METHOD FOR | MPROVI NG ELASTOVER COVPATI BILITY 5 10 The present invention

rel ates to a nmethod of inproving elastoner seal conpatibility and

di spersancy in an internal conmbustion engine. Mre particularly, the
present invention relates to a nethod conprising contacting el astoner seals
in an internal combustion engine with a lubricating oil conposition having
i nproved el astonmer seal conpatibility. Mreover, the present invention

| at to the use _of a lubricating oil conposition able to render
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the |iKke. astonmers are [rncreasin f %abricating t he
flexi ble seals which are used in internal conbustion engines. These seal s

are used, for exanple, —topEKEKOROURAKGEHAE INVENTIONI S at the point where
‘moving parts, such as a crankshaft, leave the engine. Any substantial

| eakage of lubricant fromthe engine is obviously undesirable. _
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deteriorati %r%%@io“%?%ré.r{kcgggildﬁ%aﬂ% Gi cOmpositions. Many of the known
dispersant/detergeht compounds are based on the reaction of an
alkenylsuccinic acid or anhydride with an amine or polyamine to produce an
alkenylsuccinimide or an alkenylsuccinamic acid as determined by selected
on conditions of reaction.

A continuing problem in the art of lubrication is to provide jubricating oil
compositions which satisfy the demands imposed upon them by the original
equipment manufacturers. One such requirement is that lubricants not

25 contribute to premature deterioration of seals, clutch face plates or other parts
made from elastomers such as fluoro, acrylic, silicone, nitrile and the like.
Elastomers are increasingly being used in fabricating the flexible seals which
are used in internal combustion engines. These seals are used, for example,
to prevent leakage of lubricants at the point where moving parts, such as a

3p crankshaft, leave the engine. Any substantial leakage of lubricant from the
engine is obviously undesirable. Unfortunately, elastomer seals are subject to
discoloration and mechanical deterioration when used in engines which are
lubricated with lubricating oils containing polyamine dispersants, i.e., nitrogen-
containing dispersants. The polyamine dispersants interact with the elastomer

35 seals, causing the seals to swell and to lose mechanical and dimensional
integrity. The rate of attack of the elastomer seals by a polyamine dispersant
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| ubricated with lubricating oils containing polyam ne dispersants, i.e.,

ni trogen- containing dispersants. The pol yam ne di spersants interact with
the el astoner seals, causing the seals to swell and to | ose nechanical and
di mensional integrity. The rate of attack of the elastonmer seals by a

pol yam ne dispersant | 5 10 15 20 25 30 appears to be directly proportional
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Generally, known succinimides useful as dispersants and/or detergents are
not always compatible with elastomer seals when present in lubricating oil

op Compositions at concentration levels necessary to be effective in controliing
engine deposits. Of the nitrogenated components normally used in lubricants,
bis~succinimides with dispersant action have proved particularly critical
towards elastomers, either when used alone or in combination with, for
example, viscosity index improvement polymers of dispersant action

o5 containing nitrogenated monomers. In this respect, both these classes of
additive contain strongly basic amino groups (primary and/or secondary
and/or tertiary).

The literature describes various processes which can be used to overcome

30 the aforesaid drawback. Many known process involve post-treating various
nitrogen-containing dispersants with various substances to reduce reactivity
with elastomer seals.

U.S. Patent No. 4,379,064 teaches mild oxidation of nitrogenated dispersants
35 to make the dispersant unreactive towards fluoroelastomers. However, the



additive contain strongly basic am no groups (primary and/ or secondary
and/or tertiary). The literature describes various processes which can be
used to overcone the aforesaid drawback. Many known process involve
post-treating various nitrogen-containing dispersants with various
substances to reduce reactivity with el astonmer seals. U S. Patent No.
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nore than 2 am no groups cannot be utilized (Col. 2, lines 50-62).

15 Furthermore, U.S. Patent No. 4,873,009 teaches it would be desirable for the
additive to have a relatively high concentration of N-hydroxyalkyl moieties
because the more N-hydroxyalkyl substituents, the cleaner the engine.
However, it also teaches that the more amino groups in the polyamine, the
greater the degradation of fluoroelastomer seal, and that alkylene amines

og containing more than 2 amino groups cannot be utilized (Col. 2, lines 50-62),

U.S. Patent No. 4,940,552 relates to polyamine dispersants passivated
toward fluorohydrocarbon compositions. The dispersants described comprise
the reaction product of a Mannich polyamine dispersant with an amount of

5 maleic anhydride sufficient to reduce the reactivity with fluorohydrocarbons of
the dispersant.

U.S. Patent No. 5,356,552 teaches succinimide additives post-treated with a
cyclic carbonate having fluoroelastomer seal compatibility and for

3g concentration levels at which fluoroelastomer seal compatibility is achieved,
possess improved dispersancy and/or detergency.

U.S. Patent No. 6,124,247 teaches that dispersants of mono-succinimides or
bis-succinimides are even more effective if their relative basic nitrogen

g5  contentis high, i.e. insofar as the number of nitrogen atoms of the polyamine
is larger than the number of succinic anhydride groups substituted by a
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U S. Patent No. 4,940,552 relates to pol yam ne di spersants passivated
toward fl uorohydrocarbon conpositions. The di spersants described conprise
the reaction product of a Mannich pol yam ne di spersant with an anmount of
mal ei ¢ anhydride sufficient to reduce the reactivity with

fl uorohydrocarbons of the dispersant. U S. Patent No. 5, 356,552 teaches
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the nol e least 8:1. This composition may be produced by the three-step process
involving neutralization of atkylphenols, carboxylation of the resulting
alkylphenate, and filtration of the product of the carboxylation step. The
og detergent-dispersant produced by the method can be used in an engine
lubricating composition to improve antioxidant properties, high temperature
deposit control, and black sludge control. The patent does not mention that
the detergent-dispersant produced provides improved elastomer seal
compatibility.
25 .
Clearly, a need exists to provide highly effective nitrogen-containing
dispersants which provide dispersancy to the lubricating oil while at the same
time not causing the deterioration of elastomer seals, such as, for example,
fluoro, acrylic, silicone, nitrile and the like, and the associated [eak of
30 lubricant.

SUMMARY OF THE INVENTION

The present invention provides a method of improving elastomer seal
compatibility and dispersancy in an internal combustion engine, said method

35 comprising contacting the elastomer seal in the internal combustion engine
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ratio of single-ring alkylsalicylate to double aromatic-ring

al kyl salicylate is at least 8:1. This conposition may be produced by the
three-step process involving neutralization of al kyl phenols, carboxyl ation
of the resulting alkylphenate, and filtration of the product of the
carboxyl ation step. The detergent-dispersant produced by the nmethod can be

used in an engi Al i Aposition .o i nprove antioxi dant
properties, W%@%Jgﬂ%@ﬁl‘g@#le d[go%@)ﬁé%ﬁ&ﬁﬁuﬁ, and bl ack sl udge control.
The patent does not nention that the detergent-dispersant produced
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provide highly effective nitrogen-containing dispersants which provide

di spersancy to the)l ubaicaeioxymted tetdhdri-dispdrbgntssitiinetiiye not causing the
deteriora,gion of el astomer seals, such as, for exanple, “fluoro, acrylic,
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i nprovi ng el astoner seal chgRiesenda elatderstdinepmareandig acid that cantainsal

conbusti on engi ne, said net 0, [.S] Qn tin he ,el ast oper seal in
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car boxyl at ed det ergent-di spersant._obtained by; 5 10 15 (i) neutrali zi ng
al kyl pheﬂ%l s using an al kal PEEMesiata PhAUCt; 811d t he presence of at |east one

carboxylic acid that C@I}lt ai &Pg%’ﬂgﬁmgoﬁ‘%dm”t“%fa*gﬁé@@ g%%ﬁcﬁ%ni n the

absence of al kali bas "dra nonoal co ; g an .
i nternedi ate product; and cdiokideysoadhabhgt lebst 20hmelerpdicahitopthediriginalsi ng

carbon alkylphenol starting material has been converted to

15 alkaline earth metal single aromatic-ring hydrocarbyl

salicylate; and

¢)  a nitrogen-containing dispersant.
20 The nitrogen-containing dispersant employed in the lubricating oil composition
of the present invention is an ashless dispersant such as an alkenyt
succinimide, an alkenyl succinic anhydride, an alkenyl succinate ester, and
the like, or mixtures of such dispersants.

25 Alkenyl succinimides are preferred. Bis-succinimides are more preferred.

In an alternative embodiment, the present invention is directed to the use of a
certain carboxylated detergeni-dispersant to improve the elastomer seal
compatibility in a lubricating oil composition containing a basic nitrogen-
30 containing dispersant in an internal combustion engine.
Among other factors, the present invention is based on the discovery that a
certain carboxylated detergent-dispersant improves elastomer seal
compatibility of lubricating oil compositions containing nitrogen-containing
35 dispersants.



di oxi de so that at |east 20 nole percent of the original alkylphenol
starting material has been converted to alkaline earth netal single
aromatic-ring hydrocarbyl salicylate; and c) a nitrogen-containing

di spersant. 20 The nitrogen-containing dispersant enployed in the

| ubricating oil conposition of the present invention is an ashless

di spersant such as an a I Rk A i ni c anhydri de,
an al kenyl succinate es{)gﬁwla%g%ﬁ%gﬁ?ﬁ@m g}nﬁﬁghﬁl%-gﬁiuch di spersants.
25 Al kenyl succinimdes are preferred. Bis-succinimdes are nore preferred.
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conpat i bi | i t @ lgbri¢aiing @lbeampgesilion bavipe énpicyad etastomienisagl compatibility.

ni trogen-containing dispersants. 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5

In its broadest aspect, the present DERMRRTIORS el ates to a nmethod of

~inproving elastomer seal conpatibiTitTy and dispersancy in an internal

conbust i @Q engi ne. More particularly, the present invention relates to a
np

met hod Hrior iy disonssieg thegpeisaat ionenticreial detail) tha follighd drmxoNilusieon
engine with ,a bricating, oil conpositi ?n havi ng i nproved el astoner seal
conpati bi | i t {1¢ SERMOSTINGRBINGS usigssrexpgeshly eigtad tegtherr@niaesent i nvention in

detail, the following terns will have the follow ng meani ngs unl ess

expressly stated to _the contrary. 15 20
P y %e term “alkyiphenol” meyans a phenol group having one or more alkyl

15  substituents; at least one of which has a sufficient number of carbon atoms to

impart oil solubility to the phenol.

The term “alkaline earth metal” means calcium, barium, magnesium,

strontium, potassium, sodium, and lithium.
20

The term "alkaline earth alkylphenate" means an alkaline earth metal salt of
an alkylphenol.

o5, The term "alkaline earth alkylsalicylate” means an alkaline earth metal salt of

an-alkyl salicylic acid.

The term "alkaline earth single aromatic-ring alkylsalicylate" means an

alkaline earth alkylsalicylate having only one alkyi salicylic anion per each

30 alkaline earth metal base cation. Thus one mole of alkaline earth single
aromatic-ring alkylsalicylate will contain one mole of aromatic ring and one
mole of alkaline earth base cation. Thus, a calcium single aromatic-ring
alkylsalicylate would have one aromatic ring for each calcium ion.

35



The term "al kyl phenol " nmeans a phenol group having one or nore al kyl
substituents; at |east one of which has a sufficient nunber of carbon atons
to inpart oil solubility to the phenol. The term "al kaline earth netal"
means cal cium barium magnesium strontium potassium sodium and
lithium The term "al kaline earth al kyl phenate means an aI kal ine earth
nmetal salt of.l.h ak.k 25 The ter.m al k | sal i cyl at e"
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aromati c- r| nglkatih& ghsthl hasg| cation wblihs) dmalauun@oﬁ[ermbmatut—nng for each
calciumion. 35 5 5 term"al kaline earth double aromatic-ring
al kyl sal i cyl é’ﬁ%’*saﬂ‘éﬁﬂé ﬂﬁdi!aWQRWH@r‘é@@f'ﬁ r'agﬁmrs%ﬁq?‘cﬁﬁq%{?@ IRBvi ng two al kyl
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of al kaline rth dqubl e ar tic-ring  alk alicylate will_ contain two
mol es of ar oﬁz‘ﬁ term?ﬂé@”ﬁ %ﬁ%”ﬁﬁ?@tc&d ‘nathéﬁ”i tﬁéngléﬁ?ﬂ*ﬁ%%fet hegmigds. Thus,
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rings for each calciumion term "succl I's understood in the art
to include manhydide wih aniamine an@[deptaedhaﬂmc'!'he prbdarninané peddimt,f or med by

t he reaction,of a succinic ‘i% é‘? i g h ﬁn fam' newi]nd I S ‘[% used herein.
The predoni nEREYFLIREYCCINidRART this fergy bas REED gensrly @srertedias has been
general |y aceqpifsy 8 progast 6fa thRtON @@uﬁtat@nya dr%@léMtuﬁIte@@ua&K%ny' or

al kyl substituted succinic acid or anhydride wth a pol yam ne.
acid or anhydride with a polyamine.

The term “Total Base Number” or "TBN" refers to the amount of base
equivalent to milligrams of KOH in | gram of sample. Thus, higher TBN
numbers reflect more alkaline products and therefore a greater alkalinity

20 reserve. The TBN of a sample can be determined by ASTM D 2896 or any
other equivalent procedure.

Uniess otherwise specified, all percentages are in weight percent and all
molecular weights are number average molecular weights.
25
BASE OIL OF LUBRICATING VISCOSITY-

The base oil of lubricating viscosity of the present invention may be mineral
oils or synthetic oils. A base oil having a viscosity of at least about 2.5 ¢St at
30 about 40°C and a pour point below about 20°C, preferably at or below 0°C is
desirable. The base oils may be derived from synthetic or natural sources.
Mineral oils for use as the base oil in this invention include, for example,
paraffinic, naphthenic and other oils that are ordinarily used in lubricating oil
compositions. Synthetic oils include, for example, both hydrocarbon synthetic
35  oils and synthetic esters and mixtures thereof having the desired viscosity.



The term "Total Base Nunmber” or "TBN' refers to the anount of base
equivalent to mlligrans of KOHin | gram of sanple. Thus, higher TBN
nunbers reflect nore al kaline products and therefore a greater alkalinity
reserve. The TBN of a sanple can be determ ned by ASTM D 2896 or any ot her
equi val ent procedure. Unless otherw se specified, all percentages are in
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The lubricating oil composition of the present invention comprises a
carboxylated detergent-dispersant additive (also referred to herein as
og  carboxylate” or “carboxylated detergent”) made by the following process.

A. Neutralization Step

in the first step, alkylphenols are neutralized using an alkaline earth base in

25 the presence of at least one C4 to about C4 carboxylic acid. This reaction is
carried out.in the absence of alkali base, and in the absence of dialcohol or
monoalcohol.

The alkylphenols contain up to 98% of linear alkylphenol (preferably up to

30 39%linear alkyipheno[) in mixture with up to 15% of branched alkylphenol.
Preferably, the linear alkyl radical contains about 12 to about 40 carbon
atoms, more preferably about 18 to about 30 carbon atoms. The branched
alkyl radical contains at least nine carbon atoms, preferably about 9 to about
24 carbon atoms, more preferably about 10 to about 15 carbon atoms.

35



the like. Conplex esters prepared fromm xtures of nono and di carboxylic
aci ds and nono and di hydroxy al kanols can al so be used. Bl ends of m neral
oils with synthetic oils are al so useful. CARBOXYLATED DETERGENT- DI SPERSANT
ADDI TI VE The lubricating oil conposition of the present invention conprises
a carboxyl ated detergent-di spersant additive (also referred to herein as
"car boxyl ate" or "carboxyl ated detergent”) nmade by the foll ow ng process.

A. Neutralization Step 25 30 In the first step, alkylphenols are

neutral i zed Udiertpesnf arnl ilkylphendaontaihiag eipi tn 35% ef [mngdmeae atidylpitienbkast one

a b . . ; . : ; P
absence of a2 SUORIABNE cBEL 30 (ot AaS) RibdficyiGY SR boedurds, )

The al kyl phe#ISlineshedivhchgin pomgtesdhe icopmatibiibkgng selubility ¢ theadsiitivesup t o

Pref er abl . L b el e NS I I3 Ear bon
[ : i near radi c ntajin ut .

a'[ gm? r am)r e ?(ﬁ?@?%ﬁlﬁ %kgébeﬁ‘gs Wel%gﬁ? t'%k?@%ﬁ%&ﬁ%‘{%%ﬂ BRBCR® A nched

al kyl radi caklkytpiteablss hahcé Hesheed fveusshdshenteaction pogtﬂiﬁdtm?gqbada%ut 9tto
b 24 @"'ﬁfﬁﬁi : to abou car bon at ons.

gSOgt 10 1;28‘39@@%9 e ﬁ?@r%{%%&gﬁﬂéfg%ﬂé%gebom aining up to 35% of

| ong Iinear al kylphenol (from about 18 to about 30 carbon atons) is
particul acly Brbidtet dIKAPRERAS 88n Be d¥Bed I)FBACHIN pHdh) WithrPHRIRRel hE
oz O OGRR kath s esos Te rt e e 1
- Ho , th | ' in the
al‘\x?’g[}enol gnmk;ﬂbsﬂitatddaisomeréi,elssgfmméjuﬁt;/tdﬁﬁ‘e bulsstittietts balifgyinthenol s,
hence the neﬁgr:} Boéiﬁ&,%ﬁw béﬁ‘@% 'tt?&oﬁﬁggbgﬁi%',sar%oo hgrrdllyngny in the meta

position. That makes them relatively reactive towards an alkaline earth base,
15 since the phenol function is practically devoid of steric hindrance.

On the other hand, linear alkylphenols can be obtained by reaction of phenol
with a linear olefin, generally originating from ethylene. They consist of a
mixture of monosubstituted isomers in which the proportion of linear alkyl

oo  Substituents in the ortho, para, and meta positions is much more uniformly
distributed. This makes them much less reactive towards an alkaline earth
base since the phenol function is much less accessible due to considerable
steric hindrance, due to the presence of closer and generally heavier alkyl
substituents.

25
The alkaline earth bases that can be used for carrying out this step include
the oxides or hydroxides of calcium, magnesium, barium, or strontium, and
particularly of calcium oxide, calcium hydroxide, magnesium oxide, and
mixtures thereof. In one embodiment, slaked lime (calcium hydroxide) is

39 Preferred. '

The C4 to about C4 carboxylic acids used in this step include formic, acetic,
propionic and butyric acid, and may be used alone or in mixture. Preferably, a
mixture of acids is used, most preferably a formic acid/acetic acid mixture.

35 The molar ratio of formic acid/acetic acid should be from about 0.2:1 to about
100:1, preferably between about 0.5:1 and about 4:1, and most preferably
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about their neutralization by an al kaline earth base. Branched al kyl phenol s
can be obtained by reaction of phenol with a branched olefin, generally
originating from propyl ene. They consist of a m xture of nonosubstituted

i somers, the great mpjority of the substituents being in the para
position, very few being in the ortho position, and hardly any in the neta

position. That t I earth
base, si nceqt rﬁl%neanrép)%f ﬁnagkcfsoél&%ssytr n%?%%%ﬁtéloa\é‘%{?gﬁgq‘%? ng'gt Fnhehdrance
On the other aH(@:Hae elarthdwses ifiopm prr@!neraé reagernéo ebtaapanrid reggedact i on of
phenol with a linear olefin, generally originating fromethylene. They

f:onSI st fnl‘( ?Th@nfmfaﬁza;ﬂwayw éaﬁé@&iogggtarm&n @%\Mi}:g i?ﬁé@@@@f;t 'nﬁrclhof
i near al kyl ,.subs Li Nojhg-o o

f isleraihidt Basl 3o SCnakdomare hisfalibly %o v ds an
QII)rkgl :lee ar tpgesslu&ses eidnced graziualye below aimedsphieric $n orodr tb eldstillaftggsi 3I e due
t d |
gencral |y ol Sppefor A%Eﬁw@%t*?*ﬁeﬁrﬁ fpRpFREARE Qrdlsdin B can be
used for car ﬁysﬂ@ca)giamm@vwébaﬁ may freren an lseeolopr witbrwated iyeferablyof
cal g i um lmig'ﬂﬁ HSsuRAEI rEHUce toSid Ridke Hin 2080 H%%(?t)g rﬁl:éggé)'t Eg?eugﬁhﬁ?ééjm
ovbod mot - PSRRI USS HAREN GRTHES Ly ToLowiBs SRGlar B0SThe C 1o bout
C4 car box@l ic acids used in this step include formc, acetic, propionic
and butyric gt akalaredeartlybsse/alkgighahoiref about 0.201 1d abeut (7 ef, @referably a
m xt ure of a%bga 0% f"ﬁ)eé’bodg;ﬂ)sfﬁ 'Epér% erably a formc acid/acetic acid

m Xture. The rati o ‘ofmc acid/acetic acid shoul d be from about
0.2:1 to about 100 1, preferably between about 0.5:1 and about 4:1, and
most pr ef er ab)casbaxyic atidalkphengliaf @bgut @d1akto akoutubids prefay fom

assi sti ng,_t hghbumeikertodbdute 1524 kal i ne earth bases froma m neral reagent
to an orgéni c reagent. 5 10 15 20 25 The neutralization operation is

carried out at a tenperature of at |east 200
Preferably, at the end of this neutralization step the alkylphenate obtained is

kept for a period not exceeding fifteen hours at a temperature of at least 215
°C. and at an absolute pressure of between 5,000 and 105 Pa (between 0.05
'20 and 1.0 bar). More preferably, at the end of this neutralization step the
alkytphenate obtained is kept for between two and six hours at an absolute
pressure of between 10,000 and 20,000 Pa (between 0.1 and 0.2 bar).

By providing that operations are carried out at a sufficiently high temperature

o5 and that the pressure in the reactor is reduced gradually below atmospheric,
the neutralization reaction is carried out without the need to add a solvent that
forms an azeotrope with the water formed during this reaction.

B. Carboxylation Step

30
The carboxylation step is conducted by simply bubbling carbon dioxide into

the reaction medium originating from the preceding neutralization step and is
continued until at least 20 mole % of the alkylphenate to alkylsalicylate
(measured as salicylic acid by potentiometric determination). It must take

35 Place under pressure in order to avoid any decarboxylation of the
alkylsalicylate that forms.
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C., preferably at least 215 C., and, nore preferably, at |east 240 C. The
pressure is reduced gradually bel ow atnospheric in order to distill off the
wat er of reaction. Accordingly the neutralization should be conducted in
the absence of any solvent that may form an azeotrope with water.
Preferably, the pressure is reduced to no nore than 7,000 Pa (70 nbars).

Th titi . t o, t.-he foll ow |
faciaoi 1) Erefefioll AR SARER FINS SERIRGARIBRGBY B Sohfeel Y o 7
preferably &hulsalicyl@emsing eaybon dioddd at anempeyatere tfbstiveend&0d! ady| phenol
of about 0.0%48 °o£0 e Hessuke vl BeAnge dr9m aBeye afinfshHeri about

0.15:1. Preferably, af_t d of th nedtral i zation step the al kyl phenate
obtained is plgeee&y}/q a%%xgﬁﬁfﬁ&(@@a@iﬁ@w&# ptenfp aisht BO'd'tS-a t enper ature
of at Ieagt 215 C. and at an absolute pressure of between 5,000 and 105 Pa
(between 0.0 0 r). | ¥, the.end, of this .
neutralizati %ﬁc%ﬁoh%@%{gﬂ(ﬁ%ﬁggéﬁfo%®§hé"dOfiatbe éﬁlngﬁlkw%&'st wo and
six hours at canvertasbioualiyylsglicylate usingfeabeamdienideOstGotenapretalOe @afiaPe ¢het ween
0.1 and 0.2 E?é&tertﬁﬁn@@@‘“(ﬁ'u‘ﬁaegﬁ ?ﬁﬁé%ﬁh%%ﬁp‘é @Hdrspd out at a

sufficiently high tenperature t the pressure 1nthe reactor is
reduced gradual |y bel ow at nospheric, the neutralization reaction is

carried put Whelpeodudt s tifeeestbbrylatich tepdb tIgeH filtdrel. Thepipcdt grAgt rope with
this reaction 5 The

h forped duri B, oxyl at | 03
car oy at i oliane 44 ihabRekd Sainidhis 4nd BARRIALS v slaimERalE i nto 1t ne
reacti on nmedcarbooateyiwiach mightharetbeenpoemedidogng ¢t peddeziirg stepstamd and i s
o vy unihlottihal Baate SRoIMG . Bls kRGN RIRARKE Sidi@LIY 52 1 oyl at @

(measured as salicylic ac pot enti one ermmation). 1t nust take
pl ace under gressure in order to avoid any decarboxyl ation of the
al kyl saljliyl he carxxytatedrdetergentrligfersamt fiprmead bydhistpraesotan Beof t he

ZE a;t ![ Q?rp elr ;?hg@%@?gzég{b&ééﬁmi% gcgwtaggiti%%,k\x{tﬁ %dc%y%%Feealﬂﬁfpﬂ%nglaarnbcP n dioxide
- alkaline earth metal single aromatic-ring hydrocarbyl salicylate than produced
by other routes. The reaction product will typically have the following
composition:
20 a) from about 1 % to about 40 % alkylphenol,
b) from about 10 % fo about 40 % alkaline earth metal
alkylphenate, and
c) from about 30 % to about 70 % alkaline earth metal single

25 aromatic-ring alkylsalicylate.

The preceding process is more fully described in U.S. Patent No. 6,162,770,

which is incorporated by reference into this application.

30 Unlike alkaline earth alkylsalicylates produced by other processes, this

detergent-dispersant composition can be characterized by having only minor
amounts of an alkaline earth double aromatic-ring alkylsalicylates. The mole
ratio of single aromatic-ring alkyisalicylate to double aromatic-ring

35 alkylsalicylate is at least 8:1.
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15 20 25 240 C., under a pressure within the range of from above

at nospheric pressure to 15 x 105 Pa (15 bars)-for a period of one to eight
hours. According to one variant, at |least 25 nole % of the starting

al kyl phenols is converted to al kyl salicylate using carbon dioxide at a
tenperature equal to or greater than 200 C. under a pressure of 4 x 105 Pa

(4 bars). Th oduct,, of_t he_carboxyl ati gn step is en _filtered, The

pur pose of t%ég{e_fr%y'rtg?i_r Sf ﬁ'ﬁ%(?%t.e ggeqt— s cﬁht%’h{]'%‘? fr&ﬁbag%‘ﬂ%{éarly
crystal line epbat 250, iefdsredrablyrdrR bsLe 50 kauBokegip.f or med during the
precedi ng steps, and which may "cause plugging of filters installed in
lubricating oil circuits. The carboxylated detergent-dispersant fornmed by
this process I@métﬁe%ri&ﬂﬁ%%%ﬁﬁ%ﬂi@erﬁ?%ﬁ&!iﬂ% BrESBACINVERTLN, th h nmuch
nore al kyéphenol and alkaline earth netal single aromatic-ring hydrocarbyl
sal i cyl at & t karPQyied daterggniatisparsantiuwid dypically rasge ficom apeutiddttowhout

o Ryt phenol ke, piTEEIY HormGRRe 3 bbby oo R B B0 e PrefbiaBpiaote *°
al kyl phenat e 1 tarshou} 8fwtol) basat ol thdveyhtbetie (Bl Yalridetihg T8 comipdbitiai. al

single aromatic-ring al kylsalicylate. The preceding process is nore fully
described in U S. Patent No. 6,162,770, which is incorporated by reference

into thi $ application. 30 NiMRGERLGaNTMNGIGtHISHERSARNT cyl ates produced
by ot her Brocesses, this detergent-dispersant conposition can be

characterized by having only mnor amounts of an alkaline earth double
aromat i c- ri nghal fitbgen-tontariing disEB%a!ﬁ@bﬁlflé)ﬂéd iR tRE [BriRGtiRg Vil VTSP IEitidNd
al kyl salicylate to double aromatic-ring 35 al kyl salicylate is at |east 8:1.
- 11 Pref er 8biRe presentripxedfion isarveshiesedispaissptseenas snalkenyer alkym about

100 to aboutsugggi,migg’rgn Bfk%ﬁlrcﬂballﬁlylfsﬁggh%bgr!fh&d}iég, 5(9 a%%fonz QQyi 510
15

succinate ester, and the like, or mixtures of such dispersants.

Ashless dispersants are broadly divided into several groups. One such group
is directed to copolymers which contain a carboxylate ester with one or more

og additional polar function, including amine, amide, imine, imide, hydroxyl
carboxyl, and the like. These products can be prepared by copolymerization
of long chain alkyl acrylates or methacrylates with monomers of the above
function. Such groups include alkyl methacrylate-vinyl pyrrolidinone

o5 copolymers, alkyl methacrylate-dialkylaminoethy methacrylate copolymers
and the like. Additionally, high molecular weight amides and polyamides or
esters and polyesters such as tetraethylene pentamine, polyvinyl
polysterarates and other polystearamides may be employed. Preferred

dispersants are N-substituted long chain alkenyl succinimides.
30

Alkenyl succinimides are usually derived from the reaction of alkenyl succinic
acid or anhydride and alkylene polyamines. These compounds are generally

considered to have the formula;

35
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15 20 25 30 35 In the lubricating oil conposition enployed in the present
I nvention, the carboxylated detergent-dispersant will typically range from
about 0.5 to about 15 w % preferably fromabout 1 to about 12 wt % and
nore preferably about 1 to about 8 wt % based on the wei ght of the total
| ubricating oil conposition. N TROGEN- CONTAI Nl NG DI SPERSANT The
ni trogen-cont ai ni ng dispersan%l:nplo ed in the lubricating oil conposition

I

of the present invention is an ashl8ss dispersant such as an al kenyl or

al kyl  succi nim de, an al keny kyl succinic anhydride, an al kenyl or

al kyl succinate ester, and the __gﬁkﬂP5MRév 4such di spersants.

Ashl ess di spersants are broadly ed 1 nto eral groups. One such group
is directed to copol ymers which ain a Jarboxylate ester with one or
nore additional polar function, in® udingR2&m ne, am de, imne, imde,

hydr oxyl Tarboxyl, and the |ike. Thése products can be prepared by

copol ymer i zapjh@fein ®' i and b%fh?itlﬁil@hk?dhcﬁﬂf&' BURE Héwﬁﬁ %ﬁféé'uﬁér%@htt h

nononers of the above function. ch groyps 1 nclude

met hacryl at effwmgbOLﬂﬁQQiblailth@BQOOdbgbiSyRen&a I”tyﬂrgnarm}trwcaly peaferably

I al kyl am noet hy a an Lt alI hi gh
nol e%:/ul ar M%B@@M%edée{% é?%%ﬁ@@r%@%gr ag)ﬂ"g?gb ﬁmﬁb‘%y‘? 5Teh as
tetraet hi/(genalkg@mb&ﬁdmél ofatouti2ntsl abdee B spesiaaalyesb@n @ wtdiRiut 6, carbon

pol yst eaf'am des may, bg enpl gyed. Preferred dispersants are N substi t ut ed

| ong chai n aPIERSHR's fecpffl M dee selgclashijprmsaibe tmphrdles: alkel arsalispxyoier i ved
fromthe rea f | | kyl ene

pol yam nes. @g&% off @E%ﬁgg} fgﬁff&%ﬁﬁgﬁ%ﬁ& "’q‘cﬁﬁs‘%%g?r@ébﬁg a%g\gteq{)he f ormul a:
-12 0 N Al k- pheféddb)wo traBdutf 3. Rhef détual reaction product of alkylene succinic acid

or anhydride and alkylene polyamine will comprise the mixture of compounds

15 . . . . e .
including succinamic acids and succinimides. However, it is customary to

designate this reaction product as a succinimide of the described formula,
since this will be a principal component of the mixture. See, for example, U.S.
Patent Nos. 3,202,678; 3,024,237; and 3,172,892, the descriptions of which

20  are incorporated herein by way of reference. Reduction of the alkenyl
substituted succinic anhydride produces the corresponding alkyl derivative.
The mono alkenyl succinimide and bis alkenyl succinimide produced may
depend on the charge mole ratio of polyamine fo succinic groups and the

25 particular polyamine used. Charge mole ratios of polyamine to succinic
groups of about 1:1 may produce predominately mono alkenyl succinimide.
Charge mole ratios of polyamine to succinic group of about 1:2 may produce
predominately bis alkeny] succinimide.

30 Particularly, advantageous results with the method of the present invention
are obtained when the alkenyl or alkyl succinimide is a mono- or bis-
succinimide prepared from a succinic anhydride substituted by polyisobutene
of a polyalkylene polyamine as discussed in further detail below. Bis-

35  succinimides are preferred.
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5 wherein Rl is a substantially hydrocarbon radical having a nol ecul ar

wei ght from about 400 to about 3000, that is, RL is a hydrocarbyl radical,
preferably an al kenyl radical, containing about 30 to about 200 carbon
atons; Ak is an 10 al kyl ene radi cal of about 2 to about 10, preferably
about 2 to about 6, carbon atons, R2, R3, and R4 are selected froma G to

about 4 al k al F o hvdrogen. ef ergbl y_hydr ogen nd xis.an
i nt eger from¥%e$%Né%§)§ﬁMﬁ%q allﬁgﬁgl@é.&:gﬁlry%stcgngbeoériepéreq?-ﬂ% r%%‘%’ll}glm?%é?cti on
product of ahiyldeiie witrcan bicfinkchytiroSdrban yltiwetEb R rshalinly the Rssudig/ani ne wi | |
conprise the mxture of caonmpounds 15 including succinam c, acids and

¥

succi ni ni desalkeRMisieeinia anhydridg syitiiheyaliidengipalygmine Ttha B radiealidbther oduct
as a succi ni g 4 i S NS e a principal
conponent ofgﬂtxﬂge %}T&%ﬁéﬁz%ethggg@@[(%ﬁ%éls %lr%‘éﬁat&)\ékiéﬂﬁ#\tgg% % 202, 678;
3,024, 237, apdydet pRer@eed frohean esfin pbhomer obniafmicd frath abeuti htooapmrtd ed
herein by way_ of referepce. Redyction of the alk | subst.itute uccinic
anhydri de pr%ﬂﬁeaé??fﬂé-a@%%é@%aﬂﬁﬂﬁb{agl%w %@?'P@gt v@lym%nﬂ@l’?ﬂ‘aﬁrkenyl
succi ni n de @ddafiry RbiIBOut 246 HbPLIS S PAERITBYM LRRABEa®BNt he charge
mol e ratio of polyamne to succinic groups and the 25 particul ar pol yam ne

used. Char gehading armelesulapveighit yanging from gbewti 401(cto afrastt 3s008k. Susbualefin 1 nay

produce edon n L i_nimde. e . ratios of

Dol yam rid ¢ o "00BR1eRs o PRApPIEL N P RS Y Bing T e cabid el 'y bi s

al kenyl succisobutetie, asd nitdutdskessdfy, advant ageous results with the nethod
of the present invention are obtained when the al kenyl or al kyl

succinimde is a nono- or bis- succinimde prepared froma succinic

anhydri de subhé prefbREd PolyROYYEROBMIRR s todraghnahk BueaRiriaky afé BE as
di scussed in further detail below Bis 35 succinimdes are preferred. -13

These l\l—@]bs*ﬂ“ietfgfr@@aal kenyl succininides can be prepared by reacting mal eic
anhydride with an ol efinic hydrocarbon foll owed by reacting the resulting
al kenyl succinic anhydride with the al kyl ene pol yam ne. The Rl radical of
the above formula, that is, tHMRBnVK"rM—dd‘IR’*R“s preferably derived
froma 5 pol ymer prepared froman ol efin nononer containing fromabout 2 to
about 5 carbon atons. Thus, the al kenyRzradical is obtained by

pol ymeri zing an ol efin :

20 wherein z is an integer of from 0 to about 10 and Alk, R?, R3, and R* are as

defined above.

The alkylene amines include principally methylene amines, ethylene amines,
25  butylene amines, propylene amines, pentylene amines, hexylene amines,
heptylene amines, octylene amines, other polymethylene amines and also the
cyclic and the higher homologs of such amines as piperazine and amino
alkyl-substituted piperazines. They are exemplified specifically by ethylene
30 diamine, triethylene tetraamine, propylene diamine, decamethyl diamine,
octamethylene diamine, diheptamethylene triamine, tripropylene tetraamine,
tetraethylene pentamine, trimethylene diamine, pentaethylene hexamine,
ditrimethylene triamine, 2-heptyl-3-(2-aminopropyl}-imidazoline, 4-methyl
imidazoline, N,N-dimethyl-1,3-propane diamine, 1,3-bis(2-

39 aminoethyl)imidazoline, 1-(2-aminopropyl)-piperazine, 1,4-bis(2-
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containing fromabout 2 to about 5 carbon atons to form a hydrocarbon
havi ng a nol ecul ar wei ght rangi ng from about 400 to about 3,000. Such

ol efin 10 nononers are exenplified by ethyl ene, propylene, 1-butene,
2-butene, isobutene, and m xtures thereof. The preferred pol yal kyl ene
am nes used to prepare the succinimdes are of 15 the fornul a:

H2N- Al k- - N- Al k-.~- RA | .Z 20 ereln z is integer of fromO to
about 10 andaﬂf'ﬂ?g{ﬂg?p'%fazﬁ}?da'ﬁzﬁpﬁmg'%’@F‘?’ﬂ%@@&@ﬁ?%’iaz @89@%' The

al kyl ene ani nemdiowd st & hrCoBalHad BESSHIABR AN o’ hthedosal nes,
but yl ene am nes {)r opyl ene am nes, pentyl ene am nes, hexyl ene am nes,
heptyl ene aniliuelatescallylene amneskkewisaare geefuhet hyl ene ani nes and al so t he
cyclic and the higher honol ogs of such am nes as piperazine and am no

al kyl -subgti tuted piperazines. They are exenplified specifically by

et hyl ene “di dferfdhylene emiyeeae esnacialyiuseful pflagyyarerdestiibad fre sothecdateil hy |

~diam ne, oc I Al & ' @ | ene triam ne ri propyl ene

t etraam ne, hﬁ gﬁ @ét%a%éﬁ%ﬂlgg%%ﬁ%rﬁﬁ%&‘fy}’fﬁ)@ﬁg'ad?gﬁ'%@@aﬁ)ent aet hyl ene
hexam ne, diTechneiby, KineOtirnanives, 5,30 898053 fterstidrterPeilshird, Medpzol i ne,
4-met hyl imgdazol ine, N, N-di methyl-1,3-propane diam ne, 1, 3-bis(2-
ami noet hyl )i Mm@ z@ﬁOSre, 1- (2-am nopropyl)-piperazine, 1,4-bis(2 -14
am noet h¥§) pi perazi ne and 2-nethyl -1 -(2-am nobutyl) pi perazi ne. H gher
honol ogs "such as are obtained by condensing two or nore of the above-
i | lustrated dNRyEERectaMeneaMinRe i useddna gearia serseto depotroa zhss of

polyamines conforming for the most part to the structure:

H,N(CH,CH,NH),H
15

wherein a is an integer from 1 to about 10.

Thus, it includes, for example, ethylene diamine, diethylene triamine,
20 triethylene tetraamine, tetraethylene pentamine, pentaethylene hexamine,
and the like.

Also included within the term “alkenyl succinimides” are post-treated
succinimides such as post-treatment processes involving ethylene carbonate
and boric acid disclosed by Wollenberg, et al., U.S. Patent No. 4,612,132;
Wollenberg, et al., U.S. Patent No. 4,746,446; and the like as well as other

post-treatment processes each of which are incorporated herein by reference

25

in its entirety.

30
Preferably, the nitrogen-containing dispersant is a polyalkylene succinimide,
preferably a polyisobutylene succinimide. More preferably, the nitrogen-
containing dispersant is a polyisobutylene bis-succinimide. The nitrogen-

35 containing dispersant employed in the present invention will be present in
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30 35 The ethyl ene am nes are especially useful. They are described in sone
detail under the heading "Ethylene Am nes"” in Encycl opedia of Chem cal
Technol ogy, Kirk-Qthmer, Vol. 5, pp. 898-905 (Interscience Publishers, New
York, 1950). The term "ethylene amne"” is used in a generic sense to denote
a class of polyam nes conformng for the nost part to the structure:

H2N( CH2CH2N rel:a.ls: Wit eger froml to about 10. Thus, L.t

[ ncl( udes, fg?s' &@Q}ag@gﬂg%’mét? ﬁé’/ﬁgﬁgn weaﬁgﬂre%d ‘HF%%"E?T‘@?{@?{%G&#PAQ‘? nﬂ}r@?h?%yl ene
tetraan ne, bitcoagiositbane opdntiapreant ientessdiydiatmidamantdrmednd dithe | i ke.
Al so i ncl udeggv,vi thin the term"al kenyl succinimdes" are post-treated

succi ni ni des UESFIOB?%'QE'thtﬂF%HFTI@ﬁ{ copbugtioneanging.dndengralt ithene czgrltz)oggtze
and boric acj | ) - B : - , -
Wl | enberg, 'e"gjr%?fﬁé %ﬁ%@ af.s Iﬁﬁb ' ﬁgt}ﬁﬁ?‘%ﬁ{gﬁ%@é:%gé{) E‘ES%E?@ tgg;:(;\?gh i(yasb

th oSt - rargpt finemta Cdesaboub 3 wi§h, prhfechblsufem abonipbtas welh by
o bl o S S FRSLRE I B
is a polyal k{i'e , - 0 u i m de.
More pref er apdtl ubfiéatitgt di0&RApodigi. ai ni ng di spersant is a pol yi sobutyl ene
bi s-succi ni mde. The nitrogen- containing dispersant enployed in the

present invention will be present in -15 5 sufficient quantity to inpart
t he desi {@d di spersant properti esgﬁéﬁlggqiip iﬁ%ﬁti ng oil composition in
order to prevent the deposit of c med in oil during
operation of the internal combustion engine. In general, in the

| ubricating gjl _.conposition, the nitrogen-containing dispersant wll
typical |y rEh@éOH%ﬂg sddilive sopposspis areexamples of egree shthe comwronsalist 4 to

about 8 wt % e % n the
wei ght of R en Y ‘?h’ﬁiﬁ?ﬁ%‘?ﬁ%?ﬁ“’E't%%&é?’eﬁﬁﬁé“t&%iﬂgéﬁ%ﬁﬁ‘?%e‘é 15
15 additives are provided to illustrate the present invention, but they are not

intended to limit it:

1. Metal detergents: sulfurized or unsulfurized alkyi or alkenyl phenates,
alkyl or alkenyl aromatic sulfonates, sulfurized or unsulfurized metal
20 salts of multi-hydroxy alkyl or alkenyl aromatic compounds, alkyl or
alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alkyl or
alkenyl naphthenates, metal salts of alkanoic acids, metal saits of an
alkyl or alkenyt multiacid, and chemical and physical mixtures thereof.

25
2. Anti-oxidants: Anti-oxidants reduce the tendency of mineral oils to

deteriorate in service which deterioration is evidenced by the products

of oxidation such as sludge and varnish-like deposits on the metal

surfaces and by an increase in viscosity. Examples of anti-oxidants
30 useful in the present invention include, but are not limited to, phenol
type (phenolic) oxidation inhibitors, such as 4,4'-methylene-bis(2,6-di-
tert-butylphenol), 4,4'-bis(2,6-di-tert-butylphenol}, 4,4'-bis(2-methyl-
6-tert-butylphenol), 2,2"-methylene-bis(4-methyl-6-tert-butyl-phenol),
35 4,4"-butylidene-bis(3-methyl-6-tert-butylphenol), 4,4"-isopropylidene-
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20 25 30 35 The follow ng additive conponents are exanples of sone of the
conponents that can be favorably enployed in the present invention. These
exanples of additives are provided to illustrate the present invention,
but they are not intended to limt it: 1. Metal detergents: sulfurized or
unsul furized al kyl or al kenyl phenat es, aIkyI or aIkenyI aromatic

sul fonates, sulfu sul furi i - hydroxy al kyl
or al kenyl aronat 'é%lﬁgr?@%?[ﬁgﬁ@‘%ewﬁ g'r'z @ %E?‘lléonati c

sul fonates, sul f upb@Aghetol)! Qszﬂlsfdﬂfutﬂlﬁénéiﬂfé(h ena:meahgfqgﬁahomagob't henat es,
metal salts of al kanoic acids, met sal t's of or al kenyl

" multiacid, and chmwn%h'@@pﬁ@hﬂ?ﬁ-cmmwweﬂﬁar%6\‘ -’fﬁﬁthmﬂﬂ-dants.

Ant i - oxi dant s red ri j

service which det E‘rl yﬁﬁﬁgﬁrﬁljgrﬂ%\}’ﬁrﬁélﬁ eg%tmI ﬁ‘l’éljmg‘r%gu%ﬁ%tﬁ%' '%gﬁ"g'éf[ypon such
as sludge” and varpln@’ml,lzBaild@m@ﬁirﬁéthglarﬁah@-pl@te@bl 2p:di-rees- and by an

i ncrease in viscosit npl es of anti-oxidants useful in the pr esent

i nvention incl gde( I%@téylﬁmmcpmﬁthvmen@l) brethipbis@ymethybBeast i c)
d hi t
g)r(\:anglt I) ?n4|, 2 Ib: ts?lé@@h%ﬁs‘?er? :®u pheno#’ft‘??(?l'ft)}i’%l )@p%rgil)hgisgé m@t‘i‘ﬁlﬂl-

2- tAferL butyijphenghydrOQyEten&libM)tmﬁf&fb rmtjftly$(365-defdrt~mwy#- plhegol) &
ut | dene tert ut No -1S | dene -

10 15 26105 b s(2§'¥§§r8¥35§9€52§' b&rﬂ't%rﬂly J]Q%OQ ")'*P\"@FWHB?IB %l met hy! - 6-

nonyl phenol ), 2, Zduméeé}aéwatéﬂgg Qin%(d‘ithﬁ)c%ﬂﬁ’%ﬁgbég, phgnol ) 2 2" -

met hyl ene- bi s(4- net hyl - 6- cycl ohexyl phenol i-tent- butyl
met hyl phenol , 2, 6mihyﬂen€tb|3:{dtbjdl)4ditlmda]bamlam)ol 2, 4-di et hyl - 6- tert-butyl -
phenol , 2, 6-di -tert-t-di met hyl am no- p-cresol, 2, 6-di -tert-4

3. Anti-wear agents: As their name implies, these agents reduce wear of
15 moving metallic parts. Examples of such agents include, but are not
limited to, phosphates, phosphites, carbamates, esters, sulfur
containing compounds, and molybdenum complexes.

20 4. Rust inhibitors (Anti-rust agents)

a)  Nonionic polyoxyethylene surface active agents: polyoxyethylene
lauryl ether, polyoxyethylene higher alcohol ether, polyoxyethylene
nonyl phenyl ether, polyoxyethylene octyl phenyl ether,

25 ~ polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether,
polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-
oleate, and polyethyiene glycol mono-oleate.

b) Other compounds: stearic acid and other fatty acids, dicarboxylic

30 acids, metal soaps, fatty acid amine salts, metal salts of heavy sulfonic
acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric
ester.

35 -
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(N, N -d inethylaminonethyl phenol), 4,4'-thiobis(2-nethyl-6-tert-

butyl phenol ), 2,2'-thiobis(4-nmethyl-6-tert-butyl phenol), bis(3-nethyl-4-
hydr oxy-5-tert-butyl benzyl)-sul fide, and bis(3,5-di-tert-butyl-4-
hydroxybenzyl). Qher types of oxidation inhibitors include netal

di t hi ocarbamate (e.g., zinc dithiocarbamate), and nethyl en ebis(d i b utyl

dithio carb at <ANLE-wear agent.s: their n i,nplies, these
agents r educ?maﬁdeowésﬁégﬁ' ﬁ&%ﬁ’ﬁf%‘&d&m@“’@ﬁ%ﬁP@?ﬁwé@%eﬁ'dﬁgent S

i nclude, but are moiyoxyéthiviead dilo/ emm,sah@b@@oxgétaﬂbhiets@ﬁbitéfﬁéﬁéfrat es,
esters, sulfur containing conmpounds, and nol ybdenum conpl exes. 4. Rust
inhibitors (Anti-rust agent Sa"&ﬂag Noni oni ¢ pol yoxyet hyl ene surface active

agents: pol yékyet FyfEHE Pess gante (EP geedislyan diadhdditiopnasphptanol

et her, pokyoxyeth h I QC nyl
et her, p§I yoxyet %?ﬁ@ﬁrey %‘g?%ecg{@%?&gf ﬁég,a?gg?‘@é(o%(lsgltﬂ%riﬁ%gﬁ%gbP@"Ieﬂgfher ,
pol yoxyet hyl ene s @stilfideometin drichdenoatearatpothloripatedyiaainthalend; t ol nono-

ol eate, and pol yethyl ene gl ycol nono-pl egte. her compounds: stearic
acid and other f atﬂf‘]émaa@fyﬁqu%ll%éﬂ?% leg r@@hﬁ‘lqr%g. netal soaps, fatty acid
am ne salts, netal salts of heavy sulfonic acid, partial carboxylic acid
ester of pol yhydr iFeictibe ellifierarnfatip aasbion fhy agidt 8minddbordtédestéiemulsi fi ers:
addi ti on,product of al kyl phenol and et hyl ene oxide, polyoxyethyl ene al kyl
ether, and pol yoxPAA®HAS8- sorbitan ester. 5 10 15 20 6. Extrene pressure
agents (EP agents): zinc dialkyldithiophosphate (primary alkyl, secondary
al kyl, and argyl t ; Lal i e fi :

trichl or ost egat e?ﬂﬂgﬁﬁugréﬁrgétfggaﬁggﬁti%ggg@B?ﬁ‘xhl ngi"ré@“fj‘ﬁ;;‘é\'@%rp%@%eé, and

| ead napht henat e. sulfufzddetxyomolylpdiruine nsgarfoaphiosphiocatithioatéat t y aci d, ami ne,

borated ester, an%xymolybdenum monoglyceride, oxymolybdenum diethylate amide,

15 .

amine-molybdenum complex compound, and sulfur-containing
molybdenum complex compound.

9. Viscosity index improvers: polymethacrylate type polymers, ethyiene-

20 propylene copolymers, styrene-isoprene copolymers, hydrated styrene-

isoprene copolymers, polyisobutylene, and dispersant type viscosity
index improvers.

10..  Pour point depressants: polymethyl methacrylate.

25 —
: 11.  Foam inhibitors: alkyl methacrylate polymers and dimethyl! silicone
polymers.
30 EXAMPLES

The invention will be further illustrated by following examples, which set forth

particularly advantageous method embodiments. While the Examples are

provided to illustrate the present invention, they are not intended to limit it.

35
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other esters. .8. Miltifunctional additives: sulfurized oxynol ybdenumdith
| ocarba mate, sulfurized oxynol ybdenum organo phosphorodit hi oat e,

oxynol ybdenum nonogl yceri de, oxynol ybdenum di et hyl at e ami de,

am ne- nol ybdenum conpl ex conpound, and sul fur-containing nolybdenum

conpl ex conpound. 9. Viscosity index inprovers: polynethacrylate type

pol yners, ethyl ene- propyl ene copolyggéggﬂiéirene-isoprene copol yners,
hydrat ed styrene- isoprene copol yners4 obut yl ene, and di spersant type

viscosity index inprovers. 10., Pour point depressants: pol ynethyl

met hacrylate. 25 11. Foam _jnhibitors: alkyl t hacryl ate pol yners and
di met hyl silicone pol yrrerQA@@W@TWE%EW%'QPW@WTW will be further

illustrated by follow ng exanpl es, which set forth particularldyd

advant agepus net hqod enbodi ments. Whil e the Exanples are _provided to
illustrgtg t he prés‘@ﬁ?OWﬂﬁ;g&pP Qe'E“ﬁ@?P%ﬁS@"h‘é{ﬁggfﬁ@l{a‘ééstfeﬂ@‘ﬁ-’%t it. -18 5
10 15 20 25 EXAMPLE 1 CARBOXYLATED DETERGENT- DI SPERSANT A car boxyl at ed
det ergent - di gper spautaRstphepared as follows: A Neutralization: A charge
of 875 g of branched dodecyl phenol (DDP) having a nol ecular mass of 270,
(i.e. 3.24 noles) and 875 g of linear alkyl phenol having a nolecul ar mass

L oot oot 8,805 T B RS e BelB RO S Rppgblt = o
mass of 270, (i.e. 3.24 moles) and 875 g of linear alkylphenol! having a
molecular mass of about 390 (i.e. 2.24 moles) was placed in a four-necked 4
liter glass reactor above which was a heat-insulated Vigreux fractionating
column. The isomeric molar distribution of para versus ortho alkylphenol wés:
15

DDP: 89% para and 5.5% ortho
Linear alkylphenol: 39% para and 53% ortho.

20 The agitator was started up and the reaction mixture was heated to 65°C, at
which temperature 158 grams of slaked lime Ca(OH); (i.e. 2.135 moles) and
19 g of a mixture (50/50 by weight) of formic acid and acetic acid were added.
The reaction medium underwent further heating to 120°C at which
temperature the reactor was placed under a nitrogen atmosphere, then

25 heated up to 165°C and then the nitrogen introduction was stopped.

Distillation of water commenced at this temperature.

The temperature was increased to 240°C and the pressure was reduced

30 gradually below atmospheric until an absolute pressure of 5,000 Pa (50
mbars) was obtained. The reaction mixture was kept for five hours under the
preceding conditions. The reaction mixture was allowed to cool to 180°C, then
the vacuum was broken under a nitrogen atmosphere and a samble was

35 taken for analysis. The total quantity of distillate obtained was about 120 cm?;
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colum. The isoneric nolar distribution of para versus ortho al kyl phenol
was: DDP. 89% para and 5.5% ortho Linear al kyl phenol: 39% para and 53%
ortho. The agitator was started up and the reaction m xture was heated to
65C, at which tenperature 158 grans of slaked lime Ca(OH)2 (i.e. 2.135
noles) and 19 g of a m xture (50150 by weight) of formc acid and acetic

acid were ad - T reacti medi um un went, f.urther,heating to 120C at
whi ch tenperg%ﬂ“rxénq{gjgkrpi%cet'8%%%“’%%&qﬁﬁﬁﬁ t%\e"ﬁgf'vrai%’%'n at nosphere, then
heated up to 165C and then the nitrogen introduction was stopped.
DistillationBof waamoxgiatiomnced at this tenperature. The tenperature was

i ncreased to 240C and the pressure was reduced 30 gradually bel ow
at nospheric until an absolute pressure of 5,000 Pa (50 nbars) was

obt ai ned-5 Thend BRSducP Botiindd SUBIAK GRS thisdriotPiodIeRiitdR dBlocldiR diceeedi ng

conditions. The reaction m xture waS allowed to coo then " the
vacuum was bhedted toi887C.aAbthis tereperatures ptaveagingdfahs aeqiter wilk cafbdraken f or

anal ysis. The tat antity of distillate obtaiped was ahqut 120 ; -19
der 1 ng t ooRoRzao T Bk soifiendastaad ofai B B e e amoontdl s
Car boxyl at i 000, lRed M s stepoRafinied drlebel) gimyvas transferred to a
3.6-liter autoclave and heated to 180C. At this tenperature, scavengi ng of

the rea r wwth carbon dioxide (CQ2) was conmenced and continued for ten

m nutes. The _anount, of CO2 used in this st@g% was in the order of 20 grans.
After the teffier@eipRPRERIuRed Paer eaised ¢ C. the adindaveavas alesed! osed, .

| eaving a v ; I i 4 i SO as
Lo bt ai neavRGR very SRigl 188€, driCnpihESlutbhl . EE fERIS) BUSE B0 20
amount of CORaintaincdpressunsasf 3.5 xt 108 Ra (85 bafs)36r §haos at&a0C, The aut ocl ave
had been cool ed t C, ,the pressure was,re red to, gt npspheric and the
react or %s ?WQH“@%@HIW@HCE‘?%&ﬁhe er(e(SPgLP_B(ﬂE%’ﬁ‘LSi f‘ﬁeg&]eﬁ?@ﬂ?ﬁ'%ﬁam of
product Was K&fB¥érn 86olette ™ 65°C thbigrasd R8 wattedife @t ditkbspiisictdteithe

filtered.
reactor was then purged with nitrogen.

A total quantity of 1,912 grams of product was recovered prior to filtration.

20 The product was then filtered.

EXAMPLE 2

25 The present invention was evaluated for compatibility with elastomer seals in
a bench test (PV 3344) by suspending a fluorocarbon test piece (AK 6) in an
oil-based solution heated to 150 °C. for 282 hours, the oil being renewed
every 92 hours, then by measuring the variation in the physical properties of
the sample, in particular the tensile strength break (TSB) and the elongation

30 atbreak (ELB}, in accordance with procedure DIN 53504, by observing ‘
whether any cracks had formed at 100% elongation. The passing test criteria
included the following: no evidence of crack development; a tensile strength
break greater than 8N/mm2 and an elongation at break greater than 160%.
This test procedure will be designated above and later simply as the "VW

35 Bench Test".
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EXAMPLE 2 25 30 35 The present invention was evaluated for conpatibility
with el astoner seals in a bench test (PV 3344) by suspending a

- fluorocarbon test piece (AK 6) in an oil-based solution heated to 150 C
for 282 hours, the oil being renewed every 92 hours, then by neasuring the
variation in the physical properties of the sanple, in particular the
tensile strength break (TSB) and the elongation at break (ELB), in
accordance with procedure DI N 53504, by observing whether any cracks had
formed at 100'%3€fbmu@latid)mtest%eorppﬂséd1g pobgsobutériye (PIB) bigrslictheichitid ¢the

foll ow | b Kk
oreater Chan SRy EIEO mRlectld? Weibiid 2054, fQ%%@@Q%%ﬁ'"ﬁﬁéﬁ%g% i s
test pr oceduﬂ@swr%teééﬂ"ﬂb%th@fﬁa@@Qf%‘lﬂ@(%lﬁdﬂl°é) woverhased{LOB "VW Bench
E.eitsucé. Ifncﬁglfgguwi%z@%e% %%%ﬁ%@%@ auigé# é‘ntpﬁéﬁa?a% a@@/t h(F’I B)
bi nT AV PRY &R ’i%‘%’l'e d viPk QQ‘PMW QBrsRlsiue. 5w
od/(;e tsefg\szi)cler bﬁq%eﬁh@1 thMWumlgulditbmhesﬁﬁhtlégogxg \l&ﬁ%) Q’:ﬁfrfa@bde@hﬁﬂ %
i gh over baséﬁg‘?‘h%@ oRicefE (0,08 W ey e iR SaiEationiaght '3 i

i t hi ophos h%)ea(f[bc B9 Wedifier ((hQWS}’E)derfuam ibhibéar mmz&m tkana polr PBintt %) |
di phosp o
a di phenﬁéﬁ‘”ﬂ@ﬁré&%éﬁ@(oaﬂ WP%)dé‘K}fsc&Qﬁn%x ifprovar { éh%'@ggﬁtﬂdé( Eé%oﬂ 0.25 V\'ta

%, afo i.tor pour point ‘depres

viscosity inf gk'%f'ﬁ%tr"lﬂ/‘é?“(%tﬂ@%\%@and a base oil of lubricating
viscosity (80.8 wt 9% . COMPARATI VE EXAI\/PLE A 15 Conparative Exanple A was
conducted as described in Exa 297 wt % of a comerci al
medi um over based (MOB) cal ci urrpt & ted for the carboxyl ate
and 0.5 wt %of the friction rmdlfler was used instead of 0.25 wt %

15 Comparative Example A was conducted as described in Example 2 except
that 1.97 wt % of a commercial medium overbased (MOB) caicium phenate
was substituted for the carboxylate and 0.5 wt % of the friction modifier was
used instead of 0.25 wt %.

20 The results of the Example 2 and Comparative Example A are presented

below in Table 1.

Table 1.
o5 Volkswagen PV 3344 Seal Test
Test VW EAM VW ACM VW AK-6 Result
Acrylate Seals Acrylate Fluoroelastomer
Seals Seals
: Tensile Elongation, % | Cracks in Seal
30 Strength, %
(Limit > -40) (Limit: None)
(Limit > -40)
Example 2 -36 -31.4 None Pass
Comparative -48.3 -45.1 Cracks Fail

35 Example A

- 21 -
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20 The results of the Exanple 2 and Conparative Exanple A are presented
below in Table 1. Table 1. 25 30 35 Vol kswagen PV 3344 Seal Test TestVW
. EAMWW ACWW AK- 6Resul t Acryl ate Seal sAcryl at eFl uor oel ast oner Seal sSeal s
Tensi | eEl ongati on, % Cracks in Seal Strength, % (Limt > -40)(Limt: None)
(Limt > -40) Exanple 2-36-31.4NonePass Conparati ve-48. 3-45. 1CracksFai |

Exanple A -21_. 5 Th t Tab) te that th

de'ii renr:) ggnt - di 6@@51‘1&3 r@%@%ﬁdh&ﬁa et M@%ﬁf@%@&%ﬁﬂfﬁ%%%d et o pass
t he seal - _testpsesrdr&nmtlanmapmsa}dueto reasithe ceal fedRlehgrent a comparabiyial

wel | i i REErclal B3RrbER Bn o lBH e @éégé“ﬁg'\%}@g%?i%?%;?%%ﬁ%%&elo
15 20 The evéheafteﬁm %ﬁal @rackﬁlaa\sit\m@rwelbwﬁamut ¢ Ipasyingdimitsesf the

CEC- L- 39- I- 9%/dmdivageial Wl ss{Ppéats! er requirenment for AEMor by conplete
Dai m er Chrysl er reqw rements plus CEC el astonmer RE3, is ainmed at

determ ning the degree of conpatibility of lubricating oils and cured
el astoners used in the autonotive i EXMMPYE 3El astoner test pieces are
imersed in the test oil for a given period of time and a given
tenperature. The size, the volunme, the hardness, and the

The evaluation of Oil-Elastomer Compatibility, either by CEC-L-39-T-97 plus

19 DaimlerChrysler requirement for AEM or by complete DaimlerChrysler
‘requirements plus CEC elastomer RES3, is aimed at determining the degree of
compatibility of lubricating oiis and cured elastomers used in the automotive
industry. Elastomer test pieces are immersed in the test oil for a given period
of time and a given temperature. The size, the volume, the hardness, and the

45 Stress-strain properties are determined before and after immersion. The
compatibility of the oil and the elastomer is estimated by the change in these
characteristics.

The materials and test temperatures are provided in the following Table A.
20 Immersion duration 168 hours (7 days), in fresh oil with no elastomer pre-

aging.
Table A.

Material Designation General Elastomer Type | Test Temperature
25 CEC RE 1 or DC FPM Fluoro-elastomer 150 °C

CEC RE 2 or DC FPM Acrylic 150 °C

CECRE3 Silicone 150 °C
30 | CECRE 4 orDC NBR Nitrile 100 °C

DC AEM Vamac : 150 °C
35
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stress-strain properties are determ ned before and after inmersion. The
conpatibility of the oil and the elastoner is estinmated by the change in

.. these characteristics. The materials and test tenperatures are provided in
the followng Table A Imersion duration 168 hours (7 days), in fresh oil
with no el astoner pre- aging. Table A 25 30 35 Material DesignationCeneral
El ast oner TypeTest Tenperature CEC RE | or DC FPMFl uoro-el ast oner 150 C CEC
RE 2 or DC FPMAcrylicl1l50 C CEC RE 3Siliconel50 C CEC RE 4 or DC-

NBRNi t ri t e100 he fomnualattestesba (i rEiselis aranpitesentadsintTedded. and t heir
results are presented in Table 2. Ta 2, 5 10 15 20 25 CEC-L-39-T-97 or
Dai m er Chrysl er Seal Test Wi ght % of gnents C t omponenTest Limt

For mul at T on 1For nul at | on 2] Y 714,28 3965518 SealtS! M M 0e1 5253

5 .
Weight % of Component®
Component Test Limit
Formulation 1 | Formulation 2 | Formulation 3
Borated Bis-
Succinimide 1.5 2.5 3
10
Ethylene-
Carbonated
Bis. 5.0 5.0 5.0
Succinimide
15 Carboxylate 4.72 4.72 4.72
Teét Resulis
Tensile
Strength -37.7 -40 -45 -45
20 Elongation -36.1 -36 -41 -50
Hardness 2.7 2 3 -5/+5
Volume 0.9 0.6 0.6 0/+5
Borderine
95 Pass Pass Pass

“Other components: Phenate-salicylate (0.69 wt %), Zinc dithiophosphate

(1.03 wt %), Molybdenum-based anti-oxidant (0.17 wt %), Foam inhibitor

(0.0025 wt %), Viscosity index improver (5.55 wt %), and a base oil of
30y bricating viscosity {80.7 wt %).

EXAMPLE 4

35 The test in Example 3 was repeated with a iubricating oil composition
containing the carboxylated detergent-dispersant (Formulation 4) employed in
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Car bonat ed Bi s-5.05.05.0 Succi nimde Carboxyl ate4. 724. 724. 72 Test Results
Tensil e Strengt h-37.7-40-45-45 El ongati on-36. 1- 36-41-50 Hardness2. 723-5/ +5
Vol une0. 90. 60. 60/ +5 PassPassBorderline Pass aQt her conponents:
Phenate-salicylate (0.69 wt 9%, Zinc dithiophosphate (1.03 wt 9%,

Mol ybdenum based anti-oxidant (0.17 vt 9%, Foaminhibitor (0.0025 w %,
Vi scosity in | ) (5. 55 w9 ng,a base .oi|l .of 30 l.ubricating
viscosity (8 %pﬁggg}fm@éﬂﬁ%d 20%%ngﬁlu$ﬂcwﬁf%0@paﬂﬁo?epeat ed with
a | ubri cat i ngooiainiogapmssipareble cosnmerainllygvaiiableatdiergeint (fearmulation 5) _

det er gent - di sAMbERINe deeigihl-AlspBfiaht, BIPIAURY afd'shovin il gaBlegent | nventi on

and conpared with a lubri‘catin conposition containing a conparable
comercially avail abl e detergent (Forrmulation 5) wthout the
detergentzdi spersant. The results are sty 3.n Table 3. 5 Table 3.
CEC-L-39-7-97 or DaimerChrysler Seal Test 10 15 20 25 30 Wei ght % of

Component s Corponent For mul s s 7054} BblABAgSler Sl reff MY ene-

Weight % of Component®
Component Test Limit
10 Formulation 4 Formulation &
Ethylene-
Carbonated Bis- 8 8
Succinimide
15 Carboxylate - 4.8 -
Commercial 0.69 583
Detergent ' ]
20 Test Resulis
Tensile Strength 40.7 48.6 45
(%) . = -
: Elongation -40.3 -45.7 -50
25
Hardness 3.3 2.6 -5/+5
Volume 0.8 0.4 0/+5
Pass Fail
30
®Other components: Zinc dithiophosphate (1.0 wt %), Molybdenum-based
anti-oxidant (0.17 wt %), Foam inhibitor (0.0025 wt %), Viscosity index.
improver (5.55 wt %), and a base oil of lubricating viscosity (79 wt %).
35

The results in Table 3 indicate that in a direct comparison between
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Car bonat ed Bi s- 88 Succini m de Carboxyl ate4. 8- Commerci al 0.692. 83
Detergent Test Results Tensile Strength -40.7-48.6-45 (%

. El ongati on-40. 3-45. 7-50 Har dness3. 32. 6-51+5 Vol une 0. 80. 40/ +5 PasskFai l

aQt her components: Zinc dithiophosphate (1.0 wt %, Ml ybdenum based
anti-oxidant (0.17 w %D) Foam i nhi bitor (0.0025 wt 9%, Viscosity index.

i nprover (5.55 w ase. of lubricatin ,Scosity 35
The. resul t s GabRRinte 3 f Pmapacial deistient Spodim Ry 588 belapintaiied o)

car boxyl at e witll thee canporylatea{Fodeutatigant), Csermaraimﬂ),aum Eormul)atloarﬁ be

mai nt ai ned W w g@g}ﬂr [ y, in

For mul ati on éﬁﬁtg%}nﬁn(g?ﬁ Ilagéag%%@ e ah%rklég %et t‘mr:“‘csl %]I det er gent,

t he seal coﬁ?jﬁpaﬂﬂ?ﬂ'tw@'%é lost. 5 10 15 20 25 30 35 The overal | concl usion
in the ahove exarrpl es cI early indicates that el astomer cornpatability can

be mai nt af ne ersa vels.
1fihe overa% conc tRion 1n?he agove exam es (*Hear%/ mdlcates that elastomer

compatability can be maintained at high dispersant levels. Switching fo
conventional detergent fechnology with identical dispersant levels will resuit in

failure.

10
While the present invention has been described with reference to specific
embodiments, this application is intended to cover those various changes and
substitutions that may be made by those skilled in the art without departing
from the spirit and scope of the appended claims.

15

20

25

30

35
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conventional detergent technology with identical dispersant levels wll
result in failure. Wiile the present invention has been described with
reference to specific enbodinents, this application is intended to cover

t hose various changes and substitutions that may be nmade by those skilled
in the art without departing fromthe spirit and scope of the appended
clains. -25 5 CLAIMS: 1. A nethod of inproving el astoner seal
conpatibility and di spersancy in an internal conbustion engine, said nethod
conprising contacting the elastomer seal in the internal conbustion engine
with a |ubri c&4d™S6i1 conposition conprising: a) a major anount of a base
oi | of lubricatingau i &Y ; ¥ . .

det er gent - di sger saﬁ;/rhg%ftéglcﬁg@p@iﬁ?%&r@ﬁ?@ﬁaﬁ%ﬁﬁ{ g?lﬁgﬁ)lﬁdejglgpgrs&gaﬂw an

al kal i ne e@mrth bas@NiReMahsombastion engineasaid sagthod semyxisiiakgontecting thet hat
contai ns from oneekstdner seirboR iBtepnE d@#ﬁbdslﬂioh%gﬂ@ﬁﬂﬁ%l%ric@chﬂ@aéil base,

di al cohol , and rmn‘g(]%@o%[ﬁl faorm lrl}g! an internediate product; an
car boxyl ating the P 85"89@%'? uct using carbon dioxide so that at

| east 20 nol e percent of the original alkylphenol starting material has

been convert ed 10 gl kabigoeat blnf #basl BRLPAFRIMA GsEhLg, NYdr ocar by

salicylate; and c) a nit en-contar ni ng- drspe The net hod
accordingggo Caim1l, wherein the nitrogen-containing

b) a carboxylated detergent-dispersant obtained by:

(i) neutralizing alkylphenols using an alkaline earth base in
the presence of at least one carboxylic acid that contains
15 | from one to four carbon atoms but in the absence of
alkali base, dialcohol, and monoalcohol, forming an

intermediate product; and

(i)  carboxylating the intermediate product using carbon
20 dioxide so that at least 20 mole percent of the original
alkylphenol starting material has been converted to
alkaline earth metal single aromatic-ring hydrocarbyl
salicylate; and
25

C) a nitrogen-containing dispersant.

2. The method according to Claim 1, wherein the nitrogen-containing
dispersant is selected from the group consisting of an alkenyl

30 L
succinimide, an alkenyi succinic anhydride, an alkenyl succinate ester

or mixtures thereof.

3. The method according to Claim 2, wherein the nitrogen-containing

35 dispersant is an alkenyl succinimide.
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di spersant is selected fromthe group consisting of an al kenyl

succi ni m de, an al kenyl succinic anhydride, an al kenyl succinate ester, or
m xtures thereof. 3. The nmethod according to Caim?2, wherein the
nitrogen-contai ning dispersant is an al kenyl succinimde. -26 4. The

met hod according to G aim3, wherein the al kenyl succinimde is a

pol yal kyl ene succinimde. 5 5. The nethod according to Caim4, wherein,

t he pol yal kyl ene succinimde is a polyisobutenyl succinimde. 6. The

net hod accordi ng Tﬁe%éthﬂd%ccwm%tdbbﬁﬁ PURREIRMHhE Bken g)yps@mmu |sdg 'i a

pol yi sobut enyl bi s-succini m de he net hod accordi ng to alrm
wher ei n t he car boRglyatkyl@ngsueeipémide. di spersant is present in the

| ubricating oil conposition fromabout 0.5 to about 15 Wt % based on the
wei ght of-.the total lubricating oil conposition. 8 The nethod according
to d ai m5/ Bher eThe nhethod laboxidirey ©OCkEEH el m?emdhélp@ y@ﬂ»dglerie'i present in
the lubri catl ng oil sition fromabout | t about 1 % based on

t he wei ght of thes't"iﬁ"%{HP &i15rq EQB’ESIQBUE%Y[%WB@'QQ -on. 9. The nethod
according to Claim8, wherein the carboxyl ated detergent- 25 dispersant is
present in the lubricating oil conmposition fromabout 1 to about 8 Wt %
based on t heBwei ghhe ofethbe accomling olClaim b, ndieciih thopplyalidyleme. 30 35 10. The
met hod ording to Claiml, wherein the nitrogen-containing dispersant is
pr esentaﬁﬁ t he Iu?)tr[(fcéré{m’(ﬁ%'soei‘ POIé/l‘?HbH@nWF%‘ﬁ"Sl“rCB%f KW8ut 2 to about 13 wt %
based on the weight of the total lubricating oil conposition. -27 11. The

nmet hod according to Caim 10, wherein the nitrogen-containing
7. The method accordlng to Claim 1, wherein the carboxylated detergent-

dispersant is present in the lubricating oil composition from about 0.5
15 to about 15 wt %, based on the weight of the total lubricating oil
composition. '

8. The method according to Claim 7, wherein the carboxylated detergent-
dispersant is present in the lubricating oil composition from about 1 to

20

about 12 wt %, based on the weight of the total lubricating oil

composition.

9. The method according to Claim 8, wherein the carboxylated detergent-
25 dispersant is present in the lubricating oil composition from about 1 to
about 8 wt %, based on the weight of the total lubricating oil
composition.

30 10.  The method according to Claim 1, wherein the nitrogen-containing
dispersant is present in the lubricating oil composition from about 2 to
about 13 wt %, based on the weight of the total [ubricating oil

compoaosition.

35
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di spersant is present in the lubricating oil conposition fromabout 4 to
about 8 wt % based on the weight of the total l|ubricating oil

- conposition. 5 12. The nethod according to Claim1ll, wherein the
nitrogen-containing dispersant is present in the lubricating oil
conposition fromabout 6 to about 7.5 w % based on the weight of the

total | ubri cqy) N9TRE lme]tRo& %gggr%h{d t%rb[ai}% 169w%gre??r(1) tr?’éSni-tr%%en—containing
dispersant is present in the lubricating oil composition from about 4 to

about 8 wt %, based on the weight of the total lubricating oil

composition.
5
12.  The method according to Claim 11, wherein the nitrogen-containing

dispersant is present in the lubricating oil composition from about 6 to
about 7.5 wt %, based on the weight of the total lubricating oil

10 . composition.

15

20

25
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