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WO BRERNING METHODS FOR LUBRICATING OIL COMPOSIFIENY05/004264
BACKGROUND OF THE INVENTION I. Technical Field The present
invention relates generally to methods for high throughput screening of
lubricating oil compositions. 2. Description of the Related Art The use of a
combinatorial approach for materials synthesis is a relatively new area of
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to rapidly produce large libraries of discrete organic molecules in the
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be tested. Additionally, the methods employed for testing each candidate
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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 néw drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materals or compomds--coﬁmonly known as libraries-~and to
techniques and instruments for evaluating or screening hibranies for desirable properties.
Presently, rescarch n the lubncant 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 fo be tested.
Additionally, the methods employed for testing cach candidate composition require manual
operation. This, in tum, significantly reduces 1he'.number of composttions that can be

tested and identified as leading compositions.



WO 2005/079280 PCTI1JS2005/004264 Drawbacks associated with
- WO 208p447238%0onal screening procedures can be seen as follows. Fef ERHpRI4264

governmental and automotive industry pressure towards reducing the
phosphorous and sulfur content of lubricating oil compositions used as, for
example, passenger car and heavy duty diesel engine oils, is leading to
new research to identify oil compositions which can satisfy certain tests
such as, for example, oxidation, wear and compatibility tests, while
cobPtainiray Yo wsteviis d pthosphsrdinnalms seHire Iprensiucentexthbeisads
States. Military Standards MIL-L-46152E and the ILSAC Standards _

followefired pyathplggeanesecal UMiRHoDIatES ABFHOBIEsHYEe sawyards reducing
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comp S may be useful itionally, similar changes in specifications
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ricant applications such as, for example, transmission fluids, hydraulic
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lubricants and the like. ,
requirement for sulfur content in engine oils, but it has been proposed that the sulfur
content be below 0.3 wt.% to meet June, 2007 requirements for emissions. Thus, it
“would be desirable to decrease the amount of phosphorous land sulfur in lubnicating oils
still further, thereEy meeting future indusiry standard proposed phosphorous and sulfur
contents in the engine oil while still retaining the oxidation or corrosion inhibiting -
properties and antiwear properties of the hgher phosphorous and sulfur content engine
oils. In order to accomplish this, a large number of proposed lubﬁcatiné o1l compositions
must be tested to dcte.!mjne which compositions may be useful.
Additionally, similar changes in specifications and changing customer needs aiso
drive reformulation efforts in other !ubricant.appiications such as, for example,
transmission fluids, hydraulic fluids, gear oils, marine cyhnder oils, compressor oils,

refrigeration lubricants and the like.



2 WO 2005/079280 PCT/US2005/004264 However, as stated above,

WO poeyamR8search in the lubricant industry does not allow for PEfAYENHEESIF4264
to occur in an 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, many lubricating oil compositions have
deposit forming tendencies. Generally, deposit formation on hot and cold
comPements 6f fieteshiineeimerieis eheateRHathsnl iR U e ROt
brown to black color) or harder deposits which are primarily carbon based
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corrosive oxidation products and sludge in the oil but can also cause the
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desirable to rapidly screen a plurality of sample candidate lubricating oil

ad8RBRAsKIORS Rk dapeshiRipatian: tensdenciesHéilizing sepaligy deposit layer
forms preferentially on the horizontal surfaces of the oil space, and in the extreme case
may also clog oil filters and oil ducts of the engine, potentially leading to engine dgmage.

ﬁeposit formation also occurs when, for example, internal combustion engines of
automobiles or trucks are subjected to a demanding environment during use. The
environment results in the oil suffering oxidation which is catalyzed by the presence of
impurity species in the oi} such as, for example, iron compounds, and is also promoted by
the elevated temperatures experienced by the oil during use. The catéfyzed'oxidation of
the t;il contributes to the formation of corrosive oxidation products and sludge in the oil
but can also cause the viscosity of the oil io .increase or even solidify.

Accordingly, it would be destrable to raéidiy screen a plurality of sample

candidate lubricating oil compositions for deposit formation tendencies utilizing small -

amounts of each sample. In this manner, a high throughput preparation and screening of



amounts of each sample. In this manner, a high throughput preparation
and screening of 3 a vast number of diverse compositions can be
achieved to identify which additives and/or compositions have reduced
deposit formation tendencies. SUMMARY OF THE INVENTION A high
throughput screening method for determining ge osit formatia .
n vast AR SS O R RMGR PR O o Gt et i gitves andor
compo35BRCh: A0 aYARRYLMERRd gL gLeening Iubricating ol
compositions, under program control, is provided comprising the steps of
(a) providing a plurality of different lubricating oil compaosition samples,
each sample comprising (i) a major amount of at least one base oil of
SUMMUWRICatingHASO0sN BiEN(ii) a minor amount of at least one lubricating oll
additive; (b) measuring the deposit formation of each sample to provide
dépbish fOFAvAtIEN CFateERdrte INEA NP e APTERIIH) D RGN dotHE s URtadgpeies of
ste . In a second aspect, a system for screening lubricant

Step (b) .
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ubricating oll compositi mple comprising (1) a major amount of a(tt
a plurl@ashonerRase ribeiduhricatingnpssesitiansleiaminghRnNeMpLahat ) a major
least one lubricating oil additive; (b) receptacle moving means for
amournindivid ually pesiticaing tfeliestageeptacies iam tastimgnstationofort of at least one
measurement of deposit formation of the respective sample; 4 (c) means
lubricf@entalsidifeethd desesitifarthatismoitehenaeap etticasisamipe ite thevide deposit
testing station to obtain deE;osit formation data associated with the

formation qa far-ea9B sarapleraprng AL BB S S ATiSh 8t to a computer

controllers dn.a third. aspeck, a.compinaigral i Brisating ol GOmPOSIIAN control, is
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provided comprising:

(a) a plurality of test receptacles, each receptacle containing a different lubricating oil
composition sample comprising (1) a major amount of at least one base oil of lubricating viscosity and
(i) 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 deposit formation of the respective sample;



(a) a major amount of at least one base oil of lubricating viscosity and (b)
a minor amount of at least one lubricating oil additive. The methods and
systems of the disclosures herein may advantageously permit the
screening of many different composition samples in an efficient manner to
determine deposit formation tendencies of the samples, e.g., how fast
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the deposits. BRIEF DESCRIPTION OF THE DRAWINGS Varjou - .
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data toFl Gl J8:& SGhRIMAtic diagram of a system for preparing a plurality of
different lubricating oil compositions; FIG. 2 is a schematic diagram of a
systemifornpeastingdencsit formatiap iandenciasef sbrpluialiysotied comprising
samples of lubricating oil compositions; FIG. 3 is a schematic diagram of a

(a) a nphotevethsydteintedor amebasarinigot eposittior viatisromd (SubsirateyFI@!L 4f at least
is a schematic diagram of a system for measuring deposit formation

one lubgipfiiggdediidvlurality of samples of lubricating oil compositions
employir, anel coker testing method; FIG. 5 is a schematic diagram of .
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of maﬁ?rﬁﬂ{@ﬁaﬂf M{i@@ﬂm %le @&p%iﬁip@fﬁmﬂ'q}{me@ WQ!B@HHE}J %%E)osit formation
method; 5 WO 2005/079280 PCT/US2005/004264 FIG.6 Ais a

tendenSEReMalicaliggraneQhaviapsviRpoafsaFGustan for 1engRAMRG Ae@sHits form and the
formation tendencies of a plurality of samples of lubricating oil

weighcotipabitions. employing a temperature gradient method; and, FIG. 6B is
a schematic diagram of a side view of the system of FIG. 6A.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 2 is a schematic diagram of a system for measuring deposit formation tendencies of a
plurality of samples of lubricating oil compositions;

FIG. 3 is a schematic diagram of a photocell system for measuring deposit formation on a
substrate;

FIG. 4 is a schematic diagram of a system for measuring deposit formation tendencies of a
plurality of samples of lubricating oil compositions employing a panei coker testing method;

FIG. 5 is a schematic diagram of a system for measuring deposit formation tendencies of a

plurality of samples of lubricating oil compositions employing a Wolf Strip Test method;



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) The
WO 2@eeBasinvention is directed to a high throughput screening BO@tRNS 205004264
determining deposit formation tendencies of lubricating oil compositions.
The expression "high throughput” as used herein shall be understood. to
mean that a relatively large number of different lubricating oll
compositions can be rapidly prepared and analyzed. In a first step of one
embodiment of the screening method of the present invention, at least
on&lGhfichiing ol @oanipalitipmisiitroguded infa pistatityfofnrespectwieposit
test receptacles so that each receptacle contains a different lubricating oil
fornzoimp usidersikavif g Eulifity edtseomigs sifibirdegoninbcappredions employing
percentage amounts and/or types of the at least one base oil and/or at
a terfrmstionesauiitny ectmdined in each receptacle. Data regarding the
composition of each sample are stored in a data library. Adding the
infdrHrafiBriselsbematin d axposaifo sidstdrry afdhsr eatop tFE stéfed
compositions substantially facilitates the selection of candidate
compositions capable of successfully carrying out the deposit formation
tests under the deswed operating condltlons or statutor reguirements.
ETGH A DESCRIB LN 5 d HlE BR RELLE DI NVEEINT LS not only
aIIows for a rapld selection of m It|p| cating oil compositions in
respBRSESTE W FRURAEIERES toaﬁgi\%nt WEBArLISE BEe8 e A Sther

6 WO 2 05/07 280 PCT/US2005/ f inf ti dditi
deteggnipgng SPﬁEﬂte At R e e it

exp%lssg;ers ata heplgf‘t R ré: PR atl II ﬁﬁ? tC ?‘ of tthecf: ?c;[%lq% eghat a relatively
S iIntformation may a So allow for calculating necessary

largE KONAER 8%‘ &ttﬁerégﬂuwe A CAR ORI C:RBE Ry Bropared and

ntageously accomp program

analyzed. In a first step of one embodiment of the screening method of the present
invention, at least one hibricating oil composition is introduéed 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 one 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 deposit formation data of each of the stored
compositions substantially facilitates the selection of candidate compositions capable of
successfully carrying out the deposit formation tests under the desired operating
conditions or statutory requirements. Accordingly, storing this information in the
combinatorial library not only allows for a rapid selection of multiple lubricating o1l

compositions in response Lo new requirements for a given test, but aiso becomes another



control and automatically controlled by, for example, a microprocessor or
WO Wtér7edmputer control device. The expression "program coR{IBIt S20eEed 264
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 include at least one base oil of lubricating
pieviscOsifprardicn Ipasdom tubkicatingpi. stidityes@ehorakidtdiutitisatng
oil compositions for use in the high throughput screening method of this
wenHHORY intinds |y idue crtsimmasfcampasb s efcihd fbregbilnged
lubricating oil additives together with a major amount of at least one base
coppestfigpficdimyivieasaityn angy, drcatienHPbryrkBrgasesoant hgnges of the
preferably greater than about 70 wt. %, more preferably from about 80 to
addibiyes 9o Jaast e aitd The SEOsRSNERIIS HIYaRtP BRI B AR BB Sk ehuRfes program
based on the total weight of the composition. The expression "base oil" as
confsel PREARITORERAY CRIERSETOY 1EMBRITR! Bl RO BT SBIE A QP pasmputer

stocks.which js a lubricant component that is proguced by a single
coniToh BrYctret D TRISSIAR FBTAELERNEtinde %ﬁ?l&f bPSStdgshped o
ma%ufacturer's Ioc%qfon : that meecés tk}ﬁs mel anylfa}g:tur 'S . ions
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. identification, number, .ar both. The base oil for, use herein can, be an
is snTnated ond Cortotieihy B microptotestor br aluir Eotrputer Aol ditee,
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olls, tractor olls, heavy duty diesel engine oils, truck oils and functional

tiids sueh anishydraslicoils, esafei-Hapemissignliuisls #Cuse in the high
Additionally, the base oils for use

~ throughput screening method of this invention include a muinor amount of at least one of
the foregoing lubricating oil additives together with a major amount of at least one base
ofl of lubricating viscosity, e.g., an amount of greater than 50 wi. %, pfeferably 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 stack

or blend of base stocks which is a Jubnicant component that is produééd by a single
manufacturer to the same specifications (independent of feed source or manufacturer's
location): that meets the same manufacturer's specification; and that is identified by a
umque formula, product identification numbesz, or both. The base oil for use herein can

be any presently known or later-discovered base oil of lubricating viscosity used 1n

formulating lubricating oil compositions for any and all such applications, e.g., engine



herein can optionally contain viscosity index improvers, e.g., polymeric
wo 20@leyimgthacrylates; olefinic copolymers, e.g., an ethylene-propsienes/e04264
copolymer or a styrene-butadiene copolymer; and the like and mixtures
thereof. As one skilled in the art would readily appreciate, the viscosity of
the base oil is dependent upon the application. Accordingly, the viscosity
of a base oil for use herein will ordinarily range from about 2 to about
2000 centistokes (cSt) at 100 Centigrade (C). Generally, individually the

oils RASERIlS Hsed sicnana s Wilkhawsiia kinesaatislyjseosiiyi caigenabils,

100C of about 2 ¢St to about 30 cSt, preferably about 3 cSt to about 16

trac®PbiRNHeARpauBy efesabii@heo uild, eStliootbant FaneSomndiuidshadelected
or blended depending on the desired end use and the additives in the
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composition having an SAE Viscosity Grade of OW, OW-20, OW-30,
herdDWad 0p@MyaBOc AIGA SVl BINGZ0 1B 8Es5R\E4 Do BMIEE0, SW-60,
IOW, IOW-20, IOW-30, IOW-40, 1.0W-50, 15W, 15W-20,15W-30 or
alkyiidhdryQits; obdthasopalyviscarghaveigtositiesrd R M MEbenR 2
cSt to about 2000 cSt at 100C. Base stocks maybe manufactured using a
styroagibtyadi differenhyprocesediridkgding mbieresthesneld to, distillation,
solvent refining, hydrogen processing, oligomerization, esterification, and
rerefinimg. SRibTedimedstocr e rprdHypRIATMG: e TPons1 R akihg Base oil 1s
introduced through manufacturing, contamination, or previous use. The
depsadmbiirentHe 0plikationg SiF idkevatapndy it mbiPhEsafgrein
_natural or synthetic lubricating 8 WQ 2005/079280 PCT/UigOOO§/OO.4264 c
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range at 100°C of about 2 ¢St to about 30 ¢St, preferably about 3 cSt.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 Viscosi.ty Grade of O0W,
OW-20, OW-30, OW-40, OW-50, 0W-60, 5W, SW-20, 5W-30, 5W-40, 5W-50, 5W-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.

Base stocks may be manufactured using a vanety of different processes mcluding,-
but not limited to, distillation, solvent refining, h_ydrogen processing, oligomerization,
esterification, and rerefining. Rerefined stock shall be substantially free from materials
inﬁoduced through manufacturing, contamination, or previous use. The base oil of the

lubricating oil compositions of this invention may be any natural or synthetic lubricating



polymers such as polyalphaolefin or PAO oils, or from hydrocarbon
WO g9Milés180procedures using carbon monoxide and hydrogen REaS8s2e05/004264

as in a Fisher-Tropsch process. For example, a suitable base oil is one
that comprises little, if any, heavy fraction; e.qg., little, if any, tube oll
fraction of viscosity 20 cSt or higher at 100C. The base oil maybe derived
from natural lubricating oils, synthetic lubricating oils or mixtures thereof.
Suitable base oil includes base stocks obtained by isomerization of

bgyntiletivuitehl clrdislasfbovasyntisctietibsityldisc tatked ibadestedis, oils prepared
produced by hydrocracking (rather than solvent extracting) the aromatic

fegrwel tho el powipatenel sthiiereideo B ulablelbasdsioiml ddeiefiosoipralide
API categories |, 11, 11, IV and V as defined in API Publication 1509, 14th

pelytiers, pabiehaplyripmelefmogsl Mpwils YriEea sidrararisilyamhedicpies edures
(PAO). Group V base oils include all other base oils not included in Grou
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use in this invention, these preferred base ojls may be prepared

by .
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.oils. Useful natural oils include mineral lubricating qils.such as, for
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lubricating oils of the paraffinic, .naphthenic. or mixed paraffinic-naphthenic
types TR CUA RO QST T e B e IR e aing
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upricating ol SK INC ude, ut are not limited to, ydrocarpon olls a
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interpolymerize ins, e.g., polybutylenes, polypropylenes,

célB%!}Eaﬁﬂggm%ﬁﬂ%&M}m‘%@&ngf nated 2,40 95f9r7§%§;90nents of the

hg; T/US20051004264 polybutylenes, poly(l-hexenes), poly(l-octenes),
Roi(lsdagenaskant thelikeBhd in all API categories I, 11, 1T, IV and V as defined

in API Publication 1509, 14th Edition, Addendum I, Dec. 1998. Group IV base oils are
polyaiphaolefins (PAO). Group V base oils include all other base oils not included in
Group L, 11, I11, or IV. Although Group li, I 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, II, I1I, TV and V base stocks or base otls.

Useful natural oils include mineral lubricating oils such as, for example, liquid
petroleum oils, sofvent-treated or acid-treated mineral Jubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal
oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the hike.

Useful Synthetic fubricating oils inciudé, but are not limited to, hy&ocarbon oils
and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefms; -

e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated



mixtures thereof; alkylbenzenes such as dodecylbenzenes,
WO 20tagesylbenzenes, dinonylbenzenes, di(2-ethylhexyl)-berzenes zersdtaess
like; polyphenyls such as biphenyls, terphenyls, alkylated polyphenyls,
and the like; alkylated diphenyl ethers and alkylated diphenyl sulfides and
- the derivative, analogs and homologs thereof and the like. Other useful
synthetic lubricating oils include, but are not limited to, oils made by
polymerizing olefins of less than 5 carbon atoms such as ethylene,

polyreRidaas polyylenesnisphuleticopenteneoind mistnesy, hergef Hdethdds
of preparing such polymer oils are well known to those skilled in the art.
mixAdeitibaabiisa il bynibeticshyid ro clarkroyibis achyge tisdidyticdymeees, of
alpha olefins having the proper viscosity. Especially useful synthetic
dintwybeoacbes) i(3-arieylhexijbrogematead qutdibkigpmprbafyB6uoh@s biphenyls,
alpha olefins such as, for example, 1-decene trimer. Another class of
ternhsefls syhithetd hebdyigeainyis oildifislike; blindatcd dinimedetber aig ateylated
oxide polymers, i.e., homopolymers, interpolymers, and derivatives
diphieayb ol fidee mndhbeaclerirraivey anatogsgied parnalne bsreatcadidie kefor
example, esterification or etherification. These oils are exemplified by the
oils Preparefuhyruibatisdnhreringioisdndmgichg sxaetdipispjreqils made by
oxide, the allgyl and phenyl ethers of these polyoxyalkylene polymers
polyagrizingalatpsIp e eRe Giyber éfﬁ@?sﬁ&&}hﬁsé‘#ﬂfé%%&%f’é& pyytylenes,
. weight of 1,000, diphenyl ether of polyethylene glycol having a molecular
isORERt RATSERS. FOOTSHBHFR Stset MSON o RETRA DR BT HuRAET ouls are

molecular Weight}é)f 1,000-1,500, etc.) or mono- and polycarboxylic esters

well knawndfdhoss SioP el dhiiféTthe acetic esters, mixed C3-C8 fatty acid

esteys, pr.ihe C13axa agid diestor ofelragiiens ofycolh AAWO. of apns
olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cq to Ci alpha olefins such as, for example, 1-decene
trimer.

Another class of useful synthetic lubricating oils include, but are not himited 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 poiymerization of |
ethylene oxide or propylene oxide, the alkyl and phenyl ethers of .these‘vpoiyoxyal-kyiene

. polymers {e.g., methy! poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene gﬁycol l?aving a molecular weight of 500-1000,
diethyl ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed

C5-Cg fatty acid esters, or the Cyioxo0 acid diester of tetraethylene glycol.
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Yet another class of useful synthetic lubricating oils include, but are not

wo tooedstapthe esters of dicarboxylic acids e.g., phthalic acid, gdgeiniccasishires
alkyl succinic acids, alkenyl succinic acids, maleic acid, azelaic acid,
suberic acid, sebacic acid, f imaric acid, adipic acid, linoleic acid dimer,
malonic acids, alkyl malonic acids, alkenyl malonic acids, etc., with a
variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether,

propylesnegiteeliate o Speeificyexamp ke ot e Bsiatais Hdedingylimited
adipate, di(2-ethylhexyl)sebacate, di-n- hexyl fumarate, dioctyl sebacate,

todliiso eyt afeliatebalipic ecyk aze |aridioc i phihalite, adid eyl phibalateacids,
dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the

alkonmyp eic@sie nfaimedibic readtingl siveond | cubksehaticabidiwibidvinoieacid,
of tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.

adiptersidsbfulles ssidtietieroifslalso ioladdkltrmteniobdinkiedkimyihosenic
made from carboxylic acids having from about 5 to about 12 carbon

acitisnatowitrithleshoRty e fplcohelthans|, mihhabtobot. hpalelsaied, gotiestyl alcohol,
ethers such as neopentyl glycol, trimethylol propane, pentaerythritol,

2 eibetheey dnrbrltabeirae Bisatofiethylare skeobmesnctesepronslentlxes!, etc.

for example, polyalkyl-, polyaryl-, alkoxy- or polyaryloxy-siloxane oils
Sa?rdféqwe@f@%ﬂ%08%&@%%@&4@5%@@%’&@%@%ﬁs@lﬁ%n@ba%mw@ﬁmgaw di-n-

oils. Specific examples of these include, hut are not Ilmlted to, tetraet;%1
heid dHanteats. UBHE SsPasric et lam diyiiemdaes it aiosr abielate
hexyI)S|I| e tetra-(p- frt butylphen I)S|I|cate

e PRl BRI RS el i e HBNH MRS gleic acid dimer, the
RS AR R S
Sonaining aKids &6 SHERY NP RRIVAE  HIRRVLNgSp Gy diethy! ester
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-, polyalkexy- or
polyvaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
lubricating oils. Specific examples of these include, but are not linﬁtéd to, tetraethyl
silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl} silicate, tet;a—(4»methy-i~
hexyl}silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)disiloxane,
poly(methyl)siloxanes, poly(methyiphenyl)siloxanes, and the like. Still yet other useful
synthetic lubricating oils include, but are not limited to, liquid esters of phosphorous

containing acids, e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane

tl



WO 2005/079280 PCT/US2005/004264 phosphionic acid, etc., polymeric
wo wiskaiydrofurans and the like. The lubricating oil may be degvadkfsomms/oo4264
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
source (e.g., coal, shale, or tar sands bitumen) without further purification
or treatment. Examples of unrefined oils include, but are not limited to, a
phogl;}ﬁ&ﬁqi@ihalagaéﬁe%gigﬂgfyq feanmetertinghopaaRtiense petroleum oil
obtained directly from distillation or an ester oil obtained directly from an
estqrifiqaanpHCEs mBash R whichdmthenr fised] vithedtaidribefined oils,
treatment. Refined oils are similar to the unrefined oils except they have
eithbeetufsthenietited it one0s fostcopuifieaiibmgteptitsevitevgpnéisiosed
more properties. These purification techniques are known to those of skill
herdhibevalt Backincid déls foe txaeniiaisolvdntaktbotioasasgsbndsayythetic source
distillation, acid or base extraction, filtration, percolation, hydrotreating,
(e.gdewalxithg] e tor. iRevafitdd itsay evihtainBdthyr tposiiisgtinsecr istinent.
- processes similar to those used to obtain refined oils. Such rerefined oils
Exaanpledsd vomefimedaaifebiaindedhnt peprocdisstiecoits apkalsirih giained directly
additionally processed by techniques directed to removal of spent
fromdditivor apdrefldne akeswieprool okiaingsribagtly doma disististies e Avegter
from the hydroisomerization of wax may also be used, either alone or in
oil ebiibidedior WithareeaievesiierHanPEPETey ALy ATHERICh sthesind vaihen!
wax isomerate oil is produced by the %droisomerization of natural or

furdgp{FRaiEapx B BRIAIRITEE BRAEGIRVRT BESERSRBHHESRbH ERt_L "

Natural waxes are typically the slack waxes recovered b%/ the solveg/g.
furipsiasaing 8F SRS AIBASUSTHRRET HrARAE HRRRICIS ShE WS PIRdREd

Thgs)é ;)hu?igg%iggrt_gc%%egggs Erzaoi?gg\%h to those of skill in the art and mclude, for

example, solvent extractions, secondary distillation, acid or base extraction, filtration,
percolation, hydrotreating, dewaxing, etc. Rerefined otls are obtained by fcreating used
oils in processes similar to those used to obtain refined oils. Such rerefined otls 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..

Lubricatiné- oil base stocks derived from the hydroisomerization of wax may also
be used, éither alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or
synthetic waxes or mixtures thereof over a hydrpisomerization catalyst.

Natural waxes are typically the slack waxes recovered by the solvent dewaxing of
nneral §ils; synthetic waxes are typically the wax produced by the Fischer-Tropsch

process.
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12 WO 2005/079280 PCT/US2005/004264 The second component of the
WO RIBAGAYHY oil compositions herein is at least one lubricating oKAAdfp085/004264
The lubricating oil additives for use herein can be any presently known or
later-discovered additive used in formulating lubricating oil compositions.
The lubricating oil additives for use herein include, but are not limited
to,"antioxidants, anti- wear agents, detergents such as metal detergents,
rust inhibitors, dehazing agents, demulsifying agents, metal deactivating
agenkbefiietod enouifiesst poine puinicadivysreSsemmpositifonheistagentsst one
co-solvents, package compatibilisers, corrosion- inhibitors, ashless
lubrispipsanitaddiibe. ekhelwenspoasnt adiHiea ke tis IReBrmhstmsgresently
thereof. Greases will require the addition of appropriate thickeners. A
kne&myia%@smf%@a%%mlaﬁmwé}gva%am@mme%lon& The
additives, or their analogous compounds, can be employed for the o
rubsigafina AU ORERES SRTOHS RABFIERAY S RSO SRERE G B RafdrRbT A0t

the at least one additive is an gntioxidant, detergent, ashlers dispersant
G AR A LR BT A G Aeian O W refener

d contain a diluetnt oilet(i orm an. additiv?sc%ctentrated.'frh%seoconce trates
TRy SR TS T 4B 86 86" W a5 1B S O WR Bh PHTerably
rl(i)m akgout P8 wi.%6 10 about 25 wi. 96 anﬂ(most r(%l}?%qbl from a%ggg 97

f |
SRR bt BB 565 SifGent o And Tron A Wt 9% 10 about

- 90.wt. % f ly f % 9 .
lnP%%l 01's ﬁslﬂr%segfas éésggg‘/v(ﬁlg?&y%ﬁw%e ?J&ﬁﬂ@é‘é@%&%ﬁh%ﬂﬂénﬁﬁ muxtures

preferdbly from about ut 50 wt. %, of the foregoing

hAIHHIVE(S)s R IS RIS. 8 e FARGRIBIARSENGIES NN NGHty of the

iluent, preferably an oil of lubricating viscosity such as, for example, a

2RSS0 234855 had e reinhsiguiysaihat HR.conasniiate JPavwbanigad

mixed with lubricating oils to prepare lubricating oil compositions. Suitable
compounds, can be employed for the preparation of the various lubricating oil

compositions herein. Preferably, the at least one additive is an antioxidant, detergent,
ashless dispersant or mixtures thereof.

Alternatively, the lubricating oil additive(s) can further contain a diluent o1l 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. % 1o 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. % z;r;d 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 lubricating viscosity such
as, for examp‘le, a base oil as deseribed hereinbeiow, so that the concentrate may be
readily mixed with lubritating oils to prepare lubricating oil compositions. Suitable

lubricating oils that may be used as diluents can be any oil of lubricating viscosity.
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lubricating oils that may be used as diluents can be any oil of lubricating
WO 200045638%. 13 WO 20051079280 PCT/US2005/004264 ExarfiplBEai05/004264

antioxidants include, but are not limited to, aminic types, phenolics,
sterically hindered phenols, secondary aromatic amine antioxidants,
sulfurized phenolic antioxidants, oil-soluble copper compounds,
phosphorus-containing antioxidants, organic sulfides, disulfides and
polysulfides and the like. Examples of sterically hindered phenolic
antiosauiaias o el fantaiodheddirhitb dretoo blthetediylameenphiemslicphenolics,
compounds such as 2,6-di-tertbutylphenol, 4-methyl-2,6-di-

sterigaly dnyigRTen @h@qlfemtmgmﬁmeﬁw @t@ﬁs’mﬁm@ﬁ@w sulfurized phenolic
2,6-diisopropylphenol, 2- methyl-6- tert butylphenol,

antigxidenineatyd uﬁéﬁ%@ﬂbﬁ%@&@ﬁb Ry PRRTRgAfioxidants, organic
6-di-tertbutyl phen 4-ethyl-2,6-di- tertbutylphenol 2-methyl-
sulfigesyAiaph " AD )ﬁ}?ﬁ I, and their analogs and

?3@8&%%&?3’%‘%&% R S RBILE SOV ST R g

o, S N GO S RIE MEIER b 95’&55 R e £
d d rid h d

iR R “”%%f&%r.é’aefa A TR R et =
methri%ege b\llgﬁgﬁ]n@ ?Q-e @htﬁr%qg )ji 4-(N,N-

‘tett- amy cresol)

dxm%t uty Wé -EnathvlGter tnpaemmeaﬁ 1-9.4. dﬁ%&%ﬂ@%&? 8- Hnyi-

and the Ilke icularly preferréd are mixtures of

6-stg}§ 3 foyiene-Prdged-AlviphenaisichrsdbBese A8 UNe ddmbl s P#BRbres of

c
211,652, thé contents of which are incorporated by reference

wol BB AT BRINdARtSEaBIRIRABHsad Rathrdubigsting oil

compositions of this

Examples of other phenol antioxidants for use mn the hubnicating oil composttions
of the present invention include, but are not limited to, one or more methylene bridged
alkylphenols, one or more sterically-hindered unbridged phenolic compounds and
mixtures thereof. Examples of methylene-bridged compounds include, but are not
limnited to, 4,4';methylenebis(é—tert—butyi_ o-cresol), 4,4'-methylenebis(2-tert-amyl-o-
cresol), 2,2'-methylenebis(4-methyi-6-tert-butylphenol), 4,4"-methylene-bis(2,6-di-
tertbutyiphenol), and the like. Particularly preferred are mixtures of meihyiene-bﬁdged
alkylphenols such as those described in U.S. Patent No. 3,211,652, the contents of which
are incorporated by reference herein.

Amine antioxidants can also be used in the lubricating oil compositions of this
invention. Examples include, but are not limited to, oil-soluble aromatic secondary

amines, aromatic secondary polyamines and the like and combinations thereof with
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invention. Examples include, but are not limited to; oil-soluble aromatic
WO Zesongdsny amines, aromatic secondary polyamines and thelKeyasmdo5/004264
combinations thereof with 14 WO 2005/079280 PCT/US200S/004264
aromatic secondary amines being preferred. Examples of aromatic
secondary monoamines include diphenylamine, alkyl diphenylamines
containing | or 2 alkyl substituents each having up to about 16 carbon
atoms, phenyl-alpha-naphthylamine, phenyl-beta-napthylamine, alkyl- or
aranaiy| sedostirieshphenytialpha fraphithilemiples cdrtaining s¢deadigne or
two alkyl or aralkyl groups each having up to about 16 carbon atoms,
matiopknoreaiatityiic diystiurboie mi-y etpiraphimianacetetnitgining aeliedst
one or two alkyl or aralkyl groups each having up to about 16 carbon
substitmspairrdan baikee Arpieiéred] fy puloietnmsiohorihel phaiosdahyiszne,
alkylated diphenylamine of the general formula Rr-C6--H4--NH--C6
phanylipetovhendivimnireanlatkyporeiiyiprarsiatig Bhspaheldg-angigbupine
having 6 to 12 carbon atoms and preferably 8 or 9 carbon atoms; and R2
CqBLAIPE ] B RBAPDFER BRI GraaBtorETePssRE B brdretet aas Y rifupyrbon
having 6 to 12 carbon atoms and preferably 8 or 9 carbon atoms. Most
aigfRTeHily R R Shity ] Bife-BaRRIEIPE FUYMPOGH] 7ast ove or
available commercially as Naugalube 438L, a material which is .
%ei&&%%%&%&&ﬁ%%%%{Mﬁ%ﬁj@ ﬁ{ehﬁwmﬂ?e?ﬁ%% the like.

bis(4-nonylphepylamine), wherein the nonyl.groups are branched. .
Ao PRSI By ey IS ARG SR LA A ATE Dffiayiamine o
inventio fjs cqglprised of one or more liquid, partially sulfurized phenolic

th&ﬁ?fb% ndseuén as those prepared by reacting sulfur monochloride with
a liquid mixture of phenols wh(%{%[%g:[H“_“Nanﬁ H.-R,

wherein R is an alkyl group (preferably a branched alkyl group) having 6 to 12 carbon
atoms and preferably 8 or 9 carbon atoms; and R; is a hydrogen atom or an alkyl group
(preferably a branched alkyl group) having 6 to 12 carbon atoms and preferably 8 or 9
carbon atoms. Most preferably, R’ and.Rz are the same. One such preferred compound
is available commercially as Naugalube 438L, a material which is understood to be
predominately a 4,4'-dinonyldiphenylamine, i.e., bis(4-nonylphenylamine), wherein the
nonyl groups are branched.

Another antioxidant for use in the jubricating oil compasitiornrs of this invention is
comprised of one or more liquid, partially sulfurized phenolic compounds such as these
prepared by reacting sulfur monochloride with a liquid mixture of phenots wherein at
least about 50 weight percent of the mixture of phenols is.composed of one or more
reactive, hindered phenols and it proportions to provide from about 0.3 to about 0.7 gram

atoms of sulfur monochloride per mole of reactive, hindered phenol so as to produce a

15



least about 50 weight percent of the mixture of phenols is composed of .

wo 20058795gxore reactive, hindered phenols and in proportions g providesfEemes
about 0.3 to about 0.7 gram atoms of sulfur monochloride per mole of
reactive, hindered phenol so as to produce a 15 WO 2005/079280
PCT/US2005/004264 liquid product. Typical phenol mixtures useful in
making such liquid product compositions include a mixture containing by
weight about 75% of 2,6-di-tert- butylphenol, about 10% of

i foH A ReRG) shaw) 1EARL2 Al isyatenchaad.ahewt 250 o

di-tertbutylphenol. The reaction is exothermic and is preferably kept

condfitRindheirange AhaRaKt Lofiriab et Veghmpstpraiarably dewaen

about 40C to about 60C. Mixtures of different antioxidants can also be

butl§8d161 {ABILOTTRIID Qlrcampesiiens:eb e presepiipventiamuBishenol, and
suitable mixture is comprised of a combination of (i) an oil-goluble mixture
b atledst, thieecaifiarasticisaricEily mintered dectiasyrticdtizcratendiy dept
phenols which is in the liquid state at 25C., (ii) an oil- soluble mixture of at
witlgaghihemg diffeltent & Callybbind@¥d tensaprdfatyldjdebwetindbnat 40°C to
bridged polyphenols, and (iii) at least one bis(4-alkylphenyl) amine
abowthepedn the alkyl group is a branched alkyl group having 8 to 12 carbon
atoms, the proportions of (i), (i) and (iii) on a weight basis falling in the
rangefichaboof 8ifdeabotiv5idaptrsolso postenp(thahdagmerd to
about 1.2 parts of component (ii) per part by weight of component (iii).
coBpestipleswditbapkcsaioxigans dicegssibrblibovetare isrumtgdPlrs.
Patent No. 5,328,619, the contents of which are incorporated by reference
combietioDedér areflibehihinmintiscabanisas deerodbtesnipsnprbitingsred

4,031,023, the contents of which are incorporated by reference herein. .
tertiary butylated monchydric phenols which is in the liquid state at 25°C., (it} an oil-

soluble mixture of at least three different sterically-hindered tertiary butylated methylene-
bridged polyphenols, and (iii) at least one bis(4—a1kylpheny}} amine wh_ere%n the alkyl |
group is a branched alkyl gfbup h;aving §to 12 Carbbn atoms, the proportions of (i-}, (a1}
and (iii) on a weight baéis falling in the range of about 3.5 to about 5.0 parts of
component (i) and about 0.9 to about 1.2 parts of component {ii) per part by weight of
com};)onent (iti}. Examples of such antioxidants discussion above are di.sc:!osed in U.S.
Patent No. 5,328,619, the contents of which are incorporated by reference herein. Other
useful antioxidants are those disclosed in U.S. Patent No. 4,031,023, ti:1e contents of

- which are incorporated by reference heretn.

Exampies of antiwear agents include, but are not limited to, zinc

diaikyidiﬂﬁophosphatcs and zinc diaryldithiophosphates, e.g., those described in an
article by Born et al. entitled "Relationship between Chenical Structure and

Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different
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Examples of antiwear agents include, but are not limited to, zinc -

WO anigTdrdfiophosphates and zinc diaryldithiophosphates, e.g. Pihb§&2005/084264
described in an article by Bom et al. entitled "Relationship between
Chemical Structure and Effectiveness of Some Metallic Dialkyl- and
Diaryl-dithiophosphates in Different 16 WO 2005/079280
PCT/US2005/004264 Lubricated Mechanisms", appearing in Lubrication
Science 4-2 January 1992, see for example pages 97-100; aryl

Lphosphd ek eridiphespesing ulobRfsiniigSestass 4 shgapriostifty. see for
compounds, metal or ash-free dithiocarbamates, xanthates, alkyl sulfides

cuprankserRes SHd! Aixaybehewieses 2rd PetE g ctliger R Rt St are
not limited to, overbased or neutral detergents such as sulfonate

phetehgaibr egnPmBss st Fath=liien HEHLEHEURHSuRL ALtinafiy hefides
Group 11 metal overbased sulfurized alkylphenols, etc.; phenates (high

apddbe ket BB BSEEH: high overbased phonate stearates:

phenolates; salicylates; phosphonates; thiopho tes: ioni
AR e e AT AR B) L BUr oeTRBLEH et
B SRR iR 25 (R B! 10 BHOUN D gyming

era FoReabOU to abou ow overbased meta

sulfonates and neutral metal sulf . [ :
B T R S A2 R MR ETENT, Do e
ogf%lr\éoaé(g@ Il%‘ylle&lf%%ggys@d)?kggf}%pgg%%%w i@ﬁgt@ﬂ&l’zﬁ@?ﬁhemiat%; sahicylates;
polyoxyet yPene higher “alcohol ether, polyoxyethylene nonylphenyl ether,

%%%)%%EQQ/;'%‘8})%%%}?&@35;%%%’sm¥%¥§m%@lﬁ{%wh§t§ﬂﬁh%§'1ﬁéreof

olyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate, .

PR gryeidene sphiishmangpleals atd PelvathyeRsseolrBN) of from about

monooleate; stearic acid and other fatty acids; dicarboxylic acids; metal

SRS fABY ARiGreferably from about 10 to about 25. Low overbased metal sulfonates
' énd neutral metal sulfonates are well known in the art.

Examples of rust inhibitors include, but are not limited to, noﬁionic
pf-)lyoxyaiky'lene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene igher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether,rpolyoxyethyiene oleyl ether, polyoxyethylene
sorbitol monostearate; polyoxyethylene sorbitol monooleate, and polyethylene ghycol
monooleate; stearic acid and other fatty acids; dicarboxylic acids; xﬁétal soaps; fatty acid
aminé salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydnic
alcohol; phosphoric esters; (short-chain) alke,ny1 succinic acids; partial esters thereof and
nitrogen-containing derivatives thereof; synthetic al};:aryﬁ;ldfonates, e.g., metal

dinonyinaphthaléne sulfonates; and the like and mixtures thereof.

Examples of friction modifiers include, but are not himited to, alkoxylated fatty

17



amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester
wo 200f/poilydydric alcohol; phosphoric esters; (short-chain) alkeFgIEUS2HAN064264

acids; partial esters thereof and nitrogen-containing derivatives thereof;

synthetic alkarylsulfonates, e.g., metal dinonylnaphthalene sulfonates;

and the like and mixtures thereof. Examples of friction modifiers include,

but are not limited to, alkoxylated fatty 17 WO 2005/079280

,PC_T%LJSZ 5/004264 amines; borated fatty e oxi%es; ity phosphites
s OO CENARY AndE G BPARE kA AT Tty AT haal e

of fatt ids, fatty acid amides, glycerol es borated, glycerol| esters:
SR R AR
bogRl SIS ﬂ%@gw@&%&- YeRpaRdrielD drelian madkiee o,

obta r ro

om a feaction ucto as 4to C/5, preferably a Cé6 to C24,

theac:ngatgﬁ S Ep{ﬁﬁﬁaﬁy iﬂcg Qatgcggjf %E@l@g ﬁe?@ﬁ;af?fi@an modifiers obtained

nitrogen-containing compound selected from the group consisting of

. our ne grou b9a C. o
ﬁo%%‘?ﬁ@%@ﬂgcﬂl@t%Fg@ﬁg%%g’?eﬁzmm‘?%@ﬁﬁ 0580 3t BRIGMG-a Cs t

402,170, filed March the contents of which are incorporated

CoONIEELRNSENRE I RRgdhe dikaiang pbdpbasdheratdmampleshp

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

cofBSihRcsyaienaelRer sefnimetivisticope aogdbrdike-and Witwasal No.

thereof. Examples of ashless dispersants include, but are not limited to,
10ROy alkylens sueoinie animdidesHansiragerhconianing dreey aiivesainac
polyalkylene succinic anhydride; a basic nitrogen compound selected
hefeNANE1BECIKR sanaisting:othstecinimides, carboxylic acid amides,
hydrocarbyl monoamines, hydrocarbyl  polyamines, Mannich bases,
phosphengisidestiiiaphingphenannidedeahdtphosphbraiwities; ptijazatesf alkyl
e.g., 2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and
methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.
Examples of ashless dispersants include, but are not limited to, polyalkylene
- succinic anhydrides; non-nitrogen containing derivatives of a polyalkylene succinic
anhydride; a basic nitrdgen compound selected from the proup consisting of
succinimides, carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl
polyamines, Mannich bases, phosphonamides, thiophosphonarnides and phosphorammdes;
thiazoles, e.g., 2,5—dirﬁercapto~i .3 4-thiadiazoles, mercaptobenzothiazoles and
derivatives thereof; triazbles, e.g., alkyltriazoles and benzotriazoles; éépolymers which
contain a carboxylate ester with one or more additional polar function, including amine,
amide, imine, imide, hydroxyl, carboxyl, and the like, e.g., products prepared by -

copolymerization of long chain alkyt acrylates or methacrylates with monomers of the

above function; and the like and mixtures thereof.
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derivatives thereof; triazoles, e.g., alkyltriazoles and benzotriazoles;
wo gapehynars which contain a carboxylate ester with one or mpra-additional 264
polar function, including amine, amide, imine, imide, hydroxyl, carboxyl,
and the like, e.g., products prepated’by copolymerization of long chain
alkyl acrylates or methacrylates with monomers of the above function;
and the like and mixtures thereof. 18 WO 2005/079280
PCT/US2005/004264 The polyalkylene succinic anhydride dispersant is

preferablyoamyisab e spaciaicaaniiysiidm(py %@f@f&jﬁhﬁar?é’[?@%butenyl

average molecular weight of the polyalkylene tail in the polyalkylene

susuigtnialadnydigesUspdineraimyel berpleastiabapieigraby ol yalkylene
about to about 750 to about 3000 and most preferably from about 900 to

tadlbothe pdOAIG amn plesiafcsuilablalpolyeik artm suttbdatdahydidepriderably
use herein are thermal PIBSA (polyisobutenyl succinic anhydride)

frolmsirine thisbous7 Fake abiuo 36)86hE78istqhisiindlydBIE SR aeiftiver it
U.S. Patent No. 3,172,892; a mixture of thermal and chlorinated PIBSA

1 s cribedples o Ssuitabbnpolm I BybR, 78ty Anhydeidés fatisP iBS:n are thermal
described in U.S. Patent No. 4,234,435; polyPIBSA described in U.S.

PiBg6 ipNpsotmitenyl socmvisshyis do sicsigibed de i rRaspdiyPBs673;
described in U.S. Patent Nos. 5,565,528 and 5,616,668; free radical

ciiegmicdddBifedeirip sl Ralchiiss! blogh I7He8o8; 3mipsuea{dhermal and
5,625,004; PIBSA made from high methylvinylidene polybutene described

AU RIS TES MG, S Db i 037 B0 HER SIEM B SA
ratio PIBSA made from zlfq’:g%h methylvinylidene polybutene described in

IBEROFL I Patdrit Bpiit ot PbREATH NG, {88 d8S] teriRfthers:
5 QLTI S PaicERD G U M SR OSBRI ADPIRSTNCS:
5 BHRUSRUSN 8101 EBsR 2252 2N pRUICELEIBRA FeSERn Nez- 588 oo,
5,319,030 and 5,625,004; PIBSA made from high methylvinylidene polybutene described
in U.S. Patent Nos. 4,152,499, 5,137,978 and 5,137,980; high succinic ratio PIBSA made
from high methylvinylidene polybutene described in European Patent Application
fub!-ication No. EP 355 895; terpolymer PIBSA described in U.S. Patent No. 5,792,729,
su¥f0nic acid PIBSA described in U.S. Patent No. 5,777,025 and European Patent
Application Publication No. EP 542 380; and punfied PIBSA described in U.S. Patent
No. 5,523,417 and BEuropean Patent Application Publication No. EP 602 863, the contents
of each of these references being incorporated herein by reference.

Non-nitrogen containing derivatives of polyaikylene succinic anhydrides mclude,
but are not limited to, succinic acids, Group I and/or Group II mbno— or di-metal salts of

succinic acids, succinate esters formed by the reaction of a polyalkylene succinic
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No. 5,523,417 and European Patent Application Publication No. EP 602
wo 2005050836 contents of each of these references being incorppiatedfoeseigk2s4
' by reference. Non-nitrogen containing derivatives of polyalkylene succinic
anhydrides include, but are not limited to, succinic acids, Group | and/or
Group Il mono- or di-metal salts of succinic acids, succinate esters
formed by the reaction of a polyalkylene succinic 19 WO 2005/079280
PCT/US2005/004264 anhydride, acid chloride, or other derivatives with
anhRRACABR &8rSrde QR WBElSIN Bives anR iyl Brone of Fomato Mpgarban is
atoms) and the like and mixtures thereof. If desired, the foregoing
an aNQly ikleperruRCinie Ankudsd e AT MIdnBs 1 age MikaRta miag:of.
derivatives thereof can be post-treated with a wide variety of post-treating
reagrepisrddp iR @nplEn e foiRoting arlyalicyianedidesinicianhpdrideogen-
and/or derivatives thereof canbe reacted with boron or a cyclic carbonate,
con®ifging Heriengvearthenat;dobpmidechmdieifoswidated ancdEpoytdrmting
carbonate post-treated products. The basic nitrogen compound for use
reageareirFmushogitaihbisipoinppelydkylimesswedideneydmplendiyrAgTtives
- D664 test or D2896. The basic nitrogen compounds are selected from the
thergobupndonsistiag witUusoimmidesyqbolystrviaimides, etaybwmeydiotusiate, to
amides, hydrocarbyl monoamines, hydrocarbon polyamines, Mannich
providsésraphpspHoreinided, ahidphosplronatsinest-prspRerdisites,
dispersant viscosity index improvers, and mixtures thereof. These basic
nitrddrsrbemntimegrcermrouRd doarscdeseliagh SR Ik EaPM B P BSheSthe
reservation that each must have at least one basic nitrogen). Any of the
measiregeRIcORENh G ESRPOSHORS IFAPHRHRG- B SasiHtIa % EBABHS
ethylene carbonate, using procedures well known, in the art so long as the

are é@%ﬁg@%g{ﬁwggm&iHfﬁgg%ﬁygﬁémolysuccmmudes, carboxylic acid

amides, hydrocarbyl monoamines, hydrocarbon polyamines, Mannich bases,
phoéphoramides, thiophdsphoranﬁdes, phosphonamides, dispersant viscosity index
improvers, and mixtures thereof. Theée basic nitrogen-containing compounds are
described below (kéeping in mind the reservation that each must have at least one basic
nitrogen). Any of the nitrogen-containing compositions may be posi-treated with, €.g.,
boron or ethylene carbonate, using procedures well known in the art so long as the
compositions continue to contain basic nitrogen.

The succinimudes and polysuccinimides that can be used herein: are disclosed in
numerous references and are well known in the art. Certain fundamental types of
succinimides and the related materials encompassed by the term of art "succininude” are
taught in U.S. Patent Nos. 3,219,666; 3,172,892; and 3,272,746, the contents of which are
incorporated by reference herein. The term "succinimide” is understood in the art to

include many of the amide, imide, and amidine species which may also be formed. The
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The succinimides and polysuccinimides that can be used herein are

WO GEEEBE%n numerous references and are well known in thet&rt Eaithi4264
fundamental types of succinimides and the related materials
encompassed by the term of art "succinimide" are taught in U.S. Patent
Nos. 3,219,666; 3,172,892; and 3,272,746, the contents of which are
incorporated by reference herein. The term "succinimide" is understood in
the art to include many of the amide, imide, and amidine species which

PIREIEE BETh G WrNE 26 YPEr SBHBIGY ¥ 5 S CoFRy R dissTosrsEd Y

predominant product, however, is a succinimide and this term has been .
‘“ﬁ%‘é%ﬁf‘“&%‘&@ﬁté}ﬁ BECHISARNTERE S S%I}ga%{ 'Br?‘é"lﬁ‘é’r‘&n"‘c‘d or

RsHBte
ubstituted succinic acid or. anhydride with a nitrogen-containing
S BrUTESRGT CCAIR ECR S PHFL PR ootuse of
adyaliabiltyare ose sucdnipides prepared.fiom s yiocarhyl suceinic
anhydridé, wherein he ydrocarbyl group contaitis from abou 0 about

su%%%iggﬁ.i%f@ﬂ%%o Wi B ﬁc?ﬁ%lﬁ it fﬁﬁpngﬁ‘ﬁg%ﬁtﬁ SRCB0UER 8GN 350

5 a
especially ¢ aracterized e ylene triamine,

ARRINMISRE telreming istaRtYlens PERIAMINSiAPSHUSRRL POISEY Blaracterized

welght polyethylene amines. Particularly preferred are those succinimides

bPIERALRY SIRM RO YiSORIANM SHERING ARXAL - R 1A RicAHR Pentamine,

atoms and tetraethylene pentamine or higher molecular weight

2RPNELRYISHR AMINGS: PhIPHIMES AL RAVRIY IBRE AMINE Brens At these

average molecular weight of the mixture is about 205 Daltons. Also

siasiRedWithipate tRmPSNeEIBIEA’ sateiiie #0rRlig@mgraaba 28 carbon atoms

hydrocarbyl succinic acid or anhydride and a polysecondary amine

26O NIRIRIY &ldpastonae @ tinfyeamiecaitrogeipin peldiin doetwai ffsnpeix ures
secondary amino groups. Ordinarily, this composition has between 1,500
ofpol 000 exeiagesmbdl douldreweightc Abdjiokl weight of the mixture is about

205 Daltons.

Also included within the term "succinimide” are the co-oligomers of a
hydrocarbyl succinic acid or anhydride and a polysecondary amine containing at least one
tertiary amino nitrogen in addition to two or more secondary amino groups. Ordinarily,
this composition has between 1,500 and 50,000 average molecular weight. A typical
compound would be that prepared by reacting polyisobuteny! succinic aphydride and
ethylene dipiperazine.

" Carboxylic acid amide compounds are also useful nitrogen-containing compounds
for preparing the colloidal suspensions of this invention. Typical of such compounds are
those disclosed in U.S. Patent No.3,405,064, thé contents of which are incorporated by
reference herein. These compounds are ordinarily prepared by reacting a carbox ylic acid

or anhydride or ester thereof, having at least 12 to about 350 aliphatic carbon atoms in the
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compound would be that prepared by reacting polyisobutenyl succinic
WO 2085{p3H8%e and ethylene dipiperazine. Carboxylic acid anode-ddhpbitiifd264

are also useful nitrogen-containing compounds for preparing the colloidal
suspensions of this invention. Typical of such compounds are those
disclosed in U.S. Patent No.3,405,064, the contents of which are
incorporated by reference herein. These compounds are ordinarily
prepared by reacting a carboxylic acid or anhydride or ester thereof,

pringindhe} iabressthemtendd dessolalipriage ChiosAt agiAaTatidiags seops to
2005/079280 PCT/US2005/004264 principal aliphatic chain and, if

rendgz diremnaenicPaLTnRIBlG R AR APHNB Wéﬁ(g@%ﬁfﬁ‘i‘éﬂ PeheERI e DI R

oil soluble with an amine or a hydrocarbyl polyamine, such as an ethylene
ethyeRm T G 0ees b R PoRLsT }@%&fd% ¢ Fl?feef@ﬁsﬁ (prgamides

amides prepared. from.(1) a carboxylic acid 9 rmula RZCQOH,

A P e o el i g TR
. carboxylic acid in.which the,polyisobuienyl. group.contains, from 7.2 to 128

i O A 5 P e S sl SR Al el
or tetraethylene.pent ne,or mixtures eof. Anether class of I

B0 A S 31 AR LR kel

wie PSRRI S 0 RGOSR Sy Bagent No

e contents of w are incorporated by reference herein.

The {yslracaid (gtQuRy Whishds-BERISIARY Al AL Qlginig Aving ane or

two sites of unsaturation, usually contains from 9 to about 350 carbon

mofRmRAhe W&f@@%ﬁﬂ%f?ﬁﬂlﬂe@?&t@.%@% A9 SRHPRN ALOPRent No.

Particularly preferred hydrocarbyl polyamines are those which are

3 588 14Ye 018 anAFEELHRL RNV SERIHR e MO ridR RAL3:BRNAIKYE AGdrocarbyl
" polyamine, such as an ethylene amine, e.g., ethylene diamine, diethylene
arolifARiney R irAatIE PRIRGN@BIBNic having one or two sites of unsaturation,
usually contains from 9 to about 350 carbon atoms and preferably from about 20 to about
200 carbon atoms. Particularly preferred hydrocarbyl polyarnines are those which are
derived, e.g., by reacting poiyisdbutenyl chloride and a polyalkylene polyamine, such as
an ethylene amine, e.g., ethylene diamine, diethyiene triamine, tetracthylene pentamine,
2-aminoethylpiperazine, 1,3-propylene diamine, 1,2-propylenediamine, and the like.
Yet another class of useful nitrogen-containing compounds are the Mannich base
-compounds. These compounds are prepared from a phenol or Coo a;liéylphenoi, an
aldehyde, such as formaldehyde or formaldehyde precursor such as paraformaldehyde,
and an amine compound. The amine may be a mono or polyamine and typical
compounds are prepared from an alkylamine, such as methylamine or an ethylene amine,

such as, diethylene triamine, or tetraethylene pentamine, and the like. The phenohe

material may be sulfurized and preferably is dodecylphenol or a Cgo.100 alkylphenol.
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2-aminoethylpiperazine, 1,3-propylene diamine, 1,2-propylenediamine,
w0 angkiheddee. Yet another class of useful nitrogen-containing aarmposeeds 064264
are the Mannich base compounds. These compounds are prepared from
a phenol or C9-200 alkylphenol, an aldehyde, such as formaldehyde or
formaldehyde precursor such as paraformaldehyde, and an amine
compound. The amine may be a mono or polyamine and typical
compounds are prepared from an alkylamine, such as methylamine or an
Tetydenesaininbassuehial cdictBylenritridinine;catitetrae thytése prntaminsent
and the like. The phenolic material may be sulfurized and preferably is
Ndede6§ineEh) Gl 61 Bs GBS SIKY pkbhd b 2208/ Ch2 00B3iI928BF hich are
PCT/US2005/004264 Typical Mannich bases which can be used in this
ineweotionddre disclosebleinitl. S. Patent Nos. 3,539,663, 3,649,229;
3,368,972 and 4,157,309, the contents of which are incorpoxl:ated by
referefidé yet roisthStillage pAnethdmdleage oot nit cogarr iR Al the
compounds are the phosphoramides and phosphonamides such as, for
pescppemifessnd RIS sEhiant o anpin s sitrweggn 575
the contents of which are incorporated by reference herein. These
Pé@ﬁiﬁ&%é§ﬂ%’@f§}%é’}5’réﬁ§%¥§ytf&ﬁﬂﬂ@%ﬁp%‘é’hﬁ&rﬁ@ EARBSHAHAY fiéFrence
at least one P--N bond. They can be prepared, for example, by reactin

hitssspRBFS CBRPEHRSHARA YRR B FRAIFSCRHSOITHIBE i RARPOSEhtamgigmd having
SLLE51 ) AE  ERGA TERF S TR A SR AU B
R S T R S R S e -
e T PR R o
agﬁrqgsfﬁfiic(}jp%gs%%oafa%%g %Qﬁ%@b%?)'%d by reacting an unsaturated hydrocarbon
compound containing from 2 to 450 or more carbon atoms, such as polyethylene,
polyisobutylene, polypropylene, ethylene, 1-hexene, 1,3-hexadiene, isobutylene,
4-methyl-1-pentene, and the like, with phosphorus pentasuliige and a nitrogen-containing
compound as defined above, particularty an alkylamine, alkyldiamine, alkyipolyamine, or
an alkyleneamine, such as ethylene diamine, diethylenetriaamne,\s{riethylenetetramine,
tetrasthylenepentamine, and the like.

Another class of useful nitrogen-containing compounds includes the so-calied
dispersant viscosity index improvers (VI improvers}. These VI improvers are commonly
prepared by functionalizing a hydrocarbon polymer, especially a polymer derived from
ethylene and/or propylene, optionally containing additional units derived from one or

more co-monomers such as alicyclic or aliphatic olefins or diolefins.

If desired, prior to dispensing the at least one base oil and at least one lubricating
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compound as defined above, particularly an alkylamine, alkyldiamine,
w0 20atiytpetgamine, or an alkyleneamine, such as ethylene diamin&@ps2085/604264

diethylenetriamine, triethylenetetramine, tetraethylenepentamme, and the
like. Another class of useful nitrogen-containing compounds includes the
so-called dispersant viscosity index improvers (VI improvers). These VI
improvers are commonly prepared by functionalizing a hydrocarbon
polymer, especially a polymer derived from ethylene and/or propylene,

oil eidiionaily ponideringadgitiahshisice dvetiroredhadnbaiore it can be
co-monomers such as alicyclic or aliphatic olefins or diolefins. If desired,

advgriegdoiditpersing thel etilleastalhdiim of pivprrtdtdeaziode fobrsaimgic23
WO 2005/079280 PCT/US2005/004264 oil additive to provide the

compesipositihs Fereintinnsise dstwainerefishloonosmdhaa aaveridypogstial
to conduct molecular modeling of proposed compounds for use in the

leadingprosidisiscqrepomtiansiafion sy 1 Blssciaif i eE Kaedih SaUdsAwaivolving
provide potential leading candidate compositions. For example,

such fetnatidh U BBrka HE HeR FRENi Ry dengts hrnd sngee dipyitanoment,
transition states, bond lengths, bond angles, dipole moment

hydrgRiRIRE Gy, HrtcOmBRBI ol eSS CAR RS HRESTRNgHTg ftware
known software such as, for example, Quanium Mechanigs% available

Sk B AR P OHBRRIMRE R 5 B 2P R YT B TR

o 1li raries can be used to design the original compound test libraries based
a ﬂrfﬁ‘ﬁ t from the foregoing experimental program(s). This software can

be t%fﬂ?ﬁ@‘éy design leshiloraries (hat covel the desked riina

exptgﬂ enta spaceeasn%lf%rlllze sPaﬁs |cz§1 experlmenq[a g&ﬁgn meﬁ%o&s.
o R T B AR AR, T
software can be used to efficiently design test libraries that cover the desired
experimental space and utilize statistical experimental design methods. Other software
can then be used to analyze the data from the experiments and correlate that data with the
structure of the compounds and/or compound treatment conditions and/or reaction
conditions. Such correlations are often referred (o as QSAR software (Quantitative
Structure Activity Relations) available from Accelrys (San Diego, California). Such
QSAR programs can then be used by the software to design subsequent compound test
libraries for further screening.

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

data is collected, these QSAR programs can becqme more efficient at developing
compounds libraries with increased pmbabiiity 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
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structure of the compounds and/or compound treatment conditions and/or
wO regotmnseonditions. Such. correlations are often referred to 2EQBEARCS/004264
software (Quantitative Structure Activity Relations) available from
Accelrys (San Diego, California). Such QSAR programs can then be used
by the software to design subsequent compound test libraries for further
screening. The use of such QSAR programs can add to the efficiency of
screening. As more data is collected, these QSAR programs can become
exingye affigiasioatdevelpipiigebmposindtibiglieswithiitereased., C’-QSAR
probability for finding desirable compounds. For example, the compounds
availetllz doakcbafor (Sanizdgo € siafons Julbn chtsnganbecomipdmitansd, ths data
decribed hereinbelow, and then further analyzed by way of, for 24 WO
obROSIRO2 80 POTELIE2 0851006 bxachptacdogmeSsinihandatmedysiso be
technologies, using known software, e.g., C2-QSAR available from
stodet orgsi{BaniBiign, Balifomia) nevtidienhannds, selicarrshbofane diliad in the
obtained from the molecular modeling can be achieved and then this data
aricean s ehsekeddrethmQS ddtacibratade. rethrd thelf, 3B YarHpbimisir actual
conceived by one skilled in the art can be checked bé/ the QSAR software
sypshgredich dAIPRtivi g ity arfelpRletmay Byithligrs IRadauHamg, ity of possible
software tools may be utilized tq prioritize a list of possible ccl)mpounds .
COBMABIES SIS AP FSteEhRE DRTHCSITAR SR Ht et ol o e it

have a higher prohability for success. Referring-now to FIG. 1, an example

hage 3 %@W%bﬂpé}%}ﬂéofh%"f&?ggoing compositions in the plurality of
L RREs il sl 5 SN e

RS TedR HE RS erRe Rl relrhisReRIARR IR PR iaelaeg
system 100. Representative of this system and method for providing the foregoing
compositions in the plurality of respective test receptacies is one disclosed in co-pending
U.S. Patent Application Serial No. 10/699,510, filed on October 31, 2003 and entitled
“HIGH THROUGHPUT PREPARATION OF LUBRICATING OIL. COMPOSITIONS
FOR COMBINATORIAL LIBRARIES” by Wollenberg et al. and having a common
assignee with the present application, the contents of which are incorporated by reference
herein. 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 comi:aositions in the
plurality of respective test receptacles.

Generally, vessel 110 contains a supply of the foregoing base oiis 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 skiliedin
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U.S. Patent Application Serial No. 10/699,510, filed on October 31, 2003
wo afeheniitled "HIGH THROUGHPUT PREPARATION OF LIgBRIGATINGS1264

OIL COMPOSITIONS FOR COMBINATORIAL LIBRARIES" by

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

application, the contents of which are incorporated by reference herein. 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

the SOWRQSIHENEINAha Dty respectivesast nacepiaclesceanerallybe used
vessel 110 contains a supply of the foregoing base oils of lubricating

wheyigepsityif Messel2hetntrIbe andippiyost asaitbre Addidehearebevary
of the foregoing additives useful for modifying the properties of the base
oil. At olae skdl bt iy 25 M2 (OTOMBABORGHTY tHS2065 A0 BA6hdhmegrdrtion
would readily appreciate, one or more of vessels 110 and vessels 120 can
113 bonsedhivvhie ki deehispmegsaddredanlertedastreicanmlonsveseriheh whev.
additive, respectively. Tubular line I I 1 is a conduit for communicating the
Thelzase10fld8 bosacnktbspentionh isidederironsdibicinétaine ianis péhsedititoam be
selected test reservoir, as described below. The amount of base oil
comgigiee psridoedetermined by metering pump 112, which can be computer
controlled. Tubular line 121 is a conduit for communicating the |ubricating
oil dcize Jipeo! HobsAc priut or ZSMPaRRIGATEE thedpbHeatmperslilinys 4 to
- selected test reservoir, as_described below, The amount of lubricating oil
nozglg ROVORisperiser W iehe Ry PRSI A2 ISHEsFRISH-Gn
be computer controlled. Computer programs and_ systems for

descriherhbiently e RN bPEdEERHRS S UARIHYS Shineeshs frtacebihie

with a preselected protocol are known in the artlagd 8an be used herein.
metering pump 122, which aiso can be computer controlied. Computer programs and

- systems for automatically metering predetermined amounis of materials in accordance
with a preselected protocol are known in the art and can be used herein.

Nozzles 113 and 123 are preferably in close proximity so that base oil B and
additive A can be simultaneously dispensed in a test reservoir. Alternatively, base oil B
and additive A can be sequentially added to the test reservoir. The nozzles 113 and 123
can comprise a muitichannel 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 invéﬂtion are known
and commercially available. In the event that highly viscous lubricant base stock or
additives are used, the vessels 110 and 120-and/9; the tubular lines 111 and 121, metering
pumps 112 and 122, and/or nozzies 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)
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Nozzles 113 and 123 are preferably in close proximity so that base oil B
WO anrdoaghddive A can be simultaneously dispensed in a test regIvaiK2005/004264
Alternatively, base oil B and additive A can be sequentially added to the
test reservoir. The nozzles 113 and 123 can comprise a multichannel
pipette or one or more syringe needles. 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
hacoimmprcially ayadahles|mBtheeverithat tighiypascolsitiibvieant baseil and
stock or additives are used, the vessels 110 and 120 and/or the tubular
adiies:4. | Tanced2icnpeteiitgtepunyosvbl? wheréR2;aahdisemvonzéestdid3 and
123 can be heated to facilitate fluid flow therethrough. The test frame 130
Tubmzhititescal bisiivESbuprsitispareritbneaiisg (el gorpussjoppofeQlifferent and
2005/079280 PCTIUS2005/004264 having a plurality of recesses 132 for
predesvinpethectinpeifisadi gddhiveerennbrascapil/antynedfitiess of hadee addidsres in
provide test reservoirs wherein each reservoir contains lubricating oil
eaghl dRIvBoSHIPR BSHI VAL SR RAIHGBIESH BN S BHargie rdstatfgyorrs can

predetermined composition, i.ggéhe percentage and/or type of base oil

beapdrsidueldrrresil et dSM BUSHUMMMSA NPRB M Bie FR¥EHIAIF hoing recesses

_anather. Optionally, the reservoirs can be individual receptacles (e.%%}es%

inguBlas) mBHHERP O i A°PACHE SRR St FEIAG VEBSRER! ResseR. While fve
Preferably, the test receptacles comprise transparent glass tub hile

reRGROMSSSIOTECTES [tbs L1 5ok 133 ,&%3"32%,&&%%{%?@? o1 ary
illystrated in FIG. 1, any number of reservoirs can be employed herein.

RS QA ATBTEHE SOLER B ADRSSID, TD, TOBH VbR marLcqisg oy 20,

S T g oot v

The individual reservoirs are adapted to hold relatively small amounts of
lubricating oil samples. The sample size in each reservoir can generally be less than
about 50 ml, preferably no more than about 20 ml, preferably no more than about 15 ml,
more preferably no more than about 10 ml and yet more preferably no more than about 5
ml.

The test frame 130 and dispensing nozzles 113 and 123 are movable relative to
one another. Althoungh manual movement of the apparatus by an equipment operator is
within the purview of the invention, robotic mechanisms with progminmabie movement
are preferred. In one embodiment the test frame 130 is mounted upon a slidable carmage
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 nozzies

113 and 123, and optionally the vessels 110 and 120, are slidably movabie laterally

and/or vertically to accomplish positioning of the nozzles 113 and 123.

27



lubricating oil samples. The sample size in each reservoir can generally

wo 2008desséhan about 50 ml, preferably no more than about 20pgk/prefesalolsss
no more than about 15 ml, more preferably no more than about 10 ml and
yet more preferably no more than about 5 ml. The test frame 130 and
dispensing nozzles 113 and 123 are movable relative to one another.
Although manual movement of the apparatus by an equipment operator is
within the purview of the invention, robotic mechanisms with

programiiailesvereeiisale prefarethdnr giRmboginmentibadesibricant
frame 130 is mounted upon a slidable carriage movable in a lateral and/or

bas/Biligal SBETER Se-asQiseqgUeTibpRaailionra FRLE ) ICERESEIBGAT that
the dispensing nozzles 113 and 123. In another embodiment, the nozzles

dispthganebi2as ansl a@iorabyethesiizsraaticht:and 28l anaslidablyrecess 132a.
- movable laterally and/or vertically to accomplish positioning.of the
A nirozzisrdRiesitbiSoR B\AKD 2605070280 RCITHRR005Me426auhaacously
testing procedure, vessels 110 and 120 are filled with the selected
dispetridantcasesoil 3 dlditiepisisingspertdicel/i Srimddgpamstteofadigstem
100 is moved such that dispensing nozzles.113 and 123 are positioned
repaxioue@ el tin ialig renmentvitiiy Soesext BeuessAl Abtenddhematipnedfapasaiiot
B and a metered amount of additive A are simultaneously dispensed into
additive s argur bse didpersiignasZe scrosignee Iohar@ipseaniied schedule of
repositioned to be in alignment with the next recess 132b and the metered
varighsuinehdhas deatvbris g oH pasecsis B 1 biah gHETREABEETERIARR with a
predetermined schedule of variation such that the lubricating oil in recess
compypliRa badiirarehpe thehiafrecebmpasid o B4R ErRral gty nozzles
recess 132a. Thg{éeattern_is repeated as the nozzles 113 and 123 are

113spre bRRiATR Sanprp Al EReed (it A4 T ERRUER 298565 1350, bS89 3¢

so that each recess has a predetermined composition of lubricating oil.

The components A and B are preferably combined in the reservoirs by mixing, for
example, by agitation of the frame 131, static mixing, individual stirring of the contents
of the reservoirs {mechanical or magnetic stirring) and/or by bubbling the reservoir with
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 wto 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 Fhen be analyzed for deposit forming
tendencies. Referring now to FIG. 2, a system for sequentially analyzing a plurality of
fluid samples for deposit formation is schematically illustrated. System 200 is

schematically illustrated wherein an array of test receptacies 212 are mounted in a holder
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so that each recess has a predetermined composition of lubricating oil.
WO e/eagonents A and B are preferably combined in the res8fBFS§A8(3/004264
mixing, for example, by agitation of the frame 131, static mixing,
individual stirring of the contents of the reservoirs (mechanical or
magnetic stirring) and/or by bubbling the reservoir with 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
21§isplasirycao22eihadini HnssRTEIRSHB AP L BRI Se deshitsealiPetse! 2 (and
oil B and additive(s) A are metered into the mixing chamber and then
sapRRlsEhsEacthFatgf tsd drasiieblatdome ddRy Y. timeesthendiisitysbreceptacle
. receptacles have been provided containing the lubricating oil .
in e&aﬁ%ﬁﬁ%ﬁwn@ Prrtein %f%?@?aﬂ‘iﬁ%‘é‘%ﬁrpﬁ%"% ARdsptidvipe mark

d it f ing..tendencies. Referri IG. 2, em for . _ .

ST O LT R Tl a—
ically illystrated. System 200, h ically,ill ted '

i T T M

o 2RERTRIPETSRINI0NeY Bl Thesisan 200 a adasd o
accommodate any number of test receptacles fan ampies). ach

modate Ay oy .
SRS {5,9800TRPlG, gﬁg%&ﬁ?p&xrt@&ﬁfgmg%@ Jis 4%&5?&%@%&@;5%@

an ordered array In ho 15, ormore preferably by having an identifying

2Pk s805IAIRd Wity ﬁfers%@zﬁemm@ghéeéé feseRtaske 212 €30y movable
I ing bar code

Include an identify 13 affixed to the outer surface thereof. A

wRRCQleRadensRR 2 PrsitionRil Safs tanhe ablie dempadtaedndivanad <o as

bar codes of the respective test receptacles 212 and to transmit a bar

t035odR1aNSII PR i BeRmPWIAT sl el BRRiiaastaispramsagsion line
226 to electronically identify the sample. The bar code reader 225 is

preferabhhsne\a@mbMthespasdothehatenzl 23n veaporsaina sighahism

from computer controller 230 so as
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 deposit formation data. The computer controlier 230 is operatively
associated with controls to the robotic asserbly via control signal fransmission hine 231
to selectively retrieve predetermined test receptacies for measurement and then replace
them in their assigned respective positions tn the holder 215.

Testing station 220 includes means for testing the samples for deposit formation.

Deposit formation data results of the test are converted to an electrical or optical signal
and transmitted via signal transmission line 223 to computer controller 230. Various

means for deposit formation testing are known and generally include subjecting the

sample to a deposit formation environment and measuring the deposit formation of the
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to be positionable in alignment with selected individual test receptacles
WO 200P24782B6botic assembly 250 includes a movable arm 251 wkK' & Ybasgig4264
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 deposit formation data. The computer controller 230 is operatively
samabsovciaterreittecomted paothefrobystic assembly via control signal
transmission line 231 to selectively retrieve predetermined test
recEptaieniftss measusshmesibethdoriess repitice savepieirs tiaigkasbigied suitable
respective positions in the holder 215. Testing station 220 includes means
testifa APRATAY T ENSBRPIRS 16 PR HoromEatEHS BepRstitfrsmatioen ke
results of the test are converted to an electrical or optical signal and
trangRisent REETAK SH5Ha BapshissRRothds 2o ieRs! omliereard hatoslp sample
Various means for deposit formation testing are known. and generally
in the RN e A Derts L8 SBYUATHS HIRREF BIG O R HrgRgature
measuring the deposit formation fth 29 W %@5/07928%
b Mo eyt

rangperB 081004 2%40 §3m15ré08v and prefsta
I test, df h h d int
ssofge a4 °e’1‘e§ta%%§i Q“Eﬁo{rﬂ R e e e period

tion e tra t strate stube or. rod iS a
ran%‘é%f }tzi%)ﬁyl SENEY m%ot esamuﬁe ﬁ?ﬁﬁ%p aratus an %dtﬁe sémé énllg

o SR PIRG4S S0 0
suc TS RSANAT IS IP6HIE SAMPIE AR Gp LSRR, A HRPRHRess
ranging rrom "about 8 hours to ut 48 hours. After the predetermined
of HE %88'0% e tube, the darkness indicating the quantity of the deposit and the
amount of oxidation. The measurement is compared against a predetenmined standard set
of tubes. If desired, a liquid catalyst may be added to the sample to assist in accelerating
oxidation and is chosen to simulate the types of metal ions typically found in an internal
combustion engine.

To determine the deposit formation, a light source and a photocell can be
employed. The amount of deposit can be measured by directing a beam of light from the
fight source through the tube and measuring the amount of hight transmitted through the
tube by means of the photocell. The opacity of the tube indicates the amount of deposit,
and hence, the amount of oxidation of the sample.

For example, referring to FIG. 3, test tube 224 from the testing apparatus is

positioned between light source 221 and photocell 222. A beam of light from the light

source is directed through the test fube 224 and is measured by the photocell 222, which
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the transparent tube is removed from the test apparatus, rinsed with a
WO 0itvie2smlvent such as pentane and the amount of deposite&ivisasisrek 264
in accordance with the darkness of the deposit on the tube, the darkness
indicating the quantity of the deposit and the amount of oxidation. The
measurement is compared against a predetermined standard set of
tubes. If desired, a liquid catalyst may be added to the sample to assist in
accelerating oxidation and is chosen to simulate the types of metal ions
miypicadiyhioametin antigiemialeCtmbusiiorentginacIddeiemiclediie deposit and
formation, a light source and a photocell can be employed. The amount of
tralepositicas haimadsur ¢dow dircctimguach eamrofitight frointhenligiter controller
source through the tube and measuring the amount of light transmitted
23hiosgiothd viibe by Ipbamsnefittensh dtocplhcithie fop tuitstasfddrd sebef tubes and
indicates the amount of deposit, and hence, the amount of exidation of
rafhethedeprsiFoneraenpié thefestisayel B companiseb e/ P2 thirstmntiaad set. The
testing apparatus is positioned between light source 221 and photocell
deppsit AcpBainTbTatgin i afsiEhedighbhsiostcam th@ond gwobe et bes iy b bar
224 and is measured by the photocell 222, which 30 WO 2005/079280
cqse)TRISHDHERIBREER IhikRIEH RS AR St Rimithsef g b € GRATREHET

this reading to an_electrical signal, and transmits the signal via line 223 to

QR AETHIFRRIB DR e SR ST SRS I oS HER g ey decomplish
values of light transmittance (or opacity) for the standard set of tubes and .
AR RO O SO e TOCE L 5 SOIMGHPEH Y Feoose with

S@Vﬁ%r%gﬁrd 1§tet. The deposit formation rating is assigned to the test sample

€& be identified by the bar code) and the information is stored as
a componeft Ofa%p\% data ibrany. JFie.computer gontraller can tnereafler e is
mod:E/Et%e Selection Mstructions. Programmiing t ccomplish P
placed in a transparent testing apparatus, e.g., a glass petri dish, and heated to a
predetermined temperature, e.g., 150°C to about 400°C and preferably from about 200°C
to about 350°C, using, for example, a hot plate, for a predeternined pertod time. The
predetermined period of time can vary widely and can range from about 8 hours to about
48 hours and preferably from about 10 hours to about 18 hours. After the predetenmined
period of time, the transparent testing apparatus is washed with a light hydrocarbon
solvent, e.g., pentane, 10 remove any soluble lubricating oil to leave any remaimng
oxidized deposits on the testing apparatus. Then, the transpafcnt tcs.tigng apparatus
containing any deposits is measured utilizing, for example, an analytical balance, and the
measurement 1s compared against a predetermined weight of the transparent testing
apparatus to determine the weight of the deposits. The data is then recorded in a

database.

1n another deposit formation test method of the present invention (known as the
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the various functions of the computer controller 230 are within the purview
wo 200f/thosm with skill in the art. In an alternative embodiment af¢tiraigmtseds 264
of the present invention, a sample is placed in a transparent testing
apparatus, e.g., a glass petri dish, and heated to a predetermined
temperature, e.g., 150C to about 400C and preferably from about 200C to
about 350C, using, for example, a hot plate, for a predetermined period
time. The predetermined period of time can vary widely and can range
cokiffemmizacy &haiirfiRiakbaitl 48:bemisiandvpeeiedahiynftam alsaut A0 puns!
to about 18 hours. After the predetermined period of time, the transparent
cokdertingnhethpdyptuscisoidshiadepoihgshghtiés/chodarpeieed dhveritamiger suitable to
pentane, to remove any soluble lubricating oil to leave any remaining
deteoxidiz depdsip fsitsatnth & eésting apparatlis:. Phehantetdfsprarbnt fesexample,
apparatus containing any deposits is measured utilizing, for example, an
a stamabpticedbiilember, avigntie omesidaeitentliswbanasca ageiirg therein and a
predetermined weight of the transparent testing apparatus to determine
testitfpardbit O suiebie fusnsaspriaidends thematevides- idlymipRabasepmratively
another deposit formation test method of the present invention (known as
congheted T dposierazsthe cryeise o dov 2ha sidseh rromaiad) fadpathe
finished oil - Federal Test Method Standard 3462-791A (panel coker test
chapRancPeseh bR enBIEgoify B HEs LARTRIBRESAMRCE ehihfbamber 400
suitable to determine deposit formation. Referring now.to FIG, 4, mber
and £Q0IRRF B %fi@;zm;ré%ga R A e @5 e of

the chamber has an openi herein and a testing panel 410 suitable for
Adghionalling THepSEIF foi aﬁgﬁ{é h e St “5’%‘0

én&fglﬁﬁﬁ%) l?%nope ﬁvtgly connecte

commt e e R R 0 e S RS S S D A BN PSR Eier

with a system for recirculating the sample back into reservoir 430 (not shown).
Alternatively, a reservoir for holding the sample can be in chamber 400 and below shaft
420 such that the bristles of shaft 420 are in contact with the sample (not shown).

In use, testing panel 410 and the samiple are maintained at a predetermined
temperature, e.g., from about 100°C to about 400°C and preferably from about [75°C to
aboﬁt 275°C for panel 410 and from about 80°C to about 250°C and preferably from
about 160°C to about 200°C for the sample, shaft 420 is rotated by applying a
predetermined power and the sample 1s metered into chamber 400 ancf ;:ontactcd with the
bristles of rotating shaft 420 such that the sample is sprayed onto the heated testing panel
410 for a predetermined period of time. The predetermined period of time can vary
widely, e.g., from about 1 hour to 75 hours and preferably from about 24 hours to about
50 hours. If desired, air or other typical combustion atmospheres (e.g., NOy) can be

blown into the chamber at a constant rate of flow to maintain the chamber at normal
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chamber is exposed in the opening. A shaft 420 is operatively connected
WO toeveenser 400 and contains, for example, bristles at the enelloftiseoshanfts264

located in chamber 400. Additionally, a reservoir 430 for holding the
composition sample to be tested can be connected to chamber 400 with a
tube for metering the sample into chamber 400 together with a system for
recirculating the sample back into reservoir 430 (not shown).
Alternatively, a reservoir for holding the sample can be in chamber 400

atandiheloncsindiftod2 0lBichr thatthedristies ditshait Ay ane:iskoosntan tteithrt.
the sample (not shown). In use, testing panel 410 and the sample are
maintafinedhetmacdetaetarmmipethbdehpaatire jetyig froml abuwdGoGTton the
about 400C and preferably from about 175C to about 275C for panel 410

clamebfro pptibeil80Ged wito atsRBOiteaedvpns fmebiy furinalsdpetspenicether and
about 200C for the sample, shaft 420 is rotated by applying.a

alfregeterdanta ppwde et Ruinp el Hfetdretiam BRYSIDGFahdren be
contacted with the bristles of rotating shaft 420 such that the sample is ‘

MEASHIRSCOY S K Bt T PRY [55n e 15-4 10 18Rt PaleRrGmBHpEIGH RS the
time. The predetermined period of time can, vary widely, e.g., from about .

wei B 11 BIRBLARTAHE BRIy WP BB IS YTl AR SerAB Y itself

If desired, air or other typical combustion atmospheres (e.g., NON) can be
ThictiritiP e SRRbat %E?%t%@ﬁgtant rate of flow to maintain the chamber

at normal 3t WO go 5/079280 PCT/USZOO5T[1001264é atmos EQericimt o
conditfo AL FreeHIPSEMTALLTIER BEGRIEPTTREPyY BRE kiR aS e S

After the predetermined period of time, the testin | is temoved
d%ﬁgsxé#rrrn%tmn on,f.rPor fﬁ(apﬂ ie &%ﬁ?‘s%afen{a% €. 1sgu£)eaclp @iﬁfhigomé{su Effcﬂn%ube

amber, optionally rinsée Sul e solvent as pentane. or

t#ﬁ”%e%@ g E%pg%qraad's%‘é‘éggﬁéﬁ%r W8k %391“%9%‘1%5@3 ﬁ‘:%‘ﬂd@%rl%gsﬁfﬁﬁﬁﬁg block,

e amour??o posits can t e measured by a suitable measurin

o JeVige: &:Hn AN RRANSR L RAARGL N CATRAUNG Mehed 1o a holder at the bottom
of the glass tube. Next, a suitable nozzle, e. g., about a 5 ml syringe, and a suitable hose,
e.g., about 2 12 inch flexible tubing, are filled with the oil sample.

The tubing is attached to 2 holder on the glass tube above the air hose and oil 1s
steadily introduced into the glass tube by the nozzle. Air forces the test oil up the glass
tube through the heating block for the duration of the test. The rate of air flow and
sample introduction are controlied such that the entire sample is injected within a
predetermined time, e.g., @ 16 hour time period. The oxidation of the oil gradually forms
a dark deposit on the inner wall of the glass tube. The heating block is temperature
controlled within small limits and the test conc%itions are generally chosen over a range of
temperatures, e.g., from about 236°C to about 3305C, and tests can be ron at different
temperatures to determine deposit formation over a temperature range. Affera

predetermined period of time (e.g., 16 hours) the glass tube 1s removed from the test
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weight of the panel containing deposits to the predetermined weight of the
wo 200a6mehRy itself The data is then recorded in a database. In BOTIIBI005/004264

embodiment of the present invention, a method to determine the deposit

formation on, for example, a transparent tube, is used (e.g., Komatsu Hot

Tube test). In this method, a transparent glass tube can be placed inside

a metal heating block, e.g., an aluminum heating block, and a small air

hose is attached to a holder at the bottom of the glass tube. Next, a

appashtiabiRnezzie: 6 GitaheubRdmumyingenanst afstiirkieibagasied.in
about a 12 inch flexible tubing, are filled with the oil sample. The tubing is
accoddiaaadido tachlfdercondhd glapsdithe thb oviecthealnfkases andl itiig the
steadily introduced into the glass tube by the nozzle. Air forces the test oil
quarniftytheé piadepdsiberitithagmobethd atindablock Toe theasuration of thepestd
The rate of air flow and sample introduction are controlled guch that the
agaiesty ersdopieisihpoidardvthiof auimadetermined time, e.g., a 16 hour time
period. The oxidation of the oil gradually forms a dark deposit on the inner
walkobthe gabsdinbmt Thihhpeaiant BlocrtSreHiberathreNbhieiedesigin s,
: small limits and the test conditions are generally chosen over a range of
for qummpdealRiS 189, Rafemivaie FEGCS o wem VAR SeRte LS ANBISHERT
at different temperatures to determine deposit formation over a ,
sampenpt sarecririge fromey essgrafetenen SRt Batiot Bieated (0 g PrEdiRsRined
the glass tube is removed from the test 33 WO 2005/079280 .
tempeeafss 2 GoTOTU Pet AR 2P IHISEI WitAd BEFHARIR S STOBNEPAHHE 0

amount _of deposit is measured i accordance ith the darkpess of tr%e
oo oB AR P TR hE Sl TR D HLAPRRY GF e e SLI Rl
o GRS ARG SR 0, RO SRS s b o vesse
500 at a constant rate of flow, e.g., about 25 ml/h to about 75 mi/h, using tube 540. After
a predetermined period of time, ¢.g., from about 8 hours to about 24 hours and preferably
from about 10 hours to about 18 hours, the testing substrate is removed from the
chamber, rinsed with a suitable solvent such as pentane or petroleum ether and the
amount of deposits can then be measured by a suitable measuring device, e.g., an
analytical balance, by comparing the weight of the péne} containing deposits to the
predetermined weight of the panel by itself. The data is then recorded in a database.
Another embodiment of the present invention can be shown in };IG. 6A where
ssrstem 600 contains at least substrate 610, e.g., a glass substrate, having a recess 1n at
least a portion therein and placed on heating blocks 620 A and 620 B. Heating block
620A is heated to a first predetermined temperature, e.g., about 200°C to about 300°C,

and heating block 620 B is heated to a second predetermined temperature, about 300°C to

about 400°C, with the temperature of heating block 620 B being higher than the
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Another embodiment of the present invention utilizes the Wolf Strip Test
wO Belagsefor example, DIN 51392. Referring to FIG. 5, systePCHAG2005/664264
advantageously configures sample 510 to circulated from vessel 505,
over substrate 520 heated to a predetermined temperature, e.g., from
about 100C to about 400C and preferably from about 200C to about
300C, and back into vessel 500. Sample 510 can be circulated by
conventional techniques using, for example, micropump 530. Additionally,
terapeistinebiflackintg bviessal?800 Frfaohbtamntaaie blokaws20gh, Al0s(PB are
mi/h to about 75 ml/h, using tube 540. After a predetermined period of
cotifigare guchr thataiabslr 8ehifr & (o abd win24: el rseang pebfaradiytof oM to
about 10 hours to about 18 hours, the testing substrate is removed from
detgreniohdepboert, insetionithea ISk sbIvampluisriisphaitihreiey petdéum
ether and the amount of deposits can then be measured by a suitable
reqefs ASGringubsties, G @ plagedamdpatae bviesk &2 0of enddbaieg dedimigeivoftbe
the panel containing deposits to the predetermined weight of the panel by
reqeseioHE iRtk &e8Me Prvesid dpamation datkar BifbbBIRABITSY thie
present invention can be shown in EIG. 6A where system 600 contains at
deferauing iRt rshecs FomR RS igResy [REmAtOnHRAA Pribediliment fammiss by

portion therein and placed on heating plocks 620 A and 620 B. Heating
malinge BatA 7 FrRpiag s o fﬁgtpﬁr%%%%?ﬂéa*@ﬁ%@?@%ﬁ?&%ﬁ,rﬁ@sﬁwo

200C to about Sg;%c, and qleatiné;?lgogk 620 B is heated to a second

teTBPSERINET RN terip aR st D AP SCR™SE0E & O4BBE 200C, with the
t t f heati lock 620,B being hi than the 34 WO
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applications and prospective operating environments. If the test sample fails by having
an excessively high deposit formation value, the test sample can be electronically marked
and future testing of lubricant oil formulations having the same comiposition as the
sample can be ehininated 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 refnote location can be, for
exampie, a central procéss control system or room which, as part of the overall system for

use herein, monitors and controls the system as well as records the outputs of each of the
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recess 630 in substrate 610 placed on heating block 620 A and allowed to
wo 2009%46wn the recess towards heating block 620 B. Deposip{ormeiing/eos264
data can then be gathered by determining at which temperature deposit
formation occurs for the different samples by making a linear
extrapolation of temperature based on the distance between the two
temperature points. The data is then recorded in a database. If desired, an
assigned value of deposit formation is programmed into the computer
resutQUTHE Lt bhassipiledaiarmuinalionHseignasRasssibrates &anhacton
selected based upon performance requirements for specific lubricant
wittepalicationspk fuelichenlitatio s aAnshRIOSRASHNEOPSIAHDE: GAM DREQHE:
If the test sample fails by having an excessively high deposit formation
whivRlite rtheltest srnopiptad belklecionionliymaskdd any fousasestn ok
lubricant oil formulations having the same composition as the sample can
knobe eliminated from further testing for other performance characteristics. By
not retesting failed samples the system can be made to operate more
effidieptlyit énergyomdatdimeabbingespk nif dmycompantples debiched herein can
prospectively meet the desired product specifications. If desired, the
be esultmnaf iHaimelnbdabith topnesedt nvembioraridebriortinred fromaition
remote location, i.e., a location which is not in direct or at least in visual
libragntadtemitivile, shsrorieoparaihg s iy ¢ongweihteatignahdeirielector
location can be, for example, a central process control system or room
compnisiR g AsC PG THECHORTRIPEPStENh TOTICHS BNFERERT #H8 REFEAICOHRtESRE
the system as well as records the outputs of each of the 35 WO ] )
datp foBI3ro YBIPRITYE SYI0H onlerdad RSN Urtime fesrpisdieprmbiporal

In this way, it becomes possible for less interaction with personnel being

lubgeaimsenl 50 IR HRBFXhd By SRiAh a8 fRIbRe Y374 hERd RRHmum

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
lubricating oil compositions to the analytical deposit formation data obtained therefrom.
Numerous commercially available relational database software programs are available,
for example, from Oracle, Tripos, MDL, Oxford Molecular ("Chemicai 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 1s able to

create a "memory map" of each of the compositions described herein and correlate that
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which the results of the output, as well as control commands, may be
WO gadi9ted, are known. Deposit formation data regarding eaRa TGP HIB05/004264

compositions described herein can be stored in a relational database to
provide a combinatorial lubricating oil composition library. Alternatively,
the system may be electrically connected to a signal data collector
comprising a computer microprocessor for system operation and control to
collect the data from the various tests over an extended period of time to

infompilentaticdmebidatorgbiulrisatd groihdbengrsisio folibratiyn Theasurements can
database can be used to find optimum combinations for a desired product

bstirsdnT lahyeaniiseipusticidarililesiunimibeshef didlradtivr éiuct stream
varies depending on market factors. When the product requirements
chandhilioibropreaedeseiistionicnatesn Banyetaestiicto thesp spsaiiis paypid not be
product. Relational database software can be used to correlate the identit

cptred abHeRtGRIE SheBE ARSI BHhB AR I T T Hoven QA BFe rits
obtained therefrom,  Numerous commercially available relational database

rBgTatths ERe 0PIt oot eleamaont R R S hifss Mabose
Oxfi lecular, ("Chemical Design"), IDBS" ("Actiyit "),.and.oth
GBI RO AT AL SORAPENS Arara el o
ftware for managing the data_obtained during the method ibed ..
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each of the composijtions described herein.and cqrrelate that 36 WO
e LT R IO Doy g il B HI o Bclibdd by tre
%igege r&r@ﬁg%tggposit formation measurements can be used. This
0

type of'sottware is well known to those of skill in the art.
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While the above description contains many specifics, these specifics
WO 20880wdgnot be construed as limitations of the invention, but preraly28s/064264

exemplifications of preferred embodiments thereof. For example, deposit
formation tendency tests other than those described herein can be used
to provide deposit formation data for the plurality of different lubricating oll
composition samples tested. Those skilled in the art will envision many
other embodiments within the scope and spirit of the invention as defined

wHRyrthecclaimsappended hereto. 37 WO 200-5/079280
PCT/US200-5/004264 WHAT IS CLAIMED IS: 1. A high throughput
methogd fegisaeepingdubeitatfgrateenipg Siteit sampld sompasitiprogiaphes,
control, comprising the steps of: (a) providing a plurality of different

undizbricgtingooitiedinposiitsingamplepsedch sample comprising (i) a major
amount of at least one base oil of lubricating viscosity, (i) aminor amount
of gjeasyuinelapioating oidifiditvd utsicateasoringipodepo siniptesatior
of each sample to provide deposit formation data for each sample; and,

samfdl} outppriting (hearesittsastaepoft Rastvasiwmsroriloffdidimcatingnasshsilie (1D
base oil is a natural or synthetic oil. 3. The method of claim 1, wherein the

a mateavtomcofidiesring ol hdeing il sty from the group consisting of
antioxidants, anti-wear agents, detergents, rust inhibitors, dehazing .
agemsmgaranngriin genpstitiormatendaabmrar kg Enpso prgigpposit formation
modifiers, pour point depressants, antifoaming agents, co-solvents,

datfbﬁtfl@é@% ﬁf’é’f*ﬁkﬁiﬁﬁﬂﬁsers, corrosion-inhibitors, ashless dispersants, dyes,

extreme pressure agents
(c) outputting the results of step (b).

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

3. The method of claim 1, wherein the at least one lubricating oil additive 1s
selected from the group consisting of antioxidants, anti-wear agents, defergents, 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.
4. The method of claim 1, wherein the at least one lubricating oil additive is

selected from the group consisting of antioxidants, detergents, ashless dispersants and

mixiures thereof.
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and mixtures thereof. 4. The method of claim 1, wherein the at least one
WO 10diieE28¢ oil additive is selected from the group consisting @fCT/US2065/004264
antioxidants, detergents, ashless dispersants and mixtures thereof. 38
WO 2005/079280 PCT/US20051004264 5. The method of claim 1,
wherein the step of measuring the deposit formation of each sample
comprises heating the sample to a predetermined temperature in the
presence of a substrate and determining the amount of deposits formed
on the Jkbstratedfiériaimredeiermindgd period vktisnang ithdeprethdetohtion of
claim 5, wherein the substrate is a transparent material. 7. The method of
cachiamplewheninahkestoyg Sfcdumpitining RiedeivTountbictapuainse fiorthegresence
on the transparent substrate comprises determining the opacity or light
of acubeiraig 26 dricsarapis Bdeompaiirreitdurmshen bpauhywingher a
scattering with the opacity or light scattering of a reference gample. 8.
Pfeﬁﬁ@’ﬁﬁ*é?ﬁéd’%?%ié%ﬁ??‘?wherein the opacity of the sample is determined
by measuring the intensity of light passed through a sample. 9. The
method of claim 7, wherein the plurality of samples are in a linear array

d tigll t ' tation bet light
2t & pPORGEER P AU BT A e T GuTeTORREHO B DA

sample. 10, The method of claim 5, wherein the step of determining the
amount of deposits formed on the substrate comprises determining the

weight af the substrate .containing.deposits a omparing,the ¢ posit
CetoiL S B o o Rt e G LB ot of depsis
formed on the transparent substrate comprises determining the opacity or light scattering

of the sample and comparing the determined opacity or light scattering with the opacity

or light scattering of a reference sample.

8. “The method of claim 7, wherein the opacity of the sample 1s determined by

measuring the intensity of light passed through a sample.

9. The method of claim 7, wherein the plurality of samples are in a hinear array
and are sequentially moved to a measuring station between a light source and a photocell

for individually measuring the deposit formation of each sampie.

10. The method of claim 5, wherein the step of determining the amount of
deposits formed on the substrate comprises determining the weight of the substrate
containing deposits and comparing the determined weight with the weight of the

substrate.
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39 WO 2005/079280 PCT/US2005/004264 11. The method of claim 1,
wo 20088588 the step of measuring the deposit formation of eaclrGampieos/oo4264

comprises heating a substrate to a first predetermined temperature and
the sample to a second predetermined temperature; contacting the
substrate with the sample and determining the amount of deposits formed
on the substrate after a predetermined period of time. 12. The method of
claim 11, wherein the substrate is aluminum. 13. The method of claim 11,
whereipdhgfisst RIedsiarninge mperatye fsnabaind R AROWAHAR6n
and the second predetermined temperature is about 80C to about 250C.

of eaclfsahi}3oBeMGE:Ef Kiaitcla YWbeteift tbe Jiep plodassuiieg theriepnsitand the
formation of each sample comprises heating one end of a substrate to a

sampl¥ 8 RIedeierprettrinmperate antkikenpansitehesduafrthe sithshratertple
a second predetermined temperature; contacting the substrate with the

and deaunpisian the ainominifgithestenfpenatioa diavuictirdeplsits foeduervintide
substrate. 15. The method of claim 1, wherein a robotic assembly

periodelftitively retrieves the samples from an array of samples and
individually positions the samples in a testing station for determination of
the deposit formation. 40 WO 2005/079280 PCT/US2005/004264 16. The
method of claim 15, wherein said robotic assembly is controlled by a

cohdputbe, methphe hatsned loPdiarsin thefabsirindsabEBBHtputting
comprises storing the

13. The method of claim 11, wherein the first predetermined temperature 1s about
100°C to about 400°C and the second predetermined temperature is about 80°C to about

250°C.

14. The method of claim 1, wherein the step of measuring the deposit formation
of each sample ccmpﬁsss heating one end of a substrate to a first predetermined
temperature and the opposite end of the substrate to a second predeternuned temperature;
contacting the substrate with the sample and determuning the temperature at which

deposiis formed on the substrate.
15. The method of claim 1, wherein a robotic assembly selectively retrieves the

samples from an array of samples and individually positions the samples in a testing

station for determination of the deposit formation.
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result of step (c) on a data carrier. 18. The method of claim 1, further
wO nospiskdg the step of using the result of step (c) as a basis ¥ GHt 2004264

a result of further calculations. 19. The method of claim 1, wherein the at
least one lubricating oil additive further comprises a diluent oil to form an
additive concentrate. 20. The method of claim 1, wherein the lubricating oil
composition samples have a volume of no more than about 50 ml. 21.
The method of claim 1, wherein the lubricating oil composition samples
haves a TetumehoBind chone thanteouts20 mibeds Tsembéyhodopimibihtl; a
wherein the lubricating oil composition samples have a volume of no

compaterthan about 15 ml. 23. The method of claim 1, wherein the lubricating
oil composition samples have a volume of no more than about 10 ml. 41
WO 2005/079280 PCT/1352005/004264 24. A system for screening
lubricant performance, under program control, comprising: &) a plurality of
test récapamethasricidise pradiereribatieg o/ AHNUHPLERTBRTRG Jaring the
composition sample comprising (i) a major amount of at least one base oil

resgit Gl BHEAGHGR AEBESEATIRTa 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 deposit formation of

the respective sample; (¢) means for measuring the deposit formation, of
eacﬁféegaéic’ﬁ\?éhﬁrgrﬂ FeAIY eg‘(‘&‘ffncé’ %ﬂ%ﬁ%ghgbs[tae%g euﬁbnﬁtt%r?ﬁsz'a{’[‘]ltoﬂfsmp
(c)%%tz? b%gﬁso OI? E) ga\ll\rltlfggtg ?egt?l';;ngfl %J?t[i]lgrfgglculations.

19. The method of claim 1, wherein the at least one lubricating oil additive

further comprises a diluent oi to form an additive concentrate.

20. The method of claim 1, wherein the lubricating oil composition samples have

a volume of no more than about 50 ml.

71. The method of claim 1, wherein the lubricating oil composition samples have

a volume of no more than about 20 mi.

22. The method of claim 1, wherein the lubricating oil composition: samples have

2 volume of no more than about 15 ml.

23. The method of claim 1, wherein the lubricating oil composition samples have

a volume of no more than about 10 mi.
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transferring the deposit formation data to a computer controller. 25. The
w0 206ystersvof claim 24, wherein the receptacle moving means egQmpNeesM04264
movable carriage. 26. The system of claim 24, wherein the receptacle
moving means comprises a robotic assembly having a movable arm for
grasping and moving a selected individual receptacle. 27. The system of
claim 24, wherein the receptacle moving means comprises means for
agitating the test receptacles. 42 WO 2005/079280 PCTIUS2005/004264
284 Thessystam ol slammduwheraipdieriastiog siatipipelugesathght
source and a photocell aligned with the light source. 29. The system of
compigdai@ 24, wherein each test receptacle has 'a bar code affixed to an outer
surface thereof. 30. The system of claim 29, further comprising a bar code
readeiuldlity bé eysteceohdiainagi revepraiiethenbaspib diffisbrigdtingcating
viscosity is a natural or synthetic oil. 32. The system of claim 24, wherein
oil cotyeaitileasirople hmmipasing G) audjtveisows|efted fashothd oo of
consisting of antioxidants, anti-wear agents, detergents, rust inhibitors,
lubricalehmyipgpsitie s, demolsifyinibottiticasiamt dezrendningibedditydriction
modifiers, pour point depressants, antifoaming agents, co-solvents, .
péekegertenisnabineanease fasishvithigio possiemnias dieprstaantatagiesin 2
extreme pressure agents and mixtures thereof. 33. The system of claim
testing Atajiore farmersercragat ohiengstidatmatom sidhn/eespective sample;

(¢) means for measuring the deposit formation of each respective sample in the
testing station to obtain deposit formation data associated with the sample and for

transferring the deposit formation data to a computer controller.

25. The system of claim 24, wherein the receptacle moving means comprises 2

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

receptacle.

27. The system of claim 24, wherein the receptacle moving means comprises

means for agitating the test receptacles.
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selected from the group consisting of antioxidants, detergents, ashless
WO dispsrsasits and mixtures thereof. 43 WO 2005/079280 PCT/US2005/004264
PCT/US2005/004264 34. A combinatorial lubricating oil composition

library comprising lubricating oil composition deposit formation data for a
plurality of different lubricating oil compositions comprising (a) a major
amount of at least one base oil of lubricating viscosity and (b) a minor
amount of at least one lubricating oil additive. 44
28. The system of claim 24, wherein the testing station includes a light source
and a photocell aligned with the light source.

29. The system of claim 24, wherein each test receptacie haslia bar code affixed to

an outer surface thereof.
30. The system of claim 29, further comprising a bar code reader.

31. The system of claim 24, wherein the base oil of lubricating viscosity is a

natural or synthetic oiL.

32. The system of claim 24, wherein the at least one lubricating oil additive is
selected from the group consisiing of antioxidants, anti-wear agents, detergents, rust
inhibitors, dehazing agents, dernulsifying agents, metal deactivating agents, frction
modifiers, pour point depressants, antifoaming agents, co-solvents, package
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure ageﬁts

and mixtures thereof.
33. The system of claim 24, wherein the at least one lubricating oil additive is

selected from the group consisting of antioxidants, detergents, ashless dispersants and

mixtures thereof.
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34. A combinaiorial lubricating oil composition library comprising lubricating ol
composition deposit formation data for a plurality of different lubricating oil

compositions comprising (a) a major amount of at least one base oil of lubricating

3
5

viscosity and (b) a minor amount of at least one lubricating oil additive.
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