5 A LOW PHOSPHORUS LUBRICATING OIL COMPOSITION HAVING
LEAD CORROSION CONTROL The:present invention is related, in part,

to a lubricating oil composition. More particularly, the present invention
W& 2 ow phosphorus lubricating oil 10 composition eplAYHEPE°75507

Mixture of zinc dithiophosphates and wherein the lubricating oil
composition has less than about 0.06 wt % total phosphorus content
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GasRRETSERRGN F il WRTHE! IV EFES10P LRI Re Dedow
direptyspiatetiabritatiad vit v ot tositiat akthitopséissrt doenticsi imafifeatinsumieas
Partighs QHAHAYEr QR QRS SRR MRA I OCERIPENITION IRternal

. -arborudjoggide and water. One problem arising with the use of such
onFBRBIEIZNGRig of the catalyst resulting in reduced 30catalyst
efficiency. Since catalytic converters are intended for extended use,

catalyst poisoning resua K gRNE\BISTHEINYERIRDN discharges of
pollutants from internal combustion engines over prolonged periods of
time. In order to minimize such poisoning, the industry has set standards
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additive family currently being addressed by industry standards is the

phosphorus-containing additives such as zinc dithio}Pho,sJizhate
25 Catalytic converters are now universally em’ployed with gasaline powered

vehicles and the efficiency of these converters is directly related to the ability of
the catalyst:to effect conversion of unburnt of partially burnt hydrocarbons
generated during .combustion to carbon:dioxide and water. One problem arising
with the: use of such converters.is poisoning of the catalyst resulting in reduced

30 catalyst efficiency. Since catalytic converters are intended for extended use,
catalyst: poisoning results'in higher ievels of-atmospheric 'disi:harges of pollutants
from intetnal combustion engines over prolonged periods of time.

In 6rder to minimize-such poisoning, the industry has set standards for both fuel
35 and lubricant contents. For examgle; standards for fuels have included the use of

unleaded gasoline:in.order to avoid iead poisoning of the catalyst as well as lead

discharge into’the environment. See, for exampie, Buckley, i, “Long Chain



10 wear inhibitors used in lubricant compositions employed to lubricate

internal combustion-engines. Specifically, phosphorus-containing

additives reach the catalytic converter as a result of, for example, exhaust
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known in the art. See, for example, Beck, et al. "Impact of Oil-Derived

Catalyst Poisons on FTP Performance of LEV 15 Catalyst SyStems", SAE
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engine wear..Zing dithioph have either dialkyl. oreianil gsaups.
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3-methylbutan-2-ol are illustrative of the primary and secondary alcohols
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lophosphate chemical types perform differently (See below).
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Alkylssamndeiy hikyad i§Reigrafic@itdiyction in anti-wear perfdrmance arising
frorr',i.-this difiriution.in phosphorus.content. One well known class of antiwear
additives-are metal’alkylphosphates, especiaily zinc diatkyl .dithiophos'phates, are
generally employed in lubricating oils at phosphorous levels above 0.1 weight

30 percentwhen used for wear control. Atlower levels, itis not found to be an
efféctive antiwear additive. For instance, as exemplified.in U.S. Patent No.
6,606:393. issued February 24,2004, lowering the level of phosphorus dueto the
ﬁr‘ese,‘nde‘ of a metal dithiophosphate additive:in a lubricant composition by one-
hatf from 0.085 Qeigﬁt percent.to 0.048 weight percent phosphorus results in

35 about.aseven-fold-increase in'engine wear,

Zinc dithiophosphates have either dialkyl or-diaryl groups. Zinc dialkyl
dithiophosphates aré furt_her-subdivided into.primary.alkyl and secondary alky!
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MediumLowHigh Anhwear Protection MediumHighLow Hydrolytic Stability
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lubricating oil mm&@ compr@g&mamgﬁmount ofg%e oil of

lubricating viscosity and & minor amount of a fmixture of a zinc primary
dialRARhARphate, a zinc secondary dialkyl dithiophosphate and a

zinc diaryl dithidptéiosphate wherein the.oespective ratio, lbiiged on the

PhasphesHE cenes, of the zinc primary dialkyl dithiophosphate to zinc

secondary dialkyl dithiophosphate is from 2:1 to 1:2 and the ratio of the

mixture of zinc ?My dialkyl dithioph&%‘hate and zinc setdndary dialkyl
dithiggriatybplaeitity zinc diaryl dithiophosphate is from 6:1 to 1:1 and

wherein the lulygic@tipg oil composition hs less than 0.06 wib total

phosphorus content, based on the total weight of the lubricating oil

composition. In a second aspect, there is provided a method for |
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zinc secondary dialkyl dithiophosphate to zinc diaryl dithiophosphate is

from 6:1 to 1:1 and wher8lMMARYricating oil composition has less than

0.06 wt% total phosphorus content, based on the total weight of the

lubficatingsOU LAMPARIEOR: ARPIEMOYSIHRERHRNET, DG UESRAL comprising a major
disclosure is related, in part, to a lubricating oil composition. More
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of the present disclosyre is effective in lead corrosion control when use
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zinc secondary dialky! dithiophosphate to zinc diaryl dithiophosphate is from 6:1 to 1:1

" and wherein the lubricating oil composition has less than 0.06 wt% total phosphorus

content, based on the total weight of the lubricating oil composition.
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.5 The primary alkyl-group olthe zinc prirnaryclialkyl dithiophosphate has
from about CI to about C13 carbon :atoms, preferably from about C3 to
Wwhouh&dakarbon atoms and more preferably, from about Coieraaist 607
carbon atoms. The second* alkyl group pf the zinc secondary chatkyl
dithiophosphate has from 10 about C3 to about:Cisearbon atoms,
preferably from about Cato about C8 carbon atoms and more preferably,
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ernbodim ntent In the Iubrtcatln oil compaosition of the
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and the total sulfated ash content |n ) the. Iubncatlng oil composmon ofthe

preS%Qé ﬂ{grcllcoa%l#lr;geoﬁ composmon of the present dlsclosure will contain from about

0.05 wt % to.about 1.2:wt. % of-a zinc primary- dialkyl dlthlophosphate from about
S . | 0.05-wt % to-about 1.2 wi % ofa zinc secondary d:aiky| dlthlophasphate and from

R 25 \:about D.02 wt % {0 about 0.7 wt %:of a zinc dtaryl dﬁhaophosphate based on the

* total weight of the lubficating oil composition. Prgfe,rably_ _the iubncatmg oil
composition of the present disclosure will contain from about 0.1 wt % to about 0.7
wt % of a.zinc primary dialkyl ‘ﬂithiqphosp,hate, from about 0.1 wt % to about 0.7
wt % of a.zinc'secondary dialkyl dithiophosphate and from about 0.05 wt % to
30 about 0.5wt % of a zinc diaryl dithiophosphate, based on the total weight of the
lubricating oil composition. More preferably, the lubricating oil composition of the
present disclosure will contain from about 0.2 wt % to about 0.5 wt % of a zinc
primary dialkyl dithiophosphate, from about 0.2 wt % to about 0.5 wt % of a zinc
secondary diélky! dithiophosphate and-from-about.0.1 wi % to about 0.3 wt % of a
35  zinc diaryl dithiophosphate, based on the total weight of the lubricating oil

composition.
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5 WO 2008/021901PCT/US2007/075507 5 less than about t2 Vitt %,
preferably, less than about 1.0 wt %, and more preferably less than about
WSt ¥e1dagsed on the total weight of the lubricating oil conppaaikies 7173507
one of its method embodiments, the present disclosure further relates to a
method for 10 improving lead corrosion. The method involves operating

an intemal combustion engine with a lubricating oil composition
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in a preferred-embodirment, the respective ratio, based on the phosphorus
content, of the mixture .of zinc:primary-diatkyl dithiophosphate. and zinc secondary
- _daatkyi dtthiophosphate 1o zinc. dxaryi dsth:aphosphate is. from about 4:1 to abcut

“25 111, More preferably, the ratio is 2ot 2:1

In an especially preferred embodimeht the respective ratio, based on the
phosphorus content, of the mixture.of zinc primary dialkyt dithiophosphate to zinc
secongary: dialkyl dithiophesphate fo. rinc dianyl dlthsophosphate is 13171,

30
ini another embodiment, thetotal phosphorus:content.in: the lubricating ofl
composition of the present disclosure is preferably less than about 0.05 wt %,
fore preferably, based on.the: total weight of the lubricating ofl composition.

35 i still another ernbodiment, the suifur content in the lubricating oit composition of
the present disclosure is less than about 0.5 wi % and, preferably, less than about
0.2-wt %, based on the total‘weight:of the lubricating-oil. composition and the total
sulfated ash content in the lubricating oil composition of the present disclosure is
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30 of zinc primary dialkyl dithipphosphate and zinc secondary Oialkyl
-dithiophosphatelo Zinc diary! dithiophosphate is from about 6:1 to about

v daspibiged in a lubricating oil.composition having a totalpohosshorossse?
content less than about 0.06 wt %, based onithe total sAreight of the
lubricating oil composition, greatly repisAbes lead bon-osionwhen, used to
lubricate internal combustion 35 engines: WO
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com533| ore part|cu Iy, the' present invention relates to a low
phowmm@mﬁcatmg oil composition employing a mixture of zinc
dithiophosphates containing a zinc 10 primary dialkyl dithiophosphate, a
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The term low phosphorus refers to the phosphorus content of the

lubricating oil composition of the present | The RhesEhRS tubricating
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. surpnszng!y yietds improved lead -corrosion. The mixture of z;nc dsth:ophospates

B 25 contams a “zinc. primary dialicy! dlthzophosphate a zsncseconctary dsalkyl

| dithiophosphate and & zinc diafyl drtmaphosphate The synergistic. combination of
iixed zing dithiophosphates wherein-the respective ratio, based on the
phosphorus:content, of the ZiRe primary: dialky! dithiophosphate. to zinc secondary
diaiky! dithiophosphate is from about 2:1 t6- about 1:2 and the ratio of the mixiure

30 of zinc primary diatkyl dithiophosphate and zinc secondary. dialky!
-.dtthxophosphate to Zinc d;aryi dithiophosphate is- from about 8:1 to about 1:1
when used.in a lubricating oil. composition having a.total phosphorus content less
than about.0.06"wt v, based onthe total weight of the (ubricating oil composition,

greatly reduces tead comosionwhen.used to lubricate internal combustion

35.  engines.
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35 The term "total 'phosphorus" refers td the total amount of phosphorus

in the lubricant compositionTegardless of whether such phosphorus is
resent as part of an oil-soluble, phosphorus-containing, anti-wear

c,%FH %‘ifﬁ%ﬂgr in the form of a contaminant in the lubricant Cg%gg;ﬁ%mssm

such as residual phosphorus remaining due to the presence of P2S5 used

to prepare metal dihydrocarbyl dithiophosphates. In either event, the

mount of phospt‘@éﬁ
%dependent of source’ B‘%&B%E owéegé %@ESMLS is part of a

lubricant additive. 10 Unless otherwise specified, all percentages are in
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alkyl, about C3 to about C13.secondary a and about C6,to about Co
ary FRSARORFARRIASN, qfﬁ@%'@?&'ﬂ?iﬁ‘iﬁ@‘g{ {HIBSRBRFRNA iypinc secondary
indetisinddiitipiresiiat: € 3romaboul D10 @tmary.2kyd, the oaticCd the abisure

C8
gref%eﬁg@%?h RIS RIE AR ahaul (s 2d ard anasimdiore

i o e S NS SRR B
alkyrenelrelbe ietGeang oLt Rosiion hasiesSTherrebeul PG bisial

su bateaaﬁﬂmxemrfa@aeareme%aﬁuegmmw awﬂeaﬁagmmomﬁnﬁm
hydtc:ic rbo&sth tcor] in s bstl uent ?o%o?kjw as ether es ter,. nitro, '
r

orh oeggnev 886 Fﬁcaae’ﬁeﬁl SRR e hydro & %rr!'ltﬁ: aracPer of
the'gftegpvednTerd RogRSIgN Gﬂﬂﬁr@’ﬁhéﬂlﬂﬁﬁibﬂegﬂ%ﬁM@d@ﬁV@i for
2eXayphBubivm engifgaary alcohol such as-methanol, ethanol, proprimol,
butanol, pehtanol, hexanol, heptanol, octanol, 'nonanol, decanol,-
dodecanol, octadecanal, propenol butenol, 2-ethylhexanol: a secondar

alcoRaHb atHese RUPROPSNE O o £ ames resmp stiion AYr Fsegifsc Matetai
3-mathyihHaws9|, pigraotsuchl adiswaipich, 2ypciotemdig2erms will first be

defined..
25 .
The term “alkyl” refers to both straight--and branched-chain alkyl groups.
The tern "aryl” refers to a substituted or unsubstituted aromatic group, such as
the phenyl, tolyl, xylyl, ethyiphenyl-and cumenyl groups.
30

The term “low phosphorus” refers to the phosphofus content of the lubricating oil
composition of the-:pre,s;e‘nt-:invenfie’:n.Ihe_phosph'orus, cantent is in the range of
about 0.005:weight percentto about.0.06 weight percent based on the total

weight of the. lubricating oil.composition.

35 The term “total phiosphorus” refers to the total amount of phosphorus in‘the
lubricant compositiorn.regardless of whether such phosphorus is present as part
of an oil-soluble, phosphorus-containirig; anti-wear compound or in the form of a

7



10 hexanol, 3-hexanol, amyl alcohol., an aryl alcohol such as phenol,

substituted phenol (particularly alkylphenol such as butylphenol,

octylphenal, nonyiphenol, dodecylphenol), disubstituted phenal.
ngré}iﬂe%rgﬂfﬁ%he R group will be independently a, primary alky{‘),cf;lIw LS 5?)5/07
alkyl or 15. an aryl group. For the presentinvention it is contemplated that
the mixture Of a zinc primary dialkyl dithiophosphate, a zinc secondary
SlialiopeHiHaRN R RO AlEBAR Bor e iBnd AHNIQRLGRBAIR B idhnaining

respéctiveratio.based on the phosphorus content, in 20 the lubricating ol
coﬂb&éﬂ%ﬁ=Wﬁ%ﬁ€§5ﬁﬁh\?&ﬂﬂ%ﬁ@ﬁ@'fﬁﬁ@b‘?'ﬁ)’ﬁ'&%ﬁ%ﬁry dialkyl
dithitiplopbpiphiatas Hireitsecameaihelatiognt|th pdspaphatpanited frahe
abqyitebAPaRRdkHion HHdBS KR RF LGBy X BRIl hena lialky!

dithiophosphate and zinc secondary dialkyl dithiophoSphate to zinc diaryl
ditRPEpFSrR R RaH A WRAERM A9 Mhout 1:1. Preferably, the respective
tGatio, 25 based on the phosphorus content, of zinc primary dialkyl
dithippheihatede Zieeimas agariaialiod sithiopRppiateds a range from
about 3:2 to about 23, more preferably about 1:1. Preferably, the
respedive mtio, based on the phosphorus content, of the Mixture of zinc
primary dialky! dithiophB¥pAiRteiNpehaEriats Sempoyntiy|
dithiophosphate to zinc diaryl dithiophosphate is a range from about 4:1 to

30t _émg mbl»éatﬂbfhéﬁ %}ﬁﬁ%ﬁh&ﬁzﬂbﬁ\ﬂ%&%e%@ﬁ!eﬂ(@ﬂfm@%m!ﬁﬁB&‘r‘P,.tE/e
allo, . based on e sphorus-content, or-the mixture or Zinc primar
o e Fi R S e e el

diaspataiRsFegpiatealil: 1. Many of the zinc ciithiophosphates useful
in the present invention are available 35 commercially. However, zinc
dithiophosphates are widely known in the art and, a skilled artisan can
readily synthesize such compounds for t§e purpgse of the present
invention. Typically, zinc dithiop osuhat¢ can be made by initial reaction
of phosphorous pentasulfide and an alct s-phenol or mixtures of
alcohols 9 5 and/or phenols such tHose illustrated above for the R
group. The reaction involves fouf moles of the algohol or phenol per mole
of phosphorous pentasulfide,.and may be carried dut within the
temperature range from about 50C-to about 200C. Thus, the preparation
2®f 0,0-di-n-hexyl phosphorodithioic acid, for example, involves
the -L%%%QR%%‘; ?ﬂ%‘?ﬁ‘é’é?é%%@%?} %Sgllj'gb%ecmggirg%%rfmm about 1 to about 30

carbon atoms.

The R-groups.in the.dithiophosphatée can independently be about C, to:about C
25  primary .aliﬁyt, about G;;:to:about-'C13,s‘ecdndar.y-.ailg_y!, and about Cg.to about Cag
aryl group. Freferaijly, the 'R groups in the dithiophosphate can independently be
about C3 to about Cyp prim'ar;y alkyl, about C; to about Cg secondary alkyl, and
about Cg to about Caq aryl group. More preferably, the R groups in the:
dithiophosphate can independently beabout Ce to.about Cg primary alkyl, about
30  Cjto dbout Cs secondary alkyl, and about Ceto about Cz aryl group. The R
groups may-be & substantially hydrocafbon group. By "substantially hydrocarbon”
is-meant h.ydro‘"carﬁons.that}contain;substituent; groups such as ether, ester, nitro,
or halogen which do riot materially affect the hydrocarbon character of the group.

8



10 moles of n-hexyl alcohol atabout 100C for about two hours. Hydrogen
sulfide is liberated and the residue is phosphorodithioic acid. The

“@%EO%F@BM of the metal salt of this acidmay be effected by %&%&gg{)w{mssm

er zinc oxide or zinc hydroxide to yield the zinc clithiophosp
Simply mixing and heating these two reactants is sufficient to.cause the
reaction to take place and the resulting 15product is sufficiently pure for

he. o) Rresant:] i ik} is, of
ot Ul B e e el
3,000 2lsane] P25 1841909, athepslopr PPATRE D YPRCLREHERFS BRSO
Eadiepthtioh setpavt mishisncicoepanal athdemaginl byctedecenck protiseiv!, buteno!,

20enifrirel ol YUACAHAG U SRENARFIURRs SRR EYPHIKER BT SBEndary buty!
dithiophosphates of.the present inyention Is ty Lc_al% ach“]e%q to 25a‘b£se oil
in sABRIBN SRR RO RS Ko frBEARL B FIRY HERAR MO
1Contieusticn3dmgiams, eyielctholtiae APtk vitbemparsitbsubfstiieted
Preseh it LATHAIR & SN RMALDBSGIMNALI N RA G0,

viscosit d a minor amount af the mbcture of zinc dithiophosphates of
the gﬂ%@?&%mﬁﬂ&%@@%ﬁf}eﬂ ?Lﬁ&(jf Lubricating Viscosity Base oil as
used herein is defined as a base stock or blend of base stocks which is a
lubrigant-aeyRe megiollikis i asicpaddeyityas primanuiact sesecotivargaiky or
1 pegﬁigaliions éindependent of feed source or manufacturer's location);
Thatméet€35 he samemanufacturer's specification; and:that is identified
by a unique formula, product identification number, or both. Base stocks
mayFbethagnedastirashticinpiscsatietplakdiffertant matessés richulingtyut
not limited d-f@i é%%é?%?a%%ﬁ@éﬁﬁﬁ@?d@@%ﬁbﬂﬁ@%@gnd a zinc diary!
oligomerization, esterification, and rerefining. 5 Rereﬂ%&)ﬁck shallt b? in
subgigirrhRFRRaterril PR fefes AN JatL PRI RSLYN IR ORRIHR gontent. I
200ntaEkRaRNNG biptewipusititreof Terematon @itivertionratigyf zinc primary
dialky! dithiophosphate to-zinc secondary dialkyl dithiophosptiate will b from
about 2:1 to-about 1:2 and the ratio of the mixture of zinc. primary dialkyl
dithiophosphate and zinc secondary dialkyl dithicphosphate to zinc diaryl
dithiophosphate is from abgut 6:1 to about 1:1. Preferably, the respective ratio,
25 based on the phosphorus content, of zinc. primary dialkyl dithiophosphate to zinc
secondary dialkyl dithiophosphate is-a.range from about 3.2 to about 2i3, more
preferably about 1:1. Preferably, the respective ratio, based on the phosphorus
content, of the mixture of zinc primary dialkyl dithiophosphate and zinc secondary
dialkyl dithiophosphate to zinc diary! dithiophosphate is.a range from about 4:1 o
30 about 1:1, more preferably about 2:1. Most preferably, the respective ratic, based
on the phasphorus content, of the mixture of Zinc.primary dialky! dithiophosphate
to zinc secondary. diatky! dithiophosphate to zinc diaryi dithiophosphate is 1:1:1.

Many-of the zinc dithiophosphates useful in the present invention are available
35 comhaercialiy.. However, zing dithiophosphates are widely known ir_n the artand a
skilled aftisan can readily-synthesize such compounds for the purpose of the
present.invention. Typically, z’inc‘di_thibphosph,ates can be made by initial reaction
of phosphorous pentasutfide and an alcohol or phefiol-or mixtures of alcohols
9



be any natural-or synthetic' lubricating base oil fraction particularly those

having a kinematic viscosity at 100 Centigrade (C) and about 4

centi (cSt) to about 20 cSt. Hydrocarbon syhthetic oll E%
worge@;%ggﬁe oils prepared from 10 the polymerization of eth?} eneS%% %17%507

polyalphaolefin or PAO, or from hydrocarbon synthesis procedures using

carbon monoxide and hydrogen gases such as in a Fisher- Tropsch
dorogﬁéz%re’sherﬁ feuss, ﬁ Rold I ;s) s dBabsoL ”ﬁaesd'“.‘r%u'f %’ﬂ acu

fraction; €g & oiffraction o VISCOSI

hlgH?éi‘%\Y%BH’t Tﬂﬁ@f@%ﬂfs’é@'éﬁ PHENSLRE SNalfi I?He‘gé%\ﬂé‘élsor blended

15 gdepsdling emdheagesireareadbuseitandhid ecagaiiives vatbe fiovsbecoil

to aigedhe Aealresheragh Af %%F%%&'&a‘éngof%ﬂ ‘t?-HFf’i‘ &W&éﬂ%w

having an SAE Viscosity Gr OW-20, O
OV\P@é @V\?XBW‘QO“SW% t'@\/@"&ﬁPWB@S@W% PR?W‘!@R?\W%P”’
1010686 of B\NX0 2 LoV 528G/ ABUV20 2SS hourd Fkidgen G diiue is

ba%%m:ﬁ%%xe@&e%eeﬁu%&%@m Qﬂe &!BH?%'HW&@H@Q:
oils or m ﬁ}ures here gﬁd;basetml mg{z fg basestacks obtained by
isofhSRIB RS EWt St? JegsEe W EPLEIRP6E S ekate

baskydtodis orgieldcbé ppddithioshaskhale(Simelytmixingsind eatingthisg)wo

the RLARAKRGZR AR MU LREPRNEELEST 15 ke sl8cSanRiNe 1ea5RiImY!S
ncude thosel all API cat qlesl 1, I}/%dVasdvl%l‘gd inAPI

! PuBlca %r? 18 5'3[11 ‘H?‘I‘:ra fon, Adﬁgos?fso Bcember § Saturates

levels and viscosity indices.for Group I, Il and Ill base oils are listed in

Tabieyfer{ay QetAikpeR: @s}ﬁthMEahnmmwa@mmu\mag olis

sk TR A2 o, o3 S B B TR RLo b g e
Visag SR8 B ESechrotifest matenis in ncomqaienbarein byriefererce in their

20 entirety.

The Lubricating Oil Composition

The mixture of zine dithiophosphates of the present invention is typicatly added to
25 a base.oil in sufficient amounts'to. provide lead caorrosion control in internal
combustion engings. Generally, the lubricating oil composition of the present
invention will contain a major amount of base oil of lubricating viscosity and a
minar amount of the mixture of zinc dithiophosphates of the present invention.

30 Base-Ol-of Lubricating Viscosity

Base oil as- used herein is defined-as a base stock or blend of base stocks which
is a lubricant component that.is produced by each manufacturer to the same
specifications (independent 6f feed source or manufacturer's location); that meets’
35 the same-manufacturer's speciﬁca!’icin;.ar},dfthat is identified by a unique formula,
pr'o_duc‘:t.identiﬁ;j:aticn'"nhmbﬁsr.,or both. Base stocks may be manufactured using a
variety of different.processes including but not limited to distillation, solvent.
refining, hydrogen processing, ofigomerization, esterification, and rerefining.

10



Group Saturates (As deterMined by ASTM 02007) DSulfur (As determined
by ASTM 2270) Viscosity Index '(As determined by ASTM D4294, ASTM
Wogéﬁ]%]ﬂ%r STM D3120) Less than90%saturates and/or Greater than t
. ]

0
ur Greater than or equal to 80 and less than 120 ITCT,USZOWWSSO?

Greaterthanor less than equal or to% saturates and equal to 90 0.03:%
sulfur Greater than or equal to 80 and less than 120

5

10

15

20

25

30

Rerefined stock shall be substaritially free from materials introduced through

manufaciuring, contamination; or previous use. The base oil of this invenition may

be any natural-or'synthetic lubricating base oil fraction particularly those having a
kinematic viscosity at.100° Centigrade (”C) and about 4 centistokes (¢St) to about

20 ¢St Hydrocarbon. synthetic oils may include, for example, oils prepared from
the polymerization of ethylene, polyalphaolefin or PAO, or from hydrocarbon
synthesis procedures using carbon monoxide and hydrogen gases such as in a
Fisher-Tropsch process. A preferred base oil is one that comprises little, if any,
heavy fraction;.e:g., ittle, if any, lube oil:fraction.of viscosity about 20 ¢St or
higher-at about.100.2C. -Oils:used as the base oil wil be‘selected or.blended

-depending on the desired-end use and the-additives in the finished oil to give the

desired grade of engine oil, e:g. a-lubricating oil composition having an SAE
Viscosity Grade of OW, OW-20, OW-30, OW-40, OW-50, OW-60, 5W, 5W-20, SW-
30, 5W-40, 5W-50, 5W-60, 10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-
20, 16W-30, or. 15W-40. '

The base oil may. be derived fromnaturallubricating oils, synthetic lubricating oils
or mixtures thereof. Suitable base-oil includes base.stocks obtained by
isomerization of synthetic wax and slack'.wax, as well ashydrocrackate'base
stocks produced by hydrocracking (rather than solvent extracting) the aromatic

and polar components.of the crude. Suitable base oils include those in all API
.categories I, I, Il,.IVand V as defined in-AP(:Publication 1509, 14th Edition,
Addendum !, December 1998. Saturates-levels and viscosity indices. for- Group |,

Il 'and 1l base-oils are'listed in Table |. Group 1V base oils are polyaiphaoiefins

{PAO). Group V base.cils include-ail other base oils not included in Group 1, I, 11l

or V. Group il base oils are preferred.

11



[Il Greaterthanorequalto -90A saturates and less than or equal to 0.03%
sulfur Greater than or equal to 120 IV All Polyalphaolefins (PAOs) V All
Wo&h%'gsf&%g?cluded in Groups I, li, lll, or IV Natural lubricating oils mqu
Include animal oils, vegetable oils (e.g., rapeseed oils, casto MR (&RE7
oil), petroleum oils, mineral oils, and oils derived from coal or shale. 10
Synthetic oils may include hydrocarbon oils andhalo-substituted
1ydrocarbon oils such as polymerized arid inter-polymerized olefins,
alkylbenzenes, polyphenyls, alkylated diphenyl ethers, alkylated cliphenyt
sulfides, as well as their derivativespBbRlbgues and homoioties thereof,
and the like. Synthetic lubricating oils also 15 include alkylene oxide
_ polyﬁfé?yﬁ'ﬁﬁfé\%o%%ﬁ%ﬂééﬁwgﬁ%sﬂﬁﬁ’ﬂ@%%@ﬁ@&%ét%ﬂ@ré%ﬂ@
terminal hydroxyl groups havexbpesfrsxpigxisby esterification,
etherification, etc. Another suitable class of synthetic lubricating oils
comprisesthe esters of ditarboxyhic acids withavariety of afcohots:
Esters use _%%%W%"éd itifde thesessivaoedrom about Cy to
aboukdap 2 20" mbn'ocarbexylic acids and-pdlylsiasshrelye) RETesD4204,
Tritalkyl p @@gﬁs@g@m@&&% those g&@nwﬂm bgﬂsiwmuym
phasphateiand tri-iso-butyl phosphate are

Less than 90 % saturates andfor Gr.eajé"r than or equal to 80.and
Greater than to 0.03 % sulfur -less than 120

i

i G.r;e_ate;r ‘tha,'; lnr e;gual o:D'e 'gug! t’g ‘Grealer than or equal to 80 and
1 saturates and less than q less than 120

| 0.03:%: sutfur

| Gredter than or equal to 90 % |
1l | saturates and. less than or equal to |-Greater than or equalto 120
-1 0.03% sulfor

v All Polyalphaolefins (PAQs):

v All others not included in Groups |, 11, Il or iV

Naturat lubricating oils may inciude animal oils, vegetable oils (e.g., rapeseed
oils, castor oils-and lard oil), petroleum oils, mineral oils, and oils derived from
coal or shale.

10
Synthetic oils may include hydrocarbon gils'and halo-substituted hydrocarbon oils
such as polymerized and inter-polymerized olefins, alkylbenzenes, polyphenyls,
alkylated dipheny! ethers, alkylated diphenyl:sulfides, as well as their derivatives,
‘analogués and homologues thereof, and the like. Synthetic lubricating oils also

15 'inc‘.lude.'al’kyiene:oxide polymers, interpolymers, copolymers and derivatives
thereof wherein the terminal hydroxyl groups have been modified by
esterification, etherification, etc. Another suitable class of synthetic lubricating oils
comprises the e_’sters:.of-dicarboxylic acids-with a variety of alcohols. Esters useful
as synthetic cils-aiso include those made from about.Cs to about Cy

20  monocarpoxylic acids and-polyols and polyol-ethers. Tri-alkyl phosphate ester oils
such as-those e)’:‘emplfrﬁed'-by:,tri-n~5utYi phosphate and tri-iso-butyl phosphate are

12



WO 2008/021901PCT/US2007/075507 5also suitable fcir use as base
oils. Silicon-based oils- (such as the polyalkyl-, polyaryl-, polyalkoxy-, or
“%)I%@gl% siloxane oils and silicate oils) comprise another useful class of
synthetc ubricating oils. Other synthetic lubricating oils incldddUS2007/075507
liquid-esters of 10 phosphorus-containing acids, polymeric
tetrahydrofurans, polyalphaolefins, and the like: The base oil may be

eriyed. Jnrefi tefined. .rerefined oils, or mixtures thereof,
%nréﬁgéﬁggégfﬁ%%shg %ﬁqésc'tly from a natural source or synthetic 15
source (e,g., coal, shale, or tar sand bitumen):vvithout further purification
or tigiitorebaséaitsashadsthegfisigaligiis folyiys, asihaliool abipanedyloxy-

dire&fﬁbﬁﬁ%ié E%Wéﬁifégtél’ Bﬁ’é a?&ﬂpﬁg@%“@! LU PRIAI0 S JUREHY from

distillation, or an ester oil-obtained-directly from an esterification process,
eachiRsiRifiePiRgthse avpth el yrirAin Rl HE wirvishestestifkd oils
1@re hosfictostitentringfinattei sdirexicagi shatrestired, gitdyb e diefns, and
treajgdjone or more purification steps to -improve one or more
properties. Suitable purification techniques include distillation,
hydrocracking, hydretreating, dewaXing, solvent extraction, acid or base
extrabedaséiibmen barsgnpyerttsta enrefihes, vefiopdarerkfragoils, drogixtures
skillg@ ipotherashimar e e BiifaMey AREINEFRY dTRALIRY 46k AkSsithetic
Brogesses similar o 25, Ihase Used (g, oBiain e eined olls dhese
rer ?lneaeéﬁéare arso Rhown aTechaimed o reprocessed oils and often
are HeRimenk iy PRsiRsensfned irneyde el el entapmendigaitiieam a
andibhieplsaatdonre gettseum Besnankd e dyftam Higtilation, or an ester

hydrgj fization, of, 12 Lither.30. al If
comt R RN ELeS Sgt BREN lnen e
isonYERWBIPI BB ceatmeth R alerd Rlsmaces il Brihatefispd pithetic
2Waxe£c9piaﬂxiuéﬁseﬂle_ﬁeaawaéaahwabdimerd_;za_mim _mﬁﬁ@mprﬁabﬂs to
PreferifthiPa3% PriBA HramaRuD! S eBRecaldedfh WriRigd Alae
composition of the present jnvention. A major.amount of base oil as .
defifsRtica; M RsARRo BYtIPUeR NG AR B SehaR RETaSTioO AR S
bas®ast cotryaticn, fiatiod Gind fértolation &9 Bivtich preforathtetbosersified
aboy BQ WA KRR 4y bMlaild By treating used oils in processes similar to
25 those used to obtain the refined oils. These reréfined cils.are also knowh as
reclaimed or reprocessed oils and often are additionally processed by techniques

for removal of spent additives ‘and oil breakdown products.

Base oii derived from the hydroisomerization of wax may also be used, either

30 alone of in comgination with the aforesaid natural andfor synthetic base oil.

Such wax isomerate oil is produced by the hydroisomerization of natural or
synthetic:waxes or-mixtures thergef.over.a hydroisomerization catalyst.

35  Itis preferred to use.a major amount of base oil in the:lubricating oil composition
of the present invention, A major amount of base oil as defined herein comprises
about 40 wt % or. more. Preferred amounts of base oil comprise about 40 wt %10
about 97 wit %, preferably greater than about 50 wt %to about 87 wt %, more
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5 preferably about 60 wt % to about 97 wt % and most preferably about 80
wt % to about 95 wt % of the lubricating oil composition. (When weight

“%e‘_rzce%l ig used herein, it is referring to weight percent of the.lubricating
ShRIEE 8 therwise specified.) 10 The amount of the mixtur& G Y0 075507

dithiophosphates employed in the lubricating oil composition of the
present inventionwill be ma minor amount compared to the base oil of

ubricatj ISCoSitk~Geperally.. it will be.in ap ampunt fram aboyt.0. 1 Wt
S B SE bl R by RS WS DR ROl Sha i o
and@bout§grut SearbtRmiyorieatingih oo BoRtoR 1B HIssvaigt Pese B ds Beesn
the tetelnyitighebhofgheveighcpingmibtpepbsitaing Diehids cabag el
compasijtign,of the present invention will contain from about 0.05 wt .% to
about 1.2 wt %, preferably from about 0.1 wt % to about 0.7 wt %, and
more preferably from about 02 wt % to about 0.5 wt % of a zinc primary
1Q0diEr ke raetimit phibsphiatechd gérd dithibehtote ates gintrodtbe iluthedabbingpioil
CO”H%\%H%SHB%HP&E%Q@Q(QHV@Q%H%!FW iR R-BreRsaUdnMsE RO Y
con}gunbfrom ?b?u\g(}).ot wt % to_abqut 1.2 wit %Jl re{g;arl}blrfrorgr ouggdzln
wt HELEEB AP B HRAGISL RPN eI A A B AR TP WS 6
abo0t1045 Ywtoal Linetskcoriemapliingiasnuidbhes fneebpeisbd whittand
totalyrighbtdbe frimiaBERDE WACKRABEGM HRe Hsieaiineh B total weight

‘ 1gomc§c%§g|}8grg; HAS 85%50%%@?{&@0” will contain from about

The'lgbr’icating oil composition of the  present invention will contain from about
0.05 wt % to'about 1.2 wt %, preferably from about 0.1 wt % to about 0.7 wt %,
and more preferably from about 0.2 wt % to about 0.5'wt % of a zinc primary

20 dialky! dithiophosphate, based on the total weight of the lubricating oil
composition.

“The lubricating oil compaosition-of the present invention will contain from about
0.05 wt %, to abouit 1.2 wt %, preferablyfrom about 0.1 wt % to about 0.7 wi %,

25  and more preferably from about 0.2 wt % to about 0.5 wt % of a zinc secondary
dialky! dithiophosphate, based on the total weight.of the lubricating oil
composition.

The lubricating. oil composition of the present invention will contain from about

30 0.02wt'%tloabout 0.7 wt °/o.;preferabty-'from about 0.05 wt % to about 0.5 wt %,
and.more preferably from about 0:1 wt % to about 0.3 wt:% of a zinc primary
diafyl dithiophosphate, based.on the total weight of the lubricating oi

composition.
35 In apreferred embodiment, the lubricating oil composition of the present
invention will have a phosphorus content preferably less than about 0.05 wt %,

based on the:total weight of the jubricating oil ‘composition.
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30 0.02 wt 'Yolo about 0.7 wt /0, preferably from about 0.05 wt % to about
O 5 wt %, and more preferably from about 0.1 wt % to about 0.3 wt % of a
O(I%rlrr}%y diary' dithiopihosphate, based on the total Welght of the ;
MGt ihg oil composition. 35 In a preferred embodiment, the IUEJI%%M%SSG
oil composition of the present invention will have a phosphorus content
preferably less than about 0.05 wt %, based on the:total weight of the

4breaNAg. ol mQ.‘?n%‘AE’QheﬁuE‘n&q (f?éﬁa%%‘%ﬁ" U ﬂL QQ%HU&%
urther-ha

composition o resent mventlon ve a- S I’ -content

Iessm‘hfﬁ'%&%tﬁta@asavﬁ-'%f eﬁ?&teﬁﬁéﬁf&‘iéw rhautBSrab s s pripferabiy-ieas)
on tiradaivdweighitab tbadedam&tmtellvmgnpesmemambﬂmg toitedapbsite

as“a?&!ﬁ%‘g;@ttﬁﬂf 'ﬁéﬁ'@&w thR gt'aﬁ wﬁasgﬁ,&vmneg&em
less than about 1.2 wt %, p esst an about 1.0 wt %, and
morwramaﬂmggam%mbam RS TR o e e

1{ubricatmpreitreblyifessitien Diued Addith dBerhpoterted Wbt ffltbaing

addifjyR.aaRgRANSP&igoRxamples of components that can be favorably
employed in comblnatlon with the lubricating additive of the present’
invention. These examples of addltlves are provided to illustrate the
present invention, but they &2 2degpanetst. 20 (A) Detergents
are additives designed tothold the aC|d neutralizing-compounds in solution

suaII alkali e and reac Wlt the stron
R R et AR e eS8 T REl St Lo Al Ban e
whlth@QIM eaplsyeshinesmwhinatigneuih dhsdubspatingediiineidhegresent
Exam@aﬁoaarerﬁeﬂ@@mﬂm stifigiined aeyprsvifutzed@ioitoomaliseaght

phenate al I 25a|ken nates, suffurized or
unsu%ré‘g meteﬁegaﬁ % H%@%ﬁéﬁ)ﬂ)’/tt glkyl oralkenyl aromatic

compounds, alkyl or alkenyl hydroxy aromatic suffonates, sulfurized or
20nSyKy Betstgrik aealignyneahhen aits/dnbtalcsaitewtAlkiog oqremidsgs in

metal sglis,of an @%:Xh %@g‘;@’hgﬂwﬁ}%ﬁn@%&@éﬂ{%{m strong acids

hysical. mlxtUres ereo
P (suifunc -and.nitric) which form duting the combustion of the fuel and which

wouild cause corresion tothe engine.parts if left unchetked. Exarmiples are
carboxylates, sulfurized or unsulfurized ‘alkyior alkenyl phenates, alkyl or

25 alkenyl-aromatic sulfonates, sulfurized or unsulfurized metal salts of mufti-
hydroxy alkyl or-alkenyl aromatic cempounds; alkyl oralkenyl hydroxy
aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl naphthenates,
metal salts of alkanoic acids, metal salts:of .an alkyl oralkenyl multiacids and

chemical and physical:mixtures thereof.

30
{B) Dispersants are addilives that keep soct and combustion products in
suspension in the body of the-oil and therefore prevent deposition as sludge
or lacguer. Typically, the ashiess dispersants are nitrogen-containing
dispersants formied by reacting alkenyl:succinic acid anhydride with an amine.
35 Examples are alkenyl succinimides, alkeny! succinimides modified with other
organic compounds, e.g., ethylene carbonating post-treatment and atkenyl
succinimides: modified with boric-acid, polysuccinimides, alkenyt succinic
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(B) Dispersants are additives that keep soot and combustion products in
suspension in the body of the oil and therefore prevent deposition as
e orl icquer. Typically,, the ashiess dispersants are
“ﬁ#lt%%%seggo@ntammg dispereantsformed by reacting alkenyl sUCHEREY ™07
anhydride with an amine. 35Examples are alkenyl succinimides, alkenyi
succinirnides modified with other organic cOmpounds, e.g., ethylene
%arbon tmg post-treatment and alkenyl succinimides.modified with
oric- ac:|c1a polysuccinimides, alkenyl succinic 5ester. (C) Oxidaticin
Inhibitors: 1) Phenol type(phenofic) oxidation inhibitors: 4,4-methylenebis
(2,6¢0-teitiatiOh tnmlpkesol),4,4-bis(2,6-di-tert-butylphenol),
4,41-bis(2-methyl-6-tert- butylpheno9,
2,21-methylenebis(4-methy1-64ert-butyl-phenol), 4
butyﬁb%?f’é’ﬁl%erﬁ ﬁg}gh@ fgﬁlﬁ}@ﬂ,fﬂﬂ@%ﬁ 4:4 —methylenebls (2,6-di-tert-
10,4 -isapripipyikde NSt 6 Gidicta b u@iistemol), 4.4'-bis(2-methyl-6-tert-

2,21- n\?ﬁ ﬁ@ﬁ‘th 5@2 tert butyl-phenol), 4,4'-

2,21- sob t Idi eneb -
2 2-mB AR %ﬁﬁmﬂeg%%@fpé%&%n@@wﬂﬂene%z o-diter
15di- tebuwmnﬂﬂnﬁeﬂ?mpﬂ'em#@mmbﬁuwmm&mnylbﬁﬁmﬁobutyidlene»

; 461 glW&tﬁm@ﬁ%@k\aﬂdﬂhﬁ@h&@&@@gt@ﬁgmﬂw@mewwmh 2,6-

(

Gimer LRI £ R SRR AADAY 2.
thictis 1P Berat-B&tgigRésotjmethylamino-p-cresol, 2 6-di-tert-4(N,
?'8(3(] R .M@Eﬁéﬂr@pﬁﬁbﬂwmaﬁlﬁuﬁﬂ@lmmmphenc:jl) 2,2
3,5-di 1 0 idation
AR S e S %< anamﬁﬁ!?.%é%?ﬁkwmed
a- naphw&?fﬁ\é')'ﬁ)"ﬁﬂﬁéf‘%’é@ et HHTB'C%U’HQFH&Q : zinc
2d|thmparﬁr&amha):wd;meihyhemha(ﬁtbum@tmammw)m%mﬂm—
Inh|b|t05§6ﬁ%arM§{eagﬂwﬁ)w%[}lQr;‘l%&ﬂgm%yethylene surface active

agents: polyoxyethylene. Iauryl ether p ene higher al(f[ﬁ{:
ethet) B bm)ﬂ?ﬁ%‘ A %ﬁ}p&ﬁa enyl
ether, m@m{ga&hjd@immyhbmbymr

25 (D) Rustinhibitors (Anti-rustagents):

1) Nanionic polyoxyethylene surface active agents: polyoxyethylene lauryl ether,
polyoxyethylene higher alcohol ether, polyoxyethyiene nonyiphenyi ether,
pgifcxyéfhyie ne-octylphenyl éther, polyoxyethylene. octyl stearyl ether,

3o polyoxyethyieiie oleyi ether, polyoxyethylene sorbitol monostearate,
poIfoxyethylene.~:sorbiiei-mbnc-ol,eatewahd polyethylene glycol menooleate.

2):Othier compounds: stearic acid.and other falty acids, dicarboxylic acids, metal
soaps, fatty acid amine salts, metal salts of heavy:'sulfonic acid, partial
35 carboxylic acid ester of polyhydric alcohol and phosphoric ester.

(E) Demulsifiers: addition product of alkylpheno! and-sthyleneoxide,
polyoxyethylene alky! ether and polyoxyethylene sorbitane ester.
. 16



30polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate,
polyoxyethylene sorbitol mono-oleate and polyethylene glycol

“@%{%%%%B?. 2) Other compounds: stearic acid and other f%t(t% iz% N075507
Icarboxylic acids, metal soaps, fatty acid amine salts, metal Salts 0

heavy sulfonic acid, partial 35carboxylic acid ester of polyhydric alcohol
and phosphoric ester. (E) Demulsifiers: addition product of alkylphenol
@nd-ethyleneoxide, polyoXyethylene alkyl ether and polyoxyethylene
sorbitane ester. 18 (F) Extreme pressure agents (EP agents): sulfurized
oils el FHEFRPRIFRF HASFRIP AThRFSte A %?iﬁfﬂdi’lﬁa‘ié’&‘?{%?gjﬁ‘f@%ﬁ%?‘hyl
benzyltiaticesfaanstn kylpolysittoeyithardd chenagpbditenate. 10(G)
Friction,mediliapy/aibxaeafel idadphifemamine, borated ester and other

esters. (H) Multifunctional additives: sulfurized oxymolybdenum
dithiocarbamate, sulfurized oxymolybdenurn organ
1PhotPioresitichieif et ity iglockai ity Britomiy i domries eeRbRARSRARIM
diethylgigsggmide, amine-molybdenum complex compound and
sulfur-containing molybdenum complex compound (I) Viscosity Index
Improyers (VII): polyrnethacrylate type polymers, ethylene-propylene
copdtyiMelidusefionabaddiivesicebpiBRhaxvaHyeiepenaidtosgrrasate.
20iSOPLRE-EeP ohymMB FodBln gRRie phokphbramitlicstd dyaayedenum

lyisobutylene, hyd far- ¥ .
T B LS B BCEE LAM U OB B mer

COsSIty Index Im ‘
complex compound and sulfur-containing molybdenum complex compound

{1) Viscosity Index-improvers (Vi) polymethacrylate type polymers, ethylene-
| propylene copolymers, styrene-isoprene copolymers, hydrogenated styrene-
20 isoprene copolymers, hydrogenated star-branched polyisoprerie,
polyisobutylene, hydrogenated star-branched styrene-isoprene.copolymer and

dispersant type viscosity index improvers.

{J) Pour point depressants: polymethyl methacrylates; alkyimethacrylates and

25 dialkyl fumarate-vinyl acetate copolymers.

(K) Foam Inhibitors: alkyl methacrylate polymers and dimethy! silicone polymers.

EXAMPLES
30
The present invention will be further illustrated by the following examples, which
set foith particutarly advantageous method embodiments. While the Examples
are-provided 1o'illustrate the presént invention, they are not intended to limit it.

35 Example 1

The low phosphorus libricating off composition.of the present invention was
prepared by blending a 0.78 wt % mixture of zinc bis(0,0'-di-(2-ethyl-1-hexyl)
17



(J) Pour point depressants: polymethyl methaorylates, alkylmethacrylates
and 25dialkyl fumarate-vinyl acetate copolymers. (K) Foam Inhibitors:
th crylate polymers and dimethyl silicone polymers,
“g%%e pré?sent invention will be further illustrated by the follggwr/%]s\geO 075507
examples, which set forth particularly advantageous method
embodiments. Vilhile the Examples are provided to iIIustrate the present

é”"eigglhoms ?&a@é‘?d‘ﬁ theﬁ%?%‘?yk' Jun %ﬁg’@@ \i }J@nL%YM -2-penty)

ricati gon composition of the present mvention we
Do AR BTBIRA S D % PG IR RO O i dodecyiphenyl)
bis(0iblapkéEphtity 10 30enh); and dithia@rogphiies@odbimBecaingesghsity.
Z'nCTh§&Q@£%M é/f!rfwflibé{hé PSR &#‘Eﬁﬂ@g}l&éﬂ%%@&é &-di-

seconda‘xﬁ and zinc f\i}g decylphenyl) dithiophosphate,(0.39 vrt
%, ARPithactEsaPa )s@tBi‘PfH? Nl Ms ty: RIRES AR zinc
1'Gbis(ﬂt@hﬂ@&edwitanhé’hyl)ammbtbhosphm@fammb&(o O'-di(2-ethyl-1-hexyl)

bis (Qiiiéshiididraeiybidons vt Sikjmp! Pazepm)amwp%ésphaze

based th Th th tyre of

oo B T R o AT RF O ALIGRLTEPLILF 1 2bout 2182884 tne

bis(etosghdrihcopteat. riveresaitingriaiy aith Preepvanenigurgef zinc bis(0,0-

bIs(@.(ﬁ@rﬁbﬂﬂﬁé{ﬂf@{%w&)ﬁﬁ%wgaef?ﬁ@ﬁfda@%u@ﬂ rhﬁﬁ@ide%m
or nie e.re 0 e ee-wa u e of z

18 e ST I A0St R UM B BLRAE e 1F,

b.s(easgdonqmmmnﬂ@mm%m \Wmﬁmagﬁwg.@ the prepared

zin%&&mg@kem{mw&mmwaemwmmm anal

the. R%%ng &%&‘%EP@% 839&0 h Jﬁ’lﬁ%ﬁ eaqi\d sutfated

lubric I'compositfon was Tess than at out 6wt% sed on the

totaPERoRtent MRS ARIvA T S B M BsTRtRR SEURHer28RE SOk tolliarent
2and sfuleleshesing@iltesrivestidl? Wte%andﬂﬁm&’dhaempamwtbased

on t@SnE%B%\tWﬁ%%R the JubN a%a@mz&ws%b%xm balance

g
of the lubricatin p03|t|on contain 1200 molecular Wel%ht {MW

isobBHGRHEBRISRRIMAN: R 2D MALRRDYY908 RivEUct MR AisPersa
bis- smemmiﬁmaispetmaantaanmambseda‘oalatwmiet@rg@maammwmd

calcpim bR iaiBiIs: mﬁu@.ﬂm&%ﬁaﬁm&%@&o@ Shatisiy gk

.oxidation inhibitor, a phenolic oxi atlg
25 inhibitor, anti- foam. gent pour point depressant.and a viscosity index improver to

complete the 100 wt %.lubricating oil composition.

Comparative Example A

30 Comparative Example A was prepared according:to Example 1 except only about
1.16 wt % aryl zinc bis(O;O‘»‘di-_(-dodecyi‘p‘henyi)'dithipphosphaie was added,
instead of the mixture of zing bis('Oj-,O’-di-:'(Z-‘ethyl-i-'hexyl) dithiophosphate, zinc
bis(O,0"-di-(2-butyl/d-methyl-2-pentyl) dithiophosphate and zinc bis(0,0"-di-
(dodecylphenyl) dithiophosphate.
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25 inhibitor, anti-foam agent, pour point depressant and a viscosity index
improver to complete the 100 wt % lubricating oil composition.
Comogaratlve Example A 30 Comparative Example A was prepared
WOLEEH ﬁ]g % Example 1 except only about 1.16 wt % aryl zidc: /USH0TATSSOT
bis(0,01-di-(dodecylphenyl) dithiophosphate was added, instead of the

mixture of zinc bis(0,01-di-(2-ethy1-1-hexyl) dithiophosphate, zinc
$is(0,0'-di42-buty1/4- methyl&gﬁgy&%@m%@%hate and zinc
bis(0,0'-di(dodecylpheny4) dithiopnosphate
2008/021901PCT/US2007/075507 5Comparative Example B Comparative
ExaDupbpBatiuasEiremmiedsl was prefiacetoaEoandinicd Exengpé o rdycaboornip atdut
Wt 9% £8\G SiROis @ @-Q;E{%V&Wﬁh% 'PBQM% %ﬁhl&ﬁ%ﬁﬂg?&%@s

added, instead of the mixture of zinc bis(0,0'-di eth)lg -1- hexyl) 10

dithRSISEgs|pRieRa ot dherridHem ofirins: BiS(H m&rﬁsmﬂ
1@¢lith mmnmphamemruhzlma@mdwwhéﬁwpd%ldphgsmmbate and
Conpriative &Rty bRRUARIGNR drsasnple C was prepared

according to Example 1 except only about 0.71 wt
zinc,bis(0,0'-di-(2-ethyl-I-hexyl) dithiophosphate was added, instead Of the

mixture of zinc bis(0,0'-di-(2- Qﬂmjmﬁmﬁﬁaﬁhosphate zinc
bis(O,0'di-(2-butyl/4-thethyl-2-pntyl) dithiophdsphate and zinc bis(0,01.-di-

%’O%o ae‘n edithia %I}_?\J%hate g%ﬁéé‘%%é ,Eég toé%éﬁ'@le & B«:ept only about

ompar xamp was egﬁe plel excep
abofit®d. mmmsﬁaqm (gﬁﬁ -hiepyDadRIRsR B R RPLe D Kty
:of the mixture of zinc-bis(Q,0'-di-(2-ethyl-1-hexyl) -dithiophosphate, zinc-bis(0.0'-
di-(2-butylid-rethyl-2-pentyl) dithiophosphate and zinc bis(Q;0'-di-
(dodecylphenyl) dithiophosphate.
20
Comparative Example D

Comparative Example-D:was prepared according to Example 1 except about
0.81 wt % of a mixture of zinc bis -(0;O’vdi-(2—buty|f4‘-meihyl—2-pentyi)

25 dithiophosphate ahd zinc'bis ’(Q‘,O,’-di'-'{dodecylphe,hyi);-dithiophospha_te- in about a
1:1 ratid were added, instead ofthe mixture of zinc bis(0,0'-di-(2-ethyl-1-hexyl)
dithiophosphate, zinc bis(Q,Q'-di-(2-butyl/d-methyl-2-pentyl) dithiophosphate and
zing Bis(0, O'-di-(dodecylphenyl) dithiophosphate.

30 Comparative Examgie E

Comparative Example E was prepared according to Example 1 except about 0.94
wt % of a mixture-of zinc b_is'(0,0‘-di_-(z;ethyl—i1.'-hexyi) dithiophosphate and zinc
bis(O,0'-di-(dedecylphenyl} dithiophosphate in about a 1:1 ratio were added,

35 instead of the mixture of zinc bis(O,0'-di-(2-ethyi-1-hexyl) dithiophosphate, zinc
bis(0.0'-di-(2-butyl4-methyl-2-pentyl) dithiophosphate and zinc: bis(Q,Q'-di-
*(dodecylphenyl) dithiophosphate.
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25 dithiophosphate and zinc bis (0,0'-di-(dodecylphenyl) dithiophosphate
in about a '1:1 ratio were added, instead ofthe mixture of zinc
bis(0,0'-di-(2-ethyl-1-hexyl) dithiophosphate, zinc
“B?s’&%q%ﬂ? -buty1/4-methyl-2-pentyl) dithiophosphate and A US2007/075507
,bis(0,0'-di-(dedecylphenyl) dithiophosphate: 30Comparative Example E
Comparative Example E was prepared according to Example 1 except
bout 0.94 wt % of a mixture g; zinacr kgtis a"m'. 2-Fethyl-1-hexyl)
dithiophosphate and zinc bis(0;01.=0T yl) dithiophosphate in
about al:1 ratio were added, 35instead of the mixture of zinc
bis(Q.omfin(atnas BxkbmpheRwhsl hrippeaspoeiding REExample 1 except about 0.59

bi -l (2 14 |-2- ithi - | -
e DA A O AR DY DA R A e pr e
ConhpaPavEiEk apia-methe prsshre diticriiesrbats Bahoipie 1 biatippere
1aboutdRH0inattdadalt shenimbateeadt zine. bit (MO 1ad{A2thphy Hedxgkyl)

dith '&HIRS’&RJ%SFE:@ ,nﬂn%' B Mﬂ%%‘&%}ﬂ%&&'iﬂ‘ﬁﬂ%@ 'cﬁﬁ'nwposphate and

dithiophosphate in about a 1:1 ratio were 10added, instéad of the mixture
of ZiFIEHRES G -iiqRe Rt e A ORRESRRREphate, zinc
bis(0,0'-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and zinc
bis(%Qélrdiom &k{d mge@&rmtt_}xgl@ml haﬁﬁ‘:% Eem%é%mglgﬁf&mla@@omme' glo
xample 1 and Comparative ) -F wer ested for, lea

o RO IR B TR i D LS BB ST ot peneh Tes
(HTOBDRARAN HESIIF hwiiigh is aminsusicyr Flandachbgnssies tedpegsure
MEAEHHF BTN ]ﬁﬁf@ﬂrﬁﬁ?@ﬂgﬁmﬂg @Eﬂ@f@r RilrBiadysgosimeraial copper,
specimens of copper,.lead, tin, an 1or.bronz [ 3 .
AW AT T A R A
blowFhvith, atipTsieyBed terprmise\sriloveoMieaie iaria periRg ietdmandhen

Zeadipp asimetoaipibiee, flegeae dpitiatenaxaniheattéosdateiChrossasbied

o RO R o DG ARSI R Ao R %R0 P

of tes?s to veri st acceptabil _ .
with.each group of tests to verify test acceptability.

The test results aré surmmarizad in Tabie i,
25
Table . HTCBT Results

| Example | Comparative Examples
I 1 A [ B ¢ | o | E F
Le'ad,. . ' ] ‘
) 48.4. 1134 8934 305 | 646 | B7.3 | 994
pem

These results demonstrate that the low phosphorus lubricating oit composition of
30 the present.invention (Example 1) containing a-mixture. of zinc primary dialkyi
dithiophosphate, zinc secondary dialky! dithiophosphate and zinc diary!
dithiophosphate.in:a 1:1:1 ratio, and wherein the phosphorus content of the
tubricating. oil composition is less than.0.08 wt%, provides excellent lead

20



The.test results are summarized in Table H. 25 Table Il. HTCBT Results
Example :I Comparative Examples ABCDEF

WO 2008/021901 PCT/US2007/075507

5  corrosionperformance when compared:to the.comparative examiples not having
-a.mixture of all three dithiophosphates. The amount of lead corrosion is
significaritly reéduced by the lubricating 6il composition of the present invention.

:2:1



Lead, Pr48.4 113,4 93.4 305 64.6 87.3 99.4 These results demonstrate
* that the low phosphorus lubricating oil composition of 30 the present

invention (Example 1) containing a mixture of zinc primary dialkyl
dithiophosphate, zinc secondary dialkyl dithiophosphate and zinc diaryl
dithiophosphate in a 1:1:1 ratio, and wherein the phosphorus content of
the lubricating oil composition is less than 0.06 wt%, provides excellent
lead 5 corrosiompetforrnance when doMparecit the.comparative

What isaoigitesdist having amixture of all three dithic>phosphates. The amount

of Ieadl Gasresion i sismpleruicormbiany tkankibirisatiog Bfibasenpasitionicating
viscoosfitghaengrg Sﬁ%rr}]grl g\r/r?orbtrlw?gf a mixture of a zinc primary dialkyl dithiophosphate, a zinc
secondary dialky! dithiophosphate and a zinc diaryl dithiophosphate wherein the respective
ratio, based on the phosphorus content, of the zinc primary dialkyl dithiophosphate to zinc
secondary dialkyl dithiophosphate is from 2:1to 1:2 and the ratio of the mixture of zinc
primary dialky! dithiophosphate and zinc secondary dialky! dithiophosphate to zinc diaryl
dithiophosphate is from 6:1to 1:1 and wherein the lubricating oil composition has less than
0.06 wt % total phosphorus content, based on the total weight of the lubricating oil

composition.

2. The lubricating oil composition according to claim 1, wherein the minor amount of
the mixture of zinc primary dialkyl dithiophosphate, zinc secondary dialkyl dithiophosphate
and zinc diaryl dithiophosphate is from 0.1 wt % to 1.5 wt %, based on the total weight of

the lubricating oil composition.

3. The lubricating oil composition according to claim 1, wherein the minor amount of
the mixture of zinc primary dialkyl dithiophosphate, zinc secondary dialky! dithiophosphate
and zinc diary! dithiophosphate is from 0.3 wt % to 1.2 wt %, based on the total weight of
the lubricating oil composition.

4. The lubricating oil composition according to claim 1, wherein the minor amount of
the mixture of zinc primary dialkyl dithiophosphate, zinc secondary dialky! dithiophosphate
and zinc diaryl dithiophosphate is from 0.5 wt % to 1.0 wt %, based on the total weight of the

lubricating oil composition.

5. The lubricating oil composition according to claim 1, wherein the mixture contains
from 0.05 wt % to 1.2 wt % zinc primary
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What is claimed is: 1. A lubricating oil composition comprising a major

amount of base oil of lubricating viscosity and a minor amount of a mixture

of a zinc primary dialkyl dithiophosphate, a zinc secondary dialky!l

dithiophosphate and a zinc diaryl dithiophosphate wherein the respective

ratio, based on the phosphorus content, of the zinc primary dialkyl

dithiophosphate to zinc secondary dialkyl dithiophosphate is from 2:1 to

1:2 and the ratio of the mixture of zinc primary dialkyl dithiophosphate and
diatkin ditrecpinaigphyattisfiorh demphisiosh At W %irzindiaepbuiiitnn gladep didiophosphate
and U B0tk % 2@ WhR'Rin; fhensibr igatinshal mpesiianhasd esaithamnt of the

0.06 wt % total phosphorus content, based on the total weight of the
lubligBHRA AR GBTRSSHPbsition. 2. The lubricating oil composition

according to claim 1, wherein the minor amount of the mixture of zinc
prig@,@ﬁ‘%ﬁﬂﬁ\‘{%&iﬁ&&ﬂé&ﬂ ! qzigecéﬁcg ?ﬁlg@@?ﬁg&ﬁ%ﬁg}@mﬁm@;@ contains
and zinc diary’ dithiophosphate is from 0.1 wt % : 0,.hasegd on .
frorfm%ﬂvv@fghioo?tmE(é)ﬁ@atm@"amﬂ%giﬁwh°sp%fﬁvﬁyémb‘%itig«fn%%’n Bt
zincesspnsitipaiakgbddinsptosphite ndfreneid. fewhindy Andovifbainhdiaryl
it i AN ot RitpiGat#peipesapsansslialkyl
d‘*@%%ﬁﬁgﬁ%ﬁtéﬂﬂf giﬁr%%igayr%llgfgﬁﬁggﬁéosphatet is& friom 0?3 wt cloto 1.2 wt

%, based on the total weight of the lubricating oil composition. 4. The
lubricating labrizaitingositmmaositiodiagcwditg to tlaivhEraihetiein i oridoie gantains
¢ ot . imaey dialiad dithion) | : SQR0ARS 0. o

f@ﬂifﬁ%\/ d?ﬁ%&iﬁ%@%@%ﬁ?ﬁi dBilthioph(% pk%?aggﬂgﬁfq? rr%QC!)\;i @Wt‘ftso/g tsth
2ing SSRDIBTB BT GHARBAER EERR SRR Roton b ARG R
ditthopHoeghiec atisgdaihdbenptaiteiglzafdheindpiticatlagwillsanipadiionhe

mixture contains from 0.05 wt % to 1.2 wt % zinc primary dialkyl

dithiophosphate, from 0.05 wt % to 1.2 wt % zinc secondar iallgr/_l v

dithRphbe HRiiePpRI G SMPeTtion 8538788 R SR Wiar(R™ the primary atky
grodisluppleasph piiendra stxdkgdithio ibted phieig s it |Chtic Lingaribon atoms.

composition. 6. The lubricating oil composition according to claim 5,

wherein the mixture contains from 0.1 wt % t%fgj wt % zin¢ %ima%15 kvl

dial®y| T ioBRRISRE CABRISIP AL TE M IR I An W RIS IS F NG R <Y
grodhidiplecsph ptienanddietiyl Bidopitciphatd Bae fesrziGetdidhd carbon atoms.

dithiophosphate, based on the total weight of the lubricating oil

composition. 7. The lubricating oil composition accoyding to claim 6,

whe?Bin HHE HANIEEFOR S GRS RV P I DA By ary 2y
grotipbathditimeppriasph alelkiiotithihghatditate Bas fnoo Cuto Saceattiamyetinlkyl

dithiophosphate and from 0.1 wt % to 0.3 wt % zinc diaryl
dithioghosphate_, based on the total weight of the Iubai:cai_ik%%pil g vl
compbsitighlubricagng pik (ABRCSHIRG BRCCHNT SRR LBRFTRY IR SRGpdary aky
groupefei thecdeumyaalidibigyo dithafdines ghatepnem fromdigidg dithispbospteate.

has from C1 to C13 carbon atoms. 9. The lubricating oil composition

according to claim 8, wherein the primary alkyl group of the zinc primary

dialkyl dithiophosphate has from C3 to Cu) carbon atoms. 10. The

lubricating oil composition according to claim 9, wherein the primary alkyl

group of the zinc primary dialkyl dithiophosphate has from C6 to C8

carbon atoms. 11. The lubricating oil composition according to claim

1, wherein the secondary alkyl group of the zinc secondary dialky!l

dithiophosphate has from C3 to C13 carbon atoms.
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12. The lubricating oil composition according to claim 11, wherein the
secondary alkyl group of the zinc secondary dialky! dithiophosphate has
from C3 to Ce carbon atoms. 13. The lubricating oil composition
according to claim 12, wherein the secondary alkyl group of the zinc
secondary dialkyl dithiophosphate has from C3 to Ce carbon atoms.
14. The lubricating oil composition according to claim 1, wherein the aryl
group of the zinc diaryl dithiophosphate has from C6 to C30 carbon
atorps. The IubBicative loibciaraingjtion eceepdisgitnciaieotdineseindiia Sepondary
alky PSS 5 thE 2Rd WQ‘%@@IHU&@I@_M@BHQEW@&M&E% feyreafi@icatoms.
24 carbon atoms. 6. The lubricating oil composition according to
~ claim 15, wherein the aryl group of the zinc diaryl dithiophosphate has
fron3Coite (GG a0t crmprsition acgortting hesiRiEtihg VineGHA YR ARGINdarY
aikyﬁﬁﬁ%ﬁﬁjgﬁ %@z%@igééqn‘ﬂg?r&m%h QiteepastyRiatiotraMCeY B@ycarbon atoms.
thiophosphate to zinc secondary dialkyl dithiophosphate is a range from
3:2 to 2:3, based on the phosphorus content. 18. The lubricating oil
compoSitie ubicatinting tomkRistieT aatesdéia the!pimpl sthasaiatbectryigeoup of the
. PRrimary.dithi e ey difiphosphate is 1:1,
chgﬂégsrgcljélgﬁl tﬁﬁﬁﬂgﬁ%ﬁ@m@gﬁ T efjlet)l.&)(l'he lubricating oil composition
according to claim 1, wherein the respective ratio of the mixture of zinc
prim&uryTHislidytictitirio ph aspipatitian dcdptsdisacorieiny tawperein the aryl group of
[thi | ' ithio is0s admage from 4:1 to 1:1,
the %gge(@ %aﬁﬂﬁﬁggﬂ%%ﬁéggh@lnl?a W@%%?%he lubricating oil composition
according to claim 19, wherein the respective ratio of the mixture of zinc
primaryreiallpticitivigiicspirasitian desasiectnelainy dfwperein the aryl group of
tne SBGRRTSAARIR AR A SHINRBosphaibn AibrRased on the
phosphorus content. 21. The lubricating oil composition according to
claim 1, wherein the respective ratio of the mixture of zinc primary dialky!l .
dithigptrrephbtedtnzog senpositoy diabaintittdaprios phafieranfr rafmeative ratio
of zﬁlggﬂm%??enﬂ%h%s’lpﬂajte hasad QndhghaspkpihiepRtRphate is 2/AniB&om 3:2
ubfi

cating oil composition according to claim 1, wherein the total
to ZHRJPIRSAR BSRBRBRIANS (¥R%ting oil composition in less than 0.05 wt
%, based on the total weight of the lubricating oil composition. 23.
The, Wibricating;oilrgrapesiianasrudingiyaainih Wharirieaisdpective ratio
sulfur content of the lubricating oil cora SIF%t in Iﬁss hagig.q_\{vt% on the
of zZingrimaHRNGRACRRNGIR BrfRoNTBhRE ofl Composition. - FEFRS
phosiicadiagredrtomposition according to claim 23, wherein the total sulfur
content of the lubricating oil composition in less than 0.2 wt %, based on
the total weight of the lubricating oil compositjon, . - L ,
19. The Igbricating oil composf%on according {o claim 1, wherein the respective ratio
of the mixture of zinc primary dialkyl dithiophosphate and zinc secondary dialkyl

dithiophosphate to zinc diaryl
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25. The lubricating oil composition according to claim 1, wherein the total
sulfated ash content of the lubricating oil composition in less than 1.2 wt
%, based on the total weight of the lubricating oil composition. 26.
The lubricating oil composition according to claim 25, wherein the total
sulfated ash content of the lubricating oil composition in less than 1.0 wt
%, based on the total weight of the lubricating oil composition. 27.
The lubricating oil composition according to claim 26, wherein the total
dithispHesphats|s aonteptfaiithd:futoridatirg st contpp phizapharisseomiant.0.8 wt
%, based on the total weight of the lubricating oil composition. 28 A

method for impr lead d h .

AT DS ShGRBETAACE RiSAEAT AR TREY B UTRR O RrSTRGLAe T2
of tﬂaﬁjmtmmﬁﬂﬁmmrbasq dibm@!uﬁhmnngphm@am&@mdewaiwwrht of a
dithigﬁﬁ%seﬂ&fe%ﬂ‘fﬂ %@g}’ﬁﬂﬁﬁ ol slitpigehosphalss g Ses pRkRAIRIKshtent.

_ osphate a inc diaryl dlthlophosphate wherein the respective
ratio, based on the phosphorus content, of the zinc primary dialkyl
dltmmphasphtateatexgiﬁc@mmmw aliedkgingitioi ofsimoSp érdin ez peative ratio
of trts PR3 ﬂ@?ﬁgyéﬂﬁ %ﬁBE%@ﬁM&%@'Q&&HﬁH%Q&EﬁNG and

zinc secondary hosphate to zinc diaryl dithiopho
dithipaheephate te: z*%&ﬂramémmhes Ratifd Jil R L 8%"%%@%88‘9”*

0.06 wt % total phosphorus content, based on the total weight of the

'“bEE?‘tﬂ% Rﬂ)ﬁgéﬂﬂgawganposition according to claim 1, wherein the total
phosphorus content of the lubricating oil composition in less than 0.05 wt %, based on the
total weight of the fubricating oil composition.

23. The lubricating oil composition according to claim 1, wherein the total sulfur
content of the lubricating oil composition in less than 0.5 wt %, based on the total weight of

the lubricating oil composition.

24. The lubricating oil composition according to claim 23, wherein the total stlfur
content of the lubricating oil composition in less than 0.2 wt %, based on the total weight of

the lubricating oil composition.

25. The lubricating oil composition according to claim 1, wherein the total sulfated
ash content of the lubricating oil composition in less than 1.2 wt %, based on the total weight

of the lubricating oil composition.

26. The lubricating oil composition according to claim 25, wherein the total sulfated
ash content of the Jubricating oil composition in iess than 1.0 wt %, based on the total weight

of the lubricating oil composition.
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27. The lubricating oil composition according to claim 26, wherein the total sulfated
ash content of the lubricating oil composition in less than 0.8 wt %, based on the total weight

of the lubricating oil composition.

28 A method for improving lead corrosion, said method comprising operating an
internal combustion engine with a lubricating oil composition comprising a major amount of
. base oil of lubricating viscosity and a minor amount of a mixture of zinc primary dialkyl
dithiophosphate, zinc secondary dialky! dithiophosphate and zinc diaryl dithiophosphate
wherein the respective ratio, based on the phosphorus content, of the zinc primary dialkyl
dithiophosphate to zinc secondary dialkyl dithiophosphate is from 2:1to 1:2 and the ratio of
the mixture of zinc primary dialkyl dithiophosphate and zinc secondary dialkyl
dithiophosphate to zinc diaryl dithiophosphate is from 6:1 to 1:1 and wherein the lubricating
oil composition has less than 0.06 wt % total phosphorus content, based on the total weight
of the lubricating oil composition.
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