- 1 - GREEN LUBRI CANT COWPCSI TIONS FI ELD OF THE | NVENTI ON [ 1] The present
invention relates to lubricant conpositions having inproved wear protection
and reducw0 2pdvopver us em ssi ons. BACKGROUND OF THE | NVENTIUSBH09/0p2BS Zi nc

di al kyl di t hi ophosphate (ZDDP) has been used as an additive in fornul ated

| ubricants for many decades. The primary function of ZDDP is to provide
antiwear protection to noving engine parts by interacting with iron oxides
to forma protective layer. [3] The current understanding of the formation
of antiwear filnms from t her nooxi dati ve
conponents. As ZDDP decG#- : Dot col | oi dal

pol yphosphates are forned. The decorrp05| t| on of these materials leads to
the formati on of | ow nol ecul ar wei ght vol atil e phosphorus conpounds. This
occurs because ZDDP is not ash-free and contains phosphorus. These
deconposi tion corrpounds may have several detrinental effects on engine
performange.st ! , protection and poi soning of the catalytic
converter gas oxygen sensor. [4] Despite the advances
in lubri CTMS]O' |T1f1é) f@ékﬁ’ﬁh‘?@nﬁ@&h&@ie@%{ lubri@ing chb/ipRisiiford Hae@sk frAprdvedr i cant
oil additives that provide superior wear protection and environnentally
benefi ci alwdar ppetetiies andcodwedrpsphorus)dmigsionen ssi ons.  [5] The present

i nvention provides a synergistic conmbination of a prem xed conposition
conprising a ZDDP and at | east one additive that results inthe - 2 -

formati onm&@mm@t provi de superior wear protection
and reduc HET Y OF THE INVENTION [6] The present
i nvention #’@%‘d' r UC63H§ Mg{?ggggshaff@r(z%m RRS BRERI Biddi BY ahMAMod inear

protectio em ssi ons
formulated lubricants for many decades. The primary function of ZDDP is to

provide antiwear protection to moving engine parts by interacting with iron

oxides to form a protective layer.

[003] The current understanding of the formation of antiwear films from
ZDDP involves tribochemical and thermooxidative components. As ZDDP
decomposes, metathiobhosphates and colloidal polyphosphates are formed. The
decomposition of these materials leads to the formation of low molecular weight
volatile phosphorus compounds. This occurs because ZDDP is not ash-free and
contains phosphorus. These decomposition compounds may have several
detrimental effects on engine performance such as reduced wear protection and

poisoning of the catalytic converter and/or the exhaust gas oxygen sensor.

[004] Despite the advances in lubricant oil formulation technology, there
remains a need for lubricant oil additives that provide superior wear protection

and environmentally beneficial properties such as reduced exhaust emissions.

[005] The present invention provides a synergistic combination of a premixed

composition comprising a ZDDP and at least one additive that results in the



[7] In one enbodinment, there is provided a |ubricant conposition having

i nproved wear protection and reduced phosphorus em ssions. The | ubricant
conposi t iwo 20ompp099%es a maj or anmount of base oil and ef Pettise@omnnent s of
prem xed additives conprising ZDDP and one or nore oil soluble

organonetal I'i c conpounds sel ected frombphe group consisting of (a) one or
nore netal (s) or nmetal cations having nore than one oxidation state above
the ground state, excluding iron and nickel, conpl exed, bonded or
associated with t or pore anions; ( one or nore. netal (s) .or..nmetal
cations hiQRR§1RpP tmawnéd@teé%ea&\t%ﬂzaét%{%ldfomrmewﬁ?%aﬁz}e%% gnd

excl udi ng_ifon . NI C <.conpl exed, bonded or associated with one or nore
bi dent at er%c{ucfgi%ggﬁg% éé%ﬁ%rfllgl nds; (c) one or nore netal (s) or netal cations
havi ng nore than one oxidation state above the ground state, excluding iron
and ni ckel, conpl exed, bonded or associated with one or nore anions and one
or nore | SYAVMIMARMN OR THEINVENEI@Ner eof provi ded t he ani on and/or |igand

does not itself render the netal  cation i nagti ve, i.e., renderi t.he netal
cati on und6d Thecheasgrt invmtioneiodigsiedolp dubreant AMBPPTHORS &a‘ﬁg’%‘f‘gt h to

anot her oXi dation state above the .groun t ose or cause

pol ymer i z4PPENYS WFq{epr%etcgllonsaé}dtre@ﬂ@%g@Ofp@%@% ?I%SS%%%' netal cation

i nactive as a peroxi de deconposer and further provided that (a) when the
metals - 3 - or nmetal cations are nolybdenum the ligand is not

t hi ocar baf@0d, tlhi emhespodiment]ithbicosaptavidtd aolubdicahi opmpspitmnehavidg( b)
when the netals or netal cations are copper the ligand is not acetyl
acetate. ipgoves weser pietestian angl redusedopRosh@anno FEISIIPNS c%gﬂh’agantneans

cont ai mi ngoBRESHIOTEPBPESSY it AU ot epist St Cheble SBRRMEN S |,
the of | SGIURLRIOTARNAVEL AcbiprEBIP VISP AUHIOT ol 9BROTRLA! | bA_ CRiBlEnal i on

conpl exes“contal n ween two and Tour netal atons. The reactivity of any

gi ven net akgdiRmmdteNicddrhpélaniiglated fonm i groaproongistingfoft he |i gands and
the coordination geonetry around the netal center. These factors wll
affect the ease with which the netal center can effect the oxidation state

por o o Gec b o BYore nE (s MeiA] Bingh (R Ramodt ILORe DAg LRt TSes ar e
m xed and healgd PALOLERA dheaddethalfl b $hd Hikkel, bSIng k) YoiBed or

enbodi nent, t ant conposi onprises a conpri'ses a nmaj or anount

of base oil apgoefidi@svittervidBrore @hidisem xed additives conprising ZDDP, an
ester and one or nore oil soluble organonetal | ic conmpounds sel ected from

t he group (bpnshe br mprefmeiai(s) oneneasal casiomshawving slorethancon¢ oxidationsstaigvi ng
nore than one oxidation state above fhe grouna st at.e, ex<il udj irgn and
ni ckel , conpl akeve thsogrmmdostates sxelugding) PR RndRyckel, fEMPIEKR €9)°Tone or

| | .cations hayi . oxi dation st b
thearound. ot are RSPl b iR K Bk G ARG L Geyor © 0
associ at edcv he QP endte MBfa(sP bf iKtal EatRinstHavite hidir€ tharf8n€dxidation state

above the ground state, excluding iron and nickel, complexed, bonded or

associated with one or more anions and one or more ligands; and

(d) mixtures thereof

provided the anion and/or ligand does not itself render the metal cation inactive,

i.e., rendering the metal cation unable to change from one oxidation state above

the ground state to another oxidation state above the ground state, decompose or
cause polymerization of the metal salt thereby rendering the metal cation

inactive as a peroxide decomposer and further provided that (a) when the metals



- 4 - (c) one or nore netal (s) or netal cations having nore than one

oxi dation state above the ground state, excluding iron and nickel,

conpl exedyvohoedadser associ ated with one or nore ani onsPamaISeevs/00128310r €

| i gands; and (d) m xtures thereof provided the anion and/or |igand does not
itself render the netal cation inactivegli.e., rendering the metal cation
unabl e to change from one oxi dation state above the ground state to another
oxi dation state above the ground state, deconpose or cause polynerization
of the netal salt| t her eby rendering the tal,.catjon inactive as a peroxide
deconposePr adBetalyr cadensyr 8t deplyhdenum,) enhgﬁh'lf,d mtt afet thlﬂﬁ?rg?la %i ons

are nol ybdenu t.he |i.qgand i i ) , i hat e

di thi oc)ellr @X%&Spy?%iql ‘8%?{:935‘[% é)tr;}ir‘gﬁ(?@?%éﬁe 'fu#l@ (rBTgt al’s g{re rr?eeit%‘l %ati ons
are coppefndihecdtiondnte Eépﬁlé}tthé(Pi%taMH i9A6L Alefyl adetdde. | n still another
enbodi nment, there i s provided a nethod of neking a |ubricant conposition

havi ng 1 nproved antiwear properties and reduced phosphorus em ssions
conpri si ncngform' ng a prem xed conposition conprised of a ZDDP and an ester

or an oil [@@8lurte Bieghnkersial 10dl cetpbliendorganametatiie né’PF‘H?P%“!‘i‘é?eé‘P?a“énd,
addi ng the_prenm xed. conposition to,a base qil J11] a

enbodi menf! a[rwél?eéa 1 p‘jrrH)cWP sa_arpéi{?]rodor.fggpo%qlgéi ﬁboﬁégggéﬁ o? _§%{E)?oxnesanq
reduci ng BOARRIAG SheSSE ABFOBE tHidsdint YPHiFETht ARARORbHIOPIERTRDS R oRddi ng
to a lubricatingbase oIl prem xed additives conprising effecti've anounts
of ZDDP agdluble esirginsihetallioi Icongpalliids oagdiop medrghhometablip ourubrdination

conbi nation thereof. [12] Al proportions given in this- specification are
based on chmpiexes| confgin betweenetwo mad fowsrmetahtatemppobhe ireactivityc pli@nig t he

f ddi ti I i i fical i .- -
TSy B OS5 R AR o £330 e
t f : | I QL I TI ON
cpPsr e CHOPRA 5k, SERGE . ARl e BETA LGP SRSETRET O

conpri si ngage Waghowhihithetmeral aeias eawieffeantheedfidation stateroharige nécepsayi xed
addi tives conprising ZDDP and an ester or an oil soluble organonetallic

conpound Gor aatabytié rdecompashiemesif theohydeonerpxideedr \peaexideospesi¢son Biid
reduced phosphorys .em ssions. Base Q| 5] Basest.ocks e, ade using
a vari et yhB\'enéI’iXF erEFﬁ “ﬁ@BEz}?éé’éﬁF?ﬁfltW& ﬂé&‘ﬁ‘}.‘!?s A5 MIXEE ¢ ‘E?t%ﬁql é’F?‘PrFati on,

sol vent refj gi Pgt r -processi ng, oligonerisation, esterification, and
rerefini ng’."'l“ ggédd nglrbﬁg Ol Licensing and Certification Systent

Fourteenth Edition, Decenber 1996 states that all basestocks are divided
into five general categories: Goup | contain |ess than 90% sat urates

and/ or gr ¢e80%r tlharendtlg%anbdédimentd thavdubrivargc asimpositielex cgmgaises -&han or
equal to 80 and | ess than 120; G.oup Il . contai g{reater t han or equal, to
90% sat ur SPBWIisAs 3 dBAJOF hamownt O base; giloap %fg?ﬂ e agiengsf Bremisedsity

i ndex greater. than or.equ 0_and | t 20; I i.n
oreater ¢ Rifityes Shuiinsfok ZRRE. e SPEand et oty s B ol R,
sul fur an@o@\bﬁngsMélés@aiﬁdmitﬁsghwe&ss%tiﬁ gf or equal to 120; Goup IV
are pol yal phaolefins (PAO; and G oup V include all other basestocks not

included in Goup I, Il, I'll or I'V. The test nethods used in defining the
above groups are ASTM D2007 for saturates; ASTM D2270 for viscosity index;
and one of2)ASTM DpERIre MoBl(s) appretalgatmnsdavge Biore than epg gpidatiopdaist ocks,

L Shal o) L2 PREGRE W gl schld? eXEfiafhg" R BRE e WOMBIS, t¥hded or
associated with two or more anions;

(b) one or more metal(s) or metal cations having more than one oxidation state

above the ground state, excluding iron and nickel, complexed, bonded or

~ associated with one or more bidentaté or tridentate ligands;



- 6 - nost inportant nethods of oligonerisation being free radical
processes, Ziegler catalysis, and cationic, Friedel-Cralls catalysis. [16]
For mul at ewlOl200wi16®nt conpositions conprise a m xture of PATH®S@IBINEK oOr a
base oil and at | east one performance additive. Usually, the base stock is
a single oil secured froma single crudg source and subjected to a single
processi ng schene and neeting a particular specification. Base oils
conprise at | east one base stock. The base oil constitutes the major

Combnt T akS) nih cesralsonbal B PRl SR O IhET b oS 55 "
w.%t bout 0 -1 Ot: j f 1.t 17
0 abou 8§¥)e%he g;}cr&ﬂﬁgtqﬁge%xtgn?mhgtl%n \Aﬁﬁ%ékélhgé&g)é&ge&?%hhb&”br [17]

The | ubricati ﬁg ase s o rese I nvention ected fromthe
group consi st hgcfited it Ghe 6F ndre BRIONGIa@dronéeast etk Higaradsaland | s, synthetic
oils and m xtures thereof boiling in the lubricating oil boiling range.

[ 18] The Kdpemuixtwentheréaf present invention typically include those oils
having a kinematic viscosity at 100C in the range of 2 to 100 cSt,
preferably 4 to 50 cSt, nore preferably about 8 to 25 ¢St. [19] Natural

oils incl anj RS i i I 1 L or
oo o S5O TR afiohPnd SEFLIRLOGR! O G0 o pfaf @bt

pref erred; eMrBgA@ing®theS metd]YcatfoflQlnabds td ehdliR) frofil BAE oxfdHtion, sthterabdvenpl e,
as to whether they are paraffinic, naphthenic, or m xed

par af f i ni chergpountdestate. toGnoshatenxidatior state sbate the groahd state, ddcomposefarl i n
the present invention. [20]_ Synthetic oils include hydrqcarbon oils as
vel | as néAussy mobymensation |of s el | wlojthereby rapdeyag; thed metakn 3tigBesses

such as chem cal conbinatign (for exanpe | i i i Lgation,
condensat MSEIVA B4 B?’i%h‘,se g‘&“gﬂ PS5 ,anq&lu’?th9 Pﬁ{%’vﬁéd \ﬁlﬁi @]W&glértlgg ﬁg&bl@

consi st i NG Ofp &AR! leGfions! AR! €mdTPbE&HIA ﬁﬁecligﬁdﬂr % PHbt t thiBcdrbathate,

synt hesi zed) 1nto materials conststing of larger, nore conplex nol ecul ar
speci es. fﬂyi@phe%p}mt@i dishiboarbadeatd ot rdiddoplossphiates asd €b) ashgnothemaretale drand
interpolynerized ol efins (pol ybutyl enes, polypropyl enes, propylene

i sobut yl emectabegsionseare coppéernthe digandds nat %Qﬁéb'ly 3098418, and

et hyl ene- al phaol efin copol yners, for exanple). [21] Polyal phaol efi ns
(PAGs) base stocks are commonly used as synthetic hydrocarbon oil. By way
of exanpl §010A0a stdl ianethelrr emb@imet the@2is povidédfai method mifxmakswg aher eof
may be utilized. See U S, Patents Nos. 4,956,122; 4,827,064; and 4, 857,073,
whi ch ar e lWricant cABMOSHION RAWIDE r SNBFREtle. antiwear PRERRTHSHt ABM aFedics

stocks include one ar. re of X4 Ur .geri . f one
or nore e 9?&95“518%%51 ‘E?rﬁéijgP‘é‘ﬁ %@?n%@?%&eﬁ%?ﬁhég%gﬁ_s‘zg}l'ﬁ)_glssgagdt}qock(s)
obt ai ned fr IPHPPChhdPLACESEr VEr2 ANSiPIsObIR YSUHMRStAIlicC VRPRINdOTr a
transformation, rearrangenent, and/or degradation deconstructive process

f r om gasegombinsthemtheesdfaand naldingtoememixPd ebmposition tohebasELoibase st ocks
are derived fromthe Fischer-Trospch (FT) synthesis process wherein a
synthesis gas conprising a mxture of H2 and COis catalytically converted

to | owner i14 terials b droj spnmerisatio nd/ or, i.ng.. T
process i scti ) i LS. s .5 ,

JOLLL I, e eShbdiRes!, ARETEGIS Biovidef o nRinGE B g Tihe
5,545,674 it:abl i ; in 4, ; ieh, which
is i ncorpgegdtli]gﬂd'6 F?gﬁlgpn&bf/%% g%aﬁgggbﬂ#’%]eﬁggslloﬁgé%ﬂs]?ggﬁ?gfc%@ggmlgh
char act er icoatprisyig caldiyg as balubrgakihpebadel oilv psemnidiedi addidived 0@npfisihgom
about 2 cSt to about 50 cSt. The GIL base stock(s) and/or other .
hydr odewaxéfgctive amduunissofrefPPFd/andt ap oesteniorenn ) Ol esodulelg- vegangaratallig base

stock(s) used typically jn t.he present invention have kinematic viscosities
in the raﬁ@@Rﬂ‘ﬂ/‘ﬁtﬂflﬁcgﬂ‘hl §Pnttger?°£8t preferably about 4 cSt to about

{012]—All proportiens-given in this-specification-are based on the-total mass.of-. .
the final lubricant composition, including the mass of any additional constituents

not specifically discussed.



-8- 7 cSt, nore preferably about 4.5 ¢St to 6.5 ¢St at 100C. The GIL base
stock(s) are also characterized typically as having viscosity indices of 80
or great ewp 2pooerfieevabl y 100 or greater, and nore preferallCy/ub2@9001288 eat er .

[ 24] There is a novenent anong origi nal equi pnment manufacturers and oi l
fornmulators to produce fornmulated oils of_ ever increasingly reduced

sul fated ash, phosphorus and sul fur content to neet ever increasingly
restrictive environmental regulations. Such oils, known as | ow SAPS oil s,
woul d rely on the use of base oils which thensel ves, inherently, are of |ow
or zero initial sulfur and phosphorus content [25] Low SAPS formul at ed

oils for il ' ( h j.gnict ' 1oy will
nave o sull el GHEEsBERis, A5 agPRlifyes BT 6F PROCAPTRYARRUP MO YecBihe T
pref er abl ypBafentfifén@thd @&aileddsicrijtedehabkyidvd wt % or | ess, an ash content
of 1.2 wt%or |less, preferably 0.8 t% or |less, nore preferably 0.4 wt % or
| ess, and a phosphorus content of 0.18% or |ess, preferably 0.1 wt % or

| ess, nore_preferabl pref erably 0.08 wt % or | ess,
and in cefRTAILEL DESCRIFION OIS ddilk INVINSEODY of or | ess. Antiwear Agent
[26] Metal dithiophosphates represent a class of additives which are known
to exhi bi tj0a4} iTokiasiaoiv beeh foindwlart Ipbripatinig esmpdbitions oneriging lay maged
additives in this class are the zinc dialkyldithi ophosphates (ZDDP) which
provi de exsunémf abagatoiband effestiygcamawnfs cofhpismixed pelditoresasRmpaiaing

ti th f. h h . ds in th t
nvent | on 2P & EHET pbAn LI RIeEganeTS ML SR ARG or h bOBkBIARECY s
th i - i ' - 36 1000
phosphor dhfsoE PRARAE PHBrEd WEk bl o arljcdARg) Gpnbph Bissicho0 PP
phosphorus in the range from about 100 to 10000 ppm by wei ght, nore

preferably fromabout 200 to 5,000 - 9 - ppm by weight, nost preferably
from aboutBas@®i o 1, 000 ppm by wei ght. The ZDDP may be primary or secondary

over bacsc TOEPBASERER Sl P AR (e AT I ERIE FToReLhl hoBBEG o o
Deconposenrs/ Ant i 0% [ 404 sol or t i 0
conpri si né)%ne?{glks)igﬂlg%nf%ny%[hl@f%}n’I isggjr? E ﬁgglglﬂggeﬁg’bgf%% t l%lgggszgg’al ytic

ant i oxi daryligoystrRaabAXsterifAesRomOART ferkfinine APE$SOS CEALI 08T LRhoMgde
deconposer conpounds. I n particular, oil soluble organonetallic conpounds

have been ahdu@drtificatimne Systeyie FousteentheEddixin, whecernberd 1986 t ftatepribstatle of

ot her peroxi de deconpgser conpoynds. The netals of the oil solyble
or ganonet éaaw%oe,l@n@@uﬂwsdwﬁwo ve gansral rategpticsaGronpst spataamdess thee

round st The ani ong, and | i gan o] o] bl e . o] Il1ic
Gonpounds 0 iob iR BRE R ctsdler, tRBTP A%  hifEr Pl Mkce SRR RS o
and/ or | i gagder dinet e{ll‘faﬂdl%r% hedeiathanai 2@NSraliAPl ortirt BANEG haprerone
oxi dation-state above the ground state to another oxidation stated above

t he groundgatbte.908ddsdturated land lese than oms equal/ v 0.03féndslfof andehavd a
sol ubl e organonetal |ic conpounds do not cause polﬁqrreri zatjon of the netal

salts. Norvispogsity iademeeraterathandr equphia S0sand lgss ithare 120; Geewpdbseantain

th b deri th | §n4 tive. 8] ..The foll qw

gener al 1y rereBime sdig & PoeribiatS pd fohual ot St ding itfwa

present | fyept i,0%ifddsfd| 9RAER ] rabier bhhS ok NeqURE Ao Or207eGHoupaNONare
polyalphaolefins (PAO); and Group V include all other basestocks not included

a el RmeRrg aY 0

in Group L, II, III or IV. The test methods used in defining the above groups are
ASTM D2007 for saturates; ASTM D2270 for viscosity index; and one of
ASTM D2622, 4294, 4927 and 3120 for sulfur. Group IV basestocks, i.e.
polyalphaolefins (PAO) include hydrogenated oligomers of an alpha-olefin, the



-n is the oxidation state; y is the nunber of netal cations in the conplex
and is > 1; and - 10 - ligand is the organic anionic and/or |igand noiety
conpl exi nyotzh@/1megval . 10291 The netal conponent havi ng moTAISREVQ002BE

oxi dation state above the ground state of the oil soluble organonetallic
conpound catal ytic hydroperoxi de deconpgser is selected fromthe group
consisting of transition netal elenments 21 through 30, excluding nickel,

el enents 39 through 48, elenents 72 through 80, netals of the |anthanide

series, netals of the actipide series and m xtures thereof Preferably, the
met al conﬁm%mmppgta%n@éwﬁ @f@%?%@”&%ﬁﬂo%’&ﬂ 1¢8 radCcYrPIOPESIEs lssl%et al

el ements 21 throu i ! enents 39 through 48, elenents
72 thoughcgﬁhgﬁﬁaﬁ?fﬁ&?8§§ﬁk§§8ggkﬁg$gﬁ%pg§%rabIy, the netal conponent is
selected fromthe group consisting of transition netal elenents 21 through
30, excluding nickel, elenents 39 though 48, elenents 72 through 80 and

m xt ur es {0k6]leFormGldted lubxieanp cefrpmitionst tempBsah oixtrensfna base steckcired
fromthe group consisting of transition netal elenents 21 thou%h 30

excl udi ngarasreil aad atdaest g perfermanasadditivadi Heuahhy.yihediass stetlepeat s 72

t hrough 80. and ni xt t hereof, E f er abl he netal t

o Seroct SiEls BhsEnTed Tt &S Rglesih A sORIoRMYSBIETL i b MheF bRiceSElR o
5 sel . : & P

o T seq Serh B0, Bt Sifrfbylar SpURRaGOARIRE Gils LomBATD kst DT

ppm by webghy stoakedTenbadecoil doaktimnmaytie whjdruvmpadnt adthedibiicating oil

preferably about 25 to 500 ppm nore preferably about 50 to 200 ppm [031]

I n the oi komplosition andjypinablyais presend ip an aeount sanging Ararn @bpues@ wet.% to
invention, the orgapjc anionic and/ar |}gand noi cgml exi,ng Lhe netals
can be ei ehewt %@U‘?tr ad” -8 romboyt isgy‘f"ﬁ'/‘g?o ﬁhw}nf i%e.@asﬁgé’%‘) tThe'lté’t voi d
ei ther self-pal i | -QN; pol ynmeri zation with/through other species in
the oil, t %¥&Hﬁ¥g§% é?h5§§§$£||y, shoul d avoi d high I evels of polar
functionality, high-polarity atonms in the functional groups, reactive
structures such as olefins, and unstable geonetries whose strain energy
coul d be [@17]edde lubricatyhg bakg welsi ofathieopresgiizivesiion maydai seleatedtfyornncl ude
materi al s derived fransaIiﬁglic acid, salic ,aldehﬁ rboxyli.c acids

|| d
whi ch rmay e SE0Whaenssting of natuml; eils retegle :563}%%%5&1 %r%éaclﬁs sypihefice
b hed al,i ti i T s ; . ful i d
ear o Pllk A ik s Mer8BE phifihfie 1 GRIne TP B GalBE) o) L1 9ands are

Preferred |igands are polydentate Schiff base |igands which are the
reaction products of salicylic aldehyde and diam nes. Preferred pol ydentate
Schi ff ba$@18]i Jhedmse otls wfehdiphesdnt alvieayibh dgpieally 3aclidethmseralsaryiigiaSal pn)
and N, N-di salicylidene-1, 4-di am ngobut ane (H2Sal bn) |igapds, H2Sal pn | i gands
bei ng t he kingmatyy eisepsibgat NQCotpthe raggg @dr-to KQf) €3 prefgrply 4 to 50 ¢St, —
phosphor us- cont aji ni [ Shcpleferably oxygen-, nitrogen-, or oxygen and
nitrogen-BBHFéF%%HHH?@bgﬂggq?g?dﬁﬁ'bipyridines, t hi ophenes, t hi ones,

car bamat es, phosphat es, thiocarbamates, thiophosphates, dithiocarbanates,

di t hi ophosphates, etc.), also give rise to useful oil soluble

or ganoret §019]c Nauiad vildinglude iad@dal bids,medgatabde bils {tastemail mntirlexl oid, forhi bi t
its ability to change from one oxidation state above the ground state to
anot her ogkemplen andaminerabwilst hO it maturahrails, iminesalneds e rprefersed.t he

il | ubl e, tal l.i d b | ' byt '

Chdi vi cuaMITTA CURETS PShEAY BanFs cade SSuBR T sapdibe a5 th o TRH 25
iefiod | o . or o . .

R L T e s R R

anot her oxbsladr halsitAs@hsefal imhthegiresed isv@ition. Whi ch has been found

necessary for an oil soluble organonetallic conpound to function
effectively. In the case where the netals are nol ybdenum the ligand is not

t hi ocar ba ; -& hi-ophosph ., dithiocarbamate or_dithiop hat.e_or. wher e
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Di verse Manganese (111) Schiff Base Conpl exes: Chains, D ners and Cages,
28, Inorganic Chem stry, 2037-2044 (1989), E. J. Larson and V. L. Pecoraro,
The Per oxi de- Dependent P2-0 Bond Formation of [MivSALPN(O)]2, 113, J. Am
Chem Soc., 3810-3818 (1991) and V. L. Pecoraro, J. E. Penner-Hahn and A
J. Wi, Structural, Spectroscopic, and Reactivity Mdels for the Manganese
Cat al ases, 104, Chem Rev., 903-908 (2004), which are herein incorporated
by reference. Preferred oil soluble organonetallic conpounds include [Ml]
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Esters [34] Useful esters of the present invention include the esters of
di basi c acids with nonoal kanol s and the pol yol esters of nonocarboxylic
aci ds. Eswensowifioghe former type include, for exanple, Proe/UsS3600/081208%

di carboxylic acids such as phthalic acid, succinic acid, alkyl succinic
aci d, alkenyl succinic acid, naleic aci g, azelaic acid, suberic acid,
sebacic acid, fumaric acid, adipic acid, linoleic acid dinmer, malonic add,
al kyl mal oni ¢ aci d, aIkenyI mal oni ¢ acid etc., with a variety of al cohols
such as butyl| alcohol Eg alcohok dec I ?Icoh 2- et hyl hexyl.

al conol étq:) et mplsrialoabensing of welier. el malaculdr sSEIIAE Tl y
adi pat e, eth I t cate,
A cnnytui3 SHBV%{%g?é%L@‘?E'%?} %K? C%é? gtlngié\rfr] ?x{ggf“%ﬁﬁ] n‘fmﬂgll%gl rélr)l fgl(Ellht h
late - 13peciéd el \%Xﬁ%%tléegﬂ&q})&ud%t Rydrfarto dilsi SedHRTdsY puBenétizedy Bhiet i ¢
esters are those ich are obtained %y reacting one or noré pol yhydric

al cohol s, ipegfetymbtized lodefiisn e gbutybdnes) pobzpc@)denedq@mpyipaau;dbmplleycI s
e.g. neopentyl gl ycol, trimethylol ethane,

propyl- 1, SpPolyarss: ethylanc-olefinyeaol bm@biar?éld ﬁ@b{!ed@r‘}lph?‘i)lﬁﬁp ¢opplymers,
dlpentaerﬁtIU|to rnth al kanoi ¢ adds containing at |east 4 carbon atons
such as t ly the C5 to C30 acids such as saturated strai ght chain
fatty acids including caprylic acid, capric acid, lauric acid, nyristic
acid, palmtic acid, stearic acid, arachic acid, and behenic acid, or the
correspong92l] Podyulplablefins (PAQI)ybawe dtocks dresedmmantyl fsadtys apnthstisuch as
oleic acid. 1036] The npbst suitable synthetic ester oils are the esters of

t ri net hyl dydcapkomne oik r Biettay of example, PAQdetriyed|fremhereCio, Ci2, Cia

Dot e conOigthienef MsirenHrest fusbomizst coasoh Se BaEnl NN AC00-2eki | abi o
commer ci aly l%ﬁg%? a%aéfrgb?Oﬂ{‘ﬁ'gWélje Rréih dﬂ@@xpgrﬁéd%'tr%f&eﬁé@b' | Chem cal

Conpany) . ’n genrer al ester use ave-a viscosity at 100C in
the range of about 2 to about 4 cSt and preferably about 2.5 to about
3.5cSt. Preferably, the ester is a tetranmethyl propionate polyol ester. The
esters of [02%] pfreoanentionanbdsenstaeks eclpde smet of mereoeihasmpdntg of tasem
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The additive(c) are hlended intn the rnmnsilinn in -

deconstructive process from gaseous carbon containing compounds Preferably,

the GTL base stocks are derived from the Fischer-Trospch (FT) synthesis
process wherein a synthesis gas comprising a mixture of H, and CO is
catalytically converted to lower boiling materials by hydroisomerisation and/or
dewaxing. The process is described, for example, in U.S. Pat. Nos. 5,348,982
and 5,545,674, and suitable catalysts in U.S. Pat. No. 4,568,663, each of which

is incorporated herein by reference.

[023] GTL base stock(s) are characterized typically as having kinematic
viscosities at 100°C of from about 2 cSt to about 50 cSt. The GTL base stock(s)

~ and/or other hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed wax
derived base stock(s) used typically in the present invention have kinematic

viscosities in the range of about 3.5 ¢St to 7 cSt, preferably about 4 ¢St to about



an anount sufficient for it to performits intended function. Typical

anmopunts of such additives useful in the present invention are shown in

Tabl e 1 bwbaw9e/1i0B91 Note that many of the additives arecshisp@edofzsom t he

manuf acturer and used with a certain anmount of base oil solvent in the

formul ation. Accordingly, the weight amgunts in Table 1 below, as well
other ampunts nentioned in this patent, are directed to the amunt of
active ingredient (that is the non-solvent portion of the ingredient).
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preferably 100 or greater, and more preferably 120 or greater.

[024] There is a movement among original equipment manufacturers and oil
formulators to produce formulated oils of ever increasingly reduced sulfated ash,
phosphorus and sulfur content to meet ever increasingly restrictive
environmental regulations. Such oils, known as low SAPS oils, would rely on
the use of base oils which themselves, inherently, are of low or zero initial sulfur

and phosphorus content

[025] Low SAPS formulated oils for vehicle engines (both spark ignited and
compression ignited) will have a sulfur content of 0.7 wt% or less, preferably 0.6
wt% or less, more preferably 0.5 wt% or less, most preferably 0.4 wt% or less,
an ash content of 1.2 wt% or less, preferably 0.8 wt% or less, more preferably
0.4 wt% or less, and a phosphorus content of 0.18% or less, preferably 0.1 wt%
or less, more preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and

in certain instances, even preferably 0.05 wt% or less.

Antiwear Agent

[026] Metal dithiophosphates represent a class of additives which are known to
exhibit antioxidant and antiwear properties. The most commonly used additives
in this class are the zinc dialkyldithiophosphates (ZDDP) which provide
excellent oxidation resistance and exhibit superior antiwear properties. ZDDPs
are the preferred phosphorus compounds in the present invention. Treat levels

for ZDDP in engine oils are generally expressed as the amount of phosphorus

~ delivered to the oil and are typically 1000 ppm phosphorus (0.1 Wt. %

phosphorus). Preferably, ZDDP is present as phosphorus in the range from
about 100 to 10000 ppm by weight, more preferably from about 200 to 5,000

é‘ﬁeo 21?% gﬁérgggéﬁ/ eg"ﬁ%g%llll)y AR IR odlty® 1BE &I CoF $B) oPYrEAREN!

as

The



0.1-8 Friction Reducer 0.01-5 0.01-1.5 0.01-30, nore Viscosity |ndex
| nprover 0.0-40 preferably 0.01-15 Suppl enentary Anti oxi dant
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ppm by weight, most preferably from about 400 to 1,000 ppm by weight. The

ZDDP may be primary or secondary or mixed primary/secondary compounds.

ZDDP may also be a neutral ZDDP or an overbased ZDDP.

Organometallic Catalytic Hydroperoxide Decomposers/Antioxidant

[027] Oil soluble organometallic compounds comprising metals and anions
and/or ligands have been found to be catalytic antioxidant hydroperoxide
decomposers in the presence of other peroxide decomposer compounds. In
particular, oil soluble organometallic compounds have been found to have a
synergistic effect when used in the presence of other peroxide decomposer
compounds. The metals of the oil soluble organometallic compounds have more
than one oxidation state above the ground state. The anions and/or ligands of the
oil soluble organometallic compounds do not render the metal cations inactive.
That is, the anions and/or ligands do not render the metal cations unable to
change from one oxidation state above the ground state to another oxidation
stated above the ground state. Additionally, the anions and/or ligands of the oil
soluble organometallic compounds do not cause polymerization of the metal
salts. Nor are the anions and/or ligands susceptible to decomposition thereby

rendering the metals inactive.

[028] The following formula generally represents the oil soluble organometallic

compounds of the present invention
[M"(Ligand)],
where M is the metal or metal cation;

-n is the-oxidation state; -

y is the number of metal cations in the complex and is > 1; and



0.0-5 0.0-1.5 Corrosion Inhibitor 0.01-5 0.01-1.5 Anti-wear Additive 0.01-6
0. 01-4 Pour Point Depressant 0.0-5 0.01-1.5 Anti-foam Agent 0.001-3
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ligand is the organic anionic and/or ligand moiety complexing the

metal.

[029] The metal component having more than one oxidation state above the
ground state of the oil soluble organometallic compound catalytic hydroperoxide
decomposer is selected from the group consisting of transition metal elements 21
through 30, excluding nickel, elements 39 through 48, elements 72 through 80,
metals of the lanthanide series, metals of the actinide series and mixtures thereof.
Preferably, the metal component is selected from the group consisting of
transition metal elements 21 through 30, excluding nickel, elements 39 through
48, elements 72 though 80 and mixtures thereof. More preferably, the metal
component is selected from the group consisting of transition metal elements 21
through 30, excluding nickel, elements 39 though 48, elements 72 through 80
and mixtures thereof. Still more preferably the metal component is selected
from the group consisting of transition metal elements 21 though 30 excluding
nickel, elements 39 through 48 excluding molybdenum, elements 72 through 80
and mixtures thereof. Even more preferably, the metal component is selected
from the group consisting of manganese, cobalt, iron, copper, chromium and

zinc.

[030] The oil soluble organometallic compound can be utilized in effective
amounts, typically in the range of about 1 to 1000 ppm by weight based on the
total amount of lubricant composition, preferably about 25 to 500 ppm, more

preferably about 50 to 200 ppm.

[031] In the oil soluble organometallic compounds useful in the present

be either neutral (e.g., bipyridyl) or anionic (e.g., acac). To avoid either self-

polymerization or polymerization with/through other species in the oil, the



Base G| Bal ance Bal ance 10401 The present invention provides for heating
a mxture of at least two additives before adding the m xture of additives
to a basewoi2boo/rb¥ef er-ably, the prem xed additives arePphgatsea)9nor2as

tenperature rangi ng fromabout 30C to about 80C. - 15 - [41] The
following non-limting exanples are pr_o?:i ded to illustrate the invention.
EXAMPLES 1-9 [42] In exanples 1 through 9, a series of oils were

formul ated using a | ow SAP 5W30 oil having a kinematic viscosity of 11 cSt
at 100C and containing typical additive conponents as, arg sho in Table 1.
Afully fé&&@ﬁd&t&f@eml&, ople ayqud, lyg}ldfimlﬁé’t Qi funcionality, ?“ég'dw?a(fﬁ@ sane
package and a partially.fqg ated oid t rra e were
aed. ~Tho o g piot Rnclicad! Brodbso feiivecstoRn® sufh s dIEind R BRG0SC "5
P. The conggpeddd Wlfloégv\zt@g%g'eﬁeﬁé&ilﬁ%%%li%ed hoagk polyméripdipsphor us, P,

. 0 r.

delivered™to the oil, e reduced package forrul ati ons were used
to determne the effect and performance of the addition of a di manganese
organonetal | i c conmpound, [ Ml V(salpn)(j1-0)]2. Three concentratjons, of the

di manganed@32r acbnerganic cmeighyoinclude r makidsy: derovedy dlamosaligpia agi500
b ight..[0 h d i 1
St R G B T B e R R G
'nS.”U"Emaﬁds,T*a?i HaiR é&&% ESE‘%I&?%HEH %%iPhQﬁc | 480dd GhiYmiQfurédithdrbyf.of a
fluid to affect friction Detween surfaces in relative notion under a | oad.

The test pahbag the askfoddighadedreodcaty laoetiohaeahaplthehatd§ THh RS steAtilsd, D6079
is incorporated herein by reference. The nodified test method used is as
fol | ows. Amarhboxylatestetepdicfamediigands wees pplysleatate Schifé hasetligandswhich of an

HFRR. The tenperature of the spegcinmen was j.ncreased, fr.om 30C t 0C.at a
rate of Zg%ntﬁﬁt ECaoiRa, pﬁ’l‘g‘@%e‘éfn%‘ﬁci'ﬁﬁp%lldﬁﬁﬁ&e ek (é?%ﬁl?%-zeg’r%[t%”fgoc, a
vi brator ar i i Wl i = [ N j 00 S was
overed ufPdeiHe SARTIRRE 1ehhlty i NN Ay ABGRC 1P WhfidGpfopine

speci men. (FTQSaHﬁ%' amb OAbSelikalieylidbn&dA-dRiminbbudnek (M2Salbn)l- tigasds,oke at
a freauencv of 60Hz for 75 mnutes. - 16 - [044] As is denonstrated in
Tabl e 2, tH2Salperligpadackeingcthe inost pasfetreds Nirogens, odxygea-.paelifange ands

decreased and the di manganese ofganonetal li c conpound was absent. Thi.s was
e to £ nEDRERINSCONTMERE. BEMebntHEIGrEANOPRYER: (UJORS mch PRYES Ao o

and 50 wt %.i xamml e - #3): i Li.Qn: ' g ic
ond =0 RO )OS L R o | PRI esanmmALLl <
vear prot ehbshhtés thivcafitdts, BiRiphoSpHatesyl diiHigédrbamatid] Hithibphbspitdegpm of
t he di manganese organonetal | i c conpound to the partially fornulated (50
w % oil, eExpradegife ridesto wdednkoil sxbbl¢ ergancazatalbicatormapowndsi provivdedHARR
test. C g
metal orbital remain free to exhibit its ability to change from one oxidation state
above the ground state to another oxidation state above the ground state. It is
necessary that the oil soluble organometallic compound not be polymerized, but
remain as individual molecules. Polymerization causes the metal orbitals to be
satisfied in their quest for electrons and become stabilized, thus losing the ability
to shift from one oxidation state above the ground state to another oxidation state
above the ground state, which has been found necessary for an oil soluble
organometallic compound to function effectively. In the case where the metals
are molybdenum, the ligand is not thiocarbamate, thiophosphate,
‘dithiocarbamate or dithiophosphate or where the metals are copper the ligand is

not acetyl acetonate.



Table 2 Exanple W.% Package ZDDP, ppm Di manganese Organonetal lic
Compound, ppm HFRR Avg. Wear Scar Mcrons* 1 100
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[033] The oil soluble organometallic compounds of the present invention are oil
soluble and may be prepared according to J. A. Bonadies, M. L. Kirk, M. S.
Lah, D. P. Kessissoglou, W. E. Hatfield, and V. L. Pecoraro, Structure Diverse
Manganese (11I) Schiﬂ Base Complexes: Chains, Dimers and Cages, 28,
Inorganic Chemistry, 2037-2044 (1989), E. J. Larson and V. L. Pecoraro, The
Peroxide-Dependent u,-O Bond Formation of [Mn""SALPN(O)],, 113, J. Am.
Chem. Soc., 3810-3818 (1991) and V. L. Pecoraro, J. E. Penner-Hahn and A. J.
Wu, Structural, Spectroscopic, and Reactivity Models for the Manganese
Catalases, 104, Chem. Rev., 903-908 (2004), which are herein incorporated by
reference. Preferred oil soluble organometallic compounds include [MnlII (2-
OHsalpn)], [MnlII(2-OHsalpn)], II, [MnlII(5-Cl-2-OH-salpn)],, [MnIII(5-NO2-
2-OH-salpn)],, [MnIV(salpn)(p-O)],, [MnIV(5-Cl-salpn)(pn-O)];,  [MnIV(5-
OCH3-salpn)(p-O)],, [MnlIV(5-NO2-salpn)(p-O)],, [MnIV(3,5-di-Cl-salpn)(p-
0)l,, MnlI(OAc),[12-MCMnllIshi-4], {Li(LiCI2[12-MCMnllIshi-4])} and
MnII(OAc),[ 15-MCMnllIshi-5], most preferred is [MnIV(salpn)(p-O)],. Other
examples of oil soluble organometallic compounds include, but are not limited

to, copper oleate, zinc oleate and metal acetylacetonate.

Esters

[034] Useful esters of the present invention include the esters of dibasic acids
with monoalkanols and the polyol esters of monocarboxylic acids. Esters of the
former type include, for example, the esters of dicarboxylic acids such as
phthalic acid, succinic acid, alkyl succinic acid, alkenyl succinic acid, maleic
acid, azelaic acid, suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic
acid dimer, malonic add, alkyl malonic acid, alkenyl malonic acid, etc., with a
variety of alcohols such as butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-
ethylhexyl alcohol, etc. Specific examples of these types of esters include

dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate,

Aiicanctul  azalate  Aiicadecvl azelate  Ainectul nhthalate  didecvl nhthalate



800 0 183 2 75 600 0 204 3 50 400 0 298 4
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dieicosyl sebacate, etc.

[035] Particularly useful synthetic esters are those which are obtained by
reacting one or more polyhydric alcohols, preferably the hindered polyols such
as the neopentyl polyols e.g. neopentyl glycol, trimethylol ethane, 2-methyl-2-
propyl-1,3propanediol, trimethylol propane, pentaerythritol and dipentaerythritol
with alkanoic adds containing at least 4 carbon atoms such as the, normally the
Cs to C3¢ acids such as saturated straight chain fatty acids including caprylic
acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic acid, arachic
acid, and behenic acid, or the corresponding branched chain fatty acids or

unsaturated fatty acids such as oleic acid.

[036] The most suitable synthetic ester oils are the esters of trimethylol
propane, trimethylol butane, trimethylol ethane, pentaerythritol and/or
dipentaerythritol with one or more monocarboxylic acids containing from about
5 to about 10 carbon atoms are widely available commercially, for example, the

Mobil P-41 and P-51 esters (Mobil Chemical Company).

[037] In general, the ester used will have a viscosity at 100°C in the range of
about 2 to about 4 ¢St and preferably about 2.5 to about 3.5¢St. Preferably, the
ester is a tetramethyl propionate polyol ester. The esters of the present invention
may be present in amounts ranging from about 1 wt % to about 95 wt %, more
preferably in amounts ranging from about 5 wt % to about 75 wt %, most
preferably in amounts ranging from about 10 wt % to about 50 wt %, based on

the total weight of the lubricant composition.

Typical Additive Amounts

[038] The lubricant composition of the present invention may also comprise at

leact nne additinnal additive The additive(?) are hlended inta the comnosition in
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an amount sufficient for it to perform its intended function. Typical amounts of

such additives useful in the present invention are shown in Table 1 below.

[039] Note that many of the additives are shipped from the manufacturer and
used with a certain amount of base oil solvent in the formulation. Accordingly,
the weight amounts in Table 1 below, as well as other amounts mentioned in this
patent, are directed to the amount of active ingredient (that is the non-solvent
portion of the ingredient). The wt% indicated below are based on the total

weight of the lubricant composition.

Table 1
Typical Amounts of Various Lubricant Oil Components
Approximate Approximate

Compound Wt% (Useful) Wt% (Preferred)
Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Viscosity Index Improver 0.0-40 0.01-30, ‘more

preferably 0.01-15

Supplementary Antioxidant 0.0-5 0.0-1.5
Corrosion Inhibitor 0.01-5 0.01-1.5
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base Oil Balance Balance

[040] The present invention provides for heating a mixture of at least two
additives before adding the mixture of additives to a base oil.~ Preferably, the
premixed additives are heated to a temperature ranging from about 30°C to about

80°C.
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[041] The following non-limiting examples are provided to illustrate the

invention.

EXAMPLES 1-9

[042] In examples 1 through 9, a series of oils were formulated using a low
SAP 5W-30 oil having a kinematic viscosity of 11 ¢St at 100°C and containing
typical additive components as are shown in Table 1. A fully formulated oil, a
partially formulated oil to 75 wt. % of the same package and a partially
formulated oil to 50 wt. % of the same package were used. The fully formulated
oil contained ZDDP in the amount of 0.08 wt. % P. The concentration of ZDDP
is expressed as the amount of phosphorus, P, delivered to the oil, wt. % P. The
reduced package formulations were used to determine the effect and
performance of the addition of a dimanganese organometallic compound,
[MnIV(salpn)(n-O)],. Three concentrations of the dimanganese organometallic

compound were added: 100 ppm, 200 ppm and 500 ppm by weight.

[043] The average wear scar was measured using a High Frequency
Reciprocating Rig (HFRR), commercially available from PCS Instruments. The
HFRR test method measures the lubricity, or ability of a fluid to affect friction
between surfaces in relative motion under a load. The test method used was
based on a modification of ASTM D6079. ASTM D6079 is incorporated herein
by reference. The modified test method used is as follows. A 2-mL test
specimen of oil was placed in the test reservoir of an HFRR. The temperature of
the specimen was increased from 30°C to 160°C at a rate of 2°C/minute. When

the specimen temperature was stabilized at 160°C, a vibrator arm holding a non-

rotating steel ball and loaded with 400-g mass was lowered until it contacted a
test disk completely submerged in the specimen. The ball was caused to rub

against the disk with a 1-mm stroke at a frequency of 60Hz for 75 minutes.
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Example 10

[045] In this example, a motored 2.3 L engine wear test was used to evaluate



- 19 - Table 3 Sample M xture W% P at 40C (after 30 mnutes) W% P after
heating to 170C (after 30 m nutes)
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the effect of copper oleate on ZDDP and wear. The fired tests were carried out
on a Sequence V-D test stand which also used the same model 2.3 L engine. A
new premeasured camshaft and new followers were used for each test. As in the
Sequence V-D test, wear is defined as the reduction in the heel-to-toe dimension
at the point of maximum lift on the cam lobe. Cam lobe measurements were
made at intervals during each test using a calibrated micrometer and after
allowing the engine to cool to room temperature. A more detailed description of
the procedure can be found in J. J. Habeeb, et al., “The Role of Hydroperoxides
in Engine Wear and the Effect of Zinc Dialkyldithiophosphates,” ASLE
Transactions (1987), 30 (4), page 419-26, which is incorporated herein by

reference.

[046] Copper oleate in an amount of 0.3 wt% was added to 10W30 fully
formulated oil containing secondary ZDDP (isopropyl/4-methyl-2-pentyl) in an
amount of 1.0 wt. %. The addition of copper oleate significantly reduced the
average cam lobe wear in the motored 2.3L engine in the first 20 hours from 35
to 13 microns as shown below in Figure 1. Copper oleate is not a known
antiwear agent. However, when used in combination with ZDDP, copper oleate
reacts synergistically to provide increased wear protection. This additional wear
protection is due to the ability of ZDDP and copper oleate to form a complex
that contains CuDDP. This ZDDP/Cu oleate complex is expected to have higher
molecular weight than ZDDP, be more thermally stable than ZDDP alone and be
only tribochemically active at the metal-metal contact (boundary areas). By
tribochemically active it is meant that a set of chemical reactions will occur
between surfaces and the chemical species inside the sliding contact where the

load is mostly supported by the boundary lubrication conditions.

[047] As is demonstrated in Figure 1, copper oleate does not provide antiwear

protection in the absence of ZDDP. However, when combined with ZDDP,



W% P Loss (No Pre- mxing) W%P Loss (Pre- mxing) 11 Lz 1371 M conpl ex
5w % ester Goup Il Basestock 0.1170
WO 2009/110992 PCT/US2009/001288
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copper oleate unexpectedly increases antiwear protection in the oil.

Examples 11 - 14

[048] Examples 11 through 14 are set forth in Table 3 where the amount of
phosphorus loss is measured using inductively coupled plasma emission
spectrometry. A ZDDP, an ester and a dimanganese organometallic compound
were premixed, stirred and heated to about 40°C. The premixed additives were
then added to a Group III base stock that had been heated to 40° C and stirred.
For comparative purposes, lubricant compositions were prepared according to
what is known in the art, that is, a Group III base stock was heated to about 70°C
and stirred. To the basestock was added a ZDDP, an ester and a dimanganese
organometallic compound. Each additive was blended into the basestock before -
adding the subsequent additive. ~The mixtures of ZDDP, ester, dimanganese
organometallic compound and Group III base stock were then heated to 170°C
for thirty minutes in a round bottom flask fitted with a coldwater condenser. The
ZDDP used was a secondary ZDDP (isopropyl/4-methyl-2-pentyl),
commercially available from the Lubrizol Corporation. All samples contained
ZDDP in the amount of about .1 wt. % P. The concentration of ZDDP is
expressed as the amount of phosphorus, P, delivered to the oil, wt. % P. The
ester used was a tetramethyl propionate polyolester. The dimanganese
organometallic compound was [MnIV(salpn)(u-O)],. Phosphorus loss was
measured using inductively coupled plasma emission spectrometry. The error of

reproducibility is £0.0001.



0.0840 28.2 12 Lz 1371 M conplex 5w % ester Goup |1l Basestock 0.1170
0.0940 --- 20.51 13 Lz 1371
WO 2009/110992 PCT/US2009/001288
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Table 3
Wt% P after
Wit% P at heating to Wit% P Wit% P
40°C 170°C Loss Loss
(after 30 (after 30 (No Pre- (Pre-
Sample Mixture minutes) minutes) mixing) | mixing)
Lz 1371
Mn complex
Swt% ester
11 Group III Basestock 0.1170 0.0840 28.2 ---
Lz 1371
Mn complex
Swt% ester
12 Group III Basestock 0.1170 0.0940 --- 20.51
Lz 1371
Mn complex
13 Group III Basestock 0.1090 0.0840 22.9 ---
Lz 1371
Mn complex :
14 Group III Basestock 0.1090 0.0950 --- 12.8

[049] It was unexpectedly found that by premixing the additives and then
adding the premixed additives to the basestock, the loss of phosphorus to the
atmosphere was greatly reduced. Phosphorus retention increased by more than
25% when a combination of a ZDDP, an ester and an oil soluble organometallic
compound were premixed and added to a basestock. Even more unexpected was
the significant improvement in phosphorus retention, by more than 40%, when
ZDDP was premixed with an oil soluble organometallic compound alone and
then added to a basestock. By improving the amount of phosphorus retained in
the oil, the antiwear properties of the lubricant composition are maintained and

most importantly, phosphorus emissions into the environment are reduced.

[050] It will thus be seen that the objects set forth above, among those apparent
in the preceding description, are efficiently attained and, since certain changes
may be made in carrying out the present invention without departing from the

spirit and scope of the invention, it is intended that all matter contained in the
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above description and shown in the accompanying drawing be interpreted as

illustrative and not in a limiting sense.

[051] It is also understood that the following claims are intended to cover all of
the generic and specific features of the invention herein described and all
statements of the scope of the invention, which as a matter of language, might be

said to fall therebetween.
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