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[001] The present invention relates to |ubricant
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reduced phosphorus eni ssions. BACKGROUND COF THE

I NVENTI ON [ 002] Zi nc di al kyl dijthi ophosphate (ZDDP) has

been used as an additive in fornulated | ubricants for

many decades. The primary function of ZDDP is to-
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detrinmental effects on engine perfornmance such as

reduced wear prot ect| on and poi soning of the catalytic

= ist..gas oxygen sensor. [004]
5 ant oil formulation
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exhaust em ssions. [005] The present inventjon
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[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



reduced additive volatility. SUVMMARY OF THE | NVENTI ON

[006] The present invention is directed to |ubricant
wewposion: ons exhi biting i nmproved wear protectPORUS2009/001288

reduced phosphorus enissions. [007] In one enbodi nent,

there is provided a |ubricantyconposition having

i nproved wear protection and reduced phosphorus

enissions The | ubricant conposition conprises a ngjor

anmoynt base oil and effqﬁa{ve anmpunt s .of

. rem xed ..
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nore netal (s) or nmetal cations having nore than one
oxi dati on state above the ground state, excluding iron
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or nore anions and one or, nore |igands; an
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oXI ion state e ground state, deconpose or
organometallic compounds selected from the group consisting of:

(a) 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 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 bidentate or tridentate ligands;

(c) 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 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



cause polynerization of the netal salt thereby

rendering the netal cation inactive as a peroxide
waeworpser and further provided that (a) whenP€h®S2009/001288

netal sor netal cations are nolybdenum the ligand is

not thiocarbanate, thiophosphgate, dithiocarbanmate or

di t hi ophosphate and (b) when the netals or netal

cations are copper the ligand is not acetyl acetate.
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“premixed’ Pt £ meant that at 1 east ttwo addifives aré mixed and heated before

being added to a base oil.

[009] In another embodiment, the lubricant composition comprises .a
comprises a major amount of base oil and effective amounts of premixed
additives comprising ZDDP, an ester and one or more oil soluble organometallic

compounds selected from the group consisting of:

(a) 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 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;



(b) one or nore netal (s) or nmetal cations having nore

t han one oxidation state above the ground state,
we@badiooy i ron and ni ckel, conpl exed, bonded BET/US2009/001288

associated with one or nore bidentate or tridentate

l'i gands; (c) one or nore netal §s) or nmetal cations

havi ng nore than one oxidation state above the ground

state, excluding iron and nickel, conplexed bonded or
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(Decmmxtoses therewduse pol yneri zation of the netal salt
thereby rendering the netal cation inactive as a
per oxi de deconposer and further provided that (a) when
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[010] In still another embodiment, there is provided a method of making a

lubricant composition having improved antiwear properties and reduced
phosphorus emissions comprising forming a premixed composition comprised of
a ZDDP and an ester or an oil soluble organometallic compound or a

combination thereof; and, adding the premixed composition to a base oil.

[011] In yet another embodiment, there is provided a method for improving
wear protection and reducing phosphorus emissions in a lubricant composition
comprising adding to a lubricating base oil premixed additives comprising
effective amounts of ZDDP and an ester or an oil soluble organometallic

compound or a combination thereof.

{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.



effective anmounts of ZDDP and an ester or an oi
sol ubl e organonetal i c conpound or a conbi nation

W0 b@paof92 [ 01- 2] - Al I proportions given in thi SPCT/US2009/001288
specification are based on the total mass of _ the
final lubricant conposition, _ikncluding the mass of any
addi tional constituents not specifically
di scussed.[013] Ot her aspects and advantages of the
present invention will becone apparent fromthe
detail ed description that follows. DETAILED

[@%jC?tﬁ% t%#)é{rl ik I'd%lg’&lg‘@ os|1f’|’t1§én S;Bxfesélﬁsirﬁ%wti%ﬁe@viu become

apparent {rom thelReilal desehi 1©ﬁftﬁ§ﬁﬂ'o‘ﬂ©“%n0um$ of prem xed
additives conprising Z and an ester or an oil

sol ubl e organonetal lic conpound or a conbi nation
otection and reduced
H S sN 183 gOM,sest ocks may be
nade u3|ng a varlety of dlfferent processes incl uding
[034] Tohas nowt teebnt foutidsthiat lubiricatingsadvpoditions campgising a major
hydr ogen Brocess ol i gomerisatign, esterification,
ameynt of &f aﬁengll effsodve amgumés of |Preméesss aﬂ@ltleyﬁa comprising

255 by et 6t o/ L P sl of ot e O ropabination
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saturates and/ or great % sul f'u ave
viscosity index greater than or equal to 80 and Iess
than 120; Goup Il contain greater than or equal to

BageOsht ur at es and | ess than or equal to 0.03%sulfur

l@%ﬂ BasEsSatinesdre adhgning o Sl Al GHEGear Brores ey neluding
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oligomerisation, esterification, and rerefining. API 1509 "Engine Oil Licensing

and Certification System" Fourteenth Edition, December 1996 states that all
basestocks are divided into five general categories: Group I contain less than
90% saturates and/or greater than 0.03% sulfur and have a viscosity index
greater than or equal to 80 and less than 120; Group II contain greater than or
equal to 90% saturates and less than or equal to 0.03% sulfur and have a
viscosity index greater than or equal to 80 and less than 120; Group III contain
greater than or equal to 90% saturates and less than or equal to 0.03% sulfur and
have a viscosity index greater than or equal to 120; Group IV are
polyalphaolefins (PAO); and Group V include all other basestocks not included
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



have a viscosity index greater than or equal to 120;
G oup 1V are pol yal phaolefins (PAO; and Goup V

wo pwbade9al | ot her basest ocks not included in EDUR2009/001288
[1, I'l'l or I'V. The test nethods used in defining the
above groups are ASTM D2007 fgr saturates; ASTM D2270
for viscosity index; and one of ASTM D2622, 4294, 4927
and 3120 for sulfur. Goup IV basestocks, i.e.

T
HALYRIERA BAIOA0. PALAA.ELAR LaglyeR! processes, Ziegler

YSI'S, atronic, Frie Crafts catal ysis.
[016] Fornul ated | ubricant conpositions conprise a
m xture of a base stock or a base oil and at |east one
[016] f Bormulate dabidbricanecordpositions cohgprisesensxor of s ase stock or
single oil secured froma single.crude source and

a baps odl andl b least jong| RerfRrERANSS| Alid¥he Uy, taebrRg stock is a
sifpls ¢E 8t ted Bptn 35l 8o Tofsf abd sHPRRIAAB FlipbRProcessing
s&@fﬁéogrﬁ‘?nééftin he phHRi1£a%p 8 OdtlorC 0BRSS iolls Wbnihdke at least one

typlc y I's present in an anount rangi ng from about

bdse stbcko ThedbusatoiPBondtitutiss the gnajof companent o8 therMub¥adating oil
about 95 wt. % based on the total weight of the
coppsitipn apd typigally isTpeesenbin arnemeynbesging fromppabeye’0 wt.% to
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' LGeabls and m xtures thereof boiling in
thigg%loggﬁr{(?%:é\}tﬁ ggnglhl boiling range. [018] The base oils

of the present invention typically include those oils
having a kinematic viscosity at 1000C in the range of
[027] oThodulrseating bassr aids wi4he present Snyentinne muyvebe salsicied from
about 8 to.25 cS.. [019] .Natural oils .include ani nal .
thg: FOup RS EES O maRiTAL hibqpelplnvdlriyhd mimerst Bl synthetic

oils and mixtures thereof boiling in the lubricating oil boiling range.

[018] The base oils of the present invention typically include those oils having.a
kinematic viscosity at 100°C in the range of 2 to 100 cSt, preferably 4 to 50 cSt,
more preferably about 8 to 25 cSt.

[019] Natural oils include animal oils, vegetable oils (castor oil and lard oil, for
example), and mineral oils. Of the natural oils, mineral oils are preferred.
Mineral oils vary widely as to their crude source, for example, as to whether they
are paraffinic, naphthenic, or mixed paraffinic-naphthenic. Oils derived from

coal or shale are also useful in the present invention.

[020] Synthetic oils include hydrocarbon oils as well as non hydrocarbon oils.
Synthetic oils can be derived from processes such as chemical combination (for

example, polymerization, oligomerization, condensation, alkylation, acylation,



exanple), and mneral oils. O the natural oils,

mneral oils are preferred. Mneral oils vary w dely
w@soovo1wbei r crude source, for exanple, as to REUN®NI 001288

they are paraffinic, naphthenic, or m xed

paraffinic-naphthenic. Ols derived fromcoal or shale

are also useful in the present invention. [020]

Synt hetic oils include hydrocarbon ils as wel Fas non

drqcarbon qQils. Synthetjc ojls ca erived fr.o
etﬁ% 656 s LONSHERE Ol STeelies AHEP ﬁ“@glﬁf’u‘@}‘(éﬁﬁ?‘ss are built
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Slﬁ’fﬁ L S}%t%es' Zesd)nl nt oq?ryat errals consisti ng %Oy erized an

1nlterpgbnnemmdeote<b'mpl (pelytuitglents rpal pproipy teneSy ptdpe'dertf: wiobgtylene
[ ncI ude hydrocarbon oils_such as pol yneri 'T ?fd
conalemsE, yitkylenewlefin copelymensy ud yithiene-alphaolefin copolymers,

Q | enes, propyl ene isobutyl ene copol yners,
ﬁpfﬁéﬁgﬁgyolefln copol yners, and et hyl ene-al phaol efin

copol ynmers, for exanple). [021] Pol yal phaol efins
(PAGCs) base stocks are comonly used as synthetic

[Uﬂ@lrboml}ﬂmomﬂns BAGSY iscestacks are RAGandelyi usell fasosgnthetic
C 2, Cl4 olefins or mxtures thereof nmay be

hxdrpparb@é oibeeBy. Way Foif @mrﬁpmsPA@smn@z from 423,664 C12, Cua
ot Bis s R R pAY et Efd. b A8 E s dHatehts Yoty h956,122;
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oi | conprise base stock(s) obtained froma GIL process

via one or nore synthesis, conbination,
[022hnEoomearnitiomal base stonfsmsmeiydeanng or wege afaa imixture of base

SIBEH3 RHISE AP GnEHy Morh SRSTIO pIBASS (GAkd BRETAL | G- base
oxflrcoéﬂlﬁll?fe & hs‘?&clgzrsfso%‘fﬁnég-rfroﬁ"y 2\ '@?Fﬂsprocess via one or more
synthesis, combination, transformation, rearrangement, and/or degradation
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



process wherein a synthesis gas conprising a mxture

of H2 and COis catalytically converted to | ower
whoeibitng9rat eri al s by hydroi sonmeri sati on and/ oPCT/US2009/001288

dewaxi ng. The process is described, for exanple, in

U.S. Pat. Nos. 5,348,982 and_§,545,674, and suitable

catalysts in U S. Pat. No. 4,568,663, each of which is

i ncorporated herein by reference. [023] GIL base

k terLzed typicall hayi
7%%&1395?% ereyeiabbinboudl- 3ESLapBE ot AgR Gnolhe & Tlshaggstock(s)
0] . |-0%:
o B, Sheii=d D255 BB OB BLoSRL RGP I 90 or grester
, _ eally i
R ok e e i Sensrtied in
the range of about 3.5 ¢St to 7 cSt, preferably about

4 cSt to about7 cSt, nore preferably, about 4.5 cSt to .
(0243 Thereats a0pOYSMERE amANEHAEEINY GAR{Rmen) maguiepturers and oil

ROl B R Ry s fSUORY P HLREEPEN redttiganfiled ash,
plgé n%f'&b! ¥nd 2QuPfur 9 S8t {P2eef NRKRr I Snérel l‘ﬁ%l‘jentrestrictive

g original equi pnent manufacturers and oi

efvirontheital segudatporsduSach @ilspkaoed as losv AR @ils, would rely on
i ncreasingly reduced sul fated ash, phosphorus and , .
thewsenf hesa walstwhish themselyes, inheseatly; argi §f lossor zenoj ipitial sulfur
envjronnmental regul ations. Such oils, known as | ow
a‘§£®§°s{ﬂh(’§‘,‘s %E}F’atgrely on the use of base oils which

t hensel ves, inherently, are of low or zero initial

sul fur and phosphorus content [025] Low SAPS

[028] nLbat SARS Kferrivlatedebils | for arbicle enghmish(bepiarspark ignited and
ignited and conpression ignited) will have a sul fur
cooprassionagnised) willhave rsukur gpnteat ab0y/ wt% anlgssppreferably 0.6

WFSSHIR SRS o Sl St 555 RSl LEG0L bt s,
26 Toffint of P2 W%, Yr 1|e§§,Sprefg?ﬁlﬂypd.gf\@f‘%béryless, 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



0.4 % or |less, and a phosphorus content of 0.1 8% or

| ess, preferably 0.1 wt% or |ess, nore preferably 0.09
worewarobess, nost preferably 0.08 wt % or | esSPCEHOS20091001288

certain instances, even preferably 0.05 wt% or |ess.

Anti wear Agent [026] Met al dighi ophosphates represent

a class of additives which are known to exhibit

anti oxi dant and antiwear properties. The nmost comonly

PRI Y e ek SR AR B BERO AL opl-00P presbueieight. The
7PPp 3 }p Berﬁ%%gard? %e@(?ﬂdea?g NMrPhix & Bﬁh{ogg s@%ﬂcﬂﬁ?rcompounds

proper i es “preferred
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ZDDP in engine oils are generally expressed as the
anount of phosphorus delivered to the oil and are

typi cal | 1000 ppm p osphor . %phosp orus)
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primary or secondary or mixed prinmary/secondary
devompsosects in ZbOpresgnce! 66 dikera poroxidaldecbbposer @ompounds.  In

overbased ZDDP. Organonetal lic Catal ytic Hydroperoxide
p@@ébhp,ogdrs,qlnhlei esgapemetpliz7romppundy hpve been found to have a

anonetal lic,co nds I Sing s _and
syRBERRE 4180 ER ot (he - isepal @ufey pRfteidd! &Bmposer
J I
P DTS EMESRERATE SEafaER: mor
thah lone @xidatorostganaimieaht iggowmdrpraty) dBhdanienb ead/cfrmgmhds of the
to have a synergistic effect when used in the presence
oib sobibhe organamétadicieempposdy d@mdgm thehsetabicatigngfnactive.

t he, oi ] sol.uble nome alllc co ds hav re
That is, tLe anions angfogahgan s do not ren er rt]h at Fca ions 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



than one oxidation state above the ground state. The
ani ons and/or ligands of the oil soluble
woe@anoyet al | i ¢ conpounds do not render the neP@l/US2009/001288
cations inactive. That is, the anions and/or |igands
do not render the netal catiqps unable to change from
one oxi dation state above the ground state to anot her
oxi dation stated above the ground state. Additionally,

t he ani ons and/or |igands of e Qil soluble

or ganoriZaaf1$ he-HigaBIFRIYORIS WW&P?N@P%FN&S the
of the q% gl salts. Nor are the ani ons and/or |igands
suscepf? P to deconposition thereby rendering the
metal s inactive. [028] The follow ng formula generally
represents the oil soluble organonetallic conpounds of

[029¢ Phesretal icovgruinenn her(g_ngﬁadh]ay artee peiddtion sthte above the
metal or netal cation; - t he oxidation state; 3)/_
groyad statp of the ofseluble mw@alltqn@rabw%ﬁatabalq ly omeromde

ISR BRT seTaros Sont 0% Eestfp TRt e SR e dhgnes 21
thg&@]nga&fcq 1n%§n@ﬁél‘ %‘I‘erﬁéﬁ%%@ﬁﬁﬁﬁ% '4% Qs S7t26‘1th‘f'ough 80,

e organonetallic conpolnd catal ytic

mejads opeiedhth@anithcrpesaietdls of eleadtandé sered arel mixtupes thereof.
consisting of transition netal elenents 2 1 through

Piferabky| thei mectal cqompon@nérvéns@eggdt frpaughmgrmm epppistng of
siin THA) RMETGR 1 JBTCHER TR MERE PG efcments 30 trough

S A Yo ST SRR HER 1 FHER TG e et
cdipOnkaht i Qeleered! fidinntie Hirekip lconSisBAR R Sra?litidi Megd] 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
invention, the organic anionic and/or ligand moiety complexing the metals can
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



48, elenments 72 though 80 and m xtures thereof. More

preferably, the netal conponent is selected fromthe
w@e@aplensi sting of transition nmetal el ement SPQL/US2009/001288

t hrough 30, excluding nickel, elenents 39 though 48,

el ements 72 through 80 and nmiptures thereof. Stil

nore preferably the nmetal conponent is selected from

t he group consisting of transition netal elenents 2 1

i Su PG5 SBRAA DI et TS OF PRk IynOB Iy, high-polarity
a‘?gﬁp [ RPETGR ooUS, FREM S%?%“ﬁ% Yool A€ TR, and unstable
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[030] The oil sol ubl e organonetallic conmpound can be

utilized in effectlve armunts typically in the range
of about 1 to, 1000, wei ght based .on t e tot
[032d L Suchyf orgapiq craﬂtety:oms |r8ﬁer16@efi€ﬂéfﬁ1jy ?Jlfyllc acid,

Ay BB A Gl Bl éﬁﬁwﬁﬁ?\“@ 3o e 45?(‘4 Hiphthenic

fl.a?, 3 dﬁﬁ@cﬂ! a'cmée’r}%/'cﬁe btrﬁ‘r?ch%ﬁgﬁﬁblﬂ‘atﬂ:n'a@ﬂiscaﬁd‘%ﬁitures thereof.
I gand noi ety conplexing the metals can be either

Ansotig te (sefgl lighridsyare dickdylavetamitomaphtkerntes, phanjtes,Tetearates,
avoid either self- Dolvnerization or polynerization

cwmphykarﬁs@@gch Sreferredpligands ane polydentate Splaiff asridigands which

‘% Iallzflﬁé P’?SSY‘}‘Hd“ﬁﬁsvg%fdéﬂ %a %ﬁ%ﬁt’y(ﬁf taﬁgl %ﬂﬂmmeéhal Preferred

p@lﬁﬂ g% e SERTT bi& Rkh H{c?édé}lm aﬁaﬁgﬁﬁdé?ﬁ-l @Qﬁammopropane

e geonetrie ose stral’n ener coul db
(HM2$alprpd andr ONGIN -dichliowidenat 1, drdiafr@dcut&ue h (HQSalbrx) ligands,
noi ety include materials derived fromsalicylic acid
H<2§Ialmylh|gané$ cb@nygj she questopyaferedci Nitroganch orygenre sulfur-, and

i ¢ aci ds, naphthe d | i phat d
GPPES GoAAS TR a B CreRt i SORRF o BLIRBSI-1 RE; @igen and

nitrogen-containing ligands (e.g., bipyridines, thiophenes, thiones, carbamates,
phosphates, thiocarbamates, thiophosphates, dithiocarbamates, dithiophosphates,
etc.), also give rise to useful oil soluble organometallic compounds provided the
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.



Among the useful |igands are acetyl acetonate,

napht henat es, phenates, stearates, carboxylates, etc.
woe@barer | i gands are pol ydentate Schiff baserPdT/gysaeds001288

whi ch are the reaction products of salicylic al dehyde

and di am nes. Preferred polydentate Schiff base

I i gands include N, N-disalicylidene-I, 3-di am nopropane

(H2Sal pn) and N, N-di salicylidene-I, 4-di am nobut ane

T A AT S
s&'ﬂpFeDQr?& YSayf B@gaieg&%a ad %?&‘igg'topf.%eﬁa%‘ﬁ'auie%xygﬁ% Kirk, M. S.
nitrogen-, -or oxygen and oni ogen-contai ni ngy 11'gands
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phosphat es, thi.ocarbamates, t hi ophosphat es,
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rise to_useful aojl soluble organonetallic unds
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organonetal I i ¢ conpound not be pol ynerized, but remain

Was, iSwdicrirdidalSperoiresedres,. did Reerctizdy | Modebuges thee Manganese

nmetal orbitals to be satisfied in their quest for
Ceradasasol94akdrepe ddee, 8031908 @O94)1 which @i hggeimincorporated by

PSR SR ST SRR GBS TRMB  2
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260HespR) Y. [MATVRAIIGE OMET NAEY (FeCRkalpal§-0)],  [MnIV(5-

mol ybdenum the ligand is nét thiocarbamate,

OCH 3bipsa0], diMhl¥RNG2Bhpn(L-A)hi Bdhd¥(3hatd-Ok-salpn)(p-
where the netals are co?per the ligand is not acet

I
Odbet MalleOpodd] 2-MeNnilIshoidlbl & Latly QH&M(EWIHW&])} and
ds. of i ' ' I d
W LD Y
e)@rrrlgtes Mt 5it 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



Lah, D. P. Kessissoglou, W E. Hatfield, and V. L.
Pecoraro, Structure D verse Manganese (I11) Schiff
w@awe/10oapl exes: Chains, D ners and Cages, 28,PCT/US2009/001288
I norgani ¢ Chemistry, 2037-2044 (1989), E. J . Larson
and V. L. Pecoraro, The Peraxjide- Dependent n2-O Bond
Formati on of [MI VSALPN(O] 2, 113, J. Am Chem Soc,
3810-3818 (1991) and V. L. Pecoraro, J . E
Penner-Hahn and A. J . Wi, Structural, Spectroscopic,
digips W%et9c|\/bd6| s for the l\/anganese Cat al ases,
104, Chem Rev., 903-908 (2004), which are herein
i ncor por at ed by reference. Preferred oil soluble

@%aPﬁmth?drl ¥y Quse AP Qyietit Nedterde afdVithdde (v?hlcEﬂ'BﬂJ F@J‘b)dlﬂed by
|11 (2-O1Sal pn)] 2 11, [MIT1(5-C -2- O sal

re[aMmg lofnS- mrepdylgdlrmnal}:oﬁols[ prafesably e bl (% polyols such
as{ﬁN}g ngq%qf&@” cgam?gﬁp@nw&\m o,_o? trorr?e_ﬁmy?gl gtﬂarge 2-methyl-2-

Pl o dhe g %ﬁ%%(&)ﬁo@ﬂgég“% diBfrkiof hnd dipentacrythritol

wifhl d1ksMsit adlds Je%nM;MHgI arSiehsty] caﬂ%‘ﬁt atBhff fichess 'dh% normally the
[ Ml V(sal pn)( mO Cther exanpl es of oil soluble

Cg) rtg abpnadids Isuch msnMumadad istralght eshabu tfatsy ecidst 1riciluﬂmgcbapryl1c
copper ol eate, zinc ol eate, and netal
acadetswra&; aeigh dawric @@tcbr@yp@@maC% dralmitic agids Sé%artOneCld arachic

&peseﬁvh%\éﬁg%ﬁ | n&hgﬂgortﬁ%%)pg }{g;fbégric}%:d AR4ik ?a‘ﬂy acids or
ut n%%&ﬁ%'dc‘fd@&ic@lﬁas (ﬁﬁfceﬁcﬁd‘)f the former type

r exanpl e e esters of dicarboxylic acids
such as phthalic acid, succinic acid, alkyl succinic
aci d, al kenyl succinic acid, malejc aC|d azel ai c
[0l dThg umest sudleble, syathsaticc ester doils warar the ssteas @fautprr@thylol

aci d, noI acjd di mer nj c dd alk
pré)glaa’e r@ﬁﬁqy?%| ptaneq . it Iamng} gof €y 4aep?(l1rltol 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



variety of alcohols such as butyl alcohol, hexyl
al cohol, dodecyl al cohol, 2- ethyl hexyl alcohol, etc.
wep@eiliie2 exanpl es of these types of esters i neCT/U82009/001288

di butyl adi pate, di(2-ethyl hexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, lyqt I t t | t i vi

nht hfl | atf*di ei cosyl sebacate, etc. [035] Particularly
useful synthetic esters are those which are obtained

reactipng.one. or nore pol yhydric alcohols

b s
arp pEToBnE BUATICieR! ToF il ReT TN Y15 atender] fHRCUaRL Tepisahagrounts of

I .S _e. q. neopent l .. tri
s ARGy S e RIRC bress R btiob ek EFhoth h TRbIET Below.
propane, pentaerythritol and di pentaerythritol wth
al kanoi ¢ adds containing at |east 4 carbon atons such
[039] t Nete tdeatmahhy of the Gl ditdveS3areastiippeds fimim dbe snanufactader and
straight chain fatty acids ncluding caprylic,acid, i
ua*@alpwntg aeerpin | ameunt ofchase ol selyentingiedorylatian. cAccordingly,
acid, ,stearic .ac racghic _acid, a beheni ' e
g rucighF pEBhbfafbAte JIEIENS b o ERBRL6s fAehlondd in this
patBRelié ﬁ‘fife@f&ﬂ& Yheﬁﬁhﬁﬁ’m? Wit engl&dian Ghat $3@e désolvent
nmost suitable synthetic ester oils~are the esters of
pértiofebNYhe lingredpsing, Thd mabhihdicatudt belew tare romséd ol the total
et hane, pentaerythritol and/or dipentaerythritol with
weight of thehbrieenbeemposifione aci ds cont ai ni ng from about
5 to about 10 carbon atons are w dely avail able
commercially, for exanple, the Mbil P-4 1 and P-5 1
esters (Mbil Chem cal Compggy); [037] In general, the
ester used will have a viscosity at 1000C in the range
of about T¥pical Avwsiintd of Martng Ipueicmnaldiy Cohminedtss t o
about 3.5cSt. Preferably, the ester is a tetranethyl
propi onate pol yol ester. TheABROSHRARf t he pr &PPFIXImate

i nventi €§mg%nu e present in W{%Q{}nguf)angi ng wtwﬁp@%d)

1w % 95 Ww % nore

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.



preferably in anmounts ranging fromabout 5w %to

about 75 wt 9% nost preferably in anmounts ranging from
wW@bmatti@® w % to about 50 Wt % based on the POI/EE2009/001288

wei ght of the lubricant conposition. Typical Additive

Amounts [038] The lubricant .qgnposition of the present

invention may also conprise at | ct nn HHitirmi Hit

ivr hienHeH into the r.omosition inan anmount

sufficient for it to performits intended function.

Typi cal amounts of such additives useful in the

S | l,O r I | s
IR SFf o fINERD e RO Fr Em BN TlahplE? ey pREVIEM ( Wsrate the
inveRdmct urer and used with a certain anmount of base
oil solvent in the fornmulation. Accordingly, the
wei ght anounts in Table 1 below, as well as other
EXAMPLESTES i oned in this patent, are directed to the
am)unt of active ingredient (that is the non-sol vent

[099 Qx%{'ngfegeh tﬂ%ﬁ{%& gng)seﬁ%g g(%f\l\{)]l:{g qug%h%ﬁ AE Wing a low

ase ri Can
SAPPWS3H 'o@lnhav'ﬁﬂ |aekﬂaeﬂﬁé@ic0ﬁlsco‘§i@%‘f $1 @8t ¥8100%G and containing
Lubricant Q| nponent s Appr oxi mat e Approxi mat e
f)‘mai)taddmw&i G6rplsmdnts Jas \At%sh@wafxarTﬂﬁ&: 1DeAefidbnforfhulated oil, a
01-4 Dispersant 0.1-2 1-8 Friction Reducer 0,01-5 |
@U@liy 1fosmylared 30il teor/d Wtscés of \thenspane | paskageraml g 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.



preferably 0.01-15 Suppl enentary Anti oxidant 0.0-5

0.0-1.5 Corrosion Inhibitor 0.01-5 0.01-1.5 Anti-wear
wa\adaoiiiope2 0. 01-6 0. 01-4 Pour Poi nt Depressant BCDUS2009/001288

0.01-1.5 Anti-foam Agent 0.001-3 0.001-0.15 Base QO |

Bal ance Bal ance [040] The pregent invention provides

for heating a mxture of at |least two additives before

addi ng the m xture of additives to a base bil

Preferably, the prem xed additives are heated to a

tenperature rangi ng from about 300C to about

ARG AR SHCRIDL, BT BATRCRE ififrca a e
WA the ?@%Q@Sw&stbé@w@%d&ana sleg | dinavigafibdes ovgagometallic
formul ated using a | ow SAP 5W30 oil having a

c¢<mpemd ivcasvabsens.i t”gfhlsfwas_ dust toathel dogecasenin dmpanmnigatlon of

Zhifh 5% 28 avadn ExamBle 4ot SanTos b EamRIed 3o fihe gdgion of
\gﬁrpa{( ar&‘ﬁé %?g%@ﬂﬁ?t%ﬂ Jéeglgl %ﬂgdq Qﬁé E)\szgéiel}Sl %.%'de(ﬂl (75 wt.
| /(gué)m{blft&[ Wt}a'g?@d%keaﬁ Pét@tﬁsﬂl aZ,D@Pseleﬁ frnhExampw ofSimilarly,

08 wt. % he concentration of ZDDP is expressed
additipheofat®0nppof qfhtispliimasgaigsedetganenmdalliic tompouhd to the
w. %P. The reducedJJackage forpul ati ons were, used to

partiely niarentafedef b vt ah®ibekxampttnde apo tihowsshicxpelient wear
protec%lon iMBRISRR QL ganometal lic conpound,

Table 2
Dimanganese HFRR
ZDDP, Organometallic | Avg. Wear Scar
Example | Wt.% Package ppm Compound, ppm Microns,t
1 100 800 0 183
2 75 600 0 204
3 50 - 400 0 298
4 75 600 100 181
5 75 600 200 186
6 75 600 500 180
7 50 400 100 208
8 50 400 200 207
9 50 400 500 212
‘Example 10

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



[MlV(salpn)( mO]2. Three concentrations of the

di manganese organonetal | i ¢ conpound were added: 100
wWQ@pin9/1209%2 ppm and 500 ppm by wei ght. [043] ThePE/&smgE001288

wear scar was neasured using a H gh Frequency

Reciprocating Rig (HFRR), canmpercially available from

PCS Instrunments. The HFRR test nethod neasures the

lubricity, or ability of a fluid to affect friction

TS 80 1Y B s o
oy T Y66, S ) e,

néW PreMREAIre® Qaﬁfsh@ft'an‘d@ﬁev@ fale@fersivérecuse@ Tor E&SELICRI As in the
of "an HFRR. The tenperature of the speci nen was

Sequuneas\ed testmve0iS dedint8GBChatreduatimineinahe heehtotedimension

Wien the specinren te u biljzed at 1600C
atathg; peigt &f maxHEN i gmatafwoﬁ@ra Fr .@ € JEpUrgmgnts were

BB R Ra a0, B0 U b pREDAGE b e

1AW Ino/he USSR bl RodmPichfieratife, dnSioré Hbtafled d¥8Rription of
"ok ot % frequency  of 65E|zﬁ;eror 75 m nut es. | 044] As .

thesprdeedurstoaatmdfaundTiabl. d. Mabeble, etvar, Adhevidale cschydroperomdes
increased as the wt % of the package was decreased and

ing @mnﬁaﬁé@ﬁegéd othsadihiestarf i incorpalindditaiophpsphates,” ASLE
Bt 050,105 2 NSRS oA Cherein by

re%ékncghe addi tion of a di manganese organonetallic
conpound to the partially fornulated oil (75 wt. %
exhi bited very good wear protection as is seen in
le 4. Simlarly, addition of 100 ppm of the
(6mbgnnes olengdnoneiamoual ofbauNEPh washaddsst o al0W30 fully

fouRulited i BRI hgiseCondii ADEHG (rpp@Py L4Tmett -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,



Table 2 Exanple 10 [045] In this exanple, a notored
2.3 L engine wear test was used to eval uatethe effect
w@booeopper ol eate on ZDDP and wear. The fired P&BUS2009/001288
were carried out on a Sequence V-D test stand which
al so used the sane nodel 2.3 g engine. A new
preneasured canshaft and new foll owers were used for
each test As in the Sequence V-D test, wear is
defin as the r%ﬂuctlon in the heel-to t oe di nensi on
CQRPEF R aﬁ%pﬂ?xreﬂct X IRCTRASGSrantigyear PEOIESHOR Yphthe @im | obe
measurenents were nmade at intervals during each test
using a calibrated mcroneter and after allow ng the
E£igpRa 1t1o. gpol to room tenperature. Armnadaaﬂed
description of the procedure can be found in J .
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IS 1 ncorporated herelin by ference. per

specgahftiy) ANZBTRNAN efted add a’pm\mgaaé@lfdrgamohﬁ)éﬂﬁmc compound
fully formul ated oil containing secondary ZDDP

wetespremoipgd, stimed apd heatedntoyabout 4036 akbe ﬁremfxeﬂ faidAklveS were

(hgh 2080418 GuCrae T RSock 1At rad bl iaste ko 4oh LR Stirred.
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what isMeRwRHEMNe: artjaRBM8! a Gibap IHIRMe istockOlld Rédted o wbbit 70°C
ZDDP, copper ol eate reacts synergistically to provide

aichstired.ed avlzr bpsestaskt was addbd 2 ABMR,i wnastenend a dimanganese
protecthn is due ta.th ility and c

orgpagstalie Pemﬁoaméo?%q e m?%l%@%&%@e Phicstock before
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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.
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avai | _abl e from the Lubrizol Corporation. Al sanples
[OQ@Ttﬁ' fad 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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4. The lubricant composition of claim 1, wherein the oil soluble

organometallic compound is a dimanganese organometallic compound.

5. The lubricant composition of claim 1, wherein the oil soluble

organometallic compound is copper oleate.

6. The lubricant composition of claim 3, wherein the polyol ester is a

tetramethyl proprionate polyolester.

7. A method of making a lubricant composition having improved
antiwear properties and reduced phosphorus emissions comprising forming a
premixed composition comprising a ZDDP and an ester or an oil soluble
organometallic compound or a combination thereof; and, adding the premixed

composition.to a base_oil.. -



em ssions in a |lubricant conposition conprising adding
to a lubricating base oil prem xed additives
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an oil soluble organonetal lic conpound or a
conbi nati on t hereof. -2

8. A method for improving wear protection and reducing phosphorus
emissions in a lubricant composition comprising adding to a lubricating base oil
premixed additives comprising effective amounts of ZDDP and an ester or an oil

soluble organometallic compound or a combination thereof.



