- 1 - Lubricating G| Conpositions This invention relates to

| ubricating oil conpositions including a class of aniline conpounds.
The aniline conpounds are useful as ashless TBN (Total Base 5 Nunber)
boosters for lubricating oil conpositiond,- particularly crankcase

| ubricating oil conpositions having reduced |evels of sulfated ash

( SASH) . Envi ronment al  cohabrieating (bl Comppsitiennt i nued efforts to
reduce the CO hydrocarbon and nitrogen oxide (NO ) em ssions from
conpression ignited (diesel- 10 fueled) and spark ignited

(gasol i ne-f uel ed) This ghtentlott yelited teutsicatogrbil sbmeosi BMBI IREEding diclREbE

t here have been continued efforts to reduce the partjcul ate em ssions
from conpr es¥HBee ‘FC@WQU@QS i heoaniline commouads ¥ uesiyl asashlessol BRldTohBase
upcomi ng £m

cqui pront’ o irag) SeaRee b Rtag Bk oplb bt S PRGN ElBRea iRl
exhaust gas ail t(ﬁ‘npdislltﬁﬂis nevihg delucedkvel SO bulExdibash t(SASHas
after-treatnent devices may include catalytic converters, which may
contain one or nore oxidation catalysts, NO storage catal ysts, and/or
NH3 reduction cat i

catal ysts can bec%ﬁ%ﬁ%}%}eg%ggﬁﬁﬁh?i%\%‘gﬁgg&?tglggﬁg %%ir\%@dg 280
exposur e t o lgert@rboneind miind geh oamded NS cpissioasn fromoaqagésabnegﬂn&ds{ﬂlesel—

Compoundl | e 5aL PR R s Ba TG by e driBg) SATISHR gpeines

phosphor us- capiRk, rihé}g hh%éeﬁ%%hﬁlﬂleﬂ lebroRd el feiM&Sthe BElhicQUMiSRE Al fYth S
are sensitive to sulf and sul fur conpounds in the engi ne exhaust

gas intr oduc@@l}b?SStdmegméeglrlawataﬂ ommbtﬂstlbutehgmbm Tmmetdhet upedng emissiend

t he Iubrlcan sul f Iubr atin ti

bart1 ool o o T4BR8 1B Pk By BREEIRAAR, oHBial ot e mapifibhie (v
product of deurapesh tietsd ofcRldttRinAl é‘x%abéi fgas sodritPgtiddt d@@ieést ISR exhaust
To ensure a long service |life, lubricati oil additives that exert a
m ni mum Hegaias \ﬁgteli -Werimenigievisee mag incyde; FREGPIVENTS, et clivngy cpwtain one
identified, r Vi i

“first fill ,,&%%\%Mg%ﬁgggﬁg@gtﬁﬁ% ree@arald) %1%{0&&\51? {sbldrion¥hysts
sul fur | evelsdefr aadiowbsstradg. maxi num phosphorus | evel s of 0.12 nmss
% and sul fated ash contents below 1.1 mass % which lubricants are
referred to as "m'd SAPS" | ubricants (V\/nere "SAPS" is an acronym for
"Sul fated Ash, - m I t CENS y
further restrict t eesltédar{& ssr(l:rfh%lxhieg‘n%1E Pfen\ﬁe?esd Jtﬁgtrg:?dggé&l IH£see'fge b)mi
phosphorass, dplsuragscedtaiiblémentsoanfoithdspeesedvis ehdiat amaastfgasew, pdrtisuladhy

| ubricants Qeing referred to as "l ow SAPS" | ubricati
conposi t i ondY exposure to phosphorus and phosphorus compounds %troggced into the exhaust

gas by the degradation of phosphorus-containing lubricating oil additives. Reduction
catalysts are sensitive to sulfur and sulfur compounds in the engine exhaust gas
introduced by the degradation of both the base oil used to blend the lubricant, and

25  sulfur-containing lubricating oil additives. Particulate traps can become blocked by

metallic ash, which is a product of degraded metal-containing lubricating oil additives.

To ensure a long service life, lubricating oil additives that exert a minimum
negative impact on such after-treatment devices must be identified, and OEM
30  specifications for “new service fill” and “first fill” heavy duty diesel (HDD) lubricants
require maximum sulfur levels of 0.4 mass %; maximum phosphorus levels of 0.12
mass %, and sulfated ash contents below 1.1 mass %, which lubricants are referred to

as “mid-SAPS” Jubricants (where “SAPS” is an acronym for “Sulfated Ash,



5As the amounts of phosphorus, sulfur and ash-containing |ubricant
additives are being reduced to provide md- and | ow SAPS | ubricants
that are conpatible with exhaust gas after-treatnent devices, the

| ubricating oil conposition nust continue€to provide the high |evels

of |ubricant_perfor . ncl.udin uate detergency, dictated.b
the "new ser EH@QL?HE%&H% EIE‘ ﬂ'feidéPTLge’zg@@?Waé’gW%‘ﬂ§g%‘fwttth§e &Y

as the 10 ACgAels$ 808 nM3s P2gibspilorhEW PREA): sl ﬁ‘{alo.ﬂﬂaésﬂﬁaéﬂffaéﬁ lash,.
CJ-4 (U.S.) specifications Tor heavy duty engine lubricants. Criteria
for bei ng cl wihishilelibeicands beug iefertddig asflovweBAPES iubirioatimgeat ¢ampdstiens.
above listed industry standards are known to those skilled in the
art. 15The ability of a lubricant to neutralized acidic byproducts of
conmbusti o), whi chak R 8GRSs dfHhBETHORES sHRR \uhd 86h-YbrithinBshabtidan ORRlitives
recirculation (EGR) systens, particularly condensed EGR systems In
whi ch exhaustregagasdused tapoisld npidi and low-BARS hwhuicants dirat atsenentpatible with

i nproved, and.the drain jinterval .of th ubri cant can .be ext ended

| ner eas n-FeRg i SR B Bt b eHEE 2 epB P e R s Cetnne 1
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i ntroduce sul fated ash into the conposition. It woul d be advant ageous

to provi de adirigtnd bydhe nepvosarviee mpod i Hisbhll wnepifigationgtof the @EMst supERs the
using a BN tJ es .n i I d ash
he hi'gn I b et I B Bl SR P E RS TR Sone
cases reducespebificawonadbt Idaky tityapieaubridabtsi Caitériigfodbeing enesifed A0NS
and the 25fl uoroel astoneric, seal materials used in engines, it would
be pr ef er abl EbHertImE S waposition ectnp Bisabeve hated idastnhgandards ase known to
corrosion anﬂose&rjﬁﬁe@iﬁ &are does not adversely affect seals
conpatibility. e to denmands for inproved fuel econony, |ess viscous
| ubricants, such as ONand 5W 20 and 30 grade |ubricants have becone

nore prevalent. Tq allow for easier fornul gti on of such |ubricants,
the amult of pol VieAbIEY fAlriiraRei NoyirakRe PGB caBYSton,

m ni m zed. T\Qﬁi"cﬁfhiib"r@aseé in e?@fﬁ%ggxg%icfeﬁrv%iﬁféxhﬁﬁé%fgﬁé %%irgultﬁl@orp(%%)dﬁs@ms,

non- pol ynmeri ¢ ashl ess TEN Sour at ent ™ No
5, 525, 247, Syastiyl&hocondenbe FE80 s 1dnaimevidch exdtapst gasse’ amwoaksd prior to

| ubricating oil conposit,ions in whi ul.fated ash, cont.ent is, reduc
by epl ¢! ng BRI BAa P BRI S R CHLL Gl BEHEE o eded
patents descyy BEreddifif tHetbal BABLENRSr q{mm &4 (RE cHpdsitfdre NHis DB ATY TRV has
but make no claimthat such lubricants will 5 provide sufficient TBN
for use,?20f orbeer anplided hyrovai@sehdgtergents Ust Parodnee wbfatadoah inde the

2007/ 0203031, descr.i bes, th se.of .a _high TBN,nitrogen-containi .
di sper sant s SEIRSHioBs Lt e B i nubeth™a raiiet kbEPRERREG bnrson with
4, 200, 545; Aak’ﬁ%ﬁ 182 Lof PRNARIN@G3I B, b8 mpaneht tRatusshaomaibart
Application SUL825780 descri be am no-phenol conpounds as | ubricating

oi | additivesifpledgsh. 4p bighhsbaste cpmnpongets ae)knows tpanduge caggesion and, in some

2,511, 750; 3 e 120: ; Ll A 42, 394
descri be cer%ag%%eélﬁﬁ%lﬂll%{é&gc@artr%ggxggwge:ségé'&ggﬂl?%%lr%éc’%g%tlﬁl%{%i%ﬂgﬁ s) for
| ubri catisng fhidroglasimasiid seahmatekislsRRédRiN enldnes 4t Wéblddrdrefesdid thgsovide

A ommpoment fhar docs lod shate corrosion and, preterably, dods not adversely
affect seals compatibility. Due to demands for improved fuel economy, less viscous
lubricants, such as 0W and 5W 20 and 30 grade [ubricants have become more
prevalent. To allow for easier formulation of such [ubricants, the amount of polymer

30  introduced by additives is preferably minimized. Therefore, it would be further

preferable to provide a non-polymeric ashless TBN source.



15i nhibitors. The present Applicant's co-pending EP 2 206 764 Al
describes aniline conpounds as ashless TBN sources for |ubricating
oils. A preference is expressed for di- aIkyI substituted aniline
conpounds where both of the al kyl groups Jat t ached to the 20 ni trogen

Compound i 5 provi ISE RGN Reh e ;A AR GRS Y Ll b ow ast

per formance jyBrigatindhil @cﬁq&pdaamas {n which sulfdtbd moa&m ﬁ@@dhcé@ 39 depiitdlg
certain al koxy-substituted di-al kyl aniline species are able to

provi de i npr ovesbrsTBNEiprgchigwithneeutrahdatergendsl ahkesadienisvigscribgrsuch lubricants

| ubricating 250qil so hayv hanc ed . fluor ast sea
conpat  bi | 1§ e ing it o SR IE =EBC BREAGH ot AR ARk Wil
Accordi ngd y plﬂvﬁiefshffﬁﬁer@SIB@Cfor ubd) SoAERN, il AVENEHg@isP '[M:ﬂ@ﬁ A%)plication
lubricating oil nBOS|t|on conpri sing or anmount of oi

| ubri cati ng m%&@ﬁ 91 desgribesrthpbie @@ haalmﬁﬁid RrogRTeCitainpe dispoitpus Atls
of forrrula(J1 Bﬁl u1E%JeR4\\ R2 R3 5(1) wherein R, R2, R3, R4 and
R5 i ndependen } Y repr LIEnt” al kyl or substituted al kyI havi ng no aryl
substituent. 5 The conpounds of formula (I) are characterised in that
t hey have two different
US Patent Nos. 4,100,082; 4,200,545; 4,320,021, 4,663,063; 4,708.809; and
10 Russian Patent Application SU1825780 describe amino-phenol compounds as
lubricating oil additives (e.g., dispersant/detergents). US Patent Nos. 2,511,750;
3,634.248; 4,269,720; 4,335,006; 4,411,805; and 6,242,394 describe certain aniline
compounds as stabilizers (antioxidants) for lubricating oil compositions. US Patent
No. 4,778,654 describes alkylaniline/formaldehyde co-oligomers useful as corrosion

15  inhibitors.

The present Applicant’s co-pending EP 2 206 764 Al describes aniline
compounds as ashless TBN sources for lubricating oils. A preference is expressed for
di-alkyl substituted aniline compounds where both of the alkyl groups attached to the

20  nitrogen atom are linear. An example of a di-branched (di-2-ethylhexyl) compound is

provided but there are no data given for its TBN performance in a lubricating oil.

It has now been found that certain alkoxy-substituted di-alkyl aniline species
are able to provide improved TBN performance when used as additives for lubricating
25  oils. Such oil also have enhanched fluoroelastomer seal compatibility, as measured for

example by the VW-6/AKS test.

Accordingly in a first aspect, the present invention provides a lubricating oil
composition comprising a major amount of oil of lubricating viscosity and a minor

30  amount of one or more compounds of formula (I):



branched al kyl groups attached to the nitrogen atom One of the
branched al kyl groups has a branch at a carbon atomin an a-position.
to the nitrogen atomand the other has a branch at a carbon atomin a
-position to the nitrogen atom It has beeh 10 found that this

speci fic configuration provides enhanced TBN perfornmance.

Preferably, the lubricating oils neet thejperformance criteria of one
or nore of the ACEA E6, MB p228451, APl Q-4+ and APl CJ-4
specifications for heavy duty engise 1s. 15 I n accordance
with a second aspect, the present |invention provides a concentrate
for the preparation of a |ubricatrhg oil_conposition according to any
preceding claim the concentrate co 1g from about 2.5 to about
30 nmass % of one or nore conpounds Of la (1); about 10 to about
40 mass % of a nitrogen- 20 contai ni R persant; about 2 to about
20 mass % of an am nic antioxidant, a pghenolic antioxidant, a

nol ybdenum conpound, or a mxture thereof; about 5 to 40 mass %of a
detergent; and from about 2 to about 20 8s % of a nmet al

di hydr ocar byl dithi ophosphate. - 5 - R1 R5(1) m%erein R, R2, R3,
R4 and R 5 independently represent al kyl or substituted al kyl having

no aryl substituent; .5l gcordance with a fourth aspect aof t

present i nveltP6 Pﬁe*%b =%s aﬁ‘ﬁgv? Bendeptly FrpgesgRt qllﬁiroéﬁékisﬂ@‘t‘?fﬂgk?ﬂBN
of a |ubricakdyigs @ hryCQIBRASEAL ON W thout concurrently increasing the
SASH content, the nethod conprising adding to the lubricating oi
conposi tifn one or nore conpounds according to the third aspect. 10In
accordance with fifth aspec t he present invention provides t

use of a conpound AcEERARG ¢ Ofrﬂ}'élat(ﬁiaf?ia%?f&rfsegé“ g‘ﬂt tg‘% dedwo fferent
lubri cating $rahcHe@ARGS$ btdups atldBhed AUhE Bitrogen atom, One UTEh<CIHIRNA Ayl

useful as ashless TBN sources for l|ubricating oil .
groups has a branch at a carbon atom in an a-position to the nitrogen atom and the

other has a branch at a carbon atom in a -position to the nitrogen atom. It has been

10 found that this specific configuration provides enhanced TBN performance.

Preferably, the lubricating oils meet the performance criteria of one or more of
the ACEA E6, MB p228.51, API CI-4+ and API CJ-4 specifications for heavy duty
engine lubricants.

15

In accordance with a second aspect, the present invention provides a
concentrate for the preparation of a lubricating oil composition according to any
preceding claim, the concentrate comprising from about 2.5 to about 30 mass % of
one or more compounds of formula (I); about 10 to about 40 mass % of a nitrogen-

20  containing dispersant; about 2 to about 20 mass % of an aminic antioxidant, a
phenolic antioxidant, a molybdenum compound, or a mixture thereof; about 5 to 40
mass % of a detergent; and from about 2 to about 20 mass % of a metal dihydrocarbyl

dithiophosphate.

25 In accordance with a third aspect of the present invention, there is provided a

compound of formula (I):



15conpositions have the formula (1): (1) Preferably, R, R2, R3, -4
x and R5 independently represent al kyl groups. 20Preferably, R
represents nethyl or ethyl, with nethyl being nore preferred. - 6 -
Preferably, R3 represents nethyl or ethyl>-with ethyl being nore
preferred. Enbodi nents where Rl and/Qr 1R3 represent | onger

al kyl groups, for exanple 5al kyl groups havijng 3 to 12 carbon atons
are also within the scope of thegresent i;ﬁg;tion. Pref erably,
R2 represents an al kyl group havin t 0~N-Z cagbon atons, which group
may be |inear or branched. 10 Preferably, R4 represents an

al kyl group having 3 to 12 carbon aréns, Q\!Ch group may be |inear or
branched. Preferably, R5 represents net r et hyl such that the
benzene ring is 15 nmethoxy or ethoxy s uted. More preferably, R5
represents ethyl. Enbodi nents where R5 esents a | onger al kyl
group, for exanple an al kyl group having B to 12 carbon atons are

also within the scope of the present invention. In a
preferred embodi nent, the conpound of fornmga (I has the follow ng
20struct ure: In another preferred entodi nent, the

conpound of Whemin B, R*)Rh &S andB’ pkepéridenilnmppsisentciiyd er substituted alkyl

having no aryl substituent.

5 In accordance with a fourth aspect of the present invention, there is provided a
method of increasing the TBN of a lubricating oil composition without concurrently
increasing the SASH content, the method comprising adding to the lubricating oil

composttion one or more compounds according to the third aspect.

10 In accordance with a fifth aspect, the present invention provides the use of a
compound according to the third aspect as an ashless Jubricating oil composition TBN

source.

The compounds useful as ashless TBN sources for lubricating oil

15  compositions have the formula (I):

R'1
R4 /L
W/\ N R2
R3
O
SR

Preferably, Rl, Rz, R? R R* and R® independently represent alkyl groups.

20 Preferably, R' represents methyl or ethyl, with methyl being more preferred.



- 7 - Preferably, the conpounds of the present invention have
a TBN (as neasured in accordance with ASTM D-2896 and/or ASTM D-4793)
of at |east about 50, 5preferably at |east about 100, nore preferably
at | east about 140, and nost preferably'aft'least about 180 ngy KOH g.
Preferably, conpounds of the present invention have a >99% wei ght

| oss, as determ ned by thermal gravity analysis (at 10 Cmn
tenperature ranp Ppaiferably, R? fepradbntd Bty 0PEhAL Wi Ryl Bbink @Rt pRBGH.
200, preferably at |east about 250, nore preferab ly at IDeast about
300 C Met hods for form ng conpounds of formula (I) shoul d be

apparent to those i ONe Su

descri bed bel ow. @ﬁmh n%%t%&%}“%re ﬁe 8‘3‘5{81' guﬁeéjfefsflﬂttlgﬁgeéﬁﬁg ﬁ%’gp%E%rhex&glple
et hoxyani § i nelkgl goeeniRig Rid 12 @visdn AétheareMisoNvidthia tiky/dcapé bf MAE pAReht
substituted derivatives such as N, Ndi al kyl et hoxyaniline can be

prepared by HW&8H#9Mg the appr opriate aniline or substituted
derivatives such as ethoxyaniline with al dehydes/ketones in a 1:2 or
excess nmolar 20 ratio in the presence of a reducing agent such as

sodi um tri acet oxyBrfahlisy Riepieserts shilkylogrethandns 8ty eNtarbSusbmIEkhioRs
are well known and cLesgrl bed inthe literature, see for exanple Jn.

Org. Chem (1898 magpe B‘ﬁa“?? Asched 2. Anot her net hod i nvol ves
reacting,4 he approprl ate aniline or substituted aniline 25with

hal ogenated al kyl (e.g., brom nated alkyl) in a 2:1 nolar ratio, in

the presence tri ePlfiralty R’ represans acakgngroup hevisoB ve 2 carben &oms, which

group may be linear or branched.
Preferably, R® represents methyl or ethyl such that the benzene ring is
15  methoxy or ethoxy substituted. More preferably, R’ represents ethyl. Embodiments
where R® represents a longer alkyl group, for example an alkyl group having 3 to 12

carbon atoms are also within the scope of the present invention.

In a preferred embodiment, the compound of formula (I) has the following

PN

20 structure:

O

5

In another preferred embodiment, the compound of formula (I) has the

25  following structure:



Yet another nethod reacts aniline or substituted derivatives such as
et hoxyaniline with al dehydes/ketones in a 1:2 or excess nolar ratio
in the presence of hydrogen and 10% Pd/ C catal yst in nethano

sol vent. Such nethods are well known 5 and a number of such nethods
are described, for exanple, in US Patent No. 2,045,574.) The
unsymet ri cal conpounds of the present inventionp can be made in

anal ogous manners using the ne ! nd ot hers by

to the nitrogen atombefore a second different alkyl group is
attached. G ls of lubricating viscosi cf il n the context of the
present invention nmay be sel ected from nat ubricating oils,
synthetic lubricating oils and m xtures 15 ¢of The | ubricating
oil may range in viscosity fromlight distié&te mneral oils to
heavy lubricating oils such as gasoline engine oils, mneral

| ubricating oils and heavy duty diesel oils. nerally, the viscosity
of the oil ranges from about 2 centistokes to alpout 40 centi stokes,
especially fromabout 4 centistokes to about 20|centi stokes, as
measured at 100C. 20 Natural oils include animal oils and
vegetable oils (e.g., castor oil, lard oiI) liquid petroleumoils
and hydrorefined, t r i of
paraffinic, napht %?fji %ﬁg ﬂc}é Egﬁéﬁﬁdgro g ge%{ltnlg&ﬁ?]ﬁg]r}ﬁg i ?Lf%?g"s@ &eﬁi‘l}rg‘f
| ubricati ng mi esc@rﬂaﬂc;e wief ABEM DT-ZB%Q:QEMOr Arsmai 4780 80atsledsy ebag s0sef ul
base oils. thetic Iubrlcatlng_oils i_ncl ude hadrocarbon

oi I's and %hal HB%%%Y attle%%abw&pecrafal@dﬁef@rab af east ahoup 44, aad mpstprarsarbly
|nterpolyner&4§gt@&ﬁiﬁg§ gqngagolybutylenes, pol ypr opyl enes,

propyl ene-i sobutyl ene copdl yner chl orinated pol ybutyl enes,

pol y(1- hexenes), poly(1l-octenes), poly(1l-decenes)); alkylbenzenes

30(e.g., dodecyl s, tetra :y benzenes, di nonyl henzenes Pi(z-
et hyl hexyl )benze fe-'fﬂ %I SPBRSHYSOL tae Bresent inyaigy ka etae?r%wwg@ 0ss, as
al kyl ated poj nlfi?thex%’f'ﬂ dft)jr'a%l’%@ks @Atﬂheath%ﬁ éﬁu@@%n?deﬂéi/é 1RG4 at

di phenyl sulfldes a derivative, anal ogs and o st Al so
usef ul atoe sa,'wmp@taﬂtre of hisleait sbos @00y p:rprﬁerabl;gat Ie'ca;t glmut 125;0 Jmepaipdefprablyes s
froanlscheq tog %B 8y¢thesized hydr ocar bons, which are commonly
referred to S GREA89 T quid, or "GIL" base oils. Alkylene oxide

pol ynmers and |nterpolyners and derivatives thereof where the

Methods for forming compounds of formula (I} should be apparent to those
skilled in the art. Some suitable methods are described below.
15
Aniline and substituted anilines such as ethoxyaniline are commercially
available, N, N-dialkylaniline and substituted derivatives such as N,N-
dialkylethoxyaniline can be prepared by reacting the appropriate aniline or substituted
derivatives such as ethoxyaniline with aldehydes/ketones in a 1:2 or excess molar
20  ratio in the presence of a reducing agent such as sodium triacetoxyborohydride in
dichloromethane solvent. Such methods are well known and described in the literature,

see for example Jn. Org. Chem (1996), 61, pp. 3489-3862.

Another method involves reacting the appropriate aniline or substituted aniline
25  with halogenated alkyl (e.g., brominated alkyl) in a 2:1 molar ratio, in the presence

triethylamine, in an acetonitrile solvent,



5term nal hydroxyl groups have been nodified by esterification,
etherification, etc., constitute another class of known synthetic

| ubricating oils. These are exenplified by pol yoxyal kyl ene pol yners
prepared by pol ynerization of ethylene oxdde or propyl ene oxide, and
the al kyl and aryl ethers of pol yoxyal kyl ene pol yners (e.qg.,

met hyl pol yi so- propyl ene gl ycol ether having a nol ecul ar wei ght of
1000 or di phenyl ethgiotH® nefthdiPicictebiithepenBhinaRd deaviiigs sudidsecul ar
wei ght of 1000 to 1500); and nono- and pol ycarboxylic esters thereof,
for exanple, ethh:efaadmelmﬂa@lddi}eigs/hﬁgnesnnﬂéoﬁ wmsﬁaolayraaoumﬂ@sn@esce of

s o sy T R R R o (BT Lo

15di car boxy| ikl ehEber(cf sGch m@dhbb;aélb Ceafibed, fot®&hiHE; iR CisRatett K6,
succinic acids and al kenyl succinic acids, maleic aci d, azelai ¢ acid,

suberic aci d2,062B&)c acid, fumaric acid, adipic acid, linoleic acid
di mer, malonic acid, alkyl mal oni ¢ acids, al kenyl mal oni c acids) with
a variety of al cohol s (e.qg., butyl alcohol, hexyl alcohol, dodecyl

al cohol , 2-et hyl hekyhnsyhemmtal coibylieR@f tHegedent iverdtinnl an ®e ghade oh
nonoet her, propyl ene glycol). =20 SpeC|f|c exanpl es. of such esters

i ncl udes di bfﬂt SoHYMIARES uging sheanepddosrrybed cbgratnd others py gEpleying a

fumarat e, [ t

i ooyl - he rapniisc¥pR%E: By 3A0RIN BRI Ak endls GMAIKbERRL A Rrore
2- et hyl hexyl a sicend éiffe@éntlalhybgmup iagttadhel. ner, and the conpl ex ester
formed by reacting one nole of sebacic acid with two nol es of
tetraet hyl ene glycol and two nol es of 2-ethyl hexanoic acid. 25

Esters useful as @MQBPﬁbhEatfﬂgl ﬁsc%la‘l%pus!eﬂﬂ |11&'§1‘:é &H@§?omgﬁrécsérﬁ%vgit1&9may
Cl12 monocar boxyl i c aci ds and pol yol's and pol yol esters such

neopent yl gl yacwlectadrirore mhtpkal Ilmmrrqaan@pﬂqgemth@rwluhmattmg oils and m1xtures

di pentaerythrito ent thrltol i con-.bas oils suc.
as"the o yatiirpt, THCRbEPRE IO Bkt B tisg i SoFg e dreeinet oy o
and silicat enéalvt ﬁ;tﬁiéﬂmg @@g RBRLY eésouﬁ@éﬂgm&tlﬁs shifdralSHPEQ€hk ©ils and heavy
| ubricants; suc I's include tefraethyl |icate, tetraisopropyl
silicate, t ecit]zt}gd(egel oelﬁhﬁehgﬁuy )tb¢ W]Sg@gtg of the oil ranges from about 2 centistokes to
tetra-(4- net

10 - sili Catae %enfl ypgec? lg ﬁ%gy?%l)calilt qlggé%@?outt!b cgnmspc}keg as’

pol y( met hyl )rﬁbgsgf@@rg@qo@qm pol y( met hyI phenyl ) sil oxanes. O her
synthetic lubricating oils include liquid esters of

phosphor2fus- cont ai ni ng acids (e.g., tricresyl phosphat e, trioctyl
phosphate, dieth

t et r ahydr of ur ansyN%turaltl Sils %@”%g% ng;ﬂ%slg X%efa%ed%}} 2@%5’%%'?3% lard oil);

conprise a GiiidpétrolédrR8ils hhd By dré¥eBHR, lsbiventORdfedSiraeld-RatdP@shedl bils of
bl ends of the aforenentioned base stocks. Preferably, the oil of

| ubri cating % Q@r@ﬁimss nanhtéem@ué mlxedﬁar@ﬁwmatﬁhthewéep@t éuls, of brigating

m xt ure there ture base nd one oOr nore
2 Goup 1 anrof eyl tonhdn By s ghod Berke REREAIEREIR o *The o 1 o

Iubricatg’sng viscosity is a Goup II Goup IIl, Goup IV or Goup V
base stock, or a m xture thereof. The base stock or base stock bl end

preferably has a Satlhgtiglebricsting atls wclude hydgsarbemoils arst kalonsehsaifres] v at
bace st ock Hiarsaeoily S5 e ilmiBah U SELANE i BIRRSfr gy O O
Preferably, pdigbudylenes! peliprobllenes, ptdpbfleha—\i@batyiidmhfcupolymﬂfseBﬁlormated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes
30 (e.g., dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di(2-
ethylhexyl)benzenes); polyphenyls (e.g., biphenyls, terphenyls, alkylated
polyphenols); and alkylated diphenyl ethers and alkylated diphenyl sulfides and

derivative, analogs and homologs thereof. Also useful are synthetic oils derived from



150f less than 1% preferably I ess than 0.6% nost preferably |ess
than 0.4% by weight. Preferably the volatility of the oil or oil

bl end, as neasured by the Noack volatility test (ASTM D5880), is |ess
than or equal to 30% preferably |ess thdT or equal to 25% nore

preferably less than.por equal to. 20%. nos referaghly |less than or
Doequal 1% & Brepa i BoSth Fom Sederiorra b b oy orBLer Whclghs
blend is at l&asbn§%efeResiPidkYo Bhuill SAS{GHAChastBRd. pPreferably from
about 105 to 140. Definitions for the base stocks and base oils

in this invention are the sane as those found in the Anerican

Pet r ol I nstit APl ) . publi cati . "Engi al 5 Li [ d
AP e A R Pk e R
Edi tion, Pecerhpkl ARRExyl AENB Hoen PeSERARESy dficadon, SiHWBhEAL ben

categori zes base stocks as follows: a) Goup | base stocks contain
| ess t han 90cquetiésranother glaas eidkngniay synthetic lubricating oils. Thegyasaexemplified by

cqual to. 80 By RRR P o REE B b i SRR Hropytene
Table 1. b) &Xi@¢andl theasd 268 a8k Stheifglolyody ARYIehe bhlamet (c@Jwadthlo 90

percent saturates and |ess than or equal to 0.03 percent sulfur and
have a - 11polyisp-peasiang gyrebstheprayingra mplgauler weighhef 109080 dinhanylsther

t han 120, usi Vi ' ( I
bace st olks SebEyEak VbR PRBICELErWelngBPl Boty 1500 Rl apg
| ess than orpapsseborytic @ste3 tixeesipfvr esathplel thancktitaieh] aters, 36i@sd Cy-C, faaX
greater than ¢r equal to 120 usi.ng the test nethods specified in
Table 1. d) SbERFIP ndGaerxoasihdiedrrolieirasthvipmeglerins (PAO . e) Group
V base stocks include all other base stocks not included in Goup I,

[, I, or IV.
Another suitable class of synthetic lubricating oils comprises the esters of

15  dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
acids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol).

20  Specific examples of such esters includes 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, and the complex ester formed by reacting one mole of sebacic acid with

two moles of tetraethylene glycol and two moles of 2-ethylhexanoic acid.

25
Esters useful as synthetic oils also include those made from Cs to Cj3
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,
trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.
30 Silicon-based oils such as the polyalkyl-, polyaryl-, polyalkoxy- or

polyaryloxysilicone oils and silicate oils comprise another useful class of synthetic
lubricants; such oils include tetraethyl silicate, tetraisopropyl silicate, tetra-(2-

ethylhexyl)silicate, tetra-(4-methyl-2-ethylhexyl)silicate, tetra-(p-tert-butyl-phenyl)



Table I - Analytical Methods for Base Stock Property Test Method

Sat urates ASTM D 2007 Viscosity Index ASTM D 2270 Sul fur ASTM D 2622
ASTM D 4294 ASTM D 4927 ASTM D 3120 Lubricating oil

conposi tions of the present invention may0further contain one or nore

ashfor ming. THE0EGSeRt ST BROBO LA XEE: Y GEAEE Vg P e c8 o
Feduci ng.vear B O R LS i P L B g R E ol
general |y copiwspserons-puitainingesiis\e.gh tricresyhghdspbatephiobiytplicaphate, wiidthyl
The Sal t mat RO R BUBEY arit) 2 B SO B R REr P B nount of Lhe
metal in yhich case they are
The oil of lubricating viscosity may comprise a Group I, Group II or Group III,
base stock or base oil blends of the aforementioned base stocks. Preferably, the oil of
lubricating viscosity is a Group II or Group III base stock, or a mixture thereof, or a
mixture of a Group I base stock and one or more a Group II and Group III. Preferably,
10 amajor amount of the oil of lubricating viscosity is a Group II, Group III, Group IV
or Group V base stock, or a mixture thereof. The base stock, or base stock blend
preferably has a saturate content of at Ieast 65%, more preferably at least 75%, such
as at least 85%. Most preferably, the base stock, or base stock blend, has a saturate

content of greater than 90%. Preferably, the oil or oil blend will have a sulfur content

15 of less than 1%, preferably less than 0.6%, most preferably less than 0.4%, by weight.

Preferably the volatility of the oil or oil blend, as measured by the Noack
volatility test (ASTM D5880), is less than or equal to 30%, preferably less than or
equal to 25%, more preferably less than or equal to 20%, most preferably less than or

20 equal 16%. Preferably, the viscosity index (VI) of the oil or oil blend is at least 85,
preferably at least 100, most preferably from about 105 to 140.

Definitions for the base stocks and base oils in this invention are the same as
those found in the American Petroleum Institute (API} publication “Engine Oil
25  Licensing and Certification System”, Industry Services Department, Fourteenth
Edition, December 1996, Addendum 1, December 1998. Said publication categorizes
base stocks as follows:
a) Group I base stocks contain less than 90 percent saturates and/or
greater than 0.03 percent sulfur and have a viscosity index greater than
30 or equal to 80 and less than 120 using the test methods specified in
Table 1.
b) Group II base stocks contain greater than or equal to 90 percent

saturates and less than or equal to 0.03 percent sulfur and have a
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anount

with the polar head comprising a metal salt of an acidic organic compound. The salts

may contain a substantially stoichiometric amount of the metal in which case they are

usually described as normal or neutral salts, and would typically have a total base
number or TBN (as can be measured by ASTM D-2896 and/or ASTM D-4793) of

from 0 to 80. A large amount of a metal base may be incorporated by reacting excess

metal compound (e.g., an oxide or hydroxide) with an acidic gas (e.g., carbon

dioxide). The resulting overbased detergent comprises neutralized detergent as the

outer layer of a metal base (e.g. carbonate) micelle. Such overbased detergents may

have a TBN of 150 or greater, and typically will have a TBN of from 250 to 450 or



- 13 - 100 to 220 mass % (preferably at |east 125 nass % of that
stoichionetrically required. Metal salts of phenols and sulfurized
phenols are prepared by reaction with an 5 appropriate netal conpound
such as an oxi de or hydroxide and neutrall2er overbased products nmay
be obtai ned by nmethods well known in the art. Sulfurized phenol s may
be prepared BPIF- e]a’ctgf’ REFSENCH 196 st coppnonnds pfrigrmya (3, the ProRN pvaTdasHl
conmpound suc f I 0
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effectively E@rﬂﬁa@u&%ﬁmmqe cngﬁﬂ%etp%rfyﬁmgy%r% gasoline and

di esel engi nes, when added tdﬁ{ubrrcatrng ol ess dispersants
15useful in the conposrtrons of the present i nvention conprises an

oil soluble poly ng chai hav func
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oxazol i nie. ob TR Abyich oGP Ll HIF BT AEl magnesium. The

pol ycar boxyl h@staﬁ)hﬂﬁorﬂfr uggtetalsdes cAlfieneml mdghtaGal RANKIrdyeboth be present
derivatives of |ong chain hydrocarbons; |ong chain aliphatic

hydr ocar bonsmrrﬂ&rqra@tmﬁeglama rwsnre@mrb@amea@ﬁ@edmumedfqrylaagrreslmndﬂtrand
g/ﬁ lr)rg It |CP utC ggd&@enm Wi @ﬁﬁﬁgg erﬁlef"llr1 etazﬁﬁt%%gyﬁf wy ‘%é“%%’l“gﬂ?g?c?ﬁ%%“&a%@
(2:I|53 méftsa(r:] ?mwﬁoglﬁﬁf)gﬁ\:ﬂ@TB%}ﬂsigﬁgﬁ t ?go EBN affdlﬂémraii BECH W BAsEE calcium
nyalr ocar By - BBEs e SURSHER PRTGtoa FRyiIE 106N aintion S9dp 08I Rpmbsiannel
Bot h nono- sug&érgieﬂiﬂ@imﬁﬁg §8@e§ﬁﬁglﬁ@h&1%ﬁ bg{hs%elggg% (and m xtures

thereof) are we e as I spersant is a
"“hi gh nol ecul ar wei ght" di spersant havrng a nunber average nmol ecul ar

weight (M) greater.than or equal to_ 4,00 such a t ween 4 0 0 and
20, 000. The preci SURRBISERAR Highaght ﬁ?@ﬁ@ﬁ“emwarrls r7e B aaHy

of pol yner U@ﬁﬁe"s@lﬂﬁr&'ﬁﬁhb?ﬁlk lsﬁi%%t%?éataroﬁl (’I’H‘&tth%%btamed
groups - 14°- present, and type of unctrona
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to about S560@phihuRieaipk@IE GERhheayadlable feh ¥ SabwhyhAnE- based
chlorotoluene and chloronaphthalene. The alkylation may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than 70
25  carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or
more carbon atoms, preferably from about 16 to about 60 carbon atoms per alkyl

substituted aromatic moiety.

The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with
30  oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,
nitrates, borates and ethers of the metal. The amount of metal compound is chosen

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



5 di spersants contain polyisobutyl ene polynmers having a nunber

aver age nol ecul ar wei ght ranging from about 900 to about 2300,
functionalized by mal eic anhydride (MNVN= 98), and derivatized with
pol yanm nes having a nol ecul ar wei ght of - -lBem about 100 to about 350
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roducts ar I .
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acyl nitrogen-containing dispersant with a boron conpound such as
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mixtures thereof) are well known.

30 Preferably, the ashless dispersant is a “high molecular weight” dispersant
having a number average molecular weight (M) greater than or equal to 4,000, such
as between 4,000 and 20,000. The precise molecular weight ranges will depend on
the type of polymer used to form the dispersant, the number of functional groups
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products. Generally, these products are prepared by condensing about one mole of an

alkyl-substituted mono- or polyhydroxy benzene with about 1 to 2.5 moles of
carbonyl compound(s) (e.g., formaldehyde and paraformaldehyde) and about 0.5 to 2



Addi ti onal additives nmay be incorporated in the conpositions of the
invention to enable themto neet particular requirenents. Exanples of
additives which nmay be included in the lubricating oil conpositions
are nmetal rust inhibitors, viscosity indék- - 17 - inprovers,
corrosion inhibitors, oxidation inhibitors, friction nodifiers, other
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frequently contain an exces zi.nc due.to the u an, excess
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al kyl, al kerggldeh@driled batiy heildlpplymed fainydril R (B OYS), Qﬁbdli@héﬁ[ ‘do(‘attﬁddtcﬁﬁbs
Parti cuI arly preferred as R.and R groups are al kyl groups of 0.8
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20 to about 3 mass % (based on the mass of acyl nitrogen compound) of a boron
compound, preferably boric acid, usually as a slurry, to the acyl nitrogen compound
and heating with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,
for from about 1 to about 5 hours, followed by nitrogen stripping. Alternatively, the
boron treatment can be conducted by adding boric acid to a hot reaction mixture of

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

processes commonly known in the art can also be applied.

The dispersant may also be further post treated by reaction with a so-cailed
"capping agent". Conventionally, nitrogen-containing dispersants have been "capped"”
30  to reduce the adverse effect such dispersants have on the fluoroelastomer engine seals.
Numerous capping agents and methods are known. Of the known "capping agents",
those that convert basic dispersant amino groups to non-basic moieties (e.g., amido or

imido groups) are most suitable. The reaction of a nitrogen-containing dispersant and



decyl, dodecyl, octadecyl, 2-ethyl hexyl, phenyl, butyl phenyl,

cycl ohexyl, nethylcycl opentyl, propenyl, butenyl. In order to obtain
oil solubility, the total nunber of carbon atons (i.e. Rand R) in
t he dithi ophosphoric acid will generallylfbe about 5 or greater. The
zi nc di hydrocar byl dithiophosphate can therefore conprise 5 zinc
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described in U S. Patent No. 4,867,890, and nol ybdenum cont ai ni ng
conpounds. Typical oil soluble aromatic am nes having at |east two
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al kyl, cycl oal kyl ,Sﬁ?ﬁﬁ@ﬁ%v?rsamﬁ%?lca%wf}lr%waww haech BRY, Wiaehy

Nitro groupSiependid@oii the nature of the polar group and whether or not the dispersant is

20  borated or treated with a capping agent, may be from about 5 to about 200 mg KOH/g.
However, high levels of basic dispersant nitrogen are known to have a deleterious
effect on the fluoroelastomeric materials conventionally used to form engine seals and,
therefore, it is preferable to use the minimum amount of dispersant necessary to
provide piston deposit control, and to use substantially no dispersant, or preferably no

25  dispersant, having a TBN of greater than 5. Preferably, the amount of dispersant
employed will coniribute no more than 4, preferably no more than 3 mg KOH/g of
TBN to the lubricating oil composition. It is further preferable that dispersant
provides no greater than 30, preferably no greater than 25% of the TBN of the
lubricating oil composition.

30

Additional additives may be incorporated in the compositions of the invention

to enable them to meet particular requirements. Examples of additives which may be

included in the lubricating oil compositions are metal rust inhibitors, viscosity index



Mul ti pl e antioxidants are commonly enployed in conbination. In one
preferred enbodi nent, lubricating oil conpositions of the present

i nvention contain fromabout 0.1 to about 1.2 nmass % of amnic
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N
/ 1

RO
25 — —2

wherein R and R’ may be the same or different hydrocarbyl radicals containing from
1 to 18, preferably 2 to 12, carbon atoms and including radicals such as aikyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particularly preferred as R and R’
groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,

30  be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,



10 are organo-nol ybdenum conpounds of the fornulae: Mo(ROCS2)4 and
Mo( RSCS2) 4 wherein R is an organo group selected fromthe group
consisting of alkyl, aryl, aral kyl and al koxyal kyl, generally of from
Ito 30 carbon atons, and preferably 2 tol82 carbon 15atoms and nost
preferably alkyl of 2 to 12 carbon _atons. Especially. preferred are
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di - car boxyl i fomGkcbrdarylédtold he hydrocar byl substituent conprises a
chain of sufficient length to inpart viscosity index inproving
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alkylphenolthioesters having preferably Cs to Cj; alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons, phosphorous esters, metal thiocarbamates, oil soluble
20  copper compounds as described in U.S. Patent No. 4,867,890, and molybdenum-

containing compounds.

Typical oil soluble aromatic amines having at least two aromatic groups
attached directly to one amine nitrogen contain from 6 to 16 carbon atoms. The
25 amines may contain more than two aromatic groups. Compounds having a total of at
least three aromatic groups in which two aromatic groups are linked by a covalent
bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -SO;,- or
alkylene group) and two are directly attached to one amine nitrogen also considered
aromatic amines having at least two aromatic groups attached directly to the nitrogen.
30  The aromatic rings are typically substituted by one or more substituents selected from

alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro groups.



with a C3 to Cal olefin further reacted either by grafting a ¢4 to
C20 unsaturated nitrogen-containing nononmer thereon or by grafting an
unsaturated acid onto the pol ynmer backbone and then reacting
carboxylic acid groups of the grafted act¥-with an anine, hydroxy
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glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of
20 long chain polycarboxylic acids with diols, for example, the butane diol ester of a
dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-
substituted mono-amines, diamines and alkyl ether amines, for example, ethoxylated

tallow amine and ethoxylated tallow ether amine.

25 Other known friction modifiers comprise oil-soluble organo-molybdenum
compounds. Such organo-molybdenum friction modifiers also provide antioxidant
and antiwear credits to a lubricating oil composition. Examples of such oil soluble
organo-molybdenum compounds include dithiocarbamates, dithiophosphates,
dithiophosphinates, xanthates, thioxanthates, sulfides, and the like, and mixtures thereof.

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



MASS % (Broad) MASS % (Preferred) Metal Detergents 0.1 - 15 0.2 - 9
Corrosion Inhibitor 0 - 50 - 1.5 Metal D hydrocarbyl Dithiophosphate
0.1 -6 0.1 -4 Antioxidant 0 - 5 0.01 -3 Pour Point Depressant 0.01 -5
1.5 Antifoaming Agent 0 - 5 -20 -

0.01 -
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Additionally, the molybdenum compound may be an acidic molybdenum
compound. These compounds will react with a basic nitrogen compound as measured
by ASTM test D-664 or D-2896 titration procedure and are typically hexavalent.
Included are molybdic acid, ammonium molybdate, sodium molybdate, potassium
molybdate, and other alkaline metal molybdates and other molybdenum salts, e.g.,
hydrogen sodium molybdate, MoOCls, MoO,Br,, M0,05Clg, molybdenum trioxide or

similar acidic molybdenum compounds.

Among the molybdenum compounds useful in the compositions of this invention
are organo-molybdenum compounds of the formulae:
Mo(ROCS,)4 and
Mo(RSCS5)4
wherein R is an organo group selected from the group consisting of alkyl, aryl, aralkyl
and alkoxyalkyl, generally of from 1 to 30 carbon atoms, and preferably 2 to 12 carbon
atoms and most preferably alkyl of 2 to 12 carbon atoms. Especially preferred are the

dialkyldithiocarbamates of molybdenum.

Another group of organo-molybdenum compounds useful in the lubricating
compositions of this invention are trinuclear molybdenum compounds, especially those
of the formula Mo3SiL,Q, and mixtures thereof wherein the L are 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 should be present among all

the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.

A dispersant - viscosity index improver functions as both a viscosity index
improver and as a dispersant. Examples of dispersant - viscosity index improvers
include reaction products of amines, for example polyamines, with a hydrocarbyl-
substituted mono-or di-carboxylic acid in which the hydrocarbyl substituent
comprises a chain of sufficient length to impart viscosity index improving properties

to the compounds. In general, the viscosity index improver dispersant may be, for



0.001 -0.15 Suppl enmental Antiwear Agents O0- 1.0 O - 0.5 Friction
Modifier O- 5 0- 1.5 Viscosity Mdifier 0.01 - 10 0.25 - 3 Basestock
Bal ance Bal ance 10Fully formul ated |ubricating oil conpositions of
the present invention preferably have a-¥BN of at |east 8.5,
preferably at |east 9, such as fromabout 8.5 to about 13, preferably
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| ubricating oll conpositions e present I nvention pre |y have
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conposi ti ons,QfiraliRd RitRS8 Bnine, hydroxyl amine or an alcohol; or a polymer of ethylene
with a C; to Cyg olefin further reacted either by grafting a C, to Cyo unsaturated
nitrogen-containing monomer thereon or by grafting an unsaturated acid onto the
polymer backbone and then reacting carboxylic acid groups of the grafted acid with
an amine, hydroxy amine or alcohol.
10
Pour point depressants, otherwise known as lube oil flow improvers (LOFI),
lower the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Typical of those additives that improve the low
temperature fluidity of the fluid are Cg to Cy3 dialkyl fumarate/vinyl acetate
15  copolymers, and polymethacrylates. Foam control can be provided by an antifoamant

of the polysiloxane type, for example, silicone 0il or polydimethyl siloxane.

Some of the above-mentioned additives can provide a muitiplicity of effects;
thus for example, a single additive may act as a dispersant-oxidation inhibitor, This

20 approach is well known and need not be further elaborated herein.

In the present invention it may also be preferable to include an additive which
maintains the stability of the viscosity of the blend. Thus, although polar group-
containing additives achieve a suitably low viscosity in the pre-blending stage it has

25  been observed that some compositions increase in viscosity when stored for
prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
dicarboxylic acids or anhydrides which are used in the preparation of the ashless
dispersants as hereinbefore disclosed.

30

When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount that enables

the additive to provide its desired function.
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10 Fully formulated lubricating oil compositions of the present invention
preferably have a TBN of at least 8.5, preferably at least 9, such as from about 8.5 to
about 13, preferably from about 9 to about 13, and more preferably from about 9 to
about 11 mg KOH/g (ASTM D-2896 and/or ASTM D-4739).

15 Fully formulated lubricating oil compositions of the present invention
preferably have a sulfated ash (SASH) content (ASTM D-874) of about 1.1 mass % or
less, preferably about 1.0 mass % or less, more preferably about 0.8 mass % or less.

Preferably, fully formulated lubricating oil compositions of the present
20 invention derive at least 5 %, preferably at least 10 %, more preferably at least 20 %

of the compositional TBN from ashless TBN sources including at least one compound

of formula (I). More preferably, fully formulated lubricating oil compositions of the



excl usive of any associated diluent. However, detergents are

conventionally formed in diluent oil, which is not renoved fromthe
product, and the TBN of a detergent is conventionally provided for
the active detergent in the associated dRluent oil. Therefore, weight

(and nmass) percents, when referrin Lo detergents are (unless
ot her wi se i nEiceRt duention derivget lpast fiq &% predayally geleasdf Yefmenetnrederably at least

i ngredi ent apgls i . di il. i nv ; i1l
further unde?@(‘g%édtﬁglf/&%g%é@é ﬁgggﬁoﬁ(%‘hgt %egftlog\?\nlﬁlglp g@fnﬁ%@lw) ’ andfess
EXAMPLES than @6 Vo, refehidbi I8ssathan 20 %, more preferably less than 15 % of the

4- et hoxy- N- (4- et hyl pent an- 2-yDani |.i ne 15 Allitre
t hr ee- neckedoerpRasdianat TBNeErre pshlsss dRIY prymersyathen thaniaemmennds offormula (D),

addi tion fun . j.cal stirrer was charged with
4 unpeing agl(ggﬁﬁ)?% ek

4- et hoxyani | 1 ne mmol ), sodium triacet oxyborohydri de
(38.30g, 171 mmol ) previously crushed in a nortar, and 475nl of

di chl or onet hane. dditi f unnel s charged wth 4- 20 |
met hyl - 2- pent anong‘r‘l?yl%?’%%?e%ﬂ%bﬁﬁ?ﬂpg Oﬁﬁamﬁeﬁ%mﬁﬁ\é\gﬂ%ﬁﬁﬁ%ﬁ’é@ﬂ%ﬁb@@%
ketone was agdedaisty Qidea St gﬁtéﬂt%?*fesy inlaBEutl G40 Bfaks AN ﬁg}é&%ﬁ%%gﬁ LhRR

| eft to proceed overnight. owi ng reaction, saturate

sol uti on was0.38deds ¥ motehpeferablieless e alprug &85 amash &6 susiass efsthamelstued

(9 hg ok Oag s T 12 bR B o bR S T APl L s il
pale 25 yel |1%B&i@itin§\@ﬁlsco%o§i:tiﬂﬁ@oil Eﬂhsriwtﬁgg@comspm%ﬁa&d}ti&é“seand additive

fol |l ow ng Ste_i)(il p (ii1) Synthesis o
4- et hoxy- N- (Rluentiy¥iHégyio)greatqrsharet hphedeastnorgraatercthan | 2,peefprablyl na greater

t hr ee- necked, r ound=bot t oned. fl.ask ui pped wi.t.h a thernmoneter, .30
add £ on 1 arifes OB TR BB R sy R iV ensi

4- et hoxy- N- (ghrefef@iy Ha R @ Bater thhd 8200 %m oPpRRpE@ s, isOcIS AR fredtePihay €
(31.00g, 140 mmol), saodiumtriacet oxyborohydride (37.50g, 168 nmol)
previ ousldy cl¥9mpem eiphwsphsresmpr n%@aévm %ﬂ paicHipbpsherdsane. The
addition funnel was charged with 2-ethyl hexanal (20.58g, 154nmmol) and
25m of dichl oronethane. The al dehyde was added slowy to the flask

- 25 - via the funaely baridsitdbée, aRhaighavt Esthtidl @ prepare@de ov/iond gllitive
Fol |l owi ng reaction, saturated NaHCO3 sol ution was added via the
funnel . The WREERFatesSRIPESIRG eddibes (RRatfEH Y SPTRCHNSYPeang feFateddo RAHCO3

sol uti on, agﬂgﬁggg%glﬁa%Q%h &t Qddit‘?&%,; %%g%@&g‘é’g%?lﬁ&tﬁgﬁdﬂy to the oil

filtration an i‘'on under vacuum ol | was
obt ai necko Thiodorm fhreddbritating sil tempesdtitve| Awondentretei for ths prglaedtioadfas

i}lgt Egily_s N- ( gg}gcliﬁpé _0§,I|S %Qﬁ%h}i OF‘é‘L% %?el:sgntzim(ffl:r{tfozi ms%(? %or}%}scémslplg contain from
about 5 to about 30 mass % of one or more compounds of formula (I); about 10 to
about 40 mass % of a nitrogen-containing dispersant; about 2 to about 20 mass % of
an aminic antioxidant, a phenolic antioxidant, a molybdenum compound, or a mixture
25  thereof; about 5 to 40 mass % of a detergent; and from about 2 to about 20 mass % of

a metal dihydrocarbyl dithiophosphate.

The final composition may employ from 5 to 25 mass %, preferably 5 to 18
mass %, typically 10 to 15 mass % of the concentrate, the remainder being oil of

30  lubricating viscosity and viscosity modifier.

All weight (and mass) percents expressed herein (unless otherwise indicated)

are based on active ingredient (A.l.) content of the additive, and/or additive-package,



10 A2 litre, three-necked round-bottonmed flask equi pped with
a thernmoneter, addition funnel and a nechanical stirrer was charged
wi th 4-ethoxyaniline (50.00g, 357 mmol), sodiumtriacetoxyborohydride
(104g, 464 mml) previously crushed in aZ2#&ertar, and 700nl of

di chl oronet hane. The addition funnel was charged with 2- 15 butanone
(31.2g, 429nfedysivnef Borssosiatedi divkent dhevtvendlelerirntiare omeenasnadla dedned
slowy to the f. vi.a..he funnel d the reaction.l t r.oceed.
for two daysfInh hge%r(%l!tc |1%)hn§\;\1/§§re °é’ﬁg§f8emn@1ﬁé’a° “@‘ﬁ’&%@?ﬁ?ﬁé&ﬁ? §?tgragen‘gls
NaHCO3 sol ut bgiveiienallh@rdvidytiefor thEheties gagisentih dgtasvasatéd@iMenpsined
with saturated NaHCO3 sol utjon, again with water and then dried using
MySO4. Af t er Themeforeryedght 4andl ragsspperaeits vhendelerningda deicrerotspge 6inlesga
S?EE Eieg'i ! | @pfg@%}%ﬁ@@@%{r \ig Q1S Bttt OF altlle ififteiOh! OW 0 ciated
4- et hoxy- N- ( 2Hwdnbygilhexyl ) - N- (but an-2-yl)aniline A 2 litre,

t hr ee- necked round-bottoned fl ask equi pped with a thernoneter, 25
addi tion funnel and a mechanical stirrer was charged with

4- et hoxy- N- (but angs b )ai »Li%m ¢ gﬁ@ggr(sjidggga%g%éniﬁ% @Q‘PMFO\M . 00g,

140 nmmol ), sodiumtriacetoxyboro previ ously
crushed in aexamplesr, and 750nmlL of dichl oronmethane. The addition
funnel was charged with 2-ethyl hexanal (58.0g, 435nmmpl) and 50nil of
di chl or olfet hane. The al dehyde was added slowy to the flask 30 via
the funnel and the reaction left to proceed for two days. The
reacti on wasEXWdAPlli®enched by addi ng saturated NaHCO8 sol ution via
the funnel. The organic phase was then washed wi th saturated NaHCGO3
solution, again with water and then dried using MJSO4. After

filtration afyl evapor agymiesisndelreti@SUNAK-rh&8ydentah-2ay hallier ed oi | -
26 - was obtained. This product was tested below where it is | abelled

as Synth¥sis Exanple 2. Conparative Exanple - (Synthesis Exanple 31 5

450 g of pheneti djne: ) 684 f ;
nol es), 45 g of 1%&?&%/% &ﬁ gengpéﬁ& %)?ung ry e eﬁaﬂrzli (%}f gé\%ﬁﬁeeggﬁg?%{ehﬁ &l;[%?%‘[e%
Parr react oradditive fuaad tand a weeshipries stirrezess dharged vidt 4-sihboky dyliieq@em0gnd
stirred with heating to 100 C. The reacti ) nitored, by HPLC to
conpl et i on. em?’é’gcf‘%ﬂl‘-‘mé%acfe??éﬁ{’]%%gy %H}et(ggléggrlggv Fpehprviusherasigd in
the catal yst, yRsar eHPYSE didHdbRltiaRe. Teald AR Qs EEoELRRR ON
m xture yiel Et:led 800g of product, ?‘Ee s% r ugt ure oofﬂn\%#ll chS vvasgcon%ﬂl&r med
by 1H ad 18&hivRpeTthronedhs.08gr SSuminartparfdol Smlhef didhdaremsihatd d3ie ketome
shown bel ow. 15|H|a|2 . . .
was added slowly to the flask via the funnel and the reaction left to proceed overnight.
Following reaction, saturated NaHCO3 solution was added via the funnel. The organic
phase was then washed again with saturated NaHCOj; solution, again with water and
then dried using MgSQOy. After filtration and evaporation under vacuum, 31g of a pale

25  yellow oil was obtained. This product was used in the following step (ii).
(i)  Synthesis of 4-ethoxy-N-(2-ethylhexyl)-N-(4-methylpentan-2-yl)aniline

A 1 litre, three-necked round-bottomed flask equipped with a thermometer,

30 addition funnel and a mechanical stirrer was charged with 4-ethoxy-N-(4-
methylpentan-2-yl)aniline prepared in step (i) above (31.00g, 140 mmol), sodium
triacetoxyborohydride (37.50g, 168 mmol) previously crushed in a mortar, and 475ml
of dichloromethane. The addition funnel was charged with 2-ethylhexanal (20.58g,
154mmol) and 25ml of dichloromethane. The aldehyde was added slowly to the flask



20 TBN Perfor mance The basicity of a lubricating oil
conposition can be determned by acid titration. The resulting
neutralization nunber is expressed as total base nunber, or TBN, and
can be neasured using various nethods. MBfhod ASTM D- 4739 25
(potentionetric hydrochloric acid titration) was used herein. The
ASTM D- 4739 wetthobinnel and\etneaetidnlcd iy proscadeastesnighidF el aving seadtion, Isstutased
measure TBN- ioplretention. .TBN JTesti 30 Afully fornmul ate .
| ubri cati ng g?ﬁtg%ﬁﬁglglo{l iI"On acciz‘ge%"é‘rfl C@Wﬁ'sﬁg%rogﬁwg P%asaé‘{aaﬁ&é‘rwas}legagm

m xture, antwaKisgried KPP0 RS luWBA agaigeith wReHinBEMri SR RS SRR, R fer
viscosity nodifier, in base oil was prepared. This |lubricating oil
conposi t i on, filifstien and epaporatign sndespreswsnt At 18l agfarlgradgrihwacebipined. This

crankoase, | UBHEA s A% URSH A3 dY LSLEARRGe L AL RNARYL Y

formul ated lubricating ol nposi tions con 5s% of the
compounds of Synthesis Exanple 1 (G| A) and Synthesis Exanple 2 (O
B) were prepared. Also tested were fully fornulated |ubricating oil
corrpositionS S 1621 00 nass % (Gl © and 2.00 mass % (G| D)
of the conparative conpound of Synthesis Exanple 3. An additional
anount of base oil was added to each of the sanples to provide
conpar abl e t@iinl SHpskesisidtel-diBdkyoN-@ath-Bfl)drdikne esul ting sanpl es was
determ ned in accordance with each of ASTM D4739 (in units of ngy

KOH g). 'he results are shown in Table 111 below. 10 Table |11

Exanpl e A 2 litre, three-necked round-bottomed flask equipped with a thermometer,
addition funnel and a mechanical stirrer was charged with 4-ethoxyaniline (50.00g,
357 mmol), sodium triacetoxyborohydride (104g, 464 mmol) previously crushed in a
mortar, and 700ml of dichloromethane. The addition funnel was charged with 2-

15 butanone (31.2g, 429mmol) and 50ml of dichloromethane. The ketone was added
slowly to the flask via the funnel and the reaction left to proceed for two days. The
reaction was then quenched by adding saturated NaHCOj3 solution via the funnel. The
organic phase was then washed with saturated NaHCOj3 solution, again with water
and then dried using MgSOQ,. After filtration and evaporation under vacuum, 70.4g of

20  adark red oil was obtained. This product was used in the following step (iii).
(iv)  Synthesis of 4-ethoxy-N-(2-ethylhexyl)-N-(butan-2-yl)aniline

A 2 litre, three-necked round-bottomed flask equipped with a thermometer,

25  addition funnel and a mechanical stirrer was charged with 4-ethoxy-N-(butan-2-
yl)aniline prepared in step (iii) above (70.00g, 140 mmol), sodium
triacetoxyborohydride (105g, 471 mmol) previously crushed in a mortar, and 750m!
of dichloromethane. The addition funnel was charged with 2-ethylhexanal (58.0g,
435mmol) and 50ml of dichloromethane. The aldehyde was added slowly to the flask

30  via the funnel and the reaction left to proceed for two days. The reaction was then
quenched by adding saturated NalHCOj3 solution via the funnel. The organic phase
was then washed with saturated NaHCO; solution, again with water and then dried

using MgSQ,. After filtration and evaporation under vacuum, 108.2g of a dark red oil



Ref Ol AQIl BAGQIl CO
47.5 Added Base O (g)

10

15

20

25

D Reference Sanple (g) 95.0 47.5 47.5 47.5
0 1.66 1.66 2 1.5 Aniline conpound (g) -

I

5.
=96 -

was obtained. This product was tested below where it is labelled as Synthesis

Example 2.

Comparative Example — (Synthesis Example 3)

450 g of phenetidine (3.28 moles), 1682 g of 2-ethylhexanal (13.1 moles), 45
g of 10% Pd/C and 2L of dry methanol were charged into a Parr reactor. The reactor
was pressurized to 10 bar with hydrogen and stirred with heating to 100 °C. The
reaction was monitored by HPLC to completion. The reactor was then cooled to
room temperature and the catalyst was removed by filtration. Distillation of the
reaction mixture yielded 800g of product, the structure of which was confirmed by
'H- and *C-NMR.

The reaction scheme for the above-synthesis is shown below:

PdiC, Hz
MeOH

TBN Performance

M

The basicity of a lubricating oil composition can be determined by acid
titration. The resulting neutralization number is expressed as total base number, or
TBN, and can be measured using various methods. Method ASTM D-4739
(potentiometric hydrochloric acid titration) was used herein. The ASTM D-4739
method is favoured in engine tests and with used oils to measure TBN

depletion/retention.

TBN Testing

A fully formulated lubricating oil composition containing dispersant, a
detergent mixture, antioxidant, ZDDP antiwear agent, pour point depressant and

viscosity modifier, in base 0il was prepared. This lubricating oil composition, which



0.84 0.84 0.5 1.0 Total Weight (g) 100 50 50 50 50 TBN by D-4739 8.75
10.49 11.60 8.87 8.97 ATBN agai nst Ref by D-4739 - 1.74

10

15

20

25

-27-
was representative of a commercial crankcase lubricant, was used as a reference
lubricant. Fully formulated lubricating oil compositions containing 1.68 mass% of
the compounds of Synthesis Example 1 (Oil A) and Synthesis Example 2 (Qil B) were
prepared. Also tested were fully formulated lubricating o1l compositions containing
1.00 mass % (Oil C) and 2.00 mass % (Oil D) of the comparative compound of
Synthesis Example 3. An additional amount of base oil was added to each of the
samples to provide comparable total mass. The TBN of each of the resulting samples
was determined in accordance with each of ASTM D4739 (in units of mg KOH/g).

The results are shown in Table IIT below.

Table 111

Example Ref. | OIlA | GilB |OilC | OilD
Reference Sample (g) 95.0| 475 | 475 | 475 | 475
Added Base Oil (g) 50 ¢ 1.66 | 1.66 2 1.5
Aniline compound (g) - 0.84 | 0.84 | 0.5 1.0
Total Weight (g) 100 | 50 50 50 50
TBN by D-4739 87511049 | 11.60 | 8.87 | 8.97
ATBN against Ref. by D-4739 1 - 1.74 | 2.85 | 0.12 | 0.22

As shown, the compounds of the invention as used in Oil A and Oil B
effectively increased the TBN of the lubricating oil composition as measured by
ASTM D-4739, without contributing to SASH content. The comparative compound of
Synthesis Example 3 having a di-alkyl branching arrangement not according to the
present invention gave no significant improvement in TBN, This was so even in the
case of Oil D where a greater amount of compound was used (2.00 mass% vs. 1.64

mass%).

Fluoroelastomer seal compatibility testing.

Oil A and a similar oil containing N,N-di-n-hexyl-4-ethoxyaniline in place of
the compound of the invention were tested in the VW-6/AK6 test. This procedure
tests compatibility of Iubricating oils with Viton fluoroelastomer seal materials. The

elongation at break for a reference oil containing neither compound was on average



2.85 0.12 0.22 As shown, the conpounds of the invention as used in
Gl Aand Ol B effectively increased the TBN of the |ubricating oi
conposition as neasured by 15 ASTM D- 4739, without contributing to
SASH content. The conparative conpound eR8Synt hesis Exanple 3 having
a di-al kyl branching arrangenent not according to the present

i nventi on gavd.¥6 coimpaictlite anewispadr burepig dt, thernveBige Wik 51 %asd fu thaveih in
the case of QI .D. a_ greater. amount of.  coppound s used, (2.00
mass% vs. 1. %%tﬁ’ﬁg’\g%ﬁ&\ﬁglﬁn'g?vgﬁée&l%%’ éé% qﬁ%ﬁr}?ﬁ%’%q\)‘f t?‘?t tpést ing.
Gl A and a shfihbdaid Fithe ©O&tRNMHaAG N 16veNk}R¥Yr the 8¢ ORaYAN HiaAghd N
pl ace of the conpound of the invention were tested in the VW 6/ AK6
test. This phedeghys sompowshbearngie limrialley) chding.ubri cating oils with
Viton flqgroelastoner seal materials. The elongation at break for a
reference oil containing neither conmpound was on average -28 -
-34.5% conpared to a new seal. For Ol A, the average was -51% and
for the oil containing N, N-di-n-hexyl-4-ethoxyaniline, -64% These
tests show that the conpound of the invention had a nuch | ower i npact

on the seal material than the anal ogous compound bearing two |iner
al kyl chains. - 29 - CLAI M



1. A lubricating oil conposition conprising a major anmount of oil of

| ubricating viscosity and a m nor anount of one or nore conpounds of
formula (I): RLR4 R R3 (lI) wherein R, R2, R3, R4 and RS

i ndependent|y_represent al kyl or substitgyed al kyl having no aryl
substituent. 2. A lubricating oil conposition according to claim1
wherein Rl r@h@&&ﬁhts met hyl or ethyl, preferably nmethyl. 3. A

| ubricating COHDgSItIOﬂ according to claiml or claim?2 wherein
R3 represent & net Brati@gop Cowﬁlep&wné%wmammsaun%mlcoitlﬁlbf&atmg

oi | conposit| I

Fepr csent s MR are Srigp: SadlY oPORaOR PREb BTGB ng o
conposition according to any preceding cl & mhaving a TBN of at | east
6 mg KOH g, preferably from6 to 15 ng Kj):E\L as neasured in
accordance with ASTM D-4739. oi | conposition
according to any precedi ng claimhaving a SA%H content of no greater
than 1.1, preferably no greater than 1./0, nore preferably no greater
than 0.8 mass % 7. A lubricating o} xyposi tion according to any
precedi ng clai mwherein at |east 10 f eferably at |east 15 %
nore preferably at | east 20% of the 3 - conpositional TBN, as
measured in accordance with ASTM D- 43 is derived from ashl ess TBN
sources including at | east one conmpound of forrmula (I).

Ogs 4

wherein RY, R%, R?, R* and R® independently represent alkyl or substituted alkyl

having no aryl substituent.

2. A lubricating oil composition according to claim 1 wherein R! represents

methyl or ethyl, preferably methyl.

3. A lubricating oi} composition according to claim 1 or claim 2 wherein R?

represents methyl or ethyl, preferably ethyl.

4. A lubricating oil composition according to any preceding claim wherein R®

represents methyl or ethyl, preferably ethyl.

5. A lubricating oil composition according to any preceding claim having a TBN
of at least 6 mg KOHM/g, preferably from 6 to 15 mg KOH/g, as measured in
accordance with ASTM D-4739.

6. A lubricating oil composition according to any preceding claim having a
SASH content of no greater than 1.1, preferably no greater than 1.0, more preferably

no greater than 0.8 mass %.

7. A lubricating oil composition according to any preceding claim wherein at

least 10 % , preferably at least 15 %, more preferably at least 20 %, of the



8. A lubricating oil conposition according to any preceding claim
having a sul fur content of |less than 0.4 mass, and no greater than
1200 ppm of phosphorus. 9. A concentrate for the preparation of a

| ubricating oil conposition according tojgny preceding claim the
concentrate conprising fromabout 2.5 to about 30 mass % of one or
mor e conpoundsmpdsitiaal B, a4 neasirdeihiabagddanteeliti ASTM BLBID islferived from
about 40 mass % of _a nitrogen-containi ng di spersant; about 2 to about
20 mass % of asesakBY souseasiipsliding et least phessrpund df o)., a

nol ybdenum conpound, or a m xture thereof; about 5 to 40 nmass % of a
detergent; and from about 2 to about 20 mass % of a netal

di hydr ocar byB. di t Al lopfiesingaileombdsitidn eavpdingch afy grededidgacldiin havislg a
R5(1) wherein R, R2, .3,, R4 _and R5 i ndependently represent alkyl
or substitut %EéICRWn ?%éhw-gﬁwsaéa%@ Bteaiea than 1200 DRI g EPTOFUS
increasing the TBN of a lubricating oil conposition w thout
concurrently increasing the SASH content, the method conprising

addi ng to the | ubAiwaté¢mgtediol theqmpmsationard adulricatingoil eompogitomeksording to
according to claimJ10. . 12. The use of a co und, accor di to cl ai
10 as an ashfBs¥esesing dam. oy ‘Eﬂnicerg%%’?ﬂrisﬁ abgifr e to abut 30 mass %

of one or more compounds of formula (I} as defined in claim 1; about 10 to about 40
mass % of a nitrogen-containing dispersant; about 2 to about 20 mass % of an aminic
antioxidant, a phenolic antioxidant, a molybdenum compound, or a mixture thereof;

about 5 to 40 mass % of a detergent; and from about 2 to about 20 mass % of a metal

dihydrocarbyl dithiophosphate.

10. A compound of formula (I):

R1
R* )\
Y\ N R2
R3
@]
SR

wherein R, R?, R?, R* and R’ independently represent alkyl or substituted alkyl

having no aryl substituent.

11. A method of increasing the TBN of a lubricating oil composition without
concurrently increasing the SASH content, the method comprising adding to the

lubricating oil composition one or more compounds according to claim 10.

12.  The use of a compound according to claim 10 as an ashless tubricating oil

composition TBN source.



