-1- SOOT DI SPERSANTS AND LUBRI CATI NG O L COWPOSI TI ONS CONTAI NI NG SAME  FI ELD
OF THE INVENTION 5 This invention relates to a novel class of |inked
aromati ¢ conmpounds that act as potent soot dispersants in lubricating oi
conpositions and lubricating oil conpositjons containing sane. Mre
specifically, the invention is directed to conpounds that, when added to

lubricating oil conposi tSQOT DISFERSANIE ANIFREBRITATIGG Io¥Imance in the
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nitrogen. The invention is COMPEOSITIONS cONTANNINySAMEass of precursor
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kinematic viscosity (kv) of lubricating oil 25 conpositions have been
observed, evepompounde fignewbitbeudi sqopdispevaity carobe desivels of soot (e.g., 3
mass % soot). Lubricating oil conpositions conprise a major anmobunt of base
oil and additives that inprove the performance and increase the useful life
of the | ubricapiCcKGROUNDSF THE AN VENYIONSper sants are commonl y used

| ubri cant additives. The function 30 of a dispersant is to maintain in
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Recirculation (EGR) system that is operated in a condensing mode for at least a

portion of the time the engine is operated (e.g., at least 10% of the time the engine is
operated), and retarding engine timing to reduce NO, and particulate emissions. In

20  engines provided with a cooled EGR system, the EGR stream is cooled below the dew
point of NO, and SO, 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



the viscosity of the lubricating oil upon use. In the severe environnent of
an engine provided with a cooled EGR system it has been found that soot

i nduced viscosity increase, as neasured in a "Mack T-11" test cannot be
controll ed by conventional dispersants, eyen when the anount of such
conventional dispersants are increased. 5 Therefore, conpounds providing
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4,708,809 to Davis WesdiatdnesNg. | LBIT.8&% itag Davis ddPdsidisclosesc iwndensptey of
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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)p
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



wherein each At independently represents an aromatic noiety optionally
substituted by 1 to 6 substituents selected fromH -OR, -NR)2, F, 4,
Br, I, -(L-(Ar)-T), - S(OWRI, -(C)x (2y-R and -(2y-(C2),R, wherein w
is 0 to 3, each Zis independently 0, -N(RI)2 or S, x and y are

i ndependently O or 1 and each R is 5 independently Hor a linear or
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i ndependently a Iinking noi ety conprising a car bon- car bon single bond or a
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)yX-, where X is 30 selected rom(CR'F),, 0 and S; Rand R are each
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15 where each Ar independently represents an aromatic moiety having O to 3 substituents
selected from alkyl, alkoxy, alkoxyalkyl, hydroxy, hydroxyalkyl, 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 H(O(CR2),),X-, where X is selected from (CR’2),, O and S; R and R’ are

20 each independently selected from H, C, to C¢ alkyl and aryl; zis 1 to 10; nis 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; at least one Ar moiety bears at least one group Y; and mis 1 to
100; and

(Ya (Ya

Ar—CL—Ar),

25  where each Ar independently represents an aromatic moiety having O to 3 substituents
selected from 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(CR2),)yX-, where X is

30  selected from (CR’;),, O and S; R and R’ are each independently selected from H, C,



to C6 alkyl and aryl; zis 1to 10; nis O to 10 when Xis (CR 2)z, and 2 to

10 when Xis Oor S, yis 1to 30; Zis H an acyl group, an al kyl group or

an aryl group; each a is independently O to 3, at |east one Ar noiety bears

at | east one group Y in which Zis not Hgand mis 1 to 100. Conpounds of
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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

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

DETAILED DESCRIPTION OF THE INVENTION

Compounds useful as precursors from which the soot dispersants of the
present invention can be derived can be defined by the formula:

(Y)a (Y)a

| |

25 Ar—¢TL—An, (1)
wherein each Ar independently represents an aromatic moiety having 0 to 3
substituents selected from the group consisting of alkyl, alkoxy, alkoxyalkyl, aryloxy,
aryloxyalkyl, hydroxy, hydroxyalkyl, halo and combinations thereof; each L is
independently a linking moiety comprising a carbon-carbon single bond or a linking
30  group; each Y is independently -OR™’ or a moiety of the formula H{O(CR2),),X-,
wherein X is selected from the group consisting of (CR’;),, O and S; R and R’ are



isOor S and y is 1to 30; each a is independently O to 3, with the
proviso that at |east one Ar noiety bears at |east one group Y; and mis 1
to 100. 5 Aromatic noieties Ar of Fornmula | can be a nononucl ear carbocyclic
moi ety (phenyl) or a polynuclear carbocyc]ic noiety. Polynuclear
carbocyclic noieties may conprise two or nore fused rings, each ring having

4 to 10 car boguchtifdEpendontly selebidd ionaHee)o Of alflardrylt RKed selected Bohea|
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het erocycl i ¢ naphthdlens) ar maycheulekeds menenuglept arompticipeiches, sudbaubipbeneor

carbazol e, dipyridyl.. cj.nnalne, .phthal azin ipazolin i.noxal i ne and
20 phenant hr ofeoieksE RS LR o) % Ay SEOMELTtER Rob el oa
such that o al barBBéyelit €grofiatikl @ndibigess an@u@s sliphftRledB! . antigthy¥C| pienah@eycl i c
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carbazole, dipyridyl, cinnoline, phthalazine, quinazoline, quinoxaline and
20  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,
25  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
group. Suitable linking groups include alkylene linkages, ether linkages, diacyl

30  linkages, ether-acyl linkages, amino linkages, amido linkages, carbamido linkages,
urethane linkages, and sulfur linkage. Preferred linking groups are alkylene linkages
such as -CH;CHC(CHs);-, or C(CHi)-; diacyl linkages such as -



Preferably, Ar of Fornula (1) represents naphthal ene. Preferably, from about
2 nmol%to about 98 nol % of the Y units are HHQ(CR2)2)yO, whereiny is Ito
6, and 5 fromabout 98 nmol. %to 2 nol. %of Y units are -OR'. Mre
preferably, fromabout 2 nol. %to about 9§.nmol. %of Y units are
HOCH2CH2O-, and from about 98 nol. %to 2 nol%of Y units are -OCH3; and L
is CH2. In on€grot beWRCH,) @S, ahd edif@ndde® Blch ad\iS ¥ 8prKSeMde preferred
napht hal ene, from about 40 nmol. % to about 60 nol % such as from about 65
mol . %to abolinking grenps ase gkyleng Hnlages mostipreteraplyaCHoand fr om about 60 nol .
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20  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
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,

25 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
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)

30  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.)
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,



| i nked conpound can be fornmed by reacting noieties Ar-(Y)a with a diacid or
anhydride (e.g., oxalic acid, malonic acid, succinic acid, glutaric acid,

adi pic acid, succinic anhydride, etc.). Sulfide, polysulfide, sulfinyl and
sul fonyl |inkages may be 5 provided by reagtion of the noieties Ar-(Y)a with
a suitable difunctional sulfurizing agent (e.g., sulfur nonochloride,

sul fur di chl opdephdnibh® nicktophtrne dec § PEEidds, anSalk ¥luhe/ linkedhdoddipotiad ( BR4eR)
etc.). To provide a conpound of Formula I with an al kyl ene ether I|inkage,
noi eti es Ar- (Npkedcgompeundesant &g {Ormpd DydirGACH)E enpigties Aarounts af dipgdnell a

|, wherein L | di.rect .bon. i . i o : - . vig oxidative
coupling 10 p%th ﬁemrgF ég'gi’oo%%hggﬁg’ g‘lla%gi‘&?%gled, gg&é?lgﬁ‘la\éhda%h%%g??l éaaﬁg’xgﬁg’r ous
chloride, as seftt hitBdridé odtc @X80HldR, phlysuPidd(GMHETIyL an®bulédnyl lidkage® myuyese

Sci ence: Polynmer Chem Ed., 21, 457 (1983). Alternativeuy, such conpounds
may be forhedpigyideddmt feagiopelethe goicligs Axg Baarith asuiiaide difupetiogal gdfurizing

descri bed, for_e I in." i : |

Cacsi unt Nanop B Ehee Ba Sl e Grfheide. SulffFASREGR RO e (S0cl). wifuryly
Subr amoney anghlbtife ($OIRY), eteheMoGabvide Arvdnipdahd 6NBornAdd 9 wahEHh (LFSR) ethdro
formthe preferred conpounds of Forrmula (1), havi n% an al kyl ene |inkin

group, more phekageappietiss AN eande reatedhyith aclipnylsdiss CommonndspfiFprmy

Ar - a reaction mxture,.can neutralized w i referably wi,ith an
eesen of et b PR WL afRR chboRTlMon g, Ml beShfied PG Cotlhl
pref er abl yo f opoBhideiRsme, ué\iﬂ? 2 nixiat esfaBluynihimt fLofde 88 Cipedus! b asaci d,

to provide an alkyl ene, preferabl ¥®Wmt hyl ene bridged conpound of Fornul a
(1). The degr éescobeddbrerapmpiabydh Ketvagineet abohgmivie Ssferrerfalyraen Chamdal £ r om

2 to about 101, ( ondi.ng_t val u of m.| £ .
preferably fr%%ﬂ ngg{){}? gg)‘t/gh% B elgos,ughrrﬁg?jgé?r@fé?%%é??qngbn%gg}g%#mg%g %%fl%sbout
25. 25 To prowrd®)}4id apratiter hedl sodegoriteds f@fexiapruing datlytinBatehy Coxplaighanol

and 2-net hoxyl napht hal ene can be reacted w th fornmal dehyde in the presence

of an acid céagafpetiumfyappemwep y Cadroac Cagplystom M-G. sdeudsise BNf oyvllersacdd and
lid i t | he. ] } duct of
Feaction of  aSHbiPbrey MEHT Bk, oG OTEORAEAN 1o S0 REE L oc ™ °

catal yst. Preferabily, forgnd prefigrdiosgngmfiinis oh Buiniwlh (HeHaMhg bn alky®one eB&ingf
acid prior to the introduction of the forml dehyde, Conpounds of the
present i nvengiayh. guse prefgmbhnha medyles dkngagioyp c haseyemaimngiy ty Ard¥et i ng
a conpound of . i . . o] at | e, ..

al kyl ati ng agéér%? {I%hﬁg(ﬁwa?aw %Prll e%gmgg%ﬁ‘%l,tggﬁg’ %rrg @?@gﬁé@eﬁ%gg%y&taﬁed @(r%"nul a:
- 8- a sulfonic acid) and reacted with an aldehyde, preferably formaldehyde, and

20 preferably in the presence of residual acid, to provide an alkylene, preferably
methylene bridged compound of Formula (I). The degree of polymerization of the
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.

25 To provide the preferred compounds of Formula (I), naphthyloxyethanol and
2-methoxylnaphthalene can be reacted with formaldehyde in the presence of an acid
catalyst, preferably selected from oil soluble sulfonic acid and solid acid catalyst.
Preferably, the naphthoxyethanol is the product of a reaction of a hydroxyl-
naphthylene compound in the presence of a base catalyst. Preferably, remaining base

30 is neutralized with an excess of acid prior to the introduction of the formaldehyde.

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,

an alkylating agent and an arylating agent, and are represented by the formula:



(Y)a (Y)a Ar- f LAI)m (I11) wherein: each At independently represents an
aromatic noiety having O to 3 substituents selected fromthe group

consi sting of alkyl, al koxy, al koxyal kyl, hydroxy, 5 hydroxyal kyl, acyl oxy,
acyl oxyal kyl , acyl oxyal koxy, aryl oxy, arylgxyal kyl, aryl oxyal koxy, hal o and
conbi nations thereof; each L is independently a linking noiety conprising a
car bon-carbon single bond or(gj%inkingrggoup; each Y' is independently a
noiety of the formula Z270O or|Z(Q(CR2)[" )yX-, wherein X is selected from

t he group consisting of (CR iL” 0 and S; R and R are each independently to

selected fromH C to C6 al An z is 1 t@D10; nis 0 to 10 when X

is (CR2),, and 2 to 10 when Xis Oor S yis 1to 30; Zis H an acyl
group, a pol y¥8&§#eIRyr oup, a | act one ester group, and acid ester group, an

al kyl group Oéacﬁ”Ai’”l}{Jl 'y %présé%ts ?@hﬁﬁc%&?f& haw‘hﬂ @09 2l {ﬁ)lsltit&'ﬂg

aryl; each ais |ndepe Vi SO hat at least one Ar
noi ety bears a&tedtahsmromnehagrgmpp Z(:@(s@lﬁﬁg" oJ y%lky] nauva;c,h a&oxyﬁkys hpdroky, and
mis 1 to 100 Swta e acyI ating gen s i ncl ydrocar car honi am d,
hydrocarbyl — BYFBHA Lo REVIARY. i i3 Xyl b c AU Xyg PXbni @i d antoxyalky

hydr ocar byl '#g Oﬁ(ogyl a?1pgﬁé§g?&ﬂn%1n£t¥&{s%?fegy I eRPOS Hp%&%ﬁgﬁﬁglg?ﬁgg}(gﬁ

hydr ocar byl ric’h rocar by I'socyanat es
succinic acyI atom-ng agenistng Bretisnredbac yingtd bgndgend dinkthg gadupdeach Y’ is

pol yacyl ati ng. agents which provide_bis ester acid and/ or_ est
| act one  subsildeEnEenty aﬁlagetyﬂfélpeeﬁqr@alaaiﬁ atfliié(ééé)n)wg AYRETRR X Hdse Cheﬁ‘er

hydr ocar byl g%%ttgpgxfoﬁghoﬁa )ggaf derle 'o 'aﬁ@@%%s f@’ngreh@iéﬂdiﬁﬂgfeﬁ#lentl

i socyanate an rocar by acyl ating agents, nore
pol ybut enyd ssededted fromchl] @t tnGs akkghtmsi arslichis dsodol ybhubenyd when X is (CR’;),,

pol yi sobut enyl cci anhyd A referably the 25 drocar byl
succi ni ¢ acyl atffﬁ Qé’ﬁl“ \r}ftsl(r) ol &ris Eé )3pf rﬁ{?]o%é‘t EFRMPrAPORECYH grﬂ‘t‘.ﬂtﬁ‘er
aver age nol ec f g?/&g“t anl , f r.om
about 200 to %%F%B%g%m%%&dp% ee:da% om% %Oﬁgg&t%lpg lf‘ﬁag%é%. I
Preferred hyskleged fiym i3 aoy@nattkybeyd arylngadygent im’idplemitmtlgidﬁ |tcsyéd vtith)the
pol yal kene havin

a ra Iecul ar wei ght f 100
to 5000, pref e’toagwh?tr% aétf’%?btgw aSS%ttJSftf’f 1Y p%éc%r)e)f’ T3y ClF om

about 200,50 ahpity: %QQQMSA%II@@ ng agents can be prepared by conventional
met hods knovvn to those skilled in the art, -9-

Suitable acylating agents include hydrocarbyl carbonic acid, hydrocarbyl
carbonic acid halides, hydrocarbyl sulfonic acid and hydrocarbyl sulfonic acid halides,
hydrocarbyl phosphoric acid and hydrocarbyl phosphoric halides, hydrocarbyl
isocyanates and hydrocarbyl succinic acylating agents. Preferred acylating agents

20  include polyacylating agents which provide bis ester, ester acid and/or ester lactone
substituent groups. Preferred acylating agents are Cg and higher hydrocarbyl
isocyanates, such as dodecyl isocyanate and hexadodecyl isocyanate and Cg or higher
hydrocarbyl acylating agents, more preferably polybutenyl succinic acylating agents
such as polybutenyl, or polyisobutenyl succinic anhydride (PIBSA). Preferably the

25 hydrocarbyl succinic acylating agent will be derived from polyalkene having a
number average molecular weight (Ma) of from about 100 to 5000, preferably from
about 200 to about 3000, more preferably from about 450 to about 2500. Preferred
hydrocarbyl isocyanate acylating agent will be derived from polyalkene having a
number average molecular weight (Mn) of from about 100 to 5000, preferably from

30 about 200 to about 3000, more preferably from about 200 to about 2000. Acylating

agents can be prepared by conventional methods known to those skilled in the art,



such as chlorine-assisted, thermal and radical grafting nmethods. The

acyl ating agents can be nono- or polyfunctional. Preferably, the acylating

agents have a functionality of less than 1.3, where functionality (F) is be
determ ned according to the following fargula: 5 F = (SAP x 12,200 x A 1.)

- (SAP x MNJ) wherein SAP is the saponification nunber (i.e., the nunber of

ml1igrams of sie@Hs cElofine aBisted) thdithat ondtagicel praftinpahéthads. Orheticylakifiy agdrts
groups in one gramof the acyl _group-containing reaction product, as
det er mi ned acewrkfi Mgne-cr Asimiimoienal. Wreferably, Hee aeyiabag agoms Bge npmedenakity

wei ght of the_starting.p |k , e [ t . Lves hngredi ent
e O OBl bR AR BB T 5 BB b AT Ui
unr eact ed pol jeinigene, acyl ating agent and diluent); and MVis the nol ecul ar
wei ght of the acyl group (e.g., 98 for succinic anhydride). Acylating

agents areSused in the nErufSedt i )A(11dX0er 4dnt-{SARRIMAWVhor e detail ed

d i pti f th f f L.NQ.. | at i ts . .1 bed |

dosorf bti on ol hEGH Sopetsdhe stiBuvgoR Halich ek RN nbe T SiileraRS RO,  ng
agents i ncl udgodeBmed iE3%: BdkAeR RuGahfkon JTMBE Gt SBint dhe o & thaneyl

al cohols. Suitable arylating agents include C8 to C30, preferably C8 to C18
al kane- subst i guupeoaraytinguerstion predicy; asddasenmdeed Mxdoading o uh$ EMoP94 heéM. is

conmpound of Fqr nul |) and the acylatjn al kyl.atin and/or arylatin

agent can be %}g{ﬁgﬁ‘& %.’Eré‘ﬁe FFFQ‘?C@EFI",VB‘S#‘[ nihg SEPX'B% PPg'ﬁl,keg% I t}ZI‘“Sd?(?‘E?th 20
nore, S0%@r AQLR iﬁéreaé?{? 8f {HECACSI glfouﬁfc%HﬁﬁmY%%a%ti&?'iii/&futcﬁéhé RorifdR Deg | N
the case where the conmpound of "Fornula (I) has hydroxy and/or al kyl hydroxy
substi t uent s, uamdctsdiphlyellkaps unplsting egent aod ddumity; and M yd e imejegriaupeightt i s
possible that_.all or a porti f such hydroxy and/or. al kyl hydr oxy .

Substi tuent s & fe 253l eRuRJer S 106 sUReyHe 2 FIORY , Pox{ping gty s p5ed 9 i e
case where theg6oRPRWIHE Qfsp%aﬁgrdﬁﬁ@m()l@ d&@i%d‘&&&ﬁﬁﬁ{orﬁﬂfjﬁﬁfhoﬂk Iy fo%ﬁﬁ{gPXY_
substituents, and such conpounds are reacted with an arylating group, 1t is
possi bl e t hat aaflitingragantyas désonbesf inghie eshsiphiaxyf sutnble elispatskyth yrdveosed infra.

bstituents will he, d t | | | kyl
Theref or e1S conpounduitge elkylitins agerts it £t 15l Akins Hehobs pretBapivsy o
al kyl, aryl ow%%m%%%ﬁow. osmta%lé%blfagﬁgldgél AIRIRE) {ar 6! r@fe?éﬂlﬁ?% I&f‘ci%gﬁor)e

t
of the present on. A salt”formof conpounds of Fornula
whi ch Z i s analkeg¢-sulistigitegt arplmonevirgielydiatitoxideesul t from neutralization with

base (a5 MY oCelr L1 SHRRE! B S5 o PLEAEL B! Dl Bl 0o
consi dered t 0af@oMhryliting bB&ht 260 BE a@histbd QudhMARI BPonly a portion, such as 25% or
20 more, 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 or 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
25  Formula (I} has 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.
Therefore, compounds of Formula (IT) substituted with acyloxy, acyloxy alkyl,
aryloxy and/or aryloxy alkyl groups are considered within the scope of the present
30 invention. A salt form of compounds of Formula (II) in which Z is an acylating group,
which salts result from neutralization with base (as may occur, for example, due to
interaction with a metal detergent, either in an additive package or a formulated

lubricant), is also considered to be within the scope of the invention.



-10- One preferred class of conpounds of Formula (11) includes conpounds of
Formula (Il1): (Y. )a (Il )az (l )aTa2Z-(l a (Yl )a Ar-{-L-Ar)m
ArHL-Ar) mAr--(L-Ar)mP 8 (l1l) wherein one or nore Y' are groups
Z(QCR2)" )yX- in which Z is derived frompbhactone 5 ester of fornula IV,
acid ester of formula V, or a conbination thereof; 2R3 RRA OH ROR/ RS
R6 OO0 (IV) (V) onberdtrmedlassiE colfpouits dRForm6ladIy ifsfudes eompolaidendent | y
selected fromH, al kff and polyal kyl and pol yal kenyl containing up to 200
C and Z' is Bemag(lBf formula Vi; ORI Rs O (VI) 10 wherein R8 and RO are
i ndependent|y sel ected from H aI kyI and pol yaI ky} and pol yal kenyl

cont ai ni ng up -;f 300 C g\ g[z 0; and are ch i ndependent |y
about 0 to abo ? 25, V\A‘f t e prov so that( )a< ﬁf and p & >
Preferred conp unds of la (11}) are th rein trom abou 2% fto
about 98% of tHE— LTHHAIIna e Z(O j4}Ar in Z hs _agy Jgho p and
yis 1lto 15 6, and fromabout 98%to 2%of plts are , S
conmpounds of Formula (I11) wherein Ar is naphthal ene; from about 2%to
about 98% of Y' wunits are ZOCH2CH2O-, from about 98%to 2% of Y' wunits are
-OCH3; and L is CH2. Particularly prefe%f)ed are conpounds of Formula (I11)
wherein At is naphthalene; fromabout 40%to about 60%of Y' wunits are
ZOCH2CH2O-,  andefeironadiorbre6f%rt @ralips ZYO(OR, )Y, X uin wisich Zeis d6ires), fraomilsctéeom

about 2 to about 25; pis from1l to about 1
s ester of formula IV, acid ester of formula V, or a combination thereof;

2R3
R R OH

(IV) V)
wherein Rl, RQ, R? . rR* RS, R® and R are independently selected from H, alkyl and
polyalkyl and polyalkenyl containing up to 200 C; and Z” is bisacyl of formula VI;

0
R®
RS

0 (VD

10 wherein R® and R® are independently selected from H, alkyl and polyalkyl and
polyalkenyl containing up to 300 C; m is ( to 100; and p and s are each independently
about 0 to about 25, with the proviso thatp<m;s<m;andp +s > 1.

Preferred compounds of Formula (III) are those wherein from about 2% to
about 98% of the Y’ units are Z(O(CR3)2),0-, wherein Z is an acyl group and y is 1 to

15 6, and from about 98% to 2% of Y’ units are -OR’’, such as compounds of Formula
(IIT) wherein Ar is naphthalene; from about 2% to about 98% of Y’ units are
ZOCH,CH,0-, from about 98% to 2% of Y’ units are -OCHs; and L is CH,.
Particularly preferred are compounds of Formula (III) wherein Ar is naphthalene;
from about 40% to about 60% of Y units are ZOCH>CH»O-, and from about 60% to

20 40% of Y’ units are -OCHj3; m is from about 2 to about 25; p is from 1 to about 10;



-11- and s is fromabout 1 to about 10. Preferably, group Z of Forrmula (111)
is derived froma polyal kyl or polyal kenyl succinic acylating agent, which
is derived from polyal kene having M of from about 100 to about 5000, or a
hydr ocar byl isocyanate. Conpounds of For mf?]a (I'l') can be derived fromthe

precursors of Fornmula (I) 5 by reacting the precursors of Fornula (1) with

the acyl ati ngamel@tfmnpa&mrm@lauomot IPRefeRBRS BRRP Zbf PorhinfiiiIH) acieiveat al yst,
such as sulfonic acid, e.g., dod ec]ly benzene sulfonic acid, par at ol uene
sgic

sul foni ¢ aci dfrem qqmlyrﬂhﬂsp pohyiabkeagl wicoinicacslating agesitavhish i @Egtveé from as

Amber | yst - 15, St - 36—+ zeql it a clay or t st en

pol yphosphor i B‘)lnag?lﬂy aé(fngaM(“éﬁg ?‘?ﬂ"“é%@ ?rﬂ%ﬂ‘ﬁ g@(gbf)r g%y%oggﬁgl[gls%cdwte
preferably from abpy, éQn&sq)fJf%rﬁﬁfal{m 2206e dMRERY frd il eh@ PRV 61R B IFoHAME (1)t he
preferred pol ybut enyl SUCCI nic acylating agents can formdiesters, acid

esters or 3 acbpmmcosg erespraitibors d Foomplauihd wath thé-acyleting ggdent, ptfoifwmhlmmsﬂmf
Formula (Il) can be derived from.the ecursor.s af For a (J b acting
t he precur sor BFEHICES ﬁﬁﬂaﬁ(chf[ G ﬂ@géils ﬁ?ﬁ%ﬁl? ﬁﬂda@%ngu(iﬁcy)al?%??ﬂﬁlwyeﬁlﬁent
15 preferabl y,dig ﬁa?ﬁoll%ﬁéﬁﬂf'cﬁu@ﬁm@ bt PHSPNGs gﬁ@ﬁ@ﬂélﬂ%r anelid&l4talyst such as
azodi car boxyl at e ( DEAD) , 1 quid acid’catal yst, such as sulfonic acid,

e.g., dodecyl Abdedgstel 55 IArﬁbaﬂyst-%.czedhtep,amawmlenbclsuIOE cbmngsteac:p(dymwsphonc
polyphosphorlc cid or a soli cid catalyst s . AS riyst-15,

bt 'yar 36, Scidottd SEreratRe oh S o8 g0 grow Corre SRRy IR ABNISO ei o
at a tenpeyat ey ofsoheOMFRRYT 1H SdvabAHAIRARC he? Seéf@fr@@mbw&ﬂya%eéméo to
20 about 250C. In one preferred enbodi nent, conpounds of 'Fornmula (11) are
the reaction aqyrlajdlgcztgemtfs can fiorxt diestersf amétektytsmdadmmajqe@s Maqhhhhomylp@mmmﬂ and

2-met hoxy naphth ﬁge conpounds, and an acyl ating agent selected from
pol yal kyl suct?™i®2acyl ati ng agent and pol yal kenyl succini ¢ acyl ati ng

agent, preferably egnipbaads draBrdmlRl) RN beRsHNaVESE th prefhrsbis UNFBRANG (BOO to

about 5000, preferably in the presence of an acid catalyst (preferably an
oi | sol ubl e | byuwadting ikt wetwors vf Bormauls Ol) ivdthaibie cdlkydatmgyageit. or dPylefieg agriny,, t he

o000l 181 heBASS ] B 5 SRR YRR Lo
The b oduct of G Dy e o e " and
et hyl ene car bogidt [mr@toblencr sdbanécladid or pelyphespborie agifl oa alsabid acidtcata)est suah $sor m
B?(F;C;[ ggxz‘ﬁt Ih ﬁ l:}%l&ﬁ ]%5 tAhrghb y(sf ;B%S)zetoﬁgalé} {n%lleirgleg:icw cltag} 0(’1%Qur?gél(::e%spsoiyghogﬁiogict °
acid; at a temperature of from about 0 to about 300°C, preferably from about 50 to
20  about 250°C.

In one preferred embodiment, compounds of Formula (II) are the reaction
product of a mixture of methylene-bridged naphthoxyethanol and 2-methoxy
naphthalene compounds, and an acylating agent selected from polyalkyl succinic
acylating agent and polyalkenyl succinic acylating agent, preferably derived from

25  polybutene having Ma of from about 300 to about 5000, preferably in the presence of
an acid catalyst (preferably an oil soluble liquid acid catalyst or a solid acid catalyst).
Preferably, the ratio of total moles of succinic acylating moieties to total moles of
naphthyl moieties is from about 1.10 to about 0.5. Preferably, the methylene-bridged
naphthoxyethanol and 2-methoxy naphthalene compounds are the product of a

30  process in which (i) a hydroxyl-naphthylene compound and ethylene carbonate are
reacted in the presence of a base catalyst to form naphthoxyethanol; (ii) the base is

neutralized with an excess of acid to provide an intermediate; and (iii) the



12- internediate is reacted with 2-net hoxy napht hal ene and formal dehyde in
the presence of residual acid. Lubricating oil conpositions of the present
invention conprise a major anount of an oil of lubricating viscosity and a
m nor anount of a soot dispersing 5 conmpoepnd of Formula (I1). Preferably,

| ubricating oil conpositions of the present invention wll contain from
about 0. 005 tmtékmettassis Yoacpdel e 2hathdxyamphihalehe Gnd fdrmaldeh@dd inShepaserde nor e
preferably fromabout 0.5 to about 2 mass % of a conpound of Forrmula (I1).
Qls of Iubri@é@ﬁﬁ@ﬂﬁﬁgbosity useful in the context of the present invention

MY 0SSO0t CEBE AR AN BndodPOhe ! A8 Qlekdn MY LEmpHIY 1 Bl 10
oils and mixtures thereof. The L ricating o nay range i n Vviscosi from
li ght distill aheunt ¢fearabil @fllabictinp edscysity biid aahineg adiduat sflahsoas dgaseingne
engine oils, mneral lubricating oils and heavy duty diesel oils.

General | y,5 t heoppaiegseft Korgrula gld). o Preferahlye dubricating oy ugompastions of dhe rasent
about 40 cent| . | t i b

centi st okes, !’;@E& %ggﬁﬁg@%‘%r%fééﬁrﬂﬁﬁtbr élfn%lg{]g/lolsptﬁ%ﬁ%y gﬁﬁln%{) E)lalqstoand

veget abl e oi | sbdue 5gnass Gaghere ppéferablyafrémeibbyt; 0.5 ké ahtud 2pedsk ¢b oL cempsuraist
hydrorefined, solvent-treated or acid-treated mneral oils of the
paraffinic, nEpHaMl: and ni xed paraffinic-naphthenic types. G ls of

paraff i nic., nEpAierH and mixed ! .
oi I's. 20 Synt het el uRET el e SRl Wbl AORHeR Aine Bl Fiyhieh oy s

hal o- substa t ubedelebiedr Re@r haoradillibriuad ¢, ROhYSEE ildaitadng dilkt fidadiynmssi zed
olefins (e.qg., pal butylenes,gfolypropylenesh propyl ene-1 sobut yl ene

copol ymers, cHiesiof ndhe ibrisalingoi ylagiarge ip ansgesithEgar iy si'SBB@ty(mlierah@iéwes),

pol y( 1-decen ik KY: S , I S .

tetradecyl ben}z?‘ggﬁgs}?@ﬁlgg? p%gﬁ@ear?eéa ?0181 (e?gggeog%éh%%@gﬁ?%%ﬁl%ﬁg%fr;ld heavy

pol yphenyl s ( @ut§.diesel pilte Gérterallye tiphdamyokisy ofithe\ibdagges fpah WpdeiotedyistoRedo

al kyl ated di phenyl ethers and al 'kﬁl ated di phenyl. sulfides and derivative,
anal ogs and habilt df<centigplsst espariaBy §eost abou Aeceqlipiokes jocabont 30 gentisikgsfasom a
gas to liquid f4oMm Fi scher-Tropsch synt hesi zed hydrocarbons, which
are comrgﬁl yn{r%é%?"ggcf%dwtbo@as gas to liquid, or "GIL" base oils. 30 Al kyl ene

oxi de pol yners andNafir&r Al MERAS aditthi A6k andtvegaablehalsaels. Washoe otihBird bay;m nal

hydr oxyl groups have been nodified by esterification, etherification, etc.,

constitute anbgwdrpesplesm oifs deﬁr@yi\‘/iﬂmtsi)ldemtdmt%b@ﬁ aedd-teated miprssleoitsrof

exenpl 11 ed bﬁle paraffinic, naphthenic and mixed paraffinic-naphthenic types. Oils of lubricating
viscosity derived from coal or shale also serve as useful base oils.

20 Synthetic lubricating oils include hydrocarbon oils and halo-substituted
hydrocarbon o0ils such as polymerized and interpolymerized olefins (e.g.,
polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1l-hexenes), poly(l-octenes), poly(l-decenes)); alkylbenzenes
(e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-

25  ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and
derivative, analogs and homologs thereof. Also useful are synthetic oils derived from
a gas to liquid process from Fischer-Tropsch synthesized hydrocarbons, which are
commonly referred to as gas to liquid, or “GTL” base oiis.

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

constitute another class of known synthetic lubricating oils. These are exemplified by

polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene



pol yoxyal kyl ene pol yners prepared by pol ynerization of ethyl ene oxide or
propyl ene - 13 oxide, and the al kyl and aryl ethers of pol yoxyal kyl ene
polymers (e.g., nethyl- polyiso-propylene glycol ether having a nol ecul ar

wei ght of 1000 or di phenyl ether of poly4qethylene glycol having a nol ecul ar

wei ght of 1000 to 1500); and nono- and pol ycarboxylic esters thereof, for
exanpl e, the @ded, sddicdaksl ang, arfll ¥@ersCf @dlyoayilkylehe ap@l}dnmt(ergs raamypi13
oxo acid diester of tetraethylene glycol. Another suitable class of

syntheti c | ubPelyiaeprepydaneselyenisthes avinger wolesplar @»felghél|0édp%5@9ﬁmbe%)dued1%er
e.g., phthal C i I

gucgi ni (F:) aci d&’ tcpo Ie%yl&gtﬁq%l %a@]ﬁg% mge dlklr u%gllﬁ ch?%(gf , Egasn?icljﬁglga/

fumaric acid, olg@hrm:@hacas&rs thiereolf efol ea@mgledt}rmaioenaabﬂmmraqnﬁedahklyg fmdyoni C
aci ds, alkeny? mal onic 10 acids 3 Wwith a varjety of alcohols (e.g., butyl

al cohol , Hexyacidpsenand Caoeraramd diesiehef tetraghdeng eliyedly | al cohol , et hyl ene

ot 'such esters ?Riﬁﬁé%‘éf’am%‘&?ﬁﬁfagﬁ.Oaasﬁﬁ,ﬁ% 05 N ALY oy REL o o
di - n- hexyl fugfeidbeylicdicidst (¢lg. SRt £id, Gutaniecicid, abzeba@ictic dtids andelkknyl

azel ate, dioctyl phthalate, decyl phthalate di ei cosyl sebacate, the

2-et hyl hexyl w#iceigicpcids, mals asid, azelaieiagidyiswberic apd. sehusicorpitl.efumasiceacid.or med
by reacting o C d b I | ycol
and top ol es PR AR AE M WA, b elRERoRL ik ARV SRy Co
i ncl ude t hoseadigavitt @%ﬁayt@ a%baolsr(ergoqaﬁjaoawdh@ mw@lc@mﬂ meyﬂl Beahot

pol yol esters Sﬁfh as neope l 1coI tri met hyl ol propane,

pent aer yt hri t dtethydiepshelaehoht Y?’éﬂ 2lxeel. dicthydane 2avopl monpgher, popglong ghsobas ed
o115 SuG 2 SARIRELEIK oe nREAREY b ROl o RIhREMA PEKRLAL cone
| ubri cagt S; ﬁ&fﬂﬁh@k}{lsfuhilaﬁdtudﬁo&tgl saﬁbdﬂil dﬁsolﬁul@atg@alaﬁﬁelﬂﬁaids?nrelealyate gliddtgat e,
tetra-(2- et t tetra- t - t t

t gt :2 E p-t gr t %’Igjb{te ;q% ?gffi@ﬁiy/lf;htegaqe?ég@(syl gg)acg{e thee2 Ct}llylhgi)(( ) 1gslterl gta lll’elOICIC
hexa- (4 hy yl (

poly(netﬂg ph%%%ﬂ?égfgggﬁg§%) h%g&gpﬁ?%§§%¥ nggé ?Iﬁ&é%??éx?ﬁbcéggnplquid
esters of phospmoled ws ttabihglent rgg,fcabmdsm(oamgl,es of Riedivitsxbngibagphat e, trioctyl
phosphate, diethyl ester of decyl phosphonic acid) and polyneric

tetrahydrofurans Eﬁémopﬁﬁ@fa$ébﬁﬂ@§@ﬂﬂﬁ %$§d6§Wﬂ?tHﬁF sudpritere &5 ¢ dup
Goup 11 or alrllng'yhcb?rﬁe Olﬁ @l%l&oﬁ'@egi}h}ol be!sﬁpsd%uaf tsh e L&S,gr%%ion??

base stocks. era ri"cating viscosi
or Goup Il bﬁﬁc&hﬂbmdxpane,rpeatmythmlm difeereefthriml asd mp)ehm@tmftola G oup |
base stock and one or nore a Goup |l and Goup Il1. Prefer

Silicon-based oils such as the polyalkyl-, polyaryl-, ap l%l/alkoxy- or
polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetracthyl silicate, tetraisopropyl silicate, tetra-(2-
ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)
silicate,  hexa-(4-methyl-2-ethylhexyl)disiloxane,  poly(methyl)siloxanes  and

25  poly(methylphenyl)siloxanes. Other synthetic lubricating oils include liquid esters of
phosphorous-containing acids (e.g., tricresyl phosphate, trioctyl phosphate, diethyl
ester of decylphosphonic acid) and polymeric tetrahydrofurans.

The oil of lubricating viscosity may comprise a Group I, Group II or Group III,
base stock or base oil blends of the aforementioned base stocks. Preferably, the oil of

30  lubricating viscosity is a Group II or Group III base stock, or a mixture thereof, or a
mixture of a Group | base stock and one or more a Group II and Group IlI. Preferably,
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



a major anmount of the oil of lubricating viscosity is a Goup Il, Goup 111,
Goup IV or Goup V base stock, or a m xture thereof. The base stock, or
base stock blend -14- preferably has a saturate content of at |east 65%
nore preferably at |east 75% such as atijeast 85% Mst preferably, the
base stock, or base stock blend, has a saturate content of greater than
90% Pr ef er abprgferatiip has h saturape coftbmnef anil¢dst 63 e mmres plefarablg anleast 75%f sucbss

t han 1% refera s than 0,6% S r ef rab | es han 0. 4%
nocant 5 by ctndeiey B5ite MARTRElereyyone PRE Shek oF bhi ok HAnG.Jus AGeiied by
the Noack volghddiof ¥rehfes %&@%W P&@é}%l%r g0 l%?%ﬂtthé’rﬂi W11 B sulBr 3G ent

preferably less thanTor equal to 25% e preferably less than or equal to
20% nost pr ebilesstthyn | %sprefdralydess tequhb % 1605t frefefabialess/that Ret % ibycos ghity
index (M)_ of the_oil ar oil blend is_ at |east refera a 100,
most prefetably f?@ﬁ%‘ﬁ&fgel atﬁgy PAche 1l Wta]ol"ln]if’i1 1 dn F’G?‘S“F‘FFL%Baé% 1\2?@9 ks
and base oi | sybigyifidiy 1968801, 6is 1A (RANTEr Bdual 1H36%, TRUEALI N | CaN
Pet rol eum | ns}t“?t lljt ? % pu i (S)n&gEngl ne@%lall Li cénsi ng gﬂg& a
Certificati onedpabtoe2d%, Ihnmmtfeyab@tazs thes obepgaal torB0%, nfeoupieteattli lesEdianiaon,

Decenber 1996, d , nber 1998. Sai u ati egorlze base
Stocks as T ol PGk 16%5 Byttt vhsedtsrieney bofihs A s ed hFkhe8 158t Lon
saturates and ) f have a vi scosi ty

i ndex great erfn?E ralﬂ&%?ﬁeg%l}gpaxﬁgggg an rﬁg(gﬁsl atg atnM?Ztg@%%l ng the test nethods

speci fied!d n Tabl Befinitiohs arahpbide dhake asd badesoitsomt thisnngeneiat ere thessamerasequal
to 90 percent r at s and . | es nt. sul fur

t
and have a v hé’é%sfg't? “hd ‘@‘PE‘&‘Eaé‘r E‘?t ﬁ“rﬂrfnéﬁtg (‘@%88511@?‘?6??” nging O 20
using the tepi..ABANOMR %ﬂﬁkfaheﬁi $ 1ehR0! Bidlsrf ) SeEiesP ﬁéphﬂ@l@ﬁte Bleeksth

contain greater than or equal per cent saturat es and less than or

equal to O. 03Eple1|ouelaecemhef |1|99(an°cﬂdhadwna Deéemtbies 898 t Haidpablicagiveanegotitean or
equal to 120 SI n Ehe ttpﬁst nmethods specified in Table 1. d) Goup IV base
stocks are po ‘V&PB% HPEPHRYS( PAO) . e) Group V base stocks include all other

base stocks not ingjudegrifp 1BRERidoks ! dontdid NessOthah V60 Brcent saturates and/or
greater than 0.03 percent sulfur and have a viscosity index greater than
or equal to 80 and less than 120 using the test methods specified in
Table 1.
b) Group II base stocks contain greater than or equal to 90 percent
20 saturates and less than or equal to 0.03 percent sulfur and have a
viscosity index greater than or equal to 80 and less than 120 using the
test methods specified in Table 1.
c) Group III base stocks contain greater than or equal to 90 percent
saturates and less than or equal to 0.03 percent sulfur and have a
25 viscosity index greater than or equal to 120 using the test methods
specified in Table 1.
d) Group IV base stocks are polyalphaolefins (PAQO).
e) Group V base stocks include all other base stocks not included in
Group I, IL I11, or IV.
30



- 15- Table I - Analytical Methods for Base Stock Property Test Method
Saturates ASTM D 2007 Viscosity Index ASTM D 2270 Sul fur ASTM D 2622 ASTM
D 4294 ASTM D 4927 ASTM D 3120 Lubricating oil conpositions of the present
invention may further contain one or norgsashless dispersants, which
effectively reduce formati on of deposits upon use in gasoline and diesel
engi nes, whenTaslded AnalkidRrNVie@biNbr WakSstofphl ess di spersants 5 useful in the
conpositions of the present iInvenfion conprises an oil sol uble polyneric

| ong chai n backbone havi ng fun®répsral grolibest Methdsl e ¢f associating with
articles to be dispersed. Typireatty—stuehgdispersanis conpri se am ne,

gl cohol, am de or ester polar ﬁ%’ir%ﬁ,es at%ﬁtﬁritog t he pol yner backbone,

often via a bridging group. The/;Qsi fviex CASPRIB3RToMy be, for exanpl e,

selected fromoil soluble saltjs, esters, amno 10 _estérs, am des, imdes and

oxazol ines of |ong chai n hydrofaltbhon- substASTMeD 268Bo1 and pol ycar boxylic

aci ds or anhydrides thereof; thiocarboxylate derivatiyes of long chain

hydr ocar bons; |ong chain aliphatic hydroce@EB%Dﬁg‘%ng pol yam ne noi eti es

attached directly thereto; and—anmith LO[QSTR{¢$4QQ7p oducts forned by

condensing a |ong chain substjtuted phenol " w for mal dehyde and

pol yal kyl ene pol yam ne. 15 Preferably, theagtht psS92di spersant is a "high

nol ecul ar wei ght" dispersant having a nunber averagelnol ecul ar wei ght (M)

greater than or eqlabricasing cdo@mpngiiens at thequorehinyedm may fdrthep @ontamhene

preci se nol ecul ar wei,ght ranges wll,. depend on . the type o ol yner used to
Porm the di <plF ars s chBRRERs kbt AERRERA Rgpis it SLABR-ANB e E%Ty pe
of polar funcii eaalind =R RIREPERNRME; whel 18X RbrifAngoik0 RSMI¥isSAbEEnane
derivatized dispersant, a high nol ecul ar wei ght dispersant is one forned

wi th a pol §nensaielcrbloneompasitiogs of theresentingentipn qomipeised a oihedlyble petymerism
about 1680 to, about. 5600. Tvypi cal. comerciall avai l.abl e. .. . .
v sobuty! oliRainiSchboneiRl i e QIRL Slofd SRl o A cBiating with particlpsia 1o a

nunber aver agge NpeEEld.arTypi@ilightudhadighdiShnty Sk Am R0 alcBhAD akide? 30 Bster
functionalized by mal eic anhydride 25 (MNV= 98), and derivatized with

pol yani nes happhag mpietsis easiarkad (Rethgolgner bagkbone, often via a bridging group. The

ashless dispersant may be, for example, selected from oil soluble salts, esters, amino-

10 esters, amides, imides and oxazolines of long chain hydrocarbon-substituted mono-
and polycarboxylic acids or anhydrides thereof; thiocarboxylate derivatives of long
chain hydrocarbons; long chain aliphatic hydrocarbons having polyamine moieties
attached directly thereto; and Mannich condensation products formed by condensing a
long chain substituted phenol with formaldehyde and polyalkylene polyamine.

15 Preferably, the ashless dispersant is a “high molecular weight” dispersant
having a number average molecular weight (M.) greater than or equal to 4,000, such
as between 4,000 and 20,000. The precise molecular weight ranges will depend on
the type of polymer used to form the dispersant, the number of functional groups
present, and the type of polar functional group employed. For example, for a

20  polyisobutylene derivatized dispersant, a high molecular weight dispersant is one
formed with a polymer backbone having a number average molecular weight of from
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

25 (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



about 100 to about 350. Polyners of |ower nol ecular weight may al so be used
to -16- form high nol ecul ar wei ght dispersants by incorporating nmultiple

pol ymer chains into the dispersant, which can be acconplished using nethods
that are know in the art. Polyner nol eculag-weight, specifically R can be
determ ned by various known techni qgues. One convenient nethod is gel

per meat i on chfonsiigly nmbdoplaf @GREILt disperatmits hy aebidratire myltmﬂmpdlgllasr chainsaoloar

wei ght distrihutjon information (see W Kir d D. D
By, "Mbdern % Spesé@muév iap&ﬁ.aacwl&%}ﬁ Bﬁ?%ﬁﬁé‘“ds%ﬁﬁ P 5? f#tSons,
New Yor k, 1979). I sant
(e.qg., Pl BSA- pol yam Qﬁ%@?gﬂ%t?ﬁk ‘:g‘lc?gy et’e(rgﬁl‘l Réég’@{e%weag?gé’g‘ﬁ@% of

t he am ne naykms&chﬂnqwh sfm&:rcsmmmem righadls gebpetnizyitidrh ehromlatography QGPEdi ng
to an i naccurate_ nol| ecul determ nation. Persons famliar wth the

operation df ®BeEhedis ﬂv RIH F% ulas ayeighii disbyHPR ARfeEpatRR BeF M ndfed by
T nor anount - qaa S PRIEHELETD Tl Sbded SR labid OhBhtfbriiryh, B
addr essed by dt(ﬁippIWley afik Sand, dewi Ydrkadet9)c & kyed rdotkeutan dve ghitr e tin ragninére

nol ecul ar wei ght based on the 15 _nunber of cappin r oups not her usef ul
met hod for def@MARHENYSPRSIABE (§-&r PR HPRlyaNying o1 Etﬁ%fgfy%ﬂ&)es SR AeBnBed ar

wei ght pol yne I r Ty 5 The
dogroe bf pol Ui SEPeRinehRaR ARy SRR gk o fe dasonfialt B Im. W10
x ol . wt rm)nomdmlg t3inaindcduints nﬁcﬂecwdreumgl}nodqzmlaatnfn tPﬂscﬁmrfanﬂm viogh [tRy be

cal cul ated as foll ows Vh Xx. mol % npnoney monone
mol . wt m)nomaPP‘?Lrati%Ot;(G%qub\}tpn}?&hbﬁr‘%ﬁt@dﬁpé‘f%’fsﬁi’ emtrﬁ%y %%69!@@3@2173' Ring

pol yner i zati og fnfu%d éd&@ed?@%%%ﬁrsuleﬁ% g ﬁ.\?& g’lgiF)trﬂﬁgg'M M lafholthe d€ast

30, typically nore pre to 1 preferred
hydr ocar bons pyrigiaé yasesppossgplooyed THE.t the prcrhl@ntmnz\nalm(bb wdéres% by capping

honopol ymers, i nt er pol ymers._or | r | ecul ar wei g ydr oc ons.
famly of us&iurmps| itk Aseticonmdt Y?ivﬁ ﬁgﬁfﬁﬁﬁgﬂtﬁ th@trﬁweeﬁér &ﬁ@b?’ ?rgg@.et one
C3 to C28 3l pﬂﬁmb@lj S aPpllﬁggrdl%at MGl MErd MidboE iR derdthlifg Hloﬁculaz r\%ﬁ 1l ght

or branched chain a conprising 1 to 26 carbon atons erein
t he pol yner cpmm:iau]ladycfalr lover nwleadar borightnedyraerat isonpoppresarabdnyoracthy (Hoe,

degree of ter m naAS]eMtE:l‘%l Sdene unsat urati on.

The degree of polymerization D, of a polymer is:

D _Z Mn x mol.% monomer i
P . 100 x mol.wt menomer i
|

20  and thus for the copolymers of two monomers D, may be calculated as follows:

Mn x mol.% monomer 1 + Mn x moi.% monomer 2

Dp: 100 x mal.wt monomer 1 100 X mol.wt monomer 2

Preferably, the degree of polymerization for the polymer backbones used in
the invention is at least 30, typically from 30 to 165, more preferably 35 to 100.
The preferred hydrocarbons or polymers employed in this invention include
25  homopolymers, interpolymers or lower molecular weight hydrocarbons. One family
of useful polymers comprise polymers of ethylene and/or at least one Cs to Cyg alpha-

olefin having the formula H)C=CHR1, wherein R' is straight or branched chain alkyl

radical comprising 1 to 26 carbon atoms and wherein the polymer contains carbon-to-
carbon unsaturation, preferably a high degree of terminal ethenylidene unsaturation.

30 One preferred class of such polymers employed in this invention comprise



30 One preferred class of such polyners enployed in this invention conprise
- 17 interpolyners of ethylene and at |east one al pha-olefin of the above
formula, wherein R is alkyl of from1l to 18 carbon atons, and nore
preferably is alkyl of from1 to 8 carbon7atons, and nore preferably still
of from1l to 2 carbon atons. Therefore, useful al pha-olefin nononers and
conononer s i naltergelynifedy ofeathyiphe andatdpast ene alphaoidfiane-the abevedoamidla, whireine- 1,
4- et hyl pent ene- 1, decgfge-l, dodecene- 1, tridecene-

n 1 , ..tetradecene- 1,
pent adecene- R ialuel e o Hegroprestens. and laefeamééé%x islalﬁﬁrﬂa’rf]aa%ééﬁé-l,
and mxtures theRRofoe did mBleXhfEIQ sl APHLANE B chybE ARy, Ebrctdle,
i ke). Exenplary of such porlnyme s are’ propyl ene honopol yners, butene-
honopol ymner s, ugefopylphaeldin enacnersobydreosmonetnbysl archider dmy keaepleopaipyteaes, 10
et hyl ene- but epe- 1 cogolyrrers and_the |jike, wherein the pol yner contains at
| east son® t ERiENerAt hessasdr optiResl ndumathaBEniener | AHeCcensr braddeedepo IHRSFAS-4r &

unsaturated  cRGLAIENS ChofidbLANE. AL AIARNENC ABIBLhYl enCoARRH. g1 1.

The interpolyners this T nvention nay contai’n a nor amount, e.

5 mol e % of antdadecen€lll and mixwmessjtheradfe@. odi mixefrenofomopyleiesnd bdwwevErand ithie i s
preferred tha&_ t he pol yners gg this 15 invention conprise only alpha-olefin
honopol yner s, Kk er %6??‘9@1‘% £ sHEl hBRlpmsts; Are JYRBHSHe rROmeReLY ey SOKSIEEr s of

et hyl ene and - in r T C e e
ol ymers. empl SyRapo Sl ¢ cRARARIRG:  (WBolRAl, AnIHIep IO SBadBES 60
% and none petiyematbuyendd tepolinéts ANdetheplilap wienanathd/poiyreit eneaiils at éeast
enpl oyed as conononer(s) with ethylene, the etg,yl ene, content of such

T

copol yners i s S90¢ nigERINAY ARYPRHPFITRE UNSHHIAMIGN o n FTHETOR PAIIEE FHE HIngpRIFaLSSt

| ower et hyl en t RN . t@%ﬁ may . by
pol yneri zi ng S?%‘ﬁ@gﬁe ien mﬁ%ﬁ{rwgﬁeﬁnﬁur eg o#%ar?% aefrgl g??gﬁﬁgﬂgﬁn%%s or
m xt ur es conpof singvedtinn maecandnatmineashowrtee.g@BS to5 GRde & g oloaT jgmon-
mononer, in the presence of a catal ysi system.co ising at 25 | east_one

mot al | ocene (&ogEAE Byﬁ?fabema%ﬁ@myu Hppkre, ttiléﬁ’g‘lr)fré{r%f, ﬂ&éﬁ%aﬂaweasnaf i

al unoxane ;£onpAAden 'Yeinplsd BhE ﬁljbﬁ&-%l%?in ﬁorﬂ&ﬂdﬁﬁérsl Hlt%bﬁ’ﬁle%?{? %IphﬁQﬂ&irPf
the polynmer chains possess térm nal ethenyli dene-type unsaturation can be
provi ded. The copencraetage imwérppbinyeren! ethglens areképha-blefig comonbmats. dihlkenglhi dene

unsat uration be determ ned by FTIR spectroscopic anal ysis, .ti.tration,
or CL3 VR 1 AID6IgRERCOlghe BsPifrsemaloy B i GRaTHty onas BIAHTK b HEaa e, | he
formul a POLY- Gf B ko 651d,, whe rn%rgﬁfgfefaﬂy $oliol @ 2 6wakk plopyRLELRI/BPbYefe-1 bR C18
al kyl, nore preferably C, to al kyl”, and nost
employed as comonomer(s) with ethylene, the ethylene content of such copolymers is
20  most preferably between 45 and 65 %, although higher or lower ethylene contents
may be present.
These polymers may be prepared by polymerizing alpha-olefin monomer, or
mixtures of alpha-olefin monomers, or mixtures comprising ethylene and at least one
C3 to Cyg alpha-olefin monomer, in the presence of a catalyst system comprising at
25  least one metallocene (e.g., a cyclopentadienyl-transition metal compound) and an
alumoxane compound. Using this process, a polymer in which 95% or more of the
polymer chains possess terminal ethenylidene-type unsaturation can be provided. The

percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be

determined by FTIR spectroscopic analysis, titration, or C'> NMR. Interpolymers of
30  this latter type may be characterized by the formula POLY-C(R1)=CHy wherein R' is
C, to Cy alkyl, preferably C; to Cz alkyl, more preferably C, to Cg alkyl, and most

preferably C; to C; alkyl, (e.g., methyl or ethyl) and wherein POLY represents the
polymer chain. The chain length of the R' alkyl group will vary depending on the



preferably C, to C alkyl, (e.g., nethyl or ethyl) and wherein POLY
represents the polynmer chain. The chain length of the R al kyl group wll
vary depending on the -18- conononer(s) selected for use in the

pol yneri zation. A m nor anount of the polyger chains can contain term nal
ethenyl, i.e., vinyl, unsaturation, i.e. POLY-CH=CH2, and a portion of the
pol yners can candminterishsdedead formoimkapalyaicriaatiore . 4 mikGLamouGHeCHE Rio) ymer
wherein R is as defined, above. These termnally unsaturated 5 _interpolyners
may be prepar %‘&leaﬁﬁmlfl@%ﬂnﬁ]ﬁ%‘?@ldﬁeﬁﬁl@flf‘ylsa‘iﬁ‘éat’r?&yl-%lpéﬁd%‘é:}l?f&’g%’aaﬂéd as
described in U S _.Pat Nos. 5 498, 809:; .5, 663, 130; 7 10, 5, ~A15;
6. 022, 929 and™UHH 930 MARBVRBF abr traR SRR BoS e oR, o €1 BPLY
prepared by catieii&1y\p igat:i o ] e, r : ike.
Common: pol yrec iR R ROUER 2 OB, REAhaEMbRTS: ThEE RamindRe vhafulch

pol yneri zat i oimtapolyntess makibeeprgpatd dgnkiawn netdldoericedenusing end mdy abolte 35
to about 75% by w., and an i sqbutene_content o 3 to, ab % by
wt., in the pP’@Q%‘ﬁéea%f‘?ﬁécrﬂl&ﬂi §naitli-§ Eateg yes. gﬁgg%ﬁé aﬁoﬁﬁﬁlrﬁ.(i)m gﬁbﬁgﬁ 'or i de
or boron tri fg}gquf’hgg;.?,&pggﬂdr@@@mce of monomer for making pol y-n-

butenes is petroleum feed streans such as Raffinate Il. These feedstocks are
15 di scl osed in thanatter suefulasldasn bf SolRatmntis Noolyhe852rei89ed by cationic
Pol yi sobutyl ene i s a post ref erred backbone of the present inventiagn

because it i sPPREEFESHONAiFCRYRORYYICEE: BRIt o] §RBMCERITGRCTS (om Bt €A
streams (g 9- incHRfe bl ldblion® oBfameAalabotfhedizarBial a O IMRAP UhatlnPh

general ly con anounts of "about” one et ?ani C
doubl e bond pbutepotymren of bout,3 5o sboutdidéebakongnd ke isphatene c@flerAf abdwe B0
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ethylenic double bond per polymer chain, positioned along the chain.

20 As noted above, the polyisobutylene polymers employed are generally based
on a hydrocarbon chain of from about 900 to 2,300. Methods for making
polyisobutylene are known. Polyisobutylene can be functionalized by halogenation
(e.g. chlorination), the thermal "ene" reaction, or by free radical grafting using a
catalyst (e.g. peroxide), as described below.

25 Processes for reacting polymeric hydrocarbons with unsaturated carboxylic
acids, anhydrides or esters and the preparation of derivatives from such compounds
are disclosed in U.S. Patent Nos. 3,087,936; 3,172,892; 3,215,707, 3,231,587;
3,272,746; 3,275,554; 3,381,022; 3,442,808; 3,565,804; 3,912,764; 4,110,349,
4,234,435, and GB-A-1,440,219. The polymer or hydrocarbon may be functionalized,

30 for example, with carboxylic acid producing moieties (preferably acid or anhydride)
by reacting the polymer or hydrocarbon under conditions that result in the addition of
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



by reacting the polynmer or hydrocarbon under conditions that result in the
addition of functional noieties or agents, i.e., acid, anhydride, ester
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carboxylic acid producing moieties (preferably acid or anhydride moieties) selectively

20 at sites of carbon-to-carbon unsaturation on the polymer or hydrocarbon chains, or

randomly along chains using the three processes mentioned above, or combinations
thereof, in any sequence.

The preferred monounsaturated reactants that are used to functionalize the

backbone comprise mono- and dicarboxylic acid material, i.e., acid, anhydride, or

25  acid ester material, including (i) monounsaturated C4 to C, dicarboxylic acid wherein

(a) the carboxyl groups are vicinyl, (i.e., located on adjacent carbon atoms) and (b) at

least one, preferably both, of said adjacent carbon atoms are part of said mono

unsaturation; (ii) derivatives of (i) such as anhydrides or C; to Cs alcohol derived

mono- or diesters of (i); (iii) monounsaturated C; to C;9 monocarboxylic acid wherein

30  the carbon-carbon double bond is conjugated with the carboxy group, i.e., of the

structure -C=C-CO-; and (iv) derivatives of (iii) such as C; to Cs alcohol derived

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



30 the carbon-carbon double bond is conjugated wth the carboxy group, i.e.,
of the structure -C=C-CO; and (iv) derivatives of (iii) such as C, to C5
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20 For example, the polymer, in solution or in solid form, may be grafted with the
monounsaturated carboxylic reactant, as described above, in the presence of a free-
radical initiator. When performed in solution, the grafting takes place at an elevated
temperature in the range of about 100 to 260°C, preferably 120 to 240°C. Preferably,
free-radical initiated grafting is accomplished in a mineral lubricating oil solution

25  containing, for example, 1 to 50 wt.%, preferably 5 to 30 wt. % polymer based on the
initial total oil solution.

The free-radical initiators that may be used are peroxides, hydroperoxides, and
azo compounds, preferably those that have a boiling point greater than about 100°C
and decompose thermally within the grafting temperature range to provide free-

30 radicals. Representative of these free-radical initiators are azobutyronitrile, bis-
tertiary-butyl peroxide and dicumene peroxide. The initiator, when used, typically is
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
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such as nitrogen atorns per molecule. Mixtures of amine compounds may advantageously be
20 used, such as those prepared by reaction of alkylene dihalide with ammonia.
Preferred amines are aliphatic saturated amines, including, for example, 1,2-
diaminoethane;  1,3-diaminopropane; 1,4-diaminobutane; 1,6-diaminohexane;
polyethylene amines such as diethylene triamine; trtethylene tetramine; tetracthylene
pentamine; and polypropyleneamines such as 1,2-propylene diamine; and di-(1,2-
25  propylene)triamine,

Other useful amine compounds include: alicyclic diamines such as 1,4-
di(aminomethyl) cyclohexane and heterocyclic nitrogen compounds such as
imidazolines. Another useful class of amines is the polyamido and related amido-
amines as disclosed in U.S. Patent Nos. 4,857.217; 4,956,107; 4,963,275; and

30 5,229,022. Also usable is tristhydroxymethyl)amino methane (TAM) as described in
U.S. Patent Nos. 4,102,798; 4,113,639; 4,116,876; and UK 989,409. Dendrimers,
star-like amines, and comb-structured amines may also be used. Similarly, one may

use condensed amines, as described in U.S. Patent No. 5,053,152. The functionalized
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al so be used.pdbymed & Irga,ctedneutha;he ammecomﬂpmmdduﬁrrfg mvemmndbss@hhhpds iam U. S.

Pat ent No. 5, 053,152. The functi na i zed. - 22 ted w,th.the
ami ne conpourfifseidiedy ferraEmis, gn Eetﬁm Ha%s“ %?@85%320?8 &%ﬁﬁﬁua, in
U. S. Patent I\@}S_A_é?g% 435 and 5, 229 022, as wel | as in EP-A-208,560. The

functionalized, -sol'ubl e pol yneric hydrocarbon backbones nmay also be 5
derivatized with h’phtrfmnytimﬁpuh rmdssombdrhpczismﬂrinhhmc:irbomhdclqbohg&mdy also be

Pr ot orr o Séwgﬂva“vtaﬂ@e? R bfroRE SPAEPtHs SHy BRIADE 18 PPRRACRCPRS o
al kyl ene radig Ef'?d '&ﬁm‘};&ﬁﬁﬁs Olfcﬂ £ ﬁ?r{otl’@&né‘tr% thofst N&IrefdBEd YolpRlaviBydri c

al cohol s i ncl ude g ycero , nhono-ol eate o glycer nonost earate ©
gl ycerol, mnﬂo@to&winchﬁbelkmnegly@ﬁs al whmhrthacaklgyﬂdmmmmbal dbirtains from 2 to 8

dlpentaerythrltol and m xtures spersant may gl so
derived from CARPRILAGMSE e QAT USHEN SPO @Xéﬁc fsy1n°g'|d8 meromrqmé)nquat% ohol ,
propargyl alc t

cl asses of al %gﬁér?ls j’%%%%%‘%t%?’%ﬁﬁ%f‘ﬁ. ﬁnéﬁ gﬁhﬁgg}s&}gﬁlspegggeﬁ?g ﬂggbﬁ%@gm

et her - al cahol &pentamyﬂndtoigaxmyummytmmf aAa oiey disperphmmeay See he éeﬂnmd fadrsohol s
are exenplified her - al coh h pto 15 15 al k e radical s
in which the ‘&Tsﬁt}‘i{"’éﬁ%a]rc%‘?a}é’a?“c cﬂ%t%‘axgpcgpgl cymagy a@&%‘ﬁ‘oﬁ’%ﬂa Coﬁ“ﬂgqest er
di sper sants g|dhexdic: 281 it BleyPURCHBLC Q8] S cIBGEL FSMESs lcafable of
partially esterified succmlcg s, as well as partially esteritied

pol yhydri c al peldolgsasblesptispabats comlmse edﬁrelt@hbhvlmgldfrrgaﬂyadlk}dhm mcbmxy~

phenol i ¢ hydr ox al s ester dis ared b one
of several anH Fr‘aeéj‘}‘?gcféheé? QQ@W%E’EFmFﬁgfeﬁiyﬁg%ealcqqﬁls& y"No
3,381, 0224 Prﬁf(ﬁéﬁé?gad%a@suﬂﬁwmchdﬂhé%ﬁ(ﬁé’}ﬁtraﬁﬁﬁi U&ﬁaxﬁ?'fﬁéﬁimlnt% @'%Eﬂb‘éﬁta’t&ﬁg poly

a-olefin, dispersants, particularly “ethyl ene/butene al pha-olefin and
pol yi sobut y| s b&i@e@ismnsaﬂpsemaarbbsh cRarst ofcuicamiy apdedeaciddstarse i.as pagsdly

G obersants Serl el Lol Ok R LENS PUORLAL R SUEE D o
di am ne, tet r?@"é&Yér@H@vﬂ@ﬁE@ﬂl‘cB@ols BF plenoRO hy@sY Akdeié=p1eAR B t¥Ads ResanE iy
pol yoxypropyl ene di am ne,
be prepared by any one of several known methods as described, for example, in U.S.
20 Patent No. 3,381,022
Preferred groups of dispersant include polyamine-derivatized poly a-olefin,
dispersants, particularly ethylene/butene alpha-olefin and polyisobutylene-based
dispersants. Particularly preferred are ashless dispersants derived from
polyisobutylene substituted with succinic anhydride groups and reacted with
25  polyethylene amines, e.g., polyethylene diamine, tetraethylene pentamine; or a
polyoxyalkylene polyamine, e.g., polyoxypropylene diamine,
trimethylolaminomethane; a hydroxy compound, e.g., pentaerythritol; and
combinations thereof. One particularly preferred dispersant combination is a
combination of (A) polyisobutylene substituted with succinic anhydride groups and
30  reacted with (B) a hydroxy compound, e.g., pentaerythritol; (C) a polyoxyalkylene
polyamine, e.g., polyoxypropylene diamine, or (D) a polyalkylene diamine, e.g.,
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
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20  halide boron acids, and esters of boron acids, in an amount sufficient to provide from

about 0.1 to about 20 atomic proportions of boron for each mole of acylated nitrogen

composition. Useful dispersants contain from about 0.05 to about 2.0 mass %, e.g.,

from about 0.05 to about 0.7 mass % boron. The boron, which appears in the product

as dehydrated boric acid polymers (primarily (HBO,)s3), is believed to attach to the

25  dispersant imides and diimides as amine salts, e.g., the metaborate salt of the diimide.

Boration can be carried out by adding from about 0.5 to 4 mass %, e.g., from about 1

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

compound, preferably boric acid, usually as a slurry, to the acyl nitrogen compound

and heating with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,

30 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

the dicarboxylic acid material and amine, while removing water. Other post reaction

processes commonly known in the art can also be applied.



Boration can be carried out by adding fromabout 0.5 to 4 mass % e.g., from
about 1 to about 3 nmass % (based on the mass of acyl nitrogen conpound) of
a boron conpound, preferably boric acid, usually as a slurry, to the acyl

ni trogen conmpound and heating with stirrég at from about 135C to about
190C, e.g., 140C to 170C, 30 for fromabout 1 to about 5 hours, followed by
ni trogen stri ppi ngTheatsperaantimay glso thiecfurthesr pst treatad ryncagtion wish aoswdertledd by
adding boric acid to a hot reaction mxture of. .the di caést}]m\(rglbié:n aci d 4.
material and amnes 2&Hle ?%Vr‘?r‘B\)P?FS YoRlQEen-Epiaining dispersants iaye bect) SapRedy
comonl y knovw reduceliige alvierseafifedd sieh A&paRitt Béve orldhe (bR eHstdRs: 2ALihe R8s, al SO
be further post treated by reaction wwth a so-called "cappi ng agent".
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et hyl acet oacgt at.e,( EAAL IS d i pbed o) I in U.S Patent Nos.
4,839,071; 4,849 .S'aﬁﬁﬂ’,og’ig?%@:_ g LIS or g ﬁ?"’t%‘%e‘ﬁ-ac peThi ng
di spersant angbnkahiik digetdni sndasali¢ BEd.is ldescrd¥anr @xampleVirSU. SapLdk NNp. 10
3,185, 704. The reaction product of a nitrogen-containing dispersant and

ot her suit ab}.¢8%3phi nfhargestionapwdues ef iabadraganioBainng disperyae. aad a8®r064

(glycolic acid),; ;4,612 132: 5 334,321,.5 52::5, 7 ; 9,676,
50801, 365 (a RIS APRPEARENS 2rE drishRE] LY By v Aeath eBrdfeyid?
5,328, 622 (nmoneiEpexisded,38; 62366432; 5,756.988,5/448,675; 2.8381,965albyl48d afkSlenepol y
(e.g., bis)-epoxides) and 4, 686,054 (maleic 15 anhydride or succinic
anhydri de). Tembenstasgor-8g Iefistenies qaghonatehiaus 28,022 ntmencthenroxidest hoH20.695;
capping nitro z t al,pg .di t e k to idled in.the
ot For adequars B bar Bt B I by el P e DA R plrkone
can be addedarhydfidle aPBUBEniRr Mbydiing. t The Ifukbimgt lisids Qlot exBAPRASE h@biidrt h
fromabout 0.03 20 mass %to about 0.15 mass % preferably from about 0.07
to about 0. 12mgkeds of cappingpitrosgeRontaamedigsrIantsce knows thpse akilled 8y ther at ed
in the conposjtions of the invention to enable themto neet particular
requi renents. anpl es of additives which may be included in the

| ubricating oil coRpoaddguaespigoe dépssy gatiod,a ARtogbn-cudthiniiphdidpéredrs can be
added in an amount providing the lubricating oil composition with from about 0.03
20 mass % to about 0.15 mass %, preferably from about 0.07 to about 0.12 mass %, of

nitrogen.

Additional additives may be incorporated in the compositions of the invention
to enable them to meet particular requirements. Examples of additives which may be
included in the lubricating oil compositions are detergents, metal rust inhibitors,

25  viscosity index improvers, corrosion inhibitors, oxidation inhibitors, friction modifiers,
other dispersants, anti-foaming agents, anti-wear agents and pour point depressants.
Some are discussed in further detail below.
Metal-containing or ash-forming detergents function both as detergents to
reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
30  wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail, with the polar head comprising a metal salt of an
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



25 viscosity index inprovers, corrosion inhibitors, oxidation inhibitors,
friction nodifiers, other dispersants, anti-foam ng agents, anti-wear
agents and pour point depressants. Sone are discussed in further detai
bel ow. Metal -containing or ash-form ng detgrgents function both as
detergents to reduce or renpove deposits and as acid neutralizers or rust

inhibitors, tRgkehyd R&ﬁ%i%all?%a%%rto@f‘gas%q{uh%ir QP THN (X8 MBasaRY e
life. Detergents generally conprise a polar head with a | ong hydrophobic
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measur ed by STM D2896) of fromO to 80. A large anount of "a nmetal base may

be i ncor pof at ddtergent petetauny leyer ed s metlbase ¢erpocanicbniate) gnicelén Sudhdevedrased

hydr oxi de) w th an aci di as . carbon dioxide). T res in
over based det SFsEITAL AFEa TR AP0 Gaie8Car Rl s e SN W g o
a netal base (8n3s45RbPRBALE) mMcelle. Such overbased detergents nay have a

TBN of 150 or greater, and typically wll have a TBN of from 250 to 450 or
nore. Detergents t Hadtengays bibausery ibachsede imiudes ollusblublmengtiral andh dovevisasbdised

sul fonat es, phenates, sulfurize henat es, thi gphosphonat es, sal | cyl at es,
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lithium calciu magnesi um comonl y used netals are cal cium
and nagnesi umallufhine bantaynetady, k. ghesopgues @otassiium, Heten gadismysebimagneaiinubThe ant |

and m xtures of cal ci um and/ or nesiumw th sodium Particylarly
conveni ent metBst GORBIOGLHE S A g § qlugﬁadmgg@dww%@%@ ReUTPEsRAL es
having TBN of 3 rdf%BErrgézhtst BsctPR I mrﬁ@ﬂg aﬁﬁ%%ﬂié?sa?fjcﬁmhpﬁﬁcﬁgr GRbheiTh with

phenat es and sul ed phenat es havi ng rom 50 to 450. “Conbi nati ons
of det er gent spdinhet Raticoludy kesechicant meealtdesdrgonts et deutralbyndoevanisasdd calcium

Sul f onates ma e prepared_f ul foni c aci whi.ch are typically obtained
by the suI‘\‘Soné%t1 BWQWE%I’P@FBi‘ﬂgéETP’Enuf%H) é?%ﬁg&’@nﬁﬁ%éla@ﬁgg rased calsimhose
obtained 20 f . j i a j

o omat ¢ hogr Gusts End hafiz08 Bheffedip B TBNCUTH, S0/ 0. 2k B0 Of

benzene, tol uektrgemd, erbether oegrhised loe najtrallbpbahyiapbe tibedi r  hal ogen

derivati h I b hl t d chl hal Th
dori val [ ves such as, gl or obenzenc el HonoL N AN dnch o0 el Shehey e

by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained

20 from the fractionation of petroleum or by the alkylation of aromatic hydrocarbons.

Examples included those obtained by alkylating benzene, toluene, xylene,

naphthalene, diphenyl or their halogen derivatives such as chlorobenzene,

chlorotoluene and chloronaphthalene. The alkylation may be carried out in the

presence of a catalyst with alkylating agents having from about 3 to more than 70

25  carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or

more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl
substituted aromatic moiety.

The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with

oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,

30  nitrates, borates and ethers of the metal. The amount of metal compound is chosen

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

100 to 220 mass % (preferably at least 125 mass %) of that stoichiometrically

required.



presence of a catalyst with al kylating agents having from about 3 to nore
than 70 25 carbon atons. The al karyl sul fonates usually contain from about 9
to about 80 or nore carbon atons, preferably from about 16 to about 60
carbon atoms per al kyl substituted aromajgc noiety. The oil soluble

sul fonates or al karyl sulfonic acids may be neutralized with oxides,

hydr oxi des, al koxi Kiegl saltrdTPhah@s and anhexxl $h@ml§weflir@1ﬁsed by tbaosad witdlas, 30

nitrates, borates and ethers of the metal. The ampunt of netal conpound is
chosen havi ngappeaiate metal semgewidr igh pRRN oKidery ydraridearshigitrabar overpased| | y
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sul furized phenglparad By REREAE @Phbio] MEBLHIIRR ovh shif@ conphiap chbtpsubiiih as
conmpound such as an oxide or hydroxi de and neutral or overbased roducts

may be obtdai nedregennudfide sulfisn morplalideiar sulfer dilalids ot fgrm zwadptenbich sray  be

prepared by reacting a.phenel w th sulfuyr op a sulfur contajning,co und
Such as 5 hydtRGESnRHES OF somporibdRdn Y 4o spote AiPTS dibridsrd By SR m
products whi céyniifing BEiAgEsal |y m xtures of conpounds in which 2 or nore

phenol s are bridged by sulfur containing bridges. D hydrocarbyl
di t hi ophosphat e nePdilydswkrby! ditkiophasghaiamoyal seletiarg Jregnentiyosncd apdntivenariaogti dant

ts. The ngtal . b | kal j | kal j h_netal | uni 10
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commonl y ysediehd) HilPhoddeinOinhanigfineBPHIEks! 8f @ppert 0 TH, ZiRE &faf Bk Ymbst2 tO

2 wt. % based upon the total weight of the |ubricating oil conposition.
They may be peaspapely used imbbocdingesl wi amolmswh Otletohtd), graterably 4.2 &2 Wofi ng a

di hyd byl, dithioph i id, (DDPA) . . lly.b ti f

mor e al conol  BCAURHEREIORE e AhEulerga el SiBmmyurt - TG tadbs Biend oo
with a zinc cRMPResRlandor witBXameha, t@cidiidibs ORROSARPT FemAkg daMaihRgodsdg by
reacting m xtures of pri d secondary alcohols. Alternatively,

mul tiple dit wmmmi&gﬁﬁ%hmswlymmwm of\ome oe mde allsglirl o¢ apbgmol
0r0upS. o0 S0 ST S SRR L R BRSO 4 e PUFRSERL Hore 2o
sal t, any basianfle, HeditiidphodbitsticCRIP Ao theCABAb P SedetifE niikiurdshsF ithA9Snd
hydr oxi des and carbonates are nost generally enployed. Commercial additives
frequent |y cosecandarnalcobglse sAltarhativelis rmdépbogliﬂﬁ@ph@gehczﬁc anidsesapels prspate e
basic zinc CO\rNngrlénLgeihrg/dEoQgrbyl groups on one are entirely secondary in character and the
hydrocarbyl groups on the others are entirely primary in character. To make the zinc
20  salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an
excess of zinc due to the use of an excess of the basic zinc compound in the
neutralization reaction.
The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
25  dihydrocarbyl dithiophosphoric acids and may be represented by the following

formula:

n
/

R'O
— —2

wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,

30 aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’



neutralization reaction. The preferred zinc di hydrocarbyl dithi ophosphates
are oil soluble salts of 25 dihydrocarbyl dithiophosphoric acids and nay be
represented by the followwng fornula: S ROII /P-SZn RO 2 wherein R
and R may be the sane or different hydrqegrbyl radicals containing from 1
to 18, preferably 2 to 12, carbon atons and including radicals such as

al kyl, al kenykyoud® are alkyl ggésadfi¥io. 8 adred MomRN ey, Cch® 2ddidHheinad, froaekgﬂﬂglé,- o
0}

Particularly preferred as R'and R -27- groups are al kyl groups of

car bon at ons. bpilgl, ntprepylatipreals nduyyl. f-brtyk sembitel, amiyb nebdryl, i-hexpls omgiyl.

| -propyl, n-bytyl, i.-butyl, e-@ut | ,, n- exI,i-E[ﬁ{?I,n-o I
decyl, dodecy ?‘yy&ct gﬁcgec?ﬁ’/, (?-%%#:ﬁ I’hgﬁ}"%ﬂ%’f‘yéhylppe%’t yPB‘H’ f{yl cféfghé&’l,
net hyl cycl opepfetlylcyRIdcpRBRY.! probedy@NBlitentiN @h dRdert @ Obfaai BiloidubiBlyulhd itdy1, the
total 5 nunber of carbon atons (i.e. Rand R) in the dithi ophosphoric acid

wi | | general | puinber oftathonsitems girae&mR‘Dh@ thei dithiephegphasisaacisy will generally be
di t hi ophosphat t her ef or,e conpri,s zZikn I.al kyl . di t hi ophosphat es.. The
oresent | ryentba et BEath ot ZaRe iy ekl dihRnionndh i SRR BhBRise
conmposi ti ons ¢RRtRAIRYINGHRINGS feds 1he endh éﬂtfbﬂ‘rﬁ%@l&g S118Aall P usetOMherD- 12
mass % such as frolranj’abodﬂt?ﬂ)loagfi%a to ab\tf)ﬁ(%s % 1\6 nmass % 01? flromgg%ut 0.605 10
t o about 0. 08usmswithgutrimseidcommpastimng conthinmgsphasphaerhe layelspd Sram ehout|h0Dbiwe

f d mbodi t, | i cati i P ti f t ' ti
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I nhi bitors or antioxidants reduce the tendency of m neral oi
det eri or at e i embedimeng Juldidating bil eothpvsitiony aftthopresen ilpenton demaiedityydislkyldge

W scosi 1y or oftRoPtEhRe dgiiied FEORRRGY (OFsO RSN s ML avBHaNBRL
al kal i ne eart p aR{RbndA hRoRls. al kyl phenol thi oesters having preferably C5 to
Cl2 al kyl side chains, ctalcium nonyl phenol sulfide, oil soluble phenates
and sul furi zed phedxtidesionphbibptbosot fintraxadunts2edoce shd femdenmgydothyraimeyalavitrots
phosphor 01{55 eﬁgtgicsjr’aten?r} ?érvntcg.i OE)%lrcgtaigg tdgtse’riogtilonsccz)ilnutl?el gvidenced by sludge in the
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to C» alkyl side chains, .calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
20  or sulfurized hydrocarbons, phosphorous esters, metal thitocarbamates, oil soluble
copper compounds as described in U.S. Patent No. 4,867,890, and molybdenum-
containing compounds.
Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitrogen contain from 6 to 16 carbon atoms. The
25 amines may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO;- or
alkylene group) and two are directly attached to one amine nitrogen also considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.
30 The aromatic rings are typically substituted by one or more substituents selected from
alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.
Multiple antioxidants are commonly employed in combination. In one

preferred embodiment, lubricating oil compositions of the present invention contain



copper compounds as described in U S. Patent No. 4,867,890, and nol ybdenum
cont ai ni ng conpounds. Typical oil soluble aromati c am nes having at | east
two aromatic groups attached directly to one amne nitrogen contain from®6
to 16 carbon atons. The 25 amines may colgain nore than two aromatic
groups. Conpounds having a total of at |east three aromatic groups in which
two aronmati c fgrmapsutd) btd ahvke . 2bmasa % of athant antlvarnbandoyormrabantdhi &y atpubup

e.g., an oxygen or, sulfur_atom .or a -CO, -SO2- qgr .alkylen rou .and
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nitrogen. 30 The aromatic rings are typically substituted by one or nore
substi t uent s swhecamibxidaomircan kydyt Ocly i ataduk Pl masal ko pheaolid atipxidaoydnd a
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1.2 mass % of am nic anti oxi and fromabout 0.1 to about 3 nmass % of
phenol i ¢ anti oxi daRkepredentatinetehamples of enitabde esbediynmodifictsuinei podyisobgtyene,

conpositions of the present invention contain fromabout 0.1 to about 1.2
mass % of R N S upolgmetagTy, %fﬂ@lﬁé@te%om YB¥Ehol i c
ant i oxi dant %;Bo nerd'Bf &Pgﬁﬁwﬁﬁ@w%qyn@a@m a Luﬁyl%ﬂl\pbgﬁd}g?&ﬁ)gm%num

| ubricating ol onposition from about 10 to about "1000 ppm
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20 Other known friction modifiers comprise oil-soluble organo-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. Examples of such oil soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,
dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.

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

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

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

similar acidic molybdenum compounds.



20 Ot her known friction nodifiers conprise oil-sol uble organo-nol ybdenum
conpounds. Such organo-nol ybdenum friction nodifiers also provide
antioxidant and antiwear credits to a lubricating oil conposition. Exanples
of such oil soluble organo-nnlybdenun1CQ@gqunds i ncl ude dithi ocar banat es,

di t hi ophosphat es, dithi ophosphi nates, xanthates, thioxanthates, sulfides,
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- viscosity index inprover functions as both a viscosity index
the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.
A dispersant - viscosity index improver functions as both a viscosity index
improver and as a dispersant. Examples of dispersant - viscosity index improvers
20  include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono -or dicarboxylic acid in which the hydrocarbyl substituent comprises
a chain of sufficient length to impart viscosity index improving properties to the
compounds. In general, the viscosity index improver dispersant may be, for example,
a polymer of a C4 to Cy4 unsaturated ester of vinyl alcohol or a C; to Cjg unsaturated
25  mono-carboxylic acid or a C, to Cyg di-carboxylic acid with an unsaturated nitrogen-
containing monomer having 4 to 20 carbon atoms; a polymer of a C; to Cyg olefin
with an unsaturated Cs to C;p mono- or di-carboxylic acid neutralized with an amine,
hydroxyl amine or an alcohol; or a polymer of ethylene with a C; to Cy olefin further
reacted either by grafting a C4 to Cz unsaturated nitrogen-containing monomer
30  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.
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(conjugated diene), wherein the hydrogenated poly(monovinyl aromatic hydrocarbon)
20  segment comprises at least about 20 wt.% of the copolymer (hereinafter "Polymer
(i)") are known viscosity modifiers and are commercially available as, for example,
SV151 (Infineum USA L.P.). Preferred monovinyl aromatic hydrocarbon monomers
useful in the formation of such materials include styrene, alkyl-substituted styrene,
alkoxy-substituted styrene, vinyl naphthalene and alkyl-substituted vinyl naphthalene.
25  The alkyl and alkoxy substituents may typically comprise from [ to 6 carbon atoms,
preferably from I to 4 carbon atoms. The number of alkyl or alkoxy substituents per
molecule, if present, may range from 1 to 3, and is preferably one.
Preferred conjugated diene monomers useful in the formation of such
materials include those conjugated dienes containing from 4 to 24 carbon atoms, such
30 as 1, 3-butadiene, isoprene, piperylene, methylpentadiene, 2-phenyl-1,3-butadiene,
3,4-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.



(conjugated diene), wherein the hydrogenated pol y(nonovi nyl aromatic

hydr ocarbon) 20 segnent conprises at | east about 20 wt. % of the copol yner
(hereinafter "Polyner (i)") are known viscosity nodifiers and are
commercially avail able as, for exanple, _§y151 (Infineum USA L.P.).
Preferred nonovinyl aromatic hydrocarbon nmononmers wuseful in the formation
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of the block copolyner may be _selectively hydroaenated, %ypically to a
degree such t hasatyigdon o&thg Rlockiinyediged to ghaigsuP@f swrePrefpably yokostss %,

reduced to at ML OUyR foll $%CbARY uatdfRin R%I before hydrogenation. The

hydrogenation of these copolymers may be carried out using a variety of well
20  established processes including hydrogenation in the presence of such catalysts as
Raney Nickel, noble metals such as platinum and the like, soluble transition metal
catalysts and titanium catalysts as described in U.S. Patent No. 5,299,464.
Sequential polymerization or reaction with divalent coupling agents can be
used to form linear polymers. It is also known that a coupling agent can be formed in-
25  situ by the polymerization of a monomer having two separately polymerizable vinyl
groups such a divinylbenzene to provide star polymers having from about 6 to about
50 arms. Di- and multivalent coupling agents containing 2 to 8 functional groups, and
methods of forming star polymers are well known and such materials are available
commercially.
30 The second class of high molecular weight polymers are olefin copolymers
(OCP) containing dispersing groups such as alkyl or aryl amine, or amide groups,
nitrogen-containing heterocyclic groups or ester linkages (hereinafter "Polymer (i1)").

These polymers have been used conventionally as multifunctional dispersant viscosity
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5- et hyl - 1, 4- hexadi ene; 3, 7- di met hyl -1, 6- oct adi ene;
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net hyl t et rahydr oi ndene; di cycl opent adi ene; bicyclo- (2,2, 1)-hepta-2, 5-di ene;
al kenyl, al kyli dene, cycydedlkdidghe amdrbornenes such as 5- methylene 2-norbornene

(MNB), 5-ethylidene-2-norbornene (ENB), 5-propylene-2-norbornene,
5-isoproylidene-2-norbornene, 5-(4-cyclopentyenyl)-2-norborene; 5-
20 cyclohexylidene-2-norbormene.

Of the non-conjugated dienes typically used, dienes containing at least one of
the double bonds in a strained ring are preferred. The most preferred diene is 5-
ethylidene-2-norbornene (ENB). The amount of diene (wt. basis) in the copolymer
can be from 0% to about 20%, with 0% to about 15% being preferred, and 0% to
25 about 10% being most preferred. As already noted, the most preferred olefin
copolymer is ethylene-propylene. The average ethylene content of the copolymer can
be as low as 20% on a weight basis. The preferred minimum ethylene content is
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%,
30  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. % of ethylene.
The molecular weight (number average) of the olefin copolymer can be as low

as 2000, but the preferred minimum is 10,000. The more preferred minimum is
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5-et hyl i dene- 2- nor bornene (ENB), 5-propyl ene-2-norbornene,
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(i.e., the do%ﬁirmnﬂ described, for example, in U.S. Patent Nos. 3,316,177; 3,326,804; and
carboxylic acids and ketones as described, for example, in U.S. Patent No. 4,068,056),
20  and subsequently derivatizing the functionalized polymer with the nitrogen-containing
polar moiety. A more complete list of nitrogen-containing compounds that can be
reacted with the functionalized OCP are described infra, in the discussion of
dispersants. Multifunctionalized OCPs and methods for forming such materials are
known in the art and are available commercially (e.g., HITEC 5777 available from

25  Afton Corporation and PA1160, a product of Dutch Staaten Minen).
Preferred are low ethylene olefin copolymers containing about 50 wt. %
ethylene and having a number average molecular weight between 10,000 and 20,000
grafted with maleic anhydride and aminated with aminophenyldiamine and other

dispersant amines.

30 The third class of polymers useful in the practice of the present invention are
acrylate or alkylacrylate copolymer derivatives having dispersing groups (hereinafter
"Polymer (iii)"). These polymers have been used as multifunctional dispersant

viscosity modifiers in lubricating oil compositions, and lower molecular weight



of the diene portion of an EPDM pol yner, or by reacting the polymer with a
conpound providing a bridging group containing a double bond (e.g., nmaleic
anhydride as described, for exanple, in U S. Patent Nos. 3,316,177,

3,326, 804; and carboxylic acids and ketangs as described, for exanple, in
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alcohol, dodecyl alcohol, tridecyl alcohol, capryl alcohol, lauryl alcohol, myristyl

20  alcohol, pentadecyt! alcohol, palmityl alcohol and stearyl alcohol. The starting alcohol
can be reacted with acrylic acid or methacrylic acid to form the desired acrylates and
methacrylates, respectively. These acrylate polymers may have number average
molecular weights (M) of 10,000 to 1,000,000 and preferably the molecular weight
range is from about 200,000 to 600,000.

25 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
suitable for grafting and then amine-containing branches are grafted onto the main
chain by polymerizing amine-containing monomers.

30 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

vinyl pyridines or the vinyl pyrrolidones; esters of amino alcohols with unsaturated



15 pol ynerization by MEHQ or hydroqui none. Suitable al kyl acryl ates or al kyl
nmet hacryl ates contain fromabout 1 to about 30 carbon atons in the al kyl
carbon chain. Typical exanples of starting al cohols include nethyl alcohol,
et hyl al cohol, ethyl alcohol, butyl alcohgl, octyl alcohol, iso-octyl

al cohol , isodecyl al cohol, undecyl alcohol, dodecyl alcohol, tridecyl
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average nol ecul arpwg?ré%ﬁg&%ﬂ}% YI(IJI? n%%%’é%l %‘Jd%q%ﬁﬂ %g&g%”%gpg ereg%lrﬁlflggtghe
mol ecul ar wei gbin a bRAGYSS akohsloiahOYtava@Bs 04080k audBe: 0Be cder BaweEDBiMa an
acrylate or nmethacrylate with a dlsper5|ng group, the acrylate or

net hacryl at e hdaentdiningdetbessl O hrd% adroger Ry #¢igtH ne- cont ai ni ng nonomer or
the acrylate or hacryd at e mai n,chai [l rQvi,de, 0

contain sights smoe%glpégé%r? gqr %fgqlﬂg&g%%%k%gg%%&%ggc%ﬁg g.l %?rr?llgag]?slggrlfghoefs are
grafted onto hlaghdT®iwith GBaivBraBy cRMoy TRIAbEr Y tATENE- Bowba 9iand MDaRENRg 30
Exanpl es of am ne-contai ni ng nononers include the basic am no substituted
ol efi ns such bgwseq 20-82A aniteeet hPy) vatighterrovidadi én nithe offsmr ceht ArNi ng
het er ocycl es havi a.polynerizabl.e ethyl enically unsaturated substituent
such as the @i"ﬁﬁﬁﬂglﬁwllqocﬁl%ggm%ﬁ r%lgte\‘/i nyl pyrrolidones; esters of am no

al cohol s yé t h unsatubi@éflg-a3bcorBpdsosgl isefidah dbe preetic@sf dhavpiddsrtaniaepnhy|
nmet hacryl ate and pol yneri zabl e unsaturated basic am nes such as allyl

ani ne. Pref er @maipdlojyreer (D (i) (e p imikairs Wereglidn go Rywprta{dram gbeut yIEr s
d f | l.cohol 1 t he ,a) t t
ot ween 6 and AP, B GRAPLS bbb ATy SERGGERAIC b IST 1 1d T, ©

preferred arewpohyn®ttiaefeydbdt RomadoLyMB S abRd©.& wo . aAlksndvel in alse@lmgs
with the average carbon nunber of the ester between 9 and 10 contai ni ng

bet ween 0. 2- Otheswukifenceiges agmpeeertitsppeibvallicbolymersHé) rod fiigfsall gpmponents

D byl au . o . A o .
the practibe. o W PRRENE HhachtohiRE kCRE i be SATRRMO HBRr DAY 10
a mxture thepo®ob1 td abaid 00POWN % Ofrefek iy &baabddt DDOLD to abautn.(A wt..% Ymokiased

on polymer weight; nore preferably fromabout 0.2 to about 1 w . 9% nopst
preferably frprafeBRytran 3baus O00dtto ebent\Rk008oyt. f plnifragsy ePglymarsdils 6idEing

and mixtures thereof, need not comprise the sole VM and/or LOFI in the lubricating

oil composition, and other VM, such as non-functionalized olefin copolymer VM and,
20 for example, alkylfumarate/vinyl acetate copolymer LOFIs may be used in

combination therewith. For example, a heavy duty diesel engine of the present

invention may be lubricated with a lubricating o0il composition wherein the high

molecular weight polymer is a mixture comprising from about 10 to about 90 wt. % of

a hydrogenated styrene-isoprene block copolymer, and from about 10 to about 90
25  wt. % non-functionalized OCP.

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

30  prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
dicarboxylic acids or anhydrides which are used in the preparation of the ashless

dispersants as hereinbefore disclosed.



the nmultifunctional conponents; specifically Polymers (ii) and (iii); said
conponents 15 are present providing nitrogen content to the lubricating oil
conposition fromabout 0.0001 to about 0.02 w. % preferably from about
0.0002 to about 0.01 w. % nost preferapdy from about 0.0003 to about
0.008 wt. % of nitrogen. Polymers (i), (ii) (iii) and m xtures thereof,
need not conpri se When ddbricaifivg @oahpositidiSBRtonitain tohe ol uwhore coétthmgbomi-mentioned

conposition, d.ot her. VM. .such as non-functio i zed .ol efin copo r VM
P50 tor” catbiinee, cogh poitita uoen bl Hlpr b aRebesh oth f o pmbess B HFbks s od
in conbi natlmgag&‘;gggm %Ilawdgqtrs dgggpeqm]gcn(ﬁ heavy duty di esel engine of the

e

present invention nmay | ubricated wth a lubricating oil conposition
wherein the high Weaduibrﬁratmgwgimpopndn}snmntals oae o uere eof dherpbé sk mentfonedn
about 10 to about 90 rogenat.ed ne-.i soprene bl ock

Copol yiror 3 aritihvsm cabb A i Rt DgedsB R Base dokin A dEehie Tebleece
In the preseng,l aﬁgﬁﬂt‘:'tg%r?%dﬁ‘?ﬂ( RErRERRREET. yf{tegrés&ﬁllt%eef?&t%ﬂfyuhisvﬁ sk ch
mai ntains the stability o e viscosity of the blend. Thus, although polar
group- cont ai miditgveadethen usst incdrardeesealubticanad laye listed beloeos Allythe rvaluee listed
pre-blending stage it has been gbserved that sonme conpositions increase in
vi scosity whe#®$ RGP P%B‘Eﬁ'a&mﬁ%ﬁ’@&e iods. Additives which are
effective in gegptyolling this viscosity increase include the [ong chain
hydr ocar bons_TUunctionalized by reaction wth nono- or dicarboxylic acids or
anhydri des W%Iﬁ\%used in the preparatijapaQk o he ashi %&ssdﬂ spersapts as
her ei nbef or e} di'scl osed. -36- When | ubri catli Aﬁgo %S)rrpom ti crhg &: in one or
nore of the pbeve—wentieonred—addi-tives—eagh—addrt+ive—s y—blended

i nto the baspMetdl Derergentanount t hat enabl g9.1t h® additi \@209 pr OVI de {ts

o e rnct EGRoy WGl R caLT 10 COTPOSTR] ofS, eomtarn[one & Tore o] o

TV TAUUT UT VO Iy \vaeavy y ) auaur ol C | \J L y'.ll \VA Y I | _) IVABAYI R AT AWV | 1T the

base oi |l in pNeghbtimydroduyldhgboposphae addl.li e to proViOde-4ts desirgd
function. Rep DL esen hg{tl ve effect amounts of Osu:Eh addi t 1 1‘[}?6” used|in

crankcase | uprPrednta, —are—H-sted—berow—AH—the—vraktes Ilotcu are—stfted as
mass per cent | BouriRoentiDepresdargnt . Tabl e || AN YE MASS %ONMSSI% (Broad)
(Preferred) Nﬁﬁ?&anﬁéﬁ%&ﬁm s 0.1-150.445.9 0.001 - 0.15

Supplemental Antiwear Agents 0-1.0 0-0.5

Friction Modifier 0-5 0-15

Viscosity Modifier 0.01- 10 0.25-3

Basestock Balance Balance

10

Fully formulated lubricating oil compositions of the present invention
preferably have a sulfur content of less than about 0.4 mass %, more less than about
0.35 mass % more preferably less than about 0.03 mass %, such as less than about
0.15 mass %. Preferably, the Noack volatility of the fully formulated lubricating oil
15  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
20  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



Corrosion Inhibitor 0-5 0- 1.5 Metal D h drocarb | Dithio hos hate 0.1 - 6
0.1 - 4 Antioxidant 0-5 0.01 -3 Pour Point Depressant 0.01 - 5 0.01 - 1.5
Anti f oami ng Agent 0-5 0.001-0.15 Supplenental Antiwear Agents 0 - 1.0 O -
0.5 Friction Modifier 0-5 0- 1.5 Viscossyy Mddifier 0.01 -10 0.25 - 3
Basest ock Bal ance Bal ance 10 Fully formulated lubricating oil conpositions
of the preseniddimuepickages) phefably abloralhaidétivaes cah baraddehsiendtandouklysts théail

about 0.4 nmass % ess, than about. . 0.35 mass % nore preferably |
t han about O. b”st/ n&‘%’dil’@%ﬁlga%l?lcé@é‘oﬁiﬂ% a%&@f‘ce“@ati@l ﬁ%rsg’e%reﬁfétf%ﬂr agﬁy,

the Noack vol ﬁ‘n‘ohkéﬁ&gv&f chid o&H&r} ¥t ﬁf%ﬁ?ﬂéée%% ﬁgzehgk?g hf\;\a?] FR @ xQinblel B QPR t' on

(oil of lubricating |scos us al ditiv be nb greater t
13, such as aimmﬂdétterabblhlalo fnﬁss %r@feccambqundmfg?omtlbr(llt)hmu)uﬂﬂ)o td-albduy 40

formul ated | ubricat oi | conpositjons of the pre ent i nve n preferably
have no great BYsY al‘?@%%b?ﬁ%?mmﬁ Wé?hébo%@ctﬁ §U‘n7r9 @Pﬁa%]éﬁ APRERNE000

ppm of phOSphgﬂtHﬁmdaﬂf angne(ihbﬁé“aﬁﬁoﬁ@ﬁﬁ AR yHﬂQH&rﬁfcoB{elzBﬁH&‘OJr%muﬁH}e' thereof;

formul ated | ubricatirg conposi ti ons o the pres i nvention
pref erably hawsuaSzokhahad %asha (18AGdht; aodfent atefut o abouk.20 mass 6 U amdidss.

It may be desirall e, ,ggu h not essential to prepare one or nore additive
concentr at es é@ﬁ%%%ﬁba{gé Bﬁg'tqs&g’é ®(concentrates soneti rres being referred to

as -37- additive p?ﬁg%ﬂlﬁf%o&m tﬁmymﬁﬁ\éﬁ{pfdbyrﬁeﬂ'w/% ngnr@féfla%iijto 18

simul taneously to the o ormt I catlng 0| sition

concent r attd onnfaes %, hg:p:pnllgpaﬁ avilonmefs % of tercapatntrage, ahe remzmpdm beion odfoft he
present invention may, (Pa&iin}o cont in from about 0.15 to about 20
mass % of a c ﬁﬁ‘ﬂﬁ‘fﬁcoﬁ’&’ S %QSI“Y it 10 to about 40 5 nass % of a

ni trogen-containi ngdi,spgf @ﬂﬂtmasél)b?éﬁ:ergs r@s@@&’hel%ﬂl BR¥e3s %tl‘%twﬁ@ D

anti oxi dant, a phenolic antioxid denum conpound, or a mxture
t her eof ; aboante Based odCachms sngaff:dthnta(mm epgemt of dwdadditore, abdmr upor cheatmsalt 20

mass % of a net al i hydr carb di t hi gphosphat e, . The, conpQsition may
enpl oy from 5YEEL ST A% additive: %bf’ﬁ@f%@ﬁw W’j!tfhr?ﬁglslb%ahet c‘gl tbﬁ"/ Al'g to
15 mass %,0f GReheoNERALNA S phﬂ‘%hé SEBKNGEGLPSI] B8 dfidnt Of

This invention will be further understood by reference to the following

examples, wherein all parts are parts by weight, unless otherwise noted.

EXAMPLES

20  Synthesis Example 1

Preparation of 2-(2-naphthyloxy) ethanol by ethoxylation of 2-naphthol with ethylene
carbonate:
A two-liter resin kettle equipped with a mechanical stirrer, condenser/Dean-
Stark trap, and inlets for nitrogen, was charged with 2- naphthol (600 g, 4.16 moles),
25  ethylene carbonate (372 g, 4.22 moles) and the mixture was heated to 90°C under
nitrogen. Aqueous sodium hydroxide (50 wt %, 3.0 g) was added and the reaction
mixture was heated slowly to 165°C. The reaction mixture was kept at 165°C for two
hours. CO; evolved as the reaction progressed. The reaction was near completion
when the evolution of CO; ceased. The product was collected and solidified while
30 cooling to room temperature. The completion of reaction was confirmed by GC, FT-
IR and HPLC. The structure of the product was confirmed by 1H and 13C-NMR and
Mass spectra (FDMS).



| ubricating viscosity and viscosity nodifier. Al weight (and mass) percents
expressed herein (unless otherw se indicated) are based on active
ingredient (A l.) content of the additive, and/or upon the total weight of
any additive-package, or fornmulation whicigwill be the sumof the Al. 15
wei ght of each additive plus the weight of total oil or diluent. This
invention w | $yndigesisiFAagile pnder st ood by ref erence to the follow ng

exanpl es, wherein all parts are 1?arts by wei g unl ess ot herw se not ed.
EXAMPLES 20 Rspparpden of medyndPanet @neﬁawfahalgrﬁ:"@@ 22(2(@ph@wmxw§/|e&3@ylpl at venol by

et hoxyl ati on ”]EF&Q

kettl e equi ppfg)]; gld? Smgcq'uo ll;l%rzlafahg%{|0r?p22meﬁl%&ﬁ3ﬂ§ét§?lf&%ﬁ€ 25‘11 ralPh hSrfdxy) and
inlets for nidha@ewithwagnfheiyded Wi th 2- naphthol (600 g, 4.16 nol es) 25
et hyl ene carbonate (372 g, 4.22 noles) and the m xture was heated to 90C

under nitrfogen. Acdedioslitsomsimkaesiiecaxipaed pib a/\xne@ban:acaé) sgx)rermgn@m@épwd t he
ti I t t
e o S S8 ol bt e g O 2SR AR P!,

was near Corrpéxatnpqma\umrg)tmmemoawtapmﬁaleﬁe @@ g:)gaﬁmhe (itb\g) Rh® S EdniEsd
collected and solidified while 30 cooling to roomtenperature. The

conmpl eti on of (&bt Wnﬂmlxé‘éfﬁf‘i\’?snb@t%&t@o *ETunder nitfegenp| Barafawnaldehyde ur e

of the produc S_\C n r

-38- Synt hesi @1‘@61%1995 i&g%epa altjf'll_l(r)ﬂ?l}l gtf%égﬁ)%ar}%?ﬁgqg%os@ i e CERABA
napht hal ene- Cx@txZuI(eava%adéEt thatehp@hidd -3@|nf11nﬁl@s td @’ieﬂl’ﬁitﬂieﬂ)éﬁel)npbbﬂture was

pol yneri zation of 2-net ht hal ene and 2-(2-napht hyl oxy) ethanol wth

f or mal dehyde: grsdlmllrngcnea&eérto r1é5°(h tok B3 Ceoveg v p prothreg hopra andiatei(C&83 gl r rer

condenser / Deay; n"?‘z%\}édt%ﬁﬁ%eo?rﬁ{gw'&tﬁi lohizg@lb(yﬂl)%f‘wf‘é"%% lﬁ&@cﬁ 9464 s {I1a ied

2- (2- napht hyl oXy han nap

(47.4 g), tolwbiecédtheb, roaﬁxdteﬁipbnfaunec Mg ivehs d(eﬁ:rﬁug:)i byaGBCt M@poﬂyumnms
heated to 70 C under nitrogen. Para-formnal dehé was added over
15 min at 70-Sodardaeremsed withithe shtiontwlupe of d@maahﬂlmxm ﬁ‘th@ilil‘é WReigleRpt at

i ner cased o TEE o TR AVEF bE <ARE (M wiTROOETRRLE, M pHESIcORRRE 1Y

confirmed the structure. FDMS and MAILDI-TOF indicated that the product contained

a mixture of oligomer from dimer to twenty four-mer and some side reaction products
of poly (2-methoxy naphthalene-alt-co-formaldehyde) and poly (2-(2-naphthyloxy)
ethanol-alt-co-formaldehyde).

20

SynthesisExample 3

Reaction product of PIB-succinic anhydride and product of Synthesis Example 2:
A five-liter resin kettle equipped with mechanical stirrer, condenser/Dean-
Stark trap, inlets for nitrogen, and additional funnel was charged with the products
25  mixture from Synthesis Example 2, toluene (50 - 100 g) and the mixture was heated to
120°C under nitrogen. PIB —succinic anhydride (Mn: 450 (PIB), 408 g) was added
portion wise (~25 g at 30 min intervals) and the temperature was kept at 120°C for
two hours followed by heating to 140°C under nitrogen purge for an additional two
hours to strip off all solvents to a constant weight. Base oil (AMEXOM 100 N, 332
30 g) was added, and the product was collected at room temperature. GPC and FT-IR

confirmed the desired structure.



was renoved by azeotropic distillation. The pol yner was col |l ected and
solidified while cooling to roomtenperature. M was determ ned by GPC

usi ng polystyrene standard corrected with the elution vol unme of

2- (2-napht hyl oxy) ethanol as internal 15_g§andard. THE was used as el uent.
Mh was 1000 dalton. 1H and 13C NVR confirned the structure. FDV5S and

MALDI - TOF i ndi cat etihd Rattidi@hem@ €siGhe giveayA@dsis & dNowhWeowdf ol i gomer from
dinmer to twenty four-ner and sonme side reaction products of poly (2-nethoxy
napht hal ene-al t - co-f or mal dehyde) -4hd poly (2-(2-napht hyl oxy)

et hanol -al t - co-f or maRPdehyde) . 20~$ynt hesi sExamml e 3 Reacti on product of

Pl B- succi ni ¢ anhydr i and_produ of Synthesis Exanple 2: Afive-liter
resin kettle equipp i t h—nech @ al stirrer, condenser/Dean- Stark trap,
inlets for nitrogen, additi onfunnel was charged with the products 25
m xture from Synt hesi s Exanpl ee_%41 Joluene (50 - 100 g) and the m xture was
heated to 120Co nder nitrogen. I'B ofucci ni ¢ anhydride (Wn: 450 (PIB), 408
g) was added ortion wise (-25 g @t 30 min intervals) and the tenperature
was kept at 1 for ™ wo hours fol'Powed™sy heating to 140C under nitrogen
purge for an agdjti |t wgy,ohour proff all solvents to a constant
wei ght. Base a ( Al 19@—-—N, 3 s added, and the product was
collected at ro te ature. GPC F R confirnmed the desired
structure. -39- The reaction, sCheMB.LoL.LRsaheYesayRlAesis is shown bel ow
COH OH 0 Et hyl ene™CAY 864t e Base 2- (27 napht hyl oxy), ethanol COH CH 0 W CO
Ove CH20\ | | " | 2-Methoxy napht hanogpgg‘y(z- met hoxy

napht hal ene- co- 2- ( 2- napht hyl oxy) - et hanol - co-i romal dehyde) 1 PI BSA

Mixture of A and B

PIBSA derivatized
Poly{2-meth oxy naphthalene-co-2-(2-naphthyloxy-ethanol-cofromaldeh yde}

(o] Q. (@]
EO OMe Oj l:O
‘A5 E
(A)




M xture of A and B PIBSA derivatized Pol y(2-met hoxy

napht hal ene- co- 2- ( 2- napht hyl oxy) - et hanol co4ronal dehyde) PI 0 RO O PIBO Rt
OHO Ple RAOR Ry cOOOOOQGwWCO I I L'l (A 5P 0O0PBPI
PIBL PIBBe COHB O0 BO B O BROBa O0-&%PIB OO0 CglJOIf gl)O O( O O
oe (GEM I' I V' I m~1T V1T I rol I I I p (B) -40- Lubricant sanples
formul ated with a kwdnicantsaopils fheavyted with kdceyehtiqndUhddry dnty " BeseC{P@)N 0 or

addi tive pack cont ai.ni ng .di spersant, detergent, ZDDP antiwear agent,
ashl ess ant i o‘gﬁﬁgi}”ﬁ)é U B%A&)a,ge &%&%PW%W& Bﬁte{ssma ;ZI?aIS%\RPVWﬁ%ro%EéPt’

LOFl); and | | I{Hﬁ}m h ; ' ' ] Si s
(Exarrpl)e 3 vver%ﬁﬁegs %giror}%ygh gas fo Igg\/%s%ér(gtgﬁlgmﬁtﬁ&gyynglfg) 1 Etcgqn%.c{;‘ogghg?e 2
(inv.) Exanpllemse il mih. Ind mhsst e ihresselonipomnd & Syniblabis ExempPlrck agme 17. 60

17.60 17. 650 formed as follows:

Table 111

Example 1 (comp.) | Example 2 (inv.) Example 3 (inv.)

(mass %) (mass %) (mass %)
Additive Package 17.60 17.60 17.60
Grp. I Base Oil 74.82 74.82 73.34
VM 5.90 5.90 5.90
LOFI 0.20 0.20 0.20
Synthesis Ex.3 | --—-- 1.48 2.96
Compound

100.00 100.00 100.00

The soot dispersing performance of Examples 1 to 3 was evaluated in the

Carbon Black Bench Test (CBBT). In the carbon black bench test, finished oils are

10 evaluated for their ability to disperse carbon black. The finished oil is mixed with the

desired amount of carbon black, stirred overnight at 90°C, and evaluated using a

rotational viscometer for viscosity and index. The shear rate of the rotational

viscometer is varied up to 300 sec” and a plot of shear versus log viscosity is obtained.

If the viscosity is Newtonian, the slope of the plot (index) approaches unity indicating

15 that the soot is well-dispersed. If the index becomes significantly less than unity,

there is shear thinning indicative of poor soot dispersancy. In addition to the index,

the viscosity of the oil at low shear becomes thicker as the ability of the tubricant to

disperse the soot decreases. Table 1V shows the results of the comparison in terms of
index, while Table V shows the results of the comparison in terms viscosity.

20

25



Gp. |l Base Ol 74.82 74.82 73.34 VM 5.90 5.90 5.90 LOFI 0.20 0.20 0.20
Synthesis Ex. 3 ------ 1.48 2.96 Conpound 100.00 100.00 100.00 The soot

di spersing performance of Exanples 1 to 3 was evaluated in the Carbon Bl ack
Bench Test (CBBT). In the carbon black beggh test, finished oils are 10

eval uated for their ability to disperse carbon black. The finished oil is

m xed W th thegpldesl ngkxanmount of carbon bl ack, stirred overnight at 90C,
and evaluated using a raotatiaonal visconeter for viscosity and index. _The
shear rate of%t(Fmb'DloB&tCkonal Example drfearap.) i szmlea (imp )t o |3Daumpde3 (invand |a
pl ot of sheaf—verstus—tog—vscastty+sobt fred F—the—w-scostty—+s

Newt oni an, th% sl ope of the %Pg‘i (i ndex) ap%?%gaches uni ty (Tg%l cating 15 |t hat
the soot is WgTT-diSpersed.|§ggdhe 1Tndex DagogEs Signifiganédey | esSs thar
unity, there_is shear thi nning indicative of poor soot dispersancy. In
addition to t®e index, the @R8Zosity of tHed® | at | ow gHe®83 becones

th| Cker as t he ahl ||1'\I g_fr the |||hr|r\anf t rh cnnrcn fhn caont deecraacac

=AY S Y T T CTtOoOTO

Table IV showkzthe resul ts OTVEF% conpar i 5&6791 terms of | 4-¥fex, while Table
V shows the rg arison T terms viscosity. 20 25—~=41- Table
IV - Index % Ca %%’b&l?mg% E‘gggﬁl e 1 (conp.) Exanple 2 (inv.) Exanple 3
(inv.) 0 0.994 0.999 0.999 6 0.816 0.982 0.986 8 0.282 0.979 0.983 12
TVTM 0.670 0.968 * too viscous to nmeasure Table V - Viscosity (cP) %
Carbon Bl ack EsdledeViscosdydsP) Exanple 2 (inv.) Exanple 3 (inv.) 0 12.33

12.93 13.20 5 GRS BERx T Phxaiple] (8hp T Btand e 34in¥D | Example 3 (inv.)
0 12.33 12.93 13.20
6 36.64 28.79 2728
8 167.49 32.70 34.41
12 TVIM 13843 71.10

As is shown, the presence of the soot dispersing compound provides improved
index and viscosity at higher levels of carbon black versus the lubricant formulated
without the compound.

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

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

15  operation of the present invention have been described in the foregoing specification.
What applicants submit is their invention, however, is not to be construed as limited
to the particular embodiments disclosed, since the disclosed embodiments are
regarded as illustrative rather than limiting. Changes may be made by those skilled in
the art without departing from the spirit of the invention.

20



12 TVIM 138.43 71.10 5 As is shown, the presence of the soot dispersing
conpound provides inproved index and viscosity at higher |evels of carbon
bl ack versus the lubricant forrmulated w thout the conpound. The di scl osures
of all patents, articles and other materigl s described herein are 10 hereby
incorporated, in their entirety, into this specification by reference. A
descri pti on oWhat saidgimsd tg: on conpri sing, consisting of, or consisting
essentially of mnultiple specified conponents, as presented herein and in
the appended &l ai nBOMPausks|of hefordMat r ued to al so enconpass conpositions
made by adm xing said nultipl? speci&}gd conponents. The principles,
preferred enbodi nents and nn& @'of 15" 0peration of the present invention
have been described in the fofegoing peci fication. Wat applicants submt
is their invention, however, As—#qt—tqde construgghas limted to the
particul ar enbodi nents discl osed, since the disclosed enbodi nents are
regarded as iwhemsintati ve rather than Iimting. Changes nmay be nade by those
skilled in the art wthout departing fromthe spirit of the invention. 20
-42- Vhat is i Hbdn @?mif’-nﬂwﬁ%m apfarpmati JRoigivahawee O to 4 UERS ) m
(1) wherein: LN e t esen n t] ety ihg O
to 3 substi tusee(ri}%g&1 ?g?%cggeg é}ggﬁn %%g[sg%u%?c%lﬁgﬁsta ?‘iﬁ’g%ﬁ%’ﬁg%ﬁhﬁbﬁ%@

al koxyal kyl , awldxgaliyl, hadipkpohyydrdeyhkikyhhdiomnd combiltanioyathesdof; hal o and

conbi nations thereof; each L is independently a |inkjng npiety conprising a
car bon- car boncahkgis dndsprrelestly & linkingenoigtyromsisingR Farhot-carpor Eigels one oy - or'
or a noiety Ofinﬁiﬁg N Egul a HQ CR2)n) YX-, wherein X is selected fromthe
group consi sting F ? 2)z, 0 and S; Rand R are each independently

sel ect ed froneddh YCis indepefdaitiky-ORihdr amdiety Rf thesfosmliapdd@nCRe RIXC, whare@lX) )
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independently selected from H, C; to Cg alkyl and aryl; R”’ is selected from C; to Cigo
alkyl and aryl; z is 1 to 10; nis 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

mis 1 to 100.

2. Compounds of claim 1, wherein from about 2% to about 98% of Y units are

H{O(CR2)2),0-, wherein y is 1 to 6, and from about 98% to 2% of Y units are -OR’’".

3. Compounds of claim 2, wherein Ar is naphthalene; from about 40 mol % to 60
mol. % of Y units are HOCH2CH20-, and from about 60 mol. % to 40 mol. % of Y units
are -QCH3; and L is CH3.

4. Compounds of claim 3, wherein from about 65mol. % to about 75 mol. % of Y
units are HOCH,;CH,0O-, and from about 35 mol. % to about 25 mol. % of Y units are
-OCHs.



each a is independently O to 3, with the proviso that at |east one Ar noiety
bears at |east one group Y; and m sl1tol00. 2. Conpounds of claim1l,
wherein fromabout 2% to about 98% of Y units are H(QUCR2)2) YO, whereiny
is 1to 6, and from about 98%to 2% of YH%I'[S are -OR'. 3. Conpounds of
claim?2, wherein Ar is naphthal ene; fromabout 40 nmol %to 60 nol. %of Y
units are mzmz@mp@tﬂﬂisfof@mmh@éhv@@frﬁﬁﬂ abolfe 6P BRb abdtt 95 mb1 URIFS- are
-OCH3; and L is CH3. Compounds of claim 3, wherein fromabout 65mol. %to
about 75 nol . (Z%a@hﬂmyhﬁhwianéfmmm@bml%mﬁbWéMt%@E 2riokthosy t o
about 25 nol. % un OC%—!% 43- 5. Conmpounds of claim4 derived
from about GSDa%ﬁlale‘?et‘gh% sﬁ,)toa © tg;of 2- (2-napht hoxy) -et hanol and from
about 35 nol. %to about 25 nmol . % of 2-methoxy naphthal ene, wherein mis 1
to about 25. 6. A process for form ng conpounds, or m xtures of conpounds,

of claim5 c@rrpruéum@ceﬁseﬁ@@“ﬁpt@nng)ﬁoma@mdﬁwrdnwrm@fmonmwnds of claim 5

2- met hoxyl napht hal ene vmmt?l for Lﬁ ﬁlm d. 7. The

process of cl%?mnﬁ’résm egcr el nOfr%ll é)rllgP&E e pr gthg’[engfma process

conpri si ng repghhdehpic 1atlm/1§}re§b>ﬁ}té oﬂ@pﬂhdﬂyl ene corrpound with ethylene
carbonate in the presence of a base catalyst. 8. The process of claim?7,

wherei n remai n| ng base is neutralized with an excess of acid prior to

injtroqucti on ed f gefr%E: I eﬂ%d% W% 1nh§ag?1{h%9<e2tﬁ%19 %?:p@&tt Cé |n sai d

acid is selec e EuFrony acl yst

10. A reacti OéblﬂﬁIMngﬁea&fonCU’fQ 18idrd/-faptoRyewnesmpaing vdti®@Hylefle €drboritelin and
an acylating agent. 11. The reaction product of claim 10, wherein said

acyl ating agefrlitﬁpif@eléﬁe Hadase emelystsel ect ed from pol yal kyl succinic acyl ating
agent and pol yal kenyl succinic acylating agent derived from pol yal kene
having M of from about 100 to about 5000. 12. The reaction product of claim

10, wherein sgid aThé plocéig ofigRith 7i hBid! ReRiniiE badesOaMANANLEd with an ER€ess
reaction product of a m xture of net h%/l ene- bri dged napht hoxyet hanol and
of acid prior to introduction of said formaldehyde.

9. The process of claim 8, wherein said acid is selected from oil soluble sulfonic

acid and solid acid catalyst.

10. A reaction product of one or more compounds as claimed in claim 1, and an

acylating agent.

11.  The reaction product of claim 10, wherein said acylating agent is at least one
selected from polyalkyl succinic acylating agent and polyalkenyl succinic acylating

agent derived from polyalkene having M. of from about 100 to about 5000.

12.  The reaction product of claim 10, wherein said acylating agent is hydrocarbyl

1socyanate.

13. The reaction product of a mixture of methylene-bridged naphthoxyethanol and
2-methoxy naphthalene compounds, and an acylating agent selected from polyalkyl

succinic acylating agent and polyalkenyl succinic acylating agent.



2- met hoxy napht hal ene conmpounds, and an acyl ati ng agent sel ected from

pol yal kyl succinic acyl ating agent and pol yal kenyl succinic acyl ating
agent. -44- 14. A process for formng the product of claim 13, wherein said
m xture of rmethyl ene-bridged napht hoxyet hanol and 2-net hoxy napht hal ene
conpounds, and acylating agent are reacted in the presence of an acid

catal yst. 15.1dhe arpeassfRffoghiap Melftodydtof elaiin 33 wheérBinhyidaninke bdged
napht hoxyet hanol and 2- net hoxy napht hal ene conpounds are the products of a

process conpr msihyleneibyidgedaanhihny ypspana)epd 2rraphenannhthdepssompaurdsdand hyl ene
carbonate in gc}}?atg)rggggtﬂgag%gefa\%%gﬁlpglﬁ%rgs%&l é/fg E}Cfa%ic(ifagzirlngt_napht hyl oxyet hanol ;

(i1) neutralizi'ng excess ¥ provi de an
internediate; and (iii) reacting said internediate with 2-nethoxy
napht hal ene and formal dehyde in the presence of residual acid. 16. The

process of cl &-m 1Bbhe piosessioh cladimd 4awnereinssaibmeidiylegeoriggedbnaphtixyethenal qui d
id catal yst i ' . f claim: i
2510 acyl at ;o ey AR AAERL SuSdund fre OB BAAS 6 7 pflcets BBeife (0 Tor

pol ybut ene hajsatighg\rydedxyi-maphtabiend c uind and ethlyldn@ RBrbondt8 in thegréeasass of
claim17, wherein a ratio of total noles of succinic acylatin noi eties to
total nol es obasgsgptatysyto frpn aeplabyleryathangl:{Hpneuialiging stidDaes withan ¢xgegs of

nmet hoxy napht (.S.f 1 . Q.5 - | t he
formula: ~ )a&?{‘(ﬁ?g‘“&\‘fﬁ-‘e a%?@e%%)&r#ﬁ?’l ﬂ%qllm%%g@ﬁEsa]gé%ﬁnie?dl?t%‘g%%@gﬁ}o%
represent s anngh@midneandOoialddhdde fOthe ptdeesifbsdidifalesils sel ected fromthe
group consisting of al kyl, alkoxy, alkoxyal kyl, hydroxy, hydroxyal kyl,

acyl oxy, acyl oxyal kyl, acyl oxyal koxy, aryl oxy, aryloxyal kyl, aryl oxyal koxy,
hal o and Co”biélat"?ﬂég}o &s@flciai %%hu&lgﬂeﬁl éaﬁlﬂgﬁ%‘.‘gﬂs%[&!&i ffbrh bﬂ‘é%&gle’rﬂ@ﬁé y o
conprising a carbon-carbon single bond or a TinkKing group; -4b- ea is
i ndependent | yadd emaBttyandfsolibacidanmiysa Z' O or Z(Q(CR2),)yX-, wherein X is
selected fromthe group consisting of (CR2),, 0and S; Rand R are each
i ndependently selected fromH, C, to C6 alkyl and aryl; z is 1to 10; nis O

to 10 when 17.  The process of claim 16, wherein said acylating agent is polybutenyl succininc

acylating agent derived from polybutene having Ma of from about 300 to about 5000.

18. The process of claim 17, wherein a ratio of total moles of succinic acylating
moieties to total moles of naphthyl moieties of said naphthyloxyethanol and said 2-

methoxy naphthalene is from about 1.10 to about 0.5.

19.  Compounds of the formula:

(Ya (Ya

Ar—¢L—An, (10
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, acyloxyalkoxy, aryloxy, aryloxyalkyl,
aryloxyalkoxy, halo and combinations thereof;
each L is independently a linking moiety comprising a carbon-carbon single bond or a

linking group;



Xis (CR2)z, and 2 to 10 when Xis O or S; yis 1to 30; Zis H an acyl
group, a polyacyl group, a lactone ester group, and acid ester group, an

al kyl group or an aryl group; Z is selected fromC, to CL00 al kyl and
aryl; each a iis independently O to 3, wthsthe proviso that at |east one Ar
noi ety bears at |east one group Z(QCR2)n)yX- in which Zis not H, and

m sl to0100.  2éhch GONp andependehitl ¢ laahsietSof thé farhmld Er(mldnaZ(()(((ng)nIyK-,)\ah&eml X)a
(Na zZ,-(I )a (I J)a Ar-- fL-Ar)mAr-_(L- IlAr L-ArmP. s (1I11)

wher ei n one of fRfickedyfrogy éheglgm}WsC‘Z{S@@RZ‘)f (§1§/xlz Q1 i BhRzands Rde?fFv@&hfrom

ther aof ; ore eteniBil oot mafel GbTL aihst ol Bk X1 GUOaGOOR IIRA
R4 R5, R6 andXRi (GR&y)], ndlé RerndENthyn SelseOt@dS;fy & th 38 Kyib Hyrnuh aqydlgyeadpkyl and

pol yal kenyl contal ning up to 200 C; and Z'" is bis-acyl of formula VI; O R9
RS O (V1) - 46R0lypet €rHPRe IWGF@%@&O‘%H;\&%@%@WI gr%lei gt alkyl gogponan 2y |

and pol yal kyl elyal ont 300G mis O to 100; and p
and s are eac%l%ﬂﬁdzeglen e&?‘?ﬁxhgoﬂ?ﬁ% O(r)lihlt tohgbout 25, with the proviso
that p < m seachrg 1sandbmn&emly>0 fo 3 2dith Gonprovisdshaifat dési om2Br mdietyeiearsf atom

about 2% to apout 98% of_ Y units are % 2%2) O, wherein Z is an acyl
group and y i $2% ong ZEPUPAHP(ERe:Ep s wvhishe,  @obbl and

mis 1 to 100.

20.  Compounds of claim 19, of the formula:

(Y), (Y), ——Z—(Y), Y), Z'—(Y), )

Ar—€L—Ar) m Ar —GL—— Ar)m Ar __GL_._ Ar)m S
P
iy

wherein one or more Y~ are groups Z{O(CR2),),X- in which Z is derived from lactone

ester of formula 1V, acid ester of formula V, or a combination thereof;

R2R’

(IV) V)
wherein R], R2, R3, R* RS, R® and R’ are independently selected from H, alkyl and
polyalkyl and polyalkenyl containing up to 200 C; and Z” is bis-acyl of formula VI;

O
RS
RS

O (VD)



of Y units are -OR'. 22. Conpounds of claim 21, wherein Ar is naphthal ene;
from about 40 mol %to 60 nmol. %of Y wunits are ZOCH2CH2O-, and from about
60 nol. %to 40 nol. %of Y units are -OCH3; and L is CH3. 23. Conpounds
of claim22, wherein mis fromabout 2 ted4@about 25; pis froml to about
10; and s is from1 to aboyt 10. 24. A conpound of claim 21, wherein Zis
derived from wherelny R kand Br arpdhdeperdanily selrstddnitomadli| dkylngndagelyelkgbranded

f | yal k ' M. of f t 0 t .5000. 25.. A d
of ol ai m 23, BRER R SoTeingis it BPPRo s Gt YR P B S seeh Rudpe RETRE i o
acyl ati ng agefbmd®bhM® :Itfoamm&iwkgftﬁ/imhhms WD sof mf el +about 100 to
about 5000. 26. A conpound of claim 21, wherein Z i's derived from

hydr ocar byl isocyanate. 27. A conpound of claim 23, wherein Z is derived
from hydrocarbyl isocyanate. ,28. A lubricati id .C Lt .conprising a
maj or anount g¥ anéBF%O‘b?&s gt ﬁl:?l’r?l_ggt Yv_ha"e{ﬂ fg%%ﬁﬂgvojgﬁéo %%92%% OE%MWESF a
conpound of cyabmREs), R IwhéreliPis £adcyNErofh kn€ 9P OE §,1408 fIm Shati PBZGo 2BIr t her
conprising a nitrogen- containing dispersant. -47- 30. A lubricating oil
conposi tion off ¥l wiith 29-@Bipri si ng an anount of said nitrogen-containing

di spersant providing said lubricating oil conmposition wth from about 0.03
mass % to about 0.15 nass % of nitrogen and from about 0.005 to 15 mnmass %

of said conpopnd. GdmpdintsIbf Eigidt 2 NOwiRrin CaNP @spHthadthep fronl dtiom 20 mohbretoeb
said nitrogen-containing dispersant is a polybutenyl polyalkyl eneam ng,
SUGCi i i da. dBpt Jeal M Ritpale T EaEH2Rm AN Pt Sompattade Bo00l & Bbgu
2500. 32. Al siaFea-UdT—%-gHj LGoppasi tion of claim29, further conprising at
| east one additional additive sélected fromthe group consisting of

detergents, antiwear agents, antioxidants, friction nodifiers
conpatibilizers and viscosity nodifiers. 33. A nethod of operating a
conpr essi on i &hi t edompgimpds of WialsR2nwhersth wasrpemsabsut 2 ithatoghed myisdrase Ak case

of said enging with a lubricatjing ojl,conposition of claim28 and operating
t he engi ne. Bgfb.ou'ﬁ'm’ ar?gts%gm&ftq %’ﬂ# &% wherein said conpression ignited
engi ne i s provided
24. A compound of claim 21, wherein Z is derived from a polyalkyl or
polyalkenyl succinic acylating agent derived from polyalkene having Mx of from

about 100 to about 5000.

25. A compound of claim 23, wherein Z is derived from a polyalkyl or
polyalkenyl succinic acylating agent derived from polyalkene having M, of from
about 100 to about 5000.

26. A compound of claim 21, wherein Z is derived from hydrocarbyl isocyanate.

27. A compound of claim 23, wherein Z is derived from hydrocarbyl isocyanate.

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

lubricating viscosity and a minor amount of a compound of claim 20.

29. A lubricating oil composition of claim 28, further comprising a nitrogen-

containing dispersant.



w th an exhaust gas recircul ati on system

- 47 -

30. A lubricating oil composition of claim 29 comprising an amount of said
nitrogen-containing dispersant providing said lubricating oil composition with from
about 0.03 mass % to about 0.15 mass % of nitrogen and from about 0.005 to 15

mass % of said compound.

31. A lubricating oil composition of claim 29, wherein said nitrogen-containing
dispersant is a polybutenyl polyalkyleneamine succinimide derived from polybutene

having Ma of from about 900 to about 2500.

32. A lubricating oil composition of claim 29, further comprising at least one
additional additive selected from the group consisting of detergents, antiwear agents,

antioxidants, friction modifiers compatibilizers and viscosity modifiers.

33. A method of operating a compression ignited engine, which method comprises
lubricating a crankcase of said engine with a lubricating oil composition of claim 28

and operating the engine.

34.  The method of claim 33, wherein said compression ignited engine is provided

with an exhaust gas recirculation system.



