2005L001 -1- SOOT DI SPERSANTS AND LUBRI CATING O L COWPGOSI TI ONS CONTAI NI NG
SAME FIELD OF THE INVENTION 5 This invention relates to a novel class of

| i nked aromati c conpounds that act as potent soot dispersants in

| ubricating epdspg@nmpositions and lubricating oil conpositions containing
sanme. More specifically, the invention isydirected to conpounds that, when
added to lubricating oil conpositions provide soot dispersing performance
in the industry standar§OOBRDISPERSANTS AND EUBRIATINGwHEd | evel s of to
additive nitrogen. The Tnventiton Is further directed to a novel class of
precursor conpounds from {OMPQ : YEAENINGISAMEN be derived.
BACKGROUND OF THE | NVENTI ON d obal Heavy Duty Di esel (HDD) engi ne em ssion
| egislation requires 15 stepwi se reductions in NO and particul ate

em ssi ons bepyEmey CEPAEARVEPIHNMany di esel engi ne nmanufacturers are now

i ncorporating rnto HDD engines an Exhaust Gas Recirculation (EGR) system
that is operated Thisainventtherrslatgy towdeoviebrlass of kaied aaompiic toropowids thed aci nme

t he engine is operated (3'@3 at least. 10% of, the tine the elﬁ%ne.is .
oper at ed) ,  aAt BUTr 879hg TSHEAHES (P hGicRERg &l camResitiany 45dr Huisptag of

em ssions. | SiSHsn ' W S t:hey; St4 eam
I's cool ed beP%V\P ? hé dge\?fmg{l)fiﬂ?gt Q%gie.mi\h%rgdgp%gfﬁg%g%& g@ieggb%égﬁdlﬁggg Hie
engi ne under cpmapourds ehayty ehenadded donldbricaing oiccomipdsitioms ,provdte soot alispersing

condenses with the NO, and SO to produce high |evels of nitric and
sul furic aci @&foange 1n ilpg‘éﬂt’é(tsé@d&éigiﬂé‘%k 53& shgiRalest Britherduggdievels of

condi tiong, : i ' i i i S}

Ubri cat 0y AMRASERMERER. | A HRR0 b fifct ARTRL o Lndieiolids S lectior o o
relatively | ocompewvels<rooi whichtsuck eod dispdrsams savbs daived. Lubri cati ng oi |
conpositions conprise a major anmount of base oil and additives that inprove
the performance and i ncrease the useful life of the lubricant.

Ni t r ogen- contgy (kAR AINIPOE THIESINVENERONON! Y used |ubricant additives. The
function 30 %@r’%\‘m—i‘s_‘m"r‘rﬁi ntain in suspension within the oil,

I nsol ubl e nat eri alGlobabr Heavy MutpxDikatl HDANM engiher emisibaniegizkatidur reqgiresse of

the oil, to prevent sludge, floccuylation and precjpitation of the insoluble
mat eri al 45 ASKPWEE TedpcEOns, in ]}]pxlaﬂgpamcu ate emissions between 1989 and 2009. Many

diesel engine manufacturers are now incorporating into HDD engines an Exhaust Gas

Recirculation (EGR) system that is operated in a condensing mode for at least a
portion of the time the engine is operated (e.g., at least 10% of the time the engine is
operated), and retarding engine timing to reduce NO, and particulate emissions. In

20  engines provided with a cooled EGR system, the EGR stream is cooled below the dew
point of NOx and SO, and injected back into the engine under positive pressure.
Under such conditions, water vapor condenses with the NOx and SOy to produce high
levels of nitric and sulfuric acids in the recirculated exhaust gas stream. Under such
conditions, unacceptable increases in the kinematic viscosity (kv) of lubricating oil

25  compositions have been observed, even in the presence of relatively low levels of soot
(e.g., 3 mass % soot).

Lubricating oil compositions comprise a major amount of base oil and
additives that improve the performance and increase the useful life of the lubricant.
Nitrogen-containing dispersants are commonly used lubricant additives. The function

30  of a dispersant is to maintain in suspension within the oil, insoluble materials formed
by oxidation and other mechanisms during use of the oil, to prevent sludge
flocculation and precipitation of the insoluble materials. Another function of the

dispersant is to reduce the agglomeration of soot particles, thus reducing increases in



di spersant is to reduce the aggl oneration of soot particles, thus reducing

I ncreases in 2005L001 -2- the viscosity of the lubricating oil upon use. In
t he severe environnment of an engine provided with a cooled EGR system it
has been fou@&ﬁh@ﬁt soot induced viscosity increase, as neasured in a "Mck
T-1 1" test be controlled by conveptional dispersants, even when the
anmount of such conventional dispersants are increased. 5 Therefore,
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years and, due to the hi gh chlorine content, these conpounds would be

consi der ed urshricaats| proyidmguiseproyedasaod dispersingspentpomances havy béanagontiduoyslyli esel
15 nmotor oil formul ations. In nodem formnul ati ons, these conpounds have been
suppl ant ed bf@ﬁﬁg‘?‘gt e/vinyl acetate copol yners or pol ynet hacryl at e- based
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conposition containing a phenolic conmpound of the fornmula: (Ra Ar-(OH b 20
wher ei n R i s naphkthtlenatand lkssdnwabyr Bimear chlopinktedi wgxdsO fammedorby  &rdigdlaCraft
carbon atons; and are each ingependently 1 tp 3. tines the nunber of

o onat i o uciebss P dng nepithgiend, e camapoundy fg dBscritodds ToRCtomIEseP wex
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the addition of a mnor anmount of such a conpound to a |ubricant

conposi ti on timptoveshercolddlow charhetedistios ltheréafadhese eompeiunds ihave n@tSbden ysedt on

ring sticking in a two cle engine. U.S. Patent No. 6,495,496 to CGutierrez
et al . descr Bl HMPFRCYRAE At BHE i) heciizh FEIPHRS ontewie sht CXRRGHTGH Wokl

condensat o=t St SLQRSHL Tof DR dipadt oSl B 001 Ay el
6, 750, 1835t 0 niatbr eilr éametatains. dils ahoders foembhationy| thgsenmeomposmisuhave been
supplanted by fumarate/vinyl acetate copolymers or polymethacrylate-based LOFIs.
U.S. Patent No. 4,708,809 to Davis describes a lubricating o0il composition
containing a phenolic compound of the formula:
(R)a-Ar-(OH)s
20 wherein R is a saturated hydrocarbon group having 10 or more aliphatic carbon
atoms; a and b are each independently 1 to 3 times the number of aromatic nuclei
present in Ar; and Ar is a single, fused or linked polynuclear ring moiety that is
optionally substituted. It is alleged that the addition of a minor amount of such a
compound to a lubricant composition that is mixed with fuel will lead to a reduction
25  in piston ring sticking in a two cycle engine.
U.S. Patent No. 6,495,496 to Gutierrez et al. describes nitrogen-containing low
molecular weight Mannich base condensates of hydroxy aromatic compounds, an
aldehyde and an amine that are useful as soot dispersants in lubricating oils.

U.S. Patent No. 6,750,183 to Gutierrez et al. discloses certain oligomers useful

30 as soot dispersants, which oligomers are defined by the formula:

T—(Ar)—(~ L-—(Ar))»T
n



30 as soot di spersants, which oligoners are defined by the formula: T-(Ar
L-(Ar T n 2005L001 -3- wherein each Ar independently represents an aromatic
noi ety optlonally substituted by 1 to 6 substituents selected fromH, -OR/,
-N(Ri) 2, F, I, -(L-(Ar)-T), - S(OWRI, -(C)-(2)-Rl and -(2)Y (C2)z
R, wherein \%09%‘5 to 3, each Zis indepg;;ndently 0, -N(RO2 or S, x and y
are independently 0 or 1 and each Rl is 5°independently H or a |linear or

branched, saturat.ed unsat u optional | substj ut ed, car
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novel corrpound of .the st aspect, which lubricafing, o' corrp05|t|ons are
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accordance w RN t hod
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system  whi oy (BRI -Riobhedeia Rihey, Xt ¢pad &F ark ubidefindd atpvehandon dnk eastsouof
such an engl ne with a lubricating oil conposition of the second aspect, and
oper at i ng themgﬂgl ne. In accordance with a fourth aspect, there is provided
a novel class of precursor 25 compounds from which the conpounds of the
first aspect can be derived. DETAILED DESCRI PTI ON OF THE | NVENTI ON Conpounds
useful as presUMMRYf(DEmmﬁ]'N:ViENTI@NeI cl ass of soot dispersants can be

derived can be defined by the formla
accordance with a first aspect of the present invention, there is provided a
class of novel linked aromatic compounds found to act as potent soot dispersants in

15  lubricating oil compositions.

In accordance with a second aspect of the invention, there are provided
lubricating oil compositions containing the novel compounds of the first aspect, which
lubricating oil compositions are capable of providing excellent soot dispersing
performance.

20 In accordance with a third aspect of the invention, there is provided a method
of operating a compression ignited (diesel) engine equipped with an EGR system,
which method includes the steps of lubricating the crankcase of such an engine with a
lubricating oil composition of the second aspect, and operating the engine.

In accordance with a fourth aspect, there is provided a novel class of precursor

25  compounds from which the compounds of the first aspect can be derived.

DETAILED DESCRIPTION OF THE INVENTION

Compounds useful as precursors from which a novel class of soot dispersants

can be derived can be defined by the formula:

(Y)a (Y)a

" Ar—¢L— Ay ®



(Y)Ya (Y)a 30 P_r), (lI) 2005L001 -4- wherein each Ar independently
represents an aromatic noiety having O to 3 substituents selected fromthe
group consisting of al kyl, al koxy, al koxyal kyl, hydroxy, hydroxyal kyl, hal o
and conbi nati_gn %ﬁereof; each L is independently a linking noiety

conpri sing a?® -carbon single bond or a linking group; each Yis 5

I ndependently a noiety of the fornula H(CfCRZ)" )yX-, wherein X is selected
fromthe gra consj sting..o z, 0and S R and R .are, each

i ndependent | y#lgeé?lgc%c Wo}ﬂdfepén%@ ofe@gs%ﬂqf(yar" zfﬁ‘ﬂn%fcy In,mlgtyi pavinig 0 118. 3, i s
0 to 10 when sibituédtSselected RO the Eoup Condikifiy of Alisyl CalkexySalkeRghlkyll Bydkoky? 30;
each a is independently O to 3, wth the proviso that at | east” one Ar

nmoi ety bear s hydraxyalkyl,ohado gandugombinggiehsptheseof; each1 b0is iplependently @ hokisgi es

Ar of F la I, be . | b | | i ety. (phenyl
S0l ynucl ear JAPSHeJERPESAR, b DoBGR FBRIE BB oy inking BEPp ity Y s
conpri se tsWo jfeddRAchtlyUSRicty HORe fGafilla Hw@:@?.ggm whetetn X0is SAEQEN 3k IRE

(e.g., naphthal'ene) or may "be |1 nked nononuc r aromatic noieties, such as
bi phenyl , or growycamsistingof (CRe @ arfduS; el and Rj sar¢ eaddy. inddpendgitlyhsglertedEranpl es

ohhtnarenc, B niSEEAio! SHEARDOEKobi 1658 B APBHERG Rl 2 o 10

A T A bt
nono- or |’ool ythatcit Gkt dnet Ar moiety bearnasiledtsy ondHerbep &G wad nrisritbd00es Ar i ncl ude
t hose conprising ope or, nore ri ngsggach containing 4 to 10 atons, inc¢luding

20 one orltore het@rFaticdnpietes AF pEHomMyal Ran de gHorpnuglearcarbecyghic Mestyp| e
nonocyclic h | [ LalJ es: knc r ran....Lthi ophene,
i davol o, oxoapD) 64 poghRlBir Rl e ASiehy! bUulr ltfeycit Aleut o)

Sui t abl e polgomigiseawoher atope Yadedcringsi ehéte sindrhavirgy dde, 10 oarbex aagahe (e.g.,
qgui nol i ne, isoquinoline, carbazole, dipyridyl, cinngline, Bhthalazine,

qui nazol i ne, RpRNHRleAr) preman pedinksd arpnenitlear Hamatic moistiesntitch as fuphenyl, nr )

T 0 o PSP SO s O3 by o L AR
pref er r edisar ecacmepclin deonhti-omoidtias | insheleeinapkthaloné)r anthraceaqhtphedantieend-ach
aromatic mol eéy%lo%&ntgggphielqgnet %qu,e I?)lélllganlt)herac%?lg,u bc'lsi‘})él}zg}lt%rdacglge, chrysene, pyrene,
benzpyrene and coronene and dimer, trimer and higher polymers thereof. Ar can also
represent a mono- or polynuclear heterocyclic moiety. Heterocyclic moieties Ar
include those comprising one or more rings each containing 4 to 10 atoms, including
20 one or more hetero atoms selected from N, O and S. Examples of suitable
monocyclic heterocyclic aromatic moieties include pyrrole, furan, thiophene,
imidazole, oxazole, thiazole, pyrazole, pyridine, pyrimidine and purine. Suitable
polynuclear heterocyclic moieties Ar include, for example, quinoline, isoquinoline,
carbazole, dipyridyl, cinnoline, phthalazine, quinazoline, quinoxaline and
25  phenanthroline. Each aromatic moiety (Ar) may be independently selected such that
all moieties Ar are the same or different. Polycyclic carbocyclic aromatic moieties
are preferred. Most preferred are compounds of Formula I wherein each Ar is
naphthalene. [Each aromatic moiety Ar may independently be unsubstituted or
" substituted with 1 to 3 substituents selected from alkyl, alkoxy alkoxyalkyl, hydroxyl,
30 hydroxyalkyl, halo, and combinations thereof. Preferably, each Ar is unsubstituted
(except for group(s) Y and terminal groups).
Each linking group (L) may be the same or different, and can be a carbon to

carbon single bond between the carbon atoms of adjacent moieties Ar, or a linking



substituted wwth 1 to 3 substituents selected from al kyl, al koxy

al koxyal kyl, hydroxyl, 30 hydroxyal kyl, hal o, and conbi nati ons thereof.
Preferably, each Ar is unsubstituted (except for group(s) Y and term nal
groups). Each linking group (L) nmay be the sane or different, and can be a
carbon to caPB5#lsi ngl e bond between the_carbon atons of adjacent noieties
Ar, or a linking 2005L001 -5- group. Sui t3bl e | i nki ng groups include

al kyl ene |inkages, £ther Jl.inkages, diacyl i.nkage et her-acyl |inkages,
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| i nki ng groups ,are al |.okages, referably -CH2-. Preferably, Ar
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group 10 H( Oliokhgryips, arevhlkytena lijkages, Imbs pefedablye Opf,ef erably, Ar is

napht hal ene, Y is I-%OCH CH2O_ and L Is -CH2-. Methaods for form ng conpounds
of Formula | shoulfde s@bﬁbﬁgr%ﬁormalat@b@eresgw npRivhalene; gad more peferally o4y |

aromatic co e ' -

car bonat e (gB é;&é}f{z&d m%g@&%igg’?%?'%?@“% O%g%g%;ﬂgg%%ﬁgﬁ%ﬂ e? #léoﬁg-(?br mul a
AR- (Y)a. Prefmaplthypxy)-éthatoldamkin isa eor@bi Preferabdy) i ofrkbrmulay (TP ietheczohpnat e
are reacted in the presence of a base catal yst, such as aqueous sodium

hydr oxi del0 afHO4ER2Ompeberein & bf 1ftoobn Mot preferablyawyuis aw@alwef\griam y

at a tenper T oWy 50 to about 200C. During the reaction, water
may be remﬁ#ﬁ?%@h@r@g&cﬁ}l&ﬁ m xture by azeotropic distillation or

ot her convent i onalMafode fsrsforthingsemagaindovf Forhtia T stioulld bd Gippivest e thosd €
product is desired, upon conpletion of the reaction (indicated t he

: by
cessation of skileddydheaitord) hydiexyk argmatie sompeensh sughhas npphthel) qa heagactethd
cool ed to solj.di r Lyel X, 0 I t G as
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' ncorporate %I;.rebogerlte a2re5 rgzl)crteGd (i)nx)t/l;eai)r@s/én?:geofg; (l))gsrzeséatalyst, such as aqueous sodium
hydroxide, and at a temperature of from about 25 to about 300°C, preferably at a
temperature of from about 50 to about 200°C. During the reaction, water may be
removed from the reaction mixture by azeotropic distillation or other conventional

20 means. If separation of the resulting intermediate product is desired, upon completion
of the reaction (indicated by the cessation of CO, evolution), the reaction product can
be collected, and cooled to solidify. Alternatively, a hydroxyl aromatic compound,
such as naphthol, can be reacted with an epoxide, such as ethylene oxide, propylene
oxide, butylenes oxide or styrene oxide, under similar conditions to incorporate one or

25 more oxy-alkylene groups.

To form a compound of Formula I, the resulting intermediate compound Ar-
(Y), may be further reacted with a polyhalogenated (preferably dihalogenated)
hydrocarbon (e.g., 1-4-dichlorobutane, 2,2-dichloropropane, etc.), or a di- or poly-
olefin (e.g., butadiene, isoprene, divinylbenzene, 1,4-hexadiene, 1,5-hexadiene, etc.)

30 to yield a compound of Formula I having an alkylene linking groups. Reaction of
moieties Ar-(Y), and a Kketone or aldehyde (e.g., formaldehyde, acetone,
benzophenone, acetophenone, etc.) provides an alkylene linked compound. An acyl-

linked compound can be formed by reacting moieties Ar-(Y), with a diacid or



To forma conmpound of Formula I, the resulting internedi ate conpound Ar-
(Y)a may be further reacted with a pol yhal ogenated (preferably

di hal ogenat ed) hydrocarbon (e.g., 1-4-dichlorobutane, 2,2-dichl oropropane,
etc.), or a di- or poly- olefin (e.g., butadiene, isoprene, divinylbenzene,
1, 4- hexadlenémﬁfmg hexadi ene, etc.) 30 to_yield a conpound of Fornula I
haV|ng an al kyl ene 11inking groups. Reactlgn of nnletles Ar-(Y)a and a

ket one or al de or nal de acet one nzophenon
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| i nki ng grou base remaini gg%ll n the Al reaction m xture can be
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the 20 conpounds of Fornul a | &a%g from2 to about 101 (corresponding to a

val ue of in dfactiopapixture salhb@mut gd withecids prq ?abluydmﬂa%e{wezw agif §&:€- 50,
most pref eral) y,fef gm g&&}f'tandzreta&e&b@% ar- aldehyde, preferably formaldehyde, and

preferably in the presence of residual acid, to provide an alkylene, preferably

methylene bridged compound of Formula (I). The degree of polymerization of the
20 compounds of Formula I range from 2 to about 101 (corresponding to a value of m of
from 1 to about 100), preferably from about 2 to about 50, most preferably from about
2 to about 25.
Compounds of the present invention useful as the soot dispersants can be
formed by reacting a compound of Formula (I) with at least one of an acylating agent,
25  an alkylating agent and an arylating agent, and are represented by the formula:

(Y)a (Y)a

Ar—¢CL—Ar), (In)
wherein each Y’ is independently a moiety of the formula Z(O(CR3),),X-; Z is an acyl
group, an alkyl group or an aryl group or H, and Ar, L, X, R, z, n and y are the same
as defined in Formula (I), with the proviso that, at least one Ar moiety bears at least

30 one substituent group Y’ in which Z is not H; and mis 1 to 100.



Compounds of the present invention useful as the soot dispersants can be
formed by reacting a conpound of Forrmula (1) with at | east one of an

acyl ating agent, 25 an alkylating agent and an arylating agent, and are
represented hy the formula: (i )a (I ")a IFr--f L-Ar)m (11) wherein each Y

I s 1 ndepende ?5§'00a1 noi ety of the formula ;(O(CRZ)" )yX-; Z is an acyl

group, an al kyl group or an aryl group or 'H and Ar, L, X, R z, nandy are
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carboni ¢ acid, hydrocarbyl carbonic acid halides, hydrocarbyl sulfonic acid
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acylating agents can be mono- or polyfunctional. Preferably, the acylating agents

have a functionality of less than 1.3. Acylating agents are used in the manufacture of
dispersants, and a more detailed description of methods for forming acylating agents
is described in the description of suitable dispersants, presented infra.

20 Suitable alkylating agents include Cg to Csp alkane alcohols, preferably Cg to
Cis alkane alcohols. Suitable arylating agents include Cg to Csg, preferably Cg to Cig
alkane-substituted aryl mono- or polyhydroxide.

Molar amounts of the compound of Formula (I) and the acylating, alkylating and/or
arylating agent can be adjusted such that all, or only a portion, such as 25% or more,

25  50% or more or 75% or more of groups Y are converted to groups Y’. In the case
where the compound of Formula (I) has hydroxy and/or alkyl hydroxy substituents,
and such compounds are reacted with an acylating group, it is possible that all of a
portion of such hydroxy and/or alkylhydroxy substituents will be converted to
acyloxy or acyloxy alkyl groups. In the case where the compound of Formula (I) has

30  hydroxy and/or alkyl hydroxy substituents, and such compounds are reacted with an
arylating group, it is possible that all or a portion of such hydroxy and/or
alkylhydroxy substituents will be converted to aryloxy or aryloxy alkyl groups.



al kane-substituted aryl nono- or pol yhydroxide. Ml ar anmounts of the
conpound of Fornmula (1) and the acyl ating, alkylating and/or arylating
agent can be adj usted such that all, or only a portion, such as 25% or nore,
25 50% or BoPhoy7 2% or nore of groups Y are converted to groups Y'. In the
case where the corrpound of Formula (1) hag_hydroxy and/or al kyl hydroxy
substituents, and such conpounds are reacted with an acylating group, it is
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m neral acid clay or tungsten pol yphosphorl c acid; at a tenperature of from
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b dit ybut t
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Formula (1) by reacting the precursors of Fornula (1) with the alkylating
agent or Hryl|Eorinplp Bgent, preferably |n the presence of triphenyl phosphine
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by reacting the precursors of Formula (I) with the alkylating agent or arylating agent,
preferably in the presence of triphenylphosphine and diethyl azodicarboxylate
(DEAD), a liquid acid catalyst, such as sulfonic acid, e.g., dodecyl benzene sulfonic

20 acid, paratoluene sulfonic acid or polyphosphoric acid or a solid acid catalyst such as
Amberlyst-15, Amberlyst-36, zeolites, mineral acid clay or tungsten polyphosphoric
acid; at a temperature of from about O to about 300°C, preferably from about 50 to
about 250°C.

Lubricating oil compositions of the present invention comprise a major

25 amount of an oil of lubricating viscosity and a minor amount of a soot dispersing
compound of Formula (II). Preferably, lubricating oil compositions of the present
invention will contain from about 0.005 to 15 mass %, preferably from about 0.1 to
about 5 mass %, more preferably from about 0.5 to about 2 mass % of a compound of
Formula (II).

30 Oils of lubricating viscosity useful in the context of the present invention may
be selected from natural lubricating oils, synthetic lubricating oils and mixtures
thereof. The lubricating oil may range in viscosity from light distillate mineral oils to

heavy lubricating oils such as gasoline engine oils, mineral lubricating oils and heavy



20 acid, paratoluene sulfonic acid or pol yphosphoric acid or a solid acid
catal yst such as Anberlyst-15, Anberlyst-36, zeolites, mneral acid clay or
tungst en pol yphosphoric acid; at a tenperature of fromabout 0 to about
300C, prefer%tfxggron1about 50 to about 250C. Lubricating oil conpositions
of the presen i%ent i on conprise a major o 25 amount of an oil of

| ubricating viscosity and a minor amount of a soot dispersing conpound of
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Fi scher - Trsopsiehivatyvd, hedogeshdiynalogy theresf. Msoalsefai are synthetic oils derived from
a gas to liquid process from Fischer-Tropsch synthesized hydrocarbons, which are
commonly referred to as gas to liquid, or “GTL” base oils.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl groups have been modified by esterification, etherification, etc.,

20  constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers (e.g., methyl-
polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and

25  polycarboxylic esters thereof, for example, the acetic acid esters, mixed C;-Cg fatty
acid esters and C;3 oxo acid diester of tetracthylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,

30 adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol).
Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl) sebacate,



commonly referred to as gas to liquid, or "GIL" base oils. Al kylene oxide
pol ynmers and interpolyners and derivatives thereof where the term nal

hydr oxyl groups have been nodified by esterification, etherification, etc.,
20 constitutsg, ;her class of known synthetic lubricating oils. These are
exenplified by polyoxyal kyl ene pol yners pjepared by pol ynerization of

et hyl ene oxi de or propylene oxi de, and the al kyl and aryl ethers of

pol yoxyal ky! &ng.Heeyy fRhsra ggm %0 bi of. gﬁ%@& oazﬁra&)@ydl§8 c?l %EQhte EHIOREY]

having a nol ecul ar”wei g t enyl y- et hyl ene egcoI
havi ng a nol ehthatate, whdegdyl phﬂlalblm&heloo%@@bacaanmmﬁmwlmml Zliesp:mquclardhﬂxyl ic

esters thereof, dL@r acetic acid esters, nm xed tt acid
esters and C£%id é%‘E‘E X&Ft"{ é‘?'i“&gt Teé?fé“ggP%B‘Ple A a§’§‘| Vith) e
class of Syntt@ﬁtn?] ?é mgﬂé@w@g C@/&ﬁ ah @t hx%‘ﬂfs @h@iﬁo&f acidll car boxyli c

acids (e.g., nic acid, a cirnic acrds and al kenyl

succi ni ¢ aci ds mEseire wefull, as agyaitiadtic 6ids dlsosui@ardecame, tmadee @i Csa60 @),
fumaric acid, 30 adeIC acid, linoleic acid_dimer, nalonic acid,
al kyl mal oni ¢ TeRiogarboxylice agids nando ﬁplyolsaén@sgolwlt psters vsdlche%%/ ngppentyloBbicel,

e.g., butyl I exyl al cohol

<(at hgl ene gryﬁg&gmgrﬁgwgeﬂ gl'yco 01 ﬂgglﬁgyrkhﬁlﬁ@%galué eﬁ,t (%jl ySpeci fic

exanpl es of such &mcﬁmswsm:luﬁtesmhbusyltheacbdo Ryl-, dl;iogyﬁylhﬂﬂlﬂ?wkdxysebﬂate
|

2005L001 -10- di-n-hexyl fumarate, diocty acate | sooctyl azel ate
di i sodecyl ap@lmoxmltc@nmoﬂs wndrﬁdmteeoﬂw@r@pwe aather useful classiof sapthetic

b the 2-ethyl h f | |
eter forffed ARy iR e AN oRelbchBbde, FnobrotBl oofifle. e @™
tetraet hyl eneugiinex9l)sifibste W@trﬁrm ﬁ&tlgﬂ-z%tﬂylhymﬁnaﬁw Cte@ﬁa‘-@—teﬁ Hagflghenylyef ul

as synthetic oils also include those made fromC5 to nmonocar boxyl i c

aci ds and polsilishte, an@ep@(%rmetfybeeqthylwdssslonwpentpply(glleglwblslloxanes and

t t hyl ol th t t 0l

{11 pent aer vt RODRBEmYEEh Al ey UyperchBAEkE RoHeAlig Bhs Mo Havideyer gf

pol yal koxy-  @hosgheratRLcohtiifig laciiene.go) ﬂrfcr@?ﬁph‘d)dp'hﬁl@t @1625@'15 IRSABRite SieHyDt her
useful class of sf\;ir;tchetlc % | ubricants; such s incl ude tetraet hyl

si | i cat e, 15t etestet slacylpjipsphonicagid) and pelymetie t@ra&yﬂmr;ang silicate,
t5|elt |r gagg nﬁteggl (4- ?fqeé‘)‘/%%%:vlt‘\ség% : et r % égeea E%%‘f‘ilﬂ% 5??%%%%?8&& and
gglt ZE rsreg Pyl p*bqﬁaféta)ad b1obeRE 81 bldddb 8f th‘éydifér@ﬁfeh&ode'dhfa's& SbEIRY Mkfefablyl¢ha!6 of | qui d
lubricating viscosity is a Group II or Group LI base stock, or a mixture thereof, or a
mixture of a Group I base stock and one or more a Group II and Group III. Preferably,
20  a major amount of the oil of lubricating viscosity is a Group II, Group III, Group IV
or Group V base stock, or a mixture thereof. The base stock, or base stock blend
preferably has a saturate content of at least 65%, more preferably at least 75%, such
as at least 85%. Most preferably, the base stock, or base stock blend, has a saturate
content of greater than 90%. Preferably, the oil or oil blend will have a sulfur content
25 of less than 1%, preferably less than 0.6%, most preferably less than 0.4%, by weight.
Preferably the volatility of the oil or oil blend, as measured by the Noack
volatility test (ASTM D5880), is less than or equal to 30%, preferably less than or
equal to 25%, more preferably less than or equal to 20%, most preferably less than or
equal 16%. Preferably, the viscosity index (VI) of the oil or oil blend is at least 85,
30 preferably at least 100, most preferably from about 105 to 140.
Definitions for the base stocks and base oils in this invention are the same as

those found in the American Petroleum Institute (API) publication “Engine Oil

Licensing and Certification System”, Industry Services Department, Fourteenth



phosphor ous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate,
diethyl 15 ester of decyl phosphonic acid) and polyneric tetrahydrofurans.

The oil of lubricating viscosity may conprise a Goup I, Goup Il or Goup
11, base st 85.08 base oil blends of the aforenentioned base stocks.
Preferably, the orl of lubricating viscogjty is a Goup Il or Goup III

base stock, or a mxture thereof, or a mxture of a Goup | base stock and
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invention are the sane wscosithdudexfgreater than ohequaide B0 and fess tiadnel 30 using theut e
(API') publjcation "Engi ne O Li censi, n d.Certification System', I|ndustry
Servi ces Hepart ment , F0§3§ttrgeeth?c|1§ %ﬂglﬁéé)‘?Tgtrilil Edi tion, Decenber 1996,
Addendum 1, Decenbgr 19@&)utpsﬁl habd! Rldck @ iR FHQUQ! 1héf Sor KFRE t6 190Ckercatf
follows: a) Goup | base stocks contain | ess than 90 percent saturates
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Tabl'e 1. b Group 11 balsastaRte iteisr dndt afdapalinnfh pie A Tesh BERAS: cont
saturates and | ess thangpeifRayairable 10- 03 percent sulfur and have a
viscosity index greater than or equal to 80 and |l ess than 120 using the 10
test net htids specid)i ed GroupdM kasg stocks are polyalphaolefins (PAO).

e) Group V base stocks include all other base stocks not included in

Group L II, IIT, or IV.

Table I - Analytical Methods for Base Stock

Property Test Method
Saturates ASTM D 2007
Viscosity Index |ASTM D 2270
Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120
20 Lubricating oil compositions of the present invention may further contain one

or more ashless dispersants, which effectively reduce formation of deposits upon use
in gasoline and diesel engines, when added to lubricating oils. Ashless dispersants
useful in the compositions of the present invention comprises an oil soluble polymeric
long chain backbone having functional groups capable of associating with particles to

25  be dispersed. Typically, such dispersants comprise amine, alcohol, amide or ester



c) Goup Il base stocks contain greater than or equal to 90 percent
saturates and |l ess 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 1. 15 d) Goup |V base stocks are pol yal phaol efins (PAO).
e) G oup V base stocks include all other pase stocks not included in G oup
[, 1, 1ll, or IV. Table |I - Analytical thods for Base Stock Property Test
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4,000, such present, and the type of polar functional group employed. For example, for a

polyisobutylene derivatized dispersant, a high molecular weight dispersant is one

formed with a polymer backbone having a number average molecular weight of from

15 about 1680 to about 5600. Typical commercially available polyisobutylene-based

dispersants contain polyisobutylene polymers having a number average molecular

weight ranging from about 900 to about 2300, functionalized by maleic anhydride

(MW = 98), and derivatized with polyamines having a molecular weight of from

about 100 to about 350. Polymers of lower molecular weight may also be used to

20 form high molecular weight dispersants by incorporating multiple polymer chains into

the dispersant, which can be accomplished using methods that are know in the art.

Polymer molecular weight, specifically Ma, can be determined by various

known techniques. One convenient method is gel permeation chromatography (GPC),

which additionally provides molecular weight distribution information (see W. W.

25  Yau, J. J. Kirkland and D. D. Bly, "Modern Size Exclusion Liquid Chromatography",

John Wiley and Sons, New York, 1979). If the molecular weight of an amine-

containing dispersant (e.g., PIBSA-polyamine or PIBSA-PAM) is being determined,

the presence of the amine may cause the dispersant to be adsorbed by the column,

leading to an inaccurate molecular weight determination. Persons familiar with the

30  operation of GPC equipment understand that this problem may be eliminated by using

a mixed solvent system, such as tetrahydrofuran (THF) mixed with a minor amount of

pyridine, as opposed to pure THF. The problem may also be addressed by capping
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in the art. PoI yrﬂred&gk@mflp@tymﬁizgﬁbnmrméaipblmaﬂrliy Mo , can be deternined
by various known techni ques One convenient nmethod is gel permeation

chr omat ogr aphy (GPO), G0 sl 4 Qnali Y provides nol ecul ar wei ght
di stribution infor@g;ﬂE au, J. J. Kirkland and D. D. Bly,
"Modem Si ze Exclusio d Pd"@hWUﬁmoﬂﬁfaphy" John Wl ey and Sons, New York,

1979). If the nol ecul ar wei ght of an am ne- contai ning dispersant (e.g.,

PI BSA- pol yam g t@is {3 BiAoPbiiner$of /o tEofGh&S 1, hes be éahtelmé&wa%w@f the

am ne may cause the di spersant to be adsor bed” by “the colum, Tleading to an
i naccur at e nol ecul ar W gmel-daosemeiat i+d¥n x mek’smegomerd | i ar with the 30
operation of GPC eQbLﬂ RO oM FRnehand t hab xinfdL&t b3 may be el im nated by
using a mxed solvent system such as tetrahydrofuran (THF) mxed with a

m nor amount of ;igmfedabm the glegrep o3fepplymemzation Tk theTpalymen backbonesyusgdso be

dd db ' 200 I h [ d
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| ower nol ecul ar wei ght polyners, is vapor pressure osnonetry (see, e.g.,
ASTM D3592) . Eﬁmlmsemtmolpmbgsrmrlpwat motecDlar wfeight gryldsagarbons: OnByfainily Mh x
nmol . % nonomner

of usei%?pélymers comprlse pmfymers of ethylene and/or at least one C; to Cy3 alpha-
olefin having the formula H)C=CHR!, wherein R’ is straight or branched chain alkyl

15 radical comprising 1 to 26 carbon atoms and wherein the polymer contains carbon-to-
carbon unsaturation, preferably a high degree of terminal ethenylidene unsaturation.
One preferred class of such polymers employed in this invention 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
20 carbon atoms, and more preferably still of from 1 to 2 carbon atoms. Therefore,
useful alpha-olefin monomers and comonomers include, for example, propylene,
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
25 like). Exemplary of such polymers are propylene homopolymers, butene-1
homopolymers, propylene-butene copolymers, ethylene-propylene copolymers,
ethylene-butene-1 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

30 of this invention may contain a minor amount, e.g. 0.5 to 5 mole % of a C, to C3 non-



I and thus for the copolyners of two nononmers Dp may be cal cul ated as
follows: M x nol.% nmononer 1 + Mh x nol. % nononmer 2 p- 100 x nol . w
nmononer 1 100 x nol.wt nononer 2 Preferably, the degree of polynerization
for the poly 53]8):3fkbones used in to the invention is at |east 30,
typically from 0 165, nore preferably ;35 to 100. The preferred
hydrocarbons or polyners enployed in this invention include honopolyners,
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tridecene-1, nﬁﬂ,ﬁ@ﬂﬁgﬁne- 1, pentadecene- 1, hexadecene-1, heptadecene-1,
oct adecene-1, nonadecene-1, and m xtures thereof (e.g., mxtures of

propyl ene and but efkesepolymers thay bs preuph@}i bﬂ@upkamgoﬂp@udhﬁlpmwms ar e

propyl ene_honopal yner.s, .bu e-1 honopo e- but ene ners
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wherein the p@k € ﬂ%ﬂﬁ-@léﬁﬁ RbndB&Sn ¢ sdn@E 1B RedatA ?s(d/s 9étetndoRhgtRing a
unsaturation. Preférred polyners are unsaturated copolyners of et hyI ene and
propyl ene andleastmneemetaﬂncbrbdteegmea cycloﬁMadlm)énmslylnnnnetabcmxflpqumdas andaent i on

t ai t to 5 mole % C18 05L001
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pol yners of t§ 6?mef BHM ?&@es@%l‘ﬁﬁha?"ctt&ﬂ&ﬁd&'eﬂ?ﬁe %s%fdrﬁhd?l%%' pfgﬁﬁéd The
I nterpol yners™ o efin conononers and”interpol yners of ethylene and

al pha-ol efi§ n pgmnmgcewﬁpolymer ohbdins exlabimylg_etnmnodmmmylniénet hesapuhtjorensy be

empl oyed in t Qétgmllilrllg(f Q;[' ﬁTRlspeé%rro%gc%ig grkzﬁysllsr: tlttrg%o{l,agr 3 NMR. Interpolymers of

this latter type may be characterized by the formula POLY-C(R1)=CH» wherein R! is

C; to Cy alkyl, preferably C, to C;s alkyl, more preferably C; to Cg alkyl, and most

preferably C,; to C; alkyl, (e.g., methyl or ethyl) and wherein POLY represents the

20  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-

CH=CH(R1), wherein R' is as defined above. These terminally unsaturated

25  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.

Another useful class of polymers is polymers prepared by cationic

polymerization of isobutene, styrene, and the like. Common polymers from this class

30 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

to about 60% by wt., in the presence of a Lewis acid catalyst, such as aluminum



5 of 20 to 80 % and nore preferably 30 to 70 % Wen propyl ene and/ or
butene-1 are enployed as conononer(s) wth ethylene, the ethyl ene content
of such copolyners is nost preferably between 45 and 65 % al t hough hi gher
or | ower eth2 5ri§ contents may be present. These polynmers nay be prepared
by pol yneri zi Rg ?pha ol efin monomer, or 0O m xtures of al pha-olefin
nononmers, or m xtures conprising et hyI eneand at |east one C3 to C28
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and an  al umbugees GO NjEdtdlehm Ysed1Girbdths snémssnaffma&omnerhdse febdstdrks Sdfe or
nore of the E | ymer chai ns possess term nal et hengl | dene-type unsaturation
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char act er iszegdlymériRtibR I fldthabteAeY steédths fQFQ WY @uclgF?or IBF; &lal&ﬁs)CZ@ueh kyl,
preferably CI to C18 alkyl, nore preferab to C8 al kyl, and nost

pref erably C polyisabmtyenesl gen@mllg contain hy$1dual msm,ulr:)tloanm wmennss rofRhlowt one
represents th The chain Length of the R alkyl group wll
vary dependi ﬁ?’ﬁéwlgﬁameh%‘ﬂew )g?ersc F‘@«:P%Sd“‘?r%f‘a&fwtf’ﬁe‘e%‘é pol yneri zati on.
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vinyl, unsaturation, i.e a’portion of the polyriers can
contain i ntercmala hwlmuarbam ua:lmin af, freny.ab&@ 900 Qd=2tX0Ql ) , Methedei for Rhakiag as
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pol yneri zat i coatabyst (csgﬂ;mtcm@), mqelsmt@d beloov.t he 1 ke. Commn pol yrrers from
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trifluoride. afe pdisflesedeth 4H8r Patent Now 03087996, BHHBﬁQZpGLM—SWWblB,ZB”leSSZS
petroleum feeq B 18" 258%342% S 0325 Gud hos, 52365 455 131955842 R 110,349,
4,234,435; and GB-A-1,440,219. The polymer or hydrocarbon may be functionalized,
for example, with carboxylic acid producing moieties (preferably acid or anhydride)
by reacting the polymer or hydrocarbon under conditions that result in the addition of
20 functional moieties or agents, i.e., acid, anhydride, ester moieties, etc., onto the
polymer or hydrocarbon chains primarily at sites of carbon-to-carbon unsaturation
(also referred to as ethylenic or olefinic unsaturation) using the halogen assisted
functionalization (e.g. chlorination) process or the thermal "ene" reaction.
When using the free radical grafting process employing a catalyst (e.g.
25  peroxide), the functionalization is randomly effected along the polymer chain.
Selective functionalization can be accomplished by halogenating, e.g., chlorinating or
brominating the unsaturated ¢-olefin polymer to about 1 to 8 wt. %, preferably 3 to 7
wt. % chlorine, or bromine, based on the weight of polymer or hydrocarbon, by
passing the chlorine or bromine through the polymer at a temperature of 60 to 250°C,
30 preferably 110 to 160°C, e.g., 120 to 140°C, for about 0.5 to 10, preferably 1 to 7
hours. The halogenated polymer or hydrocarbon (hereinafter backbones) can then be
reacted with sufficient monounsaturated reactant capable of adding functional

moieties to the backbone, e.g., monounsaturated carboxylic reactant, at 100 to 250°C,



disclosed in the art such as in U S. Patent No. 4,952,739. Polyisobutylene
Is a nost preferred backbone of the present invention because it is readily
avai l abl e by cationic 5 polynerization frombutene streans (e.g., using

Al C13 or BF3 %ﬁhih%sts). Such pol yi sobutyl enes generally contain residual
unsat urati on 3 unts of about one ethyépnic doubl e bond per pol yner
chain, positioned along the chain. As notéd above, the polyisobutyl ene
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the carbon-carbon double bond is conjugated with the carboxy group, i.e., of the
structure -C=C-CO-; and (iv) derivatives of (iii) such as C; to Cs alcohol derived
20 mono- or diesters of (iii). Mixtures of monounsaturated carboxylic materials (i) - (iv)
also may be used. Upon reaction with the backbone, the monounsaturation of the
monounsaturated carboxylic reactant becomes saturated. Thus, for example, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid
becomes backbone-substituted propionic acid. Exemplary of such monounsaturated
25  carboxylic reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic
acid, cinnamic acid, and lower alkyl (e.g., C; to C, alkyl) acid esters of the foregoing,
e.g., methyl maleate, ethyl fumarate, and methyl fumarate. The monounsaturated
carboxylic reactant, preferably maleic anhydride, typically will be used in an amount
30 ranging from about 0.01 to about 20 wt. %, preferably 0.5 to 10 wt. %, based on the
weight of the polymer or hydrocarbon.

While chlorination normally helps increase the reactivity of starting olefin

polymers with monounsaturated functionalizing reactant, it is not necessary with the



-16- usually about 180C to 235C, for about 0.5 to 10, e.g., 3 to 8 hours,
such that the product obtained will contain the desired nunber of noles of
t he nonounsaturated carboxylic reactant per nole of the hal ogenated
backbones. A%%ﬁ{@ﬁtively, t he backbone and the nonounsaturated carboxylic
reactant can xed and heated 5 mhilp%qdding chlorine to the hot

mat eri al. The hydrocarbon or polyner backbone can be functionalized, e.g.,
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backbone-substituted succini'c anhydride, and acryli ¢ acid becones
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carboxylic reactants _are fuparic _aci itacqni ¢ acid, | ei ¢ acid, eic
Chyar  de. | CAMBRBHL o Sxampie | AP GY kel Da. Thpsy et b g the
met hacrylic aghidh ol 6fl ufion.aci d, cinnami c acid, and |ower alkyl (e.g., C
to C4 alkyl) acid esters o? the foregoing, e.g., nethyl naleate, ethyl
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Prom about 0% coBDaRH Pstrraty Tgse shairve m SPrRecoiat grsatke o st a0 Tt ne
vei ght of t hgn@Qle¥SRposdr tRYHAIRF HilkN the grafting temperature range to provide free-
radicals. Representative of these free-radical initiators are azobutyronitrile, bis-
tertiary-butyl peroxide and dicumene peroxide. The initiator, when used, typically is
20 used in an amount of between 0.005% and 1% by weight based on the weight of the
reaction mixture solution. Typically, the aforesaid monounsaturated 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 preferably carried out in an
inert atmosphere, such as under nitrogen blanketing. The resulting grafted polymer is
25  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 invention.
The functionalized oil-soluble polymeric hydrocarbon backbone may then be
30 further derivatized with a nucleophilic reactant, such as an amine, amino-alcohol,
alcohol, metal compound, or mixture thereof, to form a corresponding derivative.
Useful amine compounds for derivatizing functionalized polymers comprise at least

one amine and can comprise one or more additional amine or other reactive or polar



VWhile chlorination normally hel ps increase the reactivity of starting olefin
pol ynmers with nonounsaturated functionalizing reactant, it is not necessary
with the 2005L001 -17- polynmers or hydrocarbons contenplated for use in the
pr esent inve%g)sgﬁm particularly those preferred polynmers or hydrocarbons
whi ch possess™a ni'gh term nal bond contents and reactivity. Preferably,
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invention.  amines as disclosed in U.S. Patent Nos. 4,857,217; 4,956,107; 4,963.275; and
5,229,022. Also usable is tris(hydroxymethyl)amino methane (TAM) as described in
U.S. Patent Nos. 4,102,798; 4,113,639; 4,116,876; and UK 989,409. Dendrimers,

20  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
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.

25 The functionalized, oil-soluble polymeric hydrocarbon backbones may also be
derivatized with hydroxy compounds such as monohydric and polyhydric alcohols, or
with aromatic compounds such as phenols and naphthols. Preferred polyhydric
alcohols include alkylene glycols in which the alkylene radical contains from 2 to 8
carbon atoms. Other useful polyhydric alcohols include glycerol, mono-oleate of

30 glycerol, monostearate of glycerol, monomethyl ether of glycerol, pentaerythritol,
dipentaerythritol, and mixtures thereof. An ester dispersant may also be derived from
unsaturated alcohols, such as allyl alcohol, cinnamyl alcohol, propargyl alcohol, 1-

cyclohexene-3-ol, and oleyl alcohol. Still other classes of alcohols capable of



The functionalized oil-soluble polyneric hydrocarbon backbone may then be

30 further derivatized with a nucleophilic reactant, such as an am ne,

am no-al cohol, alcohol, netal compound, or mxture thereof, to forma
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oi | -soluble pc%lrgbrirr?e{tiio%s h Eeirre(())(f:.ar %%2 ggr%ilél?l%gsprrg?grre%l %?splgr%ant combination is a
combination of (A) polyisobutylene substituted with succinic anhydride groups and
reacted with (B) a hydroxy compound, e.g., pentaerythritol; (C) a polyoxyalkylene
polyamine, e.g., polyoxypropylene diamine, or (D) a polyalkylene diamine, e.g.,
20 polyethylene diamine and tetracthylene pentamine using about 0.3 to about 2 moles of
(B), (C) and/or (D) per mole of (A). Another preferred dispersant combination
comprises a combination of (A) polyisobutenyl succinic anhydride with (B) a
polyalkylene polyamine, e.g., tetracthylene pentamine, and (C) a polyhydric alcohol
or polyhydroxy-substituted aliphatic primary amine, e.g., pentaerythritol or
25 trismethylolaminomethane, as described in U.S. Patent No. 3,632,511.

Another class of ashless dispersants comprises Mannich base condensation
products. Generally, these products are prepared by condensing about one mole of an
alkyl-substituted mono- or polyhydroxy benzene with about 1 to 2.5 moles of
carbonyl compound(s) (e.g., formaldehyde and paraformaldehyde) and about 0.5 to 2

30 moles of polyalkylene polyamine, as disclosed, for example, in U.S. Patent No.
3,442,808. Such Mannich base condensation products may include a polymer product

of a metallocene catalyzed polymerization as a substituent on the benzene group, or

may be reacted with a compound containing such a polymer substituted on a succinic
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anhydride w t;ﬁld(l@atlﬁlg with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,
for from about 1 to about 5 hours, followed by nitrogen stripping. Alternatively, the
boron treatment can be conducted by adding boric acid to a hot reaction mixture of
20 the dicarboxylic acid material and amine, while removing water. Other post reaction
processes commonly known in the art can also be applied.
The dispersant may also be further post treated by reaction with a so-called
"capping agent". Conventionally, nitrogen-containing dispersants have been "capped"
to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.
25 Numerous capping agents and methods are known. Of the known "capping agents",
those that convert basic dispersant amino groups to non-basic moieties (e.g., amido or
imido groups) are most suitable. The reaction of a nitrogen-containing dispersant and
alkyl acetoacetate (e.g., ethyl acetoacetate (EAA)) is described, for example, in U.S.
Patent Nos. 4,839,071; 4,839,072 and 4,579,675. The reaction of a nitrogen-
30 containing dispersant and formic acid is described, for example, in U.S. Patent No.
3,185,704. The reaction product of a nitrogen-containing dispersant and other
suitable capping agents are described in U.S. Patent Nos. 4,663,064 (glycolic acid);
4,612,132; 5,334,321; 5,356,552, 5,716,912; 5,849,676; 5,861,363 (alkyl and alkylene
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wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail, with the polar head comprising a metal salt of an
20 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 would typically have a total base number or TBN (as can be measured by
ASTM D2896) of from O 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
25 (e.g., carbon dioxide). The resulting overbased detergent comprises neutralized
detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such overbased
detergents may have a TBN of 150 or greater, and typically will have a TBN of from
250 to 450 or more.
Detergents that may be used include oil-soluble neutral and overbased
30 sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and
naphthenates and other oil-soluble carboxylates of a metal, particularly the alkali or
alkaline earth metals, e.g., sodium, potassium, lithium, calcium, and magnesium. The

most commonly used metals are calcium and magnesium, which may both be present
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are di scu§se¢ubsntﬁt¢dtatmnatwenalbty beI ow. Metal -containing or ash- f or ni ng
detergents functi Qﬂ)e ol ola Ble sutlFongt%Q to? aﬁkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,
nitrates, borates and ethers of the metal. The amount of metal compound is chosen
having regard to the desired TBN of the final product but typically ranges from about
20 100 to 220 mass % (preferably at least 125 mass %) of that stoichiometrically
required.

Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurized phenols may

25  be prepared by reacting a phenol with sulfur or a sulfur containing compound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are
generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
containing bridges.

Dihydrocarbyl dithiophosphate metal salts are frequently used as antiwear and

30 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. %,

based upon the total weight of the lubricating oil composition. They may be prepared



reduce or renove deposits and as acid neutralizers or rust inhibitors,
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wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
20  be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total
number of carbon atoms (i.e. R and R’) in the dithiophosphoric acid will generally be
about 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise
25  zinc dialkyl dithiophosphates. The present invention may be particularly useful when
used with lubricant compositions containing phosphorus levels of from about 0.02 to
about 0.12 mass %, such as from about 0.03 to about 0.10 mass %, or from about 0.05
to about 0.08 mass %, based on the total mass of the composition. In one preferred

embodiment, lubricating oil compositions of the present invention contain zinc dialkyl
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basic zinc Cobrggguor}dbyl Qn tatrz)m or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO,- or

alkylene group) and two are directly attached to one amine nitrogen also considered

aromatic amines having at least two aromatic groups attached directly to the nitrogen.

The aromatic rings are typically substituted by one or more substituents selected from

20  alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.

Multiple antioxidants are commonly employed in combination. In one
preferred embodiment, lubricating oil compositions of the present invention contain
from about 0.1 to about 1.2 mass % of aminic antioxidant and from about 0.1 to about
3 mass % of phenolic antioxidant. In another preferred embodiment, lubricating oil

25  compositions of the present invention contain from about 0.1 to about 1.2 mass % of
aminic antioxidant, from about 0.1 to about 3 mass % of phenolic antioxidant and a
molybdenum compound in an amount providing the lubricating oil composition from
about 10 to about 1000 ppm of molybdenum.

Representative examples of suitable viscosity modifiers are polyisobutylene,

30 copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers,
copolymers of an unsaturated dicarboxylic acid and a vinyl compound, interpolymers

of styrene and acrylic esters, and partially hydrogenated copolymers of styrene/



neutralization reaction. The preferred zinc di hydrocarbyl dithi ophosphates
are oil soluble salts of dihydrocarbyl dithiophosphoric acids and nay be
represented by the followwng fornula: S ROII /P-SZn RO 15 2 wherein
R and R may E@e sanme or different hydrocarbyl radicals containing from
1 to 18, prefzera y 2 to 12, carbon atons,@and including radicals such as

al kyl, al kenyl, aryl, arylalkyl, alkaryl and cycl oali phatic radicals.
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viscosity growth. Such oxidation inhibitors include hindered phenol s,

al kal i ne ear tand raptiniears atetlids ¢4 a labiisatipp enilo¢arhpasétinne r Exdmaples of puohf et acbjul;leCS to

Cl2 alkyl si deg Crc])%ho ybde%%}n crc?mpounds include  dithiocarbamates, dithiophosphates,

dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.
15  Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl
xanthates and alkylthioxanthates.

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

20 Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCly, MoO,Br;, M0,0;Cls, molybdenum trioxide or
similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention

25  are organo-molybdenum compounds of the formula

Mo(ROCS,)4 and

Mo(RSCS2)s
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon

30  atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the
dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating

compositions of this invention are trinuclear molybdenum compounds, especially those



nonyl phenol sulfide, oil soluble phenates and sul furized phenates,
phosphosul furized or sulfurized hydrocarbons, phosphorous esters, netal

t hi ocarbamates, oil soluble 1o copper conpounds as described in U S. Patent
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with an unsaturated Cs to C;o mono- or di-carboxylic acid neutralised with an amine,
hydroxyamine or an alcohol; or a polymer of ethylene with a C; to Cy olefin further
reacted either by grafting a C4 to Cy unsaturated nitrogen-containing monomer

20 thereon or by grafting an unsaturated acid onto the polymer backbone and then
reacting carboxylic acid groups of the grafted acid with an amine, hydroxy amine or
alcohol.

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

25 additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to C;s dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant
of the polysiloxane type, for example, silicone oil or polydimethyl siloxane.

Some of the above-mentioned additives can provide a multiplicity of effects;

30 thus for example, a single additive may act as a dispersant-oxidation inhibitor. This
approach is well known and need not be further elaborated herein.

In one preferred embodiment, lubricating oil compositions of the present

invention further comprise, in combination with a compound of Formula (II), a high



| ong chai n pol ycarboxylic acids with diols, for exanple, the butane diol
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of alkyl, aryl, aralkyl and al kox_éal kyl, generally of from1l to 30 carbon
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15  preferably from 1 to 4 carbon atoms. The number of alkyl or alkoxy substituents per

molecule, if present, may range from 1 to 3, and is preferably one.

Preferred conjugated diene monomers useful in the formation of such materials
include those conjugated dienes containing from 4 to 24 carbon atoms, such as 1, 3-
butadiene, isoprene, piperylene, methylpentadiene, 2-phenyl-1,3-butadiene, 3.4-

20 dimethyl-1,3-hexadiene and 4,5-diethyl-1,3-octadiene.

Preferred are block copolymers comprising at least one poly(monovinyl
aromatic hydrocarbon) block and at least one poly (conjugated diene) block.
Preferred block copolymers are selected from those of the formula AB, wherein A
represents a block polymer of predominantly poly(monovinyl aromatic hydrocarbon),

25 B represents a block of predominantly poly (conjugated diene).

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

30 Isoprene and butadiene are the most preferred conjugated diene monomers.
Preferably, the poly(isoprene) is hydrogenated.
Block copolymers and selectively hydrogenated block copolymers are known in

the art and are commercially available. Such block copolymers can be made can be



render the conmpound soluble or dispersible inthe oil, nis from1l to 4, k
varies from4 through 7, Qis selected fromthe group of neutral electron
donati ng conmpounds such as 5 water, am nes, alcohols, phosphines, and

et hers, and QZP{’%Q es fromO to 5 and includes non-stoichionetric values. At
| east 21 tot fbon atoms should be present anong all the ligand organo
groups, such as at |east 25, at |least 30, or at |least 35 carbon atons. A

rpr over ”and e oVegEe el FRAARE w8 NIl o ulh RERS i

di spersants abaidseyiedddor exahplonind LLSIURALS Nok. a/T685892; 5081638/78/700,683 \aadi nes,
wth a hydrocalrgtli/l substituted nono -or dicarboxylic acid in which the
hydr ocar byl sub¥330uent conprises a chain of sufficient length to inpart

i ity index i . ties. { ds. | t
Vi scoat ty i ndex i TR B LPOMRERET BlenT hibSi LSt g BIRS HRESyme? SR SspalS ;s
to C24 unsat Q{y@&@«épaéaﬁypieayitc{)wheg%&mﬁIthzﬁrth@regfﬂumcb 1Qhib R SR of the

mono- car boxyli'c acid or a Cl'O di-carboxylic acid with an unsaturated
ni trogen- corhlegknis mefucet tnaimert 0y mbre preferablsirab mostd Bnmiosteprploraplpat rofsta C2

to C20 ol efi i t t t | O - i - b | i d
ot ral L sed o totthesRBRRlan FvEL pérs, byorosaitibhe o b AvgrEeRai, RE (RS
ethyl ene withedo erré)mg?@e‘éhﬁfehrbuft H§ih§'%rvariét€}aﬁt\félil é%itébﬂ%edb@f HsadstihdlBdige G4 to

0
C20 unsaturate i trogen-contai ning nononer 20 thereon or by grafting %n
unsat ur at ed dgiddogenatoon inghepiegense df aedtbeatadysinas Ramay Nickelchoblg netalbsuchlas c

acid groups of the grafted. aci i th an. am ne, hydroxy am ne or | cohol .
Pour poi nto qéﬁ?t&%%ﬂg,thsﬂﬂf& il wmtl%m%_ecaéqyst% o Hesrir eadlyete g
| ower the m rHeQ?:HBeH‘iHPﬁSﬁH(‘érEI\%t. sWigufg4t he fluid will flow or can be poured.

Such 25 additives are we nown. Typical of those additives that inprove
t he | ow t enper at USequéntial gpolymenizatidreor feactibnawith ¥ aleat Ciplidg apdntd can be used

e e e R
silicone oil 0 ]S,H;gﬁ' kl.0 - gf - I htives
can provide awmtjl-f%t P% I Cl ttzgtmonf %gfaf g?tﬂgf“ﬁ 1tn utg; 41%?&2%%%?@?&%8%@1

addi ti ve ray grotpsasuich adlisinglheazdnean ipdastidostai pdlyinetsotiavinghfrem abppr 6 & hbows wel |
known and need not bhe further el aborH:I\t ed herein. |n one8 glirnef_erred

enbodi ment, [ WATEallngGMUlEEIRIbsUPIHE S8 EHaipmgseitd funAiend BroHps. ¢nd her
conprise, in GGfBASE ffhind Sir Poly IO HALAN KW subinardidl B AHE0L

commercially.
The second class of high molecular weight polymers are olefin copolymers
20 (OCP) containing dispersing groups such as alkyl or aryl amine, or amide groups,
nitrogen-containing heterocyclic groups or ester linkages (hereinafter "Polymer (ii)").
These polymers have been used conventionally as multifunctional dispersant viscosity
modifiers in lubricating oil compositions The olefin copolymers can comprise any
combination of olefin monomers, but are most commonly ethylene and at least one
25  other a-olefin. The at least one other o-olefin monomer is conventionally an o-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

30 a. straight chain dienes such as 1,4-hexadiene and 1,6-octadiene;
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styrene. Brefelylzidnednjorgarhedt (ENBesThe amonnsef diene{(wi. rbasig) frr the cbpblynie?
carbon atons, nore_preferably from4 to 6 carbon_atonms. 30 Is%Frene and

f ) .
but adi ene ar e2prke fip® 0%rterabioped0 %o Nyithg@toele 2houhd> Hobring pieferres andiQbItg, ¢ he
pol y (i soprene,y,s 13% rb@ﬂ%”ﬂfg@fj preferred. As already noted, the most preferred olefin

copolymer is ethylene-propylene. The average ethylene content of the copolymer can
be as low as 20% on a weight basis. The preferred minimum ethylene content is
20 about 25%. A more preferred minimum is 30%. The maximum ethylene content can
be as high as 90% on a weight bas, preferably the maximum ethylene content is 85%,
most preferably about 80%. Preferably, the olefin copolymers contain from about 35
to 75 wt. % ethylene, more preferably from about 50 to about 70 wt. % ethylene.
The molecular weight (number average) of the olefin copolymer can be as low
25 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
30 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



Bl ock copol yners and sel ectively hydrogenated bl ock copol yners are known in
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Afton Corporation and PA1160, a product of Dutch Staaten Minen).
Preferred are low ethylene olefin copolymers containing about 50 wt. %
ethylene and having a number average molecular weight between 10,000 and 20,000
20 grafted with maleic anhydride and aminated with aminophenyldiamine and other
dispersant amines.
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
25  viscosity modifiers in lubricating oil compositions, and lower molecular weight
polymers of this type have been used as multifunctional dispersant/LOFIs. Such
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
30 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

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



di enes such as the follow ng, non-limting exanples 30 a. straight chain
di enes such as 1, 4-hexadi ene and 1, 6-oct adi ene; 2005L001 -29- b. branched
chain acyclic dienes such as 5-nethyl -1, 4- hexadi ene; 3, 7-

di et hyl - 1, 6-oct adi ene; 3, 7-di nethyl -1, 7-oct adi ene and m xed isonmers of

di hydr o- nycer®3&Y di hydr ooci nene; " c. single ring alicyclic dienes such as
1, 4-cycl ohexadi ene; 1,5- 5 cycl ooctadi ené;” and 1, 5-cycl ododecadi ene; d,

mul ti-ring alicyclic fused bri.dged ri di enes ,su as

Vot r ahydr of ndebactile e e MRV Addrfen'th BiFarBRdN dor Exmelg; eydiaing g2, o,
1) - hept a- 2, 5-¢d - 4 ' e l.dene
oy bor nones St xs BV L keiShe YRS by pSEh By SR ISHFGROSNHE

5- et hyl i dene-a2idwitlb phisspherus pbitpxide; qriojdydlgriag Acdrondoranelngirin.

5-i soproyl i dene-2-norbornene, 5-(4-cyclopentyenyl)-2-norbonene; 5-.

cycl ohexyl i dene- 2-Hkyhagrslates @y methaciylte apiomyst ean be aerared, by dsaqtipg ubed,

di enes cont aiqj. . t lse. b ' St.raj B are
or ot er reas e g S BboRll Syt e NEVHOUG o PR 8 AL BRRUORL
The ampunt ofes@tigib&idn"datal P2edi 1) adid) ﬁré‘ferdbgppltéﬂﬁaﬁe sionieadid il BiKidiedFhant

20% wth 0%to about 15% bei %preferre , and 0% to about 10% bei ng nost

preferred. APolmesigaiomd?edIEHR: orphydrpguiners: edSweitable ralkyd oprsylptesr on alkyl

et hyl ene- propyl ene.. The average ethyl ene content of the copal r, ca be as
Fow as. 2006 onteirgreyigses colierl B, Bt &5 ABGM T eador alfipt Bhanel oL EfBon "2
about 25% ARRNE Pyséf dxampds UfwRihS aROkbls TheauddxieiiiMakiohy], @iy aRBheNt can
be as high as 90% on a wei ght bas, preferably the maxi'mum et hyl éne cont ent

is 85% Ifpstethyl eicehalnbytyhaloohol sasyyl abpaiobristhpstyl alpehabl isddenyloadenbiol mpdecyl

contain from abou to.7 . % et hyl.ene, nore ferably from about 50
to about 70 90?’9/%t’e$°ﬁ9?3§na§9° etrmfﬁca?‘!%(’q\/\é‘i‘%{ dfﬁ@ﬁbi@r@véf:%tb‘g) mFsPhe
ol efin copol %ﬂ@%ﬂhoﬁ%@nt‘ﬁ@e@hﬂc@ﬂbl, pamit§1 A08Kd1 aﬂ&'%teh@?aj%ﬁél?mh%qtaﬁﬁﬁ'g dI¥8Hot S
10, 000. The nore preferréd mninumis 15,6000, with the nost preferred

m ni mum nunbean e eeantps with eciyliaacidedrghethiryligjacid 00 6@ thetdesisedoasdryletes dnd hat
D e ke R eRh R st i e Tl ot 19985000
15 molecular weights (Ma) of 10,000 to 1,000,000 and preferably the molecular weight
range is from about 200,000 to 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
acrylate or methacrylate main chain polymer is provided so as to contain sights

20 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
olefins such as p-(2-diethylaminoethyl) styrene; basic nitrogen-containing
heterocycles having a polymerizable ethylenically unsaturated substituent such as the

25  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.

Preferred Polymer (iii) materials include polymethacrylate copolymers made
from a blend of alcohols with the average carbon number of the ester between 8 and

30 12 containing between 0.1-0.4% nitrogen by weight.

Most preferred are polymethacrylate copolymers made from a blend of alcohols

with the average carbon number of the ester between 9 and 10 containing between



preferred maxi num bei ng about 750, 000. An especially preferred range of
nunber 30 average nol ecul ar weight for the olefin copolyners of the present
invention is from about 50,000 to about 500,000. O efin copolyners can be
render ed nula&%ﬂ&ﬁtional by attaching a nitrogen- containing polar noiety
(e.g., am ne,; anine-al cohol or amde) to {he polymer 2005L001 -30- backbone.
The nitrogen-containing noieties are conventionally of the formula RN

R R', wherei g,k ! ‘hare d aglen I i . itable
are aromati @'@rﬁzi{é’sﬁg& ggheb%‘lf %Ffﬁﬁﬁgp%?%%- H—#&ﬁa%oﬁ% %Z‘{}e‘l! Ir??rhgt‘ﬁ‘glr?ﬁ’héﬁalléﬁe
aromatic gr eneftaceyislecach are is alkyl. The nost common nethod for forming a
mul tifunctional 5 OCP viscosity nodifier involves the free radical addition

of the nitrogen- tuhriedtingngil coBipasitiens assfult in thee prastigensf thedkesspleinveRdon

ni t rogen-cont.aj.ni . Doj et. ] hed to t | r [ a
doubl e bond ﬁ??‘ﬁ‘i“gﬂ%lﬁ‘g‘g';@’@eﬁ%°?§%& r%%c?%%& ‘§%6‘oag’b°“%§f’f)ﬁﬂ%‘r%’f’8ﬁ®gg‘h i on
of an EPDM pabstite wt.0%, based @aGiolyifer! Weigh more preférablyafroaibpatod toradvitdi ng a
bri dgi ng group containing a double bon§ (e.g., maleic 1o anhydride as

described, f it Txmepl preferablyfrom shoueAs tnoboutd).Bws, %7 Altesnavelygo stiscussing
carboxylic acids d ketones as descri exampl e,, i.n U.S. Patent No.
2068, 056) , Dok TP e RS e BEADY PRUREn B BH A5 ST SOTPRET i ¢
the ni trogenykoptaind ?F&/idiﬁ@'nﬁ"ﬂ'ro%@g' ®hient fo fmrlﬁbﬁ&mgqﬁpcddtliésnﬁi‘n from about

ni trogen-cont ai ni ng conpounds that can be reacted with e functionalized
OCP are descOi066t té abowt, 0.0 wt.He, pictaratsdy ifrom ebout B.4102 gerabautt 301 wt. %, most

Mul tif ti i zed OCP hods f ' h lals,. K
'n the ab aRiFiaray e aipn SBheebeut PO ul b Ot Riegen e Pobmitssih 4B) G4 r om
Afton Corpor ghd afix@RG thékdL Qeed nbf Qiitisiise Ahe 531E W%a?éivieﬁ in&he lubh?ilrcgtfiﬁ'gr red

are | ow ethyl ene ol efin copol yners containi ng about . % ethylene and
havi ng a nunbdrcompesitige, and| atleer|\avl, suehgl noh-dunutienal iZ2d @i inacupoRndd OOM add,

grafi g ith el oL coprnygl i, and am natad wiLl 2 npleryld o ne gnd ot et
et f eeShbass EEHLe Pl IES POl RS B,
been useds as immghtiod wmayt be rlabriciteh sithaa tlulricating ook compotior ivdresein rthe high
| ubricating %(Jlec%?arrrpvge?él}tipgpysrﬁer?sn g rrlu(()t\,\ulrec:r conr}l)llnesfnugl f%mva\lﬁci)l?thltO to about 90 wt. % of
a hydrogenated styrene-isoprene block copolymer, and from about 10 to about 90
wt. % non-functionalized OCP.
In the present invention it may be necessary to include an additive which
20  maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has
been observed that some compositions increase in viscosity when stored for
prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
25 dicarboxylic acids or anhydrides which are ‘used in the preparation of the ashless
dispersants as hereinbefore disclosed.
When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount that enables
the additive to provide its desired function.
30 When lubricating compositions contain one or more of the above-mentioned

additives, each additive is typically blended into the base oil in an amount that enables

the additive to provide its desired function. Representative effect amounts of such



polymers of this type have been used as nultifunctional dispersant/LOFIs.
Such polyners are commercially available as, for exanple, ACRYLO D 954, (a
product of RohMax USA Inc.) The acrylate or nethacryl ate nononers and al kyl
acryl ate or zgwﬁcryl ate nononers useful in the formation of Polymer (iii)
can be prepar bm 30 the correspondi ng €cryl Ic or methacrylic acids or
their derivatives. Such acids can be derfved usi ng well known and

conventional t i . r.exa e, lLic ' an .. beprepared,h

aci di ¢ hydr oI@ﬁ@gﬁ’g‘Hﬁ%’eﬂ%grlgﬁm @%%e 13? ﬁ%’é%é“%@étg%ﬁ’ﬁg’r“f 'ng‘(%lr {hﬁyvah?é listed

pol ymeri zat i Qfte offated-aR meHk ?é@@ﬁtqaﬁv@m@rgdli@t_dest ructi ve di sti Il ati on of the
pol ymer to 2005L001 -31- formacrylic acid. Methacrylic acid can be prepared

by, for exanplable Bxi dizing a nmethyl a-alkyl vinyl ketone with netal
hypochl ori t s+ ' ' ' ' '
pent oxi de; grADYPITINEzi ng acet one cyanohydrMASSAbkyl acr\NIASS8Sor
met hacryl at g nononers can be prepared by rlgBesddpg the 9 (HRS$érie) primgpry

Gstor 11 cat || MBLDSISRE o acv orotor WG 21351 Lone IO oh ¢ acid Inc
I nhi bited friooyrréxdbryHBibigeat i on by MEHQ or |hyds oqui none. |Quit. &bl e al kyl
S oms i 1t o] el Dibirogaabt D aphosgitic ol | Scbnh, oe of <Dk 1Ry alconalo
i ncl ude met hiyAn@bg@de! , et hyl al cohol, 10 |gthyl al cohol | ooty al cohol,
octyl al coho130-0CTyl al conhol, 1Sodecyl a¢ﬁ12£0|’ und %y ﬁ_conm, _
dodecyl alc ur Fomt '-e@gﬁlssaﬂtrnhm, capryl A | laury LT Pal __nydi styl

al cohol , perﬁgg@@xﬁﬁ@ Agdl ., pal mtyl al cqlgplsand stear Yo ggicanps . Thé
starting al cjophol—__can be reacted W th acryfic,_acid or Thacrytic acig to
formthe deq'$mlmf\lﬁlﬁmweﬁﬁége?§f hacryl ;tq:'qll- respect iy &\0-5 These acy yl ate

pol yrmers may| faMRnM6dGEr aver age 15 nol ecdlgars wei ghts (Mp)- 05 10, 000 o
1, 000, 000 and_preferabty the motecul ar Wel[g ange 15 [fr o apout D, 000
to 600, 000. X‘SB‘P%\YiM»Bdl Bl acrylate or net kg}'my‘l e withl® 'Q’?)PI‘ sing group,
t he acryl at € @isestg®t hacryl ate nononer i s q@Ewdneseri zed Wigahnee

am ne- cont ai Mg MOTTOMMET _OT_THe acryrate or necnacrytrate marm char m pol yner
is provided so as to contain sights 20 suitable for grafting and then

am ne- contsai ni ng Bulndoasulated Qutafcatnlg 06il Océhipositiond of hehien podsepo| isivitioi ng

am ne-cont ai ni ng nmononers. Exanpl es of am ne-contai ni ng nononers i nclude the
basi ¢ ami no skipferablyhave a sulfur content of less than about 0.4 mass %, more less than about

0.35 mass % more preferably less than about 0.03 mass %, such as less than about
0.15 mass %. Preferably, the Noack volatility of the fully formulated lubricating oil
composition (oil of lubricating viscosity plus all additives) will be no greater than 13,
10  such as no greater than 12, preferably no greater than 10. Fully formulated lubricating
oil compositions of the present invention preferably have no greater than 1200 ppm of
phosphorus, such as no greater than 1000 ppm of phosphorus, or no greater than 800
ppm of phosphorus. Fully formulated lubricating oil compositions of the present
invention preferably have a sulfated ash (SASH) content of about 1.0 mass % or less.
15 It may be desirable, although not essential to prepare one or more additive
concentrates comprising additives (concentrates sometimes being referred to as
additive packages) whereby several additives can be added simultaneously to the oil
to form the lubricating oil composition. A concentration for the preparation of a
lubricating oil composition of the present invention may, for example, contain from
20 about 0.15 to about 20 mass % of a compound of Formula (II); about 10 to about 40
mass % of a nitrogen-containing dispersant; about 2 to about 20 mass % of an aminic

antioxidant, a phenolic antioxidant, a molybdenum compound, or a mixture thereof;



ol efins such as p-(2-diethylam noethyl) styrene; basic nitrogen-containing
het erocycl es having a pol yneri zabl e ethylenically unsaturated substituent
such as the 25 vinyl pyridines or the vinyl pyrrolidones; esters of am no

al cohols with ﬂ%i gurated car boxylic acids such as di nethyl am noet hyl

nmet hacryl ate 4 g | ymeri zabl e unsaturategg basic am nes such as allyl

am ne. Preferred Polyner (iii) materials include pol ynethacrylate copol yners

made froma ‘mo%gg i(gﬁgglllagg%)hﬁa %é%ﬁég%“%\ﬁ%ﬁgggﬁﬁar t?%ﬂo&%bxﬁllss% é%?‘?n%%lts ter

bet ween 8 and ntai ni ng o Ni Trogen by wel

preferred ar ediﬂ?dlﬂwﬁbiilacﬁﬂﬁd;rgh@pﬁ&am ynmers made from a bl end of al cohols
with the average carbon nunber of the ester between 9 and 10 containin

bet ween 2005L001 Thefingl compasienningy sgwhoxfromed gat25pmess fedréfarabheSftork of

N-N Di hyl ami | kyl.- I o LUDLI [ il iyt ful i
N ot Y R, e ORGSRl PERERAS B05g BAGe 1
a mxture 4 hep@ftatingvistosityBniVis@sity mydifgout 0.10 to 5 about 2 wt. %

based on pol ymer weight; nore preferably from about 0.2 to about 1 wt. %
nost preferably frAbhwdighitpeccedistexprelssadthedein (wnlessootheswissrindicatod) are based on

di scussing the multifunctional co ents;.specifically Polyners (iJd) and
(i) sata coinbnppdientiA TS PougRt BoRERRING® Ait/ph GBon th ot vaignafedny

| ubri cating Oaddimlga&hge A hirATa@ARP WhichOwAPBE tho s@R0st the- 02 \)Oéightcy f each
preferably from about 0.0002 to about 0.01 wt. % nost 1o prefefably from
about 0. 0003 additveopltis theGaghttof td¥alafil oridiluegen. Pol yners (i), (ii) (iii) and
m xtures thereof, peed. not, conprise _the sole VMand/or. LOFI in the )
lubricati By oil cﬂhtaogwmm Wil e dhher Rdessipad By FriereRanda ithndpliowing

ol efin copoly Erein LiP e Yi f glvikoylie@cet ate

copol yner LCFi S rpg%\lé’ be lt’%ne%l P%\rts cgl%%tsﬁba){?% tﬁgg&ééma% F%r tgg?(l'arrpl e, a heavy
duty diesel engine of the present 15 invention may be lubricated with a

| ubricati ng OEKAMPEESi ti on wherein the high nolecular weight polyner is a
m xture conpri si ng}rom about 10 to about 90 wt. % of a hydrogenated
styrene- i sopr 8ythesigiampled| yner, and from about 10 to about 90 wt. %
non- f unct ionaPiepardti@CPf a comphumdmiFoemulai(Hyenti on it may be necessary to

i ncl ude an aditilv whi ch Q, pai nt gi ns h% stlabi lity of the viscosity of
the bl end. TheP a=RRALY cthano

A two-liter resin kettle equipped with mechanical stirrer, condenser/Dean-

Stark trap, and inlets for nitrogen, was charged with 2-naphthol (600 g, 4.16 moles),

ethylene carbonate (372 g, 4.22 moles) and xylene (200 g), and the mixture was

20 heated to 90°C under nitrogen. Aqueous sodium hydroxide (50 mass %, 3.0 g) was

added and water was removed by azeotropic distillation at 165°C. The reaction

mixture was kept at 165°C for 2 hours. CO; evolved as the reaction progressed and

the reaction was determined to be near completion when the evolution of CO; ceased.

The product was collected and solidified while cooling to room temperature. The

25  completion of reaction was confirmed by FT-IR and HPLC. The structure of the 2-(2-
naphthyloxy) ethanol product was confirmed by 1H and **C-NMR.

Step 2 - Oligomerization of 2-(2-naphthyloxy) ethanol

A two-liter resin kettle equipped with mechanical stirrer, condenser/Dean-

30  Stark trap, and inlets for nitrogen, was charged with 2-(2-naphthyloxy) ethanol from
Step 1, toluene (200 g), SA 117 (60.0 g), and the mixture was heated to 70°C under
nitrogen. Para-formaldehyde was added over 15 min at 70 -80°C, and heated to 90°C

and the reaction mixture was kept at that temperature for 30 min to 1 hour. The



contai ning additives achieve a suitably |ow viscosity in the pre-bl endi ng
stage it has been observed that sone conpositions increase in viscosity
when stored for prolonged periods. Additives which are effective in
controlling 5§B§mﬁiSC°Sity i ncrease include the |ong chain hydrocarbons
functionalizé y reaction with nono- or_£5 dicarboxylic acids or anhydrides
which are used in the preparation of the ashless dispersants as

her ei nbef or e t%@égé@?@gas d%‘i{%ﬂﬁaﬂf%ﬂ&eﬁﬁéﬂiﬂtﬁgiIGWﬁd%o&%r Q%&%{‘gﬁd&gaﬁf Q’ﬁ‘?r e of

t he above- nen Ives, eac tive 1s typically to the
base oil in &3 abowas remaved dybhzstropibedistlthtionyeThe polymérderas tcolleeed rard
function. 30 Wen | ubricating conpositions contain one or_nore of the

above- ment i orseldifigd dvhile, geoling, ¢ repa temperatuse.t Moj wag dgtepningddy GPCousing base

il i | Poiel R bas:
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crankcase sl ubgijgamaPstaifad.| THFERad®le@Ws efleht. (BE ofaloeealtbs)! &d and?% Rt ed as

mass percent active ingredient. Table Il ADDI TI VE MASS % MASS % ( Broad)
(Preferred) chbfimhedtheesigasiore. FOMS al MALDIJOFCandicaésothel phidoct oont@ns 0 -

0/01 3" poutixph it BespiAreshiked (2 Mo 1em0 el TR o FAgEHR. 615
0.001-0.15 %\l‘}ﬁmlﬁﬁg?%ﬁ’:\% M4 W@?@‘%ﬁfﬁ”?@%&‘an& Qnig m R Pro 231 ction Modifier

0-50- 1.5 SCOS ifi1er .25 - Basest ock Bal ance
Bal ance 5 Fully formul ated lubricating oil conpositions of the present
I nvention preferabl Ja ) fur ¢ t of ) out 0.é1mass %

A five-liter resin kettle equipped with mechanical stirrer, condenser/Dean-
Stark trap, inlets for nitrogen, and additional funnel was charged with poly (2-(2-
naphthyloxy) ethanol)-co-formaldehyde) from Step 2, toluene (200 g), and the /
15 mixture is heated to 120 °C under nitrogen. Polyisobutenyl succinic anhydride
(PIBSA M of 450, 2,500 g) was added portion wise (~250 g at 30 min intervals) and
the temperature was maintained at 120 °C for 2 hours followed by heating to 140 °C
under nitrogen purge for an additional 2 hours to strip off all solvents to a constant
weight. Base oil (AMEXOM 100 N, 1100 g) was added, and the product was
20 collected at room temperature. GPC and FT-IR confirmed the desired structure.

The reaction scheme representing the above synthesis is shown below:

0 PIB
OH
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/r O

HO O

o I I
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Ethylene Carbonate O
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g solle O‘ ,,

Performance Example 1

2

(7]

30 The soot dispersing performance of the compounds of Formula (II) was
determined in a carbon black bench test (CBBT). In the CBBT, the ability of

finished oil samples to disperse carbon black is evaluated by mixing the finished oil



0.15 mass % Preferably, the Noack volatility of the fully formul ated

| ubricating oil conposition (oil of lubricating viscosity plus all
additives) will be no greater than 13, 1o such as no greater than 12,
preferably ngg(%r?@ter than 10. Fully formulated lubricating oil
conpositions e present invention preferably have no greater than 1200
ppm of phosphorus, such as no greater than 1000 ppm of phosphorus,

greater than 8
conpositions o%gl ep‘glrtgfé%cg%%ﬁ%lgb{ﬁnoﬁpégfg rre&;a y%&e hlébsra}q(b?é at&%ﬂﬁglht a(tSASH)
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essential to prepare one or nore additive concentrates conprising gdditives
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contain from 20 about 0.15 to about 20 nmasS % of a conpound of Fornmula (I1);

about 10 to abdispersd. Ifithesindexobecames signifwantty lessithan ngityi thpesris abear thibwiog 2 t o
about 20 mass %,0f . .an ntioxidant, a phenolic antioxidant, a

nol ybdenum conlﬂgtfﬁﬁve%ﬁpoé’rﬁ?%td?ﬁpg Sher eof ; 2005L001 -34- about 5 to 40 mass
% of a detergent; @rtentrélommh@% resehengm%hm?é}maﬁm%&tn@at@@wt 9" heavy

di hydrocar byl dithi o phosphate. The final conposition may enploy fromb5 to
25 mass % pr edwy disis¢l (FRI) crsnkmhlbm@antyﬁpscpadpla;edl(l‘he@onﬁolmasml@/«zﬁrnp He
concentrate t he r.enpi nder bein %t?IL flzu | ubr.icating.viscosity. and

vi scosi t ylrodi ¢qnLaine tnaiﬁéiaﬁ’r?ﬂmg Leh bB%’r"@s"é@B“% cYisropity, modfies apd A s e

i ndi cated) are, a(a&ae%eQEEIhH@g gty é)?é&hlzﬁ'@ei ht dfs &rsﬁrﬂt O\Féfrbﬁsg %ﬁhi ve,

and/ or upon the t ot any- additlve-package forrru at|
will be the sum affitiwdae a,geﬂt (ZDD@htasldfass%mbxldantdmdt a/ﬂopvl msprbhﬁ (\hﬂfdht The

total oil or d ent Th| venti on vm!d e further under Lﬂ
reference to t fIBP]IeB&\'nahd"el egsant \ias, addgd Jp) ary amognt, pEovy Pgs Byfx‘uél ght
unl ess ot her""'ﬁ;%rﬁﬂ%%dhgbﬁéﬁl‘{% M%Qﬁ‘%bﬁteﬁﬁé b@htloéé 455 Pa! aSA)Q:ﬂn

nmu Ste Pre 2- y) et anol

conpound of For (11 aration o (2- napht hvl ox
15 representing the inventlon (Inv. 1) was prepared by adding 2 mass % of the

compound of Synthesis Example 1 to the control sample. Fresh samples and
samples loaded with 8 and 12% carbon black were evaluated in the manner
described above. The Index and Viscosity (expressed as cP) of the samples are
shown below in Tables III and IV, respectively:

20  Table III - Index

Mass % Carbon Black Comp. 1 Inv. 1
0 0.99 0.99
8 0.15 0.97
12 TVTM* 0.85

Table IV - Viscosity (cP)

Mass % Carbon Black Comp. 1 Inv. 1
0 13.5 15.0
8 172.6 41.2
12 TVTM* 85.5

*too viscous to measure



Atwo-liter resin kettle equi pped with nechanical stirrer, condenser/Dean-
Stark trap, and inlets for nitrogen, was charged with 2-naphthol (600 g,
4.16 noles), ethylene carbonate (372 g, 4.22 noles) and xylene (200 g), and
the m xture g@% g@ heated to 90C under nitrogen. Aqueous sodi um hydroxi de
(50 mass % added and water wgs renoved by azeotropic
distillation at 165C. The reaction mxture was kept at 165C for 2 hours.

CO2 evolved as theg s e t ﬁ{aﬁ[ to
be near conpleti o%‘s\/\ﬁgﬁ%{lﬁ@ g@%%’??gn&é %&?ceas@g& lhi?ﬁc%@ss Cg %f}ﬁg

col I ected and cdaipodid bEHorila ellpprobida@lmp:olve@mdbmmewtsbwmj in thesprébence of

conpl etion of reaction was confirnmed by FT-1R and HPLC. The structure of the
2-(2- napht hy|<giapn tlagkLomp afﬁddedmcmsnw#lqbﬁlﬁﬂl by 1H and 13C-NMR Step 2 -
A igonerization of k

equi pped with rrecrll\gﬁ'f)g&} ﬂlaltla?%l?%rn%xéﬁ n‘g{’ﬁ%gt?énﬁelan- ‘ght tarig(?\'é?se &%éctlﬁge??\l ets
for nitrogen, csasemtidanigficorselastomef engingshidalsl oktigjusRinheh® boﬁlpamd &t Brndula

tol uene (200 g a(?ﬂﬁ SA 117 (60.0 g), and the m xture was heated to 70C under
ni trogen. Par anrmll@@ﬁwealsmom@m dwitrogen-qantpining Tispepaw, hamalsodgerd to

90C and the r erat,u r

oo . e 200400 o ndliq ek ARveiSPLaRs. TR e BHRFAE I Sl cipl fnd 3,0
over 2-3 hoursmanﬁvy@é%mbzl%d 1§3a DhinleMERrysRIGNRECcHALs BeRD) feARI test using an
distillation. The polyner was collected and solidified while cooling to

room t enper at UAKS stalvmaterdalt BaimlereChryglecBealsi TestgV Dpob350y r(eciesed tcaupiaseyen

ted with, t | ture | o t-hanol t |
st andar d 10T GS" BKP B Viant afiial 4 TBGR ARG e ey g © "
confirmed the @ﬁdﬁférléhgmeE% FRE rdViedbf thefeohipdiis &8 pr&@d& BdbG! irCPaIAI NS

m xture of nethyl ene-I1nked 2-(2-naphthyl oxy) et hanol oI i goner of Formul a
(1) containing: from2 to 24 2-(2-naphthyloxy) ethanol units (mis 1 to 23).
to Step 3 - Reaction of nethylene-linked 2-(2-na htp hyl oxv) ethanol

ol igonmer and an acylating agent (PIBSA) A five-liter resin kettle equi pped

wi th mechani qadbevalg@ngorﬁ&mgWefregtDean- Stark trap, inlets for nitrogen,

and addi ti onal_Tunnel arged with poly (2-(2- naphthyl oxy)
et hanol ) - co-{f orl?tapdqhyde) f romitsSt ep| 2, tBassene (200Cahp. land |t he Ik Imi xt ure
i's heated tg—320-GCunder—nitrogen—IPelyrsobutenyl—suecinie
Tensile "% change 50 max 1 T35 -17
Strength
Elongation % change -55 -35 -14
Hardness % change -5.0 to +5.0 0 1
Volume % change Oto+5 04 0.4
15 The improvement in seal compatibility achieved by the addition of a

compound of Formula II is shown by the reduced change the tensile strength of the
fluoroelastomer seal material at the conclusion of the test.

The disclosures of all patents, articles and other materials described herein are

hereby incorporated, in their entirety, into this specification by reference. A

20  description of a composition comprising, consisting of, or consisting essentially of

multiple specified components, as presented herein and in the appended claims,

should be construed to also encompass compositions made by admixing said multiple

specified components. The principles, preferred embodiments and modes of

operation of the present invention have been described in the foregoing specification.

25  What applicants submit is their invention, however, is not to be construed as limited

to the particular embodiments disclosed, since the disclosed embodiments are



(PIBSA V. of 450, 2,500 g) was added portion wise (-250 g at 30 mn
intervals) and the tenperature was nmai ntained at 120 C for 2 hours fol |l owed
by heating to 140 C under nitrogen purge for an additional 2 hours to strip
of f all solvgﬁaﬁﬁﬁp a constant weight. Base oil (AMEXOM 100 N, 1100 g) was
added, and the product was 20 collected atgroomtenperature. GPC and FT-IR
confirnmed the desired structure. The reaction schene representing the above

/L1 BRI el e iy O, e © 10

per formance ahe hhevithonpdepactingdfrorhalienpint ¢fithe invastiordet er m ned in a carbon

bl ack bench test (CBBT). In the CBBT, the ability of finished oil sanples
to di sperse carbon black is evaluated by m xing the finished oil 2005L001
-36- sanples with increasing amounts of carbon black, stirring the sanples
overnight at 90C, and evaluating the sanples for viscosity and index using
a rotational visconeter. The shear rate of the rotational visconmeter is
varied up to 300 sec.-1 and a plot of shear vs. log viscosity is obtained.
If the viscosity is Newtonian, the slope 5 of the plot (the index)
approaches unity, indicating that the soot remains well dispersed. If the
i ndex becones significantly less than unity, there is shear thinning

i ndi cative of poor soot dispersancy. A control sanple representing a
commercial, fully fornmulated "PC-9" heavy duty diesel (HDD) crankcase

| ubricant was prepared. The control sanple (Conp. 1) 10 contained a major
anmount of oil of lubricating viscosity; a viscosity nodifier and an additive
package including a high nolecul ar wei ght dispersant, overbased detergent,
an antiwear agent (ZDDP), ashless antioxidant and a flow i nprover (LOFT).
The high nol ecul ar wei ght di spersant was added in an anmount providing the
fully fornmulated lubricant wwth a nitrogen content of about 0.09 nmass % A
sanpl e 15 representing the invention (Inv. 1) was prepared by adding 2 nass
% of the



conpound of Synthesis Exanple 1 to the control sanple. Fresh sanples and
sanpl es | oaded with 8 and 12% carbon bl ack were evaluated in the nmanner
descri bed above. The Index and Viscosity (expressed as cP) of the sanples
are shown below in Tables Il and 1V, respectively: 20 Table Il - |ndex
Mass % Carbon Black Conp. 1 Inv. 1 0 0.99 0.99 8 0.15 0.97 12 TVIM 0.85
Table IV - Viscosity (cP) Mass % Car borgoBl ack Conp. 1 Inv. 1 0 13.5 15.0 8
172.6 41.2 12 TV 85.5 *too viscous to nmeasure 2005L001 -37- As shown by
t he above data, the formulated |ubricants containing the conmpound of

Forrmul a (I CLAIMS ded i nproved i ndex and viscosity in the presence of

carbon bl ack conpared to the conventional lubricant. Nitrogen in |ubricating
oi |l conpositions is known to have adverse effects on 5 conventi onal

f1 uoroel astjoner ARHIpBESR SR formbac! usi on of a conmpound of Formula (I1) in a
| ubricant al so cont a| ning a nitrogen-containing dispersant has al so been
found to aneliorate these(Mdverse (¥4 ects. To denonstrate this effect, Conp.
1 and Inv. 1 were conpared in a imMer-Chrysler (Mercedes Benz) seal s test
using an AK6 seal materi _I% Chrysl er Sﬁjﬁl s Test VDA 675301 ("cl osed
cup"; seven 10 days). AK6 'Is |té material; a fluoroel astoner materi al
commonly u olf? vehicular engine seals. The results of the conparison are
provi ded below, in Table V: Table V - Seal Conpatibility Test Property

Uni t s Pass efsbrir. independenily rdpeesshisea poledyaligearbodychmaromafic mbiety having 0 to 3

substituents selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy,
hydroxyalkyl, halo and combinations thereof;

each L is independently a linking moiety comprising a linking group;

each Y is independently a moiety of the formula H(O(CR2)n),X~, wherein X is selected
from the group consisting of (CR’;),, O and S; R and R’ are each independently selected
from H, C, to Cs alkyl and aryl; zis 1 to 10; n is 0 to 10 when X is (CR’;),, and 2 to 10
when X is O or S; and y is 1 to 30;

each a is independently 0 to 3, with the proviso that at least one Ar moiety bears at least
one group Y; and

mis 1 to 100.
2. A compound of claim 1, wherein Y is H(O(CR),)yO- and y is I to 6.

3. A compound of claim 2, wherein Ar is naphthalene, Y is HOCH,CH,0- and L is
CH,.

4. A compound of claim 3, wherein Ar is derived from 2-(2-naphthyloxy)-ethanol
and m is 2 to 25.

5. The reaction product of a compound of claim 1 and an acylating agent.

6. The reaction product of claim 5, wherein said acylating agent is a polyalkyl or

polyalkenyl succinic acylating agent having M» of from about 100 to about 5000.



Strength El ongation % change -55 -35 -14 Hardness % change -5.0 to +5.0 0 1
Vol unme % change 0 to +5 0.4 0.4 15 The inprovenent in seal conpatibility
achi eved by the addition of a conmpound of Forrmula Il is shown by the
reduced change the tensile strength of the fluoroelastonmer seal material at
the conclusion of the test. The disclosures of all patents, articles and
other materials described herein are hgreby incorporated, in their

entirety, into this specification by reference. A 20 description of a
conposition conprising, consisting of, or consisting essentially of nmultiple
speci fi ed Zonpchenteastias ppdestentt eldinh &y evheream daiid nacly lating pygemdsdhyclrenarhy]

shoul d be construed to al so enconpass conpositions nmade by adm xi ng said

nul tiple YPEEMFed components. The principles, preferred enbodi ments and
nodes of operation of the present invention have been described in the
foregoi ng specification. 25 Wat applicants submt is their invention,
however, i8 notTheoresetianoprodvaied aseonirionnd ef claino 4 4ndl paekyatkyl ar peliisetivient s

A L G e R e A I

the art without departing fromthe spirit of the invention. 39 CLAIMS 1. A
conpound of the fornmula: (Y)a (I )a Ar--ELAr) gl)%% wher ei n: each Ar

i ndependen®! y rB@I@S@W@S’r@dL@mWﬁO@%aﬁ%@MIahd: roeaibyldsagpanatey havi ng 0
to 3 substituents selected fromthe group consisting of alkyl, alkoxy,

al koxyal kyl , hydroxy, hydroxyal kyl, hal o and conbi nati ons thereof; each L
i's independent |y ardcbsxkiftrg fommiag ya cauiiousd ngf @ldinnRi REm@rioiup; reaaith ¥fi s

i ndependently a noiety of the fornula. H yX-,. wherein X |s sel ected

CR2
fromthe gf ﬁlywrygﬁhg@ql nyjitl fforpatdepyge lmglgn@re@)m«%wéﬁeldmo fre @degihylene-
: ndeDendenBlluygeﬁ?lLlﬁﬁﬁ}quyethanol compound.

11.  The process of claim 10, wherein said naphthyloxyethanol is the product of a
process comprising (i) reaction of a hydroxyl-naphthalene compound with ethylene

carbonate in the presence of a base catalyst to form naphthyloxyethanol.

12.  The process of claim 11, wherein remaining base is neutralized with an excess of

acid prior to reaction with said formaldehyde.

13.  The process of claim 10, wherein said acid is an oil soluble sulfonic acid or a

solid acid catalyst.

14. A process for forming a reaction product of claim 8 comprising reaction of a
methylene-bridged naphthyloxyethanol compound with a polyalkyl or polyalkenyl

succinic acylating agent in the presence of an acid catalyst.

15.  The process of claim 14, wherein said methylene-bridged naphthyloxyethanol
compound is the product of a process comprising (i) reaction of a hydroxyl-naphthalene
compound with ethylene carbonate in the presence of a base catalyst to form
naphthyloxyethanol; (ii) neutralization of said base with an excess of acid to provide an
intermediate; and (iii) reaction of said intermediate with formaldehyde in the presence of

residual acid.



fromH C, to C6 alkyl and aryl; z is Ito 10; nis O to 10 when X is
(CR2)z, and 2 to 10 when Xis Oor S; andy is | to 30; each a is

i ndependently 0 to 3, with the proviso that at | east one Ar noiety bears at

| east one group Y; and msltol00. 2. A conmpound of claiml1l, wherein Y is
HQOCR2)2)yO> and y is 1 to 6. 3. A conpound of claim?2, wherein Ar is

napht hal ene, Y is HOCH2CH2O- and L is 4CH2. 4. A conpound of claim 3,
wherein Ar is derived from 2-(2-naphthyl oxy)-ethanol and mis 2 to 25. 5.
The reaction product of a conpound of claim1 and an acyl ating agent. 6. The
reaction product of claimb5, wherein said acylating agent is a polyal kyl or
pol yal keny|, su . i . m bout
S000. 40 TG Bt bl SRR U LOR M B s AR g R P e

i s hydrocas fid acidsagyygnat e. 8. The reaction pr oduct of a conmpound of claim4
and a pol yal kyl or pol yal kenyl succinic acylating agent having M- of from
about 100 to about 5000. 9. The reaction product of a conpound of claim4,
and hydrocgy byl laim 3
oI 51 g T oact o O T R e e R B esence
of aci d t oadytating agemehdwhgeNR-offrondgedt BEplotabydtERget hanol conpound. 11. The
process of claim 10, wherein said naphthyl oxyethanol is the product of a
process conprising (i) reaction of a hydroxyl -napht hal ene conpound with
ethyl ene gar boﬂg}{rgce's@ férhﬁrrﬂf ?S§?€a‘3t1&{ pf‘bdgé’ts@f @lQﬁ@by&)tmﬁrQl OfeAttion of a

napht hyl oxyet han . ocess of claim 11, wherein rgmal ning base is
neutral i zenheﬂwtehe-bnd@dcmtlry[oxyatbard)lmomppund)ancbadtyquan\bwt soswindte in the

formal dehyde. 13._.The (gr?age§s of claim 10, wherein said acid is an oil

sol ubl e suPF¥APEOLAN35d5aalySl i g acid catalyst. 14. A process for forming a
reaction product of claim8 conprising reaction of a methylene-bridged
napht hyl oxyet hanol conpound wi th a pol yal kyl or polyal kenyl succinic

acyl ati ng &Yent Thenpropess of elairn Ge forf fosrningd gaetipnairgduct of claim 9, wherein said

methylene-bridged naphthyloxyethanol compound is the product of a process comprising
(i) reaction of a hydroxyl-naphthalene compound with ethylene carbonate in the presence
of a base catalyst to form naphthyloxyethanol; (ii) neutralization of said base with an
excess of acid to provide an intermediate; and (iii) reaction of said intermediate with

formaldehyde in the presence of residual acid.

20.  The process of claim 18, wherein said acid is an oil soluble liquid acid catalyst or

a solid acid catalyst.

21. A compound of the formula:
(Ya (Ya
Ar—€L—AD) (11)
wherein:

each Ar independently represents a polycyclic carbocyclic aromatic moiety having 0 to 3
substituents selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy,
hydroxyalkyl, acyloxy, acyloxyalkyl, aryloxy, aryloxy alkyl, halo and combinations
thereof;

each L is independently a linking moiety comprising a carbon-carbon single bond or a

linking group;



15. The process of claim 14, wherein said nethyl ene-bridged
napht hyl oxyet hanol conpound is the product of a process conprising (i)
reaction of a hydroxyl -napht hal ene conpound with ethylene carbonate in the
presence of a base catalyst to form naphthyl oxyethanol; (ii) neutralization
of said base with an excess of acid to provide an internediate; and (iii)
reaction of said internediate with for#a#l dehyde in the presence of residua
acid. 41 16. The process of claim 14, wherein said acid is an oil sol uble
liquid acid catalyst or a solid acid catalyst. 17. The process of claim 14,

wher ei n sadagh Ycipl indepaadenys it mpistysolpbe Fermubh ¢(OEReb)yfi-cwhereil Xtis ayjedesent
havi ng M of 0 - 0 R’ ] a
reaction dﬁ%&@%%5%®p§wgﬁﬁgg°£§%%?ﬁ§?ﬁgggegéﬁﬁé%e%f&gﬁqﬁ%?ﬁ?#@ﬂggﬂ%ﬁgbed
napht hyl oxfyeh g to Caraioliand amytl zisydriocaidyto 1Gwhsakat €CRR),f frel 2 ar Bsence of
an acid catalyst. 19, The process of claim9, for formng a reaction product
of cl ai m ovhepsisP 9r SaY & | WelngieHeanicy bgawp. 3 gHyhgiosR et oW mpound i s

the produchgph eigwggp&aérﬁgf@{mﬁ,iﬁﬁmﬁhe prbvisd BAGHHOH: Qe A RYRLHkks Haphi hal ene

conmpound w't ene C onate In e presence of a bas€ catalyst to form
napht hyl oxgretgaeupoY jin which Znisubrld] armlat i on of said base with an excess of acid
to provide an in{ rmediate; and (iii) reaction of said internediate with
fornaldehyﬁésiﬁ’ e presence of residual acid. 20. The process of claim18,
wherein said acid is an oil soluble liquid acid catalyst or a solid acid
catalyst. 21. A conmpound of the fornmula: (Y )a (I '")a Ar-L Ar),,, (11)
wherein: edkh A compepedetiny ]y ehereinenisZ(Q(ER)YeYcis ae agybgroppland yas omat i ¢
noi ety havj qSO to 3 substituents selected fromthe group consisting of

al kyl, alk Q&; al koxyal kyl , hydroxy, hydroxyal kyl, acyl oxy, acyl oxyal kyl,
aryl oxy, aryloxy alkyl, halo and conbinations thereof; each L is

i ndependently a |inking noiety conprising a carbon-carbon single bond or a
li nki ng grdup; A compound of claim'22, wherein Ar is naphthalene, Y is ZOCH,CH,0-, Z is an

acyl group and L is CH,.

24, A compound of claim 23, wherein Ar is derived from 2-(2-naphthyloxy)-ethanol
and m is 2 to 25.

25. A compound of claim 21, wherein Z is derived from a polyalkyl or polyalkenyl

succinic acylating agent having M of from about 100 to about 5000.

26. A compound of claim 23, wherein Z is derived from a polyalkyl or polyalkenyl

succinic acylating agent having M of from about 100 to about 5000.
27. A compound of claim 21, wherein Z is derived from hydrocarbyl isocyanate.
28. A compound of claim 23, wherein Z is derived from hydrocarbyl isocyanate.

29. A lubricating oil composition comprising a major amount of an oil of lubricating

viscosity and a minor amount of a compound of claim 21.



42 each Y is independently a noiety of the formula Z(Q(CR2)")yX-, wherein X
is selected fromthe group consisting of (CR2)z, 0 and S Rand R are
each independently selected fromH C, to C6 alkyl and aryl; z is 1 to 10;
nis O0to 10 when Xis (CR 2)z, and 2 to 10 when Xis Oor S; yis 1 to 30;
Zis H an acyl group, an alkyl group or an aryl group; each ais

i ndependently 0 to 3, with the proviso43hat at |east one Ar npoiety bears at
| east one group Y in which Zis not H and misltol00. 22. A conpound of
claim?2l, wherein Y is Z(QCR2)2)yO, Zis an acy| group.and y iis 1to6. 23.
A conpoundlof ¢} dPhiieEng vpik rcampoRtion Ofnelait ik eHENery CORPIRIPR IS Z i s an
acyl groupcoﬂ&qli,:%{ﬁg &H2¢ 24. A conpound of claim23, wherein Ar is derived
from 2-(2- napht oxy) -ethanol andm s2to025. 25. A conpound of claim 21,
wherein Z is derived froma pol yal kyl or polyal kenyl succinic acylating
agent haviﬂg M ?f from apout 180 t fabog 5000.. 26. A cotr(rﬁou d.tof cl aim 23,
wherein Z 1's det T4PEGIEAH SOIRAS ‘é’lnlé\?lc agp BSP'}T}B{‘T&%W amAP ST RRIE PIERARRT i ng
agent havi gtain@tishér9dnt apeHling Alidt RbALMME ROSRApAtion wWER TR ABRf0.¢3 ai m 21,
wherein Z is derived from hydrocarbyl isocyanate. 28. A conpound of claim

23, wher ei masg %go @dbout\lelh fasnYagicriegantand framaheuidt @05 ol5 mapupr ofcwid ng oi |
conposition co ising a major amount of an oil of lubricating viscosity
and a m no“ronéf’r%ng#it of a conmpound of claim?21. 43 30. A lubricating oil
conposition of claim?29, further conprising a nitrogen- containing

di spersant. 31. A lubricating oil conposition of claim3Q conprising an
amount of Fai d AilbbiggEing dbsbapesitien af shensiht Whereini eaithgrisegea-qontsiivgt i ng
oi | conposjt.i i Ss 961 :

i rogen b ratts A R ATGRE o AgRac iR, hRrRRP dealh oP 53 HGhe

| ubri cat i nigavirig M¢ ofifromi dbootp00fto abait 25@0D, wher ei n sai d ni trogen- cont ai ni ng
di spersant is a pol ybutenyl polyal kyl eneam ne succi ni m de derived from
pol ybut ene having M) of from about 900 to about 2500.

33. A lubricating oil composition of claim 32, wherein said polybutenyl
polyalkyleneamine succinimide is post-reacted with at least one of (i) a bis-epoxide

compound; and (ii) ethylene carbonate.

34. A lubricating oil composition of claim 30, further comprising at least one
additional additive selected from the group consisting of detergents, antiwear agents,

antioxidants, friction modifiers compatibilizers and viscosity modifiers.

35. A lubricating oil composition of claim 34, containing from about 0.1 to about 1.2
mass % of an aminic antioxidant and from about 0.1 to about 3 mass % of a phenolic

antioxidant.

36. A lubricating oil composition of claim 35, further comprising a molybdenum
compound in an amount introducing into said lubricating oil composition from about 10

to about 1000 ppm of molybdenum.

37. A lubricating oil composition of claim 34, comprising a metal dihydrocarbyl

dithio phosphate derived predominantly from secondary alcohols.



33. Alubricating oil conposition of claim32, wherein said polybutenyl

pol yal kyl eneam ne succinimde is post-reacted with at | east one of (i) a

bi s- epoxi de compound; and (ii) ethylene carbonate. 34. A |ubricating oi
conposition of claim30, further conprising at |east one additional
additive selected fromthe group consisting of detergents, antiwear agents,
antioxidants, friction nodifiers conpat4bilizers and viscosity nodifiers.
35. A lubricating oil conposition of claim34, containing fromabout 0.1 to
about 1.2 mass % of an amnic ant|OX|dant and fromabout 0.1 to about 3
mass % of 28 phehdqlhr&at%ml 6XPRRHon Aelaim 4, BempratinBy grepter Bap 35pyti 18P0 of

cl ai m 35, %Hﬁ Pmﬂpg|5|ng a nol ybdenum conpound in an anount i ntroducing
into said ricating oil conposition fromabout 10 to about 1000 ppm of
nol ybdenum 37. A lubricating oil conp05|t|on of claim 34, conprising a

tal dih | . dithi h hat e d d tly f d
Al conol 5. A 3b.Hixiqeieg Pl SpPROTOM OSUHBLT EBRDTE B B GO P i ng no
greater th@@n@pqu A9 ppn1of phosphorus. 39. A lubricating oi

conposition of cIa|n138 conprising no greater than about 1000 ppm of
phosphorus. 40. A lubricating oil conposition of claim 39, conpr|5|ng no

greater th aboyt, 80 n1of rus..4l. A lubricati osition
of claim 34}, haquﬂ%m gg%Bﬁ gg% Pa ? % PRSI noegrf%%rﬂtgg 8%%“9%66)@53 %
42. A Iubrb@ﬁbfpmmpmhugonp05|t|on of cIa|n130, further conprising a m nor
amount of one or nore high nol ecul ar wei ght polymers conmprising (i)

copol yners of hydrogenated poly(nonovinyl aromatic hydrocarbon) and poly

(conj ugat eQB di eRa)pridhG %llns&lgt%g'{tﬂf(q{foc%&aﬁf%a{?l gya\(,\ifﬂ?%?e‘é' | coRfeAITBE h§

hydr ocar bon) segnent cofpri east about he copol yrner;
(11) ol efi moenthad aboar $ newentai ni ng al kyl or aryl am ne, or am de groups,
ni trogen-contai ning heterocyclic groups or ester |inkages and/or (iii)
acrylate or alkylacrylate copol yner derivatives having dispersing groups.

43. A lubrigati J&Qu&‘léauﬁgﬁn%lnbbgﬁor%f ahigd %?fﬁnhéfx\’f&%‘?hﬁ Gg arminef aRORYRE of the
oil of lubricating viscosity is Goup Il, Goup oup IV or Goup V

base st ockonaer 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) segment comprises at least about
20 wt.% of the copolymer; (ii) olefin copolymers containing alkyl or aryl amine, or amide
groups, nitrogen-containing heterocyclic groups or ester linkages and/or (iii) acrylate or

alkylacrylate copolymer derivatives having dispersing groups.

43, A lubricating oil composition of claim 29, wherein a major amount of the oil of
lubricating viscosity is Group II, Group IIlI, Group IV or Group V base stock, or a

mixture thereof.

44. A lubricating oil composition of claim 29, wherein a major amount of the oil of

lubricating viscosity is a base stock derived from a gas to liquid process.

45. A method of operating a compression ignited engine, which method comprises
lubricating a crankcase of said engine with a [ubricating oil composition of claim 29 and

operating the engine.



m xture thereof. 44. A lubricating oil conposition of claim?29, wherein a
maj or anmount of the oil of lubricating viscosity is a base stock derived
froma gas to liquid process. 45. A nethod of operating a conpression

i gni ted engi ne, which nethod conprises |lubricating a crankcase of said
engine with a lubricating oil conposition of claim29 and operating the
engi ne. 45 46. The nethod of claim4545wherein said conpression ignited
engine is provided wth an exhaust gas recirculation system 47. The nethod
of claim46, wherein said engine is a heavy duty diesel engine and said
exhaust gadd.r ecThecmethoil of ofajmt € wlerstis saidt egaepresisionaigaitest ergirraissprogided
repircuIat&gﬁang%%sangshghgﬂ&pm/Sh% Qem(point for at least 10%of the tine
said engine i S Irn operation. 28" SYA Wubrlcatlng oi | concentrate conprising
from about 0.15 to about 20 mass % of a conpound of claim21; (ii) about 10

to about 40 mass % of a high nol ecul ar wei ght  nitrogen-containing
di sper sant47-(i i The mpad of clagm fgenhersmn said engpor abeaiidatcdigssl icagingiand , a

phenolic | oxiadan ok yhdenum c Q% I Iy patib V)
A e R R e TR R o R S D g
% of a net siteans kyklog dredaw palitt for atgerss pitabéEthe time said engine is in operation.

48. A lubricating oil concentrate comprising from about 0.15 to about 20 mass % of a
compound of claim 21; (ii) about 10 to about 40 mass % of a high molecular weight
nitrogen-containing dispersant; (iii) about 2 to about 20 mass % of an aminic antioxidant,
a phenolic antioxidant, a molybdenum compound, or a mixture thereof; (iv) about 5 to 40
mass % of a detergent; and (v) from about 2 to about 20 mass % of a metal dihydrocarbyl

dithiophosphate.



