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

COVPCSI TI ONS BACKGROUND OF THE | NVENTION 1. Techni ca
wo@sa79Be present invention rel ates general | ypeDUS2005/004261

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

build Iibr & 8i lid state
materi al s. gggg%gig @g?gggggg) echnol ogy
have enpower PRCHE AT égg pidly
produce large |ibraries of discrete organic nol ecul es
BAGKGROURNE O FEEAVENEIONy di scovery, whi ch have | ed

to the devel opnent of a grow ng branch of research

1. da¢hnéqdl Fislébi nat ori al chemni stry. Conbi natori al
chem stry generally refers to nethods and material s
f or The patdinhipvemsiobeelnien genarhlldiovsetbedsnfat kigh dirsughput screening
conpounds-commonly known as |ibraries-andto techni ques

of mbfcdtiagloilus®pbdstiddr eval uating or screening libraries
for desirable properties. Presently, research in the

2. DébdripEiaRbf he RUBkddYAk Nvol ves i ndividual ly form ng
candidate Tubricating oil conpositions and then

per pk g a%oﬁﬁ&ﬁt%ﬁ%lca?hﬁoﬁﬁ%xyﬁééﬁ% siitBesiARdirdat Ry new
conposi tionsby enployirnhg a large anount of the
aregﬁgf’eggagg}ea&@ %gtg\{sl}n%;i'gﬁg s%ﬁﬁ{géig ngi;;{&ée}ém%rggclh {088 libraries of

each candi e Cco Ion require

polyn%rérl{al inorganic or solid state materials. For example, advances 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 hqve 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 instraments 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 compositions.
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operation. This, in turn, significantlyreduces the
nunber of conpositions that can be tested and
wo dexswrf2red as | eadi ng conposi tions. Drawbacks PCT/US2005/004261
associ ated with conventional screening procedures can
be seen as follows. For exanple, governnental and
autonotive industry pressure towards reducing the
phosphorous and sul fur content of l|ubricating oi
conpositions used as, for exanple, passenger car and
hea uty diesel.engine oils, is leading to new
Bt e PR P - Rismitt ErbR Ak el soon s
atisfy certain tests such as, .for exanple, oxidatiaqn,.
follgiy Pop RaTin SOTBRRFRY P QHEmOKT PO eime g aheduting

| evel s of phosphorous and sulfur. In this context

theghpsnbgrous grsuliyr contegptp! Biorerile 94l qumposiliansusodas, ket cxp@ple;
I LSAC Standards defined by the Japanese and United =

passtgereenr Apd berytyiduty diesglientging oilssis beading dmney rqsearsleiotidentify oil
requi re the phosphorous content of engine oils to be

comapositionbeholy c@n d&tishy cébawi tedis fush as, dopdxasplep pxidstionpwearind
bei ng proposed to even lower levels, e.g., 0.08 wt.%

coriyatibilitg tesROEHilQshtditing Mo vlcO&ls B plasphbrddind isilfur2 O this
Al so, at present, there is no industry standard

colt@Q Ui ted OIilitaM SthiidafRMIEOL-46 158N HdNRe RIIAG Staddardd
has been proposed'that the sul fur content be below 0.3

B B T MR AR
rqug(? ﬁ%gﬁ?%ﬁro%g cg)/x‘?t?relj;t eotlflire%%ﬂ (leé% & 31% q)%%o%vl 6%9 %.g!élrvgh future

ereb uture Irndustry’'s
roposed ph horous and sul fur contents jn gy ngi
phd5p oGy Goatest PE PaPBseA i G TRV BIPER: Fén OJB ‘Ko PEdHEn 2004
%nhibitiﬁgoproperties and antiwear properties of the
ang:heloye P-05 15 % 9irea AA0G L hEQ at BigsRng ihere Hgionadiy stanglard
order to acconplish this, a Iarge nunber of_£f0ﬁosed
requieyRere AQr s uioqniend FpRngineioghduiri fes brenpeapossdl thef the sulfur
determ ne whi ch conpositions may be useful.
content be below 0.3 wt.% to meet June, 2007 requirements for emissions. Thus, it
would be desirable to 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.



10

15

20

Addi tionally, simlar changes in specifications and

changi ng custoner needs al so drive refornul ation
webdosnte7i n ot her | ubricant applications such BET/UENN5G/004261

exanpl e, transm ssion fluids, hydraulic fluids, gear

oils, marine cylinder oils, conpressor oils,

refrigeration lubricants and the Iike. However, as

st at ed above, present research in the | ubricant

i ndustry does not allow for refornulation to occur in

e AR S PRTE oot it i Gy 058 hot
I o BRI PO SeEHdD 86 PRI DR atic A STt PR bk

. For exanple, a problemfacing |ubricant manufacturers

in the aft {or a wprecedigionietcenomicaliang systematiceappingrip for thy nreparation of
i nternal conbustion engi nes use el astoner seals such

lubgisatirfenyil envapppitions adtsorsening bEsuch gomhesitionss Fenenagple, a
During use, these el astoner seals are susceptible to

probémi Gumgdebrerhonatuifamrés dnthbiudfsed deierigrativh irattid enginee All
conmpositions and lubricating oil conpositions under

int@REl ddenbAPEIAdnicings GRlston@n SealRICE b, dsrodxmplehvitdnseals, in their
seals results in brittleness and cracking of the seals

asseAMB). MBurRg ust,Ahds8 BlastbiemdaR@refgdidpableAo btk dabridtatidt from
conposition that degrades the el astoner seals in an

1ub2§gtiti oil §d&kﬁ%ﬁ%ﬁ@%§§+r{% 2h8 1Sk dlﬁ&ﬁ%ﬁa?ftﬂdh?ﬁﬂer engine

er exanpl e astomer corpati b ty 1sin

BRSBTS R i
ted. i i t i h elb d
seq e nE ol (s BomPe sy ;A Bore et e bosop BeP adiites the

junctions and a w de variet¥ of .ot her configurations.
clagigpick soatsdiE 48 6REIA% 1S AnaccaRiaRlp 19 engiiteaganyfacturers.

et hyl ene-propyl ene el astoners, e.qg., ) _

et hynether efredastonts epmpFibRjty dhigt cdastopresis slogirisphydablse

di ene nononer (also referred to as ethyl ene propyl ene
acatbsmies whidhyake ipstalled, for example, over cables, metallic contacts or mated in

complimentary designs such as elbows and bushings, connectors, splices, switches, fuses,
junctions and a wide variety of other configurations. Cable accessories are usually based
on ethylene-propylene elastomers, e.g., ethylene-propylene rubber (EPR) and ethylene
propylene diene monomer (also referred to as ethylene propylene diene methyl or
EPDM), and are typically lubricated with silicone-based oils and greases. In almost
every design, installation requires interfaces to slide against each other with
corresponding frictional forces. Because these components are elastomeric, these
frictional forces are very high. Thus lubrication of these interfaces is a necessity. The
most common lubricants are oils and greases, typically based on a compatibility with the

type of elastomer requiring Iubrication. Silicone oils and greases exhibit excellent
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EPDVM), and are typically lubricated with

silicone-based oils and greases. In al nbost every
walems@r27i nstal | ati on requires interfaces to sPCTi®©S2005/004261

agai nst each other with correspondi ng factiona

forces. Because these conponents are el astoneric,

these frictional forces are very high. Thus

| ubrication of these interfaces is a necessity. The

nost conmon | ubricants are oils and greases, typically

based. on a.co ibility wth th e of el astoner
cleg BRA b AG ST POLAT Sy b el el fropsisde b
exhi bit_ excel|entelectrjcal characteristics and are
elagtgqn?sc ghfﬁ?tl’iﬂﬁc tgarersaal ugﬂlge_daryotg?,p@ﬂ agjuies gt s?gmﬁcant cost
el astoners. These lubricants are usually supplied by
as 4 pppangeriariage (fidstheeabls apapHPEesnt cost as a separate
package with the cabl e accessories. Cenerally, cable
ac cessmllye satiaseesspmesthav ermprebyinatelha thityy todoftpyeay lijespan,
life span, and many have separable interfaces used for
anCoBMElRive 8¢padabll dicsfacsznseat fod Bonmdttidnoang hliscemectdor. SAldmagh
greases are high quality and are used effectively for
maliRBs 3R Sas€ ars BighiqE Slity @ MreQistBEfdcaS@y tdi@hdny years of service,
| ubricating capacity over tine. Due to the inherent
the?%?chlll 1ds¥ thefr 1R aRhd SpHEEhvePtiinB e Bie tHRE ifh@RhBmobiliYof the
end to "bleed” and/or mgrate away fromthe
. d . & i ol .
oid e8] 6 1 ERASRMEN R 1o Ui, b BRte Al o e infloe
surface. . The resylt is.,comonent .sticki ng whi is a
CoRggnPG: i rTRERR s T RTRRP e bt e
be desirable to rapidly screen.a plurality.of l.e
clagigmen st oF- BRS el GobpPeRLHS e TR paiOr problem ia the
~conpatilibility with elastoners utilizing snal
indysiant s of each sanple, hi this manner, a high
t hroughput preparati on and screening of a vast nunber
of dceadinglyci ok hei dssisablenie theidlycsiaieew e pluradity gyempfs
whi ch conposi tions
candidate lubricating oil compositions for compatilibility with elastomers 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 which compositions

are substantially compatible with elastomers.

SUMMARY OF THE INVENTION

A high throughput screening method for determining the compatibility of
lubricating oil compositions with elastomers is provided herein. In accordance with one
embodiment of the present invention, a high throughput method for screening lubricating
oil compositions for compatibility with an elastomer, under program control, is provided

comprising the steps of (a) providing a plurality of different lubricating oil composition
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are substantially conpatible with el astoners. SUMVARY
OF THE I NVENTI ON A hi gh t hroughput screeni ng net hod
wo eoos@ded2er m ni ng the conpatibility of | ubricatPemusios/004261
conpositions with elastonmers is provided herein. In
accordance with one enbodi nent of the present
i nvention, a high throughput nethod for screening
| ubricating oil conpositions for conpatibility with an
el astomer, under program control, is provided

C he steps providing a plurali
safﬂﬁ?? SREM A él%.r«g% GHI9YES & s fashepe base bl ricating
anpl e conprising (i) _a major amunt of at |east one
VISB%%( agdl (i minghpieuwtt Phe leasseusdibrcatipg o pdditive; fp)spviding at
anount of at |east one Iubrlcatlng oi | additive; (b)
leagirangiclistognesit(c) meastriegide sbmpatbitiy of ¢ash sampls iwifrige elagtomer to
conpatibility of each sanple with the elastoner to
pravidevdl dheonadr astpariility aafazor daich sdnypleland, Cpoutpathg ampdults of
and, (c) outputting the results of step (b). hi a
swgﬂgond enbodi nent of the present invention, a system
or determining the conpatibility of |ubricating oi

COMRPS sdcbdlerBBEIRhES ofttehrakMShRIROS, a ég/gte@rfopa&malhg the

control, is provided conprising: a) a plurality of
cor(ﬁ}ﬁﬁblﬁtg ?}){? Hfbﬁb%t@%e%ﬂ?%gﬁglgl oéss:?\?a?lgﬂﬁggrﬂélﬁ Qufder program

j or anount of at Ieast one base oi
con 1Sgrovcl:a f‘:ﬂ)élpl{/lf' ggosity and (ii) a mnor anount of at

'm§3 Ay e e renif P sairGeeplat FiooBlini £ ﬁifateeﬁlubmatmg

receptacles in a testing station for neasur nt. of
oil epEIRPH Y saEpifEmITisEE ) adeaJ?wq*egﬁ%aétl?aéfeor@ el ™Nth

at | east one el astoner;
lubricating viscosity and (ii) a minor "amount of at least one lubricating oil additive;

b) receptacle moving means for individually positioning the test receptacles in a
testing station for measurement of elastomer compatilibity of the respective sample with
at least one elastomer;

¢) elastomer moving means for individually positioning at least one elastomer in
the testing station for measurement of elastomer compatilibity with the respective
sample;

d) means for measuring the elastomer compatilibity of the sample with the
elastomer in the testing station to obtain elastomer compatilibity data associated with the
sample and for transferring the elastomer compatilibity data to a computer controller.

The methods and systems of the present invention advantageously permit the
screening of many different composition samples in an efficient manner to determine

compatibility of the samples with elastomers, e.g., fluorocarbon elastomer seals.
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c) elastoner noving neans for individually positioning
at |l east one elastoner in the testing station for
wore@sorenent of el astoner conpatilibity with tPer/US2005/004261
respective sanple; d) neans for neasuring the
el astonmer conpatilibity of the sanple with the
el astonmer in the testing station to obtain el astoner
conpatilibity data associated with the sanple and for
transferring the elastomer conpatilibity data to a
conputer controller. The nethods and systens of the
present invention advantageousl|ypermt the screening
different conposition sanples in an efficient
PSURIPTION Ol THE DRAMINGD | j ty of the sanples with
elastoners , fluorocarbon el astoner seal s. BRI EF
DESERIigS| mo@mwmww with geleieperdiortbh € wines
descri bed below with reference to the draw ngs
whetegrein: FIG 1 is a schematic diagramof a systemfor
preparing a plurality of different |ubricating oi
conpis.iItis anshenainid diaktam ofz: dystem foehepainge wiatityeofi different
system for measuring elastonmer conpatibility of a
lubRichifird! dil don®osBidiRlagg of | ubricating oil conpositions.
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS The

pr eseRl i 'a\é@ﬁbtrﬁa@i@ HaBrasht 68L4y86N Br Achiugllg Eﬁﬁt@ﬁﬂf‘ Bbthpatibility
screeni ng net hod for detern1n|ng the conpatibility of

0 | ast oners. The
ofLQﬁ#%@i?%%%m%%éﬁ%%ﬁB %&ﬁfmég&ggid herein shall be
under stood to nean that a relatively | arge nunber of
different lubricating oil conpositions can be rapidly

RSP RS8R S8R IPTION OF THE PREFERRED EMBODIMENT(S)

The present invention is directed to a high throughput screening method for
determining the compatibility of lubricating oil compositions with elastomers. The
expression “high throughput” as used herein shall be understood to mean that a relatively
large number of different lubricating oil compositions can be rapidly prepared and
analyzed. In a first step of one embodiment of the screening method of the present
invention, at least one lubricating oil composition is introduced in a plurality of
respective test receptacles so that each receptacle contains a different Iubricating oil
composition having a different composition depending upon the percentage amounts
and/or types of the at least one base oil and/or at least one additive combined in each
receptacle.

Data regarding the composition of each sample are stored in a data library.
Adding the information related to the elastomer compatibility data of each of the stored

compositions substantially facilitates the selection of candidate compositions capable of
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anal yzed. In a first step of one enbodi nent of the

screeni ng nethod of the present invention, at | east
we@e@slou2ri cati ng oil conposition is introducedP@TUs2005/004261

plurality of respective test receptacles so that each

receptacle contains a different |ubricating oi

conposition having a different conposition dependi ng

upon the percentage anmounts and/or types of the at

| east one base oil and/or at |east one additive

| C acl e. are
Sucesﬁgﬁﬂf’.cemﬁg SR e LR E R fouaa 5h S8R0 i operating
brar Addi ng the informatiqgn rel at e .
ok o ale e ety ACT AR S B e i e
03|t|ons substantially facilitates the sel ection
COIabméfaﬁah lipzarg netpbnaliawsdhs2 epjshisiestion efmuliplefluhroating oil
carrying out the el astonmer conpatibility tests under
compesitehes i ispoppretoatevrgquitsmabintsi fons gigen tesiabytairoybecomes another
requi renents. Accordingly, storing this information in
pietdef iofomnptiat ioaiditioh td) farexample, siovage sthbibtysoxidation stabjiityl
selection of rmultiple lubricating oil conmpositions in
wehiBSIINg £ditRrsanoy datf) defRitEnhditibedata, @é.yethé &8dlogddut
al so beconmes anot her piece of information in addition

corh sitfd?k. ENiR b Enatidh %a@’%?so%‘ll@@' fb# da¥oul MR FBEds Ry changes of the

stability, wear stability, dlspersancy data, deposit
d ! t
a &lﬁ?és&F tnhfgcl)eragrrtgéto??o n’ﬁlte roce?&:o ?Ao‘aggqi) i |érﬁl IrdBSprogram

coﬂ%ﬁ)‘f G A, &R@ﬂf ug)ile& Fg f&dqua}nyYeeg nﬁérof)%g%ss%a&ﬁtodheg %mputer

proce ure vantdgeous
ntrol and. automatical,l troI
colT bR Delarafio ceuth cor g wpBristh o ésﬁ{lﬁieaﬁ%od to
devi ce., The expressi.on progranmcontrol as, us
megm, thejequippgnt usﬁfgh?}ﬁ&é? proyisting Ye pria{ty Hﬁluéa%ﬁﬁa&@rhw@@%twns
N herein in providing the plurality of |ubricating oi
is agtnmpnsed andeasiralled dytagnistapepoasear elodtherspmpytepgorgrol device.
m croprocessor or other conputer control device.
The lubricating oil compositions for use in the high throughput screening method

of this invention include at least one base oil of lubricating viscosity and at least one
lubricating oil additive. Generally, the lubricating oil compositions for use in the high
throughput screening method of this invention include a minor amount of at least one
lubricating oil additive together with a major amount of at least one base oil of
lubricating viscosity, e.g., an amount of greater than 50 wt. %, preferably greater than
about 70 wt. %, more preferably from about 80 to about 99.5 wt. % and most preferably
from about 85 to about 98 wt. %, based on the total weight of the composition.

The expression “base 0il” as used herein shall be understood to mean a base stock
or blend of base stocks which is a lubricant component that is produced by a single

manufacturer to the same specifications (independent of feed source or manufacturer's
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The lubricating oil conpositions for use in the high

t hr oughput screening nethod of this invention include
w@toos®aety7 one base oil of |ubricating viscositRpCEDS2085/004261

| east one lubricating oil additive. Generally, the

| ubricating oil conpositions for use in the high

t hr oughput screening nethod of this invention include

a mnor amount of at |east one |ubricating oi

addi tive together with a major anmount of at | east one

Vi Scosi

locaﬁ'%rﬁt Bl i b By If%t' thP‘Sf%FPaeﬁtf’iéatb%%‘t g %%D BBk 2
80
unife Snylfpigas B er RBIYIbr AT Bty Thaskst 81l Bt hagin can

. % based on the total weight of the conposition,
bempr@mﬂ&:lsg?% or gteg-disgpyereddanse gib af IWBHEANHE FHgpitydised
understood to nean a base stock or blend of base
forstudating Ivtiriceting il eonhpeisitiooaifer agy Apatkesuch eprdicatienspe. golengiee
by a single manufacturer to the sanme specifications
oil§,imatep eglietet oidd, nhteedl gasoampie odls, railroad oils, two-cycle engine oils,
manuf acturer' sl ocation): that neets the sane

trabinbil 2 BitdviyRlutysdisPPeigidetoils| itk ollddnd hattidral flai@ntuchiaed
by a uni que formula, product identification nunber, or

hy@ﬁhﬁ‘c oild) geata 38€ tRhimitQsn HEAs, G eAdMiEAAIP S Pase RIEERNES Y
known or I'at er-di scovered base oil of ubr|cat|ng

heiPGAY WH ?9119391 Jl%gﬁl BJ{H%QJ ARk 9%1 PG ti ons e.g.,

CONposi t|on or any ch ap
£ine | i nder 0| [

alkg?rggﬂacr% Fﬁee ‘ole 1néc ?ogolc €IS, &2 larel eé?{leng %%og)&%ge g?ﬁ’olﬁrﬁgf 1%

oi | eavy [ I n [ |Is ck oils and
St}?ﬂﬁjﬂtaﬁﬁé‘fe CPH’ %‘Eﬁi‘ﬁ‘ QE pethgre P}; gear oils,

transm ssjon f|UIdS etc. Additionally, the b%se oils

f or Ajswe Fghed v thast veriddrdilyyrrpigriatsi W yiscenigia s Bl is

i nprovers, e.g., polymeric al kyl methacryl ates;
depgngentrvipen thepppeatipn, Aecogdinglynthe visgasithief p passylikipuse herein

copol ynmer or a styrene-butadi ene copol yner; and the
williokdinaxiig ravigg fromesbottiztoebdut 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
the desired end use and the additives in the finished oil to give the desired grade of
engine oil, e.g., a lubricating oil composition having an SAE Viscosity Grade of OW,
0W-20, 0OW-30, 0OW-40, 0OW-50, 0OW-60, SW, 5W-20, 5SW-30, 5W-40, SW-50, SW-60,
10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40. Oils

used as gear oils can have viscosities ranging from about 2 ¢St to about 2000 cSt at

100°C.
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As one skilled in the art would readily appreciate,

the viscosity of the base oil is dependent upon the
wappbkiotart on. Accordingly, the viscosity of a PeEESD05/004261
for use herein will ordinarily range fromabout 2 to

about 2000 centistokes (cSt) at 100 Centigrade (C).
Cenerally, individually the base oils used as engi ne

oils will have a kinematic viscosity range at 1000C of
about 2 cSt to about 30 cSt, preferably about 3 cSt to
abo

t 1 St nd nost preferably about..4 ¢St to about..

12 Bee o v e penBratedime ied l Gl Rpdsep petiding

t he desired end dt dj ti [ i ni

bubR: 15 g 1 SN 87 88 e OGRS GG, olgOGeT A on
lubricating oil conposition_ having an SAE Viscosity .

esteyi Bepsionf andygrefivingo Regiipgistoadahalbbosabsigntiatin e, gy materials
5W 20, 5W30, 5W40, 5W50, 5W60, 10W 10W 20,

intt@ine QDthrolgh vy fadiOin s Conthityatidn \W pEviols W Ol lsrbass il 4Hthe
O ls used as gear oils can have viscosities ranging

lubirtcatin@dibedmdsitivhs dHthiEdiawenti@O@y bStnyatath@DE. sgatetis ubtkAing
may be manufactured using a variety of different

bal¥ GIL ESiEBle helodstboy syntic 8§ inkTudd, bRtlate ot Binged id, afld @epared
sol vent refining, hydrogen processing,

fir {&W&a&i&l &k of FERlthOFblyRBE-ki6h 6F 1 3l to provid
éére i ned ssoc?iﬂﬁgl ge subgfg% ialﬁj free frofq'n()pmVle

po%e?% érhﬁirllé *)%1&%189&6?% SR G W%g@%@%ﬁr@% Fynél%es%st%ocedures

Or previ ous use. se o

usg%)?:%%é?%ﬁoﬁ?x@l? %gc@l?ﬁrzﬁgé@se:ntgbfeg %uc%fas tll!'l] L. %15%&%’@1%%%(1%%15@% S. blgor

ubricati ng ba

Sui t abl e E% rocaybon synthetic oils.include, but are ..
cxgPIe § A DES ol e DG MO HE: POy BT ol
..of ethylene or fromthe polynerization of 1-olefins to
if eryp inbg o1l gigrerseisviscqeity HueShoT bighsvhd?&ti n or PAO oi I s,

or from hydrocarbon synthesis procedures using carbon

o n dihie Beseznilomany biy deyad @gg)@‘gtﬂg@ldubr@gtmglo@, synthetic lubricating

Fi sher-Tropsch process. For
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, IT, I, IV and V as defined
in API Publication 1509, 14th Edition, Addendum I, Dec. 1998. Group IV base oils are
polyalphaolefins (PAO). Group V base oils include all other base oils not included in
Group I, I1, I1I, or IV. Although Group II, IIT and IV base oils are preferred for use in
this invention, these preferred base oils may be prepared by combining one or more of
Group I, IL, I, IV and V base stocks or base oils.

Useful natural oils include mineral lubricating oils such as, for example, liquid

petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the paraffinic,
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exanpl e, a suitable base oil is one that conprises
little, if any, heavy fraction; e.g., little, if any,
wo odws/oni2l7 f racti on of viscosity 20 ¢St or hi ghePeT/@52005/004261

1000C. The base oil nay be derived from natura

| ubricating oils, synthetic lubricating oils or

m xtures thereof. Suitable base oil includes base

st ocks obtai ned by isomerization of synthetic wax and

sl ack wax, as well as hydrocracked base stocks

oduced by ac r t han sol vent
o e PR R et heb i Ao At %ﬁhaﬂthammal
crude.. Sujtabl e base oils include those in API
011% Jesjes elds (e, rppeseqdjoils; aasigneilsanddardefl).red ﬂnehhls&m
Publ i cation 1509, 14th Editi on, Addendum |, Dec. 1998.
G oUksefilsymtistic bibrisatingeils anojedephit efeafotini®A®), hyGosarbonyvils
base oils include all other base oils not included in
andGhadoqsubstititéd hydrdcarbon ollysuchl as polyglerig¥doand ihterpol snhererad oleftns,
base oils are preferred for use in this invention,

e.gl, peBBuRi@ES poBHrdpateaes) pfo‘pyl%ﬁéhsb’@utmeﬁ@ s,CBI0BinAled g
one or nore of Goup I, II, IV and V base stocks

poRbulRAEs, 9biy§1-héa§ﬁéyl ow%@hesplﬂoﬁy(me&eﬁég mdrtﬁé Bke and
Fubficating oils such as for ‘exanple, liquid

T T B B PR ¥E é"?ﬁ‘%ﬂ%ﬁlﬁi? e Reni ¢
dln%{l ‘%ﬁ&%ﬁ'e pg{(ffe{hgih%)%?ggntzle%g' eﬁ?ﬁlgel' ggfgpﬁen@?sr éugﬁ Qs blﬁlgPerHyls

or's Veg

te@?@ﬁ%ﬁ “gEulls Pgmﬁ%téfff%ﬂ dEifs Pﬁﬁ&%ﬁﬁ?@%@tﬂ% anf fylated

re not. limted to, hy drocarbon oils and
dlnlasmé sulfidet and fie QGWHY% aaplagrng .hp@owe Hreeeot got (isdikezed

and i nterpol ynerized ol efins, e. pol ybut yl enes,
pol e pyifalsthete Wbyasing oils @1@131519 |t areaioh Bmytae fos oils made by
chlorinated pol ybutyl enes, poly(l-hexenes),
polyoieyiging obtfimn o Jess thah § cirboeateme sich aawthyldne, profderzntiutylenes,
m xtures thereof; alkyl benzenes such as
isodaees peitens, aneémixtivet tharke yMetindesigseparing 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
hydrogenated liquid oligomers of Cq to C;; alpha olefins such as, for example, 1-decene
trimer.

Another class of useful synthetic lubricating oils include, but are not limited to,
alkylene oxide polymers, i.e., homopolymers, interpolymers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or

etherification. These oils are exemplified by the oils prepared through polymerization of

ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene

10
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di nonyl benzenes, di (2-ethyl hexyl)-benzenes, and the

I'i ke; pol yphenyls such as bi phenyls, terphenyls,
wabdogloadzed pol yphenyl s, and the like; al kyl at eBICT/US2005/004261

di phenyl ethers and al kyl ated di phenyl sulfides and

the derivative, anal ogs and honol ogs thereof and the

i ke. Other useful synthetic lubricating oils include,

but are not limted to, oils nade by polynerizing

ol efins of less than 5 carbon atons such as ethyl ene,

ene, enes, entene and m xtures
POf G ik L By GG e ot e e Bl B
nown to those skilled in the art. Additi onal

of &&8@ qup}?yﬁlt qilariof pelyethyiens Blyerl GRYISE pipalgrylar veight gt 500-1000,
pol ymers of al pha ol efins having the proper viscosity

dicup etonsd pplysepienesyrohbavies Hyaioular HOBHE 1008 ks Mthele.) or
hydrogenated Iiquid oligoners of C6 to Cl2 al pha

magioe fnidgol gaadivxylc eftas thexafiplod,as,fodexmepts, thei avetic estins tnkised
class of useful synthetic lubricating oils include,

Cs Tt faiy acid edters, dfithed;;0x0 acid dipdtand tendethglepebiyoel s, i.e.,
hor nopol yners, interpolynmers, and derivatives thereof

whengt hitfhdr@la3t BRhseRY Syrdhatc herebidsy FRVEIRES But@ehétilRaled
by, for exanple esterification or etherification.

ougfp]b ﬁﬁ@xﬁ%%@i@g bl ?ﬂth@ﬁ’c 3dE sBédirfic 961@%5}@@%011110 acids,

ynerlzatlon of ethylene oxide or propylene

aﬂ%ﬁ#fldS%CCI}l Ia%cﬁlls K’XLIC% ggldp&%%}/cl acﬁ% Qtﬂi{e?lﬁ %Pd &?&(ﬁc acid anc acid,

enep ynef y proﬁy
[of0) ng an aver. ul ar [
adf %%5 1 wear?ﬁ Yo s SES %“Wﬁawgafld%oﬁ Ak Bgnic
nol ecul ar MEI of .500-10 t hy,
acids, %TWF@ 9@6‘1’11‘12%9 £n gutgl %ﬁ‘%@& st lgﬁfb%qcyl alcohol,
1, 000- 1, 500, etc ) nmono- and polycarboxyllc esters

2-¢thdheoi aksold, %hyleﬂftﬁl}’%& ahghndene glgcod moppeth@sprapylengglyeq), etc.

C3-C8 fatty acid esters, or the Cl3oxo acid diester of
Speeitic axdrpylbeofchegeyestols. include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-

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.

Esters useful as synthetic oils also include, but are not limited to, those made from
carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,
methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol
propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the like.

Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic

lubricating oils. Specific examples of these include, but are not limited to, tetraethyl

11
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Yet another class of useful synthetic lubricating oils

i nclude, but are not limted to, the esters of
waele@anxyl i c acids e.g., phthalic acid, succi PCTUSOE04261

al kyl succinic acids, al kenyl succinic acids, maleic

acid, azelaic acid, suberic acid, sebacic acid,

fumaric acid, adipic acid, linoleic acid diner,
mal oni ¢ aci ds, al kyl malonic acids, al kenyl nalonic
aci ds, etc. mnth a variety of alcohols e.g., butyl

RS Shar UM A S BT
he)gri)tsg%gtgr tg‘gg l&%f@?ﬂ]i}tﬂﬁlp§?ny§all ngffF Ié1%xy Z((%-%eﬂe}g'l- qlfaenttct]xe ?(‘iaisﬂoxane

di (2- et hyl hexyl ) sebacat e, -nhexyl fumarate, dio
poly@petbisloxaies.rabmpt Yh)élémdiséoxaéﬁa %@j@&lﬂwaﬁtﬂl é{?feother fiseful
di octyl phthal ate, didecyl phthal ate, dieicosyl
synslettia delireatindeil Pinelutig Ibutarg moidimitedeo, lixfuid esters of phogpliagous
di mer, the conplex ester fornmed by reacting one nole
coradinBighails ce.@ciridreaylt phokplateroloetyl pliospledte, akixdthyl lestaroifleyawl
and two nol es of 2-ethyl hexanoic acid and the |ike.
phésphRhR A&k btel, paBmyio st drofirds aad 8@ likec ude, but are
not |inited to those nade from carboxylic acids

havirhg lLfbh@mr%QQHhay’*sbé QiR Homhgr SRR OBARAR r¥efifled oils,
al cohol's, e.g., methanol, ethanol, etc., polyols and

elﬂpe? InXﬁﬁlral estygﬁlreﬁc 31“1911&1 e g‘f%gﬂ ke 91} SIQ)E ?he%é %)f‘f‘ﬁts e Qisclosed

pane, “pent aer yi pent aer yt Ito

herg (?Tnet e}ﬁ;frgfﬁryeg' tfl‘%‘ﬁfe tﬁos&ﬂ %e&yc#fr%btly%r%h%%ﬁﬁ ?gyrﬁhétﬁ source
L e B R s

Iubrlcatln oil.s.. Specific exampl es of these_include
Expgples pEuystingd; qﬂstu@xau({e@buttaéq ]il(&élfl‘ﬁg?ﬂ &9, [3shale @11 obtained dlrectly
tetra-isopropyl silicate, tetra-(2-ethylhexyl).
frogi fetagtin@opar&itons,-§ pptrﬁ{;p@mwm@t@mgd irecily ﬁp@ distillation or an ester
tetra-(p-tert-butyl phenyl)silicate, _
oil ok ieyred(Mrentby fryin-a2-epterificatiph prissoxamhef which is then used without
pol y(nmet hyl ) si | oxanes, pol y(mnethyl phenyl)sil oxanes,
furgted trefheht. KefinSl bll$ angeimilir iethe usefitikd 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
example, solvent extractions, secondary distillation, acid or base extraction, filtration,
percolation, hydrotreating, dewaxing, etc. Rerefined oils are obtained by treating used
oils in processes similar to those used to obtain refined oils. Such rerefined oils are also
known as reclaimed or reprocessed oils and often are additionally processed by
techniques directed to removal of spent additives and oil breakdown products.
Lubricating oil base stocks derived from the hydroisomerization of wax may also

be used, either alone or in combination with the aforesaid natural and/or synthetic base

12
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synthetic lubricating oils include, but are not

limted to, liquid esters of phosphorous containing
w@eood®792e1g., tricresyl phosphate, trioctyl phpephst0e5/004261

di et hyl ester of decane phosphionic acid, etc.,

pol ymeric tetrahydrofurans and the Iike. The

| ubricating oil may be derived fromunrefined, refined

and rerefined oils, either natural, synthetic or

m xtures of two or nore of any of these of the type

ed her ej ab Ve, t ho
stofsy e s Rt E O Ko dltkE bt v dloi SRRl P ot e
coal , . shal tar  sands bi.t umren i t hout
@wﬁwewwwgﬂ oLV &Y Plen@zlgﬁﬁ%téﬁym%f
unrefined oils include, but are not limted t
shaNatugalwasss ate feicaliy et agk wasenicreYeed b}h@e éﬁ@?l&tdpwgng of
a petroleumoil obtained directly fromdistillation or
miggraledlsesyndietic ghaxed avetypivale dielwaxfaretncadh by thediischpc Bropgsh
process, each of which is then used w thout further
processat ment. Refined oils are simlar to the unrefined
oi | s except they have been further treated in one or
mor Eh@shcbhd e@hipanensefaRscongposipholeein iCatdéasti®iedubricating oil
properties. These purification techniques are known to

ad&lh@é@hﬁﬁ c8Kbé hny Predciy RidwipttdaterisbtfRredl1aitie¥ asdlif

sol vent extractions, secondary distillation, acid or

for_ ga?gg )rﬁetg?:lg% gg)&l oy é&sftﬂ)‘hb gtﬁée lﬂﬁngéréebgtro]g Hchtw%s fglrr 1ése herein
11103%1%%1{‘3 %96 11%1%@% %%tl(?}é? n élalll I\x)leél a@é&g ecise‘?e? §I gr?giégsrm 21

W N e

directed to_renoval of spent addltlves and Oi
a2 MUHORADQH BRISAI0YT PRIhePEcstanganfifparyigg asdity, crsolvents,

derived fromthe hydroisonerization of wax may al so be
padkegeicorapatibdisers) emeosiop-inibicegpinshiats dwpergpitp, dyge extreme pressure

af oresai d natural and/or synthetic basestocks. Such
agamdsandsberbka el mixturesthpreofl Udweaseb yvill taguire the addition of appropriate

hydr oi sonmeri zati on of natural or
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.

Alternatively, the lubricating oil additive(s) can further contain a diluent oil to

form an additive concentrate. These concentrates usually include at least from about 98
wt. % to about 10 wt. %, preferably from about 98 wt. % to about 25 wt. % and most
preferably from about 97 wt. % to about 50 wt. % of a diluent oil and from about 2 wt. %
to about 90 wt. %, preferably from about 2 wt. % to about 75 wt. % and most preferably
from about 3 wt. % to about 50 wt. %, of the foregoing additive(s). Suitable diluents for

the concentrates include any inert diluent, preferably an oil of Iubricating viscosity such

13
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synthetic waxes or m xtures thereof over a
hydr oi sonmeri zation catal yst. Natural waxes are
wo ysoad2ly t he sl ack waxes recovered by the soP@BEDNBE2005/004261
dewaxi ng of mneral oils; synthetic waxes are
typically the wax produced by the Fischer-Tropsch
process. The second conponent of the conpositions
herein is at |east one lubricating oil additive which
can be any presently known or | ater- discovered

ditiv ed i bri cat
os Siripoetly Grese dhes Faite %ﬂeﬂ@ clg 58 el P siiceptope e be
herein include, but are not [imted t ant | oxi dan
reagly imiggchyith g&sxcgtlngj@@éP GERES l%tq%tl%@lﬁe%?osa@%r %@W@Eﬂ
rust inhibitors, dehazing agents, demnulsifying agents,
lubyiseting eidstbeti may bovesed gediluentsioan be PBROhBEIUPTGHIES VISERFHLY-
poi nt depressants, antifoam ng agents, co-solvents,
pac Exgmphes wp artidxidaintsandudes butraps g diniitedith anonis typgs, figss
di spersants, dyes, extrenme pressure agents and the
diphekglamin, photiyl+alpia-hiygh @ aininGNeNsdG@wilpHenylp guines anbhelkylated
addi tion of appropriate thickeners. A variety of the

ph bdd HeSirRESHHEAGIYE sadhchsCRIBRIEIaI BT avaichigphiederdhaiel
ditives, or their anal ogous conmpounds, can be

phlsﬂ(gé Qxads szsr ait taﬁ HREZRRRAL b B1i drt-bitg1-¥RFds@USd 2,6-di-tert-butyl-4-

ricating oi | conp05|t|ons her ei n. Alternatlvely
t ht I fugt "
CHBsAf e R R SR U & e
ﬁgytr tes usu g |nclude at | east fron1about 98
GBI IyETe © 9% preferably from about 98 wt .
@6to about 25 wt. % and t . preferabl rom about 97
gqg@étantg@ewgen% @Flug é'l’fef ye Hthe Rd?® om about
mﬁ. Wbto about 90 wt. 9% preferably fromabout 2 wt.
dlw}@cyldlt}algg]@gsphgewnd Z!’G%‘h%}'}’mglopb‘PS@ halPsais|Sy 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.

Examples of detergents include, but are not limited to, overbased or neutral
detergents such as sulfonate detergents, e.g., those made from alkyl benzene and fuming
sulfuric acid; phenates (high overbased or low overbased), high overbased phenate
stearates, phenolates, salicylates, phosphonates, thiophosphonates, ionic surfactants and
the like and mixtures thereof. Low overbased metal sulfonates typically have a total base

number (TBN) of from about 0 to about 30 and preferably from about 10 to about 25.
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fromabout 3 wt. %to about 50 wt. % of the foregoing
additive(s). Suitable diluents for the concentrates
wo p@sode7any i nert diluent, preferably an oil BET/US2005/004261

| ubricating viscosity suchas, for exanple, a base oi

as descri bed hereinbel ow, so that the concentrate may

be readily mxed with lubricating oils to prepare

| ubricating oil conpositions. Suitable |ubricating

oils that may be used as diluents can be any oil of

| ubri_cat osity. es of . anti oxi dants .
Lowyetiresd B! iR erq el Silfpien e b BuSwainghe art

dlphenylan1ne phenyl -alpha napt hyl - am ne,

N, NEgpmgler of ﬁﬁb@}b}t%wﬂé@e bafr?ae Botlippitaddey nonionic

henyl ene-di am nes; phenolics such as, for exanple,

polyeryalisyiend anisye i pelpreetiides leupiefisr. oobesyetaden higher

2,6-di-tert-butyl phenol, 2,6-di-tert-butyl-p-creso
alcahal &he; philydgethyleae ybny4phe@§21— alodrydol Rrxpetbplanooaylpdnyh ether,

sul fur-containing materials, e.g., sulfurized olefins

poBjoxgahyltse ¢udl stdagyl bihkg parydxyeﬂxﬁlweeﬁe}n bthe€ pblyokyeligdes

of antiwear agents include, but are not limted to,

soPbitBEmehashdaydtél i doRjoR PARFIBNAI S toR RfdnddlBae, and polyethylene glycol
dlaryldlthlophosphates e.g., those descrlbed in an

méHobleGte® T.t@ Y BRI arfil otfdr- é‘atéﬁ%c'l&sl 8darb 58/ Fi@@%ﬁé@l &%gsmfﬁi? acid

emcal Structure an ecflveness of Some Me
| i O
syl ?@t%ﬁ%&?ﬂ%%ém%?ﬂacp%éﬂgi@?ﬁ% o PR BB e polytyaric
alcggoli 8% spg?xgjﬁ sgeﬁgg% L 9i2rg ﬁlﬁ(%gﬂggéﬁ]ﬁ%? gggé %al%%gees%ers thereof and
sul fur- contalnln esters pgo qu compounds,

mtfﬁﬁeé‘ro%’iamé% FvaRvesitheedic H‘?%’i%?t gg; “é?ltﬁlyl

sulfides and the |ike and n1xtures thereof Exanpl es
dinsmyeplthglens $lfoneies @ad thedikegpd mipgres therqodd t o,

over based or neutral detergents such as sul fonate

det dixgmptes of Eiagion nmddifsers mathde,fhubae alokniterbioz allvexydatel] fatty

fum ng
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 C4 to Cys, preferably a Cg to Cps, and most preferably a Cg to
Cyo, fatty acid ester and a nitrogen-containing compound selected from the group
consisting of ammonia, and an alkanolamine, e.g., those disclosed in U.S. Serial No.
10/402,170, filed March 28, 2003, the contents of which are incorporated by reference
herein, and the like and mixtures thereof.

Examples of antifoaming agents include, but are not limited to, polymers of alkyl

methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.
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sul furic acid; phenates (high overbased or |ow

over based), high overbased phenate stearates,
w@b@sorares, salicyl ates, phosphonat es, PCT/US2005/004261

t hi ophosphonates, ionic surfactants and the |ike and

m xtures thereof. Low overbased netal sul fonates

typically have a total base nunber (TBN) of from about

0 to about 30 and preferably from about 10 to about

25. Low overbased netal sul fonates and neutral netal

PSR P b e
, e.g., ) hyl I .
LSRR IS 8B BOLRPLN 05 LR

pol yoxyet hyl ene nonyl phenyl ether, pol yoxyethyl ene
anlaydrideiphleasid nigegrsrconpperydsajestady i an thegreup consistig of

et her, pol yoxyet hyl ene ol eyl ether, pol yoxyethyl ene
susdriipides] capmxyli¢ ecid atmedes poidyaashat mphesmanesphyirpesrbyl

nonool eate, and pol yet hyl ene gl ycol nonool eat e;
poBamarescMamiich bavds, phbghohahidys, ddogtesplonaaidennyd plosphoramides;

acids; netal soaps; fatty acid am ne salts; neta
thigalldss e.8f, 2/ditr&iiol NBUGhRAdIagsled) aletdaplobe@otiapldsandci d

ester of polyhydric al cohol; phosphoric esters;
defiviRed MeRBENiaRN&eOY] aRYREAAIR 2AE baTotriRAs16d; BbpSt§hne Svhich

t hereof and nitrogeR-contai ni ng derivatives thereof;

t i | . o . :

coigt%ﬂl J' l#]og(gﬁa{t%«gﬁcté{* with ér}%"b‘filtn‘f‘o?e ac?dlﬁongl ?ﬁ&elaf{u?ﬁlé)néﬁqgludmg amine,

I'nony ene sulfonates; and 1 e |
o e Pl G AR e AP B e B
Coa y&éﬁ@%ﬁkﬁ@% gﬁ%@ﬁ%{ gﬁ"%%;ﬁg{eg‘{ﬂt@%iagq@os h tg)?t?sg‘aers of the

fatty am nes, netal salts of fatty acjds, fatty acid
abayg {yagtiony pyt e dike gad gygurep 8%65%0&% %’éfﬁ%‘t’esé’z hepe ,318%%?11“,

fatty imdazolines as disclosed in U S. Patent No.
e.%5, Widteddigpersants wohaebersted sussfniigiiegrand ehylsnp sarhorate pyst
reference herein; friction nodifiers obtained froma
treated Ghi¢odmnmpdes curt alsaf beausedh Prefc@iBy, the dtmrabtsyarapddyaligylene
C24, and nost preferably a C6 to
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
advantageous to conduct molecular modeling of proposed compounds for use in the
compositions (i.e., formulations) to determine which compounds may provide potential
leading candidate compositions. For example, calculations can be carried out involving

such factors as, for example, transition states, bond lengths, bond angles, dipole moment,

hydrophobicity, etc, of the compounds. This can be carried out using known software
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C20 fatty acid ester and a nitrogen-containing
conpound sel ected fromthe group consisting of
wapovsore;7 and an al kanol am ne, e.g., those di SBCDESI05/004261
inU S. Serial No. 10/402,170, filed March 28, 2003,
the contents of which are incorporated by reference
herein, and the |ike and m xtures thereof. Exanples of
anti foam ng agents include, but are not Iimted to,
pol ynmers of al kyl nethacryl ate; polynmers of
i met hyl silicone and the.like._and.m xtures .
sudty B b Py sengh Mechrue e e S AL R SauRiospuy
ﬁre hot limted to, polyal kyl ene succinic anhydri des;
Cafif¥0ia)t r ogen contai ni ng derivatives of a pol yal kyl ene
succi ni ¢ anhydri de; a basic_nitrogen conpound sel ected
fro ﬁpftwereg%%s dewige pEtestdiprasies sprclq wiediteidasiandhe erésipali ¢
aci d am des, hydrocar byl nonoam nes, hydrocar byl
coppbyaitesidibrarivh haded lonbigme §onpthe §pkgniegedesmental program(s). This
t hi ophosphonam des and phosphoram des; thiazol es,
software ca b&udidne effiwjindy|deS gt tebtHitaaicazlodt esyer the desired
nmer capt obenzot hi azol es and derivatives thereof;
expdrinde @il 8face@nd utilizd ddisticdl ZpdrESentdl dedignzmethblda 20thessoftware
copol ymers which contain a carboxylate ester with one

caRthelDE Ssitd iah419NAhe R Foni R Gkp@nentd WaldedBE et MRt with the
amde, imne, imde, hydroxyl, carboxyl, and the I|ike,

e E R e
o SR EUAT AR L G AR b OB g
SUSETH S BN TBI b POLT® P B SIS T AT TAICRU ) D U
be used. Preferably, the dispersants are polyal kyl en
QAR erogramues they pe/sed by Hin soffvigea tp Gsisn sypetdpsiicppiprmad test

succi ni ¢ anhydri des wi th pol yal kyl ene pol yam ne.
libraries for further screening.

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
compositions, as decribed hereinbelow, and then further analyzed by way of, for
example, regression and analysis technologies, using known software, e.g., C?-QSAR
available from Accelrys (San Diego, California). In this manner, validation of the data
obtained from the molecular modeling can be achieved and then this data can also be
stored in a data collector. In this way, new compounds, conceived by one skilled in the
art can be checked by the QSAR software to predict their activity prior to their actual

synthesis. Additionally, such software tools may be utilized to prioritize a list of possible
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If desired, prior to dispensing the at |east one base

oil and at |east one lubricating oil additive to
w@e@3iote7t he conpositions herein, as di scussedPCT/US2005/004261

her ei nbel ow, it canbe advantageous to conduct

nol ecul ar nodel i ng of proposed conpounds for use in

the conpositions (i.e., fornulations) to determ ne

whi ch conpounds may provi de potential |eading

candi dat e conpositions. For exanple, calculations can

be carri.ed out involvi such factors as, r.ex =
conioafih brifh oSHterel B Bl BE Preh 2 Bl lellea & B R S
no t, hydrophqQbicity, etc, of the conpounds. This
lmvﬁéﬁgggﬂ@gﬁpLgﬁygﬁ?“ﬁ?éhg known sof twaresuch as, for
exanpl e, Quantum Mechani cs_avail able from Accel rys
( SaReforagononc FiSe d mmagxamply ehAsyaiemde prayidedhe fogegois
test libraries can be used to design the origina
congprspisums dn theplurhlityrod réspectiva sestireoeptaatgsiis géneeaitytilestrated as
foregoi ng experinmental progran(s). This software can
systoen UGE dR¢mesehifaiive efithisysystesi agd nieistd fbr pwoaidiresth¢ Fratgoing
cover the desired experinental space and utilize
confdaaitichi i€ te plucpietyioTesshadtive est goep®ildrdsisne @kdi6ded in co-pending
software can then be used to anal yze the data fromthe

U.sePagint ABplhicutiah SeGaMNE 181699 K@ tfilseéROMbE 31N20Bt fnd GhiMl &l
of the conpounds and/ or conpound treatnent conditions

“Hléqlii’ﬁ@{m?@iﬁ# F%Eggktélzgﬁsofﬂ%ﬁ@%&gg@@ﬁnéOﬁ/ﬁQ)SITIONS

en rererre ortware ntitative

roREHSHNRHN SRS T AR A i

be use the software to desj ubsequent c oun
sssiet MRpIERRD PR s co RS PRIED S b oG S Tefprence

SAR prograns can add to the efficiency. of screening.
herog. Hhisdo fapadersoedihpidhe pepsent iwsntiegaropbigHediedhis gystem and

beconme nore efficient at deve[oping _ o
that other systems can be envisioned for providing the foregoing compositions in the

_plurality of respective test receptacles.

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.

Tubular line 111 is a conduit for communicating the base oil B to nozzle portion
113, from which it can be dispensed into a selected test reservoir, as described below.
The amount of base oil dispensed is determined by metering pump 112, which can be

computer controlled.
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conpound libraries wth increased probability for
findi ng desirabl e conpounds. For exanple, the
weeowpoumds anal yzed can be formul ated i nto varPOLES2005/004261
| ubricating oil conpositions, as decribed hereinbel ow,
and then further analyzed by way of, for exanple,
regression and anal ysis technol ogi es, using known
software, e.g., C2-(SAR avail able from Accel rys (San
Diego, California). In this manner, validation of the

dat & .obt ai n f.romt | ecul ar el an he ...
acn TUG ARG ARG RGBS EPR g Raigre A o
data collector. |n this ,_hew. compaund concei.ved
nogle REFHOR ki (0 WHCRAEaR PF GISRAISGA T A RGO 7 TRTYRIAR
software to predict their activity prior tq their
desgaberhelayn The ameunt 4f fybricating 9il additijeiispgpicdds detergyned by
may be utilized to prioritize a |list of
metpsiggipbecidRpwbic glsb sim be eanRitereoatotlesk Copries pregramps and
such a way that one skilled in the art will have a
systengghfer aytomiatdllyirhgteding predateressed dRefuatsraf meptertals ingcéord@nce
1, an exanple of a systemto provide the foregoing
withQrfaesidetediBototol tabekdivar ialthd tt Bfd daabpeesdd hegeihest
receptacles is generally illustrated as system 100.

Repigsa8s a3 MR 198 atdprefcsabty BI0IRGroBMRY do Rk bie NI BlAHY
the foregoing conmpositions in the plurality of

RO 8 fFHn SRR s BRSOy i

o G S5 B A P 2

COVPQOSI TI O\@PIF(R 1O(J\%} NATORI AL LI BRARI ES" eby
can GRS gD ehagnel BiRdeioh 7R 87 ROESHHBE HEdinee wi th
the present application, the contents of ich are
i ncagﬁéﬁ?%‘i?]édl gog é%%?a@ﬁo&émagr@?wet {Ontigngly, gore than two
understood that the present invention is not limted
vesselstchi be syplornd- alMgtering pumph aritabledpryss ip Hig 1pgention are known

envi sioned for providing the foregoing conpositions in
and hemmercially 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 base oil and additives. The
recesses provide test reservoirs wherein each reservoir contains lubricating oil
compositions of a different and predetermined composition, i.e., the percentage and/or
type of base oil and/or additives in each composition will vary from one reservoir to
another. 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
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plurality of respective test receptacles. Generally,

vessel 110 contains a supply of the foregoing base
w@Rdos/ 0271 ubri cating viscosity B. Vessel 120 cpor/aszees/en4261

supply of additive A5which can be any of the foregoing

addi tives useful for nodifying the properties of the

base oil. As one skilled in the art would readily

appreci ate, one or nore of vessels 110 and vessels 120

can be used when di spensing nore than one base oi

and/ or nore than one It.ive, respectively. Tub r
confitte et b M-« FPOF TS AT LAs endF e bl 0P 1B

to nozzle portion 113, fromwhich it can be dispensed
13%dn} 326, axeoillevates inddQ. h.omupipsber ofgesewin crbbeicrpRIP g herein.

The amount of base oil dispensed is determ ned by
Fotrpspeplentie system tarpemplay 20, WahOher exshpuare fest receptacles and

control | ed. Tubular line 121 is a conduit for
sangpdermasneqaétdadng the | ubricating oil additive A to nozzle

portion 123, fromwhich it can be dispensed into a

sel Tht adlitiésd réseseiry aicradagisd teisdd rdhkaivelyainail. amboats of

anmount of lubricating oil additive dispensed is

lubHl84t 8D QnI%E. MBHeBhmPI sPATR edohdesetiifdhnHefigrallplbe loss than
conmput er controlled. Conputer prograns and systens for

abcdat' 56 1Rt #)&ﬁilrilﬁy thﬁ)gé 190 BH KA 2D &1 MR RS ARY o t8in about 15 ml,
materials 1 n accordance wth a presel ected protocol
re kn i h r i
o S AU b B SR Bl Mo
mlbase oil B and additive A can be sinultaneously
'di spensed in a test reservoir. Alternatively, base oi

B and additive_A can be sequentiall ed to the test
oo dig Gt Iamph 3 aad feeny v Mgt 2470 g iablEfe bR o
mul ti channel pipette or one or nore syringe needles. )
onenwthess fdthough manyal mpyemenpf e war@FuSée/@a%@a%mem operator 15
Optionally, nore than two
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
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 o0il 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.
A metered amount of base oil B and a metered amount of additive A are simultaneously
dispensed 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
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vessel s can be enployed. Metering punps suitable for

use in the invention are known and comercially
war@sioanie. I n the event that highly viscous |BGr/USENS/004261

base stock or additives are used, the vessels 110 and

120 and/or the tubular lines 111 and 121, netering

punps 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 mat eri al

e. g. ass ing,a pluralit cesses 132 r
acidsfodh tnflgT e o0 L R LR b epidhndh i B A TR e frgedule of
recesses provide test reservoirs wherejin each
Van.aeg%wga thattha fubrigame pik ingggesh P 2bihes e GBS PPRYagt a
different and predeterm ned conposition, i.e., the
conppepisien of gadisine thon thay peregessdase nﬁlq paiier s Fepgefad a9 the sozies
each conposition will vary fromone reservoir to
113zmdt1B3 are Qpuentivdlly lalignddheith theencessiee egssésd 3Radi3ed,.dudl132e
receptacles (e.g., test tubes) nounted upon a rack,
so thitshelackecefs e apgedeat@iirdcomposititl oflkbriftief eflabl y, the
test receptacl esconprise transparent glass tubes.

Whi TiR ddiMSoreBS N MR B Sre preRrably &MESH&BIn M RsertaiRtby mixing, for
132c, 132d, 132e, are illustrated in FIG 1, any

exaHi)-% S }'r a%{tatﬁcﬁls&f NOfrhiBe §81) spa%c ?ﬁmn%)’ﬁglvlikﬁfaﬁétﬁnné: 8f the contents
exa e the system can enpl oy 20,7 50, 100 or ®even nore

of thg%ger.(lgﬁg @ﬂl@&iaﬁﬁalad}qnasg%gm ?c g)eagl%lﬂ 'bg %ﬁbdbhl:%qhe reseryoir with

reservoirs-are a Iatlvely
ST b By B S P 5 EO
o 1 B Bl b o P 80 e g
a nq%gpggl{q?m{apr}g:g@ Sg 3¥dm}vgerr§m baars]éj oi\f ]%t anrc{%iigltwg(g)f graraebrlngtelne(c)l into the
mixing chamber and then dispensed through the nozzle into the reservoir.

Once the plurality of receptacles have been provided containing the lubricating oil
compositions, the plurality of fluid samples can then be analyzed for compatibility with
an elastomer, e.g., elastomer tensile strength measurement, elastomer elongation
measurement, etc. Elastomers for use herein can be any can be any presently known or
later-discovered elastomer for any and all such applications. Examples of such
elastomers include, but are not limited to, olefinic elastomers, e.g., polyolefin elastomers
produced from, for example, copolymers of ethylene and propylene (EP), terpolymers of,
for example, ethylene, propylene and a diene (EPDM), etc.; styrenic elastomers;

polyacrylate elastomers; poly(ether/ester) elastomers; natural or synthetic rubbers, e.g.,

nitrile rubbers, silicone rubbers, neoprene rubbers, etc.; elastomer seals, €.g., Viton®
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The test frame 130 and di spensing nozzles 113 and 123

are novable relative to one another. Although nmanua
worenws/ea2y7 of t he apparatus by an equi pment opePErL/082005004261

within the purview of the invention, robotic

mechani sms Wi th progranmabl e novenent are preferred.

I n one enbodi nent the test frane 130 is nounted. upon a

slidable carriage novable in a |lateral and/or vertica

direction so as to sequentially position a sel ected

recess unde e dis en0zzl es 113 d.123.  hi
oy eI SRBOR AEHOT ea HOSs OGS i a7 B8 1KE A ixtures
optionally the vessels 110 and 120, are slldably
thepaefabl e | ateral |y and/or vertically to acconplish
positioning of the nozzles 113 and 123. ma testing
pr oBeftoning nove gsldiGs 2,14 §ystemal for 26quanidallyi ankkydingiathureliy of fluid
sel ected lubricant base oil and additive(s),
sarfisispfor elag@iner coheatibljtisdchamatically dtstratédOThessampleddan include
such that dispensing nozzles 113 and 123 are
lubRiestidd ANESmERM6As Bdtaihihg@dnk GRHBRL bask bills &GRS or hivg@lubhcating
net ered anount of base oil B and a netered anount of

oil %Q&*ih%sV Such R NFos® 1Bk @J‘Eé%b&%' k2090 %@&hbﬁhﬁ’caﬂ? G®erated
2a. fthe di spensing nozzles 113 and are

Whteﬁﬁ'{ ﬁﬁiﬁ A i{t%g g%lsgtbg%eﬁlf dte %uh d% 5 Q&M W 2 #ré?&n 200 is

next rec nmetered anounts ofa
or base

afveriihedicenadim O Rl B 90, g*rn%%?‘ﬂlwl%f e sampl
ting oil ecess 1 a diffe
s R (oG8 S ORPESTY T oD P 3@1&% 7Pl 1 Rapreped amay in
recess 132a. The pattern is repeated as the naqzzles
holder? by gr mpry %rﬁ%r@%q%mvuaﬂ qn gt ying anagk pgrogigied with it. For
successive recesses 132c, 132d, and 132e so that each
examaplesuch test romtadel Kr mniedudaanidenityig bar cadaBd 3 affeed tp the
oil. The conmponents A and B are preferably conbined in
outehaurfaes érevanfr & tmy codexdiendsr 225 is msaivpédso dpyto hgiablattd mad dfe
the frame 131, static mxing, individual stirring of
indiVidugl ®at ediles 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
accordance with selection instructions from computer controller 230 and move the test
receptacle to a position in testing station 220 so that the sample in the receptacle can be

measured for elastomer compatability data. The robotic assembly is also adapted to grasp

the elastomer (not shown) to be tested with the lubricating sample in accordance with
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of the reservoirs (mechanical or magnetic stirring)
and/ or by bubbling the reservoir with gas, e.g.,
waedaosogen: Optionally, base oil B and additi vefP&l/useoonmm4261

be conbined prior to dispensing into the respective
reservoirs. For exanple, a single dispensing nozzle
havi ng a m xi ng chanber can be used, wherein base oi

B and additive(s) A are netered into the m xing

chanber and then di spensed through the nozzle into the

servoir. e the plurali cl es, have been
Seleﬁﬁ% namb?ﬁ@alﬁ%m%p Prrofppist 3b shg 50 i fopgostion
. the ura sanmpl es can then be anal yzed
in tsgiie &%W?@ 5P rlla{/tee\ﬁu%aqofatﬁ e eipsiamgiand saplg can bp satishapt. The
tensile strength neasurenent, el astoner elongatlon
corpRies GPETabkar 2383&:01)69%(&%@%%@&1% sentrady iejthe whatipassembly
can be any presently known or |ater-discovered
viagpuien sigeal Fosmassiondmg 231 ito saledtivelyptiricwnt predecrnEnediostes
of such elastonmers include, but are not limted to,
recgitetasiand el aainorefes measxgemem@hgi theafreplae thah dmrthes assigned
produced from for exanple, copolyners of ethylene and

respucORYpBNio s Bthe Hoddepol yners of , for exanpl e, ethyl ene,
propyl ene and a diene (EPDM, etc.; styrenic

el apdsanedaiioR by ﬁféfu\d’e@ﬁ@arﬁ' t@ﬁtte&ﬁ%rtﬁe 1Y BF BRIORPhEility

el astonmers; natural or synthetic rubbers, e.g.,

W1tH Ia1t1 El'aét@rrél“ bﬂ%t%me? b+ﬂlﬁé%i%ﬁ1t§z HQQ %s%ﬂt fﬁﬁe st Ere cUMe& 1o an

astomer sea pol yne

e dg%é%%@ssﬁéﬁgo%ﬁ@%ﬁ% i
nlfor se tially anal aI|t f
corfplif o EHtowS mrsamedts Seaee! comaub by ey g Kiowh fnf
schenatlcally illustrated. The sanples can |nclude
generaly inelide nibisiching tesaaple; te skastonist a%ftdﬁlg% Rendifiongspg
base oils and one or nore lubricating oil additives,
measytihg the elastrrerompatibility, Rar lastongy tansils stepgthgneasurement,

schematically illustrated
elastomer elongation measurement, etc, of the sample over a predetermined period of

time.

For example, in an embodiment of a test method for use herein (e.g., Volkswagon
PV 3344 Viton S eal Compatibility Test) the elastomer specimens are immersed into a
sufficient amount of the test lubricating oil composition samples, e.g., a volume of
sample:volume of elastomer of about 50:1 to about 90:1, at a predetermined temperature
for a predetermined time. If desired, prior to carrying out this test the elastomer
specimens can be thermally conditioned at a temperature of about 100°C to about 200°C
for a period of titne ranging from about 20 hours to about 60 hours to drive off any
moisture which is readily absorbed by the filler component of the elastomer as known in

the art.
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wherein an array of test receptacles 212 are nounted

in a holder 215. The system 200 is adapted to
waewsonndat e any nunber of test receptacl es 21PCT(/a8INNS/004261

sanpl es). Each sanple is identifiable, for exanple, by

the position of its test receptacle in an ordered

array in holder 215, or nore preferably by having an

identifying mark associated with it. For exanple, each

test receptacle 212 can include an identifying bar
codih213 ffixe

th t
C o ineaRadusal etrstalite Pt ol $44dE ipanﬁl T wefifC e ad
envirgge%ga Vel Shnta g g s Rmsnd SrBs Stsbya ofainariy; ghgg fom

a conmputer controller 230 via a data transm ssi on
abOili heD°g2te abputeA 08¢ pamprefarably frgarabopy 125 o abaytt 800°Fh elhe test
bar code reader 225 is preferably novable with respect

is ordinatily condwbéed {21 & time pedsp ohatwut H0Ghairgieabofirdihhours and
conputer controller 230 so as to be positionable in

preferdlgp filmat absiut P0G abotted)Oilodisy iIfidmsired, abd testearn pt dcdkers up into
212. A robotic assenbly 250 includes a novabl e arm 251

intétw 18 whe bRt it caBed éﬂéﬁsﬂr@fﬂaceﬁhﬁﬂf Ohedh sampresaeb h ypdcific
adapted to grasp an individual test receptacle 212 in

tim8pEeAsLA aﬂ%e%himea%h 8¢ EHeQékuhQ ?Eﬁéﬂ? ttlhé%]a?stcfrﬁé}@p@&xﬂﬁﬁkt 426 then
controller 230 and nove the test receptacle to a

eva@.%%éc{ foP Bl fag‘{eg §(‘é}aﬁ£%ﬁﬁﬁe&a&n éZ Q a§f3n{eP fnsild \GreA3MRh G sinBment,

ecep a asur or el ast onmer
da%o ]agiam)¥%. ma er'lrhe robotic assenbly is al so
f eqng%s 8 §% Fﬁ% astoner (not shown) to be
tested e Iubricatin

i t FearE ¥’iﬂa‘?igﬁ-‘ii%‘[“iﬂifi?€?‘8i‘?§ e Ba e SEnaRef beplc by

230 and nove the el astoner_to a position . in %es I ng
moxing; the glastomes gpeenans (s tonfilp Wrenghdessing sl hers 2 tnsile

sanpl e can be carried out. The conputer controller 230
strngtlojsetriaravied putasgoitest sianilat thASEM P H arA YT R4UBoFPE:

assenbly via control signal transmssion line 231 to
exadgpleché vigdcimereis hile\vee eprhedd by rrgraspihgteeshanism (as discussed above

with respect to the robotic assembly) and stretched under a predetermined force until, for
example, the specimen breaks, and the tensile strength measurement is determined. This
measurement is compared against a predetermined tensile strength measurement (at
break) of an elastomer sample of the same material under substantially similar tensile
strength testing conditions (and this predetermined measurement is stored in the
computer library to establish a reference point from which subsequent elastomer
compatability data can be assessed for different lubricating oil compositions).
Additionally, elastomer specimens of the same material which have been
immersed in the same lubricating composition under the same testing conditions

discussed above are tested for elongation at break to provide further elastomer
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receptacles and el astoners for neasurenent and then

replace themin their assigned respective positions in
wo b@slood2der . Testing station 220 incl udes neanBCT/082005/004261

testing the sanples for the conpatibility with an

el astonmer. El astonmer conpatibility data results of the

test are converted to an electrical or optical signa

and transmtted via signal transmssion line 223 to

conmputer controller 230. Various neans for el astoner

co tibility testi re known. and eral |y include,.
corGRATHRLY AR eneEpiTE: SR S TS TR, DR AR a1 clotgation

condi tions and measuring the el astomer conpatibility,
testgngstatiq) wherghem olngationtesiis eaged oe & €updssbsimilar to ASTM

el astoner el ongation neasurenent, etc, of the sanple,
D2gV/epr ASBVeR41 B r Firresamplsy the pesimen iggeldrd cadveadply @, grasping

an enmbodi nent of a test method for use herein (e.g.,
mevimnkswéag aliscRised Bdelve\WitloresSetito o rgbatic biseinbly) Tebstietdhiaé until,

el astomer specinmens are immersed into a sufficient
forarmuple, i shédmbebicaks)id thatelodgatiun meneasnt is dbtermined. This

sanples, e.g., a volune of sanple:volune of el astoner

me@dur@B&itis é&h;fsar&cpa@hﬁua pRAetbimidbd loRELanaRirBReht (at break) of
tenperature for a predetermined tine. If desired,

an PlabtBhef iRk bY H3Yafd &na&ﬂaﬁuﬁcﬁ? Euﬂsﬁﬁtiﬁgaﬁfnﬂﬂieélongaﬁon testing

speci mens can be thermally conditioned at a
ner, b '

cogTRE A L Sadbiiie il bR thore ke o B R

t.Q. drive of f any.noist.ure. which i r eadi | ok bed
esiffisfpat frfice PO AEBRENET S RiEne sy B Rt R A o be

the art _The predeterm.ned tenperature can vary w dely
a“@%ﬁ%ﬁﬂﬁhgaﬁﬁ uﬁﬁ@%@%ﬁéC@ﬁWP%ﬁﬁﬁént bei ng sinui ated for

the el astoner and sanple and will ordinarily range,

f r oM desired, an assigned value of elastomer compatibility is programmied into the

computer controller for “pass/fail” determination. Assigned pass/fail values can be
selected based upon performance requirements for specific lubricant applications and
prospective operating environments. If the test sample fails by having an excessively
poor elastomer compatibility value with a specific elastomer, the test sample can be
electronically marked and future testing of lubricant oil 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
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about 100C to about 4000C and preferably from about
125C to about 2000C. The test is ordinarily conducted
wo evosa7e2rme period of about 100 hours to aboutPdD0S2005/004261

hours and preferably from about 200 to about 300

hours. If desired, the test can be broken up into
intervals wherein the lubricating sanple is repl aced

with a fresh sanple after a specific tine period. At

the conpletion of the testing period, the el astoner

speci nens .are then eval uated for .el astoner
exaft ey & P! Prpete-oRnOLSYRtem QTR gHiFt: f AT pthe o eral pysiom for
nmeasur enent, el astoner el ongati gn neasurenent, etc.
usedhgren), Flomptors ad coptiele drastystepiensi wakas regords the puiguts 9f each of the
tensile strength at break by noving the el astoner _
resis@é thednsts being cersigd e Istthis Mg hit beconien gossitde faghess interaction
wherein a tensile strength test is carried out, e.qg.,
witlap¢remek being atationed ASTH 102661 o6 theAgTbmDS iablé-data lines, with
exanpl e, the specinen is held at each end by a
whigh dspesudtsrof ciecnitsut) {saselDassougsladnalare mayt e tiasmeedd, ire
the robotic assenbly) and stretched under a
knopfmedet erm ned force until, for exanple, the specinen
breaks, and the tensile strength neasurenent is
det AR contHtBillTF Ay hESRAhg bathO? Weﬁ%o@iﬁ@h@%m@oed herein
predeterm ned tensile streng%h neasur enent (at break)
f | : : inal :
can®e sffedS aas‘{e?@i%é?lﬁnﬁ BL& Bhrdife £ L1 ﬁg%ﬁﬁ%lé@%qcﬁggge&l

substanti a ar tensile s

conditi.ons (and this predeterm ned surenment | .
congPifiah iRy, ANl s FEh ef B sEFBRHA LR ot to a signat
ref erence BoLnt from whi ch subsequent el astoner
data calSSPLBPTPESING 3 CYTRYRT BLPTQRQRS S dor syptem qeratignand control to
| ubricating oil conpositions). Additionally, elastoner
collggidhg daiay drogt the yariquestiayes ap sktepirddiering o b tipe dg compile the
imrersed in the sane |ubricating conposition under the
congrmpgoriab dubringting oidl comperstion 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/or lubricating oil compositions to the analytical elastomer compatibility
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
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di scussed above are tested for elongation at break to
provi de further el astonerconpatability data.

wa@eovsnzd2ly, the el astoner specinens will be noreTUSmORON4261
el ongation testing station wherein an el ongation test
is carried out, e.g., atest simlar to ASTM D2671 or
ASTM D412. For exanple, the specinen is held at each
end by a graspi ng nechani sm (as di scussed above with
respect to the robotic assenbly) and stretched until,
for exa r eaks, and

| h [ t.h | ongat,i or
oreiilige RN dapt O et ORI % o BGp i fesPdP e ana
corh e 14 WAL i kLGRS B Lt ot L Ao cppgsability

same material under substantially simlar elongation
mepBREENFHYS eByRA ¥sednkhiy tyae of snfavase isgelldmose tarihese pEfidlhin the

is stored in the conmputer library to establish a
artr ef erence point from whi ch subsequent el astoner

conpatability data can be assessed for different

| ubfWhiktthe gbavieldespiprios contains nany §peddies,rtheke sperifasshoriédot be

val ue of el astoner conpatibility is programed into
corisi@ed S RMitRTons @A tHeGhveRkioh But nRASH o @letnplifieitRmsbNpefepidd

Assi gned pass/fail values can be sel ected based upon

emBEHERABRG S0 THY L SARB SastdiMer SHRPhthbiGity 1885 bERHhan those
appl ications and prospective operating environments.

dedotibbd ferbfithn $8 UBlo hAliGe B AIAK BehpBn s B33 k1 pIRAREy of

el'astoner conpatibiFity value with a specific

2| astoner, .t S l roni.c .

e 0, B BRI U B B o
fornul ati ons hayi the sane ition.as the.s | e

Wit B o 6T e RGP FudHPBLEY H SRS GPRBped hapes.
perfornmance characteristics. By not retesting failed
sanpl es the system can be nmade to operate nore
efficiently, energy and tinme being spent only on

sanpl es whi ch prospectively neet the desired product
speci fications.
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If desired, the results of the nethod of the present
i nvention can be nonitored froma renote | ocation,

w0 2@5/07®71 ocation which is not in direct or atPCEES2005004261
vi sual contact with the system operating the nmethod of
the invention. A renpte |ocation can be, forexanple, a
central process control systemor room which, as part
of the overall system for use herein, nonitors and
controls the systemas well as records the outputs of

Eﬂﬁiﬁgi§;§hgﬁﬁi§§U|ts of the tests being carried out. In

. cones possible for less interaction

Wi th rsonnel being stationed af the |ocation of the
sysk e, atehan aataod (o sgreening Hibiipgting ollfomnesifipy sangles
the output, as well as control commands, nmay be

for pergpasifility evith elpsiomersvindepragtaoneqniieb wpapTising thostepa pf
regar di ng each of the conpositions described herein
can(aperositiongd plunality o€ diffietenh libridatingtrals@ntposipion gimigles each
conbinatorial lubricating oil conposition library.

sanflld @mipaisinie(iya majoe aspahterhaneygstione heatil dfdebhricating viscosity and
connected to a signal data collector conprising a

(ii) G QTR Ao Uit OF elet 68S Ribrit AingSyisddamveper at i on and
control to collect the data fromthe various tests

oV )ﬂBvﬁﬁL@Qﬁ@QﬂBﬁéHQQoﬁﬁnFi”E to conpile the
conbi hatorial lubricating oil conposition library. The

dat o : . :
o deLeEyERE RFeaGel G APL ATLEGIDI B P S1ekSner
us | en. t he, desi,red product streamvaries

CO“&Péggﬂl&f C\r{%agﬂr WP REPPPor s, When t he product '
requirenments ﬁhanagijggpr riate conbi nati ons can be
sel @ PERtEEIRe eSS fREPdEL| red product. Rel ationa
dat abase software can be used to correlate the
identity of the additive(s) and/or |ubricating oi

conpositions to the analytical elastoner conpatibility
2. The method of claim 1, wherein the at least one base oil of Iubricating

viscosity is a natural or synthetic oil.

3. The method of claim 1, 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.
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dat a obtai ned therefrom Nunerous comercially
avai | abl e rel ati onal database software prograns are
war@slanie, for exanple, from Oacle, Tripos, ROPS2005/004261

Oxford Mol ecul ar ("Chem cal Design"), IDBS ("Activity
Base"), and other software vendors. Rel ational

dat abase software is a preferred type of software for
managi ng t he data obtai ned during the nethods

descri bed herein. However, any software that is able

confoatEr BRI P % St obp RGP iaecicd fom th

information with the informatjon obtalned f
SHPLOEIERE 16 R PGS BicERs TS RAYER ‘?Iéeéfﬁg clgsfogners,
type of softmare is well known to those of skill in

polyigerylgte elasipmopss, sdwabmbbers casbetiptubbers cdtame seapagd mixtures
speci fics, these specifics should not be construed as
thereofi t ati ons of the invention, but nmerely as
exenplifications of preferred enbodi nents thereof. For
exanpl e, el astoner conpatability tests other than
t hose descri bed herein can be used to provide
el agl orRMmabsiet @dih 1, twhetkih thefad leattltBe Rlastoalet 1syan@astomer seal.
different sanples tested. Those skilled in the art
w Il envision nmany ot her enbodi nents within the scope
and spirit of the invention as defined by the clains

app& gﬁ‘g H&h&d ﬁfo g!-@oi Syt MeRtdoSf ndeasindi (84 elaTtomer

throu ut net r screening lubricating ol

comnpl:})ﬂr}/r 0 e?tgl?ngac dgn%e 3 I{l}%sg% ﬁ ;lrr?llg}Sb %' til %tneaw[ 6& e%s?tﬁltx%']? iy
B SRR PO 0 L1l bt 0400 s

maj or anount of at | east one _base oil of |lubricating
th@/re@@l&sﬁtﬁeygtarﬁ@dfer Plongatien,of theghastamer &g defernpipg the ¢ g@ﬁ@mer

| ubricating oil additive; (b) providing at |east one
conipatibibifseef the sample.

7. The method of claim 6, wherein the predetermined temperature is about 100°C

to about 400°C and the predetermined time is about 100 hours to about 400 hours.

8. The method of claim 1, wherein the elastomer compatability measurement of

step (c) comprises a tensile strength measurement or an elongation measurement.

9. The method of claim 8, wherein the tensile strength measurement is compared

with a predetermined tensile strength measurement of the elastomer.
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(c) measuring the elastomer conpatibility of each
sanple to provide el astoner conpatibility data for
weawbs/osanpl e; and, (d) ourputting the results pET/EEBPS/004261
(c). 2. The nethod of claim1, wherein the at | east
one base oil of lubricating viscosity is a natural or
synthetic oil. 3. The nmethod of claim1l, wherein the
at | east one lubricating oil additive is selected from
the group consisting of antioxidants, anti-wear
agents,. det er ge . rust inhibifors, dehazin
emIPS T e et ey 08 elomgom i A R 1 cotnpared
frlctlon nodi fiers, pour point depressants
withhg predelminsgechglengaion mpagiuemenitof thepkstoness.
conpati bilisers, corrosion-inhibitors, ashless
di spersants, dyes, extrene pressure agents and
m xtures thereof.4. The method of claim1, wherein the
at |ldasthe omhael efsiamel, vdiedl the fduffcridmg dibcanmsition test samples
consisting of olefmc elastoners, styrenic
haed astlamer npahott didnebbesitan) el ast omers, pol yacryl ate
el astomers, natural rubbers, syntheticrubbers,
el astonerseal s and m xtures thereof. 5. The nethod of
claim11l, wherein the at |east one elastoner is an

el ashorgy S8mld of@lal%gﬁ g{fﬁfe‘ﬂﬂ)gle %brﬁhﬁﬁ%‘%ll%eoﬂiﬂﬁﬁﬁh@estt Bfnples

step of neasurlng t astonmer conpatibility of each

ha‘sjg r}c%lr |ﬁ§0r ﬂjlamr he at | east one el astoner
he'sa a;nee ermned tenperature for a

predetern1ned perlod of tinme and neasuring the tensile
strength and/or elongation of the elastoner to

deter m'ﬁl% Iﬁer%ﬁode ofa ﬁalm r\,VhCe?eriIx.ll3 %tellu r}clattlgg oﬁ cgmhpeosmonqes? samples

have a volume of no more than about 15 ml.

14. The method of claim 1, wherein the lubricating oil composition test samples

have a volume of no more than about 10 ml.

15. The method of claim 6, further comprising thermally conditioning the

elastomer prior to immersing the elastomer in the sample.

16. The method of claim 15, wherein the elastomer is thermally conditioned at a

termperature of about 100°C to about 200°C for about 20 hours to about 60 hours.
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7. The nmethod of claim6, wherein the predetermn ned

tenperature i s about 1000C to about 400C and the
w@e@dererm ned tine i s about 100 hours to aboupPCH082005/004261

hours. 8. The nethod of claim1, wherein the el astoner

conpatability neasurenent of step (c) conprises a

tensile strength neasurenent or an el ongation

nmeasurenent. 9. The nmethod of claim8, wherein the

tensile strength measurenent is conpared with a

t dt t. of the. .
b1 200 omeR g S, SRR T B oG b deiroves the

L t d with _ ,
mcgr@a%{%ét AR Igt %%5.36443 ﬁ@%é"@?%ﬁ%arws 574 paleetixplygetfess the et

11. The nmethod of claim 1, wherein the | ubricating oi
leaspRsdastaren and sndigdvablyaostigyethy tesbregeriackss and thant deastong
about 50 m. 12. The nmethod of claim1, wherein the
elastoirerr tma ten@ng)$tatimnﬁopd@¢rrnimtior1@§ th@éastﬂn@@ chapatakiligol une
of no nore than about 20 ml. 13. The nmethod of claim
1, wherein the lubricating oil conposition test
sanpl es have a volune of no nore than about 15 ni. 14.

The 18etihe thetfodcdfalaiml7, whekiithe ddetid abREhblgtit gitolled by a

conposition test sanples have a volune of no nore than
comb@dl. 10 nl. 15. The method of claim®6, further

conprising thermally conditioning the el astoner prior

to imersing the elastonmer in the sanple. 16. The

met hod of clai m 15, mherein the el astoner is thermally

ggggbt . 0% detlgc{d cgﬁiah ul gv tteg gg&h u ! Sgiéfgptﬁg y&)rmg the

claim1, mherern a robotrc assenbl y
13@@%’6?? QR 4 413 PGS t he i ndi vi dual test receptacles
from an array of test receptacles and sel ectively
retrieves the at

20. The method of claim 1, further comprising the step of using the result of step

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

21. The method of claim 1, wherein the at least one lubricating oil additive of the
lubricating oil composition further comprises a diluent oil to form an additive

concentrate.

22. A system for determining compatibility of lubricating oil composition
samples with elastomers, under program control, comprising:

a) a plurality of test receptacles, each receptacle 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;
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| east one el astoner and individually positions the
test receptacles and the at | east one elastoner in a

wo e®siong7st ati on for determ nati on of the el asPOES2005/004261
conpatability. 18. The nethod of claim 17, wherein the
robotic assenbly is controlled by a conputer. 19. The
nmet hod of claim 1, wherein the step of outputting
conprises storing the result of step (c) on a data
carrier 20. The nethod of claim1, further conprising

using the re sul.t step.(d s,a basis., .

for uTapRFig e RS P%Sﬁr%bf?%@r fRsteCiatles ina
The nethod of claiml, wherein th ast one

tegtpg StAQn i ofgmeAsTertet ¢f %t%rerrﬂ@mtﬁ@rtr Oht erraspsrtrve sample with
conposition further conprises a diluent oil to form an

at desdl Que\dastosifEent rat e. 22. A system for deteraiining
conmpatibility of lubricating oil conposition sanples
wi t ie)elaapinensoyingunetes forindjivdmltymesitiohingablepstione pigstonier in
a plurality of test receptacles, each receptacle

the asstimg sthtign far dichfueeraatt of elbstbmeat donpatilibitycwrtip siredpective
sanpl e conprising (i) a major anmobunt of at | east one

sa@@p®e oil of lubricating viscosity and (ii) a mnor
anount of at |east one lubricating oil additive;b)

" eCeplAChE (IFNOGIIPAD SaliBinol AAIENE) 0hPOSIHL Rt e
t he test receptac €s in a testi ng Statl on for

I IRAR 6 T st sﬁti%ﬁttg Elnce‘l?zlmﬂjiek l:6 ?f ibf dEtla%ssomated with the
respectrve saﬁb east one omner ;
f
1 agrgPré € Sstotr%err c%) z%t%ﬁrl?gry ?H&%{? g §§¢1%¢tgpéoﬁgfoﬁér.
nmeasur enent of el astoner conpatilibity with the
respective

St LR

23. The system of claim 22, wherein the receptacle moving means comprises a

movable carriage.

24. The system of claim 22, wherein the receptacle moving means comprises a
robotic assembly having a movable arm for grasping and moving a selected individual

receptacle.

25. The system of claim 22, wherein the elastomer moving means comprises a

movable carriage.

26. The system of claim 22, wherein the elastomer moving means comprises a

robotic assembly having a movable arm for grasping and moving an elastomer.
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sanpl e; d) nmeans for neasuring the el astoner
conpatilibity of the sanple with the el astoner in the

WO e®biong7st ati on to obtain el astoner conpati | i BCT/ySTas/@04261
associated with the sanple and for transferring the
el astonmer conpatilibity data to a conputer controller
23. The systemof claim 22, wherein the receptacle
novi ng neans conpri ses a novabl e carriage. 24. The
system of claim 22, wherein the receptacle noving

o e o PEAERT SR BUPRG Gk BP LR BT g PR axed to

receptacle. 25. The system of claim 22, wherein the

an@Wﬁ%ﬁEﬁﬁFt fng neans conprises a nmovabl e carri age.
26. The system of claim 22, wherein the el astoner
nMovi ng neans conprises a robotic assenbly having a
novabl e arm for grasping and noving an el astoner. 27.
The28y$hespstsin ef ddim 272 furthieeeawiprisawotbar eede neadsept acl e
has a bar code affixed to an outer surface thereof.
28. The systemof claim 27, further conprising a bar
code reader. 29. The system of claim 22, wherein the
basg9oiThe §fstdnubf dlgiat 17) §/heieECias by oilsofdubiibitidgadisdEity is a
synthetic oil. 30. The system of claim 22, wherein the

nat@fal bE@Rth@BRill Ubricating oil additive is selected from
the grioup consisting of antioxidants, anti-wear

agents, detergents, rust inhibitors, dehazing agents,
demul si fyi ng agents, netal deactivating agents,

fri %bl He system of claim 22, 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, antiforiming agents, co-solvents, package
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.

31. The system of claim 22, wherein the means for measuring the elastomer

compatilibity comprises a means for measuring tensile strength.

32. The system of claim 22, wherein the means for measuring the elastomer

compatilibity comprises a means for measuring elongation.
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nodi fiers, pour point depressants, antifoanm ng agents,
co-sol vents, package conpatibilisers,

W@ 0050%320N- i nhi bitors, ashl ess di spersants, dyeB&T/US2005/004261
extrene pressure agents and m xtures thereof. 31. The
system of claim 22, wherein the neans for measuring
the el astonmer conpatilibity conprises a neans for
nmeasuring tensile strength. 32. The system of claim
22, wherein the neans for measuring the el astomer

ol ongab conbiehor R RE e Re B TP AP 1ED B ine tubricating o
corﬁ%@ alrS?ﬂrI]Pelé :Cgég%@ﬁ%m% gg}uqulfllkt) ; (I)J‘gcgffjgrrégb]?ﬂmgcating oil

plurality of different lubricating oil conpositions
COTERAFHHIMNS CORGPILANS @) g amepniaf adesepibeidabEgatingviscosity and (b)

| ubricating viscosity and (b) at |east one |ubricating
at least opalbri¢ayiag od4ddifive combi natorial library of claim

33, wherein the lubricating oil conposition el astoner

conpatability data is selected fromthe group

consi sting of tensile strength neasurenents,

el oBgaThodoniBraoti2 MBiH-Gof diith 330Whereat the Nfbriciaieanl .

composition elastomer compatability data is selected from the group consisting of tensile

strength measurements, elongation measurements, and combinations thereof.
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