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

COVPCSI TI ONS BACKGROUND OF THE | NVENTION 1. Techni ca
wo-2@bd44Pbe present invention rel ates general | yPEDUS2004/035808

nmet hods for high throughput screening of |ubricating

oi | conpositions. 2. Description of the Related Art

The use of a conbinatorial approach for materials

synthesis is a relatively new area of research ai ned

at using rapid synthesis and screening nethods to

buiId_IibrariesH%H 55‘%ﬁﬂfﬂ§@ﬁ§§ﬁhﬁ6°r solid state
nave empIETBRTR R LB ATING L QMR TIcnSE ) 9

produce large |libraries of discrete organic nol ecul es

in éhg Egrs%jL . _new drug discovery, which have |ed
BAGK éﬂgﬁﬂyEﬁﬂgggromﬁng branch of research
cal | ed conbinatorial chem stry. Conbinatori al
. enerally refers to nethods and materials
for creating collections of diverse materials or
conpbe present ooyentbom 1l akes @emerally toinatlznds der highathebugbput screening
techni ques and instruments for evaluating or screening
of lubbir&iriges] doopogdésns: abl e properties. Presently,
research in the lubricant industry involves
2. iDwderiptidd af the Retiiéd &g candi date | ubricating oil
conpositions and then perform ng a macro-scal e
analtyg use dfa oBiradii A3kcack BMRRLANORRIRY:s FPIRYivAY ndw
| arge anount of the candidate to be tested.
ardAd¢ késlaﬁ@@éiméd af ﬁk@ngﬁﬁﬂ% h@s'i'@j:in(a%@ge{dﬁ% ndeBRHY {bqou?@(iﬁran'es of
candi dat e conposition requlre manua peration. This,
pof I ﬁ%g’;ifq?ﬁg%lhig QJ% %ogit%%ga%eln%%trerelggc o etxgneﬂpfgf'l gg%f%rrlc%]; in reactor

technology have empowered chemists and engineers to rapidly produce large libraries of
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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tested and identified as |eading |ubricating oi
conposi tions. Drawbacks associ ated with conventi ona
W@ ersenony procedures can be seen as fol |l ows. MOF/US2004/035808

exanpl e, governnental and autonotive industry pressure

towar ds reduci ng the phosphorous and sul fur content of

| ubricating oil conpositions used as, for exanple,

passenger car and heavy duty diesel engine oils, is

| eading to new research to identify oil conpositions

whi ' ' . . :
v&o%@kssa%dcf‘afté/d ‘gﬁﬁ %8111%%1%1%?3}1 ?%rééﬁglg%@?ec{}ﬁg{sl cglé %Q'Bée% as

oxi dat'i on, wear and conpa
ontainin ow | evel s .of .phosphor ou nd sul fur. In .
rolfSR, Bbh el By e A BRI &Y Rysdilrf vardsTeducing
L-1-46152 d the I LSAC Standards defined by the
theﬁ%ﬁ%ﬂ%@%ls AT S BFTROST A SE5cyAS, for Exanmpe,

Associ ation at present require the phosphorous content
passgngenet ged beavy duty dirschengire ¢jls, ielimgiowew wgaafchio identify oil
future phosphorous content being proposed to even
corhppséions ehishsan eatigly, ce@tadBtess suddh dsyfod axareply, oxBOian,amehr and
bel ow 0. 05 wt. % by January, 2006. Al so, at present,
coripetibdity gestspwhiteckeomitaining e tkaveld of ehesphetves ind vl fus. ulf this
content in engine oils, but it has been proposed that
cortté}@, Snited StateOmilany SeendaedsMIIOL 464652F Yadihe IBSMEIStandards
2006. Thus, it would be desirable to decrease the

defBRAY ttheofa}to AResAIAKY SBds Autdttbile TndudRY IAGRIiABn At present
still further, thereby neeting future industry
spho C o
T R S PSP ST Sy BES Y ERIED! Sich Byure
' I i bi L I ti n nti [. o
PPN Rk DR R Rt oo POt M EE p by vanuary,
ont.ent engine oils. n or acconplish this,
20iRgEoniDE W5 o8 by Tisuted 200 ABar g r e o inftoms
st be tested tg deternine which conpositions nmay be
starylag} oAU Y ?qsﬁak%wufpngqnmq heeHPals e 1 %s@a%mmss% thgh e
and changi ng custoner needs al so drive reformulation
suliyr perpteny bp helowrk? wi. (b biydartara 906 c dhuso isvanld be desiralple o
exanpl e, transm ssion fluids, hydraulic fluids, gear
decedabs the paoimteof phoiphoronss aind sylfic dnpbessong aslsisg]l 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.
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refrigeration lubricants and the |Iike. However, as
stated above, present research in the |ubricant
WO paba®¥4991 does not all ow for refornul ati on to PCDUS20041035808
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 opek.t.i of. t Lt . For e
e
.conmbustj an epgi nes of. aut onobil.es. or truc are
i RREblsfos A IE bR Ehapp liioRt siih AR Gt clblane
envi ronment results . in the_oil suffering.oxidation |
traggpigsion; 1%?&59%1@ wids, 8976 Oy cuaERECYSRAST Sy SorPrETs et filss
in the oil such as, for exanple, iron conmpounds, and
refiigergfiopdubriconisradthsyikehe el evated t enperat ures
experienced by the oil during use. The catal yzed
oxi Haweem, asfstatdderbovd, prossnt rdsbatchan the lubrecafibmduastiyodoes fiot
corrosi ve oxidation products and sludge in the oil but
alleva for atfoomd atitseto tobeir W &oexpedisi oaf ntaheeroiAls stich, ithate existe aared
even solidify. Accordingly, it would be desirable to
in tha it @ra 186re REATidht, RbstoMitdl ¥ndkySafmicappasadh aittBe preparation of
| ubricating oil conpositions for oxidation stability

TubBbdt oINS npBEitibnsH® Wt ehit oreffed c8APBifons!Br fnffbrSnation
manner, a high throughput™ preparation and screeni ng of

cor?elé%ﬁ%tt% tﬂ%épssﬁlffﬂe %gflilgg%?%@gs SAHE %ﬁf.ng;bﬁﬁénsp H3r BEAGD 1G5 ting

to 1 de ricating
. COMROSIt |ons, RY HE. | NVENT hi
oif RS b Sepa R o DR et o ol

erfarmance j.s provi ded herein. l.h accordance with_on
SubiSeHSIdP ORT ARG Y THRBEE AT it TRV EORPGR TEHLS iy HE oL
nmet hod, for screening lubricating oi]l, conpositjons .
suffering pxﬁa%cg} wWhich tsrreta zgd pythe presence of impurity species in the oil such

as, for example, iron compounds, and is also promoted by the elevated temperatures
experienced by the oil during use. The catalyzed oxidation of the oil contributes to the
formation of corrosive oxidation products and sludge in the oil but can also cause the
viscosity of the oil to increase or even solidify.

Accordingly, it would be desirable to rapidly screen a plurality of sample
candidate lubricating oil compositions for oxidation stability utilizing small amounts of
each sample. In this manner, a high throughput preparation and screening of a vast
number of diverse compositions can be achieved to identify leading lubricating oil

compositions.



10

15

20

provi ded conprising the steps of (a) providing a

plurality of different lubricating oil conposition
wg@apleweconprising (i) a major anount of at |PEFUSHNE035808

base oil of lubricating viscosity and (ii) a mnor

anmount of at |east one lubricating oil additive, each

sanple being in a respective one of a plurality of

test receptacles; (b) neasuring the oxidation

stability of each sanple to provide oxidation

Sm@@}&»b\ﬁﬂgwﬁgﬁﬁrh sanple; and (c) outputting the
. he net hods of the present
B Ll

Sltl Ies an efficient nner in
IOV RS o AP GO 258 ngé’&f’*@ff’é’éii‘é‘&l# BFDE Presettiaveption, a high
detern1ne OX|dat|on stability of the sanples. BRI EF
1gthghfoDse e R AIEE Oeganenesitiens yaflerave gramyentrol, is
descri bed below with reference to the draw ngs
propvigedeomprisingghe steps of(ay providing e phiraliyy afdifereat Sipsiceting @k
preparing a plurality of different |ubricating oi
compogiiimi shinples polpiEing (i) & najs aheat oftat thasigmabasf oibof lubricating
system for high throughput oxidation screening of a
viseadityehy (i0fa rthinbr ire@mik o0t 10 BRROBIbE QNS oilaidditive GacB shrfpla
schemati ¢ di agram of a photocell system for measuring

be8 RIOS tkpdcBTdTBd 31 Mialfty SIS FeRbtaclb¥s ) thédLu Sl Ridatibh
GCE THE]%QEFERRED I\/Ba NT(S) ﬁ%% pE@gent inventigﬁ

stabﬁltﬁbir &e @a%pfl othriN i@ o4iRAS a%f‘é g S%BES?Q%; )

det'erm ni ng cant per or rranc ura

ou%lu&{ng RN bsuiy BF ét&?{b) ng oil conposit ' 0 ns

The methods of the present invention advantageously permits the automatic

screening of many different lubricating oil composition samples in an efficient manner in
accordance with adjustable selection criteria to determine oxidation stability of the

samples.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described below with reference to the drawings
wherein:

FIG. 1 is a schematic diagram of a system for preparing a plurality of different
lubricating oil compositions;

FIG. 2 is a schematic diagram of a system for high throughput oxidation screening

of a variety of lubricant oil compositions; and,
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by subjecting a plurality of different |ubricating oi

conposition sanples in a respective one of a plurality
W@B0ose$4961 ecept acl es to nmeasure oxidati on st abPCT/U§2004/035808

The expression "high throughput” as used herein shal

be understood to nmean that a relatively |arge nunber

of different lubricating oil conpositions is rapidly

prepared and analyzed. In a first step of the

screening nethod of the present i nvention, varying

quagth tai: f

v sgé%%lsﬁg%%nﬁ%w FEREm GPREE! Qryiof fot HPALEE bt
p g ntroQ@geﬁ in respectlve test reservoirs so that
m%?‘ﬂ“?%s%% - contains a different lubricating oi

conposition having a different conposition depending

upon the percentage anounts and/or types of the
addiL ves conblned mrth the base oi | of Iubrlcat|ng
| ISGRIPAION Q 5 PREEE. EMBOD bl

f
o1t

co osrtron of each sanple are stored in a data
| i bithe presemhmvpirtsndel direstddso adighittagebost spresuivgmpithashiod
under program control and is automatically controlled
detbymining Aubeicamplesfproaance of opluntigse difforenotubeicat@nyudoanpositions
control device. The expression "programcontrol" as
by wstgetting b luralith af HiffeeentbeAing oll chenpreRion tshapks i Prespictive
used herein in providing the plurality of |ubricating

on®bit 2 FORARGIftdsORBepticlaUb HiRLRS 0,1 SORLKIALY. eﬂleté‘kpﬁassmn ‘high
nrcroprocessor or other conputer control "device. The

thr!)rlgﬁf)hte at (24 Hefein GRNRE %h&ehrgg&d h Hea¥Shal a felfivhi k%‘rﬁvc pumb ber of

hr oughput screeni ng net of this Inventio

dlf%? n‘rf‘h{bg{:?ftﬁ %ﬂ%ﬂ@gﬁimrﬁ 1%@9&@ gﬁi%t%h a%‘éi ai"f@??edml{r a(Hr eﬁ) of

r c VI SC grea er

thesrrgrr&r%%rgrp S S R “ﬁ%eﬁf?w{%r ol

eferabl fromabout 85 to about 98 wt. % based.on
of ﬁ‘h’é"ﬁ“&% Xis %étr@ﬂ@ atjpast pee e £ o mdltﬂrﬁ@ree&lapé%f@rié%
"base oil" as used herein shall be understood to nmean
respeckHe iesigessEvoiNs o Hrab garhaesepiyconinimea diffsreah lubsicgting oil
| ubricant conponent that is produced b y a single
compgsiffoadeving p differetisompemition depending upon the percentage amounts

and/or types of the additives combined with the base o1l of lubricating viscosity in each
receptacle. Data regarding the composition of each saxmple 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 in providing the plurality of lubricating oil compositions is

automated and controlled by a microprocessor or other computer control device.
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speci fications (independent of feed source or

manuf acturer's | ocation); that neets the sane
worecvaPasur er' s specification; and that is i dep€T/U5md4/035808

by a uni que formula, product identification nunber, or

both. The base oil for use herein can be any presently

known or | ater-discovered base oil of lubricating

viscosity used in fornmulating |ubricating oi

conpositions for any and all such applications, e.

en r : e

U g Eﬂg lsu%hl:a:ﬂngrﬁ?l C|OH1 %M&ﬂsgg%ﬁse ?h Ithc‘e mgllrfl gﬁé rﬁ%@ﬁ! scrée%ﬂn% method

s..for

o T3 %iieat %@?@%ﬁ?ﬁb Sttt SFubricaing
. {
ET RO 1 O -

,, Copol yner or a styrene- butadlene copol yrmer; and t

e IR PIRRIRHY BT Dotk Hiee abRut 933 Whd ahd MRS ﬁmbbéff%ﬁltabom 85
woul d readily appreciate, the viscosity of the base

to gfiopt 9w dpeasrdrin thpistel mietghbefishe campositionc Tl elipnepsipn “base
the viscosity of a base oil for use herein wll

oilbagisadhérein shalh e ufdersmodbio utearRa thaseadonkt orHDEM of base stocks
centistokes (cSt) at 100 Centigrade (C). Cenerally,

whichds ¥ iubriadit yoinbenchaiber i0 plodustdas Asinglo ghan@ratirsr toithd same
have a kinematic viscosity range at 100 C of about 2

spééﬂcaﬂi(ﬁlﬁﬁﬂblﬁena&lt &Steed %&é@dr@@iﬂhf@&%f’s RBcgien) { tBatheudd the
cSt nost preferably about 4 cSt to about 12 cSt

satﬁé‘ﬂaﬂﬂfﬁéhn@f}s ﬁ)%’:lﬁ@ét%ﬁ &Md tgé gﬁﬁéﬂnﬁéﬂﬁng Hﬁh%? tbrn %lead prod ct

eS|red end use and t he Itives

1de['1 2 181"? ﬁtﬁﬁerdg oliﬁd'[}%rb%?e 01Pfo ﬁgghergmoc' lgR&%{%? gtesent known or

ca I Ng bl conposition av ng an COSI

o B L P00 O 0 S0, 0 Wy

10W 40, .10W 50 é V\é I;:IW.ZO 15W 30 or _15W40. Ol s
corgrosfiions fog @y apd #1Lsuch APIisgdony; & 8o STEINE 81lS: ARAFING GYHRISHPIS,

about 2 cSt to about 2000 cSt at 100 C. Base stocks
funglignal Buigs pushaps bydragio piisngparoilsa tiapsyisgpn fpfdsegtenAdditionally,

processes incl udi ng,
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 ¢cSt, preferably about 3 ¢St to about 16 ¢St, and

most preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on
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but not limted to, distillation, solvent refining,
hydr ogen processing, oligonerization, esterification,
wa@nasoeref i ni ng. Rerefmed stock shall be substeer/iusiohy 035808

free frommaterials introduced through manufacturing,
contam nation, or previous use. The base oil of the

| ubricating oil conpositions of this invention may be

any natural or synthetic |ubricating base oil

Sui tabl e hydrocarbon synthetic oils include, but are

then%%lré hGEdadPin Qélchﬁveﬁ FHe rﬁ%?shg& Qﬁntc}% gl?e! dél'ﬁ&# éﬁhé ?g

ene or fromthe polynerizatl
enBE ¥ o P Re S SR BE PR aR R LB Redon B
0‘@?@2@%@&9@ W—?@?@%—gasﬁf g\&xﬂkﬁ‘% 305 W0 SBY-50S0.

il i s one that conprises [
10Rh de iR 0845 10F R ONR0. 1o 138 o1 W-30 srckaBrd00fOil
viscosity 20 cSt or higher at 100 C. The base oil may
usqgieasgasti ojls gatf haymvisaeditics|ranging frembery 20i9tdo abyni20eq ¢ at
| ubricating oils or m xtures thereof. Suitable base
1091d. i ncl udes base stocks obtained by isonerization of
synthetic wax and sl ack wax, as well as hydrocracked

bas Bastsawks may be umadfatiired visihg arvas kiy @ d{ff@bitgiroddsa@s including,
sol vent extracting) the aromatic and pol ar conponents

butot lifiete€ td) dRtillMbnt N Bt RABRgOhdBodel Prokilsihf iR ohRriddton,
API categorles I, Il, 111, 1V and V as de ‘inedi n API

estgﬁ‘t@éah&@tah@ Ebritﬁ%?% ﬂéﬁﬁhe@qjcotck Qﬂall &ds%ﬁ ﬁgﬂm(ﬂng%ﬁom %%éials

Group IV as s are pol yal phaol efins G oup V

RS A6 ) G N éa&élé’agﬁ%ﬁ Ty
In t nven

lubtnﬁatm OberOP%’Pf*lEg‘g gglr ] B}VthmMa e% a&y&s i " %8% ullfpﬁ:ﬁmg
V V
basg o Qe oo pingides b ie? GaBLIT Fbicnps prepared

Iubrlcat|ng oils such as, for exanple, liquid
fropipe pelxmeriestipg of etBylgrar-fiona theaglimrerization of balagias to provide

m ner al Iubrlcatlng oils of the paraff nic,
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, II, III, IV and V as defined
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napht heni ¢ or m xed paraffinic-naphthenic types, oils

derived fromcoal or shale, aninmal oils, vegetable
WwWo@RHi0s/0§46. , rapeseed oils, castor oils and | apcir/vs10p4/035808

and the like. Useful synthetic lubricating oils

i nclude, but are not limted to, hydrocarbon oils and

hal o- substituted hydrocarbon oils such as pol ynerized

and interpolynerized ol efins, e.g., polybutylenes,

pol ypr opyl enes, propyl ene- isobutylene copolyners,

in &p‘]l P{t{lf&%&%% 5%9' ]}/4%]}5% 1?1[;' %%ideHM § Dec fg)@?ﬁ JiouR IV basda oils are

enes) ecenes
Pol%lﬁﬁac%?efsﬁgA@%ﬁi"&i%@t‘fﬁﬁbe Ze”ﬁ?@%ig%eﬁ?%&ﬂ}%s Behipginded in

gL MM TS0 A S SRR e o

and the liKke; kyl at ed di phenyl ethers and al kyl at ed
thigjinyeriop) these ﬁrﬁfa@sﬁ/ basd oilhveayibe propared /ey caphinguonernd more of
honol ogs thereof and the |like. O her useful synthetic
Groupdly TIcHL iTMgma M sasg stotksae padswilsare not linmited to, oils
made by polymerizing olefins of less than 5 carbon
at obfsefalicituralsoiBtimhidenaineral mpydaging pildsiick |aanfs example, liquid
i sobut ene, pentene, and m xtures thereof. Mthods of

petRil@Ra bils) §olsert irepRt Y Edid-Blehtsd RirRraMlbrickiOpbild 6f thbps&effinic,
skilled in the art. Additional useful synthetic

naﬂ'lﬁ’l%ﬁcrﬁfrrﬂ%ﬂ PirhSinlcRfabhidenit bR, Si1PAWB hoR kot lopBRle, animal
ol efins having the proper Vi scosity. Especially useful

oilSYBLARS G 96ALAINION AT HBSDYY QEERMIAL, | Ui

ol 1'goner s a ol etins suc or exanpl e,

1- dﬁceeﬁ}fsyn{he{fc? {ubn’é\aﬂp ¢ ugs mcgﬁs Sbél?f%re %% fn%_%tﬁ?)f ”gf;‘z tocarbon oils

| ubrica ng Oi

i.d ners ' ,,._honopol
an%%ﬁ%&f R S ERRrORBT b o bR Gpd AReris ppgsized ofefins,
er naI hydr oxyl groups have heen nodified by, for
€. geaa piylengs  PRIPRPERRGoROBY R RERIY EIRGoBR Iy MeB Sl s
are exenplified by the oils prepared through
poligutylenes, pely(ldiexetes), poly(1l-octenes), poly(1-decenes), and the like and

mixtures thereof; alkylbenzenes 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.
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et hyl ene oxi de or propyl ene oxi de, the al kyl and

phenyl ethers of these pol yoxyal kyl ene pol yners (e.g.,
woreaolpi49pnl y propyl ene gl ycol ether havi ng an BUBEDSZHE4/035808

nol ecul ar wei ght of 1,000, diphenyl ether of

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

500- 1000, diethyl ether of polypropyl ene glycol having

a nol ecul ar wei ght of 1,000-1,500, etc.) or nono- and

pol ycar boxylic esters thereof such as, for exanple,

ZQﬁAé%?féﬁ%. f@fﬁ&ﬁfh?tr@ 1ffoce 02?6&%"21101*\0132*&%{%1?‘53%%? pl
ol REBORr TR o ot bae BT SR bR e av e

ci ds thaI| aC| ic acid, _alk

hypgsspien Jelaididigomes R frgto 51@ s %ﬁaﬂ 353 &x 1%18. Jydecene
azelaic acid, suberic acid, sebacic aC|d fumaric

tritg@i d, adi pic acid, linoleic acid dinmer, mal oni ¢ aci ds,
al kyl mal onic acids, alkenyl malonic acids, etc., wth
a vanotbenclass ofhssbih eyrshetie lghricating gils in¢ludd bluf ateanoy limited to,
al cohol , dodecyl al cohol, 2-ethyl hexyl al cohol,

alkglehy bxddepdlmen] i.e. oaiohyllymess, mteypdimennaet deeivatives thereof
propyl ene glycol, etc. Specific exanples of these

whested ®rrhingl h&dﬁ))@l Quﬁpﬁhaaéjbébﬁtn&)dlﬁed by, for example, esterification or
di (2- et hyl hexyl ) sebacate, di-nhexyl funarate, dioctyl

ethSfiAE8H. EThédb bAOHE b¥dm ﬁﬁh 8y ehe disippdpsyhrAgh Ip%fy@nemzanon of
di octyl phthal ate, di decyl phtha ate, dieicosyl

eth%l%%%?ﬁﬁgﬁr eﬁ ngylére%txmél A% %r eﬂIerA bﬂﬁlas% fo?%%{kylene

ex ester y reacti ng

roGhs SRR REb S hmglﬁ{gﬁaeﬁbfﬁa“ﬁc% i gﬁ%@%%&@«%c@wv%&'gm
e T R R R

. havi ng from about 5 to_ about 12 rbon atqons wit
dle%bwkﬁ %@1 of polypippyleppgliet] Spving ¢ gk ar Bfegeht op 40084 13508n%tc ) or
pol yol ethers such as neopentyl egcoI trinmethylo
mopy-d melyciberisregiersitharenf sueli asefor axsnylny the epetic esters, mixed
tripentaerythritol, and the like. Silicon-based oils
Cs-Eu Elityasid dsters, er(‘dnﬁrﬁhaszxo poidydidstey of tetrpashylang glycol.
pol yal koxy- or
Yet another class of useful synthetic lubricating oils include, but are not limited

to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic acids,
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-

hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
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pol yaryl oxy-sil oxane oils and silicate oils, conprise

anot her useful class of synthetic |ubricating oils.
wEp@sii4961 exanpl es of these include, but are nPCT/US2004/035808

limted to, tetraethyl silicate, tetra-isopropy

silicate, tetra-(2-ethyl hexyl) silicate,

tetra-(4-netkiyl hexyl) silicate,

tetra-(p-tert-butyl phenyl)silicate,

hexyl - (4- met hyl - 2- pent oxy) di si | oxane,

AP, B B e
I1S 1.NCl U

coppiiefiee ot L Recs e SR isre iRtk ARhMR ALY o
S BRSIBE e L HRRPE phE o5te

tetrahydrofurans _and the like. The lubrjcating oil may
be deteisvisefut ssoimiiaticoiismde, inpluds, huirranet lingicd forelogs mgde from
either natural, synthetic or m xtures of two or nore
cagppxgivacisks heviag omfabpiied toyabeutd2setbos etpniseyith aletvlands,.c.g.,
Unrefined oils are those obtained directly froma
matlenol, athand, egpdiwdls andgmillyod ethée.sgch asomapentyd lghice], tametigiol
sands bitunen) wi thout further purification or

prépagé tpetadrythiirodndip@sactifthititol, @igeAdryttirltsl, addcheldles. but are
not limted to, a shale oil obtained directly from

r et GilicoR®aRB O icANS, foPexdfipled b ANII | poBlakl, BB alkoxy- or
directly fron1disti||atioﬁkbrba§Veg&é}g?&%%P 0 taigéd

Pl AU 3 o 0B i 01 Ol

AL S, LRSS OB DB

een n one or

1o inprove one..or e pr rti.es.. These purification
sl ARG DESoR T o RRSuR e 4P e agexl Sale Py and

i ncl.ude, for ex e, sQlvent extractions, secondary
gy Pl AT Bherb S s At SRR PR O Srane,

ercol ation, hydrotreatin ,_demaxiqg, etc. Rerefined
poly(ngthyyslogmesinebimptayiphenysexanese andihp bke. nStdl weeebergiseful

simlar to those used to obtain refined oils. Such
synthetsflwttating eilsandudgd, bet are not limited to, liquid esters of phosphorous
containing acids, e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane
phosphionic acid, etc., polymeric tetrahydrofurans and the like.

The lubricating oil may be derived from unrefined, refined and rexefined 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

10
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known as reclainmed or reprocessed oils and often are
additionally processed by techniques directed to
wo 20mvaloenf spent additives and oil breakdown peDUSZIDE035808
Lubricating oil base stocks derived fromthe
hydr oi soneri zati on of wax may al so be used, either
al one or in conbination wth the aforesaid natura
and/ or synthetic base stocks. Such wax isonerate oi
i s produced by the hydroi sonerization of natural or
oilﬁ)éghmﬁtd'h%ctwgfliaﬁ restg}i{féaltﬁ;c}lz ?ro%%g{ e%gﬁ va\s//ﬁ:{che}s glreg used without

fol soneri z on cata ural waxes
ically t sl ack waxe ecovered b.y the sol vent
RSt RO P o P S TRE S et 05 ey 10 becn
typic IA. the wax produced by the Fischer-Tropsch .
furgel predled g O BIORG PRIHGAR AT t FIREAES QP TR PRS-

conposi tions for use herein is at |east one
Thespgrrifisationgeddimiquasiare kneown toghess of dlgllin thesartens! ipelude for

presently known or |aterdi scovered additive used in
exgraplan folyentrry e elinmis ceednderyaiistillgtinm ec il i bass. exTietion, filtration,

| ubricating oil additives for use herein include, but
pemplation hytionedteg, dovaxany tox Remfiha oiBnid obafied dgerhtng used

detergents such as netal detergents, rust inhibitors,
oildldhadtesgs 3@ERE $o thdgseks tdf obtdifrefigedbids. SThakbrefined oils are also

deactivating agents, friction nodifiers, pour point

o oBLeS S cca a0 00T e ASELSl eLBey
hRR a0 . gt P SEPRESANLI AR S A
L OB R SRR A B e
v B R0 S FPBIE R G e o
ek SRR R STRES L, DL Ek e o

diluent oil to ) o
synthetic waxes or mixtures thereof over a hydroisomerization catalyst.

te

(&)

Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch
process.

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,

11
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forman additive concentrate. These concentrates
usual ly include at |east fromabout 90 wt. % o about
wa0a044980 and preferably from about 90 wt. % t BCHDS2004/035808
50 mt. % of a diluent oil and from about 10 wt. % to
about 90 wt.% preferably fromabout t. %to about 50
w. % of the foregoing additive(s). Suitable diluents
for the concentrates include any inert dil uent,
preferably an oil of Iubricating viscosity such as,
1
colsPlrefY PP ofin @g,ggg%o sﬂﬁ%gbﬁ?&g BREE IRRLAs, 8,

t hat e rea
USRS i PRI OB
I b b
R RRD. D0 Sl o

of the present invention will include at |east one

COlamer%%HYoPé(ﬁltla ExEheps adities, o5 ihelanalageus compruas, canbe ar e
not limted to, hindered phenolic antioxidants,

emplsyeh Eaithe rreparEtionef i vadousitbietidg ol sompesifionsiheredn.
phenol i ¢ antioxidants, oil-sol uble copper conpounds,
phospthmatisel g, dhx ]abria(cartigg ailhiditive{gnbs furtireg ecritain audilfedtes] to
di sul fi des and pol ysul fides and the |ike. The

forandn xidittiarRbscenirdtb. Thidde BaidehtyatdduspalBsiaciudé & 16d3efrom about 90
l'ubricating oil conpositions of the present invention

Wt t@als CE W93 @ Prefeddbly F8mfbONoBRAUY, 3 a%oﬁtqsoa;m% o?a
wei ght percent. 12Exanples of sterically hindered

dilhe BfP |ahcf fr@ﬁta!b%' 193 % th A6 96 wr. %t pr@fe?ahbﬁ‘ffrofn' BhEEH0 §2:9% to

ort ho-al kyl at ed phenol i ¢ conpounds suc

ab(ﬁ.\'t @0 q}t %,e(?tgy%%% E}%Qlﬁ itive ulltable diluents for the concentrates

pheéno
6 tri-tertbut enol tert-but hen

inc afy Ry B ?ﬁ?‘ﬂw“%% ek Py Stepiebn sramle,
2, ¢4 met tert-but

basg °4lré}s HE%‘LWQHW%%@P t? e f@ncegtraﬁe rpayrheggrdily psAYith
4- eth -2, 6- d|-tertbutylphenol 2- et hyl -

lubswsttfg%roylrs iBisite Iubrigatimg il qoppositipnsn ;ﬂuﬁh@ﬁ bibricating Qifsethpt may
anal ogs and honol ogs. M xtures of

be used as diluents can be any oil of lubricating viscosity.

Generally the lubricating oil compositions of the present invention will include at
least one antioxidant. Examples of antioxidants include, but are not limited to, hindered
phenolic antioxidants, secondary aromatic amine antioxidants, sulfurized phenolic
antioxidants, oil-soluble copper compounds, phosphorus-containing antioxidants, organic
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.

12



10

15

20

two or nore such nononucl ear phenolic conpounds are
al so suitable. Exanples of other phenol antioxidants

w0 200508061 n the | ubricating oil conpositions oPCT/I82004/035808
present invention include, but are not limted to,
met hyl ene-one or nore o f bridged al kyl phenol s, one or
nore sterically-hindered unbridged phenolic conpounds
and m xtures thereof. Exanples of nethyl ene-bridged
conmpounds include, but are not limted to,

3 AERTENo s@e‘?—ghlzy(gl 164 RN atioRlER@inktude, but are not imited

to’%,k%é'éﬁ{a%ﬁ P&%l ]6’: §?rfg§i SP@?SEE{ éﬁ-.m t%gﬁgleno |4)d1hf>tibf¥1-2 6-di-
RN S TN 1 A

211, 652, the contents of which are

mqthyéért%wbaw&hew dmethrles v taiioheast AdNawt  oxi dant S

can al so be used in the lubricating oil conpositions o
dirheth Harginorpe iyt 2 @-di-Eoctntyil ekerioh ci-eibid-2, b dittesbwylpbenol, 2-methyl-

limted to, oil-soluble aromati c secondary ani nes,
6-styrelphdriot, 25te distythdrdyngnylphemdl jemsl theidardalogs bnddeonaridgs. Mixtures of

combi nations thereof with aromatic secondary ami nes
tw 61 merepuef @oh@ticlexshirRblRScoaipoaiidyé al6o segisdary

nonoam nes i ncl ude di phenyl am ne, al kyl di phenyl am nes

conkRihip180o ot pRerfdl Kmioxﬁiaﬁﬁ,tfbxt WeRt e %Qatﬁ%%ﬂ&nﬂfbs‘iﬁbns
about carbon atons, phenyl-al pha-naphthyl anine,

of &égﬁ%sﬁg{g{ﬂ?{lut x éﬁy lﬂg}eqﬁ)’t 1ﬂ] ‘Jééf |to n%ﬁ'ﬁrl e-one or more of

phenyl ha- napht Tam ne

bri 80l %h%ﬁ%@ﬂ%e?’@ﬁ’tg egﬂﬁem?féy fideRut aJP“‘?%d %ﬁ?‘?}ﬁ’@‘ corgh Sty
an R AR B i %ﬁeﬁaﬁgﬁﬁ& inelRge by et

h havi n abo t carbon atoms, and the like. A
hl foe Aﬂeﬂl@?f%@%ﬁ@? /] @-cxatp heh Armratndanahise-tee-agpy 1-o-
aIkyIated di phenyl am ne of
cresol), 2,2'-methylenebis(4-methyl-6-tert-butylphenol), 4,4'-methylene-bis(2,6-di-

tertbutylphenol), and the like. Particularly preferred are mixtures of methylene-bridged
alkylphenols such as those described in U.S. Pat. No. 3,211,652, the contents of which
are incorporated by reference herein.

Amine antioxidants can also be used in the lubricating oil compositions of this
invention. Examples include, but are not limited to, oil-soluble aromatic secondary
amines, aromatic secondary polyamines and the like and combinations thereof w7ith
aromatic secondary amines being preferred. Examples of aromatic secondary
monoamines include diphenylamine, alkyl diphenylamines containing 1 or 2 alkyl

substituents each having up to about 16 carbon atoms, phenyl-alpha-naphthylamine,

13
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the general formula R- C- H- NH CH- Rwereinis
an al kyl group (preferably a branched al kyl group)
whanosngio6l t o 12 carbon atons and preferably 8 BPCT/8S2004/035808

carbon atons; and is a hydrogen atomor an al kyl group
(preferably a branched al kyl group) having 6 to 12

carbon atons and preferably 8 or 9 carbon atons. Most
preferably, and R are the sanme. One such preferred
compound i s avail able commercially as Naugal ube 438L,

phejlyg-’ﬁétg-ﬁlh@hg;%;lr%p %l.rﬁ% - Hpggﬁ{ﬁ%@%gtutte% &%nﬁ[a?ﬁl%tﬂagﬁﬁﬁfa}fﬁﬁe

am ne
B
wop TS eI GG ER B Peep i BUFE PP S i Festogpe o

phenol i ¢_conpounds such as those prepared by reacting
twesglkylar appdled GFVeE Perd having up tq shyut 1P earthanatems pnd thedibes

wherein at | east about 50 wei ght percent of the

m xAugrefentd fype nbiromatic aoimp estéakident isne abkylatagrdphenylamine of

reacti ve, hindered phenols and in proportions to
therpenatalierrhuleam about 0.3 to about 0.7 gram atons of

sul fur nonochl ori de per nole of reactive, hindered

phenol so as to prodrceca--Hi gWE-@yduR: . Typi cal
phenol m xtures useful in making such |iquid product

heRIPRSHs lah Q1S gid6h UHEfeRbIY 2BriicBed ARYIBIBiY) Batikg BRd WNbarb
W-about§$596o %?G#QQ-ferFR f4bu?y|§%3¥oﬁ? gbo%t 1096%ﬁcm

atoé':,'s%,ﬁ% ?{e?#%‘%ﬂg r@?)g Q) boﬁ Qf?)ﬁ‘fs,, Qngz%qg gmro %en at?m or an alkyl group

utyl pheno %0
o DA AL RSBl TR S PPEL L s R 0
carg%g%%mégl\/%st &gfetrab?};, f1 Gnd m dre l?heet shme. Or?eb é)u%h pﬁe(%err%dt c%mpound is
available commercially as Naugalube 438L, a material which is understood to be
predominately a 4,4'-dinonyldiphenylamine (i.e., bis(4-nonylphenyl)(amine) wherein the
nonyl groups are branched.

Another antioxidant for use in the lubricating oil compositions of this invention is
comprised of one or more liquid, partially sulfurized phenolic compounds such as those
prepared by reacting sulfur monochloride with a liquid mixture of phenols wherein at
least about 50 weight percent of the mixture of phenols is composed of one or more
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-

14
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M xtures of different antioxidants can also be used in
the lubricating oil conpositions of the present

WO pwsisd9en. One suitable mixture i s conprised BET/HS2004/035808
conmbi nation of (i) an oil-soluble mxture of at |east
three different sterically-hindered tertiary butyl ated
nmonohydri ¢ phenols which is in the liquid state at
25C, (ii) an oilsoluble mxture of at |east three
different sterically-hindered tertiary butylated

PSP 0S80 LRI A A Sl o
abcbull lg 58 : 4= ﬁlsfe\ét% t?fp;%urﬁ)) h gllela rg 1%(1%? ?)5]6%%%1%: I1s§]tp{?{]’ga§]3y lgept
it g ﬁ%@hﬁﬁ?bo?# JRER B I0%6 res el Betyegiabo b o

onent (ii) per part by weight of conmponent (iii).

ab@&gﬁﬁpes of such anti oxi dants di scussi on above are
disclosed in U S. Patent No. 5,328,619, the contents
of WMikiukesaf differrsb ppioxisieetd ciyy alpebensed dethh drbsicating@ilher
useful antioxidants are those disclosed in U S. Patent

corhpositign® 31 {82 B¢setthevention. edbessuithbledniixthreas eormprised pbHz at ed
by reference herein. Exanples of antiwear agents

combightiteof (Duh odirselubltmixtuit b 1da6t thikk kifferent sterically-hindered
di al kyl di t hi ophosphat es and zi nc

terGlr@ bittyshtdd iR & yHeBSls Whidh 1 is irf RO HQuid Qfed 4t RS | (ﬂg &R oil-

|
article by Born et al. entitled "Rel ationship between

solﬁ%lg %k1§1%%e (gftna('iI }%Etglﬁl‘se @gﬁéteﬁf %@rﬁd’aﬂ% %g?lg%d?%mm @hﬁéé@llnlaﬂﬁlene-
n{e gzﬂgﬂgglglsle alkyl

bﬂ@%ﬁ'@ ohheiyY SEAAR & Mgy BRRLRLH 2@:&@
erogh i 4 Pendiet s I%F B%E%v%?gs%df@&%@ﬁﬁ eagpsi <1? (i)
and e RRpAeT AL B Th e AP 5 febap o0 parts ot

component (i) and about 0.9 to about 1.2 parts of component (ii) per part by weight of

component (iii). Examples of such antioxidants discussion above are disclosed in U.S.
Patent No. 5,328,619, the contents of which are incorporated by reference herein. Other
useful antioxidants are those disclosed in U.S. Patent No. 4,031,023, the contents of
which are incorporated by reference herein.

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
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Exanpl es of detergents include, but are not limted

to, overbased or neutral detergents such as sulfonate
waledsogont s, e.g., those made from al kyl benzePeT/a8z904/035808

fum ng sul furic acid; phenates (high overbased or |ow

over based), high overbased phenate stearates,

phenol ates, salicyl ates, phosphonates,

t hi ophosphonates, ionic surfactants and the |ike and

m xtures thereof. Low overbased netal sulfonates

S e

r based ates. an utral
ph%saFV?S %Oénp%ém Rlat Rt iog s e iyt phfies
nhi. s. i ncl yde,  but are not limted to, nonionic
an% ﬁ%ﬁ ﬁ%gﬁﬁéﬁ pol yoxyet hyl ene | auryl
ether polyox Iene hlgher al cohol et her,
pol RAAAAR AR RSBl A SR
octylphenyl et her, pol yoxyethyl ene octyl stearyl
detetgients sughais yd@etel@eteegﬁetsob gylthase tiede frpwlalkyk Yezbnd andduming
sorbitol nonostearate, polyoxyethyl ene sorbitol
sulﬁmimmoidephaateaﬁdg}meGytasé@/Mdm ogtnpesel), iphavkibated; phenate
stearic acid and other fatty acids; dicarboxylic
ste@@ietlhetititad, sslRalags, ghadtphonaes, dhiaphodphamates, SonitBir8lctants and
salts of heavy sulfonic acid; partial carboxylic acid

the@&eQhd BfixtR@k HAEE Corbo@hed nlé'fﬂl’%ﬂhﬁfate§ typRlaBY Bave a total base
(short-chain) al kenyl succinic acids; partial esters

nutB&Y( EBN? aﬁﬁl abs B&H%@'aﬂa g&t‘éiiﬁlkeﬁﬁﬁal 6 101868k 25.

synt ary onates

Lo&! o@?&ﬂeﬁ%ﬁ%&é qglg&?eé%h'«h I’l?lﬂl%i gx?ta r 1K tn&te? are w gﬁ k%Q&i;n in the art.
o %%Eﬁlﬁso#‘av%gﬁ?b&?%fn'gﬁs%« Fie e e i et f at Y

fatt poxi des, fatty am nes, borated 16alkox Iated
POIV%’EJ(%j(Y ASLS, frgp APLYSRYHIRY G ey %theaoﬁ%@xwtgﬁz Eye highy
des, glycerol esters, borated glycerol esters; and
alcp%ﬁl eher, pplyaxysthyis nasylgheny] efBerdpelioryetylepa peitiphogyl ether,

6, 372, 696,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene

X

0o

sorbitol monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol
monooleate;. stearic acid and other fatty acids; dicarboxylic 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
nitro gen—containipg 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
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the contents of which are incorporated by reference

herein; friction nodifiers obtained froma reaction
wee@dneenf a to C75, preferably a to C24, andP@DES2004/035808

preferably a to C20, fatty acid ester and a

ni trogen-contai ni ng conpound sel ected fromthe group

consi sting of ammoni a, and an al kanol am ne, e.g.,

those disclosed in U S. Serial No. 10/402,170, filed

March 28, 2003, the contents of which are incorporated

e . Xt Ur
oL FhGRTAB S0P o Rolnt AR Bhifbd B Rerol gt
0 iLm.ted .t Dol rs of,. al kvl. r te;
bofls Bbuet Pt BRMTRAG Siinored i T MR NS0
t her eof . | es of | ess di spersants incl.ude, . but
the gDl oF PR AB e PO TR eBHE IR AP R SR eheicdied
non- ni trogen contai ni ng derivatives of a pol yal kyl ene
from pciepgiion PEg Rt adfes to &7k P8sTerably el de 24 BB draderklyades to
fromthe group consisting of succinimdes, carboxylic
Coplgity adidestersaand yndressarcopamingrompomadsseldsied itpma thiggiroup
pol yam nes, Manni ch bases, phosphonoani des,
cortsisiing hbHapmomavindes alladolphisphg tusaddissloseh i d. 8srial No.
e.g., 2,5-dinercapto-Il, 3, 4-thiadi azol es,

10/482, A thiddaevizioh BB 22008 ethe anderdes s width ae sndoftiged by reference
triazoles, e.qg., alkyltriazoles and benzotri azol es;

here@PMQRE like M Bk needthaledr. a carboxyl ate ester with one
or nore additional polar function, including am ne,

am Bemi18 dentifodhfiey adeid e, bif AKX Whnite @RS g%)lr}‘lﬁle{si JFGilkyl

e.g., products prepared by copolynerization [ ong
B R R PSR Ry g™

e ASaEk SR Bl L Fu o SRR B e
suc%ﬁ%&ﬁc&%@%%%ﬁﬁo garnecfogtrafan?lll deritv.zt]‘uevegj IofS z? S(gl?faeﬁgllgneasfu%cinic
anhydride; a basic nitrogen compound selected from the group consisting of
succinimides, carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl
polyamines, Mannich bases, phosphonoamides, thiophosphonamides and
phosphoramides; thiazoles, e.g., 2,5-dimercapto-1,3,4-thiadiazoles,
mercaptobenzothiazoles and derivatives thereof; triazoles, e.g., alkyltriazoles 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
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succi ni m des derived from ani mati on of pol yal kyl ene
succi ni ¢ anhydrides with pol yal kyl ene pol yam ne. If
waele®snedsl prior to dispensing the at | east onePOEES2004/035808

and at |east one lubricating oil additive to provide

the conpositions herein, as discussed hereinbel ow, it

can be advant ageous to conduct nol ecul ar nodel i ng of
proposed conpounds for use in the conpositions (i.e
formul ations) to determ ne which conpounds nay provide

sucg&ﬁrg{c:]%é %aarj a?s%ddqu %Qfe&% thce ﬁgﬁgﬁhﬁtlf gL OI}F ﬁ{y}}e‘?ﬁéan‘pl €,

at'ions can e carri I nvo g su actors

for . exa nS|t|o bond I bond
sucpis o B Pt hfion %yaﬂs‘éﬁx%a? SR R ik
ound Amcordlngly, t he proposed conpounds can be
Pdgéﬂg@ W%magtern1ne for exanple, which conpounds
may perform poorly in an oxidation inhibition process
duelftdgsizpdpprinr te, é}spmsylgtﬂaﬁ atdepst enstbasaribangha lesahraprilehsisating
This can be carried out using known software such as,
oil pdditietarppdade e aompositides hensing gs discussed bkrsitbelow, Aicrerbe y's
(San Diego, California). Software for the design of
advaetgedus lw eonidest maeculer nusleling of plewiseghcdny@uods fpir nsd in the
conpound test libraries based on input fromthe

corthfys@ak (ig., fxpailatoar) aldetertige aich)compbinsls Syt phavite p@ential
be used to efficiently design test |ibraries that

lea8i@¥ @indid¥ee ERSIJRENE XL ek d;SlE Eﬁalcﬁﬁﬁ&% @ be ‘éﬁﬂﬂeﬂ 68t involving
statistical experinmental design nethods. O her

sucfﬁ%ét&@ 2§ 52k Fentrzﬂﬁlt &bt ésob(ﬁfagéﬁéﬁ% B(glﬁi ag:%fe@ di &%Hﬁn‘[

exper| meénts and ¢orrelate that ata Wt e St ucture

hycﬁfrtg}';o%?clt?ga C,?olfgﬂe con le)g(n?cfs (I‘X%nipr ﬁr {hei)%é:i%%?& Sp%‘ém&é S%e

I ons.

Scr%in.e@ By e ?%Wn@&@ﬁbﬁ%ﬁﬁéﬁem SRR S s

0x1dat1011 u%lg%on pg)acleésfd%g rtg g poor a tll(flty to trap intermediate peroxides. This can
be carried out using known software such as, for example, Quantum Mechanics available
from Accelrys (San Diego, California).

Software for the design of test libraries can be used to design the original
compound test libraries based on input from the foregoing experimental program(s). This
software can be used to efficiently design test libraries that cover the desired
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
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
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18QSAR progranms can then be used by the software to

desi gn subsequent conpound test libraries for further
w@emseniony. The use of such QSAR prograns can BCOUSI04/035808

the efficiency of screening. As nore data is

col l ected, these QSAR prograns can becone nore

efficient at devel oping conpounds |ibraries with

i ncreased probability for finding desirable conpounds.

For exanpl e, the conpounds anal yzed can be fornul at ed

QSHB AL SRR SR S SORRSL L nay A esiibed
SRR BypegargaBgon g cnalys s echnol ool es, being
(oSO AP o Bl Bt 0 S

achi eved and then this data can also be stored.in a
date it @llecsed, EresRRSARPIPHRES Gy becagmappdigigtat dspreoring ed
by one skilled in the art can be checked by the QSAR
compfundalitwaties yitheicxsaset pedbabidity fov ifinding desivablewompeinds. For
actual synthesis. Additionally, such software tools
exanmpte, e aohipoizdsdinblyzqat danbie tforpmlaed ingt vasfouplobs cadting oil
conmpounds bei ng considered for synthesis in such a way

corhpuitions @s dkdribe@ Heretn, bdtethad furthed dnahav@bawhy gf) €ir example,
probability for success. Referring nowto FIG 1, an

regfGOR il Afalyis ¥ehhEIBLTS) ul@ﬁa?}kh@ken LB Ar8r SO AT NYSAR available

conpositions in the plurality of respective test

frofLQRIFAG(SES Dl o,ggél%aﬁe{)ym%h!is%ﬁér{rﬁk Qli@ioR ¥ it MathWBiained
0 net

Representati v thi s’system an od for providing

f . > . _ . ¢ .
fro%rxr;[g% Iélg{e?@gf rthg%egl%g%gf? %&% %cc neéfga anf tlﬂgn HJéélJé i n];ahyatljs%ibre]: stored in a

ece I'S one ose
RTINS I —"—
cheég%gqﬂ s%%aﬁﬁ%%ﬁe%l Itl%i\} eg:tiV#}LfJ Erliqér%lﬂeli\r%cga{‘synthesis.
Additionally, such software tools may be utilized to prioritize a list of possible
compounds being considered for synthesis in such a way that one skilled in the art will
have a higher probability for success.

Referring now to FIG. 1, an example of a system to provide the foregoing
compositions in the plurality of respective test receptacles is generally illustrated as
system 100. Representative of this system and method for providing the foregoing
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;
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FOR COMBI NATORI AL LI BRARI ES" by Wl | enberg et al.
(Docket No. T-6298A; 19(538-60)) and having a conmon
was®sgnoel Wit h the present application, the coPtBEOSE046035808
whi ch 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 nodifying the
r ies: of P ki in t t
ROPRET R RGdRG el vintthe PREST Kb Bt B cBftofior
and vessel s 0 can be. used when. di spensin re than
W R B e AP B emio P Sion RO 8UTEL | ot & SUpply of
respectively. ular line 111 is a conduit for
the (GreRRIHE BAE I 0%[ ﬁ@ﬂﬁ%ﬁ% Veiepsity B-oV gl A28 cppirins g gumplgof
fromwhich it can be dispensed into a sel ected test
additheetaBhieh casberayof thelarageing wdditives useRslifer mofifisiag éheoi |
di spensed is determ ned by netering punp 12, which can
prapertiepafihe basesiln tAsaine slilleduirhe ant woilldgedddly appreaiatep pihudrtmore
for conmunicating the lubricating oil additive Ato
of yeagetd Bl Opeondtviesmels 1128 cad bomediwihetn dispensing e diag paabad oil
into a selected test reservoir, as described bel ow
andfrem@ehintonefadditibe, irespbétiiglyoi | addi tive di spensed is
deternmi ned by netering punp 122, which also can be
CoNPputhfdr 15RNY I & d QFduiCRTRHBRNREGY BEBaRR mb%}o%ﬂré pbfRfon

automatically netering predeterm ned anounts o

mz%ﬁwvﬁilcﬁ itl An @%ggggtﬁggﬁléa% Eééi]nec dRER ﬁglalﬁgﬁ,eg d%gc%gggg péelow.

ar e nown I nt el use reln. hS
o o 2 B AP LR ity L

di spensed.i.n a test reservoir. Alternatively, base oi
coﬁ?@%%f“@ﬁg#?ive A can be sequentially added to the test

reservoir, The nozzles 113 and 123 L ..
ubular line 121 is a conduit for communicating the lubricating oil additive A to

nozzle portion 123, from which it can be dispensed into a selected test reservoir, as
described below. The amount of lubricating oil additive dispensed is determined by
metering pump 122, which also can be computer controlled. Computer programs and
systems for automatically metering predetermined amounts of materials in accordance
with a preselected protocol are known in the art and can be used herein.

Nozzles 113 and 123 are preferably in close proximity so that base oil B and
additive A can be simultaneously dispensed in a test reservoir. Alternatively, base oil B
and additive A can be sequentially added to the test reservoir. The nozzles 113 and 123

can comprise a multichannel pipette or one or more syringe needles.
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can conprise a multichannel pipette or one or nore
syringe needles. 20The vessels 0 and 120 can be under
wee@ssudel QOptionally, nore than two vessel s CBEIT/D82004/035808
enpl oyed. Metering punps suitable for use in the
i nvention are known and commercially available. In the
event that highly viscous |ubricant base stock or
additives are used, the vessels 110 and 120 and/or the
tubular lines 111 and 121, netering punps 2 and 122,

FrOTRE pR8aen e R0 B2 ”ﬂfﬁp P’? ®P0offoohly ik b 3he
vedR ey B prafogtd SRR #@f}%ﬁi e, By fiiioh iR

I spens addj tj ves_or base j 1 and additives. The

am? ga?lmv %% Tale ewagéwgaahéy Viroris rrigasé Rise Stock or

reservoir contains lubricating oil conpositions o
adgjfiveserepieddhe vessde et Geangl 178 and/eribe sylulag dines 11d. andtl% metenng

per cent age and/ or type of base oil and/or additives in
puepg hl Zandpl@8i aridém neidlds WA ayd 12%eandedented b faoilitate Buid flow

anot her. Optionally, the reservoirs can be individua
thergtlwepglacl es (e.g., test tubes) nmounted upon a rack

i nstead of being recesses h a block. Preferably, the

t estTh¢ Reepiae | BSincledR R ekl 132 RS pafisphtenOmarHall(8B ¢ Slass)
Wiile five reservoirs, i.e., recesses 132a, 132b,

ha‘ﬂlﬁgg plutaddfl of fedekSos 18D Borirbéeiahd ﬁfe%‘i’spbﬁhe& b&ditives cﬁ'BHse oil and

nber of reservoirs can be enpl oyed herein.

adcﬁfi@éEP e tr&‘%ss%%/ @‘g%"a&lre] %%‘f‘re@&?&%l?e@em 2fkh é&@v&{]co%‘(a‘ﬁ{b or e

test receptac sanpl es as required.

lubigir@rgt% qu%mrﬁog‘?lg)é (& rcﬁff@rr a%g%P d?%rrn%e? gorgpofﬁt o%t n’petkg

ricatingo

peiitac SRR Brerdsny Shpdiore o cqBB i %r?@% om

ref er abl no more than, about
one? Teservoir to g/nother Optionally, the reservoirs can be individual receptacles (e.g.,

test tubes) mounted upon a rack, instead of being recesses in a block. Preferably, the test
receptacles comprise transparent glass tubes. While five reservoirs, i.e., recesses 132a,
132b, 132¢, 132d, 132e, are illustrated in FIG. 1, any number of reservoirs can be
employed herein. For example the system can employ 20, 50, 100 or even more test
receptacles and samples as required.

The individual reservoirs are adapted to hold relatively small amounts of
lubricating oil samples. The sample size in each reservoir can generally be no more than
about 20 ml, preferably no more than about 15 ml, more preferably no more than about

10 ml and yet more preferably no more than about 5 ml.

21



10

15

20

m and yet nore preferably no nore than about 5 m.

21The test frane 130 and di spensing nozzles 3 and 123
wae@sioowebl e relative to one another. Alt houghPCEISz04/035808

novenent of the apparatus by an equi pnent operator is

within the purview of the invention, robotic

mechani snms wi th programmabl e novenent are preferred.

In one enbodi nent the test frame 130 is nounted upon a

slidabl e carriage novable in a Iateral and/ or vertica

dir i,Qn_a_se
Fecots GrEte P ASRMERLAAAC L PO B3NS ao@%dref?%ve t
r the n es 11 nd 123, an
°n95*?°tt%n ar“??tﬁg‘%%?“ SlumbISeiaAenS %@ﬂ%? DYoT R oheRAsPS
at or vertic acconpl i sh positioning
Wl%f t?i z?fcejtée NG, T 2@3/ mﬁﬁamtseé %ﬁhgﬂwg@g@blwovemem
vessel s 110 and 120 are filled with the sel ected .
T BTN BE sEbedimeshile iegtitame B0y mousisepen v slidableTamiage
apparatus of system 100 is noved such that dispensing
mopafle [reaslaterad agdfgr y@tical disegitvnise polosdquentally positionn selected
alignnment with recess 132a. A netered anmount of base
recegs|ungerdheldispamsing megzizlesniddrahd 23. ald dindthweerdbodir@ent, the nozzles
si mul t aneously di spensed into recess 132a. The

11HaiiRA samigoprionalyethe ¥dsSelanth) dnd3 26y £ EiRbBAhS@Ible laterally
repositioned to be in alignnent with thé next recess

andlSARrteaty tdwcombRItgshsAERMB LS e hoRdli 18 \4gq Aoand/ or base
oil B are changed in accordance with a predeterm ned

schpOikgingf r(Yc%Hiu%t {Iégﬁaflss P hnhi 8% adeB1el W tﬁ@gél&gedq{lﬂ)ntlfaﬂt

recess 132b has a different percentage conposi t
o 0, K, s P s
18 glgzzw lr13 % |11§$ grfegé% 1@? g‘%f A 3%?1}@;}% 1ecess 132a
A%%?%E%S' S A RS A5,
dlspensed into recess 132a. The dispensing nozzles 113 and 123 are thereafter
repositioned to be in alignment with the next recess 132b and the metered amounts of
additive A and/or base oil B are changed in accordance with a predetermined schedule of
variation such that the Iubricating oil in recess 132b has a different percentage
composition of additive than that in recess 132a. The pattern is repeated as the nozzles
113 and 123 are sequentially aligned with the successive recesses 132c, 132d, and 132¢
so that each recess has a predetermined composition of lubricating oil.
The components A and B are preferably combined in the reservoirs by mixing, for
example, by agitation of the frame 131, static mixing, individual stirring of the contents

of the reservoirs (mechanical or magnetic stirring) and/or by bubbling the reservoir with
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exanple, by agitation of the frane 1 static m xing,
i ndi vidual stirring of the contents of the reservoirs

w@ psharscal or magnetic stirring) and/ or by bedbiUs19g4/035808
the reservoir with 22gas, e.g., nitrogen. Optionally,
base oil B and additive(s) A can be conbined prior to
di spensing into the respective reservoirs. For
exanpl e, a single dispensing nozzle having a m xi ng
chanber can be used, wherein base oil B and

SR OB, TS R SR
d1s§g}f§§1§.t19t8 t}@ #%ct!l‘}eyr?seﬁvorlrgf ? t ac eiq ?%J\éggeb r ov! g]| (il]la\fmg
soffinhf W a@@aﬁgﬁéﬂ@eﬁ@a@ L %a%e're%%o

consu on , dep05|t data, viscosity data, etc.

I% spepesd through thpqroerte i the aeserairi al | y
analy2|ng a plurality of fluid sanples for antioxidant
pr o thepluralityefiresrptactsahive tickh pewrded eontaisipg henmic206: oib
schematically illustrated wherein an array of test

compasiions dhegguiligrof fimslsatnptbsican theh bt dealy2d For okivatisy sthigity
200 i s adapted to accommpdate any nunber of test

mezsecapnachasa?d 3., orideticedtpbiesitiondaRNdgREPER,, viscosity data, etc.
identifiable, for exanple, by the position of its test

Refe@in@piodcb F1G 2, akyQéd SsradqdhtiaVy dmily2Rled8sturdil of Aid'®@ fn‘fnles

preferably by having an |dent|fy|ng mark assSoci at ed

for WhttdXidaht proRerti&X@ E?l%&latl&igg hllﬁs - %g&%?ﬁb fs é,g}%%aglﬁglly

i ncl ude ‘an” i dent| yiI ng rco I Xe

ode re [
111“%%&%?%%%%%%%’"&{%? Kseflate 15 Feme e %ﬁq?@qréasl T
q%@ <h.p§ resgectlve test yeceptacles 212 and

SyStteF‘ ff PIARIH 4 ACBUEOGAE 4K PYHEST of GFshrecentsie 8 2 (and samples).
B Eontrollg. %3 via a data transmssion line 226 to

2ch Spple didendt agler P8 gramsfe. thrydhaspesiion. of i éeshigeentastpein an

reader 225 is preferably novable with respect to the

ordeyed gasy inlder2 fse §b@ﬁ@é’f‘¥fér ablydiydraingfan adent g imenk associated

_controller 230 so as to b e
with it. For example, each test receptacle 212 can include an identifying bar code 213

affixed to the outer surface thereof. A bar code reader 225 is positioned so as to be able
to read the individual bar codes of the respective test receptacles 212 and to transmit a bar
code data signal to a computer controller 230 via a data transmission line 226 to
electronically identify the sample. The bar code reader 225 is preferably movable with
respect to the holder 215 in response to a signal from computer controller 230 so as to be
positionable in alignment with selected individual test receptacles 212.

A robotic assembly 250 includes a movable arm 251 with a grasping mechanism

252. The robotic assembly is adapted to grasp an individual test receptacle 212 in
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positionable in alignment with sel ected individual
test receptacles 212. A robotic assenbly 250 incl udes
wW@20m0abe arm 251 with a graspi ng nmechani sm 2BRI/U310e4/035808

robotic assenbly is adapted to grasp an individual

test receptacle 212 in 23accordance with sel ection
instructions fromconputer controller 230 and nove the
test receptacle to a position in testing station 220

so that the sanple in the receptacle can be neasured

acgog(fané‘@%tﬂéélg@f& Qt‘?cfnts'ﬁ% co%té}%&m'gﬂgf 2 ﬂ{drxﬁt%\%?etﬁe test

IS operatlve aSSOCIa contro

recElgt?a% lto a si’t‘? I%é s¥1I a thi)cp tiz@' SB?%% g}aeg?,w Eﬂezgclie%pac e can be
recept acl es rreasur nt and then ace the

R °5§%?°§‘H%H{ PEBBLE |\ CHBEHET SHEOIH e Sorar2 s,
Testing station 220 includes neans for testing the

assgeiffstl @dhrooRirels ke FRhetS pessTblytWa cqntrgl signad fpasngpren ling 231
oxi dation. Oxidation stability data results of the

to gedastively eetiginnsrdetamingd deshree¢isiasiforaneaswrenisnt andl then rgplate
and transmtted via signal transm ssion line 223 to

thepoimpldieassigoet respectve RB0ionVar thobelderddfs for oxi dati on
stability testing are known and generally incl ude
subjretihg REYtidvin22(sianples heana forassyige theamvipled fur@RIdatidstability,
measuring the effect of oxidation upon the sanple over

i.e.2rePikRAGE 18 loRidageh. @iiﬂ%ﬁab‘iﬁt&ﬁa‘ca rQLItLNARPIeS: ard Ebrfi’feﬁed to an
test method for use herein (known as the Lube G|

elelib4l Rk 8ptida §§neﬂ‘§ﬁ@ ﬁgﬁsrmﬁecﬁﬁﬁrﬂéﬁal 311591'11551&?111‘{@922@ hs goﬂlﬂﬁtgr

an oxidator cell, e. g., g ass. ass stirrer

coﬂtl%ﬁ%r% Va[ﬁtoﬁ }IIQ%SQ[SII $X1dzﬁfaﬂ s{apl‘ﬁt}pi%tln)%f’?e 1%%% 2 \Mﬁelé%ralll%

toget er Wt I'very source
R0 By 00 P RIS B TSt
a stir m)to whi ch i.s external t he oxi dat or

°X18%trqn PP thepAgpls OVER A st aIS pegla dpiémean be placed a

sufficient _solid material suitable for absorption
For example, in one test method for use herein (known as the Lube Oil Oxidator

test method), a sample of oil is weighed into an oxidator cell, e.g., glass. A glass stirrer is
inserted into the cell, and the cell is sealed together with a delivery source of oxygen gas
which is maintained at about one atmosphere pressure (760 mmHg). Typically, the

stirrer is magnetically coupled to a stir motor which is external to the oxidator cell. To an
area 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.,
potassium hydroxide. Optionally, a liquid 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.
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of carbon di oxi de gas which may be |iberated during

oxi dation of the test lube oil, e.g., potassium
whyasoxiose. Optionally, a liquid catal yst nay PeT/asmed03ssos

to the lube oil to assist in accelerating oxidation

and is chosen to sinulate the types of netal ions

typically found in an internal conbustion engine.

24The cell is then placed in an oi | bath maintai ned at

a predetermned tenperature, e.g., a tenperature

¥?2%h§ Lt ARahe) llgﬁgoutah@%%“%%d%p ? 8%%%%91]1@5& g
e RGRr A ?mé\ﬁsn‘*fa%?ﬁ%'%?ﬁ“ @“ﬂ?ﬁlltg"*‘o%‘ P g
30@5%{}@ aﬁrﬂ?é?% glélfﬂwtfé’gﬁ%ﬂ‘}e Aeh SxipPavERY PR it

rs, of the sanple run is reported. In
OXﬁg&?HéSr %ﬁlweqeé e thecs]l avhip deastirgnagiipiss Esl qlﬁsafl@éﬁj i Fhedeshipgun
liter of oxygen for a 25 gram sanple. Accordingly,
untiiethgemtisrgflosygangs eonsnmed by thg semple eyd 8 tefahtpne egduhews,
proportionately smaller volunmes of oxygen and are
of thee sinple trineis pepovieéwinvgehérial lar frescple opertioofypwaby sdquiréseshe liter
in the art. If desired, results from neasurenents of
of oy@er Bir aedStoraid amhple.y Aofordix ¥igeiethbdd enyslo Fing 8 welergSantity of
well as the lube oil viscosity can be recorded at

sarﬁ’;ﬂ@ E’eﬁlhﬁé PropBdlionhtsly shiAli&r WodlnSesto? oRydef HRI bR willah BRI iew

for later analysis. In a variation of this test, the
wn«ﬁiﬁqﬁ%u@w&y&% @mﬂ@@ﬁﬁﬁ@% afflgRlired, MRERRGIHE {Hegs%gentl FERof the

period, e.g., about a 10 hour test, Is neasured

cm{e%l‘f gﬁeﬂl‘n ofio‘?c 8 Ctﬂﬂﬂ?&%mgg%%b\ﬁé??ﬁgehfb%ﬂ'vﬂlc&ﬁééﬁctm?bé ne

en upta oI l"visco

reeidel B ﬂlfrt‘%f?%ne&qr R R R T s %%@%wélisw Jg 2
?_003/ ?%601 US 6383898, and WO 0%/ 019150. a second
st, the AP @ PW&?@F@?W@ fre RIEdRiR Py toe period,

mhere a test oil i ) )
e.g., about a 10 hour test, is measured while recording to a computer database at time

intervals the volume of oxygen uptake and the lube oil viscosity. Suitable high
throughput methods for measuring viscosity are disclosed in EP 1158290, WO 99/18431,
US 2003/0037601, US 6383898, and WO 03/019150.

In a second embodiment, a method to determine the temperature where a test oil
undergoes oxidation and deposit formation on, for example, a transparent tube, is used.
In this method, the transparent glass tube can be placed inside a metal heating block, e.g.,
an aluminum heating block, and a small air hose is attached to a 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.
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under goes oxi dati on and deposit formation on, for
exanpl e, a transparent tube, is used h this nethod,
wo b@sosanspar ent gl ass tube can be pl aced i nsi PET/HS2004/035808
netal heating block, e.g., an al um num heati ng bl ock,
and a small air hose is attached to a holder at the
bott om of the glass tube. Next, a suitable nozzle,
e.g., about a 5 nm syringe, and a suitable hose, e.qg.,
about a 12 inch flexible tubing, are filled with the
oi | o hed I .
e THF BBl R bR er o R 1%% R by R e Bt
r.oduced lnt a ube nozzle, Ar
sip o BEORRE bl e @Pﬁss S BR el plercPnith ighot o te glass
heat i bl ock f r t he duration of the test. The rat
tutz’ifﬂlravﬁi the Bwtglﬁ& ockfoy e dptiepRfihe tst: aFhe reie At #ip ﬂpwng
such that the entire sanple is injected within a
sarpple détodpetionege eqninelledsugh thay thenfien pemplerie injesfddowithirae
oxi dation of the oil gradually forns a dark deposit on
preduterthinediimegd- £, @16 héw tighegesiod.ubbe oitkdionedtierngl phdely forms
tenperature controlled within small limts and the
a dadksiepositdi the amsr @nlé ofjthn gtaad tupse.c [Ths deating éfock iy @n@eratufe
tenperatures, e.g., fromabout 230 C to about 330 C
cotfflled @5thf @l 128itd 4bd tBé teftl oh@ifieRY aré SERAINIGICHERE olvér a range of
deternmi ne deposit formation over a tenperature range.

tertﬂfe?ﬁtﬁre@ e aRieh ShdT: DG AABTabQH 33D°Ct, B tebB cbh be AR DQMRNt
the glass tube is removed fromtHhe test apparatus

iRz Gds 1 &eﬁerﬁm?e“ﬁeg fBrridd] o\é% bra éﬁl%eﬁa - %HQéJ A&

GDOSIt I'S nmeasur In accor ance dar ness of

medet%n%%% N R

t det
e A ea T
Slt for tion can be perfornmed manua

acw %ﬁ Vigh thedseeness iy thederpdtin thepge, tl%ﬁl?ﬁlﬁfre%ﬁld}cﬁ“% they

the standard set of tubes, and _
quantity of the deposit and the amount of oxidation. The measurement is compared

against a predetermined standard set of tubes.

While the determination of the deposit formation can be performed manually by
visually inspecting the test tube, comparing it with the standard set of tubes, and
estimating the degree of deposit formation, the present method is automated and
preferably employs a light source and a photocell. The amount of deposit can be
measured by directing a beam of light from the light source through the tube and
measuring the amount of light transmitted through the tube by means of the photocell.
The opacity of the tube indicates the amount of deposit, and hence, the amount of

oxidation of the sample.
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estimating the degree of deposit formation, the
present nmethod is automated and preferably enploys a
wo p@ho4our ce and a photocell. The anount of deEDEF1004/035808
can be neasured by directing a beamof light fromthe
i ght source through the tube and neasuring the anount
of light transmtted through the tube by neans of the
photocell. The opacity of the tube indicates the
anount of deposit, and hence t he amount of oxidation

o RO S B 8 e
AT b et e

s_directed through the tes tube 224 and_ js neasured
hgb fromdh BUBFA 18 gﬁ@ﬁ@%ﬂ fhsdest Pibe 22 ankisguggeLieq by the

ransmtted light, converts this reading t o an
phe@e@% 32 sihickipgaares the ampynd of frpseittedlight, gwavertﬁu this rgadimg to
223 to the conputer controller 23 0 . The conputer
angteatrice] Jignal, 280 trivzsmits tlesr seghal vk lims 223 tol thgbemputer controller 23 0.
transmittance (or opacity) for the standard set of
The ehaputancbntrall @230 hes oved abluesrvilightieansittanee (og Spacisfol ehe
by conparison with the standard set. The oxidation

stahddrt B¢ df sub2s sndiare tHe@xidaboh esltie SAAPLEt daitipley Gipaledn writh
identified by the bar code) and the information is

theSdtaHdeRl B6 PncCRiMAHEREInS s atsélgnéaas e tkd %ﬁflﬁﬂe (Jﬂﬁh can be
conmputer controller can thereafter nodif

1de%ﬁh€&5§fﬁf%bhﬂ§§d€}’&h't?éﬁﬁ orib QS RS- Ohst Qo Sﬂé’fR ggﬂa ke

various functions o e COITpUt er contro I"er are

bl i B e et ieh leretat e b en
Pr«%a%grﬁ%‘%? deEPE b Hﬁﬂ%ﬁtﬁ%ﬁ@' ok Q%jmﬁe%%ﬂg& acBafae
et er m ne tewp &%gure for a predeterm ned tine.

willet PRy }indhgath e

In another oxidation stability test method of the present invention, each of the
foregoing samples can be placed in an oxidation container and maintained at a
predetermined temperature for a predetermined time. The oxidation container can be a
material which is suitable for infrared transmittance, e.g., borosilicate glass. The
predetermined temperature can ordinarily range from about 100°C to about 200°C and
preferably from about 140°C to about 180°C. The predetermined time may vary up to
about 40 hours. Additionally, air is bubbled into the test oil at a constant rate of flow and
in the presence of a metallic oxidation catalyst, e.g., a combination of metal ions such as
copper, lead and aluminum. The air flow rate can be determined by one skilled in the art

(e.g., 13.9 L/br V 0.5 L/hr has been used for a 200-g sample of test oil). The degree of
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material which is suitable for infrared transmttance,
e.g., borosilicate glass. The predeterm ned
wao eqopes@sur e can ordinarily range from about 1POI/US2004/035808

about 200 C and preferably from about 140C to about

180 C. The predetermned tine nmay vary up to about 40
hours. Additionally, air is bubbled into the test oi

at a constant rate of flow and in the presence of a
netallic oxidation catalyst, e.g., a conbination of

ol R P AR o
ot Efnds e s, Mroysich Sanlot iR P SgmiReiet (i g Bk i 48
A IR A5 D e

transforminfrared spectroneter . a Bruker IFS 48
owiingr te grisiatiemphiha tagkgil asmgrmsavld@maynn& efiong] geaups piggproduced.
absorbance peak at 1 cm 1 increases owi ng to oxidation
A giitablh dighethtoughput assthedfbomydswdngiinépred nbsoibamseiin taaght in US
groups are produced. A suitable high-throughput nethod

Pafeotr Appdmstion Ng. 2002404983 1 a ke ddiaisahen recdrdedjint a datatdSe.
Pat ent Application No. 2002/019773 . The data is then
I ecaneger oxidaiodatadling st GBS NENthOprestat i@ Bntsbrabiilidel y
test method of the present invention utilizes

diffirdrfial RBENIAE cAGAREY gln“g%h&ﬁl' BRflereitiallsBarB@REE Abrimetry is a
differential scanning calorinetry is a technlque to
It
B o R Lo L L R

meﬁh% tﬁg ls%gﬁ’l%?szlgeciedqn g s1’,11t B 1\%53”1‘61%1 Iy lii)I ! tall‘ytll t waq n%fld I{eld at

erm ne

Cto bout 200 [

a pigtetmoinga Boittoria o i 0860 'Péﬁ?ﬁlt&ﬁg o<§°'w g 2 heating
t hroughout the experipment w th indiyidual ta pojnts
SO%ep PEsEROVHY LERBBIGCgtacoleriion e%&urﬂhmgbfé%tv@% FrRegigent with
nmpl e and reference and each tine of neasurenent

m%‘éﬁiwé dpta peintragpresgnging topngrajure ard ks Bew betavesh the sample and

reference and each time of measurement being recorded. Accordingly, an objective of
this test is to measure the thermal stability of an oil sample at a predetermined
temperature in air-tight model systems to determine the exothermic release of heat. The
temperature at which the exothermic release of heat is observed is called the oxidation
onset temperature and is a measure of the oxidative stability of the oil.

In an alternative embodiment of a oxidation stability test method of the present
invention (known as the thin film oxygen uptake test (TFOUT) method, e.g., ASTM D
4742), a sample of oil is weighed into a TFOUT glass dish together with a suitable

amount of a fuel fraction sample, liquid metal catalyst, and water sample. The sample is
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this test is to nmeasure the thermal stability of an
oil sanple at a predeterm ned tenperature in air-tight

worasl4yst ens to determ ne the exot herm c rel PEEESWN4/035808
heat. The tenperature at which the exotherm c rel ease
of heat is observed is called the oxidation onset
tenperature and is a neasure of the oxidative
stability of the oil. In an alternative enbodi ment of
a oxidation stability test nethod of the present

' ' as_t i N fi : e

olep LB G AR S Do, WV RRST RhRUE iR
weighed into a.TF l.ass, dis ogether wth a

et St g bR 3R p Pl S Al gt tebghge. The
nmet al, catalyst, and er sanple. The sanple is

coaistnis S PP Recke FaBIol REGHDAARIC 62 grede ke fermpsrtiure,
and charged with a _predeterni ned anount of oxygen

e-go. 190°C for HavtA98 (¢, 280 resaied i pBdRierIYDedhsieed, £ 2.+ 8ok S0 rpm to
tenperature. The container is then subnerged in an oi

ab@yetl A0 pam.nd gharerecendencapreeniantlymongtbrs dpalganpressues, apd when
120 C to about 200 C and rotated at a predetermn ned

thespsadapié prpssuradop the3st ipomet. oTlabibme fibdOthe prart of thd@st to the
recorder can constantly nonitors the oxygen pressure

rapad greyduendrbp Brrecordeda A Gk graatee 8Bt acprededdindihel afisd is bfeferred,
over. The tinme fromthe start of the test to the rapid

an®@IsQ8EMELhSIPRR fbiSaski@RiAE d9Hss/Al HbtBEnBhE.er than a
predeterm ned value is preferred, and is used as the

bas iSyebid, AsRkPRLIh1G ﬁ%%ﬁfati?ﬁ s ﬁg fifleddhioQhe cdrﬁ%lﬁgr
desired, an assigned value of o |9 tion is progra d
coﬁ&:l:e}):lﬁr fotpe a%?/ggglu Ei%{gg e %ttég Q%sgg\gdg‘%ss@f %IL%' clan bB gelected based

ermn ues can

g
sel ect ed based upon_perfo ce requirenents for .
up R P AR GRS A5 sPreds Ranemh AP s Ee R Ry pective
operating envirgnments. If _th est sanple fails by, .
OPHARNG VS et ﬂ\?é‘?‘%*r SHTR)A [0l P 4T 20 ARersivE i ghudpidation
sanpl e canbe el ectronically marked and future testing
valye, the,teptisample cap pe electronically marked and future testing of lubricant o1l

formulations having the same composition as the sample can be eliminated from further
testing for other performance characteristics. By not retesting failed samples the system
can be made to operate more efficiently, energy and time being spent only on samples
which prospectively meet the desired product specifications.

If desired the results of the method of the present invention can be monitored
from a remote location, i.e., a location which is not in direct or at least in visual contact
with the system operating the method of the invention. A remote location can be, for
example, a central process control system or room which, as part of the overall system for

use herein, monitors and controls the system as well as records the outputs of each of the
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formul ati ons havi ng the sane conposition as the sanple

can be elimnated fromfurther testing for other
w@esobos4yance characteristics. By not retesti ngp€¢HUE®A4/035808

sanpl es the system can be nade to operate nore

efficiently, energy and tinme being spent only on

sanpl es which prospectively neet the desired product

specifications. If desired the results of the nethod

of the present invention can be nonitored froma

B e 63l 1AL FRLIABIDAERAS R 8 rcion
Ihe net ent on.

) f
wift B Phid] Be iR SIS e adfiS oS BB SSUHERAE tines, with
N B ST 5 BB HAL o

systemas well as records the outputs of each of the
know.esul ts of the tests being carried out. In this way,
it becomes possible for less interaction with
per SxithEpn pebility dtanepadiag thetlubrive tingedl dompositionsrean be stored in
system Suitable data lines, with which the results of
a r¢lhtgonalidgtaltase mprovatlé a esitinatomi lubcoeating df ,compysitien library.
transmtted, are known. Oxidation stability data
Alteagévelly e syseent tay be alettAeallgicontoiRd®i 4 4ig$ deraroldetor
stored in a relational database to provide a

coPiihNathdbr hidRipréRisbNdr Hstent HBBRGLA kodnitldl & dbllect the
ternatively, the system may be electrically

dafa PRALHE SR tastSHIOR e)&iéi”td@d ﬁ&iolde&f Phe @6358?{1151@ the cﬁnbmatonal

conput er n1croprocessor for system operation and

lub%%ﬁlth{goclﬂ dd p%g éleg ﬂ)ratrf eléh%%a?b%sre %%tﬁl%sg@{o t?r%ﬁs?;#ﬁ&\hﬁ

over —an ex to COﬁp

nbi. nat.or i brlc i n 0 r.a The
oo BRAME 65 siret Bot buctth, %B&Q?”%m# SR lvﬁinff
esi red product ream and.c artlcul
de%@g ”ﬁaﬁéﬁa@wgﬂ%@vﬁr@m&n&aw@fﬂ% s W the prodt et/
dependlng on market factors. Wen 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
lubricating oil compositions and the analytical oxidation stability data obtained
therefrom. Numerous commercially available relational database software programs are
available, for example, from Oracle, Tripos, MDL, Oxford Molecular ("Chemical
Design"), IDBS ("Activity Base"), and other software vendors.

Relational database software is a preferred type of software for managing the data
obtained during the methods described herein. However, any software that is able to

create a "memory map" of the lubricating oil compositions and correlate that information
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requi renents change, appropriate conbinations can b e

sel ected to prepare the desired product. Relationa
walaioabamel sof t ware can be used to c orrel at e tPEI/US2004/035808

identity of the lubricating oil conpositions and the

anal ytical oxidation stability data obtai ned

therefrom Nunmerous commercially available rel ationa

dat abase software prograns are avail able, for exanple,

fromOracle, Tripos, MOL, Oxford Ml ecul ar ("Chem cal

\m@ecﬁ d%%ﬁrﬁqaﬁéwl ondAﬁMal %tgs %t? @‘;ahht ngas%}éﬁ%ntss tb‘@%g This

ven I's a preferre
type 0of softwar data obt ai ned duri ng
YRES 2 ﬂ%%ﬁ%g 2@%@?mb é %%r Fﬂﬁ er, any software
thaf is able to create a "nenory map" of the .
U bWﬁFl?er?é’oﬁ? Co RS TP SREBIOP s ase Spagiffos should not be
information 30with the information obtajnped fromthe
corsirgpchgeniasiony philje Hantiene buhmsebads empkidentionnpLprelpped
of software is well known t o those of skill in the
emhpdimenth theeeof h Ehesb skidled dis thei aptt widlren isiomaiany qtheryembodiments
speci fics, these specifics should not be construed as
withimth¢ stopemsd spiritdiéhé imventidnens defindd byethe blpirasappended hereto.
exenplifications of preferred enbodi nents thereof.
Those skilled in the art will envision many ot her
enbodi ments within the scope and spirit of the
i nvention as defined by the cl ai ns appended hereto.
31WHAT IS CLAIMED I'S: 1. A high throughput nethod for
screening lubricating oil conpositions, under program
control, conprising: (a) providing a plurality of
different lubricating oil conposition sanples
conprising (i) a major anmount of at |east one base oi
of lubricating viscosity and (ii) a
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m nor anount of at |east one lubricating oil additive,

each sanple being in a respective one of a plurality
wW@boosesto6r ecept acl es; (b) measuring the oxi datP@RUS2004/035808

stability of each sanple to provide oxidation

stability data for each sanple; and, (c) outputting

the results of step (b). 2. The nethod of claim1,

wherein the base oil is a natural or synthetic oil. 3.

The method of claim1, wherein the lubricating oi

M@%’*Iﬁidﬁeé $ Eﬁ%.ect ed fromthe group consisting of
' . anti-wear agents, detergents, rust
i nhi bi,t.ar dehazi n nts, denul sifying. agents,
ot 31 AR O SRPRRanBEPE SSrepiEe Rimorles 1 SREPOsBiou, under
oi nt depressants, antifoam ng agents, co-solvents,
P“gﬁ?R&ﬁ@” GRPREFBE i sers, corrosioninhibitors, ashless
di spersants, dyes, extreme pressure agents and
mi x ) PEYiding p pbralitg ofdiffameat ﬁ@ﬂﬁ@i@l&ﬁﬂ edrepasitipn sameleei n
the step of measuring the oxidation stability of each
compriphg(icomaiar seeuehof etleast) onh bassanibéidubricating ymsnosity aad (ii) a
predeterm ned tenperature for a predeternmined tine
mip@raneuntefcht tettemeilutiriegirighei] additivd, eadh saxpiebeignmsegtctive
by the sanple. 5. The nethod of claim1l, wherein the
oné bePplofalitvbefaest kdtgpthtles; 0Xi dation stability of each
sanpl e conprises exposing the sanple to a

pr egntneabirRRdh 6B HRon AabPity 3¢ Bacdhl safip R B8 PeS8ALS NG ion stability
tenpérature for a predeterimned tinme period and

dmgg&gﬁgjgﬁggegﬂg amount of time required for the sanple
to consu t’he 'predeterm ned quantity of oxygen. 6.

The . of, ¢l ai rein the step of measuring
the«ggﬁgg??gﬁkg%gggk%?ﬁyg?'each sanpl e conpri ses

subj ecting the sanple to oxidation reaction conditions
in the

2. The method of claim 1, wherein the base oil is a natural or synthetic oil.

3. The method of claim 1, wherein the 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.
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presence of a substrate and determ ning the anmount of

deposit forned on the substrate after a predeterm ned
w@ersotoef reaction tinme. 7. The nmethod of cl aPer/L$2004/035808

wherein the step of neasuring the oxidation stability

of each sanpl e conprises using infrared spectroscopy.

8. The nmethod of claim7, wherein the infrared

spectroscopy is Fourier-transforminfrared

spectroscopy (FTIR). 339. The nethod of claim1,

whe e iT'Il}e H%ﬁlofit &Rla(?%leg%éféﬂ gxg k%/eB 2)|f ﬁi&éﬁgﬁ{gﬁ% éyhé‘&ﬂo'n: s%aéility of

of eac sanple 1 s erm ne . _sca_nn
LB BT AP R AL e o

transmtted to a _copputer,. wherein the conputer

a P&%ﬁ&mﬁ Fifs Heziod apd Sefpp gﬁf%aa?w oF FEXES] gpRiwmed by the
delimting a failure or passing of the results, and

saplg- conput er identifies failed sanples to preclude
further testing of the failed sanples. . The nethod of
claim, wherein the step of outputting conprises
storing the results of step (b) on a data carrier. 12.
The Sndhbodthofl afickiim 1, whireirhée step mp niessunigg ttieoxddaion afability of
using the results of step (b) as a basis for obtaining

each sap®ld donplisdsugiposing tal sattpdd to FedelciminBdeniRhhefthbx9Een at a
claim, further conprising the step of transmtting

prddBRrhRsditehpeituBtieia flddethPnifed@hs peddd A defhmehif MR afount
| ocation. 14. The nethod of claim 12, further

o T D o RO B G 3mb e ghn bEoSgen
system for screening lubricating oil conposition
sanpl es, under program

6. The method of claim 1, wherein the step of measuring the oxidation stability of
each sample comprises subjecting the sample to oxidation reaction conditions in the
presence of a substrate and determining the amount of deposit formed on the substrate

after a predetermined period of reaction time.

7. The method of claim 1, wherein the step of measuring the oxidation stability of

each sample comprises using infrared spectroscopy.

8. The method of claim 7, wherein the infrared spectroscopy is Fourier-transform

infrared spectroscopy (FTIR).
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control, conprising: a) a plurality of test

receptacles, each containing a different |ubricating
W@e00s00typDSi tion sanpl e conprising (i) a nmaj or PENDS2UD4/035808

of at |east one base oil of lubricating viscosity and

(ii) a mnor anmount of at |east one l|ubricating oi

additive; b) a conputer controller for selecting

i ndi vi dual sanples for testing; c) receptacle noving

means responsive to instructions fromthe conputer

contr OleGhethd of agkhlvi %éﬁf ﬂ{éos\!ép%% lﬁéasm%s' &S Bfgat%on stability of

sanpl es to a testing’s

o f th cted ; neans for
ea(?rhesaclls i r1 J|3 %%det? ({1 %rﬁméﬂl 5‘3““ ”tgfa]é)fﬁqeﬂg sel ect ed
sanples to obtaln oxi dation stability data and for

transferring the oxidation stability data to the
comput er control |l er. he system of cl ai m 15,
whel @i fhepes Mc%fp:tlaa%u 1e Whﬁwrh@l stape{)the serglts ebstep(b) for each
nmovabl e carriage. 17. The system of claim 15, wherein
sample apee ez dedorpsainmytareeie em@lmqmnsmeraconmms the results with a
assenbly having a novable armfor grasping and noving
pregleteahbrtd edluendlimitthga faileeep pasing. of 1R redilie, syithesombuter
cl ai m 15, wherein the receptacle noving neans
identifipy fasled saraplostol peclady fusthérigstinpof fiRThilddakipleac! es.
3519. The system of clai mwherein the neans for
measuri ng oxidation stability conprises neans for
measuri ng the consunption of oxygen of the sel ected

sanpi eShe &fbthollYF cBYBLIE Wh@lfeuﬁh@ k{Zh YRGB Bk Q&nﬁ?‘?&g §to;119§ the

measuri ng oxygen st abi
results of step (b) on a data carrier.

= O

12. The method of claim 1, further comprising the step of using the results of step

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

13. The method of claim 11, further comprising the step of transmitting the

results of step (b) to a data carrier at a remote location.

14. The method of claim 12, further comprising the step of transmitting the

results of further calculations to a remote location.

34



10

15

20

conprises neans for neasuring deposit formation on a
transparent gl ass substrate resulting from oxidation
wo@Rooshetssel ect ed sanples. 21. The system of clBECTUS2004/035808
wherei n the nmeans for neasuring deposit fornmation
includes a |ight source and a photocell aligned with
the light source. 22. The system of claimwherein each
test receptacle has a bar code affixed to an outer
surface thereof. 23. The system of claim 22 further

co n‘pﬁ SA Q%té?n ?cﬁ'rscfégﬁjiﬁg ﬁlﬁ)%%gtrmg c%fscomposition samples, under program
control, comprising:

a) a plurality of test receptacles, each containing a different lubricating oil
composition sample comprising (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;

b) a computer controller for selecting individual samples for testing;

c) receptacle moving means responsive to instructions from the computer
controller for individually moving the selected samples to a testing station for measuring
oxidation stability of the selected samples;

d) means for measuring the oxidation stability of the selected samples to obtain
oxidation stability data and for transferring the oxidation stability data to the computer

controller.

16. The system of claim 15, wherein the receptacle moving means comprises a

movable carriage.

17. The system of claim 15, wherein the receptacle moving means comprises a
robotic assembly having a movable arm for grasping and moving a selected individual

receptacle.

18. The system of claim 15, wherein the receptacle moving means comprises

means for agitating the test receptacles.
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19. The system of claim 15 wherein the means for measuring oxidation stability

comprises means for measuring the consumption of oxygen of the selected samples.

20. The system of claim 15 wherein the means for measuring oxygen stability
5 comprises means for measuring deposit formation on a transparent glass substrate

resulting from oxidation of the selected samples.

21. The system of claim 18 wherein the means for measuring deposit formation

includes a light source and a photocell aligned with the light source.

10
22. The system of claim 15 wherein each test receptacle has a bar code affixed to
an outer surface thereof.
23. The system of claim 22 further comprising a bar code reader.
15
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