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2005/ 045205 PCII LTS2004/ 035809 COVBI NATOR| AL
UBRI CATI NG O L CSI TI ON LI BRARI ES BACKGR_,&]JND OF

Wd’ﬂﬁshi\gg@\lﬂ ON 1. Technical Field 5 The presenpcrms2004/035809

I nvention relates generally to conmbinatoria

| ubricating oil conposition |ibraries. 2.
Description of the Related Art The use of a

combi natorial approach for naterials synthesis is a
relatively new area of research ained at using rapid
synthesi s and screening nethods to build |ibraries of
10 pebMINKTORIAY/ IR OISO ITICOVBICR MO LIIRA RIES!
exanpl e, advances in reactor technol ogy have
enpowered chem sts and engineers to rapidly produce

Bhﬁkgﬁ{IhQ ot t1g6fet e organic nolecules in the
, - rscovery, which have led to the
vel .o of a growi ng branch of research call ed
12§%§@ﬁ§3§$éa| chenistry. Conbinatorial chemistry
gene aI refers to. nethod and teri for
21 e e R AR EoRE biplorial Fupr S ol
conpounds- commonly known as I|brar|es--and to
comgnoRiipy liestietnd i nstruments for eval uating or
screenlng libraries for desirable properties.
.Poes f theeRelafe@¢Ati n t he | ubricant industry -
i nvol ves |nd|V|duaIIy form ng candi date |ubricating
oi | Temodid domtsnoert] tpyecach drrfoatanadgsyatinasrioa sdaively new
anal ysis of the candidate conpositions by enpl oying
arga bBEQ@ErchabAbAtat 0ding REidosniliedais] screhie hesh®ld .to BRild libraries of
Addi tionally, the-methods enployed for testing each

p%ﬂ&ﬁ&%&a&@@&ﬁid StAOMERANK I BorBAkdle, alRBE&!Hh 0fctor
inturn, significantly reduces the nunber of

eﬁ%gg,‘l 03 bl o%?etd hRisRend beshed 8L ﬂlg enbilok 8o 8Bbraries of

ng | ubricating oil conp05|t|on

diefd8! %ﬁg QR1aLE R0 8@3\9@?&%& drug discovery, which have led to the

development'of a growing branch of research called combinatorial chemistry.

Combinatorial chemistry generally refers to methods and materials for creating

collections of diverse materials or compounds--commonly known as libraries—and to

techniques and mstruments for evaluating or screening libraries for desirable properties.

Presently, research in the lubricant industr.y mvolves individually forming
candidate Jubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testmg each candidate composition require manual
operation. This, in turn, significantly reduces the number of cornpositions that can be

tested and identified as leading hubricating oil compositions.



10

15

20

Dr awbacks associ ated with conventional screening .
procedures can be seen as follows. For exanple, )

wOoNRigRet al and autonotive industry pressurelkgwﬁh@§m3§mg

reduci ng the phosphorous and sul fur content of

| ubricating oil conpositions used as, for exanple,
passenger car and heavy duty diesel engine oils, is

| eading to new research to identify oil 5
conmpositions which can satisfy certain tests such as,

for exawbleRs aRyditRl kW colRatiomNstre delirtek b be seen as
tests, while containing |ow | evels of phosphorous and

gl B Y At i

| | - LA t i
e A Bt bl St ARSAENr Aol Lo Bl B A TR Sarmpre,
hasphar ous,cont ent .of ,engine, oilLs.to be at or belqw. .. .
SSERERLC 0 FETHY Y ifes! St s pRATANRG 1R BAY BB fogenity of
ropqosed tqQ _even | ower levels, e.g., 0.08 w. % by
d@aﬂaﬁéﬂleﬂs whigiteen 3RS 6FR sto SIS 97 BYPplen 0Bidgtiony gy, and
Al so, at present, there is no industry standard
copgaibiydests, Foie senteining doynieapls of phaspliirers asid|sylfunp Ju this
has been proposed that the sulfur content be bel ow
oQnigxintindsdSiaigaNakiayy, StagRals Miuk-46i §2Ewmnd| tie B8 AC Standards
desirable to decrease the anount of phosphorous and
defihéd vy the Jdpaiwse ead Unigeddthiss Atfobdobfleiinetry, Assoeinrdyat Poesent
meeting future industry standard proposed phosphorous
réqitke Sh fHokphoediis @ Bhtent of ebfife GIRGLBE at &ibloW . @ waltdshith future
retaining the oxidation or corrosion inhibiting

b&RSFohk Bt HeiB hiofB#Ri to BFeANSkE 16810 oL BDER
%5ﬁ§?pﬁorous and ggf&ﬁr cont ent engi né §r|§@nfﬁq§§823m““

bt e n ber.af o
ng%nﬁﬁﬁwb.'rﬁ Bt 11 Farflial D66, %E‘E%E fenp er%Q%sfz%) industry

ricating oil ‘cofpositrions nust be teste

A R T S
SR GPRE T GIRED o S A M AN apbrit VoTEHe saplsto

exanple, transm ssion fluids, hydraulic_fluids, gear
dggrpase theearionat ShRDPFRAEFoUS PR SuLids plricstpg eily sfill further, thereby
retrigfration | ubricants and the |ike. 2
meeting future industry standard proposed phosphorous and sulfur contents in the engine

oil while still retaining the oxidation or corrosion inhibiting properties and antiwear
properties of the higher phosphorous and sulfur content engine oils. In order to
accomplisj:l this, a large number of proposed lubricating oil compositions must be tested
to determine which compositions may be useful.

Additionally, similar changes in specifications and changing customer needs also
dﬁve refonnulation efforts in other lubricant applications such as, for example,
t;ansmission fluids, hydraulic finids, gear oils, marine cylinder oils, compressor oils;

reffigeration lubricants and the like.
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WO=R005/ 045205 PCT{U82004/035809 However, aS}stated
above, present research in the l[ubricant industry

WOJ8/HBISal | ow for reformul ati on to occur in SECTAS2004/035809

expedi ti ous manner. As such, there exists a need in

the art for a nore efficient, econom cal and

systemati ¢ approach for the preparation of

| ubricating oil conpositions and screeni'ng of such
conpositions for information 5 correlating to the

act udfowpses ed stped pervei meseat repasechgo isdsbtidaphindustry does not
Accordingly, it would be desirable to fornulate a

Hwwgier refomzelztiof idedeementexpaidims daneerl Warshda thersgexdstd a need
conpositions and then rapidly test a plurality of
mahepdrefor & etk dfitiest, sddnbinfoaNghdsyabinattd @pedash & tiRAGEparation of
sanple. In this manner, a vast nunbéer of diverse

I%Bﬁ&ﬁﬁ% bil 8¥EpdRATdLP End écE&hMF%Y StdhabRilo@Rhs for information
characterized to identify ['eading 10 | ubricating ol

it Lef i BV : desirable to
ERARRSE I tﬂé‘ét:mad\qgéfﬁlﬁg ¥ Qf'tﬁec\éﬂ:gla%ln

provi conbi nat or | ubricatin conposition

l'i bragi.es: |0 pafonmation related to ea
the CESPRIEOaBTCat PHe BHT ConpourE

Rl i HES ahfef 3 et
SR b TEoREE ol Bmspar 0d Yre sy - ohen el weele

15 SUMVARY. OF THE | NVENTJI ON I n accordance with the
‘i?P@géﬂ%% ufilwgﬁfqaﬁ' FOOKTIS SR EACR A1BPIea I 1HHTPRBISE i Yest simber of
conposition library is provided conprising a
Frepegomppsiensdar be Hasty dvalneted aud vigrasidrized origosify leadisg
conprising (a) a major amount of a base oil of
Inbatiogoil eampoisiionsi Agditioakllyb) woald beelasitabbrte provide
lubricating oil additive. 20 In a second enbodi nent
ainbirtorial Bbdeting bil entobesitiordibmmid edntbRinginbausiongslaied to each
conmbi natorial lubricating oil conposition library is
diteMestedivRiang 6il Rempasitidak Whidi A8 ba usddith k&Y 1ficRing oil
plurality of different lubricating oil conposition
CRRPBL8SnsGOFRLS td he brdpefies AB:EA HAMRUAL 1Of, at | east

oné base oil of lubficating viscosity and (ii) a

m nor anount of 3

ol ®)
Otz

SUMMARY OF THE INVENTION

In accordance with the present invention, a combinatorial lubricating oil
composition library is provided comprising a plurality of different fubricating oil
compositions comprising (&) almajor amount of a base oil of lubricating viscosity and (b)
at least one hubricating oil additive;

In a second embodiment of the present invention, 2 method for producing a
combinato.rial lubricating oil cornposition library is provided comprising (a) providing a
fibrary of a phuality of different lubricating oil composition samples comprising (1) a

major amount of at least one base oil of lubricating viscosity and (i) a minor amount of
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WO 2005/ 045295 PCT/ 11 S2004/ 035809 at | e'gst one 9
| ubricating oil additive, each sanple being in a ’

WPLLHAEPI%e one of a plurality of test recept RGEES2004/035809

(b) measuring lubricating oil conposition properties
of each sanple to provide the lubricating oi
conposition property data for each sanple; and, (c)
outputting the results of step (b). 5 BRIEF

SCRI PTI.LON OF T AW Var i.ous. enbodi nents ar )
o P APTBIR L Yoe i SRERIE PEng s BFRRRATGane of 2 plurality of
wher ei n:. Fl | is a schematic diagramof a system
?esrrefﬁptéﬂﬁ%si(ﬁgmaaw ypr¢apng pil gpmpesilegp propagties of each sample to
| ubricating oil conpositions; FIG 2 is a schematic
prraige thaldincating ¢ eympfasiiorpeengrty daf2 Sireaeysrgialbid.i(¢)outputting
of a plurality of sanples of different |ubricating
ik kesaltichftstepebc onposi ti ons and/or lubricating oil
conpositions; FIG 3 illustrates a test receptacle
having a bar code in conjunction with a bar 15 code
reader, and, FIG 4 is a schematic diagram of a

BYHFENESSR PTTON'OROHIRcORARENRy for individually
retrieving test receptacles; G 5 is a schematic

di agr@n.at eﬁ?%ﬁ%eq{es&?}gﬁ b%%%ﬂﬂ@f&enﬁ f?{odtﬂé ih%@vings
screening of a variety o ubricati'ng ol

sitions; 20 FIG 6 is a schematic diagramof a
photocel | system for neasuring deposit formation on

a su %&t}r ﬂsea; scﬁemv\%cz gg?‘éﬂ?%? z% g?ste?n o/r %%%%g/ 39 SIISJIS tgy of different

Iubricating o1l compositions;

FIG. 2 15 a schematic diagram of & system for measuring storage stability of a
plurality of sanples of different lbricating oil additive compositions and/or lubricating
oil compositions; |

FIG. 3 illustrates & test receptacle having a bar code in conjumction with 4 bai
code reader; and,

FIG. 4 15 2 schematic diagram of a system using a robotic assembly for
individually retrieving test receptacles.;.

FIG. 5 is a schematic diagram of a system for high throughput oxidation screening
of a variety of lubricating oil compositions;

FIG. 6 is a schematic diagram of a photocell system for measuring deposit

formation on a substrate;
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Fl- 71is a flomrcgart for determ ning and stQring
ant)-wear propertiges of a plurality of Iubricé}ing

woihoHRERAsi tions provided in accordance wth _tlt@rm§2004,035809

systemof FIG 1; FIG 8 is a diagrammtic view 0

an exanple of the systemof the present 5 invention
capabl e of carrying out the nethod of FIG 7; FIG 9
is an expl oded view of a Test Pin and Vee Bl ock shown
as an exanple of nmachinery capable of carrying out a
pl ur &Gt § iod flovedhart 6 fidentiniag end storgeanti-dur bhwpettiet b4l
and system of the present invention; and, FIG 10 is
AlralisuTRENrcatvd @Vedbpokiabis BavilleBinaekordast wERGhSHRWM of FIG.
as anot her 10 exanpl'e of machi nery capabl e of
garrying out a plurality of wear tests in accordance
with the nmethod and system of the present invention.

CETAED SRR T O, 6 i EFESREEER, BNRPL AR TRl

i natorjal. |ubricatj ' it lib
OSSP Al of B TP L Lom 11 orary
L RN T R AR RO, T

at | east one lubricating oi|l additive. As used

‘eghisieny capable pbrartingquAR PRy B elwes teghs inaprosdaorowith the method

created collection of a plurality of differing
and|speierh of theipreshnidaventien; apd.epar ed by sel ected neans
and. screened for a desired property or characteristic
i n a ’G. Vamsiaetisonetfrichaewraf Bouf-Bat]. Blodki Desagdleshoah as another
| ubricating oil additive formulations, libraries of
dxuRpleE nia0Bin eyl cap Mg TSkt {i08 ofiiQl paBlyl @ Wear lebth iPddc88ance with
of subsets of -lubricating oil additive formulations
188 mlethBA kb At=Reh Of the SrosRPS AR, f or nul ati ons,

|ibraries of storage stability data, etc.). The
libraries are generally prepared such that the.
conmpounds are in varying 5 WO 2005/045205

BETARPAPBASPRPPAPN OF THE PREFERRED EMBODIMENTS

-In accordance with the present invention, a commbinatorial Iubricating oil

composition library is provided comprising a plurality of different lubricating oil
compositions comprising (a) 2 ﬁajor amount of a base oil of lubricating viscosity and (b)
at least one lubricating oil additive. As used herein, a combinatorial library isan
intentionally created collection of a plurality of differing molecules v?hich can be
prepared by selected means and screened for a desired property or characteristic in a
variety of formats (e.g., libraries of lubricating oil additive formulations, libraries of
Iubricating oil composition formulations, h“bfaries of subsets of lubricating oil additive
formulations or Iubricating oil composition formulations, libraries of storage stability

data, etc.). The libraries are generally prepared such that the compounds are m varying
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quantities. Screening nethods for librarjes vary .
greatly and are dependent upon a desired; property or }

W@Igﬁﬁp@g%@gi st ic, the size of library, and the 9&?&52854/035809

nds in the library. The libraries of the
i nstant invention can be of any type. These types
include, but are not limted to, mxtures. Mxture
libraries ordinarily contain a mxture of conpounds
5 that are simultaneously fornul ated and assayed.
heeitibsl iseAlohi gnﬁfhohyﬁjr@&he@%rgﬁeaey EROHD derlenalif? #on 2 desired
performed by screening t he m xtures. The |i'brary of

. \Y} . o

{;ﬁﬁg% SRMackBNE I 8. bELIRESY Ao BitaheBh@Bounds in the Tibrary.

put prepatafion . §creening ne
det eryni ni.ng. | ubri cant . perf.ornance pf lyrality of
Gt £ o eRstics 8Ffu S 3Phny BREARITRAREE o oyt Wik Bicpyte, but
a plurality of different_ Juhricating oil. 10 .
ot St Oty Hbn bt el sAiipra mixtume of compounds

IuraLitY of t.est receptacles tq_neasure, for .
barp pialtagceusyy foramlatnd) and pssaysd. ddentidiqation o6 e regst gefive
antiwear properties. The expression "high
cdmmunh puben resfouswibytrerasning dieamixtiyes. under st ood .t o

mean that a diverse nunber of different lubricating = .
oi | chOrgltbsary oHihs peasent basenidbryis provideddy adigh thrvaklmie @reparation
In a first stepin formng the library of the ’
pidesRebing Metiol fkanleteyainyld1gbiidaanddrion@snce bf @ blur@Rp bf @fferent
base oil of 15 lubricating viscosity and at | east one
TubREAG A b1 BEmPYshtiord 9%: Eﬁlﬂtj&:ﬁﬁg 8 phitdi9 Gﬁ;ﬁﬁ%ehﬂuﬁﬁéﬁﬁg biive

test réservoirs so thaf eacCh reservoir contains a -

P ek p nae o L .

SR 52 M ke SERASH e UM g,

t Yy f .k bl ves conbin wth .
R R L A
ecept acl e.., Dat re j.ng t.he c ositiaon of each
AP ot e S o D Rt s of
advant ageousl y acconpl i shed under program contr Ql .

GHErepS: P eFFRAFItOBH fE SINIEY PEgpared pRd Analvrag) B a Brst step in
m croprocessor or other conputer control device. The
exping dhei lgmary opthe gresent deventien, varying gheefitive pBitdeashend bapeoil of
understood to nean the equi pnent used herein 6 WO
biG1iog $205itPaN 1E2ehe0@5R8Eng oil additive are introduced in respective

o

test reservoirs so that each reservoir contains a different Inbricating oil composition
having a different composition depending upon the percentage amounts and/or types of
the additives combine_d with the base oil of lubricating viscosity in each receptacle. Data
régarding the conposition of each saraple are stored in a data library. The procedure is
advantageously accomplished wnder program control and is automatically controlled by, -
for example, a microprocessor or other computer control device. The expression

“program control” as used herein shall be understood to mean the equipment used herein
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I n~providing the pﬁurality of lubricating oil-.
congositions is aufomated and control | ed by ébnputer
wB9siR5295The | ubricating oil conpositions in tilt@rmszooztmsssm
l'ibrary of this invention include as a first _
conponent a maj or anmount of base oil of |ubricating
viscosity, e.g., an anount of greater 5 than 50 w.
% preferably greater than about 70 wt. % nore
preferably from about 80 to about 99.5 w. % and nost
ip pefvidiadthy pluraihy abblicBmglofl catpoditi @8 ivdutodbted aseshn@blled by
the total weight of the conposition. The expression
coRP&Rr Bddirol.as used herein shall be understood to
mean a base stock or blend of base stocks which is a
| ubri SIRQREN B d : : '
nanug§%?3¥§r to thgq§§%%M%%g%f§?%§??gﬁgﬁ??ﬁggggﬁﬁgﬁ?ajhxt
'S tion); tha
BHoppG6f p SUE S0l FoalL Al PcoBSF g hame B afgrcater

ane nanu er s sp
j i d ifi b ' f A, d
AR S b By oR B SS9
S e 8 B R R e E T e v

formul ating lubricating oil conpositions for any and
veghght efi s compesitiona 1 besapressien “bagendl” e uesidi hereipelallhe understood
cylinder oils, functional fluids such as hydraulic 15
toiiesn a hesastook publend efffwnt siotks whidhiis el fnbriearg component that is

Addi tionally, the base oils for use herein can

poglucahisyd 4 sindlentaanfactvuies cothi bymd spdeificdtivns Guéspendedt of feed source
pol yneric al kyl met hacryl ates; ol efi.nic copol yners,
ofrrgnufadtirees PytnG thitaRyc L s LRNANIRIr&’s sPecification; and that is
styrene-but adi ene copolyner; and the |Iike and

idniitisd Bpa il @hLRfmmASIoMe: flshiifi@tod Mt BbbotVOtHebase oil for
readi |y appreciate, the viscosity of the base oil 1Is

ue AR AUy 1R8I PE ARPL B i AR ver P G %hﬁ%h&m&&%

viscosity of bas use herein

VBRI ST IR AR Crl by B S enen
oy e aaioi S8 onds Sy SO dei B St
o_ﬁl‘g tg&ztg?o,ﬂ%,gt??g}gmlspsoioﬁ Elids,pertg.f ﬁadaigclméﬂ?/,btgeu Itj asg oﬁss%or tuge ]:?a?gigtcan
optionally contain viscosity index improvers, e.g., polymeric alkylmethacrylates; olefinic -
copolymers, e.g., an ethylene-propylene copolymer or a styrene—butgdiene copolymer;
and the like and mixtures thereof.

As one skilled in the art would readily appreciate, the viscosity of the base oil is

dependent upon the application. Accordingly, the viscosity of a base oil for use herein

will ordinarily range from about 2 to about 2000 centistokes (c¢St) at 100° Centigrade (C). -

Generally, individnally the base oils used as engine oils will have a kinematic viscosity

range at 100°C of about 2 ¢St to about 30 cSt, preferably about 3 ¢St to about 16 ¢St, and



WO 2005/ 045205 PCTI US2004/ 035809 nost p&efer ably
about 4 cSt tjo about 12 cSt and will be sel ected or 3

I ependi ng on the desired end use and_the ‘
WQ&W\%@ in the finished oil to give the desifi@dis2004/635809
grade of engine oil, e.g., a lubricating oi
conposi tion having an SAE Viscosity G ade of OW
ow 20, Ow 30, Ow40, OWM50, OWM60, 5W 5W 20, 5W 30,
5W 40, 5W50, 5W60, 5 10N 10WK20, 10WM30, | OW40,
b¥\bRDerallly Wout 205260, bEU13Q3Pind WiAMA Qelelied §¢ M?g%g {ﬁé%ending on

gear oils can have viscosities ranging from

holeshBd BRPME 40RR L Ftivalin ﬂi’e%g?wg?? foeégegﬁ}ésdeg%\é $de of

manuf actured using a variety o processes

T S
R S TS e

thra facturing, nt am nation, or _previo= s

5 100 SO D R 3 20 e Wb Frh 0. JW b ep éeiiedt @i
of this invention nmaybe any natural or synthetic
Yserhas aeat 9ikigan barserisspiitiesganding frem Bheit 88t trorbostA0R efi o
oils include, but are not limted to, oils prepared

- ¥0P¥en t he pol ymeri zation of ethylene or fromthe

pol yrmeri zation of 1l-olefins to provide 15 polyners
such Base padky adapiba edegfifactund nEAD: etdidy oddiffefdibrocesses including,
hydr ocar bon synthesi s procedures using carbon
DDA tinded a6) distiil g Silv A SESIng IS/Arden bibcBssing, oligomerization,
Fi scher-Tropsch process. For exanple, a suitable

10 cB@S8cafibh, 408 r&BEnihE AR erEAHRT R E ShAl Hetsbﬁmadt{auf ke ﬁBﬁ%?ﬁals

fraction; e.g., I|tt?e, i f any, |ube ol ractron o

VA i mGts &&@ P&?&? %;gh,- 00C. ..the hase. oi | _may ..,
u‘gl(Le ge?l%%gé#)r om ﬁ_aitu u H‘"é%’f? ge%!l;]ifstgc‘sg%? E"é‘t"lgg"i te
RS AA Dfof G R F g o i Fveaing
i sonerd zat.i on. of. synt heti ¢, wax d sl ack_ wax, as.

bR LA P p KRR Rets lls ol a5 iBytofh g ods prepared
cracki r.at her than solvent extracting) the

9P P TiFptien oL piksna R st the pplymsezation o &-olugins taprogide

base oils include those in all APl categories |, II,
15 pplymers sychgrpolyaiphaglefin aeBAO oils, or from hydrocarbon synthesis procedures

using carbon monoxide and _hydro gen gases suchasina .Fischer—Tropsch process. For
example, a suitable base oil is one that comprises litile, if any, heavy fraction; e.g., little, .
if any, lube oil fraction of viscosity 20 cSt or higher at 100°C.
The base oil may be derived from natural Ilubricating oils, synthetic lubricating
20 oils or mixtures thereof. Suitable base oil includes base stocks 6btaineel by isomerization
of synthetic wax and slack wax, as well as hydrocracked base rstocks produced by
hydrocracking (rather than solvent extracting) the aromatic and polar corponents of the

crude. Suitable base oils include those in all API categories L, II, III, IV and V as defined
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ase ol ls include all other base oils not |nc
in- Goup I, 11, 111, or IV. Although Goup Il, Il
and |V base oils-are preferred for use in this
i nvention, these preferred base oils nmay be prepared
by conbi ning one or nore of 5 Goup I, IIl, IIl, IV

anAPVPiReidit 1H0B S| 46 EAifsS Avldesduntg et 1908t @f@b TVt oils are
|nclude m ner al Iubrlcat|ng oils such as, for

hsoleﬁdsgp 6. BRMub & BHEL ibﬁud@é&l a«tﬁatbaéa &Pstn%gm%ded in
aC|d treated m neral | ubricating oil th

: a %
par f mﬁf oﬁgghgﬁém ty@es ol gi W(})gsfei?/ﬂesérefgrg%ng%% use in
ni_mal

hal bl

i 8B B Pyl AL e Bl o e mor o
0 nt.h t | | ud
?%ﬁﬂﬁ%ﬂﬂq ROy B8CH hon of 15 and

hal o- substi tuted hydrocarbon oils such as pol yneri zed
and i Weeilpstyralegils instpds papgrpldubricatipg oilssgek,as, foyicasrenie, liqnid
-pol ypropyl enes, propyl ene- |sobutylene copol yners,

pbiraleinm alls dolvensitsehiad Pt asikieatesbininerel Wbseating pils of the paraffinic,
pol y(Il -octenes), poly(i-decenes), and the |i ke and

: ﬁhpﬁhmksortnhixecbpﬂrafﬁﬂﬂc@bﬂib&ﬁ@@p&, silcderiasd from coal or shale, animal

dodecyl benzenes, tetradecyl benzenes, 15

dily) @By RNGRITE D, rapededd oild) vhan@ ol indbRAVENSHA thd ket he
i ke; polyphenyls such as bi phenyls, terphenyls,

al ky| ak&g Sah¢RhRBNEn %@ﬂ@mﬁﬂiﬁe ke nétl itted € hydrocarbon oils
di phenyl ethers and al ylated dlphenyl sulfldes and

. F@Q&Eﬁb\égﬁuk 02 008158th RO 0954 f-p oAHErBE olefing,

O her use uI synthetlc Iubrlcat|ng ol

iy B ki
B R Bl B R By
st Bt thel e&%ﬁ&%ﬁ@%&y@b & ﬁgciéaﬁ heeries o emed |
-:ilrz]lgrll}lrigeenzleéeg u(!h?Z ooy erirc?fr)-sbeg;enéas! and the like; polyphenyls such as biphenyls,
terphenyls, alkylated polyphenyls, and the like; a;kylated diphenyl ethers and alkylated
diphenyl sulfides and the derivative, analogs and homologs thereof and the kike.

Other useful synthetic lubricating oils include, but are not limited to, c;ils made by
polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,
isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are
well known to those skilled in the art.

Additional useful synthetic hydrocarbon oils include liquid polymers of alpha

olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the



ol efi ns havi.ng the proper viscosity. EspeC|aIIy N
useful synthetic hydrocarbon oils are the )

8%&8 24445205 PCT/ US2004/ 035809 hydrogenated
w0|gg)ners of C6 to C12 al pha ol efins such as, P or 2&Mﬂnsmw

exanpl e, 1-decene trinmer. Another class of usef ul
synthetic lubricating oils include, but are not

limted to, alkylene oxide polyners, i.e., -

honopol ynmers, interpolyners, and derivatives thereof
Ioydvdpenated Henid eligamal ohPgio Gydlplyr clefs: shetve, Be ereample, 1-decene
nodi fi ed by, for exanple, esterification or

wideeri fication. These oils are exenplified by the.

oi I's prepared through polynerization of ethylene

oxi d %ﬁ&m@r&@y&ﬁ&eﬁpgvm&eﬁc IdBﬁcéfin@Hﬂs ﬁ{aﬂlde hcﬁfl’)ﬁle n%E ﬁx%][téd to,

of these pol yoxyal kyl’ene pol yners

SE0BH S5 450, 5, Tl g TR
s SRR A pﬁfs%‘i%g%é%%g@g Gocitestions

cul. ar 5 npno- and
%%D?eaﬁ% @%%eco ﬂ%?@mpﬁg?éaf tge eéﬁvrégm# Brovgh &aRfyperization of
the acetic esters mxed C3-Cs fatty acid esters, or

Pxisest aEapylear exidertheniiyl and Al tbore ofibyregiolyoypalicylene

anot her class of useful synthetic lubricating oils
robanae .2 bmethyl o lypropylene gleg! cther, having ae svarss rolecular weight
di carboxylic acids e.g., phthalic acid, succinic
e dj080, dibkeplyl gtheraif [pbkyethg]ienksglycol ﬁaa'hgenyalecﬁlaﬁwbﬂghmf 500-1000,
acids, naleic acid, azelaic acid, suberic acid,

10 dehgetier aﬁpayprbpmara Qy@bhﬁmgﬁhn@le@ulﬁﬁ#éight'o!fmQb@-‘l%OO etc.) or
acid dieter, malonic acids, alkyl malonic acids,

Rdree Riyd pé'[?éa%ﬂx@rhc 8l BrereBt fach a¥Viblex@m¥R! B hYet e

ter xed
al cohol s, butyl al cohol, hexyI al cohol d%ggc

C,gl L& acid gst@rts rﬁf'tﬁ@é%&x@%ﬁﬂﬁ@tﬁ o?'i: @1}5‘3%1%%}?' .

i et'hyl ene glycol nDnoe er, propy ene g

BT R R A o
et of CeEimitic SOAPE, P Siobi i, Bl sucoinio acis,

ht al-at.e, i cQsyl .sebacate, the 2 eth | hexy
15 (Supcigic aplidﬁdpfge%/ acga, a&galicﬁgﬂ, 8 acid, sgbacm acid, fumaric acid,

adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohel,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific exaﬁples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-
20 hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
- complex ester formed by reacting one mole of sebacic acid with two moles of

tetracthylene glycol and two moles of 2-ethylhexanoic acid and the like.

10
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conpl ex ester formed by reacting one nole of sebacic
acid with two noles of tetraethylene glycol and two

W{pi‘ﬁgmg‘zo@ et hyi hexanoic acid and the like. 10pMBus2004/035809

2005/ 045205 PCTI US2004/ 035809 Esters useful as

synthetic oils also include, but are not limted to,

t hose made from - carboxylic acids having from about 5

to about 12 carbon atons with al cohols, e.g.,

nmet hanol, ethanol, etc., polyols and pol yol ethers

such &stersappihiydynthbtcals, alforindetchktare ngliop@d &y, those made from
pentaerythritol, dipentaerythritol,

tcmb@gﬁimtc;sﬂiaﬁng Glom =doat I toabbitke caISoISaﬂoh:@, eAhhasads, e.g.,

- oils such as, for exanple, polyalkyl-, polyaryl-

RRUAbLK e¥inolOétc., Putol@ind bl Stink:@ %@ hehs Yebisenfi) g1ycol tnmethylol
silicat e oils, corrprl se "anot her usef uI Cl ass

?ﬁ%}ag ‘i'ncl uﬂa’m&g’ﬁct%ég%%ﬂfﬁ%g to %(%taﬁiéet slf
f Ielt :r; i]% b%ﬁdhexy ag&?(l} %’% Cﬁglﬁﬂﬂgl Eom Pulyalkoxy- or
Repr ?%%oﬂ%%bct%sw@{ R LRS! LS8t Snnerc

oI y(met hyl ) sil gxanes, paqly(mnmeth henyl ) si |l .oxanes,
opting 9ifsy Speaific pramplas of fheee bt ﬂefi@f Bt t arg heflimeited do, tetracthyl

lubricating oils_include, but are not limted to,

siligate creEasisepopyisilisaiss e beiby heoht slicafen tpadiaeethyd. g |

tricresyl phosphate, trioctyl phosphate, diethyl

' éﬂ}éhﬂmﬁted@t&@tertﬁimﬁtﬁnm)mhcm hdgyl—étt—methyb@rpﬁmexy)dlsﬂoxane

tetrahydrofurans and the like. The lubricating oil
palylecttigsiloathes, poip(matheibhantisiloxefdsad tantke. eIt ebeiler useful
oils, 15 either natural, synthetic or m xtures of two

@fnﬂi@ic&ulﬁ{caﬁﬂgloﬂfmdlﬁkﬁsmﬁie A Enfite @ &, Uiysialed8R &S phosphorous
her ei nabove. Unrefined oils are those obtai ned

%ﬁtﬁsﬁgxécfde QR AriBRby1 bBbspRite, SO Shb&HhSRUAIESy] dsr 8F decane
coal, Shale, or tar Sands blturren Wi t hout ?urt her

gﬁ%ﬁoﬁﬁtab et@rgt a@ﬁ%ﬂ%h dr&&@ﬁg) ﬂ Spfiunr ef i ned

nclu re not I|mte ashale oi |
ot S5 4t e P 8 B8 A o
B P oL P GRS of g"&%&%{ﬁﬁw idhesr of o &g disclosed
mr%lggggve Unrefined oils are those obtained directly from a natural or synthetic source ..
(e.g., coal, Shale, or tar sands bitumen) without further purification or treatment.
Examples of unrefined oils include, but are not limited to, a shale oil obtained directly
from reforting operations, a petroleum oil obtained directly from distillation or an ester
oil obtained directly from an esterification process, each of which is then nsed without
further treatment. Refined oils are similar to the unrefined oils except they have been

further treated in one or more purification steps to improve one or more properties.

These pun'ﬁcation techniques are known to those of skill in the art and include, for
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further treatnent. Refined oils are sini*ar to the .
unrefined oils except they have been further treated }

wé)Q{)(BRaQsz@E nore purl fication st eps to [ Mprove @idgr004/035809

nore properties. These purification techniques are
Imown to those of skill in the art and include, for
11 WD 2005/ 045205 PCT/ US2004/ 035809 exanpl e, sol vent
extractions, secondary distillation, acid or base
extraction, filtration, percolation, hydrotreating,

gewpid, Belvert bRtraclieh kécoAdhrp tissllalon, R @bagsexdBMction, filtration,

- treating used oils in processes simlar to those

H&@(ﬂaﬁo‘ﬂ, %a&auﬁgfd Aeting) i - RopbEba RS £EIoBGFheR 'bly%eﬁt‘hfg used

also known as reéclained or reprocessed ol ls and

%ﬁ%@gﬁ%ﬁ%g%@@*#@&gﬁ” dar lves %@e&ﬁﬁéd oils axe also
g‘é“%%\ﬁégg@?’%ﬁﬁ? PhEbRyahl i e 0P i ROy PSR by

used,.. ei t her aI e_or | conb at.i.on tht

B S e rrmo sl oF gen e pediots
max isonmerate oil is produced b . o
hydr diubEieeting ik hasmstagks rﬁlﬁﬂYﬁdafFOI?@%lh @men@%ﬁé yaymay also
m xtures thereof over a hydroi sonerization catal yst.
heousriteither alapsyoe dn ennebinafion odihl the afoeesaifl netkrahandédy synthetic base
recovered by the solvent dewaxing of mneral oils;
ﬂwmhEMhmmdmmwmﬁ@ﬁWph&ﬁdmwmmﬂwmﬁmmﬂ@ﬁmﬂﬁhﬁﬂmer
Fi scher-Tropsch process. The second conponent of the
Syilleti€ Bk R@r @ik iuced ERESI bv@ishyifisonfdz4iRn ehlyks at
| east one Iubrlcat|ng oil additive. Such additives

can heariaywhied DAtk OB AN whik %mae%e@kb;sﬁem{reﬂ dewaxing of
addi tive used in formilating lubricating oi

Pshd: s ytials & oS s
erei ?1 | ﬁ%ﬁﬁlgw%ﬁt Mgr"’e&nokl%%‘%%%g"’ggﬁ%{rﬁdt | cl){?l g oh
@_% -wear agents, detergents such as netal

e ergents rust i nhi bitors, dehazing agents,

? relméllt Ic et?xie%t nge ]%Igﬁ_{i{lact | val | SE a%or use herein is at
antlfoa ent s, acka e
hugalur%%ge gﬁ aﬁ@t}?%% ¥ ‘?ﬁﬁﬁ?smatl ¢ @ pepibekpown or later-

dlspersants
discovered additive used 1n  formulating lubricating oil compositions. The Iubricating oil

additives for use herein include, but are not limited to, antioxidants, anti-wear agents,
detergents such as metal detergents, rust inhibitors, dehaﬁng agents, demulsifying agen{s,
metal deactivating agents, friction modifiers, pour point depressants, antifoaming agents,
co-solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dves,
extreme pressure agents and the like and mixtures thereof. Greases will require the
addition of‘appropﬁate thickeners. A variety of the additives are known and
commercially available. These addiﬁves, or thejr analogous compounds, can be

employed for the preparation of the various lubricating oil compositions herein.

12
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20.extrenme pressurge agents and the |ike and mxtures
thefeof Geases will require the addition of

W%%BngS&(%t e thickeners: A variety of the addi tllLéLﬁBSZOOM{BSSOS)

are known and comercially avail able. These

addi tives, or their anal ogous conpounds, can be

enpl oyed for the preparation of the various

| ubricating oil conpositions herein. 12 WO

2005/ 045205 PCTI US2004/ 035809 Alternatively, the

| ubri gAthRtreR) theatiolidatiNg b adkidre(d) vid ABherC ARt Ndifhent oil to

diluent oil to forman additive Concentrate. These
e T B e R
U B b o USROG e o
Gt o anllom shrd 278 ote e 20 o ol it PO LT ot %6t

i.nclude any inert djluent, preferably an oil of

ot @ ¥t i "a i thedersgring addive(sis Suitdhle dilugnis fer the conggaigates
oi | as described herei nbel ow, so that the concentrate
alpdb any iserd dilyentripreferablytan oillof bbricatingrvigcositysueloas, for example, a -
prepare lubricating oil conpositions. Suitable

basb bil @atiésagbadi Heseittednw, sayhat the coseediras nmdiy beesatigdy oiedbeith
any oil of lubricating viscosity. 10 Generally the

Tubhicdt@gbiln® mepachbiogingiollnsmpbsifidne. Predytubridaies bilothat may

will include at |east one antioxidant. Exanples of
Bdiide@%d SRRNE chiBé eeoil BUlbrRaBnd @kcokityrl t ed to, _

hi ndered phenolic antioxidants, secondary aronatic

am neGant APt AR Sxing i fobinb 8&ighaR %Ffﬁﬁ%%e@ené invention will include at
anti oxi dants, oil-solfuble topper conpounds,

BRGNS0 00 AL SO OBy i, vt

e

at. a. concent ion ranging fromabout 0,1 to abgut 5 .
%&Oﬁﬂ@m&é}ﬂe%ﬁtabﬁe ERRFFICEE OIS SRR PROBIST PRI R peAdigidants, organic
phenol i.c_antioxidants_ include, but are not limted
sudfidesqisnbides kyd neluenlides ged the likenbha misxiguenwikordinarily be
2,6-di-tertbutyl phenol, 4-nethyl-2,6-di-

present in the lubricating oil compositions of the present invention at a concentration
ranging from about 0.1 to about 5 Weight percent.

Examples of sterically hindered phenolic antioxidants include, but are not limited
to, ortho-alkylated phenolic compounds such as 2,6-di-tertbutylphenol, 4-methyl-2,6-di-
tertbutylphenol, 2,4,6-tri-tertbutylphenol, 2-fert-butylphenol, 2,6-diiéoiaropylphenol, 2~
methyl-6-tert-butylphenol, 2,4—dimethjz1—6-tert—butylphen01, 4-(N,N-
dimethylaminomethyl)-2, 6-di-tertbutyl phenol, 4-efhyl-2,6-di-tertbutylphenol, 2-methyl- -
6-styrylphenol, 2,6-distyryl-4-nonylphenol, and their analogs and homologs. Mixtures of

two or more such mononuclear phenolic compounds are also switable.

13
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tertbutyl phenol, 2,4,6-tri-tertbutyl phenol

2-tert-buty|ﬁheno| 2, 6d||sopropylphenol 2 20 3
fQ-tert- butylphenol :
‘V§?%£%%Sﬁ?hyl 6-tert- butylphenol, 4(N, N PCT/US2004/035809

di met hyl am nonet hyl )-2, 6-di-tertbutyl phenol,
4-ethyl -2, 6-di -tertbutyl phenol, 2-nethyl - :
6-styryl phenol, 2,6-distyryl-4-nonyl phenol, and their
anal ogs and honol ogs. M xtures of two or nore such

vrr\?)ngoow ;LSZOSQ%%F} 8%5004% '586)3%@;'@ “ﬁﬂb%ﬁglﬁw’%&’smom

3 anp es

n% @vaﬁﬂ gal?pchlzd f Bl altles tlllﬂngela ?o peiie r)'f %}at-édxg % 2 1818{8 of bridged

:ons J p esen rnventr ae |
@pﬁ#@%ﬁ@n@m; e %w%%n%%ﬂnﬁﬁﬂa%épﬁ%@@%g@p&%?e

unbri dged nolic co nds and mxtures thereof.
%‘e eef E@F’«E‘}qﬁ Hdgér@wamdsuwémd@t apR pot

are not 5 limted to 4 4 net | enebi s(6-tert-butyl

Iinigaddof. 54~m@rhﬂenqw(m;qrtebmosqrgm{)eﬂ,ﬂ'-:amlenemammlyz-o-

2,2' -nmet hyl enebi s(4-net hyl -6-tert-butyl phenol),

ctgsol); 2 tinythphenebis(4 R84 -ditert-betyiphatof), glibnethyienabit(2, Hdi-

like. Particularly preferred are m xtures of

O

. temtidnyibeael)bardibelike. Rukiehiphe prfbred it mBgurt @G Rethylene-bridged

described in U S. Pat. No. 3,211,652, the contents of

alifigHenoR iscH RUYsP abRHBEH RS HL e 82 118K L] the cohnfifHhich
antioxi dants can al so be used in the Iubrlcatlng oi

ag@fﬁg%bﬁaltéar@rgfergngéﬁemhnvent| on. Exanpl es include,
but are not ‘limted to, oil-soluble aromatic

seco ;]Q%glg m@[ﬂ&l&ﬁ Gaﬁ‘%ﬂ 686 b‘%ﬁ%? i3 ?fc?tﬁt?goéﬁl (’Sionm,é{c])g%c)gsngf this

the e and i na er eo

i3 8%??%9‘ BTiary ine: ﬁ?ﬁh%réﬁﬁ%eﬁfﬁa%% "“""rﬁwﬁ‘ﬁ*f

al. k di phen n conta| 1 or 2

t #PEBHE %ga%fgjw?j gat oq I@a %ﬁh%%mm
phenyl - al pha- naphthylan1ne
BRFRHIF| SepRadary PRBRGT PemaiDReforregd @qampbﬁ of aromatic secondary -
aralkylsubstltuted phenyl - al pha- napht hyl am ne
oseemEing inglue dirhgrylargine, ality! dipbegilaginesorontaizing ¥ br 2 alkyl
groups each having up to about 16 carbon '
substituents each having up to about 16 carbon atoms, phenyl-alpha-naphthylamine,

phenyl-beta-napthylamine, atkyl- or aralicylsubstituted phenyl-alpha-naphthylamine
c;)n.’cainjng at least one or two alkyl or aralkyl groups each having up to about 16 carbon
atoms, alkyl- or aralkyl-substituted phenyl-beta-naphthylamine containing at least one or
two alkyl or aralkyl groups each having up to about 16 carbon atoms, and the like.

| A preferred type of aromatic amine antioxidant is an alkylated diphenylamine of
the general formula

Ry ~Ce¢ ~Ha --NH~Cs Hy —R;

14



10

15

20

ataoms, al kyl- or -aral kyl -substituted -
phepyl - beta-naphth | am ne containing at Ieastibne or

'W&)ga%% yls or aralkyl groups each having up to f(glgggzggﬂbsssw

car on atons, and the like. 20 A preferred
aromati c am ne antioxidant is an al kyl at ed
di phenyl am ne of the general formula R, -C6 -H4
--NH-C6 H4 -R2 14 WD 2005/ 045205 PCTI US2004/ 035809
wherein Rl is an alkyl group (preferably a branched
HHEYdin ag)e%)aﬁ@gmg (Brofefublia a%&gg g“%‘zﬁ 5 t0 12 carbon

preferably 8 or carbon at ons; Is’a hy rogen

AU QF pRFeAbk o QiR af i b R Y 1 g%éega@%etrgg%gt kﬁgﬁ group

group) havi ng car boh atons a

r | o { f Rt. and

X rel%rab?l)gg B%E o ‘ﬁ Mﬁ ehra?{eu 6et03,p SXrRan Atmg ang gﬁefegag;]l)éS or 9
%ngéf?)IH%{j Qﬁ‘.?%t‘g’f\tla%agg ah’ﬂ’g %ﬁ% 3%%)}:]1 2 ann%t Irlé Saulchvpyrgfgrpedl c%mpound is
4 4 dlnonyldl hen %ﬁe

adlale coRynesE p&ferighwhich driydergioad) tvsbe
are br anched. Apothet ant|QX|Qant for use in the - _
pregdeiningtdin g 44 -linpeylpinbinyiaonee G- bls(4sndnyipbenyiaming) wherein the -
conprised of one or nore liquid, partially sulfurized
phed gtaups esripaghadd such as those 10 prepared by
reacting sul fur nonochloride with a liquid m xture of.
phenohsothbesrtioridatt foeds in tb dubirichthowsl @hipofigseeiTthi®fovention is
the m xture of p nols is conposed of one or nore

ES8Frlided &F ofid SARER dighids d?ﬁ SRAE bh such as those
provi de from about O 3 to about 0 gram atons of

Sibirdh bYP %Eﬁ% Sl SroB SIS %ﬂlfa i Yige oP LMK $fherein at

phenol S0 as 10 produce a |1 quid product pl ca

BARBBONHER et SR it nc BE bYheRAC L ot ngtetpﬁ R HRE et Hhore

COlTpOS|t| | NCluade a m X econta
15080 n935 %) ol Soafnsﬁtﬁagémtgﬁ%%e%%é 800 0330 Bt 0.7 grom

%0315 gf et @ﬂﬁ%‘%ﬁ?no f?"é&‘ét» E%ﬁeteé %@p@t frofsrtp produce a

and _is preferably kept
Iiquud product. Typical phenol mixtures useful in making such liquid product

composit:ions include a mixture containing by weight about 75% of 2,6-di-tert-
butylphenol, about 10% of 2-tert-butylphenol, about 13% of 2,4,6-tri-tertbutylphenol, and ..
about 2% of 2,4-di-tertbutylphenol. The reaction is exothermic and is preferably kept
within the range of about 15°C to about 70°C, most preferably between about 40°C to
about 60°C.
Mixtures of different antioxidants can also be used in the lubricating oil

compositions of the present invention. One suitable mixture is eompﬁsed ofa -
combination of (i) an oil-soluble mixiure of at least three different stetically—hindered

tertiary butylated monohydric phenols which is in the ﬁt:iuid state at 25°C., (i) an oil-
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wi thin the range of about 15C to about 7QC, nost

preferably bet ween about 40C to about 60C. 20 )

w&%ﬁ%g@agti different anti oxi dants can al so bePechZﬁgmM/%ssw

cating oil conpositions of the pr
i nvention. One suitable mxture is conprised of a
conbi nation of (i) an oil-soluble mxture of at |east

‘three different sterically-hindered tertiary

but yl at ed nonohydric phenols which is in the liquid

B CBlins RE abatt oot kel B SR butlatod mothytene-
AP ER! Bl IS S SRR Pt o i
R A P 15 A5 RSB S, o

atons, the propartions of (i), (ii) and (iii) on a
-«m(gﬁ ngyeqightbasis faline 1p therangen{geol 8. 4B gbeut 3. (5parl of

about 5.0 parts of 5 conponent éi) and about 0.9 to
epergnent (D) apd phastt 919 te abayd hdrmarts pi gompenens §i)xpep pariby gleight of

of conponent (iii): Exanples of such antioxidants
anpoossi(ih. Ebowseasizuch atlonslents discddsiSn abRetaendisdliosed in U.S.
5,328,619, the contents of which are incorporated by

Pasdne Ne0 5828161 % ithie: comtehRlof whtthfial inadtboraret 8§ RéfSreAtsherein. Other
those disclosed in U S. Patent No. 4,031,023, the ‘
R efioxiddhts ¥ ihek: EdcBosbdBOU.BOPAER NDY, 08 EOBY, e &ntents of
herein. 10 Exanpl es of antioxidants include, but are

sl ] e.g., diphenyl am ne,
ﬁgﬁ&%%%%ﬁ%g?%‘f@%ﬁh@ NN- di (al | cyl phenyl)

. _ eyl _di amines. . phe
cuch Bentfi o7 gt BIERE SRR AIEIDE o, BIEAEbRR 5
By B PR S S S Phbndmrpre: ot s
oA GRenss Piiedir S BEG: Teally edes e
the |ike and m xtures_thereof, Exanples of antiwear

phgrale ach 38 2 God-tetuty ibanahod 6-di-tari eyl tnocresel il 2,6-di-terl-butyl-4-
(2-octyl-3-propanoic) phenol; sulfur-containing materials, e.g., sulfurized olefins or esters

and the like and mixtures thereof.
Examples of antiwear agents include, but are not limited to, zinc
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an

article by Bom et al. entitled "Relationship between Chemical Structure and

Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different

Lubricated Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for
example pages 97-100; aryl phosphates and phosphites, sulfin-containing esters,
phosphosuifur compounds, metal or ash-free dithiocarbamates, xanthates, allcyl sulfides

and the like and mixtures thereof,
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di.al I cyl di t hi ophosphates and zi nc
dlﬁryldlthlophosph tes, e.g. those described}in an

rficle by Born et al. entitled "Rel ationship’ ‘het we
@ﬁ%"rﬁ‘}éﬁqossnucture and Effectiveness of Sone PCT/0820041035509
Metallic Dialkyl- and D aryl - dlthlophosphates in
Different 20 Lubricated Mechani sns", appearing in
Lubrication Science 4-2 January 1992 see for
exanpl e pages 97-100; aryl phosphates and phosphites,

o ;f‘“‘%‘?‘ﬂ’g‘%ﬁdj??‘g% ‘?"’Eﬁ’%ﬁ‘?&? 5%??’29&%2% REATROH ircal
Hiptrinesh e pebniestiedioeby %i%?%ﬁt & %l?fﬂobe%eaﬂg B famning

ude, hut are not limte bas n tra
abter gl rheaget(high avgpbpend.or by e aet g‘%ﬁasef
made from al kyl benzene and funtng sul furic acid;
sionEates eBonoitehsaliodaisn PEAsHEPnesiiRRbP RS RAGS, 10RIcEHtfactants and
over based phenate stearates, phenol ates,
the like yndanisdyrepihersph dma eerbasti mphbsqbﬁqnﬁat tpicallydmive a total base
surfactants and 5 the |like and m xtures thereof. Low
mirsteb qREN) ofifrah alsoult Donaions 30 yual mefetaplhipome dtout 00 & about 25.
base nunber (TBN) of from about O to about 30 and

ove besrbdley nfetad Bulfdaatdt adDnduralabatl sulbnateslsvw eV Bidasdhe art.
met al sul fonates and neutral netal sulfonates are

vel | fsneiMesioR rdshBihitbrs infR@TBhGFe Alt HrME&H td, ABhibhibor

include, but are not linmted to, nonionic
Q f
ﬁb@%&ﬁ%&? Y SR RoT B Lo ione B LS %%%‘éﬁ’s"&% Higher
eth 8 et h
h%?ﬁ% y&fy%th?ﬁang ngquﬁy% e}t%he? epn e}%?(ﬁ%{@figne oC 1 e%yl ether,
her Yo oi £ t he 0X
B R g e e g&}é&%ﬁﬁﬂ% o iy egpeivfens
100l eate, and olyet ylen ycol . nonool eat e;
Sg?‘cé@? FOnaR A RO DOT Y Pi%&@fb %&mgooltﬁ% yathlene glycol
aci ds; netal soap fatty acid amne salts; netal
1BENOISalss. StRaEY §oid an ¢ eihpictatiy: pds; giemtoorylicasidsanstnlj seanss fadty acid
ester of polyhydric 15 alpohol phosphoric esters;
ssiho saits cinelahgalta bidesayy swlfonis avids pamtindsarbopic dcid estes o8 pelyhydric
t her eof and
alcohol; phosphorie esters; (shori-chain) alkenyl succinic acids; partial esters thereof and
nitrogen-containing derivatives thereof; synthetic alkarylsulfonates, e.g., metal
dinonylnaphthalene sulfonates; and the like and mixtures thereof,

Examples of friction modifiers include, but are not limited to, alkoxylated fatty
amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borateci
alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol esters,
borated glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696, -

the contents of which are incorporated by reference herein; friction modifiers obtained

from a reaction product of a C, to Cys, preferably a Cg to Cyy, and most preferably a Cq fo
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nltrogen cont ai ni ng derivatives thereof; synthetic .

al karyl sul fonates, e. g., metal dinonyl n\épht hal ene )

sul f onat es; and the Iike and nixtures thereof.
WIS of friction nodifiers include, but arfETER2004/035809

limted to, al koxylated fatty am nes; berated fatty

epoxi des; fatty phosphites, fatty epoxides, fatty

am nes, borated 20 al koxylated fatty am nes, netal

salts of fatty acids, fatty acid anides' gl ycero

o aazcg%saeggfcgg%aﬁg; SR oo o
372 69
S b 5 R £ PSP B & S5 e

reacti roduct of a C4 to C75, ferably acCto
HﬁdﬁﬁéMﬂﬁr 24 208b He contspisiod W%Flwy myppPHeg Rygeference

PCT/ US2004/ 035809 C20, fatty acid ester and a

' hﬁrmcﬁgéﬁhq:léwaaﬂmm@r@ém nd sel ected fromthe group
consi sting of ammoni a, and an a] kanol am ne, e.g

5 thosExdipblsof amfomiﬂgﬁger&mdaﬂe Not are bOY ]&ﬁﬂadltaﬁpolﬁnbre af alkyl

March 28, 2003, the contents of which are
hétarateapsivniy of éieniensBconb endihs likaaad toheudes fereand
m xtures thereof. 5 Exanples of antifoam ng agents

i ncl yhRmpldd bf Adhtesh Blspérbdiit ifglude) buldRb oISt to 34 i@ékkylene

nmet hacryl ate; polynmers of dinmethylsilicone an

subdiBic ARy dHaXs; %llﬁuﬁdgeﬁ eQftainiEl ADR R LLf agpﬂwaﬁg%m succinic

dlspersants I'nc ude but are not Iimte

%c%é‘ﬁil KYhahe B %epguﬁtp {ed‘h%%? Ea%%?o '%ﬁéé%i%”

Mt a polya

10 X A de(3 sic,nitro g@ﬁund sel ec fro
|d a a&@%‘%’ﬁ%fﬁﬁ&% %HHEOS ne dr ocarb inc
Pﬁ&f%’ﬁ‘?sn&gﬂ%ﬁﬁrw mﬂ:‘%ﬁ%ﬁ%ﬁ’ﬁ%‘&?@@w an

t hi ophosphonami des and_ phosphor ani des; t hi azol es,
nbogphorapyidesy AP ICaR B 25T e G b3 dhrBlaginzoles,

nmer capt obenzot hi azol es and derivatives thereof;
merpapieieazothiezales, and|deyivativesthencef triazdles, remzalitlivazdbesd

copol ymers which contain a carboxylate ester with one
benzatmazeleapobipbiyoised which contain a carboxylate ester with one or more additional

15 polar function, including amine, amide, imine, imide, hydroxyl, carboxyl, and the like,
e.g., products prepared by copolymerizatiqn. of long chain alkyl acrylates or
methacrylates with monomers of the above fimction; and the like and mixtures thereof.
The derivatives of these dispersants, e.g., borated dispersants such as borated
succinimides, may also be used. Preferably, the dispersants are polyalkylene

20  succinimides derived from animation of polyalkylene succinic anhydrides with
polyalkylené polyaniine.

If desired, prior to dispensing the at least one base oil and at least one lubricating

oil additive to provide the compositions herein, as discussed hereinbelow, it can be
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15..pol ar function; including am ne, am de, im.e,
i m'}je, hydr oxyl , &r boxyl, and the like, e.g.j

WQP&%?’U%%S“ epared by copol ynerizati on of |ong .§5064i035809

acrylates or nethacrylates with nmononers 0

t he above function; and the |ike and m xtures
thereof. The derivatives of these dispersants, e.g.,
bor at ed di spersants such as borated succinimn des,
may also be used. Preferably, the dispersants are
B@&a&@fg&cﬁﬁ k@ Bhdab 116l mibddies: erarbposet dongimmadti foRdst ditthe
of polyal kyl ene succinic anhydrides with
Py Rtdont 8RS BRHANTER o dbEmdRS Whid coRhb@fds iy provide potential
d?%%ensingﬂthe at Ieas? one base,of?ﬂgnd at Fggst g%en

U . . Crd C ovide >l .
Lele{ F% didi%e oty osﬁ'ﬂg&. PoY %Xéu%ﬂ 1 c%hﬂ?oﬁsm%.n gfg %&b%t%ﬁ)lvmg

ere as di scussed her el nbel’ow, 1 can

LRI S R T —
o, TR i BBt cante

| eadi ng candi date conpositions. For exanpl e, )

ecavf@@qigx FPrISEArBRiE, Wiieh SWPOURdSINAY PrREToTE peerly n an
factors as, for exanple, transition states, bond
p}giﬁgiqmgph;mg pgqq:g:{:s@glgtcda i abilibhterap igermediate peroxides. This can
hydr ophobi city, etc, of the conmpounds. Accordingly,
bhearpebpu ssidg koo srHtsre auch by forsxempleeQuanturd dMeehanissavailable
for exanple, which conpounds may perform poorly in an
fsindadcelpys (SahDbdglo) Ostifpmegess due to a poor ability to
trap internedi ate peroxides. This can be carried out

USi NOS RPN fotThd AT of Ut litASries ok bEYRATY Gosi g WribiRat
Mechani cs available from Accelrys (San Di ego,

CtbubduBE HsPhibrardd pasidodhsin HRky B EortiSsh O .&fim%,n@ﬁtpmgrmsy This

‘l'ibraries can be used to design the oriA§| na

FIRGBLOE 3k L A B s al 1T e
EbuRep e Pt Rty S ehr i B et ek Yoware

St eutsad to aualyize e data from e RpeTmens: ani comvelate that data with the

structure of the compounds and/or compound treatment conditions and/or reaction
conditions. Such correlations are often referred to as QSAR software (Quantitative
Structure Activity Relations) available from Accelrys (San Diego, California). Such
QSAR programs can then be used by the software to design subsequent compound test
libraries for further screening. "

The use of such QSAR: programs can add to the efficiency of screening. As more

data is collected, these QSAR progfams can become more efficient at developing

compound libraries with increased probability for finding desirable compounds. For

example, the compounds analyzed can be formulated into various lubricating oil
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can then be -used to analyze the data froemthe -
experinments ahd correlate that data with the 15 \)
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- - correlations are often referred to as QSAR software
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(Quantitative Structure Activity Relations)
avai l abl e from Accelrys (San D ego, California). Such
(SAR prograns can then be used by the software to

sRsidaiions) BS BAHBET h&GRPANR darli8Rdn futthd? raﬁ:!lcg%g b%?.{r)aafroafh%r

further screening. 20 The use of such

R Pk g Sl AR Bl SRR sl 08 AR
L, B8 RboRRlSur B CARTRE T t iy Betdafich of e e
ey T DR

ZOQ?[O4 205 PCTI US2004/ 035809 conpositions, as

FREed redrtheallestah S dtis WaNdnerHempPuRdsheanceiried Yy enp shjlled in the
way of, for exanple, regression and analysis

arecenis cbepkedby the Qi B srdiwnrs tof rodistaheivactjvity Ber@BARIT actual
avai | abl e from Accelrys (San Diego, California). In
sypthesimahddiionally| suckasdfverefootshmeydetwilizahb priogtzd £ Biof possible
t he nol ecul ar nodel i ng can be achi eved and then this
cdadpaumizibeiak sonshierd fot omeltbsis Ain fucH atvaryaipdt bBS 88N ed thfhe art will
this way, new conpounds, conceived by one skilled in

Hatea highér [geiabligy forekdeess. by the QSAR software to
predict their activity prior to their actual

synt kRdrsns AFictHTEN R a{nyexa&d%?:f g?{/stté@fae%f)@% glgrfg%/e g]gg

utilized to prioritize a [Tst of possh npotin

SEPPRSEI R FIERA  UED iRl
_ R [ F 1,. ]

oy 0 R S R P B o e AR

the pluraljty of.respective test receptacles is o
BRI 1 PUSHik OEHBROT Ve e rertpisolos IsrBp Assiepitipiogending
[P§ this system and nethod for providing the foregoing
-S. Patent Application Serial No.10/699,510 filed on October 31, 2003 and entitled

“HIGH THROUGHPUT PREPARATION OF LUBRICATING OIL, COMPOSITIONS
FOR COI\«‘.[BH\IATORIAL LIBRARIES” by Wollenberg et al. (Docket No. T-6298A;
(538-60)) and having a common assignee with the present application, the contents of
which are incorporated by reference herein. ‘Generally, vessel 110 contains a supply of
the foregoing base oils of lubricating viscosity B. Vessel 120 contains a supply of
additive A, which can be any of the foregoing additives useful for modifyingrthe
properties of the base oil. As one skilled in the art would readily apprecié.te, onhe or more
of vessels 110 and vessels 120 can be used when dispensing more than one base oil

and/or more than one additive, respectively.
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conpositions in the plurality of respective test
re@eptacles is ond disclosed in co-pending U}S.
Pat ent Agplication Serial No.10/699, 510 filed.%%gmzmMﬂmsmw

WORPSHA32037 2003 and entitled 15 "H GH THROUGH

PREPARATI ON OF LUBRI CATI NG O L COWPOSI TIONS FOR

COVBI NATORI AL LI BRARI ES" by Wl | enberg et al. (Docket
No. T-6298A; (538-60)) and having a conmmobn assi gnee
with the present application, the contents of which

s e P Rch LRSSt R SRS H ¥ pale ortion
214 ot R sa b e SR Aok Ve i g R oo

foregoi ng_additives useful for podifying the )
BropErynt e5base ol Hispepseckis getermined By@etsiing Pugp il B2.trchegap be
woul d readily appreciate, one or nore of vessels 110
egrpwasseiraled?0 can be used when di spensing nore than
one base oil and/or nore than one additive,

r es petatimezllyze 120is WOoRBOEbO4B206 AT U 0Rddatias 80 additive A to
Tubular line 111 is a conduit for conmmunicating the
hask poirtionB 280610 Bkl ipenthe Gikpddsdd idte 9 salvdiddObstirksep@ft, as
be di spensed into a selected test reservoir, as
dasghddiRtbwh eliRMmoudhe hatiRuiie 6if addase dabbnsdll $RRTREhel Dy
deternmined by netering punp 112, which can be

HBRRHE Bhmf 994, Fidheitko can Y Pothidter éoﬂﬁolﬁaé ggﬁ?ﬁteg BRI and

for communi cating the lubricating oi Itive"A"to '

\ ‘ . i : o
PRl oDAN T Aol R onf ks BE AR Rl cptance
T t. of icati i | additi di d i
HF e R Byt ol 03 i FER 1P R an e
For STHAT M 1o B BPatee B GBS Obp and
materials in accordance 10 wiith a preselected )
Hia5tvs b FandiesiiReP Ul dispensedin afrgt rexervolie Aficarptivelyebagse oil B

Nozzl es 113 and 123 are preferably in close proximty
ad adAitive Yo besequentiphy added to the fest reservoir. The nozzles 113 and 123

can comprise a multichannel pipette or one or more syringe needles.

The vessels 110 and 120 can be under pressure. Optionally, more than two
vessels can be employed. Metering purnps suitable for use in the invention are known
and connﬁercially available. In the event thét highly viscous lubricant base stock or
additives are used, the vessels 110 and 120 and/or the tubular lines 111 and 121, metering
pumps 112 and .122, and/or nozzles 113 and 123 caﬁ be heated to facilitate fluid flow
therethrough. |

The test frame 130 includes a block 131 of transparent material (e.g., glass)
having a plurality of recesses 132 for receiving the dispensed additives or base oil and

additives. The recesses provide test reservoirs wherein each reservoir contains
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additive A ca? be sinmultaneously dispensed in a test
reservoir. Alternatively, base oil B and additive A y

weAbd6issgauent ially added to the test reservoi%q,ﬂgglﬁm4/035809

nozzl es 113 and 123 can conprise a nultichann

pi pette or one or nore syringe needles. 15 The
vessel s 110 and 120 can be under pressure.
Optionally, nore than two vessels can be enpl oyed.
Metering punps suitable for use in the invention are

lubeioatingadictoaporit g flal dvfawaishd@bledetetlindd @Wn@6Hbn, iR the
hi ghly vi scous |ubricant base stock or additives are

Si66htagdehRdESSE i i i
Fi nesta g’tlell angélgﬁ}?akéngltlg%?%ré% %ﬂﬁ%%ﬁﬁgwmﬁom

PR E e Ol SRRk nifrbserios,

facilitate fluid
' o f .ansparent’ t erial
PR AT 80 Bt O boteatlor bORY SRBLEN, o FREL Peray the test
recei ving the di spensed additi r base .oi] and
S oo S RBE R SlsS v di il B e urigol s gocesses 1324,
%r j.n each reservoir contains 21 WD 20051045205
| (1350 b g Ko ifugrted By FiGg Loy neghproafitesenions efn be
di fferent and predeterm ned conposition, i.e., the
preple sk hegin. aber/espmplp the wyBtemepgn eaiploy20d5 G 02 duven wmse test

in each conmposition will vary fromone reservoir to

mwernidvdgs anOpaplesds rgquitele reservoirs can be indivi dua
receptacles (e.g., test tubes) nounted upon a rack,

i nst €A individealngserweie asesiapted o Rildekativelyefrall abbiais bhe
test 5 receptacles conprise transparent glass tubes.

132c, 1324, %52e, are illustrated in Eﬁc% fﬁmgnynonxme

AHSEDRY mD prdf gy oinksSe 82R O 1S 1R 0o B0 .
exanpl e he sygtem can erarpl ct)y %ﬁﬁé%?’féf%%ﬁgroﬁve% an about

IOkl pol Sasala) soalgaiheseto, o0l 103, e,
oI TR g s OGN B 0 RO 5B
o ra%l()t‘i:xet;r{.jl I}-‘dthough manual movement of the apparatus by an equipment operator is
within the purview of the invantipn, robotic mechanisms with programmable movement
are preferred. In one embodiment the test frame 130 is mounted upon a slidable carriage
movable in a lateral and/or vertical direction so as to sequentially position a selected
recess under the dispensing nozzles 113 and 123. In another embodiment, fhe nozzles
113 and 123, and optionally the vessels 110 and 120, are slidably movable laterally
and/or vertically to accomplish positioning of the nozzles 113 and 123.

In a testing procedure, vessels 110 and 120 are filled with the selected lubricant
base oil and additive(s), respectively. The apparatus of system 106 is moved such that

dispensing nozzles 113 and 123 are positioned above and in alignment with recess 132a.
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aboyt 20 nil, preﬁerably no nore than about 15 ni
nore preferably no/nore than about 10 nil and\)yet
rably no nore than about 5 m. The t
5(ﬁ)SJ{a%%%?and di spensi ng nozzles 113 and 123 a‘E’%IUUSZO{WO35809
novable relative to one another. Although manua
nmovenent of the apparatus by an equi pnent operator is
15 within the purview of the invention, robotic
mechani sms Wit h progranmabl e novenent are preferred.
| DmeRedeRRRd BRke 6B hes hetéi&i@n&rﬁ@of AAIREN 84 stR@Aneously

a slidable carriage novable in a lateral and/or
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ecte recess un spensi ng nozz
123

h nb 3
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procedure vessels 110 and 120 are filled with the
yanatiopsuch eithe hrbpcateagé Ipracessd 2t b a difapntpercentage
respectively. The apparatus of system 100 is noved
serohositirat of addidipe fen iyt ioeeebet’3Ze] Thapetter?® repested as the nozzles
posi ti oned above and in alignnent with recess 132a.

223 ¥ P30G4 O4n2ihllPaigndS20h4h085888ve fecombel3Rd, B mid 132¢
of base oil B and a netered anount of additive A are

s6 tHat ¢aah eaasd has ahresiprnBiAe ¢oiimdsitios 68 Riblidatg ofine

di spensing nozzles 113 and 123 are thereafter

r eposiThé euiBsbnkRts RarldB @k bﬂz‘f&ﬁiﬂ?’ cM\ﬁlBﬁie& ﬁﬁh@?@éérvéﬁct%ﬁ%:xmg, for

132b and the met ered anpunts o additive A and/or

é?é nrned ;gﬁ%ﬂ%?%aé? Q%&@%??%¥|é%h%%%ﬁnnﬁ%Ofﬂ%conmﬂm
hﬂa%r&@feong ggééhar@ r&&%@@%@g&ﬁ%ﬁ@@g&m reservoir with

percentage CoNposl |on

recess_l32a he rn S _ \ _
B s RS %f@ﬁ&éﬂﬁf%%i%ﬂ% REBHED & oot b g 2btied Brior to
ccessi. ve recesses 132c, 132e so that
é‘ﬁﬂ Jie dhgrgepestt %ﬁfE%Fé‘f%‘P %ﬁ%ﬁp%éﬁn@ﬁéﬁpﬁsmg nozzle having
Iubrrcatrng oil. The conponents A and B are
P PETiEE SBATOSE GiRbavsadiwherdebase o8 B aidaddisiye(s) Aarrgmeters into the

mixing chamber and then dispensed through the nozzle into the reservoir.

Once the plurality of receptacles have been provided containing lubricating oil
additive compositions and/or lubricating oil compositions, the plurality of fluid samples
can then be analyzed, e.g., by analyzing the lubricating oil additives and lubricating oil
compositions for storage stability such as, e.g., by obtaining sedimentation data, color
data, and viscosity data; for oxidation stability; for antiwear properties, etc. Referring
now to FIG 2, a system for sequentially analyzing a pluraﬁty of fluid samples for storage
stability is schematically iltustrated. Representative of this system and method for

scréening the foregoing comapositions in the plurality of respective test receptacles for
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IS (mechanical or magnetic stirring)
waHE

10 exanpl e, -hy agitation of the franme 131, static .
m xi ng, individual stirring of the conte%ts of the )
ing the reservoir with gas, e.g., ni {i{t% 004/035809

Optionally, base oil B and additive(s) A can be -
conbined prior to dispensing into the respective
reservoirs. For exanple; a single dispensing nozzle

having a m xing chanber can be used, wherein base
QbrhoBsafle At it by &- Is] i i
nix%ng chanmber d%d ?%%ﬁﬂg{sd%ﬁé%%%gﬁH%%%%EQﬁ%%ﬁg%g?gd

ipat i e _plural.. s -

D1 R/dd%073BE! AMlio et B Sob8 G elidia %ﬁgﬁfgng‘é@ﬁ&%&‘t}f

ave bBé&n provi aining l'ubric

aRe SRR R AP OA P o Bbfofbionszy

n_be anal yzed, e.g., by analyzing the lubricating
‘%jf;ﬁeﬂ(?&%ﬁ ] GROehNp B 2980 ESTREY) md3@ﬁ1@s§ict>mm§ apggnee with
storage stability such as, e.g., by obtaining
thepreHBH fplicationd legontewt of wiioh argtiacorpmeted by refeop herein. In
data, for oxidation stability; for antiwear
gonopk mier screaing foRgbrages stahglitynthevsdmpled @Gn idslude lehivhing oil
for sequentially analyzing a plurality of fluid
agdinivk esmpaxiticsis oomgiaing at Rhit bhé Wbiicating b8 mBlitieabd Mbricating oil
illustrated. Representative of this system and nethod
cb@bosifeiseRftaliGng i of BloLTisE SilLHARME ok h@ﬂﬁubﬁbaﬁ%@ oil additives,
plurality of respective test receptacles for 23" WD

58802 Rdse 2R BEd 154004/ 035809 storage stability data

i s one disclosed in co-pending U S Patent
e T Y LN
o RSP oet Al Z{TBeue g T g s psambegip gt

S P22 EREVA R SBoHAE AL A 2Vl foe R PhPiBcAl R patsedon e

e herein. In eneral, when screening for

by refg . .
logg%gtg@gfeg@ §B‘qﬂﬁ?w9pp9ﬁée, gaed with, thelighi geurce such that a light

lubricating oil additive conpositions containing at
beasg switied byitimlight seurery22dican heldétedtedardrmeamtoed bathiephotocdll 222.

conposi tions containing one or nore base oils and one
Iothisnlmdingnt] phetocell225) tneaants thelight transmitted through the sample. In
another embodiment, photocell 222 is mounted so as to be aligned at a suitable angle,
preferably 90°, to the incident light beam from light source 221, In this second
embodiment, photocell 222 measures light scattered by the sample. The photocél‘l
converts the light received into an electrical signal, which is then transmitted via line 223
to a computer controller 230, which receives the signal as a data input. The computer
controller 230 also controls movement of the samples via signal line 231 so that the
samples can be sequentially moved into a position between the light source 221 and the

photocell 222 upon computer command.
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su‘h as those described herein. 10 For exanpl-g,
system 200 i ncludes neans 210 for hol di ng and

y |y noving a plurality of test receptag
W§%§652@3$?€ed toaframe 2 i 1 In one embodi nen?’dﬁl?szoomsssog

light source 221 is disposed on one side of frame
211 and a photocell 222 is disposed on the opposite
side of frame 211 opposite, and aligned with, the
light source such that a light beamemtted by the

Lir]gth?c:%ﬁﬁhgzz & RS o€ PR SRR %?gﬁﬁzzz
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i e 5?{%@%@ Asferimatt ThepRacdmaed ilperarre
S AT Sy SRR BT, to Pk St dheien %ﬁéﬁﬁé bhd

Ilght recelved into an electrical signal, which is
PRERL A AERil Pphhesamnles aposioroe) of pessed derapgh. ¢Fhe higher
controller 230, which receives the signal as a data
tempereturerisadsdo isass theaeta of phiabitity2 3henl wWitizebiht pridstermined
novenent of the sanples via signal |ine 231 so that
tneditswithérémadymaiye fsen alert i 6folrsiativevmdidittto 180% relative
position between the |ight source 221 and the

Iphdtior eThe RaRtampiird Gomeis beferstOyhEeM: abddt R day. Typically, the
2005/045205 PCT/ US20041035809 The sanples are

SARpTHE atdedeBdvery duvaRiet £p ﬁ@oﬂ%@ﬂﬁx@f’@.ﬁ& at Y r feRfinPtimes can be

predetermined time, and optionally at a

seleedateltiaed ohuriagst y@ iR, 363yl Qf, Storage stability
as measured, Eor exanpl e, by the’formation of

ypl AR ﬁagbﬁﬂ%ﬁﬁ% AR SRS hblfons (Btqugh tygem be
PR SRR ™ o Bl TG P o gty

ARt %'?lﬁ% e P PSelieotis JrameH gion fsuds to form a haze or

d} y wll ordinarily r %ﬁg from about 10%
64 Wiich ncrranes dig Qpapiy w0iee pesfiaing,af the sample. Accordingly, a means

for measuring the storage stabilty includes determining how much light can pass through

or be scattered by the sample. In the system illustrated in FIG. 2, a light source 221 and
photocell 222 are employed in a testing s;taﬁon 220 to accomplish this test procedure.
The sample is moved into a position in testing station 220 between the light source 221
and the photocell 222, and the photocell measures how much light is transmitted through
or be scattered by the sample, converts this measurement into an electrical signal, and
transmits the electrical signal through line 223 to a coh@uter confroller 230. The
computer controller records the signal as data which is stored and included as part of a

data library, as described hereinbelow. Alternatively, the computer can convert the
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hum dity. Thg predetermned tine is preferably at “~
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RS RERETE b2 opble & BRhRT CRSEIRY PapalBnit et Seppotes

e.light source 221 and th hot ocel | 222, and the
?tplﬁoioae%wplﬁéag ¢ BIOTRSH h R IOLEHENAZS 2 ek mowes the test
t hrough 20 or be scattered by the sanple, converts
TefrpEacles saTveriakhyinto gesidan betegen the lighispyiea 21 anfdphotocell 222, as
transmts the electrical signal through line 223 to a
sbowp in BIG. Go dilieniatizely XBolightiseurce dhipandgrhomoeit 229 ¢aarbe moved.
records the signal as data which is stored and
Asyet emteberatienpatite, G sampldata el doasped andiadisizinally e ded by a
her ei nbel ow. Alternatively, the conmputer can convert
rbbigtic2bm\ M9 26042058 | US2004/ 035809 _
transm ttance neasurenent to a Saybolt color or ASTM

col ormo\obdif a Bsde e Hb@iﬁ% Sddnyatisort &e@%ﬁ%l%@%ﬁﬁﬁ?y tested for
storage stability of the sanple, e.g., by conparing

s%@ge%%ﬁf_%, es‘é?%% t&dﬁléﬁ&%ﬂﬂ ofgegrl&r mé it %ﬁ’[%%f ﬂrﬂ? to the step of

‘sanpl e er control pre can al so

SRS BRI R B D3 RL B0 SR, S 8
T TN MEAG R T NI

establish a reference point from which the subsequent storége stability data can be

assessed. Preferably, just prior to taking the storage stability measurement the sample is
agitated by, for example,_ vibrating the test receptacle, inverting the test receptacle one or
more times, stirring the contents of the test recepta;cle, or any other suitable means in
order to at least temporarily re-suspend any sediment which may have fallen to the

bottom of the test receptacle. This step achieves a more uniform distribution of sediment

throughout the sample, and therefore a more uniform opacity, so that the photocell does

not give a false reading.
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receptacles sequentially into a position betwsen the |
light source 221 and photocell 222, as shown jn FIG
AtLternatively, the light source 221 and photoce

2. [
WH0AP2B% npved. As yet another alternative, FPHEUS2004/035809

sanpl es can be grasped and individually noved by a

10 robotic arm as described hereinbelow. To obtain a
base |ine reading for conparison, the sanples are
initially tested for storage stability, such as by

P Rt AL U
o TN R R TS L L
e SO B 2L b A% eRLobl s 8 et erence,

data can be assessed. Preferably, just prior to

t Y frore the ssdimpatatipn BeasTanarbestaseonda to thi eppsermigteesample.
is agitated by, for exanple, vibrating the test
rddepraldiaso facril}z{@tetdhmginmbe prdet ofitbe ppssacirenpofdhosamples.

‘more times, stirring the contents of the test

r eceptRaftreing apwam Pl uhesysteni 30005 echrBanally ilusesid@ivhéein an
at | east tenporarily re-suspend any sedi ment which _
reiay dvest feadpteies 302 kitendliddoh b @oAdef 315N @abie@bt receptacle 312

‘receptacle. This step achieves a nore uniform

djptibrdlRuhiiadesah i &R Har o309 GBS 1 BiE oﬁzt%ﬂ}girsce @890t A bar

therefore a nore uniformopacity, -so that

SR RSt B o B SR Ml e
i ; e 313..can_be ign to each

i?hrzS .9‘5‘.5‘} Sa k%oé tfia?%%g paggglté?%i%? %ath C?dﬁﬁgéé?%%go a computer

I N T R IR L

insuElI% t'iﬁ{ﬂ t he dat.a o?i ai ned from_the sedinentation
METEEF SHE ﬂ@&?@gisﬂ&&‘ﬁfg 54 35do hp pesdinuebie & alignpidt with selected
Thj.s, woul d al so facilitate changing the order of the
wdpal feshreceptagieicdldanpl es.  Referring now to FIG 4,
a system 300 is schematically illustrated where:,--
an A robotic assembly 350 includes at least a movable arm 351 with a grasping

mechanism 352, The robotic assembly is adapted to grasp an individnal test receptacle
312 and move the test receptacie to a position in testing station 320 between the light
source 321 and photocell 322 so that it can be measured for sedimentation. The robotic

?

arm is preferably also adapted to agitate the sample in the test receptacle by, for example

by repeatedly inverting the test receptacle 312 before it is placed in position for testing.

The photocell obtains a measurement of the light passage through the sample and
transmits the light transmission data to the computer controﬂér 330 through a data
transmission line 323. The computer controller 330 is operatively associated with

controls the robotic assembly via control signal transmission line 331 to selectively
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array of test receptacles 312 are nounted in a hol der ..

315. Each te$t receptacle 312 opti onallj/ i ncludes an

|dent|fX| ng bar code 313 affixed to the outer r[& '
WQ HOERYS A"bar  code reader 325 is positi onedpéi{ 3004’035809

to be able to read the individual bar codes of the 10
~respective test receptacles 312 and to transmt a bar

code data signal to a conmputer controller 330 via a

data transm ssion |ine 326. The bar code reader 325

rbt?:e% ﬁifeﬁétMed 1%3\%?&%%01\% P R SPERInt bRA {hlaﬁ Jéb?a%cg ﬁfen?kﬁfthelr

as to be pOSItIO e 1nalignment wt ected

gne\ﬁ'rg%b%gm %1 %gﬂl&&?,g%_z A robotic assenbly

i 'nc a novable arm 351 with a

gras sm 352. Ter bqt i sembly is ..
adapﬁlé Ha @%ﬂrﬁ%%ﬁa% R rmeetvane PERRBudRR iatodisd nto te
and nove the . est itacle to a _position in testing
CORBEISE FONTTOF RSB LR defegRipatiqy Hestosser siiplity measumetnents

phot ocel | 322 so that it can be nmeasured for

5 aekeedabniponpeindeof egtsaded desting Hmesfop pramana §ylays. sldose

_ adapted to agitate the sanple in the test receptacle
sayplef shiddailgizeng the goursppe dheckigoded tesitig fge tleelecawcally
receptacle 312 before it is placed in position for
rhaRéd soothat2heyldre npihreteged | By aditrakbstingdaiidasmpierinrtisyatm can be
the |ight passage through the sanple and transmts

thi¥® tb béthte iR SfcEHilPenétal and Omb Being gk bAK on samples which
controller. 330 through a data transm ssion |line 323.

s A hrBdoch 1gﬁ@ﬁ@ratlvely associ at ed
2 &?h cont roI s the r%bo!tcl é%gss%nb 'y via control

10 508N TS B k6L ik T e o
FEA S A %b@nt P ARk ROl (RARMATEN Alricd inio
HEE Bl 2 S e i e GO P o
the _conputer controller for a pass/fall

TERREEINE hatqveirhionteer sighte ipeobiiap bpseripe feading fenrommpstison. Next,

are taken daily for a period of extended testing
-af predetengnediiappieryalg thedapeller Bragsin rotated by applying the same

15  predetermined power and measuring the revolutions per minute. When the revolutions
per minute of the impeller is either hlgher or lower than the predetéxmined value of the
control sample at a predetermined time, then a “pass/fail” determimation can be inputted
into the database.

The plurality of receptacles containing the lubricating oil compqsitions can also

20  be analyzed for oxidation stability measurerents such as, e.g., oxidation consumption
data, deposit data, viscosity data, etc. Referring now to FIG. 5, a system for sequentially
analyzing a plurality of fluid saroples for antioxidant properties is schematicaily

illustrated. Representative of this system and method .for screening the foregoing
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‘Vé fi %tﬂretested By not retesting failed sanp)

| es which fail, during the course of the extended
au?lng tinme are ebectronlcally mar ked so tha} they

mcan be made to operate nore efficientl
energy and tinme being spent only on sanples which
prospectively neet the desired. product
specifications. 10 Alternatively, a viscosity test
may be carried out on the plurality of sanples to

%ﬁ}écfssﬁq%@%n@ggf&gﬁﬁz%%gééc@eyfgm QlepBAURY %%%42120& ek Jgtagta N
oRofteromd et 1 PHE% ARURRRn SR a% TERCHE Fpase

CpRbt b PV a%fsl e{n'rlﬁéd i Eﬁwﬁ@ﬁ%@%&%m%w%s FOR

rotated b the sane 15 predeterm ned powe
LERRIdddly | QN dnsWplembmgfliek (Dwkéer@ %62980
revol utions per n1nute of the inpeller is either
(138efi) angrhavipgecondnzmm astignep matisbepmsenteppliattivs, be cottents of
control sanple at a predetermned tine, then a
whizhssd fraodpbrattdthgrraferemt:¢ bareina Folbexaimplpytdfartng fofllG. b lresystem
dat abase. The plurality of receptacles containing the

50@1 BrscRahAtiogl ] oillustEAPOBeréih @A SrrLPEY 18t Seeptdfle 2ahenyd@@dd ina -

for oxidation stability nmeasurements such as, e.g.,

hS’lﬁbldﬁtS' Ofhe & BB6 {s0RaptPlodccBROBkd an@eﬂu%,bexvéﬁ&%cwmdes
data, etc. Referring nom1to FIG 5, a'systemfor

2f|f lf“k*‘*a %*@'eiﬁ Eactl ﬁ"?x%%??ﬁ‘%‘éﬁ%‘“gf %ﬁem plecby e %‘)i‘a‘mﬁ& test

I R I

f%%?fj%: :%E‘ifﬂﬂe? RaY Sitelist ¥ B P?ﬁ%%ﬁ@?—%r fle MRidKafying
TR R P b %?’EE’?& & Pt R Reckplpdie S 1 Dl amlentisying

data i.s. ane dlsclosed in o pendj ng é%S Pat ent

b 5ore 6 b3 aifmedsiorthe putriosuriaey gf90f5 g icpagreader 0&t isgieitioned so
31, 2003 and entitled "H GH THROUGHPUT SCREEN NG

anE heGhE trord the BRIVENT] Pasowies ofhvpaBecHverst repgptacies 512 and to
Wl | enberg et al. (Docket No. T-6298C

transmit a bar code data signal to a computer controller 530 via a data transmission line

326 to electronically identify the sample. The bar code reader 525 is preferably movable
with respect fo the holder 515 in response to a signal from computer controller 530 so as
to be positionable in alignment with selected individual test receptacles 512.

A robotic assembly 550 includes a movable arm 551 with a grasping mechanism
552. The robotic assembly is adapted to grasp an mdividual test receptacle 512 in
accordance with selection inétructions from computer controllerl 530 and move the test
Teceptacle to.a position in testing station 520 so that the sample in the receptacle can be

measured for antioxidant properties. The computer controller 530 is operatively

‘associated with contrels to the robotic assembly via control signal transmission line 531
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5 (538-62))..and having a conmon assignee with the .
pr esent appf}cation, the contents of whych are }

whgQr ted by reference herein For exanple,
W 3oL { RGP5p0041035809

ring to KG 5, a system 500 is schema

illustrated wherein an array of test receptacles 512
are nounted in a holder 515. The system 500 is
adapted to acconmodat e any nunber of test receptacles
212 (and sanpl es). Each sanmple.is identifiable, for
SRRy RtidvB BroOR IO 0l ol dpBiclel e s BGERLAG hfnixltace
an ordered array 1 n holder 515, or nore preferably b

avi. an _i.dentifyin rk .a ci. at with it. For
R e Ml R et N ot BRPERT 1 e
identifying .b code, 513 affixed to the outer e
Sur f ALeSTIR it 20 ReS i 05 LrEne o Somrlent pridefippstability,
S0 as to be able to . read the individual bar codes of
g deiEHE &9 pridations (Oxidatiop sibiliedata sylis @f ths test ergrpoRverted to an
a bar code data signal to a conputer controller 530
aj¢odricgl eneniicel gnehimskirangmitied¢vialdgraBansmissloadine 6AB taddmputer
identify the sanple. The bar code reader 525 is
qonizdiarSB0y Varoashhenns Wrtdridatapstabilitydedihg afedind®h abd gesdenally
response to a signal from conputer controller 530 so
iadludd bhetipptieshaplabd & biygeh EgMTRREN NN RucifirRe ttReffect of

i ndi vi dual test receptacles 512. A robotic assenbly
ARQitibA GhSHIBS sAnR bR&H hraddiRrRbd Pelidt &F tihaspi ng

mechani sm 552." The robotic assenbly is adapted to

acoor Saneimil i CHE i S BARPLATANOLAE L etin Gooam oo the
T : i | e. '

B8 ok B ALY Srlilfol o s BRER R Sulifplen e

he receptacle can,be asured, for .anti oxji dant .. .
P B SR SEHELIPIS e Bt 6 PEFeIDRERae. Yploall, e stcrer
.0 eraLivgbg @ésociated with controls to the robhotic
15, TREASCIIIN NP AR £ 61X BOGRERIch pavdsal & i oxidater sl Doan area
WO 2005/ 045205 PCTI US2004/ 035809, to selectively
apate the 08 syrplgsebaplpesd a widficiens seljskmaziedal stitable for absorption of
measurenent and then replace themin their assigned
cebop disrideczap yhidhironshd liberdted dhuoing exidstds: of Tessteitrigbe oil, e.g.,
station 520 includes neans for testing the sanples
pbiassioxibgdtoxiie. Sptibhdliyt ¥ catalyst may be added to the lube oil to assist in

accelerating oxidation and is chosen to simulate the types of metal ions typically found in
an internal cormbustion engine.

. The cell is then placed in an oil bath maintained at a predetermined temperature,
e.g.; a temperature ranging from about 230°F to about 400°F and preferably from about
300°F to about 350°F, and connected to an oxygen supply. A sufficient quantity of
oxygen is fed into the cell while the stirrer agitates the oil sample. The test is run until
the quantity of oxygen is consumed by the sample and the total time, e.g., in hours, of the

sarople rum is reported. In general, large scale operation typically requires one liter of
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.e., resistance tQ)oxidation Oxi dation stability
dat a)results of thejtest are converted to an

-V‘?(I.)%Jsf g or optl ¢al si gnal and transmtted v

[
Si gnal transni'ssion |ine 523 to conputer contr&??ﬂﬁﬂm““b&”
530. Various neans for oxidation stability testing
are known and generally include subjecting the
sanpl e to an oxygen envi ronnent and neasuring the
effect of oxidation upon the sanple over a

)@gglﬁ%ﬁngfgﬁg?l %/gjt‘gstfdﬁ%%od for” use hgﬁéea?nﬁ%%ﬁ
d?&ona%eﬁ)y #lﬂ%fe %lhm@(&g%?%eat A doitlar [liﬁﬁ(ﬂﬂe gpu?wé\gg?l:-]?e s?s&led in

I's wei'ghed Into an torc

?%9%2 i fﬁ?‘@%ﬁ"?}ﬂ%%e A IR e T

cou | e nmot.or. which i.s ext rnal to the

o o B i ise oS G e e of Pisdsiprancd i
be pl aced a suff|C|ent solid material suitable for
AHEOR PP 8 oPuteTiatabate fen later analigiss Mvaiverativmypt Fes tost, the amount
| i berated during oxidation of the test Tube oi
of gxyzensongyored s8¢ramnredetoroiied éme@etipd reed.-| apouta ettoat test, is
may be added to the | ube oil to assist in
avesired whilepeadingdt i ovmputel dagabedras émetintesiaBiketoburbhef oxygen
types of nmetal ions typically found in an interna
aptake and ha hibegilviscosTiye Saidble high theuphplBeetodsTotReRiding
bath nai ntained at a predeternm ned tenperature,

@isgosityard EERGRAILER 1 153090, WOl doprgaab amy 2@BAD3 161208k 83893,
400F and preferably from ‘about 20 300F to about

- 3R@Wo endisconected to an oxygen supply. A suf fi ci ent

quantity of oxygen is fed into the cell while the

stirr %o%e & 4,388 E!Qﬁ_hg} tost SR Sor JHiGele %ns% oIB§ [uﬁg determines the

until quantity oP Oxygen is consure

%%rﬁurr%&%e%esaetét %g? g%g0ﬁs Hx@gﬁ%q ﬁdndesﬁbémgaggptgg,efm exemple
3 h Pk el Belsaousrea g wirgrn he pecaghinside a metl

anpl Accordingly, smaller quantities of sanple
ﬁ ?’@01% %p@%@ﬁaméeyﬁ%vﬁe pad otmoatesr bfse ivajigeed to a

and are within the purview of one skilled in
holder at the bottom of the glass tube. Next, a suitable nozzle, e.g., about aSml synnge

and a suitable hose, e.g., about a 12 inch flexible tubing, are filled with the oil sample.

The tubing is attached to a holder on the glass tube above the air hose. and oil is
steadily introduced into the glass tube by the nozzle. Air forces the test oil up the glass
tube through the heating block for the duration of the test. The rates of air flow and
sample introduction are confrolled such that the entire sample is injected within a
predetermined time, e-g 2 16 hour time period. The oxidation of the oil gradually forms
a dark deposit on the inner wall of the glass tube. The heating block is temperature

controlled within small limits and the test conditions are generally chosen over a range of
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the art . If.desired, results from neasukenents of -
the current duantity of oxygen that is consuned as )
wtBlobs/@2¢she | ube oil viscosity can be recordedpafysios/3sseo
predetermned tine 5 intervals to a conputer database
for later analysis. In a variation of this test, the
anount of oxygen consuned after a predetermned tine
period, e.g., about a 10 hour test, is neasured
while recording to a conputer database at tine :
ilTERSFAFAES CtdnelIqrD Rboms 230° Corybmn 33018, ake teanGat bernt @ifferent
oil viscosity. Suitable high throughput nethods for
- hEEsTAtIrAgto defesminsi deposiir fornttition looaetteinp efaiird 2 82 I0fer WO
99/18431, US 2003/0037601, US 6383898, 10 and WO
pBAEERIBE] petindicitimeq¥pdas hots)Shabiskd e f:95hot BN o test
for use herein is one which determ nes the
ARSIt Wited Quigblkedhed] dha MERARP Sy 3L dRLI 00,300,
deposit formation on, for exanple, a tr nspaf%n

bdeb@landeRyitiihe dHBLBQYS tﬂehﬁpﬁsﬁqﬁ ﬁfégﬁ%?r,] &lbe%a:a]éséﬁst itrjlc?igﬂ:]%agr%he

be pl aced inside a netal eatin

! ! et h :

e L R B S I S S—
: 3 i,.t abl le, e.qg., about 5m

%%rlﬁﬁéﬁéﬁgﬁgmgﬂgﬂg%ﬁﬁ?gg e’ :.g., gbgﬂt'g 12 inch-

flexible tubing, are filled with the oil sanple. The
tubing is attached to a hol der on the glass tube
above the air hose and oil is steadily introduced
into-the glass tube by the nozzle. Air forces the
test oil up the glass tube through the heating bl ock
for the duration of the test. The rates of air flow
and 20 sanple introduction are controlled such that
the entire sanple is injected within a predeterm ned
tinme, e.g., a 16 hour tine period The oxidation of
the oil gradually forms a dark deposit on the inner
wal | of the glass tube. The heating block is
tenperature controlled within small limts and the
test conditions are generally chosen over a range of
31 WO 2005/ 045205 PCT/ US2004/ 035809 tenperat ures,
e.g., fromabout 230C to about 330C, and tests can be
run at different
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temperatures to determ ne deposit formation over a
teﬁgeraturerrange.,ﬁdter a predeterm ned period of
wio 85448208, 16 hours) the glass tube is renov
the test apparatus, rinsed with a suitable s?ﬂ%@% , 4035809
and the anmount of deposit is neasured in 5 accordance
Wi th the darkness of the deposit in the tube, the
darkness indicating the quantity of the deposit and
t he anmount of oxidation. The nmeasurenent is conpared
agai Wétile sheplotaieiration oftte d4pmnitl forthati@t capfbetpatfesned3Raddblly by
2005/ 045205 PCTI US2004/ 035809 While the .
viled]Br ifipactrigaBe REt (ke copRamistit %idk 158 kiafdar 86t JPQibes, and
performed manual |y by, visually inspecting the test

chtitRing GRHRSE egdéaﬁsmh!ﬁaﬁﬁm%tp%@ﬁrﬁetﬁ@& is Q&oﬁéﬁa@%?% .

and estimating the degree of "deposit formation,

S50 o Ll o ot oA
e, BTt S DR Sl A 81,
o bR RO i R

he amount of deposit, and hence, .the anount of

T%&?%FY af?ﬁlafubﬁ %ﬁ%%heémqﬂa? ofdenesih and heaee g ampounbof

FIG 6, test tube 624 froma Komatsu Hot Tube testing
oxidatigyathesamiples positi oned between |ight source 621

and photocell 622. A beamof light fromthe Iight

sour b ekamplerrefetrang to K@ test tube 626frorh alfnt?dh Aotdubs testing

neasured by the photocell 622, which neasures the
apambBtis pdsitionadbatwedndibht bayinde 620 @AY ehidtScellb2g. MeREinyy 1igt

an electrical signal, and transmts the signal via

e

ok )

~ frbinfies €ghBsdued B Giretitbiotsh SR Mst fibk 824 SR0s meddifed by the

conmputer controller 630 has stored val ues of |ight

pHdtGRE B2, beméRire® BR GhioWat Jf‘ﬁ%m&ﬁ&e&lﬁ%lﬁ{ cﬁ:ggﬁsg’{nﬁ %adﬁig to

tubes and rates the oxidation value o
<SS B0 90 et s B ot .
Tlgc%irrﬁagtef thhtx%ﬁer 630 has stored values of light transxrﬁttance (or opacity) for the
standard set of tubes and rates the oxidation value of the test sample by comparison with
the standard set. The oxidation rating is assigned to the test sample (which can be
identified by the bar code) and the information is stored as a component of the data
library. The computer controller can thereafter modify the selection instructions.

Programming to accomplish the various functions of the computer controller 630 are -

within. the purview of those with skill in the art.
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identified.hy the bar code) and the infarmation is -
stored as a tonponent of the data Ilbra?y The }
controller can thereafter nodify the
W6 ﬁﬂg}étf%n instructions. Progranmng to accon‘plc"rghsmo‘”035809
the various functions of the conputer controller 630
are 20 within the purview of those with skill in the
art. 33 WD 2005/ 045205 PCTI US2004/ 035809 | n anot her
oxidation stability test nethod for use herein, each
of Tendtier egidhiieh SRS Gefod rils@B&8in! sucBBS the foregoing
oxi dati on contai ner and nmai ntai ned at a predeterm ned

satnBRP A& ell B arfoRALRE kAR i iR aind g b Aalidid
contai ner can be a nmaterial which |s SU|tabIe for

A A b S e T
e oA R A A

t 0 _about.. 4Q hour s I
terp AR A A frgm At QQ@"&%@“@PO ¢ S fwfmm .-
th resence of a netallic_ oxidation catalyst, e.
abautéé 920p ¢ 887C nEhepredairrmined dneBa: v EP 1O &‘@am%lﬁalrs
alum num The air flow rate can be determ ned by one
Adgitionplis airds hubbledrinto(the igst ol 82 gonstant rateool fpwaarnd/ih therassence
been used for a 200-g sanple of test oil). The degree

of eimetallicoatidation catalykie .g., d evmbinativecbibyetaldasuning cohper, lead aﬁd

i nfrared absorbance of the carbonyl peak at 1710 cm1

aluasindg, The gr flow rite diin B ddidriniit O ont BENat ®dhe art (e.g., 13.9 L/hr

spectroneter (e.g. a Broker IFS 48 infrared

+ @PDAF Bl bebn udd 16X4 900-; Pl bBSstRIRCEhe dégﬁee%%ﬁ%@dm@ then

peak at 1710 cm 1l incfeases owing to oxidation of

defelfined B ineRhdin .gftzﬂgcﬂ WsoBWHer %ﬂrﬁoﬂﬁfé&é@ gt?lg

gr oups are pro 15 data i s the

I S g%aeggg hr&k%yeéwa]ﬁgﬁﬁed

nmeasuring 1 n rar ance 1s

in. U.S., Pat.ent li,catio 002 31.;. Anot her.
DRI 6 ST ARy s e AP TRT IS Bl LD it Hafrosses owing
sent _i.nventjon uélllzes dlfferentlal scannin :
to Rl Bioppgtheyest P ay eataeny-coniring fenipeal skuah fepgpduced. The

calorinetry is a
data is then recordad in a computer database. A suitable hlgh—throughput method for

measuring infrared absorbance is taught in U.S, Patent Application No. 2002/0197731.

Another oxidation stability test method for use in the present invention ntilizes

differential scanning calorimetry. In general, differential scanning calorimetry is a

- technique to measure oxidation stability of a test oil sample as 1t is heated. In this

method, the sample is place_d in a suitable vessel, e.g., a 10-mL air-tight vial, and held at
a predetermined temperature, e.g., from about 120°C to about 200°C, by using a heating
source, e.g., an oven. Autornated computer data collection occurs throughout the

expenment with individual data points representing temperature and heat flow between
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technique to neasure oxidation stability of a_test
oi%)sanple as it f& heated. In this 20 nethod) the
mle is placed i'n a suitable vessel, e.g., - ;

wélgpg{q%ﬁ‘iﬁ? vial, and held at a predeterm ned %&%%4/035809

tenperature, e.g., fromabout 120C to about 200C, by

using a heating source, e.g., an oven. Automated

conmput er data collection occurs throughout the

experiment with individual data points representing

tﬁ%@%‘@ﬁ%@@%&@“ﬁ%@%ﬁ&% i A0S 9E A inety,
AP OIS B8 A e
LR TV D £ —

the exotherm c rel ease. of heat. The tenperature at
ot Thafempsatorrest which e explhergic Trisae of Beal elisgre! isgalled the
called the 5 oxidation onset tenperature and is a

5 oxedation ensst topiperabrg dtis ¢ ecasuade] the grigstivetstabiity of theoikn
alternative enbodi nent of an oxidation stability test
met hdud af elteromye embodimenini es ertdafionstability test toathoh farsise in the
the thin filmoxygen uptake test (TFOUT) nethod,
tResgnt, invedQdM(HRod1 42 Ihe thin SRk egapfuptikt tdss(THOLINeGEhdT 0.2.,
a TFQUT gl ass dish together with a suitable anmount
5TV D 4ed2) fafs@.ﬁlﬁﬁle%f of 3§Wtighed th3H TEOET alasedibiatogsther vilita

wat er sanple he 10 sanple is placed in a suitable

G @hMGInt ofa Bhel fréktidh %%pl@ Qfthia B8 é%z&?[’;‘sﬂ &fd Waldh sﬁnsple The -

pre etern1ned anount of oxygen, e.g., from about
ST L A R
det dt . g., bout
Bt e SPBEL LA r BUBEE R e0 1 diBago b, 3500

about. 50 rpm to. ahoyt . record r can
R TR T{’:‘ ﬁBﬁ‘FP‘Pﬁr‘%H%ﬁH é‘fbﬂéﬁg‘%@}ﬁ 'ES@%‘ 2ighen
there is a rapid pressure drop the test is over. The
prodeierpinglennemtue.£r8» BO¢ Heaboaki00fe, %nﬁéoliafﬁéﬁaa predetennmed
pressure drop is recorded. If the tinme is above or
spesdoagaabqit é‘g mmeiorabaeidl 40 apme A chid resardst ean eongiantlygnedtors the
a pass/fail determ nation.
15 oxygen pressure and when there is a rapid pressure drop the test is over. The time from

the start of the test to the rapid pressure drop is recorded. If the time is above or below a
predetermined value, the sample is assigned a pass/fail determination.
If desired, an assigned value of oxidation is programmed into the complﬁer
| controller for “pass/fail” determination. Assigned pass/fail values can be selected based
20 upon performance requirements for specific lnbricant applications and prospective
operating environments. If the test sample fails by having an excessively high oxidation
value, the test sample can be electronically marked and ﬁmJIe testing of lubricant oil

formmlations having the same composition as the sample can be sliminated from further
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| f desired,-an assigned val ue of oxidat+on is -
pr ogr anmed i hto t he conputer . controll er)for \3

woRasslikRk! " deternmination. Assigned pass/fail ﬁ@/ﬁ@zﬁom:;ssw

can be sel ected based 20 upon performance

requi rements for specific lubricant applications and
prospective operating environments. |If the test

sanple fails by having an excessively hi gh oxidation

val ue, the test sanple can be electronically marked

testiely fortothe pbr€stiafg dibracieistios Al vot detestiny HllbDédi& the system
havi ng the same conposition as the sanple can be

 oh heiaad BbpbaR b Mk S0 4B20pont only on samples

PCT/ 113S2004/ 035809 tesfing tor other performance
e o b o T et 1y,

e Pt bk MRSl SEERs Byl SA0BIER cal Bl Bhoitored
PR A a0 A b O R S

' a location which is not in

r. te |ocation, Ji.e. [ t
."Hﬁir 1Sty operqtizg dhe method of the MysRHoRe tA reotcopation spmbe Aor

operating the nethod of the invention. A renote
exaenle.ianenal presess dogirol systamysi sooma whisht asglartf dawerall system for
control system or room which, as part of the overall
ussy/leereim thenritoryand doeirals the spaiem e msll anckcords theatutputsef each of the
systemas well as records the outputs of each of the
reseliudfithe fts bhing tasied ole I thicany, iittdoaiids. poksible oS esé@nteraction
it becones possible for Iess interaction 10 with
wiIpeeonel béaj Bgticdeatat destaén N8 bRGAL | RiaBk A Sines, with
system Suitable data lines, with which the results
wifchtthereQuisRifthe ek bvefi Sis GO m&%%gjﬁ ited, are
transmtted, ar%% Known. The pdligé alrty of F%%%iétn%‘g es
aining the lubricating oil conpositions can also
be anal yzed for respective anti-wear properties,

stability. Wil.e classification 15 of |
e TR ekt it W B o e difRes o

of G Ry e tyE ek erproire. R W neBiier QWde casificaton

xtr%r’;e-pr ssure wear tests, ) )
of wear fypes mcludes, but are not imited to, adhesive wear, abrasive wear, fatigue, and

polishing, the following are generally three major wear tests: extreme-pressure wear tests,
hydrodynamic wear tests and corrosive wear tests. Representative of a system and
method for screening the foregoing compositions in the plurality of respective test
receptacles for antiwear data is one disclosed in co—pénding U.S. Patent Application
Serial Neo. 10/699,509 filed on October 31, 2003 and entitled “HIGH THROUGHPUT
SCREENING METHODS FOR LUBRICATING OIL COMPOSITIONS” by

Wollenberg et. al. and having a common assignee with the present application (Docket

No., T-6298B; (538-61)), the contents of which are incorporated by reference herein.
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hydrodynam ¢ wear..tests and corrosive wear tests.
Repﬁesentative of @ systemand nethod for screening
ﬁgoing conpositions in the plurality of

for
W&?@%’é@?l Ve test receptacles for antiwear dat & GHEUBRY/035809

di scl osed in co-pending U S. Patent Application 20

Serial No. 10/699,509 filed on October 31, 2003. and
entitled "H GH THROUGHPUT SCREENI NG METHODS FOR

LUBRI CATING O L COWGOSI TIONS" by Wl lenberg et. al.

and NV iAgnR- GO asEhINSSoditdwih g Where the Iubricatin
application é%oc%gt No., T-6298B; 55@@@§§)mehé:ubnmmmg

AP RoR oy R BaPhAe BB P Y sABhBA N onty e non

extrene.pressure wear.test 1S assqcCi i th .

0 BB R R B bt Road P oot Bt efoninaty
been. squeezed .out of, for exanple, an engine, |eaving
B9RAGH (B TRCRRITASFIE BPEERd SRS o heh SiEtle: SRty arear canlion
tested conposition that has been chenically bonded ]
qegure Retwiep Be stongneaand cindsywalh Heannpgg inizaispmbustion engine
extrene wear condition 5 occurs between the piston
whenghepiston yeaches dhe wopkt depd centerand iswybiected tonthe force of the fuel
conbusti on engine when the piston reaches the upper
cheddstivarekplosian avhils tiegigtedt fd ah dnstdnendian eldigt mbtien. f uel
conbusti on expl osion while the piston is for an

| NSt anhydiedyniiicstbdt 66 degigngl tb @t the abiiey SO RBTCating il | S
designed to test the ability of the |ubricating oi
déﬁ?‘@ﬁﬁéﬂsltg Efqvbﬁl VRREMRRE corBRibnd MESEinGORA TibABs: W8 ElRined
a fluid lubricant filmis retained 10 between the
HeRbeRh ﬂﬁihﬁ%cﬁ%g ERBes: Th¥RhGAL hydro d ﬁﬁﬁ%ﬁ%& ition occurs
e n n al conpusti on

ubri cant condition ocCurs - in Imtern
-engi el : -Di rings. and cylinder wall_, .
RSB ok B e ol g DR PRl e e
roke. .Fi.nall corrosive wear test is designed to
PRk 15 i g Ifl?t%/‘{?‘g'fmghjgs icating oil conposition
top o%ﬁct the interacting surfaces fromwear ina _
cor r SEAE PSR Fefiest ispissigprd to dest e abidiy ¢fdhoybdeajiag oil

in an_internal conbustion engine due to the oxidation

- cgiaposition to protect the interacting surfaces from wear in a corrosive environment,

The latter may be observed in an internal combustion engine due to the oxidation of
components in the fuel to be combusted or in the lubricating oil composition, e.g., in the

case where sulfur generates sulfuric acid.
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conponents in the fuel to be conbusted qr in the )
| ubricating ®il conposition, e.g., inthe) case where \}

_ 7 nerates sul furic acid. 37 WD 2005/ 04 o
Wé’%ﬁ%&%’&/ 035809 Referring nowto FIGS. 7 a%szommsasw

the nethod and system of the present invention for
sequentially analyzing anti-wear properties of a
plurality of lubricating oil conpositions, stored in
the library in accordance with FIG 1, are

i1 uskemtRg noddd iFRgs.thad 8 e aRdiRid L8 s?%%%gﬁﬂte bRsstdi€avention

anti-wear properties of each of the s

PR ER o lirog aFE RIS oTUPREADY bPXouipe ol

SRR o o BB B RH 0 ppa. A
S5 R e 48 SR

a plurality of |ubricating oil _ conposjtions at 710
qopngsitipys sugstantiply facilitates thgseloctime! crydilatagonpgsifigagrapable of
to carry out each of the tests by selectively 10
thetassially parieseut teospeacipessi8e.dydmdyhangio npdaiontye avear
respective sanple identifying code bar 850, to a
dtaslityrieptssmden tha d&d6d ofdiatingaivoditionsamsetdibry reqiirements.
configured to have one or nore novable arns 812 each

pr ovi@thgprbvided gplasiher Tt siledridositivii &7108RY TS, a
the individual test receptacles 810 I n accordance

hétt dsBslblyeso @ns. £)io H&a%td&qg_@éﬂ'yle&ut GRN &1 Qhd 1B4ts bPdfectively

The testing station 820 may include a single testing
SRR Q61 ASohiin j I tifyin
preferab )r/ gl%‘%i.s sltreg?%ono{ls agsaglten‘ﬁ%g%%ﬁmﬁ'%llﬁnp e g code bar

POPALALUAESLARPEAL. | Ml 1IN ANA0YSLAR0 N Na 2R or more

cairies o respective accordance

i nstructi 720 (FI.G..7) fromthe controller 816.

wpe¥eperEion 812 e e R e R B T i ez the

dlubrjcating oil. ¢ osition can, be distributed anon

13 e tppader 108 aggor fRav ik (pstrogsiogs from a computer Sonroller
hydr odynami c test apparatus 834 and a corrosive test
ﬁparatus 826 or nultiple .

‘The testing staﬁon 820 may inchude a single testing apparatus performing one test
at a time, or preferably, this station is assembled of mmitiple apparatuses operating
simultaneously so that each carries out a respective test in accordance with instructions
720 (FIG. 7) from the controller 816. In the césé of oultiple apparatuses, a tested
lubricating oil composition can be distributed among an exireme pressure test apparatus
822, hydrodynamic test apparatus 834 and a corrosive test apparatus 826 or multiple
identical lubricating oil compositions may be separately tested in any of the forgoing test
apparatuses. BEach of the test apparatuses operates under the desired and controlled

conditions including, among others, a predetermined temperature, load and acid
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identical'lubricatang oi | conpositions may bem\
sepérately tested i)n any of the forgoing test }
es. Each of the test apparatuses operates
“RP 3&&%?6 desired and controlled conditions PCTT0S2004/035809
|nclud|ng, anong others, a predeterm ned tenperature,
| oad and acid 38 WO 2005/ 045205 PCT/ US2004/ 035809
concentration corresponding to those specified in:
existing or proposed statutory requirements and

CORdBERAR ﬁgsepbﬂdﬁ%{sotﬁxﬁ’%eg‘p&ﬁﬁd% 0 i<, &%?%P%Qéd difutory

runni ng engi exanple.
t th
apq%%éég&f %g%éor%gﬁ%gg%%#ﬁh cr eggcgr;tﬁ% eﬁuhggF“'rrg“g engifie. Thus,
Rl Syt %%H%L%f@sr ?%”tﬁﬁ%wr%ﬁ%@%@y%%é%wm@d load

t est ar at us 824, maybe ntroIIed to i ncrease the
F%&Gﬂ?ﬁﬁgﬁ?ﬂ?ﬂé% B2 ims C@n‘ff froze, for; examplsy pbonb 00 1bs. to
| bs. to_about 150 |bs at |nteryals i dentical to or

5 dbaqut @M. tp ebent AHlbs. nEherhydrodyresge trstapparatus 8R4 triag bk oendrolled
increase in the extrene |oad apparatus 824. Finally,

o inorepssdha/load fremefor examahe, abqut 56 dbsetoabikie 00 lissutof abbincl SO Ibs at
acid, can be delivered in conputer-controlled
teresinideatidabtesor diffdréie fioar theBitereald asscidéd @R dHedbidSn&2&e in
to recreate the desired corrosive environnent

tRrekBeRONdd BgpatOus §34e Felaly,H 6 dsiv OSSR YAl fr example,
concentrations to determ ne the corrosive vvear

S apiclabidyclbe dEﬂ‘@erédiH%bﬁﬁﬁibﬂ%nﬁbﬂMH%%ﬁ%ﬁ tﬂg colrSsive test

to be understood that the specific

Gt %regﬁr'lﬁi% %%co@foﬁv Qllj.‘/nuﬂmﬂu co)c!{ %% %nmaner s ..

at can be cont creat ed an

@msﬁ%ﬁ% A e t%%g%‘ﬂ%%c%%ﬁﬁiw £ o

eof ec. ed t e 0] ng test,

%&‘%ﬂ@ﬂ ol f&fog S U {tlas spe ficama@# acid
816 F G processes and outputs respective test
st 0%?011?1%“15 &% 2R GF oWPERmEREelsdn bpcaelibly created and
library. Accordingly, the information regarding the

mpdifiehiassqstasign Mithescholf thafsstiapparitagsoi | conpositi ons

'stored in the |ibr ary becones anot her piece of
- 15 j nf orAmtachnf the Iubridatinganil doopositions or a subset thereof is subjected to the

1.

<

foregoing test(s), as indicated by 730 of FIG. 7, the computer controller 816 (FIG. 7)
processes and eutputs respeétive test results at 740, eﬁch of which is added to the h"bréry.
Accordingly, the information regarding the anti-wear properties of lubricating oil
60mpositions stored in the library becomes another piece of information in addition to,

20 for example, storage stability and oxidation stability of the cataloged compositions.
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wear testing machines or apparatuses are known
carry out the above-di scussed tests. For exanple, as
illustrated in FIGS. 9 and 10, Test Pin and Vee
Bl ock 900 and Four-Ball Test 1000 assenbli es,
respectively, each are capable of performng the
ext I eABafiéie o8 bfcand ¥6H Relt R tih € mastin g Qr aBSArMesad8d known to
tests 5 either individually or in conbination. For

£/ Bk Ehe dbBvd-RScub&ltiedr. Fof Bk haithRRaed i #16S. 9 Fnd 10, Test

two Vee Bl ocks 910 can be controll ably pressed

PRALEY o DS RD AR BBl R0 sl LSp BT, A e

SRR B B AR B
Gl SRSy h e, SRS E SSOHEn A D o

"~ be 10 carried out sinultaneously with or separatel

9 rhwn Vo Hogks 01 hganrheroRpiroliagky Fresseagaipst HEtaiinggpuspa 920, which
measur ed concentrations of an oxidation nmediumto the
jseubmerzed Buctip @80 mithithe tegedhiubrcating bil zewpodidon. Accordingly, the

i nstance, by constantly injecting sulfuric acid at
hyveodynamic anfl exteme prossnreatsts Of eawbwf fe, lubdivating ail camgbsitions can.
rate of wear increases as the acid concentration
bowhaaaabseqddntidiebf eotirobatly inkRaéing€ WAl THE driddive 1208m be

as shown in FIG 10, is constructed so that the

dah¥i Qo Sinh Mh doBY Wil dr Sephhdly 6@ b6 LMe FotnRr two tesis by
stationary hol der 1040, |ocked in place, and covered

QioBricy HERRRE LhRn@AROL ABidAMBE LRALLG at% Joysly Such delivery.

conpositions 1020. Upon placing a top

26 Fetpt A ATl R Ly oD B L i o e

cussed on 20. which of

. di bove.. Dependi |
P O ik Rir YO8 A B o B f Hhssidconesainghon

run, it is possible to determ ne either the_Ioad
REEFS-ndex corresponding to the scar dianeter from

the tests run )
- The four-ball test configuration 1000, as shown in FIG. 10, is constructed so that

the three bottom test balls 1030 are placed in a stationary holder 1040, locked in place,
and covered with a r_espective one of the lubricating oil compositions 1020. Upon
placing a top ball 1010 in a chuck and attaching the top ball 1019 to a spindle 1050, the

load is applied in a computer-conirolled manner, as discussed above. Depending on

“which of the hydrodynamic and extreme pressure tests is being run, it is possible to

determine either the load wear index corresponding to the scar diameter from the tests run

or the weld point.
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or -the weld point., 40 WD 2005/ 045205

PCTBUSZOO4/035809 If desired, the results ofxihe
%t/&g&gl ned can be monitored froma renote i'c [US2004/0358€}9

ocation, i.e., a location which is not in direc

at least in visual contact with the system operatlng

the nmethod of the invention. A renote | ocation can

be, for exanple, a central process control system or

room whi ch, as part of the overall systemfor use

her ei If,deBredptht t@tBs 6fitHe danbitaihed tddesysitoraddom\e kdmds

records the outputs of each of the results of the

iRatisn, el Nibcsrnrviiach Rt inldirebtivr St 108 in VikuabEGRABR Sith the system
possible for less interaction with personnel being

SNl Bk BERLKADN OlerldiOISURR hSHl ARk, 2 central

[ nes, which the results of thé output, as

aé%céss%é%?o‘f Bl TR, o B e
a3 R o A b M e o

stored in a [elatlon dat abase to rOV|de a

Hisrigntheing: qasted ot r IndiE M3y 1oPIcORGRPRSEE e Tgieps igfegpotio ith
the present invention. Alternativel t he_system nmay
pesnelheingcatiopedyibrlosatign vbthy ssstg:ﬁagmév&leada%@qssewﬁbwhmh
conprising a conputer mcroprocessor for system

Beewlts ofthanupeoat wel ast enirgebheends, h@ydbamanmamhtatweknown.
vari ous tests over an extended period of tinme to

conpi Akofthestdfage sintilityadacs; oxitlationbiatacat] iattweic ata regarding the
conposition |ibrary. The database can be used to find
Pt QaBitinas: JabScating ol colepdsitiRels PArtbUEdredin SR Mtional
and can be particularly useful when the desired

RithdS o (R @AROAM thASriA SRBREHMIGIORrBEKE! 11861 FiBe present
When the product requirenents change, appropriate

£OBRINAKIQASHEA (R ngrﬁA dQtRa %ﬁe&tg&odagagﬁﬁ ta

product. 20 Relatlo ase so mare can be~use

F&%@St%f E( 5 i g lSS‘IQ EII'L% q]%p Eﬂl%rx%‘géesw 301' &ﬁggﬁﬂtﬂlg%}/l%ﬁ Sll aI}a(.{]COHtIDI to

rrca rrpos ns an e an
c&]fectatge dasfg g_bl ltfle yan%%g fosts over an extended penod of time to compile the

-
ﬁ-—

combmatonal lubncaimg oil composition library. The database can be used to find
optimum combinations for a desired product stream, and can be particularly usefil when
the desired product stream varies depending —on market factors. When the product
requirements change, appropriate combination;s can be selected to pfe:pare the desired
product.

Relational database software can be used to correlate the identity of the
additive(s) and lubricating oil comipositions and the analytical storage stability data

obtained therefrom. Numerous commercially available relational database software
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obt ai ned t herefrom Nunerous comerci al |l y, avail abl e
rel ational database software 41 WD 2005/ 045205
wbSddskdeedy94/ 035809 progranms are avail able, for '

exanple, from Oracle, Tripos, ML, Oxford Mol ePcCu f%srzemmsssos)
("Chem cal Design"), IDBS ("Activity Base"), and
ot her software vendors. Relational database software
is a preferred type of software for managi ng the data
obt ai ned during the nethods described herein.
pogveme e aaaiabin forwasaplehfidmiCraclb) Fifdos, MDE! ©@2fofi Rolecular
“nmenory map" of the lubricating oil additive and
(oherhied DR, IDES PR Ba%"), 3hdloGer Hekals chMat.
Information wth the inf.ormation obtained fromthe
st or 3@ Rhakiatabhdt sofRARUE £PRAR | S

o it R BRI RATR, o6l for Rliiing the data

type of software is we known t

. I | $ [ i.al
g T G MR Sk SR R e
5 B P ol B BB SOROE s
SN ATE I TR RN G IGN L

plurality of different lubricating oil conpositions
mheasyrpmply g3n besedh Thisfype efasitiateds wsll knersn fochesernd sidlllin the
conposition library of claiml1, wherein the at |east
8gne base oil is selected fromthe group consisting of
engine oils, transmssion fluids, hydraulic fluids,
gear oils, marine cylinder oils, conpressor oils,
refrigeration lubricants and m xtures thereof. 3.
The conbinatorial lubricating oil conposition library
of claim1, wherein the at | east one base oil has a.
viscosity of about 2 to about 2000 centistokes (cSt) -
at 100C. 4. The conbinatorial lubricating oi
conposition library of claim1, wherein the at.| east

)



one base oil has a kinematic viscosity of about 2 cSt

to about 30 cSt at 100C. 5. The conbi natori al

| ubricating oil conposition library of claiml,

wherein the at | east one base oil has a kinematic

viscosity of about 3 cSt to about 16 cSt at 100C. 6.

The conbinatorial lubricating oil conposition library

of claiml, wherein the at | east one base oil has a
WHATIIS A AdMIZD IS :scosi ty of about 4 ¢St to about 12 cSt at

- 100C. 43 WD 2005/ 045205 PCTI US2004/ 035809 7. The

¢ orbdomattimatoréd] hbuloriingil svgnpwisitios divpos carpising dplaralityodf different

claim1, wherein the at |east one base oil has a SAE
lubricathgs@ibadnipostBoas eortpri O (a WA afddéd o at WM 40¢ bAMOT Qf lubricating

oW 60, 5W 5W 20, 5W 30, 5W 40, 5W 50, 5W 60, | ON | OwW 20,

viscosity@d 38, a thia¥¥ d8ount oW 1844 &@%bﬁ&i\ﬁ{ﬂé Qil 24@WS WiRFein the plurality of
15W40. 5 8. The conbi natori al rlcatlng oi

differert WIRRSHiA &I‘ccldl&fsﬁfo}is Rfar haidm 1, wherein the at |east
one base oil 1's a natural or synthetlc oil. 9. The
conbi natorial lubricating oil conposition library of

claim1, wherein the 10 at | east one lubricating oi

SRR T T .

|nh|b|tors dehazi ng agents, denulsifying agents
one basgilds seleriodFom A %@“Pafjé‘ﬁ]tsgng i 9ngine SRS A RisEPs ﬂ“’fﬁ’é&hydfa“h"
poi nt depressants, antifoam ng agents, co- solvents,
fluids, gese Ridy eagioapaindst pilss eprgpressor plg% <rigeraigriibagasts and mixtures
ashl ess di spersants, dyes, extrenme pressure agents
thereofand m xtures thereof. 15 10. The conbi natori al
| ubricating oil conposition library of claim 2,
wherein the at |least one lubricating oil additive is
sel ected fromthe group consisting of antioxidants,

antiihe \WAbina@eiat 1abn@lﬁh§ of eaﬁ%osm@iﬁﬁbrm@mmahﬁ [ Swherein the at least
dehazi ng agents, denu fying agents, netal

one base oil has a viscosity of about 2 to about 2000 centistokes (cSt) at 100°C.

4. The combinatorial lubricating oil composition library of claim I, wherein the at least

one base oil has a kinematic viscosity of about 2 ¢St to about 30 ¢St at 100°C.

5. The combinatorial lubricating oil composition library of claim 1, wherein the at least

one base o1l has a kinematic viscosity of about 3 ¢St to about 16 ¢St at 100°C.

6. The combinatorial lubricating oil composition library of claim 1, wherein the at least

one base oil has a kinematic viscosity of about 4 ¢St to about 12 ¢St at 100°C.
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deactivatingyagents, friction nodifiers,}pour point 3

depressants,” antifoam ng agents, co 20 sol vent s
@Wcﬁ’@@‘}%orrpatl bilisers, corrosion-inhibitors; BCT/US2004/035809

ashl ess di spersants, dyes extreme pressure agents

and m xtures thereof. 11. The conbi natori al

| ubricating oil conposition library of claimS3,

wherein the at |least one lubricating oil additive is

sel ect. eThefconiinahgiabtpaibgal cdbipbgtied Lt P%ladan! Fherein the

44 WO 2005/ 045205 PCTI US2004/ 035809 anti -wear

AURBH She bIQI AT WO AISKE Vikshsily bl 0, oW%aéwnﬂ) BULHH, DW-50,
denul si fyi ng agents, metal deactivating agents,

dviept 500 SRk, fs*v@@.% SO, sﬁpké‘tsvﬁ'%ﬁrﬁﬁg%w 20, 10W-30, 10W-40,

-antlfoaﬁ1ng dgent's,” co- 'Sol vént's

Shwliﬁe&% 1§:‘,¢€}|r31r osugw 451h| bi tors ashl ess

I spet sant s, t Fefre pressure agents and
m xt ures thereof 5 12. The conbi natorial |ubricating
oi |l conposition library of claim4, wherein the at
| east_ ane Iubrlcatln% oi] additive is selected from
the groths ceBRy Bt Ol eRrmante ibremtof claal, wherein the
agents, detergents rust inhibitors, dehazing agents,
a <§Eﬁ@$ﬂ§“&§@ﬂ Gnéﬂﬁmiwdéactlvatlng agents,
friction nodifiers, pour point depressants,
anti foam ng agents, co 10 sol vents, package
conpati bilisers, corrosion-inhibitors, asbless
di spex. shptcombilpReial Risticahp oilpbepsiitich I3GaRN 1S cRIE 1, wherein the
m xtures thereof. 13. The conbi natori al Iubrlcat|ng

DildasiCRBMEEichitoil dddidves fledid Bt e SB Bhstdd®f affoxidants,
| east one lubricating oil additive is select from

AR Sy QetRisC AR Sos A st GhniB Qith %ﬂg% J,% ha2| i agﬁg nts, metal

agents, defergents rust 1 nhibi

el Yiehg, AORDE BrodlIRIAballSRGE LYRLLAG. A0 Sing agents, co-

ct I'ers, pour ressarnt
sol.ve

f
Al aab“*%%%gl?%me%%eeog%??l?ﬂnwﬁl%ﬁtf’%r B, s, oxteome
dl sper Sarliﬂgr gg esﬁxrtegfme pressure agents and

10. The combimnatorial Iubricating oil composition library of claim 2, wherein the

at least one lubricating oil additive is selected from the group consisting of antioxidants,

anti-wear agents, dstergents, rust inhibitors, dehazing agents, dermulsifying agents, metal

deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-
solvents, package compatibilisers, corrosion-inhibitors, asbless- dispersants, dyes, extreme
pressure agents and mixtures thereof.

11. The combinatorial 1u51icating oil composition library of claim 3, wherein the

at least one lubricating oil additive is selected from the group consisting of anfoxidants,
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20

20 34. The conblnagorlal | ubricating oil conposition
l'i brary of claim®6, wherein the at |east one

wmﬂmﬁzomg oil additive is selected fromthe BCOUR2004/635809

consi sting of antioxidants, anti-wear agents,
detergents, rust inhibitors, dehazing agents,
denmul si fyi ng agents, netal deactivating agents,
friction nodifiers, pour point depressants,

%@f&@%%%é%? : hlilgl:l%f fr?go}e%lﬁl?c:ss eglc Oe%f;onpa Saé?%ts e
A EmE Sl SIRER TR 2R W ”ﬂﬁeatleg%mesagents co-

The conblnatorlal Iubrlcatlng ) co sition library

stV PiRkeee SHPREPHsTHeoTesioN u:t%ea@t S digpereaRtsi Fis, Vextremme
oi | addltlve is selected fromthe group consisting of -
BTPEIUEs3asatsead mixgwes thigeqf: agents, detergents, rust

i nhi bitors, deha2|ng agents, denul sifying agents,

net al deactivating agents, friction nodifiers, pour

poi nt depressants, antifoam ng agents, co- solvents,
packatk Tenpabitidriabmbscatiagoil esmpeositiciiithaty @ slaim 4, wherein the
ashl ess di spersants, dyes, extrene pressure agents

adastibad uhestihh el e@fitiddis tectdd ot BB Hat é?i&}kt@ﬂmSg of antioxidants,

| ubricating oil conposition |library of claim

WREGBI LN defgeh@ash: ARSIt MehaBat 428k Qtelmml%g a%Ents, metal

i s selected fromthe gr oup conS|st|ng of

ia% nggéﬁ %?H% age ﬁ? 8&"%) e wd?@%%%?% %";“ gﬁ"& %#‘? agents, co-

gc?ﬁ/ ts, gc%é Vat l:tgi%s ?ent Ss'ﬁ%nh ttlgxl%tn eé%dxli}gerrssahtspgyes extrerne

poi N epr
sol vents ka e c |b|||sers

PP i?%ﬁﬁ“ ; ?9 hl ess di spersants, dyes,
extrene pressure agents and m xtures thereof 17. The
conbi nat ori al Iubricating oi | conposition library of
clalntl further rising_lubricating oi

conpoki Omb@é@tmi/ Beaiing oH cemppsitin ibnarydif piaian 8,wherein the

Iubrlcatln 20 oil conpositions.
at least one lubricating oil additive is selecied from the group consmtmg of antioxidants,

anti-wear agents, detergents, rust inhibitors, dehazing agents, demulsifying agents, metal
deactivating agents, friction modifiers, powr point depressants, antifoaming agents, co-
solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extrerne

pressure agents and mixtures thereof.

14. The combinatorial lubricating oil composition library of claim 6, wherein the
at least one Iubricating oil additive is selected from the group consisting of antioxidants,
anti-wear agents, detergents, rust inhibitors, dehazing agents, demulsifying agents, metal

deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-
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46 18. The c?nbinatorial | ubricating oil+conposition Ny
library of clfaim 17, wherein the lubricating oil -
woamprsioson property data is sel ected from t hep@r/Os®o4/035809

consi sting of storage stability data, oxidation
stability data, antiwear data and m xtures thereof
19. The conbinatorial lubricating oil conposition
library of claim 18, wherein the storage stability

il BBl S AR BN R ETPE RRE Stp iofy e oxreme
th hput t hod f duci nmbi nat ori al
FEASPCCRt HGOPFEEHBBSPt i on | Tbrary, under program

control, conprising (a). providing a library of a
plurality of different lubricating oil conposition
sanples conprising (i) a major anount of at |east
one Ud&sdheicombmatoghl inbrmcating) oV ceroprsitiop limaty of cleira 7, wherein the
m nor amount of at |east one |ubricating oi

5 addbtdnedybrieatiiy cihajilibveliesdgptddriran fhespant doudsiinecdintiaxidants,

~plurality of test receptacles, wherein the plurality

kil bemey) Betkipefits GAkHi bR, IERIRQSIgkhO MRmiussifling agents, metal
| east 20; (b) measuring lubricating oil conposition

RLARGfhE SSnaf £RAGH nRAMREE &S PR MiEsskhe mﬁ.}fggﬂi%%%éeﬁ%, co-

ol | conposition property data for each sanple;

i ; i s ( Ty |
o b | eSS W i Mhtep i, e exteame
Is selected fr th reup consisting of engine
Br{FE™ %%%ﬁ@glagﬁs %‘F%Io s, hydraulic fluids, gear
oils, marine cylinder oils, conpressor oils,
refrigeration |ubricants and m xtures thereof. 47 WO
2005/ 045205 PCT/ US2004/.035809 22. The_met hod of
cl ai mhb2(he gprabimpleriphiabygating gid corgprsitipadibrasy pf plging 8, wherein the
natural or. synthetic oil.
at least ons lubricating oil additive is selected from the group consisting of antioxidants,

10

anti—wea: agents, detergents, rust inhibitors, dehazing agents, demulsifying agents, metal
deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-
15 solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme

pressure agents and mixtures thereof.
17. The combinatorial Iubricating oil composition library of claim 1, further

comprising lubricating oil composition property data for ecach of the different lubricating

20 oil compositions.
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23. The nethod of claim 20, wherein the at | east one
lubricating oil additive is 5 selected fromthe
group consi sting of antioxidants, anti-wear agents,
detergents, rust inhibitors, dehazing agents,
demul si fyi ng agents, netal deactivating agents,
friction nodifiers, pour point depressants,
anti foam ng agents, co-solvents, package
d8nipht cnbingend lulpmanusibeernpdsittintlorary olslhlne i 3 wherein the
di spersants, dyes, extreme pressure agents and
lubricatihxdilic@Bpdshidh@odperty @aid4s seldreednfdh det @bupctambigtiOof storage
wherei n neasuring step (b) conprises a storage
stabilit HaR] dxida¥icHeaBMEeaR tintiWdr datal A0 nEk@bslthdrdof.
measur enent, or antiwear neasurenent. 25. The nethod
of claim24, wherein the storage stability
nmeasur enent 15 conprises a sedi nentati on measurenent,

330 o TR RLb BRI Ba i SR o RAH LT B 15y el

s AR ST Bo-hhed BhetPEr R B BBy 2 vioss

conmput er conpares the result with a predetenni ned
measuiGeife delimting a failure or passing of the result,

and the conputer identifies failed sanples to

preclude fiuther testing of the failed sanples. 5 27.

The nethod of claim 20, wherein the step (c) of

Gt pubigh dgowgppr nsthed &tr pradugingtalvembesitdriablubficaing pil (chnposition

on a data carrier. 28. The nethod of claim 20,
libraryf uHdeh@o gang@htsl, bgmphengt ep of using the results of

10 step (b) as a basis for obtaining a result of

feay AcP@HinG @l 1@ of @ PRwral#Y of diferdNelubRsatR ofll o@k{ﬁbs’ﬁ@n samples
further conprising the step of transmtting the :
comprisfng lﬂi)ta meﬁér bRt 62 1da8 dhe b8P Lot 1991%&1'1:1’3@ viscosity and (ii) a minor
amount of at least one Iubricating o1l additive, each sample being in arespective one of a
plurality of test receptacles, wherein the plurality of different lubricating oil compositions is at
least 20;
(b) measuring lubricating oil composition properties of each sample to provide the

lubricating oil composition property data for each sample; and,

(c} outbutting the results of step (b).
21. The method of claim 20, wherein the at least one base oil 1s selected from the group

consisting of engine oils, transmission flmids, hydraulic fluids, gear oils, marine cylinder oils,

compressor oils, refrigeration lubricants and mixtures thereof.
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15 30. The nmethod of claim 28, further cgnprising the "™
step of transmtting the result of further '
-WOaA0820429nNns to a renote | ocation. 49 PCT/US2004/035809

22. The method of claim 20, wherein the at least one base oil is a natural or

synthetic oil.

23. The method of claim 20, wherein the at least one lubricating oil additive is
5  selected from the group consisting of antioxidants, anti-wear agents, detergents, rust
- inhibitors, dehézing agents, demlﬂmfymg agents, metal deactivating agents, friction
modifiers, pour point depressants, antifoaming agents, co-solvents, package
compatibilisers, corrosion—inﬁbitors, ashiess dispersants, dyes, exireme pressure-agents
and mixtures thereof.
10
24. The method of claim 20, wherein measun'ng step (b) comprises a storage

stability measurement, oxidation stability measuremment, or antiwear measurement.

25. 'The method of claim 24, wherein the storage stability measurement

15  comprises a sedimentation measurement, color measurement or a Viscosity measurement.
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26. The method of claim 20, wherein in step (c) the result of step (b) for each
sample is transmitted to the computer, the computer compares the result with a
predetermined value delimiting a failure or passing of the result, and thé computer

identifies failed samples to preclude further testing of the failed samples.

'27. The method of claim 20, wherein the step (c) of outputting comprises storing

the results of step (b) on a data carrier. '

28. The method of claim 20, further comprising the step of using the results of

10 step (b) as a basis for obtaining a result of farther caloulations.

29. The method of claim 27, further comprising the step of transmitting the result

of step (b) to a remote location.

15 30. The method of claim 28, further comprising the step of transmitting the result

of frther calculations to a remote location.
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