1 LUBRI CATI NG O L COMpCSI TI ON FI ELD OF THE | NVENTI ON
The present invention relates to autonotive |ubricating oi
conpositions, nore especially to autonotive |ubricating oi
conpositions for use in WMP%II_T%SOI i ne
(spark-ignited) and diesel (conpression-igni ) nkcase

| ubrication, such conpositions being referred to as crankcase

| ubri cant SFIRLD THEUNVENFTOROUgh not excl usively, the present
invention relates to use of additives with antiwear properties in

autonotive lubricating oil conpositions. BACKGROUND OF THE | NVENTI ON
A crankcaggel dif +8,,an,9i | used for general lubrication in an
i nt ernal conb%?’%i oﬁﬂg%dé?)ﬁer & &0 AYIIMQtivey fbricating oilacepaitions,ahloye

bel ow t he cgregiakly hiaf tutofotihe 1651 Hang: 37d i ch eirculated oil
returns. Lt is.well known to inc?ﬁgde acciscf??qg\{/ﬁeogjsigrc?sgn%%@n engines,

| ubri cant SBegRIlY _gasoline plippbdawited) F&Iﬂspiﬂbhicbmpﬁeﬁﬁoﬁ-@nﬁb&)‘: crankcase
many

di hydr ocatbyicatéhin B : tal .salts has been used for
years to pr ovi de |U%E?§§9F5ﬁé§soﬁem%{?mgit? Adfignkegse [ubrieantsl Ingartukirj on

engi nes wikhoughtrioteeclusivelye rthé afesedin GnvaRl; i nc _.al kali or
al kaline garth npetal. or al uni g?um_ I_ead%&% irﬂi,g%ﬁg[ y %eﬂﬁﬁ?glﬂﬁ‘??g%@se,
ni ckel or copper oPEes falibomotiyedubyigating ofl colinhysii@mar by |

di t hi ophosphate (ZDDPs) are nobst comonly used. However, anticipation
of stricter controls on the anbunt of phosphorus in finished

cr ankcase]iﬁgw;&gﬂﬂ_\.‘ﬁMl\hlﬂomeeol to provide phosphorus-free
additives to, at least partially, replace ZDDP in such lubricants.

US 2006/ 0183647 ('647), now US 7,807,611 B2, addresses this need and

descri besA tankaase tuteRMRAY AL Sili fied r.us. | ubricants to provide
wear reductjon.and other properti ?g.ﬁaﬁg%ﬁ??%}o?dn@ﬁﬁ%mb@omm bed

i ncl ude &BHEENGSKE A Pibswapistsituated gerepallydiel S A Gardf B Br ﬁg‘ﬁgm? gnd,
) S s

speci fi cad htidesSedd aonpounds .i ncl uding tartrim des
that the am hes&%‘wﬁﬂg\?g rn‘ﬁg’sf gﬁr}w"&llmom tahiackide allitines Rlcradedase

i ndepend&tbricgnts éprseseditpubposas, hydr ocar bon- based radi cal of 1-150 or
8-30 or 1-30 or 8- 150 carbon atons. '647 specifically describes
ol eyl tartrimde and 2 tridecyl propoxyam ne tartrimde. Thus, '647

exenpl i f Plassphdi@s i gRe +elatively long chain groups on the N
i m de at f<ng PThe. ol ecﬁ5 ar“’ffm%?% r?c%‘fﬁtq%télqph?%@tei metehenlte has dadranedd;
this mealf MRt yews eowpiogitde tibriagldiot by & jred.to provide a
defi ned é?l%ﬂ;%?[;vi f nol es of the imde. m&@g% f%—ﬂ":'ntF‘N%W tPRe
present 1 fvent | on HNEES PROREtgh o F e preted lnean iy zine, o alkdlDoPalkaline carth

phosphormetal begluadsivid Y&di it rmof an imde having a short chain
hydr ocar byl gr oup, 'Wr%iére ’tﬁ% I?ﬁ%’%%en}l?’ Jergansse. micksl or @ippess - Of these,
53

adduct . “fifestlifi b gliyidrodabyil rihighospharee (FOBPS LR HAVE ANti - year
acti vi tg{&p&gpra?%e to that. of the addi £ v%lsagdescrl é@&glinﬁmngﬁ‘f?e‘iand
j

at a | ower Fresoucipation of stricter controls on the amount of phosphorus in finished
crankcase lubricants has led to the need to provide phosphorus-free additives to. at
least partially, replace ZDDP in such lubricants.

US 2006/0183647 (‘647), now US 7,807,611 B2, addresses this need and describes

tartaric compounds in low phosphorus lubricants to provide wear reduction and other

properties. The tartaric compounds described include condensation products of a

tartaric acid and an amine, specifically described compounds including tartrimides
‘647 states that the amines may have the formula RR'NH wherein R and R! each
independently represent H, a hydrocarbon-based radical of -150 or 8-30 0r 1-30 or 8-

150 carbon atoms. ‘647  specifically describes oleyl tartrimide and



The invention may al so be regarded as providing an alternative to the
additives described in '647. In accordance with a first aspect, the
present invention provides a crankcase lubricating oil conposition

for an int&idsevipopptisstine tareimidee THORPIGHS icASmpRfics R r&%nged%@é?%
an as gn

(A an oil ricatin i SCOSity in a major anount;
additive 0188 oé%lgﬁtgrloﬁpsao 'tﬁ%ifé‘ﬁﬁlﬁrﬁt‘,’mon@h@ﬁnqmu@rowightobﬂﬁieehﬁiﬂésd@s
derived f rtheschy lRybiree® @l eddsQhs- agdduct . of a. mal ei ¢ anhydri de
and a furan, where the imide Sr o%plﬁ%%?l%lggt éjfgardrgll(;}fva? ’ﬂ‘ﬁ?@uﬁetf’d’rﬁ’lﬁ@ aan
al i phatic edaapbsriof giadespithwinnde.4 to 8, such as 4 to 6, carbon

atons. According to a second aspect, the present invention provides a
nmet hod of inproving the antiwear properties of a lubricating oil

conpositi MMARYCORMTHEINVENPIPQr ating into the conposition in a -
m nor anount one or nore additives (B) as defined in the first aspect

of the invention. According to a third aspect, the present invention
provi des ghaeshQd: of [ ' surfaces of the conbustion chanber
of an inte (ridﬁg[ls conbu‘éeltn#gfril %ﬁ%‘n@gﬂr AU Hﬁ’%i% by pRieidingn acplmspharisfee
provi di ng2dditive imtheobranafunt imi®nBavise ARAG ALt o defined in
the fi rstialsc,lgecé of gue i nvention in a maj or ar%'uﬁ)t%a%ﬁ 5%%81 WL?fFEige

| ubri cat i NG ovits8BLiefyTom a Rigls-Alden Ageies aflhagmides of drepinsértiogRre fond to

i nprove t hgveadikiiWER ach¥ i h i.tion; (ii) providing
the lubricating oil agor#p%ggl{léag%lgﬁo {hﬁﬁf’fg‘:ﬁ%@{% e3qried ?64(7i. pad at a
provi di ngloél"thGatcr@t@r bon fuel in the conbustion chanber; and (iv)
conbusting the fuel in the conbustion chanber. In this specification,
the foll owi ng words and expressions, if and when used, have the

meani ngs Hse inveatod @hdWalso be regarded as providing an alternative to the additives
described in ‘647.

In accordance with a first aspect, the present invention provides a crankcase
Iubricating oil composition for an internal combustion engine comprising, or made by

admixing:
(A)  anoil of lubricating viscosity in a major amount; and

(B)  as an additive component in a minor amount, one or more oil-solible
imides derived from a hydrogenated Diels-Alder adduct of a maleic
anhydride and a furan, where the imide group has the formula >NR,
where R is an aliphatic hydrocarbyl group having 4 to 8, such as 4 to 6,

carbon atoms,

According to a second aspect, the present invention provides a method of improving
the antiwear properties of a lubricating oil composition which comprises
ncorporating into the composition in a minor amount one or more additives (B) as

defined in the first aspect of the invention.



"active ingredients"” or "(a.i.)" referg to additive material that is
not diluent or solvent; "conprising" or any cognate word specifies
the presence of stated features, steps, or integers or conponents,

but does nbecopdiag lte dethirtl esprog sba peeseit Bddlitloh $oAlieOR T had BF RinBEDF,
eat ures, s'%h%@és’ ﬁ_.@%ec%erbs, .conponents_or_groups thereo e

expr essi ons Fcongl sEsFoUSion ehppher of aneintaseel | calmibyistadt clormle gnaihg Sts
may be entﬁp&mn\@bﬁlbﬁglné;corrpri ses" or cognates, wherein "consists
essentially of' permts inclusion of substances not materially
affecting the characteristics of the conposition to which it applies;

"hydr ocar byl " ans chem cal group of a conpound that contains only
hydr ogen and carbon pg?‘g%g’alﬂoa'ﬂ’ﬁ@fag@u%ﬁﬂ%ﬁfmrq adslitieayeB) de defirfedtiie
conpound directly vitke &rgasdes ; " 0i.l - sgl ubl e" or )

"oi | -di spersible”, or cognate tgﬁggs? mt}éég%mﬁéll# éi %Jlaéog AP Het 2R £ 1of

i ndicate that the coRpaies viscosiydp makes labricasing bhlcem g4ias0ky alhBve
m scible, or are ca Jnﬁw%!;r beiR%g sufsBended in the oiP in all
proportions. These do ‘mean- HOREYET Ol IPHERmMBAsEPar e, for exanpl e,
soluble or stably dispersible in oil to an extent sufficient to exert
their intended effect ipn the environnent in which the oil is

enpl oyed. Moret&ver , PIH %@Ptlﬁhﬁwaﬂmgq?ﬂbmlpms!aidndnﬂm‘cmﬂiﬁﬁon@tﬁﬁib'fel-;VeS
may al so permt incorporation of higher |levels of a particular
additive, if d(e_§)imred; “maj or anpbunt” means in excess of 50 mass % of
a conposi ti on; (iihi nprovidinpunhydromets feSs thd@mRedRSS f
conposition; "TBN' neans tot{;I base nunber as blr?egtésureg?@gg aBgTM D2896;
"phosphorus content” is nmeasured by ASTM D5185; "sulfur content” is
measured by ASIMN D2&ddu y . h.content” is neasured by
ASTM 11) 874. %‘?’lo, it wsﬁfgtgg%g%g‘g{rhg%% u%tf?gt(ﬁ’@‘g fous conponent s
used, essential as well as optinmal and customary, may react under

conditio : ylation, .starage or use and that the invention al so
provi des q?ﬁg‘fs Sg’éécréfu%c%l"%btﬁﬁif%i@f“ég Hordsisng epigssiensairaod witen ubeda yvestheh
react i on.meanings ascribed below:

active ingredients” or “(a.i.)” refers to additive material that is not diluent or 5

solvent; !
i

“comprising” or any cognate word specifies the presence of stated features,
steps, or integers or components, but does not preclude the presence or
addition of one or more other features, steps, integers, components or groups
thereof. The expressions “consists of’ or “consists essentially of” or cognates
may be embraced within “comprises” or cognates, wherein “consists
essentially of” permits inclusion of substances not materially affecting the

characteristics of the composition to which it applies;

“hydrocarby]” means a chemical group of a compound that contains only
hydrogen and carbon atoms and that is bonded to the remainder of the

compound directly via a carbon atom.



Further, it is understood that any uppgs and |ower quantity, range

and ratio limts set forth herein may be independently conbi ned.

DETAI LED DESCRI PTiaO\I OF THE I NVENTI ON The features of the invention

relating, where“cipgriohle? atre“oil-gisp@siBleane ak p of the .

invention, will_nowhe descri bedp?%ﬁ m)’rerde(% Al gegﬁ'?’oluﬁ erei; dg potor

LUBRI CATI NG VI SEEEF#YY( Aficsieethah the spmpotnds cartaddisivis se0®ihibte, (BQHRLHIAES
+ d 2

referred to as mbam, ot ek N e gil"). s the primary I’i_qw
constituent of a lubricant ,ap;?ﬂff 8%%%%35 i“l/é@ odlrin all psenomtions o tThese

oi I's are bl ende® mpar, howawpl ehat thepraeg Wseexdnfild ah b idos s‘f&’@oﬁ%ﬁ%{f% ine

| ubricant composjtion).. A base oil is useful for making
as well as for Oﬁ%q%bg’ft%rsflg%t‘?’ﬁéo §x4Tt Ehwirpioteindédeffect e s srRiFon@Bet JHBY

be sel ected frovhiciathy @il i ¥ | [ or, .M neral) and synthetic
| ubricating oils and m xt urlglg her %?@&%P%fdfjg}ﬁ&@ PRORpPEgies jof pilierom
light distillat®@diiveemedy elshspermithémosporatoni 68 HidHr bldls S C{: Az
engine oil, m ngaal lif'&{]sﬁrc ting oil, notor vehicle oil an é)avy ty
di esel oil. General ?’y € Viscosity of the oil ranges from2 to 30,
especially 5 to 20, mm2s1 at 100C. Natural oils include animl and
veget abl e oi l s“&g. . castor and lard oil), liquid petroleumoils and
hydrorefined, sORiPeAMOPRteaneass in axeesalof 50nasS B o MtcoRigositigh: t he
paraffinic, naphthenic and nixed parafirm c-naphthenic types. Ols of
| ubricating viscosity derived fromcoal or shale are also useful base
oils. Synthet i‘mumubmumt’mfegnpiebssthwsd)ﬂﬁgs%yd}fa%g,{pg%ﬁ oil's such as
pol yneri zed and interpolynerized olefins (e g. polry ?’S‘/’I enes,

pol ypr opyl enes, propyl ene-i sobutyl ene copol yners, chlorinated

pol ybut yl enes, “JBiYy , lyv(1-octenes),. poly(l- decenes));

al kyl benzenes (e.g. %ﬁ?ﬁﬁ%ﬁ?&%@%&%ﬁ%@E’ylﬁbﬁeﬁﬂﬁ?@gﬁ;

di nonyl benzenes, di (2-ethyl hexyl)benzenes); polyphenols (e.g.

bi phenyl s, ter. | s, al kyl,ated pol yphenols); and al kyl ated di phenyl
ethers and al k@’ﬂg{%an{ficﬁﬂ@ﬁylls %’G#Sﬂmﬂéy ARBMi DSl &Ser i vati ves, anal ogues
and honol ogues thereof Another suitable class of synthetic
lubricating oils conprises the esters of dicarboxylic acids (e.g.

pht hal i ¢ aci d, Sl coniieat”de indasuatddyl ASTRNEDDER; agd ds and al kenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic
acid, fumaric acid, adipic acid, linoleic acid diner, malonic acid,

al kyl mal oni ¢ &suifised &h e ; j ' i+h a variety of

al cohols (e.g. butyl al cohol ,%gﬁgﬁegﬁ%w,ﬂ%ﬁdecyl al cohol , 2-

et hyl hexyl al cohol, ethylene glycol, diethylene glycol nonoether,
propyl enai@l % i fi xanpl es of these esters include dibutyl
adi pat e, c(lijé Zsﬁi'?l %b; I Lﬁ%)%%h()dglé%g@ﬁ?‘g, cogiPonene Rsad, esemtiad aewellian optitnal
sebacat eandd¢uskaey,yhayamattainder eindaRASEY i Loct vl

pht hal at g, _di dec@ Phgcral ate, dieicosyl kOsfg’ggclt:’g{”gs?or %%orz%s@ﬂ%ﬁéﬂw

di ester Of TR Prayides the praduchpbtainhile conyht sinedesd @red@r SBSPYuch
react i ngreggipnnol e of sebacic acid wth two nol es of tetraethyl ene

gl ycol and two nol es of 2-ethyl hexanoic acid. Esters useful as
synthetic oils also include those made from C5 to Cl2 nonocar boxylic

aci ds ang, ? ol s, .and poJ yol ethers such as neopentyl glycol,
trimethylo glf’)étplgr%lfier @HB&@)?PH PPPes|and dowemquaetityt tunké @hd 84 limits set
tripent d&ﬂhh&éﬁi@hybgﬁagﬁn?@r? conitfild ﬁ? and re-refined oils can be

used in the conpositions o e pres invention. Unrefined oils are
those obtained directly froma natural or synthetic source wthout

further Iﬁﬁ‘f. fA tfg’b [ For exanple, a shale oil obtained
direct! V¥ r%]'g']?lgt%i s i%ﬁ & ﬁrﬁ-@@m&&m&um oi| obtained directly

fromdistillation or ester oil obtained directly from an
esterif'ﬁgg on process and used wi thout further treatnent would be

unrefin Afurcygdithe syetidngchitiog, sindrd aspromiaid o Bnehi og dsRidsDrERCert

invention, will now be described in more detail as follows:




Q her exanpl es of base oil are gas-to-Lkiquid ("GIL") base oils, i.e.
the base oil may be an oil derived from Fi scher-Tropsch synthesi sed
hydr ocar bons made from synthesis gas contai ning H2 and CO using a

Fi scher - Tr Opb @F LHBRICATING agscosiTec@ybons typically require
further processing in order to be useful’ as a base oil. For exanple,
they may, by nethods known in the art, be hydroisonerized,

hydr ocr ackegk ANGlF 10Y9E i I X waxed: or hydro isomerized and
dewaxed. Base oil nmay qgg(égelég??%% ?Sr{e%h(?gﬁ%a%/t 3S8FLAEC o dpasg oild) ishe

APl EOLCS thepdmdaf liquid iconstitucat \Mhe mubirhan®iito WhidtiduGak 09 \éifs?tﬁ?%tﬁ
is used t%iﬂ%%laqffegn entrate, it is present in a concent Pate-t or ng
amount (e. g T T oMo §xarpple & prdace arfinal fibsigantrtersksbaigant corgpositic).
concentrate containing for exanple 1 to 90, such as 10 to 80,
preferably 20 to 80, nore preferably 20 to 70, mass % active

i ngr edi ent Sfseapil dyftsafil Hr onaldniziconcentsated ad RGIICRMRP HRIKing ﬁbriegﬂlgeou

opti onal | i .0Ne or Jmre co-additives. The oil of lubricatin
Vi scosi ty}éa%gg%gtllﬁﬂéath%ﬁe#@élht Ela?’g’eas@iﬁt?da@loél BpEza)i (Megetable, ypiimal oy

hydr ocar barineraBiand eynthdtidi idbrictide ok BT i i Qil, or -ather
suitabl e solvent. Q.ls of I ubr i_%gti ng @llixsni]:%gf e§e%t§u§ﬁ“ ARSI Rroatty
herein, af°Welgbtadisigiate mineral os i theevi bybriaaithgaoimeiidhCas ¥4 efARdRRS,

are exanp f ' I ier,.flui.ds for concentrates.
Concent r a%‘glzer%olrlll 2#%%? eonglg%éf{/ gﬂfl‘élﬁ { lfra}sinﬁeaav giesel pihd Gen¢rally the

bef ore t heiscosityef tlesilvahgesadtont 3¢ 5o, lcapdcnlyX0b Yol AR29" 1 dipsRer Si on of
additives in lubricating oil conpositions. Wien’ preparing &
| ubricating oil conposition that contains nore than one type of

addi tive Ne@eRiIEHSIE! LE . itive conponents"), each
additive rgrylbe limglggr pgr £aﬁ.nglf:’if gg%:tvreﬁggﬁﬁ,o%a%gf&#%eaf\doiﬁﬁﬁi il liquid
concent r apatolqum realayandn diydroestimed h e ¥R itreatdd hSnEANUBRI proyi de
a so-called additive. "package® (also ref earred to agﬁghﬁﬂ%d%g%kd}f%e

conpri si iy OneCo Pepihertic and qaixed \nesifinigataphibenie sypdsb e Oilb arfelubridtiag,
in 2 i nglieofmPBGNIel Hof coal BEsHaWAl 436 Oty Aldke SQIPOST L on Of e

i nvention may be provided, iIf necessary, W Cobe or nore
co-additives, such as described hereinafter. This preparation may be

acconpl i [ t he addj tiv irectly to the oil or by adding
it in thﬁg}egnxoﬁlggc%g’ﬁcgﬁf r’é‘f’léldF hg\“gﬁ?aﬂ?@ diils pauokie apr palymenitede atdhe
addi tivei lyiohered HHfink Qe 3 j met hod known to
t hose skilllltiég)g )ltnlrll the art, qglﬁfgggb%@%llrg%,ﬁyg%p f?%’é&%ngopﬂﬁ%e-gg,utéﬂene
after addPPF¥ReB; clompteddpolybuiplenes, Rycdf(@riminbngs), t ielyQidetdis), poly(l-

h

| ubri cat igagk¥dy$COSI ' resent in an _gnoynt of greater than mass
% nmnore pre eél)gbl yag g%ie 5$net°’ hant(%g) masd?ﬁ%y hor e tpfrasieeylbgrizgnes,

great er dfrenylbBnaenss dYR-diagiestyDherizBResh: HERS! : bricating
oi | corrpo%i %:tpon. Preferadgls:‘g, ?ﬁeeoi_l S?)’f I rlcgt(‘?%'gﬁléﬁesn&%sg eingﬂ’
present PHYZHFLRASTRIENQ); pad sllytesed diphanyd ethets and uikyhutef EibR&lyY skifass _:
than 95 pEEtheYori ferably | ess than 90 mass % based on |
the total mgﬁ%ﬁﬁﬁ%rgﬁélgg‘?ggplghﬁm8%guﬁs&ﬁﬁﬁg'ti on. The terns
"oi |l -soluble” or "oil-dispersible", or cognate terns, used herein do :

not nece%‘slaﬁli |y lnlgi cate tt}at t he conpounds or additives are sol uble,
di ssol vabl'e, i SERYE e Classg of o ynghatice dphrisating f oibseicogpsisspendadtds §he
oi | in adikbarBbLPR dck . . however . that they are, for
exanpl e, 1so_I Q%Fe_ or(ﬁ;t{(é gbﬁgl%g]?%%g(ri’gﬁ%?ﬂeml \{%iaﬁ‘yfl suceipie 2eidh and alenyi ent
t o exer tSUCHBICr adigs, enaleid @id, extlaicnadifiesidaric raeﬂp%g;asjcnaéf@i ﬁl’iha%%e il is
enpl Oyedadi regver t he ‘i di tional .incorporation of other a i 19Ves
may al so pdeYEr9 o TRRIsH A, iper. Shalenieeeld, ploybnalonit agidsaaliemyll malonic
addi ti veacidsf withsi vasiety o FE@hb KRS b Gt b nSQIBRsSLLf gns of the

i nvention rr?ay be usegoto Iu%lré?%gf%& l%&h!’@é’fﬁgﬁahﬂeg %cﬁwéz-

par t i culApliexyhaicohadr efylenoglyasl, idonthydagi gleso] o ideth®h) HrdpyIGR! 16 1P
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl) sebacate

di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl



atons Typically, the lubricating oil cgnposition may contain |ow
| evel s of sulfur. Preferably, the lubricating oil conposition
contains up to 0.4, nore preferably up to 03, nost preferably up to

0.2, tsalath,udsi i SHlfar d.on the..tatal
Tss of the comosLL o e linel® Skl el MemyBRR o Sl S nicleR
may cont ai ar?lchqre%@ the spmplexfester Sorawt byRradtiampadieymolt e sbhield &at Wwid

oi | conposisi ' t0 1.0 referably up to 0.8, mass %
sul f at ed gg;ﬁ,ﬁﬁgigggg%&%ﬁ%%t%ﬁ?ﬁ% @PE‘F H&‘é’ ARQtpAcid.Sui t abl vy,
the lubricating oil conposition nay have a total base nunber (TBN) of

bet 4 15, preferably 5 to 11. ADDI TI VE COVPONENT (B) (B) nay
bg V\rrlggg by"“tsgeri H#eéi@-aéts&l&gefﬁl%lﬁeﬂwmerludgthpyq madfreinsCsAb das madetieioxgfic

furan and agid i Vi [1S. - .secondl t he adduct is
cat al yticglll 5% :1113 ré%;elgr%a#lg ; g&oftlﬁ%g?(fhyaﬁ H%Opﬁﬁ‘gbgg{mﬁg.rm@gﬁcgwom% a
pri mary apFR@etyiriteindipentadririeoi ayditripdataeniigityl. t o an i ni de noiety. The

exanpl es of this specification contain an illustrative reaction .
scheme. The group Ron the imde noiety is, as stated, an aliphatic

hydrocarb dpreffigvd B £ ' Preferably R.is a

s%/r ai ght ?ﬁﬁﬁo’? br anched ‘tﬁiﬁi}%} Sgsié%%egé\y grt%eu%o.mlﬁsgpé? Qb e PreseRks

4 to | ess™WRRliPw, Uniefinedsoils o tBosenobteinpd efiecapliiond 20%atbral @%%n;}fletic
ut yl .

) | f R -b
eh nadai autee SABAR AR buriB RS & HoF esemole: Gpshelst bil whaindhe
[ i ) ' : i nad..as.,a Jprodu .
et honl o e iR bpeldBboi pdtoRnd 6l SRIA AR Rt Biletion, g,
i s present” FSETAl ebtained diectly ﬁom@nlﬂste:cnifmﬁtidk? p%bgsfs ahalukyd Qlitﬂ;oﬁtq'uéhé}ass
% Sp% fhe l.ubricating oi i
o mos | EekEEAN IO b uh il BE R dhacaih e Sitier forthe Ritgabed oils cxcept

conposi t i thay hadkOb@n- fuetitt iresed imbiidlof BREESERAGELY %tf%g fﬁ%h be RUANL S,
that may also be present, different from additive conponé f’|§)“
stated as™ ?Ylgsgroa EontMast such Pyéficatipe riechniques, such as distillation, solvent

extraction, acid or base extraction, filtration and percolation are known to those
skilled in the art. Re-refined oils are obtained by processes similar to those used to
obtain refined oils applied to refined oils which have been already used in service.
Such re-refined oils are also known as reclaimed or reprocessed oils and often are

additionally processed by techniques for approval of spent additive and oil breakdown
products.

Other examples of base oil are gas-to-liquid (“GTL”) base oils, i.e. the base oil may

be an oil derived from Fischer-Tropsch synthesised hydrocarbons made from
synthesis gas containing H, and CO using a Fischer-Tropsch catalyst. These |
hydrocarbons typically require further processing in order to be useful as a base oil.
For example, they may, by methods known in the art, be hydroisomerized;

hydrocracked and hydroisomerized; dewaxed; or hydroisomerized and dewaxed.

Base oil may be categorised in Groups I to V according to the API EOLCS 1509
definition.



Additive are |listed below. Miss % Al | he values |listed are Mass %
(Broad) (Preferred) Ashless Dispersant 0.1 - 20 1 - 8 Metal

Detergents 0.1 - 15 0.2 - 9
When the oil of lubricating viscosity is used to make a concentrate, it is present in a

concentrate-forming amount (e.g,, from 30 to 70, such as 40 to 60, mass %) to give a
concentrate containing for example 1 to 90, such as 10 to 80, preferably 20 to 80,
more preferably 20 to 70, mass % active mgredient of an additive or additives, being
component (B) above, optionally with one or more co-additives. The oil of
lubricating viscosity used in a concentrate is a suitable oleaginous, typically
hydrocarbon, carrier fluid, e.g. mineral lubricating oil, or other suitable solvent. Oils
of lubricating viscosity such as described herein, as well as aliphatic, naphthenic, and
aromatic hydrocarbons, are examples of suitable carrier fluids for concentrates.

Concentrates constitute a convenient means of handling additives before their use, as
well as facilitating solution or dispersion of additives in lubricating oil compositions.
When preparing a lubricating oil composition that contains more than one type of
additive (sometime referred to as “additive components”), each additive may be
incorporated separately, each in the form of a concentrate. In many instances,
however, it is convenient to provide a so-called additive “package” (also referred to as
an “adpack”) comprising one or more co-additives, such as described hereinafter, in a

single concentrate.

The lubricating oil composition of the invention may be provided, if necessary, with
one or more co-additives, such as described hereinafter. This preparation may be
accomplished by adding the additive directly to the oil or by adding it in the form of a
concentrate thereof to disperse or dissolve the additive, Additives may be added to
the oil by any method known to those skilled in the art, either before, at the same time

as, or after addition of other additives.

Preferably, the oil of lubricating viscosity is present in an amount of greater than 55
mass %, more preferably greater than 60 mass %, even more preferably greater than
65 mass %, based on the total mass of the lubricating oil composition. Preferably, the
oil of lubricating viscosity is present in an amount of less than 98 mass %, more
preferably less than 95 mass %, even more preferably less than 90 mass %, based on

the total mass of the lubricating oil composition.

The terms “oil-soluble” or “oil-dis ersible”, or cognate terms, used herein do not
D gn

necessarily indicate that the compounds or additives are soluble, dissolvable, miscible,



Friction nodifier 0 - 5 0- 1.5 Corrosign Inhibitor 0 - 50 - 1.5

Met al Di hydrocar byl Dithiophosphate 0 -
0.01 -3 Pour

5

10 0 - 4 Anti-Oxidants O - 5
Poi nt Depressant 0.01 -s 0.01 -1.5 Anti-Foam ng Agent O
or are capable of being suspended in the oil in all proportions. These do mean,

however, that they are, for example, soluble or stably dispersible in oil to an extent
sufficient to exert their intended effect in the environment in which the oil is
employed. Moreover, the additional incorporation of other additives may also permit

incorporation of higher levels of a particular additive, if desired.

The lubricating oil compositions ofthe invention may be used to lubricate mechanical
engine components, particularly in internal combustion engines, e.g. spark-ignited or
compression-ignited two- or four-stroke reciprocating engines, by adding the
composition thereto. Preferably, they are crankcase lubricants, amongst which may

be mentioned heavy duty diesel (HDD) engine hibricants.

The lubricating oil compositions of the invention comprise defined components that
may or may not remain the same chemically before and after mixing with an
oleaginous carrier. This invention encompasses compositions which comprise the

defined components before mixing, or after mixing, or both before and afier mixing.

When concentrates are used to make the lubricating oil compositions, they may for
example be diluted with 3 to 100, ¢.g. 5 to 40, parts by mass of oil of Inbricating

viscosity per part by mass of the concentrate.

The lubricating oil composition of the present invention may contain levels of
phosphorus, that are not greater than 1600, preferably not greater than 1200, more
preferably not greater than 800, such as not greater than 500, for example, in the range
of 200 to 800, or 200 to 500, ppm by mass of phosphorus, expressed as atoms of
phosphorus, based on the total mass of the composition. Some of the above may be
referred to as low phosphorus oils. In some cases, substantially no phosphorus is
present. Preferably, the lubricating oil composition contains not greater than 1000,
such as not greater than 800, ppm by mass of phosphorus, expressed as phosphorus

atoms.

Typically, the lubricating oil composition may contain low levels of sulfur,

Preferably, the Iubricating oil composition contains up to 0.4, more preferably up to
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Viscosity nodifiers are used only in nmulti-graded oils. The final
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18, typi catgpft?“?%gsi’gfiherﬁéwo%@ﬂ- the co-additives, the remai ngg_rt_ .
bei ng oil of lubricating viscosity. The above mentioned co-ﬁ | ![ve
are discussed in further detail as follows; as is known in the art,

sone addi tTxréellyathephibritatingaoitnebinpdifici tnayOdontfif &b Sevdibr SRR Sap, 2

single adcijt%v% t.as a dispersant and as an oxidation _

i nhi bi t or .“TR°H g’g&ﬁ%iﬁ’t‘w%ﬂg&ﬁﬂ &arpesitien pirgeios pp!tcralr.&tlfﬁ]rai;&glillpap its 0l®)
d soli o 1 Ehkd ) ' n spensi on, e _

hol 8, ol st LB BAUAIOTLARALA JRPEISL A hor by,

reduci ng sl udge depositions. For exanple, a dispersant maintains in

' Llqz, 1 . tances that result from oxidation during
32:'03? S![ ﬁ@“ﬂﬁﬂfﬁl %Olluglb“l’a mguoblf Compos?tion may have a total base number (TBN) of

between 4 to 15, preferably 5 to 11.
ADDITIVE COMPONENT (B)

(B) may be made by a three-stage process: firstly, a Diels-Alder adduct of a furan and
a maleic anhydride is made; secondly, the adduct is catalytically hydrogenated; and
finally the product is reacted with a primary amine to convert the anhydride moiety to
an imide moiety. The examples of this specification contain an illustrative reaction

scheme.

The group R on the imide moiety is, as stated, an aliphatic hydrocarbyl group having
4 to 8 carbon atoms. Preferably R is a straight chain or branched alkyl or alkeny!
group. Preferably, R has 4 to less than 7, such as 4 to 6, more preferably 4 or 6, most
preferably 4, carbon atoms. A noteworthy example of R is n—butfl. Such additives

are found to be oil-soluble or oil-dispersible in the practice of the invention.

(B) may also be defined as a product obtainable by the above process.

Suitably, the additive component (B) is present in an amount of 0.1 to 10 mass %,
preferably 0.1 to 5 mass %, more preferably 0.1 to 2 mass %, of the lubricating oil

composition, based on the total mass of the lubricating oil composition.

CO-ADDITIVES

e
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in suspension oil-insoluble substances that result from oxidation during use of the
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basi ¢ zinc compound in the neutralisation reaction. Such netal salts
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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. |

Other known friction modifiers comprise oil-soluble organo-molybdenum
compounds. Such organo-molybdenum friction modifiers aiso provide antioxidant
and antiwear credits to a lubricating oil composition. Suitable oil-soluble organo-
molybdenum compounds have a molybdenum-sulfur core. As examples there may be
mentioned  dithiocarbamates, dithiophosphates, dithiophosphinates,  xanthates,

thioxanthates, sulfides, and mixtures thereof Particularly preferred are molybdenum



' ' |- ' ' di fying pol yners
16 including polyesters. Ol-soluble viscosity no
g\enerail |y hgvg w)éi ght average nol ecul ar wei ghts of from 10, 000 Ejob
1, 000, 000, preferably 20,000 to 500,000, which nmay be determ ne y

gel per neatihinsabemetest digkpidithiophosihatds] gilty] SEMAG' A%k Ftes e

[ [ ] now be particularly described in the fdllow ng
;Q\érGrBIt ggn |I%%deg}11§l°ﬁg¥pg??é1§ﬁﬂ’é‘ eEPTfinticleat he scope of the clainms

hereof. SYNTHESI S OF DI ELS- ALDER DERI VATI VES (1) Reaction of furan and

mal ei ¢ anhydri de Mal ei ¢ anhydride (1 eq., 1 wt) was added to a

sol uti on d&fnef eagnof Breferesd . orgadho7mollhdennmdicaiftyhde L] ﬁzaIYQép%%]tg uo;ﬁ;tﬁe

[ ] . I ient t erature for siXx
whon a wnireet v B SRl i Bt comohids aidbe frmrisndesSand, and
The react Lon toat oreurnlis ae BdkRndint B8 dlhd i Bloat SRR,
[ r : (
Igoeﬁ) Lg?fgé‘{? t%‘%‘%‘é‘%ﬁ gglg?aﬁerpf :ﬁzglb@n ap,tpme {OBAdethe um?poaddig(ag% (1)111)3/130(?8@) %Tﬂjé@n
i 0f - ' ot i.n acetone .
Ceact on i eeoich SASR b bk bl popt Al buailio® B & PactintBomaboibep of

. ' i S
hydrogen aeutes pleetren dodatisg cangoui@isuchtd v &S h&h%—kglga%@héfs, Hospfites, and
f ?/I t e?ed thr oup celit & and the sol vent renbved under DFISESS%@% t 8"
yield th o CtReTs {2 1arges trom 0 to 5 and includes non-stoichiometric values. At least 21 total

carbon atoms should be present among all the ligands’ organo groups, such as at least 25,

at least 30, or at least 35 carbon atoms,

The molybdenum compounds may be present in a lubricating oil composition at a
concentration in the range 0.1 to 2 mass %, or providing at least 10 such as 50 to 2,000

ppm by mass of molybdenum atoms.

Preferably, the molybdenum from the molybdenum compound is present in an amount
of from 10 to 1500, such as 20 to 1000, more preferably 30 to 750, ppm based on the
total weight of the lubricating oil composition. For some applications, the molybdenum

is present in an amount of greater than 500 ppm.

Anti-oxidants are sometimes referred to as oxidation inhibitors; they increase the
resistance of the composition to oxidation and may work by combining with and
modifying peroxides to render them harmless, by decomposing peroxides, or by
rendering an oxidation catalyst inert. Oxidative deterioration can be evidenced by
sludge in the lubricant, varnish-like deposits on the metal surfaces, and by viscosity
growth.

They may be classified as radical scavengers (e.g. sterically hindered phenols,
secondary aromatic amines, and organo-copper salts); hydroperoxide decomposers
(e.g., organosulfur and organophosphorus additives); and multifunctionals (e.g. zinc

dihydrocarbyl dithiophosphates, which may also function as anti-wear additives, and
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adaitive base stock, detergents, dispersants, antioxidant, 18

pol yi sobut ene, antifoam base stock, and viscosity nodifier.

Dihydrocarbyl dithiophosphate metals salts are frequently used as antiwear and

antioxidant agents. The metal may be an alkali or alkaline earth metal, or aluminium,
lead, tin, zinc molybdenum, manganese, nickel or copper. Zinc salts are most
commonly used in lubricating oil such as in amounts of 0.1 to 10, preferably 0.2 to 2,
mass %, based upon the total mass of the lubricating oil compositions. They may be
prepared in accordance with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reaction of one or more alcohols or a
phenol with P,8s, and then neutralising the formed DDPA with a zinc compound. For
example, a dithiophosphoric acid may be made by reaction with mixtures of primary
and secondary alcohols. Alternatively, multiple dithiophosphoric acids can be
prepared where the hydrocarbyl groups on one acid are entirely secondary in character
and the hydrocarbyl groups on the other acids are entirely primary in character. To
make the zinc salt, any basic or neutral zine compound could be used but the oxides,
hydroxides and carbonates are most generally employed. Commercial additives
frequently contain an excess of zinc due to use of an excess of the basic zinc

compound in the neutralisation reaction.

Such metal salts may suitably be employed in combination with additive
component(s) (B), for example where (B) contains 100 mole % of alcohol(s) ROH
and constitutes at least 50 mole % of the total ZDDP content, of whatever type, in the

lubricating oil composition.

Anti-wear agents reduce friction and excessive wear and are usually based on
compounds containing sulfur or phosphorous or both, for example that are capable of

depositing polysulfide films on the surfaces involved.  Noteworthy are the
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dihydrocarby] dithiophosphates, such as the zinc dialkyl dithiophosphates (ZDDP’s)

discussed herein.

Examples of ashless anti-wear agents include 1,2,3-triazoles, benzotriazoles,

thiadiazoles, sulfurised fatty acid esters, and dithiocarbamate derivatives,

Rust and corrosion inhibitors serve to protect surfaces against rust and/or corrosion.

As rust inhibitors there may be mentioned non-ionic polyoxyalkylene polyols and

esters thereof, polyoxyalkylene phenols, and anionic alkyl sulfonic acids.

Pour point depressants, otherwise known as lube oil flow improvers, lower the

minimum temperature at which the oil will flow or can be poured. Such additives are
well known. Typical of these additive are Cg to Cis dialkyl fumerate/vinyl acetate
copolymers and polyalkylmethacrylates.

Additives of the polysiloxane type, for example silicone oil or polydimethyl siloxane,

can provide foam control.

A small amount of a demulsifying component may be used. A preferred demulsifying

Y

component is described in EP-A-330,522. It is obtained by reacting an alkylene oxide

with an adduct obtained by reaction of a bis-epoxide with a polyhydric alcohol. The
demulsifier should be used at a level not exceeding 0.1 mass % active ingredient. A

treat rate of 0.001 to 0.05 mass % active ingredient is convenient.

Viscosity modifiers (or viscosity index improvers) impart high and low temperature
operability to a lubricating oil. Viscosity modifiers that also function as dispersants
are also known and may be prepared as described above for ashless dispersants. In
general, these dispersant viscosity modifiers are functionalised polymers (e.g.
interpolymers of ethylene-propylene post grafted with an active monomer such as

maleic anhydride) which are then derivatised with, for example, an alcohol or amine.

The lubricant may be formulated with or without a conventional viscosity modifier
and with or without a dispersant viscosity modifier. Sujtable compounds for use as

viscosity modifiers are generally high molecular weight hydrocarbon polymers,
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EXAMPLES

The invention will now be particularly described in the following examples which are

not intended to limit the scope of the claims hereof:

SYNTHESIS OF DIELS-ALDER DERIVATIVES

(i) Reaction of furan and maleic anhydride

Maleic anhydride (1 eq., 1 wt) was added to a solution of furan (5.4 eq., 3.7 wt) in
diethy! cther (2 vols). The reaction mixture was stirred at ambient temperature for six
hours when a white solid had crystallised. The solid was filtered and washed with
diethyl ether (3 x 2 vols) and then dried under vaccum. The reaction that occurred is

represented as:

O O
O 0
1

(iiy  Hydrogenation

10% palladium on carbon (1 mole %, 0.064 wt) was added to a solution of the solid 1
of step (i) (1 eq., I wt) in acetone (10 vols). The reaction mixture was stirred at
ambient temperature under a 4 bar hydrogen atmosphere. After one hour, the
resulting mixture was filtered through celite and the solvent removed under pressure

to yield the product as:
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(it}  Synthesis of imide

n-Butylamine (1 eq., 0.59 vols) was added to a solution of the product 2 of step (ii) (1
eq., 1 wt) and triethylamine (3.6 e.g., 3.0 vols) in toluene (15 vols). The reaction
mixture was heated to reflux and the water produced collected in a Dean and Stark
trap. When water production ceased, the mixture was cooled to ambient temperature
and the solvent removed under reduced pressure yielding an imide — Example 1 —(4-

n-butyl-10-0xa-4-azatricyclo[5.2.1.0%%] decane — 3,5-dione) as depicted below 3:

O O

o mBUNH, w—’ \

i

NEts, tofuene

O
2 3

O

For convenience, the product will be referred to by the shorthand name of n-

butylimide,
LUBRICATING OIL COMPOSITIONS i
Two sets of oil compositions were prepared.

A first set comprised heavy duty diesel Oil X including respectively n-butylimide (0.5

or 1 mass %)5 o1, as a comparison, tridecylpropoxyamine tartrimide (1 mass %); or

ZDDP (0.75 mass %, 600 ppm by mass P).

Oil X contained additive base stock, detergents, dispersants, antioxidant,

polyisobutene, antifoam, base stock, and viscosity modifier.
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TESTING AND RESULTS

A high frequency reciprocating rig (ex PCS Instruments) was used to evaluate the

antiwear properities of each of the above oil compositions by measuring the HFRR

ball x-axis wear scar in mm. Experimentation was carried out under the following

conditions:

e 60 minutes at 100°C

* 20 Hz reciprocation of 1 mm stroke length

» 800g load using standard equipment manufacturer supplied steel substrates.

A control was carried out on Oil X without additives.

Results are set out in the tables below.

TABLE 1

Oil

Wear Scar (mm)

X (controi)

0.340

X+ n-butylimide (0.5%)

0.275

X+ n-butylimide (1.0 %)

0.264

X+ tridecylpropoxyamine tartrimide (1.0%)

0.2865

X+ ZDDP (0.75%)

0.268

performance and was
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The results show that the imide has a significant effect as an antiwear additive, and

had superior antiwear activity in comparison with the detergent componentry.
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3. A composition as claimed in claim 1 or claim 2 wherein the hydrocarbyl group

has 4 to less than 7, such as 4 to 6, carbon atoms.

4, A composition as claimed in any of claims 1 to 3 wherein the hydrocarbyl

group is a butyl, preferably n-butyl, group.

5. A composition as claimed in any of claims 1 to 4 wherein the composition has

a sulfated ash value of up to 1.0 and a sulfur content of up to 0.4 mass %.

6. A composition as claimed in any of claims 1 to 5 wherein the composition
contains other additive components, different from (B), selected from one or w'
more of ashless dispersants, metal detergents, corrosion inhibitors,
antioxidants, pour point depressants, antiwear agents, friction modifiers,

demulsifiers, antifoam agents and viscosity modifiers.

7. A composition as claimed in any of claims 1 to 6 having not greater than 1600,
such as not greater than 1200, such as not greater than 800, such as not greater

than 500 ppm by mass of phosphorus, expressed as phosphorus atoms.



11. The use of an additive (B) as defing

dinany of clains 1 to 4 to

i'mprove the antiwear properties of a lubricating oil conposition.

3.

10.

11.

A composition of claimed in claim 7 having not greater than 800 ppm by mass

of phosphorus, expressed as atoms of phosphorus.
A method of improving the antiwear properties of a lubricating oil
composition which comprises incorporating into the composition in a minor

amount one or more additives (B) as defined in any of claims 1 to 4.

A method of lubricating surfaces of the combustion chamber of an internal

combustion chamber during its operation comprising:

(i) providing, in a minor amount, one or more additives (B) as defined in
any of claims 1 to 4 in a major amount of an oil of lubricating
viscosity to make a lubricating oil composition, to improve the
antiwear properties of the composition;

(i)  providing the lubricating oil composition in the combustion chamber;

(i)  providing a hydrocarbon fuel in the combustion chamber; and

(iv)  combusting the fuel in the combustion chamber.

The use of an additive (B) as defined in any of claims 1 to 4 to improve the

antiwear properties of a lubricating oil composition.



