GREEN LUBRI CANT COWVPCOSI TI ONS FI ELD OF THE | NVENTI ON
[001] The present invention relates to a nethod of
worbngg3bubr i cant conposi ti ons havi ng i npr ovedP@EHEE2009/001284
protection and reduced phosphorus em ssions.
BACKGROUND OF THE | NVENTI ON [ 002] Zinc

di al kyl di t hi ophosphate (ZDDP) has been used as an
additive in formul ated crankcase | ubricants in notor
vehicles for m des. . The. pL 5 i on of
ZDDP is to prev Ay ot FOVI Ng

engi ne parts by interacting with iron oxides to form a
protective layer. [003] The current understandi ng of
the formation of antiwear filnms from ZDDP i nvol ves

tri bochem cal and thernooxi dative conponents. As ZDDP

Fﬁﬁ:ﬁﬁsﬁﬁE RE\ReRposphat es and col | oi dal

tes—are torned. The deconposition of these

[OOAj €T IBleS pregds Uvenfidnf RERRIS A9 af rh@WoAPLECH akling lubricant
wei'ght volatile phosphorus conpounds. This occurs
chepasisionz DBRving naipraséd f weer apmbteitmai arsl pledapdtbr plsosphorus
[004] Despite the advances in |lubricant oil
CMa¥SpRiSat i on t echnol ogy, there remains a need for

| ubricant oil conpositions that provide

environnental |y beneficial properties such as reduced

BREREFLOBRSOPTHE INVEHTIYRNI ¢l e
[002] Zinc dialkyldithiophosphate (ZDDP) has been used as an additive in

formulated crankcase lubricants in motor vehicles for many decades. The
primary function of ZDDP is to provide antiwear protection to moving engine

parts by interacting with iron oxides to form a protective layer.

[003] The current understanding of the formation of antiwear films from
ZDDP involves tribochemical and thermooxidative components. As ZDDP
decomposes, metathiophosphates and colloidal polyphosphates are formed. The
decomposition of these materials leads to the formation of low molecular weight
volatile phosphorus compounds. This occurs because ZDDP is not ash-free and

contains phosphorus.

[004] Despite the advances in lubricant oil formulation technology, there
remains a need for lubricant oil compositions that provide environmentally
beneficial properties such as reduced exhaust emissions in motor vehicle

engines, specifically, reduced phosphorus emissions.
[005] The present invention provides a synergistic combination of ZDDP and

other additives that result in the formation of transient intermediates that provide

reduced additive volatility in motor vehicle engines.
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engi nes, specifically, reduced phosphorus em ssions.
[ 005] The present invention provides a synergistic
w@ooobitesssT on of ZDDP and ot her additives that PEBUE1009/001284
the formation of transient intermedi ates that provide
reduced additive volatility im-notor vehicle
engi nes. SUMVARY OF THE | NVENTI ON [ 006] The present
invention is directed to a nethod of making | ubricant
conposi tions having inproved wear protection and
reduced phosphorus enissions in notor vehicle engines.
SMARQ: @FEF@WION he invention is directed to
King a tubri cant conposition having
[O(Jf?ua“hd pessith dnvemtion $sidifstabnpr asinethqd eifi xiakgng lubricant
effective amounts of a ZDDP and one or nore additives;
camgpsitidus nhating pmprowest weapoprotgcdiont aind yadecest | phasphorus
"prem xed” it is, meant, that at |least two additives are
eﬁ?%%ﬁ“ﬂB@@ﬂﬂéVegﬁggﬁﬁﬁpﬁﬂ bef ore being added to a base
oil. [008] In another enbodi ment, there is provided a
nmet hod of making a | ubricant conposition having
[005 U dne ostiifriént StHeS fiveRioh s lcefedv RN b GhethRagbN afaking a
conprising prem xing effective anounts a ZDDP, an
lubstoant aceinposition ravingddiduceés phasphorasidiengssioms comprising
prem xed conposition to a _hase qil. [009] In_yet )
pramaicig cldegibe smpuntsiofcr £DRP gpdwangey raorﬁe@qlfbﬁvmand, adding

A F R T T WS .
8 aBditivRE hiAhi Al RSt ahd HegtEPtdorAtiAg Y88ed to a base oil.

conpri si ng

[008] In another embodiment, there is provided a method of making a lubricant
composition having reduced phosphorus emissions in motor vehicle engines
comprising premixing effective amounts a ZDDP, an ester and one or more

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

[009] In yet another embodiment, there is provided a method for improving
wear protection and reducing phosphorus emissions in a lubricant composition
comprising adding to a lubricating base oil premixed additives comprising

effective amounts of ZDDP and one or more additives.
[010] All proportions given in this specification are based on the total mass of
the final lubricant composition, including the mass of any additional constituents

not specifically discussed.

[011] Other aspects and advantages of the present invention will become

apparent from the detailed description that follows.
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effective anounts of ZDDP and one or nore additives.

[010] Al proportions given in this specification are
whamedosss’ t he total mass of the final | ubricaneCT/US2009/001284

conposition, including the nass of any additi onal

constituents not specifically3discussed. [011] O her

aspects and advantages of the present invention wl|l

beconme apparent fromthe detail ed description that

foI | ows. DETAI LED DESCRI PTI ON OF THE I NVENTI ON [012] It

now &)ﬁn found that |ubricating conpositions
ACRAP LIORNlIntHEAINVENJAON | * and effecti ve

t X It onmpr ZDDP._and .one .
e e AR N i e
afidtint BETLHYse BHrEQlYiegf e BIOLAR! bP rerﬁ’ﬁ&'@ ﬂc#ltx{/é)sl%mpnsmg

Basest ocks may be nmde using a vari ty of d erent
ZDToR esglesnd gl mdrergdiitivesgirovide tetlhctd phiosphorudtémidsions and
sol vent refining, hydrogen processing,
th@lrel@ormplioyaduvmar peefieetiphi cati on, and rerefining. API
1509 "Engine G| Licensing and Certification Systent
Fourteenth Edition, Decenber 1996 states that all

phasest ocks are divided into five general categories:
I contain | ess than 90% saturates and/or greater

[0133NBAsés35el&Unb Y heamddé a¥mgda VaHE8SHL lefd?f@'ﬁxpx%b@@%@ fincluding
than or equal to 80 and |l ess than”120; G oup ||
betonnai nligritedt eto tdnahllmuloreqlmjlvem %ﬁns@, urlg&iesgmdprocessmg,

iess t.han or equal to O. 83%sulfur and have
oligomerisation, esterl catlon and rerefining. API 1509 'Engme Oil Licensing

and Certification System" Fourteenth Edition, December 1996 states that all
basestocks are divided into five general categories: Group I contain less than
90% saturates and/or greater than 0.03% sulfur and have a viscosity index
greater than or equal to 80 and less than 120; Group II contain greater than or
equal to 90% saturates and less than or equal to 0.03% sulfur and have a
viscosity index greater than or equal to 80 and less than 120; Group III contain
greater than or equal to 90% saturates and less than or equal to 0.03% sulfur and
have a viscosity index greater than or equal to 120; Group IV are
polyalphaolefins (PAO); and Group V include all other basestocks not included
in Group [, II, IIT or IV. The test methods used in defining the above groups are
ASTM D2007 for saturates; ASTM D2270 for viscosity index; and one of
ASTM D2622, 4294, 4927 and 3120 for sulfur. Group IV basestocks, i.e.
polyalphaolefins (PAO) include hydrogenated oligomers of an alpha-olefin, the
most important methods of oligomerisation being free radical processes, Ziegler

catalysis, and cationic, Friedel-Crafts catalysis.

[014] Formulated lubricant compositions comprise a mixture of a base stock or

a base oil and at least one performance additive. Usually, the base stock is a
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viscosity index greater than or equal to 80 and |ess
than 120; Goup IIl contain greater than or equal to
wOwAaes3eT at es and | ess than or equal to 0.03%GUUS2009/001284
and have a viscosity index greater than or equal to
120; G oup IV are pol yal phaol gtins (PAO; and Goup V
incI ude all other basestocks not included in Goup I,
I1l or IV. The test nethods used in defining the

S@%Fe SR ;r%r"ﬁa’é‘ﬁg“ﬂs idsTe0 e 8 NB5E8S SNt R essine
sélﬁ%eg%x%gao e ﬁic@P%cEtgcﬁﬁ)%dSBﬁé‘é‘%lls co?nprlse at least one

pol yal p PAO rogenat ed ol'i goners

bade stoclal [dihe- bﬁsefmh cotisttutesshe imgjor tamporentofitheofubricating oil
ol i gonerisation being free radical processes, Ziegler
C@apawgngmdémwably iippreseniFin @d@nouxﬂafangmgafrany@b@t 50 wt.% to

AR5 BRoTe & aboTE ABERT B v Baochgh S3ANL ab, Pasekonthe total
W@gﬁt%lrf @n@gg'tfohve Usual I y, the base stock is
asingl e ol

ecured froma si ngl e crude source and
subjected to a single processing scheme and neeting a
particul ar specification. Base oils conprise at |east
(W% Basdubticating base bdsefdht presest iinvdrgront maynb@ selected from
conponent of the lubricating oi|l conpqgsition and

they groswl c9nsigfing: e axatusah oals, aﬁtsgw;rr-éﬁgv% mingH3la®idsst synthetic
% ut 99 t 85 wt.%t
oyl mjshietiGEertanitibg in inenBpatitg e Pt -7

conposition. [015] The lubricating base oils of the
present invention nay be selected fromthe group

[C&hsTht bage oils ofithy pdesont iavemdd Bipgeathydacludecthosaeilahaving a
oils, synthetic
kinematic \}IISCOSIty at 100°C in the range of 2 to 100 cSt, preferably 4 to 50 cSt,

more preferably about 8 to 25 cSt.

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

coal or shale are also useful in the present invention.

[018] Synthetic oils include hydrocarbon oils as well as non hydrocarbon oils.
Synthetic oils can be derived from processes such as chemical combination (for
example, polymerization, oligomerization, condensation, alkylation, acylation,
etc.), where materials consisting of smaller, simpler molecular species are built
up (i.e., synthesized) into materials consisting of larger, more complex molecular
species. Synthetic oils include hydrocarbon oils such as polymerized and
interpolymerized olefins (polybutylenes, polypropylenes, propylene isobutylene

copolymers, ethylene-olefin copolymers, and ethylene-alphaolefin copolymers,
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oils and m xtures thereof boiling in the |ubricating
oil boiling range. [016] The base oils of the present

WO pwenes3eon typically include those oils havi ngPEr/US2009/001284
ki nematic viscosity at 1000C in the range of 2 to 100
cSt, preferably 4 to 50 cSt,.sore preferably about 8
to 25 ¢cSt. [017] Natural oils include animal oils,
vegetable oils (castor oil and lard oil, for exanple),
faqgan1n ral oils. O the natural oils, m neral oils
(Hrg‘HF%?erred M neral oils vary mndely as to their
crude source, for exanple, as to whether they are
paraffinic, naphthenic, or m xed

[013] aPblyalphaodstiish €PAOs) Bdse decks etk conmonlgl used abadyathetic
are also useful in the present invention. [018

hﬂ«m:h@pmcom | Byi W@yu@f‘eehmptecd?fb@ﬁ dgrivedafrone|Gs, a@,mn&z, Cis
drocar bon oils. nt hetic, .Qil n erlve fro
f? 95 08 OO O e_@aﬁ'&ls- natf Jﬁg Bhenis digsy 80956,122;
[ | O, i .

BRI P80 T RS R Gt BPRRRRADY flference
conS|st|ng of smaller, sinpler nolecular species are

built up (i.e., synthesized) into materials consisting
[020] | Bingenyentimmal dasplstocksvinebudeaons pecnese oSymnmnhiature of base

oi | s_include hydrocarbon oils such _as pol ynerized and
stogk(s) ,gl@nyﬁér TOIB PN @F mpge @Qﬂ-%t%l@?{] TL) materials. GTL base

o vREASY s ?%Oﬁaﬁgy%h?&% 4 GRS & Fie g8 ﬂ?{%ﬁsaﬂe or more
%ﬁﬂé’élé’ My glﬂétl@ﬁ(amﬂ%F i'ozx] ?@Jr)’afi‘ﬂ frat, efd &%Adatlon
a y use roca

se Stocks are common as syn etl C
d&idnstrBytivepradesefeom| gasediiCartien Ic‘vbﬁthnfnhgmdﬁpo@d% Preferably,

th%I 2GTLCll:rase stocks are derived from the Fischer-Trospch (FT) synthesis
process wherein a synthesis gas comprising a mixture of H, and CO is
catalytically converted to lower boiling materials by hydroisomerisation and/or
dewaxing. The process is described, for example, in U.S. Pat. Nos. 5,348,982
and 5,545,674, and suitable catalysts in U.S. Pat. No. 4,568,663, each of which

is incorporated herein by reference.

[021] GTL base stock(s) are characterized typically as having kinematic
viscosities at 100°C of from about 2 ¢St to about 50 cSt. The GTL base stock(s)
and/or other hydrodewaxed, or hydroisomerized/cat (or solvent) dewaxed wax
derived base stock(s) used typically in the present invention have kinematic
viscosities in the range of about 3.5 ¢St to 7 cSt, preferably about 4 ¢St to about
7 cSt, more preferably about 4.5 ¢St to 6.5 ¢St at 100°C. The GTL base stock(s)
are also characterized typically as having viscosity indices of 80 or greater,

preferably 100 or greater, and more preferably 120 or greater.
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olefins or mxtures thereof may be utilized. See U. S

Patents Nos. 4,956, 122; 4, 827,064; and 4,827,073,
wakioehossse herein incorporated by reference. [PRD{S2009/001284

Unconventi onal base stocks include one or nore of a

m xture of base stock(s) deriged fromone or nore

Gas-to-Liquids (GIL) materials. GIL base oil conprise

base stock(s) obtained froma GIL process via one or

(RS RS ACR: PouPR! BBloanib bR ShEEHRGl Hapypgrurers and o
f&mﬂsﬁ%fdyﬁmd%é TOMAISRIDOIS 608 iREREsIAERPRANESd sulfated ash,

Prefera , the GIL base stocks are derivéd fromthe
phosphoeus Tand padul fuf T) cayerithes smmeoceser wivesreasingly — restrictive
synthesis gas conprising a mxture of H2 and COis
epwirenmentehregulationser Bueh dls) knewnisi lomh §AKS: eils.aveukl rely on

R e o vl sfrescives. ohisreptl, srRag o8 Sgrodoitial sulfur
aﬁ@%gw@@ﬂ@g&“ﬁﬁ‘@d suitable catalysts in U S. Pat. No.

each of which is incorporated herein by
reference. [021] GIL base stock(s) are characterized
typically as having kinematic viscosities at 1000C of
[02nLaboSAPS demulateaboils fo0 velicle Theine¥I(bbthsepark ignited and

stock(s) and/ or ot her hydrodewaxed, . oOr

Cﬁwrwwn}tﬁ&wéggar%a Syl EPRIF TG U YK lessy PUREFably 0.6
t ock ' by A h ' L. ON

o5 BARCHER) cHORALRL £ Bk BROPEL YA Do s
aft Ash (c@nter® I 1. P0G RDkYs, 3hefdratty TUB W9 @R qeds, méret preferably

nore preferably about 4.5°cSt to 6.5 ¢St at 1000C. I%’he
0@MvtYacreless, amkl( s phosphorus content of 0.18% or less, preferably 0.1 wt%
or less, more preferably 0.09 wt% or less, most preferably 0.08 wt% or less, and

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

Antiwear Agent

[024] Metal dithiophosphates represent a class of additives which are known to
exhibit antioxidant and antiwear properties. The most commonly used additives
in this class are the zinc dialkyldithiophosphates (ZDDP) which provide
excellent oxidation resistance and exhibit superior antiwear properties. ZDDPs
are the preferred phosphorus compounds in the present invention. Treat levels
for ZDDP in engine oils are generally expressed as the amount of phosphorus
delivered to the oil, wt. % P. Preferably, ZDDP is present as phosphorus in the
range from about 100 to 10,000 ppm by weight, more preferably from about 200
to 5,000 ppm by weight, most preferably from about 400 to 1,000 ppm by
weight. The ZDDP may be primary or secondary or mixed primary/secondary
compounds. ZDDP may also be a neutral ZDDP or an overbased ZDDP.
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are al so characterized typically as having viscosity

i ndi ces of 80 or greater, preferably 100 or greater,
w@eaores3e7 preferably 120 or greater.[022] TherBCT/ESH09/001284

novenment anong ori gi nal equi pnent manufacturers and

oil formulators to produce formul ated oils of ever

i ncreasingly reduced sul fated ash, phosphorus and

sul fur content to neet ever increasingly restrictive

Dggvgggnnental regul ations. Such oils, known as | ow
s, would rely on the use of base o0ils which

[GZ’SF"D%{E:\‘ énts IWIBRAIIERL the pAfsenOinveANoR indRIE ﬂh@'ﬁérﬂ{al basic or
sul fur ahd phosphorus cont ent [023] Low SAPS
oxffetbmddatrmdalp ithat fsocalvring,cinagregumesnd kihe Hikepaaks of petroleum
ni t ed and conpression ignited) will have a sulf
&He asidsy petrplenmn sultonic apidss akkybibgnezerg suldonie aCIds alkyl

oS TR PIEL N Do s T L Weons
ar'@re@fseeﬁgﬁlgéﬂa phgﬁfqé’s@(ﬁ dafdim BP'HR é?g:@ﬁgxﬁk or%yl@ﬁe“s haB Ny lates,

phorus content o

sifdfabssabind @r Lphénates, nesss, prafeedr édtergdpty iAcR¥eWnYrmal or
or less, nost preferably O. 08 wt% or less, and in

ovarbagadncal pisia 0c e8agReserm mahf:ﬂamsl yDetemgewos o ruseé generally in

SN E@fé“"-iq?a 0373 alidis Sis. isepieceragm oM about 0.01 to
o AP o5 0P RV BEBBEY i85 10 Zﬁsumtwfap TBRon the

ass are

to@élavb hﬂbfﬂie%ﬁﬂé&haécﬁﬁpém) V\hl Ch IOrOVI de excel | ent

oxi dati on resistance and exhi bit superior antiwear
propertl es. ZDDPs

Friction Modifiers

[026] Friction modifiers and fuel economy agents may also be used. Exémples
include esters formed by reacting carboxylic acids and anhydrides with alkanols
such as glyceryl monoesters of higher fatty acids, for example, glyceryl mono-
oleate; esters of long chain polycarboxylic acids with diols, for example, the
butane diol ester of a dimerized unsaturated fatty acid; oxazoline compounds;
and alkoxylated alkyl-substituted mono-amines, diamines and alkyl ether
amines, for example, ethoxylated tallow amine and ethoxylated tallow ether
amine. The amines may be used as such or in the form of an adduct or reaction
product with a boron compound such as a boric oxide, boron halide, metaborate,
boric acid or a mono-, di- or trialkyl borate. Preferably the friction modifier used
is a borated amine. Friction modifiers may be present in an amount ranging from
about 1 to 5 wt %, more preferably from about 2 to 4 wt %, based on the total

weight of the lubricant composition.

Esters

[027] Useful esters of the present invention include the esters of dibasic acids
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are the preferred phosphorus conpounds in the present

invention. Treat levels for ZDDP in engine oils are
w@emenedsby expressed as the amount of phosphorRGI/US2009/001284

delivered to the oil, wt. % P. Preferably, ZDDP is

present as phosphorus in the.gange from about 100 to

10, 000 ppm by wei ght, nore preferably from about 200

to 5,000 ppm by meight nDst preferably from about 400

wlith. B Ru AR R e Tl el ARy bl RGNS Ofgjers of the

a ent.r v
f(%&%%eFr). @?eﬂfcl@d@ fﬂgzgﬂ(a rel Bt &dteRVEf Qﬁé@rﬁox%llc acids such as

rgents rgents useful in the present

phthadiotdcdd, surcinideacidiealkgt satcinkaacid, atkenyershesiait acid, maleic
metal, that is cal cium magnesi um and the [i ke, sal ts

a@tld peelpisl @Q;da m&mmwdcsmcm acide fumpric acis adapiccacid, linoleic

R sl AT AR afre Tk L% BhenolSyic. with o
vgﬁg@esf SbABICLINGE BS1 LAEHRR! HBLIOGBNSY RRHREY alcohol, 2-

magnesi um sat'i c yl'ates,

eﬂiylﬁ@ag/@taﬁéolﬂnd €. sbe&aﬁce%xaﬂpﬁés @f&ﬁ@s{d eybesieber@mtslnclude
i ncl ude normal or overbased cal ci um or magnesi um

dgaitycadipatesdi(Detleylhexyls sabzecamfseﬁ -mgberyldumarite, dinstyltssbacate,

fromabout 0.01 to_ about nore preferably fro

damatylo agtlate dijsedecy] m@%lawos%ws%f eﬁ% iafe;f rddé? E}ﬂhalate
t.3.0 W% based on the total weight of

d{eﬁ(éoﬁy B%ac?g%u%%npom tion. Friction Modifiers [026]

Friction nodifiers and fuel econony agents may al so be
used. Exanpl es
[028] Particularly useful synthetic esters are those which are obtained by

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

unsaturated fatty acids such as oleic acid.

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

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

[030] In general, the ester used will have a viscosity at 100°C in the range of

about 2 to about 4 ¢St and preferably about 2.5 to about 3.5 ¢St. Preferably, the
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i nclude esters forned by reacting carboxylic acids and

anhydri des with al kanols such as gl yceryl nonoesters
w@boobilgdser fatty acids, for exanple, glyceryl PCT/US2009/001284

nonool eate; esters of |ong chain pol ycarboxylic acids

with diols, for exanple, the.putane diol ester of a

di nmeri zed unsaturated fatty acid; oxazoline conpounds;

and al koxyl ated al kyl -substituted nono-ani nes,

iLann an | kyl . et her I nes [ . .
HeP B et rbRiciat ol eS8 o 5 £SLR B hecpyessdpvention
nﬁffy lBkepreEEﬁ‘t ﬁﬂbxﬂ%ﬁnﬁ%ngﬁlguﬁﬁgl FBoUC it toadue 950k ™%, more

of an  adduct or reaction product with a boron conmpound
pBaferabds ia droumts opangdihg Fanorabivalk i devt Hettababoat €75 lvar 6 most
acid or a nmono-, di- or trialkyl borate. Preferabl)/
praferably in pmountsiraniging frost abeulal G avtatoele ahauied0 wt %, based on
Friction difiers.my be present in an anount ranging
the: ol g t‘ihhﬁelgg%a (CORYISIMEf er abl y from about 2
to 4 Wt % based on the total weight of the |ubricant
conposition. Esters [027] Useful esters of the present
TyRUQNAdARIVO Bl he esters of dibasic acidswth
nonoal kanol's and the pol yol esters of nobnocarboxylic
[@&¥]dTheBebacantafompesifion wfthe ppesennoivedtonfmoay ekangimprise at
the esters of djcar b0ﬁ| i ¢ acids such as phth

| i L
legst eme additippalcadditive. Ahgypddiivees)mre biendgd law@ﬁ;ﬂ%mposmon in

A e L
sg(%}ﬂgc#]cgtiﬁ?ﬁﬁié&umn%k a)r@@nﬁ’ m%nﬁ?ﬁ’ar@ kKAvn TRITABIEC] BEIy.

onic acid, etc., w a variety of alcohols

such as butyl al cohol, hexyl al cohol, dodecyl al cohol,

[03-2] Note that many of the additives are shipped from the manufacturer and
used with a certain amount of base oil solvent in the formulation. Accordingly,
the weight amounts in Table 1 below, as well as other amounts mentioned in this
patent, are directed to the amount of active ingredient (that is the non-solvent
portion of the ingredient). The wt% indicated below are based on the total

weight of the lubricant composition.
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et hyl hexyl al cohol, etc. Specific exanples of these

types of esters include dibutyl adipate,
walqo2aes3by| hexyl ) sebacate, di-n-hexyl fumaratBCT/US2009/001284

di octyl sebacate, diisooctyl azelate, diisodecyl

azel ate, dioctyl phthal ate, .dipdecyl phthal ate,

di ei cosyl sebacate, etc. [028] Particularly useful

synthetic esters are those which are obtained by

reacting one or nore polyhydric al cohols, preferably

t he hi ndered pol yols such as the neopentyl polyols

e.g. neopentyl glycol, triﬁﬂwﬁﬁlol et hane, 2-nethyl - 2-

P oyl -1 385 apa0EH AL o VAIEK el BAPCEmpopens,

adds containing at |east 4 gaqgﬂ}@ﬁinth@rrs such Appiokemate
normal ly the C5 to C30 acids such as saturated

strai gh€ompaindf atty aci ds Wish (dsefgl)capryl iWt'adPdeferred)
dostergest earic acid, ar Iagiﬁi ¢ a®@-6and behed-8l4kcid, or
ISRE a fatty acids such 46 3Pei c aci d.0FT0e] The
{Ef?étrrieoilhqﬁ%we? synt hetic esterlog('?ll_guare the ggigrs of

propane, trimethy tane, trinethyl ol
et hane, pentaerythritol and/or dipentaeryt.0130, wbie
dviscawitynimdex dowpocegrboxyl i ¢ aci0d&46ont ai ni ng from about
5 to about 10 carbon atoms are widely avai |pefasably 0.01-15

ially, f.or. le, th bi | - -
ST MBI S JELL P 8T g pst
gf&r?ésib'ﬁf&i%b} have a viscosify gt 1000C ig,fhesrange

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

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

80°C.

[034] The following non-limiting examples are provided to illustrate the

invention.

EXAMPLES 1-8
[035] Examples 1 through 8 are set forth in Table 1 where the amount of

phosphorus loss is measured using inductively coupled plasma emission

spectrometry. The error of reproducibility is £0.0001. A ZDDP and an ester
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about 2 to about 4 cSt and preferably about 2.5 to

about 3.5 cSt. Preferably, theester is a tetranethyl
w@em@pilassat e pol yol ester. The esters of the prESENS2009/001284

i nvention may be present in anmounts ranging from about

1w %to about 95 wt % norqpreferably in anmounts

ranging fromabout 5 wt %to about 75 w 9% nost

preferably in anmobunts ranging fromabout 10 wt %to

bout 50 wt % the Lot 3l owei ght of {he oo
WRE Pt HRE AL rater 9 it AGGEL | CBF RIRORNED qdgifjyes were
th:aEF{eaddéBrﬂocf@rogg? . dde! 98:10th !Tleadpc;e%ﬁ ! ddeap! @zﬁ@Xtirred.

SO conpri se ast one additiona ditive. Th

Fafldohipeedtive plioses Nidideicht GoinPesitiony asdrei preparedagccording to
amount sufficient for it to performits intended
whah st kreown iy thiecat, thatoisna Grofip dUdrasedtiickiwassheated ta about 40°C

R0 chebSgoep sBla EBRESHS ahehtpelosh e
th t i . i .\
WSSROB SR oA ottt i B MU RARREY pRbe.  The
miRhBE! o RPPINE Sste? ahdGRoub BEbAYS stdsk Weké tidh adéd to 170°C for
anounts nentioned in this patent, are directed to the
trpuninueds ach irvend hottedi Eatk (ittedt with 4 beldmaterscindenser. Two

portion of the ingredient). The w % i ndicated bel ow
forms ph<BDBvengaused: ap seevrgary ADDPRe(isemspprlifimethyl-2-pentyl),

B PR TR S—
s&mRaHNFriar (Zedp! ke W0 Sddonbigly’ €45% Primary), commercially
available from Infineum. All samples contained ZDDP in the amount of about
.1 wt. % P. The concentration of ZDDP is expressed as the amount of
phosphorus, P, delivered to the oil, wt. % P. The ester used was a tetramethyl

propionate polyolester.
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Detergent 0.01-6 0.01-4 Dispersant 0.1-20 0.1-8

Friction Reducer 0.01-5 0.01-1 .5 0.01-30, nore
wO/e@e6836y | ndex | nprover 0.0-40 preferably O0.BAF/1S2009/001284

Suppl ement ary Antioxidant 0.0-5 0.0-1.5 Corrosion

Inhibitor 0.01-5 0.01-1.5 Antip--wear Additive 0.01-6

0.01-4 Pour Point Depressant 0.0-5 0.01-1.5 Anti-foam

Agent 0.001-3 0.001-0.15 Base G| Bal ance Bal ance

[033] The present inventi 3@%@%@5 des for heating a

m xture of at Ieast tvvoa s before addingthe

a—aof addi + s ac

premjxed additiives are heg} to te/ ea?t rémr)&ﬁgl na,o
from|about 300C to about 34 ‘Pol | ol | WP
non-1li m ting exanpl es are Fﬂoo@l ded G ust|ratldOt he Loss
i nvemtion. EXAVPLESDP- 8| (after 30 (after 30 Pre- (Pre-
Sample Mixture Type minutes) minutes) mixing) | mixing)
ZDDP Secondary
1 Ester ZDDP 0.1080 0.0898 16.8
ZDDP
Group III Secondary
2 basestock ZDDP 0.1094 0.0701 35.9
ZDDP
Group III
basestock 5 | Secondary
3 wt % ester ZDDP 0.1100 0.0750 32.2
ZDDP
Group III
basestock 5 | Secondary
4 wt % ester ZDDP 0.1100 0.0866 -- 21.3
Mixed
ZDDP Secondary/
5 Ester Primary 0.0981 0.0807 17.7
ZDDP Mixed
Group III Secondary/
6 basestock Primary 0.0973 0.0690 29.1
ZDDP
Group III Mixed
basestock 5 | Secondary/
7 wt % ester Primary 0.0978 0.0706 27.8
ZDDP
Group II1 Mixed
basestock 5 | Secondary/
8 wt % ester Primary 0.0978 0.0835 -- 14.6

[036] The unexpected benefit of premixing the ZDDP with the ester is
demonstrated in Table 2. Phosphorus retention increases by more than 30 %
when premixing an ester with a secondary ZDDP and by more than 40 % when
premixing an ester with a mixed ZDDP. By improving the amount of
phosphorus retained in the oil, the antiwear properties of the lubricant
composition are maintained and most importantly, phosphorus emissions into the

environment are reduced.
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[035] Exanples 1 through 8 are set forth in Table 1
where the anount of phosphorus |oss is neasured using
w0 pabaaos39el y coupl ed pl asma em ssi on spect r onePCHUSZ0E001284
error of reproducibility is 0.0001 . A ZDDP and an
esterwere prem xed, stirred-.and heated to about 400C.
The prem xed additives were then added to a Goup |11
base stock that had been heated to 40 C and stirred.
For conparative purposes, |ubricant conpositions were
epar ccording to what is known in the art, that
Eﬁéﬂ&&ﬁéhiiiﬂll base stock was heated to about 400C
and stirred. To the basestock was added a ZDDP and an
e Each additi.ve was bl ended |nt asest oc
(EEH oTbe cakmbsgiienet sodadlsant aduntaby Eolloed eens diatop fully
el O Fa0 it Uk KlrendARTViStgs %ﬁ) EoS 58 B use

The tdfrRgtavbf br@mmhg\mé %gte@ %ﬂ?@l&@ZDﬁ%rf&rt@Bm@iméDWh the oil
were used: "a secondary Z

affd mmthaybdmpnnmtgIar@d&Mtr}atedcmnﬁﬂrle|3al [TheaBDPabsad was a
fromthe Lubrizol Corporation and a

My ¥ech RAANGAPY PHENAY P(@3% §éem/yl S%BAlmarybaﬁysnmerCIally

2GR RPN Hiin 3 V?*'# ¥ %éleafm DTG, ZADDRS G e Fmoun, f 0.08

n t { t
B A A LN e g oo,

PegleRver¢dewd %0’&1 vt 1SNkt ik @3terpusedaivas a tetramethylpropionate
poI ¥ﬁo| ester. Table 2 [036] The unexpected benefit of
pplyehisirngPhospopmP logst Was haeassrest usisgdadoeidvelstennpled plasma

Table 2. Phosphor retention in re than
e@gss.g/gn spectrorr? try. Jllﬁe error o'flreprolciu& 1at§’/elsS iByO '6‘1

Table 3
Wt% P after
Wt% P at | heating to Wit% P Wt% P
40°C 170°C Loss Loss
Ester (after 30 (after 30 (No Pre- (Pre-
Sample | Concentration Type minutes) minutes) mixing) | mixing)
Mixed
Secondary/
9 0.0 wt% Ester | Primary 0.0790 0.0650 17.7 ---
Mixed
Secondary/
10 0.0 wt% Ester | Primary 0.0790 0.0650 - 17.7
Mixed ™
Secondary/
11 5.0 wt% Ester | Primary 0.0790 0.0684 13.4 ---
Mixed
Secondary/
12 5.0 wt% Ester | Primary 0.0790 0.0669 - 15.3
Mixed
10.0 wt% Secondary/
13 Ester Primary 0.0790 0.0710 10.1 ---
_ Mixed
10.0 wt% Secondary/
14 Ester Primary 0.0790 0.0688 == 12.9
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when prem xi ng an ester with a secondary ZDDP and by

nore than 40 % when prem xing an ester with a m xed
wQ@DDP108y7 | nprovi ng t he anount of phosphorus reECHUS®A9/001284

in the oil, the antiwear properties of the |ubricant

conposition are maintai ned and .nost inportantly,

phosphorus enmi ssions into the environnent are

reduced. EXAMPLES 9- 14 [037] The procedure of exanples

1 - 8 was followed except that a fully fornul ated 0WBO0

oi | having a kinematic viscosity at 1000C of 11 cSt

e 1 ;0 | X{ tihe,es; | ; ;

(BB AST s o RIRE S0 TRl 2 ol 3o eSB! Teiltion in
phosphoredicss avtendbe D DiPediitherestertdre pdemibed. ZADK coaeghtration

was a m xed secondary/primary ZDDP (85% Secondary/ 15%
0P witr 99 estenntierplicsphgrusviass abiredioedrby aAbouteldn% ARt 10 wt. %

sanp] es, cont ai ned ZDDP i n the anp of 0.08 wt. % P.

S LY th%ﬁb@?ﬂ v$ Sé?rreﬂﬁﬁﬂdﬁ’é‘ a@?ﬂ?é@?&d as the amount

of phosphorus, P, delivered to the oil, w. %P. The

ester used was a tetranethyl propi onate pol yol ester.

EBOOSMIIE ys | oss was neasured using inductively coupled
plasima em ssion spectronetry. The error of

[03%]r Adueiids bf OW-39 fulB06drmulateleoiB{ B88hg Askinematic viscosity at
enponstrated in Table there is. a significant

d 3
108uefildreStrver fepnulaged WithisZ RN the ampymt H{@.Q§ % P. The

ester are 1xed. At a concgntration of, 5 e .
ofoiraion S AT cebre Sl Tt ATOuY afPhdhlibrus, Byydelivered
t@'ihélgilm%\'t ¥ ¢5t §he JiEWRROBPARGHD IOk S&qUeREd IAGE Rifgine test

about 20 %
conducted pursuant to ASTM D7320, which is incorporated herein by reference.

Phosphorus retention was measured. Phosphorus retention is defined as
100*AP/ACa (%) where AP = [Plend of test/ [P Jinitial @nd ACa = [Ca]end of test/ [ CaJinitial-
Phosphorus and Calcium were measured according to ASTM D5185, which is
herein incorporated by reference. A high phosphorus retention value indicates
that phosphorus remains in the crankcase and therefore can not degrade the 3-
way emission catalysts. The impact of the tetramethyl propionate polyolester at
varying concentrations is shown in Table 4. Phosphorus retention significantly

improves with the increase of the ester concentration.

Table 4
Ester
Level,
wt % 0 0 0 0 10 24.1 30
P
Retention,
% 85.0 842 86.9 84.8 87.2 90.0 92.3
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EXAVMPLE 15 [039] A series of OWN30 fully fornul ated
oils having a kinematic viscosity at 1000C of 11 cSt
woweee/1683sTul ated with ZDDP in the anount of O.PSI/us2N$001284
The concentration of ZDDP is expressed as the anmount
of phosphorus, P, delivered_.tig.the oil, wt. %P. The
oils were evaluated in the Sequence I11G engine test
conduct ed pursuant to ASTM D7320, which is
‘mq ed herein by reference. Phosphorus retention

ed. Phosphorus retention is defined as
0%3 nk Mils Wekd #rmulated
[an %Ea g’%r%%%ggn@@ F %as]%ﬂg%ftg?gaﬁé.l Phc;ssp gr us rmufate
wathd ZOI R mmh\eeamouﬁta@@r(ﬁdwwmdv ngrhe® oéﬁat\ﬂta&ﬂcﬁb of ZDDP is
which is herein incorporated by reference. A hig

exprosysidoasuther amenni ofi phasphoriisidP cdeléecredaeo tbhdsbh’btr 96 P. The
p{a |ns in the crgnkcase and t her fore an not

PRPNOIUS EEeUIATSRETENNTRANCS A3dneas &lgnos pTGRRe test,

AT L ORERRES, Aok UeER, %&reaa%?; 8 gormutation. The
dét%?g&rhfté Q8e P watté fcafcdil ¥alic t@Vﬁl%EXAshﬁmt §eidyldte emRlem@gnesium
the ester concentration. Tab MPLE 16°[ 040] A

sWéonats infthtudmypuhbofdbaued. Qpastengas rsaderangstm‘:tednhsTable 5,
were formulated with ZDDP in the anmpunt of 0.045 w
cciuppesalydaat dgtergentsf provide | & %gmfwgédb%@ﬁth@l phOSphorus

AR of o BpRBEIL SlifRon S rorpisaeBr bR i T delbasth, Ao

wthlaﬁ CARAHAN S dyThee R0 BB &RE combined with a borated amine friction

modifier, a further improvement in phosphorus retention is obtained.

Table 5
Borated Amine Friction
Modifier, wt % 0 0 0 2.20
1.55 1.87 3.0 3.0
Mg Mg Ca Ca
Detergent, wt % Sulfonate | Salicylate | Salicylate | Salicylate
Phosphorus Retention, % 71.9 81.2 87.1 93.0

EXAMPLE 17

[041] An additional experiment compared the impact of detergent type on
phosphorus emission index. In this experiment, volatilities from a Noack
apparatus run at 165°C for 16 hours were collected and the milligrams (mgs) of
phosphorus captured was determined. This quantity is multiplied by a scaling
factor (13.08) to yield a phosphorus emission index. The scaling factor converts
the mgs of phosphorus captured to mg of phosphorus volatilized per quart of
sample, assuming a density of 0.85 g/mL. Using this methodology, a low result

is desired. Two SAE 0W-30 fully formulated oils having a kinematic viscosity
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ASTM D7320, was determ ned. Detergents were added to
the formul ation. The detergents used were cal ci um

W@ 20009436t €, nagnesi um sal i cyl at e and nagnesi uP€T/US2009/001284
sul fonate in the anount of about 2.0 wt% As is
denonstrated in Table 5, calqigum salicyl ate detergents
provide a significant benefit in phosphorus retention
over nmagnesi um sul fonate or magnesi um salicyl ate

e R R L
o419 TR, PICRER BRI i o o o v

sigx vantieowae ptspHotuReernisgunls thhn dbé @ilgforinulyted with calcium
phosphorus em ssion index. In this experinent,
suifdrate | detérgent.r ohhe phwsphomapspemissien indices wWes049 dopand 61.2,

16 hours re cqllected and,the. m|ligranms (ngs) of
roSRESBSY ud T AR AT VRSB 1R Lo & cuants 1y 1 s

multiplied by a scaling factor (13.08) to yield a
phosphorus em ssion i ndex. The scaling factor converts

[6479 TOilPthiRMRsRRartat fh};%l%bjééi@' stOfdFth owe) aaiuher these alfaparent

vol'atilized per quart of sanple, assunming a density o
i tlSprpcetlingUdésegiptikns are tffodentbyy pitaimet camd; esgndet cértain changes
desired. Two SAE OW30 fully faornmul ated .Qils having fl
maynkeraade i earsxingyeut thoauesert myertmn wathoug égﬁéfﬁ’é’@ rom the

t .det.er em.used., The

sFY 3P roPEdan ke lih  if SUEREG Inal L FREE Pntald in the
RS B AR R A

illustrative and not in a limiting sense.

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

said to fall therebetween.

SUBSTITUTE SHEET (RULE 26)



sul fonate detergent. The phosphorus em ssion indices

were 49.4 and 61.2, respectively. The results are
w@e@saosed in Figure 1. [042] It will thus be BEENS100#001284

the objects set forth above, anong those apparent in

t he preceding description, arg-efficiently attained

and, since certain changes may be nade in carrying out

the present invention wi thout departing fromthe
Cgp*ﬁ%%_and scope of the invention, it is intended that

tter contained in the above description and
shown in the acconpanying drawing be interpreted as

i1 lugtrati | L, A ; |

al so o SsaPt PR ablFAls AanBrfn eV ibbrayRg wear
piQleGtEandl ded@éed PROGSIITS EniRsiofp oM prisihe Prewn@angf additives

the invention herein described and all statements of _
comerisingpeffedtivehamonnts ifi SBDRvand lonaoramoet additives; and, adding

|.anguage, ht be said to fall therebetween. CLAI V5:
seyapAemﬁqﬁiof@ HVeRaler hEaen ABPYRLRHibase 9Hlosi ti on havi ng
i nproved wear protection and reduced phosphorus

em ssions conprising prem xing additives conpri sing

ef f egt i'mg ARBHAE Sf Ahird IDRRAENQAR] Gfe HPFRréddditivesss an ester.
and, adding said prem xed additives to a major anount

of base oil. 2. The nethod of claim1l, wherein said
one or nore additives is an ester. 3. The method of
cl ai & ZTheymsthsidolselpim gs wdhereia saidyentsiols agpalpel ester. The
met hod of claim 3, wherein said polyol ester is a

t et ranet hyl

4. The method of claim 3, wherein said polyol ester is a tetramethyl

propionate polyolester.

5. The method of claim 1, wherein said one or more additives is a
detergent selected from a calcium salicylate, magnesium salicylate or

magnesium sulfonate.
6. The method of claim 5, wherein said detergent is a calcium salicylate.

7. The method of claim 5, wherein said one or more additives is a

borated amine friction modifier.

8. A method of making a lubricant composition having improved wear
protection and reduced phosphorus emissions in motor vehicle engines
comprising premixing additives comprising effective amounts of ZDDP, an ester
and one or more additives; and, adding said premixed additives to a major

amount of base oil.
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propi onate pol yolester. 5. The nethod of claim1,

wherein said one or nore additives is a detergent
wa@edoeaos3e7 f rom a cal ci um sal i cyl ate, nmagnesi unPCT/US2009/001284

salicylate or magnesi um sul fonate. 6. The nethod of

claim5, wherein said detergdagt- is a cal cium

salicylate. 7. The nmethod of claimb5, wherein said one

or nore additives is a borated amine friction

8l PR AR S o s

emBEHERANPY mmhyéoﬁgbﬁ%ﬁ%rmimn%gpgy%ﬂo% RIBRALAE Dase oil

conprising prem xing additives co effective
premintdd sadafitivédDPompriseny effeetive ansoumts wirZDBPdahd ve®; or more

and, adding said prem xed additives to a major anount
additivsese oil.9. A method for inproving wear protection

and reduci ng phosphorus em ssions in a |ubricant

conposition conprising adding to a |ubricating base

oil prem xed additives conprising effective anounts of

ZDDP and one or nore additive.

SUBSTITUTE SHEET (RULE 26)



