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25 Catalytic converters are now universally vem‘fplo'ye’d with gasoline powered
vehicles and the efficiency of these converters is directly related to the ability of
the catalyst:to effect conversion of unburnt or-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,
.ca‘talyét» poisoning results'in higher levels of-atmospheric ‘disbharges of pollutants
from internal combustion engines over prolonged periods of time.

In. order to minimize-such poisonih_g, the industry has set standards for both fuel
35 and lubricant confents. For example, standards for fuels have included the use of

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

discharge into'the environment.-See, for example, Buckley, lIl, “Long Chain
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Veitgi this diminution.in phosphorus.content. One well known class of antiwear
additives-are metalalkylphosphates, especially zinc d,i,a!kylfdithiophos‘pha_tes, 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.
6,696;393, issued February 24 2004 lowering the level of _pho‘Sphc)rU's due to the
presence of a metal dithiophosphate additive‘in a lubricant composition by one-
half from 0.095 Weig’ht percent to 0.048 weight percent phosphorus results in

35 about.aseven-foldincrease in'engine wear.

Zinc dithiophosphates have either dialkyl or-diaryl groups. Zinc dialkyl
dithiophosphates aré further subdivided into.primary.alkyl and secondary alkyl
2 '
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SUMMARY-OF THE INVENTION

As previously mentioned, the present invention is related, in part, to a lubricating
oil:composition. More particularly, the present invention relates to.alow
‘phosphorus lubricating oil-.composition employing a:mixture of zinc
dithiophosphates.in-a certain ratio and wheréin the lubricating oil composition has
less.than about 0.06 wt % total phosphorus content, based on the total weight of
the lubricating oil composition. The low- phosphorus lubricating oil composition of

the present invention is éffeqﬁve‘ in lead ;corrosion-control when used as a

35 lubricating oil composition.in internal combustion-engines.

‘Accordingly, inits-broadest aspect, the presentinvention is related to a
lubficating oil composition comprising-a major amount of base-oil of lubricating
5
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.composition of the present invention. will contain from about 0.1 wt % to about 0.7
wt % of a.zinc primary dia_lkyl(’dithiophosp‘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 0.5 wt % of a zinc diary! dithiopho‘sphaté, based on the total weight of the
lubricating oil composition. More preferably, the lubricating oil composition of the
present invention 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 dialkyl dithiophosphate and from-about.0.1 wt % to about 0.3 wt % of a

35  zinc diaryl dithiophosphate, based.on the total weight of the iubricating oil

composition.
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In an especially preferred embodiment, the respective ratio, based on the
phosphorus content, of the mixture.of zinc primary dialkyl dithiophosphate to zinc
;seco'ﬁd'ary. dialkyl dithiophosphate to.zinc diaryl dithiophosphate is 1:1:1.

.30
In another embodiment, the:total phosphorus content.in the lubricating oil
composition. of the present invention is: preferably less.than about 0.05'wt %,
mor‘e preferably, based on.the total weight of the lubricating oil composition.

35 In still another embodiment; the sulfiir content in the lubricating oil composition of
the present invention is less than about 0.5 wt % and, preferably, less than about
0.2-wt %, based on: the total'weight:of the lubricating oit composition and the total
sulfated ash content inthe lubricating oilgco’m}position of the present invention is

o
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30  of zinc primary dialky! dithiophosphate and zinc secondary dialkyl
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greatly reduces lead corrosion when.used to lubricate internal combustion

35. engines:
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The term “low phosphorus” refers to the phosphorus content of the lubricating oil
composition of the».pre;s_;em:inveniio‘n..The,phosphorus, content is in the range of
about 0.005:weight percent to about',0.0:6 weight percent based on the total

weight of the lubricating oil. composition.

35 Theterm “total phosphorus” refers to'the total amount of phosphorus in‘the
lubricant composition:regardless of whether such phosphorus is present as part
'of an 0oil-soluble, ‘ph‘psph‘o'rju‘s-,contéining; anti-wear compound or in the form of a
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di al kyl dithi ophosphate is fromabout 2:1 to about 1:2

and the ratio of the mxture of zinc primary dialkyl
walrdokiozphosphat e and zi nc secondary di al kyl PCT/US2007/075507

di t hi ophosphate to zinc diaryl dithiophosphate is from

about 6:1 to about 1:1 and wherein the lubricating oil

corrpositi on has | ess than about 0.06 wt %t ot al

R i HalisH -

Iu T cat#ﬁ“ gl{é Canﬁ%éﬁan %%que%ﬁg}?h%%éh&?us rteprfammg

| udbeitedhe: W@S@?qecé Egnsseput@nrapﬁretmetaw b’—bmafb)ﬁventl on

IS | I

%fhfof ﬁ6§¢h\é?es fhénﬁéf‘e\%?ﬁ t %&g@:ﬁ%ﬁgn%%e%ﬁg%g@ﬂé

atl nt er n i nes.

of'meF@QéCQ!WﬂsﬁWérﬁ wdependret Qflsamrﬁ@ePr@tenqhbss weverwihel be
d [ wever, prior to such a
d:‘i"gs#agcﬁlg%ﬁ%%%flh? ’lobfénd&tntvg?% W I | first be

10 defined. The term"alkyl" refers to both straight- and
bf@ﬂ@&@&n&%éﬂs&ék#ﬁ% SRR agd Gred if WBighRp¥heent €T €rs O
a substituted unsubstit utg aromatic group, such as
the phenyl, tolyl, xylyl, ethylphenyl and cunenyl
gr oups. The ter mTrQVZIWDﬁmdSmToeﬁhaté cbmpsund t he
phosphorus content of the lubricating oil conposition
of the present invention. The phosphorus content is in
t h'Eher I&D@Etnb@ ombm‘uhoiﬁ:thﬁthuairgﬁnt rmemmtwm emamu“n part0s

15 | e BEHEC Bl odRRehsass TBE 2k BrioutitsPhite? e independenty

h@mpﬂubenzsdbyﬁrmuﬁalto the total anpbunt of phosphorus
in the lubricant conposition regardl ess of whether
such phosphorus is present as part of an oil-sol uble,
phosphor us-cont ai ni ng, &nti-wear conpound or in the
formof acontam nant in {the | upricanf conposition such
as residual phosphorus redﬁlq\ g duefto the presence
of P2S5 used to prepare jmetal Rty r byl
di t hi ophosphat es. In eitlhe vent, the armpunt of
phosphorus permtted in {the”l ubricant conposition is
i ndependent of source. PFreferably, hémever, the
phosphorus is part of a lubricapt additive.

20 .
wherein each R-is:independently a group containing from about 1 to about 30

carbon atoms.

The R-groups in the dithiophosphate can independently be about C, to:about.Ci3
25  primary alkyl, about C3 to-about C13.secondary-alkyl, and about Ce to about Cso
aryl group.. Prefe'rably; the RV groups in the dithiophosphate can independently be
about C3 to about Cjo;pr,im.ar,y alkyl, about C; to about Cg secondary alkyl, and
about Cg to about Cjq aryl group. More preferably, the R ‘groups in the:
dithiophosphate can independently be :about Cg to.about Cg primary alkyl, about
30 Csto about Cg secondary alkyl, and about Cg'to about Cyo.aryl group. The R
groups may-be a substantially hydrocarbon group. By "substantially hydrocarbon”
is meant hydrocarbons that contain: substituent groups.such as ether, ester, nitro,
or halogen which do not materially affect the hydrocarbon character of the group.
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Unl ess otherw se specified, all percentages are in
wei ght percent. The Zinc Dithiophosphate Conpound The
woO pdsiozeavi ng oil conposition of the present i nREnUS®NT/075507

will enploy, in part, a mxture of zinc
di t hi ophosphates. The zinc dithi ophosphates are
|ndependently characterized by formula I : wherein

s S gk ASFPIDAR o1 SEDALD, o BN
di prihayp h@gphlaweh eamsthateh ethdoolt prypwl atb&noi @entag ol bexanol,

Cli ﬁéﬂogﬁor&}’ang %{h&gﬁ’k&‘é% o%oﬁ%%%gp%Eﬁag&ghnﬁﬁ‘ﬁm%ybutenol

out
Pr 2-kthytiekanoltaneecRndary ajsoholisucthas aowmmd @W@bplh sgeondany butyl

 ETRESER g R0, Ry i i
10 abhmtanblza hakariol, gmmdlplcolmjr@ pyfieahabsueh asipbepolgpubshisitadn
gh% E@am&ﬂ@ﬁf Qﬁ&lﬁﬂ&@? sugh-as &{gnby oBGIpRRRY tndnylpRenol,

rima to about C secondar
aI &gdecylahehoé)bdlaub@@tedapmm C20 aryl group. The R d

groups may be a substantially hydrocarbon group. By
"substantially hydrocarbon” is nmeant hydrocarbons that
coRteferably thesRigrauenwill e ingegerdenty a§"@?n'e€r"kvl sgespndary alkyl or

15n| ﬁggg Eal ogen which do not materially affect the
a character of the group. The R group of the
2| nc dithi ophosphate may be derived, for exanple, from

a ?5? tﬂ? 'bYes@hﬁka'lttoﬁ W@c&ﬁerﬁﬁ&t@érﬂ@t thﬁhﬂﬁlﬁ@ bf a pine pamaty,

tano hexanol he tanol oct ano
nodlaﬂwl dlthw@bgmate @m@&ﬁmda%@ﬁﬂmwhﬁqeh%w?&%ﬂcﬁ zine diaryl

bupanhoeseh EWJ T |
| soprgép )ﬂsg tfbe Secg%eég\{é%(bﬁg{%%ég log glfqegé}ﬁispﬁmb céstent, in
‘20| sthsuukriveting gul mmltmtog}hegq_rgﬁen Qyﬂgﬁf‘a-mﬁ ratio of zinc primary

al coLng& fh%r?ﬂs 101z|rﬁ Se%?fﬂf‘\%!e'kﬁ dwf ﬁ@éphawn be from

such” as subst i tlgt ed

phebaut: qumahou{l :2ing the '@99 sh@ﬁm'ﬁgﬁcqﬁg—% e kKol |
oc'iﬁfllugé}?dgﬁhatg %ﬂﬁ&ln@@@%d@rﬁ&ﬂ%ﬁ Hhﬁbﬁﬁ&bhate to zinc dlaryl

di subs Pref'erab rou
| nddiopnRsANStp 1T RS BIAGHO 1 el rqipptyf Fatio,

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 2:3, 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 diaryl.dithiophosphate is.a range from about4:1 to

30 about 1:1, more preferably about 2:1. Most preferably, the respective ratio, based
on the phqsphorus-co_n'tent. of the mixture of zinc-primary dialky! dithiophosphate
to zinc secondary. dialky! dithiophosphate to zinc diary! dithiophosphate is 1:1:1.

Mariy of the zinc dithiophosphates 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 the purbos‘e of the
present.invention. Typically, iinqdithibphosph_ates can be made by initial reaction
of phosphorous.pentasulfide and an alcohol or phenol or mixtures of alcohols
9



an aryl group. For the present invention it is
contenplated that the mxture of a zinc primary

waole@Bkyioodi t hi ophosphate, a zinc secondary di aP&yUS2007/075507

5

10

15

20

25

30

35

di t hi ophosphate and a zinc diary! dithi ophosphate wl|

be in a respective ratio, based on the phosphorus

content, in the lubricating oil conposition of the
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di 5(H’C-dp Iabeqnmoéc tThusj the pceparation df Ot@dpmbem ahespherdditbinic

00, 16 chal i IRBived e ERRLATSRPhaonb R PERBSifdelfitn four
pr inpies pf thihgky plcotipltat abwndﬁpmtoe about avmboweddytiiegen sulfide is
di lﬁJelfé{éd gh& {NeorBQ&’ E@Sﬁ&r@q&ﬁﬁf&% id: &HEP%?’%'BF' o?thte%etal

r e@i@fﬁm& acid mayd:e aftected bumeacmen pitb efiherizing oemztcymnc of
@J%Qﬂ%gléﬁ g\@ Zilfe Jﬂﬁ'ﬂl({?ﬁf)ébhg bhﬁ( ly: FHD{\{E# M%Hﬁﬁﬁesat\m-

zinc s e to zi
d| reagtanigiis wfbcpwvé@nwse th% re@cvmigéaifermmeaajwm resulting
ab
or PRk Ry RLE B R PR 1R RresgMienten
phosphorus content, of the mi xture of zinc primary

G Boits debidb APRESHIRLSS b3 DG IRABBARRHaES Rictie u.s

I ophosphat™ to” zl nc
1 Ratent Nm;l 680, 1283, 20918221@':1&1&550%@% ek 4@&5%7 144495 QésS
n
D B e g R PRl i e i
a eMirgthed artisan can readily synthesize such
compounds for the purpose of the present invention.
Typi cal Iy, zinc dithiophosphates can be nade by
initial reaction of pHEsREEHINY QLGeERRAIAde and an
al cohol or phenol or m xtures of al cohol sand/ or
phenol s such as those illustrated above for the

R
gr Spmixtyre of aige dithipphospbateesf the presapl iaengen tsmép'%a"(zaqe?d to
Ora Bgfé‘éﬂ inREficiRl §m9unt9tb°&r@h@é 48 cBﬁéE:é\%’drftﬂodiﬂuntéﬂ@

may be carried out within the tenp eratureran%{ from
abmmb@@e@ewn%&ﬁne@dmd@ 'ubneﬁ}mgtor\écrﬁp%%enaqf i Pigsent
0, PvéhtioR-Wik&HtaiR RARHBPAMASH B Bdse oil of lubricating viscosity and a

minor amount of the mixture of zinc dithiophosphates of the present invention.

Baise- Oii-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 (indepéndenit of feed source or manufacturer’s location); that meets
the same:-manufacturer's speciﬁcatiOn;‘and:thatf is identified by a unique formula,
pfoduct.identiﬁ_c‘:ation-‘hujmb_e‘t,,’or both. Base stocks may be manufactured using a
variety of different:processes including but not limited to distillation, solvent.
refining, hydrogen pro‘c_essing;;-oligor:nerizat-ion_, esterification, and rerefining..
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acid, for exanple, involves the reaction of

phosphorous pentasul fide with four noles of n-hexyl
wa@b@sloioont about 1000C for about two hours. Hydr/o§®N7/075507

sulfide is liberated and the residue is

phosphorodi t hioic acid. The preparation of the netal

salt of this acid may be effected by reactlon W th

Q
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he%ﬁ'@ensg% %@?@ﬂr@ﬁ;ﬁﬁn &rb&?hﬁn?ﬂﬁé Al ro-géﬁ gﬁ%’é LGchtdsng a
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of Ftsher-bnoescmrocmehmrefﬁrredsbasmllmm%/tha&mwtses HtiggEany,

of Hw?i\v&l f?‘al& &’\ @ ipl ﬂl?'ﬂﬁﬂbﬁbé Bil-RAQ%h Sevik &R S%Jt(%'c%or

usti on engl nes ner a

| ubrgheaanabgum 00-°CoMis ybed antheasmel wﬂlﬁé@le‘:tqm#{%f@ﬁd
5\ |d<|e %:Hfaérﬂtaé STB Y er%‘%‘é%d%e LaseRin thefrnisH&n bie & digthe

! V SC m nor anount of the m xture of zin
d| dhsicadrgragehaliangingroil pg. prbIestingion sempeYiien mring 29 §A%f

'Ql’éc%% ;J@:%dé’o? G\RF bW 2(54}%@ .30 dwfa% OVvesh, DRV-60, BV S5 W-20, SW-
as of base stocks V\qb\%}’] ]
| s 38, SO, 6%50 (ﬁyﬁ“ﬁ@n@w Tq\lﬁ‘tzoi @Wﬁ@dl@@d byowgtqn 15W

malapf @@hl@roegr{@\,_‘{@e same specifications (independent
source or manufacturer's location); that neets

20t he sane manufacturer's specification; and.'that is

' d ef'%' bfaLs@ GM E%ly %el{fé'n%’@fr&ﬁ rnﬁwraﬂ Iublﬂbéldingils I @ﬁﬂﬁehé iubstatog oils

Base stocks na n £
a mm'ﬁvsesmeraoff Buitabig b aﬁeaﬂe@%é s PASS BIAFFGPRY Sheny's' N

A 'Té&#é%z%ﬁorﬂbf%%{hte% W3R an® QbMeRAx, %@Meﬂlaﬁg\ydrbymbb@eltoase
pro ng, g nerlzatlon esterif

D amurot b mrsabrach e BN ercatindl e epomate
" od T YRdB chtbSndrilé. bOAE eRMde! Hiikb@base oils include those in all API

categories I, 11, Il IV'and \/ as defined in-API'Publication 1509, 14th Edition,
-Ad'dé,ndum' l.; 'December 1998. Saturates levels and viscosity indices. for-Group |,
Il'and 11l base oils are-listed in Table'l. Group IV base oils are polyalphaolefins
(PAO). Group V base.oils include-all other base oils' not included in Group I, Il 1il,

30 or V. Group lil base oils are preferred.
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wa sz | ubri cating base oil

manuf act uri ng, contam nation, or previous use. The
base oil of this invention nay be any natural or

those having a kinematic viscosity at 100 Centi grade
(00 and about 4 centistokes (cSt) to about 20 cSt
Hydr ocar bon synthetic oils may include, for exanple,

s,oi | s prepared fromthe polynerization of ethylene,
“pol yal phaol efin or PAQ, or from hydrocarbon synthesis

procedures using carbon ngagkige and hydrogen gases

-such as in a Fisher-Tropsch process. A preferred base

0i ISATORATES, BEILFORVND SeschsHtY IRDEXfORBRO U AV 111, IV AND

fracti on partieCi/Ea81097/075507

fraction; e.g., ||ttIe |f any, lube oil fraction of

vi scosity about 20 cSt iquPKaQ‘t about 100 0C. Qs

used as the base oil w II be sel ected or bl ended

dependi on_the eS| re and the additives in

the fi m% t"él(ﬁs %6@"\?8*3 ﬁgT esi| VBGosily mdex of engi ne
Broug: ¥

0 ubrlcatlng oi | conpogjt
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10W207 TTITOW dU vy 40, IUW 50 20, 15
of 15W 4 ess @A’% ;‘" B'éd/cﬁe les?é ﬁg‘ﬁ\ﬁ%ﬂ%‘) and
| Ubricati ﬁ?feé a§ v 1/°héJ c | ubriicatl nq 0| I S _Or
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m| Xt ur ey i | g, bgFes,0i | includes base
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slack way,033psuifet | as hydrocracks %t ocks
pv oduced h\l h\lrlronra clkino.fly ot haor

ha
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extracti eatérhmaﬂr onatquel amdg(po%clr conmponents of the

cludd. S$eatucalsiscardaless Hiansori engbluige Grerteréhaner gayal 18P0
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1998V Saturates | evels gﬂh '\’ﬂ?@%‘gfr\sgﬁ]&z? ices. for

Gi
G

oup I 11 and 1110856 r%|t |n§|fxé’e{1dﬁ’n bb%%?ldu il ofgp! € |

oup._lVY base oils are aol ef Group-\.

base oils include all other base oils not |ncluded |n

pl‘

S o Y ol s Bt b1 1 s

| NPt castocpiaamd lard| gil), pptrpieumwlg\mneral oils, and oils denved from

10

15

20

coal or shale.

Synthetic oils may include hydrocarbon cils:and halo-substituted hydrocarbon oils
such-as polymerized and inter-polymerized olefins, alkylbenzenes, polyphenyls,
alkylated diphenyl ethers, alkylated diphenylsulfides, as well as their derivatives,
analogués and homolo’g"Ue"_s’t.he‘reo'f,’ and the like. Synthetic lubricating oils also
‘inCIUdeJaI‘kylene:oxide polymers, interpolymers; copolymers and derivatives
thereof wherein the terminal hyd‘roxy‘l. groups have been modified by
esterification, etherification, etc. Another suitable class of synthetic lubricating oils
comprisés the esters of dicarboxylic acids with a variety of alcohols. Esters useful
as synthetic oils-also include those thade from about Cy to about C+2
fignocarboxylic acids and polyols and polyol-ethers. Tri-alkyl phosphate ester oils
such as those exemplified by tri-n-butyl phosphate and tri-iso-butyl phosphate are

12



V BASE STOCKS Natural lubricating oils may include
animal oils, vegetable oils (e.g., rapeseed oils,
we@2®802190i | s and lard oil), petroleumoils, n PEr/EE2007/075507
oils, and oils derived fromcoal or shale. Synthetic
oi I s may include hydrocarbon oils and hal o-substituted
hydrocarbon oils such as polynerized and
in fips, al kyl benzenes, pol yphenyl s,
s {,(.gz[; @@Swﬁr %ﬂét%iéé'?s al kyl ated di phenyl d
sulfldes as mell as thelr derivatives, anal ogues and
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y esterl I on
10 Anphdsphorysricoaipiningacitiss p@?mswteh@lwdtofw@bs iRehtalnhgolsfins and
cofplikses the esters of dicarboxylic acids with a
var ety of al cohols. Esters useful as synthetic oils
al so include those made from about C to about C

MORRE %&%th%ycbﬁﬁérﬂéd 3foch tﬂﬂé\?ﬁ% Srefl P&Eﬁ&ld &is NG Bixtures

Tri - ate ester suc
ex@ﬁfﬁqf fU rrs@lﬂrw q'hs Arenoeingd difgedy fiaatacnatvral $aurcq rEyBRihels

?é‘g A bagéecngﬁ?les&' tBlaQn% tﬁtgfncHﬁ}ﬁtrﬁ%t fuﬁﬁétepl.mﬂbﬁron N

SUC as t e
potrgammxamanes SEMY RIS 0 A R D LobsiipEL T acu frain a

0' tetdrti Hﬁrét'?cﬁ\ §'b@§r8!%ﬁmtb‘?|%¥5mé€||cﬁ&‘%&lﬁf’orﬁ)ﬂﬁhlmtohcoran ester
rica f)ént hetic |ubricatin

| n@'l m{emp@ uevmvé@mrseﬁeﬂ AU EFESS- Wt%micﬁg’"%ﬁhig be
DOkym.L%ut %hh@hyéytm&w REﬁ’nedeﬁ!; YA dras tsﬁﬂe’mema dige

base ol l ){) e derived fromunrefined,
20 eexqgetithat isfingd pilschaye been Bipatad in anesy Maie PrEicatipn sleps oy

O In%ﬁé\V@oﬂéb&ﬂh&%%r&de’n%t BM:tJbié’rBUrﬁcéﬁbh%dinlcﬁJ% 'irf‘eﬁld@r

etic source (e coal, sha or tar sa

b| ﬂ'@ﬁﬁiﬂ?n vﬂYﬂH@LﬁCkmr'ﬁ\ﬁ’é‘Wﬁ?UFQ fdrelé’ﬁi"l‘%ﬁoyle"'t ?@@PV%?CH or
E)k() ?g@l?alnéﬁragﬁodiﬂﬁr%ﬂéﬂ‘ e d Petcdlatiog [l Sewhich Bed Bhowin to those skilled

I rect froma ret ortln oeratlon

peiytbe éUnB%fPf'“%‘?’ﬁl qﬁ%abfamee@wryamgdmea.ogf n rrra?e?saﬁs sigyjlar to

25aN1R3E 8ed to obtain the refined oils. These rerefined oils are also known as
reclaimed or reprocessed oils and often are additionally processed by techniques
“for removal of spent.additives and oil breakdown products.

Base oil derived from the hydroisomerization of wax may also be used; either

30 alone or in combination with the aforesaid natural and/or synthetic base oil.

Such wax isorierate oil is produced by the hydroisomerization of natural or
synthetic-waxes or:mixtures.thereof 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 % of more. Préferred amounts of base oil comprise-about 40 wt % to
about 97 wt %, preferably greater than about.50 wt %'to about 97 wt %, more-
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oil obtained directly froman esterification process,
each of which may then be used w thout further
woe@aveent Refined oils are simlar to the unredT/nemo7/075507
oi | s except that refined oils have been treated in one
or nore purification steps to inprove one or nore
properties. Suitable purification techniques include
di st To 0
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the ['ubri cati ng 0| | unl ess otherw se specified.) The

anmount of the mi xture of zinc dithi ophosphates

e”ﬁh@%ﬁcétfﬁgt&%wl%lhé?@bﬂ tﬂQ pﬂs‘sbnﬁmﬂéﬁ willvantin frere about
present i nvéntion VVI°| a mno {mug} ﬁgngaq %
t 0 Ot0feMtiFadealaut 1w (sbﬁ’fpteéati%@ofv.agel&q Y7 RePd fwt o

251 U Wl Hor@ﬁre'fé’ra@{/‘ froDabdlt 6.2 Qamaiaroufo. 5\Mt °/9/<Dt @zn&beettondary
1.5 w 9% preferably fromabout 0.3 w ? 51.2
Wt dq}lgh@?hlophosphate based .on the total weight.of the Iubnca ing oi

composition..

The lubricating.oil composition of the present invention will contain from about
30 0.02wt%'to ébovu,ttOJ wt %.}preferably’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
diaryl dithiophosphate, based on the totalwéight of the lubricating oil
corﬁp‘osition.
35 In apreferred émbodiment, the lubricating oil composition of the present
iinvention will have a phosphorus. content preferably less than about 0.05 wt %,

based oh the'total weight of the lubricating oil composition.
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nore preferably fromabout 0.5 wt %to about 1.0 wt %

based on the total weight of the lubricating oil
weowposiovi on. The lubricating oil conposition BPET/UB07/075507

present invention will contain fromabout 0.05 wt %to

about 1.2 wt % preferably fromabout 0.1 wt %to

about 0.7 wt % and rmre preferably from about 0.2 wt

5 /0 [%an%gﬁa rr\%b?lrﬁ’gngg%é; k\ﬁ il 95#1@?5“%&&%4‘%%5?% invention

| uhvrlh famtermxgvma Isulf,tmvpo@nt lemthafrhbowt (7533 wt:%tandg pegfarably less

RS o, BEsd 67 FRob Rl P e bafi b gt
abend the: tatalsulfasedashlsoatenin Iha/wb%atlam dll mp;oq@imfcé theoprgsent
fr 91%@9)9\% 1e8s ﬁ’!?\ﬁtabéﬁﬁ]é igicd gpﬁérawy Ié%@fh A abbic.0 wt % Iand

- secon ate base on the t
10we myre: pr@feram lasa manc@touh@wt I%. besgshan thedetal weight °f the
I uP{bhgﬁnp%g Cg#nl o§lf? osition of the present invention
contain lp out 0.02 Wt %to about 0.7 wt %
preferably from about 0.05 wt %to about 0.5 wt % and
nmore preferably fromehgWydlivd Conpdhdis about 0.3 wt %
of a zinc primary diaryt—dfthniophosphate, based on the
total wei ght of the lubricating oil conposition. In a
1508 ﬁ'\ﬁ 'EJuS @%ﬁhgﬁaﬁ\Foﬁé?\?s ért“%&érﬁau%é egc&héor@ﬁ&nﬁalctah ®e
Invention w il have a phosphorus
corffaveraatblyperem|ew°aiunyeomlé*g\é}tl?fh\étw1 W8 duRricatirgradgitive,of BigRiEsesh
th {
fgéxla lest di@dbitis 678 bidVilieBitd iIGSIEE Hiel pregent N
ano her [ me"ﬂ;es (ﬂe I'uorsl ca?l ngem ! corrpos|(={F|broilcr’119 of
thmVprm;Hehtlﬁhﬁ)(/ér@tﬂ%mtwdleﬂ tg it ker have a sul fur
content |ess than about 0.5 wt % and, preferably | ess
than about 0.2 wt % based on the total t of the
20| ulbh) Reteigegtsaire additiyrssiesionad neld the chr'mut@ﬂ?*f%?%’ap%‘ﬂs n
gont &ButibR irk m@ di uﬂ‘éy% h%llz blkaWébét%hQﬁe bty acids

sent” ranvention 1S less t

pr ef e(sgifuny ang aidc)whigh 160 gpnn_g tbe ﬁk?#ltbyblStlgH @% fogel and which
pr ef %&IJEP& ¥?]ds%~°c%rr5ﬁaﬁ 1P \ehgife PaMd if %t UneReskednExdnsples are

t ot al
carboxylates sulfurized or unsulfurized’ alkyl or alkenyl phenates, alkyl or

25 alk,enyl-;a,,roma,tlc-sulfonates, sulfurized or un,sulfunzed metal salts of multi-
hydroxy alkyl or-alkényl ‘aromatvic_ compounds;.alkyl or-alkenyl hydroxy
aromatic sulfonates, sulfurized or unsulfurized alkyl or alkenyl naphthenates,
metal:salts of alkanoic acids, metal salts-of an alkyl or alkenyl multiacids and

chemicaland’ physical:mixtures thereof.

30
(B) Dispersants are additives. that keep soot and combustion products in
suspension in the body of the oil and therefore prevent deposition as sludge
or lacquer. Typically, the ashless dispersants are nitrogen-containing
dispersants formed by reacting alkenyl succinic acid anhydride with an amine.
35 Examples are alkenyl succinimides, alkenyl succinimides modified with other

organic compounds, e.g., ethylene ‘carbo‘na’ting post-treatment and alkenyl
succinimides modified: with boric-acid, polysuccinimides, alkeny! succinic

15



| ubricating oil conposition. Oher Additive Conponents
The follow ng additive conponents are exanpl es of
weomwpozont s that can be favorably enpl oyed in PCT/US2007/075507

conbination with the lubricating additive of the

present invention. These exanples of additives are
provided to illustrate the present invention, but they
gare nof. intended to limt it. (A Detergents are
'addltlves designed to hold the acid-neutralizing
conmpounds in solution in the oil. They are usually

aI Ié{@%ﬁn%{l %% Wth the strong acids (sulfuric and

Ich™form during the conmbustion of the fuel
and whi ch woul d cause corrosion to the engine parts if

I ef.
f1-)t Pr‘g‘élh%rﬁpg gﬁwgngfiﬁ@?i'dﬁt?orﬁ bn‘ﬁﬁ‘f ﬁ}%{\@énebﬁ’({%fq%l itgfd
10 aI ke:bytylp@eotvihﬁ.ﬂcbtsﬁlfi @ﬁaﬂ@gtylpgahcﬂ)..l |4;4zbt§(%methyl- -tert-
unsu I
o1 he Ry enEReh, B2 e GAtrebitl-mgly L AEEAHDIRKY, 4 8T
ar omittytdiengbisthaethy)-64er- butvlp!zgwt Jof, 4ulngmrppyjndiez@218(516 Htert-

o AT en O AR e iny B by ferBh A pa bty diene-

and bisehbetethyioherio)s? eamewvtevehldé mﬂbyl@mcloo%ylphenol) 2,6-
15D SPG R "?P&ﬁ 1B 9@5&.&&4 o56 LNk dLBRA. e‘i%he%ﬂz 4-dimetnyl.6-

Conbus I ONn ro uc I N SUS enS|0n I N t e
oo Sertibuearenat 8 didurtAtdmapBamNoumCiESols? Bl AN N

! acqlﬁ%ethg}ﬁpﬁn%ﬁ{ét%l r%h&t ﬁ%h HbR( %’h%ﬂﬁﬁ LEINS Bugiofienal), 2.2-

trogen-tontaln sants 'forned reacti ng

al ke nlybb-s @eroethyles- mwtﬁmﬂmm m%&mtw-érh ydfﬁxefre‘i-teﬂ-
Ex anmu%e?\g@ @ul*&?@%d Big! %3% i @HgﬁlﬁfMﬂflybﬂ%&Wenzyl)

succini'rmd red wt rgani ¢ conpounds

20e. g) Dipbehyfering tmm?n infibites alkylatedidivheny'arune PREM-

sulwn% At Eﬁw.r&&é@%éélﬁﬂat@ﬁ bihabethiiamael d.

I’k
nid @the@ﬁygpes 1metph@ﬁmc§?@a5@%¥ ?ﬁ%ﬂ%ﬁ(ﬁil%?%ﬁ[@ggqt%n ation
' nhi qg%tﬁilénetﬁs(&b ﬁtﬁ%{:@rﬁ%ht@

(2,6 ert eno

25 (D) Rust Inhibitors (Anti-rust-agents):

1) Nonionic polyoxyethylene surface active agents: polyoxyethylene lauryl ether,
polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,
polyoxyethylene-octylphenyl ether, polyoxyethylene. octyl stearyl ether,

30 pOIydxyethylehé oleyl ether, polyox.ye“thylene sorbito! monostearate,
polyoxyethylene-sorbitol mono-oleate and polyethylene glycol monooleate.

2)-Other compounds: stearic acid-and other fatty acids, dicarboxylic acids, metal
soaps, fatty acid amine salts, metal salts of heavy:sulfonic acid, partial

35 cafboxylic acid ester of polyhydric alcohol -and phosphoric ester.

(E) Demulsifiers: addition product of alkylphenol and-ethyleneoxide,
polyoxyethylene alkyl ether and polyoxyethylene sorbitane ester.
16



4,4"' -bis(2 6-di-tert-butyl phenol),
4,4" -bi s(2-nmet hyl -6-tertbutyl phenol),
waQ2as0mevhyl enebi s(4- et hyl - 6-tert - butyl - phenobqT/U82047/075507
but yl di enebi s(3-net hyl -6-tert-butyl phenol),
4,4" -isopropylideneb is(2,6~di-tertbutyl phenol),
2, 2" - et hyl enebi s(4- net hyl - 6- nonyl phenol ),
52, 2' -i sobutyl di eneb s(4, 6-di net hyl phenol ),
2, 2' -mmet hyl enebi s(4- net hyl - 6- cycl ohexyl phenol ), 2, 6-
d| {R) Extretvatpyéssyrenageinid (EiReagents): sulfurized oils, diphenyl sulfi de, methyl
tzef . %ch{o‘??éte%g{ey }:hlénr?attéw hdHPEHARIne, Bertbyibaige ny! - 6-
2, 6- duomelkvlpalydlomemmgmchha%aamhtmr@%l
2,6-di-tert-4(N, N dlnethylan1nonethylphenol) 4
4' -t hiobis(2-nmethyl-6-tert-butyl phenol), 2,2
10t hi@Wfristian modifigts:: g;ty@pqohgluta;ty geidnipe, borated ester and other
bi s( 35 hyl - 4- hydr oxy-5-tertbutyl benzyl)- sulf ide
and bi's (3,5-dntert-butyl-4-hydroxybenzyl). 2)
D phepylanine type oxidation inhibitor: alkylated
d
A OLRel SR g S O R A el e
e g sulflzr]Zﬁd odymalyedenupueraeno pl@mghorodlthloate oxymolybdenum

15”“5‘t h%@%?g'c%&% B&&Fr%$|§\5éehhﬁ%‘§ﬁ<§thﬁ§§taﬁ%lde  GRinelybdenum

I nhi bi ti-Tus ent s 1) Nonionic

pol ymy@taxwom@ug@ama&td &é@ntalems@&hx@enwlcym?étmpe%d

| auryl ether, polyoxyethylene higher al cohol ether,

polyoxyethylene nonyl phenyl ether, polyoxyet
oc iy Vjskesityl Indexrawrovees (VX petympthass/iaie type. pgglgg%ﬂenhylene-

et her, ro;ﬂﬁhlrhéQ?&SS iy k<€ BE réMeB¥dprénd @ipolyRiehs/ Byiebbidted styrene-
_ sorbi't nmonost ear at e, polyoxyeth%lene sgrblto

20mpno-iegrsenecapelyMess Witegeeated BayEan BRI 2)
a her t&fbﬁlﬁ gﬁ@g’é’u’afbd%@é%réﬁtﬂe@kﬂﬂﬁleﬁ Jirsfne?l@dﬁﬁjmer and

di car%ox i net a fatty acid am ne
sal tsilsn%‘iaé‘F typg vissogly 'W@é\}'yp@ﬁ?rlsom c acid, partial
carboxylic acid ester of polyhydric aIcohoI and
phosphoric ester. (E) Denul sifi.er

o1 (31 R Briehateras e L RSV BRUTEIECTaRS UPRYBENEISS and

2581 kY| gigk{19imavatk-RRI yexuet gb@n‘erssor bitane ester. (F)
Extrene pressure agents (EP agents): sulfurized oils,

di phenyl sul fide, nethyl
(K) Foam Inhibitors: alkyl methacrylate polymers and dimethyl silicone polymers.

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

35 Example 1
The low phosphoius lubricating oil composition.of the present invention was

prepared by blendinga 0.78 wt % mixture of zin¢ biis(0,0'-di-(2-ethyl-1-hexyl)
17



trichlorostearate, chlorinated naphthal ene, benzyl
i odi de, fluoroal kyl pol ysil oxane and | ead napht henat e.
w@ cjosmeioet i on nodifiers: fatty al cohol, fatty BCI/US2007/075507
am ne, borated ester and other esters. (H)
Mul tifunctional additives: sulfurized oxynol ybdenum
dlht hi ocar bamat e, sul furi zed oxynol ybdenum or gano
Y 0
5 QW%ggﬁna‘tu%dgﬂe @h/ gXMQJ%%‘E% W—%F&SIM ﬁn%thyl 2-pentyl)
C odtmlmhoamm (htb uh% senor\dwbm amnblﬁ@ @eﬂvy(ddmwhenw)

COMHOSANERRNTS0 M Jo, ¥hBGARIS drchpdBast BRLLNENSathd Visbosty.
comm mﬂeroézms bist@, ﬁ)adl(%ﬁthy mewwhmo@hammmoéa -di-
ol FRGIEABTRE pERIT i TRiiReptbie [ B9 aRANACH Basia B dRCNeC

10 st phosiphemeisentest hemwuﬁm@w@re;gmmp Qridi(2-ethyl-1-hexyl)
di élw&g%gﬁhatté( Qﬁ? Wné %%f@ W—d g%%}l"@%tﬁy <=3ent;(I)13|tthH%sphate

epressants
aI thwmw&:@ywad@@eamdew}ail h@amatealv@ ahioyy 21 abasegion the

Copl%r%)ﬂglrﬁ caﬁtg)\t Eﬁ%'f%s'u pétbcﬁf ?he é%y\}vam%gwéyéﬁé SIS(O O

rs an |cone
pr- éii;%ﬁthyli-hb@ml)l dlthlonhwphbt@ taine W@(OIQ 1dir&A- btavl@dmﬁvw%éentyl)

151 OLihRYUHAE %@@ilﬁébns@;gcgl -(86ded g@ﬁ&ﬂlmtdpﬁ% akeywas 1:1:41,

adva ag eous met ment e the
ar @aq;adcm theghesphiorusigontest. dhe e "/pre‘H@ﬁPhqu‘i/@ﬁ{“F BWPa{eﬁ'ey

ar ﬁxbﬂﬁétmg 3 %Bﬁiu?gsnﬁ&w \lvééneET itfan a%ﬁ%@wﬂ%ﬂé@e& 8M'the total

p 0s I cating ol COHDOSItIOﬂ of resent

| nwemht oftheuubripating oil s@mpgsitiane flfthgy, the Gulhy qm“ Rdeyifated
&S}at&t%ﬁ% i (a%d @tshw % Lre85acyileIfi H3b @ BR @fnBal Reight

primry),

20pj g(t@edybngaﬁr(gzmlmmopmowé&hﬁw Y% bg}@m%,tpf)the lubricating oil
di E%B%\%gﬁ%?iﬂﬁ&a 48 m/éno?ébuuﬁﬁwgﬂﬂmw) i3l ér&@b:s-

bi s ecyl en di thiop osphate 0,39 wt
% segojlimidgidispesanh & OpiMy a%@uhﬂqne&rs sugsiniraide pﬁaersant a

Vi REQRI SYifonate detergent, an overbased calcium phenate, a molybdenum
~ oxidation.inhibitor, diphenylamine oxidation inhibitor, a phenolic oxidation
25  inhibitor, antifoam agent, 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 b,is(O‘,O'—'di-(dodecylphenyl)‘dit_hiophosphate was added,
instead of the mixture of zinc bis(‘O},O-"-di—:’(2-:ethyl-f1 -hexyl) dithiophosphate, zinc
bis(0,0'"-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and zinc bis(O,0"-di-
(dodecylptenyl) dithiophosphate.
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The ratio of zinc bis(Q O -di(2-ethyl-1-hexyl)
di t hi ophosphate to zinc bis(O O -di -
W@ 2008021901 4- met hyl - 2- pentyl ) dithi ophosphat e WeGT/E#BmOt/075507
1: 1, based on the phosphorus content. The ratio of the
m xture of zinc bis(O O -di(2-ethyl-1 -hexyl)
di t hi ophosphat e and zi nc
bi s(O O -di-(2-butyl/ {)
5d| t hi ophosphate to zi %’g& 2 -(dodecyl phenyl)
di t hi ophosphate was about 2:1 , based on the

ph@ﬁﬁBQ(a‘tﬁe EQ&B@ \%yﬂ‘?reg?éﬂl ‘i %\5 # E n‘?;;le b rl=1‘?<cept only-about

Mo

ree-way m xtu
- h@xiﬁwt °/diz:nh bisfDEXwhEutylg-me ¢l -2- pentyl h|ophosphate was

én op "8%6 (é)t? g&%%zqr%gf%ﬁé\%%og)Qﬁ'@f%hégefyl)ﬁen I
10d| dithientiesppstetzinalkis(010'1di42-bpk4medy! ntyﬁ(sig 'ﬁB'PQfsP ate and
co i ,eg fiUHdsprdte.t he prepared
blegrg?:%gbeche/o)r@p‘os? |a'on vvaspl ess than about 0.06
vvt % based on the total weight of the |ubricating oil
conposi tion. Further, cloh a?ét'n\/éE&arﬁ gieent and sul fat ed
ash content were 0.2 o an "9 respectively,
based on the total weight of the Iubricati ng oil
15C 0@8%5%9@ Exa—rh?le\@ we En%'p@ié@%c@érdfnb% EWahpie atéxﬂgthirJIy about

nposition contai hin 1200 nol ecul ar wei g

i s@ﬁl]t‘/‘fll"/eﬁ@cl?!%@&ﬂ" 'ﬁ‘f‘ﬂé Qﬁ’%’b@f‘%‘%’iowﬁal@m Ww'"ﬁead
| sghibYhiR0R HizRcTio! @’-d’p(ﬂéthgﬂ-ﬁﬁ@iyﬁmhmpﬁoébﬂufer gihc bis(0,0'-

sul fonate detergent, an overbased ‘cal ci um phenate, a

mo Ry @duydriagthuza-peyl Aianhosphateprhens PiglR Redi-

OX i fkbyAPhdnph ifthibhospRatBhenol i ¢ oxi dation inhibitor,
anti -foam agent, pour point depressant and a viscosity

20i ndex inprover to conplete the 100 wt % | ubri cati ng

oi | conposition. Corrpzygﬁday@,vg@gmb@m Conpar ati ve
Exanpl e A was prepared according to anpl e 1 except
only about 1.16 wt % aryl zinc

bi %FApQratﬂé E&Qmsr%qy Wab eF Bed@cb&uwﬁhsgabmpe Ve at
i nst ead he m xture.o ZLNn yI
methyl 2 peng/

- h&8fyt "@.ot ﬂl"b’ﬁH(?s?fHHlCé"s Q-Qcdi 3
53' ?g@ogﬁisgh%l@t%nb lﬂrﬁé:'Hnﬁ@bt&ﬂbcg?ecp@ﬁéwn)dlthlophosphate in about a
[ osphat e and zin is
di (16} BERSeradsdcBlsar &1 ingan i g ac s GO L BRT Y by
dithiophosphate, zinc bis(O,0'-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and
zinc bis(0,0'-di-(dodecylphenyl) dithiophosphate.

30 Comparative Example E

Comparative Example E was prepared according to Example 1 except about 0:94
wt % of a mixture of zine bis(0,0'-di-(2-ethyl-1-hexyl) dithiophosphate and zinc
bis(0,0’-di}(dodecyl_p_henyl) dithiophosphate in ‘about a 1:1 ratio were added,

35 instead. of the mixture of zinc bis(0,0'-di-(2-ethyl-1-hexyl) dithiophosphate, zinc
bis(0,0'-di-(2-butyl/4-methyl-2-pentyl) dithiophosphate and zinc bis(Q,0’-di-
(dodecylpheriyl) dithiophosphate.
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Conpar ati ve Exanple B was prepared according to

Exanpl e 1 except only about 0.46 wt % zi nc
whe®@g@ @t di - (2- butyl / 4- net hyl - 2- pent yl) PCT/US2007/075507

di t hi ophosphate was added, instead of the m xture of

zinc bis(O O -di-(2-ethyl-1-hexyl) dithiophosphate,

zinc bis(Q O -di-(2-butyl/4-methyl-2-pentyl)

di t hi ophosphate and zi 1.5, - dodecyl phenyl)
5d|th| ophosphat e. Conpdb £ EQam ket Conpar ative

Exanpl e C was prepared according to Exanpl e 1 except

o Coutifite & ol &b RBaren iy o Erormple 1 et about 059

adutith ofiaveixtuel obting hle(Othdlt(Qfetm/ﬂ 1ihewyj dlthxophosphate and zinc

b' B%gb g dl-@-tgl%sﬂﬁbﬁ%! hy%B&ﬁ%’lLél h%fﬁ\ggﬁ'{%lf??n%%?a 14' r3ffo were

10d| ptidash nstaaklal ¢heamirture ntzit tse(o,,@-dndz ‘sthyl-( thedgky| phe

pyh&hlgbt{&bﬁﬁg‘gﬁr@ﬁg& O%'{E%’hg /h Yie @f@g&lngd) dlth|08hosphate and

are
Examp|b§(<103»,de@meammnymd$nonmspbaie a mxture of zinc
bis (O O -di-(2-butyl/4-nethyl-2-pentyl)
di t hi ophosphate and zinc bis (O O -di-(dodecyl phenyl)
di Eachvfainosistien ecqomlemmﬁxa@me apdCpmparative Bxaraple A-F were

1551 SR Pleb P 1O s g Femeptus Conplon e Tes
b| g;r(ﬂiﬁlﬁj HABTI ;paﬁgﬂywmlqh weqnhpqiusgy ﬁmﬂqu)bench test to measure-
ﬁ ﬂ'? é?ﬂ)?ﬁv@n@é‘&’f azrlanBr BA. #’Qﬂ@ foxﬂ'métg%%&weﬁ’é‘ﬁf‘(‘{dpber

d| t hi ophos

arative aratiLve -

Exéﬂﬂdl n, @nmgow@pbm@ae atﬁjmﬂtﬁﬁfﬁj’ 'ﬂé @@Eﬂfﬁ Moy gkggine oil.
g}*%) 8 a?%n\%evé?éafteﬁ\pgﬂaﬁ}ré‘rl@blﬁfun%tﬂ%:r for a penod of time. When

hexyl ) dithi ophosphate and

202| ‘e tgblgs coropletsid, deweﬁwm the BYrIGBH 8Y pre@mingd to

ab%gfeg(fi‘cc& ()gaaéh%g %gn gl‘éﬂﬁﬁs rb%cﬁ@éi‘ of refdiBndd it tedted

di mh@gp@gmq:atoé tests taverify test acceptabmty

bi s(O O -di-(2-butyl/4-methyl -2-pentyl)

di t hi ophosphate and zinc bis(O O -di- (dodecyl phenyl)
di {The desficasylte Bt SOMPAIZEHin B8 Al e F

25

Table ll. HTCBT Resuits

| ‘Example ‘Co‘mparative Examples
[ A | B | C | D] E F
Leédu _ . N , '
B 484 | 1134 | 934 | 305 | 646 | 87.3 | 994
ppm |

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 coritent of the
lubricating oil compaosition. is less than 0.06 wt%, provides excellent lead

20



Conparative Exanple F was prepared according to

Exanpl e 1 except about 0.59 wt % of a m xture of zinc
Whe@g@ @t di - (2- et hyl - 1- hexyl ) dit hi ophosphat ePenUdSz20Ne75507

bis(O O -di-(2-butyl/4-nethyl-2-pentyl)

di t hi ophosphate in about a 1:1 ratio were added,

instead of the m xture of zinc bis(OQ O-di-(2-

Sglt E%J&%*W(%gﬁ%%@lb%ﬁ&%%ﬁﬁb%gﬁf%?twe examples not having
| di ’ahﬁiatpr&)@fmﬂamreeaiittiio;zthqsohatbs.('memmqjjnt Qﬁe@wfqﬂmﬁyl )
SRR VRS B Lo aGERA s B

corrosion using the H gh Tenperature Corrosion Bench
Test (HTCBT) (ASTM D6594) which is an industry standard
bench test to neasure corrosion performance of a notor

oil. Briefly, four netal specinens of copper, |ead,
tin, and phosphor bronze are imersed in a neasured
amount of engine oil. The oil, at an el evated

tenperature, is blowmm with air for a period of tine.
When the test is conpleted, the | ead specinen and the
stressed oil are exami ned to detect corrosion and
corrosion products, respectively. A reference oil is
tested with each group of tests to verify test
acceptability. The test results are sunmarized in
Table Table Il1. HTCBT Results These results
denonstrate that the | ow phosphorus | ubricating oi
conposition of the present invention (Exanple 1)
containing a mxture of zinc primry dialkyl

di t hi ophosphate, zinc secondary di al kyl

di t hi ophosphate and zinc diaryl dithiophosphate in a
1:1:1 ratio, and wherein the phosphorus content of the
| ubricating oil conposition is |less than 0.06 w %
provi des excel | ent | eadcorrosi on performance when
conpared to the conparative exanples not having a

m xture of all three dithi ophosphates. The anount of
| ead corrosion is significantly reduced by the

| ubricating oil conposition of the present
invention.What is clainmed is: 1. A lubricating oi
conposition conprising a najor anmount of base oil of
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| ubricating viscosity and a m nor anount of a m xture
of a zinc primary dial kyl dithiophosphate, a zinc

waemseiany di al kyl dithi ophosphate and a zi nc PCED1007/075507

5

10

15

di t hi ophosphat e wherein the respective ratio, based on

the phosphorus content, of the zinc primry dialkyl

di t hi ophosphate to zinc secondary di al kyl

d'V@k@Eﬁﬁ?ﬂQ@ﬁe is fromabout 2:1 to about 1:2 and the
16 of The mxture of zinc primary dial kyl

di t hi ophosphate and zi nc secondary di al kyl

di t hi opho

about 67 1 parrgikPoicdhipoltih ¥omeiat RERF BRBLALJrbace BFL

o:q | cgnpobbtl%tﬁ'ng msgowg@gtahalnomnnt of @gixtureof etziric primary
osphor u

Ipubr Iocat | é}lgﬁg@tﬁﬁghogﬁé% a%&c%@%ﬁd‘%f@%aﬂe@ggﬁﬁpﬁc’;spbg{% and a

conposi t i IAc é@%ﬂm?@oﬁeh?@ wihaieln thﬂh%ﬁ‘P@FWetfﬁbo rhaged on the

amount  of pﬁ&‘ﬁhgﬂuyc%t@ntof)f the Qfﬁc BHn'éW{alWl%'itk%bhosphate to zinc

di t hi ophosphate, zinc secondary d

di t hi opho%?ﬂQﬁ@@YMViﬂlﬁ‘doRﬂloéﬁ”}ﬁte tgifeom Mgﬁﬁa@@w@ :2 and
from aboufheQat?)o éﬁttne/ ‘?ntnﬁ%r Q)‘P%c E)ru%awtdlafkyl B%S&d&ﬁhétaeand zinc

total weig i catl nposi tion.

The | ubri %monﬁ@fy@ilalkywwmﬁ%e m@aw@dlmp@pwwas from

wher ei n th6 1eN0b BBRUMN afd whB@inth IubriatPh o?l'cBanosmon has
primary di al kyl di t hi ophosphate, zinc secondar

di al kyl dieshingpabepHuee whidots pﬁpsghqpypoment basyed on the total
di t hi Ophoﬁglgﬁfﬁthélugﬁ&ﬁhékéﬁ%mges%dﬁ % to about 1.2 wt

% based on“the total weight of the lubricating oil
conposition. 4. The lubricating oil conposition

accor di NgTHO |ubtiktimy bil c%BBﬁhd’h édasrdmgns rCI:ﬁﬁﬁDN Whefdin fHeminor

~m xture of zinc prinmary di al E(FOSD hate, zinc

20secondar yampumtief rth%mmr%em@pwm%v SH’H‘Y

25

lﬁw@p@pw@ﬂte zinc
di t hi 0ph0§é€bﬁ8§ry'cﬁallf)fl leﬁﬂ\%ﬁh&e and\tindaiafy) ambﬁholpﬂatéﬂis

% based on the't ot al % the lu bI‘IC?‘ %
conposi ti fsgm about 0.1 wt% to about- 1 5wt% based on the tot Iwelght of the

lubricating oil composition.

3. The .Iub_ricating oil composition,a'ccprding to Claim 1, wherein the minor
amouiit of the mixture of zinc primary dialkyl dithiophosphate, zinc
secondary dialky! dithiophosphate and zinc diaryl dithiophosphate is
from about 0.3 wt % to about 1.2 wt %, based on the total weight of the

lubricating oil composition.

30

35

4. 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 about.0.5.wt % to about 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 about 0.05 wt% to about 1.2 wt % zinc primary
22



5. The lubricating oil conposition according to Caim
1, wherein the m xture contains fromabout 0.05 wt %

WO eooalozevl 1. 2 Wt % zi nc primarydi al kyl dit hi ophOEpRBEDBY75507

5

10,

15

25

30

35

.fromabout 0.05 wt %to about 1 2 wt % zi nc secondary
di al kyl dithi ophosphate and from about 0.02 wt %to
about 0.7 wt % zinc diaryl dithiophosphate, based on

the Lot &l ) OhcBhoddiGidl BRI BRLITSS B b GUBAST 3 08, xfe

The | ubr itron accor
5, wherei wmhéarmd)etlkvl é'tmqmpamhaée amdaﬁwrabbgmt 021wt teabout

about 0. 70‘?'3«/: Efn@‘%a% ot 5%638%}5 véas@}ﬂoﬂ'tf%%?a‘f%@ fof the

from about zi nc secon

di al kyl dlubmaﬂpa@épwap@sltmd from about 0.05 w %to
about 0.5 W % zinc diaryl dithiophosphate, based on
the total weight of the lubricating oil conposition. 7
The |GibFhelbrieaiingioll comppitidndceerdagde Cdrimd. me@'raﬂm

6, wherei I fo
about O. SR")&J}gocgbtﬁ@gﬁ?Pﬁ%%q &1 cjﬁmﬂl oﬁ'ﬁ ate

from aboud'abylzilthppbesp@a@bﬁgm apost. M/S/oztiombogb% el &o ;mc
di al kyl ééc%hg;&lg%%@&u&; ds d[%l{agé% Sth agoat 5\/4?‘9 Qo about

about 0.3 di a osphat.e, ase on .

t he t ot al O:pevtgheinefiard dithig mqsamted@seﬂpnéw&mg@hof the

8. The | upp}CRhhdF cBimbo&@RPOSI tion according to aim
1, wherein the primary al kyl group of the zinc primry

di al kyl dithi ophosphate has from about G to about C13
carbon At pps lubﬁcatnngt&ﬁ chBBéﬁ&Hc’&Srdﬁig' fo @PaWPnCBS 'th'eFérh the.
according to Glain'8, wherein th rimar gr oup
of the zi mxtyeicantiainsdion) agaut 912tVH|°/0 ﬁ@emr%gmrp@maw
about C3 gigik Wbp%@f&ﬂﬂm%@ﬂﬁﬂzm% tE%ohH@B'\AR% kiRg

0| | conmposition accord whe 4
20primary afeepndgy (S*lﬂi“)’é)ﬁ'“t"?f@‘%?h?ée E’Pq ?mylbevtaﬂ F(W‘ /° to about
di t hi ophogghatos zIndidrfI @thiophosphate, based on the total- weight of the

lubricating. oil composition.

8. The lubricating oil composition.according to Claim 1, wherein the
primary alkyl group of the zinc primary dialky! dithiophosphate. has from
about C; to-about Cy3 carbon atoms.

9. The lubricating oil.composition according to Claim 8, wherein the
pr.imar”y'alkyl:grdup of the zinc primary dialkyl dithiophosphate has fram.

about C3 to about Cig carbon atoms.

10. The lubricating oil composition according to Claim 9, wherein the
primary alkyl group of the zinc primary dialkyl dithiophosphate has from
about Cs to about Cg carbon:atoms.

11. The.lubricating.oil composition according to Claim 1, wherein the
secondary alkyl group of the zinc.secondary dialkyl dithiophosphate
has.from about Cs to-about Cy3 carbon atoms.

2



about C6 to about Cacarbon atons. 11.The |ubricating
oi |l conposition according to Caim1l, wherein the
w@emsneiany al kyl group of the zinc secondary dp@i/kg1007/075507
di t hi ophosphate has from about C3 to about Cl3carbon
atons. 12. The lubricating oil conposition according to
Claim1l, wherein the secondary al kyl group of the
52| nc secondary dial kyl dithi ophosphate has from about
C3 to about C8 carbon atons. 13. The |ubricating oil
conposi 12. bhe bdeatidg g comp@itormactordingite iCéaim tlheherein the

secondary. A

i i ophotaonyay HigHolh of 48 2 AEe BRI dhBpionate

at ons. 14hahieorn abeutdGttp agowids cadpaetinms.on according to

Caim1l, wherein the aryl group of the zinc diaryl

di t hi ophosphate has from about Ce to about C30 carbon
10at onrs. W& Therlybritatipg iod sompesitian aog@ﬁmstmqlam Hevbedimige

to Caim l

it hi ophosRataleloblf oAy crdseriully daRugiRbottsBhue
at ons. 16hasrﬁm|abbmtuféato|ahgutcﬁelcatborrpm$| on accordi ng

to daim15, wherein the aryl group of the zinc diaryl
di t hi ophosphate has from about C to about C2Q carbon

at ons. tzThertbricativgiod aomngsmm acsordngdp Glaim hoderei tg aryl

gto Caim %,.or_,é‘gf{hg {}}1 |ro‘?t‘ﬁ[16§ﬁ6ép‘l’1§tert%ts'fr%np£b é@c G to about Cio

prlnary d te'to zinc secon

di al kyl dCﬂhD@pWﬁ§phate is a range from about 3: 2 to
about 2:3, based on the phosphorus content. 18. The
l'ubricating oil conposition according to C aim

wher ei nl& Ree kibggatingiol somaesitionuaccerding tp Claiar 1# mhafthe aryl

di t hi ophogRBEtLEiHeYird dirySEPRBAGIN 2 Flsm about Cs to about C
2ot OphOQDEgtetlslabogy % bggd on the Dou e 0 80t L
caroon atoms

16.The lubricating. oil‘composition according to Claim 15, wherein the aryl
group of the zinc diaryl dithiophosphaté has.from about Cg to about Cao
c¢arbon atoms.
25
17.The!|u,b‘!:ica_ting_;oi'lgcom'p,os_it_ion according to'Claim 1, wherein the
respective ratio of zinc primary dialkyl dithiophosphate to zinc
secondary dialkyl dithiophosphate is a range from about 3:2 to ‘about
2:3, based on the phosphorus content.
30
18. The lubricating oil composition-according to Claim 17, wherein the
respective ratio-of zinc. primary dialkyl :dithiOpHosphate. to zinc
secondary dialkyl dithiophosphate'is about 1:1, based on the
phosphorus content.
35
19. The lubricating oil composition according to Claim 1, wherein the
respective ratio.of the mixture of zinc primary dialkyl dithiophosphate
anclj zinc secondary dialky! dithiophosphate to zinc diaryl
24



phosphorus content. 19. The | ubricating oi
conposition according to Claim1l, wherein the

w0 e@pezodve rati o of the m xture of zinc primaPgI/US2007/075507
di al kyl dithi ophosphate and zi nc secondary di al kyl
di t hi ophosphate to zinc diaryl dithi ophosphate is a
range fromabout 4 1 to about 1 1, based on the
phosphoru , '
Compos 1 | SuraegMate &% AP LN AHRERL Rt 111, based on the
respect i vehesghpgsepntefle ni xture of zinc prlnary
di al kyl dithi ophosphate and zinc secondary di al kyl

di t hi ophosphate to zinc diaryl dithi ophosphate is a
about 2201 The lyhgeating 9il camppHinAtsedinade flaim 19, phereinibe

| ubricati f&psédve GRS A h%r@%ﬁﬂﬁ@bﬂﬁa&%a@y%ifﬂléphosphate

wherein the respective ratio of the mxturé of zinc
10primary daRd %9¢ S%HQ"H?W&%@M'&T'QP’PBP’E%@ Hedadthr y

di al kyl dijfidREpSRE At Laldut ZiNGastu@nthe. Bhd Zem%ﬁz@ate

is 1:1:1, based on the phosphorus content
Iubrlcat|ng oi | conposition according to Caim1,

wher ei o fige tu%@éuna RATBMEbSIforCabRIHg. tefcuslm wherein the
| ubricating ol |l cofrposition in.less than. 0.

05 wt %
based on teseegtive satiqefithmmixre ohang W?WQQ’Wéd@?'?phOSPha‘e to

156COMPOSi ti gRe sg&nd;@edlélkwaltmé‘ﬂr{o@ﬁh&é to SROBIB/A bitridbhosphate is
according to Claim™l, wherein the total sulfur content

of the | ubili’cResesomnine REBPRIGEIS GOBIEn | ess than 0.5 wt
% based on the total weight of the lubricating oil
conposition. 24. The lubricating ojl cq jti

osjtion.
accor di %Tp%lt@p%\tmﬂ cComRestieAGCAKingP: '%1 .fyherein the total

cont ent ot:héd(pﬁomg%hféat offBe mbhcamagawacmm.drnn Ilm:*.han 0.05
than 0.2 hased on the to

i
20| ubri cati Wh /‘Ia(%’Ps%‘PﬁJ@&t?tPUﬂﬁe'g@S’?t \éb'&ﬁéﬁ‘q 3'5?9’?&058'°P
conmposition according to Caiml1, wherein the total
sul fated ash u%ontent of the lubric

t In
conposi 3 dhe j4pripRILY "t"ﬁ’é?ﬁ‘p?s'ﬁ"'{/\i’cc% g‘da'mﬂ (eI g total
wei ght of gfig cbitent sfake RBricditihg 6P oEABAsItiodNn less than 0.5 wt %,

based on the total weight of the lubricating oil composition.
25 '
24.The lubricating oil composition 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 composition.

30 ' 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 Iubri‘catihg oil composition according to Claim'25, wherein the total

35 ‘stilfated.ash content:of the lubricating oil composition in less than 1.0
wt %, basedon the total weight of the lubricating oil composition.
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26. The lubricating oil conposition according to Claim
25, wherein the total sulfated ash content of the

wO eisiozvi ng oil conposition in |ess than 1.0 RET/¥$2007/075507
based- on the total weight of the lubricating oil
conposition.27. The lubricating oil conposition
according to Claim26, wherein the total sulfated ash

5cont ent2870fl’hé mﬁnéé{ﬂé 8ﬁ @B}npﬁslﬁﬂnl ac%?%stbtdlﬁp\ Jg) Hjhg%ﬁw the total
| ubrl cati ﬂgfatﬁd ashmeptest.of toe luba®tmgwd1chmaosimn inrgasdidmgs
| ead
i er nal o e ke R RP oBR ofihiBn
conmposition conprising a major anount of base oil of

| ubri C?gpg%ﬂééﬂ;%@? tqt,,imfm@eaﬁ %nﬁ% ) p'EQM'HietRéd Borfdrdiny ©

of zin hat'e
10secondar yopfralingyan igter fhﬁ' spmbgqénateeglaﬁ with iarlebritiatingy oil

di thi Ophoﬁorﬁésﬂuoméﬁ'ngn%?%ﬂmk YodsBldilf lu%ﬁﬁaﬁﬁgon

t he phosp s cont e zinc primary
di t hi opho‘slmttbaﬂ@)aimﬁ@f amaiphefa pixtire okzinc prlmary dialkyl

di t hi oph

o o AGEsb T B{P SR b QBB shae it Gary

di t hi ophodifitieatespirate Mﬁ@mstéemsﬁty/edam bysed on the phosphorus
160 L1t ORNORREorlifle 2h8 BrifiaRldidioflibMRBORAGES Siné Seddnaly

about 6:1 to ab ereint ricating
conpositi élﬁ'KWeﬁBthIO@%SRhﬁiﬁﬂis pmabogt 36 tevebort 1 and ”‘e rat'o of

phosphor Uﬁ\ecrﬂﬁu?é‘éf Zi r?Buaﬁk??dﬂw%%sﬁ#ﬁ!&md Ahc §dtBndary
| ubricating ol osit
dialkyl dnthlophosphate to zinc diaryl dithiophosphate is from about 6:1
to about 1:1 and wherein the- lubricating oil composition has.less than
20 about 0.06 wt % total phosphortis content, based on the total weight of

the lubricating oil composition..
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