METHOD FOR | MPROVI NG ELASTOMER COVPATI BILITY The present invention relates
to a method of inproving elastoner seal 5 conpatibility and di spersancy in
an internal conbustion engine. Mre particularly, the present invention
relates to a nethod conprising contacting elastoner seals in an internal
conmbustion engine with a lubricating oil conpositi on having inproved

el astoner seal conpatibility. Mdireover, the present invention relates to
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El astoners are increasingly belng use fapricatl he flexible seals
which are used in internal conbustion engines. These seals are used, for

exanple, to prevent |eakagBAGKGROUNDE THE INVERPIGN Where noving parts,
Such as a 30 crankshaft, |eave the engine. Any substantial |eakage of

lubricant fromthe engine is obviously undesirable. Unfortunately, _
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alkenylsuccinic acid or anhydride with an amine or polyamine to produce an
alkenylsuccinimide or an alkenylsuccinamic acid as determined by selected
og conditions of reaction.

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

o5 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

30 crankshaft, leave the engine. Any substantial leakage of lubricant from the
engine is obviously undesirable. Unfortunately, elastomer seals are subject fo
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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35 seals, causing the seals to swell and to |ose nechanical and di nensional
integrity. The rate of attack of the elastonmer seals by a polyanmne

di spersant -1 appears to be directly proportional to the concentration of
pol yami ne dispersant and to the operating tenperature of the engine. As
the engine operating tenperature rises, the rate of deconposition of the
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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
og Gompositions at concentration levels necessary to be effective in controlling
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
gg  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



30 the aforesaid drawback. Many known process involve post-treating various
nitrogen-contai ning dispersants with various substances to reduce
reactivity wth elastomer seals. U S Patent No. 4,379,064 teaches mld
oxi dation of nitrogenated dispersants 35 to make the di spersant unreactive
towards fluoroel astoners. However, the -2 process results in an excessive
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lube oil addi patent teaches in Col. 2, lines 28 et seq. that
| ube additives prepared from"long chain aliphatic polyam nes”, i.e.,
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di spersants passivated toward fl uor ocar bon conpositions. The _
di spersants described conprise the reaction product of a Mannich pol yam ne

di sper sanf i Firtiernasre, oS dbataht o) @quszmbwéétﬁ&, # %fu!d?bé deskaplegdrER t he
reactivit y5 P AR ngyéjé?&%{wé?y Righ concentrg of Rlahydroxyalkyl 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

o5 - 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

30 - 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

35 content is 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. 5, 356,552 teaches succinimde additives post-treated with a
cyclic carbonate having fluoroel astoner seal conpatibility and for 30
concentration |evels at which fluoroel astomer seal conpatibility is
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car boxyl at i onlessbg:1. Tiids compesitioyemy begpedseat byptediheed-stop phscasat hod can
be used in aniBEiMfneutralization of alkylphenols, carboxylation of the resuting
alkylphenate, and filtration of the product of the carboxylation step. The
205 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, silipone, nitrile and the like, and the associated leak of
3p lubricant. * '

SUMMARY OF THE INVENTION

In one aspect, there is provided a method of improving elastomer seal

compatibility and dispersancy in an internal combustion engine, said method

" 35 iy )
comprising contacting the elastomer seal in the internal combustion engine
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| ubricating conposition to inprove antioxidant properties, high tenperature
deposit control, and bl ack sludge control. The patent does not nention that
t he detergent-di spersant produced provides inproved el astoner seal
conpatibility. 25 Clearly, a need exists to provide highly effective
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met hod 355conprising contacting the el astonmer seal in the internal
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been converted to 15 al Kl i neasstytating te interglegiate pradiict uiding caystimcar by

salicylate; and:
) dioxide so that at least 20 mole percent of the ofiginal

alkylphenol! starting material has been converted to .
15 alkaline earth metal single aromatic-ring hydrocarby!
salicylate; and | |

c) from about 2 to about 13 wt % of a nitrogen-containing dispersant, based
on the weight of the total lubricating oil composition .

20 - The nitrogen-containing disperéant employed in the lubricating oit composition
disclosed is an ashless dispersant such as alkenyl
-succinimide, an alkenyi succinic anhydride, an atkenyl succmate ester, and
the like, or mixtures of such dispersants.

25

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

in an alternative embodimenit, the present invention is directed to the use of a
certain carboxylated detergent-dispersant to improve the elastomer seal
compatibility in a lubricating oil composition containing a basic nifrogen-

30 containing dispersant in an internal combustion engine.

Among other factors, aspects of the present invention are based on the disbovery thata

certain carboxylated’ detergent—d:spersant improves elastomer seal
compatlblhty of lubricating oil composmons containing nitrogen- contalnlng
_35 dispersants.



c) fromabout 2 to about 13 Wt % of a nitrogen-containing dispersant, based
on the weight of the total lubricating oil conposition . 20 The

ni t rogen-contai ni ng di spersant enployed in the lubricating oil conposition
di scl osed is an ashl ess dispersant such as al kenyl succini mde, an al kenyl
succi ni ¢ anhydride, an al kenyl succinate ester, and the like, or mxtures

of such dispersants. 25 %Wﬁg%@g‘,{:f{"ﬂﬂéﬂ@cﬂf? VN
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aspect, the present invention relates to a nethod of inproving elastoner
seal conpatibility and dispersancy i DEEINITI(RQRal conbustion 5 engine. Mre
particularly, the present invention relates To a method conprising

cont acti el astoner seals in an internal conbustion engine with a
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.0 the contrary. The term "al kyl phenol " neans a phenol group having one or
more al kyl SFE E)Stl, e?, | east one of which has a sufficient nunber
of carbon ato EMS’E?'EG’H? | MegngBiRhengl gwupnkaving Ao or Theyetadkyh " al kal i ne
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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-alkyf salicylic acid.

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

alkaline earth alkylsalicylate having only one atkyl 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



strontium potassium sodium and lithium 20 The term "al kaline earth

al kyl phenate” neans an al kaline earth netal salt of an alkylphenol. 25 The
term"al kaline earth al kyl salicylate" neans an alkaline earth netal salt of
an al kyl salicylic acid. The term"alkaline earth single aronatic-ring

al kyl salicylate" nmeans an alkaline earth al kylsalicylate having only one
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I ni ' : : ] . \ne. The term "Total Base
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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 atkalinity

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

Unless 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 oit 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.



20 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 weight percent and all nol ecul ar wei ghts are nunber average nol ecul ar
wei ghts. 25 BASE O L OF LUBRI CATI NG VI SCOSI TY The base oil of lubricating
viscosity of the present invention may be mneral oils or synthetic oils.
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Bl ends of i ner al - ChRBM AYEDETERYENT-HISPRREANT SDDiTiveE

The lubricating oil composition of the present invention comprises a
carboxylated detergent-dispersant additive (also referred to herein as
20 “carboxylate” or “carboxytated detergent”) made by the following process.

A. Neutralization Step

in the first step, alkylphenols are neutralized using an alkaline earth base in
o5 the presence of at least one C; 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 35% linear a[kylphenol) in mixture with up to 15% of branched a’lkylphend!.
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



15 CARBOXYLATED DETERGENT- DI SPERSANT ADDI TI VE The |l ubricating oil

conposi tion of the present invention conprises a carboxyl at e'(':I )
det ergent-di spersant additive (also referred to herein as 20 "carboxylate
or "carboxylated detergent”) nmade by the follow ng process. A _
Neutralization Step In the first step, al kylphenols are neutralized using
an al kaline earth base in 25 the presence of at |east one C, to about C4
car boxylic aci This reaction is carried out in the absence of alkali

base, and in tHE U AAAIKYIPRERPIContAINBE Uperdsish of fang linkes éﬁim@h?’fmdanol s
contain upI to.(faaerqab?ut ﬂﬂ@@?ﬁ@hk&dt) ghﬁluga.l %?R‘E?fse“aﬁﬁ%‘“gﬁi alhg?%ﬁglb%%&gé gear

r u % ! o) . -
Profer anty,  t |ellriapfyl diain Porrics 1 Gompadbitbond solunitstiie abitnon
at ons, -n‘g_@ Iorrefubnegtlng talsoliﬂomﬂe&et,idhatpmwer&@ céaglﬁgv@lgmef r/ giglégr ?kgnf S O
about 24 car roas shhe BTl (iR InE ReP aT egblie Fiehernibetn at on.
35 -8 The usedtyipaanalskheptrtis neeshicaiise haysher teacBsiiconditiong td bringr
alkyl phenol _abe@tapaglirafizdtnaie aikAisaeRenpakers) s particularly

attractive because a long |linear alky aln pronotes the conpatibility

and solubility of the additives 5 in lubricating oils. However, the
akes Thell at Lo Boe At e T A A e e

: I Ve n_branche »
[nca)kﬁ:et E:r sﬁteéﬁﬁga ﬁeééﬁgéﬁgﬂﬁgﬁlﬁﬁomrﬁpyiﬁﬁe' B}E)%\hfgo'ﬁ)‘?ﬁ%ti q’tj%EL'P_EtP'@ PZation by
an’ al kal i ne emonpsizatituted ds@nears; teel gedak yiaidvity of m@?J[bému@ﬁB@dtﬂ@inﬁrtraom

[ ' . ef er a orjginatin

jeact o of DhsSlo N AYRATELI] n BLECh p 88051 Y b SEATRAR B8 i .
“majority of tReSiHabdiat makes thenviglativelyreactpar tawpods anaikalinersarfrebadeei ng i n
the ortho, possihe®the GishdI Airtttond8 YradlichMPd&Rdid 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 alky!
o9 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 Cy to about C, 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  1he 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

-9-



position. That makes themrelatively reactive towards an al kaline earth
base, 15 since the phenol function is practically devoid of steric

hi ndrance. On the other hand, |inear alkyl phenols can be obtai ned by
reaction of phenol wth a linear olefin, generally originating from

et hyl ene. They consist of a mxture of nonosubstituted isoners in which
the proporti om:10fThkigaeBoxyat kitids2Att Sidbgdnsfdieitentd hdsRRingthe BranBfdrdrf tifed neta

positions is much nor ni f orm distributed, This makes them much [ess
reactive tom%@n%e ﬁﬂ%aﬁﬁﬁﬂgﬂi’?ﬁmnﬁrﬂée@%&éo PROBARKIPASRMct i on is nuch
| ess accessible due to considerable steric hindrance, due to the presence
of cl oser andTemneutblizatiosanpesaticl isydarriedibet att aitrhperatdreldfeatdbdstiZ00e earth
bases that c b ' ' jrn e 0xhdes or
vl oxi doss of - Bar s oraDly SICS( 218 %3, b, B pRAERHY.H 1S A0S HEER 71
of cal ci um oxPigSsUEIsIpHHcer aiedikpticbelpumiswisphedgiin orderra distilhaffithes

~ thereof. In opgtes 0 eskhdtRM Ac&b@h@ﬁy tHeRedtezalichshydidd ﬁ@ddc‘fed itPthe

preferred. The Cl to .about C4 carboxylic acids -used in this step | nclude
form c, aceti%t,’sen&pégiadm%o"éﬁ{ﬁ(fwtmy raL#R aZeplcpRvithavaler £ "&FQTﬁE'Yor in

i ?‘fj ;JI’ e. Preftegibysure is eduasdeoato mo'rellmainjs'i,geetﬂ?ca (mmbarsag )Fh@b(h}énﬁtiés)(rj m ¢
acid/ acetic a : ar_r.atio .orm ¢ acid/acetic aci
shoul d beldrognq'Lagggéﬁ&gg%dl&ﬁ)gT%g%{ﬁépom&bee6&&%‘@98@ ah@tien about 0.5:1
and about 4:1, and nost preferably 9 1:1. The carboxylic acids act as
transfer agent!dalikeine sarthgrasedalkylphesialiof abouh@.2: hikabouts. ér, prefosatey from a

m neral reagemodt®.3A 841k 6.5: f t. The neutralization operation is
carried out at a tenperature of at least 200 C., preferably at |east 215

o aduai |y ey GNea FRE B E et b BaSh A BT RoASRRLS fabirbeibiy Ga | on
Accor di ngllsy t ot @UD3:4lto zdoub0.1$kul d be conducted in the absence of any
solvent that may form an azeotrope with water. Preferably,
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 ieast 215
°C. and at an absolute pressure of between 5,000 and 105 Pa (between 0.05
og and 1.0 bar). More preferably, at the end of this neutralization step the
alkylphenate 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.

-10 -



the pressure is reduced to no nore than 7,000 Pa (70 nbars). The quantities
of reagents used should correspond to the following nolar ratios: 10 (1)

al kal i ne earth base/ al kyl phenol of about 0.2:1 to about 0.7:1, preferably
about 0.3:1 to about 0.5:1; and (2) carboxylic acid/al kyl phenol of about
0.01:1 to about 0.5:1, preferably from 15 about 0.03:1 to about 0.15:1.

Preferabl y, apréf@?atﬁgﬂdat@éaét Qagnai%l%f@f'thégté:ﬂﬂg A5 é?ﬁl%%g&%%ﬁ@gper ature

obtained is I or a perio excee ours
of at |east 2@ salicyiale "%?ﬁ@@@cﬂ!@%l@e@té§§mp@raiur¢)@fhetueesl HM° and 105 Pa

(bet ween 0. 05220 °6nd1nlieﬂaliﬁéésuré/wﬂurﬁ)ﬁ9é ﬁ-fr@é'dﬁ fréth atbﬁge%‘ﬂﬂogghéﬂ S
neutralizatio steE{ f% al E’é&ssgﬂ&nb t ai ned |? kept for between two and
six hours at BIF3BEHIUTRX 8 %qs) t"\‘/\B@'ﬂo Gﬁﬁt%ﬁwhibogtﬁ) Pa (between
0.1 and 0.2 bar). By providing that operatlons are carried out at a

suf fi ci ent t s ur.e actor is
reduced graduglbﬁ& Lg %ﬁ%’%nﬁéﬁ 1884 ’%ﬂﬁ'o eu‘{?Ph% fiting a?’@é@? SF%
carried out V\F@'H&ﬂe fﬁeﬂ”ﬁéﬁicvbt%ﬂ@mg caobare dioxideaat a feonperatureazpel tope Wit h
the wat er fOfg@ététhﬁ@ODhCSuhééﬁé'p‘PéBSLFe o%f%%yb%“ Siep 30 The

carboxyl ation step is conducted by sinply bubbling car n ‘dioxide into the
reaction nediumoriginating fromthe preceding neutralization step and is

cont i nuegmunt‘lrhe produat of ti0carbbey!Sticr sié@qsfﬂhéwflﬁé}@ﬂaTﬁe ré’éé"é’d)ﬁﬁ ki cyl atE
(roceir o3t oL, 354 LBl o s s 4
al kyl sal i cyl a@&;’gohate fadniahemight bate beendbirged dtlrth s pﬂeﬂ:dfﬂm st¥pef ahdne

tart | k | b di d
3t "5 tonpor at uHeRTfay caled NNRRL S iers fstiliedy hLﬁ%lc%h BBy hi n the

range of from above atnospheric
‘5 ‘The carboxylated detergent-dispersant formed by this process can be

characterized by its unique composition, with much more alkylphenol and
. 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 % to 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-giispersant composition can be characterized by having only minor
amounts of an alkaline earth double aromatic-ring alkylsalicylates. The mole
ratio of single aromatic-ring alkylsalicylate to double ardmatic-ring

35 alkylsalicylaté is at least 8:1.
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pressure to 15 x 105 Pa (15 bars) for a period of one to eight hours. 5
According to one variant, at |east 25 nole % of the starting al kyl phenol s
is converted to al kylsalicylate using carbon dioxide at a tenperature
equal to or greater than 200 C. under a pressure of 4 x 105 Pa (4 bars).
10 The product of the carboxylation step is then filtered. The purpose of
the filtrati i | : | r | i ne
cal cium car bgrﬁegtérgﬁﬁvatlﬁ%ﬁgﬂ gﬂﬁ]\éﬁ%%% éngrQl]t[ of fe Sg‘ﬁpu}dngg{f@é”l' éP@Qﬁ‘?‘mf
steps, and wabeuf 20y eereqwrefdrablyifram abolt H 6@ ts abost 200.ed i n | ubri cati ng
oil circuits. 15 The carboxyl ated detergent-di spersant forned by this
process can be characterized by its unique conposition, wth nmuch nore

al kyl phenol ard thelubsicatiey ehcomposition ehplplyed &t theaprieeeni iNgehtich, aaar by
salicyl atesthan,praoduc b ther routes. The reaction product wll

typi cal | y%havﬁaﬁbﬁéﬁﬁtjﬂqe %%?F%aﬂ% %@@ti\%'ﬁ:ty%alhf)raﬂ%ﬁﬁoarbahpuil Odptoabapbut 40
% al kyl phenol 4 of r t %or @ [ e '

al kyl.phenat e, 13% %@ﬁ%ﬁ?’g&%@ 3?8%&1? g%lgggﬁt? 2% %A)iéglhkrgﬁengetef%}at%w %&lécf"ﬁl
single 25 arbdiaeboutd ng %al badedadn the weight Ghihepotat ebrivating @desmnpEsitio, e
fully described in U S. Patent No. 6,162,770, which is incorporated by
reference into this application. 30 Unlike al kaline earth al kyl salicyl ates
produced f4y ot her processebITROGENdAONTAMNINGIISPERBANTONMPOSI tion can be
characterized by having only mnor anounts of an al kaline earth doubl e
aromatic-ring alkylsalicylates. The nole ratio of single aromatic-ring

al kyl sal i cyl aTke nhiragenktontainingedis gersantedplayelih s itﬁb)‘ilcéfh? b Bmpdddh 8- 1.
=~11 Preferabl t he TBN,of the detergent-di spersant shoul d be from about

400 to aboutgfztﬁé,m%ef'g inyetionds e ashigssalispersasisuch amanalkeny or alkyl

succinimide, an alkeny! or alkyl succinic anhydride, an alkenyl or alkyl

1 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
o0 additional polar function, including amine, amide, imine, imide, hydroxyl
carboxyl, a_nd 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
s 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 atkeny! 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

=12 -



In the lubricating oil conposition enployed in the present invention, the 5

carboxyl ated detergent-di spersant will typically range fromabout 0.5 to
about 15 wt % preferably fromabout 1 to about 12 wt % and nore
preferably about | to about 8 wt % based on the weight of the total

lubricating oil conposition. 10 N TROGEN- CONTAI NI NG DI SPERSANT The
ni t rogen-cont ai ni ng di spers'antRerrpI oyed in the lubricating oil conposition

of the present invention is an ashl di spersant such as an al kenyl or
al kyl  succi nimde, an al kenyl o yl succinic anhydride, an al&enyl or
al kyl 15 succinate ester, and theg Ii /Qk{ﬂh@k&ﬁ@ﬁ;ﬁ@ such di spersants.
ral groups. One such group

Ashl ess di spersants are broadly qgivided mtg (
is directed to copolymers which condgin a cqrboxylate ester with one or
more 20 agditional polar function, cludi B ami ne, amide, inine, inde,
hydr oxyl carboxyl, and the like. These products can be prepared by

copol ymer i zatwhereinoR' I:S)a@ubbmnnaw hydlroéﬁrfbﬂn&’fa@ﬁ;al)haﬁﬁ@ %aﬁlb)dc,%ﬁe?rﬁmé@bﬁth
nononer s of tTC‘P i on, roups include al kyl
nethacryl ate %’?ﬂpglt?éﬁbﬁ%@o@% thabis) Rrisra hydrqo,arbyl radical, preferably

h I t the | i
Adi i onal |y, Q'La’k@‘koa'%‘é@‘éfﬁﬂﬁ%ﬁ%“ 30do ZRARL X35 Rmeltoigim Atk B0 ang
pol yest erg smihyl&&efaﬂhcaleiﬂaﬂoemetp@bb&ﬂﬂ@mreﬂé?hwwldbdut 2nelabhe bacaben and
| oyed., Preferred dispersants are

KIE 2 ﬁ[)slto |O|t ﬁf tega %%}% hgl rf}/rlﬂb'% %H) selgetedrirom dels1 taabout 9fky|s€@rcﬂik¢ﬁmﬂrgesd are
2nd o iyf’iﬁ'e“%’é’|f‘3%ﬁ“r?é§%fé'92¢‘éf“%ounééﬁ‘ﬁiéé ks fofy 0% sRoffitfed o have
“the formula: - [@sferably R1tocabaut A. R'hel‘aow:ad)ré’a(tﬂmmoﬂjuct of alkylene succinic acid
‘or anhydride and alkylene polyamine will comprise the mixture of compounds
15 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 to succinic groups and the
25 particular polyamine used. Charge mole ratios of polyamine to succinic
groups of-about 1:1 may produce predominately mono alkeny! succinimide.
Charge mole ratios of polyamine to succinic group of about 1:2 may produce
predominately bis alkenyl 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 polyiscbutene
of a polyalkylene polyamine as discussed in further detail below. Bis-

35  succinimides are preferred.
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R2 wherein RL is a substantially hydrocarbon radical having a nol ecul ar
wei ght from about 400 to about 3000, that is, R is a hydrocarbyl radical,
preferably an al kenyl radical, containing about 30 to about 200 carbon
atonms; Alk is an 10 al kyl ene radical of about 2 to about 10, preferably
about 2 to about 6, carbon atons, R2,R3, and R4 are selected froma C, to

about C4 al kyfhede Rldu®%HtRd aik)éﬁ?l%%ﬁinirﬂfo@seéagﬁ%é(u PF%:Qr%@Q g%?‘%}g]d( w'gge(gtfa o

integer fromO to about 10, preferably O to
product of ala@fiveride switcamplefiain hydrocarhon fdiidvisd by deadting|tee eeputiygm ne wil |

conprise the 1j [ . C . ingl ydi n uccin c_acids and

succi ni mi des.é'&%%&&g?&h‘ct%%ﬁagt @P? aﬁlglll'eta%gp@ﬁg}l@e.ames& éaa‘gf:‘i‘{d?ftﬂ? oduct
as a succi ni ritdredbrhbie, tes, ithe dikeayMadmal, i§ip'ﬁ§1%réﬂlirae¥i@/éd fr8f & _Princi pal
conponent so0f the m xture. See, for exanple, U'S. Patent Nos. 3,202, 678;

3,024, 237 amPldnerprepesed frre & slefingnoaemes confaining fomakoutr2 tr ot d

- herei'n by way : i e.al kenyl ubst.i.t uted spccinic
anhydri de pr ocgﬁé%ﬁsSgﬁémsé?g%%@%hgqgﬁ{?ﬁ g&ebﬁ?kvsa@e?‘ﬁynﬁﬁﬂz'ﬂaﬁ& AFRR Ny
succi ni ni de awdtdinngdtdmmpous Dde abboi Slearorratonts e rmdeRgitdcaBbohhe char ge
nol e rati o of_ pol yam r]e to succinic groups and the 25 particul ar pol yam ne
used. Charge h??ﬂ'ﬁ‘i’éi’ﬂQ%%m@'fwﬁ& NG framsakeutd00 toghaus 3,Q00. Susirolefin may

produce Bpedefbmsthetyar@aRmpl hai gt : Bulld 0s of

pol yam ne to succinic gr ouﬁtf%g?gu%Hil%ehgi/o%glreggﬁ?ﬂg?%?oﬁy%i}eeI y bis

al kenyl succiisohtiteiee, 280! Pirturesithardof., advant ageous results with the nethod
of the present invention are obtained when the al kenyl or alkyl

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

anhydri de subisti preferbdpolyalkyleselzmians usell t6 ppsparalthy saBanPALYS B & 8f as
di scussed in quf{ her detail below Bis 35 'succinimdes are preferred. -13

These N-ggbsl”i‘? AW kenyl succininides can be prepared by reacting mal eic
anhydride with an ol efinic hydrocarbon foll owed by reacting the resulting

H,N—Alk—-N-—Alk—-N R3R#
Z
RZ
20

‘wherein z is an integer of from 0 to about 10 and Alk, R2, R® 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

diamine, triethylene tetraamine, propylene diamine, decamethyl diamine,

%0 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-dimethyi-1,3-propane diamine, 1,3-bis(2-
35

aminoethyl)imidazoline, 1-(2-aminopropyl)-piperazine, 1,4-bis(2-

-14-



al kenyl succinic anhydride with the al kyl ene polyam ne. The Rl radical of
the above fornula, that is, the alkenyl radical, is preferably derived
froma 5 polymer prepared froman ol efin nononer containing fromabout 2 to
about 5 carbon atons. Thus, the al kenyl radical is obtained by -

pol ynerizing an olefin containing fromabout 2 to about 5 carbon atons to

forma hydr ocari@ethIibaazRcRIES bhathy e ﬂ%@\ﬁ@@gﬂ%@ﬁq&%@ﬂoo to

about 3,000. Such oletin 10 nononers a xenpl i yl e
propyl ene, " 1- bomelags suchbuaseare, obtainet ysromdeasmgriivotarmasre dfehe alhovéhe

f d | val Kyl m nes.used to prepar he succinimdes are of the
Pg(ramﬁlr;? 120I—éﬁﬁtﬁtﬁs%ﬁﬁ%%gwj'ﬁ%ﬁﬂws‘gar@s‘%ﬂﬁV\/nerei nzis an integer of
fromO to about 10 and Alk, R2, R3, and R4 are as defi nﬁdl above. _ The -

| kyl i i nclude principall t hyl ene_am nes, ethyl ene am nes,
butyl ene_am ncte el ainchathdsresily yehl Timiwe dassrbpe i sameraial
heptyl ene ari gagor (6 WA EthfieRe ARRES" RELITRIJNLIRNG @fbdRs) and al so the

cyclic and the higher hondl ogs of such am nes’as pi perazi ne and am no

al kyl - subst i t leeinqiogie tdrk-@iunerTvey. Sapp. 898:905 (ntecscigneei Fultishbss, Dlow

et hyl ene 30 d,g i 8 i‘ri ethyl ene tetraam ne, propylene diam ne, decanethyl
di am ne, oct % ﬂy?% e diam ne, di heptanmethylene triamne, tripropylene
tetraamingy tetraethylene pentam ne,2 ':]ri me]t hél (ege di am ne, Ip)enft a_e'élhyl()le_nﬁe
hexam ne, dityipethyl.ene triamne, 2-heptyl-3-(2-am nopropyl)-imdazoline,
4-met hyl i mjﬁ'&‘%g?erﬂh)&tﬁﬁr??@ ITHRE h|used4n arqvf‘_;f@ﬁ'@ %ﬁ_“ﬁﬁit%’?n@??sa slassof35

ani noet hyl ) i npélaglriedeontortAing TiMABTABM parPloRRE A RRIre L, 4- i S(2- - 14

am noet hyl ) pi perazi ne and 2-net hyl -1-(2-am noeutyl ) pl perazi ne. Hi gher

A

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 ethylené carbonate
and boric acid disclosed by Wollenberg, et al., U.S. Patent No. 4,612, 1 32;
Wollenberg, et al., US 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. Moré 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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honol ogs such as are obtained by condensing two or nore of the above-
illustrated al kyl ene amnes |ikew se are useful. 5 The ethylene amines are
especi al |y useful. They are described in some detail wunder the heading

"Et hyl ene Am nes" in Encycl opedia of Chemi cal Technol ogy, Kirk-OQ hner,

Vol . 5, pp. 898-905 (Interscience Publishers, T;g Yor Kk, EQSO)ﬁflo The term
"ethyl ene anidqificiést qlaaflity b imERNeR deskeBisids bBeries't81fe RUbricating
polyénines conforning_forythe nost part to J%g stﬁﬁé?uye: I H2N(éh§gﬁ%NH)aH
15 wher ei n a QiCOMPsitieRy By ofdles fa pravenhitheudeposit ofigestaminantsciomted, in odr

exanpl e, ethy | 813 | & lgnine, .20 triethyle tetraam ne,
tetraet hyl enedngﬁt(gin%q ﬁié&?ggn eaé{%b@&%@%%@gh‘eﬁi&me.Aﬁgepﬁléa\f,l 'PE@? Al so _
i ncl uded wi t Hubri¢dtimgtadh coripdditiany,|the miteigeinrdshesiningy dispershnt willgitally

succi ni m ges such_as post-treatnment processes involving ethyl ene carbonate

g
25 and bori c "4B9% oM P%*e%lt%bwi?ewb‘é’cn@,ref@famyfrpm@?utpbt%abowcﬁwlt%k
4,612,132, ' . 446; A | ke as
wel | as ot he\rg?{dp@g&j P %ggﬁbngﬁ%b%tééc@sasﬂg@zgﬁ’ t%ﬁl%éﬁmatj% ‘f"%@gF éfﬁ'gt ed
herei n by r eftetabhubeicating ott comptoisitieny. 30 Preferably, the
ni trogen-containing dispersant is a polyal kyl ene succininide, preferably a
pol yi sobutyl ene succinimde. Mre preferably, the nitrogen- containing

di spersanp i s a polyi sobutyl ene bi@TﬁEFpABblﬁ-l% ﬁThe nitrogen 35 cont ai ni ng
I nv

di spersant enployed in the present be present in -15

The following additive components are examples of some of the components

-

that can be favorably employed in the present invention. These examples of
1‘5 additives are provided to illustrate the present invention, but they are not
intended to limit it:
1. Metal detergents: sulfurized or unsuifurized alkyl or alkenyl phenates,

alkyl or alkenyl aromatic sulfonates, sulfurized or unsulfurized metal

20 salts of muiti-hydroxy alkyl or alkenyt aromatic compounds, alkyl or
alkenyl hydroxy aromatic sulfonates, sulfurized or unsuifurized alky! or
alkenyl naphthenates, metal salts of atkanoic acids, metal salts of an
alkyl or alkenyl 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-

-16 -



sufficient quantity to inpart the desired di spersant properties to the

| ubricating oil conposition in order to prevent the deposit of

contam nants fornmed in oil during operation of the internal conbustion
engine. In general, in the lubricating oil conposition, the

ni trogen-containing dispersant will typically 5 range fromabout 2 to about

13 wt % preferably; ;. ahol b 9 mor e, pr ef erabl y about
6 to about 7.5 w %%St%grsae'g‘g‘g#h%yﬁﬁ%ﬁé?m}élﬁgg?—gietmlg'{%’tbﬁgfmﬁthgkgbati ng oil
corrpoisi ti oP. 10 OT?ER;I\MDIOU,\ZEB-i?’cttmtsfliﬁlleremiﬁ(gb@«d?héﬂqy@glggmp@,[@ntsda_re .
exanpl es of sonme o co en at can be favorably enployed in the
present invention. m?h&@%ﬂ%ﬁ%z%%%ﬁﬂfﬁw%ommhm, aaﬁedbéﬂvblﬂéldit 0
illustrate the pregMvibHRHIND B Y, ifN do kimt it:
1. Metal dgetergents: Eﬁsytljﬂl)furi’zze’gm(l)ﬁ%ggfﬁ]%u?tﬁglggeg@kgIﬁgﬁ%ﬁgeén%& Pﬁb}r{u—at es,
al kyl or al kenyl aphent; 2,6sliltéxiatimethykamihorp-zedoh 2, GHastdrf-9r i zed metal 20

salts of multi-hyd y .al kyl or. al kenyl aromatic conpounds, alkyl or
al kenyl hydroxy ar ‘p@éﬁylﬁaﬂ%‘?@@ﬁ]@eﬂﬁﬂi 4 &rthipbigwsmethilibziadt-al kyl or

al kenyl napht henatggy N L F: B G AAG lh: Sal an

al kyl or al kenyl mil ipggfugl,), %%dﬂ@@é#?ﬁ%ﬁgﬁgq%ﬁ?s“ﬁﬁ%’i‘é%'gtbﬁigs’h%@;ﬁbf. 25
2. Anti-oxidants: hysirdxykitediidylbentytesutfivs, tamddsis@ys-df-tari-batyhlt- oi | s to
deteri or in seryi ich erioration.is. evidenced by the products of
oxi dat i oﬁ'tdseuch as 'ﬁcﬁﬁﬁ’gg}gﬁ&])e@&ﬁmﬁﬁiq{@ @Qi'?%‘gﬁwst'ﬁ'éluﬁﬁtrﬁ?ta' sur f aces
and by an i ncr easediiHocdrb&atd &.Q.E%i%mitﬁ_ﬁac%?bﬂﬂéie‘),%h@am5 30 useful in the
present invention include, but are not limted to, phenol type (phenolic)

oxi dati on' i nhi bi t dnsthytanebis{dibatyidithinnayareats)bi s( 2, 6-di - tert-butyl phenol ),
4,4 -bis(2,6-di-tert-butyl phenol), 4,4 -bis(2-nethyl- 6-tert-butyl phenol),

2, 2" - et hyl eng- bi s{4: . = Ol - - ph | ), 35
4. 4 - but yld derie- bié@%%é‘?&ézgé&'?%@'{'??ﬁ'ﬁ‘z’ﬁ%%t?eﬁ‘? FIENSIBALES WeRERE- - 16
W5 . .
~ 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
tauryl 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 polyethylene 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 alcohof, and phosphoric
“ester.

35
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bis(2,6-di-tert-butyl phenol), 2,2'-nmethyl ene-bis(4-nethyl-6- non | henol 2
2' -isobut lidene-bis 4 Y P ), Y (,6 dinethylphenol), 2,2 -

nmet hyl ene- bi s(4- net hyl - 6- cycl ohexyl phenol ), 2,6-di-tert-butyl-4-

met hyl phenol, 2,6-di-tert-butyl -4-ethyl phenol, 2,4-dinethyl-6-tert-butyl 5
phenol, 2,6-di-tert-1-dimethylam no-p-cresol, 2,6-di-tert-4-

(N, N' - di net hylsam noyehiigiiphe aabitiontbrédoét iy sty i
but yl phenol ), 2,2'-thiobis(4-net hyIAp- 6@?%{?%}?@%@%@%8?@%@%S)g(ldngf hyl - 4-
hydr oxy- 5-t er t - but PREXYsthyleag aly ethetnand ipsy@xgetiiylenersorbiteary bstér.10

hydr oxybenzyl ). Qher types of oxidation inhibitors include netal

di t hi ocar bana (e | i t.hd t t hyl.enebi s(d

i butyl dithi OctgﬁbamE%g)ey@ﬁ%Xgﬁe%éegﬁ g%fg%gg%ts&aﬂﬁﬂgﬁkynéhgo%q € these

agents redfice wear (mimat/Salkyysewnaenaalki lgapargtrﬂ.ty@,(ﬁggpfmg@]foi%ggibm?pt S
1 hosphat es, phosphites, carbanates,

i nclude, but are not,. limted,t

esters, sulfur coftfidRi W&Erygﬁﬁg‘x‘ﬂfgﬁeaﬁﬂ&- poipyibaleduranhdhglesses. 20 4. Rust

i nhibitors (Anti-r RUSHoN)si ol yl ene surface active
agents: pol yoxyet hf/{lﬁ%rne I"a rsyl/lla)(%t ’3@%%93@@@%‘%&%% hi gher al cohol

et her, pol yoxyethyl ene nonyl phenyl ether, polyoxyethylene octyl phenyl

et her, 25 pol YoxyeFHoliememodiieys: fathe atophok tfakty acidpbmine; diohateenaster, eyt et her,
pol yoxyet fiyl ene so&ﬁiez%l ¢ nost ear at e, pol yoxyet hyl ene sorbitol nono-

ol eate, and pol yet hy éég?ycol nono-ol eate. b) O her conpounds: stearic
acid and other fatty acids, dicarboxylic 30 acids, netal soaps, fatty acid
ami ne sal ts, - 8et al Megiifusctinahaadiives!|suftiiged Bﬁ&rﬁoi{yEé%%&:ﬂ'ld%ﬁﬁd&%é{h%Fe,aCi d

?-ster of pol yhydric al cohol, and dphosphorl C este

sulfurized oxymolybdenum organo phosphorodithioate,

oxymolybdenum monoglyceride, oxymolybdenum diethylate amide,

15 .
: amine-molybdenum complex compound, and sulfur-containing
molybdenum complex compound.
9. Viscosity index improvers: polymethacrylate type polymers, ethylene-
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 dimethyi silicone

polymers.
30 EXAMPLES
The V‘invenﬁon 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 fimit it.

35

- 18 -



5. Demul sifiers: addition product of alkylphenol and ethylene oxide,

pol yoxyet hyl ene al kyl ether, and pol yoxyethyl ene sorbitan ester. 6. Extrene
pressure agents (EP agents): zinc dialkyldithiophosphate 5 (primary al kyl,
secondary al kyl, and aryl type), sulfurized oils, diphenyl sulfide, methyl
trichl orostearate, chlorinated naphthal ene, quorOﬁlryIPoly5|loxgne, and

| ead napht henate. 7. Friction nodifiegg; tdy alcohol, fatty acid, am ne,
borated ester, and 10 other esters. gzékﬁﬁfriunctlpnal addi tives:

sul furized oxynol ybdenum di t hi ocar bamate, ( sulfurlzgd oxynnlybggnum
organo phosphor odit hi oat e, YREE e oxynol ybdenum

di ethyl ate am de, 15 aninegﬁﬁFggﬁénun1con%?@gﬂp%%gégnﬁT and

sul fur-containing nolybdenum conpl ex conmpound. 9. Viscosity :ndex

| mpr over s:5 pol ynmet A\ - ropyl ene

copol yners, styr enA;??éacéJf)(? Fgﬁ%d gg%gg%ﬁ&dﬂgﬁérﬁ?@#\g%%gpe&eﬁgﬁgfol}f)(i\% rene

copol yners, polyisobutylene, and di spersant type viscosity index

i mprovers. 10A. PolMeyedlizatiokepr essant s: pol ynet hyl met hacrylate. 25 11
Foam inhibitors: alkyl nethacrylate polyners and dinethyl silicone

pol ymers. 30 EXAMPLES The invention will be further illustrated b% 4
fol |l ow ng exagph oy £h b ol r VAk 0

embodi mens. ajﬂ\&/r\h'éi Igl?et he @%ﬁpl léd;rﬁgr E dog?%%*ﬁ?&%@ﬁ@%%@ ?@%gm‘éi esent

i nvention, thBgsapb2Hai(i.end.eddvadlespand 875 g of linedb alkihEXSMPAFNG 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

i

column. The isomeric molar distribution of para versus ortho alkylphenol was:
15

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

o0 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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CARBOXYLATED DETERGENT- DI SPERSANT 5 A carboxyl at ed det ergent - di spersant was
prepared as follows: A Neutralization: A charge of 875 g of branched
dodecyl phenol (DDP) having a nol ecular 10 nmass of 270, (i.e. 3.24 noles)
and 875 g of linear al kylphenol having a nolecular nmass of about 390 (i.e.
2.24 noles) was placed in a four-necked 4 liter glass reactor above which
was a heat - i ndhigiretodk WlassXinft k& hsomeric nol ar

di stribution of pgg; ve%us gr Pﬁ?\gl kyldgk%gr?gﬁﬁhv}a@ng%%: 89% para and
5.5% ortho Linear al kyl phenol: 39% para and 53% ortho. 20 The agitator was
started up arfd t héSFBRXYIRBANN xt ure was heated to 65C, at which
tenperature 158 grans of slaked lime Ca(OH)2 (i.e. 2.135 noles) and 19 ¢
of a mxture (50/50 by weight) of formc acid and acetic acid were added.

tThe r eatct 50 ntﬁhm;ipmmdmavmu ilnfSteg Ay \évlasatdns_ﬂ%rteu M@Qfﬁﬁtew/ﬁhfda&?hand
enperature the reactor, .aced under a nitrogen atnosphere, en
heated up to "Wﬁ%fghaigé r@ﬁiiﬁésmm%@éﬁei seavenging drithadaeagioopiibgarbon
Distillation ; ), FRAEER ' r erat ur S
increased to cg%%%@gﬁng ﬁe pr g@%@%ﬁ@@%@fﬁg@% gﬁe%g?‘l'ﬂﬁg%-ﬁfﬁ%éﬁ‘gkép?ow
at mospheri c p®; Used irathiobtepevas isthorcedef of2MGRNRa (50 nbars) was

obt ai ned. The reaction m xture was kept for five hours under the preceding
conditiong. The reaction mxture was allowed to cool to 180C, then the

analyai o ettty Wiha el (PP IaRaT ol 20 fud oifietabotes sbsetos, | - 10

dem xi ng t ookesliag & very bRfallliexe anah '
gar boxyl ati on: Iﬁ%’hee@;oduct obtagi nﬁgﬁ?tﬁ&g{%gﬁ(ﬁg%ﬁgﬁgﬁ@u&%%a?(t)oa

6-1iter autBRNERadigssurenfsb xd018wd3. Abars)ifer § bopksr att200C. Fhavengi ng of
the reactor WAL, GYrRAW, introduced was in the order of 50 grams. After the autoclave

15
had been cooled to 165°C, the pressure was restored to atmospheric and the
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 e__yaluated 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 meésuring the variation in the physical properties of
the sampie, in particular the tensile strength break (TSB) and the elongation

30 atbreak (ELB), in accordance with procedure’ DIN 53504, by observin'g
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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......

di oxi de (C02) was conmmenced and continued for ten mnutes. The anmount of
CQ2 used inthis step was in the order of 20 granms. 10 After the

‘tenperature had been raised to 200C, the autoclave was closed, _ leaving a

very small |eak, and the introduction of CO2 was continued so as to
maintain a pressure of 3.5 x 105 Pa (3.5 bars) for 5 hours at 200C. The
anount of CO2 introduced was in the order of 50 grams. After the autoclave
15 had been cgpl ed to 165C, the pressure was restored to atnospheric and
the reactor WA8 emaHaliRn pstedwemprsed apelvisabutendi(PiR)dis-sugcivimiteqite gr ans

of product waP|3 REGHAr: i i dt i N ; n
1 ares”t SORR Mgt ol e 2 e ol v roide

ed. | 5:[ 2 | |nv?e5t%§n \A"%ﬁ eval uat e .
conpat i bi | i t yPAFEFCAPA Y RIbYIERS carhanate)(@eidh/e).dey quetbasesal-QR) suspendi ng
? fl ggrz ocr:]ag bocaltiest syifarate (MBS &)t %)) oarbomy':dteb@ﬁﬁg?gﬂ, pﬁpsri;ebwtlﬁi t(r)' ﬁSOt Ee

or ours 92 .hqu uri
variation in Wghshgé%%%@dgﬁg Xgﬂﬁ%f%g' gfxgt“ﬁeggm 8‘,’éfPﬂS%%£'5¢53FC§fcﬂffﬁeg .
tensile str en@kﬁlpge@aﬂe ((7'SByt dnozing diteiophgaphate (BB%awt %) eakndlEdnumn

d i i , ' ; ks had
formed at elé“o?/é%f ﬁ??ﬁgﬁﬂf’%ﬁﬁ?@; 2 ol IR el s R "

fol | owi ng: no log rpedifiery W &)op et inhibiteh@). 0825 wi 86gatpouspeik
greater than @dprenati0. 1B wel)aeitesitydhdbx ﬁﬁbro@te?ai@mt%f:}%nlﬂﬁé)?{?g%\}}ggs

test procedur i .1 _.be design hove and | ater sinply as the
.Bench Test". Sfé\é\b%mﬁo\??ﬁﬂsgi/i?%(ﬁgt‘@s‘g)ed conprised a polyisobutenyl (PIB)

bi s-succinimde (the PIB having a nol ecul ar wei ght of 2300 and the

DI s-succi ni m de having been p 1 l.ene carbonate) (6.5 wt
gg) | ow over based (LOB) 5 cal C%MH AVEE . % , carboxyl ated
detergent, prepared in the manner described in Exanple 1, (2.45 wt 9%,

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

5 ‘
0 The results of the Example 2 and Comparative Example A are presented
- below in Table 1.
Table 1.
25 Volkswagen PV 3344 Seal Test
Test VW EAM VW ACM VW AK-6 Result
Acrylate Seals Acrylate Fiuoroelastomer
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
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al kyl phenate (1.13 wt %, zinc dithiophosphate (0.69 W %, a nol ybdenum
based anti-oxidant (0.05 w %, a diphenyl am ne-based anti oxidant (0.3 wt
%, afriction nodifier (0.25 W %, a foaminhibitor (0.0025 w 9%, a pour
point 10 depressant (0.15 wt %, a viscosity index inprover (6.4 w %,
and a base oil of lubricating viscosity (80.8 wt % . COVPARATI VE EXAMPLE A

15 Conparativ : t i i anpl.e 2,except
Chat 1767 we oot Ssmsin Ta8Re 1 FRUIEHE! A 83 Sl hPRiSee s AHB AU " s
substituted fBfeSEREINVaRtiRIkonables xay to pasathased! tesls whérens encomparfabls was

used instead edmthetSiabdet¥rgeti), dha r&;gflé f 5}@% n ative
Exanple A are fri)rpes n'?ede bgel ' nTa I!a%lé}ﬁﬁrggfl. E\@/& tgi/\gégﬁggg‘é3344

W i . 29 Vo
Seal Test TesPNWFEARSER Aerkanr N!%emé‘é(lwhmbla@ ppasing dmitssofAbey| at e
Fl uor oel ast on¥olkSeatsn S&¥iseal feshsi | e El ongation, % Cracks in Seal 30
Strength, % (Limt > -40) (Limt: None) (Limt > -40) Exanple 2 -36 -31.4
None Pass Conparative -48.3 -45.1 Cracks Fail 35 Exanple A -21 The

results in Table 1 indicate that the HEABRINB- di spersant enployed in the

present invention enables you to pass the seal tests whereas a conparable

comrerci al de erge%t, .on an TeFjuaI nol ar basis, fails these tests. Exanple 2
yalkati

showed no sealn@ emef WirdasiemenGempatibility, eitherihyCECH.139-597tples 5

Vol ksvvagelrb WhaiedlerGtagsler requirement for AEM or by complete DaimlerChrysler '
‘requirements plus CEC elastomer RES3, is aimed at determining the degree of
compatibility of lubricating oils 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

15 stress-sirain 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.
og Immersion duration 168 hours (7 days), in fresh oil with no elastomer pre-

-aging.
Table A,
“Material Designation General Elastomer Type | Test Temperature
¢ 25 | CECRE10rDCFPM | Fluoro-elastomer 150 °C
CECRE20or DC FPM | Acrylic 150 °C
CECRE 3 Silicone 150 °C
g0 | CECRE4or DCNBR | Nitrile 100 °C
DC AEM Vamac : 150 °C
35
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EXAMPLE 3 The evaluation of QI -El astonmer Conpatibility, either by
CEC-L-39-T-97 plus 10 DaimerChrysler requirenent for AEM or by conplete

~Daim erChrysler requirenments plus CEC el astoner RE3, is ainmed at

determ ning the degree of conpatibility of lubricating oils and cured

el astonmers used in the autonotive industry. Elastomer test pieces are
imrersed in the test oil for a given period of tinme and a given

t enper at ur e. 'ﬂ}e Si Zlﬁﬁ t he vol une, the hardness, and the 15 stress-strain
properties arenademulatiens insfest anditheinsesults praveresested MhEable@apatibil ity of
the oil and the elastoner is estimted e change in these
characteristics. The materials and test tTenpératures are provided in the

W Lh no Ol gep oner pre- agrne Tabl&/A" DRI VEEL SEAL T congral -

El ast oner @ype Test Tenper at ure i =PM Fl uor ¢- el ast oner
1500C CEC RH| 2 g [p&l%glvl Acrylic ﬁﬁ%&@ﬁéﬂﬁ'%’ §i“ i cone 150 ¢ 30 CEQ RE
4 or DC NBR Ni t1T11°Ydbog PC AENT Vaiys 150@%9@ 22 The Tor frull §61 bt
tested and their resul ts ht 8TPELA ¢ qrﬁ‘ 2 Faigtion3 | cec- L- 39- 1 97
or Daimer Chryél $§a Test 5 WeigHt % of Conpgnenta (,orrpment rest g mt
For mul ati on '¥onl 2 Formul atifon 325 3
Succmlm:de ) :
10
Ethylene-
Carbonated _
. Bis- 50 5.0 5.0
Y Succinimide
15 Carboxylate 472 4.72 4.72
Test Results
Tensile
Strength -37.7 -40 | -45 -45
20 Elongation -36.1 - 36 -41 -50
Hardness 27 7 3 5/+5
Volume 0.9 0.6 1 0.6 0/+5
Borderline
P
95 ass 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

30 lubricating viscosity (80.7 wt %).

EXAMPLE 4

35 The testin Example 3 was repeated with a lubricating oil composition
containing the carboxylated detergent-dispersant (Formulation 4) employed in
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Borated Bis- 1.5 2.5 3 Succinimde 10 Ethyl ene- Carbonated 5.0 5.0 5.0
Bis Succinimde 15 Carboxylate 4.72 4.72 4.72 Test Results Tensile -37 7
-40 -45 -45 Strength 20 Elongation -36.1 -36 -41 -50 Hardness 2.7 2 3
-5/+5 Volunme 0.9 0.6 0.6 0/+5 25 Pass Pass Borderline aQ her conponents:
Phenate-salicylate (0.69 w 9%, Zi nc dithiophosphate (1.03 wt 9%,

i stosity 1 nape bresehtiave iRt eopifod i S RG] SppofiBHCa: g
vi scosity (80Sanigining a cermarahte sogungrsialyavailphlemetaigent Farmulatipes) ed wit h

a | ubri cati ngwithbutctheesergbAPdiseRbAt. THOrdsifs @A BRAWH M $dble 3.
det ergent - di spersant (Fornul ation 4) enployed in -23

and conpared with a lubricating oil
y avail abl e detergent (FornulBibles.5)
The results are shown in Table 3. 5 Table 3.

commer ci al

det er gent - di spersant.

conposition

the present
containing a conparable
wi t hout the

CEC-L-39-T-97 or Dai m er Chpesd £r305pal7 JeShimMRE ML s8h FREPONeNt 2

Weight % of Component®
Component - Test Limit
10 Formulation 4 Formulation 5
Ethylene-
( Carbonated Bis- 8 8
- Succinimide
15 Carboxylate - - 4.8 -
Commercial 0.69 5
Detergent ' 83
20 Test Results
Tensile Strength 40.7 4
(%) -40. 8.6 -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
aQ’[her 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

- 24 -

i nvention




Conmponent Test Limt 10 Formulation 4 Fornulation 5 Ethyl ene- Carbonated
Bis- 8 8 Succinimde 15 Carboxylate 4.8 - Conmmercial 0.69 2.83 Detergent
-20 Test Results Tensile Strength -40.7 -48.6 -45 (% Elongation -40.3
-45.7 -50 25 Hardness 3.3 2.6 -5/+5 Volunme 0.8 0.4 0/+5 Pass Fail 30
aQt her components: Zinc dithi ophosphate (1.0 wt %, Ml ybdenum based

pr over (5. SE it et CORMAEhl Bl st torllot ity feR B bS5

The resul ts iwthrids @rboxyiafedbeemulationi4). @ompasativelyo ip Eormulatibetineen - 24

carboxyl at e andtANPTEEAbaky IR AAFRh-a SeAcFJaPAbRId! thetdth Pe
mai ntai ned with thﬁ' Cfiﬁggﬁ)’iy ). Coriparatively, in

ate (Fornulation 4).
Formul ati on SOMRFHPLi(S o carboxylate and with a commercial detergent,

t he seal 5corrpati bility is lost. 5
The overall conclusion in the above examples clearly indicates that elastomer
compatability-can be maintained at high dispersant levels. Switching to
conventional detergent technology with identical dispersant levels will result 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 skilied in the art without departing
" from the spirit and scope of the appendéd claims. o

15
20
25
30

35
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The overall conclusion in the above exanples clearly indicates that

el astoner conpatability,can be maintained at high dispersant |evels.
Switching to conventional detergent technology with identical dispersant
levels will result in failure. 10 Wiile the present invention has been
described wth reference to specific enbodinents, this application is

I ntended to cover those various changes and substitutions that may be nade
by those skilled in the art wi thout departing fromthe spirit and scope of
t he appended cF&Ad¥S:15 20 25 30 35 -25 CLAIMS: 1. A nethod of

| mprovi ng el asj oner Zﬁ?%lhﬂéo atibili té and di spersancy in 5 an internal
conbustion engi ne, A RYGPE R eesiuneioiral compatiblity aed dispensamcydal i n
the interna conbusan inerabcombustion sngiubr s&iat i MW@ LA

conpri si ng;@ a) a ngél%toﬁ{g}%éj ft %.b%?% ol | of %&Hiaggt'l ng‘ ?ﬂglifggﬁ?%the 10
b) a carboxyl ated defergent- |§b£' JANQsemtstionenaing with @ ubricatingoil

al kyl phenol s usi ng &MpREKEPN pemessing: base in the presence of at |east one
carboxylic acid that contains 15 fromone to four carbon atonms but in the
absence of al kali base, dial cohol, and nonoal cohol, form ng an :

i nternediate produ@; afiMEPr@meurtafisohgseai obiublieafing eisoesiyat e product

usi ng cangn

b) a carboxylated detergent-dispersant obtained by:

(i) neutralizing alkylphenols using an alkaline earth base in

LA 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 monoaicohol, forming an
intermediate product: and
20 (ii) carboxylating the intermediate product using carbon
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) from about 2 to about 13 wt% of a nitrogen-containing dispersant,
based on the weight of the total lubricating oil composition
2. The method according to Claim 1, wherein the nitrogen-containing
30 dispersant is selected from the group consisting of an alkenyl
succinimide, an alkenyl succinic anhydride, an alkenyl succinate ester,
or mixtures thereof.
3. The method according to Claim 2, wherein the nitrogen-containing
35 dispersant is an atkenyl succinimide.
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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 25 c¢) fromabout 2 to about 13
wt % of a nitrogen-containing dispersant, based on the weight of the total
| ubricating oil conposition 2. The nethod according to Claim1, wherein the
ni trogen-containing 30 dispersant is selected fromthe group consisting of
an al kenyl sycci nign de, ..an al kenyl  succi ni c anhydri de, an al kenyl

succi nate est gf , ?F%H‘%F\%ﬁe%ccpﬁﬁﬁ%? .%?@3'.“ Frehergimihe alkeryl sunginiridel iaiam 2,
wherein the nitrogpahetiaicdit@inimriedi spersant is an al kenyl succini m de.
-26- i 4. The nethod according to Caim3, wherein the al kenyl succinimde
is a polyalkylene succinimde. 5 5. The nethod according to C aim 4,

wherei n t He pal yal iLng.mde s a polyi sobutenyl succinimde. 6.
The net hod acg'or di lﬁég{?ﬁ&&oéﬁ?g%fd%&Q|%'mt%érvl1%pwaﬂh@wc&wéky!qrme succi ni ni de
I's a polyi sobut enysuduisindde & &bBlydbuteny! B8cARIQE, according to Caim 1,

wherein the carboxyl ated detergent- dispersant is present in the
| ubricating oil conposition fromabout 0.5 15 to about 15 wt 9% based on

the weight ofgthe ¥ ' ' L osition. 8 The method
according to Claim @é ﬁj’vﬁ#&?@%#@h%&&%’@@% r@@t@?@é’ﬁﬁ‘kﬂﬁ@persant is
present i1& the | ubsuocittimide isid polgipbaichyPhisidRMmAR 1 to 20 about 12 wt
% based on the weight of the total lubricating oil conposition.

. 7. The method according 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 oi!
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. ' o

30

35
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9. The nethod according to Caim8, wherein the carboxyl ated detergent- 25
dispersant is present in the lubricating oil conposition fromabout 1 to
about 8 wt % based on the weight of the total |ubricating oil
conposition. 30 35 -27 10. The nethod according to Claim1, wherein the
ni trogen-containin di spersant is present in the lubricating oil
conposi tion fi1%m abeemethed acadrding ® it 1,baheteinnhé hﬁrcl@'ngdfﬁntﬁihi@e t ot al
| ubricating oil .co[{égb)%ﬂ'tign. 5 ]‘tl' Thﬁ@getpod ccording to Caim 10,
“wherein the nitrog SAPLISRRgentdn e lubsiga "F%OEP@WKW fioma abobt fdating
oi I conposition frspoAlBowt %6 bheed i Talep wei ght of the
total lubricating oil 10 conposi t{@gﬁﬁé Vﬁeé@g‘éﬁftg&st&%glﬁﬂgg&@dg@ METHOD FOR
| MPROVI NG _ELASTOVERTUIRFUON-BI LI TY ABSTRACT OF THE DI SCLOSURE Thi s
inventionYelates to a nethod of i nprovi ng el astoner seal conpatibility and
di spersancy in an internal conbustion engine by contacting the el astoner
seal in the ihterniie netiodhccodpgdoClaith 40, @hetdil tHe At @nQﬂdnté%ﬁlﬁpOSi tion
vy,

conprising: a) a r’(rﬂor ampunt of a base oil of |ubricatifig viscos
Ispersant is present in the lubricating oil composition from about 6 to

about 7.5 wt %, based on the weight of the total lubricating oil
106 .~ composition. a

5 .
Pz

15

20

25

-

30

35
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b) a carboxyl ated detergent-di spersant obtained by: (i) neutralizing
al kyl phenol s using an al kaline earth base in the presence of at |east one
carboxylic acid that contains fromone to four carbon atons but in the

absence of al kali base .al c I noal cohol . form ng_an _

i nt er medi ate product ; %ﬁgh@i ?Bga}%gﬁgygﬁﬁngl‘gﬁg&'ﬁ?e?%ﬁﬁ"g{%np??’ﬁuct usi ng
car bon di oxi de so that at |east 20 nole percent of the origina

al kyl phenol starting materi aﬁBﬁJB%ErOEJh&D!%GL%U&Eka! ine earth netal
single aromatic-ring hydrocarbyl salicylate; and c¢) a nitrogen-containing

di spersant. This invention relates to a method of improving elastomer seal

5 compatibility and dispersancy in an internal combustion engine by
contacting the elastomer seal in the internal combustion engine with a
lubricating oil composition comprising:

a) a major amount of a base oil of lubricating viscosity;

10 .
b} a carboxylated detergent-dispersant obtained by:
(i) neutralizing alkylphenols using an alkaline earth base in
tf | 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
c) a nitrogen-containing dispersant.
30
35
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