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COVBI NATORI AL LUBRI CATI NG O L COVPCSI Tl ON LI BRARI ES

BACKGROUND OF THE | NVENTION 1. Technical Field The
w@e@semi203 nvention rel ates generally to conbi nEBCDUSZN4/035809

| ubricating oil conposition libraries. 2. Description

of the Related Art The use of a conbinatorial approach

for materials synthesis is a relatively new area of

research ained at using rapid synthesis and screening

nmethods to build libraries of polyneric, inorganic or

solid state materials. For exanple, advances in

r eac COMBINATIOR Iad)yL BRI ASrDGe HeAOMROSITHONAABRARIES

engi neers to rapidly produce large libraries of

di screte organic nol ecules in the pursuit of new drug
BAICKGREUND OhirER [aveNTiew t o t he devel opnent of a

grow ng branch of research called conbinatori al
1Chedhnsbr BeldConbi natori al chemistry generally refers to

net hods and materials for creating collections of

di ve LAk - :

11 br st Ao ROV <o R R WERp e

eval yati-ng .or screening libraries for desirable
C%P‘E@P%PE%HQ resently, research in the |ubricant

2i dustry i Vol ves indi vidually form ng candi date
1E@%@@@ﬁ?ﬁgigéﬁﬂégéﬁbsitions and then perfornming a
macr Q- scal e anal.ysi s of the candi date conpaositions
enpl G4 1§ 414 %‘F‘%ézf’éﬂ% ABESPACT e B HRERED 1p r?lé%‘fegﬁvew
Addi tionally, the nmethods enployed for testing each
area AkeERAtd aEpds ¥ring sid wgtiesieandhsstpsning pesthedsdm builh [ieraries of
in turn, significantly reduces the nunber of
pelpmpas itorgamnis arlselid siaim nigterinlss Feexample, atbrancés indeastor
| eadi ng lubricating oil conpositions. Drawbacks
tealssbagy dbedenmpavweraiorhe@ists and ahgisereenipidiygrroded largs libaries of
be seen as
discrete organic molecules in the pursuit of new 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 instruments for evaluating or screening libraries for desirable properties.
Presently, research in the lubricant industry involves individually forming
candidate lubricating 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 testing each candidate composition require manual
operation. This, in turn, significantly reduces the number of compositions that can be

tested and identified as leading lubricating oil compositions.
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foll ows. For exanple, governnental and autonotive
i ndustry pressure towards reducing the phosphorous and

wagdoses2ednt ent of |ubricating oil conpositi oNBCTYEEIN04/035809

as, for exanple, passenger car and heavy duty diese
engine oils, is leading to new research to identify

oi | conpositions which can satisfy certain tests such
as, for exanple, oxidation, wear and conpatibility
tests, while containing low | evel s of phosphor ous and
sul f Biravwbacks assesistedwith cayventisgalSereering Moctduaes,can be seen as

St andards M.- L-46152E and the | LSAC Standards defi ned
tbowdh €'0d epamds eowrambiiiltaed aBomb e iAddsoyphiskee kavdudst regucing
Associ ation at present require the phosphorous content
thé plesgliond:s ahd Sulfi® chgerdof bribring \wil @othPosiions ¥ssdd dshfor example,
future phosphorous content being proposed to even

HaS¥Bger t8VRH Beavs- dty difbeDdhgitte 0i1%0i0Wadia, A?t@ﬁew redé¥ech 18 Adkntify oil
bel ow 0. 05 wt. % by January, 2006 at present,

Jo b&tid WicH &d lé§t§s®’ ce?ttaﬁﬂgs@sr &ch QQ %rreﬁﬁ'iﬁﬂlte &Qﬁa‘rﬁﬂl \Rfé‘a& and

tent in endl ne olls, but 1t has been propose

c%gng%t%ﬂ}i{x%sts %}lg Q&I}t§:1%8€ Fohﬂ\sé’%gsé Efl' ﬁli‘{(o?ph it raiégglgﬁ%yln this
°§fq%f<ﬁn pfiq FapePRRGS Léﬁ@}%ﬁ@af‘)ﬁ'r‘@ﬁ#ﬁ | T sads

r oposed. phospho S an . fur contents in

e Brahes an PatE ke BPRis R e
corrosion i nhibiting propertjes_ and ant|
TS he phesphorous santait ok epeiRilsin B &fus alﬁzaf & UP Wiy 7o with future
content engine oils order to acconplish this, a |large
phaseherous ponsens Beis g aropatsditeetten AgvasilevelsonBo 808 vGn% bnJenuary,
be tested to determ ne which conpositions may be
2084 fnd belord 6i06 ivdrialtyy anueiynR 066 Alba aperssent) there is no industry
speci fications and changi ng customer needs al so drive
steaflat meduatinent fef fubfuf ntent Dtehgihe bild) buiciahis tepi biopadet @S the
such as, for exanple, transm ssion fluids, hydraulic

sftﬂﬂ[ﬂrl @ﬁtenﬂ%ﬂfeldw .8 wtNRbiyTenua), DOGE ik, |1§w01§31@m$@ ides@Ble to
olls,

decrease the amount of phosphorous and sulfur in lubricating oils still further, thereby

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
accomplish 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
drive reformulation efforts in other lubricant applications such as, for example,
transmission fluids, hydraulic fluids, gear oils, marine cylinder oils, compressor oils,

refrigeration lubricants and the like.
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refrigeration lubricants and the |ike. However, as
stated above, present research in the |ubricant

WO pea®43295 does not al l ow for reformnul ati on to BCT/UR20041035809

an expeditious manner. As such, there exists a need in
the art for a nore efficient, econom cal and

systemati c approach for the preparation of |ubricating
oi | conpositions and screening of such conpositions

for information correlating to the actual useful

pr opé&lowicess, ofstatdrmbovaypresétt resersch icbolubiicat industty deesihet

be desirable to fornulate a | arge nunber of different
atlawdordafoemblation o attun gn @i dxpeditipaahdnnen SAedudh, tthed exists a need
rapidly test a plurality of sanple candi dates

it tHelaktZbgmsdRfici@Mdfdomied] 2RBSRtERANP hﬁno;idﬁ ﬂ)ﬂhépreparatlon of
manner, a vast number of diverse conpositions can be

1ﬁurnsﬁﬂm/g SVAREBOnARE s6BAMRALIRLEZ &fnrloRitlb ARt nffafnlaﬁ&gl ng

| ubricating oil conp05|t|ons Addltlonally, it woul

QE% 5@1] ?otﬁ]f I bricating o I
c?:%?rlp t??%lna%futa@l arl fsoihgl?)lr%?al nelpng IOIrS1 or mlj\t i Ion r IeI gt eld
t o_ e corgln%lé/hﬁf wto bg dg e#ilgfel tg ?E‘%’l?l?aé a% F%e nLPrr%%r cgfl d(i)ﬁ'esrent

can
ce@%%@%@a@ﬁga 5 e S 850 ROBRE Fead Tl of el

t he prese [ nvent onbi nat ori al
CF“EFégﬁt‘?,sé‘l“ lﬁﬁg 6‘?“?1 @8%’6%‘?43?51153}@%1‘ ? BapRes, A Heigrumber of
conprising a plurality of different lubricating oil
devsrrs GSMPesEiAnS eunpsy el gvalegtedenduhancteniasd i idontifty lesding
oi | of lubricating viscosity and (b) at |east one
lyburisetingsail eognpositionsd didditioeally, i veoudbloodedirahibtodirorade  of
the present invention, a nmethod for producing a
cowmhinhtostldnbravating it d:qm;to'siltign tiblariesosyposiihg mforhvatisrarelatédsto each
provi ded conprising (a) providing a library of a
op thenestddtlybrivhtinhi Jif @neyabitibhsonhiclatan @ wéd toGeRPAstridatiy oil
sanpl es conprising (i) a
compositions according to the properties desired by the end user.

SUMMARY OF THE INVENTION

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

In a second embodiment of the present invention, a method for producing a
combinatorial lubricating oil composition library is provided comprising (a) providing a
library of a plurality of different Iubricating oil composition samples comprising (i) a

major amount of at least one base oil of lubricating viscosity and (ii) a minor amount of



maj or anount of at |east one base oil of |ubricating
viscosity and (ii) a mnor anount ofat |east one
wo adpsioea20s ng oi |l additive, each sanpl e bei ng i PCHUS2004/035809
respective one of a plurality of test receptacles; (b)
measuring lubricating oil conposition properties of
each sanple to provide the lubricating oil conposition
property data for each sanple; and, (c) outputting the
results of step (b). BRI EF DESCRI PTI ON OF THE DRAW NGS
ai/keest one lubrpaiiaig wtl ndditize. eadegwpleheigie k owpedtivh oned iy wekity of
to the drawi ngs wherein: FIG 1 is a schematic di agram
test remergydese (h) hrmasyping pebricaitpgaildompasitioty propertied dfenedntample to
| ubricating oil conpositions; FIG 2 is a schematic
pibady theiubicating \ositcofpbationperasdtyidag ot echgamsit;ant) ) yutpditing
a plurality of sanples of different lubricating oil
tBeidbdlis WE ste@ (WOsi tions and/or |ubricating oil
conpositions; FIG 3 illustrates a test receptacle
5 having a bar code in conjunction with a bar code
reader; and, FIG 4 is a schematic diagramof a system
Bﬁbﬁ%l%dlﬁ??%@rﬁ ;ﬁ;&?@% Wigd ndi vidual l'y retrieving
Test recept ; ' schemati c di agram of a
syst for hiah throughput .oxj dati.on.screening of. a
vart e B entsRedll 4 B e B RS R e,
v@{iz?hemati c diagram of a photocell systemfor neasuring
B%it formation on a substrate;FIG 7 is a flow
chart_for. determ ning and storing anti-wear properties
of alBpurispiseBemstic Aot sigiems 0T menspBs pPfusy of different
provided in accordance with the systemof FIG
10 lubricating oil compositions;

FIG. 2 is a schematic diagram of a system for measuring storage stability of a
plurality of samples of different lubricating oil additive compositions and/or lubricating
oil compositions;

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 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;

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

formation on a substrate;
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1, FIG 8 is a diagranmatic view of an exanple of the
system of the present invention capable of carrying

woaiospeosret hod of FIG 7; FIG 9 is an expl odedI/usmoa/035809

of a Test Pin and Vee Bl ock shown as an exanpl e of
machi nery capabl e of carrying out a plurality of wear
tests in accordance with the nethod and system of the
present invention; and, FIG 10 is an isonetric view
of Four-Ball_ Block Test 800 shown as anot her exanpl e
of iR hispylogaghar ffer dstermainingand gloging antl-pregapReriessf a
wear tests in accordance with the nethod and system of
rirelity 06 bdricatingwéepinpesiticDE Praivided IDRSORRRCE vk TE syt of FIG.
PREFERRED EMBODI MENTS I n accordance with the present
I;nvention, a conbinatorial lubricating oil conposition
library is provided conprising a plurality of

di f f @U@ islaldiMgraahitigicw bf axposiclof Hrsystempl eipigefta)

a maj or amount of a base oil of l|ubricating viscosity

iantibPdapable beamtyitt thdMeiealor PG of;| additive. As used

herein, a conbinatorial library is an intentionally

cr eaff@g. sﬁ% %ﬁ;ﬂb&ﬁ vt G dPTddf ﬁhiah% Vel BAck BN an example of
nol ecul es ich can be prepared by selected nmeans and
achfts {15&8%]3? %1'?(: r?grﬁéé %)gfja gﬁ{u%ﬁ%o%vegf te&p ?f ?c‘é%rraﬁﬁc% Lhifh thi mI%'thod

varil e raries o I'cati'ng ol
addi tive.formul ations, libraries of lubricating oil
B st B R bR R &0 TEr v 06 of Subaet o of
lubricatjng oil additiv or [ r lubricatin
of T G0 o i et bR B BlcB e Hog shin el

stability data, etc.). The libraries are generally )
eﬁgp}g@lg o& BiaghiBery capsbleof @W Ad&rality of wear tests in accordance with
varyi ngquantities. Screening nmethods for libraries
thamgthad aud syytemnd herpsesdetpeyedBer- upon a desired property

or characteristic, the size of library, and the cl ass

of compounds in the library.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with the present invention, a combinatorial lubricating oil
composition library is provided comprising a plurality of different lubricating oil
compositions comprising (a) a major amount of a base oil of lubricating viscosity and (b)
at least one lubricating oil additive. As used herein, a combinatorial library is an
intentionally created collection of a plurality of differing molecules which 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
lubricating oil composition formulations, libraries of subsets of lubricating oil additive
formulations or lubricating oil composition formulations, libraries of storage stability

data, etc.). The libraries are generally prepared such that the compounds are in varying
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The libraries of the instant invention can be of any
type. These types include, but are not limted to,

woroossess M xture libraries ordinarily contai PCHUS2004/035809

m xture of conpounds that are simnmultaneously

formul ated and assayed. Identification of the nost

active conpound is then perfornmed by screening the

m xtures. The library of the present inventionis

provi ded by a hi%h t hr oughput preparation and )
uanBiénsi Rereprinsimathpdy forblraren varheyeathiand eeerdepprseniginer s desired
of a plurality of different |ubricating oi
wopptysirchayadertsyic shibjizcefilivprs apfl dreadliss gf einpdihdsan dretlibrary.

| ubricating oil conposition sanples in a respective

one Ofhedibprigs af thé yhsaht inestion enelpt dahe sypt.0leatypesanclidde, but
exanpl e, storage stability, oxidation stability and

&8 hbMBaitedns, apiRfikdse MixhRelite X @8dihafly cétitdh a hiiktedNevinpounds
as used herein shall be understood to nean that a

SRt SRuEBRly Rimlaleh 86 @ Msayed D1dcaftibdfgn 6F fhe most active
conpositions are rapidly prepared and analyzed. In a

§drk Rm@fs‘?ﬁ’eniﬁéﬁf)ﬁ{é@l%%cfe%né Rk Qf the present .

i nvention, varying dquantities of at |east one base oi

. . . ; . I : : .
0 ;131%:11%?%% OfmY 'px’c’e&%l %n§¥nt %qls ﬁIIOVld%g%%fl Igf\%g tl%rglgéﬂpﬁ?éljegagatmn

oi | areintroduce respe

P R SR R SRR Sy Bl e
it] d dj h ] .
SRIPAR LoD SoREICLIR AN, L BeLCeage AU

oil of lubricating viscosity in each receptacle. Data
PRSP SRTEMeS 18 B APPSR ane off2 hwhityd fgst weapiasles i meapurq, for
a data library. The procedure is advantageousl
ereoptepbtpbesabiliyexigatiog stahiligoandraptiwaargrapsriies. The expression
automatically controlled by, for exanple, a

Thigh thpugles Sarusat haptih elialldempdéretood Gnheanlthad eviiveese nithder of
expression "programcontrol” as used herein shall be
difféensiuetatib@oileanpdsii@nesy irapidn brepsed altearalyaed) In a first step in
providing the plurality of lubricating oi

ARG Ihd IR of the PrsQTBAREH ) dargRRIgudhtliRslo M 18I ha%e oil of

control
lubricating viscosity and at least one lubricating oil additive are introduced in respective

test reservoirs so that each reservoir contains a different lubricating oil composition
having a different composition depending upon the percentage amounts and/or types of
the additives combined with the base oil of lubricating viscosity in each receptacle. Data
regarding the composition of each sample are stored in a data library. The procedure is
advantageously accomplished under 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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The lubricating oil conpositions in the library of

this invention include as a first conponent a mmajor
wapwanis2ed base oil of lubricating viscosity, BCTUS2084035809

amount of greater than 50 wt. % preferably greater

than about 70 wt. % nore preferably from about 80 to

about 99.5 wt. % and nost preferably from about 85 to

about 98 wt. % based on the total weight of the

conposlt The expressiqn "base oil" as used, herej
SRR Tdhe el Stof Gebrica el oD B et BERMBIET BRFRRUGHSd by

base stocks which is a lubricant conponent that is

CHIBH B @y a single manufacturer to the sane

speci fications (independent of feed source or

manufThe lubrieating oll gompespitdns irt thelibraresfshis frvestgomeinclude as a first

manuf acturer's specification; and that is identified
ctayip@nenta gejer irnsunt bfAbasp v diivbricatieg vis€asitat 6. @ namanxhet of greater

both. The base oil for use herein can be any presently
tHeRBOWL0Ys, prafetiblEissgaviiireshobEmew0 M, ndke prafedbC@frbMGibout 80 to

viscosity used in fornmulating |ubricating oi

aBAUTPOSivitl ANSd bidkt ﬁ@ﬁéra@ndﬁ@h bbbk 851tcrdpBh 9BakA. 9 BaseB o8l the total

engine oils, marine cylinder oils, functional fluids
véf%*ﬂ ofthe Ec%ﬁgﬁc%iogf tT?é(a) lﬁ}gprfs%ﬁ‘ agé %rzis as O%Fﬁé}lglﬁ%hﬁgtée understood

tcbl%reﬁi Qba%é‘&o&?&ﬂ b%h%l f %a&qsﬂ)tc% &1\441 ) f)llléén &?@%nent that is
e .

| nprovers, e.g., yner acry

olefinic co oI an et

rEgst X%%?%fﬁrem%ﬁ% wfie sh Cs-ﬁ P RPPeh Rl S e source
l'ike tures t hereof. As one skilled | the

chBERH e s 1?93 igB st Pigpls tshige ARy seciy g that i
il _1s dependent upon the application. Accordlng

K%eﬁaﬁvi Bepuriqye fgmula, preducidentifisptioggwotber, er hoth The base oil for

ordinarily range fromabout 2 to about 2000

ugehr¢is cakiesany eSisynttknewo ocktaridgeeitecd(t@ye oibehlubagating

i ndividually the base oils used as engine oils wll

visewasity aisdd in doratuiating lubciogtingyoilrcampesitdns ¥00ang aodl akhiboait 2

cSt to about 30 cSt, preferably about 3 cSt to about

apficati@Bp@séngpteailemdring calalst oifk, Qipttidral AMdstuch2s Gftraulic

and w Il be selected or bl ended dependi ng on
oils, gear oils, transmission fluids, etc. Additionally, the base oils for use herein can
optionally contain viscosity index improvers, e.g., polymeric alkylmethacrylates; olefinic
copolymers, e.g., an ethylene-propylene copolymer or a styrene-butadiene 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 (cSt) at 100° Centigrade (C).

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

range at 100°C of about 2 ¢St to about 30 ¢St, preferably about 3 ¢St to about 16 ¢St, and
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the desired end use and the additives in the finished
oil to give the desired grade of engine oil, e.g., a

WO amsioeadd ng oi | composition having an SAE Vi SBOBUS3004/035809

Grade of ON OW20,0W 30, OW40,0W50, ON¥60, 5W

5W 20, 5W30, 5W40, 5W50, 5W60, 10W 10W 20, 10W 30,
10w 40, 10W50, 15W 15W 20, 15W30 or 15W40. O s
used as gear oils can have viscosities ranging from

about S%%Pf}‘? a Ogta‘gq%gg St ﬁi%té]% &Ogﬁémd?ngega?do gependmg on

rocesses i ncl ud| ng, but not |imted to, distillation,
theyfssed endame ﬁ]pch’rge aq%b@sfeé étéiiklle p{gg%ls(g] tﬁ@ve the desired grade of

ol i gonerization, esterification, and rerefining

eReine pilrregl, slubritetinh all cosposiisndering PabAY Visensity G@ﬁﬁe of OW,
materi als introduced through manufacturi ng,

6120 20V kB D940, OWV-H0, OW-605 WisEV-2Z0hEWIEHE 6 Wa#D, S37-50 HeW-60,
| ubricating oil conpositions of this invention may be
1Ry, 108-20,al0Ws 80, PRM-HE LHI0BV-bQ TG a51MAR0, 18830 bt 15W-40. Oils
Sui t abl e hydrocarbon synthetic oils include, but are
R adl defil $iRGah BaveAidcSsitkds @R dnh ABut DRSPRI BHR0TAEIQN
of ethylene or fromthe polynerization of -olefins to
Poeyi de polymers such as pol yal phaol efin or PAO oils,
or from hydr ocar bon synt hesi s pr ocedures using carbon

F scher - fhansch 5 PARCedPRES PR ity Pt g e
b?\lt sl gtlﬁrgﬁeﬁ%o lesﬂlatfo%n‘?qﬁve%F Iséf % y%fo 1 pla)lc%,(Ss%nlga tl@é(r)nﬁn(z)zftmn

%ﬂﬁ%ﬁ?ﬁw&l F?rsﬁlsﬁlﬂ%[ Retaf itk é%?ﬁ%?éh‘&ﬁIﬁ"giaﬁ%g‘ﬁ? il

| cating oils or mxtures thereof. Suitable base
laﬁrcr t@w&%% N3EEaAcaRng, RUTIBNH O BGVIPETHter 1hebase A1l 6f the
synt het ic wax and slack wax, as well as hydrocracked
Ipfuicating Qsampesitigueldhip ylvnvmnd@ayd@kanm gaturad phesmthetig fibricating

sol vent extracting) the aromati c and pol ar conponents

bage atheSuitable hydrocarbon synthetic oils include, but are not limited to, oils prepared
from the polymerization of ethylene or from the polymerization of 1-olefins to provide
polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process. For
example, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,
if any, lube oil fraction of viscosity 20 ¢St or higher at 100°C.

The base oil may be derived from natural lubricating oils, synthetic lubricating
oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization
of synthetic wax and slack wax, as well as hydrocracked base stocks produced by

hydrocracking (rather than solvent extracting) the aromatic and polar components of the

crude. Suitable base oils include those in all API categories I, 1L, III, IV and V as defined



10

15

20

crude. Suitable base oils include those in all API
categories |, IIl, IIl, IV and V as definedin API

wenmbioes2ds on 1509, 14th Editi on, Addendum |, DeecT/USD98035809

Goup IV base oils are pol yal phaol efins (PAO. Goup V
base oils include all other base oils not included in

Goup I, II, Ill, or I'V. Although Goup Il, Ill and IV
base oils are preferred for use in this invention,

t hese greferred base oi | be_pr epared by conbi ni n
il pblisgien b309cH4sky Fdition,) Adderlthml IRgcakys vGé@leéWsl’t‘aé%R%s are

or base oils. Useful natural oils include mneral _
paliptiheelefimg(PiQ)s GsauphV hase oflpinclda el piher hase pilginot included in
petroleumoils, solvent-treated or acid-treated

@Gionp IL,dL, I pdarIVe atlihoggtoGilosp Of 1T el Palraaé dilsvire prefrapdtidrarse m
or m xed paraffinic-naphthenic types, oils derived
thisameanal, tiage plaated basioffenapbt repmedby edrhidn@iloge (remgre,of
rapeseed oils, castor oils and lard oil), and the

Gikg 1, Imﬁfwarﬂy\%mtstoekédmasmrsl ng oils include, but
are not linited to, hydr ocarbon oils and

hal 0-34RF hiihisi 6 1Ha1g&eg@g‘ LRORbAL g SHE Qmﬂ%s H&l SR 1eZ Bhid

and |nterpolyner|ze ins, e.g., polybutylenes,

e R B R R B R T AR KR e parafinc,

PR heD enﬁ@éqaffﬁgq UhDERETAED a8 Hond LAPoRRe, i
dodecy| enes, tetradec Iben e di.non nzenes,

AR SR R b e <A Ty 18 1 R SRS SRy | o

such as b| phenyl s, terphenyls, alkylated pon henyl

and tYssful Wéheharhvbpcawﬂa itisHisls, put gterof gma%maﬁmcm oils

di phenyl sulfides and the derivative, anal ogs and

andrhelootybstithied bstrocarpnioile suchias polgmsared and inigrpelymeriead; Qefins,

| ubricating oils include, but are not limted to, oils
eradeolyhutydedey elypzopytpned, pfoipm]sn@fsoblaglsnet ¢opnlymecsa cljormnated
atons such as ethyl ene, propylene, butylenes,
Pt @es, popg Mhesrhes) Aoty Foxiehsy polsiibt@ehes), Matl iedike ahd
preparing such polymer oils are well known to those
Silkinlrberedt; hik§lbalAenes such as dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the like; polyphenyls such as biphenyls,
terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl ethers and alkylated
diphenyl sulfides and the derivative, analogs and homologs thereof and the like.

Other useful synthetic lubricating oils include, but are not limited to, oils 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



Addi ti onal useful synthetic hydrocarbon oils include
l'iquid polynmers of al pha ol efins having the proper

WO R®s0%$3205. Especial ly useful synthetic hydr ocBebus2004/035809
oils are thehydrogenated |iquid oligoners of to al pha
ol efins such as, for exanple, 1-decene triner. Another
cl ass of useful synthetic lubricating oils include,
but are not limted to, alkylene oxi de pol yners, i.e ,

w‘%l@qg%nﬁt R R e LN e DTS

for exanple, esterification or etherification.

§e oils are exenplified by the oils prepared
through pol ynerjzation of ethyl ene oxide or propylene
oxi detnotlsc ésq@f luseflsypthelin/lubrgatiag siluhclpfe dat are not limited to,
pol yoxyal kyl ene pol yners (e.g., nethyl poly propyl ene
adkylens! oxatelpotynieas i.nghemopmlyancag mtwrpblsmatsaand/@ngattvesﬂlereof
1, 000, diphenyl ether of polyethylene glycol having a

5 windretheltaming hgdrdx 0 fordmPOhake BBen o difib/by, €dregtmple, esterification or

pol ypropyl ene gl ycol having a nol ecul ar wei ght of

ethéHRatlord Olthesetdils ate XemPR byahcloiRYryaddaReyibh Sol@EkREaSion of

t hereof such as, for exanple, the acetic esters, m xed

dtR1606 ASdethr %ﬁﬁﬁfeﬁe oﬁﬂe uenG Qﬁ‘cpp}ﬁaﬁyl%ﬂ@rse@tﬁése Eglyoxyalkylene

tetraet hyl ene glycol. Yet another class of usef

Bt & hURYISR) b0 18idl ey b GhetdGvinb Ut @9&1111
@rﬂ}ht egé‘g %ep%y}% g}é eg%Ic?i car% %Vﬁn?c %‘2%%5? gular weight
t hal C|n|c
%ﬁk@y@ﬁgﬁ%ﬁ%ﬁf@?é&?fﬁhﬁe%a%@“éﬁ‘%c. o BYGEY G 3%00 1000,
ri.c a
10 e e et dAER bt ing b oo g of B BT 506 ooy o
aci ds, alken I | oni etc., with a variety of
3PS Al BV ey g g 168%%11 o5, e FBlp i afetic aRgrEcyed
al cohol , 2-ethyl hexyl al cohol, ethylene glycol,
Gi-Et falfy avid cgpry.csthn@neretasisrdiesisr obipirasteylepia/disiol. et c.
Speci fic exanples of these esters include dibutyl
adi pafes anathqr2lass diuishisk spinthetbhibacating dils imhkdy,| buf angmotlimited
di octyl sebacate, diisooctyl azelate, diisodecyl
tazthb attes ofidicabyryliplhtiiat.at ghthalic acid, succinic acid, alkyl succinic acids,
15 alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic 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 alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific examples 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

tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.
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di decyl phthal ate, dieicosyl sebacate, the
2-et hyl hexyl diester of linoleic acid diner, the

wae orploeeoest er fornmed by reacti ng one nol e of BEDbES1004/035809

acid with two noles of tetraethylene glycol and two

nol es of 2-ethyl hexanoic acid and the |ike. 10Esters
useful as synthetic oils also include, but are not
limted to, those nade from carboxylic acids having
fron1about to about carbon atoms with_al cohol s,

e.g. ’ ps sygqhﬁtéch@is a sgtlecludepblpt);lgﬂ wot tegéﬂ &t)}}ﬂse made from
ethers such as neopentyl glycol, trinethylol propane,

qpehersle apidiriaviag fropy ghevit Hieraheuir 2 cabon atoms with alcohols, e.g.,
tripentaerythritol, and the like. Silicon-based oils

metbanod sthafigly ete,xm’qzxﬂeandgwﬂm ethgis suchpsngeweptyd glycol, trimethylol
pol yal koxy- or pol yaryl oxy-siloxane oils and silicate

@bpase, protpryilseol adipdnerytusel, tipeataagtriodl, apirthdikitel c

| ubricating oils. Specific exanples of these include,

but @ikcontasddi dils k@l ab,Oor &@EHpREHOYAlKSL, |p|013}@f}@1 Folyalkoxy— or
tetra-isopropyl S|I|cate tetra-(2-ethyl hexyl)

p?ﬂ}l'akﬁéi}ﬁsﬂotx@ﬁer (ﬁl's (aﬂd SRty J)l[bel‘dﬂlﬁné bhdt&@Seful class of synthetic

tetra-(p-tert- uty phenyl)silicate,
: : yklﬁéé%%é%’lf CFanEs U B %Bﬁaefﬁ9?sllsnﬁte§xt%ﬁz%aﬂhyl
tt Ic}]-:‘ter 1§ g%gy{sstﬂlulan s e‘taré é? %@lg{h g)?gl es,?(elrﬂttﬁ] (El%yé-’
REF?IS%IIS%%S*%ﬁ%g-E%‘?@%? bﬁﬁsﬂteﬁ Tihe® P@flmﬁdgg%%ne
SRS gy PEg B e AR Sycs eyt

be derjved fromunrefined, refined and rerefned oils,
symihptas lupraeating pils mglnde but axe pot Limited do, diguigresieriof phosphereus

of any of these of the type disclosed herei nabove.
agniesfingwsdisoe.p-s trigresyliphosphatebirigétilghostihates diethyt estamofidecane

natural or synthetic source (e.g., coal, shale, or tar
phasuhsortié dcudyett), palytiencitetbhydrdferanpand the bhé.i on or

treatment. Exanples of unrefined oils include, but are

not |Theildteidatin, oilansited driotd frebtatefigel, diffined bhd/rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove. 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 retorting operations, a petroleum oil obtained directly from distillation or an ester
oil obtained directly from an esterification process, each of which is then used 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 purification techniques are known to those of skill in the art and include, for
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fromretorting operations, a petroleumoil obtained
directly fromdistillation or an ester oil obtained

wa@l2esoe3295 f rom an esterificati on process, eachrOf/Ustw€tB5809

is then used without further treatnment. Refined oils
are simlar to the unrefined oils except they have

been further treated in one or nore purification steps
to inprove one or nore properties. These purification
techni ques are known to those of skill in the art and
exatpled e0lveng extiasBonsnscendaryadistBlation eeif ot base gstracser dHuaitop.
distillation, acid or base extraction, filtration,
peecaisiont yshotraatiny, dewsdng, niy, Reéofiard eily, areotgainiEpetréating used
oils are obtained by treating used oils in processes
gilsnh pparcedses ditndaeo teeuded tobttain nefired bite dSuoh kraefifedells are also
rerefined oils are al so known as recl ai ned or

kRImas esaahed bt 12pbeks@f dik AndbRerbadel hdditginally propéseediss ed

by techni ques directed to renoval of spent additives

RBihiGiel dRERRIE QMBI Y6t Sddikivddrang 8fl bREkRIvin R8GR s,
stocks derived fromthe hydroi sonerization of wax nay

al so ]ﬁﬁ)l 'gﬁ%%'oiledaﬁg‘%%cﬁ h&%d%bﬁ{e ?Lle g&gt?fsmgﬂﬁﬂﬁ%%it ‘geb)%: 1E§y also

af oresa tura or synt ase stoc
kS r bl is.nor. C by th :
N R 8 bl oo RSP PR o e oy gt bose

1 xtuges thereof over. a hydroi sonerization catal yst
Rt STV o it Ry Pk el disleomsaion s aiieLer
by .t he sol vent, dewaxing of mneral oils; synthetic

§HS HARPS(oF BIEHICP {erREoVGER MHgHaEERFasg st
Fi scher-Tropsch process. The second conponent of the
| ubr i Naftsehyasss predpppalyithe 9k waxes teeeveprdrhyithe sodveat dewaxing of
| east one lubricating oil additive. Such additives can
wanerah pilp spebeicl wexkhawtypinally treeradi sooet stthe dichdrvizopsch
used in fornmulating |ubricating oil conpositions. The
protess.cating oil additives for use herein include, but
are not limted to, antioxidants, anti-wear agents,

The second component of the lubricating oil compositions for use herein is at
least one lubricating oil additive. Such additives can be any presently known or later-
discovered additive used in formulating lubricating oil compositions. The lubricating oil
additives for use herein include, but are not limited to, antioxidants, anti-wear agents,
detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents,
metal deactivating agents, friction modifiers, pour point depressants, antifoaming agents,
co-solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes,
extreme pressure agents and the like and mixtures thereof. Greases will require the
addition of appropriate thickeners. A variety of the additives are known and

commercially available. These additives, or their analogous compounds, can be

employed for the preparation of the various lubricating oil compositions herein.
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detergents such as netal detergents, rust inhibitors,
dehazi ng agents, denul sifying agents, netal

wale@siizei i ng agents, friction nodifiers, pourP@EDUNL004/035809
depressants, antifoam ng agents, co-solvents, package
conmpati bilisers, corrosion-inhibitors, ashless
di spersants, dyes, extrene pressure agents and the

i ke and mi xtures thereof. Geases will require the
addi tion of ap ro riate thickeners. A variety of the
addi tiligEgtivgls jcading ol aditYes) 4rn frrdongontat edilommbeibto

addi tives, or the|r anal ogous conpounds, can be

femp poydslitivesonaentratpr Fhese atticertrapds uskrdlinglidneg least from about 90
| ubricating oil conpositions herein. 12Alternatively,
wih® tb about it g and brefahly from(abyutOarwif Urtd hisrut 60 mit.ioofae
diluent oil to forman additive concentrate. These

dlRageiltaha iem ol wt. 16 labele oatvtl BasblefabBir@babdut 30 wt. % to
w. %to about wt. %and preferably from about 90 wt .

a%ﬁt@O‘%ﬁo%t offle Yre Iﬁg SitRed). | S8able Qlther @ fe Q%&Q@&t&s
10 wt. 9&0 about % . % preferably from about .

g@lﬁ’d uifit. ]gr@ereﬁ)fly %ﬂﬁl 5&&@&%@1 | r?f: u\ég éé’{af%ry example, a

uent or t concentrat e

bagee i asdtieLcllll%@a Her@irnggls&/ag tﬂaﬁﬂi c%h!:en"&%’celnlﬂgir ﬂe(ié’gdilggnixed with

SCOSI

her ei n sQ that
13%% %/Olﬂ% R R SRS ) E{? s B may
ubrjcating oil conmpgsitions. Suitable [ubricating
b&l“ls‘%‘{ ?SH{QP Ifgh%l s 9% 8 Ogéﬁ”a?qtlﬂ% 15€os8%n be any oil of
| ubri cating VISCOSIty Generally the | ubricating oi
conp SEPeRbnthe dtbrichiingpikbeamositiprsed theamesnt inventien ya inglude at
| east one antioxi dant. Exanples of antioxidants .
Ipast pnechationidant. aExarepies dfiantia nisgnclidenbieraceongb Hismitsl it hindered
anti oxi dants, secondary aronatic am ne anti oxi dants,
phehdligranzeddnkse psbidarpabinetid ahaine sntiosidants pduifotizedghppdic
conmpounds, phosphorus-contai ni ng anti oxi dants, organic
aptibfidaies oildolsblefcopies cansbupdd, yhesbhdrdeSordditing Aetidxide@ts, organic
The antioxidants will ordinarily be
sulfides, disulfides and polysulfides and the like. The antioxidants will ordinarily be
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-tert-butylphenol, 2,6-diisopropylphenol, 2-
methyl-6-tert-butylphenol, 2,4-dimethyl-6-tert-butylphenol, 4-(N,N-
dimethylaminomethyl)-2, 6-di-tertbutyl phenol, 4-ethyl-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 suitable.

13



present in the lubricating oil conpositions of the

present invention at a concentration ranging from
w@b@an42ol to about 5 weight percent. Exanpl espof/US2004/035809

sterically hindered phenolic antioxidants include, but

are not limted to, ortho-al kyl ated phenolic conpounds

such as 2,6-di-tertbutyl phenol,

4- et hyl - 2, 6-di tertbutyl phenol ,

2,4,6-tri-tertbutyl phenol, 2-tert-butyl pheno

2, 6- d<peplss epet h@ﬂémﬂl antgoxidegts fgn use iry e iub@mtwgmlefﬁmposmons

2,4-di nmethyl -6-tert-butyl phenol,

of ﬂ(emrmlmvmm richdeetubgie pot h_zmte@l.tg; metbylehetond or phree of bridged

4-ethyl -2, 6-di-tertbutyl phenol, 2-nethyl -

aﬁeﬁplgemylls,pjme nohoretdicdlil whindarbd unbnidggd piteasidd gonguodndshaad r

anal ogs and honol ogs. M xtures of two or nore such

miRfesubtrest Frheples btmehyiptiiizedtansluads Hidiutl@ butare not

13Exanpl es of other phenol antioxidants for use in the

st Ridie6 a1, it DS 16)14n B RIBPOE bty BSredd]), Wmn&ﬂgﬁ&ﬁhsqzwﬁ%yge-

i nclude, but are not limted to, nethy ene-one or nore
Sl SR LPLRRR e AORARLIBN ot o
t%@éﬁ%ﬁlﬁe a%d%’g meEgﬁﬁBJ p% GHF& Q‘X gt%fe% !f%%&lgflene-bndged

ncIu

ik}’ifl;h- t e n %%cx{ilgelrdtm %%ﬁ’ o&oeggfl;%gz the contents of which

2,2 - neth Ien net hyl - 6-tert-butyl phenol),
=%¢2moqﬁﬁ? I¥ﬁ éﬁ I®2-di t ert butyl phenol ), and the
l'ike. Part|cularly preferred are m xtures of

et hyYBiHe apioxiisal can 150 bhsadinsthe lybrcatingo sempadtensiof dhs
in U S Pat. No. 3,211,652, the contents of which are
inveotem oF xanardestiycludst bitaramot Haited to, oilwolblearmiatiziseondary
can al so be used in the lubricating oil conpositions
apfingsharemaw gaondary, poyeanpdsasd thedike ded cdmitingioas theteof with
limted to, oil-soluble aromati c secondary ani nes,
addrodtiRtseCoriegantieds Heipg pyedértade Ex anpled ftarbimkitc Bewhdary
conbi nations thereof wth

monoamines include diphenylamine, alkyl diphenylamines containing 1 or 2 alkyl
substituents each having up to about 16 carbon atoms, phenyl-alpha-naphthylamine,
phenyl-beta-napthylamine, alkyl- or aralkylsubstituted phenyl-alpha-naphthylamine
containing 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

R{ --Cg --Hy -NH--Cs Hy Ry
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aromati c secondary am nes being preferred. Exanpl es of
aromati ¢ secondary nonoam nes i ncl ude di phenyl am ne,

wa@bkdoglo4atdphenyl ami nes containing 1 or 2 al kyl PCT/US2004/035809

substituents each having up to about carbon atons,

phenyl - al pha- napht hyl am ne, phenyl - bet a- napt hyl am ne,

al kyl - or aral kyl substituted

phenyl - al pha- napht hyl am ne contai ning at |east one or
two al kyl or_aral kyl groups each having up to about 16
vherpaRide amalkylareyp (pregqrabéy abraprhed gl group)drving 6 to 12 carbon
phenyl - bet a- napht hyl am ne contai ning at | east one or
atows andagrefeorblng at kgdrbapraserps andBhiskdyidrgempomorabeliyl group
carbon atons, and the like. A preferred type of
@rcforablya taariched akgligootipfibating Gtoald catbloy kvhedind preferably 8 or 9
di phenyl am ne of the general formula RC- HNHCHR
defvdiett@ng) Mostdpiefaakly) R HndU atdthebeiea Dy s@chprepessbmpound is
al kyl group) having 6 to 12 carbon atons and

BaahRE shthineRBialY a9 NGAIRDE 43810 MErnatl whithds MyRFQBaMR0 86 OM
or an al kyl group (preferably a branched al kyl group)

ﬁl@&lrﬂigatglytao4,4'%h%§rﬂg{rﬁg€}‘e1%ia &F&%ﬁ%%&:}eﬁyl agﬁns? \r%.erein the

carbon atons. Ms

é%g*éﬁggvgégﬁﬁggﬁ? conpound is avail able comercially

a material which is understood to

be predom nat. el. 4. 4" .- di nonyl di phenyl am ne (i,e.. ..
o1 s ANy PEEne] At B iR afg S S yIoR st dtvepion is
branched, Anot her. anti oxi dant for use in the
smRisedof o 0 Fl}orec]b%‘%W‘l“iaﬂ}ﬁ sulfypizedphenelis copoBRisisych as those
conprised of one or nore liquid, partially sulfurized
prResed Py reaginssutaanaipehonde Vit 3 Hawd apsreed phenokawhareig at
sul fur nonochloride with a liquid mxture of phenols
lgprs plegu S8 wejghhparcembolihe wtmiog hhenplsrig eamposéd oftnme or more
m xture of phenols is conposed of one or nore
reactive, hindered phenols and in proportions to provide from about 0.3 to about 0.7 gram
atoms of sulfur monochloride per mole of reactive, hindered phenol so as to produce a
liquid product. Typical phenol mixtures useful in making such liquid product
compositions 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 comprised of a

combination of (i) an oil-soluble mixture of at least three different sterically-hindered

tertiary butylated monohydric phenols which is in the liquid state at 25°C., (ii) an oil-
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reacti ve, hindered phenols and in proportions to
provi de from about 0.3 to about 0.7 gram atons of

wa@ososs2obnochl ori de per nole of reactive, hi nPEr/E82004/035809

phenol so as to produce a liquid product. Typica
phenol m xtures useful in making such |iquid product
conpositions include a m xture contai ning by wei ght
about 75% of 2,6-di-tertbutyl phenol, about 10% of
2-tert-butyl phenol, about 13% of )
splublegmixiyre phattlpast hregiffraent staneplixdingderedggrgary butylated methylene-
2,4-di-tertbutyl phenol. The reaction is exothermc and
tirglgpd péleplebly, doditil) wi least enetthe(4-aioylphenfl) ahioewhesinghe elkyl
about 70C, nost preferably between about 40 C to about
&6urGs alMratichiedegkyiferalipfhbreing Ato E¢drbon adand, sheqaopaaties db @), (ii)
used in the lubricating oil conpositions of the
REAEEY Bh alweied bhdfallip e S kdngbbLabibuk3. B keabost 5.0 fadd sfed
of a conbination of (i) an oil-soluble mxture of at

herdt () @8d Siduf € oft B2 p&d df¥oRbHERE @Y pbrafaki B Weight of
%ﬁ?&latgg nnnohyggﬁgﬁbhenoFs mhichbis iﬁggﬁgflsgtidg

ik geﬁirﬁz.gmgarr@%léé JPu@NnBbdia ééﬂuh@égﬁab‘&w&%fﬁc%eﬁh US.

erent sterically-hindered tertiary
t e i L N t
DAY OL S SRR RO PPk, el b, oo
r I S. ranched,. al kyl. havi n 2 carhon
ettt ohiBog AR Rl 5 BT o B, 98 it
i ght _basi s f@Lli%% in the range of about 3.5 to
whigh pregnqpnpxated byl T bHERt (i) and about 0.9 to
about_ .2 parts of conponent gii) Per_part by wei ght of
conpdi@pplesiof pntioxpdeafcliledut aigant iwitedbipi aiRicsypes, e.g.,
di scussi on above are disclosed in U S. Patent No.
dpizpglagiie, phénel-alpha-eapthyl-eminghNg¥hdifalsylpienyh) povizes eandmikylated
reference herein. Other useful antioxidants are those
phesgbmsdidmings;phSoolieateh tas, Mo exdmPI3 1 BHT 3steriday bmdered tlkyl
of which are incorporated by reference herein.
phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-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 Born 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, sulfur-containing esters,
phosphosulfur compounds, metal or ash-free dithiocarbamates, xanthates, alkyl sulfides

and the like and mixtures thereof.
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Exanpl es of antioxidants include, but are not limted
to, amnic types, e.g., diphenylam ne,

wQ@b@apis2es pha- napt hyl - am ne, N, N-di (al kyl phenyP{T/US2004/035809

am nes; and al kyl at ed phenyl ene-ckam nes; phenolics

such as, for exanple, BHT, sterically hindered al kyl

phenol s such as 2,6-di-tert-butyl phenol,

2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl -

(2-octyl -3-propanoi c) phenol; sulfur-containing

mat erfixamples of deterzents ghule. byt @p BeS lﬁ@teérto,@gﬁ@ﬁ%ed@ﬁ ae‘%tﬁé

i ke and m xtures thereof. Exanples of antiwear ‘agents

detrsgantiesucip agt subforater deteriopnis teesdl thase meidp gom alkyl benzene and fuming

di aUcyl di t hi ophosphat es and zi nc

st fariy bald;tphiemgpdsbigh avebaseé oglow dvierksed)l éadghr dviedbdsddrphamate

article by Born et al. entitled "Relationship between
Fhen&afe@p&faliéﬁata@ ghdsbh@mtes kiophaphdnaee ienib/eirictants and

Di al ky and Di aryl dltbiophosphates in Dfferent

the Akd &ﬁirﬁﬁnﬁ/&%&%ﬁ MRw oveRRGRAThAA sifforlatéd kypE@lll @hve a total base
Sci ence 4-2 January 1992, see for exanpl e pages

‘g—‘éﬁl ?f C)@ﬁo%']mp@%oe@oom d?lﬁ%?éf&‘aﬁl $rom about 10 to about 25.

contal ni ng esters, phosphosul fur conmpounds,

1253{/ ?\lre Blsed taE %}lﬁﬁpgtﬁst Q‘ld%& lgﬁlfox%%g %J%%&e%?%%‘ﬁ{ Pw art.

es an e an ures thereof
of deter

gver fgo? ﬂléﬂ#%qofa i %dga*ﬁﬁ A hfé?e& Eondidonts
e EalgRd %ﬁemg %% B e deLlaon Sy %?%&é eas Ritng;

overbased) over based phenate st ear
qjmbpthfregolymﬁhwnwwlphem sPRbRa Y@%yethylene Sbtylphenyl ether,
t hi ophosphonates, ionic surfactants and the |ike and

prilyaxyeibulenhestdoteanl eher velyparsilore pleyl aherfnohwpgethylene
typically have a total base nunber (TBN) of from about

©rhitw] abooodteadie, polyopyatideraisbipithr o mbretet atipol yethybamatglycol
25. Low overbased netal sulfonates and neutral netal
Buhdobeasd; . &tcatic acitvehd otkercimy achdst fiearotylic acids; metal soaps; fatty acid
amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric
alcohol; phosphoric esters; (short-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, borated
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 Cq to Cys, and most preferably a Cq to
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Exanpl es of rust inhibitors include, but are not
limted to, nonionic polyoxyal kyl ene agents, e.g.,

w@odogoxizes hyl ene | auryl ether, pol yoxyet hyl eneP¢ii/ghmn4/035809

al cohol ether, polyoxyethyl ene nonyl phenyl ether,

pol yoxyet hyl ene octyl phenyl ether, polyoxyethyl ene
octyl stearyl ether, polyoxyethylene ol eyl ether,

pol yoxyet hyl ene sorbitol nonostearate, polyoxyethyl ene
sor bi tol nonool eate, and polyethylene gl yco

Grorferd asit ester ard paitiogerneqNEIERECHRIPER felgotssl fipm hs:group

di carboxylic acids; netal soaps; fatty acid am ne
eabisigng ofenmhoniza land aroﬂkmlwynes aief, drse diadped ipBiS. iSatial No.
carboxylic acid ester of polyhydric al cohol;

HHeEpOr filed détrelr 23, 2067 dretcontants n) whick enyihccﬁpnmﬁedl by reference
acids; partial esters thereof and nitrogen-containing

Ikegih vt ithed iketah @ heofires Shendofiet i ¢ al kar yl sul f onat es,
e.g., netal dinonyl naphthal ene sul fonates; and the

l'i ke @nchplEs %t biitESarhiA8 h8&s infRi@TPhtee MYt 1{&rmeatt¢ ,QBlymers of alkyl

nndlflers i nclude, but are not limted to, al koxylated
f
DAL R par s By ke ?‘gﬁﬁiﬁgﬂmﬁé@%ﬁﬂé‘%ﬁ“
| k I i
a °>%’>laﬁf&>§?§ of ngﬁ é}&%ts 11'1@&% bt &k bt 1 Igg o@&l‘kgxl%ne

fatty ac ycerol esters,

t. fa d |
%i%ﬁﬁt%&%e é% men PRl Rl et °S§ﬁ1k§féae sutiiaic
G B SRR RSl P b St b

preferabl a to and npst preferably ato l7fatty acid
?lamné%dcaabqathﬁ a¢je AmedshiirirorabYlaptnoamings dereerdy! from
the group consisting of ammoni a, and an al kanol ani ne,
olypmingsy bases phosphpnagmgles Shioplgsphenamides 499, 170,
filed March 28, 2003, the contents of which are
phosgiropaomnidess thideples of g1 2 hclendreapei-h3,4dhiddinpded, | ke and
m xtures thereof. Exanples of antifoam ng agents
mechptolesnzditihzdeseand @leriVdtived teked O iriapelbyy 8RR, oA triadokasl and

benzotriazoles; copolymers which contain a carboxylate ester with one or more additional
polar function, including amine, amide, imine, imide, hydroxyl, carboxyl, and the like,
e.g., products prepared by copolymerization of long chain alkyl acrylates or
methacrylates with monomers of the above function; 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
succinimides derived from animation of polyalkylene succinic anhydrides with
polyalkylene polyamine.

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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nmet hacryl ate; polyners of dinmethylsilicone and the
i ke and m xtures thereof. Exanples of ashless
walc@petrent s i ncl ude, but are not limted to, PCT/US2004/035809
pol yal kyl ene succi ni ¢ anhydri des; non-nitrogen
contai ni ng derivatives of a polyal kyl ene succinic
anhydri de; a basic nitrogen conpound selected fromthe
group consi sting of succinin des, carboxylic acid
1 des, hydrocar byl nonoapi.nes, hydrocar byl o
PYRAFOR® oM oW BiSBRe L EH GLAATSA Fomefisads for use in the
t hi ophosphonam des and phosphoram des; thiazol es )
npositionsyi.g; fpemelapiens) o, &emmﬁ vdeigheeegpends may provide potential
mer capt obenzot hi azol es and derivatives thereof;
legding esndidate gogpositidnky Ferraxample el cautrdiobesrn bt caraizd betsnvolving
copol ynmers which contain a carboxylate ester with one
soch frotoes @dfbr exaomaAe, tpoditdon dtatess boratiengting bordi anglesrdipude moment,
am de, imne, imde, hydroxyl, carboxyl, and the Iike,
5  Iedeppholitiog ekt 6f the eqagoRfldd YA ere] gYy &lid pradseicodipoufdittan be
chain al kyl acrylates or nethacrylates with nononers

Rfcehéibro AoRMBInk, UBERBle, #Hh bOBPdUNKE AN PerfirtipébaS in an
thereof. The derivatives of these di spersants, e.g.,

H9AADLE i SRS ML SuetHG oatsdﬁhﬂm iﬁtéﬁﬁédﬁﬁt@fé&sﬁdesmis can

al so be used. Preferabl e dispersants ar

B S SR DTSRl Y St PU LT S oo
jﬁghy%g%ﬁg(%%ﬁ%ggikggﬁﬁﬂggior to di spensing the at

ea S | east one | ubricating oi
addi tj ve to. provi de &?e ositions herein, as. .

10 G scoebBaraia e dpaeet v bk a3n bessda Arigibi erigipal
condﬂ&} nDJecngr nmodel i ng of proposed conpounds for _
eawopl testdibragivn Based Py ivpuifrora the iprspeing sxnegmstal grogram(s). This
determ ne whi ch conpounds nmay provide potenti al
Jo&warerrgn baApdde eidicicpihpdssienitesh §brafes thabcangltis desired
cal cul ations can be carried out involving
experimental space and utilize statistical experimental design methods. Other software
can then be used to analyze the data from the experiments and correlate that data with the

15 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.

20 The use of such QSAR programs can add to the efficiency of screening. As more
data is collected, these QSAR programs 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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such factors as, for exanple, transition states, bond
| engt hs, bond angl es, dipole nonent, hydrophobicity,

wer@s/0ef208 he conpounds. Accordi ngly, the propoBEDUS2004/035809

conmpounds can be screened to determ ne, for exanple,
whi ch conpounds may perform poorly in an oxidation

i nhibition process due to a poor ability to trap

i nternedi ate peroxides. This can be carried out using
known software such as, for_ exanple, ant um Mechani cs
camppsiadriseastdeentheAdersinbylow; Sxhihey Bfher amalyrgddrtivay) of, for
Software for the design of test l|ibraries can be 2used
ekamplesiegnessidreand rhgysiaiecluogmensingdapwh stiveare.esg. asQEAR
on input fromthe foregoi ng experinental program(s).
avhiladlesiodrh Wacedrys 6SenliBiegts €dlifomiaf fin tiiembdryr, delkdagion bédie data
libraries that cover the desired experinental space
oBtiehed o 6 nfoll@tilafinb8eing@%PEE AdMRRE@inddBE B} dARtdAAdRo be
O her software can then be used to anal yze the data

stor@intaNBt20RE b TR fiSs @E‘ﬁ ne® %ﬁ?(ﬁﬁﬁs,tcbﬁgei\ﬂé@%? oWé 5Ih1dd8 the
structure of the conpounds and/or conpound treat nent

£ bofz k@éﬁemg QS%{RZS%%% et§ ?féagic{ {nef %ct@i%’ior %o their actual

correlations "are © to as software
atifaklyv t I UC L V] L aki o . Il .
st ST Sl e B0 b B LR o RS s
rogr .canthnge used .by the sof re esign , .

BB ERE SatBtqT SEers fyap & oY B g o 18 il

screenji ng. .-The use of such QSAR prograns can add to
hpye @gl"?rd%r‘g’ﬁg&t I §¥CEni ng. As nore data is

col | ected, these SSAR prograns can becone nore )

ef f i Aetingrov e ECo piang=eapp efiheystenbieprevade thp fegegoing

increased probability for finding desirable conpounds.
cPmposiitenyph die plurdity ohysenactve tasi agogptee ecia genseallyo Husitateded

into various lubricating oil 19conpositions, as
sgeemilbedRaeeentatied aithis aystert freiméthod foe proaitalgthe thrigoingy

of, for
compositions in the plurality of respective test receptacles is one disclosed in co-pending
U.S. Patent Application Serial No.10/699,510 filed on October 31, 2003 and entitled
“HIGH THROUGHPUT PREPARATION OF LUBRICATING OIL COMPOSITIONS
FOR COMBINATORIAL 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 modifying the
properties of the base oil. As one skilled in the art would readily appreciate, one 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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exanpl e, regression and anal ysis technol ogi es, using
known software, e.g., C -QSAR avail able from Accel rys

w@ 3as/oizeyo, California). In this manner, val i Pel/Us2000635809

the data obtained fromthe nol ecul ar nodeling can be
achi eved and then this data can also be stored in a
data collector. In this way, new conpounds, conceived
by one skilled in the art can be checked by the QSAR
software to predict their activity prior to their
act uahubslaniine §11sis 2 duatiutti forepmnypmiciing the bhsedl B ta wezizls portion
may be utilized to prioritize a list of possible
tiBrpommdsclbiicamgbedisyshsbdrigd afselectsd/testhesivein as dagafibed balay.
that one skilled in the art will have a higher
Phicodiaduink of hasé oil dispeneabis detRefiged hyngetardvy pueng-1 13, which@8n be
exanpl e of a systemto provide the foregoing

icbhtediedi N the plurality of respective test
receptacles is generally illustrated as system 100.

Repr eggnialihy 8210f 2 bhi @iy Slop @R imEihE @lﬁr{cgﬁ%gf%ipyddﬂiv%gx to

the foregoing conpositions in the pfura .

5 | . i .

Gl oh 2 i ARSI AL b AT MGt ervors, as
L0/ 510 file Qct.ober. . 2003 and. entitle

O PR s o B R B ke R R ermne by

OS] T F | NATORI AL LI BRARIES' b

BT RRBEPG | B VLA A PotR BF B SR £ uBLignypeag and

havi ng. a conmpn_assi gnee with the present application,

PR Sordtretistvgpstepngnredstamiegd gmavris obiatepls rpssreerdance

herein. Generally, vessel 110 contains a supply of the

Vih a gesselecteskiaratogl|aze lgtowniin thegstand gan/besused hergmB.  Vessel

120 contains a supply of additive A which can be any

of t Heorzlss éifbanviyl 23 ki ricfeedlyvis efogt proimityomi thatibage dilHe and

properties of the base oil. As one skilled in the art

additlve A emdiel symalppemsiyatispensed én Otestreseson! AlRssgilely, ke oil B

and vessel s 120 can be used when di spensing nore than

AiderdBizsise AQiah be sequentially added to the test 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 pumps suitable for use in the invention are known
and commercially available. In the event that 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 can 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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and/ or nore than one additive, respectively. 20Tubul ar

line is a conduit for communicating the base oil Bto
woewses2pbrti on 13, fromwhich it can be di SpePGPUS1004/035809

a selected test reservoir, as described bel ow. The

amount of base oil dispensed is determ ned by netering

punp 12, which can be conputer controlled. Tubul ar

line 121 is a conduit for conmunicating the

Iubrlcat oi | . addjt nozzl e rtion 123, from
Iyprrcafing 9il potppasiions g%eéiﬁf@&nﬁaﬁﬁgrege@e%%f gIROSieD, Te., the
reservoir, as described bel ow. The amount of

nerAsRiagRAndrRy ke of bassi ol apd/ of pddsiéves dreqcl corapesitipn el vayy from
metering punp 122, which also can be conputer
ane meseryPir éel ancesrp @p@@naidwb? RV eirroeas Pe ingirgduabreceptacles (e.g.,
automatically netering predeterm ned anounts of
tes tubes)ahsuntad vpot aradinioscad difveiagpereses mct Wockp Ro¢ferbly, the test
are known in the art and can be used herein. Nozzles

5  rédeptaales camdisemangamshegladltvbes.nWiile Siee pasepvbits, i.y., S0edsbal32a,
base oil B and additive A can be sinultaneously

18060806 81d2d,N 38e, LeSTlustRSRAIN OIG.. 1, Ay AiRE bVRbdfvoilkass bei |
B and additive A can be sequentlally added to the test

Jn?p?@;’e& Abfoin. HIE cRREAL B8 systdn 8Cknddsy $RB0CATRE 'e§e% rﬁore test

t’i channel plpette or’ one or nore Syringe need

an be under pressure.
gg%HME§?§i§mﬁﬁg %é%‘fmo vessel s can be enployed
Met erd, n tab the n, are
knovvnqlha%n coraﬁréerscg:l i %/rggg/ ﬁdt{éﬁ gld rflamfe}?'esné%/ ean %tn Y
SCcO brlc nt base t ock or additjves are
10 iyl L SEE. 12 8ﬁ’&e AR paRcaenErY B o¢ e
111 and 1 netering punps and 122, and/or nozzles

3
abapt 2Domls pieterahly Ae gioaeoﬂ%ahoaaﬁ 10}, oz preferalply poomore than about

t her et hr ough.
10 ml and yet more preferably no more than about 5 ml.

The test frame 130 and dispensing nozzles 113 and 123 are movable relative to
one another. Although manual movement of the apparatus by an equipment operator is
15  within the purview of the invention, 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, the nozzles
113 and 123, and optionally the vessels 110 and 120, are slidably movable laterally
20 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 100 is moved such that

dispensing nozzles 113 and 123 are positioned above and in alignment with recess 132a.
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The test frame 130 includes a block 131 of transparent
material (e.g., glass) having a plurality of recesses

wQ 3B50e1205 ecei vi ng the di spensed additives or PEBESI04/035809
and additives. The recesses provide test reservoirs
wherei n each reservoir contains 21l ubricating oi
conpositions of a different and predeterm ned
conposition, i.e., the percentage and/or type of base
oil and/or additives in each conposition w || VaZY
4 meieregrranquatelrbast ¢il Bondpsetsead angynt ofrfdilitiye Atdsesimultaneously
reservoirs can be individual receptacles (e.g., test
dispbessyl into taeessd 32gp dFheadispainsing norslee B ok 183 |amqhwre¢,f@s ses
in a block. Preferably, the test receptacles conprise
répoaiioped @ik ighligsnehtvitls the Whitlrecekd 132brard gievtadtersd amownts of
recesses 132a, 132b, 132c, 132d, 132e, are illustrated
ad#itiré & andljor B olBTRE ﬁ;h@ltged RICENOINCE wetd A pa&icRiRineY e¢hedule of
herei n. For exanple the system can enploy 20, 50, 100

5 vgﬁatf‘o‘flesﬂcm%@thé ﬁx%hcz[tﬁfg%ﬂtlﬁfécé‘s% 1@@%&%’@&&%@&&&%@ red.
The individual reservoirs are adapted to hol

c%y_ﬁ%@&ﬁ&?%)fyadafmla Ithaﬂ'ﬁ?alt’ réce‘g; 1i2lelb F[‘hg ?éﬁeﬁgls% ea ?gpgﬁ%ozzles

sanple size 1 n eac re?ervm r an gen
Egr afid H;% :ere) i eq?l%'ﬁtla%lg am%ned%ﬁltﬁ 1% c ss%/g retrTQsL?s fﬁgnlﬁ? al&i 1326

nore
refer nmor e, t han about he 1 est frane 130
SR G esret g e rleg e g §§f WPESHBE A o
relatlve to one anot her. Although nanual novenent of
the dPpSPEPYERIA il B argippsieably G%P@F%Fl the TeRFv oS PY REsing, for
purview of the invention, robotic mechanisns with
10 cppmplednmghpréonpinisme L le staticmiying, individnab semiaghble sepfents
the test frane 130 is nounted upon a slidable carriage
offthearbdesvaing (e¢haniselar nagutirstivisg) arsliir bibubllingghe weeraeir with
to sequentially position a selected recess under the
gds, sppe nstiroggn N Oph bredly, i8¢ aihB ah@ 3dditive(gotdndre comboed pent to
t he nozzl es
dispensing into the respective reservoirs. For example, a single dispensing nozzle having
a mixing chamber can be used, wherein base oil B and additive(s) A are metered into the
15  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

20  data, and viscosity data; for oxidation stability; for antiwear properties, etc. Referring
now to FIG. 2, a system for sequentially analyzing a plurality of fluid samples for storage

stability is schematically illustrated. Representative of this system and method for

screening the foregoing compositions in the plurality of respective test receptacles for
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113 and 123, and optionally the vessels 110 and 120,
are slidably novable laterally and/or vertically to
waewsop2nsh positioning of the nozzles 3 and 1PGI/US004035809
testing procedure, vessels 110 and 120 are filled with
the sel ected |ubricant base oil and additive(s),
respectively. The apparatus of system 100 is noved
such that dispensing nozzles 113 and 123 are
posi tioned above and in alignment with recess 132a.
spopagerrtabalitis data srowma disgloseskis eopindim Hitd Pateneinptioationmstipl
of additive A are sinmultaneously dispensed into recess
NB28/6971267 filed pe stabgr Flo2003e sndBerditidd TIRGEATERCIEGBRUTer
repositioned to be in alignment with the next recess
SCRHENING METHGD$FOR [RRICASTING @O dCOMPOSATEONE &y base
oil B are changed in accordance with a predeterm ned

Wele@uieeet alf (Vevkbtald. AN DIDN(BRAB))aAE hhuReE & EctirhHPagRighed With
recess 32b has a different percentage conposition of

5  tRdgetdny %vpth@ﬁﬂ)nt ﬂﬂ@%oﬂtéh@ @ﬁ@ﬁ&l A3 2R orpbfie rteﬁféﬁcé ﬁerem In

repeate he nozzl es and 123 are sequentially
n S r

Pyl et b ec%ss?bﬁﬁz B BT B A nad TSl

PSR B8R O R e &

itatiqn of. t frame 1 static . .

CWP-ﬂSOHS SRR AE oL RO TGO BTN ABS B AR B gfbaditives
reservoirs (nechanlcal or magnetic stirring) and/or by
sBeth# thesg desraibpba®sWoi r with gas, e.g., nitrogen.
Optionally, base oil B and addltlve(s) A can be

10 conbitieeerapmleosystesn Hsipeladisimepann? Y fohkolding petentipgally moving a
reservoirs. For exanple, a single dispensing nozzle
phaelity@f testriesdptagles Rbdvimevntedito afeamues2id, Inhes @ibwdiase a dight
B and additive(s) A are netered into the m xing
sotraerD2Y isalisgotelien odé sipeoffednd T cundh phbecalz2zliedispdsed b eéhe
reservoir. Once the plurality of receptacles have been

oppésite @RS of BaMAR N Sipokitd) b BghEDwidh, | the light source such that a light

beam emitted by the light source 221 can be detected and measured by the photocell 222.
15 In this embodiment, photocell 222 measures the light 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 photocell
converts the light received into an electrical signal, which is then transmitted via line 223
20 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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addi tive conpositions and/or |ubricating oil
conpositions, the plurality of fluid sanples can then

wheoodnaiyzed, e.g., by analyzing the | ubricatiPgr/os1004/035809

additives and | ubricating oil conpositions for storage
stability such as, e.g., by obtaining sedinentation
data, color data, and viscosity data; for oxidation
stability; for antiwear properties, etc. Referri ng now
to FI.G 2, a system for sequenti al |y anal yzi ng
pl ur e EgRes a1 mamtaingAt é@rquﬁen%m%ﬁré@@er@%%fw erF@mﬂned
schematically illustrated. Representative of this
tEyes eeoptivaalbeathapdedesrmbied Banidiy toHest farstagedersgpbility as
conpositions in the plurality of respective test
meswpd,dot esmply; bPBs tfommgen of sebinkdnt. yTtatreleiegmoee temperature
di scl osed i co-pending U S. Patent Application Seri al
chlo typldall§ 9gb & énif dbbed200@ t&etoab&(°C3the hed B8ing pebvadedibly| fod
"H GH THROUGHPUT SCREENI NG METHODS FOR LUBRI CATI NG O L
TdvehNE whigh Welsh@plee i@ stfredadr padsERMKkAIgh NThe higher
T- 6298D (538-63)) and having a commobn assignee wth

tbSerMORSERs ¢ RRlehsAhE Pl o NRARRY! WHeS uﬁﬁzé&hh&ﬂe@é’t&“rmned

i ncor por at ed by reference herei n. I n general,
E}JWT?O fiQkbril do I
| nc(?a de rbrfrmcl: nféb%gdl tgf {eeat%grﬁ}po& 't(?%(%‘ Pelatwe

%Hg“ Ca r&itetelnﬁﬁéé tiftd e érggfa'b 143t Bl o%d % %, T¥RicAlly, the

conposi ons alnlng one" o
bas Qne. ar_nore oi |l additives,
sangls de t%sﬁe (SR8 Prudperiod Bl Fieorby Setpi Eing i@ rn be
00 i Jgu 21 %g Id|n and optionally

éﬁ%‘?ﬁgc u?‘ %P ?‘51333’8#900[ £ 3?’8 I es 212 nounted to

a frame 2 . one enbodi ment a Ilght source 221 is

di spd’&encsh tB"ﬁ sl ey arginitially glearend trapgparent Hylthaseh they pan be

i s disposed on the opposite side of frane 211
b ppioetlererangingifrem fnexpnpile Aight aneer foglatk rownctbe samglestihiially

a light beamenmtted by the |light source 221 can be
aflewdot thd tramshissmslight thgrethieighhBtdirnedtiticd2ends to form a haze or
floc, which increases the opacity or light scattering of 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 station 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 computer controller 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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In this enbodi nent, photocell 222 neasures the |ight

transmtted through the sanple. In another enbodi nent,
w@bwsoeebd 222 is nounted so as to be al i gned BET/ES2004/035809

suitabl e angle, preferably 90, to the incident |ight

beam from light source 221. In this second enbodi nent,

phot ocel | 222 nmeasures light scattered by the sanple.

The photocell converts the Iight received into an

Go85nE aemiPEer o edinediet BSBS TARET PSRt
[ I .d ' .. .Jh | | 0
SO R BB T RTRA L OB S e AR

231 so_that the sanples can be sequentially noved into
valusde p knesin srdesinss affles #gl%t source 221 and the

phot ocel | 222 upon conputer conmmand. 24The sanples are
mai ntlae sedpaer eonppldal oralerablsicen dlemisairak the movemeny and
predeterm ned tine, and optionally at a predetermn ned
Hositiodiing wf the catnplss sd that tetyman e indivadially tepteds The testncengpiacles
for exanple, by the formation of sedinent. The

e efde temnipléesh bempeaitat oraaneabletoypiagal 11y whivhgaovies dmtest
about 20 Cto about 80 C, the heat being provided by,

1B QptaBPed BaRfubntiaf iy @ @oéiﬁbnmwéentﬂh@ligﬁ BRI &S2281 8d Pheb e 222, as
or passed through. The higher tenperature tends to

shBh 68818 bh AlfeftaBva, thd iR drdd 201 aMﬁ'?ﬁthéejlﬂ 422@6h béBoved.
predeterm ned humdity will ordinarily range from

1%?%‘1‘%1} ot gé’a[t@ljngtri‘}evﬁle Qﬂﬂfdg& da¥ vk %rearl‘g%l%ﬁ %cﬁ‘fihﬁ(ﬁlefl}g{%gitbgfﬁ'

etermned tine Is pre y at leas
. L TYRI . sanpl es are tested every day
IgggP%%%ﬁgﬁ%%gﬁ%@h%ﬁ%%$§wdays. Longer testing tines can

be selected if desired, .e.qg., 60 days 0 days,. 5
oy & Toibletp hiss 4R peafioe £ S Puctby sl 47 gy dpusg for
and transparent. Although they can be of any col or

SELPE; ﬂftwhlfh Y 585113}?51%8911 Py HE %%?m@%sa@gpktﬁ%m of
the sanples initially ) ] ]
maintaining the samples at a predetermined temperature and optionally a predetermined

humidity for a predetermined time. This initial data is stored in the computer library to
establish a reference point from which the subsequent storage 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 receptacle, 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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allow for the transm ssion of |ight therethrough.
Sedi mrentation tends to forma haze or floe, which

w0 p@spazes the opacity or |ight scattering of PEEUS2004/035809

sanpl e. Accordingly, a neans for neasuring the storage
stabilty includes determ ning how nuch |ight can pass
through or be scattered by the sanple. In the system
illustrated in FIG 2, a light source 221 and
photocel | 222 are enployed in a testing station 220 to
acconpfiFgingmrpdo FEa(3, ppiamalivyadar qude 33 g5 ke dseignadhie gach
into a position in testing station 220 between the
jndiyrduak tseirreeepizple 24 d@nd the sphple oeshinedhereina Adhe becode 313 can be
phot ocel | measures how nuch light is transmtted

tchd by gltapdard barsode teade 32Hyt dablensanpneent wamsues thst thédsa
nmeasurenent into an electrical signal, and transmts
biteined Bomrtheaddintdngitiah nehyucaigdht borfedpehds td e apre Sfnple.
controller 230. The conputer controller records the

$hig %hld&ﬁsodfa&iﬁtawtih@ngiﬁgsthgbﬁieﬁé’f 188 theh A e B8 sdddlds. Of
e

a data |library, as scri bed herei nbel ow.

Ate r]ﬂé&%ﬂxﬁ? lnbw tb BEG. COTBILESE 36 AR s@lféméﬁ%atﬂprtiﬁ‘@strlated wherein an
25transnii {tance neasurenent to a Saybol't col or or

| @f@r\l&ﬁ&k fycgﬁg?{#tes ylaﬁylg%@@éa% a%%fcfei"?lgf ’Ela%/ %g%g%%@% gstl.'ie

age st sanple, €.
nown 0L I of . the_.sanple

B 88 5o RO S S REgRE RIS v
t venent and positioni ft S l.es. so that
REg R e PRUNSTRTF | O Bde Gurosd e TRERETA bdplaatdes
212, for exang]e, can be nounted to_a novabl e carriage
BRCCyieHeIrBIReies § HernddQ fransauichas ¢pdedatasignahiol aopputer
into a position between the |ight source 221 and
whgebee0 vimpdatyganspessien line B4 Tl banpaderender 325 iy prefenably
light source 221 and photocell 222 can be noved. As
peyabinwitheaspest tocthebeliwrd 15 shes todrpbetomble ibeligmaspwith selected
and individually noved by a robotic arm as descri bed
indivedunbteftoweeptacles 312.

A obotic assembly 350 includes at least a movable arm 351 with a grasping
mechanism 352. The robotic assembly is adapted to grasp an individual test receptacle
312 and move the test receptacle 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 controller 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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To obtain a base line reading for conparison, the
sanples are initially tested for storage stability,
WG eeh/0aR0hy sedi mentation or col or nmeasur enent BCT/pR2004/035809

to the step of maintaining the sanples at a
predeterm ned tenperature and optionally a
predeterm ned hum dity for a predetermned tinme. This
initial data is stored in the conputer library to
establlsh a reference po t fromwhich the subs
1St a pederaRed tes repspiaclesir measyrmcaang thesgplagey %9 m their
Just§§:|or to taking the storage stability neasurenent
aspignesigsrestivegpogipnsindie hpjder Bbt- “exanpl e, vibrating the
test receptacle, inverting the test receptacle one or
mor e Injampesferrest nethody gn signedralenefsedimentaion igprogrammed into the
receptacle, or any other suitable neans in order to at
doagsiter centppdieafor b pase/fAll dpemanaion. Jhdstoege stabilighmamyrements
have fallen to the bottomof the test receptacle. This

5 &t efte®@hiyeves péiodwf exteilet Gestimdliigt, rfbbekah@le, 86 dsediThedet
t hroughout the sanple, and therefore a nore uniform

QR bhichSRil bdle thh 8ol IRl xtend QPR stBRtingH &@a@a&ﬁh@%
readi ng. 26Referr|ng nowto FIG 3, optionally, a bar

£24ed %ﬁaﬁﬁgrl'%@ n8SS{eSBE B fht ?&%n Retied 'sgh‘é]llas g §§/stem can be

receptacle and the sanple con alned erein.
s
obt ai ne tat.l O neasur enent
P ORbab s Rt bR e o Th s woul d al so
faciljtate chan the order of .the ren
10 the s*alﬁ%ﬁlaé%felm% aRHith EFSBRY Reparied ouyon e t}@ﬁw@%@w@ to
schenatlcall Il lustrated wherei n an arra% te
ccF0TeES Siitvo BpRBaPle, B 1PN (10t oty @iy be fRserted into
receptacle 312 optionally includes an identifying bar
tegdecentpglend ¥2 guddnitially tetated byepplyingfaquedetdneined powar ddr
code reader 325 is positioned so as to be able to read
measuiinglihe rehobitiobsaper coues toafbtadite base line reading for comparison. Next,
at predetermined time intervals the impeller is again rotated by applying the same
15  predetermined power and measuring the revolutions per minute. When the revolutions
per minute of the impeller is either higher or lower than the predetermined value of the
control sample at a predetermined time, then a “pass/fail” determination can be inputted
into the database.
The plurality of receptacles containing the lubricating oil compositions can also
20 be analyzed for oxidation stability measurements 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 samples for antioxidant properties is schematically

illustrated. Representative of this system and method for screening the foregoing
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respective test receptacles 312 and to transmt a bar
code data signal to a conputer controller 330 via a
waelau0a/0826h1sni ssion |ine 326. The bar code readeCT/B504/835809
preferably novable with respect to the hol der 315 so
as to be positionable in alignment with sel ected
i ndi vidual test receptacles 312. A robotic assenbly
350 includes at | east a novable arm 351 with a
graspi ng nmechani sm 352. The robotic assenbly is )
caopgsttiods indheplagityef thspdétive deshtecensarles foesidation stabiliftata is
nove the test receptacle to a position in testing
ot ditdlosed 300 fratlingd@hS t Putent AgplicatouBaial BR11M6RY, 18 dtlebae |
322 so that it can be neasured for sedinentation. The
Ocbet 31¢ 2603nant eni«l elal THROYGHIU AP EREENING METHEODRE&OR
sanple in the test receptacle by, for exanple, by
LusReehediy QI\ENPOSTTIONSY 85 WIREBAE 8EAIE(DbERet DRE Tra298C;
is placed in position for testing. The photocel

5 (ﬁ%t@pmd%3ﬁ§§§ %ﬁﬂﬁﬂtass%le% B8 HehtseRappRGEoh, OBt &

sanpl’e an ansmts the light transm ssion data to

b8 SRS ANe e p 16,5y e
SO Gy ot D ERE AT r g « TR R St T o n
SRR S Bk b SO Sl S S B ey e PRl RS
assi gned resEective positions in the hol der 315.

247 (e rmplcste PRRREATRHT 18 SRR (a1 TR, OaF RO QTG et

i's pro%ram’red into the conputer controller for a |
10 recppieele fmin ordefed away indioldend 1 STeramete prederebly by bpyipg gn identifying
measurenents are taken daily for a period of extended
niagls bisogjated wih itf For eseanpld, e3ch3@t thagrgaclrhlysen sepyleas identifying
which fail during the course of the extended testing
bl dole 31 R afikeclortbawted duyfadeethdtedd. F0bdr bade feidey 52 8 pogtioned so
retested. By not retesting failed sanples the system
2§ & bdBle to read the individual bar codes of the respective test receptacles 512 and to
transmit a bar code data signal to a computer controller 530 via a data transmission line
15 526 to electronically identify the sample. The bar code reader 525 is preferably movable
with respect to 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 individual test receptacle 512 in
20 accordance with selection instructions from computer controller 530 and move the test
receptacle 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 controls to the robotic assembly via control signal transmission line 531
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made to operate nore efficiently, energy and tine
bei ng spent only on sanpl es which prospectively neet

wo b@saeds ed product specifications. AlternatiREI/YS2084/035809
viscosity test may be carried out on the plurality of
sanples to determ ne storage stability. For exanple,
an inpeller (not shown) may be inserted into test
receptacles 312 and initially rotated by applying a
predeterm ned power and nmeasuring the revol utions per
trisplaeteyelygetisyapiadeterparad that Frecrteddesi farymeastrepmpandi thereplace
Next, at predetermned tinme intervals the inpeller is
thera iirnthﬁintami@dd logspentivt positipus freths Aoldepilédet er m ned power
and neasuring the revol utions per mnute. Wen the
r evolTestimpsatjpars2titliides aarsier tedtipg tHestmbles Grtot@lation stability,
hi gher or | ower than the predeterm ned val ue of the

00 bdigincs B PHiatidh, DxRIagEke§EHiifydeE résul®of thb BBt @e converted to an
"pass/fall" determ nation can be inputted into the

5 ﬁi&%@é&?&% tﬂl%l%%}&r@tfahéim%d ii8 Qi%ﬁ&l%h&&sﬁ@ﬁ‘hﬁ’é g cBrlﬂ?uter

ubricati ng ol conposi tions can al so be anal yze

il gla 1588 §Lafsnhdats £F g @Eﬁg&%ﬁl tégtgaﬁaaze’: kffowh and %eillerally

tion consunptlon €pos Vi SCos,
t
19@&@%% Bl<Sing eSS b S bR o %;TS?%%%FS%“ of
d t h
PPEE PRt SRaf Bl arkRbe ge T BHRL ii}ﬁﬂgemyand ret hod

for screenlng t he foregoi 2800np03|t|ons in
pl ur 1T E¥ATRTC: R epredafign @féglil’fYrt@'v‘é Sfsthed fersuse a?re@)&ﬂca%w athe
stabi|lity data is one disclosed in co-pending US.

10 Ip;be&lt Oxjdpior teatineihodbed sagipland oilioyeighedson e&nqxwtqs gell, e.g.,
Oct ober 31, 2003 and entitled "H GH THROUGHPUT
SEREANINSSVETHODS: RO UBRIETATHNG @llis CaWROSYHibaNSthetstirer
Wl | enberg et al. (Docket No. T-6298C;, (538-62)) and
ibavpmgicallycanpied t@s stirgnaer whithistckiermal @senbxidppl detiatlioqn area
t he contents of
above the oil sample can be placed a sufficient solid material suitable for absorption of

carbon dioxide gas which may be liberated during oxidation of the test lube oil, e.g.,

15. potassium hydroxide. Optionally, a 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 combustion engine.

The cell is then placed in an oil bath maintained at a predetermined temperature,
€.g., a temperature ranging from about 250°F to about 400°F and preferably from about

20 300°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

sample run is reported. In general, large scale operation typically requires one liter of
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whi ch are incorporated by reference herein. For

exanple, referring to FIG 5, a system500 is
waedsowizotal |y illustrated wherein an array of PCBEEE2004/035809

receptacles 512 are nounted in a hol der 515. The

system 500 i s adapted to accommobdat e any nunber of

test receptacles 212 (and sanples). Each sanple is

identifiable, for exanple, by the position of its test

receptacle in an ordered array in holder , or nore

v erreiond Py Stn sseplen o caprdinglih sReler duantitiekolzampleirequarg

wth it. For exanple, each test receptacle 512 can

Hrepsirieratelhsmallenydlipesaf ospgenciod ereStithim fhieipueiew of angekilled in

outer surface thereof. A bar code reader 525 is

thosit.t Ifdpedd sesuwds fibm theasadsinentt of the adlrérh guantichi ofi ctyigdn thatris

codes of the respective test receptacles 512 and to

doh@umsad o wall Rathe GitdeildadcasiBi @R dE rdcordad 60t ined time

controller 530 via a data transmssion |line 526 to

5 ifleRGIst0RicE@bltYr datBiei by latehShaBRARP € a vADRioR 8F th¢:ER, the amount
reader 525 1s preferably novable with respect to the

Jrak cadsinled ARESHRORErfnfhed titlePeabd, fe@%%&ﬁmpth%ﬁr test, is

conttol ler 530 so as to be positionabl’e in alignnent

r}% tsﬁ]re& @)hﬁg {e%ggod]\n;éq{éé '(cjgrlﬂﬁ%fnt cggai) asgaea? aRL %’Il‘tgr%ﬁls !aile?\/g!l_lﬁ\}ﬁ ?fhoxggen

robot| c asse novabl'e ‘armb
r aspi chani.sm.552. . The. rohot i SS i S .

AR TR YA SR Bl PERERl i Respuring,
accardance w th L ecti i r [ ir t
ST hoiss il L Foval o PustS sl ¢ By Shssos,
position in testing station 520 so that the sanple in

10 andVOBIIPE e can be neasured for antioxi dant
properties. The conputer controller 530 is operatively
ass ociwihsgoxiflation stshtlitolest mashader nssiheteircisass wivsh detginpines the
control signal transm ssion line 531 29to selectively
tergperpimreevipredestarlmndego¢sesidatiec aplt dpbasfofmation on, for example,
measur enent and then replace themin their assigned
artessipeat it Wde p Osthisingstisod, thettdagsparntlgiiss 5t cal 86 plabd inside a metal

station 520 includes neans for testing the sanples for

Hexfirthalbdke.51 ahlluntnim heating block, and a small air hose is attached to a

15  holder at the bottom of the glass tube. Next, a suitable nozzle, e.g., about a 5 ml syringe,
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

20  sample introduction are controlled such that the entire sample is injected within a
predetermined time, e.g., a 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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i.e., resistance to oxidation. Oxidation stability
data results of the test are converted to an

web@stuieanl or optical signal and transmtted REEHUS2004/035809
signal transmission |ine 523 to conputer controller
530. Various neans for oxidation stability testing are
known and generally include subjecting the sanple to
an oxygen environment and measuring the effect of

[ Lan, uppn. the e ogver redet ermi ned perij od
A PR S 230 6 R 4E R Semps o idgren
¥E@$88m2ﬁ5 %se.he ein (known as the Lube G| Oxidator

IR RE R G erming drRp RGN 0VeIs iREpeREEE Tangs Afier a
oxidator cell, e.g., glass. A glass stirrer is
B dpeiest fitimeaig 16 hpws) the gles thbs is remarteddiom the test
Typically, the stirrer is magnetically coupled to a
appirptupginged with e Ruifablesgiventnand thoarhdmt okdepatiois na@bired O
an area above the oil sanple can be placed a
aserrdance iith thaodarihessmdfelnd depositiin tteetiuee, H1or daAkSEY iBlicAMheQhe
carbon di oxi de gas which may be |iberated during
quritdn of the defosit had thesmolntlde oitihtione The meRQL-ASSt Wlompared
hydroxi de. Optionally, a catalyst may be added to tEe
dgeihe a@irddetetmings kishdardsed6L@hR! at i ng oxidation and is
chosen to sinulate the types of netal ions typically
found in an internal conmbustion engine. The cell is
then placed in an oil bath maintained at a
predeterm ned tenperature, e.g., a tenperature ranging
fromabout 250 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 sanple.
The test is run until the quantity of oxygen is
consuned by the sanple and the total time, e.g., in
hours, of the sanple run is reported. In general,

| arge scal e operation typically requires one liter of
30oxygen for a 25 gram sanple. Accordingly, smaller
gquantities of sanple require
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proportionately smaller volunes of oxygen and are

Wi thin the purview of one skilled in the art. If
wale®snestps resul ts from measurenents of the curP@nUS2004/035809

quantity of oxygen that is consuned as well as the

| ube oil viscosity can be recorded at predeterm ned

time intervals to a conputer database for |ater

analysis. In a variation of this test, the amount of

oxygen_consuned after. a predeterm ned tine_ perjod,

e. g 9%%@0@& fletgrompationof ﬂteégP?S“‘i forryasign Gk ReFfoped Manually by

recording to a conputer database at tine intervals the
vigusilly fspesfing dipgest tubpt corwarpgiit ik thephandaid setoidelssi and.

Sui t abl e hi gh throughput nethods for measuring
estiingtingsthe degieeoftiepaditdemantion, tEPp1EES2 8O ThHWDIOSitobgA]tandUS

2003/ 0037601, US 6383898, and WD 03/019150. Anot her
preferabiyt éngpio wt alipht sduycetaad b phetbbdd Theramess: diee@isit caisbone

whi ch determ nes the tenperature where a test oi

meAHRH GO AfeiicAdciadf Bitd fPOS libhtfsofi@ theizhakes tub®ind
exanpl e, a transparent tube. In this nethod, the

m&&sﬁﬁﬁg%é efbuttl oAl Shti4REniga SR HROESE bynabae o@f(ﬂa%gﬁdgcgl.

eating block, e g., an alum num heati'ng bl ock,

T%éf‘@;{ahig?%f{thé‘%@i liRafd Ih)@(t%?ﬁgntt&_d@%c%ﬁ,' éﬁ%ﬁmfg{e,e{’hg g‘f‘%&f‘tt&m

ass tube. sul t € noz

yringe, and a suitable hose, e.g., about
oQogh B T

Xi ble tubing, are filled with the oi

._The tubi i tt h ,
o~ P gt oe e T ReCEtA B F KETaieaai e testing
PSS RREoPEbEerur IR e e e treel RS g petiner lisht
heatig% bl ock for the duration of the test. The rates
froyn thy light sQuppedh direciadimeughhthe dastitbe 63 andds wewstiredbydle

such that the entire sanple is injected within a
Photesgle 622, iihidiomeasyres the agrountanf tgndngtied lightpsopearts dldls reRftimg to

oxidation of the oil gradually forns a dark deposit on
art Hectiicahgipgnalednt] trafisntitsehadigres viadine 623 tvethhemtputey chhtodler 630.

tenperature
The computer controller 630 has stored values of light transmittance (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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controlled within small limts and the test conditions
are generally chosen over a range of 31tenperatures,
we2@5/04$200om about 230 C to about 330 C, and t eBCHUSZN4/035809
be run at different tenperatures to determ ne deposit
formati on over a tenperature range. After a
predeterm ned period of tinme (e.g., 16 hours) the
glass tube is renoved fromthe test apparatus, rinsed
a suitahle solvent, a unt of depo LS
e G T OG0 SRR O DR OT i e Sagh ST R toregolny
de 03|t |n the tube, the darkness |nd|cat|ng t he
saqgDigh eanthp pice Weandwi@@pm coptrner pad EREirRed st 2 BredgisrRinRd
The neasurenent is conpared agai nst a predetern ned
tergpeantuiearior spredapdrmingddisne. Shpiokidatinronttétee ean eer inatarigfwhich is
the deposit formation can be perforned manual |y by
suitatderfol Infraradspeaatittageet Bie., basdilidaihgassc Ahparcdetgrmpinedyi t h
the standard set of tubes, and estimating the degree
ter@persieR@ah brdimFilyalahgafrorh Asoup 1 €FSEND ab@it OGP J srdquéforrblyecbm
and preferably enploys a |ight source and a photocel

ab&!ilelél@@té%o&fl 80€NOBihd préRfbriMeMBaR WS aBY ufhol M6k 41')910@:(5
beam of [ight fromthe Ilght source through the tube

A@cﬁt@oﬂ@ggaﬁ 14 Bibbiddgntd %«e& oftfat & &cg}afamt L RobtAd it h{ewence

nmeans of the photocell. The opacity of the

oftallllpe(?al up 18&%03 %grgthggggt@%m%at%ﬁ%?‘fﬂ ] ifh8 guéillei@ %Sppetr NEad and

e sanple or exa
referr

S ShgE 30 §°H§§‘5F%4 A B IFy B8 L : ey L
1
= G541t B en S5Ot PAEE strRln s AL nEbeiseiee PLBESER ' i

IS measured by the hot ocel | 622, whi ch measures thg
deforpiige by PeRTERS HctrEyed ahjﬁlibanc@@ﬁ#@r%@oaﬂ@ﬂf #ddit ﬁgmt 0

an electrical signal, and transmts the signal via
usinigneg.6eBowrtsr trsfaoriptiered srestomelkl (eig. £8oker IFS 48 infrared

apparatus). As oxidation takes place, the absorbance peak at 1710 cm™ increases owing
to oxidation of the test oil as carbonyl-containing functional groups are produced. The
data is then recorded in a computer database. A suitable high-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 utilizes
differential scanning calorimetry. In general, differential scanning calorimetry is a
technique to measure oxidation stability of a test oil sample as it is heated. In this
method, the sample is placed 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. Automated computer data collection occurs throughout the

experiment with individual data points representing temperature and heat flow between
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The conputer controller 630 has stored val ues of |ight
transmttance (or opacity) for the standard set of
wo aiwsm4208l rates the oxidation value of the teBCT/ES20p4/E35809
by conparison with the standard set. The oxi dation
rating is assigned to the test sanple (which can be
identified by the bar code) and the information is
stored as a conponent of the data library. The
computer controller can thereafter nodify the
thesjapiple a9 refprenoe pe icahstimepeigpeagyreie heélgare@%ﬁqﬁh i A¢rordieely,
various functions of the conputer controller 630 are
apjobjertivetdf ghipigshis tvmensure loestberwiat $talgliiyldf an il streplapta
33l n another oxidation stability test nethod for use
pheierimined taipeniurd nerifiight godelgysanploaktetaimelike elodeadicirelease
an oxi dation container and maintained at a
of hed et tempeedule@Raich the s ofhermia rgdé=e€l6f Idatis vdetriddi®called the
The oxi dation container can be a material which is

5 oxiatiePbRef teiap ér&ﬁfe%@qjs 4 ;e I IR Ratie Stability of the oil.
bor osi | i cat e gl ass. The predeterm ned tenperature can

ordi Ra z%»% aﬂ@ﬁgﬁn‘% JapmeAake O%E ?%Q% ogsfa&l@b yttmél_.ﬁtgi for 8n the

pr efer rom about 14

t rs.
R o%“}lf"@ﬂqm‘f% PP KR oy bR, <Tﬂ@U9?fﬁe§a°d,ae-g-a
ate of ow and i.n th nce .
AN e Pl istatle 8&0@&%‘?@?@ mfg SFF%@SE%W S gt o
i ons S..copper, al um n m The air
Sm‘f%% gt %%ﬁgle@%% W%&B KalvFleand Wetpramale The
13.9 L/hr_ 0.5 L/hr has been used for a 200-g
10 Séraalﬁ|1%p16<fedtnae%§wt§bl|e)contmen 8&g A sEeldiomdy prbehargedivathianen
determ ned by neasuring the infrared absorbance of the
peesictsoniped peeit af oxyza e@mionyaiont30 wsi ¢p about Hbpst.iabroom
transforminfrared spectroneter (e.g. a Bruker |IFS 48
temeraned Tap pantanar sy therAsubmerghd tin anoil bdtke sapit@oel atbhe
absor bance peak at 1710 cm 1 increases owng to
peadettatined tefripeiatige, @S 112090 toaboRa@00WT) hd ettt @bt preetermined

functional groups are produced. The

speed, e.g., about 50 rpm to about 140 rpm. A chart recorder can constantly monitors the
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 computer

controller for “pass/fail” determination. Assigned pass/fail values can be selected based
20  upon performance requirements for specific lubricant 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 future testing of tubricant oil

formulations having the same composition as the sample can be eliminated from further
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data is then recorded in a conputer database. A
sui tabl e hi gh-throughput nethod for neasuring infrared
wabasngante i s taught in U S. Patent Appli catiPeI/NS2004/035809

2002/ 019773 . Another oxidation stability test nethod
for use in the present invention utilizes differentia
scanning calorinetry. In general, differentia
scanning calorinetry is a technique to neasure
oxidation stability of a test oil sanple as it i
tesEng foy othehperformaneg ph%ctelﬁ%s SEME éeti%%mg faited éamweSathe system
sui tabl e vessel, a 10-nmL air-tight vial, and
opebeimade tg operaiganase ﬁﬁ%ﬁ@éﬂiﬂ ehpey ardiine bangspent prdyrpa BrvIles
120 C to about 200 C, by using a heating source, e.g.,
vawichgrespectidatyonet dat deored pratuciopeaficatibhect i on occurs
t hroughout the experinent with individual data points
r epr Elesitddrie teeuipeif dcuneh@is df thegtesédt dvvehednearbe3ddnitered
sanpl e and reference and each tine of measurenent

5  fhel Mgnoeclecdied, i.\adedatbnghith idibt @bdieet bivi 16kt ih RistaltcBBthct
is to measure the thernal stability of an oil sanple

vith tBe RERARIRIALP R @RI UhGenktiBn. aArrerhbtg hécaﬁ&@@Jn be, for
systens to determine the exothermc release of heat

e%&ehg]%l&, ?@gﬁﬂgf@gﬁ%%n%' ?z{? rggﬁw%ﬁ%ﬂg‘% garE 8% tﬁ@%@ergﬁ system for

IS Ca e OXl n onset

he ox
oA PIBEE T e bl B RAGRoP bl BRI B Brnaneectr e
.St abi. | est neth d for use
SRR e B Bt anbul B ‘Yﬁéfeltgﬁﬁoﬁwﬁ PP é&?ﬂglﬁs interaction
t ake t TFCE%E tEPd, e. ASTM D, 4742),
10 “g‘grPﬁfsg gwé stpido ngﬁ% SHtipngt dicpese. §rifable dits fines, with
ogether with a suitable amount of a fuel fraction
@&%ﬁbf‘efeswlﬁs the onpuhjas wakl &% Gestrol eomemangs.anaysherfpnemittpp,care
sanple is placed in a suitable container, e.g., a
ksewae| bomb, and charged with a predeternlned anmount of
oxygen, e.dg., fromabout 30 psi to about 90 psi, at
r oonThepiprligtafreseptities @atuirngthe hitsicithgroilsionipesigetk dan also
an oil bath maintained at a
be analyzed for respective anti-wear properties, i.e., wear stability. While classification
15 of'wear types includes, but are not limited 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-pending U.S. Patent Application
20 Serial No. 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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predeterm ned tenperature, e.g., 120 C to about 200 C
and rotated at a predeterm ned speed, e.g., about 50
WO pioses2edHout 140 rpm A chart recorder can coPGI/ERL004035809
noni tors the oxygen pressure and when there is a rapid

pressure drop the test is over. The tinme fromthe

start of the test to the rapid pressure drop is
recorded. If the tinme is above or below a
predeterm ned val ue, the sanple is_assigned a o
passAngrireae-PEsTirnEedr dast is pesogiaisfl mal, 2 siiyationsviprethe Jubrigating
of oxidation is progranmmed into the conputer

od samperitieyhag been'sgaesed it bf, fofeexempienart éngme, lag@ngprdy a non-
pass/fail values can be sel ected based upon

fipet filor ofeent evaae gdditiverof ttegestadrcogpesitién that has beaagiemically
applications and prospective operating environnents.
bbhdddhe theasttrasiaiidngink sinfzRedd YFdh avinifle, AR eRX&RS Seateboydiibgh
oxi dation value, the test sanple can be electronically

0B KBwaitthé pisten @ink 88d éyNdd@fwdllUR hireditg Bidmal combustion engine

formul ati ons having the sane conposition as the sanple

SR : f
SRR SR 4R LS, 7 g
cgl?lp?gtﬁﬁ e;(;}'igs’iéry @Eﬁﬁhg glﬁtgg ?SI i‘ég ingtgnt%? ﬁlﬁ%ﬁ%gl%&%)ﬁ.

cl ent ener gy el ng ‘spe

sanpl,es i ch pro ct.ivel t the si.red product

s poe e aiheR 7 RIEGmea 1aE abliF o T aBhE o us
of the present invention can be monitored froma . :
CPRROTLPT (LBET o wpder candiighs Y hsFIA LK 1Plriqast Lippis retained
direct or at least in_visual contact with the system
beperathe iy riage Syrisaly. 3 hxdeedbinamic labriappoadition occurs
location can be, for exanple, a central process

ig ghinfesnal sgsbustip engisdeiwish die, pisien pegstand ylitder welkmakh the
system for use herein, nonitors and controls the
pesyatiem didingahdtioasiuriegihe dsokehe out puts of each of the
results of the tests being carried out. In this way,

it bEmeligs qpossivbivearfiet isldesgneldnd esathé hsihitywiftie lubricating oil
personnel being stationed at the | ocation of the
cBiBé<ttn tSWidiedp iR ittatadtingl siEEces Wokdwear 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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which the results of the output, as well as contro
commands, nmay be transmtted, are known. The plurality

wotoosmerpt acl es containing the |ubricating oi | PCT/US2004/035809

conpositions can al so be anal yzed for respective
anti-wear properties, i.e., wear stability. Wile
classification of wear types includes, but are not
limted to, adhesive wear, abrasive wear, fatigue, and
pol i shing, the foll ow e generally three maj or

vear Fe6tag new i s, Beé*g% Shecimethed ancsubiem qﬁ%%ﬂﬁﬁfdﬁ’(eﬂm
wear tests and corrosive wear tests. Representative of
far sspyersigl Ly prplyrineaot-eor properEeneimgplemabtyfos bubgesting oil
conpositions in the plurality of respective test
qopgepitians, serefl gr tha hibjaveiaraccadace witb iéGdl, seslibestmdteidn Adding the
co-pending U S. Patent Application Serial No.
ihrmaGonaeRtetlitd e anth-weat pbErtid bf eDQT tleambrehiubti¢atidg oil

"H GH THROUGHPUT SCREENI NG METHODS FOR LUBRI CATI NG O L

SoRIR6ibs Sbktantialy M6l ReaRs letion 8f candidete béMpdt@tichs capable of
comon assignee with the present application (Docket

MNecessilli PSBigc duP 3R eRddnle-plofiBre ﬁ?ﬂr@%‘rﬁnﬁg andRb&bsi v ear

I ncor por at ed by reference heréin

St g%%fs mﬁ?gﬁe tﬁ@‘ﬂpe&a%ﬁ cbrR RS %fét%?o?y f’é"qﬁ@en?enh

gltu tion atlng ol COprOSltlon

onty HHERR A o Tl PR Bl BG4 671 S
d h h b

R eI ey e aegfﬁ%uﬁer%ﬂbﬁ@lﬁﬁy 8 vy

xtreme wear condj tion occyrs between the pist rin
ki R 81bneaah OB ARGPEAHS PRI SRRy code bar

engi ne when the piston reaches the upper dead center
Eofelto) astestiggsaHe#L0: o Tharabetigrastenstly | tswe greed te hiavruete) a5 gnore
expl osion while the piston is for an instant not in
mbvabiargmerdld exh prvided mil wrezaspmgmesshadism 86 mduinbengages the
test the ability of the lubricating oi
individual test receptacles 810 in accordance with instructions from a computer controller
816.

The testing station 820 may include a single testing apparatus performing one test
at a time, or preferably, this station is assembled of multiple apparatuses operating
simultaneously so that each carries out a respective test in accordance with instructions
720 (FIG. 7) from the controller 816. In the case of multiple apparatuses, a tested
lubricating oil composition can be distributed among an extreme 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. Each of the test apparatuses operates under the desired and controlled

conditions including, among others, a predetermined temperature, load and acid
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conpositions to prevent wear under conditions wherein
a fluid lubricant filmis retai ned between the

WO niosa20s ng surfaces. Typically, a hydrodynanPCT/UuS2004/035809

| ubricant condition occurs in an internal conbustion
engi ne between the piston rings and cylinder wall when
the piston is in sliding notion during the stroke.
Finally, a corrosive wear test is designed to test the
ability of the Ipbricating_oil_conPosition to protect
qomeenitiatien epsteppngding te BoaxsspeeiBed HeaistingorpreRaspsipptory
environnent. The latter may be observed in an interna
wawtamemisend eprgispendingtotailtie pasisiof at the stk rewvigengines Thus,
in the fuel to be conbusted or in the lubricating oi

oo ayrogild, itterextreme presdure tebteppastes §d2angy aquerdieiso thetntbe appdisd load
sulfuric acid. 37Referring nowto FIGS. 7 and 8, the
segtdntidilpineresyes treingé célie1pd et oMy i bk Mblé,about 200 1bs. to
sequentially anal yzing anti-wear properties of a

o\t 300 1by, tPdbolitMDIzAtILE By @bdynaAIERES b}%&a@;ﬁ&s 825t AKYERE dotrolled
the library in accordance with FIG 1, are

folih&tedsk e qohd AT IR xbRBIel BoQf STRbE. ot %@%F.Ltg ab&if 150 Ibs at

anti-wear properties of each of the store ricating

@i‘e eacfiﬁgﬁi%icﬂtth gpcﬁgié%gfﬁ@rﬁttﬂeqwe%afs%ggolcf.a{eﬁkﬁﬁqeﬂlg Foad increase in

Ion of can € conposit1ons capa

uccessf.ul carryhng.o the extrenme-pressur

o S oA BT R S e SER P R B B omls
UG Pt 55 DRGie gt PO aeantb s GPEREgHogh o the corrosive tst
| ubricating oil conpositions at 710 (FIG 7), a
FHBEIS S2a losiermity ﬂ@%mﬁrﬁ cgrogye enyirgAgE eQrespoRERg ® out

each of the tests by selectively delivering test .
Predeeymanaddends 2l acihedncetationsrip deferminebhp setrosiee wearplability of
i dentifying code bar 850, to a testing station 820.
thh ibrioitongiod campesitidry It & to bafindgustoed thao tHeapecifnkad andrarned
novabl e arnms 812 each provided with a grasping
torchantisneddddionydrt abt tha galg @srainb@rs that can be controllably created and

modified in association with each of the test apparatuses.

As each of the lubricating oil compositions or a subset thereof is subjected to the
foregoing test(s), as indicated by 730 of FIG. 7, the computer controller 816 (FIG. 7)
processes and outputs respective test results at 740, each of which is added to the library.
Accordingly, the information regarding the anti-wear properties of lubricating oil
compositions stored in the library becomes another piece of information in addition to,

for example, storage stability and oxidation stability of the cataloged compositions.
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i ndi vi dual test receptacles 810 in accordance with
instructions froma conputer controller 816. The

wo e@sion205t at i on 820 may i ncl ude a singl e testPEmUS2004/035809

apparatus perforating one test at a tine, or

preferably, this station is assenbled of nultiple
appar at uses operating sinultaneously so that each
carries out a respective test in accordance with

instr ctrons Q (FIG 7) fronrthe controller 816.

the. CASER o ’t“?aﬁT WIHaE e pRChings pppatht rsafbfirr @aqurhfg
oi | conposrtlon can be distributed anobng an ext

prrEs e aberdisgypad tastes Fopgxampled poillyieatadcin FéGs- 9 and 1 10, Test
apparatus 834 and a corrosive test apparatus 826 or

Rl andl Yiee Blatk 309 erd FdunBiall dasti A0 edsbmbloespespeciivals eadnarbe
separately tested in any of the forgoing test

eqpplale af perfsmingabdextdent: peesties thydipfataatic ssbcoaapeivates: tests
under the desired and controlled conditions including,
atienthddAdIRNS or id cpmbiletic. IHof ethniptd]RehRIMeEERIn b@dguAmen of FIG.
acid 38concentration corresponding to those specified

b wBXies tH16Kks 910 %%Q@ﬁ@blﬁb @tp%s%dYafgﬁiﬁ%)d Iﬁfdﬂfﬁ@l(ﬁmﬁ[‘ 920, which
corresponding to multiple parts of or the entire

{40th&8e £RY AF 93T RHE meft%edq{im oil Q&nﬁtﬁtfoﬁ”ﬁccmﬁmgly, the

pressure test apparatus 822 may operate so tha
i

DR Bl RE R Sa%f&éiaéﬁ‘%fﬁw lﬁ%r@atﬁ%%bwﬂromes can

bout | bs 01Dbs. Y. nami tes
Bty %tr@segﬁ%hﬂlizﬁ%%onﬁfstﬁ’ﬁ AT B N

from for gxanpl.e, bout 50 I 100 I bs.

cAzath ook SRR Wi OF seneioyBrvnicech IREe bt trodrisiy

fromthe intervals associated wth the |oad increase
Afivering wsaspisAsoncsaiErtigph el Ao idaiommedipmgp the jognal. Such delivery
corrosive elenment such as, for exanple, sulfuric acid,
easrbepealiged, |fWéﬁ%@C¢,rbY@©m§mﬂéran easing sulfurachcibatdesmoitiof Gies

to the corrosive test apparatus 826 to recreate the
iewial. ¢Of worseabé wearand/or pienEvteacinreaep ot mgidtconcentration
increases.

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 respective one of the lubricating oil compositions 1020. Upon
placing a top ball 1010 in a chuck and attaching the top ball 1010 to a spindle 1050, the
load is applied in a computer-controlled 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.

40



10

15

20

predeterm ned | oads and acid concentrations to
determ ne the corrosive wear stability of the

WO amsioeads ng oil composition. It is to be undeP&r/OSI04/035809

that the specific |load and acid concentration

conditions are not the only paraneters that can be
controllably created and nodified in association with
each of the test apparatuses. As each of the

lubricating oil co sitjons.or a subset thereof is

subj dE gt et oF BeckhgDRinet o8 5 B3t luned Camedenyre

730. of FIG 7, the conputer controller 816 (FICLﬂ;£
I9FHivasica 195rH0oR Irhishdsngt dxdiEset onAs laagid viswal gpptact yyithylag system
each of which is added to the library. Accordingly,
eneeating thermeeedo theslguendiongAtrpreots frdatigieenn ber Op exane agfentral
| ubricating oil conpositions stored in the library
Irecssesirahgysieayor powe svhish, asrpag ofititei oyerall wysaehd fdrivemherein,

for exanple, storage stability and oxidation stability
mbnitdieanclabatralg thd spemnasivtll anscordOthe vatpine oy eazh of the results of
| ubricant and wear testing nmachi nes or apparatuses are
#6381 beidg Gadtyd Owl I s WY Beeting Wos@le F2 $ds6 intdr@dtion with
exanple, as illustrated in FIGS. 9 and 10, Test Pin

FRnYa @b QakioRA At ARIRRM 6B dystERS tsukPAP da8 58D i@ Svhich

respectively, each are capabl e of performng thé

hi Eésamiﬁlge:?ﬁé{%,gﬁs \ﬁ%% Q%f{&g?&ﬁmm%% Eéjﬂn\éﬁ’ﬁt@?&e known.

tests elt ual I n conbinati on.

examlig, ddubbe Jesle Bl SONLLOLRALILREFLE 9t e

Vee 0CKS can contr y pressed aga
rotat.i ng.,journal .920, .whi.ch is .subnmerged in.a cyp.93
patpn n bR ot SO0 B tiise i  Felfiondl

ccor di ngl the hydro am.c and extrene_pressure
GRS tp Grovlis o ms WBHTAAE P §orBpesition gy of B oresent
be conducted sequentially by controllably increasing
ippadon ThEeagielys ihpeyitens may &R clsetricalit qoapectis to a signal data
si mul taneously with or separately fromeach of the
fodlegtetr compyising 8 cempyterimicropeaciessgr foe aystane opergivnend centiad s
of an oxidation nediumto the journal. Such delivery
collect the data from the various tests over an extended period of time to compile the
combinatorial lubricating oil composition library. The database can be used to find
optimum combinations for a desired product stream, and can be particularly useful when
the desired product stream varies depending on market factors. When the product
requirements change, appropriate combinations can be selected to prepare the desired
product.

Relational database software can be used to correlate the identity of the

additive(s) and lubricating oil compositions and the analytical storage stability data

obtained therefrom. Numerous commercially available relational database software
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can be realized, for instance, by constantly injecting
sulfuric acid at the point of the journal. O course,

w0 b@snexens and/ or rate of wear increases as theP@riU82004/035809
concentration increases. The four-ball test
configuration 1000, as shown in FIG 10, is
constructed so that the three bottomtest balls 1030
are placed in a stationary holder 1040, |ocked in

| ace, and .covered with a respective one of the

Iﬁ’&ﬁ?’i“& é‘i"'uaﬁﬂﬁg fep foz ?tﬁo%érafg‘ﬁ%np‘lﬂpwelp e dlolequisp
a chuck and attaching the top ball to a

(c,ﬁh%}wé DE "), JORS (" HaldvityBasgp i and pther seftware vendors.
comput er - controlled manner, as di scussed above.

De pe Aiatigna) daiphase koforare kse m%rrgcbwpanf itk foxmaeaging the data
pressure tests is being run, it is possible to
ahétieadrdunieg thie tnirodss Hesctibahevwar Howeheex, angsofesqre tidi isgbledo
the scar dianeter fromthe tests run or the weld
eited "meiflry nh@? of el Jubkibsting@dudtisive ind lnbrichéih@ ol bbapdsaibns
can be nonitored froma renote |ocation, i.e., a

Ind G198 (ebinEbimiaSion tth i ifloFBRtonUbtaied RS e 'st%ra\gb §t‘d91|hty
contact with the systemoperating the nethod of th

hENEREERE carfbd BB s fsBftwsR%s B8l lafo¥n )ﬂﬁfép Bf)skll?m the
central process control systemor room which, as part
the overall systemfor use herein, nonitors and
controls the systemas well as records the outputs of
each of the results of the tests being carried out. L
this way, it becones possible for less interaction
wi th personnel being stationed at the | ocation of the
system Suitable data lines, with which the results of
the output, as well as control comrands, nmay be
transmtted, are known. Also, the storage stability
data, oxidation data and antiwear data regarding the
| ubricating oil additive or |ubricating oi
conpositions can be stored in a rel ationa
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dat abase to provide a conbinatorial |ubricating oi
conposition library of the present invention.
wa@\dosomos vel y, the system may be el ectri cal | yPCT/US2004/035809
connected to a signal data collector conprising a
conmput er m croprocessor for system operation and
control to collect the data fromthe various tests
over an extended period of tine to conpile the
j %f%ﬁ. Dgybricating oi | conposition library. The
~cair pe-used to find opti mum conbi nati ons for

a desired produc t.ream ._and can articul arl ..
usef Ol Agestbiaibricaiae git aalaecewaﬂﬁ@aﬁv {pwded comprising a
dependi ng on nmarket factors. Wen the product
Phsally pEdERTeat Mbrsngag ol pprrenstions eorarsg{at 3 BaisT ampuref a
sel ected to prepare the desired product. Relationa
baset cibefdebricatingrescesitioandiie) aldwet ane lubsicetisigatleaddiiye.
identity of the additive(s) and | ubricating oi

5 conpositions and the anal ytical storage stability data
obt ai ned therefrom Nunerous commercially avail able
r el ati @Gheatordisihabris tutsiodiinyailecodbpsine Asryastelamal Wwakk, the
for exanple, fromOracle, Tripos, ML, Oxford
aMeh@ GHé Bdse 01l (MR frobasé gﬂbﬁ%{coﬂsﬁﬁﬁg of &glﬂe\ﬂiﬁ;ytraﬁé‘éﬁﬁg' 1
and other software vendors. Rel ational database

Rt rﬁﬁmb SluiisPeaf &fs! Bt/ Bnd: 088 fcb¥BFeSsok 81ls, FERaehiich

t he a obtained during the nmethods descri bed herein.
HIWS N knd Mg e that is able to create a "nenory
map" of tﬁ@xfﬁg%%cating oil additive and |ubricating
10 Oil conpositions and correlate that information wth
the information obtained fromthe storage stability

et | K ABRR R R SRS g ateorpofRen Hres o st pherein e

C{_AI MED S . L .
at least one base oil has a viscosity of about 2 to about 2000 centistokes (cSt) at 100°C.

4. The combinatorial Iubricating oil composition library of claim 1, wherein the

15  atleast 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 oil has a kinematic viscosity of about 3 ¢St to about 16 ¢St at 100°C.

20 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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A conbinatorial lubricating oil conposition |ibrary
i s provided conprising a plurality of different

WO isioeszds ng oi | conposi tions conprising (a) aP@EUB2004/035809

anount of a base oil of lubricating viscosity and (b)
at least one lubricating oil additive. 2. The
conbi natorial lubricating oil conposition library of

claim1, wherein the at | east one base oil is selected
; e
1o o, S 360URa6ARL ARG O oGl Bblady of GRSl he

r I r
SR e SR EA8R SRy é%osﬁib Betby 5&’ %&B\??@a@%@ N
A
@&@bg\&gwd 5P eaoafe) Sv-AEER v ghuBiby-o
ti st t 100 4. The conbi natori al
Ppclét%{; V%?? ?égﬁégé’FHer*q i brary of claimi,
vvherel n the at | east one base oil has a kinematic
viscosity of about 2 cSt to about 30 cSt at 100 C. 5.
The conbi natorial lubricating oil conposition library
of cl8aiThe tombinetogaliubrivating oil ewmositine libaseofaildimHa svherein the
ki nematic viscosity of about 3 ¢St to about 16 cSt at
at (@stGne Base Pilds e oamahat synihatic dilbri cati ng oi |
conposition library of claim1l, wherein the at | east
one base oil has a kinematic viscosity of about 4 cSt
to about 12 cSt at 100 C. 437. The conbi natori al

| ubr ioc athie B&n@ihbtoﬁﬂrlﬁ&ﬁjaﬁﬁ%&l &drﬁi’o@lﬁlﬁn Qbraf) S dMidh 1, wherein the
wherein the at | east one base oil has a SAE Viscosity

AT Yl Y M
4 8. T
S840 S I e
c?fv r|l]g' a the rﬁeil ﬂ%{ 1?1%(11@?1]5 pour pomt c{%pressants oanlufoammg agents, co-

solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme

pressure agents and mixtures thereof.

10. The combinatorial 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, detergents, rust inhibitors, dehazing agents, demulsifying agents, metal
deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-
solvents, package compatibilisers, corrosion-inhibitors, ashless- dispersants, dyes, extreme
pressure agents and mixtures thereof.

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

at least one lubricating oil additive is selected from the group consisting of antioxidants,
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9. The conbinatorial lubricating oil conposition
library of claim1, wherein the at |east one
wo mmsioezdi ng oil additive is sel ected from t hePQr/osmo4/035809
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,
agx 6Ivs|/efa? ?%%}’l{g gde@eg%%ssms{:igﬁl%m{r@{]&neﬁ%hf@%?g@,e%s Wlséfgfisng agents, metal

npa iser corrosion-

i spersants es, exirene pressure ent s-an
G e e e R
oj| conposition |jbrary of. claim 2, erein the at
SPERIE, RIREPEP a%m?ae%#aswaa SPPgRpE: F‘%ﬁe%&‘é}&etmé‘atsf P extremne

the group caonsisting of antioxidants, anti-wear
THQPEWE 8genvreand pysintes thopgpdt | nhi bitors, dehazing agents,
demul si fyi ng agents, netal deactivating agents,

5 friction nodifiers, pour point depressants,
anti foam ng agents, cosolvents, package
conpd®i fhé cashisstortt tuboisatng-oilrdeivppsiterslibraiyivif esn 4, wherein the
di spersants, dyes, extreme pressure agents and
arilesbtone Subkibaing@fl.additive Ehelectedriromahogroed cdnaistingaftantigridants,
oil conposition library of claim3, wherein the at
An@iasdar O5HRts| AdMTE&R, nRginBibitoRgeHhbIivE adedtsS@In@adiBihof dgents, metal
the group consisting of antioxidants, 44anti-wear
RI&hfng SRIBI BB SmodiHeE, JolPhdiht RpRssaH8NAEIAMIROARAS, co-
denuIS|%y|ng agents, netal deactivating agents,

, 2 ol e _ ! ¢ .

10 et FrolE LBl or R AR A5, SispAls BAR) Hltorne
corrasion-inhi.bjtaor hl ess di spersants, dyes,
ngswga 8%?%@?3?@h%5%%?§§and m xtures thereof. 12. The
conmbi natorial |ubricating oil conposition |library of
claim4, wherein the at |east one |ubricating oi

addi tive_ is sel ect fromthe group consi st f ,

ant i dxi &&ﬁe%rpblaﬁ?rﬂeﬁ%@a 2t cOmPaEtien HUARO! cfiffa, whercin the
i nhi bitors, dehazing agents, demulsifying agents, . .
Fgqagl one lubricating oil additive is selected from the group consistfing of antioxidants,

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

pressure agents and mixtures thereof.

20 14. The combinatorial lubricating oil composition library of claim 6, wherein the
at least one lubricating 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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deactivating agents, friction nodifiers, pour point
depressants, antifoam ng agents, cosolvents, package
wa@oeowsalizhi | i sers, corrosion-inhibitors, ashl esBCT/US2004/035809
di spersants, dyes, extreme pressure agents and
m xtures thereof. 13. The conbinatorial |ubricating
oil conposition library of claimb5, wherein the at
| east one lubricating oil additive is selected from
. Lo 0 . ¢ h
e T
denulsifﬁug' a%%ﬂ%?h Q?tal deacti vati ng agents,
PFPPEY Pl SrDai T T e s,‘%éﬁT poi nt depressants,
anti foam ng agents, cosolvents, package
conpati bilisers, corrosion-inhibitors, ashless
di spersants, dyes, extrene pressure agents and .
mi xt tpedhs srpkibatorial lubrigsime oF ¢pRRH A lrany 9 clagyt 7, fgerein the
oil conposition library of claim6, wherein trie at
S5 o bagtongﬁlénpamgi%laxﬂdlﬁge wisplocierirern e greupseongigtinglof amigridants,
the group consisting of antioxidants, anti-wear
aagevehsageting detggeentss rust inbibitbnadebaing spentpdeanil sifyiagagents, metal
demul si fyi ng agents, netal deactivating agents,
detidtiohtirugeite fitonsmodifiets, poor puintdepreeasidintifoaming agents, co-
anti foam ng agents, co- 45sol vents, package
s6RBRAtPabltalot S@hiBatibdRE Ofokr0flon-BiiNMotQ hshlesAGiBh&Sts, dyes, extreme
di spersants, dyes, extreme pressure agents and
pRsXi b &htd M8 Rfures HreofNe conbi natorial | ubricating
oil conposition library of claim7, wherein the at
10 least one lubricating oil additive is selected from
the group consisting of antioxidants, anti-wear
agent,s, —fdef er I .1 nhi bi tor. ehazi-ng..agen :
doru 15 a5k P 1oliEhink O cBinbPdon ML AR Whrein e
ag#%ﬁkbgﬁ‘bﬁgaq}&fééﬁ[@gﬁig%g%gplgcgl?ﬁ é(’)ndl Lﬁg@gcnc}ngibting of antioxidants,
conpatibiligers, corrosjon-inhibitors, ashless
2giiIysaT Rt sdetggRis, ruskinapiarsffcladng wer§efriiisihang agents, metal
m xtures thereof. )
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 lubricating oil composition library of claim 1, further

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

20  oil compositions.
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16. The conbinatorial lubricating oil conposition
library of claim8, wherein the at |east one

wo adpsioea2ds ng oil additive is selected from t hepQr/osm04/035809

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,

ant i L{? ?@&%@ﬁ&%&? 1u§19§a811% 81? %ﬁ‘ln%&ﬂfblﬁ‘i‘igﬁry of claim 17, wherein

conp I S, COrrosio Itors, ashless

di spersant.s, dyes, extr I t -

i RER e Y hpBpron RorrRe 4D hET R S FLR P Lopsistne o
oil conposition |ibrary of clajm1, further conprising
stounse FiRBIL P PRIORISRSGOIIEY GHEgRERET gt S §rrgr R
the different lubricating oil conpositions. 4618. The
conmbi natorial |ubricating oil conposition Iibraryof
claim 17, wherein the lubricating oil conposition )
pr op#&9.t Thedmnimstosiel kibtieating pd sompesitipndibary ohelasnl§gwherein
storage stability data, oxidation stability data,
tadtbrwgsadtablity datancnpriset bl s@kmertiaionoheasurenentitylor measurement or
conmbi natorial |ubricating oil conposition Iibraryof
Oligbiy mbge em. t he storage stability data conprisesa
sedi nent ati on nmeasurenent, col or neasurenent or a

vi scosity nmeasurenent. 20. A nethod for producing a
conbinatorial lubricating oil conposition library
conph}S A{lﬂiﬂgﬁ floggﬂé{ﬁcﬁiﬁgw?&nﬂiﬁd%ﬁl Yub@itatR gl bR dsitioaflibrary

differen ting ol conposition sanples

&onﬁ&ising (i) a maj or anountof at | east one base oil
P uB%icating viscosity and (ii) a m nor anountof at

o RS LR P g PPl
sgsn%fsggozj‘rgxl)r%?ﬁg (i) a major amount of at least one base oil of lubricating viscosity
and (ii) a minor amount of at least one lubricating oil additive, each saimple being in a
respective one of a plurality of test receptacles;

(b) measuring lubricating oil composition properties of each saﬁple to provide the

lubricating oil composition property data for each sample; and,

(c) outputting the results of step (b).
21. The method of claim 20, wherein the at least one base oil is selected from the

group consisting of engine oils, transmission fluids, hydraulic fluids, gear oils, marine

cylinder oils, compressor oils, refrigeration lubricants and mixtures thereof.
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(b) measuring lubricating oil conposition propertiesof
each sanple to provide the lubricating oil conposition

w@e@pei2ys data for each sanple; and, (c) out pupCT/n§24eE35809

resultsof step (b). 21. The method of claim 20,

wherein the at | east one base oil i s selected from

the group consisting of engine oils, transm ssion
fluids, hydraulic fluids, gear oils, marine cylinder
oils, r i s, arefri.garation | uhricants and

i x5 TR ERAR o Ut g0, B BERS A, ogah € BT Bl or
wher inlthe at | east one base oil is a natural or

§§@% ffc oil. 23. The method of claim20, wherein the
at | east one lubricating oil additive is selected from
the group consisting of antioxidants, anti-wear

agents, detergents, rust inhibitors, dehazing agents,
denmul &3 fTherpethrsitficlim R whereie Hietait Veest ong Iabyioatisg oil additive is
friction nodifiers, pour point depressants,

sahecieddzom g szgerrossisting of aritipsidents, puiekeqegents, detergents, rust
conpati bilisers, corrosion-inhibitors, ashless

thhiyterss debsing dgents, detlsifying agees suetel dgetivasingagents, friction
m xtures thereof. 24. The method of claim20, wherein
nedisiers] par poiRpddpbissamaptifsaingagn®, 3g8olvb@bigatlage
nmeasurenent, oxidation stability neasurenent, or

ot aliB A erBRBE Y Ei BB bitoR DashiERET SRR, @fesCheMedftessure agents
wherei n the storage stablllty nmeasur enent conprises a
SROLABRShEQEr Measur enent, col or nmeasurenment or a

vi scosity nmeasurenent. 4826. The nethod of clai m 20,
wherein in step (c) the result of step (b) for each
sanple is transmtted to the conputer, the conputer

h L. with d i | ue.
ol s e o Syl R P BB el Gt o

ut er c g s .
sﬁgbqgty measurement, oxidation stability measuremment, or antiwear measurement.

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

comprises a sedimentation measurement, color measurement or a viscosity measurement.
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identifies failed sanples to preclude further testing
of the failed sanples. 27. The nethod of claim 20,

wob@soi2ot he step (c) of outputting conprises BCDUB20g4/035809

the results of step (b) on a data carrier. 28. The
met hod of claim 20, further conprising the step of
using the results of step (b) as a basis for obtaining
a result of further calculations. 29. The nethod of

cl ai % ﬁet rfléﬁug& ?eir cla%r%g%br Ivv iergglr itntl?elng)etﬂe pefsultt %9&%8&)‘) %rréqch

the e

met.ho er comprisin

SEPRRGHTLEP G Fhe Farmeier. O PR PO%%%%#S{?SBE 3l o
renmote | ocation. 4

predetermined value delimiting a failure or passing of the result, and the 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

step (b) as a basis for obtaining a result of further calculations.

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

of step (b) to a remote location.

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

of further calculations to a remote location.
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