CALCIUM NEUTRAL AND OVERBASED MANNICH AND ANHYDRIDE ADDUCTS AS
DETERGENTS FOR ENGINE OIL LUBRICANTS TECHNICAL FIELD: 100011The disclosure relates
to lubricant additives and in particular to sulfur-free detergent additives for crankcase lubricant
compositions. BACKGROUND AND SUMMARY: 100021Lubricating oil compositions, as used in the
internal comBuddnl ERdiNEditrtianS iy AR ABKIIIENSNGE HUARSD HNEUHRR &0 a demanding

environment. This\ggyRPPERKBIUIE IR IPY fiesinenat BoPASItoN BRIfErNgHaXIdation that is

catalyzed b theagresence of impurities in the lubricating oil composition, such as iron compounds.
Additioriﬁﬁ)g]@ tdn IR lubricating oil composition is promoted by the elevated temperatures of

the lubrigging oil compasition skringdises [RPAUTRs pxidationof thelubricating qil Gampasition during

use is usually controlled to some extent by the use of additives, such as antioxidants or acid
neutralis&rer SR e iRy elteAdthe s BIOTNRA bf @ AsBifEsting oil composition, particularly by reducing
or preventing unacceptable viscosity increases. [0004]Acid neutralizers generally used in lubricant
compositions may be selected from metal alkyl phenates and metal alkylaryl sulfonates. The metal of
the metﬁ%ﬂﬁ@ﬁ%@ﬁi@éﬁﬁ %Um‘fﬁay be selected from alkali and alkaline earth metals such

as calcipgpomjagnesiun, SN o9 LAkt A0 NI eRt e MR RROSPRABINE &P dggnd sulfur
(from sulfonates, sulfur- containing phenates, and metal-containing dithiophosphates) derived from

engine [GHHERIEORAVY BEETERSRN 6 E8RkibdES HPERE partidiaedmessorEIss  sulfif and

phosphems-temekie Reisanthecrtaiaisusadoeataitis sonverersifaaulitingina teguctionin
performance of the catalysts. [00061Accordingly, there exists a need for improved lubricant
compostibr¥ HHHRa0E FREEEIeeldor ShifGriRHE PhoLPRBAGKIBY FEElCED IVeICOBPABSH less than

1.0 wt.% piespRosusRhiRES BramO.fuwdcJsultir Rasgdandheitotabweight of the:lubricany

O peLatuned OF the Jubricasing o corbotition uitng nee e cisclosure provides suffur-free
[0003] The oxidation of the lubricating oil composition during use is usually
controlled to some extent by the use of additives, such as antioxidants or acid neutralizers,
which may extend the useful life of the lubricating oil composition, particularly by reducing
or preventing unacceptable viscosity increases.
[0004] Acid neutralizers generally used in lubricant compositions may be selected
from metal alkyl phenates and metal alkylaryl sulfonates, The metal of the metal of the
phenates and sulfonates may be selected from alkali and alkaline earth metals such as
calcium, magnesium, sodium, or barium.
[0605] In recent years, phosphorus compounds and sulfur (from sulfonates, sulfur-
containing phenates, and metal-containing dithiophosphates) derived from engine lubricants
have been shown to contribute in part to particulate emissions. Also, sulfur and phosphorus
tend to poison the catalysts used in catalytic converters, resulting in a reduction in
performance of the catalysts.
[6006] Accordingly, there exists a need for improved lubricant compositions that
have reduced levels of sulfur and phosphorus. By reduced levels is meant less than 1.0 wt.%
phosphorus and less than 0.5 wt. % sulfur based on the total weight of the lubricant
composition.
[0007] In view of the foregoing, an embodiment of the disclosure provides sulfur-free
metal or ammonium salt compound, a method of making the compound, and a lubricant

additive concentrate, and lubricant composition containing the compound. The compound is
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metal or ammonium salt compound, a method of making the compound, and a lubricant additive
concentrate, and lubricant composition containing the compound. The compound is made by reacting
a phenolic compound that has been reacted with an aldehyde and an amine, with a compound

selected from the group consisting of an acylating ag]ent or an electrophilic compound. The reaction
product kb isattily aPinelis rsrauRtihatHatdicsr apafiehiiith conmlsstnde fooos)pmipdther

em bOd'%ﬁﬂta@ﬁyﬂiéﬁ}ﬁﬁkﬁ%&éﬁ\ﬁ%%@%m@dcm{sml%?ﬁ Qﬁ%@lﬁtiﬁg% mRtE Qf ammepivim salt
compound for use as a lubricant additive component. The method inc u(?es reacting (a) a phenolic
compouffRItRHYD) ARCHIERNULTARMCLS A ARTHEAOZ B0V G HRAHRE i Bufate Y orfUBRTHEUM
intermedigtg puaduct is reacted with (d) a compound selected from the group consisting of an acylating
agent or an electrophilic compound to provide a reaction product. The reaction product is then

neutralizB8% overbadedne prowakoHE fibries st sdotve oM pehe mebed L pekDE SERIPTION OF
THE INVEN TN fFAPQ2Assakforth abaypuile Rreasntgisclasyiads ditesieddoprrticularsidfur-free

lubricant additive components derived from a condensationg)roduct of aéiéhenolic compound, amine,

and an AGEMLR BRI HRGE bt PREHY 6 ceERayh T M 8 e Resiriglife Aae 4BtiBH Broduct
that may, e iaeulhalizeset Rvehased. torprovide theiawfurias: lubricapiagsitive) D8dALHhaderm

"overbased" or "gverbasing" is used to describe alkaline earth metal alkyl salts of the reaction product

in which e tedid 8MHEH EFBR CORHEiRFaRinte G A% 858 e X ANt SI ATGTBLY MRS r of

equivalests Ridhe-¢eamipprpiaductis geaatRntparinnss T ratiaris usyal gteatalthaprdgddbut may
be greater than 4.5. In comparison, the equivalent ratio of alkaline earth metal moiety to phenol moiety

in conveRGSHFAREARLILT P THEREF Bhenates is one to one. [0011]The term "neutralized" or
"neutralizing” is used to describe ammonium salts of the reaction product in which the ratio of the
number of equivalents of the nitroaen containirjggmoiet to the number of equivalents of the reaction

product%F B RESgRIBY RETHBNYEN Wed herein is used to denote the Total Base
Numberipaoy KOH/gms snemstraddy tie:rpethad ofs&odM B2896ted to particular sulfur-free

lubricant additive components derived from a condensation product of a phenolic compound,
amine, and an aldehyde reacted with an acylating or electrophilic compound resulting in a
reaction product that may be neutralized or overbased to provide the sulfur-free lubricant
additive.

{06010} The term "overbased" or “overbasing” is used to describe alkaline earth metal
alkyl salts of the reaction product in which the ratio of the number of equivalents of the
alkaline earth metal moiety to the number of equivalents of the reaction product is greater
than one. The ratio is usually greater than [.2, but may be greater than 4.5. In comparison,
the equivalent ratio of alkaline earth metal moiety to phenol moiety in conventional alkaline
earth metal phenates is one to one.

[0011] The term “neutralized” or “neutralizing” is used to describe ammonium salts
of the reaction product in which the ratio of the number of equivalents of the nitrogen
containing moiety to the number of equivalents of the reaction product is equal to one.

[0012] The term "TBN" as employed herein is used to denote the Total Base Number
i mg KOH/g as measured by the method of ASTM D2896.

[0013] The term "hydrocarbyl" as employed herein refers to both straight and
branched saturated, unsaturated, and/or substituted chain radicals of from 1 to 100 carbon

atoms.



[0013]The term "hydrocarbyl" as employed herein refers to both straight and branched saturated,
unsaturated, and/or substituted chain radicals of from 1 to 100 carbon atoms. [0014]The term "alkyl"
as employed herein refers to straight, branched, and/or substituted saturated chain radicals of from I to
100 carbon atoms. [0015]The term "alkenyl" as employed herein refers to straight, branched, and/or
substitul881dhsaturatddeHsimradikzls of fronr!etedl bearbosaens. Jooes]T huaimdanid/as

employegihetsingefarsiosingle apd muliFing fromalicsampaunds that may include alkyl, alkenyl,

alkylaryl, amino, hydroxyl, and alkoxy substituents. 100171The term "soluble" or "dispersible" refers to

a compdﬁ@fﬁ}or compbiititirth ateay lbeas rspelotied begissoied in siraibhicdtiagobade aiflsuch that it
remainsgylstantaliksusrended.PrAissRIve¢ining oIl gL ARficeable precipitation of the

component or composition from the oil. The Phenolic Compound [0018]The phenolic compound that

is reactdB4fth the aldBMy&eENdtHE amtrwinesdbeTepressrtdd Binghe doflowilig fognurmaiq
compounds that may include alkyl, alkenyl, alkylaryl, amino, hydroxyl, and alkoxy

substituents.

[6017] The term “soluble” or “dispersible” refers to a component or composition that
may be suspended or dissolved in a lubricating base oil such that it remains substantially
suspended or dissolved in the oil without noticeable precipitation of the component or

compostiion from the oil.

The Phenolic Compound

[6018] The phenolic compound that is reacted with the aldehyde and the amine may

be represented by the following formula:

wherein R', R?, and R® are independently selected from the group consisting of hydrogen, an
alkyl group, an alkenyl group, an alkoxy group, an aminic group having from 1 to 24 carbon
atoms, and an aryl group having from 6 to 24 carbon atoms. It is desirable that at least one of
R!, R?, and R” have a sufficient number of carbon atoms such that the reaction product made
with the phenolic compound is substantially soluble or dispersible in a lubricating oil
composition. In one embodiment, the phenolic compound may be represented by the

formula:



wherein RE, R2, and R3 are independently selected from the group consisting of hydrogen, an alkyl
group, an alkenyl group, an alkoxy group, an aminic group having from 1 to 24 carbon atoms, and an
aryl group having from 6 to 24 carbon atoms. It is desirable that at least one of RE, R2, and R3 have a
sufficient number of carbon atoms such that the reaction product made with the phenolic compound is
substantially soluble or dispersible in a lubricating oil2t®mposition. In one embodiment, the phenolic

another embodiment R2 is a hydrogen atom>In yef-&nother embodiment, Rl and R2 are hydrogen
atoms and R3 is a hydrocarbyl group containing from 1 to}24 carbon atoms. Exemplary phenolic
compounds include, but are not limited to, p-cre i
4-t-octylphenol, 4- dodecyl-phenol, 2,4-dig-butyiphenol, 2,4}di-t-amylphenol, and 4-nonylphenol.
Aldehyde 100191The aldehyde component can tetprise; for example, formaldehyde, acetaldehyde,
propanaldehyde, butryladehyde, hexaldehyde, heptaldehyde, and the like, with the most desirable
being formaldehyde which may be used in its monomeric form or, more conveniently, in its polymeric
form (i.e., paraformaldehyde). Amine 100201Amine&or nitrogen-containing compounds used for
preparing Mannich base condensation product include ammonia, primary amines, secondary amine, or
amides. Aliphatic amine, amjne or polyamine (such as diethylenetriamine, triamine, tetramine and

penta amisegimBludngrhgRoryerdafiteseshbosed rorbempbdition; teiamindig biom,
ethylenediami \ j lgs G2-
ety R O & MBnciona
derivantcoSgisigutisandb fivantcadbusetbmerelrs rafeleriorbabstitutipgnoithdubstitdentutreeeot
substitugpts.3ueh as halgy ,hﬁdé%Mﬁﬁé%Bﬁy4@6&@‘1%‘%&!%9’%%&99%&%9 alkyliig, [00ai 1T he

condensation reaction to prepare the intermediate products may proceed at temperatures from about

50 to abinseopbrbenpklat lifabiéviehspetatitelranigey hdisphbodt4 7815 abenal175 C. The time
required for completion of the reaction usually varies from about 1 to about 8 hours, varying of course
with the sFecific reactants chosen, the scale of the reaction, and the reaction temperature.

Aldehyde

[0019] The aldehyde component can comprise, for example, formaldehyde,

acetaldehyde, propanaldehyde, butryladehyde, hexaldehyde, heptaldehyde, and the like, with
the most desirable being formaldehyde which may be used in its monomeric form or, more

conveniently, in its polymeric form (i.e., paraformaldehyde).

Amine

10020} Amines or nitrogen-containing compounds used for preparing Mannich base
condensation product include ammonia, primary amines, secondary amine, or amides.
Aliphatic amine, amine or polyamine (such as diethylenetriamine, triamine, tetramine and
penta amine) including hydroxy may also be used. In one embodiment, the amine may be
ethylenediamine. For example, the amine may be a straight or anmular Cy-Cs alkylene
diethylenetriamine, triamine, tetramine, penta amine, polyamine, and their substituted
multifunctional derivant. "Substituted derivant” as used herein refers to substituting with
substituent, these substituents such as halo, hydroxy, alkoxy, nitryl, thio, alkoxycarbony! and
alkyithio.

[6021] The condensation reaction to prepare the intermediate products may proceed at

temperatures from about 50° to about 200° C. with a suitable temperature range being about
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[bOZZ]As to the molar range of components (a):(b):(c) which may be used to prepare the intermediate
product, the range may fall within 0.5-5:1:0.5-5. An exemplary intermediate product may be the
condensation product of nonylphenoliethylenediamine:paraformaldehyde using a molar ratio of 2:1:2.
The condensation reaction may be conducted in the presence of a catalyst. Suitable catalysts include,
but are ot litnite@itd, any-amine-tsmaragedatenystrorahcackf. haraptégopaissiuveatedysesinclude
3-(0“megmm'ﬂ?m&@%'%mﬁ@w%ﬁ?)ﬂ%’!ﬁ@'@x%@%viﬂﬁ@xék‘;%ﬁiﬁ@?é%’@rﬁ@@h%@ﬁ?@f@&%% tggatalyst is
3- (d imethy lamino)propylamine. [0023JThe amount of Catalyst used in the condensation reaction may
be abouttaches. BB IR ORBYIEIHRE BRERd upon the weights of all components in the reaction

mixture ;fppzpful am%moofh%qwflygtﬂé@@%%%%ala@%)l@@}; walohimRased.LRoR hepeights of all

components in the reaction mixture. [00241In a second step of the reaction, the intermediate product
may be fisattsEeirEPERdpstinbedges Biaxradl Satiep e TdRpoand toes e ainréistishiabroduct that
may be pediializad ot averbaseskieMevidrdhersfunirRadvbicaniaddiivep 1hg foWRIRgRYENts may

be selected from mono-, di-, tri- and tetra-carboxylic acids and anhydrides that may contain a
hydrocatBiesti Btifidatanbhid embBaisnede AEcAGHEHRY dpen DmegnBeckr dndryrsserspiefanhydride
containingq¢ & 3ZGAMBANAIONSs HRarlursled:cabonic feagems hakrayfsiHs edias geylating

agents may include fatty acids and unsaturated carboxylic acids per se and functional derivatives
thereof, BucRAY anhydriierlcastéfs, 4Fffibs SHbEE saneludey| AdiiiesiuherHralesiamiptes of

useful upsgturatedhmenoRaaic agidsinclide, but are pat linditad ionagryligacidmethactylicsacid,
cinnamic acid, crotonic acid, and 2- phenylpropenoic acid. Polybasic unsaturated carboxylic acids
include,(B%%H&lﬁﬁiﬁéﬁ%?lﬁiafeic acid, fumaric acid, mesaconic acid, itaconic acid, and citraconic

acid; thegoanhydridesnayheused crargrameals inAnsmebodinentnalgiganhydidemaybe used.
Reactive equivalents of such anhydrides include, but are not limited to, the above-mentioned

derivatiV@OoBlE 7 sy ighr Da3alt weesr I MHaRYS iphigld Sosaneneiyindla asaciivg mvese which may

also seryg.Ag aeatingaaens: Anethersyitahisacidmsy ke; M%s{ﬂ@dqcfs@ln Reagliye.eomvajents of

glyoxylic acid, including esters and lactones may also be used. The total number ot carbon atoms in
the acylStMgRGBHtHEY &9 318113818 to0 31, or 5 to 23, or 9, 11, or 13 to 21. 100251Suitable

electropfaigqgompoungds: maykeseiestest frameempaeundshaving srsabonAtendayblypanded to a
heteroatom of the class consisting of oxygen, sulfur and nitrol_gen, whereby an electron-seeking

chemicAPsBULATIE ARSI by D ETIRPBIES SHTIBPUMEIMRIPEI G A BFREF tRPEPANGE b aprbritie

intermediaig predust.onits.o¢ganieernpen duttassitication csaid darminating Gempmndsawill generally
consist of 1 to 60 carbon atoms and contain electron-seeking group of the formula >C=X wherein X is
oxygen,TRRHE aif FiErb G SRPRG-adin Foriddbhteiet N diliards raed vimrises it shad may

contain gsidifianaliRteeBi0MH{RIRIAYVIHEdNcHRalINNSUCR asyIERgaBeMAeBe S kdagron,
phosphorous,, silicon, lithium, etc. Accordingly, the electrophilic compound may contain a substituent

group SOt ELCERBAE IS GRS EP e ptBoR iRge: shifsisatetiram st wasarafatuch
electrophili¢ sompeundsyMithconirinabautdctoRGafar axample vhdaddsathan omsand-t least one

electron-seeking group.ta create an electrophilic site, 1002610ne class of electrophilic compounds can
be reprége%ﬂggwtfﬁgaﬁo‘#ﬁ{b‘fﬁt}y@s thereof, such as anhydrides, esters, amides, imdes, salts, acyl

halides, and nifriles. Examples of useful unsaturated monobasic acids include, but are not
limited to, acrylic acid, methacrylic acid, cinnamic acid, crotonic acid, and 2-
phenylpropenoic acid. Polybasic unsaturated carboxylic acids include, but are not limited to,
maleic acid, fumaric acid, mesaconic acid, itaconic acid, and citraconic acid; their anhydrides
may be used. For example, in an embodiment maleic anhydride may be used. Reactive
equivalents of such anhydrides include, but are not limited to, the above-mentioned
derivative, e.g., acids, esters, half esters, amides, imides, salts, acyl halides, and nitriles,
which may also serve as acylating agents. Another suitable acid may be glyoxylic acid.

Reactive equivalents of glyoxylic acid, including esters and lactones may also be used. The
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wherein X represents 0, S or NR9 and R7, R8, and R9 may be the same or different and are
individually selected from the group consisting of hydrogen, C1 to C30, for example, Ci to C6 straight
and branched chain alkyl, arylalkyl, cycloalkyl, alkenyl, aryl-alkenyl and cycloalkenyl moieties and/or
one or more reactive groups of the class consisting of alkyl unsaturation, carboxyl, epoxide, thiol,
carbonyi¥idonyahere! Rty 2 on hydl poxiatinsingcaoyitalivel Fafd. dicaritsokierscid ahdride,
thiolic agpyg’r[gemtlg(g%i_c anhydride, dithionic anhydride, disubstituted amino, trisubstituted amino,
ureido, isourea and dicarboxylamic acid anhydride or one-half of cyclic dicarboxylic acid anhydrides as

in maleitV8A®lydride obwiblnalicstrepsiidatsioneamsydrae by srieckrilf lspoyetiemione bevigarde or
one-haltafeyclic dithian aphlids ar ereal o'yl disarbowli amie scidanhygife,pf one-hal

of cyclic N C.sub.1-18 hydrocarbyl imides such as N-dodecylmaleimide. 100271Another useful class of
electrophiiegeamiperiably shajcpfenideecing opeavyelis disHHUREES Wavimgoas gieelectroivaséeking
group ofthe &lassiEONIISHRGRhCR @Qﬁ@hﬁ@iﬁ%’g@l&l&a&%@1&@{?9@%@0%@%@ H) and

substituted carbonimidonyl (>C=NRI wherein Rl is a polyallcylene-polyamiosubstituent containing

from 2 t6lSTARIEAL. SR fEMiNaisg pnageRgs [0Derseitislsslgstrebhitic Corapvardeiuadnay be
selected frpmmkefongmsichias acsioner methveivi ketane, disthyh ketage, dimethyl fgtone; valerone,

palmitone, stearone and ketoxime %\ltrogen containing ketone, etc.; aldehydes such as acetaldehyde,
formald8HREEpETEIe Ry RS Po RS pTsREIdERy IR ). | athenalae hede Tame andidf 1ienied suph etdetyl
chloride, phgsgancecARBmOXteHRIdE. Mt ehigrpioumale. Sigauvh chlarids, laBryl chiokide,

N,N-dimethylcarbamogl chloride, thiophosgene, thioacetyl chloride, etc.; other carbonyl and

thiocarbdAPESHEmiHY S@hdéhiyBusH as\iread Bely) agiransaen olistsyrpmes B s #axanethiol,
cyclohexangicrmigdeuds, E@@Q@,ﬂ@d}ﬂQoﬁlﬁ%%éx?%r@&i%?ﬂhﬁ@@?&%@%ﬁ%?ﬁzﬁ%ﬁyg gphydride,

propionic anhydride, palmitic anhydride etc. er electrophilic compounds may be selected from

maleic AFIFAMNS AheNtSIPSEPRRBEIRABIREIIEY| R amplarheclidn Sloduetss#ap!mdudedut are not
limited te,predugis baving thafelowing:shuctugs: E‘?ﬁlﬁﬁ‘) Wherein di e Ropangh Ri.are defined as
y

above, R4, R5, and R6 are selected from EI, an al roup having from 1 to 24 carbon atoms, and an

aryl grotfPRéling frofes 6/ ehelssh atBils commeraderip R Seraeenies iabeifme:
%

R?WE:!: R

wherein X represents O, S or NR? and R7, Rg, and R’ may be the same or different and are
individually selected from the group consisting of hydrogen, C; to Csg, for example, C; to C
straight and branched chain alkyl, arylalkyl, cycloalkyl, alkenyl, aryl-alkenyl and
cycloalkenyl moieties and/or one or more reactive groups of the class consisting of alkyl
unsaturation, carboxyl, epoxide, thiol, carbonyl, isocyanate, thionyl, amido, hydroxy, imino,
acylhalide, halo, dicarboxylic acid anhydride, thiolic anhydride, thionic anhydride, dithionic
anhydride, disubstituted amino, trisubstituted amino, ureido, isourea and dicarboxylamic acid
anhydride or one-half of cyclic dicarboxylic acid anhydrides as in maleic anhydride or one-
half of cyclic thiolic anhydride or one-half of cyclic thionic anhydride or one-half of cyclic
dithionic anhydride or one-half of cyclic dicarboxylic amic acid anhydride or one-half of
cyclic N C.sub.1-18 hydrocarbyl imides such as N-dodecylmaleimide.

{00271 Another useful class of electrophilic compounds may include C;-Cyp acyclic
compounds having a single electron-seeking group of the class consisting of carbonyl

(>C=0), thiocarbonyl (>C=S), carbonimidonyl (>C=NH) and substituted carbonimidonyl



wherein R' is hydrogen OHOH OHOH R3 wherein R' is hydrogen or an alkyl group having from | to
24 carbon atoms. [00301In order to provide a useable sulfur-free lubricant additive, the reaction
product may be further neutralized or overbased. Accordingly, the reaction product may be neutralized
with an alkali or alkaline eatth metal hydroxide or NH3, a nitrogen-containing compound such as a
primary (Secoltiaryheretariarys armmaviehy fRoRiamiosiBsHHSBh Rt NG f50m 2 Helivabesap or the

reaction,proglust Maw ba@yerRased by reaction with an alkali or alkaline earth metal oxide and carbon
dioxide. 100311The alkali or alkaline earth metal may be selected from sodium, potassium, lithium,

calcium|¥a8hesium, AHeblsateri oAb re BRAF AFSRISBIRE S triw)esistabrrb&sipnaikaiiieadarth metal
oxide or,hydxidewithiheddydhoxidaiaing:partigiamy vseidhdUseiul Alkaling.aarh mefals.may be

selected from calcium and magnesium. [00321The amount of neutralizing or overbasing compound in

the neuft2fizilglOF B\erbHEINSE Fe at A INIED SEEPRE onci nurAlieRrdgactBidl indudivriadsehydture of the
reactionrprodiichand the-amayat obaBrsriRlihat canptioaallibe addegd to theiguerbaging mixture.

100331 In a typical overbasing reaction, the Weight ratio of the alkaline earth metal source to the

reactiorPpFBAL M5 the pepsaSNg Resaid T agides methyl sblgrolegiisatisasy st andainavedrth metal
source ihthadeastinoamreavatindlis Ayerhasiag reastinnisA2-thidec e @iline earth metal source

may be added to the initial reactants all at once, or part may be added to the initial reactants with the

remaindéF BRINY aRbB T ERe niBRE BBRgoRerEEH S TSR gifertrstageld stageeien prbdss.

thiocarbamate, hexanethiol, cyciohexane carbothialdehyde, thiobenzamine, etc.; and, acid
anhydrides such as acetic anhydride, propionic anhydride, palmitic anhydride etc. Other
electrophilic compounds may be selected from maleic anhydride and tetracyanoethylene.

[0029] Exemplary reaction products may include but are not limited to products

having the following structures:

wherein RI, RZ, and R® are defined as above, R4, R’, and R® are selected from H, an alkyl

group having from 1 to 24 carbon atoms, and an aryl group having from 6 to 24 carbon

atoms. Other exemplary structures may include:



[00341Carbon dioxide may be added to the overbasing reaction in the form of a gas or a solid. A
useful form of the carbon dioxide is a gas. When used in gaseous form, the carbon dioxide may
suitably be blown through the overbasing reaction mixture at a flow rate of about 150 to about 300
cc/min for about 25 to about 90 minutes. [0035]The C1-C20 monohydric alcohol, if present, can be
used in an amount sufficient to gfbvide up to about 30%, by weightydpased upon the weights of all
components added to th@ overbasing reaction mixture. Another a ount of the CI-Cm monohydric

benzyl alcohol. A useful Cl- C20 onohydric alcoho)ts-2- ethylhe .
the overbasing reaction may b?ﬁ? C7-C4 polyhydrﬁ% alcohol, WhICh ay be present in an amount of
from about 1 to about 10%, by weight, based upon the weights of &l components added to the

overbasing reaction mixture A uggful amount of C2-C4 polyhydric aIcohoI is about 1.5 to about 6%, by

example of a suitable C2-C4 pefty ic ateghol is—a.dihydric alc hol, suc s ethylene glycol or
propylene glycol. Another exga d sunatf)jélz;\ém ic alcgtiol is a trihydric alcohol, such
as glycerol. A useful G2-C14.p thydil alcohol is eth Ien%choI [0037]In one embodiment, the
neutralizing or overbasuﬁ;g reattion may be conductgd invhe presence bfa Fase oil to yield a

Iubrlcatlng oil composmon 10038iAn exemplary ngutraljzed progiuet includes a compound having the
a compound with the following
structure: Whereln M is an alkali br alkaline earth metal or frIfN(RR2)3 wherein Ri2 is hydrogen or an
alkyl group having from 1 to 6 cagppn atoms, z is the valence M, %nd y and x are integers from 1 to 2.
Base Oll

wherein R is hydrogen




[0039]The base oil used in the lubricating oil compositions herein may be selected from any of the
base oils in Groups I-V as specified in the American Petroleum Institute (API) Base Oil
Interchangeability Guidelines. The five base oil groups are as follows: Table 1 Baseoil Cate_o y Sulfur
(%) Saturates (%) Viscosity gﬁex Group | > 0.03 and/or <90 80 to 120

OH

R
2
R
3
R
wherein R" is hydrogen or an alkyl group having from 1 to 24 carbon atoms.
[0030] In order to provide a useable sulfur-free lubricant additive, the reaction

product may be further neutralized or overbased. Accordingly, the reaction product may be
neutralized with an alkali or alkaline earth metal hydroxide or NHs, a nitrogen-containing
compound such as a primary, secondary, or tertiary amine having from 1 to 18 carbon atoms
to form a neutral soap or the reaction product may be overbased by reaction with an alkali or
alkaline earth metal oxide and carbon dioxide.

[0031] The alkali or alkaline earth metal may be selected from sodium, potassium,
lithium, calcium, magnesium, zinc, barium. Alkaline earth metal source may suitably be an
alkaline earth metal oxide or hydroxide, with the hydroxide being particularly useful. Useful
alkaline earth metals may be selected from calcium and magnesium.

[0032] The amount of neutralizing or overbasing compound in the neutralizing or
overbasing reaction will depend on a number of factors, including the nature of the reaction
product and the amount of a base oil that can optionally be added to the overbasing mixture.
[0033] In a typical overbasing reaction, the weight ratio of the alkaline earth metal
source to the reaction product in the overbasing reaction is 0.1-1:1. A useful weight ratio of
the alkaline earth metal source to the reaction product in the overbasing reaction is 0.2-0.8:1.
The alkaline earth metal source may be added to the initial reactants all at once, or part may
be added to the initial reactants with the remainder being added in one or more portions at a
subsequent stage or stages in the process.

[0034] Carbon dioxide may be added to the overbasing reaction in the form of a gas
or a solid. A useful form of the carbon dioxide is a gas. When used in gaseous form, the
carbon dioxide may suitably be blown through the overbasing reaction mixture at a flow rate

of about 150 to about 300 cc/min for about 25 to about 90 minutes.



Grous 11 0.03 al d >90 80 to 120 Grous Ill 0.03 and >90 >126 Gfoup IV All polyalphaolefins (PAOS)

[0035] The Ci-Cy monohydric alcohol, if present, can be used in an amount
sufficient to provide up to about 30%, by weight, based upon the weights of all components
added to the overbasing reaction mixture. Another amount of the C,-Cy monohydric alcohol
is about 2 to about 20%, by weight, based upon the weights of all components added to the
overbasing reaction mixture. A useful amount of the C;-Cszp monohydric alcohol is about 4 to
about 10%, by weight, based upon the weights of all components added to the overbasing
reaction mixture. Examples of the C;-Cyy monohydric alcohol include methanol, 2-
ethylhexanol, cyclohexanol, and benzyl alcohol. A useful C-Cyp monohydric alcohol is 2-
ethylhexanol.

[0036] Another component of the overbasing reaction may be a C-C; polyhydric
alcohol, which may be present in an amount of from about 1 to about 10%, by weight, based
upon the weights of all components added fo the overbasing reaction mixture. A useful
amount of C;-Cy4 polyhydric alcohol is about 1.5 to about 6%, by weight, based upon the
weights of all components added to the overbasing reaction mixture. An example of a
suitable C,-Cy4 polyhydric alcohol is a dihydric alcohol, such as ethylene glycol or propylene
glycol. Another example of a suitable C;-Cy4 polyhydric alcohol is a trihydric alcohol, such as
glycerol. A useful C,-C, polyhydric alcohol is ethylene glycol.

[0037] In one embodiment, the neutralizing or overbasing reaction may be conducted
in the presence of a base o0il to yield a lubricating oil composition.

{0038] An exemplary neutralized product includes a compound having the following
structure:

Z

M1,

and an exemplary overbased product includes a compound with the following structure:
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Group V Allothersnot included in Groups I, II, lll, or IV~ [00401Groups I, 11 and Ill are mineral oil
process stocks. [00411The base oil used in the inventive lubricating oil composition may be a mineral
oil, animal oil, vegetable oil, synthetic oil or mixture thereof. Such oils include, but are not limited to,
castor oil, lard oil, olive oil, peanut oil, corn oil, soybean oil, and linseed oil, as well as mineral
lubricating oils, such as liquid petroleut oils angysolvent-treated omzm;q -treated mineral lubricating oils
of the paraffinic, naphthenjc OFF\QMIxed paraffinicriaphthenig types. Such oils may be partially or fully
hydrogenated, if desired. Qils de live gHfrom-coat o shgle re also usgfu,, 100421 The amount of base
oil that can optionally be ' |Z|ng ofbverbasing reaction should be sufficient to
provide about 20 to about80%, b ased u%he weights of all components added to the
overbasing reaction mixtufelRA Ud moupt of b&8e GHiFE about 40 to about 70%, by weight, based
upon the weights of all components added to the neutralizing pr overbasing reaction mixture.
100431The TBN of a lubricant additivejcontaining the overbased or neutralized reaction product may
range from about 0 to abopt 500. A usgful TBN of the sulfur-free lubricant additive described herein
may range from about 100-to about 400. [0044]In addition to-th& sulfur-free lubricant additive

componghtdaseninedNareil & alkaline carth metal or "THN(R'?); wherein R' is hydrogen or an

alkyl group having from 1 to 6 carbon atoms, z is the valence M, and y and x are integers

from 1 to 2.

Base Qil
[0039] The base oil used in the lubricating oil compositions herein may be selected
from any of the base oils in Groups I-V as specified in the American Petroleum Institute

{API) Base Oil Interchangeability Guidelines. The five base oil groups are as follows:

It



lubricant compositions suitable for use in an internal combustion engine may also include other
additives well-known in the art, such as polymeric viscosity modifiers, detergents, antioxidants,
dispersants, rust inhibitors, antiwear agents, boron-containing compounds, friction modifiers,
pour-point depressants, and antifoaming agents. [0045]Polymeric viscosity modifiers reduce the rate
of change of viscosity with temperature, i.e. thé?abwlfe minimal mcrease in engine oil viscosity at low
temperaglre but C%HSI%%[I?&)IJ ncreasgat highrtemper fure: tlelsl gené, ﬁlbbually modifier, if
present, C‘R@ §usec in an amount sufficient to prov e up 0a t]I ex welght l_:)ased upon the
final w PG o e tub Igcﬂ i) oit LUIIIprE{ '8/“ Anothe unt-of-the [.gt(l)l¥ll ric-visgosity modifier that
may b B0 ITIdUUUI gﬁ)dg about 109 oy vvclght bag@ upon-the IIgaltlUt bvvcugnt of the lubricating

oil co rublu h; {0044 GIPIESOT POTYMENCVISCOSH lgga ifierstnetude ? olefins;-polyisobutylenes,
potymet STy laese ﬁﬁ%@pﬁmﬁpﬁmm%ﬁy{a{eﬁw&%ﬁ%wr copolymers,
olefin copociy ers, an 1o%en d styrene/butadiene copolymers. A useful polymeric viscosity
modifier is a dlspersanzpo % (E:lgpof mr. [0047] The [lubricating oil gompositions herein also may
optionaly-contain-on Qrmore additional-detergents.The-detergentf-present, maly be used in an
amount SUttEient to provi e0 5'to éﬁ)éut 10%, by weight, based upon the final weight of the lubricating
oil composition. Anoth%} &inlﬁof ’tﬁe detergent that may be used is about 0.02 to about 2.5%, by
weight, based upon the :&aﬁ Welgh the lubricating |oil composition). 100481 The gptional, additional
detergents-inctude-metaitic-additives-containing-charged-pelar-groups;-such-as-sulfonates, phenates,
carboxylates, salicylates or phosphonates, with aliphatic, cycloaliphatic, or alkylaromatic chains, and
several ffie4dl ions tha}wﬂbmbludﬁlﬁﬂlaaﬁtmmaﬂk:&lﬂIpeoeaﬁhsm@ ion. The alkaline earth

metal-c H ng detef%enbé:om nd includes.calcium, esium, ]barlum and strontiym salts
|mpart|ncg rgent action i a EIUS G AP S5t r% SHHRRIGE! RIS oUEhASe alkaline
earth metaksulphbraateml mﬁutragalblmwﬁmgsd&ﬁﬂ@ﬁmﬁ eatiin dialesdlicMiatesilangd nadiialand
overbased aI Ime eaa{th m%tal naées T e deter %eents mTy include alk Ilne e rthMal salts of
petroleutn suq ORIE Ao S Sl 18hgChath MW Obr LRy ity bR hisc?‘é ?ﬁgj group
comprising @a&ﬂimbﬂﬁe&mm&amﬁm@cﬁryl gxdupsbleqngiwwhaﬁiynbﬂamﬁd(wvéﬂﬂeréﬁﬁr@ents also
may mcludg alk?épe ea\rthlnfeb enat tlﬁylphen s.and al merca%tqggl)henols in which the
linear or Brangﬁ aI&Wgroule%:com |S|ng from "Earbon &t ShG i rﬁ%m 8-20
carbon atgimbeSpeagific.eSaniptes @ﬁipebd@tergﬂlytanﬂﬂﬂe@d&tﬁg@nma&se&sﬁ’éﬁﬂ foam cﬂhﬁ@ﬁ)up
con5|st|rf11%of ne&jtraéﬁ:a Imugwa ) g f te, neutral C14-C24 alphaolefin calcium sulfonate, overbased
calcium su’i’phona(fc overbased 24 alphaolefin calcium sulfonate, neutral calcium phenate,
overbaspdHIcium pﬁhﬂ%pnauwﬁlbaahcmmmicyiatqztiamﬂlga@edadatﬁium &&Iiﬁyiaiel,iﬁﬁgttﬁtl
magnesmm sul honat 4,0V rb nesjium s tra overbased
magnesmmb r‘%ali neutra rrﬁ%ﬁessulurﬁ%%ﬁ%/ fate, ccl){\alé1 Oé%e l{ %r?é’%%r{ssgﬁc& a(§8f]nb|nat|ons

and mixtyres ﬁhmne@gh:tﬁcde&ifabimlbmwetseaﬁttma\zo|mmemba@ﬁ@eteﬁgaﬁxﬁsmommnmg smliﬂrl
100491The lu ricat oil, compositi herein alsp tigna tain opne or mor idants.
The antloxﬂlartl)t If pre%sen lmaii))/ ({e 5@3 m%ﬁtjrﬁ({ﬁm? V#fg cH%it 838%2\,,%% u% eb%?ﬁ ﬂ?F ?E( weight,
based umng@@nﬁm:ﬂldd/@ighttbé treatubcatingooitbempositcioAmather amount of the antioxidant that
can be about t 4%, 100501 les fantlo dantsf e in lubricating oil
compos tlons are Welfﬁ‘no?v@%?\df mc?ﬁ1 é“ﬁ"&aﬁé‘? é) %Fnlcaflt%/pees inc u%‘%egg p%eﬁ%’féra?ﬁﬁgnate
sulfldesrwltﬁ@nzg@chleﬂmaypmwmmwd ®enpabest §Gﬂur|zﬁed£ﬁnél’§BNarﬁﬁtm anfineephenols,
and h'n%%fgaﬁpg ??§ e%f:%be%t%?%qg%%mdu‘je dlarX{Darlr}tlrl%ﬁ %ndb &olecular weight phenols. In
one embodiment, t \iubrlcatlng oll compo ition cONtANg & mixture of |arylam|ne and a high
molecul H0Adight phehoadslutmntltraﬁﬂ*askifamfmqdalmtwsrpr@:khnvmcamgmnnﬂmiﬁlbwrﬁdmmrmwde up to
about 59 e upo inal wel ht of the I bricating oil com osmon En.ano
embodlr{r‘?gﬁtX at te%#t?c?)%%g)ﬁ% |§u apan{#ité%% “ab oﬁli1 e%aabouébl E% o dial a%?%a alsc?aB(;lutH% 4 to
about 2 8% thigiditaaie cutdl- keight ph@mlalbyswdlgm e seduponsthsifinahwviéigng, ofdhvegethisicating oil
compos&%ggxldg&;hedgssg%gﬁgtsrdts gﬁ)r{;\lgge ‘géglf_uré -fre ar%tlomda(r)]lg 1191%511The Iub(glcatlng oil
compositions herein al 0 may optionally contain‘one or more (%s ersants 1'ﬂ1 §|sper§)anfn ?present
can be dseddin laﬁ@ﬁmumosm‘fﬂ@lehdwrpsmﬁewmi‘ammmg%gebyswelght based upon the final
weight of the lubricating oil composition. Another amount of the dispersant that can be used is about 3
to about 10%, by weight, based upon the final weight of the lubricating oil composition. In one
embodiment, the lubricating oil composition utilizgs a mixed dispersant system.




100521Dispersants used in lubricating oil compositions include primarily what are sometimes referred
to as "ashless" dispersants because, prior to mixing in a lubricating oil composition, the dispersants do
not contain ash-forming metals and the dispersants do not normally contribute any ash forming metals
when added to a lubricating oil compositions. Dispersants are characterized by a polar group attached
to a reld®®di high mélebinsrinveigheHidraediber craise [065810nré elawgoidispasahtsigMannich

bases. %%Pympéﬁeé a1&, ealerialshakare formed ngmls SANGERRaton of @ {&H%OBSEaEUPAG&H'af weight,

alkyl substituted pﬁenol, an alkylene polyamine, and analdehyde such as formaldehyde. Mannich
bases aterdEiserpednier et & tduediFnpesitmate hinpo 3183451isc(ouB 4]AdidETe Hatess 0 digpersants is

SUCCini“B'kﬁﬁs%‘eW%%uﬁhﬁﬁ%%@éﬁ&ﬁﬂé%@%@&%@%?89%fg}ﬁ‘, ydracaIRy haubstituted

succinic acylating agent and an amine. A more detailed description of Succinimide compounds suitable
for the Iisiiting BIF chivipedinensicsermssinareint i Hsscribednh Euibpezaardat Nisos6 814 and

U.S. PagntiNe. ha3f:435% [QRa3lAiid 6lass bslisnessapts is.high H&QE%?B%‘M%%%&E&%&?- This

class of dispersants is described in more detail in U.S. Patent No. 3,381,022. [0056]Other dispersants
include PéighietcgidgaictinbadievBeoNifth are generally hydrocarbon-based polymers that contain

p_olar fumi‘%]ality to img{ﬁggs_pe@an%@%qgter@g&%;@tth;_ﬁ@pSr. 1%@@ %l&lﬁ%? of
dispersants is the carboxylic dispersants. Carboxylic dispersants include succinic-based dispersants,
which aP@trisairlsaRsproaobtbTthasdesearbyitulsaaittaeydercinieoReyatHg ageMadtklaiaserganic

hydroxys6a@mRanRLier .RefeiaRiN AT aniRECASINNGAL Iaagt Apghydradenatachesigiapitrogen

atom, or a mixture of said_hydroxy compound and amine. The term "succinic acylating agent" refers to
a hydro€amsbrrstibstituesi e birier#odssPEteBIAf fdieh prddbeirg colipp o EREmples of succinic

acylatingyagents incluglg h)é%%@iﬁ@"é@@@ﬂ%@@ﬁié&c%@j&z@%@%’_%E)Y«S’}Sl%%l@%%'}ﬁeﬁﬁ%giag half
esters) and halides. [0058]The lubricating oil compositions herein may also optionally contain one or

more ruStahsEienat s iigeshibtisy drireeint! eaved e tin e dmAIRBomtiIBHI-BEViIde up to
about 5ipobyweight hesadwponihedinahweigbtioftbe WBrigaling,eikcoMPaRItioRricating oil

composition. Another amount of the detergent that may be used is about 0.02 to about 2.5%,
by weight, based upon the final weight of the lubricating oil composition.

[0048] The optional, additional detergents include metallic additives containing
charged polar groups, such as sulfonates, phenates, carboxylates, salicylates, or
phosphonates, with aliphatic, cycloaliphatic, or alkyiaromatic chains, and several metal ions
that will include at least one alkaline earth metal ion. The alkaline earth metal-containing
detergent compound includes calcium, magnesium, barium and strontium salts imparting
detergent action in a fuel-oil composition. Examples mclude neutral and overbased alkaline
earth metal sulphonates, neutral and overbased alkaline earth metal salicylates, and neutral
and overbased alkaline earth metal phenates. The detergents may inclhude alkaline earth metal
salts of petroleum sulphonic acids and long chain mono- or di-alkylarylsulphonic acids with
each alkyl group comprising 12-18 carbon atoms and the aryl group being benzyl, tolyl, and
xylyl. The detergents also may include alkaline earth metal phenates of alkylphenols and
alkylmercaptophenols in which the linear or branched alkyl groups comprising from 4-50
carbon atoms and more particularly from 8-20 carbon atoms. Specific exampies of the
detergent include salts such as selected from the group consisting of neutral calcium
sulphonate, neutral Ci4-Cy4 alphaolefin calcium sulfonate, overbased calcium sulphonate,

overbased C;4-Cs4 alphaolefin calcium sulfonate, neutral calcium phenate, overbased calcium
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"[00591The rust inhibitor may be a single compound or a mixture of compounds having the property of
inhibiting corrosion of ferrous metal surfaces. Non-limiting examples of rust inhibitors useful herein
include oil-soluble high molecular weight organic acids, such as 2-ethylhexanoic acid, lauric acid,
myristic acid, pahnitic acid, oleic acid, linoleic acid, linolenic acid, behenic acid, and cerotic acid, as

well as BllsBigblapBigEarpisiyic sdigslieludivigtuindr ereltimepiiitse surdvas! tHosenpsbuced from
tall oil fafty g6ids. OlgicAtidq 2pdJinaleis acid-KMer syilakla %Qéa%%@h' zdncludg,long-chain

alpha, omegadicarboxylic acids in the molecular weight range of 600 to 3000 and alkenylsuccinic acids
in whicHRASaHeRy INGEaUls cOSHHTAL TB:graTiBre cakisblitatonvsdaseragrastespropenaliiéinier acid,

tetradeceyizHecNC atidnand-Reradecenyisycrinicaeid Arotheruselil tyre,of agidiccorrosion

inhibitors are the half esters of alkenyl succinic acids having 8 to 24 carbon atoms in the alkenyl group
with alc6ABIRIZHEHFEE e polyglycols. The corresponding half amides of such alkenyl succinic acids

are alsqyigedyl- A usefylLrystiphibitor s @OH@M@J@cm%gi\ﬁ/%hg!@tlﬂggasg%%igy[%ﬁ&ﬂmwBfiCating oil

compositions herein may optionally contain one or more antiwear agents. Thé antiwear agent, if
presentHA BBLSeERHSan Aot Suffdier tBTBFEVidE D B aB6dt Bosnbymeightubagstiupon the

final wejght, foths lubrigating oil, copnprsiionsAkatheramauntaf theisntiweahagent hatsam be used

is about 0.1 to about 5%, by weight, based upon the final weight of the lubricating oil composition.
[0061]ESARTAESIV-aftpRBST ek ohchsetisuidi Hut ranitke veehinibrirthidpnebpratée-especially a

zinc diatlswgkbqhior)hqsgﬁgﬁq%@s PhoshhetaAcd gsterorisalhthrieRl: RNNOSRBISHRARY &re well
phosphorus-containing carboxylic ester, ether, or amide. The phosphorus containing antiwear agents

are morE Ry EKEIBEWIA BuiGBESn PhiehtIBI I8 5PEA iReliaatiRearkse Mgl csulfides,
dialkylthiophosehateriiR06R IS Jubricating.oj-cemranitions herein maw-artoRaiv.cantaiaiene or

more boron-c_ontainin?b%ompounds. The boron-containing compound, if gresent, can be used in an

amount3ukitndaed phsorie up e Htioaddansy wslyde Hasdanpen e i weigeilar theghbricating

oil comppsiian. Anpthes ameudhafihekoren iNiRY eempasnshthaleansbs yssedis aloyt 0.5 to
about 7%, b)é weight, based upon the final weight of the lubricating oil composition. [00631Examples of

boron-cBREIAMEESHHBIRES Rtk oT5iehe ROk ssteth ity At Buthie et deanand
borated igpaEsaiFizisch FsRMates SUESEHINTE BISReISANBaRY dsCHoaRAANY wiFatentio.
5,883,057, columns 29-33. A useful boron-containing compound is a borated polyisobutylene
succininiE GHpe EhRPIRASHAY- oty e Cag e vithe ElieXidan6 dba rrRdRIcing O
composias hereirnaa-apienaly Copin eneekpoare fictianmadifiergal h%@fgiﬁt%&ﬁ@%@en if
present, can be used in an amount sufficient to provide up.to about 5%, ba/. weight, based upon the
final We?ﬁﬁllgsf’th@gﬁﬁlﬂf’ﬂ%’ti% Gipal weight of the lubricating oil composition. Like the detergents, 1t

is desirable to a sulfur-free antioxidant.

[6051] The lubricating oil compositions herein also may optionally contain one or
more dispersants. The dispersant, if present, can be used in an amount sufficient to provide
up to about 12%, by weight, based upon the final weight of the lubricating oil composition.
Another amount of the dispersant that can be used is about 3 to about 10%, by weight, based
upon the final weight of the lubricating oil composition. In one embodiment, the lubricating
o1l composition utilizes a mixed dispersant systemn.

[6052] Dispersants used in lubricating oil compositions include primarily what are
sometimes referred fo as "ashless" dispersants because, prior to mixing in a lubricating oil
composition, the dispersants do not contain ash-forming metals and the dispersants do not
normally contribute any ash forming metals when added to a lubricating oil compositions.
Dispersants are characterized by a polar group attached to a relatively high molecular weight

hydrocarbon chain.
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composition. Another amount of the friction modifier that can be used is about 0.05 to about 1%, by
weight, based upon the final weight of the lubricating oil composition. [0065]Examples of friction
modifiers include fatty amines, esters, especially glycerol esters such as glycerol monooleate, borated
glycerol esters, fatty phosphites, fatty acid amides, fatty epoxides, borated fatty epoxides, alkoxylated
fatty amifie§3 borated @lkogldsied fasperamines, Yietalcbaits of fatyracitishautfuniz edkalafihghtatty

imidazog&e%l%g&ggpst%go%&g?ggé&gno&cg@%%l'c&g:ligc%%?%?lxglk}iI{e?%ﬁ%gJ[}/taEHwegé grﬂigg salts of
alkylphosphoric acids, and molybdenum-containing antioxidants or fiction Modifiers suc as, but not
limited talkybigbdehummioithiodarbatiehpde mulybddnumidehivéds, Momdiyisdenam daxbteylates.

Ampng %}@@&JHQW%.%JF%&Q@,Ef}gr‘,j_’;fz)%.rs are molybdenum and sulfur-containing compositions

derived from a molybdenum compound, a basic nitrogen-containing compound, and carbon disulfide.
The badit@#logen cofpiberdctsn bedishyurstaibyiuamineide arenctiodrddest ohataalsexylic acid

with an ” I ne. T, ng{ggg I 3 cidic mol um compound
such as?ﬁ%%ﬁ}f%ﬁ% ybﬁgn m-co%ﬁ%rix’:‘fg% %%#%g%@gﬁ%ﬁ%ﬂ?g‘% %]]éc}){%%%e%whgre%. A useful
friction Wi@@@ﬁcéﬁ%ﬁl_ﬁh@oléﬁt@u%@mﬁﬂ k@mﬂmmgtéthb@mﬁqsiﬁmslmmmmayibptio_nalIy
contain QMBI MAKE ARG HeRr /o8R0, dI AAL RAIN'SISRIERAATYd' oE S8Rl AN PR Hped in an

amount sufficient to provide up to about 1%, by weight, based upon the final weight o ricating
oil compbsitier4hiother amount of the pour point depressant that can be used is about 0.04 to about

0.5%, bypggight, baseg méﬁssﬁ&@hyxlﬁé%m %@%h%ﬂ&%ﬁ%ﬁﬂ Gampesition. A-psefulRowrpoint

depressant is polymethylmethacrylate. 100671The lubricating oil compositions herein may optionally

contain @isecsandie deifdadingraye desail e bttifddannyadett! ifPresent, can be used in an amount
sufficienjigsprovide upi.ahout A2 by WeiabRAsEd LUAGRIG finalweiantef (e Jubricafing oi

composition. Another amount of the antifoaming agent that can be used is about 0.001 to about
0.015%b B avsidenhased mobrners filat wesgkriaf thrldubfiozgisgdifcommpdsiter. Aliggefabaptifoaming
agent is g.3lexang {90684 1he &N of the lubricating oil compositions containing the optional
additives, described herein, may range from about 2 to about 20. A useful TBN of the lubricating oil

composifiBAdi containifig 8 ptlisal dddinpesddscibéer herehamby dirps o aboubswliabout 12.
oncsy el e el e M 4 PR oy
hydrocarbyl substituted succinic acylating agent with an organic hydroxy compound or,
preferably, an amine confaining at least one hydrogen attached to a nitrogen atom, or a
mixture of said hydroxy compound and amine. The term "succinic acylating agent™ refers to
a hydrocarbon-substituted succinic acid or succinic acid-producing compound. Examples of
succinic acylating agents include hydrocarbyl-substituted succinic acids, anhydrides, esters

(inchuding half esters) and halides.

[0058] The Iubricating oil compositions herein may also optionally contain one or
more rust inhibitors. The rust inhibitor, if present, can be used in an amount sufficient to
provide up to about 5%, by weight, based upon the final weight of the lubricating oil
composition.

[6059] The rust nhibitor may be a single compound or a mixture of compounds
having the property of inhibiting corrosion of ferrous metal surfaces. Non-limiting examples
of rust inhibitors useful herein include oil-soluble high molecular weight organic acids, such
as 2-ethylhexanoic acid, lauric acid, myristic acid, palmitic acid, oleic acid, linoleic acid,
linolenic acid, behenic acid, and cerotic acid, as well as oil-soluble polycarboxylic acids

mcluding dimer and trimer acids, such as those produced from tall oil fatty acids, oleic acid,
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(Broad) 0.5 - 10.0 Wt. % (Typical) Dispersant 1.0 - 5.0 Antioxidant system 0 - 5.0 0.01 -3.0 Metal
Detergents 0.1 - 15.0 0.2 - 8.0 Corrosion Inhibitor O - 5.0

and linoleic acid. Other suitable corrosion inhibitors include long-chain alpha, omega-
dicarboxylic acids m the molecular weight range of 600 to 3000 and alkenylsuccinic acids in
which the alkenyl group contains 10 or more carbon atoms such as, tetrapropenylsuccinic
acid, tetradecenylsuccinic acid, and hexadecenylsuccinic acid. Another useful type of acidic
corrosion inhibitors are the half esters of alkenyl succinic acids having 8 to 24 carbon atoms
in the alkenyl group with alcohols such as the polyglycols. The corresponding half amides of
such alkenyl succinic acids are also useful. A useful rust inhibitor is a high molecular weight
organic acid.

[9660] The lubricating oil compositions herein may optionally contain one or more
antiwear agents. The antiwear agent, if present, can be used in an amount sufficient to
provide up to about 5%, by weight, based upon the final weight of the lubricating oil
composition. Another amount of the antrwear agent that can be used is about 0.1 to about
5%, by weight, based upon the final weight of the ubricating oil composition.

9061} Examples of antiwear agents include, but are not limited to, a metal
thiophosphate, especially a zinc dialkyldithiophosphate, a phosphoric acid ester or salt
thereof, a phosphite, and a phosphorus-containing carboxylic ester, ether, or amide. The
phosphorus containing antiwear agents are more fully described in European Patent 612 839.
A useful antiwear agent is zinc dialkylthiophosphate.

[0062] The lubricating oil compositions herein may optionally contain one or more
boron-containing compounds. The boron-containing compound, if present, can be used in an
amount sufficient to provide up to about 8%, by weight, based upon the final weight of the
lubricating o1l composition. Another amount of the boron-containing compound that can be
used is about 0.5 to about 7%, by weight, based upon the final weight of the lubricating oil
composition.

[0063] Fxamples of boron-containing compounds include borate esters, borated fatty
amines, borated epoxides, and borated dispersants, such as borated succinimide dispersants,
as disclosed in U.S. Patent No. 5,883,057, columns 29-33. A useful boron-containing
compound is a borated polyisobutylene succinimide dispersant that may optionally be capped
with maleate.

[6064] The lubricating o1l compositions herein may optionally contain one or more
friction modifiers. The friction modifier, if present, can be used in an amount sufficient to

provide up to about 5%, by weight, based upon the final weight of the lubricating oil
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0 - 2.0 Metal dihydrocarbyl dithiophosphate 0.1 -6.0 0.1 -4.0 Ash-free phosphorus compound 0.0 - 6.0
0.0 - 4.0 Antifoaming agent O- 5.0 0.001 - 0.15 Supplemental antiwear agents 0 - 1.0 0- 0.8 Pour point
depressant 0.01 -5.0

composition. Another amount of the friction modifier that can be used is about 0.05 to about
1%, by weight, based upon the final weight of the lubricating oil composition.

[6065] Examples of friction modifiers include fatty amines, esters, especially glycerol
esters such as glycerol monooleate, borated glycerol esters, fatty phosphites, fatty acid
amides, fatty epoxides, borated fatty epoxides, alkoxylated fatty amines, borated alkoxylated
fatty amines, metal salts of fatty acids, sulfurized olefins, fatty imidazolines, condensation
products of carboxylic acids and polyalkylene-polyamines, amine salts of alkylphosphoric
acids, and molybdenum-containing antioxidants or friction modifiers such as, but not limited
to molybdenum dithiocarbamates, molybdenum amides, and molybdenum carboxylates,
Among suitable molybdenum friction modifiers are molybdenum and sulfur-containing
compositions derived from a molybdenum compound, a basic nitrogen-containing compound,
and carbon disulfide. The basic nitrogen compound can be a hydrocarbyl amine or a reaction
product of a carboxylic acid with an alkylene polyamine. The molybdenum compound can
be an acidic molybdenum compound such as molybdic acid. Molybdenum-containing sulfur-
free compounds are also useful herein. A useful friction modifier is glycerol monooleate,
[0066] The lubricating oil compositions heremn may optionally contain one or more
pour point depressants. The pour point depressant, if present, can be used in an amount
sufficient to provide up to about 1%, by weight, based upon the final weight of the lubricating
oil composition. Another amount of the pour point depressant that can be used is about 0.04
to about 0.5%, by weight, based upon the final weight of the lubricating oil composition. A
useful pour point depressant is polymethylmethacrylate.

[0067] The lubricating 01l compositions herein may optionally contain one or more
antifoaming agents. The antifoaming agent, 1f present, can be used in an amount sufficient to
provide up to about 1%, by weight, based upon the final weight of the lubricating oil
composition. Another amount of the antifoaming agent that can be used is about 0.001 to
about 0.015%, by weight, based upon the final weight of the lubricating oil composition. A
useful antifoaming agent is a siloxane.

[0068] The TBN of the lubricating oil compositions containing the optional additives,
described herem, may range from about 2 to about 20. A useful TBN of the 1ubricating oil
compositions containing the optional additives described herein may range from about 5 to

about 12.
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0.01- 1.5 Viscosity modifier 0.01 -20.00 0.25 - 10.0 Supplemental friction modifier 0- 2.0 0.1 - 1.0 Base
oil Balance Balance Total 100 100 [0070]The percentages of each component above represent the
weight percent of

[0069] In general terms, a suitable engine lubricant may include additive components

in the ranges listed in the following table.

Table 2
Component Wt. % Wt. %

(Broad) (Typical)
Dispersant 0.5-16.0 1.0—~5.0
Antioxidant system 0-35.0 0.01-3.0
Metal Detergents 0.1-15.0 0.2 8.0
Corrosion Inhibitor 0-35.0 0-2.0
Metal dihydrocarbyl dithiophosphate 0.1-6.0 0.1-4.0
Ash-free phosphorus compound 0.0-6.0 0.0-4.0
Antifoaming agent 0-5.0 0.001 -0.15
Supplemental antiwear agents 0-1.0 0-0.8
Pour point depressant 0.01-5.0 0.01-1.5
Viscosity modifier 0.01 —20.00 0.25-10.0
Supplemental friction modifier 0-2.0 0.1-1.0
Base oil Balance Balance
Total 100 160
[6070] The percentages of each component above represent the weight percent of

each component, based upon the weight of the final lubricating oil composition. The
remainder of the lubricating oil composition consists of a base oil.

[0671] The lubricating oil compositions presented herein have about 0.2 to about 1.8~
wt. % sulfated ash (ASTM D874); about 0.03 to about 0.1 wt. %, by weight, elemental
phosphorous; and about 0.2 to about 0.4 wt.% sulfur.

[6072] The lubricating oil compositions presented herein are particularly effective as
engine lubricating oils having ephanced antiwear properties. These Iubricating oil
compositions are effective in a variety of applications, including crankcase lubricating oil
compositions for spark-ignited and compression-ignited internal combustion engines, such as
automobile and truck engines, two-cycle engines, aviation piston engines, marine engines,
low-load diese] engines, and heavy duty diesel engines.

[0873] The foregoing sulfus-free lubricant additive may be added directly to the base
oil to form the lubricating oil composition. In one embodiment, however, the sulfur-free
lubricant additive and, optionally, one of the other additives described above, are diluted with
a substantially inert, normally liquid organic diluent such as mineral oil, synthetic oil,
naphtha, alkylated (e.g., Cyo-Cs alkyl) benzene, toluene or xylene to form a lubricating oil

concentrate. The lubricating oil concentrate usually contains from about 1% to about 99% by
I8



each combonent, based upon the weight of the final lubricating oil composition. The remainder of the
Lubricating oil composition consists of a base oil. [0071]The lubricating oil compositions presented
herein have about 0.2 to about 1.8 - wt. "A sulfated ash (ASTM D874); about 0.03 to about 0.1 wt. %,

by weight, elemental phosphorous; and about 0.2 to about 0.4 wt.% sulfur. [00721The lubricating oil
composhigigltpeaseiiteticherdindirecpalital sy Erfdetivecd e ngithe dbrvatingheilsibravitigeentanced

antiweat ioneriies e IRIGR1R0 BLeamRARiANR AN AURGHY B Bnytlshe of applications,

including crankcase lubricating oil compositions for spark-ignited’and compression-ignited internal
combust8 ngines, Shedds sirsravbilelandeabisanhive Suvpicioitvggimedicaviettionspiston

engines, RAringicRONES. IpdaadidiasehRNoines: BRI ASReARAAINeS. FJQ F LT be

foregoing sulfur-free lubricant additive may be added directly to the base oil to form the lubricating oil
composHhibi§lyn BnecefitroitinieAt Dabwesiers thersgifur-freeunisiednnatitiiel dnandpuibishllgreone of the

other adgitiygs dearribedAbPYe R &dillted;with; tantially, fest-pormall; Jauisghpraanig diluent

such as mineral oil, synthetic oil, naphtha, alkylated (e.qg., Clo-é’}alkyl) benzene, toluene or xylene to
form a |8PficxbHgGIPELHEShRES THbHBSHRYBlcddicertrane e Barlly somrimatisiy-about 1% to
about 99% by weight, and in one embodiment 10% to 90% by weight of the diluent. The lubricating olil
concentrate may be added to the base oil to form the lubricating oil composition. [0074]The following
examples are illustrative, but not limiting, of ¥teAERkde$ and compositions of the present disclosure.

Other syjigble nadifications-adnadaniatiotfatthe variety of conditions and parameters normally
encountered in the field, and which are obvious to those skilled in the art, are within the spirit and

scope ofihventior? W pAREEES hrid Hliblitaibnd SfedidedinirsdenlydHcdipraedsy refdrence
herein indheinentiraiy. EXAMPLE Lo dkyisuesinicAnhydrideiMannich Adduetlr 100 7aliRedgeyiphenol
(262 grasr(r)}iﬁ%ho%g?glszérggogg %% ?flflt"(/f)osglgtr%rrysg ?(r)] dmole) was added subsurface to the reactor,
g ,

The temperature was increased to 105 °C and a nitrogen sparge was started. After 3 hours the

nitrogen sparge was removed and the temperature was increased to 150 °C and vacuum (28"

Hg) was applied to the reaction mixture for 1 hour. Process o0il (407 grams) was added to the

reactor followed by addition of alkylsuccinic anhydride (407 grams, 1.00 mole) and the

reaction mixture was heated at 150 °C for 1 hour. Vacuum was applied to the reactor for 30

minutes. At the end of the reaction time, 1400 grams of alkylsuccinic anhydride/Mannich

Adduct 1a were obtained having the following formula.
OH OH
@ng\lﬁ)
O
Ciz /¢(; i o Ciz
R O HO
HO

1a

EXAMPLE 2
Overbased Alkylsuccinic Anhydride/Mannich Adduct 1a
[0676] Hexane (170 grams), 72 grams methanol (72 grams), and calcium oxide (35
grams, 0.63 mole) were charged to a 4-neck reactor. Adduct la from EXAMPLE 1 (156
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ethylenediamine (33.1 grams, 0.55 mole) were charged to a reactor. Aqueous formaldehyde solution
(89.3 grams of 37 wt% solution, 1.10 mole) was added subsurface to the reactor. The temperature
was increased to 105 C and a nitrogen sparge was started. After 3 hours the nitrogen sparge was
removed and the temperature was increased to 150 C and vacuum (28" Hg) was applied to the
reactiongtaupedfor kol P rherssidil (A0 Teapimshwasndded tdrthededtwnivlonweavhigraddition of
alkylsucginig anhydride, GO 9ranse4-09 Mmale) and e iagionmidrs NasAeaic,Al 1pRC for 1
hour. Vacuum was appliéd to the reactor for 30 minutes. At the end of the reaction time, 1400 grams of
alkylsucgiinithantydiic efan kich wddccies wer sitathe ttetitng ehw sollowing formptal OHOH HO 1a

EXAMPLE &9&%@@@%{1@%&9&&9%\.”%ﬁiﬁﬁ{'\a@@qmié\ai%@ﬂﬁ&?&%@%&%@@a(&ZQaﬁ'i%ms), 2

grams methanol (72 grams), and calcium oxide (35 grams, 0.63 mole) were charged to a 4-neck

reactor. NS Rdrdhs RYONNIRL B 1B6ergfatheroadss mvleyswiabkertiasged ®.thd heagrodtingnmonium
hydroxide {&,8rams) ‘?ﬁ‘ﬂl"c‘{?ﬁ@(@,&%@m52)8‘9’52%%59&&%@}9&@@%@@% €02 was bubbled into the

reaction mixture while stirring rapidly. Once CO2 uptake was complete, the reaction temperature was
ramped to 150 C and the solvents were removed. Vacuum was applied to the reactor for an additional
15 minutes and the products were filtered thggughyppprous fiberglass filter. The resulting product had
a TBN of 142 (ASTM 2896) and a weight percent Ca of 4.61. EXAMPLE 3 Neutral salt of Alkylsuccinic
AnhydridemeH el alatilaisaqoorriaduidide rbanmobaitiugt 14100 grams, 0.035 mole), toluene
(100 grampyethyleneglycg! {2 Sramsk xvater €10 Y ARdocaaiR By diaxide (8dd gams, 011

mole) were charged to a reactor and heated to 100 C. After 20 hours, thé solvents were removed

under redtideaepEbEsre &rame):Cyattiel progfigais viefecolumiiittorddetifdl grafitte Vdidl. MM resulting
product fad 3HLRNPI1O3(A0T M2828-and dovelghtaercontilsd el #3olvents were removed

under reduced pressure at 150 °C. The products were vacuum-filtered through filter aid. The

resulting product had a TBN of 108 (ASTM 2896) and a weight percent Ca of 2.65.

EXAMPLE 4
Alkylsuccinic Arhydride/Mannich Adduct 1b
[0678] Dodecylphenol (262 grams, 1.060 mole), process oil (305 grams) and

ethylenediamine (33.1 grams, 0.55 mole) were charged to a reactor. Aqueous formaldehyde
solution (89.3 grams of 37 wt% solution, 1.10 mole} was added subsurface to the reactor,
The temperature was increased to 105 °C and a nitrogen sparge was started. After 3 hours the
nitrogen sparge was removed and the temperature was increased to 150 °C and vacuum (287
Hg) was applied to the reactor for 1 hour. Process oil (305 grams) was added to the reactor
followed by addition of alkylsuccinic anhydride (305 grams, 0.75 mole) and the reaction
mixture was heated at 150 °C for 1 hour. Vacuum was applied to the reactor for 30 minutes.
At the end of the reaction time, 1200 grams of a mixture of alkylsuccinic anhydride/Mannich

Adduct 1b was obtained having the following formulas.
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EXAMPLE 4 Alkylsuccinic Anhydride/Mannich Adduct Ib [0078]Dodecylphenol (262 grams, 1.00 mole),
process oil (305 grams) and ethylenediamine (33.1 grams, 0.55 mole) were charged to a reactor.
Aqueous formaldehyde solution (89.3 grams of 37 wt% solution, 1.10 mole) was added subsurface to
the reactor. The temperature was increased to 105 C and a nitrogen sparge was started. After 3 hours
the nitrogen sparge w&%removed and the t&l "R rand vacuum (28" Hg)
was applied to the reac T eactor followed by
addition of alkylsucc re was heated at 150
C for 1 hour. Vacuum Was applied thé efd ofjthe reaction time, 1200
grams of a mixture of &lkylsuccinjc/anhydride/Mannich Adgu v obtgineﬁwhaving the following
formulas. OHOHOHOH |b EXAM 5 Ammonium Sal auscﬁlc Anhydride/Mannich Adduct
Ib [0079]Adduct Ib from EXAMPLE (115 grams, 0.047 mol as dffdrged to a reactor and heated to
75 C. While ramping the reactor to 75 C, triethylamine (11.9%Pams, 0.12 mole) was added portionwise
to the reactor. After 2 hours, the temperature wasmincreased to 100 C. Vacuum was applied to the
reactor for 30 minutes. The reaction product had 1.67 wt. %N and a TBN of 29 (ASTM 2896).
EXAMPLE 6

Ib

EXAMPLE 5
Ammonium Salt of Alkylsuccinic Anhydride/Mannich Adduct ib
[¢079] Adduct Ib from EXAMPLE 4 (115 grams, 0.047 mole) was charged to a

reactor and heated to 75 °C. While ramping the reactor to 75 °C, triethylamine (11.9 grams,
0.12 mole) was added portionwise to the reactor. After 2 hours, the temperature was

increased to 100 °C. Vacuum was applied to the reactor for 30 minutes. The reaction product

had 1.67 wt. %N and a TBN of 29 (ASTM 2896).

EXAMPLE 6

Alkylsuccinic Anhydride/Mannich Adduct 2

[6080] Dodecylphenol (50 grams, 0.19 mole), process oil (170 grams) and
diethylenetriamine (9.8 grams, 0.095 mole) were charged to a reactor.  Aqueous
formaldehyde solution (16 grams of 37 wt% solution, 0.19 mole) was added subsurface to the
reactor. The temperature was increased to 105 °C and a nitrogen sparge was started. After 3
hours the nitrogen sparge was removed and the temperature was increased to 120 °C and
vacuum (287 Hg) was applied for 1 hour. Alkylsuccinic anhydride (114 grams, 0.28 mole)
was added and heated at 150 °C for 1 hour. Vacuum was applied to the reaction mixture for
30 minutes, providing 342 grams of alkylsuccinic anhydride/Mannich Adduct 2 having the

following formula.
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Alkylsuccinic Anhydride/Mannich Adduct 2 [0080]Dodecylphenol (50 grams, 0.19 mole), process of -
(170 grams) and diethylenetriamine (9.8 grams, 0.095 mole) were charged to a reactor.Aqueous
formaldehyde solution (16 grams of 37 wt% solution, 0.19 mole) was added subsurface to the reactor.
The temperature was increased to 105 C and a nitrogen sparge was started. After 3 hours the nitrogen
sparge was removed and the temperature was ifi¢reased to 120 C and vacuum (28" Hg) was applied
for 1 hour. Alkylsuccinic anhydride (114 grants, 0-280mole) was added and heated at 150 C for 1 hour.
Vacuum was applied to the reaction mixture for 30 minutes, providing 342 grams of allcylsuccinic
anhydride/Mannich Adduct 2 havingjhe following$efnula. HO 2 EXAMPLE 7 Neutral salt of
Alkylsuccinic Anhydride/Mannich Adduct 2 [0081]Adduct 2 (86 grams, 0.024 mole) and process oil (86
grams) were charged to a reactor 8\(1’00 ra e glycol (10 grams), water (10
grams) and calcium hydroxide (7. .095 mole) gd to a reactor. The reaction mixture
was heated to 105 C. After 20 hoursg, the solvent was removed ynder reduced pressure at 150 C. The
products were vacuum filtered through fiter aidr The igm product had a TBI\1 of 45 (ASTM 2896)
and weight percent Ca of 1.47. EXAMPLE i,_Al\lkylsucci,q' Anhydride/Mannich Adduct 3a
[00821Dodecylphenol (50 grams, 0.19 mole), process oll (180 grams) and oleylamine

2

\3(0

EXAMPLE 7

Neutral salt of Alkylsuccinic Anhydride/Mannich Adduct 2

[0081} Adduct 2 (86 grams, 0.024 mole) and process oil (86 grams) were charged to a
reactor and toluene (100 grams), ethylene glycol (10 grams), water (10 grams) and calcium
hydroxide (7.0 grams, 0.095 mole) were added to a reactor. The reaction mixture was heated
to 105 °C. After 20 hours, the solvent was removed under reduced pressure at 150 °C. The
products were vacuum filtered through filter aid. The reaction product had a TBN of 43
(ASTM 2896) and weight percent Ca of 1.47.

EXAMPLE 8

Alkylsuccinic Anhydride/Mannich Adduct 3a

6082} Dodecylphenol (50 grams, 0.19 mole), process o0il {180 grams) and oleylamine
(51 grams, 0.19 mole) were charged to a reactor. Aqueous formaldehyde solution (16 grams
of 37 wt.% solution, 0.19 mole) was added subsurface to the reactor. The temperature was
increased to 105 °C and a nitrogen sparge was started. After 3 hours the nitrogen sparge was
removed and the temperature was increased to 120 °C and vacuum (28" Hg) was applied for
1 hour. Aikyllsuccinic anhydride (76 grams, (.19 mole) was added and the reaction mixture
was heated at 150 °C for 1 hour. Vacuum was applied for 30 min, providing 324 grams of

alkylsuccinic anhydride/Mannich Adduct 3a having the following formula.
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(51 grams, 0.19 mole) were charged to a reactor. Aqueous formaldehyde solution (16 grams of 37
wt.% solution, 0.19 mole) was added subsurface to the reactor. The temperature was increased to 105
C and a nitrogen sparge was started. After 3 hours the nitrogen sparge was removed and the
temperature was increased to 120 C and vacuum (28" Hg) was applied for 1 hour. Alkylsuccinic
anhydride (76 grams, 0.19 mole) was added®ind the reaction mixture was heated at 150 C for 1 hour.
Vacuum was applied for 30 min, providing 324.grams@fdlkylsuccinic anhydride/Mannich Adduct 3a
having the following formula. OH OH 3a PLE 9 Neutral Salt of Alkylsuccinic Anhydride/Mannich
Adduct 3a 100831Adduct 3a (116 grams, 0.061 fH6te) and toluene (100 grams), ethylene glycol (10
grams), water (10 grams) and calcium hydro&i:deé&o rams, 0.12 mole) were added to a reacdtor.
The reaction mixture was heated to 105 C. After ou?s, the solvent was removed under reduced
pressure at 150 'C. The product was vacuum filtered>rough filter aid. The reaction product had a TBN
of 70 (ASTM 2896) and weight percent Ca of 2.32. EXAMPLE 10 Maleic Anhydride/Mannich Adduct
3b 100841Dodecylphenol (75 grams, 0.29 mole}® process oil (180 grams) and oleylamine (75 grams,
0.29 mole) were charged to a reactor. Aqueous formaldehyde solution (24 grams of 37 wt% solution,
0.30 mole) was added subsurface to the reactor. The temperature was increased to 105 C and a
nitrogen sparge was started. After 3 hours tReXaitvbieh 8parge was removed and the temperature was
increas (28" lied for, 1. hour..Maleic anhydride (29 grams, 0.29
mole) quglgé]é%%%r?g %ﬁ%ﬁ%gﬁ%\ﬂﬁﬁﬁ v%(z%ﬂﬁfgigt%iﬁflg%]ld% % ?gr 1 hour. Vacuum was applied for 30
mm, proéieBdg 365 gramduof fvaléic antydridéMN annmichanddotk8b Ha¥ingathe) felloviing fdyawila. OH

(10 grams), water (10 grams) and calcium hydroxide (8.0 grams, 0.12 mole) were added to a

reacdtor. The reaction mixture was heated to 105 °C. After 20 hours, the solvent was
removed under reduced pressure at 150 °C. The product was vacuum filtered through filter

aid. The reaction product had a TBN of 70 (ASTM 2896) and weight percent Ca of 2.32.

EXAMPLE 16

Maleic Anhydride/Mannich Adduct 3b

[{6084] Podecylphenol (75 grams, 0.29 mole), process oil (180 grams) and oleylamine
(75 grams, 0.29 mole) were charged to a reactor. Aqueous formaldehyde solution (24 grams
of 37 wt% solution, 0.30 mole) was added subsurface to the reactor. The temperature was
mncreased to 105 °C and a nitrogen sparge was started. After 3 hours the nitrogen sparge was
removed and the temperature was increased to 140 °C and vacuum (28” Hg) was applied for
! hour. Maleic anhydride (29 grams, 0.29 mole) was added and the reaction mixture was
heated at 140 °C for | hour. Vacuum was applied for 30 min, providing 365 grams of maleic

anhydride/Mannich Adduct 3b having the following formula.

OH
_Oleyl
N

OH

3b
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OH 3b EXAMPLE 11 Neutral Salt of Maleic Anhydride/Mannich Adduct 3b 100851Adduct 3b (90
grams, 0.071 mole) and 45 grams process oil, toluene (100 grams), ethylene glycol (10 grams), water
(10 grams) and calcium hydroxide (10 grams, 0.14 mole) were added to a reactor. The reaction
mixture was heated to 105 C. After 20 hours, the solvent was removed under reduced pressure at 150
C. The reaction product was vacuum filtered through filter aid. The reaction product had a TBN of 68
(ASTM 2896) and weight percent Ca of 16%@%{&/@%5 12 Alkylsuccinic Anhydride/Mannich Adduct 4
100861P-cresol (108 grams, 1.00 mole), process Oi (.1) grams) and ethylenediamine (31.6 grams,
0.53 mohyutisicSeliaet Miteia Acdotdridkgeoniciorddiei3lte solution (85.2 grams of 37 wt% solution,

1.05 mo s adde (o) e :  temperat reaction, mixtur S
increaseicﬁié{ﬁ% C ar%ﬁggrﬁytrggg%6552%%(&3%1&%@58&. ﬂger § t%%rr%t e(8 %ﬁ%?oégh tggéerréeemas removed
and the gmperathrtewveg yieldddadawsi 5@ and waonshar(d s gymviaslapptied td gremedctibn mixture

for 1 hou Kyuceinie apAYELISR, (%, Sramod OBMRIE) s agddesl pnd e tgagtign mixure was

heated at 150 C for 1 hour. Vacuum was applied for 30 min, providing 1090 grams o ancyEUccinic
anhydridesMahisich vasd csngvisdvingeh e ddiiesdimgeromsult. BMOH. HOhe reaction product was

vacuum filtered through filter aid. The reaction product had a TBN of 68 (ASTM 2896) and
weight percent Ca of 1.67.

EXAMPLE 12

Alkylsuccinic Anhydride/Mannich Adduct 4

[0086] P-cresol (108 grams, 1.00 mole), process oil (570 grams) and ethylenediamine
(31.6 grams, 0.53 mole) were charged to a reactor. Aqueous formaldehyde solution {(85.2
grams of 37 wt% solution, 1.05 mole) was added subsurface to the reactor. The temperature
of the reaction mixture was increased to 105 °C and a nitrogen sparge was started. After 3
hours the nitrogen sparge was removed and the temperature was increased to 150 °C and
vacuum (287 Hg) was applied to the reaction mixture for 1 hour. Alkylsuccinic anhydride
(407 grams, 1.00 mole) was added and the reaction mixture was heated at 150 °C for | hour .
Vacuum was applied for 30 min, providing 1090 grams of alkylsuccinic anhydride/Mannich

Adduct 4 having the following formula.
OH OH
N N
0O
0O
R 0
R
© HO
HO

4

EXAMPLE 13
Neutral Salt of Alkylsuccirnic Anhydride/Mannich Adduct 4
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4 EXAMPLE 13 Neutral Salt of Alkylsuccinic Anhydride/Mannich Adduct 4 [0087]Adduct 4 (250
grams, 0.057 mole) was subjected to overbasing similar to the conditions used for Adduct | a.
However, a neutral calcium salt having a TBN of 68 (ASTM 2896) and weight percent Ca of 2.07, was
obtained exclusively. EXAMPLE 14 Alkylsuccinic Anhydride/Mannich Adduct 5

[0088]2 Wfiiethylphéwguct Z2(gParasms00-fidl@yosroves sehiqairs tramghandeethylbndditanine (33.1
grams, QR molelVEreFharasd 19 aeactol: Agkeays Jarmaldelyds apluliep (B3 gﬁ@%ﬁf 37 wi%

solution, 1.10 mole) was added subsurface to the reactor. The temperature was increased to 105 C
and a nitftferiupRitehhers i fed oAREr 3ol hitksbsiveparge was removed and the
temperature was increased to 150 C and vacuum (28" Hg) was applied to the reaction mixture for 1
hour. Alkylsuccinic anhydride (305 grams, 0.75 mole) was added to the reaction mixture and the
reaction mixture was heated at 150 C for | Aottt NEREdu#? was applied for 30 min, providing 920 grams

of a minggfl@Mlg%ﬁﬂijg,@gmggmapgld%@@ving the following formulas. OHOHOH N*
/LO 0 HOH
[0088] 2 4-dimethylphenol (122 grams, 1.00 mole), process o0il (475 grams) and

ethylenediamine (33.1 grams, 0.55 mole) were charged to a reactor. Aqueous formaldehyde
solution (89.3 grams of 37 wt% solution, 1.10 mole) was added subsurface to the reactor.
The temperature was mncreased to 105 °C and a nifrogen sparge was started. After 3 hours the
nitrogen sparge was removed and the temperature was increased to 150 °C and vacuum (287
Hg) was applied to the reaction mixture for I hour. Alkylsuccinic anhydride (305 grams,
0.75 mole) was added to the reaction mixture and the reaction mixture was heated at 150 °C
for 1 hour. Vacuum was applied for 30 min, providing 920 grams of a mixture of

alkylsuccinic anhydride Adduct 5 having the following formulas.

OH OH Ok OH
ﬁ N . N N
0 o
| o)
R 0 - R’k};o
HO © HO
HO
5
EXAMPLE 15
Neutral Salt of Alkylsuccinic Anhydride/Mannich Adduct 5
[0089] Adduct 5 (152 grams, 0.081 mole) was subjected to overbasing similar to the

conditions used for Adduct 1a. However, a neutral calcium salt having a TBN of 52 (ASTM
2896) and weight percent Ca of 1.42, was obtained exclusively.

EXAMPLE 16
10090] Four lubricating oil compositions were prepared for comparison of copper, tin

and lead corrosion by a High Temperature Corrosion Bench Test (HTCBT). Fluid A was a
25



HO 5 EXAMPLE 15 Neutral Salt of Alkylsuccinic Anhydride/Mannich Adduct 5 [0089]Adduct 5 (152
grams, 0.081 mole) was subjected to overbasing similar to the conditions used for Adduct 1 a.
However, a neutral calcium salt having a TBN of 52 (ASTM 2896) and weight percent Ca of 1.42, was
obtained exclusively. EXAMPLE 16 [0090]Four lubricating oil compositions were prepared for
comparisoiraf doppe?, tinearid Jetd derdsiorebie adtigtPneamieatursCoosicntBeachddsr¢HTCBT).
Fluid A was 2.uRicel 12040 heqvy duity dieselanginenaibeamposiiandsing.convantienalagditive

components in base oil. Fluid B was a similar composition to Fluid A except that Fluid B had no
detergehtdaditveseritid Etives & BldilaresrpsositiorctonPrAti et adl Bowvitveddas\éiaked Adduct

la. As seen{n Jableidhdritd &sShowed A.81gnilieant MBEGYRNGS dilead AR FORRRLC AR REIPN

compared to Fluid A containing conventional additive components. The results are shown in the
followingABIePRER. 99T IaRCTBRARE reo delidithnth s@TPfioiTS RstisginnaT @B TASIESENd TBN

WT.%C8the results are shown in the following table. Wt.% Ca and TBN were determined prior to

testing in HTCBT.
TABLE 3
Fluid TBN WT.%Ca | Cu(ppm) | Pb (ppm)} | St (ppm)
A 10 0.217 20 61 6
B 3.3 0.0001 126 12 3
C 9.2 0.148 12 15 7
[6091] Other embodiments of the present disclosure will be apparent to those skilled

in the art from consideration of the specification and practice of the embodiments disclosed
herein. As used throughout the specification and claims, “a” and/or “an” may refer to one or
more than one. Unless otherwise indicated, all numbers expressing quantities of ingredients,
properties such as molecular weight, percent, ratio, reaction conditions, and so forth used in
the specification and claims are to be understood as being modified in all instances by the
term "about.” Accordingly, unless indicated to the contrary, the numerical parameters set
forth m the specification and claims are approximations that may vary depending upon the
desired properties sought to be obtained by the present invention. At the very least, and not
as an attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques. Notwithstanding that the
numerical ranges and parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are reported as
precisely as possible. Any numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviation found in their respective testing
measurements. It is intended that the specification and examples be considered as exemplary

only, with a true scope and spirit of the invention being indicated by the following claims.
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Cu (ppm) Pb (ppm) Sn (ppm) A 10 0.217 20 61 6 B 3.30.0001 126 12 3

[0092] The foregoing embodiments are susceptible to considerable variation m
practice. Accordingly, the embodiments are not intended to be limited to the specific
exemplifications set forth hereinabove. Rather, the foregoing embodiments are within the
spirit and scope of the appended claims, including the equivalents thereof available as a
matter of law.

[06093] The patentees do not mtend to dedicate any disclosed embodiments to the
public, and to the extent any disclosed modifications or alterations may not literally fall
within the scope of the claims, they are considered to be part hereof under the doctrine of

equivalents.
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9.2 0.148 12 15 [009110ther embodiments of the present disclosure will be apparent to those skilled
in the art from consideration of the specification and practice of the embodiments disclosed herein. As
used throughout the specification and claims, "a" and/or "an" may refer to one or more than one.
Unless otherwise indicated, all numbers expressing quantities of ingredients, properties such as
molecul¥hwieit kilapeedaht, ratio, reaction conditions, and so forth used in the specification and claims
are to be understood as being modified in all instances by the term "about.” Accordingly, unless
indicated to the contrary, the numerical parameters set forth in the specification and claims are
approxirhationstial eaayelelrgraepenting sHbromedBsikaMpMepetersdtighetedbet obtained by the
present inventign .Akthe YeRh Atk @rd.fel a5 @nALURMALIO Jimit theapplication of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed in light
of the number GPrépsPIERIGAIffCHTWigieanthpyzapplyier) siinaryrouindfdetéth gerts. an
Notwithstandir@_é&%ﬁﬂgi@ggﬁ@é&g{imqﬁigﬁgégq@@ggeﬁ@etting forth the broad scope of the
invention are approximations, the numerical values set forth in the specific examples are reported as
precisely as p §gmfé?§&h9rﬁ@?ﬁ@%ww0ﬁ8@/ever, inherently contains certain errors necessarily
resulting from the standard deviation found in their respective testing measurements. It is intended that
the specification and examples be considered as exemplary only, with a true scope and spirit of the
inventiof betfg iFitiEatEaD IR IBNEWiIhG Bidiimbs. o Tie 1EEBEEM G BRSSP EFESsBsceptible
to consigdgrpRigMasiationdmpractice. Accordingly, the embodiments are not intended to be limited to
the specific exemplifications set forth hereinabove. Rather, the foregoing embodiments are within the
spirit and scope of the appended claims, including the'HuivaIents thereof available as a matter of law.
100931The patentees do not intend to dedicat& any digslosed embodiments to the public, and to the
& itevally fall within the scope of the claims,
bquivalents. What is Claimed is:

wherein R', R%, and R’ are independently selected from the group consisting of
hydrogen, an alkyl group, an alkeny! group, an alkoxy group, an aminic group having

from 1 to 24 carbon atoms, and an aryl group having from 6 to 24 carbon atoms.
3. The sulfur-free compound of claim 1, wherein the aldehyde comprises formaldehyde.

4. The sulfur-free compound of claim 1, wherein the amine comprises a mono- or

polyamine.
5. The sulfur-free compound of claim 1, wherein component (b) is selected from the group
consisting of maleic acid or anhydride, succinic acid or anhydride, alkenyl succinic acid or

anhydride, and halo-carboxylic acid.

6. The sulfur-free compound of claim 1, wherein the metal is selected from alkali and

alkaline earth metals.
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1. A sulfur-free metal or ammonium salt compound comprising a reaction product of: (a) a phenolic
compound reacted with an aldehyde and an amine, (b) a compound selected from the group
consisting of an acylating agent, an electrophilic compound, and mixtures thereof, and (c) a metal or
ammonium compound.. 2. The sulfur-free compound of claim I, wherein the phenolic compound

comprisés a Exmpdiindisttserfaonnd: @K lwhekinRire? thadReiare predperisentyseiected from the
group g?@?&@&féﬁlﬂw&?& BN A KA PEPYR Pé&ﬂgﬁ’#{!)%%p’ an alkoxy group, an aminic group

haying from 1 to 24 carbon atoms, and an aryl group having from 6 to 24 carbon atoms. 3. The
sulfur-free compound of claim 1, wherein the aldehyde comprises formaldehyde. 4. The sulfur-free

compougd f Claim, L ff@@%ﬁg{%&l{lﬁcﬁ@ DRGPTRIRES A TN AIRCYAIINSS RedkREistHI Writee

compound of claim 1, whe component (b) is selected from the group consisting of maleic acid or
anhydritesisusererneiteiantydnvevakenyirsuseirienamii ot sihythdeezahatodmboxylic acid. 6.
The sulfur-free compound of claim 1, wherein the metal is selected from alkali and alkaline earth

metals. 7. Qg sulfur-free compound of clalm% Whereln t}b&rea tlon rod ot is overbase to provide
calcium Or MagREERSAIPEF i EABREN PRdubR 8! FhE ‘E]ﬁdso‘f’klé’il 1Suherein

the reacfiofypredusiissautralizeg:with a basic nitrogen-containing compound to form an ammonium
salt of the reaction product. 9. A lubricant composition comprising a base oil and from about 1 to
about 5 wt.% of the sulfur-free.compound of claim 1.

10. A method for making a sulfur-free, metal or ammonium salt compound for use as a
lubricant additive component comprising:
reacting (a) a phenolic compound with (b) an aldehyde, (¢) an amine to provide an
infermediate product,
reacting the intermediate product with (d) a compound selected from the group
consisting of an acylating agent, an electrophilic compound, and mixtures thereof to
provide a reaction product, and
neutralizing or overbasing the reaction product to provide the lubricant additive

component.

11. The method of claim 10, wherein the phenolic compound comprises a compound of the

fomula:

wherein R', R?, and R’ are independently selected from the group consisting of
hydrogen, an alkyl group, an alkenyl group, an alkoxy group, an aminic group having

from 1 to 24 carbon atoms, and an aryl group having from 6 to 24 carbon atoms.

12. The method of claim 10, further comprising overbasing the reaction product to provide

an overbased alkal: or alkaline earth metal salt.
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10. A method for making a sulfur-free, metal or ammonium salt compound for use as a lubricant
additive component comprising: reacting (a) a phenolic compound with (b) an aldehyde, (c) an amine
to provide an intermediate product, reacting the intermediate product with (d) a compound selected
from the group consisting of an acylating agent, an electrophilic compound, and mixtures thereof to
provide a reaction product, and neutralizing or overbasing the reaction product to provide the lubricant
additive nent, 11. The method of claim 10, whergin th lic compound comprises a
compourof (e T e rant) T ey e SR S
consistimeg i hydrbgemanadey kgeouys acidtkemylygralo pad adkexyroype anidrninic group having
from 1 to 24 carbon atoms, and an aryl group having from 6 to 24 carbon atoms. 12. The method of
claim 10, further comprising overbasing the reaction product to provide an overbased alkali or alkaline
earth metd: ki€ Mediof R RSN o BRafT 15 WHBRSSAIBBTITE ASAPEE) 75 Belseriadrom the group
consisting of maleic acid or anhydride, succinic acid or anhydride, and halo-carboxylic acid. 14. The

method qf.clajm 10, wherein the.amine comprises a mono- or polyamine. 15, I%{‘brica t composition

comprisi?l%’ t%éntlljﬁ)ﬁlﬁ?:%tn %Baﬁls\lltemgo?ﬁiﬁ}éjﬁlesh iﬁc alte}(jr%rfﬁnén%%)w eof%r%n%td%o %I%Jg]iﬁ\%ls selected
from theogeaupieonsisting aileapoiymericlviscbsityymbeifierna detdsdentobun peltioxidantsecgigpersant, a
rust mh%g%rm%p aatag%/vlear ?%(Jant a boron-containin com&gg%q}cgga friction modifier, a pour-poin

t
i an ahiioxi HiRg AhARESTR B AR angine

€ ant, spersant, g r
depressant, and an anﬁfaoa’mlng agent. ¥é &thod tort
comprisirg tachdigg: theptubricant campositidieohglaimbniodareankaasedofrsaid feaging. agsht The
method of claim 16, wherein the engine comprises a heavy duty diesel engine. 18. A lubricating oll
concentrate comprising the lubricant additive component of claim 10 and one or more additional

additived Sefdcnsehid v tHabgienin e sRSIEHE beaTPokine fe Sise ssimprioaifiedd me Sieigbrigaan
antioxidafity 2 dishessantif [usbiahiRiiRr.an AntyeaLAgent, a boron-containing compound, a friction

modifier, a pour-point depressant, and an antifoaming agent.

17. The method of claim 16, wherein the engine comprises a heavy duty diesel engine.

18. A lubricating oil concentrate comprising the tubricant additive component of claim 10
and one or more additional additives selected from the group consisting of a polymeric
viscosity modifier, a detergent, an antioxidant, a dispersant, a rust inhibitor, an antiwear
agent, a boron-containing compound, a friction modifier, a pour-point depressant, and an

antifoaming agent.
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