n varies between 0 and 2 and includes non-stoichiometric
values, with a suitable ligand source such as a tetralkylthiuram disulfide. Other oil-
soluble or dispersible trinuclear molybdenum compounds can be formed during a

20  reaction in the appropriate solvent(s) of a molybdenum source such as of
(NH,),Mo3S;3-n(H20), a ligand source such as tetralkylthiuram disulfide,

dialkyldithiocarbamate, or dialkyldithiophosphate, and a sulfur abstracting agent such



hydr oxyam ne or an al cohol; or a polyner of ethylene with a C3 to C20 olefin
further reacted either by grafting a C4 to C20 unsat ugs BEEGHMBER 2005

ni t rogen-cont ai ni ng nononer 10 thereon or by grafting an unsaturated acid
onto the pol ynmer backbone and then reacting carboxylic acid groups of the
grafted aci dROROR® an ami ne, hydroxy am nRé6er al cohol. A preferred

| ubricating oil conposition contains a dispersant conposition of the
present i nveyeniga jonsagdiitgiions, anwybsfityted phesphipes. nistnitisho ¢ dinugliegper sant . 15
Pour point depr nt her W ' be 0l | fLhew | Ve 1),

| ower the m%&%ﬁ?ﬁasr}%énﬁ%%@g%ﬁ?%e Sélﬁ %W%W ﬁ@{‘)ﬁ%ﬂgﬂ’%k?rfa H\?Il%év%n?eégéﬁﬁé&ggur ed.

Such addi tijyesaRigen Yuhlas M@ or [ yRlybalrefediwiaseligadisbivesuchigt i nprove the
| ow tenperature fluidity of the fluid are C8 to C18 dial kyl  fumarate/vinyl

acetate copbilintditbiocahampseloy dilkyidtyonkoeshatern fhe apprepriste ligaid(Péolyeas)ded by

an antifqamant. 20 of the pol.ysil ne e, .for. _exanpl e i cone ail or
ol yai ety 1odrra gl LIRSk Ben BB R e Blraf TP SR eB e o
nul tiplicityi@ideflias iy bel fodsxdrdfle axaodIs@r ofzaficngl e additive may act as a
di spersant-oxidation inhibitor. This approach is well known and need not be

further elaborated herein. 25 In the present invention it may be necessary

to include an additive i Cl intalipns the.stability-of t i scosity of
the blend. Thue.spriguste fbralBh ShaSebhbul iy et fskd By i B0,

sui tably | ovef\WaffodSdtdis inthe Migaid e obl6 Eré\s S TRER dompdasds Saaprb&Rr ved t hat
sonme conpositions increase in viscosity when stored for 30 grqlonged

per i ods.10Addnyenses, siHpash 2 hfetalegarleqit 3toas phouwdd he prisentagnanigiadl the Heat's y

i ncrease include t | on [ 0 ti ] action

W th nono- oorrgang)l %ré’pgs(jxlfj)rfagégg { tﬁ% négﬁﬁg‘%ﬁl@%{sﬂ%iacsﬁprgérléé&glge féft he

prepar at i on q@tbdnhtods il #ssrgafd gRRIHS dntendasthbestbobef heblebsdikpgsitle i8
DECEMBER 2005 20Q02L009 -38 Wen | ubricating conpositions contain one or nore
of the abovebeBRricaiREICoOTaRR G es, each additive is typically blended into
the base oil in an anmount that enables the additive to provide its desired
function. . Representative effective anounts of 5 such additives, when used
i n crankease | ubFhectanhs:oibs@ubled betdibgdrsible” Abd¢d hdreinvdml nog secdsssilpthdacae st at ed

as mass percent, acti Ve 1A% §9LENEs ak Suble VRS Tvabie, MASSIbIZ, or capable of being
suspended in the oil in all proportions. These do mean, however, that they are, for
instance, soluble or stably dispersible in oil to an extent sufficient to exert their
intended effect in the environment in which the oil is employed. Moreover, the
20 additional incorporation of other additives may also permit incorporation of higher

levels of a particular additive, if desired.

The molybdenum compound is preferably an organo-molybdenum compound.

Moreover, the molybdenum compound is preferably selected from the group

25  consisting of a molybdenum dithiocarbamate (MoDTC), molybdenum
dithiophosphate, molybdenum dithiophosphinate, molybdenum xanthate,
molybdenum thioxanthate, molybdenum sulfide and mixtures thereof. Most
preferably, the molybdenum compound is present as molybdenum dithiocarbamate.
The molybdenum compound may also be a trinuclear molybdenum compound.

30

A viscosity index improver dispersant functions both as a viscosity index

improver and as a dispersant. Examples of viscosity index improver dispersants

include reaction products of amines, for example polyamines, with a hydrocarbyl-



(Broad) (Preferred) Metal Detergents0.1 - 150.2 - 9 Corrosion |Inhibitor0-50 -
1.5 Metal Dih drocarb | Dithio hos hate0.1 -60.1 - 4 AWDEGRMBBR{2@0550. 01 - 2
Pour Point Depressant0.01 -50.01-1.5 Antifoam ng Agent 0-50.001 - 0.15
Suppl enental Antiwear AgentsO - 1.00 - 0.5 Friction Mddifier0-50- 1.5
Vi scosi ty Mo##®P0. 01 - 100.25 - 3 Basest/ockBal anceBal ance Preferably, the

Noack volatility of the ful for IaIedIurlc 0.co 05|tlon (oil
of | ubri catlﬂﬁ’sei fulebEopg - %IC{E{“}&W 1§ @6 1P S WF%V garﬁal é'é?’é? TO2RTISED

such as no gf @lﬁagﬁ lof Exﬂ%&e%@}eng{h%%ﬁ% WlS@QSlQ'rlﬁ@éxeﬁnﬁrgﬁﬂ ?roﬂehle@qbf e

desi rabl e, ugh not essential, to prepare one or nbfe additive
concentr at esccmprmmdm iy gactdilf the escosgnoden mairesersispetsantesaybe,fgr exdngrle.ed t o

as 15 additive packages er eby sever al ddltl can he ded
si nmul t aneous‘T‘ po! E‘)/Hletf ﬁg 634|tgv?&2bu95é?lﬁ%t? Esten @ng%?fla ‘Bb'r‘hg'gg Upsapratefine
final CO x'n%&’ gfﬂi%yﬁé*%@% E@;ﬁg}@]&&i ga?ocﬁisrﬂé adﬁitvﬂ&%neﬁr%'% wated gﬁro’k@n Mass

% typi c nass e concentrate, remal nder beirrg oil of
20 | ubri cat [ aftgltamﬁrgcsomqmer&aDE@El\tBBB 208 26821089y m8Of nCsto Cys@hdfion wi | |
be further understood by reference to the foII W ng exanpl.es, wherein all

parts are paViB aB;P%PEﬂ‘Rd Ca/ion (g 1BOR 8F i SEP e dC 8y S(?F\ wiftha) amine.
preferred enphodh pentSe Of af Ql%oh(gv&né b@?me?oﬁ@f%ﬁﬂi%%ﬁ@' !)B%éft]'@‘;fuﬂ;[l?_lre

conposition to control soot uced scosity’ 1 ncrease
ability of areaarpeshen pngrafiinge G4 @iCho gomtunawdsmsq@nsqoommngmdnemasur ed

usi ng bench ests, such as the test t hod descri bed herein. e oil and
addi tivel? BB DY lﬂgéﬂé‘aﬁat‘frﬁtege \ﬂo%o ghefRﬂlW?rat{aé ‘Eﬂela“ ‘?“oon bl ack

powder is thFe Beth @ﬂg&@'lfc%cfdhﬁoﬁl%rdmhé‘k?a@te@'acld wi hﬁarkarﬁ&@aﬁy&ow SR dy at
100 C of the car bon bl dack dispersion I's measured using the test method
descri bed i nala8TN Mpteferred lubricating oil composition contains a dispersant composition of

the present invention, base oil, and a viscosity index improver dispersant.

15 Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to C;g dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant

20  of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

Some of the above-mentioned additives can provide a multiplicity of effects;
thus for example, a single additive may act as a dispersant-oxidation inhibitor. This
approach is well known and need not be further elaborated herein.

25

In the present invention it may be necessary to include an additive which
maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has
been observed that some compositions increase in viscosity when stored for

30 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.



To denonstrate the advantages of the present invention, a conparison was
‘made between the kinematic viscosity increase of car b9DEORMIBERRe ed

| ubricating oil in the 15 presence, and in the absence, of 96% sul furic
acid. The addition of the acid (1 w. % of 96% sul furic acid) sinulates
condi tions imoAobeavy duty di esel engine3provided wth an EGR system
operated in a condensing node. In the testing described below, 3 w. % of
carbon bl ack was added to lubricating oil conpositions forrmulated with

conmer ci al deter i.nhi bi tor (Dl a cont ai n| di SRer sant et er gent
20 (cal ci um phen “é‘f‘Pdlcé%Wq:f '%‘?gncgfl ?“Oré?nqr YRi% g}f*ﬁ O&ﬁﬁl r’\5\$¢§7E{F‘Sjagent
(ZDDP) and QRfiveoainbd@nd & tGHHRY sleahedolatovtn{eu)hée Nl SCRSIrh e Ehflles as
shown bel ow. SV 151 is a styrene/diene copol yner available from I nfi neum USA

L. P. ACRYLGh®ad&dve & promdk tits fdesictd mnaliorp ol Rapetshatatiyé aﬂfwvwmntswfrmdl fier
avai l abl e 25 from.Rohnmayx USA HT 777 and PA 0 ar uncti onal
OCP vi sCosistgh ﬁ‘é)n%‘flf’?se e’é\‘}%ﬁ ‘&tﬂr@kfaﬁﬂg{i?aé‘fsl 9reflis(5‘?ﬂlt§$‘?1‘§1 A@otgg fon and
Dut ch St aat Q{%ted'\é.r@§ﬁtedr£§%§¥r;oﬁ§_@hﬁ’actl-{;g?n @dlg,gr mance of fornul at ed oils

i f

cont ai ni ng these viscosity iers ich are each within the scope of
the present invention, was conpared to that of a formulation containing a
convent i ongl—ren ‘unct:f‘na! zed—0CP—eopob e300 PN —avatabley f rom
ORONI TE, a deEITDJ‘Eof ChevronTexaco). In edvaSf%t he forpMASS ¢éns, the
amount of \iscosity nodifier was adjusted suBkoddyat t he | ubPrefatreag of |
conposi tiorfs al ual1T1ed as a I5W0 gr adg Oil rnitral ky 8T I2°5 t0] 16.5
cst), as kamm—w s Q()—'Lﬂué_r_ersm-t-s_ 092t 8e conpali son
are shown |@drewiod mhiafoke 1. 8 DECEMBER 2Qab 540 NNNNO -] 0 Dm)SVN rm NPOO
O Cn 00nen %Jh e
etal Dihydrocarbyl Dithiophosphate 0.1-6 0.1-4

Antioxidant 0-5 0.01-2

Pour Point Depressant 0.01-5 0.01-1.5

Antifoaming Agent 0-5 0.001 - 0.15

Supplemental Antiwear Agents 0-1.0 0-05

Friction Modifier ‘ 0-5 0-1.5

Viscosity Modifier 0.01-10 025-3

Basestock Balance Balance

Preferably, the Noack volatility of the fully formulated lubricating oil
10  composition (oil of lubricating viscosity plus all additives) will be no greater than 12,

such as no greater than 10, preferably no greater than §.

It may be desirable, although not essential, to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as
15  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

20  lubricating viscosity.
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This invention will be further understood by reference to the following
examples, wherein all parts are parts by weight, unless otherwise noted and which

include preferred embodiments of the invention.

EXAMPLES

The ability of a composition to control soot-induced viscosity increase, and
thus, the ability of a composition to maintain soot in suspension, can be measured
using bench tests, such as the test method described herein. Base oil and additive
components are blended to provide a formulated oil. Carbon black powder is then
added to the formulated oil. The kinematic viscosity at 100 °C of the carbon black

dispersion is measured using the test method described in ASTM D445.

To demonstrate the advantages of the present invention, a comparison was made
between the kinematic viscosity increase of carbon back treated lubricating oil in the
presence, and in the absence, of 96% sulfuric acid. The addition of the acid (1 wt. %
of 96% sulfuric acid) simulates conditions in a heavy duty diesel engine provided
with an EGR system operated in a condensing mode. In the testing described below,
3 wt. % of carbon black was added to lubricating 0il compositions formulated with
commercial detergent inhibitor (DI) package containing dispersant, detergent
(calcium phenate and calcium sulfonate), anti-oxidant, anti-wear agent (ZDDP) and

antifoamant and a commercial polymeric viscosity modifier, as shown below.

SV151 is a styrene/diene copolymer available from Infineum USA L.P.
ACRYLOID 954 is a multifunctional polymethacrylate viscosity modifier available
from Rohmax USA Inc. HITEC 5777 and PA 1160 are multifunctional OCP
viscosity modifiers available commercially from Ethyl Corporation and Dutch Staaten
Minen, respectively. The performance of formulated oils containing these viscosity
modifiers, which are each within the scope of the present invention, was compared to
that of a formulation containing a conventional, non-functionalized OCP copolymer
(PTN 8011, available from ORONITE, a division of ChevronTexaco). In each of the
formulations, the amount of viscosity modifier was adjusted such that the lubricating
oil compositions all qualified as a 15W40 grade oil (initial kv of 12.5 to 16.5 cst), as
specified in ASTM D445 test method. The results of the comparison are shown
below, in Table 1.
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Table 1, the presence of acids increases the soot induced kinematic
viscosity of the lubricating oil conpositions containing the conventional
OCP vi scosi 29o2pefi fi er by 875 % ( Exanpl e4R), to 1528 % (Exanple 4), and
resulted in extrenely high absolute kinematic viscosities (211.1 cst to
324.0 cst). 5 Immdm“n‘als)t the |dataraf ablenly thg pregemnp of daidoinsregses i sviotrg Pol yer s
(i), (ii) and | n kinemati.c viscosity.of only 9 %
(Exarpl ¢ 1) s slngiiei ainse §5a he RREGalf 81 PSmPe Gl P ERR AL 1Brmt | ¢

vi scosity vabpestidhal @Qanzs%oéiﬂy ﬁ%alfiepby $789 @@ampT@zﬁmt%quaﬁlﬁ@ 4yesponse
of detergents in the heavy dut’y diesel” engines of 0 the present invention,

a conpar i somndessultad e @etaméynhighrv@ndutedumrsamsmqpsntmdeelslecsc)fo 3240 cgmt i ng
oi | conpositions in.the nce and absence. of wt. 9 re furic acid,
st ng tha cdp GRSt GBaE Sracumu i SoETingRodirh (i Giasd CHLRNG | oo
supra. Detengentsavah %&hﬁéﬁ@!%%@bm}e% (BGRB8 Mo B8, SPLASARL ),

antioxi dant and antiwear agent The results” of the conparison are
set forth iandabdeptadle diolute kmematlc V]SCOS]ty values of from 28.14 cst to 71.89 cst.

To demonstrate the response of detergents in the heavy duty diesel engines of
10  the present invention, a comparison was made between kinematic viscosity increase
of lubricating oil compositions in the presence and absence of 1 wt. % pure sulfuric
acid, using the carbon black test procedure (3 wt. % carbon black), as described
supra. Detergents were blended with base oil containing dispersant, antioxidant and

antiwear agent (ZDDP). The results of the comparison are set forth in Table 2.

15
Table 2
Example No. 12 13 14
Detergent Type Ca Phenate Ca Sulfonate Mg Sulfonate
TBN 250 295 400
Detergent Amount (wt. %) 3.0 2.0 2.0
CB Kv@ 100°C (cst) 44.4 18.1 20.3
CB/Acid Kv@ 100°C (cst) 166.4 315.7 2974
CB Kv -CB/Acid Kv @ 122.0 297.6 - 277.1
100°C (cst) ’

As shown in Table 2, the response of the detergents to the presence of the acid
were dramatically different. Although the use of the sulfonate detergents provided
20  superior soot-induced kinematic viscosity properties in the absence of the acid, the
presence of acid resulted in an increase in kinematic viscosity of from 1365 % to 1644
%. In contrast, the kinematic viscosity of the lubricant containing the phenate

detergent increased only 275 % to a still acceptable 166.4 cst.

25 The response of a lubricating oil compositions formulated with commercial

detergent inhibitor (DI) package containing dispersant, detergent (calcium phenate
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Tabl e 2 Exanpl e No. 121314 Detergent TypeCa PhenateCa Sul fonateMy Sul fonate
TBN250295400 Det ergent Anount (wt. 9 3.02.02. 0 CB Kv@ $DECEMBER)24¢5 418. 120. 3
CB/ Acid Kv@ 100C (cst)166.4315.7297.4 CB Kv -CB/ Acid Kv @ 122. 0297.6277.1
100C (cst) SiwWn in Table 2, the resppnse of the detergents to the
presence of thée acid were dramatically different. Al though the use of the
sul fonate d i 20 - I s I i i hScosity
oroper i os. i FRGD B B e R B 2
i ncrease i npkeserereadfi lcwy 1% swiricyacdd irf @ crbdiBblackbes 0(3164U o c&bor blackyptas ast, the
ki nematic viscosity of the |ubri aant cont aj ni ng Ehe, ghenasre det er gent

i ncreased offsfIdedabRYen WAS SPIPRred (e K3t abinbidepipcah lubricatingsorrFmpeNohdB of a

| ubri cati ng @i L 1 i € nt i nhibitor
(D) packags - FMEr b 3828 of e bR e R R e 8 e EvpeR
2005 2002L0e%ctid2 (capgdingd withlBA A bthghatee)acetate).i Thx redalnd are aett fomk delcgdant

(ZDDP) and antifoamant to the presence of 1 w. %sulfuric acid in a carbon
bl ack test (Téb]\‘?vt:”: % car bon bl ack), as described above, was conpared to that
of an identical lubricating oil conposition, in which greater than 50 % of
t he di spersant nitrogen was rendered non-basic by 5 reaction (capping) with
EAA (ethyl acetdabrtite). The results are set forth below, in Table 3.

Tabl e 3 Exagple-No-1516 Dispersant -Anpunt (w99 090 Dispersant—Cappi ng
Agent None EARXEBPI&A®100C (cst) 23| 518. 4 CBPAci d Kv@100C (cst}a58. 863.4 CB Kv
-CB/ Acid K D¥spersant Amount (wt. %) 9.0 9.0

Dispersant Capping Agent None EAA

CB Kv@ 100°C (cst) 235 18.4

CB/Acid Kv@ 100°C (cst) 158.8 63.4

CB Kv -CB/Acid Kv @ 1353 45

100°C (cst)

10 As shown by the data of Table 3, the presence of the acid caused a kinematic

viscosity increase 576% in the lubricating oil composition containing the uncapped
dispersant. In contrast, the presence of the acid caused the kinematic viscosity of the

lubricating oil composition containing the capped dispersant to increase only 244%.

15 The disclosures of all patents, articles and other materials described herein are
hereby incorporated, in their entirety, into this specification by reference.
Compositions described as "comprising” a plurality of defined components are to be
construed as including compositions formed by admixing the defined plurality of
defined components The principles, preferred embodiments and modes of operation

20  of the present invention have been described in the foregoing specification. What
applicants submit is their invention, however, is not to be construed as limited to the
particular embodiments disclosed, since the disclosed embodiments are regarded as
illustrative rather than limiting. Changes may be made by those skilled in the art

without departing from the spirit of the invention.
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conprising (i) copolyners of hydrogenated pol y(nonovinyl aronatic
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| i nkages and/or (iii) acrylate or alkylacrylate copol yner derivatives having
di spersing groups. 2. The heavy duty diesel engine of claim1l, wherein said
oi | of IabrﬂbahﬁﬂgdWWd@e@hbynha@ﬂanlBamutmsééomnmvemth@hnamwhbawﬂgMSWb and
sai d one dr ogenat ed
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m xture of from about 10 to about 90 wt. % of a hydrogenated styrene-

4.  The heavy duty diesel engine of claim 1, wherein the lubricating oil composition further
comprises a minor amount of one or more neutral and/overbased metal-containing detergents,
wherein from about 50% to 100% of the one or more detergents are phenate and/or salicylate

detergents.

5. The heavy duty diesel engine of claim 1, wherein from about 50% to 100% of the one or

more detergents are phenate detergents.

6. The heavy duty diesel engine of claim 1, wherein the lubricating oil composition further
comprises a minor amount of one or more nitrogen-containing dispersants wherein greater than 50

wt. % of the dispersant nitrogen is non-basic.

7.  The heavy duty diesel engine of claim 6, wherein said nitrogen-containing dispersant is a
reaction product of a polyalkeny} succinimide and a capping agent selected from the group
consisting of tautomeric acetoacetate, formalin, formic acid, epoxides, acrylonitrile, glycolic acid,

carbonates, e.g., ethylene carbonate) maleic anhydride and succinic anhydride.



i soprene bl ock copolyner, and from about 10 to about 90 wt. % of an olefin
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neutral and/overbased netal -containing detergents, wherein from about 50%
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dew poi nmofeoieteegeniseasnhew@/armﬂ/or stlivglate detergeaisd engine is in operation, said
engi ne being lubricated with a lubricating oil conposition conprising a

maj or anount of oil of lubricating viscosity, and a m nor anmpunt of one or
nore neud.r dlhe aeedt/dutgrdltmsl@dginebﬁdlaicmt«vai:rninrfgmdzéuk)etrij)é/ntoslOo%hcértlei ane br om about
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detergen{n ERé eav deuef§ & esel engine of claim9, wherein from about
50% to 100% of the one or nore detergents are phenate detergents. 11. The
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havi ng deg=psx si’tm@ngqootapgng heterocylcllc groups or ester lmkages and/or (111) acrylate or

alkylacrylate copolymer derivatives having dispersing groups.

12. The heavy duty diesel engine of claim 11, wherein said oil of lubricating viscosity has a
saturates content of at least 75%, and said one or more high molecular weight polymers comprises

a hydrogenated styrene-isoprene block copolymer.

13. The heavy duty diesel engine of claim 9, wherein the lubricating oil composition further
comprises a minor amount of one or more nitrogen-containing dispersants wherein greater than 50

wt. % of the dispersant nitrogen is non-basic.

14. The heavy duty diesel engine of claim 13, wherein said nitrogen-containing dispersant is a
reaction product of a polyalkenyl succinimide and a capping agent selected from the group
consisting of tautomeric acetoacetate, formalin, formic acid, epoxides, acrylonitrile, glycolic acid,

carbonates, e.g., ethylene carbonate) maleic anhydride and succinic anhydride.
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of one or nore nitrogen-containing di spersants wherein greater than 50 wt.
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of claim 13, wherein said nltrggen cont ai ning dispersant is a _reaction
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carbonate) mal ei ¢ anhydride and succinic anhydride. 8 DECEMBER 2005 -45 15.

The heavyg duf Wead}‘ @ﬁﬁhw&n (JETRENS &éw&‘éd%m a%%xha"é@t%’aﬂe@tré@dt@n GRRRh POvIRGERLaké S
sel ected from ethh acetoacetate, ethylene carbonate, formalin, formc acid

and epox Fldé“d/OIGXhaAStkﬂé&W“Qﬂ!ﬁty’“ aﬁr@gélareecﬂglieﬁ@ behoyyihe dew wpinhioa pt leash Hiye pf gas

recircul iR ssi¥s dg{ﬁ@ s M\Ma%'%ln sidakEine Bdifg BAGHaRH wﬁ?ﬁﬁ%&icagﬁ’gsmf&ﬁﬁpro%l)@t ron
streans are cooled to below the dew point for at |least 10%of the tine said

engi ne i sommrisgemaiaramouRial il ehiybreatiney istpsituBrd zateH2MPR OB MOtat i ng oi |

conposi t BeenCBARMinY diPeRarTRivRlreif FRIARE th2h SO oPbf thaIBisheeahd MBodthICRBL LY, and
a m nor annunt of one or nore nitrogen-containing dispersants wherein

greater P¥&n 50 wt. % of the dispersant nitrogen is non- basic. 17. The
heavy duty di esel engine of claim16, wherein the lubricating oi
conposi tion further conprises a nminor anount of one or nore hl%h nol ecul ar

wei ght pél-y e Beavp dptyidisel gnging of cdadpdioyviargn ge IHyidatagoiazoagopden/tfbiiovi nyl
aromat i ¢,y ACAhNNImARFMAL ¥r &19{‘3mlgﬁgﬁél&qlagbv@l%ﬁt)polyrﬂg?seéo‘?dﬁ?lsfng%) hydr ogenat ed

pol y(nmonovinyl aromatic hydrocarbon)” segnment conpri'ses at |east about 20
W . % of capabymeessd hydragenated pyly(moapyinyl@etiy Redracaghonl aidriohy(canikgatedstiengt y |

am ne, OG@BLWHR n dfogbithPed &lﬂ&&%‘%ﬂxyPQ%@ﬁcﬂin&cQG&S égqye'n%dn%rgés%@e%stor ester
| i nkages and/or (iii) acrylate or  al kylacryl ate COEO ymer derivatives

havi ng drtopeddsiing it olymgr; (iekefiecanslymers yorniriseplkpgaréamieciramidel 6,

wherei n plg Hm)éeqlactohﬁgur%'Hete?&%ﬁ@grtoh&srbrfey[&tlmﬁﬁges cRPR'(lis8sryRtdbrnor anount of
one or nore neutral and/overbaSed netal -containi ng deter gents, wherein from

about 50%kYlerrilaigoprsyredidenyréivesrharipe disprstieg gewRss are phenat e and/ or
salicylate detergents. 19. The heavy duty di esel engine of claim16,
wherein said nltrogen contai ning dispersant is a reaction product of a

pol yal keh§/| Toeibeavn vty disselsagine efhpmrg. wepssin ths dubsisating oflrcompptidorgfughys
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wherein from about 50% to 100% of the one or more detergents are phenate and/or salicylate

detergents.

19. The heavy duty diesel engine of claim 16, wherein said nitrogen-containing dispersant is a
reaction product of a polyalkenyl succinimide and a capping agent selected from the group
consisting of tautomeric acetoacetate, formalin, formic acid, epoxides, acrylonitrile, glycolic acid,

carbonates, e.g., ethylene carbonate) maleic anhydride and succinic anhydride.

20. The heavy duty diesel engine of claim 19, wherein said capping agent is selected from ethyl

acetoacetate, ethylene carbonate, formalin, formic acid and epoxide.

21. A method of operating a heavy duty diesel engine provided with an exhaust gas recirculation
system in which intake air and/or exhaust gas recirculation streams are cooled to below the dew

point for at least 10% of the time said engine is in operation, for at least 15,000 without a change
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25. The method of claim 24, wherein said one or more high molecular weight polymers
comprises a mixture of from about 10 to about 90 wt. % of a hydrogenated styrene-isoprene block

copolymer, and from about 10 to about 90 wt. % of an olefin copolymer.

26. The method of claim 21, wherein the lubricating oil composition further comprises a minor
amount of one or more nitrogen-containing dispersants wherein greater than 50 wt. % of the

dispersant nitrogen is non-basic.

27. The method of claim 26, wherein said nitrogen-containing dispersant is a reaction product of
a polyalkenyl succinimide and a capping agent selected from the group consisting of tautomeric
acetoacetate, formalin, formic acid, epoxides, acrylonitrile, glycolic acid, carbonates, e.g., ethylene

carbonate) maleic anhydride and succinic anhydride.
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of the copolymer; (ii) olefin copolymers containing alkyl or aryl amine, or amide groups, nitrogen-
containing heterocylclic groups or ester linkages and/or (iii) acrylate or alkylacrylate copolymer

derivatives having dispersing groups.

32. The method of claim 31, wherein said oil of lubricating viscosity has a saturates content of at
least 75%, and said one or more high molecular weight polymers comprises a hydrogenated

styrene-isoprene block copolymer.

33. The method of claim 29, wherein the lubricating oil composition further comprises a minor
amount of one or more nitrogen-containing dispersants wherein greater than 50 wt. % of the

dispersant nitrogen is non-basic.

34. The method of claim 33, wherein said nitrogen-containing dispersant is a reaction product of
a polyalkenyl succinimide and a capping agent selected from the group-consisting of tautomeric
acetoacetate, formalin, formic acid, epoxides, acrylonitrile, glycolic acid, carbonates, e.g., ethylene

carbonate) maleic anhydride and succinic anhydride.
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36. A nethod of operating a heavy duty diesel engine provided with an
exhaust gas recirculation systemin which intake air and/or exhaust gas
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the tinme said engine is in operation, -#&r at |east 15, 000 w thout a change
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of the one or nore detergents are phenate and/or salicylate detergents. 39.

The met h8eR-bFiccl ai m 36, wherein said nit rogen-containing dispersant is a
reaction product of a polyal kenyl succininide and a capping agent selected
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hydrogenated poly(monovinyl aromatic hydrocarbon) segment comprises at least about 20 wt. %
of the copolymer; (ii) olefin copolymers containing alkyl or aryl amine, or amide groups, nitrogen-
containing heterocylclic groups or ester linkages and/or (iii) acrylate or alkylacrylate copolymer

derivatives having dispersing groups.

38. The method of claim 36, wherein the lubricating oil composition further comprises a minor
amount of one or more neutral and/overbased metal-containing detergents, wherein from about

50% to 100% of the one or more detergents are phenate and/or salicylate detergents.

39. The method of claim 36, wherein said nitrogen-containing dispersant is a reaction product of
a polyalkenyl succinimide and a capping agent selected from the group consisting of tautomeric
acetoacetate, formalin, formic acid, epoxides, acrylonitrile, glycolic acid, carbonates, e.g., ethylene

carbonate) maleic anhydride and succinic anhydride.

40. The method of claim 39, wherein said capping agent is selected from ethyl acetoacetate,

ethylene carbonate, formalin, formic acid and epoxide.



