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mat eri al s. Aﬁ@pﬂ@ngmﬁgmuégptgprstqq@ now mcorporatmg 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 NOy and particulate emissions. In

20 engines provided with a cooled EGR system, the EGR stream is cooled below the dew
point of NOy and SOx and injected back into the engine under positive pressure.
Under such conditions, water vapor condenses with the NOy 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
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U.S. Patent No. 4,708,809 to Davis describes a lubricating oil composition

containing a phenolic compound of the formula:
(R)a-Ar-(OH)y
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 dispersants, which oligoners are defined by the formula: 2005L001
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system 1Qhi dB0Gvet hod i ncl udes the steps of lubricating the crankcase of
such an engine with a Jlubricating oil conposition of the second aspect, and
operating the engine. In accordance with a fourth aspect, there is provided
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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

30 Ar—(L—An)p @



Ar-f L Ar)m (1) 30 2005L001 -4- wherein each Ar independently represents an
aromatic noiety having 0 to 3 substituents selected fromthe group

consi sting ofoesLéoil , al koxy, al koxyal kyl, hydroxy, hydroxyal kyl, halo and
conbi nations thereof; each L is independeAtly a linking noiety conprising a
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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.
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group 10 H( O CRz) Prefesablyye of FarmuladD) reprgsents naphghaignes andhmioge praferably, Ar

napht hal ene, . Y] If%gg-g_ 1 Lo - ] npounds
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i ncorporate pjdoRide, &R AP Qerfpdrafikk ¥ E&foeh bGULPES 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 ketone 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-
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exanpl e, P. Kovaci ¢, Pol ymer Sci ence Polarrer Chem Ed., 10

21, 457 eQLgs%; 454 &188$ﬂatMen9tlve§x:csﬁcléswaemﬂ§ T3 b, formg r?éfcrewmgéaeﬁl%g
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Cormunicatios 2679- 2 To, f rmthe preferr ds of Fornul a
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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—Arn), ()
wherein each Y’ is independently a moiety of the formula Z(O(CR3)n)yX-; 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 m is 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
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carboni ¢ acid, hydrocarbyl carbonic acid halides, hydrocarbyl sulfonic acid
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i socyanate and C8 gher rocar byl acyl atl n? ﬂents nore preferably
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succinic ) y r i i ng
agent w | hg?/lgfdhﬁ@ é"%@ﬁ%ﬁmﬂ?ﬁbﬁeﬁd& sﬂéﬁﬁﬁ (%ﬁangg C"%@n‘? % out 100 to
5000, pref er alphperf 4veragé anélbailar aa@htt g\daj)oﬂfroﬁpmhut 1100 €o 15060, giréfetaply frem about
450 to about 2500. Preferred hydrocar byI i socxanat e acyl ati g(% agent WI |
have a ne.%eabcmapag@ aheitet000a mosg prsfarafly{yora abputaOatecahout g

preferably f 0Oto
about 2000. ﬁ’%ﬁ’a I &8’% gagh%eg%gggg@g&b?%@ﬁ%e%l ne{fl &?rae@%g‘gélg nown
to those 15(®k) lof effbm abbite1Gl to 56005 fpraarably ol @b@s A0t edaboub 8008, mared

radi cal grafting nmethods. The acylating agents can be nono- or
pol yf unct i onBreferahl ¥ff’é¥%btf%}1t 200, t0 ghiopt Aag agents have a functionality of

oo than 1.3, KOG aBURE e Bertieeh b dolGedPi BRlGE AbwndpSfisoant s

and a nore detaile ron o ods” for Form n Ing agents is
descri beds i nskilled nhethe artpmcb s olilofine-hsslidtead, dhexmal amhtadl,capgraﬁmgtmethbdﬁ I'he 20
cartable al k) et lR tan b Sohios or polyhunction], " Breterably. the acylfing saears ©
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 Cs to Csp alkane alcohols, preferably Cg to
C,s alkane alcohols. Suitable arylating agents include Cg to Csg, preferably Cs to Cyg
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.



Cl$ al kane al cohols. Suitable arylating agents include C8 to C30, preferably
C8 to C18 al kane-substituted aryl nono- or pol yhydroxi de. Ml ar anounts of
t he conpound2@mbLdéor nul a (1) and the acyl ating, alkylating and/or arylating

agent can be adjusted such that all, or ehty a portion, such as 25% or nore,
25 50% or nore or 75% or nore of gr s Y are converted to groups Y. In the
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considered to he within the scope of the invention. Conmpounds of Formula
(11) canlbe adfliRAsgolenssyl lfp?-fé OF Blyphespherc acid.or @splidiagid casalyst such #e

recursors oan@g I r
Br esence of a ;g}{ d (A%bé/ﬂgg b Pg %Oﬁ%c %éggs%?f Cla cd}atgllflﬁwlgﬁ%i.y#ﬁbég%@yl
benzene sul f mdpatla)tempemhtuqeamfaﬂrmhmnet Gmd> hbMtém)CCdpmfcrmyfmabhmrSO:toaci d

or asolid acjid c Iyst ch as st-15 Anber| st 36, zeolites,
m neral aci d2Rqug yﬁs}r% nhBo‘I‘Wﬁo qns, thejnreterp apq}ét?%%‘}yt%‘tcﬁmkﬁ from

about O to ah 5un°g0%9msreaﬂff&m§ieytefsr Ay %Qefstorﬁgctwe eﬁé}ewlt@:ﬁg% BART oft he

above condltl preferred pol ybutenyl succinic acylating agents can
form di ess er Formada (l)esters or | actone esters with the conpound of 15

Formil a (19 by CABPONG s d gDt B Romfid fom 68 prechPr R aBERRH AL ng”
agent or ar YBﬁi'éa@ﬁngﬂﬂﬁrﬁrecuriUrEBﬁ‘F@{%Ma (1) wittethe 868RGR Hent 61 AYRANE BEGHEPHI ne
and di et hyl azodi car box%/ ate
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 0 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



(DEAD), a liquid acid catalyst, such as sulfonic acid, e.g., dodecyl benzene
sul fonic 20 acid, paratoluene sulfonic acid or polyphosphoric acid or a
solid acid caexsLgeet such as Anberlyst-15, Anberlyst-36, zeolites, nm neral
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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;-Cs 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,



a gas to liquid process from Fi scher-Tropsch synthesi zed hydrocarbons, which
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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



pol y(met'hyl phenyl ) si | oxanes. Qther synthetic lubricating oils include liquid
esters of phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl
phosphat e, deetshgdi 15 ester of decyl phosphonic acid) and pol yneric
tetrahydrofurans. The oil of lubricating Mi-scosity may conprise a Goup |,
Goup Il or Goup Ill, Dbase stock or base oil blends of the aforenmentioned
base stocks. Egitine Patinhertl986,0Addestlum| LiBdacembemtPIB. staid peblicatiomcategarizes | or
Goup Il bage stt(%%lg, grl a mxture thereof, or a mxture of a Goup | base
stock and on®2rSWORES 8 IOUSHS 1 || and Group I11. Preferably, 20 a major
anount of the oil apf | @ibhsat bte #bA&OStYin Rsf than090 percentsattiated land/6F OUP
IV or Goup V base stock, or a mxture thereof. The base stock, or base
stock bl end preferabl gréates thans@03 percentcwtfue and bavear viseassty isBxogreatercthan
preferably at |east 75% su al , | east %. .M referably, the base
st ock, orXbase st ock blotr?ﬂlfglﬁgsﬁgméé{eﬁ? zﬁaé‘ %gﬁflgﬁt%eogesgpéeéqo P spﬁcdﬁecbb‘%
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than or equal to 25% °M “écsp%féﬁsgéﬁ?l logsegu?lhgonﬁgiﬁ B%fﬁ%ﬂq %ug%ﬁ@%ﬁ lﬂaggta
preferably |ess than owiscetigindd:b ¥reafds AN ctgual {080 MidSleesihhy 1206eHg (the ) of
the oil or oil blend is at least 85, 30 preferably at |east 100, nost

preferablly from about t@smethodsspechidd inifaplens for the base stocks and base

oils in this invention t e f n ri

Petrol eum I nsti tufi: (Alq%;“?%u |P%§?§%‘ﬁéfé§n“3‘?qﬁeg'68?m'h cglﬁlgﬁ%@n%mbj&%%mem
Certification Systen, sitafhtet and fes thaeor Rgpalr (07003, péroetitt Keff nd ARFEQD 1
-11- Edition, Decenber 1996, Addendum 1, Decenber 1998. Said publication
categorizes base stocKiscasity mdew gieater) thap qyequal, fe; d 2Q tusingsthe dastamethpds
than 90 percent satura @%dﬂ] eater than 0.03 percent sul fur and have
a viscosity index gr ea%ﬁér:“‘ anqraglegfr' equal to 80 and | ess than 120 using the
test net heds specidji edGroup INabhse stockb pre@abyyiphdoldfas €PAD)Cks cont ai n great er
than or equal to 90 percent_ saturates and |ess than or equal to 0.03

percent sul fur an8 havE&raup Yibase,stpeks includs all pther Baseistocks ot 1pglyded inp 80 and
| ess than 120 using th%roupl, 1, I, or IV.

{00]

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



10 test methods specified in Table 1. ¢c) Goup IIl base stocks contain
greater than or equal to 90 percent saturates and |less than or equal to

0. 03 percent 2epsldour and have a viscosity index greater than or equal to 120
using the test nethods specified in Tablie-1. 15 d) G oup |V base stocks are
pol yal phaol efins (PAO). e) Goup V base stocks include all other base stocks
not i ncl udedpolar n@iesiep attached, tol the  podyménbackbones often vimal ridging giwpholke f or
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polyisobutylene derivatized dispersant, a high molecular weight dispersant is one

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

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



havi ng a nunber average nol ecul ar weight (Ma) greater than or equal to
4,000, such 10 as between 4,000 and 20, 000. The precise nol ecul ar wei ght
ranges wi |l cmpeodd on the type of polynmer used to formthe dispersant, the
nunber of functional groups present, and3the type of polar functional group
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operation of GPC equi pment understand that this problemmay be elimnated by
using alfi xthe isvaniiends ahjeastA), typiedllaBomaiOta Pl wererraeferabliFyS ta J&H with a
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Anot her useful nethod for determ ning nol ecular weight, particularly for
| oner nol ecuPhyseidipghimess comprise polymees s ethylensandéor 3t leaskaneyCxy tedes alphay . |

ASTM DB592) - Rl Gving the forRlu RO HBHRA WL R X sefhidh? of BRinchSd i atky!

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 alky! 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 C;3 non-



AL 100x nol.wt nononer i Mi x nol % nononmer i and thus for the copol yners
of two nononers Dp may be calculated as follows: M x nol.% nononer 1 + Mn
x mol . % nonooesL@®1D p 100 x nol.wt nononmer 1 100 x nol.wt nononer 2
Preferably, the degree of polynerization fer the polyner backbones used in
10 the invention is at least 30, typically from30 to 165, nore preferably
35 to 100. Thenjpgaéd diadefithyomoneméronHoweveroityismrefemeg ity dhie polynters of thient i on

hydir ocar bons TVGRKOT 2RSS SR, SRFpIera: SRR e FUSPRUFHTL AL ARSI ene
and/or at | egshofdtBersand tntérpBlyd?é)af ethyiehé And'@philBlefineohonbiess. Hierhblat |

wherein Rl is straight or branched chain al kyl 15 radical conprising 1 to 26
car bon at ons ethylengieententofithe ppbm;ﬁnmmpl@whlméumm@wntlb preferablyrin the range

unsat ur at { on f | v .a high.de of rrgmal et henyliden

inaat ur at Fonof 20586 iati Fache BBE8050 870 5, e oy phBr Futeps 4 ar

I nvention cogpployed as Bélﬁbﬂ&héﬁ{@r\ﬁttpéth?kﬁwtﬁ@@th?léﬂe 8bntbRasTisub optllyhias @ ef i n
of the above fornula, wherein Rl is alkyl of froml| to 18 carbon atons, and
nore pref er apiopt peeferally| beswedn dmand 65 %, aBheughohighen ermowes ethyleneecqntenter abl y
still of from 1bto 2 ctarbon atons. Therefore, useful al pha-olefin nononers
and comononmeM&Y "SR for exanpl e, propyl ene, butene-1, hexene-1,
octene-1, 4-nethyTReRt f519méss ﬂ@ﬁ@@%éparé@ﬂﬁ@@l}@wﬁziﬁgr AlRL6REn Imonomer, or
tetradecene- 1, pentadecene-1, hexadecene-1, heptadecene- 1, octadecene- 1,
nonadecen@- mixtrey ofialpharalefin monemers; er guxtursscompaisingfetensyandns leastionsut ene-
1, and the 25 |] . e a S car pyl ene o, ners,
butene- 1 h gﬁﬁ% gﬁé ral i Eré 'so,rfa{ﬁl r fél;\()’?&télﬁlz Lll % E}tleg ﬁi‘ee\é%:%ﬁ oqf%ng%tggae%ﬁtépeﬁgﬁlﬁ?%%%e ne
copol yners, lqbthyne artdlscate(e.d., 8 ayolopsmadienylctrindRtioni ietal vbmpeur)tand a0l yner
contains at |east sone termnal and/or internal unsaturation. Preferred

pol ymers ar e Aumpxang gerapounds pUdsipadhis psgcess, 1 palraeningwhicB 3% 9e masel oéthey| ene

amount . o g. PoRRy SRARE BRstGbmnina bilnyith-AyB GBIV B bAKIACR T
di ol ef i n1sonpearcetage bbpelyater chiiné exhibitingr teftinhhatheiiylRleno uiyisatiration niadyi tse

invention conprise only al pha-ol efin honppol yners, inpterpol Klmers of
al pha- ol ef i ndetermined by FTIR spectroscopic analysis, titration, or C* 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;3 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=CH2, 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 Cy4 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



conononers and interpolyners of ethylene and al pha-ol efin conononers. The
nol ar et hyl ene content of the polyners enployed in this invention is
preferably inowsb@mirange 5 of 20 to 80 % and nore preferably 30 to 70 %
When propyl ene and/ or butene-1 are enpl-oged as conononer(s) w th ethyl ene,
the ethylene content of such copolyners is nost preferably between 45 and
65 % al t houtfrhiridecor tnron tnduoruiehyA ameferred seyrce of monomer formeking poliese

pol ymers nmay.be prepar b ol.ynerizing,al -0l ef i Qner, 1o
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sel ect ed 10 or polyisobvfylene agpkyonsn.i Polyigabutylens ¢asy bey fitngHenaized iy hadegeaation

el frigputyiens oo
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nonounsat ur atat@lyst (€.gdperbkidy), aCedctbed belowherein Rl is as defined above.
These termnally unsaturated 25 interpolyners nmay be, gr epared by known
net al | ocene chemni Brqopssgs dorEgacting gobyanerisy Bysdipeasbens with cynspiisgated, cabexylisat ent
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Anot her useful ¢l as mers 1s ners prepared
pol yneri ast i are disclosabuh edeS. BitgnteNos. 31087t936; |3, KE,8920) nBBhS,307;y ARB$,5870m
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for exampie, 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 a-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,



trichloride or boron trifluoride. A preferred source of nononer for mnaking
poly-n- butenes is petroleumfeed streans such as Raffinate H These

f eedst ocks arceosLaiiscl osed in the art such as in U S. Patent No. 4,952, 739.
Pol yi sobutyl ene is a nost preferred backisene of the present invention

because it is readily available gy cationic 5 polynerization from butene
streans (e. gusuallyiabgunl8A°C tor 2B, dert ahopt Os)) to Bhaag., pdd 3 baysit spichikat the

eneral ly contajn residyal..unsat.urati.on i.n anount.s of abgut one et hyl enic
doubl o bona. BtoR,pGRised v etn 8¢ Bt uPRe N icles, BF B¢ mnRensEhipdy e
the pol yi sobghbbeyie: ROdcKe fer SMBleO¥E dhérRilaRAfEd! backbiesd ARty QRar bon
chain of fromabout 900 to 2,300. Methods for nmaking 10 polyi sobutyl ene are
known. Pol yi batkbonpe end the rmproungafuratesh aarbexylichyeaptanb gamdei mixedeangl heated
chlorinatipon),.the.the Il _"“epe". r tion, or by free radical grafting usin
a catalyst %wél_ﬂa_aﬁ%lggg%gf}oleﬁé@%ﬁr@@d bel ow?/ Processes forgr eact i gg ’
pol yneric hydr ocarmhengydkbédibein dat polsihed baektoay YéanC be ahétfonaBidty i & dagitlor

esters and the preparation of derivatives fromsuch conpounds 15 are
di scl osed i ncubsxylmaacihprodyeing maeies ypeierahly aoidgyanhplriesnaigtics) selediveln 7;

3,272,746; 3,275, 554; 381,.022; 442 .808:; 565. 804: 12..764: 4,110, 349;
2. 234, 435. aRGORE O iy seagson pia RSN Bo e RORPEE a7 dRHEAPO cchaitis bt
functional i ZeghdondlpaloRsadRalng usitigt the QB PrYdesses Afiérliont® dAb6vd) Br FBhdiraBidns
(preferably acid or anhydride) by reacting the polyner or hydrocarbon under
condi ti on8 t Hhereafeiquany sequenpRe addi tion of 20 functional noieties or agents,
Ih' e., acid, anhydrl"hgppreﬁ:éﬁ%ﬁ rm@du%&%tﬁ&tedefe%c 2th meusgﬁotloyfﬁ?l&ti&{a]ige the
ydrocarbon chains prinariTy at siteées of carbon-to-carbon unsaturatT on
(al so referr dackbon@ Tomiphiyd @iuno- @hd aliedrbonyticuatsdimutétial 0ng., usidpgnkiydeideabogen
assisted functionalization (e.g.. chlorination) process or the thermal "ene"
reaction. \Wasidgstengatorial.induding §) smgnoypsaturated Cyto Casdicanbpryis arid whergin) yst
(e.g. 25 pe ' ' ' j [ j V. e he
boi yirer - chai (1 ESbotMIGrOMahe PR e, Rialed drRRENCEGRLED BLABT
hal ogenatis ngleast gne, prbfepably dfoth)gofosaid kadfurematarbon tatemsi aga par adfeshid-mdmsf i n
polymer to about 1. to 8 w. % pr ferabLy 3to. 7. wt. _%chlorine, or
bromi ne, bas8BsagHation GiidsHYathes 9b Wntichss nhydudes, ¢ohr t@s 3 qgrivese
chlorine or 1 : AN : 30
preferably 1%&?1 o&i%%%&ggg 3‘ ) ’ dﬁ?z@%%ﬂ%%?“?%}r E’ar%@t&ﬁén%.& %bte%ylfl‘%géd&g‘rvé%gﬁabl y 1
to 7 hours. thehearbai-carbomtdeublpobondeis amjugattdowithithe cattexgi grap.er.e.paf kiizones)
can. then D¢ st ed-sid (%) FabivaReS 5Eh hithod £ A e Bived”

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



noieties to the backbone, e.g., nonounsaturated carboxylic reactant, at 100
to 250C, 2005L001 -16- usually about 180C to 235C, for about 0.5 to 10,

e.g., 3 to 82dvswo03, such that the product obtained will contain the desired
nunber of noles of the nonounsaturated -ddrboxylic reactant per nole of the
hal ogenat ed backbones. Alternatively, the backbone and the npnounsaturated
car boxylic rg@]mrst orchyrdrogarbans egntemplaiedfasdise 5n Wi prescnd divegtion| particwdaryy t he
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pol ymer or hydrocarbon chains, or r andond y along chains using the three
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preferred ounsat urattzﬁglhrea tanis thattz Lised 0 fu ctian |ze t he
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di carboxylic acid wherein_ (a) the carboxyl groups are vicinyl
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di esters of ﬁiohoux{shtliratedmmuﬂﬁ&t tadtatyl aCesvibed AbBW) G ahd Presbnce GfC4 Gregher ei n
t he carbon-carbon double bond is conjugated with the carboxy group, i.e., of

the str i@t uradicatindtigor.: Whiea perfoymerbHj Sﬁ&wtmpeéh%gra(tmg takes plpceadt agrelevateds
al cohol “deri c%%e?a(@?ﬂzoﬁ?g %géjbfa'}o% ?oc? éédbt:)g déﬁlyﬁ% t8546“2f‘°ﬁ%?é%§¢]i§at ed
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backbone, t hfregmpaiacad Saitidtedt graftingf 1st ztceompnmmaaé umaéxapl lubichgugy loilCsolgedit ant
becones saturated. Thus, for exa nmal ei ¢ anhgdrl de becones
backbone- subgqqt@lmnedfcg@éemaleeléfhﬁ &ftﬂei,daref&rﬁhﬂ:aé it B9 wtaZi rPlyBeichased on the

backbone- subﬁﬁﬁzp (E;pmpg(ﬁ &{'II c acid. Exenplary of such nonounsaturated 25
carboxylic reac S are urmaric acid, itaconic acid, maleic acid, nmaleic

anhydri des chl or Phakreée-gadicidl (ihltmﬂofsahmtrmhpbe:uaﬂhydpebrdmdeadryylfdpercﬁma and
nmet hacrylic acid, crotonic ci nn: mc acid, and |l ower al kyl (e.q.
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umar at e, mﬁ Y CHedl ,
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radicals. Representatlve of these free-radlcal 1n1t1ators 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



30 ranging fromabout 0.01 to about 20 wt. % preferably 0.5 to 10 wt. %
based on the weight of the polynmer or hydrocarbon. Wile chlorination
normal | y hel psosLogmir ease the reactivity of starting olefin polyners with
nmonounsat urated functionalizing reactant;18-t is not necessary with the
2005L001 -17- polyners or hydrocarbons contenplated for use in the present
i nventi on, pareipsul ditlese amioese npayeber hytiogaobylmemgnesr oh ylayo bar predemitiantjn

hi gh.terminal .bond content d tivity. .Preferably. therefore,
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carboxyl i c re38foxptgro@sss alkoRy asbgs, amid %ﬂbﬁﬁ@%i&ﬁéﬁ?@ﬁﬁdaﬂbﬂn@g&ﬂp@%ﬂ&h@n
ace.

initial thermal "ene" reaction to take p _ Ene reactions are known. The
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presence of a free lo radical initiator. Wen performed in solution, the
grafting takedtrggencitoms perrmeleenlas Mixturemefearaing compaurdsemay adantggeowsdyibe 100
to 260C, preferably.120 to 240C Preferahly, .free-radjcal.initiated .
arafting s ASbniensRedhes” Bremmed, By fefiob of | HEIeRe “Lie; ik Bbfaini ng,
for exanpl e, PlefeledOantined0ard" lighadb! yatirated athinds, ibelp@ing"Hor haaaplOn1phe
initial total oil solution. 15 The free-radical initiators that nmay be used
are per oxiPdedliamipeethne: oxil dediaminapropgae; c ohpdiamioobyanrs; er dii-diamirphexaneat
have a boilin int qgreate . . e. th I ithin
Py oL BBl e S sk R OB ALy RS TRRR b LB et
these free-r adh@anling; tindi fa19pOpHlefeTIAOY bYdhoBs t1[1-bRypyRng -dikifire} ahy -diyl gl
per oxi de and di cunene peroxide. The initiator, en used, typically is 20
used in an aPEREVlen§)trip@ingeen 0. 005% and 1% by wei ght based on the wei ght of
the reaction mXx [ ' : : o Mco! turayed
car boxylic react?r#p&nggégyllta aengxﬁpégﬁ&r%g}%&%’ iairllﬁllag‘?or ar §9§2§g a?nii’%
wei ght rasi o di@amieongdthyly ooycletiexuie larfl lheteroSflit, nittefenr abpodnds tsuck: as The
grafting is preferably carried ﬁﬁt in gn inert atnpsphere, such as under
ni trogen bl ah‘K‘é’_ﬁail?nlgle_s-T HeDQtBSI IS tH 1o taé%‘_nf)%}sy‘r?ﬁ_rpqlmgo @Rd 1slated, 3mide- by
having car boxylnds 8Cidtheldibd Sl 5.CPaRNNils! USdsTIDI7E14 656, 16710806y 275! higehed
al ong the polynmer chains: 1t being understood, Of course, that sone of the
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-3-0l, and oleyl alcohol. Still other classes of alcohols capable of



pol ynmer chains remain ungrafted. The free radical grafting described above
can be wused for the other polyners and hydrocarbons of the present

i nvention. Theostogcti onalized oil -sol ubl e polyneric hydrocarbon backbone may
then be 30 further derivatized with a nutd-eophilic reactant, such as an

am ne, am no-al cohol, alcohol, netal compound, or m xture thereof, to form
a cor r espondiyiciditg ashlessi dispersatksedouiprizercther-alonhas,ndsluflimg akyralkydenezandgpxy-
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propyl ene)triamne. Oh ysef ul am_ne conpoun i ncl.ude: alicgyclic_.di am nes
such as 1, 4- dﬁ?eﬁf‘?t_ém n%ﬂﬁﬁy cPfﬂfﬁ‘ﬁ"éﬁa%g atid aidt é‘l‘s@EW}ﬁ“ﬁc ‘%?Y‘tv? gdiom
conpounds Sugyﬁlﬁs%but)‘mrﬂa_%gllﬁti'ﬂﬁ& WAt BRcinis eidﬂydﬁhéls%'o%f)s A" §8adted] tigh
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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 tetraethylene 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



EP- A- 208, 560. 25 The functionalized, oil-soluble polyneric hydrocarbon
backbones may al so be derivatized with hydroxy conpounds such as nonohydric
and pol yhydr eeosaboaohol s, or with aromati c conpounds such as phenols and
napht hol s. Preferred pol yhydric al cohol s0i-ncl ude al kyl ene gl ycols in which
t he al kyl ene radical contains from2 to 8 carbon atons. O her useful

pol yhydri ¢ akolydside innel mdenegl sivélanito thatdessribed eénoV).30Pgentc Miool3,442,808.

nonost ear at e Of c | , ..nononet h et her .of cer al entaerythrit.ol,

di pent aer yt hﬁ(’)‘é‘algi,egaﬁéﬁm%i’?ﬁlégg e ot Hzeéjsg lndp@ﬁg’regsaﬁw_q'ﬁﬁ%zegl Yige
derived frommediRRbaE @a&ﬁ?st%%ﬁ%@h&,dé&%daﬁﬂﬁ'ﬂdﬁicﬁi&@@&én{iﬁ%ﬂﬁw | al cohol ,
propargyl al cohol, 1- cycl ohexene-3-0l, and oleyl alcohol. Still other

cl asses of al coholThechspeisant odn b GEtiE Ppost] Geated by anyariesy lof sonviinsioaalspost s
i t her - al cohol s, includi - al kyl - | h
Gt hor - at conofieadiBoichas Tralim g ety Highl i S, Piba fot oF 980 B e
al kyl ene radigah$osN Bbiafibn td?&hald@ghgg& fsadhdiB) aCRMpNsR&d Bquagng @nSacyRr bon
e

atons. The ester dispersants nay i -esters of succinic acids or

aci d- est er s, nitragen-containizg dispersanst with faj kator ¢omipahed se¢hdass beronyeyide, soron
partially esterified palyhydric alcohols .qr .phenal s €. .. esters having
Pree al conor baige btamariol Weseoriipn ad, R38 dBiolp: sirofic SrarShils Fop
prepared by ahyut@EtcPiboue 26 atdmil PRopbiiGHsNTboraif fod a6t heRMef 4clat@iMitidLen 1 N
U.S. Patent No. 3,381,022, Preferred groups of dispersant include

pol yam ndo decompeditiend psefial dispersants contain fiom mbputa03 to gheuti %@ nzass Y, e.g.,

et hyl ene/ but gne_ al ~cl.efin ol yi.sobut xl ene- based, dispersants.

Particul arl yﬁﬁ%%é)glpﬁgga{? @b%%mg@ssd%slf%?%aﬂ% AP ‘{}’E-‘&hfaPB?ﬁ?S Bb%ipé%%lﬁ{ yl ene
substituted wh dbhyidsted Bofic ABTHY S61yAErsOpeinigil R (HBOSHY, 6 belibvdd toPHarRitdYhene

am nes, e.g., polyethylene diamne, tetraethylene pentamne; or a

pol yoxyal ky| diseersantyimidesand diigidesas|aging salispdE e the metaherate saltyof the diimide.
trimethyl ol amg t adli DY ) rythrd t ol
conbi nat i onsﬂoﬁagfrggocpﬂ IiBg)ncéagﬂ Sgrﬁ%ﬁ?@@ %r%g téoruﬁe' mgg{égz’n%&gg’oﬂ%@ﬁg?@oﬂ is a
conbi nat 1on @ abd\yt Pahissswb(Hayédoa thelnisst oft eehl Wwitrbgenl coinpownd) ndty sl rbiogish
groups and reacted with (B). a hydroxy conpound, e. 8‘ , pentaerythritol; (O
a pol yoxyal k§Pepeundy referblyeboric agid, ushallinas s sisyh &n theexhnitoged comppungd
pol yal kyl ene_di am.ne, - I | & t et | 86
pent am ne-us i kB Simipe Bt Al 33 18 MBR 106, o £ 18P PR

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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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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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
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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



presence of a catalyst with al kylating agents having from about 3 to nore
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to about 80 ogosLemre carbon atons, preferably fromabout 16 to about 60
carbon atons per alkyl 15 substituted ar@nmatic noiety. The oil soluble
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hydroxi des apglylene 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/



carbonates are nost generally enployed. Commercial additives frequently
contain an 10 excess of zinc due to the use of an excess of the basic zinc
conmpound i n ttosLomeutralization reaction. The preferred zinc dihydrocar byl
di t hi ophosphates are oil sol uble salts of25-di hydrocar byl dithi ophosphoric
acids and may be represented by the followwng fornmula: Zn JRO 15 2
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t he dithi ophosphoric acid will generally be about 5 or greater. The zinc

di hydr ocar by dirs¢rized opirratisated efatisinacidie oxdzoliae cenmppounds;28nd  alkkoxyilaied yalkyl-

di t hi ophosphat,es, . The present inventio articuyl arl sef ul e
ised w th | asPrEmed PsRRaERRs, HERERN 4 ARY OfeRiibrs SoP Bt bR ou
0.02 to aboufllok dmineRig effoxfldted t@fow et ahme! 0. 03 to about 0.10 mass % or
fromabout 0.05 to about 0.08 mass % based on the total mass of the

conposi til®dn. | n ofhesr knewn daictiemtmedifietst comprisei eHtsohdloiorganermelybdenyms of
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havi ng pnef ePatticylaflp preferfeti?ara inkolybdehuia dithiicaxdamateb,adialkyldithiophosphates, alkyl
xanthates and alkylthioxanthates.

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

20 Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCl4, M0oO;Br;, M0,05Cls, 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(RSCS»)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon

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

Another group of organo-molybdenum compounds useful in the lubricating

compositions of this invention are trinuclear molybdenum compounds, especially those



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

t hi ocar bamat ess @il sol ubl e 10 copper conpounds as described in U S. Patent
No. 4,867,890, and nol ybdenum contai ni gé6conpounds. Typical oil soluble
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hydroxyamine or an alcohol; or a polymer of ethylene with a C3 to Cyo olefin further

L

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;g 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
ester of a dinerized unsaturated fatty aci d; oxazoline conpounds; and

al koxyl at ed abdsybo1 substituted nono-am nes, diam nes and al kyl ether am nes,
for exanple, ethoxylated tallow am ne anf-et hoxylated tall ow ether am ne.
10 G her known friction nodifiers conprise oil-soluble organo-nol ybdenum
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are typically hexaval ent. "20 I ncl'uded are nol ybdi'c aci d,” anmoni um nol ybdat e,
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of al kyl, ar ralkyl o] K f o Lr Q.30 carbon
atoms, " and peopar ARt 858 FEIT EkEelt maARURYEyolsl HybRRabobiyoltiidt "or
to 12 carbonygéfal thesfoe@htdd yf Michl Rafegidlsainclutid Styrehiedlaliwll-dubstinned slypérR] es of
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| ubricating abewpsubstitgad syrenenyiayl paphtialens and alkylsuhsituted vinyl panhdrnlene.
comounds,  <saEaiAl kg LIRS BRI mag Bl O TR L REEESE Bl
or gano gnsuppreferablyafraifif tocd etbornatohsr T nusmibep of alk9hsr dlRoxy 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
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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 o-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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Preferred bl ock copoly s are selected fromthose of the fornula AB,
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hydr ocarbons are styrene and/or alkyl- substituted styrene, particu Iy
styrene. Preftar bedraw % ¢ahboitdhewith 0 tthabeut t¥htbeing prgferrediand 06 i

carbon ot oo B Fod sk 0¥, BhRB, | BB e RIS e
pol y(i soprengypdlymBy eyt tdpylene. 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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mononer 1§ CG&ﬁ&@&ﬂtQ”fMﬁMﬁﬁf&tiénzﬂiz@ﬁ :leCIl’<shﬁiﬂ RRthdds ForlBrntPaRhahAeRals AR | S

nost preferably propylene. As is we nown, copol yners of ethylene and
hi gher a- ol ekhown is tlharsingrapppvalable ofmmearciallyl (¢, BITEC 5733 ayadatile floe

monomers. Tyl al caborafies Snd P AT 60T BRI of Dt Vaafe WS} o

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; 2005LO00 5 -29- b. branched
chai n acycl i sposiigenes such as 5-net hyl - 1, 4- hexadi ene; 3,7

di et hyl - 1, 6- oct adi ene; 3, 7-di net hyl -1, 730ct adi ene and m xed i sonmers of

di hydr o- nycene and di hydrooci nene; C. single ring alicyclic dienes such as
1, 4- cycl ohexfutineamrylid a&id. cyktlmontlmdacidean dadprépded py) futockaopik, eoxddizing.a
multi-ring alicyclic fused and brjdged ring diene

tetrahydr o nBEHEY, CrlcHy IR kel ish Fetal @yp%ﬁféwpﬁfﬂéﬁ?égﬁ@iey&sfiéﬁ;&rﬁ% 2,2,
)Pt 2, Sy S prRARAN pr o o BR8] AR Y o2l k1 1 cne

5- et hyl i dene- 2- noalig/reieeyl4teNB)y , mé&haurgipt! moreren aranobe prepared by reacting the

5-i soproyl i dene-2- nor bonene,  5-(4-cycl opentyenyl)-2-norbonene; 5- |

cycl ohexyd i déeséred prignasy migebol with: the agpicasi] of Methpceylicnacdd in proayentipnak ed,
di enes cont aLpi I § I:0 & St hal } are
proforrod. - Tharafton c880zcd B ofig, piettably tpfieiatodl aBiodaBhiEed kB S
The anount opolginerigationt by OMERQ bn hydfoquinoaky mSuitable hikyf raoilal8s top akglut
20% with 0%tq about 15% being preferred, and 0% to about 10% bei ng nost
preferred. ARCHRcElacs coptain fromeaboytd tor ahout SQraghaiy atems igyhe alipyl Gagbon

et hyl ene‘prOE}Ya!i;?n%ﬁ?ﬁgﬁ%ﬁ@:@@%?&ngfﬂgolfbgsnfn%ﬂfde%e&?lﬁ?}?&ﬂmé(t ralEdiyl, Pe as

| ow as 20% on a wei e preferred mninmum e ene content 1's 20
about 25% Aethpldcqhiodfbatyledtotioh iootytraicehdko-ottyd alvekolyisededyh ylcehs, walet@nt can

be as high as 90% qn_a wej ght. bas, preferably the maxi nrum et hyl ene cont ent
is 85% nostlcphals dedasl alssge& tRgkay! plcohel &apsyﬁ lgqbob lapmh aifé%eL YRSyl
contain fro t : : t 50
to about 70rr%‘/lvt. A)peeﬁﬁa;g Fgﬂea.f&'lhﬁ&é pfar%{%lg}g E}Q gﬁ%d%ﬁl%%g agl{l/é/es}tg%lgg o¥ H(;ﬂhe
ol ef i n copol yaebe eacted avithsacrylwe ac2d onmefadyliclaaid tolfermrtiesd desired aonylutesamdi s

10, 000. The nore eferred mninumis 15,6000, with the nost ef erred

i hi mum numbBPETEIge TSR MG HACTY B VBT OBY  have, QuBbeT SFERER hat

the maxi @im pUidGh: MFHRIEVIPLE E61086 t'8080,006 3Rd BReféEbly 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



hi gh as 12, 000, 000. The preferred nmaxi mumis about 1,000,000, wth the nost
preferred maxi mum bei ng about 750, 000. An especially preferred range of
nunber 30 avegsoagwinol ecul ar wei ght for the ol efin copolynmers of the present
invention is from about 50,000 to about-3800,000. O efin copolynmers can be
rendered nultifunctional by attaching a nitrogen- containing polar noiety
(e.g., anidn@.2-@&25%- aitrogébyoweight geyvided inhthepformpnef N2NODBifiéthylaffinodiiedk bone.
The ni t rogen-cqnt ai ni ng noi eties are conventionally of the fornula R N

R R whereP}‘?lﬂ nyfate-and R are i ndependently al kyl, aryl of H Al so

suitable are ar Eﬁﬁﬁéa@ing%m%n@hmhhﬁs L@éfaphﬁuﬁ Eiac{}% Bt -t X‘P&%ﬁﬁir@ ﬁlo@nd R

are aromatic groups and each are 1s alkyl. The nbst conmo
fornming a nutdnthinfolymerdi), Gi)0GR), \araamstmg/themdxffmean amonot véﬁommboﬁlr@(wtcadi cal

ddit f th t t | backhb
The. ni £ 1 obenthCalh doghiset O Pebrath M aEp: B RerdiehiSde BRw G219 ABRt i ng a
doubl e bond thd/?'ﬂlOE gtﬁeﬂepib}'}n?rbm(dboﬁtOﬂtB%b&RW @tb%?nﬁklteﬁ{atltvgfy 1ﬂ'cﬁ§éﬁs tion

of an EPDM polymer, by reacting the polyner with a conpound providing a
bridgi ng grothe mdmﬁmctmmj campootits; pecificdley @olymenasl @) and diignsaid conipoments
descri bed, for exan‘g (hn U.S. Patent No%. 13lP 177, 3, 326, 80f4 and
carboxyl i ¢ afiedeset PIOY{qipg Qitragep £opieat i thely rl‘@?&ﬁrﬂlle omppsitios frem, abept o

4,068, 056) , (@801 %&Qﬁﬁﬁww 99% RR4U1¥ deh amtbtm‘zltea%mmh BR) %MRiosti t h

the nitrogen-containing polar ety.” A nore conplete Iist of
ni t r ogeni@onpmiferably froompbon @000840 abeut 08 we%bénlltmgcm Polynfern@), i(oh@li) zed

OCP are described infr i scussi gn

Mul ti functi oﬁ%(f reef%g %naeﬁfﬁ?(ﬂd:&?%?%f oiHg @%@ﬁr ﬁrgﬁ'grlf’é‘lesl@fléan%om
inthe art apflcamBodén,addlothes VNI ichAs hin-EirclonaliZed blefn/copoBisr VMl agdf r om
Afton Corporation and PA1160, a product of Dutch Staaten nén). Preferred

are | ow et hyfaznexanple; rallssdﬁmw,rmhsnydomqatm gopaipoet BOFlst .may ‘@t Hse@nim and
havi ng a nunber aver age m)tec ar V\BIlﬂ etvveﬁn #8 and 2 00 20
grafted wit hCHRPIBRLon, Scrervity o EOf exammle, 3 heayy dug) W&%h%‘}%}ﬁ’edu PP ot her
di spersaps ajfivefifon 1§ bdilitticatedswithfa DericaBiS oﬂsétfrﬂﬂ)oshtibnt RdeRimehd GEpnof the
present invention are acr%l ate or al kylacry Iate co ynmer derivatives

havi ng di spemsolasylagmsight pp IS xtpre copmrrymrfrqm ia\Egut)lO tyabew 99avty leefs have
been used aS, rﬂﬁd% g]:eﬁ'zﬂg& s&?&e-lgbﬁrgﬁé Bk 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
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0.15 mass %. Preferably, the Noack volatility of the fully formulated lubricating oil

10

15

20

composition (oil of lubricating viscosity plus all additives) will be no greater than 13,

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.

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

about 0.15 to about 20 mass % of a compound of Formula (IT); 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;
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(iii); said eadiesphisshe wEghpsfasRNbil pf Oiluehit.ng nitrogen content to the
| ubricating oil conposition fromabout 0.0001 to about 0.02 wt. % .
pref erabll) from addift wveotiop will heolyrther gndegstood, bygefierenge fpether fobloying om

about 0. 0003 . % ' nlm F I [ (ii) (i1ii) and
m xtures t heF;é%P@Q%e%g}fqﬁgtgﬁgon%ﬁéspghf Eg%eg%’ 1 Sgny or &E&¥edi n the
| ubricating oil composition, and other VM such as non-functionalized
ol ef i n copol mxesMPMESNd, for, exanple, alkylfumarate/vinyl acetate
copolynmer LOFIs may _be used in conbination therewith. For exanple, a heavy
duty di esel S resent 15 invention may be lubricated with a
| ubri catilfg &réparatiop®f acompowndoidiormutee(IBi gh nol ecul ar wei ght polyner is a
m xture corrprisilng from.abo 0_t.Q, about 90 . % of a hydrogenated
st yrene- i sopr&PepHERAAIEL G} b NADITUVOX W LANOL Ut 10 to about 90 w. %
non-functional i zed\ Qub-litdrNrebinCkdifle eQlippbdWAft nehadicdTBstirke, BfIRASHDEahO
i ncl ude an additive which

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 BC-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



20 maintains the stability of the viscosity of the blend. Thus, although
pol ar group- containing additives achieve a suitably |low viscosity in the
pre-bl endi ng2ese®e it has been observed that sonme conpositions increase in
vi scosity when stored for prolonged peri3ddds. Additives which are effective
in controlling this viscosity increase include the |Iong chain hydrocarbons
functi onal i zunpsyatureawas gradwallylinerozsed tol 1€ 0i I2AF G oxgt 2-6 hmvrsdmdovaten(Tydr i des

L
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the above- megdligfes wlﬁfédéddli‘ﬂgsto R0 té@Aptirhule NIS v&axpa&ahhxecb'b?rdpé ﬁmgn the

base oil in an anount that enables the additive to provide ifs desired
function. 30pulystyrednglstandandi ¢egrectedpuith theoglgtiaomelume afrize(Znaphtinydoxyf) ethapol

b t di t h additive is typi bl d j b
o1 i an andueretandib DAF Yasdnein Shon” O B oS dEnd CEWE. 75
Repr esent at i ¥6nfitieClhe AdtRICAIrS, Fbl\ésl%dzl%ﬁlmoﬁfixdi’éi%st !h\éeﬁgdmeébn‘tbﬁﬁéj In

crankcase lubricants, are listed below. Al the values |ist are stated as
'nmass per cent maxtires of |mqhykdneﬂmkedl' 26(2enaphthARBly T | fEMaE D] ioBDVdormula (1)

(Broad)(Preferredgn taI tergentsQ. 1-150.2-9 Corrosi hi bi tor0-50-1.5
Vot b i hyar GRHRBINE 5316 RitB O s REB IOy ehaacl 4 ki e 6250, 013 Pour
Poi nt Depressant 0. 01-50.01-1.5 Antifoam ng Agent 0-50. 001- 0. 15 Suppl enent al

Ant i wear AgentsO 1. 00 0 5 Frlctlon I\/bdlflerO 50 1 5 \/sc05|ty
Modi fi er 00 01S6p3 2R b & 2 hhyloxg) ethh -

| ubricating g(lz llatfnor?gﬁt' ilnggg of the pr esent i nvent| on

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:

o) PIB
OH OH
J °
o 0

OH HO
0]
‘ Ethylene Carbonate
25 - ‘ . ‘ +PIBSA
n —_—
Performance Example 1
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



preferably have a sulfur content of |ess than about 0.4 mass % nore |ess
than about 0.35 nass % nore preferably | ess than about 0.03 mass % such as
| ess t han abaodsLodd. 15 mass % Preferably, the Noack volatility of the fully
formul ated lubricating oil conposition {38i-l of |ubricating viscosity plus
all additives) will be no greater than 13, 10 such as no greater than 12,
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| ubricating oil conposition. A concen ion for the preparation of
| ubricating oiihdicgtiveafipopuspodlispersanmyesent i nvention may, for exanpl e

contain from 20 ahout 0. 15 0_about.. 20 mass %.qf Eor.mul a
(7117 "about | 10 6 Sensl sAgpleieBESehne s S mestilh Al RPN hoEmEEn
about 2 to abQiity di€selRPIIPcPinkeikedibridant was prephared! cmebonteol@mgm (Comp. 1)
anti oxi dant, a rml ybdenum conpound, or a m xture thereof - 5L001 34

about 5 118 40 cenkinedoacnhaigr ampuntgd ol of dnbridatingnviseesity; 2 vissosiouedifier ardsan % of

From o to 25 AHRLEPiHsee W RiRE BRI oo by bl BRI i e B O
of the concentahadrmwehh@gdnemmr adhids @nGoAidait and dﬂbwnﬁqird;m (LOFTPsThy and

viscosity nodifier. Al ght percents expressed herein (unless otherw se
indicated) ar digihseaieqar yengilv@lspﬁfjﬁ@dweﬁtad@w in anc Mot Providing t@mcﬂﬂy ve,

d/ t d | at h
w11 be The sugmhfib@s gt iln BispBdt Lot BRI D0 e R efibig ™ ©
total oihsor deprosmting ltfle Tihventionv@ny.i o) wals! prepared Wit h&dhngrﬂ:lenas%O%dobyhe

reference to the follow ng . exanples, wherein all parts are ﬁarts by wel ght,
unl ess ot her wicBPRBAG @t %%Atm%xaraplﬁthég.tbe EeRHpl gample. * 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



15 Preparation of a conpound of Fornula (Il) Step 1 - Preparation of
2- (2-napht hyl oxy) ethanol A two-liter resin kettle equi pped wth nechanical

stirrer, condessei/ Dean- Stark trap, and inlets for nitrogen, was charged
wi th 2-naphthol (600 g, 4.16 noles), etd#%lene carbonate (372 g, 4.22 nol es)
and xyl ene (200 g), and the m xture was 20 heated to 90C under nitrogen.

Aqueous sodi um hydsoshaien (50 theasbovy dat) e Mmulaimmlubmtwvao@ainm theenoved

For 2" hour o, - copon Sk o D auory B e rde alt MhP Ty iR BeiBtenthofias

det er mi ned t o chfpol BRick cofiiphRidite heddBRedtiaENBlitdnton of CO2 ceased. The
product was collected and solidified while cooling to roomtenperature. The

25 conpl etion of MNigegeandn lumca@@gwlrcrmp®qunms Rnewig twhﬁﬁ} advgesesaffegtsten e of
t he 2-(2-_naphth tha rod conf 1H an
Step 2 - Ot panetmBaildRlesi ot otitiicn ot dft S B in R porab g, of TN

kettle equi ppeH) W TahluBﬁ@Jiﬁleséaéorﬁilhfn%ed mtf‘c%@ﬁ%ﬂﬁ@hﬁﬁ?@ibpeﬁ@ntaﬂ@r dsé bagh and
inlets for nitrogen, was charged (2-napht hyl oxy) ethanol from Step

1, tol uene (2(5@1@)to asmhmaxe (t@@e adyprse %ffﬁ&tst hEo demengteata ks ¢féest.comp 7ad under
ni trogen. Par mal de 0 Q nd heated to
50C “and t ho. 1Buch VEIF Rpaird ThadoREi e Re MelsBls B 225 S5 REMT 1
hour. The 2005&4@@%@&&@&% NS @l Ter VYA 675BORE@Ibst® chgQGeléh 120C
over 2-3 hours and water (75- 83 m) was _renmoved by azeotropic distillation.
The pol yA®r walgygol AKétie@ ¥ien ~sewaiegiak i e Huonerlagtomss maierial sopwennly asgseimt ur e,
Mh was determ t t
el ution vol um‘a’gofd" 1%}/?@3 g%H:gTheD it %%tﬁg? Iébas I na? ?’ c?e;&tbgego rhbraH}E was
used as el uentv: (Mh of 1000 dalton). IH and 13C NWR confl rmed the
structure. FDMS and MALDI - TOF indi cates the product contains m xture of
met hyl ene-1i nked 2-(2-napht hyl oxy) ethanol oligoner of Forrmula (I)

cont ai ni ng fg-@@ jtg ﬁ3 fa %E J_K?yl oxy) ethanol units (mis 1 to 23). 10
Step 3 - Rea 31 Sed Coftigalin P 1t d 2-(2-napht hyl oxy) ethanol oligoner and

an acyl ati hga@espertyP! BSA) Aditsve-1|ter Pgsi n kettComgoui pped wirdva1
nmechani cal sti+rer—congdenser/Dean-1Stark trap ti+nlets for pi ; d
unnEnsiigs ¢ pol yoQ maxo. -17

addi ti onal har $edange h
Strength

Elongation

% change

-55

14

Hardness

% change

-5.0to +5.0

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



napht hyl oxy) ethanol)-co-fornmal dehyde) from Step 2, toluene (200 g), and the
15 mxture is heated to 120 C under nitrogen. Polyi sobutenyl succinic
anhydride (BRoBRIM of 450, 2,500 g) was added portion wise (-250 g at 30
mn intervals) and the tenperature was +8i-ntained at 120 C for 2 hours

followed by heating to 140 C wunder nitrogen purge for an additional 2 hours
to strip of f regatded @b vidustrativerraghes dhast limitingwéihghges Basbe oiade bariogeskilled i,

1100 g) was added..and the .preduct was. col | ected at room t enperature.
GPC and FT- | %ec%ﬁwtﬁ?é(ﬁle’t’%g%lg@m%ﬁ SR ﬁggﬁr‘%‘.’e'ﬁﬁg' reacti on schene
representing the above synthesis is showmn below. OH 25 +PIBSA s Performance
Exanple 1 30 The soot dispersing perfornmance of the conpounds of Formula
(I'l) was determned in a carbon black bench test (CBBT). In the CBBT, the
ability of finished oil sanples to disperse carbon black is eval uated by
m xing the finished oil 2005L001 -36- sanples with increasing anmounts of
carbon bl ack, stirring the sanples overnight at 90C, and evaluating the
sanpl es for viscosity and index using a rotational visconeter. The shear
rate of the rotational visconeter is varied up to 300 sec.-r 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
remai ns well dispersed. If the index becones significantly |ess than unity,
there is shear thinning indicative of poor soot dispersancy. A control
sanpl e representing a commercial, fully fornmulated "PC 9" heavy duty diesel
(HDD) crankcase | ubricant was prepared. The control sanmple (Conp. 1) 10
contai ned a najor anount of oil of lubricating viscosity; a viscosity
nodi fi er and an additive package including a high nol ecul ar wei ght

di spersant, overbased detergent, an antiwear agent (ZDDP), ashless
antioxidant and a flow inprover (LOFT). The high nol ecul ar wei ght

di spersant was added in an amount providing the fully fornulated |ubricant
with a nitrogen content of about 0.09 mass % A sanple



15 representing the invention (Inv. 1) was prepared by adding 2 nmass % of
the conmpound of Synthesis Exanple 1 to the control sanple. Fresh sanples
and sanpl es2besaded with 8 and 12% carbon bl ack were evaluated in the manner
descri bed above. The Index and Vi scosity-3%expressed as cP) of the sanples
are shown below in Tables Il and 1V, respectively: 20 Table Il - |ndex
Mass % Car bolCIRABMSConp. 1inv. 1 00.990.99 80.150.97 12TVIM0.85 Table |V -
Viscosity (cP) Mass % Carbon Bl ackConp. 1lnv. 1 013.515.0 8172.641.2
12TVTM85.5 *t oo viscous to nmeasure 2005L001 -37- As shown by the above

data, the fornul atgeomphindiFihsfozmntaai ni ng the compound of Fornula (11)
provi ded i nproved i ndex and viscosity in the presence of carbon bl ack

conpared to the conventional (YabricarfiY)aNitrogen in |ubricating oil
conpositions is known to havg adverse|effects on 5 conventional

fl uoroel astoner engi nes seal 5. | nel usi Oﬂq of a comz und of Formula (1I) in a
| ubricant also containing a —rgg‘en- ai ni ng di‘Spersant has al so been
found to arrel“id{%;é%.e t hese adverse effects. To denonstrate this effect, Conp.
| and Inv. 1 Wwere conpared in a Dainler-Chrysler (Mercedes Benz) seals test

using an AKeagedr imdessndentlyDaépresehtsCi \sdraaticSanlicty Tesing/DA063 SsaBdtithenmts osed
cup”; seven 10 days). AK6 is a VitonTmmaterial; a fluoroelastoner nateri al
comonl y usedelesied v BRM: (her SENGi wensdgHgs of Trikyle alfaxy, oalkexalledndwdragn are

o5 21 B S o [l At o= 111 T
each L is indépendentiy a linking moiety comprising a carbon-carbon single bond or a
linking group;
each Y is independently a moiety of the formula H(O(CRj3)n)yX-, wherein X is
selected from the group consisting of (CR’;),, O and S; R and R’ are each
independently selected from H, C, to C¢ alkyl and aryl; z is 1 to 10; n is O 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 O to 3, with the proviso that at least one Ar moiety bears at
least one group Y; and

m is 1 to 100.
2. A compound of claim 1, wherein Y is H(O(CR3),)yO- and y is 1 to 6.

3. A compound of claim 2, wherein Ar is naphthalene, Y is HOCH,CH,O- and L
is CH2

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.



Tensil e % change-50 nmax-33-17 Strength El ongati on% change- 55- 35-14 Hardness%
change-5.0 to +5.001 Vol une% changeO to +50.40.4 15 The i nprovenent in sea
conpati bi | it gosackiieved by the addition of a conmpound of Fornmula Il is shown
by the reduced change the tensile strengti4®-of the fluoroel astoner seal
material at the conclusion of the test. The disclosures of all patents,
articl es and7ot heTheaeastion|podint of clasd hevherein anid adybating\agenicisrhydrasagby] i n
their entirety, inLeio this specification by reference. A 20 description of a
conposi tion &P ng, consisting of, or consisting essentially of nultiple
speci fied conponents, as presented herein and in the appended cl ai s,

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

mul tiple sp8cifi ddeceastionprmduct gnpovadef elaimpk avdes pepialkpberd enyhnd
nodes of operati.on of .the present—nvention h been ribed in the

f or egoi ng spé‘é‘icf'}‘%ﬁ‘fﬁ%tmg aﬁgg\/@?é'tmga |‘if§é‘f‘i?§€%‘{53§§€°‘r‘ OLFSQ “invention,
however, is not to be construed as limted to the particular enbodi nents

di scl osed, since the disclosed enbodi mrents are 2005L001 -38 regarded as

i | lustrative9rat hdhe réastion proiducimf.a mpoyad ofrelpimd, anbleydpgcaryd ssocyiniatd.ed i n
the art without departing fromthe spirit of the invention. 2005L001

CLAIMS: 1. A conpound of the formula: -39 (1) wherein: each Ar

i ndependent | yor epiae3R6deSs 0r FoRANME & BRhud Nl icmO 3t SomdpSiRs tiehdtdnt 8f
sel ected fromthe group consisting of alkyl, alkoxy, alkoxyalkyl, hydroxy,
hydr oxyal ky| naphahyloxyethanohwiithefiorrorldehyderindhe preaerieelofiasid Wdépamjmnthyicna-

i nki ng noi eB}édge%%%hﬁfyi‘&y%th%&élQ%H{p%ﬁﬁé).°” single bond or a

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.



| i nki ng group; each Y is independently a noiety of the fornula

H QO CR2)")yX-, wherein Xis selected fromthe group consisting of (CR 2)Z,
0 and S; R apmbsi¥o1are each independently selected fromH C to C6 al kyl
and aryl; z is 1to 10; nis O to 10 whems1-Xis (CR 2)Z, and 2 to 10 when X
isOor S andy is 1to 30; each a is independently O to 3, with the

provi so that 1at | Fhsprosess oficlaimi ket whbedr saidacidliears bil colablprlapnid X6id aatdlyst

m s1t 0100. of claim1l, wherein Y is HQCR2)2)yO and y is 1
to 6. 3. A c%ﬁﬂmngfaé ¥'m 2, wherein Ar is naphthalene, Y is HOCH2CH2O
and L is CH2. 4. A conpound of claim3, wherein Ar is derived from

2- (2-napht hyl oxy)- ethanol and mis 2 to 25. 5. The reaction product of a
conpound of tT.ai rﬁl"he emdceam ofcglham i Hg \amcin said ﬁbbrkatimgameinbris pr pdlybuteoyl cl ai m

eyl at1 g agBREHLARSIAIg SegH TRyisi o b rokogpobt 3 bia APOSb S0 2005001 40 7.

The reaction product of claimb5, wherein said acylating agent is hydrocarbyl
i socyanate. 8. The reaction product of a conpound of claim4 and a pol yal kyl
or pol yal ken¥8. sAcmoeiss farcfpinaingng reagaort pmdu'clngf daino P compmis migaaactibl dftao

about 5000. 9. The reaction product of a co nd, of .claim4 .and .

hydr ocar byl eBeiRrArdzed gaphhplogicibandl spmpgRRy 1gd A bas%s%h&l BPCYanaiening
conpri sing rg@%} sgﬁbeo(jfan%maw%,gxyet hanol with formal dehyde in the presence
of acid to form a nethyl ene- dged napht hyl oxyet hanol conpound. 11. The

process of claim 10, wherein said naphthyl oxyethanol is the pr oduct of a
process corrp sin rea n _o hydr oxyl -.napht e ound. wi I h

B byl ene. _calBonafhe pioors F slai8 oh b Torttife & actioh plediet SF Haifg aphetein Sald
napht hyl OXyeﬁﬁﬂﬁ@ne -bHdged h?apﬂﬂ@@@@%ﬂﬁﬁolc lc8inpbird 1‘é\hﬁfee'pPocfu@fmdf”h”9rdéé§se i's
neutralized with an excess acid prior to reaction with said

f or mal dehydecomisingh@) magt@@sef ohydronylmapbthalgne cempoved witheithyléne carbopate

sol uble sul fonghg p%gslegceoof 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:
(Y)a (Y)a

Ar—¢L—Arn), I

wherein:

each Ar independently represents an aromatic moiety having O 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;

each Y is independently a moiety of the formula Z(O(CRj),)yX-, wherein X is
selected from the group consisting of (CR’;),, O and S; R and R’ are each



solid acid catalyst. 14. A process for formng a reaction product of claim$8
conprising reaction of a nethylene-bridged napht hyl oxyet hanol conpound w th
a pol yal kyl ooospmhyal kenyl succinic acylating agent in the presence of an
acid catalyst. 15. The process of claim-¥4; wherein said nethyl ene-bridged
napht hyl oxyet hanol conpound is the product of a process conprising (i)
reacti on of mdhyahdentyy seleragrhfrbml 1€, wobpakylchndiaryl; etihy teh@; car(bonidl whém t he

presence of b ,cat al yst fo napht hyl oxyet hangl.; _(ii) neutralization
D “ai d base b ihRiioaptdate b whe o 1B O Bel B 3Pntas rbantelHond 41 11 )
reaction of mypgrbﬁlglgfﬂpgiypg@uwth formal dehyde in the presence of residual
acid. 2005L001"-241 '16. Thé process of claim 14, wherein said acid is an oil
sol ubl e |i quéathacisdndependsmgly 0 ¢ 3awithlthel proyiseh that atl lpast ong Ar Mhistypbessess of
claim 14, wherein said acylating. a ~is a polybutenyl succinic acylating
agent havi ngﬁﬁﬂ°$§?%§£¥8§l°h%6fg’g%%€t 5000. 18. A process for formng a
reaction progugt t8fiog! ai m 9 conprising reaction of a nethylene-bridged

napht hyl oxyet hanol conpound and a hydrocarbyl isocyanate in the presence of
an acid catalyst. 19. The process of claim9, for formng a reaction product

of claim9, erei,n said thyl ene- bri dged l.gxyet.hanol .compound is
Che product of o frigeiesnd SEHam STryiieiF ds ARPGRIPRE Ry AE A1 SRBANG ene
conpound w t{ief yéene carbonate in the presence of a base catalyst to form

napht hyl oxyet hanol; (ii) neutralization of said base with an excess of acid
to provide an internediate; and (iii) reaction of said internediate with

f or mal dehyde,in the presenc f r,esidual acid. 1.Theqpr claim 18,
wher oi n sai d2hc oA ORGPt sBimaPorrratn AF iieamtalhfy X i 208 RUOS A
catal yst. 2lan &yteroupwnd [0k Al formula: (Y )a (Y')a AbmL Ar)m (11)
wherein: each Ar 'independently represents an aronmatic noiety having O to 3

substituents

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 Ma 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.

30. A lubricating oil composition of claim 29, further comprising a nitrogen-

containing dispersant.



selected fromthe group consisting of alkyl, al koxy, alkoxyal kyl, hydroxy,
hydr oxyal kyl , acyl oxy, acyl oxyal kyl, aryl oxy, aryloxy alkyl, halo and

conbi nat i onsogsheieof ; each L is independently a |inking noiety conprising a
car bon-carbon single bond or a |inking gnBeup; each Y is independently a
noiety of the formula Z(Q(CR2)n)yX-, wherein Xis selected fromthe group
consi sting oBl(CRAZ)tmrio@timgmbilSpoer@siIﬁiorRofa:laimeaﬁmoﬁﬁﬁﬁhfgom aiﬁodmdﬂpmirﬂent 'y
selected fromH Cl to. C6 gl kyl anda}/ #@) g 0 to, 12 when X
is (CR2)z 3ffepesnconiaiging,dispsesant poying: Sa§)d r‘f"ﬂ"t“?)g 8 °°2’H°§1“Hn with

group, an abkyl QOPHAO Y% 86 B! 0.95 AR5 B ¥FhiRodeh AnaIRBENSEIN 0003 &)0153
with the proviso that at |east one Ar noiety bears at |east one group Y in

whi ch Z i s nuotas$ efrsdideongpoindo 100. 22. A conpound of claim 21, wherein Y
is Z(QQCR2)2)yO, Zis an acyl group and y is 1 to 6. 23. A conmpound of
claim 22, wherein Ar is naphthalene, Y is ZOCH2CH2O-, Z is an acyl group

and L is CH2gpy 24, ﬁbﬁ@WBﬁ c%fnp%hﬁbfiﬂo?%lalﬁ‘f“% e\blﬂkr@i'h dafd ﬁﬁfdg\éﬁ-@oﬁtr

2- (2- napht hyI oxy) et hanol™ and m'i s 25. A conpound Of claim
wherein Z i sdipersangds farmhybtantenyl palylagldylameampmlqaad:lhsmydb detized friom p«zlybutbnmg
agent havi ng M of_fr ab ut a%g% 5000. 26. A conpound of claim 23,
wherein Z is %Pg%‘do %&P@g‘l’m pol yal kenyl succinic acyl ating
agent having V. of from about 100 to about 5000. 27. A conmpound of claim 21,
wherein Z is derived from hydrocarbyl isocyanate. 28. A conpound of claim
23, wherein 33is Aerlhbmatihgonilhydnpcsiﬁdnyloﬁ stailyxadﬁt ewher2id. sfidl polybotenyhg oi |

and 2. m nor C°”Ea%'e/r°é' Pl GHBONITINGE RSkTeACEd v 3t Jeas g Bl AQiFRonde

conposi tion E&@dnhg@(u)feg{ngﬁrcmel sing a nitrogen- containing
di spersant. 200

34. A lubricating oil composition of claim 30, further comprising at least one
additional additive selected from the group consisting of detei'gents, 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.

38. A lubricating oil composition of claim 34, comprising no greater than about

1200 ppm of phosphorus.

39. A lubricating oil composition of claim 38, comprising no greater than about

1000 ppm of phosphorus.



-43- 31. A lubricating oil conposition of claim30 conprising an anmount of
said nitrogen-containing dispersant providing said |ubricating oil
conposi ti on wdshodirom about 0.03 nass % to about 0.15 nmass % of nitrogen
and from about 0.005 to 15 mass % of sai4d-conmpound. 32. A lubricating oi
conposition of claim30, wherein said nitrogen-containing dispersant is a
pol ybut enyl pol yal kyl eneam ne succi ni m de derived from pol ybutene having M
of from about 900 ,t p,about 2500. 33.. A LLubrica{ing oil conmposjtion gf claim
52, wher oi - 597 0 AoREERe, P SOmeRSipR Al STt Sothetising: i BEHCL s oo act ad
w th at Ieasgoggﬁnqﬁpﬁbhmgngis-epoxide conmpound; and (ii) ethylene
carbonate. 34. | ubricating oil conposition of claim30, further conprising
at | east one additional additive selected fromthe group consisting of

det ts, ti ts.. tioxid i,Cti i fi
Comati bi 1 285 aAdbReae oye s & 5 b Ryl LA SheopsALeLea i on
of clai m 34, pRdtmhRbog If megwebout 0.1 to about 1.2 mass % of an amnic

antioxidant and fromabout 0.1 to about 3 mass % of a phenolic antioxidant.
36. A lubricating oil conposition of claim35, further conprising a

nmol ybdenum npoynd,i.n_an unt Lntr cing.into said lubricating oi
comosi t1on #om Anhrcaihy SLeRas St ey RabriiE 2o Shotnt

| ubricating ef loneosPasoré i18gh Gholebdl ht CRSIPMER! BEmprisTRE ) @bﬁmgmefsabbyl
di thi o phosphate derived predom nantly ronlsecondanz al cohols. 38. A

| ubricating bydrogaratesspelytmonsivinyll arematdc hydiegatbenh gnch polyr écanigatedadiendout

1200 f phosph 39 A lupricati. iti f claim38
compr| i ng ng TGRSz AP oERY R et BEERCHED sgmeaisTenseso. A
| ubricating ai leatOiHBAEDR0 WA O thé abpolpider; QQ{TBIeiﬁ%i afpoReneds esht@iidd alkypout

800 ppm of phosphorus. 41. A lubricating oil conposition of claim 34, having
a sul fated a8yl eminee At amideggounpspRidrogerACTpiHing hetarpeysligigroups 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 III, 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 lubricating oil composition of claim 29

and operating the engine.

46.  The method of claim 45, wherein said compression ignited engine is provided

with an exhaust gas recirculation system.

47.  The method of claim 46, wherein said engine is a heavy duty diesel engine and
said exhaust gas recirculation system cools intake air and/or exhaust gas recirculation

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



42. A lubricating oil conposition of claim30, further conprising a mnor
anount of one or nore high nol ecul ar wei ght polyners conprising (i)

copol yner s oboostopdlr ogenat ed pol y(nonovi nyl aromati c hydrocarbon) and poly
(conjugated diene), wherein the hydrogerated pol y(nonovinyl aronmatic
hydr ocar bon) segnent conprises at |east about 20 wt.% of the copol yner;
(ii) olefin é&pol Zwimbscatmgtail concgntaité gomprising fydm aboutd), 1 Soto ahoid20 grassifis,

ncrylace or o kypaReyisob BT «lf S8R Pl dtt abag i ARGk o b
acrylate or Ivatl | S.
43,7 A L ubr i cgkightnfidge @BRAMiN] SRpGtark! GiiyhRA 21636hMEnAR 4 oFIPHAO! the

oil of lubricating viscosity is oup Goup Ill, Goup IV or Goup V
base stock, enrtioxidami, @ phemolin@ntiofidant4a molybdenimacimppunid) oramustire thencadf
claim 29, wherein a_maj,ar amunt qf the oil of lubricati V|, SCOSI 1S a
bace Stock dGY] Uit PIOHBIARgs pha Rrgtatat g sehomaBout jo.tbul A8 AR W ok T g
conpr essi on i gkl AshydRGHafR dithiophodpeheod conprises [ubricating a crankcase
of said engine with” lubricating oil conposition of claim?29 and operating
the engine. 46. The nethod of claim45, wherein said conpression ignited
engine is provided wth an exhaust gas recircul ation system 47. The nethod
of claim46, wherein said engine is a heavy duty diesel engine and said
exhaust gas recircul ati on systemcools intake air and/or exhaust gas
recirculation streans to below the dew point for at |east 10% of the tine
said engine is in operation. 2005L.001 - 45 48. A lubricating oil
concentrate conprising fromabout 0.15 to about 20 mass % of a conpound of
claim?2l1; (ii) about 10 to about 40 nass % of a high nol ecular wei ght

ni trogen-containi ng dispersant; (iii) about 2 to about 20 nass % of an

am nic antioxidant, a phenolic antioxidant, a nolybdenum conpound, or a

m xture thereof; (iv) about 5 to 40 mass % of a detergent; and (v) from
about 2 to about 20 mass % of a netal dihydrocarbyl dithiophosphate.



