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WO 2005/079277 PC ILS200S/004261 HIGH THROUGHPUT
SCREENING METHODS FOR LUBRICATING OIL COMPOSITIONS
BACKGROUND OF THE INVENTION 5 1. Technical Field The present
WMt Elates generally to methods for high throughput &?@éﬁﬁﬁ@%?“ﬂ
lubricating oil compositions. 2. Description of the Related Art The use of a
combinatorial approach for materials synthesis is a relatively new 10 area
of research aimed at using rapid synthesis and screening methods to build
libraries of polymeric, inorganic or soIid state materials For example,

advancesinr and engineers
to rapidly producggﬁrgé arie %%Ef@@mﬁ@wﬁ cules in the

pursuit of new drug discovery, which have led to the development of a

B AEYERGPRNGHEofHesearereatied combinatorial chemistry. 15
Combinatorial chemistry generally refers to methods and materials for

1.ClRalifigalgaliEctions of diverse materials or compounds--commonly known
as libraries--and to techniques and instruments for evaluating or
scredfingriibmiesitonimbitethie properiaschrssdot s teanehpiv feeeening
lubricant industry involves individually forming candidate lubricating oil

olduhiise RIS ARBAHEABerforming a macro-scale analysis of the 20
candldate comp03| ions by employing a large amount of the candidate to

pRessRiengisdieiied 842 methods employed for testing each candidate

compﬂlsmon r};eqbuwebmaL Dml ﬁ%&eora% C%E TQ{% |Estu ﬁrgh %nlflge%g ggc}#ng

the number of compositions that can es e entl |ed as
ar’sd %@%&Rﬂ%m&d at using rapid synthesis and screening methods to build libraries of

polymeric, 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 heve 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--comrnonly 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 compositions,
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1 WO 2005/079277 PCTIUS20051004261 Drawbacks associated with
conventional screening procedures can be seen as follows. For example,
overnmental and automotive industry pressure towards reducing the
“%M&Eﬁ&%ﬂs and sulfur content of lubricating oil compositiohs¥s&42&043¢?
example, passenger car and heavy duty diesel engine oils, is leading to
new research to identify oil 5 compositions which can satisfy certain tests
such as, for example, oxidation, wear and compatibility tests, while
containing low levels of phosphorous and sulfur. In this context, United
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be at or below 0.10 wt.% with future 10 phosphorous content being

thefsaepRs d0s ave ulwebigse!st RigicAif8olcWerPysitide w04k, andhelpi,
0.05 wt.% by January, 2006. Also, at present, there is no industry

patangdarchragicemyahttfoli sulfengbonténtin@dgipéooits; utdtdhas testily oil
proposed that the sulfur content be below 0.3 wt.% to meet June, 2007

cyaoitEpne kit canEEbrertEnusst subukd foe Tesipihlexidatienrwaskative
amoun,t,ofghosph.orous and sulfur in lubricating oils 15 still further,
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changes in specifications and changing customer needs also drive

pheipraviation:efiods ipaibakibrisant ARplIeAIONSS UCE a6 FPF LR a4
and below 0.05 wt.% by January, 2006. Also, at present, there is no industry standard
requirement for sulfur content in engine oils, but it has been proposed that the sulfur
content be below 0.3 wt.% to mest Juns, 2007 requirements for emiissions. 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
properiies and antiwear properties of the higher phosphorous and sulfur content engine
oils. In order to accomplish this, a large number of proposed lubricating 01l 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 lubricaut applications such as, for example,
transmission fluids, hydraulic fluids, gear oils, marine cylinder oils, compressor oils,

refrigeration Iubricants and the like.
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transmission fluids, hydraulic fluids, gear oils, marine cylinder oils,
compressor oils, refrigeration lubricants and the like. 2 WO 2005/079277
PCT/US2005/004261 However, as stated above, present research in the
Wigheue ﬁ:{austry does not allow for reformulation to occur ihGRYS2005/004261
expeditious manner. As such, there exists a need in the art for a more
efficient, economical and systematic approach for the preparation of
lubricating oil compositions and screening of such compositions. For
example, a 5 problem facing lubricant manufacturers is that of seal

deterjration inthe.enging. Alldnternal gombhistinn SROINGHPEslariomer

seals such as, for example, viton seals, in their assembly. During use,
21BRSBETSIAMRA SER SRR BUSCaRIbIER serRuS Jalerinrkan o a need
lubricating oil additive compositions and lubricating oil compositions under
irehginefmparaiingiaadittonsheibrial afiomintih epsealsriestiitspirparation of
brittleness and cracking of the 10 seals causing oil to leak from the
lbnigatie g Ailubrigatitgoikubsmpesitipnithahdograeéiotse Tetastanmts, seals in
an engine is unacceptable to engine manufacturers. Another example of
Prjlsts AseinedHbpstB g arT Brag e that R erektistalraling i fradgiifes™

.which are. installed, for exarp?ple, over cables, metallic c%ntacts or atetgleilr%

A FOTBRTARY LGRS S SRS SRS $H5G AR T8 Roh R &S s hed
switches, . fuses, 15.junctions and a,wide variety of other confi i
R D G L SIS AER 0 e SO A Al hom

hﬁ:ﬁca&ﬁ%ﬁ’lﬁﬁ%%%%sﬁﬁ%e&%@ BRlanteihvlenspIomiens diene

monomer (also referred to as ethylene propylene diene methyl or EPDM),
opAdiremicalix lukvisairdoith silisanerbasedhaiisandsgreasesidaadmast

every design, installation requires interfaces to slide against each other
swilthcausing oil to leak from the engine. A lubricating oil composition that degrades the

elastorner seals in an engine is unacceptable to engine manufacturers.

Another example of elastomer compatibility is in elastomeric electrical cable
accessories which are installed, for example, over cables, metallic contacts or mated in
complimentary designs such as elbows and bushings, conmectors, 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, instaliation requires interfaces to slide against each other with
carresponding 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 [ubrication. Silicone oils and greases exhibit excellent



20 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 lubrication. Silicone oils and greases exhibit excellent 3 electrical
cleGPRALRCIGHRNGS ANd.are ¥ e%cov"é&atl%ﬁgxﬁ'%th%‘ eéﬁéﬂ@ﬁ(é?ﬁ? 89 based
elastomers. These lubricants are-usua supplled y thé manufactures at
elagignéficahh cosutasanteparateafackagbeditly the cabldatersstragiificant cost
o SEPEALY, GRRIE AARGRSQES have gproximately a thiry to forty yearife
span, and many have separable interfaces used for connection and
disconnaetign caithauctysonan haoits appbogieasdy aréiniyhogfratityyaardiideespan,
sed effectively for ma ears of service, they often lgse their lubrigati
o e D T ot oy 0 SR E R R
malyboitamtd, deeyetend boetbieelty and/armigdatEanvesi fromntheyintarfaceservice,
ihe%.%ﬁ%%qggen{%i; qgﬂﬁgg{ﬁ C8a dré%% v r%grge.e R %Stﬁg %J}E&Q&?ﬁé '%'ﬁ? to?fthe
riction “elastomeric surfate. Theresult Is component sticking which'is'a
oilmajel iprdlekerhuimithetsirbestepd Accoleid yn dfwoilg 4be desirtibie to: rapidice.
cofgieenapialiy ahsamale. candidate Lbricaling o caMBORIIONS I iciion
compatilibility Wlh efastomers Ut izing small amounte of eac sample. it
elatinsnaranneface highe tresodigh putgrepanasiork engdvaondeningefier padtiem in the
0 d'ﬂlsjt"rnber of diverse compositions can be achieved to identify which
' coanositions are substantially compatible with elastomers. SUMMARY
OF RdéotiivEN THONoAltidle thesmghipubscapaeiingmethed fordéateradirsingple

caﬁgz%a%gmu%%%%gg 8{1 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 a first aspect, there is
provided a high throughput method for screening [ubricating oil compositions for
compatibility with an elastomer, under program control, comprising the steps of (a)

providing a plurality of different [ubricating oil composition



lubricating oil compositions with elastomers is provided herein. In a first
aspect, there is provided a high throughput method for screening
lubricating oil compositions for compatibility with an elastomer, under
program control, comprising the steps of (a) providing a plurality of
different lubricating oil composition 4 samples, each sample comprising (i)

srfyfRSigLamannl o el ees e ase alalivhricaiing wisosinand (il aun
PRiSGrramoantor at least Iubrléa'ilng ol dat|ve prowdmg at least g
visarte st §in er n{sjomeasuming théeesimpaltibiityach g achaddmple (\iv]thrdvedmg at
e asto |de elasto er com tl lit fore ch ) le; a
e A e ES RO DS e hPA S AT e o
prcarildngh}aktmn@hmmmmanyfdmdétereﬂuhlmgxmbk,cmtﬂ;p(ait)mhtpmﬁhgbﬂhcatéﬂgits of
Steog?ﬁ]omposition samples with elastomers, under program control,
g prising: @) a plurality of test receptacles, each receptacle containing a
diffeheatsha:bridatip@t mm@er‘npmsiﬁdwﬁsaﬁgﬁemonghﬁetngs(ﬂerm forajercamioingtthe
of at sto Base .0il of Iubrlcatln wscos! 1(|e)la mlnor amount o

f
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se1e movmg mean
comnaiyichirapyighasitioning the test receptacles in a testing station for

measureme tof Iastomer compatll:f]lllté/ of th reszectlve ) le
cac C
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leastohé 87%% tF R Y S S Ve fibeiBhing

oilpegitianifngmatieasionameifsiamey in ﬁh@teaﬁngmtadi‘omfcbeameawmmﬁl of
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b) receptacle moving means for 1nd1v1dua}.ly positioning the test receptacles in a
testing station for measurement of elastomer compatibility 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 compatibility with the respective
sample;

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

In a third aspect, there is provided a combinatorial lubricating oil composition
library comprising lubricating oil composition elastomer compatibility data stored on a
programmed controlier for a plurality of different lubricating oil compositions comprising
(a) a major amount of a base oil of lubricating viscosity and (b) at Jeast one Jubricating oil
additive.

The methods and systems disclosed herein 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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elastomer in the testing station to obtain elastomer compatibility data
associated with the sample and for transferring the elastomer

com atlbll%'gry data to a computer controller. In a third aSpeCth%%Szb%sgmzm

Wﬁ)r iI&d 4 Combinatorial lubricating oil composition library comprisin
lubricating oil composition elastomer compatibility data stored on a
programmed controller for a plurality of different lubricating oll
compositions comprising (a) a major amount of a base oil of lubricating
viscosity and (b) at least one lubricating oil additive. The methods and
systems disclosed herein advantageously permit the screening of many
different composition samples in an efficient manner to determine

BROMstibiwyrofidhecsamptespiivglastomers, e.g., fluorocarbon elastomer
seals. 5 WO 2005/079277 PCT/US2005/004261 BRIEF DESCRIPTION
OF T dRAMGNIGEN artodtsceibeddeivve mslarefeseribelk: bedovngsith
reference to the drawings wherein: 5 FIG. 1 is a schematic diagram of a

whystiam for preparing a plurality of different lubricating oil compositions;
and, FIG. 2 is a schematic diagram of a system for measuring elastomer
compafibility 26FBepita Ry BB A HHTEEWT fabEAHEEARIBTHE QtisiS w8
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) The

Irieating M ESTIBYFIL RFetEd to a high throughput screening method for

detefﬁi&waqsthgcﬁgnma%%%@g'itxlgg?éuﬁb{#séﬂv%%ggsm&?éﬁimnvgét@o%paﬁbmy

elastomers. The expression roughput” as used herein shall be

HRARESIRP A MG AN AL AGHRIME Bbmpositions.

DETAILED DESCRIPTION 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 thronghput” 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 infroduced in a plurality of
respective test receptacies so that each receptacle contains a different lubricating oil
composition having a different composition depending upon the percentage amounts
and/or types of the at least ope base oil and/or at least one additive combined in each
receptacie.

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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large number of different lubricating oil compositions can be rapidly
prepared and 15 analyzed. In a first step of one embodiment of the
screening method of the present invention, at least one lubricating oil
WP is introduced in a plurality of respective test reggﬁfgﬁgg@g‘mi
that each receptacle contains a different lubricating 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 20 receptacle. Data regarding the composition of each

sﬁ@ﬂﬁ@%ﬁ&&%&?ﬁ%’%ﬁ%ﬂﬁaﬁnﬁ%ﬁ? {gs nfammatiqn relpled a-the

elastomer com ata ot each of the stored compositions

cshRaiantalydasiiia éﬁﬁﬁ@.‘eﬁwﬂﬁ%%ﬁm%mgﬁ&iﬁ%b'e of
6 WO 2005/079277 PCT/US2005/004261 successfully carrying out the

c@ldstames Gormpaidd bty et v nder el destiesh eperaling: kencitiapsior
statutory requirements. Accordingly, storing this information in the

coopekinaie Hakliprssy tn ot wnbgailiewsifofoa 7 gpichgele divalaf bacitipeanother
lubricating oil compositions in response to new requirements for a given

Prestobinfeiseipe donddiiamisthior Siprade sionatsy pHaNG. inratitivosidalifpr
examagle_, storage stability, oxidation stability, wear stability, dispersancy
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example, a microprocessor or other computer 1

cSRESRIoN: RIRUERMSRRYIRL 85, Ysedhesrinshall R Lrdsrstoasd e mean

the equipment used herein in providing the plurality of lubricating oll
cORPOPASHIBNThe 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.

The lubricating oil compositions for use in the high throughput screening method
of this invention inciude 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 mator amount of at least one base ot of
lubricating viscosity, .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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is automated and controlled by a microprocessor or other computer

control device. The lubricating oil compositions for use in the high

throughput screening method of this invention include at least one base
WEI289709cAting viscosity and at least one 15 lubricating oil BaGitivEs/004261

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. %,

EISIR R dealsdban, ARk Tfus Yomaisatelaiably 19/ ARGNHE0 (o

out'9 . % and most pre y %Hfl%m about 85 to about 98 wt, %,
uhRgedandne.iotatwelghokifie £empositio The expreasionsbaseaitaas

used herein shall be understood to mean a base stock or blend of base
botREksraHER IS Aviuby isanidicompananisthil ¢$ Ripdutegsbycessingled in
manufacturer to the same specifications (independent of feed source or
fomnanafactineis iy QOEOTORTHRETHISI0OSI0RsH6d i dosatip nyngirst
meets the same manufacturer's specification; and that is identified by a
oiimigasifo ayinder pilsd neuakersirneiRmONEFNEY 2 P I OTHE!D §8816H T
use herein can_be any presently known or later-discovered base oil of
tﬂ%?k%lﬁﬁﬂ&&%ﬁﬁﬁé@&fﬁﬁ%ﬂﬁ%%@r&&%&m@%@mﬂ%&m RS for
any and all such lications, e.g.,engin ils, marine cylinder. ails
SRR B0 BRI TS PSR PSR DR S Pt ASt oo

hggegx}va A yigienelehaing olis{ekolnandnchonal s such as

gear olls, transmission s, etc. Additionally, the base oils

AR HREL RGBS CARRRIONANCRDIRIR VIS CaSIMINGRX B QYBESyBeHor a
polymeric alkylmethacrylates; olefinic copolymers, e.g., an
BHMIE DRI NYISHE EARO MM EHeQ1ka 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 (¢St) 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 0W,
OW-20, OW-30, OW-40, O0W-50, OW-60, 5W, SW-20, SW-30, 5W-40, 5W-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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10 styrene-butadiene copolymer; and the like and mixtures thereof. As
one skilled in the art would readily appreciate, the viscosity of the base oll
is degendent upon the application. Accordingly, the viscosity of a base oll
WBPHEE B in will ordinarily range from about 2 to about 2 CeHdioRae
(cSt) at 100 Centigrade (C). Generally, individually the base oils used as
engine oils will have a kinematic viscosity 15 range at 100C of about 2 cSt
to about 30 cSt, preferably about 3 ¢St to about 16 ¢St, and most
preferably about 4 cSt to about 12 ¢St and will be selected or blended

depending on gﬁ:f@%ﬁ&%ﬁ%&ﬂg‘é@% R Dushe i,

give the desire engine oll, €.g., a lubricating oil ‘composition

s ey i 0 O e

et @MYr30 oHOME 4D iAW SR L EME I 30: 1L D\WVedid tanit1:BNWVe fitsmdserias
gear oils can have viscosities ranging from about 2 ¢St to about 2000 cSt

imtodARC I WDN2O06/0QS2T, ¢ RETIUSR005/004R64% vBasEhstoalesoihal/ie
manufactured using a variety of different processes including, but not
lybriaiingnibipouasdinns o1l 8wt Temmiing, My Pegen posdsgiagithetic lubricating
oligomerization, esterification, and rerefining. Rerefined stock shall be
Dasih et A BE RS EERARIC AT BRES, bR R h iRt i propared
contamination, or. preyious use. The hase oil of the 5 lubricating oil .
RO SRR Tk SERIA 4y By AP e T s
hase all it [ thetic Qils. | iy
e e s SRS

1@91%%@_6E@ﬁh@ﬁﬁ&-@i@%&@wgyg@@s@alyﬁw ESESURR 2% iy alabaslefer or
PAD oils, or from hydrocarbon synthesis procedures

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 hydroeracked 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, 11, 1L, 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, I, TIl, or IV, Although Group IL, IIT and 1V base oils are preferred for use in
this invention, these preferred base oils may be prepared by combining one or more of
Group I, I, 11, IV and V base stocks or base oils,

Useful natural oils inchude mineral hubricating oils such as, for example, liquid

petroleum oils, solvent-treated or acid-treated mineral Iubricating oils of the paraffinic,
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using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch
process. For to example, a suitable base oil is one that comprises little, if
any, heavx fraction; e.qg., little, if any, lube oil fraction of viscaosity 20 cSt or
WRghe’a%80C. The base oil may be derived from natural IS !ﬁﬁﬂggsé‘ﬂ]s“,%l
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 15 hydrocracking (rather
than solvent extracting) the aromatic and polar components of the crude.

Sujtable b ils i de th in all AP ies | 1L 1Il, N
R R AR SR oAl LEERONE Rl odth R
mﬁrqgge&ém%ﬁ Qs arg.Rebvalphaclefing AR GiPURMiRAaaR oils include

all otRer base oils not included’in Group 1, II, Ill, or N. Although Group I,
Il angdsfibaseroils ansipisfersad fenusenin 20 HysHnvRAtIehdIesabon oils
preferred base oils may be prepared by combining one or more of Group
arkd haldhst¥sandeY hase stacksilo sbasse pibmidsizhdl ardtimatiailgnndkde]efins,
mineral lubricating oils such as, for example, liquid petroleum oils,
e golpenbutelted, oo hpidpybatedominérad-isdricaiing wibslohttre. peleafisiRsd 9
WO 2005/079277 PCT/US2005/004261 naphthenic or mixed _
PolaPatReh aphitlchiscRse £obIId etved RN kaararshans, Bnlikarsils,

vegetahle oils (e.q., rapeseed oils, castor oils and lard oi]), and the like.
iutch ST EFCARTR ST T0Re EEHEP B8 A P ocarbon

I d halo- tituted b il h | '
diion r%nze%e% %%Q_S Eﬁ%}se’:x?{é re%cz%xrlfis';?gm% ﬁms Hﬁe,ﬁl&%&%@% %%égg a%%iphenyis,

Interpolymerized ole .g., polybutylenes,

B e e S g
dipheny! 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 skilied 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 Cg to Cys 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 exampie, 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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mixtures thereof; alkylbenzenes such as dodecylbenzenes,
tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the
like; pol_y henyls such as biphenyls, terphenyls, aicylated polyphenyls,
W tHEhRE: alkylated diphenyl ethers and alkylated 10 diphg %ﬁ}ﬂ?{?’é‘g“ﬁ
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

D R B e Sl e B
oPIPhR, alsfins naying £he prapeRY cas fuvERPesialy s el Syrihglic1 000,

hydrocarbon oils are the "hydrogenated liquid oligomers of C6 to C12
driphPealefinssUshapsidey @yamplend dectrald inmarhANeibey-tlsss ef.) or
useful synthetic lubricating oils include, but are not limited to, 20 allcylene
muxidepdiyohershéxlitesropbiyenesselinge fookrmeps;, dndhdeihativesnixed
thereof where the terminal hydroxyl groups have been modified by, for
Coxanfipis aeistestficsafiv o etkreorfiddirster Phisdegdiidete 2y@hplified by the
oils prepared through polymerization of ethylene oxide or propylene .
oxide VeI SHESHERYPL iR Rkt Ra AR AR B4 Afeh limited
2005/079277 PCT/U$2005/004261, polymers (e.q., methyl poly propylene
BT AT A SGTAGE A Herar Bt & Gt R art s
f ethylene g i arweight of 900-10005 diethyl ,.iq
D B B engvor L5003 B
2816 Q5 dmeResand Palycahalic.estersdherprhaushasfenerxanale, the

acetic esters, mixed
acids, ctc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecy! alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, ete.
Specific examples of these esters include dibutyl adipate, di(2-ethiythexyl)sebacate, di-n-
hexyl fumarate, dioctyl schacate, 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.

Bsters useful as synthetic oils also inciude, 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
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5 C3-C8 fatty acid esters, or the Ci3oxo acid diester of tetraethylene
glycol. Yet another class of useful synthetic lubricating oils include, but are
not limited to, the esters of dicarboxylic acids e.g., phthalic acid, succinic
Wé’c?&?sé‘mgﬁguccinic acids, alkenyl succinic acids, maleic aci%E%@é%S?e’%%"i%ﬁl
suberic acid, sebacic acid, fumaric acid, adipic acid, linoleic acid dimer,
malonc acids, alkyl malonic acids, alkenyl malonic to acids, etc., with a
variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol nionoether,

siﬁéﬁg}/@éhe—i%}ﬂ?%yﬂﬁica?&‘?@&gﬂ‘(ﬁéﬁgﬁéﬁizﬁ!ﬁﬁ%&? £sters jngide dibutyl

adipate, di(2-ethylhexyl)sebacate, di éxyl fumarate, dioctyl sebacate,

nlispachiazelate. diisadesytasiatadingtyl-phihalate: ideeylabibalate,

dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the 15
palompRY paterfesmedtvhivakdetiag/ Db mnle, abdeabrdiie. atil withiwousdies
of tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.
s)Bdteis ubshatiag siimthétideplist atsadh bluded buiigradestelinsifeticephthiose
made from carboxylic acids having from about 5 to about 12 carbon
comemBAtsl caholisresy! Phabpn TSRS, SVl siftob dfyane
ethers such_as neopentyl glycol, tmnethylol 20 propane, pentaerythritol,

PR e oR B RO S RSE? oMk Slifson-based oils such
, f | lyalkyls | s | -
as Qﬁlaee)él?f%f) S Oo}ia}‘nr%/ B Ry ﬁfg&ox%?rﬁ% SERRNE

acﬁ(lo -s'Igﬁgne
) eroinel oils, |
oils a ate otls, comprise another useful cldss of synthetic lubricating

ol ifi sQkthese sl TagTi=ta e M =i L
S T e

nailigaiRietidatergtindhexydsilic AtRaitRl artd-matim-nexwisiicaithetic source
tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)disiloxane,
(e.g., coal, shale, or tar sands bitumen) without further purification or treatment.
Examples of unrefined oils include, but are not limited to, a shale oil obtained directly
from retorting operations, a petroleum oil obtained directly from distillation or an ester
oil obtained directly from an esterification process, each of which is then used without
further treatment. Refined oils are similar to the unrefined oils except they have been
further treated in one or more purification steps to improve one or more properties.
These puzification teckniques are known to these of skill in the art and include, for
example, solvent exiractions, 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
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poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet
other useful synthetic lubricating oils include, but are not limited to, liquid
esters of phosphorous 5 containing acids, e.g., tricresyl phosphate trioctyl_
Wﬂ'ﬁ%aﬂ ,7diethyl ester of decane phosphionic acid, etc., Sﬁ%%?ﬁ%m“* 61
tetrahydrofurans and the like. The lubricating oil may be derived from
unrefined, refined and rerefined oils, either natural, synthetic or mixtures
of two or more of any of these of the type disclosed hereinabove.
Unrefined oils are those obtained directly from a natural or synthetic

StSRA 8 Ak S0 SRR SRR pRGIRE SN R Hgﬁm@am;la% fyrthgra or

purification or treatment. Examples of unrefined oils include, but are not
syinniigetaxas shalg:ail Qhtaleet.diactin-iasmEestaringcarsrations, a
petroleum oil obtained directly from distillation or an ester oil obtained
directigiramwanse sterificatibn theckeksysach cf witd biistit esiwesedewithog bf
f rther treatment. Refined oils are similar to the unrefined oils except they
mireve bdesyEhfitherweatedirdhelorvas rrqsunsithn de Sheghetd mgebve
one or more properties. These purification techniques are known to those
PI@FERH| in the art and include, for example, solvent extractions, secondary

distillation, acid or base e_x%raction, filtration, percolation, rg/%r?%trﬁe%tlilng,,l

dewakdiig eARd RUFBRRER SHa FaBRRRIHOEG %if%ﬁtﬁ%aéea%@ ° Sffme O

ocesses, similar to those d to obtain refined oils. Such rerefined oils
B s T e P R R sl et (R

fcggxg;ﬂﬂﬂgll%ﬂ@ﬁﬁﬁ%qpcg%p@ﬁ%@”ﬁ?t—: %ﬁ&@&%ﬁa{ﬁm&ﬁ%ﬁé%ghﬂmn

itiveS and oil breakdown products. Lubricating oil base stocks derived

idbapthe: hydroisomerizaliog: of war My @ise hediserieibet altns afeial
combination with the aforesaid natural and/or synthetic base 12 WO

d2ORRIY 32 TRBEMAISEIOHG0AR0E, demulsifying agents, metal deactivating

agents, friction modifiers, pour point depressants, antifoaming agents, co-solvents,
package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure
agents and the like and mixtures thereof. Greases will require the addition of appropriate
thickeners. A variety of the additives are known and commercially available. These
additives, or their analogous compounds, can be employed for the preparation of the
various lubricating oil compositions herein.

Alternatively, the lubricating oil additive(s) can furfher 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 cil and from about 2 wt. %
to about 90 wt. %, preferably from about 2 wt. % to about 75 wit. % 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 tubricating viscosity such
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stocks. Such wax isomerate oil is produced by the hydroisomerization of
natural or synthetic waxes or mixtures thereof over a hydroisomerization

catalyst. Natural waxes are typically the slack waxes recoveredﬁkl)%th_e
WEHE ‘paémaxing of mineral oils; synthetic waxes are typicgﬁx}"’r fgeaze1

produced by the Fischer-Tropsch 5 process. The second component of
the compositions herein is at least one lubricating oil additive which can
be any presently known or later-discovered additive used in formulating
lubricating oil compositions. The lubricating oil additives for use herein

include, b limi i ;
A5 YL A NOLIUGIN NIXHANS, A0UGNGAL AGEIRASIRIORS

et ergents, rust inhibitors, dehazing agents,

rA8MUISIYING: A0SO MRl BlIdRACHKRMINGL RGeS ofT SRR MesiiessitaaLr

point depressants, antifoanvng agents, co-solvents, package
LeempRtlises carresigrdrhiliierss asitessdispef santsathgeds@xiteme
pressure agents and the like and mixtures thereof. Greases will require
the additiapiafdipptiopidates thibkiEnbrsak narletyied themiditiyessare.»
known and commercially available. These 15 additives, or their analogous
dimhemytrmids, B Belphipreydalfemine Pipitatioirbimie spnssiand alkylated
lubricating oil compositions herein, Alternatively, the lubricating oil
PhERIRRS(SPERRF R RARICLGH EASH &St EHIBRIEo o pacred el
oncentrate. These concentrate ually include at least f bout.9
SRUTISN R R S R SR
nd. mast 20 preferably from a 0 t 9 I
e e e e B

1 1R ARQUL A9 2eaRd dpest preferably from about 3 wt. % to about 50
wt. %, of the foregoing additive(s). Suitable diluents for the concentrates

includeanyinast gitupats Rraferablydabeileé hihieatsgaiseesity such
dialkyldithiophosphates and zine dialyldithiophosphatés, 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 Sanuary 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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- 13 WO 2005/079277 PCT/US2005/004261 as, for example, a base oil as
described hereinbelow, so that the concentrate may be readily mixed with
lubricating oils to prepare lubricating oil compositions. Suitable lubricatin

WEIRINALS a{y be used as diluents can be any oil of IubricatinPgC\qgg‘I(%‘(zjos{{?{/q94 1
Examples of antioxidants include, but are not limited to, aminic types, e.qg.,
5 diphenylanune, phenyl-alpha-napthyl-amine, NN-di(alkylphenyl) amines;
and alkylated phenylene-dianiines; phenolics such as, for example, BHT,
sterically hindered alkyl phenols such as 2,6-di-tert-butylphenol,

1. &S NEHeHR YR Ghesakand ¢ Rl R a2 0e I 1RIQRANQIG: art.

phenol; sulfur-containing materials, e.g., sulfurized olefins or esters and

the likg apddnbiurgsiheresf @examnies.of ARiwea! Adgaiinclude, but

are not limited to, zinc diallcyldithiophosphates and zinc

pelianddithicpbagphates., e dvotheseias ibackineg holrdicierby Mo tigeal.
entitled "Relationship between Chemical Structure and Effectiveness of

alSdmketetaiity Dipdkylicandddjapilenjihitph psphatethiDiffetgiphdoybetbated
Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for

ralseysipREpagEssErrTonherprrssiter sy bHbapafiyexyethylene
sulfur-containing esters, phosphosulfur compounds, metal qr ash-free

SHRHRICAPBANTATES; RAMERARSLY NG I ehiRY B aRt e M ANaTIsHG @Yol

thereor, Examples of deleigents Indude, byt arg notimited fg, overhased,
P R G AT SRt B R S I R SR e e e R e iy o SE Prade fiom
iS¢ DENZE0G AL LRING, SO A IIG 2 Gl ANSRALHEUAN ONETBARGGH b
ow overbased), high overbased phenate stearates; phenolates,
RRlpYIies phesRgRates-Riophos RN AesIORISIsUFAGIRBIERMEEreof and
nitrogen-containing derivatives thereof; synthetic alkarylsulfonates, e.g., metal
dinonyinaphthalene sulfonates; and the like and mixtures thereof.

Examples of friction modifiers include, but are not limited to, alkoxylated fatty
amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated
alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol esters,
borated glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696,
the contents of which are incorporated by reference herein; friction modifiers obtained
from. a reaction product of a Cy to Cys, preferably a Cg to Cas, and most preferably a Cq to
Cay, fatty acid ester and a nitrogen-containing compound selected from the group
consisting of ammonia, and an alkanolamine, &.g., those disclosed in U.S. Serial No.
10/402,170, filed March 28, 2003, the contents of which are incorporated by reference
hersin, 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 Iike and mixtures thereof,
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the like and mixtures thereof. Low overbased metal sulfonates typically
have a total base number (TBN) of from about 0 to about 30 and
“preferab%from about 10 to about 25. 14 WO 2005/079277

BYRIEH05/004261 Low overbased metal sulfonates and HEUtTAT THEtaT*!
sulfonates are well known in the art. Examples of rust inhibitors include,

but are not limited to, nonionic polyoxyalkylene agents, e.g.,
polyoxyethylene lauryl ether, polyoxyethylene higher alcohol ether,
polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether, 5

po |y0§,\(§ﬂi§1’é§ g agﬁfé@ S%%ﬁ&‘é £ 1@9&’ Rpysthyle 'ﬁﬁ}ﬁéﬁ%’o?ﬂ%ﬁfaikﬂeﬂe

polyoxyethylene sorbitol monostearate, polyoxyethylene sorbitol
sUPARRAISaI&: ARdrRalyatbylans alveak marasleat »pesicacid anditer

fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts; metal
agaltsi0f;heawic sitioris asigiopadtial cctab Myl chagidwstenadtg phiydric

alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial
sesteisiktereatbangitoanitregais dndutsmbytovvatimesthieydwkalrithetic

alkarylsulfonates, e.g., metal dinon Ina%gii;thalene sulfonates; and the like

pakyanztyMandideser RhpRplesamife YO RIGaMEraTH et ded BhesphemBtides:
limited to, alkoxylated fatty amines; baqrated fatt oxides; Ett

R e, Totty D ARIBS AP A RS ST B SRR T4
amines, metal salts of fatty agids, fatty acid @id S Icsc_a(rJ [ n
B e A R A S A e B S R e

Gﬁl\{{%&g§ %&%@cﬁda@%&?%%g fwhich &f&d@ﬁ&rﬂﬁﬁ?ﬁﬂcﬁ&mﬂﬁ%ﬁ amine,

erein; friction moditiers obtained from a reaction product of a C4 to C75,

Argterably 8660 Gikdrandmash preferalieeG6 tordaa pfaghracig ester
and a nitrogen-containing compound selected from the group consisting

cehammenisioand BAallcanelayhineyl . ot haskadigblos ediinmidBnBeriditivo.
above function; and the like and mixtures thereof. The derivatives of these dispersants,
e.g., borated dispersants such. as borated succinimides, and ethylene carbonate post
treated succinimides may also be used. Preferably, the dispersants are polyalkylene
succinimides derived from animation of polyalkylene succinic anhydrides with
polyalkylene polyamine.

If desired, prior to dispensing the at least one base oil and at least one lubricating
oil additive to provide the compositions herein, as discussed hereinbelow, it can be
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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20 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
Wa %ﬁWW?ﬁ@thacrylate; polymers of dimethylsilicone and theqﬁ:@% 05/004261
mixtures thereof. 15 WO 2005/079277 PCT/US2005/004261 Examples of
ashless dispersants include, but are not limited to, polyalkylene succinic
anhydrides; non-nitrogen containing derivatives of a polyallrylene succinic
anhydride; a basic nitrogen compound selected from the group consisting

o nimides. ear f . : " ines.,
e e aa DL
cthigphgsphonatnides and phosphoramides; thiazoles, e.g.,
2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and
derivativestherenk tdagoleses Uhralieyltiateles:angldagpz disazigles:
copolymers which contain a carboxylate ester with one or more additional
cpolanfuhetidihrimsiutineg amingyt Aoidde ifmeeimidestiydntslyirasabdxy [This
and the like, e.g., products prepared by 10 copolymerization of long chain

seftyaraca drssed inetfisicpjiudesigntivsidrance b raver BBIETRICtion;

and the like and mixtures thereof. The derivatives of these dispersants,
ERGHBBHAtSBRaRS Uk HES Sntiprgd B&%&%ﬁgﬁﬂﬁﬁaﬁgﬁdﬁd %p‘?ﬁ%ﬂé# are

sqaIhonale past lepted sucqinimides. ey 2o be.uped EIERIANNG U oo

ene succinimides derived from animation

sgfed%?&éﬂ?&l@@Sﬁ%ﬁ%&é%@@%@f@%@emm%ﬂ%% RRRRIRE

sired, prior to dispensing the at least one base olil and at least one

biRficatings Qi adidilive 1o RLoyide IS RAMPRSHIONA hetRine Ao disgussed
hereinbelow, it can be

Structure Activity Relations) available from Accelrys (San Diego, California). Such

QSAR programs can then be used by the software to design subsequent compound test

libraries for further screening.

The use of such QSAR programs can add to the efficiency of screening. As more
data is collected, these QSAR programs can become more efficient at developing
compound libraries with increased probabﬂity 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, ¢.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. Additionalty, such software tools may be utilized to prioritize a list of possible
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advantageous to conduct molecular modeling of proposed compounds for
use in the compositions (i.e., formulations) to determine which
compounds may provide potential 20 leading candidate compositions. For
W r(%bquéélculations can be carried out involving such fac]:t'g%Ugg? fapodzes
example, transition states, bond lengths, bond angles, dipole moment,
hydrophobicity, etc, of the compounds. This can be carried out using
mown software 16 WO 2005/079277 PCT/US2005/004261 such as, for
example, Quantum Mechanics available from Accelrys (San Diego,
coﬁgmﬁ{ém&%ﬂ%%xféyﬂ}%ﬁ%g@ Ridentdibrarias: cap fepsarde desian
the original compound test libraries based on’input from the foregoing
ha@XBefigRenAbIaOIamSctiis S software can be used to efficiently
design test libraries that cover the desired experimental space and utilize
statiticlahexpasinieritat desigexneiiodts Qthen softweikk thafothgringe used
to analyze the data from the experiments and correlate that data with the
cogtpgeitirasinttie shmpauridseadive tsmpgonidlecagrentiipibisioredand/or
reaction conditions. Such correlations are often referred to as QSAR

sysemite (Bwarmernie 0 B gritre Revripebitpnyidnaihsdie seme

Accelrys (San Diego, California), Such QSAR pry hen be used
o ARERGBITANE PR SUBSE T O ELRCEF NAnTES Forrorure
U ESgning, The use of 5‘1‘?«5&9%55 8&%9%&%025‘ @9%%91 tBSo%“E'&&%E&%C&
screening."As more ~data Is collecté ,fhese(S X programs can become

«HQte SEISHEREAY SR Lor FO M PRUNGHIRIAHG SNALD INEERABEOSITIONS
probability for finding desirable compounds. For example, the compounds

rRalyEetorn hefosmuipied rotesvarions lusigatingl aihd having a common

assignee with the present application, the contents of which are incorporated by reference

hersin. It is to be understood that the present invention is not limited to this system and

that other systems can be envisioned for providing the foregoing compositions in the

_phurality of respective test receptacles.

Generally, vessel 110 contains a supply of the foregoing base oils of [ubricating
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 axt 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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compositions, as decribed hereinbelow, and then further analyzed by way
of, for example, regression and analysis technologies, using known

software, e.g., C2-QSAR available from Accelrys (San Diegg, California).

i} %?ﬁg/?#&%er, validation of the data 20 obtained from the S'Fggﬁ?g 5/004261
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

priorkigs:adighot PPSSIRGL VI ARRiRcamd tﬁ’éﬁlﬁHé%Q%%{PQ&@t% Ato

compounds being considered for synthesis in'such a way that one skilled

ndfriBeaiowib haahigher iohabiliy:ten stiecessedraferingaow:iask|G.
1, an example of a system to provide the foregoing compositions in the

depluiisdith dbrespretivetest fadeftatie sisagéineraliyptustt atedtasnibesygtem
100. Representative of this system and method for providing the foregoing

metsmpBition $37, ki gluisdigrobeesprutrrcatoisde flaBBa s B WS @dSed
in co-pending U.S. Patent Application Serial No. 10/699,510, filed on

SYIEbEY StopposHndnsitep e irriReIeRs U SREDA RKTIBIGC
OF LUBRICATING OJL COMPQSITIONS FOR COMBINATORIAL

Wi R TEeeted AR AR KSR AUhE R Lo S TE assignee with

the pﬁséz%?%ﬁaﬁa"gfﬁig% g%e %%Qggq%gé il ICh e NSARARY Y and

reference herein. (0] that the present invention Is not

2dmited o his systamandiihalRthes fystemacanie anvsianes fekse oil B

providing the foregoing compositions in the plurality of respective test
2hRGRRIAGISS cGeRetalsveaseliidOe eriains assupRly Dicthe-fseymngd 123

base oils of lubricating
can comprise a multichannel pipette or one or more syringe needles.

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

The test frame 130 includes a block 131 of transparent material (e.g., glass)
having a plurality of recesses 132 for receiving the dispensed base oil and additives. The
recesses provide test reservoirs wherein each reservoir contains lubricating oil
compositions of a different and predetermined composition, i.¢., 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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15 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
WEHEYLEIF110 and vessels 120 can be used when dispens}i)ﬁaiﬁ%f}gbfﬁ%ﬁm
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 20 113,
from which it can be dispensed into a selected test reservoir, as described
below. The amount of base oil dispensed is determined by metering

co%%%%%%%%g%%%@?aﬁwtﬁgg %ye@%%, P'g,\f\éc%s%%ol%@azqgﬂ 132c,

rline 121 is a conduit for communicating the

13uHeating ofliadeithve £vie: N0 2216 RRrian 2 23 o Wik d:gAdyBeherein,
dispensed into a selected test reservoir, as described below. The amount
Fopbiubrisatingoiadditvendirnertsed, isideiesminadbyemeteringlpump 122,
which also can be computer controlled. Computer programs and 5
sagydtemsrégniactomatically metering predetermined amounts of materials in
accordance with a preselected protocol are known in the art and can be
used Herisidividaziies o5 e apptet e prabrelatiy oy sl BrERNIES so that
base oil B and additive A can he simultaneously dispensezyi tes
BB £ RSB A BEEREATS AR BRI ETACER ABE e e

e R R P s i oo P and PR, Lo RS &

one or more Syringe nee e vessels and

120 d ' , X o
e Bﬁ%@gg’%ﬂo Sl PLERSHIB, P RHARA QLS IDAR A8, Y85 $61S BB out 5

etering pumps suitable for'use in the invention are known

m@anhd commercially available. In the event that highly viscous lubricant base
steels or

The test frame 130 and dispensing nozzles 113 and 123 are movable relative to
one another. Although manual movement of the apparatus by an equipment operator is
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 Tubricant
base oil and additive(s), respectively. The apparatus of system 100 is moved such that
dispensing nozzles 113 and 123 are positioned above and in alignment with recess 132a.
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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additives are used, the vessels 110 and 120 and/or the tubular lines 111
and 121, metering 15 pumps 112 and 122, and/or nozzles 113 and 123
can be heated to facilitate fluid flow therethrough. The test frame 130 _
Wi AIAEL A Block 131 of transparent material (e.g., glass) h&%@%"%ﬁﬂ?&fﬁ?{l
of recesses 132 for receiving the dispensed base oil and additives. The
recesses provide test reservoirs wherein each reservoir contains
lubricating oil 20 compositions of a different and predetermined
composition, i.e., the percentage and/or type of base oil and/or additives

ad kSR LRIIPBSUIQR Wil vapy, {Ham; P0G LERRROIHR . ARQIIEL LPINRIN e of

the reservoirs can be individual receptacles (e.g., test tubes) mounted
vaH PR duAckdnsiend,elRangracessas nploskiffneierabbiile test
receptacles 19 WO 2005/079277 PCT/US2005/004261 comprise
cottanspatiest glask dubasthid il ective ta3eniticpdirmracesansi bs2a; di32les
132c, 132d, 132e, are illustrated in FIG. 1, any number of reservoirs can
11w plogecstmieinallFeligxehwib tressyatetvcmneerepldi 0350 003
even more test receptacles and samples as required. 5 The individual
30 {BgbIBIEeAPEs Aanp B ECRIHBIaaB IR AR &1 Bisid &fl-lubricating oil
samlﬁles. The sample size in each, reservoir can generally be less than

about e RTTISRSTEF b RPAG A6 PP HFRSTROSBE i FIRFETaBR R Sorane: for
th 5 nil, ferabl h 10.ml
ex&rr%ﬂg?{?ryoe %égfg’[ tf%ln omgé%rgr%?lﬁ Q{a%%&r%’f%} & vqc?uoahj tS 1mnr%0]?'

d)éet
& oatents
ably no more than abou e test fram an

ofHiRRENSING BPZZI85 443 Andba3RI&MRYARE Lo RN R A0QIDEE with

Although manual movement of the apparatus by an equipment operator is
gas, e.g., nitrogen. Optionally, base oil B and additive(s) A can be combined prior to

dispensing into the respective reservoirs. For example, a single dispensing nozzle having
a mixing chamber can be used, wherein base oil B and additive(s) A are metered into the
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. Flastomers for use herein can be any can be any presently kmown or
later-discovered elastomer for any and all such applications. Examples of such
elastomers include, but are not imited 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.,

. var . &
nitrile rubbers, silicone rubbers, neoprene rubbers, etc.; elastomer seals, e.g., Viton"
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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 g |ateral and/or
WA dfection so as to sequentially position a selected 15 A e e

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

pog %&@5@&9@'&9@%&&9&&%&%@%@ gﬁi@g%@&@%ﬁ)e iRengativel-Ehe

paratus of system 100 is moved su 20 dispensing nozzles 113
haRdel23 are positioned above and in alignment with recess 132a. A
metered amount of base oil B and a metered amount of additive A are

simultaneaus oW ignacsed dRigiacessdpiaidhatispensingrazieslid

and 123 are thereafter repositioned to be in alignment with the next

safaples $dt 3hrane: thenmelisitad A mbantsi of RO WG 2805787 9&iles can include
PCT/US2005/004261 additive A and/or base oil B are changed in

lubocatigante withpsithracemrainiiose s i bhsvataten et thetethbricating
lubricating oil in recess 132b has a different percentage comgﬁ@ition of

oih adRikEeth BT A e sRodess B LRI e e FAEEH NS Toirbarael sl B B2 Ak s
113 .and 123 are sequentially aligned with the successive recesses 132¢..
S B 0b SRR S T SR AES ey R s
f luQricating oil. The companents, A.and fer ' i
o A e TR U QB 1 DA LR S i

isixingsindividual stisting, efIhg contents Rithedasan/eits GRrRebaniaakor

magnetic stirring) and/or by bubbling the reservoir with gas, e.g., nitrogen.
h&lgtionally: Base piE-andndditive(s) Neanhe eambisedipiantih it. For
example, each test receptacle 212 can inciude an identifying bar code 213 affixed io 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
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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10 dispensing into the respective reservoirs. For example, a single
dispensing nozzle having a mixing chamber can be used, wherein base

oil B and additive(s) A are metered into the mixing chamber ai[)ﬁ t
W&’l%ﬁ(gﬁ@ga7¥hrough the nozzle into the reservoir. Once the p]I)L(J:ra |fgy2%o‘8rg[004m

receptacles have been provided containing the lubricating oil
compositions, the plurality of fluid samples can then be analyzed for
compatibility with 15 an elastomer, e.g., elastomer tensile strength
measurement, elastomer elongation measurement, etc. Elastomers for

scSR NS EBNOR AR GARE A RIESSNIHNANR Bl SHAISA8GseSkion

elastomer for any and all 'such applications. Examples of such elastomers

in ReigRub arREUIIRME - PIRERIsRIRSIOME@ e B8 caRAY QBRI out. The
elastomers produced from, for example, copolymers of ethylene and

copranst emer(ile), A&0 pobyeretis @f, 26cttatekaip eynetilyleriae priopydesseably a
diene (EPDM , etc.; styrenic elastomers; polyacrylate elastomers;

vipoty{athiriebterhatistomEns; Hatir atloriipiristite vabirsemniiedripgile
rubbers, silicone rubbers, neoprene rubbers, etc.; elastomer seals, e.g.,

regrpisley 24 MRS 00 AT RIS SbBI GBIt G JhikeE assigne

(fluorocarhon elastomers), Vamac(r) polymers etc.; and the like and
TR tHe RS T ﬁg#éc}ﬁﬁ now to FIG. 2, a system for sequentially

lyzi lurality of flui les f ity IS
S A AR L e GR Re i
wEOMPASIoNS CeRtaiNng Ane-afialeRasesails 4NHa88 QL MBRRrted to an

lubricating oil additives, such as those described herein. System 200 is
clsslgsnatigalbaillustatad wherai-aniakayotiesineaeplacies bk aiguter

mounted in a holder 215. The system 200 is adapted to accommodate
caiipliTilenohtest eeaptiel ek 2dA dandhpatingiesjediag hrsdmple and
generally include subjecting the sample o elastomer degradation conditions and
measuring the elastomer compatibility, e.g., elastomer tensile strength measurement,
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 inmmersed into a
sufficient amount of the test ubricating 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 tirme 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.

23



16

15

is identifiable, for example, by the position of its test receptacle in an
ordered array in 10 holder 215, or more preferably by having an identifying
mark associated with it. For example, each test receptacle 212 can
iRétiae 7gﬁpli”dentifying bar code 213 affixed to the outer surface thereot Ao
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 15 identify the sample. The bar code reader 225 is

preferably. (AVARIEWIIRSRGR! I e RIERY AL RRSRORS& A Signal

from computer controller 230 so as to be positionable n alignment with

ensflgstedindividuahiestrReeRiapas Bdnh (aRBlCAsSANbIZR0 Ra¢dasm

a movable arm 251 with a grasping mechanism 252. The robotic

abaGSEOINY s Adapled o gibpriarsbid vtk dbdest 260E piatienR1@MC 2T he test
accordance with selection instructions from computer controller 230 and

is mdirextie destuceckiotacizoparpositichant idtinepstnigr e bamstank
sample in the receptacle can be measured for elastomer compatability

prefista bivnors sbawt 288dprakgis3 Afsbratiapicls s egr Aap e 6481 BE RERTSE Higrte

. shown) to be tested with the lubricating sample in_accordance with 22 WO
iSRG BE TSR B ES e TSR SH S SRR RSty

oSS Rabe! 21200 MONR NG EAOMELI0 A RRRLA INICRIng 3R 10N 520

SO INg O elastomer an ple‘can be carried out. T

e‘%(%%%%%r%?& oller 2305 0ReIANElY 2Ssacated W CORLRIS 8 MGrement,

Ic assembly via control signal transmission line 231 to selectively
clIRisieNe radaisrinaddesih weeptacles and elastomers for

measurement and then replace them in their assigned respective

positigradrikethobigtomer specimens are tested for tensile strength at break by
moving the elastomer specimens to a tensile strength testing station wherein a tensile
strength test is carried ouf, e.g., a test similar to ASTM D2671 or ASTM D412. For
example, the specimen is held at each end by a grasping mechanism (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 wnder the same testing conditions

discussed above are tested for elongation at break to provide funther elagtomer
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Testing station 220 includes means for testing the samples for the

compatibility with an elastomer. Elastomer compatibility data results of

the test are converted to an electrical or optical signal and fransmi Vi
WQ@P]‘E’I“{?%%?gmission line 223 to computer 10 controller 230. ar%%%s&?%%%dr%l

for elastomer compatibility testing are known and generally include

subjecting the sample to elastomer degradation conditions and

measuring the elastomer compatibility, e.g., elastomer tensile strength

measurement, elastomer elongation measurement, etc, of the sample

cogﬁjﬁaﬁiﬂfﬁ deter r@éﬁ%gaff?#ﬂg SsHime- \s}vé JRERX RPN, 816 HRadimeRh

a test method for use herein (e.g., Volkswagen PV 3344 Viton Seal
tefaapRaiRbneahaslasiomer sDasiRe B8R MMEr SRRt ASTM
sufficient amount of the test lubricating oil composition samples, e.g., a
Dyolumesd Tsampie. vBlumearaplelaktopreinéalzdisd bt tath alnbby @rdspiia
predetermined temperature for a predetermined time. If desired, prior to
mearayiny Gutdhisitest thevelastorepedGosiesphetis assenibly ihofreagphed until,
conditioned at a temperature of about 100C to about 200C for a period of
forisrerairithy MmeiaEotedo HBdikes apstino KateRr i ddtaingd. This
moisture which is readily absorbed by the filler component of the _
S A S e R

The predetermined temperature.can vary widely depending the specific
AR BUT S At L St ey oy Sl S e

C&Lﬂmg’m& gféﬁa&%ﬁ@d%%&&%ﬁmtﬁ 400G Anddusierablyiiem o
about 1

5C to about 200C. The test is ordinarily conducted for a time

RR1IRE PfAbRUEILONGHES PhaLARR B UISREr compatability data can be

assessed for different lubricating oil compositions).

If desired, an assigned value of elastomer cornpatibility is programmed info 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 formuiations 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 resulis 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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5 preferably from about 200 to about 300 hours. If desired, the test can be

broken up into intervals wherein the lubricating sample is replaced with a

fresh_sample after a specific time period. At the completion of the te§tin%_
wf))ezt%?f?’ﬁ%&elastomer specimens are then evaluated for eldSidaptos/o0d261
compatability data, e.g., elastomer tensile strength measurement,
elastomer elongation measurement, etc. 10 Generally, the elastomer
specimens are tested for tensile strength at break by moving the
elastomer specimens to a tensile strength testing station wherein a tensile

ex%ﬁﬁ@%@é&ﬁ%ﬁﬁ%&?g&%ﬁﬁwﬁ Eﬁ%éﬁmﬁfcﬁe é%IMOP%Q%%%f@J% for

2. For example, the specimen is held at each end by a grasping

usERENRNSAIES HRCURIRAAROMR MK FRsPactiootae tRRRlc.aSSEmBIKY the

and stretched under a predetermined force until, for 15 example, the
ressie cindendseaks anahibe dendilaisirenglit ieasusemetliSadtesmipedtion
This measurement is compared against a predetermined tensile strength
with pesune phéwira stitiesdd aftien elastomtths apsie.of tietdadie Mate nath
under substantially similar tensile strength testing conditions (and this
winph desariiine el the QstnEnte it SCANIh WIBMEBHIp T b ARy rEtedtaktish
a reference point from which subsequent elastomer 20 compatability data
83 be assessed for different lubricating oil compositions). Additionally,

elasimer specimens of e.game materal which have beey %@&ﬁé&%@é@‘n
the same Iu I’Ical.ﬂ g COﬂYpOSItIOFI un r?ﬁe same testing condaitions

cafliSeuSeea ARAXE Aleteniedhio &&@g@g N ahbreakta ﬁw&ﬁlg{g{bef

elastomer 24 WO 2005/079277 US2005/004261 compatability data.
colaphgiaiyiibe elagiemarspecimantwilkbeyveneditainn siangalioN signal

testing station wherein an elongation test is carried out, e.g., a test similar
data ABddbr comprising a computer microprocessor for system operation and control to
collect the data from the various tests over an extended period of time to compile the
combinatorial lubricating oil composition library. The database can be used to find
optimum combinations for a desired product stream, and can be particularly useful when
the desired product stream varies depending on market factors. When the product
requirements change, appropriate combinations can be selected to prepare the desired
product.

Relational database software can be used to correlate the identity of the
additive(s) and/or lubricating oil compositions to the analytical elastomer compatibility
data obtained therefiom. 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 o
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D2671 or ASTM D412. For example, the specimen is held at each end by
a grasping mechanism (as discussed above with respect to the robotic
assembly) and stretched until, 5 for example, the specimen k%reaks and

Wﬂ’]é“%%’ﬂ fion measurement is determined. This measurerlr)1erFi’tU|Ss2095 004261

compared against a predetermined elongation measurement (at break) of

an elastomer sample of the same material under substantially similar

elongation testing conditions (and this predetermined measurement is

stored in the computer library to establish a reference point from which
crstibsetenclasipneL Lampahiitdaia saphn d0As RS dafAitersnt

lubricating oil compositions). If desired, an assigned value of elastomer
cotRimRAtiR ity prear anmesd inthgos opMttarran tiellandompassifabbility

determination. Assigned pass/fail values can be selected based upon
meeifemancatéguisein@histipe specificatalivioatitiapplicatibns: afidkill in the

prospective operating environments. If the test sample fails by having an
argxcessively i5 poor elastomer compatibility value with a specific

elastomer, the test sample can be electronically marked and future

testiny Bt R sleTERtvRASHARRTY fRedhrmdbesmpriftisshaultpet be

sample can be eliminated from further testing for other performan
R T B T TP P R TRy BT Bt B e to

erate moye efficiently, ener nd time _bej &Ml,aes
eI{“’/%v!l?)wmlc mﬁ?@spéﬁﬁ?é%%%%ﬁﬁg ’ %& esired nﬁ%%%?%gg%ﬁi%ﬁ%ns. If desired,

adbsreswts.of thevpathad . of theiptesenbirventionnan hednenirrsekdianar

a remote location, i.e., a location which is not in direct or at least in visual

Jepatact.wikR dha Sy StEIme pRIAE themeilioehokihedaveriin cAietiniars
location can be, for 25 WO 2005/079277 PCT/US2005/004261

within the scope and spirit of the invention as defined by the claims appended hereto.
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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 results of the tests being carried out.
Wi A %%?377 it becomes possible for less interaction with pnggfﬁ‘rlF@f’B?é?%“l
stationed at the location of the system. Suitable data lines, with 5 which
the results of the output, as well as control commands, may be
transmitted, are known. Elastomer compatibility data regarding each of
the compositions described herein can be stored in a relational database

E%%&r%igﬁﬁ%ﬁbiggtorial lubricating oil composition library. Alternatively,

e system may be electrically connected to a signal to data collector

comprising,A GAMRIRE MIFLORTRFeSIkiIQ 18y SIeRHE RAI SiiRR-SRE CARIFRLO
collect the data from the various tests over an extended period of time to

fofuniplatifie, eatmbinatanat|wadeosiograh compositapridinaihe BRpgs of:
database can be used to find optimum combinations for a desired product
stredm panvitidag beipalii obdiffasefliwhainglod desiredtiorosugt streain
varies depending on market factors. When the product 15 requirements

5 sapipgrRpsmisprefHAaeinTIabASaE I ensdhestsi & epatagieesiiyend

_product. Relational database software can_be used to correlate the identity

(Ui #FEIOR ARIRRL ST Anarst 0B ARG U5 ions to the analytical

elast ergé:%'#pat%l?ilit data obtained therefrom. Numerous commercially
ler

. ne elagtomer .
avail Atabase €6 tware 20 programs are available, for

cxampl L0 QAL Mk OHotd MOISGURY. € CRARIERleomer

Des '‘Activity Base"), er software vendors. Relational

c&ﬂﬁéﬁﬂﬁ@ apftvaredsiaprglerted type of software for managing the data -
obtained during the methods described herein. However, any software

10 that igiphiept@ting the results of step (c).

2. The method of claim 1, wherein the at least one base oil of lubricating

viscosity is a natural or synthetic oil.

15 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

20 and mixtures thereof, -
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26 WO 2005/079277 PCT/US2005/004261 create a "memory map" of
each of the additives and compositions described herein and correlate
that information with the information obtained from the elas IS s00s/04261
W@o%%’ %m’ty measurements.can be used. This type of software’is we
known to those of skill in the art. 5 While the above description contains
many specifics, these specifics should not be construed as limitations of
the invention, but merely as exemplifications of preferred embodiments
thereof. For example, elastomer compatability tests other than those

describeg,herain,eap ssed ie-arowds: Rlastomer.comeatabilitdetaiom.

the plurality of different samples tested. Those skilled in the art will

oM SiaRitaR Yy iheherehedimen tsiartbinihascaReyasEkspittrPERfmers,
invention as defined by the claims appended hereto. 27 WO 2005/079277

pREEAIS2DEI004RO A M AHG ChyAiMED UBbcts, Al Mgimtirrealypd tmixtures
method for screening lubricating oil composition samples for compatibility

therdoelastomers, under program control, comprising the steps of. (a)
providing a plurality of different lubricating oil composition samples, each 5
sample comprising (i) a major amount of at least one base oil of

lubricatin VISC y |n0r nt of at least one lubrica oil
addltléej?‘bﬁ) éﬂ%@fﬁii‘s}"’gﬁg%l e@ﬁf’ rr?%sagil?ﬁﬁlgsfﬁleeea%s?%mergl'

compatibility of each sample to prowde elastomer compatibility data for
each sample; and,

6. The method of claim 1, wherein the step of measuring the elastomer
compatibility of each sample comprises immersing the at least one elastomer in the
sarnple at a predetermined temperature for a predetermined period of time and measuring
the tensile strength and/or elongation of the elastomer to determine the elastomer

compatibility of 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 o about 400 houss.

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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10 (d) outputting the results of step (c). 2. The method of claim 1, wherein
the at least one base oil of lubricating viscosity is a natural or synthetic
oil. 15 3. The method of claim 1, wherein the at least one lubricating oil
WY 8" selected from the group consisting of antioxidanFsC,TéH%ﬁW%jg?‘ml
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

20 a"fb.”’%&“gf@é‘f&%fa' SN0 CRAGL LG HS200a{00466 0.

The metho claim 1, wherein the at least 6ne elastomer is selected

wiRR thageaup consisting:chalglinisslastomelsssiysenic elastomers,

poly(ether/ester) elastomers, polyacrylate elastomers, natural rubbers,
synthetic rubbers, elastomer seals and mixtures thereof. 5 5. The method
of claim 1, wherein the at least one elastomer is an elastomer seal. 6.
The métHbiet efcteidoi ¢luiteleirbtiteistbp lofnikets vih goinpositistdasesamples
compatibility of each sample comprises immersing the at least one
hetastontemmofne poxsms ebauh Predetermined temperature for a

predetermined period of time and measuring the tensile strength and/or
elongation of the elastomer to determine the elastomer compatibility of

the sa lef%I T‘%e ﬁaod f claim.6,,wherein the predetermine i
temp 6121,[ e imed %‘Eﬂ?’ﬁ 161?, wlﬁlerem the lgbncatmg cﬂf composition gest samples

have a volume of no more than about 20 nil.

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

temmperature of about 100°C to about 200°C for about 20 hours to about 60 hours.
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15 to about 400C and the predetermined time is about 100 hours to about
400 hours. 8. The method of claim 1, wherein the elastomer comparability
measurement of step (c) comprises a tensile strength measurement or an
elongation measurement. 20 9. The method of claim 8, wherein the tensile
strength measurement is compared with a predetermined tensile strength
measurement of the elastomer. 29 WO 2005/079277
PCT/US2005/004261 10. The method of claim 8, wherein the elongation
measurement is compared with a predetermined elongation measurement
of the elastomer. 11. The method of claim 1, wherein the lubricating oil
conpositiombpdampies 5 Waersia yohlmie absonbipre tetincadbottisGathe
12. The method of claim 1, wherein the lubricating oil composition test

indigginpl eest ieapetacies|fivie of poamefécthaeraocieandriceolngIymiserimetibe at
of claim 1, wherein the lubricating oil composition test samples have a

leasy SRk BPAG Tt el BLROBE IS the THaGsRItBI O el At lsapietedn
the lubricating oil composition test samples have a volume of no more

clasfai LG IdNgirtainn orgsemmitabenat s sl 19mener BRI Mg
thermally conditioning the elastomer prior to immersing the elastomer in
the sample. 16. The method of claim 15, wherein the elastomer is

therally condiioned a2 20 mperaiure of 20U 190 10 AbgH A0S

computer.

19. The method of claim I, wherein the step of outputting comprises storing the result

of step (c) on a data carrier.

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 high throughput system for determining compatibility of lubricating oil
composition samples with elastomers, under program contro!, comprising:

a) a plurality of test receptacles, each receptacle containing a different lubricating oil
compeosition sample comprising (1) 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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17. The method of claim 1, wherein a robotic assembly selectively
retrieves the individual test receptacles from an array of test receptacles
and selectively retrieves the at least one elastomer and individu "X ;
Wﬁ’o@ﬂ’r’é%é’%ﬁe test receptacles and the at least one elastomer M & 168 Pr?éml
station for determination of the elastomer comparability. 18. The method
of claim 17, wherein the robotic assembly is controlled by a computer. 19.
The method of claim 1, wherein the step of outputting comprises storing
the result of step (c) on a data carrier. 20. The method of claim 1, further
Com%Psfg&{a%@%ﬁﬁ%‘m%&%rﬁﬁwmlﬁ%&%ﬁﬁ%%ﬁr&%@?&?&@iﬂg
a result of further calculations. 21. The method of claim 1, wherein the at
tieast g iicatina-eihadditiasefibe duHeabing gitieampesitostupiberith
comprises a diluent oil to form an additive concentrate. 22. A high
atheattghpulsysten for determining compatibility of lubricating oil
composition samples with elastomers, under program control, comprising:
a) a plurdtisiooktastvarptasidor dabhidedbinagitoststaistay endiftaremer in
lubricating oil composition samtple comprising (i).a major amount of at
thedstBresBise 1 BRAWITERHhG %%@%Caﬁmmﬁ%m BATSERICET &t
least one lubricating oil additive; 31 WO 2005/079277
f)S2005/004261 b) receptacle moving means for individually
positioning the.test receptacles in a testi ' ] f
i R R S T

Slasiomen-f) elasiomat meving.reansier dividualy aasitophngatieashe

one elastomer in
sample and for transferring the elastomer compatilibity data to a computer controlier.

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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5 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
W&?ﬁ‘&é‘ﬂﬁﬁ?ﬂ/ data associated with the sample and for transférH ﬁézﬂqé/ 004261
elastomer compatilibity data to a computer controller. 10 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 15 robotic assembly having a movable ann for

grasp Ming & ﬁﬁ'%taﬂagﬂmg&ﬁ%sﬁg@ Clen40n Jﬁ%&%&&ﬁ%&o

g
claim gzﬁ%e:;%m the e asformer moving means comprises a movab
aCaEHager2Q 26 Jdpe system of claim 22, wherein the elastomer movmg
means comprises a robotic assembly having a movable arm for grasping
and moving an elastomer. 32 WO 2005/079277 PCT/US2005/004261 27.
The system of claim 22, wherein each test receptacle has a bar code
affixetBtoTlarspiter sinfaoehduebér 28nihergystencodateids27, further
comprising a bar code reader. 5 29. The system of claim 22, wherein the
base oil of lubricating viscosity is a

29. The system of claim 22, wherein the base oil of lubricating viscosity is a

natural or synthetic oil.

30. The 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, antifo?ming agents, co-solvents, package
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agenis

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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~ natural or synthetic oil. 30. The system of claim 22, wherein the at least
one lubricating oil additive is io 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. 15 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,
whéreimthentheatiyifd i vheasining thenglastomdib20y competiitgtybricating oil
comprises a means for measuring elongation. 33 33. A combinatorial
comppyidansipoiireonspayiaohilibr dajcongtieny nulsieang ciintiospdeitiapiurality of
__elastomer comparability data stored on a programmed controller for a
diffgenblthrisetngeiba RANSHITISG SN RGHSd S Meics PR gT(apaserdjerf
amount of a base oil of lubricating viscosity and (b) at least one
hubrisipadiig it uaniife 2sleatipaeSinpatsRi AIFARof claim 33, wherein
the lubricating oil composition elastomer compatability data is selected
from the group consisting of tensile strength measurements, elongation
me%ﬁ”ﬁ@%@ﬁﬁb%ﬁ?oﬁgml Lg%t{lgr cszléprg r?ae3(,)f\'fvﬁ§rein the lubricating oil composition
elastomer compatability data is selected from the group consisting of tensile strength

measurements, elongation measurements, and combinations thereof.



