-1- A METHOD OF REDUCI NG THE RATE OF DEPLETION OF BASICITY OF A
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reducing the rate of depletion of basicity (as determ ned by ASTM
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D2896), and are usually overbased al kaline earth netal detergents

such as overtithoul iraeasingnsuphabito At eentehSAattds Hrrfeighly; dhe Mtwisating oil
i's inmportan i LGtV j b r det -
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and better engickpasetlebti¢cating @etongokitinginclndingodpatertgerrear thator sil ahda
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sul phat d a?ﬁa‘lyeds}léygleé MM in increased deposits on pistons and
exhaust gas circuits, including heat recovery systens and
after-treatnent devices. 30The present invention is concerned with
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provi ded a
preferably 250 to 450 mg KOH/g (ASTM D2896), and are usually overbased alkaline

carth metal detergents such as overbased calcium sulphonates, phenates and
salicylates. It is important that the basicity provided by the overbased detergents be
25 retained as long as possible, as this ensures longer oil life and better engine protection
over a longer period of time. It is also important that ash levels are not increased
because excessive sulphated ash levels can result in increased deposits on pistons and

exhaust gas circuits, including heat recovery systems and after-treatment devices.

30 The present invention is concerned with the problem of reducing the rate of
depletion of basicity (as determined by ASTM D2896) of a lubricating oil
composition in use in an engine. The present invention is also concerned with the

problem of reducing the rate of depletion of basicity (as determined by ASTM



met hod of reducing the rate of depletion of basicity (as determ ned
by ASTM D2896) of a lubricating oil conposition in use in an engine,
the lubricating oil conposition includi ng_ at | east one oil-soluble
overbased al kali or alkaline earth netal “detergent, which nethod
conpri ses adeRd9g) oha lubaciting dicamgitonlin conjpesichging vathevoincreasieg 10
conmpounds of [CH2CH2OLH[ CFI 2CH2ZQH 1 R10 - 1R2 CH7. R X
(1) wherein: EJ% %Hfaqéo%‘ﬁ‘t preferably 1 to 40, nore preferably 1 to
30; 15 RI and R2 are H, hydrocarbyl groups having 1 to 12 carbon
atons, or hydrocar byI groups having 1 to 12 carbon atons and at | east
one heteroa oI 2 group having 9 to 100, preferably

9 to 70, t f ’ b t
919,70, smost prlsrabinee Wafﬁﬂ ¥ oot PSRt igFiilioh. {sc s ppvidea
I'n the conpaeseiblsd @redﬁﬂﬁﬁ%lih@ rétk bf déplétfonifasicidP(ad deterrhiheli B mmqm@a

of Formula (1), x is preferably 1. In the conpounds of Formula (l),
i s pref er abloj adubrisating i cemRositiorns useit en gneite thedphriating oil Somppsitier

conpounds  of, indT 19({1{%l Ltalezgslt })ne gl—sglugfeegvgfb%?édy aIPJlf”‘&Cahl?aqme %grth meéil detergent,

which method comprises adding to the lubricating oil composition one or more

10  compounds of Formula (I):

[CH,CH,0J,H [CH,CH,O],H
o) R 0
R2 —_
|

- BRIt
wherein:
x is 1 to 50, preferably 1 to 40, more preferably 1 to 30;
15 R! and R? are H, hydrocarbyl groups having 1 to 12 carbon atoms, or hydrocarbyl
groups having 1 to 12 carbon atoms and at least one heteroatom,;
R is a hydrocarbyl group having 9 to 100, preferably 9 to 70, most preferably, 9 to 50,
carbon atoms; and

nis 0 to 10, or alkaline earth metal salts of the compounds of formula ().

20
In the compounds of Formula (I), n is preferably 0. In the compounds of
Formula (1), x is preferably 1. In the compounds of Formula (I), R is preferably 9 to
20 carbon atoms, more preferably 9 to 15. In the compounds of Formula (I), R is
preferably branched.
25

In the compounds of Formula (I), R' in preferably H, R? is preferably H and R
is preferably in the para position in relation to the ~-O-[CH,CH,O],H group.



The conpounds of Formula (1) are preferably nethyl ene-bridged al kyl
phenol s or ethoxyl ated nethyl ene-bri dged al kyl phenols. 5The
conpounds of Formula (1) preferably include |less than 1 nole% nore
preferably | ess than 0.5 nol e% and nost preferably less than 0.1

nol e% of unreacted al kyl phenol. In the conpounds of Formula

(I'), preferably =1 for 0,.more 1 r.ef ergh r h
70, even prefera&”&? ﬁ%‘PBOLE nO%BE%n@H@ B @ P I%P@ﬁ} k‘%ﬁ%@ege%rﬁﬂyl
nost prefer%hﬂol&f@f&h&me@ﬁretﬂwén% Wdged alkylmnblfae conpounds  of
Formula (1), preferably n >2, such as di-oxyal kyl at ed,

trioxyal kyl ated and tetra- oxyal kyl ated, for less than 5 rmle % 15

The al kal ' ne car tﬁwn&)'gnal uRds otsFOfm}IQE prgfér ds JdeFlgr nﬁ]ﬁ %le@u, thore
for exa cal ci um gnesl Um arl ron I um Ci Um or

nmagnesi um i E}Jrﬁéﬁfagﬂéﬁdhalﬁ l5Gholeyd @d&ﬁ@ﬁ@t@fbﬂaﬁlyﬂé@ftﬁart 64d.m@e%ef unreacted
| ubricating gil conposition is preferably a marine cylinder

| ubricant, &l phgopi st on engine oil, a gas engine oil or a crankcase
Iubricating oi | conposition (including a passenger car notor oil and
a heavy duty diesel notor oil) When the lubricatin

conposi ti on i s alndhe ﬁ@nﬁ%qdﬁ@érFmBM darmreferahly rrBNI zfsr me rgﬁl@eilsﬁﬁ dgore

b ASTM
a%d to a ?’ @%’aﬁa&éﬁe‘?ﬁﬁmd e%n %ﬁeﬁbl%%or%rﬁﬁgé |n g{}ﬁ%‘%ﬁ‘?él on
is a trunk pi afoenprefegabite moid thah BS, BN %.as neasur ed by ASTM D2896) is

preferably at |east 10, nore preferably at |east 20, and 30 nost
preferably 30 to 55 ngKOH g. When the lubricating oil

conposition is ay jolfidCb1 Forin I%l(z)gpke(féﬁblg%@}”sﬁ& &de%rc{}'é{k%%%@n

is preferably at ]?east , hore prefer

When t he | ubxyadkylated aod tetmmnyeﬁﬂyialt@hforslesa tkmnaﬁﬂnohzs% oil, the TBN (as
rreasured by ASTM D2896) is preferably at |least 5, nore preferably at
| east 6 'fo0 18 ngKOH g. 5The lubricating oil conposition is preferably

a marine cylindermhbufkdif@néarth metal dalts AFCOE d@MGRUNES Bf IHREmMBILEGHre, for
invention there is also provided use of one or nore conpounds of

Fornul a (1) ex¢rapieCleRlojus], CHRSMB0n Hatium] @K sgioptium.  Calcium or magnesium is

preferred; calcium is especially preferred.

20 The lubricating oil composition is preferably a marine cylinder lubricant, a
trunk piston engine oil, a gas engine oil or a crankcase lubricating oil composition

(including a passenger car motor oil and a heavy duty diesel motor oil).

When the lubricating oil composition is a marine cylinder lubricant, the TBN
25  (as measured by ASTM D2896) is preferably at least 20, more preferably at least 40
and to about 70 mgKOH/g.

When the lubricating oil composition is a trunk piston engine oil, the TBN (as
measured by ASTM D2896) is preferably at least 10, more preferably at least 20, and
30  most preferably 30 to 55 mgKOH/g.

When the lubricating oil composition is a gas engine oil, the TBN (as
measured by ASTM D2896) is preferably at least 4, more preferably 5 to 15
mgKOH/g.



wherein: x is 1 to 50, preferably 1 to 40, nore preferably 1 to 30;
RI and R2 are H, hydrocarbyl groups having 1 to 12 carbon atons, or
hydrocar byl groups having 1 to 12 carbon,atons and at |east one
heteroatom R is a hydrocarbyl group having 9 to 100, preferably 9 to
70, nost preferably, 9 to 50, carbon atons; and nis 0 to 10, or 15

n

al kaline earth | sal,t.s.thereof, to.reduce the rate,of letio
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including at | east one oil-soluble overbased al kali or al kaline earth
metal detergent. 20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Conpounds
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RI and R2 are H, hydrocarbyl groups having 1 to 12 carbon atons, or
hydr ocar byl groups having 1 to 12 carbon atons and at |east one

het er oat omy 5R i 90 ac4pydange Hithyhe preerib iysoiionthore s alsp providediuse abpie o
to 70, nost preferablvic SrbSumfncarbon atons; and nis 0 to 10, or
al kal i ne ea#fﬁ ﬁetgpﬁsgPtSBﬁﬂerégT The al kaline earth neta
salts of the conpounds of Formula (1) are, for 10 exanple, calcium
magnesi um barium or strontiu ﬁ}& i or mag i Lsypreferred,
calciumis especially preferr C.2 |_(!:2CS}”‘]P-|In theﬂ?§ﬁ§gg%b§ of Formul a
(I'), nis preferably 0. In the conmpounds of F¢rnula (1), x is
preferably 1. In the conpoundd of ForRlla (1)O Ris preferably 9 to

1520 carbon atons, nore prefefably g ’o 152 |In the conmpounds of
Formula (1), R is preferably pranched! #4hn nds of Fornul a
C Hs of Formula

(1), R and R2 are preferably |~ n t

(1), RL inpreferably H, fer ably ferably in the
para position in relation|[to the O [ CH2CH20], p, and nis 20
preferably 1 or nore, preflerg to 10. ||Fo r details of
conpounds of Fornmula (1) Wién 1 or nce is mude to EP

2374866A (the contents of Rahi incorpwré ed hefein). In the
conpounds of Fornula (1), preferably n = 1 for noré& ®hafl) 60, nore

pref erably TSN [0 SEUSTRERY F1a%y M €, L0, 800 SR na by
the conpoun@$q@tarbyl groups having 1 to 12 carbon atoms, or hydrocarbyl groups having 1 to
12 carbon atoms and at least one heteroatom; R is a hydrocarbyl group having 9 to

100, preferably 9 to 70, most preferably, 9 to 50, carbon atoms; and n is 0 to 10, or

15  alkaline earth metal salts thereof, to reduce the rate of depletion of basicity (as
determined by ASTM D2896) of a lubricating oil composition in use in an engine, the

lubricating oil composition including at least one oil-soluble overbased alkali or

alkaline earth metal detergent.

20 DETAILED DESCRIPTION OF THE INVENTION

Compounds of Formula (I) are shown below:



25Fornmula (1), preferably n >2, such as di-oxyal kyl at ed,
tri-oxyal kyl ated and tetra- oxyal kylated, for less than 5 nole % -

6 - The conpounds of Fornul a (I) p eferably include less than 1
nol e% nore preferably less than 0.5 % and nost ?referably | ess
than 0.1 nol e% of unreacted épﬁyCHwﬁhhbl 5CofhbhttSldt formula (1)

have the advantage of being fl[ree of netals. Hurthernore, they do not
exhi bit negative interactiong,with dhgpersank§ The conpounds
of Formula (1) are preferabl hydroc rbylzph nol formal dehyde
condensates. The term "hydrodar byl gs $6d herein nmeans that Ris 10
primarily conposed of hydro
remai nder of the nol ecul A\ es not exclude the
presence of other atons i portion| ijnsufficient to
detract fromthe substant|ally h ristics of the
group. The hydrocar byl gr of only hydrogen
and carbon atons. Advant Y, roup is an

al i phatic 15group, preferably al kyl | ene gr ﬁspecially

al kyl groups, which may be linear or branched. Ris pré erably an

al kyl or al kyikeéne 50ymeferably 1 so 40, efiee phdfsrablyaneclsed. The hydrocar byl
phenol al dehyde copdensate preferably has a_wei ght average 20

mol ecul ar wﬁl Hebydraersbiletows lagving ilﬁot %ecar%nvg@w@rs, qilsirpearbyl
| ess than 6 rapl T byl phenol

al dehyde co%%@ﬁgg%gkg#g?égg %ﬁﬁggﬁgmﬁggggﬁ(gségﬁg%&%g{ecular wei ght
(M), ass rrezi@uradwdchafﬁ?tgrdup hatiag 9and 80 ofreRblY B to 28,amaedh arefeldHlQ, 9 sush
as 3000. MW M is efe ably in the range of 1.10 to 1.60. 25The

hydr ocar byl piveRa! iyde condensate is preferably one obtained by
a condensatmqgoqgagqhgmaggggﬁﬁnnagl&m@g&mgﬂe al dehyde or ketone or
reactive equival ent” thereof and at | east one hydrocarbyl phenol, in
the presence of an acid catal yst such as, for exanple, an alkyl

benzene sulphon The praod f er abl ubj.ect ed, t

otr i pping t o remave byinin sl BTl BL by ionbadl B FReRRleLh e ofor
l'ess thap 5e§ﬁnﬁl@ %al%unﬂnﬁﬁgﬁﬁsﬁﬁ@f‘rﬁﬁhm b ORGUMNATARITASS Hagh¥BRn is
nore preferab to less than 1 mass % of unreacted hydrocar byl

phenol . Nbsﬁ)fﬁrfylé@%ﬁalﬁwgﬂlsteﬁbecpﬂl]ddlﬁ%f?ffﬁfhcl udes | ess than 0.5 nass %
such as, for exanple, less than 0.1 mass % of unreacted hydrocar byl
phenol . - 7 - Al t hough a basic catal yst can be used, an acid
catal yst is pref éithedompoandsafFocatial(sh 1srm*¢febﬂalysel BCﬂIEdoﬁlp&liEdeﬂ de

variety of acidic onpoun uch as, for exa horlc
sul phuri c a?PHnug p’ht?rﬁréfd aa@fsa BséEFF@naewsg Howﬁ?gﬁ &Rree 359 to
The aci 45 myol$en Rk ﬁﬁ?@ﬁre%ﬁlﬁ}f@‘?@?nﬁpﬁleggm mggis o FORAGL (B! R $UCh

as acid 5 treated clay. a catal yst Us vary from
0.05 to 10 mpeferablydwanvbed, Ingtie boragovinds oéEempile(ImRLamd arepesfevabdy Ht he
total reaction m xture. Wien nis 1 or nore in Formula (1), the
conpounds are preferably nade by oxyal kyl ati ng a hydrocar byl phenol

condensate W th @{ el @AsoeadPONBdriiufarl), /Y ih $referably H, R? is preferably H, R is
preferably in the para position in relation to the ~O-[CH,CH>O],H group, and n is

20  preferably 1 or more, preferably 1 to 10. For further details of compounds of Formula
(I) when n is 1 or more, reference is made to EP 2374866A (the contents of which are
incorporated herein). In the compounds of Formula (I), preferably n = 1 for more
than 60, more preferably more than 70, even preferably more than 80, even preferably
more than 90, or most preferably more than 95, mole %. In the compounds of

25 Formula (I), preferably n >2, such as di-oxyalkylated, tri-oxyalkylated and tetra-
oxyalkylated, for less than 5 mole %.



10 preferred), propylene carbonate or butyl ene carbonate. Use of a
carbonate for the oxyal kylation reaction is found to give rise to
much better control of the "n" value and.quantity, in conparison wth
use of ethyl ene oxide or propylene oxide. Furthernore, an appropriate
choi ce of cat al yskhecammpruods dé Fanpmlac([)cprefamﬂ}'f sndlwdy lkess dnatilaiole’, more

entirelyofrmo-xal I ('.e :1 ium.sal t e
preferred, égﬁ% g?f?égs/s‘!tf‘ﬁlé Iéslﬁf?lc‘f%??ddl@ r?c'je b’olf(' tg?lég?,l Igﬂlg% ‘glr‘sunreaf’ted
st earate. alkyl phéndpar ti cul ar, the hydrocar byl phenol al dehyde
condensate is preferably branched dodecyl phenol fornal dehyde
condensate, such as, for exanple, a tetrapropenyl tetramer phenol

f or mal dehyde con drogarb hen al d de
condensa?e is prgfer%ﬁPdsﬁﬁéggﬁ h’ﬁ) aVG‘% (ﬁbe onceﬁ?n%ﬁg%lﬂfé%ﬂds
anount rangiRgthbimgste ahepo Botlexhibitddgiesintéraciosd withdlspedsasn about 0.1
to 15 mass % and nore preferably fromabout 0.1 to 12 mass % based
on the mass of the concentrate. Lubricating oil conpositions of
the present inve i ]

| ubri cating v.SCE@#gﬁngggﬂg“ﬁﬁﬁ@?ﬁgé@&ﬁ?ﬁgﬁggﬂgkﬁgﬁﬁﬁﬁyUﬁl ornula l.
300 | s of | Ubmaddhiytigcondeassest yhesatruThydrockite’tantsed herefn héems et Reint

|nvent|on may. be _sel ecteq fyomnatural |ubricati synthetic
| ubri catiPng PSRl Iéﬁ%mm%@g of Bxipp W roatio AUBS AP |bﬂ'@‘-'|1f‘6| tp tymamdgeot
in viscosityyd h@f@cbl‘egﬁiﬁ irB54 Ltbé‘ht Sutrﬂdé%@d ex@lu‘dé tﬁé’pr@&ﬁ&’of he a@cﬁﬁé 59

oil s such as gasoline engine oil $§, mneral lubricating oils and heavy
duty di esel godups.in Eprogodidnyipsiffieient tscdo‘satttﬁom thehebsmitlatlahgdasczilbmn
about 2 centjstokes.to tlstokes eci al | fro
Shout 4 conthEPORBTISE fisatpinor S CaRb Stote: ARk L GomPosr oEoy
Natural oil f’nlytlﬂ)‘glﬂ‘}lﬂﬁi adtbohtoRs! Ademdaseaal At ﬁy&}bl:&b isGASliPhatic
oil, lard oil) 5 Iqu|d petroleumoils and hydr or e |ned]3

sol vent -Ifr e, preferably ailyd ar alltylenmgiond, especialb alkﬂ@r@m’a‘awhmh ingay be
napht heni c br.hcating
Vi scosity dg@?$g%‘?§%§$%3% @kﬁxﬂﬁ??ﬁ?ﬁ201§@¥ 8ﬁ3¥gh£2$ mﬁ%@%ﬂ%lls
Synt heti c | egnchad.i ng oils i nclude hydrocarbon oils and

hal o- substituted hydrocarbon oils such as pol yneri zed and
interpolynerized olefins (e.g., polybutylenes, 10polypropylenes,

Dol y{ 1 hoxenes), org e Eengy RS a1l LARE RN paDFircizht average
(e.qg., dodemyﬂb&hzenﬁgn(L@nkaﬂmc#Mhﬂn@ehB@1ndhmnmgébﬁhxmnekmsﬂmn600&
al kT at ot prSpRENARS e st basy Giagt Sihyer forsas s RyFata
di phenyl SU%B&Qﬁ§n8a4u@ﬁ@b%ﬂﬂaﬁﬁwvﬁﬂﬂh@Q§)%Q%mﬁﬁﬁ@éQﬂﬁﬂﬁﬁhhﬁkQQEmof

Al so useful are synthetiC oils derived froma gas to |iquid process

f rom Fi schePOFtolsscthas ¢08h esclrasd 000 d MeMbsmseferdbicin the mngo nfrbil yo 1.60.

referred to as gas to liquid, or "GIL" base oils. Al kylene oxide

polymers and interpolyners and derivatives thereof where the

20t er m nal hydr oxyk hgdRdasyheheaoPaghyI® dbddeashtdi r;ﬁ@féﬁblyfdlﬁ%ta%bd bya

etherification, etc. consgltute another cl ass of known synthetic

| ubri cat i ng condessatipnaeactian elvesnnpt least ere Biielnsieyskptang or @a@tlwqywlem

prepared by L Xj [olVA

the al kyl t}P %c}rf;;ﬁ& 2 %éért?ﬁ% dr%rgi}g}xrl ypr}‘l%ﬂyf élﬁtgle Brelsgll;c% D' ‘ﬁ%&d a{agyst sucﬂ as,

met hyl pol yi $@~dampw, emealkgl Umbnsastunﬁronnmim Ot prodies W aefendlygtibjeed to

1000 or di phenyl ether 25 of poly-ethylene glycol having a nol ecul ar

wei ght of 160WPING tqa-mqve 2L (g o haﬁ@cwvymabmfﬁréb%@ 958 thaRSr eof ;

for exanpl e d

and CL3 oo st o BREE AT ROl Ay G4 e ok ierdl f RS AT 1
mass %, of unreacted hydrocarbyl phenol Most preferably, the product includes less

than 0.5 mass %, such as, for example, less than 0.1 mass % of unreacted hydrocarbyl

phenol,



Anot her suitable class of synthetic lubricating oils conprises the
esters of 30dicarboxylic acids (e.g., phthalic acid, succinic acid,
al kyl succinic acids and al kenyl succinig _acids, maleic acid, azelaic
acid, suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic

acid di mer, mal on‘tléhoéléhé baapkqta}yat egnibe uaed, @8 acxdlca@twst isrpaefoned Hes apsd
wth a vari et h but ex I

dodecyl al cocﬁlyallﬁ[ may 23 %af“éﬁf)ﬁle%&v djeal 518%0(1?%0%%%0 r?én% t}%g §’ for

di et hyl ene gimeIe pivpRditeicid, RupRtieadd, @Jutztﬁn@hr): acﬁp@ﬁdlfcl a@:uﬂfﬂfﬁy/ﬂﬁﬁ:hﬁ)ﬁw
such esters includes dlbutyl adi pate, di( t hyl hexyl ) sebacate,

di - n- hexyl fagidar eacidgnay plse be preseasa camp@wt@i@ S‘ﬁ@éﬂ%ﬁ’éal sueh avasidy |

The 2- ot Ayl reogl Be JRsApn 3Rty BHAR Ay (b0 833 10 SR pore

ester fornedullyayfeaetdnmge Orlgotohassdh oﬁetha@tahreamodmhhetv\o rml es of
tetraethyl ene glycol and two nol es of 2-ethyl hexanoic acid.

Esters useful as synthetic oils also include those made fromGC5 to
CL2 monocar boxy! igparh 48 1 39 'iY HotmBRIDP A/ Qm AL e oSpeR de b
neopentyl glycol, 10tr|neth3? 1rof))ane entaerythrit ﬁ tdbly made by
di pent aer yt tmymlbjdaam@l at hydnecrm@érgttehmli tcmdensate with Shjdm@naﬂba:s:ﬁd (ohich is

such as the alkox I | oxysi.li.cone
oo oo dber PPl ahs oy shitobatsastiing Sihpnae . DBt Lo £SO
lubricants; o‘iyﬂﬁy@h&&re‘a&ﬁid{g %Lhﬂttb %ﬁtehryée t& rlulck Bki€or cbﬁﬁélaafww%lue and
silicate, tetra-( - 15et hyl hexyl)sili cate,

tetra-(4- rretqngrrltltﬁzrlatqqmpheswp‘gtt Ue@tnéethrlemer exideor propylsne pkidph&nsthgrmore,

silicate, hexa-(4- net EUlslloxan

2nd ol y{ moehPBBHGE)piof oh sy AEshatto Bk &Rt Pt R PR 4RAES
include i qu»tfdn@ﬁ)t@t;au@t (Phasphoy e@t&elﬁonsahmnr@ltac‘aw@re(far@, .especially the
tricresyl phosphate, trioctyl phosphate, diethyl ester of

decylphdéph@ﬁ@@xﬁ@@6¥Caﬁaxﬂék§ﬁﬁﬁhéS$@¥Nﬁhydrofurans 20 The
oil of lubricating viscosity may conprise a Goup I, Goup Il or
Goup IIl, base stock or base oil blends of the aforenentioned base

stocks. Pref er ablly partioglanithie lofdrocabiyyil ph¢rohgldehpieanhlisnsits iapriefepatdy | | or
Goup Il b se tock, qQr a m tur ereof, or a mxture of a Goup |
base st ock SHCHBslecyahnd] FoRTyIE Sttt s 45 KpesrEpadt y. 25a

maj or armunttetfé r&p‘&ﬁyl%ttarﬁér ghtéf?él'fﬁﬁﬁdlﬁ‘&y&b sGRRhiaeis a Goup I, Goup

11, Goup IV Goup V base stock a mxture thereof. The base
stock @p base stock bl end preferably has a saturate content of at

| east 65% nore e ch, as at st 85W

o ateranl v ohe BAELSERGy e iR iend Ae bt ER ofiferBR e R L
content of ga@at&tordcBaPatdPan Rﬁ@hﬁtﬁ@tﬂlg fr&xﬁ%b@tlt'O pfomlhatgl%rﬂet@tdﬂlg
have a sul fur content 30 of |ess % preferably |ess %

most pr ef er dlghyatioss 8. 1ttedH noesa b, apd mpes @ﬁferahiw aparaiony0d e 13 o1aas ¥, i t y
of the oil il n re by the Noack volatility test
(ASTM D5880 aﬁﬁémﬁgégngﬂgﬁﬁ%gngéﬁa gto 30% preferably I ess than or
equal tos525% nore preferably less than or equal to 20% nost
preferably less than or - 10 - equal 16% Preferably, the viscosity
i ndex (V1) of t h&ubiitating offjqompogitigns af the presgiy invegtion PRI Hajg

| east 100, B f%tl%ﬁl?qqllﬁlbrwaﬁﬁ% %Q&}ﬁtg B?atnﬂnér aQ:E%LB‘?BfQI:&hg&ﬁldf g the

base stocks ase 0 s rnvention are
Fonnula I.
30 Oils of lubricating viscosity useful in the context of the present invention may

be selected from natural lubricating oils, synthetic lubricating oils and mixtures
thereof. The lubricating oil may range in viscosity from light distillate mineral oils to
heavy lubricating oils such as gasoline engine oils, mineral lubricating oils and heavy

duty diesel oils. Generally, the viscosity of the oil ranges from about 2 centistokes to



5 those found in the Anerican PetroleumlInstitute (API) publication
"Engine G| Licensing and Certification System', Industry Services
Departnent, Fourteenth Edition, Decembero1996, Addendum 1, Decenber
1998. Sai d publication categorizes base Stocks as follows: a) G oup |
base stocks abowit4) qentisigkest érpaciglly fremcabuut 4 egntistok estozaldiicl0 adtjsteleseas

t han 0. 03 percent sgl@ﬁé and have a viscosity index greater than or
equal to 80 HF§UeE2 n 120 using the test methods specified in
Table 1. b) Goup Il base stocks contain greater than or equal to 90
percent saturates and | ess than or equal to 0.03 percent sulfur and
have a 15vi scosi tNatimableik igelode erimzheits o1d wegetableods 60g.asastdreslslardail);

120 using the tes t hods ecified.in.Table 1. ¢) .Group.ll.l bas
stocks cant Al Rearas Stsytiied, PG srea af MRl avheRfit s,
than or equahe pafint3 nPSHERIS arfihixed ﬁﬁﬁ‘ﬂﬁﬂl@‘ﬁﬁplﬁhéﬁi@ﬁ%éi.t ®ilé BEi@Kricating
greater than or equal to 120 using the test nethods 20specified in

Tabl e 1. d) v@cesipy Joived demseagt Risshaleaalysoieyvd ashwaeiubbasaoilg.PAO) . e) G oup
V base stoc ' - 1% o) s .not .incl ' I
), e, o oS pRBLIAE Al SIIAC BB RGP g I F Rk
Property Tesils MudhhagoSatdi-atl esd AFbIPmeORdd Mese0@id ol yhaededdSTM D
2270 Sul fur ASTM D 2622 . .

10 polypropylenes, propylene-isobutylene copolymers, chlorinated polybutylenes,
poly(1-hexenes), poly(1-octenes), poly(1-decenes)); alkylbenzenes (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

15 thereof. Also useful are synthetic oils derived from a gas to liquid process from

Fischer-Tropsch synthesized hydrocarbons, which are commonly referred to as gas to

liquid, or “GTL” base oils.

Alkylene oxide polymers and interpolymers and derivatives thereof where the
20  terminal hydroxyl groups have been modified by esterification, etherification, etc.,
constitute another class of known synthetic lubricating oils. These are exemplified by
polyoxyalkylene polymers prepared by polymerization of ethylene oxide or propylene
oxide, and the alkyl and aryl ethers of polyoxyalkylene polymers {e.g., methyl-
polyiso-propylene glycol ether having a molecular weight of 1000 or diphenyl ether
25  of poly-ethylene glycol having a molecular weight of 1000 to 1500); and mono- and
polycarboxylic esters thereof, for example, the acetic acid esters, mixed C;-Cy fatty

acid esters and C,;3 oxo acid diester of tetraethylene glycol.

Another suitable class of synthetic lubricating oils comprises the esters of
30  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,



ASTM D 4294 ASTM D 4927 ASTM D 3120 - 11 - Met al - cont ai ni ng
or ash-form ng detergents function both as detergents to reduce or
renove deposits and as acid neutralizersyor rust inhibitors, thereby
reduci ng wear and corrosion and extending engine life. Detergents

general ly CCQPNFIhY]heXBé. arohaly cthgkrde glychl, dickighenerghviod ploobetber, ardpylane ghycol).

Lo e TRaeR FRhmals e e lEna idides Hinfll ARl A2 RERREND seacisn:

of the met algiinthetbi Kihagas thsdﬁﬁxée@dcateual%bh?l SR5RE Idh@&heeﬁ azerafmhm@fyl
neutral salts, and woul d typical have a fotal base nunber or

(as can be mbﬁ@t&t@dldwymmlmmyosdf sebpete,ghe o-edhglheay] Ch?&ﬁ@ @r}mglﬂc of
KRR T TN N e

di oxi de) . Th®ohases dﬂta@emmdeagssﬁm gt ®Fables Gﬁmet‘lwﬂ%‘iaﬁtﬁuhélm i zed
detergent as the outer |ayer of a netal base (e.g. carbonate)
m celle. Such overbased detergents may have a TBN of 150 or greater,

and typically w Iéste ﬁﬁaggﬁl{tﬁgtlcforl mS%%chlﬁ(gﬁ g rﬁﬁd rﬁle to 5312

15Det er gent s t hat e us i ncl e Oi e neutra
over based s tmhdzmnabe;eyhcma&isahepolyslslahu polz@tlegdére sadhes, neopentyl glycol,
t hi ophos Ehonat t%a %I i cyl ates, and, napht henates apd, ot her ojl -sol uble

car boxy!14t ed"1Yf paqne B%F%qﬂbﬁl'é’ qunﬁ@rbam@fﬁn fripgptpenythaitole oy ¢ h

netals, e.g., sodium potassium |ithium calcium and nagnesium The
nost corrrmnl y used netals are cal cium and nmagnesi um which may both
be present 20 inSdéioaftgee:inlswseldasi the golyalkyl-cpalyarybnpblpalke:ur es of

| ci d/ with Par ti cul
ot or gont & APERBIDRICORN D e SRR SIS AR Hos R AGTERT of
from20 to H0R:ickRY, suamelmﬁfétddeketﬁeﬂlypg&ﬁedza&@tgalﬁ%lr@egamlaﬁterta&@%z-and

sul furi zed phenat es havi ng TBN of from50 to nmbi nati ons of

det er genfs, cthiyBrehebsibeate, tieiwed-oethyleethalheay)sibedie, tefeay (thtertchadyl -pheayl)

Sl onates. 0, RSB TH L RBULIRRLEaAE SOnIALF G Retothg! 1

hydr ocar bon@owﬁ&h@l@hém;s;ﬁomw Otdr fyriretichebridadifif bdoRciuds IIQflld esters of
petrol eumor_ by the al kyl ation of aromat i c. hydrocar bons.

i ncl uded t h&BeSPhpoRsraRfarNNzAckdp (G2i, ﬁ@crw%?B?ﬁ@hatteomaétabph%yh%ﬁéhetbﬂ
napht hal ene, ch as
chlorobenzen%ghggﬁgﬁgt Bgﬂg%éﬁyﬁkﬁ@ﬁggnapé&ﬁgrgﬁgﬁaghe al kyl ati on
may be earried out in the presence of a catalyst with al kylating
agents having fr o] to nmore than 70 carbon, ato The al kar

sul f onat es usual &?e Egr#iﬁhﬁ“‘f‘?wlé%m’ BUMEVE V)] @%ESG@“EL or (fkaP hL
carbon at ompasef ke BRleYoif BIEMARAM afbRnlRitiaRASasd Roba PLrALATEII of

al kyl substituted aromatic noiety.
lubricating viscosity is a Group II or Group Il base stock, or a mixture thereof, or a

mixture of a Group I base stock and one or more a Group Il and Group III. Preferably,
25  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 least 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 cil blend will have a sulfur content

30 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



The oil soluble sulfonates or al karyl sulfonic acids may be
neutralized with 5oxi des, hydroxi des, al koxi des, carbonates,

carboxyl ate, sulfides, hydrosul fides, nitrates, borates and ethers of
the metal. The anount of netal conpound i’s chosen having regard to

t he desired BN lé%.t Prefdrabigl thpracestty ek (MYpofahe by or athhkesd iy adeabdist

100 to 220 mass 9 refe I t l.east .125 nass. 0 t hat
st oi chi onet rRr‘Ef;Tai@y(&é‘?ﬂﬁd p}IOfgpre%erﬁiy ﬁ%’t@lou%;qst% 18P phenol s and
sul furized phenols are prepared by reaction with an appropriate netal

conpound such as an oxide or hydroxide and neutral or overbased
products may be dbafwitiang fosthebedestiskeend basaoie in fhist inecrdion arcShE fame aed

phenol s y .pe epar reacti.ng a ph | wth sul fur.or .a | fur

Pont ai ni o dBTsabRRAEIs AeheRtbet i BRERH At Budlielith “Hsith il o

or sul fur difhednsihe,antl TeHtEidRipn S9ktehS, mdiusﬁg REEc@aDIagthlett, Fodtetngs Of

conmpounds in which 2 or qgéégohenols are bridged by sul fur containing
gr

bri dges. Lubfditien Degerab sédenilend , Becamther 3 P2% ebaid prblisatipn ratpgayizes
further contaj re ashl ess dispersants, which effectively
reduce forn&%?%ﬁ&%$a§§§%§§?s upon use in engi nes, when added to

| ubri cating oil s.a) Ashl@ssp UbsesteRatentaif édss khan®0tgreccatsanasict mdisr of
the present invention conprjses _an oil sgl uble polyneric . |ong chain

backbond®havi ng f unct iEEHaT tRAUBE PerspE Sridind hake s Viseosiy g extgreater than
particles to be disper i , j: ' .

am ne, al cohol, am de Ogrgaéaégyegé%gi%%ls tgéprmfélbe]?%ﬁ ﬁg?%gc te QtEfngétcﬁged H
pol ymer backbone, oftdableila a bridgi ng group. The ashl ess di spersant
may be, for exam%ée, %fel ec g)d fromoil soluble salts, Est%rs,
amino-esters, amPdes, TARIELISHIOGRLOBRIMESAtE] thap fequrhioyV percent

hydrocar bon-substi t ut gehufRRQnd e tl%'o\f%%:.iaﬁ%mohﬁzeﬁ:‘éhtds%lﬁf a{ Myl des

t hereof; thiocarboxylate derivatives of | ong chain hydrocarbons; |ong

chai n allfphati c hydr oséchabysndergragepbiy antquel fofilemiddess shanaldfewingthe
directly thereto; andtl\/{;mngltép concbj[e sagjﬁlglproducts formed by
condensing a | ong chai'fr S\befF R d’ﬁ ASF Wi th for mal dehyde and

pol yal kyl ene pol ¥pn nGrdfelINPsk stRRIEht4lh SR\t Ak dritqlkd o DS pedeentvel |

known succi ni m de di spersant, which is a condensation product of a
hydr ocar byl - subst i t ut é¥fustrscingless Hiompd efe taA§3 gercentisglfur and have a

pol y(al kyl eneam ne). : : L m IS~ L 0.

di spersants (and m xt ﬁ%ggm{gﬁg@%x?#?&%ﬂéﬁﬂmgﬁqﬁgﬁtg%ﬁ u%b%ﬁ fégggqlgah?%se
ashl ess 2di sper sant i s specifiudgh Tabledcul ar wei ght" di spersant 5 having a
nunber average nol ecul ar i ght ) greater than or equal to 4,000,
such as between %) ooo%ﬂ@mﬁbg@%&%@fewpg@f 0 P%@)lﬁ%)r- wei ght ranges
w Il depend on t ty i -1 he
nunber of functigﬁal gﬁ%ﬂ{)\sfﬁﬁéiﬁﬁsﬁgnd&e?%%%ﬁ??%?%%ﬁg?&%gﬁonal

group enpl oyed. For exaoq k]I, ildrordVpol yi sobut yl ene derivati zed
di spersant, a high nol ecul ar wei ght dispersant is one

25  Table I - Analvtical Methods for Base Stock

Property Test Method
Saturates ASTM D 2007
Viscosity Index |[ASTM D 2270
Sulfur ASTM D 2622
ASTM D 4294
ASTM D 4927
ASTM D 3120




10 formed with a pol yner backbone having a nunber average nol ecul ar
wei ght of from about 1680 to about 5600. Typical comrercially
avai | abl e pol yi sobutyl ene-based di spersgnts contain polyisobutylene
pol yners havi ng a nunber average nol ecul ar wei ght rangi ng from about
900 to about 2300Wetﬁh¢mttalomalomé‘df m@deéfrrgexm fprboth ew\deteghts tand

derivati zed ol Vi, N ar wei. ght,.of from 15, .
Chout 1061 gt o QR AR AN 18 ply BRNRT IR or 1R iRl A Bougine
be used to fyamahd g&hdﬁmlﬁﬁluleﬁfen ggahgmetlwemaa@%ﬁtstg\énéranpécﬁﬁ;sﬁéelawlar
mul tiple polyner chains into the dispersant, which can

acconpl i shediead il aiergibophebic tatlewﬁlhawnotﬁrﬂin@i epprisged wetaboplbeigaps

of di spersa 0 f
obl o s OSSPV TG RGBS P egmeric
pol yi sobuty Iaﬁﬂﬁnb@&ﬁd midtad Elewhﬁ:htcase tRey hrcaishaAly des@itrtiar hegndoe naghil ess

di spersants derived from polyi sobut I ene substituted with succinic

anhydri de graipandrauiddpically biver 1Bl Dase nymbaeoralR N das cag bg measured by
pol yet hyl en e p%:"gh%'] el

pol yam ne, 2%@%@30&%§@%@§?e%% 1 ne, Q@{%@ﬁ@?ﬁ%‘% n?%ggrr%%

a hydroxy cdypeamidg egcegs metad ndrapoytdi(e.igt, ah pxaedr hy«hrbmh) wﬁhantahldr@fs
One particularly preferr ersant c ination is a,conbinati nof
(% bol yipsostiytuReT el TheRSHERRouGREH By tn it pouLs
reacted wit rEle{e@en@asht‘iﬁg by 1@9&9{%&1@@1 Basl (e. g RERJoARICY hlidifeO S ucK Qer@ased
pol yoxyal kyl ene” pol yam ne, é.g., polyoxypropylene diamne, or (D) a
pol yal kyl endettrmﬂsneayhavgaT@G orﬁcbﬁ@etgryatenendttmnaﬂe veilldaves TBet ¢fyfiame
pent am ne u§ Qﬁ ?@) ut 0.3 to about 2 noles of (B), (C and/or (D) per
nmol e of (A) AR ?“B?lgf erred di spersant combination conprises a
combi nation of (A) polyisobutenyl succinic anhydride with (B) a

pol yal kyl ene pol yam ne, e.g., tetraethyl ene pentam ne, and %C) a
pol yhydrifc al coh etergentythat may bﬁB$@H9@iﬂ‘éﬁ(‘?ﬂl'§@b§]telqeﬁ‘tf@diﬂéW%‘ ageflc

I
prLery o U o S AELALL kL RIBIIN Sl GTLDRIE e oS
di sper sant s negiith¢riag® and/bthel 6i-sbabie cacdglags o @ mdalppatedidy the alkali or

General ly, e products are pr.epared by condensing about one, nol e
of an al kyl aﬂ«aﬁgt vt aefaltong- s %C[mraom%wnbj En SR AR g The

2.5 noles o f
o%?‘é ‘ﬁ Q@E@ﬁ%&?s(a'}é cél@iuﬁx éi éﬁ{t quﬁ-{;}éﬁilgch]%%é boglé b)e; resent

par af or mal de about 0.5to 2 m ne,
as di sclzbsedn détcugemxasﬁpl 1aalulmddntSancPauHutesN@caletumd&ﬁ8na@ﬂmhml\mﬂni ch

base condensat.i on pr.oduc s |nc duct 10o0f

mor al | ocens v yRBG e RET o P Selal iRt e flalEhEiv e Blsiume
group, or neyrhfitdshacihed BN bhframczmrtscsgo ¢ BRORLANBRI a8 6herBade® LYIORm
substituted on a succinic anhydride in a manner simlar to that

descri bed i nhénags apd selfieriagd phenateshagng. T@Eafrﬁb@@%ﬂo 450n Slondredtioneof
and/ or derivatize [S S zed ysing, netal |l ocene
cat al yst syé?‘g’t&?n%t‘ghﬁjé V%Qbe%e ?Flteﬁénlp%g)lothcgtaiyg) gc(ltlentl fied supra.

15 25 The di spersant can be further post treated by a variety of
conventional post treat ments such as boration,  as generally tau% in
U.S. Patent Nos. Sulfowfosgney bnpreparsd frogpsylfopisragids syluel arefypienllynbiaingek

is readily

di sper sant ﬁftﬁﬁe@é fggélgjglégér%{l)unéhsuc 8@%0%%%% ge,s(&grggrlsg{r}tlglﬁ h PEd
bor on aci ds froanitie éstsmtion obpétmietﬁﬁ odBy therallamatRmuimtomsatfcdhydreatbohe
provi de from about 0.1 to about 20 _atom c, proportions of boron for

each ol e ofxa@pleaincipdsd fhasg ehtainsdhbysllpiasing beazang) tofeaparvienst s

containsfro ]ﬁ;ﬁ%{ b t 0.051to
about 0 i %no %ﬁe e B‘%;Fohr??og%ﬁl aggse%rcgaﬁﬁfﬂtﬁdp product as
dehydr at ed bhibrcﬁolaenwhrqdaﬂhm@hﬂmtmanﬁ‘hé gk HBOR i3y beicarrizdldueirettie t o

attach to the
presence of a catalyst with alkylating agents having from about 3 to more than 70

carbon atoms. The alkaryl sulfonates usually contain from about 9 to about 80 or



25di spersant im des and diimdes as amne salts, e.g., the netaborate
salt of the diimde. Boration can be carried out by adding from about
0.5to 4 mass % e.g., fromabout 1 to about 3 mass % (based on the
mass of acyl nitrogen conpound) of a bordén conpound, preferably boric
aci d, usual Imogsahoslatmnsy preferablydrane ghounil 6 togfemt 66 npbam dtoarsdehallyi ng
With stirri ng %t tfrom about .135C to about 190C, e.g., 140C to 170C,
30 for fromSB {iy e(:'lLa1[06n 53U hours, foll owed by nitrogen stripping.
Al ternatively, the boron treatnent can be conducted by addi ng boric
acid to a hot reaction m xture of the dicarboxylic acid material and

am ne, whil e renohherndl spditbde sulfonhies opdkaryl sdionicasidsmoaeseantrabradonitly
known i n_t he n..akso . Lied, - 15 - Th s ant
o 50 5 b AR RERRE L Bhatcs, edBortviate, sulfidk] TR RRRIRE,

"cappi ng ageiirites, Goraahd ethatd of thélinkfal gERe Somindion el dbHpeIrRiAR toseav e
been "capped" to reduce_ the adverse effect such dispersants have on

the fl uor oell@¥igregaréyihadeseed BN of Nigfmebereded byt igicalmngenfigm about
met hods ar e 1lgfoyr {Hhsd %QBM&MX ab B899 4§ l%t)%f that E‘t??c?li(ﬁlq'&}icaqgﬁvert
basi ¢ di spersant am no groups t0 non-basSic nmoreties (e.g., anm do or

i mdo groupsyquared. nost suitable. The reaction of a

ni trogen-contai ning di spersant and al kyl acetoacetate (e.g., ethyl
acet oacéfat e (EAA)) is described, for exanple, in US. Patent Nos.
4,839, 071; 4, 839 \3421 ANMofpirfiisGha -sul“ﬁmzeag,ﬁsﬁdme%&%ﬁr&v 8y Q681 with an
10cont ai ni ng dispersant and formc acid is described, for exanple, In
U. S. Pat ent appropBate@xtai@empdhed swhes anoxpe odbhydropide and neutral or overbased

descr i bod | Rrual Tl b T by Rgtheth el it i 6 o£C S g e 3555
5,334, 321; bePrdpaRddby reactih aPhenolBwiBttSulfaf 6 a %Iﬁﬁ?ogggli%%&ﬂﬁou%HQuch as

1
al kyl ene carbonates, e.g., ethylene carbonate); 5, , ]
( nono- edbxi dairogen edde satiurmpendeidy gesulr dibelidn & famangdetswhish ke

(e.g., bis) 'g%ﬁ%%lwﬁﬁtm%@gf f:'cls Xt Sindth {"@h%ﬁ él?qr}géﬁéliﬁ Farf ﬁgﬁé’%}ﬂ%ﬁfgr of

anhydri de). or e€goi ng I's"no

cappi ng nit cogeinirptitidiesi ng di spersants are known to those skilled in
the art. 20For adequate piston deposit control, a nitrogen-containing
di spersant can be added in an anmount providing the |ubricating oi

conposition with ot 4 % :
preferably from é‘iﬁéﬁ?ﬁt@%y (;[Oglpg 1(t)1§tﬁ§ gf.t%b%g%g%}geng?&%amg%er{ .Comam one
25Ashl egs dios persashicss disperbands, svhich effdctivey anthice Farretion of depoeitsaupbBNse

T P o P R o™
from about g,khR0@EHlor AR BN K@ES o IDNGHRES aﬂiﬂgblhﬁ\é?]b@nféfrictwﬁ(glain

di spersant nitrogen are Known to have a deleterious efféect on
f1 uor oel ast baskbore hatieg fuakgorsd groeps capable of assoenting Withrpartankesi tndeseal s

and, 30therefore,,it i.s.preferable to use.the mni anount o

i spersant . fisoestd, DiignE S BeRebS SRRt PR POl R B gela
subst anbi al knoidies ditsdped & poBimd? baéi&oab) often Vi BREJI AR Bfoup A%k Bghléss
TBN of greater than 5. Preférably, the anmount of dispersant enpl oyed

wi || cont ri Bispersa mayrhe, fagnamplepyagosadalnm o solblessalthpatess, ARINOCHILLTS, of
'(;':3 Epé?sng laﬁ’l%)cg?'é,c i_%{i!i&gdnﬁiokagocffﬁgg gf ltoiag r(}hairll hy(i:lr%ce]:r (51&-Qu rstiertéacfc r(ralgr?ob—l a%dt hat
polycarboxylic acids or anhydrides thereof}, thiocarboxylate derivatives of long chain
hydrocarbons; long chain aliphatic hydrocarbons having polyamine moicties attached
30  directly thereto; and Mannich condensation products formed by condensing a long
chain substituted phenol with formaldehyde and polyalkylene polyamine. The most
common dispersant in use is the well known succinimide dispersant, which is a

condensation product of a hydrocarbyl-substituted succinic anhydride and a



provi des no greater than 30, preferably no greater than 25% of the
TBN of the lubricating oil conposition. Additional additives may be
incorporated in the conpositions of the . ,nvention 5 to enable themto
nmeet particular requirenents. Exanples of additives which may be

i ncl uded i n pohdalkylen¢aming)ndBadh mosorspesniniidnanddrie suasimamidedispersants (and

i nhibitors, viscosity index 1' rovers, corrosion inhibitors,

oxi dation i ﬁW?‘ﬁ’ir?Sotb%I,%O#)Ffec‘W Lﬁg%fbl fiers, other dispersants,
anti-foam ng agents, anti-wear agents and pour point depressants.

Sone are discussed in further detail below 10 Di hydr ocar byl
di t hi ophosphat e Ai¢farablyatheqshless dignegaahis|ay highanolgenlanveights dispgrgant

anti oxi dant ;agents. The netal be a | i r .al kal i ne .ear

ot of A ARTR T REa e RS R M s i S o M0, s
copper. The ag bvesiah 080 ah@200080. T Bisy skl at Welghbrangad wilbdéplehd b
amounts of 0.1 to 10, preferably 0.2 to 2 wt. % 15 based upon the
total wei ghtheype pEpdlybes wsad ito fre the disaprenitt the pumbreresf fuagfiopel Hpwisar ed
i n accordan i .t t i i.I.S i i ar byl
it iy ophoopREeEht 8 PR pont BERoD LR GIGR b ExdihilY HobE o Y

al cohol or aoBfwbalylentideriviized dxgershiea high hioddduldr waigh disbersamds BPA
with a zinc conmpound. For exarrgl e, a.dithiophosphoric acjd may be
Zla?e bytl_P ealé?mwg v}éﬁ&% f?lgg?ebggcaf PRRayingnyrpe ayrass Jokacelsh Ws%ét ;é‘% from
ernative BHin | re
t he hydr ocarag(g/ tmgr%t&gsb%gnS%néolgﬁ’g&gntl rgfcsﬁ?%?gn éc?gﬁiyﬁB@EZ{echer@and
tEe hy;:lroca$mpbrsgﬁ9?qﬁﬁain_rpotyim)b:ntﬁmeqao&nmrgha\iingh yu1tpbé:rlrm5agb molecular .
character. To, e the.zing s . an or. neutr, zi nc conmpaun
coul d be. s duteHE B dba e BRiidL0l e Ein et By aTurtE R
general |y eppivpyesd) {danmRBiaiRH “]adpbcnya{ﬁﬁesf Ha%?{gfdﬁ%bbbécﬁlﬁﬁﬁéigﬁt SR

excess of zinc due'to the use of an excess o asi ¢ zinc conpound
in the ngéut ebdut180 toabauedgq.i Belymers of lowarmeolpewddreveight maynalso be used to

di hydr ocar byl di.t hi ophosphat are oil.soluble salts..of dihydrocarbyl
i ¢ ophosphoPt HEAETREERIM BRtsdis bRt af Rl rgant b
30formul a:  the dispetdast, #MmidR dn-b2 asbehlishedudngmBihod@ihabgrelknowsa iR Af,

di fferent hydrocarbyl radicals containing fromlto 18, preferably 2
to 12, carbon atons and including radicals such as al kyl, al kenyl,

SRR T e N e

preferred as R a p

atons. BHUS dish@Sarlta GagRuBrFRhylémRybuta MR, ol fn Aidpdlyissbupyiemybased
i -propyl, n-butyl, i-butyl, sec-butyl, anmyl, n-hexyl, i-hexyl,
n-octyl, dedippersgvieeRapticulydy prsbutad aroashiqsy Hispsrgants %ﬁﬁ%gﬂfrpm

but yl phenyl - caIn
order to obf3 %1%%{& f‘e)lé%}s%tbsﬂﬁtt%ﬁ/%vﬁ%{%%&?ﬁ?gﬁygg%gﬁ%gﬁ%%%étﬁ@g{%m

(i.e. R andpRypthylent bgirsfdip.opblosthbient diamdne] tardabthygae pemhmineber a

10about 5 or greater. The zinc di hydrocarbyl dithiophosphate can

therefore cBAYPXEEKESIEPOIYARIRG|C-Hi RAYSYREWYIeRE dmitte present

[ nvent i gn MynBRBARIhGHLARY aUSBIHY ABBuIERY. Wehboliibiibe
CoNposi t?ons con%,alﬁﬁlng ptﬁosf)ﬁo?us? b’gé%?s of %r’?ren abgut % glgd to about
0.12 mass %ombinhtias theremi dheutariiculd]yt pefeed tispekintrasbiionis 4 r om
about 0.05 to about O ss. % based on the total. s, of the
Sonposi {1 onOMANEH ‘bfr(g‘r%é’gﬁ’éﬁfb“%é’ée“&ﬁﬁgﬁi% Hithis{igihic 21 y5idg;grovips and
CoNpOSi ti 0NgeyBfed i (BY) 838 Lo xyRERPbLA) eGOHeRialryfii6]; GERA kdyoxyalkylene
di t hi ophosphat e der i@dq%?eé{gm iE\ig)nt |y ?;rﬁg‘;ﬁ 1;)y\?/ﬂer Sgeﬁrr%rb%y suych as
over 60 nol polaminepergs pelynsanypdemodiangme, or (D) a polyalkylene diamine, €.g.,
30 polyethylene diamine and tetracthylene pentamine using about 0.3 to about 2 moles of
(B), (C) and/or (D) per mole of (A). Another preferred dispersant combination
comprises a combination of (A) polyisobutenyl succinic anhydride with (B) a

polyalkylene polyamine, e.g., tetracthylene pentamine, and (C} a polyhydric alcohol



Oxi dation inhibitors or antioxidants reduce the tendency of m neral
oils to 20deteriorate in service. Oxidative deterioration can be
evi denced by sludge in the lubricant, varnish-like deposits on the
nmetal surfaces, and by viscosit gromﬂh Such oxidation inhibitors
i ncl ude hi ndlemeb/hwn@nmsgbstian%halmh@tleanmhryrmmab, &gl pentastythritol or

| kyl ph | t hi te h d hai ns,
cal o1 m nonyTSRERUP U IS CEBRtH 8 Db E AT e ur i zed
phenat es, phosphosul furized 25 or sulfurized hydrocarbons,

phosphorous esters, netal thiocarbamates, oil_ sol uble copper
conmpounds as des o clags of ashlepmdieprrsants. cogBEFs Bgunicl hgse condensation

nol ybdenym ni i I

ar ovmt | 0 amPRabe o Rero RERRogurt: e apepered D ReiBes B u R Rl of o
directly to aumsﬁammﬂemmbﬁ@gﬁ@om@awxp befigee Gvithabd bt Dwi)ﬁlﬁ‘lo@ésmfs The
- 18 - am nes_nmay contain npre an_two aromatic groups,

havi ng a totcéllbOBYI RMPORBdE) E©if éema%lét?m'tip én%p@a%nﬁweme},ﬁnd @wut 83%2
aromatic gr t roup
(g an oS AsRiRAGR it R ROyt Qumple, B/ SRS D)
and two ar e 3cH42¢808| Buelt Manhiel bhse condemntiorepotbctognmn im:ﬂu;:ta: g eepreduct
5 aromatic anm nes havi n%? |.east two. aromatlb r oups ]t:)tached

di rect | yOt o Of ASSAOCERFETAMTE PARGHETALOT 157, 8ibsH el%tﬂsutk% griyene group, or

substituted n@y%ac@éd \WRH@ cSMBShd é&%ﬁn@ Shcd ]ﬁéiyﬂqépéﬁb%tméh 0N a succinic
cycl oal kyl, al'koxy, aryloxy, acyl, acylam no, dr ox and nitro

groups. Ml tanled@damm A oendensimilarte th;amdnmlbyd mﬂdlsoi?emnu MNo.Cofz, 508t i on.
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am nic anti %@tﬂﬁﬂéneﬂdh@hlf/sﬁ@fﬁt@ﬂ@% d@sclqb%@1@@@%ﬁbl$caﬁﬁﬁ§1d%/ﬁtmed%QFw| ic
antioxidant. In another preferred enbodi nent, |ubricating oil

conposi tlPons of the present invention contain fromabout 0.1 to about
1.2 mass % of amLG. I OXi f % of
phenol i ¢ anti oxi aht% 15@%5@%&%3%@%@%@6%%%%%2 3}1&?{%98&%%“5@%0%

provi di ng t heatiidntsi shali hsigoratidn, a0 gaRed]lyi tanght LD S Pattht WOs. Be8AH3Gtand 000
ppm of nol ybden esentative exanples of suitable

v SCoSi Ty naeﬁSﬁOéﬁsBare@oge?&esdewm@ﬁéeadaas,am%weecbw BEHPESAE Hnd
propyl ene, HR} CBRAGHY Jig,ad gﬁrsaﬂ?&rﬁ rb\ﬂ f)h Xﬁ’@lra'%’boﬁﬁ HRPD Y ERr S
a viny

of an unsatura di car I C aci conpoun
i nt er pokyne hslldn‘bwmy a@ds; andesters Dﬁbomn asnde,rls an amupmmﬂﬁtaéﬂtyo prov1de from

hydr ogenat ed, copol rs,.of st rene/ so ene, ren and
2 obr ool butatitaHER et RRB TR LRG!S gams R o el HiroBos
honopol yner go@hodidAdl A8 @dpdrshHRRHARR: freim Bb&R 0. o, @fn%s@%de%uel
econony agents that are compatible with the other ingredients of

final oil npmadbout B85 itmehout@d. mExSirpbreg. dihe barh, whichrapptass inthe prbguct

| yceryl nono f hi r.fatt aC|d x.a
Tono- of ear ons Gepgde ol oAk (pRFRaR LI BRRUS g HEER e
for exanpl edispbiSall iinaiRe afld SlimRRE ¢ arineRalth, OB itEEFhetabsRtdbaR e thed AinhiMe.
aci d; oxazol i ne conpounds; and alkoxylated al kyl - 30substi tut ed

nono- ami nes Bogatignicar ge aamefépkt;hy asidf fremiched, 0.3 tor4 msrippl @8-, from about 1
et hoxyl at ed, tz?r!olu?’s“’n?agl Qgﬁbgﬂeq o%ttHQMLsaéfea%fIﬂ rlag%@ﬁ ﬁ@%ﬁn 1180100

Q her known tTriction no Iers conprise ano- m)?ybdenum
conpounds. Sorapowidgpieteribly bbﬂemim dstaldy dsonslomdith itley & ybhisog@t eomtaind

ant i oxi dant o
and heating with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,
30 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
the dicarboxylic acid material and amine, while removing water. Other post reaction

processes commonly known in the art can also be applied.



- 19 - and antiwear credits to a lubricating oil conposition.
Exanpl es of such oil sol ubl e organo-nol ybdenum conpounds i ncl ude
di t hi ocar bamat es, dithi ophosphat es, dithi.ophosphi nates, xanthates,
t hi oxant hates, sulfides, and the |ike, and mni xtures thereof
Particularly preferred are nol ybdenum dit hi ocar bamat es,

Add £ onal 'y "t nel el SRTaRUAR L SR Bu e & caiht B reac oy Baeraed
conpound. Th‘@%&%ﬁéﬁﬂ'ﬂ@n%ﬁﬂonﬁﬁﬁ%ﬁ% 'eaértoﬁtahﬁﬁg GisPiridrROBi e besPRUpFed”

as neasured by est D-664 or L titration procedure and are
typi cal | y hdgasdarce e adyerse eideal dedh disnsrsenisyioué en tsi fthioreatastmmerengine seals.

nol ybdat e, di um. nol yhdat e ot assi ym mal ybda and ot her _.al kal i.ne
metal morybasrie Ol Grebeebis RO ARRGHT bk Ve O Rty (il Al
nol ybdat e, Maékeitat chivkRBradic dkPRA3ATLENINIRIIUIPE NbEH-basiOmbidHeDle. 5] milabr
aci di ¢ nmol ybdenum conpounds. 15Anong the nol ybdenum conpounds usef ul

in the conpddidq FAYPYArQAPY spifaPdht Treagtionsd ganiscgentoppaEinglisparpront Aad
f the f : 4 QR .
o oup: sl et e UeReTel A AR AN Sisbrith, For uBbRANYy 5.

and al koxyalHaydnt Ngere33,0M ; 6839,002midd 4,67R073: aTlorRationrof,a natdcken-

preferably 2 to, 12 carbon ato and post preferably alkyl of 2 to 12
car bon éPoné’PntE%%gc&éﬂ’qf%nb?@ ’g’%%’cﬁcé@r is desfEibgd PR GHENRIh 10 Latt- St B of

mol ybdenum sAnGtiar 196 QLRok @Vdggrb‘?‘afmﬂré(%ﬂ%ﬂféhﬁf?%?ﬁﬂé}%t% btk 10

the lubricating 25conpositio this ihvention are trinucl ear
nmol ybdenum corghdeicappingeppats iasd degeritredse (bE. Ratent INows 663, B3 EkitcAliancld);

m xtures thereqf ' re.i t | | i.gand

navi ng- o1 0and GriadpS R a S RPN N S CHS (bl kvien
render the cQiFBAMBY o350 dibEhearibng iR 55148l 6221 (hohbRpekille); B,008,4D50m 1 to
4, k varies from4 through 7, Qis selected from Fhe group of neutral
el ectrons dorﬁaﬁgﬁrﬁg‘cﬁ)ﬁ%ﬁgﬁi S, ¥ 1 dpolgde.gabis)-cpentilese end 468@Adt Gnaleic

phosphi nes, _a thers, .and .z .ranges fyom0 to 5 and.ingcl ude

s ot or e RN b kiciB0 S of 88T s b ime B R B R SRR g e
present anomgetiedds of B&yplinBing g@- gaaniBE AikPSrsasttl 6Ft ladwatto k@RS kkilldd irtthe
| east 30, or at |east 35 carbon atonms. - 20 - A

di spersant - #ftscosity index inprover functions as both a viscosity

i ndex inprover and as a di spersant. Exanpl es of dispersant-viscosity
i ndex inprovers include reaction products of am nes, for exanple

pol yam nes, w t hFar idednate aisthyn dapbsit cantitod,ch nivogeneconttiniag dizpuyhitcambe d
in which the drocar byl substityuenpt 5conprjses a,_chai,qjg_f sufficient
length to i AP mwée’&ﬁvwovlﬂa@ ?H%Pa%tmgmlomwmogw om about 0.U3

mass % to about 0.15 mass %, preferably from about 0.07 to about 0.12 mass %, of
p y

nitrogen.

25 Ashless dispersants are basic in nature and therefore have a TBN which,
depending on the nature of the polar group and whether or not the dispersant is
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,

30  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
dispersant, having a TBN of greater than 5. Preferably, the amount of dispersant
employed will contribute 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



to the conmpounds. In general, the viscosity index inprover dispersant
may be, for exanple, a polyner of a C4 to C24 unsaturated ester of
vinyl al cohol or a C3 to Cmunsaturated jpono-carboxylic acid or a C4
to Cl0 di-carboxylic acid with an unsaturated nitrogen-containing
nmonomer haviprgvides rp @oatenihho A0arrelvsblanpgiegtorthan 25 %0 B2 TBY a2be
olefin mﬁthla?.u?satgrated.ﬁB to C10 nono- or di-carboxylic acid
neutral i zed "WYH "SR 4P ITEOS! ﬁﬁroxyl am ne or an al cohol; or a polyner
of ethylene with a C3 to C20 olefin further reacted either by
grafting a C4 to C20 unsaturated nitrogen-containi ng nononmer thereon
or by grafting arfdfitenalpédibvesaixboncaperatedsn iagompusaitions plthg tyentem
reacting.car |, ] CJ t Ld it h. . am
nydr oxy Am e eig s indt BRSuR sch o iR BaRitottdnd? Rl be
known as | ubigcloddd ifi li@snubidtiageiiiscotdpohiipns drewadtaltri® iffiBitdMiscosity index
tenperature at which the fluid wll flow or_ can_be poured. Such

addi tives ar@PERVCEs, kefaRen mhibiters oydatignyabibiens; frictien modiiers, pfsve t he
| ow 20t enper, Efsﬁntfs,l éﬁltidfoﬁir%ar%ﬁ@, Mtiu\ggar%%&t@ d o&jp%irg 'd@;!)@s]ants. Some
fumar at e/ vi nyl" acetate copo rs, and po ynet%a rylFates.” Foam
control can abedipcweseddadultherantaditieldwoar nant of the pol ysil oxane type,
for example, silicone oil or polydinethyl siloxane. Sonme of

t he abov8- nentioned additives can provide a multiplicity of effects;
25t hus for eX?”D'[_ﬁhytﬁpt?drﬁ%! GihAHbignR BN ARE aRSrRuently used as antiwear and
di spersant-oxidation inhibitor. This approach is well "known and need
not be furt ketioxiaiiegentsdemeiahmay he thealkph os eliralinawssthtmeial, dt almaynum,
al so be preferaple tp i ncl ude an addL%%ye mhichgﬂ%intaiﬂs t he
stability of S hBPYFBITH. Grngseseickg! oaonRet A RerSgR HBICATOYr oup-
30cont ai ni N@omekbinly RE iR AlbreN e oI Bl dndhinis JfON 1 HE Pdféibly. 2 R wt. %,
pre-blendln%Wstage it has been observed that sone conpositions

i ncr easdSi n basedatpontie takbiveight pbtdrefidiicpting oih gerapgsétiono dBhey Aerl e nrepared
e Tong” it FeRkel LB SAb Rl BB Po| RESRIAL A DBRERSR, 1ot b0
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the I ong chain ons functl ze on w nono- or

-21 - di car [itkiophesphoiiclacid (DBrAY Arsualeshywda Cforbd fone e char@ alebigol or a phenol
preparation of the ashless dispersants as _hereinbefore disclosed.
When [ ubri cé’%lfhrﬁ?sé 6%%11 eYdizagihaformed OLYrA Mithe e ¢aygpound. For

above- nenti mgl : i 1] i i: : aﬁq&
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bricants, are listed bel ow., | the v es

when used in dif%e ent | u

listed are SHETEGe gty AP U AT RS PRI SRS In EIREeS b esel

Cylinder Lubgieaibyl grMedon the others are entirely primary in character. To make the zinc
salt, any basic or neutral zinc compound could be used but the oxides, hydroxides and
carbonates are most generally employed. Commercial additives frequently contain an

25  excess of zinc due to the use of an excess of the basic zinc compound in the

neutralization reaction.

The preferred zinc dihydrocarbyl dithiophosphates are oil soluble salts of
dihydrocarbyl dithiophosphoric acids and may be represented by the following

30  formula:



A Marine Diesel Cylinder Lubricant may enpl oy 10-35, preferably
13-30, nost preferably 16-24, mass % of a concentrate or additive
package, the remai nder being base stock.;slt preferably includes at

| east 50, nore preferably at |east 60, even nore preferably at |east
70, mass % of oil of lubricating Viscosgty based on the total 15 nmass
of NMDCL. Ful l'y formul at ed Pso% ferably have a TBN of at

| east 20, such as from about 30 tp abo 100 KOH g (ASTM D2896) .
More preferably, conmpositions have a T ﬁW%%ast 40, such as from
about 40 to about 70 ng KOH g. 20| _, MDCLs preferably have a

sul fated ash (SASH) content (AST Iﬁ(§74) of apout 12 mass % or |ess,
preferably about 11 mass % or |ess, nore preferably about 10 mass %

or less, sUGheA§nR RIS HaPbhe the38me SPdItRrdPhl BVERGyITRYicAS cHRBLIRRIN
as exanpl es of typical proportions of additives in an MDCL: Additive

Mass% a. i . (IBed8dyrefadye 4o 12, ceroafatomee)d iddudingendi¢aly such2g alkyl Blkenyl,

g |2 S [:)e rsant( Sa}'yl,o aréfaﬁ(y};_aﬁ{a%ﬁhalnﬁSc%cl%%ﬁlfa}%a GRS rﬁa{‘t?(}ulg'lylﬁr%fe?reg aSRnd R*

5 groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,
methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total
number of carbon atoms (i.e. R and R”) in the dithiophosphoric acid will generally be

10  about 5 or greater. The zinc dihydrocarbyl dithiophosphate can therefore comprise
zinc dialkyl dithiophosphates. The present invention may be particularly useful when
used with lubricant compositions containing phosphorus levels of from about 0.02 to
about 0.12 mass %, such as from about 0.03 to about 0.10 mass %, or from about 0.05
to about 0.08 mass %, based on the total mass of the composition. In one preferred

15  embodiment, lubricating oil compositions of the present invention contain zinc dialkyl
dithiophosphate derived predominantly (e.g., over 50 mol. %, such as over 60 mol. %o)

from secondary alcohols.

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils to
20  deteriorate in service. Oxidative deterioration can be evidenced by sludge in the
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include hindered phenols, alkaline earth metal salts of
alkylphenolthioesters having preferably Cs to C)» alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
25  or sulfurized hydrocarbons, phosphorous esters, metal thiocarbamates, oil soluble
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

30  attached directly to one amine nitrogen contain from 6 to 16 carbon atoms. The



pour point dispersant 0.03-1.15 0.05-0.1 base stock bal ance bal ance
Trunk Piston Engine G| ("TPEO") A Trunk Piston Engine QO

may enploy 7-35, preferably 10-28, nore preferably 12-24, mass % of a
concentrate or additives package, the remai nder being 5base stock.

Ful | y for nmulamiaes mayekityh sase thandvnerandts gogfse Cobippuhds/lsvingTBntad of att
| east 10, sych,as from about 15 tao about 60.. KOH/ ASTM D28986) .
Vor o pr of er dBy BeeAraBue Bl b Bed Mihpopr i ad kel B dronabit, om
about 30 to LaBewl bHan BnKE HrBup @eQ%, an oxygEn bt sulfu hidHl, 3t @dCor ugk, st on
engine oils preferably have a sultated ash (SASH) content (ASTM

D-874) of aldutenr giaup) 204 o preglirecly aftashadlojongiianine Bitmgemalso gpnsidered
less, s ug h %?orﬁat?’c a{ﬁ%ﬁgs lgggﬁ{% At?éa%t thDSEII;Q {i__%llgllo’%é\%&%c%&/ %}g&:ﬂgﬁg h%e?nqg'g ge"lil.S

typi cal proportions o 'ves I'n a | 55% a.
(Broad) Massfearémat{cRfgfsard 8@jcally substituted by one or more substituents selected from

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

Multiple antioxidants are commonly employed in combination. In one
10 preferred embodiment, lubricating oil compositions of the present invention contain
from about 0.1 to about 1.2 mass % of aminic antioxidant and from about 0.1 to about
3 mass % of phenolic antioxidant. In another preferred embodiment, lubricating oil
compositions of the present invention contain from about 0.1 to about 1.2 mass % of
aminic antioxidant, from about 0.1 to about 3 mass % of phenolic antioxidant and a
15 molybdenum compound in an amount providing the lubricating oil composition from

about 10 to about 1000 ppm of molybdenum.

Representative examples of suitable viscosity modifiers are polyisobutylene,
copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers,
20  copolymers of an unsaturated dicarboxylic acid and a vinyl compound, interpolymers
of styrene and acrylic esters, and partially hydrogenated copolymers of styrene/
isoprene, styrene/butadiene, and isoprene/butadiene, as well as the partially

hydrogenated homopolymers of butadiene and isoprene.

25 Friction modifiers and fuel economy agents that are compatible with the other
ingredients of the final oil may also be included. Examples of such materials include
glyceryl monoesters of higher fatty acids, for example, glyceryl mono-oleate; esters of
long chain polycarboxylic acids with diols, for example, the butane diol ester of a
dimerized unsaturated fatty acid; oxazoline compounds; and alkoxylated alkyl-

30  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 organc-molybdenum friction modifiers also provide antioxidant



detergent(s) 0.5-12 2-8 dispersant(s) 0.5-5 1-3 ashless anti-wear

agent (s)

0.

1-1.5 0.5-1.3 oxidation inhibitor 0.2-2 0.5-1.5 rust

I nhi bitor 0.03-0.15 0.05-0.1 pour point lgi spersant 0.03-1.15 0.05-0.1
base stock bal ance bal ance ST

10

15

20

25

30

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.
Particularly preferred are molybdenum dithiocarbamates, dialkyldithiophosphates, alkyl

xanthates and alkylthioxanthates.

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, MoOCly, M0oO,Br>, M0,0;Clg, 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(RSCS;)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 Mo3;S¢L,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.
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oi | conpositions preferably have a TBN of at |east 6, such as from
about 6 to about 18 ng KOH g (ASTM D28Q62)0._ More preferably,
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example, a polymer of a C, to Cy4 unsaturated ester of vinyl alcohol or a C; to Cyg
unsaturated mono-carboxylic acid or a Cy4 to Cy¢ di-carboxylic acid with an
unsaturated nitrogen-containing monomer having 4 to 20 carbon atoms; a polymer of
10 aCy to Cy olefin with an unsaturated C; to C1o mono- or di-carboxylic acid
neutralized with an amine, hydroxyl amine or an alcohol; or a polymer of ethylene
with a Cs to Cyp olefin further reacted either by grafting a C4 to Cpg unsaturated
nifrogen-containing monomer thereon or by grafting an unsaturated acid onto the

polymer backbone and then reacting carboxylic acid groups of the grafted acid with

15  an amine, hydroxy amine or alcohol.

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

20  temperature fluidity of the fluid are Cg to C;s dialkyl fumarate/vinyl acetate
copolymers, and polymethacrylates. Foam control can be provided by an antifoamant

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

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

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-
30 containing additives achieve a suitably low viscosity in the pre-blending stage it has
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



0- 5 0.01 - 3 Pour Point Depressant 0.01 - 5 0.01 -1.5 Antifoam ng
Agent 0 - 5 0.001 -0.15 Suppl enental Antiwear Agents 0 - 1.0 0- 0.5
Friction Modifier 0 - 5 0- 1.5 ViscosityMdifier 0.01 -10 0.25 - 3

Basest ock Bal ance Bal ance 15 .
dicarboxylic acids or anhydrides which are used in the preparation of the ashless

dispersants as hereinbefore disclosed.

When lubricating compositions contain one or more of the above-mentioned
5  additives, each additive is typically blended into the base oil in an amount that enables
the additive to provide its desired function. Representative effect amounts of such
additives, when used in different lubricants, are listed below. All the values listed are

stated as mass percent active ingredient.

10 Marine Diesel Cylinder Lubricant (“MDCL”)
A Marine Diesel Cylinder Lubricant may employ 10-35, preferably 13-30,

most preferably 16-24, mass % of a concentrate or additive package, the remainder
being base stock. It preferably includes at least 50, more preferably at least 60, even
more preferably at least 70, mass % of oil of lubricating viscosity based on the total

15  mass of MDCL.

Fully formulated MDCLs preferably have a TBN of at least 20, such as from
about 30 to about 100 mg KOH/g (ASTM D2896). More preferably, compositions
have a TBN of at least 40, such as from about 40 to about 70 mg KOH/g.

20
MDCLs preferably have a sulfated ash (SASH) content (ASTM D-874) of
about 12 mass % or less, preferably about 11 mass % or less, more preferably about
10 mass % or less, such as 9 mass % or less.
25 The following may be mentioned as examples of typical proportions of
additives in an MDCL:
Additive Mass% a.i. Mass% a.i.
(Broad) (Preferred)
detergent(s) 1-20 3-15
dispersant(s) 0.5-5 1-3
ashless anti-wear agent(s) | 0.1-1.5 0.5-1.3
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detergent(s) 0.5-12 2-8

dispersant(s) 0.5-5 1-3

ashless anti-wear agent(s) | 0.1-1.5 0.5-1.3

oxidation inhibitor 0.2-2 0.5-1.5

rust inhibitor 0.03-0.15 0.05-0.1

pour point dispersant 0.03-1.15 0.05-0.1

base stock balance balance
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retained as long as possible. It is also inportant that the tine at
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15
Fully formulated lubricating oil compositions of the present invention

preferably have a sulfur content of less than about 0.4 mass %. For crankcase
applications, the fully formulated lubricating oil compositions preferably have a sulfur
content of less than about 0.35 mass % more preferably less than about 0.3 mass %,

20 such as less than about 0.20 mass %. Preferably, the Noack volatility (ASTM D5880)
of the fully formulated lubricating oil composition (oil of lubricating viscosity plus all
additives and additive diluent) will be no greater than 13, such as no greater than 12,

preferably no greater than 10. Fully formulated lubricating oil compositions of the
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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

20 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,
exclusive of any associated diluent. However, detergents are conventionally formed

25  indiluent oil, which is not removed from the product, and the TBN of a detergent is
conventionally provided for the active detergent in the associated diluent oil.
Therefore, weight (and mass) percents, when referring to detergents are (unless
otherwise indicated) total weight (or mass) percent of active ingredient and associated
diluent oil.

30

This invention will be further understood by reference to the following

examples, wherein all parts are parts by weight (or mass), unless otherwise noted.
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EXAMPLES

It is important that the basicity introduced into a lubricating oil composition be
retained as long as possible. It is also important that the time at which TBN and TAN
levels cross is as long as possible. Both of these measures ensure a longer oil life and

better engine protection over a greater period of time.

Beaker tests were performed on three lubricating oil compositions: a reference
oil, Example ! and Example 2. The reference oil included 2.475 wt% of an overbased
calcium sulphonate detergent having a TBN of 425 mgKOH/g in base oil. Example 1
included 2.475 wt% of an overbased calcium sulphonate detergent having a TBN of
425 mgKOH/g and 1.369 wt% of poly{[2-hydroxy-5-(tetrapropenyl)-1,3-
phenylene]methylene} in base oil. Example 2 included 2.475 wt% of an overbased
calcium sulphonate detergent having a TBN of 425 mgKOH/g and 1.369 wt% of
poly{[2-hydroxyethoxy-5-(tetrapropenyl)-1,3-phenylene]methylene} in base oil. All
three lubricating oil compositions had a TBN of 10.5 mgKOH/g (ASTM D2896).

The poly{[2-hydroxy-5-(tetrapropenyl)-1,3-phenylene]methylenc} was

prepared as follows:-

Para-tetrapropenylphenol (known as ‘TPP’) (1 mole equivalent, commerically
available), alkylbenzene sulphonic acid (0.0033 mole% to TPP) and toluene
{30mass% to TPP) were charged to a baffled reactor equipped with an overhead
stirrer and a Dean and Stark reflux apparatus. A nitrogen blanket was used
throughout. Stirring was increased to 160-170 rpm and the temperature was ramped
up to 110°C over 40 mins. 36.5% formaldehyde solution (1.18 equiv. moles of
formaldehyde to TPP used) was charged over 2 hrs at a constant rate. The
temperature was maintained at 110°C throughout the addition. On completion of
formaldehyde addition, the temperature was increased up to 120°C and maintained for
1 hr to remove the remaining water. The reaction was cooled to 90°C, then 50%
sodium hydroxide solution (1.25 moles equiv to alkylbenzene sulphonic acid) was
charged over 0.5 hrs. The temperature was ramped up to 130°C over 0.5 hrs and

maintained for a further 1 hr to remove water. With apparatus set-up for distillation,
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the intermediate was heated up to 130°C over 1 hr under vacuum to remove the

toluene. Mineral oil was used to cutback product to 50% active ingredient.

The poly{[2-hydroxyethoxy-5-(tetrapropenyl)-1,3-phenylene]methylene} was

prepared as follows:-

Para-tetrapropenylphenol (known as ‘TPP’) (1 mole equivalent, commerically
available), alkylbenzene sulphonic acid (0.0033 mole% to TPP) and toluene
(30mass% to TPP) were charged to a baffled reactor equipped with an overhead
stirrer and a Dean and Stark reflux apparatus. A nitrogen blanket was used
throughout. The stirring rate was increased to 160-170 rpm. The temperature was
ramped up to 110°C over 40 mins. 36.5% formaldehyde solution (1.18 equiv. moles
of formaldehyde to TPP used) was charged over 2 hrs at a constant rate. The
temperature was maintained at 110°C throughout the addition. On completion of
formaldehyde addition, the temperature was increased up to 120°C and maintained for
1 hr to remove the remaining water. The reaction was cooled to 90°C, then 50%
sodium hydroxide solution (2.22 mass% to TPP) was charged over 0.5 hrs. The
temperature was ramped up to 130°C over 0.5 hrs and maintained for a further 1 hr to
remove water. With apparatus set-up for distillation, the intermediate was heated up
to 130°C over 1 hr under vacuum to remove the toluene. Xylene (30mass% to TPP)
was charged whilst cooling down to 90°C. The Dean and Stark apparatus was
switched from distillation to reflux. Ethylene carbonate (1.02 equivalent moles to
TPP) was charged over 0.5 hrs using a dropping funnel. The temperature was ramped
up to reflux point at 165°C over 1 hr. IR analysis was used to determine when
ethylene carbonate was fully consumed (typically after 2.5 hrs). The temperature was
maintained at 165°C and vacuum distillation was used to remove xylene. Mineral oil

was used to cutback product to 50% active ingredient.

The Beaker test involved titrating the oil formulation with 1.0M sulphuric acid,
and analyzing the TAN and TBN. The flow rate of acid was 10 ml/hr, the quantity of

oil was 250g, the stirring rate was 300rpm and the oil temperature was 95 °C.

After each sample was tested, a centrifuge step was used to remove insoluble

solids before oil analysis.
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The results are as follows:

Reference Qil
Acld Titration | TAN ASTM D664 | TBN ASTM D 4739 | TBN (D4739) -
time /h TAN (D664)
0 0.44 8.8 8.38
0.25 1.73 53 3.57
0.5 1.58 47 3.12
1 1.56 4.4 2.84
1.5 1.77 4.0 2.23
2.5 1.63 1.6 -0.03
Example 1
Acid Titration | TAN ASTM D664 | TBN ASTM D 4739 | TBN (D4739) -
time /h TAN (D664)
0 0.71 6.7 5.97
0.25 1.20 6.1 49
0.5 1.22 5.1 3.9
1 1.27 4.8 3.5
1.5 1.33 4.0 2.7
25 1.30 3.9 2.6
Example 2
Acid Titration | TAN ASTM D664 | TBN ASTM D 4739 | TBN (D4739) -
time /h TAN {D664)
0 0.40 8.2 7.8
0.25 0.70 5.7 5.00
0.5 0.96 55 4.54
1 0.89 54 4.51
1.5 0.95 4.4 3.45
2.5 0.97 3.3 2.33

The results are also shown in the attached Figure.

The results show that the reference oil reaches TAN and TBN crossover much
earlier than Examples 1 and 2. Therefore, the base in the reference oil is depleted
much sooner than the base in Examples 1 and 2. In fact, Examples 1 and 2 did not
show TAN and TBN crossover even at the end of the test at 2.5 hours. Once

lubricating oil compositions exhibit TAN and TBN crossover, the composition has
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msufficient base levels to neutralize any acid produced by an engine, which causes

engine wear. These results are surprising as Examples 1 and 2 do not include any

more base than the reference oil at the start of the test (i.e. all examples started the

Beaker Test with a TBN of 10.5 mgKOH/g).
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having 9 to 100, preferably 9 to 70, prgferablly, 9 to 50, carbon
atons; and nis O to 10, or kalilg seL}s t hereof 2. The
nmet hod as cl ainmed in clai BN N (1) is 0. 3. The
met hod as clainmed in any i ims, wherein x in
Formula (I) is 1.

- - X @
wherein:
x is 1 to 50, preferably 1 to 40, more preferably 1 to 30;
R' and R* are H, hydrocarbyl groups having 1 to 12 carbon atoms, or
hydrocarbyl groups having 1 to 12 carbon atoms and at least one heteroatom;
R is a hydrocarbyl group having 9 to 100, preferably 9 to 70, most preferably,
9 to 50, carbon atoms; and

nis 0 to 10, or alkaline earth metal salts thereof.
2. The method as claimed in claim 1, wherein n in Formula (I) is 0.

3. The method as claimed in any one of the preceding claims, wherein x in

Formula (I} is I.

4, The method as claimed in any one of the preceding claims, wherein R in

Formula (I) is 9 to 20 carbon atoms, preferably 9 to 15.

5. The method as claimed in any one of the preceding claims, wherein R in

Formula (I) is branched.



4. The nmethod as clained in any one of the preceding clains, wherein
Rin Formula (I) is 9 to 20 carbon atons, preferably 9 to 15. 5. The
met hod as clainmed in any one of the pre_(‘g%d_i ng clainms, wherein Rin

Formula (I) is branched. -30 - 6. The rfethod as clained in any one
of the preceding clainms, wherein RI = H, = Hand Ris in the para

R2
position in rel atjion t he .-.0- [[CH2CH20] " roup,.in Formula (1)} _ 2
The et nod 4 ot taacfed Sgrigies Tany we oirhCh@rREhEriais Wit &1 7 1 RS
conpounds of for mujand R isin@leydts pRfHntRatlorn®lBILOMCe] 8P in
than 0.5 nol e% and nost prefeggbﬂi | ess than 0.1 nnlg%bggmggﬁgg%?eg
al kyl phenol . 8. FpwauksdDhod as claimed in any one of the preceding
clains, wherein n =1 for nore than 60, preferably nore than 70,
preferably nore than 80, preferably nore than 90, or nost preferably
nore than 9%, noleYhahod declsorp onmgdsot offthe plebalifd dlain®, whbeintthod
as clainmed in any one of the precedin%bclains wherein the al kaline

earth netal sal t SoBPowRs of Sopysiinds metudedessthan | nplely, erefanably pssshan 0.5
i 10. T t i L 0 [
ot “aher o o ATGR HEHAEpRtATT fork B BRROPLe bt AEE ot

tetra-oxyal kyl ated, for less than 5 nole % of the conpounds of
formula (1) .¢ 11. - A] i t he L

clai s, wherei n S T A oo o (e L W RE R
al kyl phenol s or neirhthapl 8t prefareilhydoea thab 70 dgrefbratl K ylorgthemn 80,5refeZablyThe
met hod as clained in_any one of the pyreceding clai rein the
lubricating oi | CHHIENI00Pr A PEEIFBRIYGRO% thas %@ﬂﬂé%&gﬁﬁwwdmﬁm
02896, preferabl y,a,IBof 5 to 75, even nore preferably 6 to 70. 13.
The nethod as clainmed 1h any one of the preceding clains, wherein the
| ubricating oil conposition is a marine cylinder lubricant, a trunk
pi ston engi ne oi a gas, engi.ne.oil or a_.rankcase |.ubricating oil
conposi tion”(incl 8?1?16311069 ?a?gaél@ﬁ‘ég}al}?’aqner?é erprS?q%l%ﬂalnghgg?fﬁmduty

di esel notor oil }Yhe alkaliheeartf nlébd sflfs TBe &mpongs 6CPGIRINAS) & cherumvba

(1): [CH2CH2OLIH CH2CH2Q H 0 1/ RI10 - IR2
magnesium.

10.  The method as claimed in any one of the preceding claims, wherein n >2, such
as di-oxyalkylated, tri-oxyalkylated and tetra-oxyalkylated, for less than 5

mole % of the compounds of formula (I).

11.  The method as claimed in any one of the preceding claims, wherein the
compounds of formula (I) are methylene-bridged alkyl phenols or ethoxylated
methylene-bridged alkyl phenols.

12, The method as claimed in any one of the preceding claims, wherein the
lubricating oil composition has a TBN of 4 to 100 as measured by ASTM
D2896, preferably a TBN of 5 to 75, even more preferably 6 to 70.

13. The method as claimed in any one of the preceding claims, wherein the
lubricating o1l composition is a marine cylinder lubricant, a trunk piston
engine oil, a gas engine oil or a crankcase lubricating oil composition

(including a passenger car motor oil and a heavy duty diesel motor oil).



(1) wherein: x is 1 to 50, preferably 1 to 40, nore preferably 1 to
30; RI and R2 are H, hydrocarbyl groups having 1 to 12 carbon atons,
or hydrocarbyl groups having 1 to 12 ca&ﬁon atons and at | east one
heteroatom R is a hydrocarbyl group having 9 to 100, preferably 9 to
70, nost preferably, 9 to 50, carbon atons; and nis O to 10, or

al kal i ne earth salts thereof duc e rate of depletion
of baS|C|ty]6as %ﬁfﬁpﬁ85n¥ﬁﬁ9@§ma09%§§%§ ubricating oi |
conposition in use in an engine, the lubricating oil conposition
including at | east one 0|I-so&%gle overbased alkall or al kal ine earth
met al det ergent. [CH2CH

YT Y
(= [ =

R
B A X

wherein: x is 1 to 50, preferably 1 to 40, more preferably 1 to 30; R! and R? are H,

hydrocarbyl groups having 1 to 12 carbon atoms, or hydrocarbyl groups having 1 to
12 carbon atoms and at least one heteroatom; R s a hydrocarbyl group having 9 to
100, preferably 9 to 70, most preferably, 9 to 50, carbon atoms; and n is 0 to 10, or
alkaline earth metal salts thereof, to reduce the rate of depletion of basicity (as
determined by ASTM D2896) of a lubricating oil composition in use in an engine, the
lubricating oil composition including at least one oil-soluble overbased alkali or

alkaline earth metal detergent.



