AC-2011-8 (66783.US/2175.0) LUBRICANT COMPOSITIONS CONTAINING A HETEROAROMATIC
COMPOUND RELATED APPLICATION [0001]This application claims priority to Provisional
Application No. 61/488,302, filed May 20, 2011. TECHNICAL FIELD 100021The disclosure relates to
lubricant compositions and in particular to additives for boosting the total base number (TBN) of a
lubricant€oPpdsition without increasing the ash value of the lubricant. BACKGROUND AND
SUMMARSY 806831EAdine lubricant compositions may be selected to provide an increased engine

protection while providing reduced emissions. In order to reduce emissions, there is a trend toward
lubricant compositions ha%%%%g&w&ﬁ%m%%gﬁﬂg &chieve benefits of reduced
ash value to reduce emissions, AL RO AL | ion and lubricating properties is
required for the lubricant compasition. For example, an increase in the amount of detergent in a
Iubricanw .&P%{F& BEREficial for engine protection purposes but may lead to higher ash
values. kokewise, an ihickeagdiintibe aniountrofaghteBeodisperdanpphiestivce benéfici8Bidlhchidake
engine %ré)tve HOﬂJIqUt may result in poorer seal protection performance. Accordingly, there is a need
for impr Baubricant compositions that are suitable for meeting or exceeding currently proposed and
future lubricant performance standards. 100041With regard to the foregoing, embodiments of the
disclosuidigantie ah EBhldds additive for lubricating oil compositions, lubricating oil compositions and
methods fggybricating, gl A ffeetiia 1 Foxs iRialassRumber(TRN Pladhuca

composition. The additive is a reaction product of a compound of the formula. with NH3, an alcohol, an
amine, droasipdrdeaioid drasaa whsreihBio el debsig b POmPaSHRI oV HASYE gRstRS BB Hol or
amine containg freMdstgabout 24 carbon atoms, and the 1 AC-201 1-8 (66783.US/2175.0)

BACKGROUND AND SUMMARY

10003] Engine lubricant compositions may be selected to provide an increased engine
protection while providing reduced emissions. In order to reduce emissions, there is a trend
toward lubricant compositions having a reduced ash value. However, in order to achieve
benefits of reduced ash value to reduce emissions, a balance between engine protection and
lubricating properties is required for the lubricant composition. For example, an increase in the
amount of detergent in a lubricant composition may be beneficial for engine protection purposes
but may lead to higher ash values. Likewise. an increase in the amount of ashless dispersant may
be beneficial to increase engine protection, but may result in poorer seal protection performance.
Accordingly, there is a need for improved lubricant compositions that are suitable for meeting or
exceeding currently proposed and future lubricant performance standards.

[0004] With regard to the foregoing, embodiments of the disclosure provide an ashless
additive for lubricating oil compositions, lubricating oil compositions and methods for
lubricating that are effective to improve the total base number (TBN) of a lubricant composition.

The additive is a reaction product of a compound of the formula:

O
R‘D—C~H~
. N s

e

with NH;, an alcohol, an amine, or a hydrocarby! amine. wherein R' is selected from H, a

hydrocarbyl group. The alcoho! or amine contains from | to about 24 carbon atoms, and the
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hydrocarbyl amine has a number average molecular weight ranging from about 100 to about 6000.
100051A further embodiment of the disclosure provides an engine lubricant composition including
base oil and an ashless additive that is a reaction product of a compound of the formula: and NH3,
an alcohol or an amine or a hydrocarbyl amine, wherein the alcohol or amine contains from 1 to about
24 carbdt- &Mégand wherein the hydrocarbyl amine has a number average molecular weight ranging
from ab&PR B86- Aio6000. In the formula Rl is H, or a hydrocarbyl group. [0006]Another
embodiment of the disclosure provides a method {or{goostin the total ?ase numb ré/TBN)Dof a
Ubricant SO GITIBF A chAHE) U ED AU S HPRHBTEBD BRR TSV AR SOV A &8 e TEN
of the lubdi@@ant composition. The method includes adding to the lubricant composition a minor amount
of an asjigas additive,compaund ofiihe formpla., wherein.Y.is selected from e gloup, onsisting o
OR and 3 wherein R 18 & y(drbcarf)y group contairing fom L f0about™24 Car onpafoms, R2 and
R3 are seldefét: flase Hiandd dnyatibsarbdditgrouit 0007 frecnatirerdimbotimenntherst ishtbvided a
method or ir‘]i?r,easing a total base number (TBN) of a lubricant composition while maintaining seal
compati |ﬁ{9 of the Iubricant composition. The method includes boosting the total base number of the
lubricant composition by incorporating a minor ar@ogmﬁf?—aﬂxgshless additive compound of the
formula: AC-2011-8 (66783.US/2175.0) in the lybricant composition, wherein Y is selected from the
group consisting of OR and NR2R3 wherfdif R is tydrocarbyl group containing from 1 to about 24
carbon atoms, R2 and R3 are selected from I-1 and aahédféb”arbyl group and R2 and R3 may be the
same or different. An advantage of the use of an additive composition according to the disclosure is

that lubrigantfermuiations: eortaining:theAddithamansxiibiy lauess slfatenash epmenibdRfas]A

further advantage of the additive composition described herein is that the additive may be effective to
boost th&aBN & FRONIcSHPRMANREAN MR INGE SyHarTBY haveredhatact UREatsHesic seals
comparegdR&eavenriignatlasess B Nrsoviding woapasitons. CanveatienalmerhodsHordnareasing
the ashless TBN of a lubricant composition may include, but are not limited to, increasing the amount
of disperS4iPfAhe #B#Rant composition. Dispersants are typically nitrogen-containing compounds
with a pqiyooeric backhasgd¢hatihadiheninedpaliipwith podelrinentahtd ébadiomerie SealstaFurther
benefits gnd advgnt?ﬁﬁjna}y l%:)ei)evid(?r‘lt from. g:he PIrIOWir}%%LCSBLQ%%EE-a %%Q?];[)ha Cf)%llgy)\/inegctélreltfinitions
of terms Are provided in ordef t6 clarity themeanings of — = © P

over a base value of the TBN of the lubricant composition. The method includes adding to the

lubricant composition a minor amount of an ashless additive compound of the formula:

wherein Y is selected from the group consisting of OR and NR?R’ wherein R is a hydrocarbyl
group containing from 1 to about 24 carbon atoms, R* and R’ are selected from H and a
hydrocarbyl group.

[0007} In another embodiment there is provided a method for increasing a total base
number (TBN) of a lubricant composition while maintaining seal compatibility of the lubricant
composition. The method includes boosting the total base number of the lubricant composition

by incorporating a minor amount of an ashless additive compound of the formula:
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certain terms as used herein. [00010]As used herein, the terms "oil composition," "lubrication
composition." "lubricating oil composition,” "lubricating oil," "lubricant composition," "lubricating
composition.” "fully formulated lubricant composition." and "lubricant" are considered synonymous,
fully interchangeable terminology referring to the finished lubrication product comprising a major
amount%?‘éngls“é oil_plus a minor amount of an additive composition. [00011]As used herein, the
terms "a(&ﬁ?t%?’e%%k 8) "additive concentrate.- and "additive composition" are considered

synonymous, fully interchangeable terminglogy referring the portion of the lubricating c ition
excludirg #ﬂ%l 8%@65%?96?%%518{%&%%%?; ﬁtreeé. %@6% S R ?Fﬁ?{g%ﬁ "hydrocarbyl
substituemtren "Rydro¢athytatouprisipsediamits dirdinantsehset, Whichtiswabtirkndivrend tRosee skilled in
the art. Specifically, it yefers to a.group having a c n at irectly attached to the remainder of the
molecuIt%é:cifr({“(tje a?{/(l}é\hg%r%n or%%%%%f/aﬁ%&%u on Ogr%gg?e%mEﬁgﬁ%%g %ﬁéﬁggaéby? gro'qpsq}nclude:
(1) hydredesiopesubsituentsf thataddisivoheticn@sig Qrakiopondiatkemyhy. diselisica(esgthasykbrasry!,
cycloalk e0Is, ANt SLOMANE mAlRLANS 1 A0d aligugliczsHishituied AC-2011 -8
(66783.%%21{37%3% %é%%ﬁg%ﬁggﬁétituentg %?s well as cyclic substﬁuents wherein the ring is completed
through another portion of the molecule (e.rq., two substituents tqgether form an alicyclic radjcal); (2)
substitu@8W drocarbbrieibRRANAR R SheLBAHIEN FO THOEAINR o RS CHtbdh @f’éu S which,
in the copt@xteithistavertion: tobaotatierTBs pretde miraatly foychoeashan substitisnintews dfalo
(especially chloro and fluoro), hydraxy, alkoxy. mercapto, alkylmercapto, nitro. nitcoso, and.sulfoxy);
(3) heterS B iRk b%a?@%%‘%ﬁ%‘ﬁtu%l% vélﬂ%ﬂ?r\?v%n‘é’ hé:\?ﬁr/mvge‘b“b’?é%o?%%asﬁt%%r NI
charactesoitptisricontexdmkthisiaivestiads dontaireather thassikisb diBN afringwicehaivotheriise
composed of.carbon atoms. Heteroatoms include sulfuy, oxygen, nitro
substituénts s"ﬁgc{ﬁ as pij/%é')r/? frbor{)/l,{lfmtgr(lly?,oaﬁréﬂ%%g%%ﬁ. ﬁl}%%%r%%r, ﬁg%(%%?tﬁrgg F’%\%\?(?,???ﬁcg(tample,
no moredimapositiennorismrsoatsb ore stipstalientividbe-gresérnforeevegursly caibod dtol®enithe
hyarocaik BRIy IS e BEIRIILAE 0R0OR ANIRGALDAN SUARHUADISINING [AIPSRHIKL gTOUP.
[00013]As used herein, the term "percent by weight", unless expressly stated otherwise, means the
percentagd tisamaenonbpsrelmidpradbatdiewieadisgRtwkthe entire composition. [00014]The
terms "ojjgaglyble” or "gispeisihla: HSERMGIEH dentolecssRRUlABRIsALS hatine comMmMIIdY o
additives are soluble, dissolvable, miscible, or capable of being suspended in the oil in all proportions.
The foretRiAt (erMS A IFERF SHowever, that they are, for instance, soluble or stably dispersible in oil
to an extgbsufficient ia exerd theieintemgledtiactipithemyirensaent iubighothecoihisosmployed.
Moreover, the additional incorporation of other additives, may also permit incorgogatigg of hkt%h(gr levels
of a partiéﬂfﬁfcﬁ%ﬁtivﬁ‘,lif TP 00 15| EHGHE Rib Alating BRESP the BIROSH Wis clostRE A Pbe
formulateghotigoadditianiof enmontedrevaddiivesoapaiscnibedin dataitibalow ate amappeapiriate
base oil formulation. E@f,ad?iti es mﬂé bg comblined W%II’I} %b se, f|:I iH tg ef rwgﬁnoaddi(t)i lclec{)ackage
(or concERUURY BYSaEk V2R T be COMBIRSE individusily with a bass oil' The tullyformulated
crankcasaufiitant majoexhibinimpadiesd geplosmaricer propentie§ phaddidionctimpadditves added and
ther 1oSRRGHE ProPORE S RO M enal delal AnchackiRRaosnal e it vikbe <o
“additive composition” are considered synonymous, fully interchangeable terminology referring

the portion of the lubricating composition excluding the major amount of base oil stock mixture.
[60012] As used herein, the term "hydrocarbyl substituent” or "hydrocarbyl group” is used
in its ordinary sense, which is well-known to those skilled in the art. Specifically, it refers to a
group having a carbon atom directly attached to the remainder of the molecule and having
predominantly hydrocarbon character. Examples of hydrocarbyl groups include:

(1) hydrocarbon substituents, that is, aliphatic (e.g., alky! or alkenyl), alicyclic (e.g.,

cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and alicyclic-substituted
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description which follows, and/or may be learned by practice of the disclosure. The details and
advantages of the disclosure may be realized and attained by means of the elements and
combinations particularly pointed out in the appended claims. AC-2011-8 (66783.US/2175.0) [00017]It
is to be understood that both the foregoing general description and the following detailed description
are exer@g 1At ex lanatory only and are not restrictive of the disclosure, as claimed.

DESCRI®1 l'l?g@EXEMPLARY EMBODIMENTS 1000181The present disclosure will now be
described in the more limited aspects of embodiments thereof, including various examfﬁles of the

formulation and"IBEF THRSREIER S BED &6 F S HSTHPERN RS RERSER P T8 48 OBl hiwee e

presented solelydictpisipostofibusiintirg thevinyantiarandogealbntirbeasanisideietdsad limitation
upon the scopi#glgrgof 00019 Egegﬁige qugicant compositions are used in vehicles ontainiggﬁspark

ignition and coMpreSS B RIS GheRSL e R En Stk Ay BE TN S AT D AR
applications angtenpy béroperatethoncheisinofudittg, ibutmotdimiedrie, gésolitke, giesematenhol,

compressed natutal gas, and the like. Base,Qil %00020 Base oils suitaple for use in formulating
cngine lubrcar A R R s ST L S R e o
mixtures therehc®iiralkitokideptminiab oifisrasnd arsgeiiébie vils (e.g., lard oil, castor oil) as well as

mineral ubricating A3 A IGHE REOISUT, AltA AC SAKRAL NERIRT ok AT IAT SISSHITIRRTD!

lubricating oils of the paraffinic, naphthenic or mixed paraffinic-naphthenic types. Oils derived from
coal or shale nafmientse shaapter, Thbbewsesi of Jieainy ehsiphapataiviebssifjppfateutiz a6iadpout 15

cStor, as a furthergxampleaRout 2 10:8b it EOHeRt ALAQ0 Grriihe @meihderivad ram ey,

gas-to-liquid process is also suitable. [00021]Suitable synthetic base oils may include alkyl esters of
dicarboxylic aciti&°BBlGRiENE ARBRTCRSTEUHUR sufbr-artity; REN dpdiyedidnizaikl Benzenes,
organic esters giphaspbonis-acids, :and Relysitgapenilzoty Mhebailninalube-Bdiosashanapts such

as polymerized and interpolymerized olefing (e.g., polybutylenes, polypropylenes. propylene
isobutylene cob’g@ PESSERE, %81'37(1-??8)@13&),%W-CT-@@[@%Q%%%%W(&%‘%&H% ,?lé’t&.h‘érﬁd”mixtures
thereof; alkylbezamesn@gircdadeaydbenzenas iielakiatyhebreneapdi-nonylbenzenes,

di-(2-eth b tc.); polyphenyls, (e.g., biphenyls, t |, alkylated polyphenyls.

201 10853 U L3 O e o et SEERL AN e LS and the

derivativeraantiogsramdapotheleggcih eoagfoanst tieerkketd 600224Ady leht oxitiecpolypreis and

interpoly g gnd derpyalives thieal ere iheterminal nydigd aroups hve been madiied.by
ion, ' [ rc \ st

esterificat therification, etc., constitute anot ass of known synthetic ol at may be used.
Such oilshatéheampiifieds loy addivites pre paleltlthdisaeiNabbiy misdiadior efrsthiglehbeovdespeplepylene

oxide, the aikyband arg&IBRISHI “ﬂﬁé%‘?@é)ﬂﬂ%%?éh}{?&@rﬂ%mﬁf%@eﬁ-tmeﬁﬁéﬁﬁ%!yﬁ&ol?{%%@&”e
glycol ether having an average molecular Weight of about 1000, diphenyl ether of pol ethylene glycol
Iv&; R

having astisfenaswighiserabiatsool 1000, ety PetEedr SoRisFbENEIE wehdhathSolecular
weight ot RRRMAGRAHL 300t 81 MoBRpANANOIXERRLYIgRSIa IheirHfcdas Frample. sheacetic

acid esters, mixed Q.,-C8 fatty acid esters, or the C13 oxo-acid diester of tetraethylene dglycol.

10002314KHiHE} BAY Sr RSAHABEOBIRIHAR ) B TUExel Sl dag iftlapatioit vsp 1 desire

100015} Engine lubricating oils of the present disclosure may be formulated by the
addition of one or more additives, as described in detail below, to an appropriate base oil
formulation. The additives may be combined with a base oil in the form of an additive package
{or concentrate) or, alternatively, may be combined individually with a base oil. The fully
formulated crankcase lubricant may exhibit improved performance properties, based on the
additives added and their respective proportions.

j00016} Additional details and advantages of the disclosure will be set forth in part in the
description which follows, and/or may be learned by practice of the disclosure. The details and
advantages of the disclosure may be realized and attained by means of the elements and

combinations particularly pointed out in the appended claims.
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dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids, alkenyl succinic acids, maleic
acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic
acid, alkyl malonic acids. alkenyl maionic acids, etc.) with a variety of alcohols (e.g., butyl alcohol,
hexyl alcohol. dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether,
propylerfCgRridi;%etc.) Specific examples of these esters include dibutyl adipate,
di(2-ethyfifeivyiideiddatd) di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate. the 2- ethylhexyl diester of linoleic acid dimer,

the comi8R1ddter fortheldl BY facti§ 89 b oryBbisiclatsaoiieh srisTrloes GirataetngIdhe glycol
and two fyelesef Zeihvibexanniepad anthiherliked1Q002dikstens useidlasayethetin el also
include those made from C5 to C15 monocarboxylic acids and polyols and polyol ethers such as
neopent§IS§IPSHERHTAIYES! propane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc.
1000251Hence, the base oil used which may be used to make the crankcase lubricant compositions
as descrj erein. may. he sel rQIm a t ase oils in Groups |-V as specified in the
America#bég?r K s?%tﬁﬁ%&%%ﬁ%ﬁ& Wéuidelines. Such base oil groups are
as follows: AC-2011-8 (66783.US/2175.0) Table 1 Base Oil Group' Sulfur (wt%) Saturates (wt%)
Viscosity 4t Group te>pressna tzsloses auioner0 esrdgprrited.on the more limited aspects of

embodiments thereof, including various examples of the formulation and use of the present

disciosure. It will be understood that these embodiments are presented solely for the purpose of
illustrating the invention and shall not be considered as a limitation upon the scope thercof.

[00019] Engine lubricant compositions are used in vehicles containing spark ignition and
compression ignition engines. Such engines may be used in automotive and truck applications
and may be operated on fuels including, but not limited to, gasoline, diesel, aicohol. compressed

natural gas, and the like.

Base Oil

[00020] Base oils suitable for use in formulating engine lubricant compositions may be:
selected from any of suitable mineral oils, synthetic oils, or mixtures thereof. Qils may include
animal oils and vegetable oils (e.g., lard oil, castor oil) as well as mineral fubricating oils such as
liquid petroleum oils and solvent treated or acid-treated mineral lubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types. Oils derived from coal or shale may also be
suitable. The base oil typically may have a viscosity of about 2 to about 5 ¢St or, as a further
example, about 2 to about 10 ¢St at 100° C. Further, an oil derived from a gas-to-liquid process
is also suitable.

[00021] Suitable synthetic base oils may include alkyl esters of dicarboxylic acids,
polyglycols and alcohols, poly-alpha-olefins, including polybutenes, alkyl benzenes, organic
esters of phosphoric acids, and polysiiicone oils. Synthetic oils include hydrocarbon oils such as
polymerized and interpolymerized olefins (e.g., polybutylenes, polypropylenes, propylene
isobutylene copolymers, etc.); poly(l-hexenes), poly-(i-octenes), poly(i-decenes), etc. and
mixtures thereof; alkylbenzenes (e.g., dodecylbenzenes. tetradecylbenzenes, di-nonylbenzenes,

di-(2-ethylhexyl)benzenes, etc.); polyphenyis (e.g., biphenyls, terphenyl, alkylated polyphenyis,



And >90 80 to 120 Group Ill < 0.03 And >90 > 120 Group IV all polyalphaolefins (PA05) Group V all
others not included in Groups 1-1V 'Groups lare mineral oil base stocks. [00026]The base oil may
contain a minor or major amount of a poly-alpha-olefin (PAO). Typically, the poly-alpha-olefins are
derived from monomers having from about 4 to about 30, or from about 4 to about 20, or from about 6
to about6-¢&Hhch atoms. Examples of useful PAOs include those derived from octene, decene,
mixtured4A&Pe 7 Sand Y like. PAOS may have a viscosity of from about 2 to about 15, or from about 3
to about 12, or from about 4 to about 8 ¢St at 100 C, Examples of PAOs include 4 cSt at 100 C
poly-alpf-6iétdastephtmicecpod shialaietindhmy mtiitesamb RO RTINS GrARFEEIGil with
the foregoingipglyrliebagiafins imay be used. [00027]The base oil may be an oil derived from

Fischer-Tr h synthesized hydrocarpons.Fischer-Tropsch synthesized hydrocarbons are made from
ynines O bontaim DR P IGTRETS P ETIONEER CHESEs U Bt Dbicaly

require fustherapriockssingiogrdeste besnsafidiAsdths lkaseiGilafior, exanifletihe kydrecashans may be
hydroisomerized using processes, disclosed in U.S. Pat. Nos.6,103,099 or 6.180.575: hydrocracked
ey ol icael ol G R e I S SR L e S e
using procgsses tisclgsed jimerigitRato Nah 8E82)505; writydybisomadecdianit dewdxed vtiery

e SRR A M B S 6 R SRR e
average molecular weight of about 1000, diphenyl ether of polyethylene glycol having a
molecular weight of about 500-1000, diethyl ether of polypropylene glycol having a molecular
weight of about 1000-1500, etc.) or mono- and polycarboxylic esters thereof, for example, the
acetic acid esters, mixed C;-Cg fatty acid esters, or the C;; oxo-acid diester of tetracthylens
glycol.

[00023] Another class of synthetic oils that may be used includes the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids, alkenyl succinic acids,
maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic acid
dimer, malonic acid, alkyl malonic actds, alkenyl malonic acids, etc.) with a variety of aicohols
(e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethy1hexy§ alcohol, ethylene glycol.
diethylene glycol monoether, propylene glycol, etc.) Specific examples of these esters inciude
dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl
azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-
ethylhexyl diester of linoleic acid dimer, the complex ester formed by reacting one mole of
sebacic acid with two moles of tetraethylene glvcol and two moles of 2-ethylhexanoic acid and
the like.

[00024] Esters useful as svnthetic oils also include those made from Cs to Cio
monocarboxylic acids and polyols and poivoi ethers such as neopentyl glycol, trimethylol
propane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc.

[00025] Hence, the base oil used which may be used to make the crankcase fubricant
compositions as described herein may be selected from any of the base oils in Groups I-V as
specified in the American Petroleum Institute (APl) Base Oil Interchangeability Guidelines.

Such base otl groups are as follows:



mixtures of two or more of any of these) of the type disclosed hereinabove can be used in the base
oils. Unrefined oils are those obtained directly from a mineral oil, vegetable oil, animal oil or synthetic
source without further purification treatment. For example, a shale oil obtained directly from retorting
operations, a petroleum oil obtained directly from primary distillation or ester oil obtained directly from
an esterificafidh-process and used without further treatment would be an unrefined oil. Refined oils are
similar t@#8 LHREAREUDils except they have been further treated in one or more purification steps to
improve one or more properties. Many such AC-2011-8 (66783.US/2175.0) purification techniques are
known to those skilled in the art such as soIven?é?fFa’ction, secondary distillation, acid or base

extraction; ; lation-efe—Rerefined-olls-afe-obtained-by processes-simitartg those used to
Obtaln r %u v' S-app 'v '1‘ “qi‘eém@ C:! \vnvtllﬂich h&‘v’C égxa;\ura\tlews-\i%/g)ﬁn ﬁsgg-\s}\tynll g)-;.nl,

FaHeat-Hsegi-Senpee~Steh rerefined oils
8410 17

T ) :- T .>|. L LLELAY2 ] %.' ~ )
are alscgﬁﬁ&&ﬁ-as-necm?&pqﬁr r_e_procﬁé&’f'fu_:!s ahd ;35 R-are additior Q!\‘%;‘p}:mcsscd Ry techniques _
dlrectedﬂﬁﬂlﬁﬁb@upﬁ&%hd%:ﬁﬁimﬁg—g%mkdow Hprodtiets—{B00629]The base oil
may be CrpHBiHed with a 5 QdHitive com MWtion as di i i %é&&_her_em_tg_provide a

crankca i i i tase lubricant
compositieiintan amour ]H’mfﬁﬁ@%ﬁ?lﬁﬁ FSE R ol Xhout 95 wi % based on a total weight of the
lubricant CesmposiibarenargraCon i P Exstergents [00030]Embodiments of the present disclosure
may also comprise at least one metal detergent, Detergents gg[%nerall}( com ri(f%la é}g}ar @)e with a
long hydf9A8hic tail WePasEHJBRE BB APISSS DA AMMP LY ah R a8 RS Smpdund. The
salts mayyeeni@intacsuhstaptialbiainichiotosind amaunbodthesmatalg ifforhitwase theyiate, osually
described as normal or peutral salts, and would typically haye a total base number or (

oot By R 1 BAB0K) 1t HOU ARl b Tor et SARCE Tt A o DAY base
may be includechby:rdadtint famercess,afaaanstalicomgpahatsiicnd sharibxid @ ARyt Xideswith an
acidic gas_suc r [OXi e j e i '

e o e S
overbaset! i@éfetgehtempdss tAPA DT BNk abebit 250 &T Greaer!BitchlelnoreabautSd-te%bout 450
or mOfe-aﬁjgﬂg%%é%teégsnﬁm@émﬁ&aﬁs%ﬁ?ﬁ%@rmMaﬁ Hiesant @Mhadimeats ielide.oil-
soluble sulfonates, overbased sulfonates, phenates, sulfurized phenates, salicylates, and carboxylates
of a metalepayeandiayussé alkali or alkaline earth metals, e.g., sodium, potassium, lithium, calcium, and
magnesiggyand combipatigns tharegfdvior than ane meatalanay.he prasentrfgsexamipidboth calcium
and magﬂnesium. Mixtures of calcium and/or magnesium with sodium may also be suitable. Suitable

metal deR¥AGRHO My bé SYH AR Cal MR S AT ghELRTA R HorSte SAAGIHC T TER B HorR™ 00 to
450 TBN;pvarhased caltiom esimagnasiwn phesatesansulfigizechpbenaibsniaviig:tTBblotfrom

100 to 450, and overbased calcium or AC-2011-8 (66783.US/2175.0) magnesium salieylates having a
TN of (6 3502 RIS PEAEH LGRS HayP3ret e BT b0 n el Bt g
detergerityimysbagiesenisma |phriesting dechpedition i.&n &atouNbef HoBaBBUt®. 5o about 5
wt A. As a further.example, the. metal-containing detergent may be pre ina nt.of,from about
0wt A o] b T Do e e D R B, R
compositidiéPan; almourtisudiiciantosprovidel e iabodt 500 BaLRE BT pphvémémmﬂzeﬁ alkaline
earth mefgh RO LRILGANLERIBRSAN basad 20 leRLIAIIL NG hikyisant sampasiion. As a

further example, the metal-containing detergent may be presentin a lubricating comiosmon in an

amount 408628t to prvtaBEdTEEnelROTe SRR ehe BHBIN I RakaIm b @are hetal,
TBN Boggting-Adglitive, JORRR3LNSPmeRRRIGATIARS IhMEX IS L ReRsAMY IR Iagiaasastaeifol base

number (TBN) of the lubricant composition in order to better handle deposits and other undesirable

compondis fili nhayshieed2dls mretherd pbiained dirasi i anasiboSiveeibih olsMRlGEasing
the base puphasmasincudanbut Arenapblmitedity, tneraasing the atae, of dispersanbanskd

increasing the amount of detergent, Dispersants are typically iC nitrpgen-containing compounds
that may BETEed 8 iATAEHLE WEFBR of @Férmﬁ?f@a‘?ii Bﬁ'&?ﬁg& C%oﬁi%@e‘?{'ﬁ‘&év (%’fﬁéf%%? edf amount

of conventipnalidishersantsimaly duverselyatiefit alastomess (suthas thidhoetafitnrericjaseaht
compatibilit d/—g) h levels of dispersapts are,known to, have a deleterious. effect on the elastomeric
materials“f:cgﬂ %t%‘n‘éﬂﬂ/eﬁ?%%%q[@’ fo@%ﬁ%eﬁ?g?ﬁies ORI ,&é@%fﬁl}r&’i 1S E%i%%?@ttg]e sgat‘ﬁeetgr%?ﬂimum
amount dhetisparsantl Aasardinglyetherfispérsantpnay iprovide e graatee thape8iiso, dwlyasc further
example, no greater than 25% of the TBN of the lubricating oil composition. [00034]Accordingly, the
bulk TBN of the lubricant composition is typically prgvided by a




detergent. An increase in the amount of detergent in the lubricant composition may undesirably
increase the ash content of the lubricant composition above a targeted level. For example, a targeted
level may be set by industry standards such as ASTM D4485. However, use of an effective amount of
a reaction product of a compound of the formula. AC-201l -8 (66783115/2175.0) with NH3. an
alcohol AdnirHming, or a hydrocarbyl amine, may be used to increase the TBN of the lubricant
compodit@rB iy ifntal adverse affects on elastomeric seals compared to the use of conventional
ashless dispersant compositions to obtain a similar TBN increase. In the formula, 121 is selected from

H. a hygrotieisjdgrotpiquse atcbhovoiarhme kidlpdintsmrsreaosabsnt 24 asiBBrstordanand the

hydrocarhyl amine 1aYPaus: & aBhRs! averaes pelesulasveiahtrkanging: fiom abawdadite about
6000. [00035]The reaction Eroduct of a compound of the formula: and NH3. an alcohol, an amine, or a

hydrocarsraspsnimiay WelbersduraeaongPraiictiiyetha i GRPHEE BRI R SRS U S RRBne or

more mpjgs A NEIB;-AR AN S RK AsRINAL0MIaIRInG] oA dhnie R4 casberiatoramooeaddysitoaaddyl amine
having a number average molecular weight ranging froglgabo t 100 to about f6000. Suiégit%!e alcohols

and pol ¢S mAY inCRIMENHEhBISESaRS!, SFEBIISE iS05Esans!, BIRHDI, SotRiihdl bentanol,
hexanol;slgsanahfiexanscaralk@yeobrgiycerol, hydroxyl esters, such as glycerol fatty esters and
tartaric acid esters, prqpoxylates, fatty amine ethoxylates, and the like containing fr carbon
atoms. Sk aminﬁ@%ﬁn H]ea% etoc‘aﬁ%rber?xn%% oaJrn s%%%ﬁa’%&oé“ Pﬁgéogn%/o%%é ;?jm%ﬁes, fatty
amine ethmodatestandfattyaprindéderopoxylates. | 1B0036 idygaiaeby| Antiordsnidisit thapise ihcted
with the foregoing co unds may be se - rhyl- it ' 0
mycrooa T CE o b et
imidazolimesottytirecdrbyissdistiated Meighici thadebriedrbsytapesitétines, and fatty amines, wherein
the hydrocarbyl group has a number average molecular weight ranging from about 100 to about 6000.
The reaction of the compound with NH3. an amine, an alcohol, or a hycirocarbyl amine may be
conductdiit -4 eatamergtieseragitiing from about room temperature to about 250 C. The foregoing
reaction W}DAC'Z%%I%&%ZI%-&Sé%lﬁﬁe@nala%&@sﬁ@ﬁ@l%teﬁsm ashauiacavesithpressiaes
ranging from about 1 atmosphere to about 20 atmospheres. 1000371The h droparby%ﬂ%cciqimide may
be derivéetSretnta RsipasearyeeicRl GeaBYre subtLtsads B A WE I S aRRSRIfidRL Pt the
hydrocaryksybslitigshsucciniaasidsienaniystidrshayibededvesdiromihensactiorcofibitene
polymers, for example polymers of isobut [lie e with ?11nalei anhé/driciE . Sgitabls%1 zﬁglyésgk%teg%% for use
herein iRt Se FOHFRIMTBH BURHELEGENE AR hiﬁh‘@“r five §8¥ylsr8blbty ene. Fignly reactive
polyisobhdang meansral pehdsahltvienethpiciitly atleastatbbbb G08mbachraERildas Tewstdbout 90%
and above, termi inylidene content. Suitgble polyisahutenes may ingl sing
BF/3 catﬁ@ﬁé.rﬂlg@gi/g%aé%nh ﬁgﬁ' teﬁ it 0%8lﬁ‘&%\%?g%?%?th?éaﬁﬂ%?yaaﬁeuﬁﬁ lég%s%t%%e%p{n%;@ %/9%1(1&/g over a
wide rangehfasekampleifrgranalsaets 00 donabaut@0pe)sUshchs2rom @bt (0 derabisu 800D, as

determined by GPC g5 deserinedg e
|

amﬁ@/ 5 Su S.Caroon %?M? lpge . : )
reactants other’than maleic anhydride may be used such as maleic acid, fumaric acid, malic acid,

tartaric antdirtticohidetaizenitaoomiodineydriges sifrruarisciiclrbrsnie-anhydried FEBaRYR: acid.

ethylmalgic.anveide, dinelbytalg s AN disle oetimalsteRatadimalby inateln asih hetyinaleic
acid, and the like, including the corresponding acid halides and fower aliphatic esters. A mole ratio of
maleic aAbgdrithe &5 pwiitalkenyl component in the reaction mixture may vary widely. Accordingly, the

mole ratigygaayvary fremabaut wi e abseisliboierexamnie fioparautdtoimahauinkadand as a
further example, the maleic anhydride may be used in stoichicigetri e>bcess to force lihe reaction to

completisPitPle SRR BV5ENHEReiRBR S0 HETe BT the PREISH p?%%‘ffc?tﬁ"?aya\l}ary from
0.5:1 to gresiak than dr 2 helhepdnransindimaliisiantyidside: reayhbedemaved dylvac pordistillation.
1000391In_order to make the hydrocarbyl succin mide, the .hydroc I-sybstituted acid or. dride is
further re 48 WiHAH SN ‘@Sﬁ?ﬁﬁﬂﬂld?K%f%@%ﬁraﬁéé%ughgrﬁ?ge:@gﬁeb%aﬂsgaetomgfggglr%?tr#g
polyalkenyktemhyfdrasarylesbistittka drs undiniagics;ynovidietithe diridsase dolyangimssisonitining at
least two nitrogen atoms. Non-limiting e lary polyami y.include ami iding.bicarbonate
(G0, TR i T e e ertairizs (TEPA)
pentaethylepeckiexamifeRE kev)nand BEmEfthd bk 478 FBdVy yrlyardinaisianteavigsshdtine
may compyise, MR, A LOMRIHIETRRINPITIRER R GSTHR B HSMR L RMRLROMRTHRCor

chas an

oligomers su
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AC-2011 -8 (66783.US/2175.0) PEHA, but primarily oligomers having seven or more nitrogen atoms,
two or more primary amines per molecule, and more extensive branching than conventional polyamine
mixtures. Additional non-limiting polyamines which may be used to prepare the hydrocarbyl-substituted
succinimide dispersant are disclosed in U.S. Pat. No. 6,548.458, the disclosure of which is
incorporatedHtdréin by reference in its entirety. A hydrocarbyl imidazoline may be obtained by reacting
a carboﬁ%zgééi%ﬁ@%aaﬂbolyamine. In an embodiment of the disclosure, the polyamine may be

selected from tetraethylene pentamine (TEPA). A partic y syjtable hydrocarbyl amine may be a
mono-stRaghTitie ﬁ@ﬁ%@&eﬁém*ﬁ&ﬁ ﬂfs%)%@irﬁfda ué/%ﬁgi‘d ﬁtdlrgsp(gﬁfgﬁurlsgésmoa sglrsf e%g above.

100040%4ka@n embodiment, the reaction product may be derived from compounds of formula. and a

hydroca ine described in paragraph [00036], wherein R1 is defined above. In another
embodir[@ﬁgﬁ]e hydr %Fﬁf/tlag&fﬁtglﬁn ok ?:rg{mpaovut%l%péﬁﬁré fgr?n?blbg?cat\lf{}ﬁé:roerp Onsel’rtégééggﬁts 0 or
an integenodfram fioto ShandR4wis % hydbooarbyistbstitsenfuah cefirotp b thve Metadrrentbodignent, n is
3 and R4 is a polyisohutenyl substituen t deri o] [sobytylenes-having.at least
about 6(?%?r J%%Pé@a eo%ﬁ%%b%l?oggggldgtugg%] afﬂn%g ;E%S‘ég,l ?[{e?r%r?arlr_e?/?ﬁgi/}lgi{dﬁgﬁe content. Hydrocarbyl
amine comnfrinindsiofetisenaliove Formasannily HEECPERERIMMBHRT o ahyareoersyliitistitoted
SUCC'”";&H&M@%%@&% RONSAPYIRIY hSHCSIRIG ARSI IR ARBSAth ARshf ROINAMIRSafar
example tetraethylene pentamine (TEPA). 1000411A particularly useful hydrocarbyl amine compound
may incledePap dRePRR S aBStitaral eiebimd Srnirigam £omE S HAmbes & drisher Fsatitatieight
(Mn) in the rangge.of fromeabomt 19 to-aheut3000Q asaelarpined fuiash permeatimhchiorpriagraphy
(GPC) and a AC-201I-8 (66;783.US/2175.0& polyamine having %a?_eneral formLiLa
H2N(CH2)RReNifR Erm)seul 1 $90umakerh HHUS Rrihelial ekl 52 a ARl A% the range of from Ito
5. 1000421In another embodiment the reaction product may be derived from compounds of the

formula
TBN Boosting Additive

[00033] In some applications it may be necessary to increase the total base number (TBN)
of the lubricant composition in order to better handle deposits and other undesirable components
that may increase the acid number of the lubricant composition. Methods for increasing the base
number may include, but are not limited to, increasing the amount of dispersant and increasing
the amount of detergent. Dispersants are typically basic nitrogen-containing compounds that
may be used to increase the TBN of the lubricant composition. However, use of increased
amount of conventional dispersants may adversely affect elastomeric (such as fluoroclastomeric)
seal compatibility. High levels of dispersants are known to have a deleterious effect on the
elastomeric materials conventionally used to form engine seals and, therefore, it is desirable to
use the minimum amount of dispersant. Accordingly, the dispersant may provide no greater than
30%, and, as a further example, no greater than 25% of the TBN of the lubricating oil
composition.

{00034} Accordingly, the bulk TBN of the lubricant composition is typically provided by a
detergent. An increase in the amount of detergent in the lubricant composition may undesirably
increase the ash content of the lubricant composition above a targeted level. For example, a
targeted level may be set by industry standards such as ASTM D4485. However, use of an

effective amount of a reaction product of a compound of the formula:



and a hydrocarbyl imidazoline. The hydrocarbyl imidazoline may be a compound of formula wherein
RIis H or a hydrocarbyl group having 1 to 24 carbon atoms, n represents 0 or an integer of from Ito 5.
and R is a hydrocarbyl substituent as defined above. [000431The resulting reaction product may be a
compound of the formula 7 wherein Z is selected from -NR2R3, wherein R2 and R3 are selected from
H and fddatbyl group wherein R2 and R3 may be the same or different. Amounts of the reaction
product(6e&Pil & 3Bri€ant formulation may range from about 0.01 to about 5 wt.% based on a total
weight of the lubricant formulation. For example, sufficient amounts of the reaction product may be
added to a lubricant composition to increase the?l’ of'"”fﬁé:l:ubricant composition from about 1 to
about 50 percent over a base TBN valu t_kle_lgb cant corﬁ)position. Other amounts of the reaction
product may be added to a lubricant compdsition ta:increase;the TBN from about 1 to about 30

o

percent, or from about 2 to about 25 percent or from™abgut 3 to about 20 percent or from about 5 to
about 10 percent over the base TBN value of the lubricant composition. The base TBN value of' the
lubricantvg@mpasitionidsiibie AABM alue ohikiedubbicenhtempegitionsbe foraadainghthEldastidon product
described herein. The r.eactiq roduct may be added neat tq the lubri nt, Cég&)]a}tﬁ £
(66783. /5?%?8?88?1%%“5%%%]0@? %%af/t l‘%gygf Uté e\/ﬁfﬁwoailégén%%msﬂﬁsg%%a pr cess ol tc? ilfﬁsgrgase the
compatibitityeofithe! reshbiiorippeduct withpaduloricantdtrmpashioia DiBpeisant€ompbadargiula,
[000441gispersanis Hahman IS ARERI AR RRoKATS ARlHlanRU LaR Aok UiieE tdehiess
dispersants that have an oil Soluble polyneri hydrocarbon backbone having functional groups that are
capabledf embouiatimgswithdpthticiedresasevliapére vz isialy niebaispereaptaebipricd sgihe,
alCOhOL&H%ilqr,%,fpgni;‘ﬁ[)%ru[)@@rtgwgggggg@gached to the polymer backbone often via a bridging group.
ant

Dispers ay be selected from Mannich dispersants as described in U.S. Pat. Nos. 3,697,574 and
3,736,390003less sURECHsHAIRS ArePBrE At aBRREGHHIEESHUNS B at. Nos. 4,234.435 and 4,636,322;
amine dispersants as described in U.S. Pat. Nos;;3.2197666, 3,565,804, and 5.633,326; Koch
dispersants as described in U.S. Pat. Nos.}5.936§§0 1, 5.643;859. and 5,627.259, and polyalkylene
succinimide dispersants as described in B.8-Pat. %s 5.851,965; 5.853,434; and 5,792,729. The
dispersants may be further reacted with a variety of-acidic materials, such as carboxylic acids and
anhydrides, boric acid, metaborates, alkoxy borates, aritf like. Phosphorus-Based Antiwear Agents
1000451Thﬁ\§gosphorus-based wear {J)rj?ve{lntati\ée lmgg com rige a naet?d ?dgp]fype%%ﬁﬁ‘i’b%‘ e mole
dithioph38pRaie: ArAlsSHRt 28RS BULE ASTIRHIRY P E SRRy iSEarDYT dithiophosphate compound.
Suitable gngtakstikysngearybdith iwphosphatesrmayleo ofpvise, dihyidrbohdrydnditkiopriesphateometal
salts wherein the metal may be an alkali or.alkaline earth metal, or.alumi ' vbdenum,
manganzs%), |40 égf]b 88p%8rr¥30rozrinac% B%Tﬁﬁrhayra}%%a%r%})}lﬁit%igg B’aggr%g%é %’eﬁﬁggﬁgﬂ ’Fnr%%b%%g
prepareddngiec dratandewvittdkriovahdechiigueSubsiflest el prddiel s caebyinditde phesprdric acid

(DDPA), @Sgl}%'fv,yv é’ﬁéé%&ﬁ?i%bg{%%gﬁo?rSﬁ%r&é'?%%%ﬁ @@ﬁa%wimfaa&f? and {benpewtalizing the

formed D metal c ound. For example, a dithiophosphoric acid may be made by reacting

mixturesgbfgrimakycened sexbndsryealesholesrreltivet HfiltipRsiEri8ih JepRBFic 3GdSTE be
pfepafe%}/& GLEIHRE VARGV URLIH QR OBRIIR-CKECBHRRHARE AN EhRY acter-aptchtAgms.

hydrocarbyl groups on the others are éntirely primary in character. To make the metal salt, any basic

or neutraliabl eBtiRsouRRY doaldse s buPTHB Xt SRR BUNSA AUL RS AT s fatty

amine ethoxylates and fatty amine propoxylates.

[00036] Hvdrocarbyl amines that may be reacted with the foregoing compounds may be
selected from hydrocarbyl-substituted amides, hydrocarbyi-substituted imides, hydrocarbyl-
substituted succinimides. and hydrocarbyl-substituted imidazolines, hydrocarbyl-substituted
Mannich bases, alkoxylated amines, and fatty amines, wherein the hydrocarbyl group has a
number average molecular weight ranging from about 100 to about 6000. The reaction of the
compound with NHs, an amine, an alcohol, or a hydrocarbyl amine may be conducted at a

temperature ranging from about room temperature to about 250° C. The foregoing reactions may
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AC-2011-8 (66783.US/2175.0) most generally employed. Commercial additives frequently contain an
excess of metal due to the use of an excess of the basic metal compound in the neutralization
reaction. [00047]The zinc dihydrocarbyl dithiophosphates (ZDDP) are oil soluble salts of dihydrocarbyl
dithiophosphoric acids and may be represented by the following formula. RO "ASSOR \nix t-- \
R30SS@R-%Whéréin R and R may be the same or different hydrocarbyl radicals containing from 1 to
18, for dRAMPIE'Y b7 carbon atoms and including radicals such as alkyl, alkenyl, aryl, arylalkyl,
alkaryl, and cycloaliphatic radicals. R and R' groups may be alkyl groups of 2 to 8 carbon atoms. Thus,
the radielfis PRpniictsdaim o apedans “Hlb FEpYRROHISH , IRBLEDR s - BRYFPEEE B ERERY, n-hexyl,
iso-hex%n%%y}egecyl, dodecyl, octadecyl. 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,

methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total numbher of carbpn atoms
(i.e., R aR8ORT) in the Wﬂﬁ&%‘ﬁ OSSR We?‘élﬂ?rb‘éegﬁb @8@%%?@??ﬁ%y%€%y%rocarbyl
dithiophasphate canthatelowe semprisrizinthdialkybditbiophosphate sulf0R4R 10 thesrdtyitaldles

components that may pe utilized as the phosphorus-based wear preventative include any suitable
organopBLBRARS EurR BRI SRS DT OTIES to DS TehT estdagone Sl
di-thiophadphatasyndsphitesitarnd saitsithbreokantbphosphenstesinSuitablbexrafoplesiatetricresyl
phosphate (TCP), di-alkyl phasphite (e.g., dibutyl hydrog osphi I i sphate.
[00049]/&%%8( Séu&%g%lg}{cﬁ‘ﬁ%ﬁ)n@ﬁ t|{svea %Fggssgﬁgtr\z})léant%d ﬁ@?&.ﬁ%ﬁ%ﬁ?ﬁ%@ﬁgﬁg reaction
product fropisatrezictierbenyetteashyrracdibyssdbstinited J0tciaicuy attgpadehtendeaniofamine

combing i ALLATBROMS RAULCE RHE A0 HANI ALALIRBLE PRASRLP S ACISFOr gRIRL S LIther, It

may comﬁ}:gllse compounds wherein thé product may have amide, ar_ni%%qe, and/or salt linkages in
addition Toatrvémigenimeaienatiasslypuciaht rfstitsPpbirikERY eGSR L PHMER) ARG Mot and an

anhydridg moiety J000R01Ehg, RRSsPhoNUS- RBsRdNERS ReVantative dhay Barisseatinzadubsicating
composition in an amount sufficient to provide from about 200 to about 2000 ppm phosphorus.

AC-201 Hterganehhy §B 75 dysaibskahtr example, the phosphorus-based wear preventative may be
present ipghgpricating GampasifiemiirRam9uNtsHificRNt I RroviderfemnabotiebARalo abkit 800

PP P o De e B OSPRMIS RgsRa Wear RIPveNiatye may,Re RIgSSt ;2 Jbricating
itaconic anhydride. citraconic acid, citraconic anhydride, mesaconic acid, ethylmaleic anhydride,
dimethylmaleic anhydride, ethyimaleic acid, dimethyimaleic acid, hexylmaleic acid. and the like,
including the corresponding acid halides and lower aliphatic esters. A ‘mole ratio of maleic
anhydride to polyalkeny! component in the reaction mixture may vary widely. Accordingly, the
mole ratio may vary from about 3:1 to about 1.5, for example from about 3:1 to about 1.3, and as
a further example, the maleic anhydride may be used in stoichiometric excess to force the
reaction to completion. The anhydride to polyalkeny!l component mole ratio in the reaction
product may vary from 0.5:1 to greater than 1.5:1. The unreacted maleic anhydride may be
removed by vacuum distillation.

[00039] In order to make the hydrocarby! succinimide, the hydrocarbyl-substituted acid or
anhydride is further reacted with an amine compound. Any of numerous amines can be used to
prepare the polyalkenyl or hydrocarbyl-substituted succinimide, provided the amines are
polvamines containing at least two nitrogen atoms. Non-limiting exemplary polyamines may
include aminoguanidine bicarbonate (AGBC), diethylene triamine (DETA), triethylene tetramine
(TETA). tetracthylene pentamine (TEPA), pentaethylene hexamine (PEHA), and isomers
thereof, and heavy polyamines. A heavy polyamine may comprise a mixture of

polyalkylenepolyamines having small amounts of lower polyamine oligomers such as TEPA and

il



composition in an amount sufficient to provide a ratio of alkali and/or alkaline earth metal content
(ppm) based on the total amount of alkali and/or alkaline earth metal in the lubricating composition to
phosphorus content (ppm) based on the total amount of phosphorus in the lubricating composition of
from about 1.6 to about 3.0 (ppm/ppm). Friction Modifiers 1000521Embodiments of the present
disclosuMé A& fclude one or more friction modifiers. Suitable friction modifiers may comprise metal
containii@%ﬁ?ﬁ%@tbﬁf@e friction modifiers and may include, but are not limited to, imidazolines,
amides, amines. succinimides, alkoxylated amines, alkoxylated ether amines, amine oxides,
amidoariied: SHHRAMBERISUEORGEIdMARR ARFHRSTiMMNEsT IR SLTEsaMih e glradrEary
alkanolamiges, lehasplhenatesdnatatcontaiirgheaivipan ntanglyeetalieatersobachiine fiketures.
1000531 Suyitable friction modifiers may contain hydrocarbyl groups that are selected from straight
chain, bfh#éﬂ%a}:ﬂg?ﬁ,’@rﬁ%% [k g?o‘gg'ra%hy%g/ uﬁsug)eraéﬁg |§?%?’E§s 65938 vEn %rﬁ%ly}j 6 Saturated or
unsaturatedinTrheld yiiseaanty lagr odipd opal inelcdmPpasedoof Cadiols anthhydiscgemoohetbichatoms such

as sulfur or oxygen. The hydrocarbyl groups ‘rapge from about 1.2 t .aF) ms and
may be gqacﬁjrpacl}t;eg{qe %P Unsatara eedrmfgf)ggﬁ,&%{?r%g 'frlj(gltl%dvn({i}(ﬁ(C)a %’r\e]cr)émrlrjldafiqlﬁg u%g}é%i %Eg%?ﬁ%/amines.
Such cormetupdsednhdvabiydritertpd groups thetmealindanceithbihsatiscaeedr o timpakuiaisg, or a
mixture fhereof and.maeAnaR. iaNAGlalaabepbRS catbonalams, 190RR IRERErGamples
of suitable friction modifiers include alkoxylated amines and alkoxylated ether amineS. Such
compouringnayatiabe HydreaarByiciRBnIsS tdatixed Iinear, Relieikerylirssainimsvatida, 8pd mixture
thereof THEMMAY Lani@iniegnahout 12 to about 25 carbon atoms. Examples include ethoxylated
amines and ethoxylated ether amines. [00056]The amines and amides may be used as such or in the
form of 4PORAALCt or BB GTMBRIIEN itRea BTN OIS NERLER SerivBdritoskiaempaYafishide,
metaborgignfaric acid or a mono-, di- or tri-alkyl borate. Other suitable friction modifiers are described
in US 6,300.291, herein incorporated by reference. AC-2011-8 (66783.US/2175.0) [00057]Other
suitable friction modifiers may include an organic; ashfes%‘{metal-free), nitrogen-free organic friction
modifier. Such friction modifiers may incl@g}gﬂ% rmed by reacting carboxylic acids and
anhydrides with alkanols. Other useful friction modi\grs gepg‘rally include a polar terminal group (e.g.
carboxyl or hydroxyl) covalently bonded to an oleophitie,drocarbon chain. Esters of carboxylic acids
and anhydrides with alkanols are described in U.S. 4,702,850. Another example of an organic ashless
nitrogendiéeaflistiercartodifieriie kivswiberk merpdynaslylCos thonbelgatd® (GMEG)inddictbeavay dontain
mono- and giesters of eleicacid QMher uliable ction mediers A dersyihng in US 6,723,685,
herein mcorporapéd0 y retrerence. The ashless friction moditier may be present in the lubricant
composition in an amount ranging frofi about 0.1 to about 0.4 percent by weight based on a total
weight of the lubricant compasiti 058]Suitable friction modifiers may also include one or more
molybdenum compounds. The compound may be sulfur-free or sulfur-containing. The
molybdenum compound may be selectét p istin Nﬁglybdenum dithiocarbamates
(MoDTC), molybdenum dithiopho es, molybdenum dithiopfidsphinates, molybdenum xanthates,
molybdenum thioxanthates, molybdefium sulfides, a trinuclear organomolybdenum compound,
molybdenum/amine complexes, and friixtures thereof [00059]Additionally, the molybdenum compound

may be a},acigic, ALY SRMRYULNEr tRGIHEed arg Mmekis Arith. A MERitMmaly Bgatessodium

molybdate, potassium molybdate. and other alkaline metal molybdates and other molybdenum salts,
e.g., hydib8¥h sBdrinsTISHBfe MEOTA2E Rlot2d 3RV ARG BLISERBeHEh HidESHEMilar
acidic melyRasnYIBERMBRNES AtarNativelyothemompeasitions«arr e pareadwithamoiodenum by
molybdenum/sulfur complexes of basic nitrogen compounds as described, foy example, in U.S. Pat.
Nos, 4.263m58! ATHASEs-COnsRs SRSIPHTE LA SPPIUG: 541545 SEGTIRE KR F5H5 104

and WO 2441689%foduct of a hydrocarbyl-substituted succinic anhydride, such as a polyisobutenyl

succinic anhydride (PIBSA), and a polvamine, for example tetraethylene pentamine (TEPA).
[00041] A particularly useful hydrocarbyl amine compound may include an alkenyl-
substituted succinic anhydride having a number average molecular weight (Mn) in the range of

from about 100 to about 3000 as determined by gel permeation chromatography (GPC) and a
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AC-2011-8 (66783.US/2175.0) 1000601Suitable molybdenum dithiocarbamates may be represented
by the formula. Y1y Y2 N N CSMoMoS where RI. R2, R3, and R4 each independently represent a
hydrogen atom, a C1 to C20 alkyl group. a C6 to C00 cycloalkyl, aryl, alkylaryl, or aralkyl group, or a
C3 to C30 hydrocarbyl group containing an ester, ether, alcohol, or carboxyl group; and X1, X2, Y1,
and Y, €der?tidebendently represent a sulfur or oxygen atom. (00061]Examples of suitable groups for
each of(R97R2URZ 1aA@)R4 include 2-ethylhexyl, nonylphenyl, methyl, ethyl, n-propyl, iso-propyl,
n-butyl, t-butyl, n-hexyl, n-octyl, nonyl, decyl, dodecyl, tridecyl, lauryl, oleyl, linoleyl, cyclohexyl and
phenyIrRELHGAIRS 5 ¥3akA e eeteh REVAIE B E T ek ki o B eFeey B CAESnd v1
and Y., may bethespme in‘hand gt dhayhatibeomprise sulfur atoms, and Y1 and Y, may both
comprise oxg/ en atoms. 1000621F%rther examples of milybden m ithiog?rbamgteseilpn%gd(% C6 -
c18 dial®P3Ebiary ISR FaATRAL 4] Ifg%fb[?fhﬂf% Fham%Rtes SGERAs dbutyP

diamyl-did Zeethythexyl)-, dilauryl-, dioleyl-, and dicyclohexyl-dithiocarbamate. 1000631Another class of
suitable organo-molybdenum compounds are trinuclear-molybdenum compounds, such as those of the
formula Mo3SkLnQz and mixtures thereof, Wherg?lng;:”‘rep?é‘sents independently selected ligands
having organo groups with a sufficient nyghier ofcarbon atoms to render the compound soluble or
dispersible in the oil, n is from 1 to 4, k varies from 4 through.7. Q is selected from the group of neutral
electron donating compounds such as water, amines, ajgohols, phosphines, and ethers, and z ranges
from 0 to 5 and includes nonstoichiometric values. At least 21 total carbon atoms may be present
among atdhehligardsb orgaidezgtogps! sutdeescabidast g obinkerigt 38, 2otoatnensd SEfeEmvh atoms.
Additional suitable molybdenum compounds are described in US 6,723.685, herein incorporated by
reference. 1000641 The molybdenum o] ent in a fully formulated engine lubricant
in an amount to provide about 5 ppny'to 20& . As a further example, the molybdenum
compound may be present in an anhbgt[t}nd vide aH ut 50 tdNH0 ppm molybdenum.

R
wherein R’ is H or a hydrocarbyl group having 1 to 24 carbon atoms, n represents 0 or an integer

of from 1 to 5, and R is a hydrocarbyl substituent as defined above.

{00043 The resulting reaction product may be a compound of the formula
O T
LT
i
W

wherein Z is selected from -NR’R®, wherein R? and R are selected from H and a hydrocarbyl
group wherein R” and R® may be the same or different. Amounts of the reaction product used in
a lubricant formulation may range from about 0.01 to about 5 wt.% based on a total weight of the
fubricant formulation. For example, sufficient amounts of the reaction product may be added 1o
a lubricant composition to increase the TBN of the Jubricant composition from about | to about
50 percent over a base TBN value of the lubricant composition. Other amounts of the reaction
product may be added to a lubricant composition to increase the TBN from about 1 to about 30
percent, or from about 2 to about 25 percent or from about 3 to about 20 percent or from about 5
to about 10 percent over the base TBN value of the lubricant composition. The base TBN value
of the lubricant composition is the TBN value of the lubricant composition before adding the
reaction product described herein. The reaction product may be added neat to the lubricant

4

13



AC-20I1-8 (66783.0 S/2175.0) 1000651Additives used in formulating the compositions described
herein may be blended into the base oil individually or in various sub-combinations. However, it may
be suitable to blend all of the components concurrently using an additive concentrate (i.e., additives
plus a diluent, such as a hydrocarbon solvent). The use of an additive concentrate may take
advantafye-8ftleSBmutual compatibility afforded by the combination of ingredients when in the form of
an additi¢e’8ené®Riratd)) Also, the use of a concentrate may reduce blending time and may lessen the

possibility of blending errors. [00066]_Th%iJ)resent disclosure provides novel Iubrica}é&%o%blegds
specificfiyPoshiams T Risdilted St hiventy svibcas® AERRfeA RS BRI BR EOBPRD I Sint

disclosutg ;@g&igﬁ%@&gﬂm@a&ing,g@@guj;ﬁ@@sa‘@&grankcase applications and having improvements in
the following characteristics: antioxidancy, antiwear performance, rust inhibition, fuel economy, water
tolerance, air entrainment, and foam reducing properties. Anti-foam Agents 1000671In some
embodimentssa{eampohiaikor may form another component suitable for use in the compositions.
Foam inhibitors may bhe selected from silicones, polyacrylates, and the like. The amount.of.antifoam
agent in' #9848 gine 1URSRESERE T BN ed%%ec%riﬁeﬁxhagaé}hvren%%/c%ﬁ%én r%%e’a ‘%JP’B%%‘I‘ E\1/]\/];'E%>%to about
0.1 wt%tbasekian thepatahweihitt bhitheforviulatimblcApa Yother eydnopaiboantifskhomyday gy be
present in an amount from about 0.004 wt% to.abhou {a; Qxidagiap luhipiter Campogents
[00068] ﬁ%‘é?%grll MR o{%%arreaﬁﬁg%g%ﬁsaﬁé%ﬂ%ggmﬁﬁr?@%%y S(’)f_ba}se Est%ecks to d%alfiriorate in service
which ddispisatisncoamptie evidencadobylthepted getsstst oxiditiowistieh agashisdgl dhel PabHiss-like
deposits ahAEPaR AN tALSHIAGESANE yeKshRsn ORI aLInG JipiShed iPrRpBisRUcl

inhi inder

oxidation itors include phenols, sulfurized hindered phenols, alkaline earth metal salts of

alkylphesrsithifessstiors hawiig. o GL2 B sl SHARdS2uIAhisy ANeFHIREMNGR, HBETESHSYf either

sulfurizeg. or.-apsHifukzeg alodphensls: fonexeeplexalgiim anpriphanael webidecashiess piisoluble

phenates and sulfurized phenates, phosphosulfurized or sulfurized hydrocarbons, horus esters,
etal thiSea oS, Ao o Sdper Corsa P AE S RIS Tt g h S5 500,

AC-2011-846648356342585 Ma1989693Qther patianidants shairmayibaivsacainsluddesterbedliy
hindered phenols and esters thereof, diarylami kylated.phenothiazines, sulfurized compounds,
and ashlgps% B?éi&qyﬂiitﬁi%%’a?ggn?aqééi‘j‘%fgr% tl?‘?él %mﬁ]&% b%%f&arf%%ﬂaﬁiﬁaefs‘%heﬁ %ar?(t) Snc ude, but
are not limitedtp o2 &didertinnyahutylpheschrBbdideriatyabdtyh i éthidp Henal adidtiydi2h6raitertiary
butylphergl. 4- rog) 1-2.@-1 i-tertiary butylphenol, 4-butyl-2.6-di-tertiary butylphenol, 4-
penty1-26-4itéMH %f’oad’t [pHenol, 4-hexy1-2.6-di-tertiary butylphenol, 4-hepty1-2.6-di-tertiary
butylphenol, 4-(2-ethylhexyl)-2.6-di-tertiary butylphenol, 4-octy1-2,6-di-tertiary butylphenol, 4-
nonyl-2.6-di-tertiary,butylphenol, 4-decyl-2.6-di-tertiary butylphenol, 4-undecy1-2,6-di-tertiary
butylphe}(jh ,S ﬁ riha e o Wea’ri y %/tylphenol, methylene bridged sterically hindered phenols
including @045t limitethtophasphetiryhased iy (@Garishenaip erasy)comprise a metal dihydrocarbyl
ety e R SH AT SRR ke MY RBCRIS(AEIY L eUBI8gDidphoshate
ne-

methyle Is(2.6-dI-tert-butylphenol) and mixtures thereof as described in U.S Publication Na.

2004/02668B0U[C007S10MlamHe Aihytiaemtyindiieromhasehomithitee B BaryiNirsaAVing the

formula: dithiophosphate metal salts wherein the metal may be an alkali or alkaline earth metal, or

aluminum, lead, tin, molybdenum, manganese, nickel, copper, or zinc.

[00046] Dihydrocarbyl dithiophosphate metal salts may be prepared in accordance with
known techniques by first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by
reaction of one or more alcohol or a phenol with P»Ss and then neutralizing the formed DDPA
with a metal compound. For example, a dithiophosphoric acid may be made by reacting
mixtures of primary and secondary alcohols. Alternatively, multiple dithiophosphoric acids can
be prepared where the hydrocarby! groups on one are entirely secondary in character and the
hydrocarbyl groups on the others are entirely primary in character. To make the metal salt, any

basic or neutral metal compound could be used but the oxides, hydroxides and carbonates are

14



R -N - wherein R' and R" each independently represents a substituted or unsubstituted aryl group
having from 6 to 30 carbon atoms. lllustrative of substituents for the aryl group include aliphatic
hydrocarbon groups such as alkyl having from 1 to 30 carbon atoms, hydroxy groups, halogen
radicals. carboxylic acid or ester groups, or nitro groups. [00071]The aryl group is preferably
substituted-éP Un8ubstituted phenyl or naphthyl. particularly wherein one or both of the aryl groups are
substitutédikdth 84&a5Pbne alkyl having from 4 to 30 carbon atoms, preferably from 4 to 18 carbon
atoms, most preferably from 4 to 9 carbon atoms. It is preferred that one or both aryl groups be
substitufé@ﬁ,@.‘@?%ﬁ@%ﬂ@%dsai’ﬁﬁ‘éﬁ?%ﬁﬁﬁ5‘,"G§§TR9F§EEH’&fﬁﬁ%ﬁ)ﬂﬁﬁﬁﬁ@s&fﬁ‘?ﬁ?ﬁ}r%é%? Hbno- and
di-alkylated fiphepydayaings HAQOARITINS dissvhamings svayabie-aba sibesure containing more than one

nitrogen atom in the molecule. Thus the diarylamine may contajn_ at least twq nitrogen atoms wherein
at least BH4AlC-201 18 (898 ATy rﬁ%’é’é’ﬁoa?%{ﬁq?aﬁwﬁ) yigro Hg’fﬁeﬁaﬁﬁe gﬁ), e.g.

as in theitagsecehnalidibiciamifesibavidgadansdanpriieageibathmfadoneligitwalaryls on one of the

nitrogen atoms. [00073]Examp§§lipheny mine; varioys, phenyl iamine; dibutyldiphenylamine;
monononyldiphenylamine; ditet ylamine, Nsphenyl-1} enylenediamine:

Idip
monooctyldiphenylamine; dinonyldipqhx? amine; phenyl-alphaytaphthylamine;
monobutyldiphenyl-amine; dioctyl imen@onno tragecyldiphenylamine; monoocty!
phenyl-alpha- R*Q S S OR'

wherein R and R' may be the same or different hydrocarby! radicals containing from 1 to 18, for
example 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl, aryl, arylalkyl,
alkaryl, and cvcloaliphatic radicals. R and R’ groups may be alkyl groups of 2 to 8 carbon atoms.
Thus, the radicals may, for example, be ethyl, n-propyl, iso-propyl, n-butyl, iso-buryl, sec-butyl,
amyl, n-hexyl, iso-hexyl, n-octyl, decyl, dodecyl, octadecyl, 2-ethylhexyi, phenyl, butylphenyl,
cyclohexyl, methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total
number of carbon atoms (i.e., R and R") in the dithiophosphoric acid will generally be about 5 or
greater.  The zinc dihydrocarbyl dithiophosphaie can therefore comprise zinc diatkyl

dithiophosphates.

100048] Other suitable components that may be utilized as the phosphorus-based wear
preventative include any suitable organophosphorus compound. such as but not limited to,
phosphates, thiophosphates. di-thiophosphates, phosphites, and salts thereof and phosphonates.
Suitable examples are tricresyl phosphate (TCP), di-alkyl phosphite (e.g., dibutyl hydrogen
phosphite), and amyl acid phosphate.

[00049] Another suitable component is a phosphorylated succinimide such as a completed
reaction product from a reaction between a hydrocarbyl substituted succinic acylating agent and
a polyamine combined with a phosphorus source, such as inorganic or organic phosphorus acid
or ester. Further, it may comprise compounds wherein the product may have amide, amidine,
and/or salt linkages in addition to the imide linkage of the type that results from the reaction of a
primary amine group and an anhydride moiety.

{00050} The phosphorus-based wear preventative may be present in a lubricating

composition in an amount sufficient to provide from about 200 to about 2000 ppm phosphorus.
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naphthylamine;phenyl-beta-naphthylamine;monoheptyldiphenylamine;diheptyl- diphenylamine:
p-oriented styrenated diphenylamine: mixed butyloctyldi-phenylamine; and mixed
octylstyryldiphenylamine. 100074]The sulfur containing antioxidants include, but are not limited to,
sulfurized olefins that are characterized by the type of olefin used in their production and the final
sulfur cd’fffé%ﬂbk‘%e antioxidant. High molecular weight olefins. i.e. those olefins having an average
moleculfaﬁ'é\X/%?gIH%@fl 1680 351 g/mole, are preferred. Examples of olefins that may be used include
alpha-olefins, isomerized alpha-olefins, branched olefins, cyclic olefing and combinatians of these.
100075 A AALTORPEVAER G 5 R NE TSN ek e LS i el AT Slls rmay be
isomerizethpednfentheasulfusizatioffitdactiopor disringithbsulfiizatibouredEippm$tiogttoaband/or
conformati isomers of the alpha olefin that contain internal double bonds and/gr branching may
also be @%g i‘Lor ex?r%%lé’, |(§Sahﬁ)ﬂl/lfé%aes?§ a branéhed o e%%ﬁlec&aﬁ/tegﬁa rg?efﬁe gllpﬁa%}féﬁﬁti‘-%utene.
[00076]Sutfippsdunces thasmiamtbeutisachintthersulfigrizatitin refetlali ehdlefindkaloladerdlenstaital
sulfur, sulfur monochloride, sulfur.dichlori m: sulfide, ' ' ' of these
mdded g B e e e e e R o6 o
their unsatopatisierniayrhispissusuierized @po Ldased scanthntiosdd ammo BXam phbeeheils onfaks that
may be ysedingldseRumRl sarairabueekonserd:al giaresssd oil. olive oil, palm oil, peanut oil,
coconut oil, rapeseed oil, safflower seed oil, sesame seed oil, soyabean oil, sunflower seed oil, tallow,
and combinations of these. [00078]The amount of sulfurized olefin or sulfurized fatty oil delivered to
the finishedlubngamiis-based on the sulfur content of the sulfurized olefin or fatty oil and the desired
level of AC-2011-8 (66783.US/2175.0) sulfur to be delivered to the finished lubricant. For example, a
sulfurize @881 oil or HETRPLRAAIAG S5 WRTHE b LM T B AdAEH 16 R fiffsHBAFFUBHERRE at a 1.0
weight % tr@dicleveluidbrelves 200 apaisohauliimipribe dirishedntabrisanind melfldzedifatiyoil or

olefin contajning 10 weight % sulfur, when added to the finished lubricant at a 1.0 weight %.treat level,
i 1 S e o s s e

mited o, mmdazolines. ami See
rlcant.ol’n some emebb%’rlnments, e Suﬁlurlze oleefm or
sulfurizegifattyl aiddnayicaljvek dataed e 00 ppmeandnae®bpjpies sutfuddaniive finistaes | Uisrigant, For

example, the sulfurized olefin or sulfurized fatty.oil may deliver P sulfur to the finished
bricand D 81T o LT AN S A A e R B S AR recon

is as oil sotidlerntganiupewsinebred ssicts amdtbadisiction products of titanium alkoxide and carboxylic

acids. InGEAGLE! terms, g SHIARIC AN HEANL AN T e ATV FOmRPR YRR G ERnOes
g table. Table 2 Component

straight chain, branched chain, or aromatic hydrocarbyl groups or admixtures thereef, and may

be saturated or unsaturated. The hydrocarbyl groups may be composed of carbon and hydrogen

or hetero atoms such as sulfur or oxygen. The hydrocarbyl groups may range from about 12 to

about 25 carbon atoms and may be saturated or unsaturated.

[00054] Aminic friction modifiers may include amides of polyamines. Such compounds

can have hydrocarbyl groups that are linear, either saturated or unsaturated, or a mixture thereof

and may contain from about 12 to about 25 carbon atoms.

[00055] Further examples of suitable friction modifiers include alkoxylated amines and

alkoxylated ether amines. Such compounds may have hydrocarby! groups that are linear, either

saturated, unsaturated, or a mixture thereof. Thev may contain from about 12 to about 25 carbon

atoms. Examples include ethoxylated amines and ethoxylated ether amines.

[00056] The amines and amides may be used as such or in the form of an adduct or

reaction product with a boron compound such as a boric oxide. boron halide, metaborate, boric

acid or a mono-, di- or tri-alkyl borate. Other suitable friction modifiers are described in US

6.300,291, herein incorporated by reference.
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Wt. % (Broad) Wt. A (Typical) Dispersant 0.5- 10.011.0 - 5.0 Antioxidant system 0- 5.0 0.01 -3.0 Metal
Detergents 0.1 - 15.00.2 - 8.0 Corrosion Inhibitor 0- 5.0 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

AC-2011-8

(66783.US/2175.0)

[00057] Other suitable friction modifiers may include an organic, ashless (metal-free),
nitrogen-free organic friction modifier. Such friction modifiers may include esters formed by
reacting carboxylic acids and anhydrides with alkanols. Other useful friction modifiers generally
include a polar terminal group (e.g. carboxyi or hydroxyl) covalently bonded to an oleophilic
hydrocarbon chain. Esters of carboxylic acids and anhydrides with alkanols are described in
U.S. 4,702,850. Another example of an organic ashless nitrogen-free friction modifier is known
generally as glycerol monooleate (GMO) which may contain mono- and diesters of oleic acid.
Other suitable friction modifiers are described in US 6,723,685, herein incorporated by
reference. The ashless friction modifier may be present in the lubricant composition in an
amount ranging from about (.1 to about 0.4 percent by weight based on a total weight of the
lubricant composition.

[60058] Suitable friction modifiers may also include one or more molybdenum
compounds. The molybdenum compound may be sulfur-free or sulfur-containing. The
molybdenum compound may be selected from the group consisting of molybdenum
dithiocarbamates (MoDTC), molybdenum dithiophosphates, molybdenum dithiophosphinates,
molybdenum xanthates, molybdenum thioxanthates, molybdenum sulfides, a trinuclear organo-
molybdenum compound, molybdenum/amine compléxes, and mixtures thereof.

[00059] Additionally, the molybdenum compound may be an acidic molybdenum
compound. Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g., hydrogen
sodium molybdate, MoOCl;, MoO:Brz, M0,03;Clg, molybdenum trioxide or similar acidic
molybdenum compounds. Alternatively. the compositions can be provided with molybdenum by
molybdenum/sulfur complexes of basic nitrogen compounds as described, for example, in U.S.
Pat. Nos. 4,263,152; 4,285,822, 4,283,295; 4,272,387, 4,265,773, 4,261.843; 4.259,195 and
4,259,194; and WO 94/06897.
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Ant foaming 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 -20.000.25- 10.0 Supplemental friction modifier
0- 2.0 0.1 - 1.0 Base oil Balance Balance Total 100100

AC-2011-8
(66783.US/2175.0)
[00060] Suitable molybdenum dithiocarbamates may be represented by the formula:
R S Yix, Yo S Rs
N AN h /
. I [N |
N—C—S—Mo Mo—S —C—N
P N
R Ra

where Ry, Ry, Rs, and R, each independently represent a hydrogen atom, a C, to Cy alkyl group,
a C¢ to Cap cycloalkyl, arvl, alkylaryl, or aralkyl group, or a C; to Cyp hydrocarbyl group
containing an ester, ether, alcohol, or carboxyl group; and X, Xo, Y. and Y» each independently
represent a sulfur or oxygen atom.

[00061] Examples of suitable groups for each of Ry, Ry, Ra, and Ry include 2-ethylhexyl,
nonylphenyl, methyl, ethyl, n-propyl, iso-propyl, n-butyl, t-butyl, n-hexyl, n-octyl, nonyl, decyi,
dodecyl, tridecyl, lauryl, oleyl, linoleyl, cyclohexyl and phenylmethyl. R; to Ry may each have
Ce to Cig alkyl groups. X; and X, may be the same, and Y, and Y, may be the same. X, and X
may both comprise sulfur atoms, and Y and Y, may both comprise oxygen atoms.

{00062} Further examples of molybdenum dithiocarbamates include Cs - Cys dialkyl or
diaryldithiocarbamates, or alkyl-aryldithiocarbamates such as dibutyi-, diamyl-di-(2-ethyl-
hexyl)-, dilauryl-, dioleyl-, and dicyclohexyl-dithiocarbamate.

[00063] Another class of suitable organo-molybdenum compounds are trinuclear
molybdenum compounds, such as those of the formula Mo:5L.Q, and mixtures thereof, wherein
L represents independently selected ligands having organo groups with a sufficient number of
carbon atoms to render the compound soluble or dispersible in the oil, n is from 1 to 4, k varies
from 4 through 7. Q is selected from the group of neutral electron donating compounds such as
water, amines, alcohols, phosphines, and ethers, and z ranges from 0 to 5 and includes non-
stoichiometric values. At least 21 total carbon atoms may be present among ali the ligands'
organo groups, such as at least 25, at least 30, or at least 35 carbon atoms. Additional suitable
molybdenum compounds are described in US 6,723,685, herein incorporated by reference.
[00064] The molybdenum compound may be present in a fully formulated engine
lubricant in an amount to provide about 5 ppm to 200 ppm molybdenum. As a further example.
the molybdenum compound may be present in an amount to provide about 50 to 100 ppm

molybdenum.
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1000801In order to demonstrate the benefits and advantages of lubricant compositions according to
the disclosure, the following non-limiting examples are provided. AC-201I -8 (66783.US/2175.0)
EXAMPLES Example 1: Preparation of Butyl Nicotinate Using Sulfuric Acid catalyst 100081 1Nicotinic
Acid (3.0 g, 24.4 mmol) and n-butanol (9.0 g, 122 mmol) were mixed together at room temperature in a
2-neck 26 mPIfoBind bottom flask equipped with a magnetic stir bar and reflux condenser under an
atmosphr&33fie 2 1ISaiflric acid (3.59 g, 36.6 mmol) was added dropwise to the flask over a period of
30 min. Once the addition was complete, the reaction mixture was heated to 85C. and held for 2
hours. ﬁﬂ@“@ction rAid ks A TR L8 ARG PRRABE W q%ﬁf%ﬁﬁ‘?&ﬁlﬂﬁé ESIE ?3%‘3\%%
Rﬂeust(r)allzfﬁla@ mghbﬁs%dcmlﬁm Ednacieanwithi EO At (o Bmanohs T dcavganicilayey Wasuiriblt aver

g504, filtered, and concentrated to yield a light.yellow liquid. 1H NIV1R (500 MHgz..CDC13); 9.229
A e i R R ey e O L S
1719.5, &8R40 8swhchy @hldertaibdnxammpie) 2 TReaparation afdBiy ciubicotimaterussi g R etyaltgie
Alkvlbenzene Sulfonic Acid.Catal 00082 1Nicatinic Acid (24.6 g, - ( 0g,1.33
m_oI) and’hk tﬁ‘rﬁ‘é“?gﬁf)f“&'i t\}\%ﬁt c%aorlgj%é:go t%i E%SOC ML reac i8$12 g{ﬁ%lé‘rﬁj gﬁ%p%e%’g v?/f;%ﬁ%mgé%%anical
stir, a Deddi:Btarkrirapiraind thisomideouple! Tltencrintiate was stitved HieBOOS I eIARE AL dR5E
atm_o_spt;gge %”%ﬁ‘#kyﬁ%ﬁ‘éled?ﬁé%w? acid (480 mw, 120 g, 0.25 mol) was added dropwise through an
addition Uriner over 2 hours. the mixture was heated to 115 C. and held for 3 hours. A second portion
of Nicotiig0&eld (24.67s Opzensol) wisslesttiedrinddgh apeidebriftHaramy thachsh penetiiieribas
increaseg] 10, 150 G AN VRCHHERWES- aPRlied 40 aS&iis Haand diglenterot feysthe distilateswas then

taken and solvents removed under vacuum on a rotary evapaorator to yield the desired E)rod ct. This

process %ﬂ@ﬁéﬁté&’é%ﬁﬁ&i@%ﬁ?ﬁ%@ (R Rea8a AR AR IS AN HRPERYgmeENts 10 e ample
3: Prepagalionaf Bubd-hicaiinate, s RiessuriReastgerformance, rust inhibition, fuel economy,

water tolerance, air entrainment, and foam reducing properties.

Anti-foam Agents

100067] In some embodiments, a foam inhibitor may form another component suitable for
use in the compositions. Foam inhibitors may be selected from silicones, polyacrylates, and the
jike. The amount of antifoam agent in the engine lubricant formulations described herein may
range from about 0.001 wt% to about 0.1 wt% based on the total weight of the formulation. As a
further example, antifoam agent may be present in an amount from about 0.004 wt% to about

0.008 wt%.

Oxidation Inhibitor Components

100068] Oxidation inhibitors or antioxidants reduce the tendency of base stocks to
deteriorate in service which deterioration can be evidenced by the products of oxidation such as
sludge and varnish-like deposits that deposit on metal surfaces and by viscosity growth of the
finished lubricant. Such oxidation inhibitors include hindered phenols, sulfurized hindered
phenols, alkaline earth metal salts of alkylphenolthioesters having Cs to C;; alky! side chains,
sulfurized alkylphenols, metal salts of either sulfurized or nonsulfurized alkylphenols. for
example calcium nonylphenol sulfide, ashless oil soluble phenates and sulfurized phenates,
phosphosulfurized or sulfurized hydrocarbons, phosphorus esters, metal thiocarbamates, and oi!

soluble copper compounds as described in U.S. Pat. No. 4,867,890.
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[000831n-Butanol (177.6g. 2.4 mol), nicotinic Acid (98.4 g, 0.8 mol) and toluene (45.0 g) were charged
to a 450 ml pressure reactor kettle and equipped with mechanical stir, a pressure take-out trap, and a
thermocouple. The reactor was sparged with nitrogen and heated to 116 C., sealed, then heated to
200 C. and held for 6 hours. The mixture was then removed from the reaction kettle and volatiles
remove®Yrder vacuum on a rotary evaporator at 60' C. The product AC-2011-8 (66783.US/2175.0)
was the@$mi§§/%§7éd)r%bining it with 50.0 g toluene and 60.1 g 4.4% NaOH solution in a 500 mL
separatory funnel. The organjc layer was then separated, dried over 5. 4 and salvents removed
cndor A on a rAF) GUAPGTAGER SEEHE. o e TR aa DR A e e

esire : r%npcie i reparation of
2-Ethylhaxdolicalinatentiising Silfusied cishGathlyzind00684uNedtinimapick(B0 gakd. 4asiiesi) and
2-ethylhexanol .(15.9 g, 122 mmol) were mixed together at 1 t e re.jn a qa-nec rg1Lround
pottom AR BTR A e ath Eerin el AR £ RGRE BT
Sulfuric meidi(369 &, I666dmekaas addebedrbplisalidettieiabkipereah3rivitebetiedyBhéelthe

oA S HIRIGHE e SR A WB ISHRG A Lo8, P kel iR Bavihie reacto”

mixture was allo to cool oured ove e resulting solution was néutralized with K2CO3

and extreasted Witk EeOway 2bx T B RDYL Th@THahic dayetians bistplsnol Mybow! fieedid crizey

concentggiebiRnie!d.alightnelon il fampiaapRipnacatan of Gtiudnexduisginamide
1000851Nicotinic aci (756%;0. 1 mmoles) and 20 g of xylene were charged to a reactor that is

equippetonithiebslitesiara da nitrbgrel fdwesy Dedriseateirapaitislisith J0gdsesehid 4t
mechanigal shiiest, 2480yHoxylamine (36,2 su@ipicimles)nasadded dedhismixure drapwise. The
mixture was heated to up to 210 C. and held until about 9 n;L of water collected in the Deaj;hStark trap.

The mixRA@Nas HERGREURH stipbedifovife &-adPRTRLRASR A CERNNSEEBS U 12,165 nitrogen
and haddpiiaedhandeaidsho;cké36).7, 1542ktianchdbis(@rmdthExample:tbisepanation of.4-

2-EthylHexyl Nicotinate Without Catalyst 1000861 2-Ethylhexyl alcohal (215.5 @, .65 mol S
chargec TS AE LT RS St ETEREt IRt Reso ot e Bah oo Kbty 48
thermocoogpiedZbhe3mixture was stirred at 300 rpm and nicotinic acid (61.5 g, 0.5 moll was added in

portions h a powder funnel. The mixiut ' - I flow
and hel omours. ﬁaéy}ﬁ&{ﬂ?eaw}aosx% %nnsclgg g%%%ﬁ%%%%%%ﬁ?&%@ %v ﬁi‘gﬁ%ﬁ%@%ﬁa Hg and
held for 4&mita: 22.9 g process oil was added and the mixture was then allowed to cool to room
temperature under nitrogen atmosphere. The resulting mixture was then filtered twice through Celite
Hyflow and Whatman # 1 filter paper to yield desired product. AC-2011-8 (66783.US/2175.0) Example
7: Preparation of Olevl Nicotinamide [OOOB?QHMCWQW@_%M (75 g. 0.61 mmoles) and 10 mL of xylene
were charged to a reactor

wherein R’ and R” each independently represents a substituted or unsubstituted aryl group

having from 6 to 30 carbon atoms. Illustrative of substituents for the aryl group include aliphatic
hydrocarbon groups such as alkyl having from 1 to 30 carbon atoms, hydroxy groups, halogen
radicals, carboxylic acid or ester groups, or nitro groups.

[00071]} The aryl group is preferably substituted or unsubstituted phenyl or naphthyl,
particularly wherein one or both of the aryl groups are substituted with at least one alkyl having
from 4 to 30 carbon atoms, preferably from 4 to 18 carbon atoms, most preferably from 4 to 9
carbon atoms. It is preferred that one or both aryl groups be substituted. e.g. mono-alkylated
diphenylamine, di-alkylated diphenylamine, or mixtures of mono- and di-alkylated
diphenylamines.

[00072] The diarylamines may be of a structure containing more than one nitrogen atom in

the molecule. Thus the diarylamine may contain at least two nitrogen atoms wherein at least one
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that is equipped with a sub-surface nitrogen flow. a Dean-Stark trap filled with 25 mL of xylene, and a
mechanical stirrer. Oleylamine (163.2 g. 0.61 moles) was added to this mixture dropwise. The mixture
was heated to up to 200 C. and held until about 6 mL of water collected in the Dean-Stark trap. The
temperature was reduced to about 120 C. and the mixture was then vacuum stripped to provide a dark
residue tHat2¥ad-& TBN of 168.6 by D2896 method and had infra-red bands at 3300.7, 1626.4, 1545.5.
and 707(&¢R* BEXaMI5IE)8: Reaction of Glycerol Mono-Oleate with Nicotinic Acid [00088]Glycerol
mono-oleate (142.2 g, 0.6 mol) and xylenes (50 g) were charged to a 500m1 reaction kettle and
equippeaimﬂﬂ?wé@w%@rcmﬁrybgmm%wﬁ@rgﬁ@m Q&S AGBD GRTe OF M RhxireIBaS R at 300

rpm and;nicekial-Acitdgdh 4iembh 43 Mmal) wassadded Mdaartiansdhrudhiompowder funnel. The mixture
was stirred and heated to 200 C. with sub-surface nitrogen and held for 9.5 hours. The mixture was

cooled tH980°C. and xrmielss A< iAspluRRes- BAISHOHE aHRFheRF il RBLAT MRS Wiks then
filtered thgahiGelile Hyfipwsantkdaaimeaphédyikeirpaperiodisld i detiratharadytixample 9:
Succinimjde-nicotjnamide [00089]Syccinimide (2100 number average molecular, weight. 368.8 g,
0.073 mB#ﬁegﬁﬁn fh@'ir\]ﬁlgotinate ( %‘?%Tﬁﬁ%&ﬁ?ﬁfé‘r@éﬂéﬁaﬁed to a 280" u?@h’?ﬁeeﬂﬁ{éaéndafpped with
an overhiaddtiiphenglBean-Stark trap anchadtighhdenuplaiddhe reaction nixtuyelipasnheated.under a

nitrogen_atmosphere to 150 C. for 3 hoyrs. The reaction. mixture was diluted.wit 44;11.6 gprocess oil to
fora 400 BB At 0 "o ISR Ve BRI RIS

100090 18egeitirdel@0@minmber aherage!photeapiidriaeidin, 368:8000MT3 mophand-ethi-
“'COt'”aﬁ‘?aEsﬂEi‘v%&QnQ?s‘ m%%{g@%ﬂ{%%q&%@ mL resinKSH8 sauppahwith an qyerhead stirrer,

a Dean-Stark trap and a therm hereaction mixture was heated under AC-2011-8
(66783. UBIENYBUD) g nitroferfstnfogphees tdipbOTa0ing:hsuirsdT hetréedst phsaylanings didted with

44.6 g prRLReE g Rlialth38da38nef desired product. Example 11: Succinimide B-nicotinamide
[00091]A 500 mL resin kettle equipped with an overhead stirrer, condenser, Dean-Stark trap and a

thermocHfi&lvas chaR§etHifih Swsin i sraasatdenst RIS cRINIEnRGUIAA EA cle: ntildsed 41 meq

KOH/g) angidoBalG/Shinah-teiaashiansg pestanine uidieireaetiop-saidise wastheded withistirring
under nitrogen at 160 C. for 3 hours. The reaction mixture was diI%ted w%%émé.?,g process oil cooled

and filte RS afto P A5 G P e Bl TRl U 0SS O lEilin e BYZ0R'E 1SS 0B3RBT SR ESthyl
nicotinat@gfedn gy G\QTh10I) s8ete ThagrGI ardpeerekeesinkatikeeqdipleea withanovieshaed stirrer,

a condenser, a Dean-Stark trap and a thermgcouple. The reaction mixture was.heated under
itrogen B T RREACS MBS B EHs, TREATORLTon 1 TRRTS e A heaanlle 7 2 Bioc8d oif o
afford 2088 tgmitidesiedigseoduct. Example 12: Succinimide C-nicotinamide

[00075] Alpha-olefins include, but are not limited to, any Cq to Cas alpha-olefins. Alpha-
olefins may be isomerized before the sulfurization reaction or during the sulfurization reaction.
Structural and/or conformational isomers of the alpha olefin that contain internal double bonds
and/or branching may also be used. For exampie, isobutylene is a branched olefin counterpart of
the alpha-olefin I-butene.

100676} Sulfur sources that may be used in the sulfurization reaction of olefins include:
elemental sulfur, sulfur monochloride, sulfur dichloride. sodium sulfide, sodium polysulfide, and
mixtures of these added together or at different stages of the sulfurization process.

{00077] Unsaturated oils, because of their unsaturation. may also be sulfurized and used as
an antioxidant. Examples of oils or fats that may be used include corn oil, canola oil, cottonseed
oil, grapeseed oil, olive oil, palm oil, peanut oil. coconut oil, rapeseed oil, safflower seed oil,
sesame seed oil, sovabean oil, sunflower seed oil, tallow, and combinations of these.

[00078] The amount of sulfurized olefin or sulfurized fatty oil delivered to the finished

lubricant is based on the sulfur content of the sulfurized olefin or fatty oil and the desired level of
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[000931A 500 mL resin kettle equipped with an overhead stirrer, condenser, Dean-Stark trap and a
thermocouple was charged under a nitrogen atmosphere with 332.9 g of a 1300 mw PIB succinic
anhydride (Acid Number 0.73 meg. KOH/g) and 32.9 g (0.17 mol) tetraethylene pentamine. The
reaction mixture was heated with stirring under nitrogen at 160 C. for 3 hours. The reaction mixture
was dilubddd4#ith-344 g process oil cooled and filtered to afford 561 g of Succinimide C.
[000941@%%%%1’3% %5 127.4 g, 0.037 mol) and ethyl nicotinate (5.5 g, 0.037 mol) were charged to a
250 mL resm kettle equipped with n .ove Zead stirrer, a conde ser. an-Stark trap an
thermoctiibfeterhe ijgilﬁ?fgﬂ Fﬂl)ﬁ’ﬁr ‘ﬁ REGhadiPh ?ffﬁig’ﬁ f 3tﬁ’1%g‘;5ﬁ8fje ?5[515?3? ET ¥ gnhours
The reawmlmﬁgam@amgemwtmn?agqams ol itheaffuteiddit. & g ofdesighdpredustyExample
13: Mannj mamld 95 ich dispersant (195.3 O 1 5 oI reacti roduct of
950 mw‘ﬂ&j%ﬁ orn‘?ﬁfﬁeﬁ %@%J‘b@?ﬂ%{%@%ﬁo of” 'ﬁ %) du eltﬁ: nlcgtlﬁg‘te (é%‘n éj g, 0.185
mol) Wecemh]mnggd{Icwmgﬁ(%mukfmsmlt@ttié@qumﬁediwﬂﬂmdﬁmmeadashﬂev@igﬂl)&fanesftm%trap
AC-20I11- 8 175.0 thermocouple. The rea [ nitrogen
atmospr%gée?ﬁ Li:%ﬁ §§£H en}e?&]isogng?n%(?&}rceg r\}/\{/asﬁé ? r&g i/év%tlk%%%%%ng? ?)ér?)éisélds@gl%%) afford
502 g ofdidsired S}Bﬂﬁdwﬁ fasarnpleav dBbge belpteenA0D BIFA ManHIEA-Picotalmitetfod0g8F Mannich
d'spefsqumﬁn@ 93 2001 EeRRIAN RPN T of A adseiRNRROk A RIdEh ERRPG,PE Ko ghiatio of
1.1:1) and 30.2 g (0.2 mol) ethyl nicotinate were charged to a 500 mL resin kettle equipped with an
overheaﬁib’ﬁfréﬂ@ beishestabki¢pab and a thermocouple. The reaction mixture was heated under a
nitrogeny M@w phere 19, d A0 cir 3dppsiibhesgactipnaeoduet Wagdiliuad with6 Hichpsagess oil.

Example xample 16: Preparation of Butyl Nicotinate in a Pressure, Reactor without Aqueous

Extracudﬁgﬂfémggf NishOtasAIFPIS 315 U SCHBPL RES I aBid (P38t 66 RS &R PloHIBMET45.0 g)

were changedde md e ibky REaRSINe Kepaiorkedtiascauinpek withireechanicahsiirir piessididtakeout
trap, and a thermocouple. The eactor was sparged with nitrogen and heated to 116 C., sealed, then
heated t6°PRSTEHE KEIFTSFS 'ﬁ‘t?ﬂrgl tPﬁz irgi’vfl‘?l’%%g then removed from the reaction kettle and
volatiles removed under vacuum on a rotary evapgr ajonat 60 C. The product was then filtered through
celite on a Buchner funnel. 103.4 g product was o 2falned Example 16 [00097]An additive

compo

d-with lnrlnnc TIQOI\I hnncf FS- at nnnrnprln e treat levels

sition.as-listed-in Table 3 was top-treated

such that the TBN booster HH&%Ed the TBN, as measure (STM D289 W d, by
approximately.-1.0-base number. The resulting-additive-compbalt )G“ was-ther XE'*'S etedto an AK-6
seal elas @Wg'SWmnﬂf-h-'-*\' test-as-outiined-by-Daimler FI roelidlomet-Seal-&6: Apatibility Test VDA
675 30 Antioxidant System 6-5.0 0.01=3

Metal Detergents 0.1 -15.0 0.2-8.0

Corrosion Inhibitor 0-5.0 0~2.0

Metal dihydrocarbyl dithiophosphate 01-60 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 0-038

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 g.1-1.0

Base oil ‘Balance Balance

Total | 100 100

[00080] In order to demonstrate the benefits and advantages of lubricant compositions

according to the disclosure. the following non-limiting examples are provided.



AC-201I-8 (66783.1.1512175.0) Table 3 Component Wt. % (Broad) C9 alkylated diphenylamine

antioxidant 1.0 Phenolic antioxidant 1.5 Metal Detergents 2.5 Zinc dihydrocarbyl dithiophosphate 1.2
Pour point depressant 0.1

AC-2011-8
(66783.U8/2175.0)

EXAMPLES

Example 1: Preparation of Butyl Nicotinate Using Sulfuric Acid catalyst

[00081] Nicotinic Acid (3.0 g, 24.4 mmol) and n-butanol (9.0 g, 122 mmol) were mixed
together at room temperature in a 2-neck 25 mL round bottom flask equipped with a magnetic
stir bar and reflux condenser under an atmosphere of No. Sulfuric acid (3.59 g, 36.6 mmol) was
added dropwise to the flask over a period of 30 min. Once the addition was complete. the
reaction mixture was heated to 85°C. and held for 2 hours. The reaction mixture was allowed to
cool and poured over ice. The resulting solution was neutralized with K,COs and extracted with
EtOAc (2 x 75 mL). The organic layer was dried over MgSQ,, filtered, and concenirated to yield
a light vellow liquid. 1TH NMR (500 MHz, CDCI3): 9.229 ppm (s), 8.774 ppm (d), 8.305 (d),
7.391 (1), 4.369 (1), 1.762 (m), 1.484 (m), 0.991 (). IR: 2956.6, 1719.5, 1590.8, and 705.1 cm-1.

Example 2: Preparation of Butyl Nicotinate Using

Recyelable Alkvibenzene Sulfonic Acid Catalvst
[00082] Nicotinic Acid (24.6 g, 0.2 mol), n-butanol (100.0 g, 1.33 mol) and heptane (20.1

g) were charged to a 500 mL reaction kettle and equipped with mechanical stir, a Dean-Stark
trap, and thermocouple. The. mixture was stirred at 300 rpm under nitrogen atmosphere and
alkylbenzenesulfonic acid (480 mw, 120 g, 0.25 mol) was added dropwise through an addition
funnel over 2 hours. The mixture was heated to 115° C. and held for 3 hours. A second portion
of Nicotinic Acid (24.6 g, 0.2 mol) was added through a powder funnel and the temperature was
increased to 150° C. and vacuum was applied to -29.5 in Hg and held for | hour. The distillate
was then taken and solvents removed under vacuum on a rotary evaporator to yield the desired

product. This process was repeated 2 additional times using the same Alkylbenzenesulfonic

acid.

Example 3: Preparation of Butyl Nicotinate in a Pressure Reactor

[00083] n-Butano! (177.6 g. 2.4 mol), nicotinic Acid (98.4 g, 0.8 mol) and toluene (45.0 g}
were charged to a 450 mi pressure reactor kettle and equipped with mechanical stir, a pressure
take-out trap, and a thermocouple. The reactor was sparged with nitrogen and heated to 116° C.,
sealed, then heated to 200° C. and held for 6 hours. The mixture was then removed from the

reaction kettle and volatiles removed under vacuum on a rotary evaporator at 60° C. The product
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Viscosity modifierl 9.5 Antifoam agent 0.01 Base oil balance Total 100 1000981AK6 rubber was cut
into bone shapes with ASTM D1822-61 Type L die cast and placed in 30 ml scintillation vial. About 22
g of blend oil was poured into scintillation vial and the vial was tightly covered with an aluminum foil.
The vial was then placed in an oven maintained at 150 C. for 168 hours. The sample was removed
from ovét-é8bledl enough to handle and oil was decanted. Excess oil from the rubber bone was
blotted WAfH $s4(R&! B elongation and tensile strength were then measured using Bluehill INSTRON

Model #2519-104. The results are shown iné ble 4. Smaller negativ ues.of % Seal El ation
indicated® HERYREEH br fo0UEE NETHR %&g 3?%0%]&\/%5 'ILBgN4;§%%'3§Ba %( i<§ntlzlérfi\5/‘egr88
mL separatory funnel. The organic layer was then separated, dried over 5 g MgSO4 and solvents

removed under vacuum on a rotary evaporator at 60° C. to yield the desired product.

Example 4: Preparation of 2-Ethvlhexvl Nicotinate Using Sulfuric Acid Catalyst

[00084] Nicotinic acid (3.0 g, 24.4 mmol) and 2-ethylhexanol (15.9 g, 122 mmol) were
mixed together at room temperature in a 2-neck 23 mL round bottom flask equipped with a
magnetic stir bar and relux condenser under an atmosphere of Ny. Sulfuric acid (3.59 g, 36.6
mol) was added dropwise to the flask over a 30 min period. Once the addition was complete, the
reaction mixture was heated to 100°C, and held for 4 hours. The reaction mixture was allowed
to cool and poured over ice. The resulting solution was neutralized with K;CO; and extracted
with EtOAc (2 x 75 mL). The organic layer was dried over MgSO,, filtered, and concentrated to
vield a light vellow liguid.

Example 5: Preparation of 2-Ethvihexyvinicotinamide

[00085] Nicotinic acid (75 g, 0.61 mmoles) and 20 g of xylene were charged to a reactor
that is equipped with a sub-surface nitrogen flow, a Dean-Stark trap filled with 20 g of xylene,
and a mechanical stirrer. 2-Ethylhexylamine (86.2 g ,0.67 moles) was added to this mixture
dropwise. The mixture was heated to up to 210° C. and held until about 9 mL of water collected
in the Dean-Stark trap. The mixture was then vacuum stripped to provide a dark residue that

contained about 12.1% nitrogen and had infra-red bands at 3300, 1636.7, 1542.1, and 706 em™.

Example 6: Preparation of 2-EthvlHexvl Nicotinate Without Catalvst

[00086] 2-Ethylhexyl alcohol (215.5 g, 1.65 mol) was charged to a 500 ml resin kettle and
equipped with mechanical stir, a Dean-Stark trap and a thermocouple. The mixture was stirred at
300 rpm and nicotinic acid (61.5 g, 0.5 mol) was added in portions through a powder funnel.
The mixture was heated to 200° C. with sub-surface nitrogen flow and held for 6 hours. The
mixture was then cooled to 150° C. and vacuum was applied to -15 in Hg and held for 45 min.
22.9 g process oil was added and the mixture was then allowed to cool to room temperature
under nitrogen atmosphere. The resulting mixture was then filtered twice through Celite Hytlow

and Whatman # 1 filter paper to yield desired product.
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about 1.0 TBN) Treat Ratio Relative to Ex. 1 % Seal Elongation Relative seal Compatibility
improvement to Ex. 1 Total Effectiveness None (baseline) 7.85 -1.0 ----

AC-2011-8
(66783.U5/2175.0)

Example 7: Preparation of Olevl Nicotinamide

[00087] Nicotinic acid (75 g, 0.61 mmoles) and 10 mL of xylene were charged to a reactor
that is equipped with a sub-surface nitrogen flow, a Dean-Stark trap filled with 235 mL of xylene,
and a mechanical stirrer. Oleylamine (163.2 g, 0.61 moles) was added to this mixture dropwise.
The mixture was heated to up to 200° C. and held until about 6 mL of water collected in the
Dean-Stark trap. The temperature was reduced to about 120° C. and the mixture was then
vacuum stripped to provide a dark residue that had a TBN of 168.6 by D2896 method and had
infra~-red bands at 3300.7, 1626.4, 1545.5, and 707.6 em™.

Exampie 8: Reaction of Glvcerol Mono-Oleate with Nicotinic Acid

{00088] Glycerol mone-oleate (142.2 g, 0.6 mol) and xylenes (50 g) were charged to a
500mi reaction kettle and equipped with mechanical stir, a Dean-Stark trap and a thermocouple.
The mixture was stirred at 300 rpm and nicotinic acid (51.7 g, 0.42 mol) was added in portions
through a powder funnel. The mixture was stirred and heated to 200° C. with sub-surface
nitrogen and held for 9.5 hours. The mixture was cooled to 130° C. and vacuum was applied to -
28.5 in Hg and held for 1 hour. The mixture was then filtered through Celite Hyflow and
Whatman # | filter paper to yield the desired product.

Example 9: Succinimide-nicotinamide

{00089} Succiﬁimide (2100 number average molecular weight, 368.8 g, 0.073 mol) and
ethyl nicotinate (16.6 g, 0.11 mol) were charged to a 250 mL resin kettle equipped with an
overhead stirrer, a Dean-Stark trap and a thermocouple. The reaction mixture was heated under
a nitrogen atmosphere to 150° C. for 3 hours. The reaction mixture was diluted with 44.6 g

process oil to afford 409.8 g of desired product.

Example 10: Succinimide-nicotinamide

[60090] Succinimide (2100 number average molecular weight, 368.8 g, 0.073 mol) and
ethy! nicotinate 11.1 g (0.073 mol) were charged to a 250 mL resin kettle equipped with an

overhead stirrer, a Dean-Stark trap and a thermocouple. The reaction mixture was heated under
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1 2100 M, succinimide dispersant (about 55 wt.% active) (Comparative Example) 8.60 2.44 1.0 -40.5
1.0 1.0/1.0 = 1.0 2 Ethyl Nicotinate 8.68 0.25 0.1 -13.5 3.0 3.0/0.1 =30 3

AC-2011-8
(66783.US/2175.0)

a nitrogen atmosphere to 150°C. for 3 hours. The reaction mixture was diluted with 44.6 g

process oil to afford 382.3 g of desired product.

Example 11: Succinimide B-nicotinamide

[60091] A 500 mL resin kettle equipped with an overhead stirrer, condenser, Dean-Stark
trap and a thermocouple was charged with 265.1 g of a 2100 mw PIB succinic anhydride (Acid
number 0.4} meq KOH/g) and 13 g (0.079 mol) tetraethvlene pentamine. The reaction mixture
was heated with stirring under nitrogen at 160° C. for 3 hours. The reaction mixture was diluted
with 161.7 g process oil cooled and filtered to afford 404 g of Succinimide B.

[00092] Succinimide B (203.6 g, 0.037 mol) and ethyl nicotinate (5.5 g, 0.037 mol) were
charged to a 250 mL resin kettle equipped with an overhead stirrer, a condenser, a Dean-Stark
trap and a thermocouple. The reaction mixture was heated under a nitrogen atmosphere to
150°C. for 3 hours. The reaction mixture was diluted with 7.7 g process oil to afford 208.8 g of

desired product.

Example 12: Succinimide C-nicotinamide

[00093] A 500 mL resin kettle equipped with an overhead stirrer, condenser, Dean-Star;k
trap and a thermocouple was charged under a nitrogen atmosphere with 332.9 g of a 1300 mw
PIB succinic anhvdride (Acid Number 0.73 meq. KOH/g) and 32.9 g (0.17 mol) tetraethylene
pentamine. The reaction mixture was heated with stirring under nitrogen at 160° C. for 3 hours.
The reaction mixture was diluted with 244 ¢ process oil cooled and filtered to afford 561 g of
Succinimide C.

[00094] Succinimide C (127.4 g, 0.037 mol) and ethyl nicotinate (5.5 g, 0.037 mol) were
charged to a 250 mL resin kettle equipped with an overhead stirrer, a condenser. a Dean-Stark
trap and a thermocouple. The reaction mixture was heated under a nitrogen atmosphere to 150°
C. for 3 hours. The reaction mixture was diluted with 7.7 g process oil to afford 111.6 g of
desired product.

Example 13: Mannich Base-nicotinamide

[00095] A Mannich dispersant (1953 g 0.185 mol. reaction product of 950 mw
Alkylphenol, formaldehyde and DETA in a ratio of 1:1.1:1) and ethyl nicotinate (27.95 g, (.185

mol) were charged to a 500 mL resin kettle equipped with an overhead stirrer, a Dean-Stark trap
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Butyl Nicotinate 8.95 0.32 0.13 -9.19 4.4 4.4/0.13 = 34 4 2-Ethylhexyl Nicotinamide 9.08 0.42 0.17
-25.49 1.59 1.59/0.17 = 9.3 5 Oleyl Nicotinamide 8.97 0.67 0.27

AC-2011-8
(66783.US/2175.0)

and a thermocouple. The reaction mixture was heated under a nitrogen atmosphere to 120° C.
for 3 hours. The reaction mixture was diluted with 235.7 g process oi] to afford 502 g of desired

product.

Example 14: Dodecylphenol-DETA Mannich-nicotinamide

160096] A Mannich dispersant {75.5 g. 0.2 mol, reaction product of dodecylphenol.
formaldehyde and DETA in a ratio of 1:1.1:1) and 30.2 g (0.2 mol) ethy] nicotinate were charged
to a 500 mL resin kettle equipped with an overhead stirrer, a Dean-Stark trap and a
thermocouple. The reaction mixture was heated under a nitrogen atmosphere to 120° C. for 3

hours. The reaction product was diluted with 96.5 g process oil.

Example 15
Example 16: Preparation of Butyvl Nicotinate in a Pressure Reactor without Agueous Extraction
[00099] N-butanol (133.2 g, 1.8 mol), nicotinic acid (73.8 g, 0.6 mol) and toluene (45.0 g)

were charged to a 450 mL pressure reactor kettle equipped with mechanical stir, a pressure take-
out trap, and a thermocouple. The reactor was sparged with nitrogen and heated to 116° C,,
sealed, then heated to 220° C. and held for 6 hours. The mixtufe was then removed from the
reaction Kettle and volatiles removed under vacuum on a rotary evaporator at 60° C. The product
was then filtered through celite on a Buchner funnel. 103.4 g product was obtained.
Example 16

[00097] An additive composition as listed in Table 3 was top-treated with various TBN
boosters, at appropriate treat levels such that the TBN booster increased the TBN, as measured
by ASTM D2896 method. by approximately. 1.0 base number. The resulting additive
composition was then subjected to an AK-6 seal elastomer compatibility test as outlined by

Daimlier Fluoroelastomer Seal Compatibility Test VDA 675 301.
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-30.81 1.3 1.3/0.27 = 4.8 (000991As shown by the foregoing examples, ethyl nicotinate required
almost one tenth, on a weight basis, of the amount of succinimide dispersant required to deliver about
the same TBN, yet ethyl nicotinate was 3 times better in the AK-6 seal compatibility test. Thus, ethyl
AC-2011- ? 3.US/2175.0) nicotinate was about 30 (10 X 3) times more effective than the
succinin%gi'%g {%%jﬁgto%f Example 1. [000100]In the following table, a comparison of Dispersants B
and C v e i products of Examples 11 and 12 with respect to seal compatibility is shown.

Table 5 % Treat Rate % Seal Elongation]lmpro,lagmeegt 2100 mw Dispersant B3.4 -49.1 ---- Example
113.1 352
T\)\J.L

Component Wt. %

(Broad)
Cy alkylated diphenylamine antioxidant 1.0
Phenolic antioxidant 1.3
Metal Detergents 2.5
Zinc dihydrocarbyi dithiophosphate 1.2
Pour point depressant 0.1
Viscosity modifier 9.5
Antifoam agent 0.01

Base oil balance
. Total 100

[00098} AK6 rubber was cut into bone shapes with ASTM D1822-61 Type L die cast and

placed in 30 mi scintillation vial. About 22 g of blend oil was poured into scintillation vial and
the vial was tightly covered with an aluminum foil. The vial was then placed i an oven
maintained at 150° C. for 168 hours. The sample was removed from oven, cooled enough to
handie and oil was decanted. Excess oil from the rubber bone was blotted with tissues. Seal
elongation and tensile strength were then measured using Bluehill INSTRON Modei # 2519-104.

The results are shown in Table 4. Smaller negative values of % Seal Elongation indicated a

better result.
Table 4
Ex. | TBN booster additive TBN| % Treat |TreatRatio| % Seal Relative seal Total
No. Rate Relative to | Elongation [Compatibility| Effectiveness
{to deliver Ex. 1 improvement
about 1.0 to Ex. }
TBN)
None {baseline) 7.85 - - -1.0 o o
i 2100 M, succinimide 8.60 2.44 1.0 -40.5 1.6 L.O/1.0=1.0
dispersant (about 55 wt.%
active)
{Comparative Example)
2 Ethyl Nicotinate 8.68 0.25 0.1 -13.5 3.0 3.0/0.1 =30
3 Buty! Nicotinate 8.95 0.32 (.13 -9.19 4.4 4.4/0.13 = 34
4 2-Fthylhexyl Nicotinamide 9.08 .42 0.17 -25.49 1.59 1.59/0.17 = 9.3
5 Oleyl Nicotinamide 8.97 0.67 0.27 -30.81 1.3 1.3/0.27 = 4.8
{00099} As shown by the foregoing examples, ethyl nicotinate required almost one tenth,

on a weight basis, of the amount of succinimide dispersant required to deliver about the same

TBN, vet ethyl nicotinate was 3 times better in the AK-6 seal compatibility test. Thus, ethyi
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28% 1300 mw Dispersant C1.9 -44.6 ---- Example 122.0 -38.713.2% 1000101]As shown by the
examples in the foregoing table, the nicotinamide reaction products of Examples 11 and 12 showed
significant improvement in seal compatibility compared to the corresponding succinimide dispersants
that Wellgél%wwer reacted with nicotinate. [000102]In the following table, seal compatibility

comparl‘%%r?% : }s}]%/ﬂ when using the butyl nicotinate (BN) ashless additive, as generally described
in Example 1-3; o“top'tr)eat and boost the TBN of a fully formulated passenger car motor oil (PCMO)

meeting ILSAC CF-5 s S khe fully. d i ical: ixture of
ashlesgn dfgplgréearwsa%l nactr?l%?r?{ggaclzgo% E}J rﬁﬁ%?;\}/%%gagegf%%cﬁ éﬁr& ?vgigg%%té(/cl\?l}ﬁ a%gglirgs%ﬁ%;ﬁa%ye from
highly réa@@_%@%blyisobutylene and a boronate_d dispersant and a typical dispersant/inhibitor package
as set f%%hﬂbafb'e 3n The fasuiin arasbowndm shesialiowingiahis,compared tithamarsfigly

formulated CF-5 formulation havin}g\;l%the TBN boosted using an ashless dispersant. Table 6 Test

PCMO Porustihiinarstiesil I-aad \gwitorespert forsrebes Bt i S35 ROV IRN +6.6 wt.%
Table 5

% Treat Rate | % Seal Elongation Improvement

2100 mw Dispersant B 3.4 -49.1 —

Example 11 3.1 -35.2 28%

1300 mw Dispersant C 1.9 -44 6 —

Example 12 2.0 -38.7 13.2%
[000101] As shown by the examples in the foregoing table, the nicotinamide reaction

products of Examples 11 and 12 showed significant improvement in seal compatibility compared
to the corresponding succinimide dispersants that were not further reacted with nicotinate.

[000102] In the following table, seal compatibility comparisons are shown when using the
butyl nicotinate (BN) ashiess additive, as generally described in Example 1-3, to top treat and
boost the TBN of a fully formulated passenger car motor oil (PCMO) meeting ILSAC GF-5
standards. The fuily formulated PCMO contains a typical amount of a mixture of ashless
dispersants including a 2100 number average molecular weight (Mn) dispersant made from
highly reactive polyisobutylene and a boronated dispersant and a typical dispersant/inhibitor
package as set forth in Table 3. The results are shown in the following table compared to the

same fully formulated GF-5 formulation having the TBN boosted using an ashless dispersant.

Table 6

Test 'PCMO - GF-5 | +33wt% | +0.33wt.% | +6.6 wt.% | +0.66 wt.%

formulated oil | 2100 Mn BN 2100 Mn BN

Dispersant Dispersant

TBN (D2896) 7.64 8.13 8.26 9.32 9.62
Seal Compatibility -26 -35 -31 -64 -36
(ER) g
Seal Compatibility -29 -49 -31 -55 -34
(TS) |
[000103] As shown by the foregoing results, an amount of the ashless dispersant required to

obtain a similar TBN boost from about 0.5 to about 2 TBN over the baseline formulation resulted
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2100 Mn Dispersant +0.66 wt.% RN TBN (D2896) 7.64 8.13 8.26 9.32 9.62 Seal Compatibility (ER)
-26-55 -31 -64 -36 Seal Compatibility (TS) -29 -49 -31 -55

AC-2011-8

(66783.US/2175.0)

in significant adverse effects on the seal compatibility of the PCMO lubricant composition. The
buty! nicotinate (BN), on the other hand, for similar TBN boost to a lubricant composition has a
much lower adverse effect on seal compatibility as compared to the ashless dispersant.

[000104] At numerous places throughout this specification, reference has been made to a
number of U.S. Patents. All such cited documents are expressly incorporated in full into this
disclosure as if fully set forth herein.

{000105] 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 in 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 feast 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.

[000106] The foregoing embodiments are susceptible to considerable variation in 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.

[000107] The patentees do not intend 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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-34 [000103]As shown by the foregoing results, an amount of the ashless dispersant required to
obtain a similar TBN boost from about 0.5 to about 2 TBN over the baseline formulation resulted
AC-2011-8 (66783.US/2175.0) in significant adverse effects on the seal compatibility of the PCMO
Iubricankcdq (?ggtion. The butyl nicotinate (BN), on the other hand, for similar TBN boost to a lubricant
compostgg %%W lower adverse effect on seal compatibility as compared to the ashless
dispersant. 10001041At numerous places throughout this specification, reference has been made to a
number@‘hl,‘gtsi,s ﬁaﬁﬁ@fiﬁ" such cited documents are expressly incorporated in full into this disclosure
as if fully set forth herein. [000105]Other embodiments of the present disclosure will be apparent to

those skilletinmhlesadddivecondidhacaion of trerynstirtatpn Swifprhradce BRRYRMHB

discloseg, heyginrAf ysgd.thireHeheutdhe shesiicationand £1alme i 2AdeIaal: prayu&@rer tp one or
more than one. Unless otherwise indicated, all numbers expressing quantities of ingredients,
properti€2repR¥Nd < et 4veight, percent, ratio, reaction conditions, and so forth used in the
specification and claims are to be understood as¢heing-rhgdified in all instances by the term "about.”
Accordingly, unless indicated to the contrary, the:n "hericaT"ﬁ@rameters set forth in the specification
and claims are approximations that may #a@y-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™umerical parameter should at least be
construed in light of the number of reported significant digits and.by applying ordinary. roundin
techniqu‘@‘é. Noth itﬁ%t%i%aﬂ?rg tﬁ]atafﬂlélgr)iucr’rr]eari% ﬁ%%%ge\él g%é”ﬁ)eargr}ﬁ% érfs%e{??ﬁge[%r% tyﬁg ﬂc?a scope of
the invehtidroand dpgraximaticnsythle mumenic alonsdirestsetifdrtio isbthe Spewifioexaonplesraréhreported
as precisely as possible. Any numerical value, however, inh tai In gFrors, essarily
resuIting]'%f/rcc})ér?lC &’ Zt%rﬁl aer/?}%e%/i%‘t’%ﬁg{iﬁ‘ﬁ%% étk%%%“f%%ﬂﬁ} %?qui}l{r%gg\gﬁs%r%r{r)@rﬁgé It? g|§s&}n('?legtr1ded that
the spediibéition and examples be considered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims. [000106]The foregoing embodiments are susceptible
to considerable variation in practice. Accordingly, the embodiments are not intended to be limited to
the specHiclarenififfestioiand: fohardietbarspeien madvet coBMTRORAGBMBE Bt ieraretvithin the
spirit and scope of the appended claims, includipg the-eguivalents thereof available as a matter of law.
[000107]The patentees do not intend to dedicate aiﬁiy dischised embodiments to the public, and to the
extent any disclosed modifications or alterati ay not literally fall within the scope of the claims,
they are considered to be part hereof under the dottrine of:equivalents. AC-2011-8 '
(66783.US/2175.0) What is claimed is: 1. An ashless additive for lubricating oil compositions that is

efeive (pIprQye e ol bascpurber (TBN) 01 2 HBKCaH RAIeOSHRR e 24HYR oo 2
group containing from ! to about 24 carbon atoms, R” and R® are selected from H and a

hydrocarbyl group.

3. The additive of claim 2, wherein the reaction product comprises a nicotinic ester and R 1s
selected from the group consisting of methyl, ethyl, butyl, 2-ethyihexyl and oleyi groups. and

mixtures thereof.

4, A lubricant composition comprising an amount of the additive of claim 1 sufficient to
increase the TBN of the lubricant composition from about | to about 50 percent over the TBN of

a lubricant composition devoid of the additive.

5. The lubricant composition of claim 4, wherein the amount of additive ranges from about 0.01

to about 10.0 weight percent based on a total weight of the lubricant composition.
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with NH3. an alcohol, an amine, or a hydrocarbyl amine. wherein Rl is selected from H. a hydrocarbyl
group, the alcohol or amine contains from 1 to about 24 carbon atoms, and the hydrocarbyl amine has
a number average molecular weight ranging from about 100 to about 6000. 2. The additive of claim 1,
Whereinp'glagzr ctjon product comprises a compound of the formula: Y - C wherein Y is selected from
the grou @gﬂ ng?%f(%R and NR2R3 wherein R is a hydrocarbyl group containing from 1 to about
24 carbon atoms. and 123 are selected from H and a hydrocarbyl group. 3. The additive of claim
2, wherein the reaction product comprises a nicotinic ester and R is selected from the group consisting
of methyl, ethyl. butyl, 2-ethylhexyl and oleyl groups, and mixtures thereof. 4. A lubricant composition
comprisfng Hire drisaniofemperidinvel slammim Waerifividht fyineradne snePERNNGITNGS |6 seRAim
composiiian Om-IRAUEIHR AP ULl RETERRLAME" W TaBEogfaﬁleQ”%@l;&R MROILioRSIRNGidiof the
additive. 5. The lubricant composition of claim 4, wherein the amount of additive ranges from about
0.01 to aBeRIRECUONRIgRtpertiaed Faged lbahdyiedtiveipplysOMEYigBticant composition. 31 AC-2011-8
(66783.US/2175.0) 6. The lubricant composition of claim 1, wherein the hydrocarbyl amine comprises
a reaction product of polyisobutenyl succinic anhydride with a polyamine, wherein the polyisobutenyl
succinic anfyaryBrisHERORRFEIOhiIgRE Sa iR IR B IBORERE Woiehh el ibrieaht eS8 i tion of
claim 6 whergio theymolecriasvgightebine polisakiite sybsuaciniGeapbiydnigierangadsam abeut 500 to
about 3000 and the polyamine is selected from triethyle tramine (TETA), tetrgethylenepentamine
(TEPA), HAt OIS ard .%W&Wﬁ%ﬁ&%&%ﬁ{a@gfﬁo@aﬁ‘rs*,OWﬁ&Srﬁ]ﬁ”r‘ﬂ ' hydrocarbyl amine
comprises a reaction product of hydrocarbyl carboxylic acid or anhydride with a polyamine. 9. The
lubricant c ition of claim 8, wherejn the polyamine is selected from.triethylenetetramine (TETA),
tttacthy o EQ Ao A St Ao SSt o YRR AT B e ACThGs, or e
wherein thalhydrbbadbydaayinaborybidsesl aMahpichicondenpakeofizn alkylphenol, carbonyl
compound, and polyamine. 11. The lubricant composition of 10, wherein the molecular weight of the
alkylphenol range from about 100 to about 5000, the carbonyl compound is formaldehyde, and the
polyamirfe i keldetricirsmeethpisiisgianiinelaimt diethyilersstriahin@¢DETRY atd isdasead thisfeof 12.
An enging havie & AIAMKCARETCOMEnSNg 1f JRrGANE epmPRSitan ol alaimdrelg: An engine lubricant
composition comprising base oil and an ashleSs additive comprising a reaction product of a compound
of the formula.

10. The Jubricant composition of claim 1, wherein the hydrocarbyl amine comprises a Mannich

condensate of an alkyiphenol, carbonyl compound, and polyamine.

11. The lubricant composition of 10, wherein the molecular weight of the alkylphenol range from
about 100 to about 5000, the carbonyl compound is formaldehyde, and the polyamine is selected

from ethylenediamine and diethylenetriamine (DETA) and isomers thereof.
12. An engine having a crankcase comprising the lubricant composition of claim 4.

13. An engine lubricant composition comprising base oil and an ashless additive comprising a

reaction product of a compound of the formula:
T

Tl

0 f/,. T
F&iamé%

L
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AC-2011-8 (66783.US/2175.0) and NH3. an alcohol, an amine, or a hydrocarbyl amine, wherein Rl is
selected from the group consisting of H, and a hydrocarbyl group, the alcohol or amine contains from 1
to about 24 carbon atoms, and the hydrocarbyl amine has a number average molecular weight ranging
from abgl(lf_igplgg about 6000. 14. The lubricant composition of claim 13, wherein the amide or ester
compris 28 @?ggr ster of a heterocyclic acid selected from the group consisting of nicotinic acid,
isonicotinic acid, and picolinic acid. 15. The lubricant composition of claim 13, wherein the amount of
additive ranges from aboit 0,01 to about 5. weight persenthassd /N @ telalweidihafihe Jypricant
composition. 16. The lubricant composition of claim 13, wherein the amount of the additive in the
lubricant@tisiesiabilisasdiichyidraeaolesenn b T BRABPIN |aBiRG AEEGHDIGHLA fidvsPatott 1 to
about 5Q.pescentaverdhe.d BMNiRfca-bpricant sampagition devaiskohihe addijventkindine fhricant
composition of claim 13, wherein the additive comprises a compound of the formula: N wherein Y is
selected!h3in g P8Pt &8R8isting of OR and NR2123 wherein R is a hydrocarbyl group containing
from 1 to about 24 carbon atoms. R2 and R3 are selected from H and a hydrocarbyl group. 18. The
lubricant composition of claim 13, wherejn the hydrocarbyl amine is selected from the graup consisting
of hycrolhrbyMIURBEFAIESRRY IR Foly ARTHELNEL SRS e 157 BBORH B r & base
number {RBNY afhathibsicaitampsitonton air ergipednsiton aboubiio abidLisodiqendentiaver a
base value, of the TBN of the lubricant composition AC-20I 1-8 (66783.US/2175.0) comprising adding
to the Iuﬁ?i%gﬁf) 8}%681 ition a minor amount of an ashless additive compound of the formula: wherein
Y is selected from the group consisting of -OR and -NRIR3 wherein R is a hydrocarbyl group

containing fr 0.abaqut 24 carbon atams, R rom: C group.
20, The MetoH BEEER TR A, S R A i
19, whefeH thelakyPdrowmiels petestebrfrimitirdajrbigicbhelshindubtimetispimetsiioputyl, 2-ethylhexyl
and oleyl groups, and mixtures thereof 22. The method of claim 19, wherein the minor amount of
additive ranges from about 0.01 to about 5.0 weight percent based on a total weight of the lubricant
composition . T2s \nhricpreaasepesitrimiGaimhkteivhaiein Sieusond ol the sAfHb UM i e feiiRA o boost

the TBN Qfthesiubricanirsempasitionendthautinsreasing.anisimotithpbasbnansiaining detergant in a
lubricant composition required to provide the same boosted TBN. 24. A method for improving seal

compatiBli§eErEal AR TR TS IHBHEBRT BRI B ARE RS AP BIEYE number of the lubricant

composition by incorporating a minor amount of an ashless additive compound of the formula.
17. The lubricant composition of claim 137, wherein the additive comprises a compound of the

formula:
O f,//{:‘:::w

v I
|

Y e T
[ P jﬁ:"]

-’\"‘"‘._Ni
wherein Y is selected from the group consisting of OR and NR’R® wherein R is a hydrocarbyl
group containing from 1 to about 24 carbon atoms, R* and R’ are selected from H and a

hydrocarbyl group.

18. The lubricant composition of claim 13, wherein the hydrocarby! amine is selected from the

group consisting of hydrocarbyl monoamines and hydrocarbyl polyamines.

19. A method for boosting the total base number (TBN) of a lubricant composition for an engine

by from about | to about 50 percent over a base value of the TBN of the lubricant composition

(U8
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-1\1 in the lubricant composition, wherein Y is selected from the group consisting of-OR and -NRIRI3
wherein R is a hydrocarbyl group containing from | to about 24 carbon atoms. Rl and R3 are selected
from H and a hydrocarbyl group. AC-201I -8 (66783.US/2175.0) 25. The method of claim 24. wherein
the alky}I31 _%E)li%selected from the group consisting of ethyl, butyl, 2-ethylhexyl and oleyl groups, and
mixture B%S/%I%ST e method of claim 24, wherein the minor amount of additive ranges from
about 0.01 to about 5.0 weight percent based on a total weight of the lubricant composition.

comprising adding to the lubricant composition a minor amount of an ashless additive compound

of the formula:

O R
o :
bl

.,N*:.‘-f*'"""'
wherein Y is selected from the group consisting of -OR and -NR'R® wherein R is a hydrocarbyl
group containing from 1 to about 24 carbon atoms, R' and R’ are selected from H and a

hydrocarbyl group.
20. The method of claim 19, wherein R comprises a Cy to Caq alkyl group.

21. The method of claim 19, wherein the alkyl group is selected from the group consisting of

methyl, ethyl, butyl, 2-ethylhexy! and oleyl groups, and mixtures thereof.

22. The method of claim 19, wherein the minor amount of additive ranges from about 0.01 to

about 5.0 weight percent based on a total weight of the lubricant composition.

23. The method of claim 19, wherein the ashless additive compound is effective to boost the
TBN of the lubricant composition without increasing an amount of ash-containing detergent in a

jubricant composition required to provide the same boosted TBN.

24. A method for improving seal compatibility of a lubricant composition comprising boosting
the total base number of the lubricant composition by incorporating a minor amount of an ashless

additive compound of the formula:

in the lubricant composition, wherein Y is selected from the group consisting of -OR and -NR'R’
wherein R is a hvdrocarbyl group containing from | to about 24 carbon atoms, R' and R’ are

selected from H and a hydrocarbyl group.
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25. The method of claim 24, wherein the alkyl group is selected from the group consisting of

ethyl, butyl, 2-ethylhexyl and oleyl groups, and mixtures thereof.

26. The method of claim 24, wherein the minor amount of additive ranges from about 0.01 10

about 5.0 weight percent based on a total weight of the lubricant composition.



