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present invention relates generally to nmethods for

hi gh t hroughput screening of |ubricating oi

conpositions. 2. Description of the Related Art The

use of a conbinatorial approach for materials

synthesis is a relatively new area of research ai ned
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discrete organic molecules in the pursuit of new drug discovery, which have led to the

development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materials or compounds--commonly known as libraries--and to
techniques and instruments for evaluating or screening libraries for desirable properties.
Presently, research in the lubricant industry involves individually forming
candidate lubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testing each candidate composition require manual
operation. This, in turn, significantly reduces the number of compositions that can be

tested and identified as leading compositions.



WD 2005/ 079280 PCT/ US2005/ 004264 Drawbacks associ at ed
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still further, thereby meeting future industry standard proposed phosphorous and sulfur
contents in the engine oil while still retaining the oxidation or corrosion inhibiting
properties and antiwear properties of the higher phosphorous and sulfur content engine
oils. In order to accomplish this, a large number of proposed lubricating oil compositions
must be tested to determine which compositions may be useful.

Additionally, similar changes in specifications and changing customer needs also

drive reformulation efforts in other lubricant applications such as, for example,

transmission fluids, hydraulic fluids, gear oils, marine cylinder oils, compressor oils,

refrigeration lubricants and the like.
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above, present research in the |ubricant industry does
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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 oil such as, for example, iron compounds, and is also promoted by
the elevated temperatures experienced by the oil during use. The catalyzed oxidation of
the oil contributes to the formation of corrosive oxidation products and sludge in the oil
but can also cause the viscosity of the oil to increase or even solidify.

Accordingly, it would be desirable to rapidly screen a plurality of sample
candidate lubricating oil compositions for deposit formation tendencies utilizing small

amounts of each sample. In this manner, a high throughput preparation and screening of
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di verse conpositions can be achieved to identify which
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t hroughput screening nmethod for determn ning deposit

fornation tendencies of lubricating oil conpositions
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testing station for measurenment of deposit formation

ngjfion ameounbefy deaptame duhwispiéng ol additive; (b) measuring the deposit formation

of each sample to provide deposit formation data for each sample; and, (c) outputting the
results of step (b).

In a second embodiment of the present invention, a system for determining
deposit formation tendencies of lubricating oil composition samples is provided
comprising:

(a) a plurality of test receptacles, each receptacle containing a different lubricating
oil composition sample comprising (i) a major amount of at least one base oil of
lubricating viscosity and (ii) a minor amount of at least one lubricating oil additive;

(b) receptacle moving means for individually positioning the test receptacles in a

testing station for measurement of deposit formation of the respective sample;
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transferring the deposit formation data to a conputer
controller. The nethods and systens of the present
i nventi on advantageously permt the screening of many
di fferent conposition sanples in an efficient manner
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oil conpositions; FIG 3 is a schematic diagramof a
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Various embodlments 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 panel
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;
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of sanples of lubricating oil conpositions enploying

a tenperature gradient nethod; and, FIG 6B is a

schemati ¢ di agram of a side view of the system of FlIG

6A. DETAI LED DESCRI PTI'ON OF THE PREFERRED

EMBODI MENT(S) The present invention is directed to a
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a first step of one enbodi ment of the screening nethod
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oi | conposition is introduced in a plurality of
respective test receptacles so that each receptacle
contains a different lubricating oil conposition
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condi tions or statutory requirenents. Accordingly,
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requi renents for a given test, but also becones
réspedtive tesbreceptacles 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
receptacle.

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 oil

compositions in response to new requirements for a given test, but also becomes another
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data, elastoner conpatibility, etc., of the catal oged
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cal cul ating necessary changes of the additives at the
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based on. the total weight of. %ﬁe comnposi tion. Thq

of P Eyention ngudeeat dgastongdagrsiboiibrisang 1ggqsitp and at least one
understood to nmean a base stock or blend of base )
Iybrésating o¥h pdditives Genetallyi tha brissing OH<nmpesitens for wiedn thedugh
by a single manufacturer to the same specifications
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any and all such applications, e.g., engine
preferably from about 85 to about 98 wt. %, based on the total weight of the composition.
The expression “base 0il” as used herein shall be understood to mean a base stock
or blend of base stocks which is a lubricant component that is produced by a single
manufacturer to the same specifications (independent of feed source or manufacturer's
location): that meets the same manufacturer's specification; and that is identified by a
unique formula, product identification number, or both. The base oil for use herein can

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

formulating lubricating oil compositions for any and all such applications, e.g., engine
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cylinder oils, natural gas engine oils, railroad oils,
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di esel engine oils, truck oils and functional fluids
such as hydraulic oils, gear oils, transm ssion
fluids, etc. Additionally, the base oils for use
herein can optionally contain viscosity index
i mprovers, e.g., polyneric alkyl nethacryl ates;

ol efinic copolyners, e.g., .an ethyl ene-propylene . .
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oil is dependent upon the application. According%w
hyvzaulic odle,geanoilsf transtragswndluidsf efe. Additiaralby the bagd ¢ils for use
ordinarily range from about 2 to about 2000
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STy onlip 3R Al s Bl s R 8 Rrif v
5W2Q, 5W30, 5W40, 5W 50, 60, .. 10W J OW.20, .
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Rerefined stock shall be substantially free from

tietdesitedledd ubedndabeiadiitivieh irothg finisasdudiawt givd thg desired grade of
contam nation, or previous use. The base oil of the

engine oil, e.g., a lubricating oil composition having an SAE Viscosity Grade of OW,
0W-20, 0W-30, 0W-40, 0OW-50, OW-60, 5W, 5W-20, SW-30, SW-40, SW-50, SW-60,
10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30 or 15W-40. Oils
used as gear oils can have viscosities ranging from about 2 ¢St to about 2000 cSt at
100°C.

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

lubricating oil compositions of this invention may be any natural or synthetic lubricating
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any natural or synthetic |ubricating 8 WO 2005/ 079280
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synthetic oils include, but are not limted to, oils

prepared fromthe polynerization of ethylene or from

the polynerization of 1 -olefins to provide polyners

such as pol yal phaol efin or PAO oils, or from

hydrocarbon synthesis procedures using carbon
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acid-treated mneral lubricating oils of the
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types, oils derived fromcoal or shale, animal oils,
pelgaiphdll i i(PAOY.eGpup W ize sdenhclnideé gl othasbase b has inahetled in
lard oil), and the Iike. Useful synthetic |ubricating
Grdup 1, NCITL @IV bUAlth&ugd Gretip I1j 11 drid Vi ase biydare prfdreed foi biss in
this invention, these preferred base oils may be prepared by combining one or more of
Group I, II, ITI, IV and V base stocks or base oils.

Useful natural oils include mineral lubricating oils such as, for example, liquid
petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the paraffinic,
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 like.

Useful synthetic lubricating oils include, but are not limited to, hydrocarbon oils

and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,

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



and hal o-substituted hydrocarbon oils such as

pol yneri zed and interpolynerized olefins, e.g.,
w@odoghtuyd enes, pol ypropyl enes, propyl ene-i sobmvt]e:msmmzm

copol yners, chlorinated 9 WO 2005/079280

PCT/ US2005/ 004264 pol ybutyl enes, pol y(1-hexenes),

pol y(1-octenes), poly(1l-decenes), and the |ike and

m xtures thereof; al kyl benzenes such as

dodecylbenzenes t et radecyl benzenes, dinonylbenzenes

di (2-et hyl h benze e and th

SIS B exeres) B wws) Bk inhard Pdis rad
and the |ike; alkylated diphenyl ethers and al kyl at ed
@Pﬁwéﬁwregmaﬂwé}@gzwasw@s é@chwlht:w@es ﬁﬁaqle@g@emes
honol ogs thereof and the |ike. Other useful synthetic
dinpmylecarenes di2-eshylhexylchenzdngs. and Bierdike; palynbeeds sush agibiphenyls,
made by polynerizing olefins of |ess than 5 carbon
wtphesyls widylasd pilypteryls, ang thedikepaikylated diphemd sthers and alkylated
i sobut ene, pentene, and m xtures thereof. Methods of
diprgal sulides uad thealeyiniveparatgaamd howdlbgseherast dnd thdlilee
skilled in the art. Additional useful synthetic

hydr ag@elPRRfiPkyriihdtRAtBHEStingd Silb i1, Yidien&flinditdala, oils made by
ol efins having the proper viscosity. Especially useful

ﬁM%ﬁ'&?lh%d@ﬁgg Qe heR S‘Jéalrﬁbnazﬁcﬁnﬂt f€h a??ftﬁ?]@&e Bg{??ﬁ:ne butylenes,

Igoners of C6 to Cl2 al pha o I ns

15861#?? ?&lt‘? e Id fls thdrk J)met{nﬁg%ff Bﬁeg?ﬁ’%?ﬁl%h g{)lyﬁﬁ? I)lll{J, are

ca |ngO|S|nc

dto id | i
ﬂ%ﬁe W§P§m8k¢¥%Pb%F§ﬁe S pgngnggflvgtsves t her eof

mhere the term nal hydroxyl rou s. have be di fi

by, f/éild‘[é%i’iﬁ?eéul Syt piaserban oy inclidp intidpelipresto! dpha
These oils are exenplified by the oils prepared
elafinpipingshs preperaagcrsity. dispecaalhyuselfybsymitictie hydroparbes pitsrase the
oxi de, the al kyl and phenyl ethers of these

py;lrggmytadi kighid méigopers phes ® (e alpha oleBnhsich palfgr grampid, érdecene
gl ycol ether having an average nol ecul ar wei ght of

@0, di phenyl ether of polyethyl ene glycol having a

nol ecul ar wei ght of 500- 1000,

Another class of useful synthetic lubricating oils include, but are not limited to,
alkylene oxide polymers, i.e., homopolymers, interpolymers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or
etherification. These oils are exemplified by the oils prepared through polymerization of
ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene
polymers (e.g., methyl poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glycol having 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

C;-Cs fatty acid esters, or the Ci3oxo acid diester of tetracthylene glycol.
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di et hyl ether of polypropyl ene glycol having a

nmol ecul ar wei ght of 1,000-1,500, etc.) or nono- and
w@olopoankoxyl i c esters thereof such as, for exedmpis2005/004264

the acetic esters, mxed C3-C8 fatty acid esters, or

the Cl3oxo acid diester of tetraethylene glycol. 10 WO

2005/ 079280 PCT/ US2005/ 004264 Yet another cl ass of

useful synthetic lubricating oils include, but are not

Iinited to, the esters of dicarboxylic aci ds e. g ,

pht h su cCi ni,c aci

P keny P ashbes s oB Gredy Svaipd 1Bleine SUSBRTeE B flra Rt limited

suberic acid, sebacic acid, fumaric acid, . adip

196 the esters, b disaebox Kicpcifsrees-, Phihalip Apid, syesipi acig, klwl succinic acids,

mal oni ¢ aci ds, al kenyl nalonlc acids, etc., with a

yikenyé sycciic g:{lcboﬁ@leg: acgd, @zelalbmlwsubqr@(ﬂq& sehq@g}apld fumaric acid,

al cohol , dodecyl al cohol, 2-ethyl hexyl alcoho

adipiy Iaeidelixgjlgic adid dothet ﬂnylloain ecigh,yatioll matsmoetchdsy alkenyl malonic

propyl ene glycol, etc. Specific exanples of these

8S3d 6., withlaude ety I dlcpholayd.gadueyl alcohol, hexyl alcohol, dodecyl alcohol,

di (2- et hyl hexyl ) sebacate, di-n- hexyl funarate,

dlieginekylseonsatdyledé %@@&C&Mhy@ﬁﬁg@&ﬂ,m(ﬁiobﬁi&d Bfaplylene glycol, etc.
azelate di octyl phthal ate di decyl phthal ate,

§ &4 hpkS G?ﬁl@&%ﬁ&%cl@d@@hﬁﬂﬂyh@dilyeite @h(@%ttl%ﬁhéifyl)sebacate di-n-

|no e| C aCI di mer, COITp ex ester forned

G lsgzag%tesfﬁ%@m 2 %saﬂowef&w%ﬁ éiogﬁ" pe

i ke as S

S aﬁt?\f*lagedw*saﬁﬂ st Ty g gToh SC et cimsr e

car boxyl i c aci having fro ut. 5 to out
ESTBEh e PR B e Bg HB‘? @Owé)%gbm AehAbv I@%’ﬁ%ﬂ&

etc., polyols and pol et hers such as neopentyl
teirpethylena glyenb end s mOéﬁ ebasdylhsemeigacis anditholike.

di pentaerythritol, tripentaerythritol, and the Iike.

Si | i chsierbaswd asisymhesieahlsalso lmOélrdeelx\anrﬂ ot lipvied &9, kydse made from
pol yaryl -, pol yal koxy- or polyaryl oxy-siloxane oils
aatboxslik iacids Raving Somabogirsi ts @baun d2 babomstefns withl dadolsf e.g.,
synthetic lubricating oils. Specific exanples of

hR@8oll &Rddédtc. Palyods rdpatyol ethers eebht nebphiydglyoyl, trimethylol
silicate, tetra- i sopropyl silicate,
bRbER; pans-Miile dYichtahkirR@l Ripeht@érdritat; Rt like.

Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise another useful class of synthetic
lubricating oils. Specific examples of these include, but are not limited to, tetracthyl
silicate, tetra-isopropyl silicate, tetra-(2-ethylhexyl) silicate, tetra-(4-methyl-
hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)disiloxane,
poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other useful

synthetic lubricating oils include, but are not limited to, liquid esters of phosphorous

containing acids, e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane
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hexyl )silicate, tetra-(p-tert-butyl phenyl)silicate,
hexyl - (4- et hyl - 2- pent oxy) di si | oxane,
w@odogpmeshnyl ) si | oxanes, pol y(met hyl phenyl ) si | oremn©s2005/004264
and the like. Still yet other useful synthetic
| ubricating oils include, but are not limted to,
liquid esters of phosphorous containing acids, e.g.,
tricresyl phosphate, trioctyl phosphate, diethyl ester
of decane 11 WD 2005/ 079280 PCT/ US2005/ 004264

hosphi.oni.c acid, etc., pol rictetr dr of urans and
Phisohpug i985) bavess erEtalims b BRL veq 11 om
unrefined, refined and rerefined oils ei t her )
nat ur e lubgjeating il anagyybe desiveshfeam yprefipgd, srfingd and gsrefipgg oils,
of these of the type disclosed hereinabove. Unrefined
eifties natpral, siwbeticalyzik veas of iweet mgrefof eny ef thegeof ghe type disclosed
synthetic source (e.g., coal, shale, or tar sands
heéreinateve. Wintdimed ofluart Hese phtainéd diadcitlyfiroor a haterat omesynthetic source
Exanpl es of unrefined oils include, but are not
(el d)] doald sliade, ofitas katlde bvirher)) btithonefirtHerrpaeitibationfor aeatment.
retorting operations, a petroleumoil obtained
BkdB9bd of vnfeFimed b inkhuas, Rare hoBinked 6] a staid oiDéBtah&Birectly
directly froman esterification process, each of which

hﬁmtr&%ﬂir{ézﬁgrtag%lﬁﬂ Q 5&1‘01&1%‘{1 tﬁg gﬁtg%nlreﬁ AlBERB fror@stiN&HnUr laf ester

are sim e unre s exceépt they have

Q}? ggtain{eéi' El}rgc?lﬁl f};orrf% gs?ed.fn: a@&hgprggesmra% Mﬂi%ﬁ%én%ed without
steps to Iprove one or more properties. ese _
%Exgiilr%a%tgl n ﬁgﬁﬁ%&o@ﬂ%eﬁ?%lg&tg oq“@méfgngﬁggggxc%{)t tﬁléylz ilrjivelbréen

extractions, secondary distillation, acid or base .
Bxgthpriggasshim ope PR Ingtei Ry fication;siepp it mpiioveRng b PoEsRTORgies-
dewaxi ng, etc. Rerefined oils are obtained by treating
Thesd pusiifasion fechpigeesssknasyriio|thgse pfslith ysthe gy @fd fglude, for
obtain refined oils. Such rerefined oils are al so _
kxeonpie, aslvem ek tiatods, secondqry distHeten, ajid or base exifacaan,dHl@ation,
additionally processed by techniques directed to
pandlu@dn, hfdepening adbtiakingpstc.aRerefindd dilsaakaainedtryoueating used
Lubricating oil base stocks derived fromthe

B $inGirsseBaRE kidlat RNhede usektordyaintesited bits. Suell rerefiriddels are also

alone or in conbination with the aforesaid natura
RASHPEs BB RALr fepPRR8ed oils and often are additionally processed by
techniques directed to removal of spent additives and oil breakdown products.
Lubricating oil base stocks derived from the hydroisomerization of wax may also
be used, either alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or
synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
Natural waxes are typically the slack waxes recovered by the solvent dewaxing of

mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch

process.
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stocks. Such wax isonerate oil is produced by the
hydr oi sonmeri zati on of natural or synthetic waxes or
Wor00s079%e80 t her eof over a hydroi soneri zati on cap@l/ys1005/004264
Nat ural waxes are typically the slack waxes recovered
by the sol vent dewaxing of mneral oils; synthetic
waxes are typically the wax produced by the
Fi scher-Tropsch process. 12 WO 2005/ 079280
PCT/ US2005/ 004264 The second conponent of the
| ubricating oil conpasitions herein is,at beast. one
| ubr TESESCARH SATPPORERA Al (A UORGIEN () PSTERGHRGS BFIFIn is af lcast one
addi tives for use herein can he any presently known
lubricatingenil afidipvsy dhe hrbaigeing opleadditivgs for usediergin 521 bryany presently
| ubricating oil conpositions. The |lubricating oil
knaieh oi lates-dispeversskaddisive jusedi in doroumating lubrigpiéngeit canpsisitiens. The
to, antioxidants, anti- wear agents, detergents such
hasicamtgadil atieitereg fortuse hereiatindlundei bittacer ot lideted 20, ngticgdantss anti-
demul si fyi ng agents, netal deactivating agents,
webi fleh@)det@géntd SICB as Potl dfdergarits, rake ptdlsivas) dshazing agents,
anti foam ng agents, co-solvents, package
d6RATRAYhE 'a%én‘@s? bfetal QQ4ctiPain@Apent§) Hi&idnQhédifi@s Hols Soint
di spersants, dyes, extreme pressure agents and the

dg@gﬁaﬁg,danyc%ﬁﬂﬁ§ en ,h&r-ﬁ‘i)xfents%a‘%ﬁ%o%plaﬁbiﬁ?e%{ icBlf@o&%iJrS]}g

Ition appt opri ate thickeners. variety o
.addi ti Kk d el ' . T.
1 2R S0 GRS L A T

enpl.oyed for. the .preparation of th ar.i ous .

e R i TPt R el PPty tehenys . Anfegienafghe
at |l east one additive is an_anti Qxi dan&,,_ det ey gent
agdifiy essge kﬂ@%@&ﬁtﬂn&ﬁwwmw@e-t & 8¢ditiygs; ‘grth%lf piplggpus
the lubricating oil additive(s) can further contain a
cdinpeunds, aen be ewployet for lie raepsirationof dsriganny lnbacating gde
concentrates usually include at |east from about 98
campositians hateoutPreferaity, tiat frastfone addifive isemaniberidanggleigrgent,
%to about 25 wt. % and nost preferably from about 97
alhless Wigpersah @umitibreptherddfof a diluent oil and from

about 2 wt. %

Alternatively, the lubricating oil additive(s) can further contain a diluent oil to
form an additive concentrate. These concentrates usually include at least from about 98
wt. % to about 10 wt. %, preferably from about 98 wt. % to about 25 wt. % and most
preferably from about 97 wt. % to about 50 wt. % of a diluent oil and from about 2 wt. %
to about 90 wt. %, preferably from about 2 wt. % to about 75 wt. % and most preferably
from about 3 wt. % to about 50 wt. %, of the foregoing additive(s). Suitable diluents for
the concentrates include any inert diluent, preferably an oil of lubricating viscosity such
as, for example, a base oil as described hereinbelow, so that the concentrate may be

readily mixed with lubricating oils to prepare lubricating oil compositions. Suitable

lubricating oils that may be used as diluents can be any oil of lubricating viscosity.
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to about 90 wt. % preferably fromabout 2 wt. %to

about 75 wt. % and nost preferably fromabout 3 wt. %
wo oooahboso 50 . % of the foregoing additi ve(BJT/US2005/004264

Suitable diluents for the concentrates include any

inert diluent, preferably an oil of |ubricating

viscosity such as, for exanple, a base oil as

descri bed herei nbel ow, so that the concentrate may be

readily mxed with lubricating oils to prepare

| ubri at| 03|t| n Suitabl.e  lubri.catin

of | OREP She) oo tacliy i ot Bl o, BGAIE Fypegbhenotics,
Iubrlcat|ng vjiscosity. 13 WD 2005/079280
percelisbodercdphogls, S@w gemgtic aHine gRiigradants, sWyrizgd phenolic
but are not limted to, amnic types, phenolics,
antiexidanis.|ojl-sel whikesaptersivampo s, phosplivdus-sonipiring entioxidaniseorganic
anti oxi dants, sulfurized phenolic antioxidants,
mMﬁ&ﬁaﬁumﬁém@0®pdymdﬁm$mumﬁstphosphorus-containing
antioxi dants, organic sulfides, disulfides and

pol y SiMafriptks ®f atedcdllyehindeked. phExditahdsxiddntsinelute dlut yre not limited
hi ndered phenolic antioxidants include, but are not

fol sRHeAkylhted pRdnbl® c@hjatngds &éhabE mhmmwrmueﬁa 8&tE¥1-2,6-di-
as 2, 6- JI tertbutylphenol 4- et hyl -2, 6-d

&ﬁ?@?ﬁhﬁg@%ﬁgﬁ é&tbﬁt Heﬁélﬂl % g{#gﬂg@ﬁgﬁgﬁ,g@é dlésopropylphenol 2-

B bR AR e putphprl 00N

am e eng
%ﬂ%"@ﬁ!}?m%&@ﬂ??e‘? %gﬁmswﬂwo?l ¥ E«ﬁ%ﬁ cf”%f utvlphenol 2-methyl-
G X@}? M%ﬁﬂybgwhi’%ﬂal@gd B el Sma gftagse iscures of
nmononucl ear phenol i c conpounds are al so SU|tabIe
FO0TFIQEE Sysh r@ﬁq@e\dclﬁﬂﬁ@hwollaﬁme%}néaﬁw PsHitgpe in the
| ubricating oil conpositions of the present invention,
i ncl udemplrstof ather phesnol dntipxidants &r uegia the lubpeasingwilppmppstions
bri dged al kyl phenols, one or nore sterically-hindered
ofithe prdgrad inybeival ihdudo bpteuanoks: lamttd tofiont or merd methglefie bridged

Exanpl es of nmet hyl ene-bridged conmpounds incl ude, but
Ak ApRbls, biebrin@ie btericallyhind¥eddinbaagddi phefol icesompb tiiidsland

o-cresol), 4,4 -nmethyl enebi s(2-tert-anyl -o-
mixtures thereof. Examples of methylene-bridged compounds include, but are not
limited to, 4,4'-methylenebis(6-tert-butyl o-cresol), 4,4'-methylenebis(2-tert-amyl-o-
cresol), 2,2'-methylenebis(4-methyl-6-tert-butylphenol), 4,4'-methylene-bis(2,6-di-
tertbutylphenol), and the like. Particularly preferred are mixtures of methylene-bndged
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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cresol),

2,2"' -nmet hyl enebi s(4-net hyl -6-tert-butyl phenol),
wa2ebsomeshyl ene- bi s(2, 6-di - tertbutyl phenol), eamusives004264

like. Particularly preferred are m xtures of

met hyl ene-bri dged al kyl phenols such as those

described in U S. Patent No. 3,211,652, the contents

of which are incorporated by reference herein. Am ne

anti oxi dants can also be used in the lubricating oi

conpositions of.thjs inyentian. anpl es i nclude, but
TR D FeePRgRTY BnED oS PreLaTetin P RAT G A C SRy

am nes, aromati.c secondarﬂ_ﬁg%%? ines and the |ike and
BOReATAAES 18¢1uds ehayteniing. glkyhdipsnytigrnes eepigming 1 or 2 alkyl
PCT/ US2005/ 004264 aromati c secondary am nes bein _
pibetitwente gach bawng up $0 drouh t Geabincatess @}é@r&dylphmﬁahy paEe,
i ncl ude di phenyl am ne, al kyl di phenyl am nes cont ai ni ng
phenyl-Betahipthylammine salkyluendralkgadistituedi phgnyl piphe-rapbthylatréne
carbon atons, phenyl -al pha-napht hyl am ne,

eoiediying heleast oapdwoalkyh ey aralkklydroumread Rdving wubabbidtUuibedrbon
phenyl - al pha- napht hyl anmi ne contai ning at | east one or

atomis A orQiral Ryt uted phiRS1-BRs-RapheiliGink BoritSinRBQk leadi®ne or
carbon atons, al kyl- or aral kyl -substituted

%zﬂﬁ 1-oR GEaficyl @fbﬂP@é’a{cﬁ MhRRe 60 ol MHcaon! £ARS, 2R heQlke.

al kyl or aral kyl groups each having up to about 16

car bo .pgéfgx?ngdntgﬁg gﬁ z}rgr%aéi é’rﬁ'ﬁine ’é\ltﬂ)rx?cfaﬁiié ?‘g tafé%/ﬂ?edocfiphenylanﬁne of

arongti I OXI s an a
% phenxllfam' e of the general formula
CECRBL RN AH - 06 H4--R2 wherein RL is an al kyl group

(preferably a branched al kyl gr pé Qa jng 6 to 12

carbon atons and prefeﬁﬁﬁﬁstdga“ 6 ﬁ%%on atons; and

R2 is a hydrogen atom or_an alﬁxl qrouplﬁéﬁreferablz a
phersinrRds an pY gewupretarablyidranched albylgiouiy hawng fdo 4hgarbon
preferably 8 or 9 carbon atons. Mst preferably, R

atuns RAd preéeratie 8 oa fearbom etomgcanddids e hydrdgancigrownen alkyl group
avai | abl e commerci ally as Naugal ube 438L, a materi al
Whefefablysa hrmetdied hikgdgrbap)having 6 to 12 carbon atoms and preferably 8 or 9
carbon atoms. Most preferably, R; and R; 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 lubricating oil compositions of this invention is
comprised of one or more liquid, partially sulfurized phenolic compounds such as those
prepared by reacting sulfur monochloride with a liquid mixture of phenols wherein at
least about 50 weight percent of the mixture of phenols is composed of one or more

reactive, hindered phenols and in proportions to provide from about 0.3 to about 0.7 gram

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

15



predom nately a 4, 4'-di nonyl di phenyl am ne, i.e.,

bi s(4- nonyl phenyl am ne), wherein the nonyl groups are
wheasotesl Anot her antioxi dant for use in the PCT/US2005/004264

| ubricating oil conpositions of this invention is

conprised of one or nore liquid, partially sulfurized

phenol i ¢ conpounds such as those prepared by reacting

sul fur nmonochloride with a Iiquid m xture of phenols

wherein at | east about 50 meight percent of the

ure of phenols is co e ne or
Rkt proged! ToRGaCRan e orS s Wdﬂ%l Sk figiid prosuct
provi de fron1about 0.3 to about gram atons of

gwwrtloﬁﬁ Hskide ama@wep@pt%n&bbwe%éh&ww% Rf Agedidert-
enol so as to produce a 15 WD 2005/ 079280
IbiSEO0HP 0Nl 2-ertefuitriphsmoti sbeut 13T 6-rivtandhitylphenol, and

m xtures useful in making such |iquid product

el 2%i dfi2ohdi-teriitylgherm]. nThet reacioo anex@thermiy apyt isygefhably kept
about 75% of 2,6-di-tert- butyl phenol, about 10% of
Rithidrthe fangy bdvennl 5°Cab abtut 16890, edost preferably between about 40°C to
2,4,6-tri-tertbutyl phenol, and about 2% of

dbdht @o°d. er t but yl phenol . The reaction is exothermc and
is preferably kept wthin the range of about 15C to

about )Qrgres OPaltcRnEh RN RET NESH @k thé%rfcgtm put
Ry :

60C. xtures of erent anti oxi dants can al so

gﬁc'rg os1t ong HFthe persén(%%&ﬁgo (It)n ﬁ%g%riné’ %{ﬂ&q§ ccQIl 1{438 ofa

nven I on ure 1s i sed

tur.e

F%&@Patt%"ﬁé’? a prgp B kel AR SR sﬁﬁ?f%&hméﬂed
butylate nmonohydri ¢ phenol s whhgﬁ s in the |j
i duy aﬁﬂ?@“mzﬁwl}c tfenel® IhiP (e iR Fiaiecit 35 Gy () an oil-
| east three different sterically-hindered tertiary
brluble sixttirerasiahlepss terce differsgbsierins] lyﬁﬁé’ﬁ@ﬁéemgﬁd’u@ﬂ?tﬁj mgthylene-
| east one bis(4-al kyl phenyl) am ne wherein the al k
bridged potyphermis anh@i) alldapt ongrbinip-atkaiphemylBanipe whersar o alkyl
atons, the proportions of (i), (ii) and (iii) on a
BRjug lilct a basdhed falklyl grogp havitd@ ta Engebonf atahs) tite [Bogortians of (i), (i1)
about 5.0 parts of
and (iii) on a weight basis 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
component (iii). Examples of such antioxidants discussion above are disclosed in U.S.
Patent No. 5,328,619, the contents of which are incorporated by reference herein. Other
useful antioxidants are those disclosed in U.S. Patent No. 4,031,023, the contents of
which are incorporated by reference herein.

Examples of antiwear agents include, but are not limited to, zinc
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an
article by Born et al. entitled "Relationship between Chemical Structure and

Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different
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conmponent (i) and about 0.9 to about 1.2 parts of
conponent (ii) per part by weight of conponent (iii).
waezxasptreso of such anti oxi dants di scussi on abovECEHUS2005/004264

disclosed in U S. Patent No. 5,328,619, the contents

of which are incorporated by reference herein. O her
useful antioxidants are those disclosed in U S. Patent

No. 4,031,023, the contents of which are incorporated

by reference herein. Exanples of antiwear agents

E}Tlg[}qlégpsa{l%cﬁ%xa%ﬁgs %?%%gmgﬁ.gxgg%%@ngcggce 4-2 January 1992, see for
di aryl di t hi ophosphates, e.g., .thgse described . in an

gy %385?97829(5 agyl phpsphatgs #1d Rhgsphiiss. spifyrronianing esfeen
Chemical Structure and Effectiveness of Sone Metallic
phasphashfuremppiadsy meig] erishbive dphiasabamatespkarthytesy alkylssulfides
WD 2005/ 079280 PCT/ US2005/ 004264 Lubri cated

Metthahkesasl' mixapestheieofy i n Lubri cati on Sci ence 4-2
January 1992, see for exanple pages 97-100; aryl

phos phadngdesasfdehRashind ek, balakd nut liedret a, Pvadaed toe heytral
phosphosul fur conpounds, netal or ash-free

8ttt AlchAR Bl RMateXR itk SHaAsES. g tHokd/ma&d Hrdh dBS/1 béend 41 fuming
i ke and m xtures thereof. anpl es of detergents

MEiddeid, 8Rupal ﬁleﬁ%vélrﬂagw §futifed ANVAPIRASRIetOF p@ﬁfgg ghgh

getergenis such as sulfonate detergents, e.g

P PSR B LTI s G v
B BB ER os BAE PR uPl B FURRRAS oot
ol BT ST OB B2 18 o shous
over based netal sul fonates typical%% have a total base

Atmieut $6rmrd preferabhoiieraisbet 1000 ehouhbd ykovggverhgsed metal sulfonates

preferably fromabout 10 to about 25. Low overbased
amt wdutrslumétolemi fosatesoarel wel inowih imtbe alt. sul f onates are
well known in the art. Exanples of rust inhibitors
i ncl uBeampiled ofat® imtobitdrs mclueel Huoare monliritedto, nonionic

polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene
sorbitol monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol
monooleate; stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid
amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric
alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thereof and
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
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pol yoxyal kyl ene agents, e.g., polyoxyethylene |auryl
et her, pol yoxyet hyl ene hi gher al cohol ether,

w@odogozzed hyl ene nonyl phenyl et her, pol yoxyet hpdBO82005/004264
octyl phenyl ether, polyoxyethylene octyl stearyl
et her, pol yoxyet hyl ene ol eyl ether, pol yoxyethyl ene
sorbitol nonostearate, polyoxyethylene sorbitol
nonool eate, and pol yet hyl ene gl ycol nonool eat e;
stearic acid and other fatty acids; dicarboxylic
aminds; bortdfatts epiades] Aty phewphides, By RPoxddds| ity ABigds, borated
salts of heavy sulfonic acid; partial carboxylic acid

afkbfylatell g/ aYrBHélr in@tal alis %hpdltty B9 TARPLdiF arBRILE TeBycerol esters,

(short - chai n) kenyl “succinic acids; partial esters

tng%&%gl ¥ cgﬂag est EPst o) &xﬁ@&z@hﬂés% dfé@fokééﬁfﬂt)’ §5pakdhe N96 372,696,

synt ary Su onat es,

gﬂa § nyen{%%? h e tk%l e@mg{xﬁ %r&%ty%gf%e?n@e %ergﬁ fncggx% ﬁll%glﬁers obtained

ures reo rrction no

085763 r%é%ge&%“m%a@@z BT ST

fatty epoxides; fatty phosphites, fatt epOX|des

Cag aity asifl ST ang GraFden-canRBIAE omBguRc f%{%ﬁteélrﬁ% the' grouny|
salts of fatty acids, fatty acid amdes, glycero

gensisting of romaniadang| a}acaélmplameee g thepgidiselpseql in U.S. Serial No.

i m dazolines as disclosed in U S. Patent No.

60302,16@6iled Maeh@8n14H31 the obntevts chwhick aicriconpoatad by rdfgrence
reference herein; friction nodifiers obtained froma
hed, aahthp likel gt mddfuras Gérebd C75, preferably a C6 to

C24, and nost preferably a C6 to C20, fatty acid

est er ER#ples & dnfifAsiinE ARhAINIIRE, BRHAROI tinSRH €6, pRBmidioa alkyl
the group consisting of anmonia, and an al kanol am ne,

70,
L O LR

i ncor r%gérﬁ’élggop%yegsg%%ﬁﬁﬁts i ?J ’Int?"t ]g?e%t ilnﬁteb 'td( ﬁo@gﬂiylene

m xtu ereo es o oam ng ag en

i ncl ude g? are not I|n1 ed t

siere gt iS ifss Sl ne fpRE ST RaBadlep guceini

l'i ke and n1xtures t her eof gx ng!es of ashl ess. ¢
aniysdeARasiciniErgsa sompennd selectad rom thy gioyp egpsisting o

polyalk | ene

succinimides, carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl

polyamines, Mannich bases, phosphonamides, thiophosphonamides and phosphoramides;

thiazoles, e.g., 2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and

derivatives thereof; triazoles, e.g., alkyltriazoles and benzotriazoles; copolymers which

contain a carboxylate ester with one or more additional polar function, including amine,

amide, imine, imide, hydroxyl, carboxyl, and the like, e.g., products prepared by

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

above function; and the like and mixtures thereof.
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succi ni ¢ anhydri des; non-nitrogen contai ni ng

derivatives of a pol yal kyl ene succinic anhydride; a
whamso7sd r ogen conpound sel ected from the gr oRPQI/US2005/004264

consi sting of succinimdes, carboxylic acid am des,

hydr ocar byl nonoam nes, hydrocarbyl pol yam nes,

Manni ch bases, phosphonam des, thi ophosphonam des and

phosphor anm des; thiazoles, e.g.,

2, 5-di nercapto-1, 3, 4- thiadiazoles

mer c tob hlazoles ivatjves th

Tr1 aoDieagTRlSiene Sitiase patasaf Sepeiiial BERSary drghdsobutenyl

copolyners which contain a carboxyl ate ester with one

Brecipsraahydigied PEAY)- Jée alambwaﬁqasﬁmoleﬁ%lpwwabt fthgeolyalkylene

am de, imne, imde, hydroxyl, carboxyl, and the |ike,

tail dn the pebellsaiene preeipia andydydes wegsdieyare wilk be atdeasb S0, pregerably

chain al kyl acrylates or nethacrylates with nononers

fiémtabeut tablwne 7 $Uncbowr300aand nhsg préfkrmblyrfthnmibaut P@Gto about

t hereof. 18 WD 2005/ 079280 PCT/ US2005/ 004264 The

plaloy @xkyipesof sitaklk pbiyakkpleye sucdidiokink pdridea fidr uss herein are thermal

preferably a polyi sobutenyl succinic anhydride

RIBSRSPblyisbbateny Fh@iniaMaryadee) mes@ibud af USePabit N, 3136,673;

polya kylene tail in the polyal kyl ene succinic

&Eédciﬁﬁslelsd%g’criis@%ﬁi U.9%htbn 8. 81170 89512 Anbure of thermal and
pre erabl'y from about to about 750 to about 3000 and

@érﬁna? éi?l%,?gQieycr{bB? i ﬁkﬁo%tféq\% tﬂ)l?@@hlt}n%l% an ic J?P%EISBSA

sulta ['ene 'succin

ol.yi.so I

(g1t i U oliel 564 DTS, R SRR S e
3,361, 673;_ _chlorinated Pl BSA d ed in U S _Paten
RoI2.30 7 S5, 225 i tsu?%mefatnowfﬁiﬁég clserBed b Sapag Nos.
Pl BSA descri bed in U S. Patent . 912, 764; _high
5065938 AdrSA1656By fB@Aadlaéé’éB%éi@Sqrwe@@J SPRAlEHNGN03.286,799,
4,234, 435; pol yPI BSA described in U S. Patent Nos.
53 19,03 G0 56624,0941P1BSA2HadeHragh highawdthylginyldene pplybyenadacribed
described in U S. Patent Nos. 5,565,528 and
n, 6.86P468 Nobre& 5 2,409] 5,487, P1BHE JEFI80bkigh surcldiSratiPRIR$A made
Nos. 5,286,799, 5,319,030 and 5,625, 004; Pl BSA nmade
fro2midh abth R inhdone Pyl ybdene dgotivdiuh Busopdaspatedietplication
Publication No. EP 355 895, terpolymer PIBSA described in U.S. Patent No. 5,792,729,
sulfonic acid PIBSA described in U.S. Patent No. 5,777,025 and European Patent
Application Publication No. EP 542 380; and purified PIBSA described in U.S. Patent
No. 5,523,417 and European Patent Application Publication No. EP 602 863, the contents
of each of these references being incorporated herein by reference.

Non-nitrogen containing derivatives of polyalkylene succinic anhydrides include,

but are not limited to, succinic acids, Group I and/or Group II mono- or di-metal salts of

succinic acids, succinate esters formed by the reaction of a polyalkylene succinic
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in US. Patent Nos. 4,152,499, 5,137,978 and

5,137,980; high succinic ratio PIBSA nade from high
waoredosgbazsmyl i dene pol ybut ene descri bed i n Eur opeRDS2005/004264

Pat ent Application Publication No. EP 355 895;

terpol ymer PIBSA described in U S. Patent No.

5,792,729, sulfonic acid PIBSA described in U S

Patent No. 5,777,025 and European Patent Application

Publ i cati on No. EP 542 380; and purified PlIBSA

bed i . 5,523,417 o)

B AN ORI oR OBEEF AR MG 400603 geégyﬁ Wacten R s

contents of each of these references bei

amalkylgseu ddromet & H sbanaateipd sad thenghs.apd FPH@“&% thereof.

contai ning derivatives of polyal kyl ene succinic

anhy dif desrsd; the faregoing palyallalenersgecinir gihyslgidesoanddg men-miteogen-

acids, Goup | and/or Goup Il nmono- or di-netal salts

cn‘ntaisiug demvativescthetsof mnbe posiiteated mathsa Wide ekt pf pdse treating

reaction of a pol yal kyl ene succinic 19 WO 2005/ 079280

RaddntdSIRD oA L GHe folepbingdpotialkybemt dueiionilydridoindidrkierivatives

derivatives with an al cohol (e.g., HOR wherein R is

BBredf &bl beGE R vaith BdrOibrla &yRlid ParbadaRg R, gale@iViche 3B oAdNE to
like and mixtures thereof. |f desired, the foregO|ng

baa@ ol ok SR RG S Jﬂdfetmlﬁx %ﬂbgﬁa?te ﬁm/tl%ﬁte@ ?n)dmtg rogen-

ntalnln erivatives ereof can be pos treat ed

Wi th e%ag% n\ft?t{c%eﬁtcg ﬁ(ﬁunﬁqﬁ F M H8st CBI%%%%EI% tF %

exanpl e, egoil ene Succli ni c an
erlvatl es cted Wt h bo

B’Fasgregyg Fiexaniplp \klpé' &?@Q%&g test§ nﬁggge he CRPES H%tlliogen fgn?pounds

provi de gora ost-treated and. e ne carbgnate
Bsetictip APBanpEBHb LS %laewémﬁ?%y PelgRCIBB b P pfic acid
use herein nust contain basic nitrogen as nmeasured,
toideshadgorabylgponmammepdedracaden gelyppags Mamichhasese
ni trogen conpounds are selected fromthe group
plorsphaamidgs, shioghasplharamidds phospbpnamidesi disparepas yiscosity index
carboxylic acid am des, hydrocarbyl nobnoam nes,
hiyeto 0§ rah @ mixtotey ﬂm'rermés”,[‘hd\s(h basichitrogeesntaining compounds are
phosphor ani des, thi ophosphorani des, phosphonani des,
isSRBIISRIY W eSS irl Htind AEkEp¢servation that each must have at least one basic
nitrogen). Any of the nitrogen-containing compositions may be post-treated with, e.g.,
boron or ethylene carbonate, using procedures well known in the art so long as the
compositions continue to contain basic nitrogen.

The succinimides 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 "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 may also be formed. The
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I nprovers, and m xtures thereof. These basic
ni trogen-contai ni ng conpounds are described bel ow

w@ keeprago i n mind the reservation that each nuBtT/II52085/004264
at | east one basic nitrogen). Any of the
ni trogen-contai ni ng conpositions nay be post-treated
wth, e.g., boron or ethylene carbonate, using
procedures well known in the art so long as the
conpositions continue to contain basic nitrogen. The

succi.ni m des d pol ysuccinjm des, that can be used
FRGOBTIRANS POdir o AR 19 HUCRBAD B e s e rnesally
well known in the art. Certain fundanental types of
aseRpiqdris eaB Mg Arprogdust pes rpeetipnpdap plkgny subit gisaigicpgid or
the termof art "succinimde" are taught in U S

aphydsive vithsa niBp@ehoccdBdingedu8d.2 Prefamred Juipniides, bachuse of
contents of which are incorporated by reference

ther ednmerthabatailnbilitys wechase sudalimides preganed frooth hydrédaebyl

art to include nmany of the am de, imde, and am di ne

safsgic @shydRide, hviieadin 8le3ydiRRarbOr grebh cobifins2@ordEbout 24 to about 350
2005/ 079280 PCT/ US2005/ 004264 predoni nant product,

AR URIms, hiid #h GRMAE HnThél QaiaRehyldnk SmiRE Bbih?%sﬂé@i@ﬂy characterized
generally accepted as neaning the product of a

. . . . S | 0 .
B B BB B DA @Rl e Spentamine,
Preferred succinijdes ecause of, . LT rci
o Bt 1P SRR B AR ear b, ROl B
hydr.ocar byl ci ni.c. anhydri de, .wherei.n t
AP GE B AP2E U CONSAMAEN Py Sp 41048 47 casbgy atoms
carbon atons, and an et hyl ene_am ne, said ethyl ene .
aditeteasthylenn gerdapive oy eranlpar 8Yei gt ROLYRKRYiSh pnisyge or mixtures
di am ne, diethylene triamne, triethylene tetram ne,
af @olyadwylept eminep syshdhdt tee avergeimeleghlar Waghefithaimixiaie dhabout
pol yet hyl ene amines. Particularly preferred are those
X)idedltons des prepared from pol yi sobutenyl succinic
anhydride of 70 to 128 carbon atons and tetraethyl ene
pent Akddchidedivithiarthemehe Csilceihintde 'gdie theabydigbkesd a
am nes or m xtures of polyethyl ene am nes such that
HyAfocaST Qe[RRI adhydMRle Ghd a Pblybdeendiryhin@ costamUt 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 anhydride 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, the contents of which are incorporated by
reference herein. These compounds are ordinarily prepared by reacting a carboxylic acid

or anhydride or ester thereof, having at least 12 to about 350 aliphatic carbon atoms in the
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205 Daltons. Also included within the term

"succinimde" are the co-oligonmers of a hydrocar byl
wGemesimi2go aci d or anhydri de and a pol ysecondar BCEDBI965/004264

containing at |least one tertiary amno nitrogen in

addition to two or nore secondary am no groups.

Ordinarily, this conposition has between 1,500 and

50, 000 average nol ecul ar weight. A typical conpound

woul d be that prepared by reacting polyi sobutenyl

succi ni ¢ ,anhydr.i de . ethyl.ene di.pi perazine. .
ScaushgmRtag i i Afsut bt el PEabk Bfpetc erows o

ni trogen-cont ai ni ng conpounds for preparing the

afsd %@Pleguﬂg gH ﬁgliughswléf any gpige piA ety wglypmipe, gich as an
such conpounds are those disclosed in U S Patent ,
siylsnugning gy giveranensrantysaibpxyiisiacid aapide. | Prefornsd aeg theise amides
by reference herein. These conpounds are ordinarily
preppead GdmY) 2 eaborytig acid of thedsayiul c RACOQH, wheraRiyisiCidealkyl or a
or ester thereof, having at |least 12 to about 350

alxitpleal this acad yith agbbismbiten$lverboRylic\¥Eid2ia Gdrich/tA2 BOlyisobutenyl
PCT/ US2005/ 004264 princi pal aliphatic chain and, if

808p tQHainAYIMITY 16 UDE tabANItoRS BEE(2Y armbthplead Arbing) Gp&Salty0
render the nolecule oil soluble wth an anmne or a

et RGR i RO MR ens Peitaihe ¥R miRLIM kif& fam ne, to
givé a nono or polycarboxylic acid am de. Preferred

ar et hgseeAl0s B oAt Dok MUK Sea
of the ?b?nusa E&%@Qﬁﬁ ere @gh‘s %@%@g% al §¢ Srga

m xtur.e of this aci.d with a polyisobutenyl 0 ;C
Bt S lblnh, 7, oS R in F3F REHAR,

2 8 carbon .atons andx%%%{ et hyl ene am ne,
£531 876 Fib oniep e R bTES Poypaie Py tiotears Besey [ B Bydrocarby!
pentam ne or m xtures thereof. Another class of useful
giotp.ogfeeh B erfeiebly b orrplelinighazing oRg e BYoasitsy pf unsaturation,
nonoam nes and hydrocar byl pol yam nes, e.g., those
diuglly ogwaing fiong. 990 abat A0 cadbon atgms aud BrERrabl hEromabpeiiOgo about
of which are incorporated by reference herein. The
P@cantomr ddyrhs. Particularly preferred hydrocarbyl polyamines are those which are
derived, e.g., by reacting polyisobutenyl chloride and a polyalkylene polyamine, such as
an ethylene amine, e.g., ethylene diamine, diethylene triamine, tetraethylene 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 Co.500 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 ethylene amine,

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

material may be sulfurized and preferably is dodecylphenol or a Cso.190 alkylphenol.

22



group, which is preferably alkyl, or olefinic having
one or two sites of unsaturation, wusually contains

wo eams®28® about 350 carbon atonms and pref er abb@T/Us0F/004264
about 20 to about 200 carbon atonms. Particularly
preferred hydrocarbyl polyam nes are those which are
derived, e.g., by reacting polyisobutenyl chloride and
a pol yal kyl ene pol yam ne, such as an ethyl ene ami ne,
e g , ethylene diamne, diethylene triam ne,

%W‘Iﬁee Wﬁr@ﬁ ngiusz«%rw %%ﬁ%ﬁ%r%ﬁ” Tl Dy Patent

ke. _Yet ano | ass useful nitro en contalnlng
N%in%ééﬂ,éé?' ép@%ﬁ% %%?7@@9&5@7 303ripd oftydgh are

conpounds are prepared froma phenol or C9 y4ele)
iapKpopled Byircfergnce kgredehyde, such as formal dehyde or

f or mal dehyde precursor such as paraformal dehyde, and
an arStilleyet amypioan othss dthsefuimitre geragontmniag nempounks are the

pol yam ne and typical conpounds are prepared from an
HokpHodamides anslpbibsphsndirit by/duahrag) doreixamplesthbyd dsbosadim®,S.
such as, diethylene triam ne, or tetraethylene

RRH: k. 1159092130 ah88,968 K87, tHdeoneheTivitech dreiRbipakatétly Reerence
sul furized and preferably is dodecyl phenol or a

I le
28 A OB AR s o oo

4065 WAL G SR RO Tl

t he cante r.e |ncor ted b ence
HaFPR & th@‘@farhﬁodeﬂéﬁl e PEGERY{ Sty Shpffmink 75 Riing
ni trogen-co alnln cO oun s are the phor am des
ehogPiHespeRlaRiedY a diticdiens fSS‘i"ng%ﬁﬁP‘&p e gagno- finctiohal
disclosed in U S, Patent Nos. 909, 430 and
anigegThigphosphasataisies eait be rEPPaHIs lzyrfe%ﬁtleg R Epsaprted Bydrpgarbon
reference herein. These conpounds nmay be prepared by
¢ommpoiundjcentaphiog Hioor 2t 456 coneicarpan atgms,stich @asfyedwéene
P--N bond. They can be prepared, for exanple,
petassbunderehps ppropylene, ethylehd, drhiestenepil Brheaadigro; [sobmtp})ehe,

diol in the presence of a nonoam ne or by reacting
4-methyl-1-pentene, and the like, with phosphorus pentasulfide and a nitrogen-containing
compound as defined above, particularly an alkylamine, alkyldiamine, alkylpolyamine, or
an alkyleneamine, such as ethylene diamine, diethylenetriamine, triethylenetetramine,
tetraethylenepentamine, 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, 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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phosphorus oxychloride with a difunctional secondary

am ne and a nono-functional am ne. Thi ophosphoram des
W@ 2005029280 epar ed by reacting an unsaturated hyePEDUSI0b®004264

conmpound containing from2 to 450 or nore carbon

atons, such as polyethyl ene, polyisobutylene,

pol ypropyl ene, ethyl ene, 1-hexene, 1, 3-hexadi ene,

i sobutyl ene, 4-nethyl-1-pentene, and the like, with

phosphorus pentasul fi de and a nitrogen-contai ni ng

e R
such as et hyl ene di am ne, djethyl enetriam ne

advpnipgrpPeoetoatych molgsular magelingtof propqesdeomprynds, fonusg it the

l'i ke. Another class of useful nitrogen-containing .
coatppsitiness(ien &roglations) éo desergund which gorspamdamay proyadssiotential

i ndex i nprovers (VI inprovers). These VI inprovers are
leahmpernyidasreepppstionsy Fouerainipbsn silculhtmapsaambelcarged bwnnvolving
pol yner, especially a polyner derived from ethylene

sablal faptoraso fiyt legiraple pinsitina kthyes, bond dinpthe,boad dhgleqdilole moment,
units derived fromone or nore co-nononmers such as

}gjdféi)lﬁ@ﬂ)ibﬁy, Qtc, of fheBampsunat. eThi Sarbe dh@ddedut Dsing khown software
esired, prior to dispensing the at | east one base oi

R0 1870 K35 lepgﬁaduﬂﬁ M&ﬁ&ﬂi&va%lé%&%él%%%&@Diego,
PCT/ US2005/ 004264 oil additive to provide the

§8H3%§5tions herein, as di scussed herei nbelow, it can
e &bantageous to conduct nol ecul ar nodel i ng of

prop d co ugps fo in th conpposi tiqpns (i..e.,
for nﬁo ™ok &le et 8{ Wfl{ﬁg’rwﬁs & ceo?rs‘ﬁggon 3 qge %’ﬁ%{lﬁﬁde
potential . |eading candi date coppositions. For .
RRBRSipreris 2F1vg 08 T o (Be R AR S PCH R ATRgam(s). This
such factors as, for exanple, transition states, bond
soéiwgrerpen bguped tawificeantly depign estiyaies that pover dierissired ¢y,
etc, of the conpounds. This can be carried out using
dapotimensalf spegerand ugilizhstatisticdl expeasieenpll desighapthoda. Other software
Mechani cs avail able from Accelrys (San D ego,
daalthdndrenised to analyze the data from the experiments and correlate that data with the
structure of the compounds and/or compound treatment conditions and/or reaction
conditions. Such correlations are often referred to as QSAR software (Quantitative
Structure Activity Relations) available from Accelrys (San Diego, California). Such
QSAR programs can then be used by the software to design subsequent compound test
libraries for further screening.

The use of such QSAR programs can add to the efficiency of screening. As more
data is collected, these QSAR programs can become more efficient at developing
compounds libraries with increased probability for finding desirable compounds. For

example, the compounds analyzed can be formulated into various lubricating oil

compositions, as decribed hereinbelow, and then further analyzed by way of, for
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Software for the design of test libraries can be used
to design the original conpound test |ibraries based
womosopaso from t he foregoi ng experinental progpam(is3005/004264

This software can be used to efficiently design test
libraries that cover the desired experinental space
and utilize statistical experinental design nethods.

O her software can then be used to anal yze the data
fromthe experinents and correlate that data with the

structure of the conpounds and/or conpound treat

B TGS S BNEAT P EE CRTBRI OB AT KOG SIS € 8 C OSAR
correlations are often referred to as QSAR software
Jvailabie fremtAcgelrysgSan Piagp Calfernia) + {n this|manngi y3lidatign phibe data
from Accelrys (San Diego, California). Such QSAR
ghtapgpdafnem ghermelperartmeodghegicambetaklievasi anddhen this ddasiagalso be
subsequent conpound test libraries for further

ss@redand duga colleetori Sk thik wayclewQeMipoondsy cansived by adeskilbed in the
the efficiency of screening. As nore data is

#0dahaeichetked B R MR sFHRGE D Predianthéie caivity FBibEto their actual
ef ficient at devel oping conpounds libraries with

§|¥H?1€§§S}‘iﬁ’di961%?ﬁ§ukh bt 26 tdoldehyigk §lRFEd R rERsR AW Hossible

0 exanpl e, e conmpounds anal yzed can be fornul at ed
' M ' i bl  thhCRR sk@Rd in the art will
o R R s S P PR P R o R e i

of or 24 12005/ 079280 PCT/ US2005/ 004264 exanpl e,
l}aé"é?&igglf%rog\aﬁlgél%gg 15/€5°€ t echnol ogi es, usi ng known

software,. e.g., -(SAR available from Accelrys (San

o1 g REHRE P o EIC. T At PP A e R PTAYe B SR
data A obtained fromthe nplecul ar npdeling can _be
GoaMogiiets e RIHEBH T Hirespaeitvs teshrroghtades s sensrilydlusipated as
data collector. In this way, new conpounds, conceived
ygtemnidOs IReptesentative phthis systemead misshashier Risyidbig the OTeEONT
software to predict their activity prior to their
anipoaitionsiprhéplsiatity ¢fdeipeitonadst yeceptaaés is ofi¢ disgleseti o repending
may be utilized to prioritize a list of possible
USTpPandspplicitin SxeasNelel0s99f500, fydbhOsioder 31, 30@% ard entitfed
that one skilled in the art wll

“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 compositions in the
plurality of respective test receptacles.

Generally, vessel 110 contains a supply of the foregoing base oils of lubricating

viscosity B. Vessel 120 contains a supply of additive A, which can be any of the

foregoing additives useful for modifying the properties of the base oil. As one skilled in
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have a hi gher probability for success. Referring now
to FIG 1, an exanple of a systemto provide the
wo oooegoizeg conpositions in the plurality of respesionyen4264
test receptacles is generally illustrated as system
100. Representative of this system and nethod for
provi ding the foregoing conpositions in the plurality
of respective test receptacles is one disclosed in
co-pending U. S. Patent Application Serial

0/ 69 filed on Cctober 31 ntitled
i %woﬁ*ﬁpzdﬁwamwﬁﬁﬁpmeﬁlw e etstig LGS sd 5120Can be used
COVPOSI TILONS FOR COVBI NATORI AL LI BRARI ES!
Wit disnsasing prefhan apecapeoil Aglof e Onsgécilawe Eesppgtiyely.
the present application, the contents of which are
i ncorlpbulat Hae E{/)i is ¢fcendimicler cavarpipating the kase gil Befo nozzle portion
understood that the present invention is not limted
118, frivinsvidghsit eam bandispenseaitiniotatselectsq tastugsereein abdescribed below.
envi sioned for providing the foregoing conpositions in
Theeamauhtisfedakd ¢il dispenesir dtterrintdby meredeppaap 32, which can be
Generally, vessel 110 contains a supply of the

JoaipRE@ichgrdnage oils of lubricating viscosity B.
Vessel 120 contains a supply of additive A which can

be anp,pafar hﬁ@l 21 Qa0 A ik ERinY RS Miméa@ih g oil additive A to
nDdlfylng he properties of the base oil one

Ed&kl 2?%3@{1%%@&151 T s e el Hﬁ*@QQéécQchHf%?tArese"rv% as

read y appreC|ate one or nore of vessel

dl cnbeggjelme?vs SI%lesa ](')%I(l)t g &ncgtlryéc?lfﬁddm%rhlﬁ 135%8 e dé?cgn{ﬁ)gd%y

€ baseé 0l

RPN 1 DD IR %nmuaeﬁ proggagns and

fromwhich it can be dispensed into a selected test
Pelsws Joi qutonaélcdb@@?qe%gjp@éﬂ@wnedﬁwuam miatgtalyjg gecagdance
di spensed is determ ned by netering punp 112, which
widina preselediedoprocolenaknain iadhe artigng ean be upgd hepeini s a
conduit for communicating the lubricating oil additive
A t 0 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 reservoit. The nozzles 113 and 123
can comprise a multichannel pipette or one or more syringe needles.

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

therethrough.

The test frame 130 includes a block 131 of transparent material (e.g., glass)
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nozzl e portion 123, fromwhich it can be dispensed

into a selected test reservoir, as described bel ow
wdbmsamaent of |ubricating oil additive di spenBedUs®05/004264

determined by netering punp 122, which also can be

conmputer controlled. Conputer prograns and systens

for automatically netering predeterm ned anounts of

materials in accordance with a presel ected protocol

are known in the art and can be used herein. Nozzles

113 an 3 are preferably in close proxi,jty sq tha

hye Sy ol e bl 1 Dercheiidhe Sectehind st fipase & and

di spensed in a test reservoir. Alternatively, base oi

additiyeyy Hdrecnsrs Provederfes sessvglie WheTgiy Gaci EpgerdOir gontaigs

test reservoir. The nozzles 113 and 123 can conprise

lubninating eih addieve qeinmesitiensoer lafricatng eibeampogitiong ef adiéigraasand

The vessels 110 and 120 can be under pressure.

Opdetcomid el wompawigort, henthiewercemegsaldor tgpe df basermpl amdéad additives in

Metering punps suitable for use in the invention are

daclovdinpodiidn GdlTverydrath bife @vavdintdl adothen Ofteoralgnhe febatoirs can

hi ghly viscous | ubricant base stock or additives are

desedvidii@edeptasiRl fe.gdl 1@stitsts LrAOurditidhn atrbék, indRidl B béih@RBesses

111 and 121, netering punps 112 and 122, and/or

: S [+ 1o R

1?%303\/&% Eile]fgfalﬂ?dthé £edt féﬁ%bte??es QS@FE%E &éfl%ﬁfdrs gllatséﬂﬁeg. While five

erethrough. T est udes a
bl ock 131 of tr nt t &4 4 2
Ss8eloriog et ctbaony ot r aekt B esaR g L
recesses 132 for. recejvi t.he_.di spen eg addi tives or
TaET 65 ESeRyiYs canF Einploked Aneiny B @Rt ho st banignetoy 20,
reservoirs wherein each reservg r contajns
W0 BT RRVPRBIOFT IestagePiarlrR aRbipBe 4 B8} | ubri cati ng
oi | conpositions of a different and predeterm ned
conpodietindiyidugl reservoirp areppdapiechiodigld whdively smal @mepnts 9§ o
oi | and/or additives in each conposition will vary
librivatiog eil ses@es oThe sawpkrsizeie each@preivorralah genearsily be less than
reservoirs can be individual receptacles (e.g., test
dboties) miyprefidratsly up aorathan about 26 ail gadfenibl e morerthaesw®esl S 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 programmable movement
are preferred. In one embodiment the test frame 130 is mounted upon a slidable carriage
movable in a lateral and/or vertical direction so as to sequentially position a selected
recess under the dispensing nozzles 113 and 123. In another embodiment, the nozzles

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

and/or vertically to accomplish positioning of the nozzles 113 and 123.
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in a block. Preferably, the test receptacles conprise
transparent glass tubes. Wiile five reservoirs, i.e.,

WO emmenrs) 132a, 132b, 132c, 132d, 132e, are i | PUBUSBBOH4264
in FIG 1, any nunber of reservoirs can be enpl oyed
herei n. For exanple the system can enploy 20, 50, 100
or even nore test receptacles and sanples as required.
The individual reservoirs are adapted to hold
relatively small anounts of |ubricating oil sanples.

The sanpl size n each r [ C enerally b .
oss T Aang pEeduge oo g re Ll 7€ Rled5RE el cfgﬁ Yiicant
20 m, preferably no nore_than about 15 nj
Besepiba Wltws(%ﬁ@e@twgw s FpPararus Pt sysmyk0 lﬁﬁweéed such that
referably no nore than about 5 m. The test frane
i Gnsinginetizies d h3 mnhl Hore pesitioned abayg and m glicameniwith gecess 1322,
relative to one another. Al though nmanual novenent of-
A hetaghanaty sf base ail Boapdiapneered apenattod addigve Miardsimuttimsously
purvi ew of the invention, robotic mechanisns wth
dispegded inmbtesndeanthé dispeneingmeizesridd.and n2Dme thereafter
enbodi ment the test frane 130 i s nounted upon a

18pdseRIAEE tCH 1h laBSEmenT W B hEndxPrededs ABLH add @B eefred amounts of
vertical direction so as to sequentially position a

aﬁﬁltﬁetp?gm/&%%@& BRAehah e if h&@%ﬁb@@lm%@d@@nﬁé@d @dihedule of

I n anot her enbodi nent, the nozzles 113 and

\%ngtl rf)édc g?ak he I\Sﬁlﬁaf{rr?%(?ﬁe nsrege%p 1% at 2 QifrRL R 8§1lc Iﬂ?% y

or vertically to acc

EHE N0 RS S p——
s 110 and fil]led h h I
B e s g

ap Earatus of system 100 i s noved such_ that dlspen5|ng
atieach reqess hfp predetermangdsemppyeyoid brcatiag gili n

allgnnent W th recess 132a. A netered anount of base

oi | Blerdmponated edd Brawiprefeodblyednhinedesinheegervoirs by mixing, for

si mul taneously dispensed into recess 132a. The

ckiaspln By Agjtanion of te fihhd 18tk 3niaimg, indenidaf stering 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 into the
mixing chamber and then dispensed through the nozzle into the reservoir.

Once the plurality of receptacles have been provided containing the lubricating oil
compositions, the plurality of fluid samples can then be analyzed for 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 receptacles 212 are mounted in a holder
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repositioned to be in alignment with the next recess

132b and the netered anounts of additive A and/or
whame/omi2bo B are changed in accordance with a PCT/US2005/004264

predet erm ned schedul e of wvariation such that the

| ubricating oil in recess 132b has a different

percentage conposition of additive than that in

recess 132a. The pattern is repeated as the nozzles

113 and 123 are sequentially aligned with the

PC B Sl 25T RaREed R fear Bl Bl et iRl RG> and
eles b S54SR By AL o STl oo 4 Grepiace

of the frame 131, static m xing, individual stirring
igfan oferedoitay i Boldesf2 15 her ers prafipbly by aviRg an identifyjng mark
magnetic stirring) and/or by bubbling the reservoir
aspdciatedyeiih ite Fgr exanipie; eapbriest @otptatial 123 canindedenin identidndg bar
addi tive(s) A can be conbined prior to dispensing
dodée 213 hffixecdsythe duteresurfasethereof. SA béande xadel 225 ispasitingkd so as to
di spensi ng nozzle having a m xing chanber can be
Besedb towbrarthe mdbadial Birlcodesaii theaekettiveaéss yechptatles DEt @idedl
into the mxing chanber and then di spensed through
ttH8mAAAAt BodeHaf s‘i%ﬁl fo2@mpaiek corfthdbier 2308viPh dhtahiahdmidion line
recept acl es have been provi ded containing the

i : L 1o 0 .
1800 kb ten B RAL DT b AE KM S Rietet) fovable
t endenci es f.eryi-ng_no .
LEEGSRE Bins PO R R B Lt Sptbomethg il
for deposit formation.is sch ti.ca i1lustr d.
iefepenhontis b SifThunad SeRrgT RMiSR) v plitle 3o,
array of test rec%%tacles 212 are nounﬁed in a holder .
28 WA 3005F 8srepbly 258 malisiss 8 5)qyable gvm 224 with ?r%éasgy@tl%#amsm
200 i s adapted to accommpdate any nunber of test ,
238c dibe siettabis agsemblyain ddapsesiip igeash an melividuah st igcgpsacie 212 in
identifiable, for exanple, by the position of its test
aceardpicaoVith selentiaminstrehtivedirem cagputar ¢noltrdder 220%nd orovatregest
preferably by having an identifying mark associ ated
1ékdpacld to aFEition aMebting sedioh 22@sd thatthe pinadé & tAd Pecejptacle can be
i nclude an identifying bar

measured for deposit formation data. The computer controller 230 is operatively

ller 230 so as
es

associated with controls to the robotic assembly via control signal transmission line 231
to selectively retrieve predetermined test receptacles for measurement and then replace
them in their assigned respective positions in 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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code 213 affixed to the outer surface thereof. A bar
code reader 225 is positioned so as to be able to

wo ead/otdreo i ndi vi dual bar codes of the respectiPET/USBNS/004264
receptacles 212 and to transnmit a bar code data
signal to a conputer controller 230 via a data
transm ssion line 226 to electronically identify the
sanpl e. The bar code reader 225 is preferably novabl e
with respect to the holder 215 in response to a signal
frqn1conpu%fr control.ler. 230 so as to be positionable
sarpple, oy g R rHet Ry d DENQE OIS ndi vi dual test receptacl es
212. A robotic assenbly 250 inﬁludes a novabl e arm 251
wi t hFer Frmels HiPnsdesh awﬁ@ﬁwforzgz e 2B IS veighed fip  suitable
I's adapted to grasp an individual test receptacle 212
t4sHNS enpetsUsatici@sinment sufabletfpomedsyEng denopip fsmptigme.g., a
conmput er controller 230 and nove the test receptacle
traigspareposibstraphstich atghass tubg os tealf isahlea Pagielly frsertechiato the sample
sanple in the receptacle can be neasured for deposit
iff the Bpparans, dad the sdhple ¢olgatedas a ewitibleabiperadd) eigs a temperature
operatively associated with controls to the robotic

A HRTRInY abdu@ 150901 tb @bowi 400 arldpRéreRbE ST abdul 20@ ¢ 1to abbut
selectively retrieve predeterm ned test receptacles

35GIC, TR ASUIRIER be b ARG of #RARGle 1§ BRI 'orbﬁ@a%iffé, a time period

assigned respective positions i n the holder 215.

T A 30T 55, A gt SR 08 o e
bbb Gite B0 GO PR By SM R sl
SV BERLAG BB O HGHAGPE TR PRRL S CESTG 418 s
and generally include subjecting the ,saqple to a

ofjths depasiton thiipe ihedrrknesnivdisatinghie guansitt ofthe deposit and the
deposit formation of the 29 WD 2005/ 079280 _

aPOmitlu$20UBI@0 /G measerapbel iocunpaacdrzainet apngileiertnipst stapgdard set
of tinme. For exanple, in one test nethod for use

ofiaibes. Nf destradyH liquidscard iy gy lneagt bieatidedato shei sapoiplecto absis tin aggelerating
apparatus, an instrunment suitable for neasuring

ofiRIRASH AndliOEHEREN PBimEla@-the @pes 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
light source through the tube and measuring the amount of light transmitted through the
tube by means of the photocell. The opacity of the tube indicates the amount of deposit,
and hence, the amount of oxidation of the sample.

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 tube 224 and is measured by the photocell 222, which
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transparent substrate such a glass tube or rod, is at

| east partially inserted into the sanple in the
wappanzes, and the sanple is heated to a sui tedil/E52005/004264

tenperature, e.g., a tenperature ranging from about

150C to about 400C and preferably from about 200C to

about 350C, for a sufficient period of tinme for the

sanpl e to undergo oxidation, a time period ranging

from about 8 hours to about 48 hours After the

e T S o e i R ek dBPsid, ana

suitabl e solvent such as pentane and t he amount of

tepaprs the siggalmaaing 24 tp hexommuiea seurofiet H 0 negapipHiss gontroller

of the deposit on the tube, the darkness indicatin

Néagistarst valpepof lighe transpo@mce tm@padiey) farrtlausiandagrd set of tubes and

oxi dation. The measurenent is conpared agai nst a

pee thetdepaositrfednaioa nd dredess edmploby tarhpsison wittdlsd stadlardeset. The

liquid catal yst may be added to the sanple to assi st

deposicfoghatioatrativg; is @ssighad tothe &RCsanplec(dscitah be sdeftifiad By the bar

the types of netal ions typically found in an interna

SR theORfoRMBHid s sz@edda%taQ:bmlpB&ni bEthe a@a $ibtar. OTHGE dnifuter
a l'ight source and a photocell can be enployed. The

c%?ﬁi:}ﬂ@r o2t hgtee@ﬁéﬂ rﬁocﬁﬁf‘thﬁ Se1 8RR s e s Ipio ?ﬁagﬁr?%%% R&BMplish

ron1the t source through e and

asﬁ"ogls 1ons o ﬂotmp%% cb&ﬁfl ef ﬁﬁﬂeﬁm&ﬁldtpg BBIQ/YE?\E%EtH&e with

means Ot ¢ acl
f%ﬂg %nﬁ#cates the annunt of dep03|t and hence, the
e oxi dation of the sanple. For exanple,
referring to FIG 3, test_tube 2 4 fromthe testing
apparBgfél t?rgatwﬁ&glbpﬁlé‘ﬁ@ﬂo‘"ﬁé? W@@ﬁ f thsPreserriEenbion, aagﬁﬂlple 18

photocel | 222. A beamof light fromthe |ight source
lacediin @ Bansganchi o app@am@ $12- tapess poul disty apdshepeddoped

by the photocell 222, which 30 WD 2005/079280
RERABAROSHOH 6%, c.graSiiCas abtus 48Miad ruéferablnsom abed 200°C
light, converts this reading to an electrical signal,

tanRbout BEOICE Aiking, fohexamiply) alhowplate) fone pRAdtetminedperiodrtjyog. &Fhe
control |l er 230. The conputer controller

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 predetermined
period of time, the transparent testing apparatus is washed with a light hydrocarbon
solvent, e.g., pentane, to remove any soluble lubricating oil to leave any remaining
oxidized deposits on the testing apparatus. Then, the transparent testing apparatus
containing any deposits is measured utilizing, for example, an analytical balance, and the
measurement is 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.

In another deposit formation test method of the present invention (known as the
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230 has stored values of light transmttance (or

opacity) for the standard set of tubes and rates the
waoleoesiesd or mat i on of the test sanple by conpardBHUS2005/004264

with the standard set. The deposit formation rating

is assigned to the test sanple (which can be

identified by the bar code) and the information is

stored as a conponent of the data library. The

conput er controller can thereafter nodify the

v%ag%%r'gd%?af' BB bR e PR MEbhe ﬁ%p?aé@éé-’ég%%?mnel

withint urV|eM/of those w th in the art.

okt aeiac B2k 1 RSEPIn FoTTRIES ??@quiacsql iny %@ambeg%mable to
I nvention, a sanple is placed in a transparent
detasmineglepsitfornaiion. efprringnqyy s Gpéds amierAP0 cam e, for example,
heated to a predeterm ned tenperature, e.g., 150C to
aattainlessA0@Cclzambep vdfeeaimbhoside dithattootbelB @n opening thgtein and a
350C, using, for exanple, a hot plate, for a

tpstidg @bl Al 0 edtaplerfooniedsuring deposit fopmetiet, egiiahmdnye) is oferatively
of tinme can vary widely and can range from about 8
doandcied 0 tialxdlinberdeNBY bferdfdsiueh @lae fiRilde of HRmabed tfackth the
hours to about 18 hours. After the predeterm ned

d@ﬁﬁﬂb&qs e{pdsecm% thé &?enh{ga DSRARAND i GrtdiNelyRBRA&CAHYS chanber 400
washed with a hydr ocarbon sol veng e.g.,

zfﬁ%'?:‘i)f?tgﬁ‘ls ﬁpe{aﬁ{gp ‘Bnaﬂ% atS L Wby & dflély pﬁafﬂ@&dt&ﬂin%h&mﬁé? 400.

eave any remarn’'ng oxl |zed posits on the testing

%%ﬁﬁ us gregh eor}a%%dgfg)lr t%laﬂlg%er &rr]rgd) tsg% tseﬂ'ﬁ;iulg P&@J t%%tgas can be
ance, the

exa%ﬁaf e AP 453 R E R A L SRR QR R 00 st

transparent testing apparatus to detern1ne the weig
with @ mét%ﬁxsgq:ce@ula%ﬂla saple Sagkate e (ot sgown)
dat abase. In another deposit formation test nethod of

Alengivelbe areseryoiz fon hotdingk thewwrmpls cembe inFhamiper290snd pelogehaft
PCT/ US2005/ 004264 coking tendency test of finished
4910l sueh fhetlthe btistles of sHuft420 dreShanotactdviBuiBe satgll é\(r(op slrmein).

In use, testing panel 410 and the sample are maintained at a predetermined
temperature, e.g., from about 100°C to about 400°C and preferably from about 175°C to
about 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 is metered into chamber 400 and contacted 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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coker test method)), each of the foregoing sanples can
be placed in a chanber suitable to determ ne deposit

wo ooosmtizen. Referring nowto FIG 4, chanber 4P01/081005/004264
be, for exanple, a stainless steel chanber, wherein
one side of the chanber has an opening therein and a
testing panel 410 suitable for neasuring deposit
formation, e.g., alumnum is operatively connected
to the chanber over the opening such that the side of
the material . facij the chanber,is expogsed in. the
SRR Condiinar, RO v SHEFaT A i P checapd n the ar.
chanber 400 and contains, for exanple, bristles at
the eniderdhe ppdetepunad negedpbme.fheisstigdianelgpremoved from the
Additionally,_a reservoir 430 for holding the
champers pptiavally tngsdevithon fvétable selsent sagh ds@entgpheraetrelfumesther and
chanber 400 with a tube for nmetering the sanple into
dloart) &y d4d0r 4 prgddtérarinedipetind af 8yis.t €he droount ef deposiksatantigen be
the sampl e back into reservoir 430 (not shown).
Abdsered dl ia\saitable medsafing Wdiice, £.gr, ahahalytivgl bdancs syypdomparing the
be in chanber 400 and bel ow shaft 420 such that the
Wi tdr @ige phelsddafainid2@pa it tb theGREHeaSkinbt infdidhip 6f 53 FRhE by itself.

(not shown). In use, testing panel 410 and the sanple

?ﬁe @%%cﬁﬁ%‘i’de"&ﬁn%d&(aﬁ%@ﬁ ermned tenperature, e.g.,
rom about 100C t o about 400C and preferably from

about; 1 t f.or, . f t
300 15 A8 sBRRkh o 6P Bl sRAREn, A uilaly Wb BHAP S
bout . 200C for .the sanple, shaft 420 is, rotated b
SRR, FORIEn B B AT PR TRt TBRRRE T (e ng Y Hot Tube
nmet ered i nto chanber 400 and conjacte .mkéh t he :
58%)- sl thus misthado SRy eRtess tubs§aR bie Rlapgdipsidqa metakppaging block,
sprayed onto the heated testing panel 410 for a
pg-etietlomiuntleagieg blogk, gnd g small aiT hasegp adrehed 19 ahaddas at the Jottom
of tinme can vary wdely, e.g., fromabout | hour to
aBhdglasssulzen dNgxt,ef ssitalilt yoAzieo mgabouit 2 2amlsyringe, eod apatable hose,
50 hours. If desired, air or other typical conbustion

ag.aspben 2 ich dlegible thiny, aafillakwitibthewdl sample. t he chanber
at a constant rate of flowto mai ntain the chanmber at

nor metheddbiMPis2AasHed 18 2 861dBGH hiSZROSMBOAYEE the air hose and oil is
steadily introduced into the glass tube by the nozzle. Air forces the test oil up the glass
tube through the heating block for the duration of the test. The rate of air flow and
sample introduction are controlled such that the entire sample is injected within a
predetermined time, e.g., a 16 hour time period. The oxidation of the oil gradually forms
a dark deposit on the inner wall of the glass tube. The heating block is temperature
controlled within small limits and the test conditions are generally chosen over a range of
temperatures, €.g., from about 230°C to about 330°C, and tests can be run at different
temperatures to determine deposit formation over a temperature range. After a

predetermined period of time (e.g., 16 hours) the glass tube is removed from the test
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at nospheric conditions. The air flow rate can be

determ ned by one skilled in the art. After the
w@emdetesm ned period of tinme, the testing panedT/US2005/004264

renoved fromthe chanber, optionally rinsed with a

sui tabl e sol vent such as pentane or petrol eum et her

and allowed to dry for a predeterm ned period of

time. The anount of deposits can then be neasured by

a suitable nmeasuring device, e.g., an analytica

bal ance, npar ht of t anel
SDBFe RN HUp S e 4B Ll atenes 4 deP e reine
panel by itself. The data is then recorded i.n

a&aqréwg avithithe darknasee! @edenasivihthe Gibe; the darkaess rwdwatmg the
invention, a nmethod to determne the deposit

quentitsiof the depositiand theearmpineof axidation s Phg wpasutentpat isicompered
(e.g., Komatsu Hot Tube test). In this nethod, a
dgpiapispaedadrmijedsmntiardeetaditiutiee pl aced i nsi de a net al
heating bl ock, e.g., an alum num heating bl ock, and a
snal | ArdvitHer B@BedimgntedfitReprestnt dventioaludtizesahe Wotf Sifip Teshsuch as,

.of the glass tube. Next, a suitable nozzle, e.qg.,
BPSWnpte, DINIS1897.i H&Emn?l%jFE .SUysel 00N Bntagedully configures
about "a 12 inch flexible tublng, are filled mntK t he

sq 1eSAGR gl'rc IR&d fr&“'x’%g‘sel §05a5¢/é'i“§{11%@atte‘52@ hegtdR a dﬂ'@dett&ﬁnned

ss tu ove the air hose and Is stea

e 'ffﬁrgaboﬂflh@ e e a%aﬁ@a&%éﬁ%ﬁfmmog 0
B Sl Ay S50y e e s

such that the entlre sanpl e |s injected with )
(PhERER TG dof XpiRle, @lcgopung) fionalhe ayds bihblecrpip vessel
oxi dation of the oil gradually fornB a dark deposit

N at heonskanerate i flovofe.g, wbo@ﬂés@l/h tQrboutigenife A6ing @le|569+< After

is tenperature controlled within small limts and the

4 medetgromutidtpeund oftime,emdrah kijout B downs tookaut 34 heyrs endpreferably
tenperatures, e.g., from about 230C to about 330C, and

fr @R 4Bowt a0 hbers talboat 1&lhéure ntlentestinpeniptra et is rapaso ved from the
determ ne deposit formation over a tenperature range.

Aain8ér, AnsedvAR: Qiitable e6lverR shdthsPentahd'®r de@roBum clifer Anditts)

t he glass tube is renoved fromthe test 33

amount of deposits can then be measured by a suitable measuring device, e.g., an

analytical balance, by comparing the weight of the panel 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 FIG. 6A where

system 600 contains at least substrate 610, e.g., a glass substrate, having a recess in 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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WD 2005/ 079280 PCT/ US2005/ 004264 apparatus, rinsed
wWith a suitable solvent, and the anmount of deposit is
woreasoresh i n accordance with the darkness of PaBEUS2005/004264

deposit in the tube, the darkness indicating the

quantity of the deposit and the amount of oxidation.

The neasurenent is conpared against a predeterm ned
standard set of tubes. Another enbodi ment of the

present invention utilizes the WoIf Strip Test such

iS00 Dok Aaend 620 B ar

C|rculated fromvessel 505, over substrate 520 heat ed
configured 8igb that pyhstere 6f @ isglacad gn an inslige, e-g.ra8AvtATIAO0% b C

to about 400C and preferably from about 200C to about

REoaine sapbsb fetmation ¢seg #4Q 1B)5 d0sanpimig placed @ thateplsad of the

circul ated by conventional techniques using, for

recean@iil Oein substrateu fpldsgdon Behting blonab2§/ A aaid allowedwiflivedown the

into vessel 500 at a constant rate of flow, e.g.,

rédeedfowdfals it dthhgtbbocklB201B. Mepabit Formagomdntd cHpeth&db: gatfidral by
a predeterm ned period of time, e.g., fromabout 8

dRREhirdeCat DMK terdferBRY SepdiitforhafarablY forfthodifRRav anddles by
hours to about 138 hours, the testing substrate is

fﬂnefaf %{1{} ggﬁtlol‘f msératufé lﬁﬁ@(goﬂ\{hte I&s?an%é’bét@l@érﬁthe two

ent SU S pentane or petro eum et her and

tgrrr{gel%guue rPOI 3? p’?l‘?é cia%a ﬁ%ﬁ]en rQu%'?dé?iGin fan%f)'z[s?d by a Su' t abl e

bal ance,
conp t of contai ning _d ts
Lot ﬁéées%fctgaemﬂ%ﬁ saltg f’ pﬁﬁf f?lﬁté""plﬁﬁé‘igr"ﬁ&“ fé’l@q s
The data | t hen re o[ded in a datapas of
COMBBHT FRETISH fof e sy tadls GREriAGHY f’oﬁ%lge%fﬁpaa@?%miw icpn be
FIG 6A where systen1600 contains at |east substrate
seleoted basgd upen parfosmanggisequitgments ferspegyiia lubsead applipatigns or fuel
| east a portion therein and placed on heating bl ocks
applicatiosnahdGRespBctivideperating bivirokmese.0) thestesicsample feis by having
first predeterm ned tenperature, e.g., about 200C to

A tdssisO9 Gigh depdsihfeanitivg valuecthe G@Osa&pl@cdﬂd&teﬁttr’onicdly marked
second predeterm ned tenperature, about 300C to about

£HA Puredting ol Ribkie AR Ol Fbraiigatidhs heddd the sith@edmba(ioB as the
bei ng hi gher than the
sample can be eliminated from further testing for other performance characteristics. By
not retesting failed samples the system can be made to operate more efficiently, energy
and time being spent only on samples which prospectively meet the desired product
specifications.

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

example, a central process control system or room which, as part of the overall system for

use herein, monitors and controls the system as well as records the outputs of each of the
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34 WD 2005/ 079280 PCT/ US2005/ 004264 tenperature of
heating bl ock 620 A Preferably, heating bl ocks 620 A
wansH228B are configured such that substrat ep@/0S1085/004264
pl aced on an incline, e.g., about 45 to 90, to
determ ne deposit formation (see FIG 6B). A sanple is
pl aced at the top end of the recess 630 in substrate
610 placed on heating block 620 A and allowed to flow
down the recess tomards heat i ng block 620 B. Deposit
f ormat.ion dat a can en ather det at .
SR HErp ; B Bta: 11 Gcies S T Fortess inStacton
di fferent sanples b maki ng a | i near extrapol ation of
Wé%@ﬁ%¥@‘%§@wn6‘¥ attth@loaa%qnaq{él@% Pelehe ayitale datgdines, with
ngerature 0|nts The data is then recorded in a
hich Begesult pf Ge opipat as wall aseingabepnpaingds, ey brelpansimitted, are
fornatlon is progranmed into the conputer controller
krmown! pass/fail" determ nation. Assigned pass/fail
val ues can be selected based upon perfornmance
r equi D&jein famhtion dddeteighiding edtt oftaatommBltionatitsefibeditierein can
fuel applications and prospective operating

8tbre® Bl aSiond] fdatabfe k@ loviie ARbMbInAtoriSl R¥ridkdivb Y coMPosition
exceSS|ver hi gh deposit formation value, the test

97?)' %l&ﬁﬁtlbﬁgechg Q}sfe?rﬂr{é?%& XIC%EhSﬁCO &t WgRal data collector

ng of Ticant ol ormmul ati'ons havi ng the sane

?ogxgl}t?ﬁﬁlgt ﬁﬁsr Hf? X r o Ar%oxc egle %la‘n% tl'fO[ f%rgollect the

nce c rac er| st
not retest ng fai Ied S Ies t st em.

ﬁ%@ow&h oL % Rove et eef‘%wd of fif 15 L7 s gmoinacoral

bei.n nt only on sa whi ch prosp el y. neet
\ohecaag of ama?%wclt raryggbr% ptgRss eaebe Yepd @eé'rdr QUMY
results of the nmethod of the present invention can be
¢rowinasioagfor p desived prasdist wrep@cand; can be particuladly psdidrvhsn the
which is not in direct or at least in visual contact
desired produdt yistasny asise dependigg toh enankst fastbre fWhenethe prodpeti on.
A renote |ocation can be, for exanple, a central
L oeasstsochange) hppsystatneontbinavions vdni tetseleasd paprepaé thehlesired
overall systemfor -
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 ("Chemical Design"), IDBS
("Activity Base"), and other software vendors.

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

create a "memory map" of each of the compositions described herein and correlate that
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use herein, nonitors and controls the systemas well
as records the outputs of each of the 35 WD
wQ@e@SH®2R80 PCT/ US2005/ 004264 results of thePeBEE®05/004264
being carried out. In this way, it becomes possible
for less interaction wth personnel being stationed
at the |ocation of the system Suitable data |ines,
with which the results of the output, as well as
contr ol connands may be transmitted, are known.
0S]. t for n data re rd|n ach f the
o VB e RSape iR o s dopsitdprpabin measprements can
rel ati onal database.to rOV|de a conblnatorlm
aused.clhis rpe of sof W@Fﬁjéé‘ieﬁll%ﬁwn k9 theseraf skilljip dhegt i vel y,
the system nmay be electrically connected to a signa
dat a Wbil¢ detabeve deseription icomjaias gempnceificriteese ppasifeos sheuld not be
for system operation and control to collect the data
dometmekihae livatationsof tlesingenbiverbuameesky anckeniphfeatiods of preferred
to conpile the conbinatorial |ubricating oi
&agdaaérid herebf, Ok leyamplbadefadintoasationaendescyusssl other thamthose
opti mum conbi nations for a desired product stream

@Retivea ek RAbiusat Brovids@pbiit haRidnhRta fdetepdality of

product stream vari es dependi ng on market factors.

Mﬂg;%nf 16 RkALva tco%lg@sgﬁ’(?nr s%{}g)%% Sesfld2Mgse sRRE APIHe %I'tewﬂl envision

I nations~can el ec to prepare the desired
S

xg%r?f (l)é{ﬁ%rteg{%% %én?r@ th1? ‘me%?a?%anﬁ%fn W?IF @8 nat*?cgul %‘é cﬁﬂnécpby the
gﬁg§05|thqﬂg to the analytlcal deposi t fornation dat a

RRFEHhEFEPr om  Nunerous conmercial Iy avail abl e
rel ati onal dat abase software prograns are avail abl e,
for exanple, fromOacle, Tripos, ML, Oxford
Mol ecul ar (" Chemi cal Design"), IDBS ("Activity
Base"), and ot her software vendors. Rel ati onal
dat abase software is a preferred type of software for
managi ng the data obtained during the nethods
descri bed herein. However, any software that is able
to
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create a "nenory map" of each of the conpositions

descri bed herein and correlate that 36 WO 2005/ 079280
wERODsSB2005/ 004264 information with the inforpel/Usmwos/004264

obtai ned fromthe deposit fornmation neasurenents can

be used. This type of software is well known to those

of skill in the art. While the above description

contai ns many specifics, these specifics should not be

construed as limtations of the invention, but nerely

jﬁ;ﬁﬁizgﬁgdﬁﬂigggons of preferred embodi ment s t her eof .

- osit formation tendency tests other

than those described herein can be used to provide

depodi tA high frenghwuiaethod By serpening lubreating OéfCO“’BPW@r wples,

| ubricating oil conposition sanples tested. Those

widen dregrameonthe, eampriginglthesiessifon  many ot her

enbodi ments within the scope and spirit of the

i nveris)imwoviding deluraléy obyiffetent lubticdtimg odppepdstomsangtes, each

37 WD 2005/ 079280 PCT/ US2005/ 004264 WHAT | S CLAI MED

shlﬁ lekompribing (1) b ifagui@hpuht dfat lead ohobass vilegnibfigating viscosity, (ii)

Brlcating oi | conposition sanples, under program

aQﬁi%fﬁhour@@m%a%tm1ﬁl§lﬁa§ﬁ§&$a&ﬁtwe{ a) providing a
plurality of different lubricating oil conposition

SanpkbneRAGH; inS ABRIR REARRGA 8 dh inkol8 1 B @%ﬁtforﬁ{atlon

at | east one base ol ricati ng VI SCOSI ty, I I

d%aagf'o 9ach§£(%l%i;é aQf at least one lubricating oil

neasurlng the deposit formation of each

sanpl EOv t formation data for each
sarrpl@;ou ,mg(bire(g Spq?ft%tepr@ the results of step (b).

2. The nmethod of claiml1l, wherein the base oil is a
natural or synthetic oil

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 is
selected from the group consisting of antioxidants, anti-wear agents, detergents, rust
inhibitors, dehazing agents, demulsifying agents, metal deactivating agents, friction
modifiers, pour point depressants, antifoaming agents, co-solvents, package
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.
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

mixtures thereof.
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3. The nethod of claim1l, wherein the at |east one

lubricating oil additive is selected fromthe group
weonsiossng of antioxidants, anti-wear agents,PCT/US2005/004264

detergents, rust inhibitors, dehazing agents,

demul si fyi ng agents, netal deactivating agents,

friction nodifiers, pour point depressants,

anti foam ng agents, co-solvents, package

conpati bilisers, corrosion-inhibitors, ashless

di spersants yes, .extrenme pressure agents nd . .

i xt r 88 frwgwg&? Slaign IyyBerriadhoReRo TeseRiehe dFpasigfagmation of
the at least one lubricating oil additive is selected
epghovemplrecoginsises heating the isaugplégo apelgsnyagt tsmperatuee ke presence
ashl ess dispersants and m xtures thereof. 38 WO

of 8 6850719 28 ARSI UEEINDMP 67depssits formadewmntbrisubstratk aftena

1, wherein the step of neasuring the deposit formation
podderanined penddeofammpr i ses heating the sanple to a
predeterm ned tenperature in the presence of a

substrate and determ ning the anmount of deposits

formed on the substrate after a predeterm ned period

of 1t igMerhe Ehethbd®f BRIM 8 dwRdreit tidd sibSiratdMIQItRInEpakdHe material.
substrate is a transparent material. 7. The nethod of
claim6, wherein the step of determ ning the anount of
deposits formed on the transparent substrate

conpr,i det erm nin e _opaci | al [ .
o T Re 108 Rl lrB b e PR s ettt BE RS eposic
|ight scatterin i th the opacj . or light.scatteri .
1o cpdferiRbard i Bt rRG GeisP it BPigifyop i sbilbring
wherein the opacity of the sanple isggetermned,bﬁ1 )
ofthesamplegnd |sempang1as fsrergnngd opasityordighpscafieringgwity the opacity
sanple. 9. The nethod of claim7, wherein the
opllighptaspatteymgpfgaqup@@ samglein a linear array and are
sequentially noved to a nmeasuring station between a

i ght source and a phot ocel

8. ‘The method of claim 7, 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
and are sequentially moved to a measuring station between a light source and a photocell

for individually measuring the deposit formation of each sample.

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.

39



for individually neasuring the deposit formation of

each sanple. 10. The nethod of claim5, wherein the
waer@p/ooRsdet er mi ni ng t he anount of deposits fPCTES2005004264

the substrate conprises determ ning the weight of the

substrate containing deposits and conparing the

determ ned weight with the weight of the substrate.

39 WD 2005/ 079280 PCT/ US2005/ 004264 11. The net hod of

claim1, wherein the step of nmeasuring the deposit

formati on of each sanple conprises_heating a substrate,
to alki 'ﬁéﬁm P%Cg%ficéf’r“f?i & e{eg{"%«é stgp of ’éle%ﬁlfﬂng H dség pgnation
to a second predeterm ned tenperature; contacting the
okeaBks s3raple CoipIses Reatiag mshlstrateriel a distt @radeisrmged ranpgrasiaand the
of deposits formed on the substrate after a
squrpdel et asepdndgrtedetermiingd teyhperatpns; conpactim therspbdtiote with the shmple
11, wherein the substrate is alum num 13. The net hod
araf detdrmiining] the andoentsifrlepdséts farmsd op thedebstram afeed a predetermined
tenperature is about 100C to about 400C and the
p&REAVTEnRr edet erm ned tenperature is about 80C to about
250C. 14. The nethod of claim1l, wherein the step of
nmeasuri ng the deposit formation of each sanple
conprises heating one end of a substrate to a first
pr edps o0 Naflod ETRE AL %greﬂnﬁe LS AR RS fmuaNd of the
substrate to a second pre eterm ned t enper at ure;
contacting the substrate with the sanple and
determining the tenperature at which deposits forned

¢ obol cTHRE §f SEEh OBy (ol Bye ke elligegeCisdoou

f . . . M .
roman array of sanples and individually pos't@ﬁ%ﬁuﬁﬁom

10476 te ahoyt é@oiy%anal the sgoppehpredstermingd tpypergiatcds Aboy
2;?% deposit formation.

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

deposits 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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40 WD 2005/ 079280 PCT/ US2005/ 004264 16. The nethod of

claim 15, wherein said robotic assenbly is controlled
whyoos/o7eemput er. 17. The nethod of claimi1, wheeBUSR005E04264

step of outputting conprises storing the result of

step (c) on a data carrier. 18. The nethod of claim1,

further conprising the step of using the result of

step (c) as a basis for obtaining a result of further

cal culations. 19. The nethod of claim1, wherein the

at least one lubricating oi] additive further

o e THeUhP] SlehfiTch% NhEFeRGAIR TaROERITERIR IS controlled by a

concentrate. 20. The nethod of claim1, wherein the
ComMPHeTeat i ng oil conposition sanples have a vol ume of

no nore than about 50 mM. 21. The nethod of claim]1,

wherein the lubricating oil conposition sanples have

a volume of no nore than about 20 mi. 22. The nethod

of cl7i Thelmethbdbofdlaint hevhlerebr the atep nfowphitiog ngopiises storing the

sanpl es have a volunme of no nore than about 15 m.
red@t of[fiep @pbhadatatagieni m 1, wherein the lubricating oi

conposition sanples have a volune of no nore than

about 10 m. 41 WO 2005/079280 PCT/ US2005/ 004264 24.
A system for screening |ubricant performance, under

pr oq[%“!m,étﬁgg g%clﬁﬂffp rﬁilrﬁ{eF gémﬁﬁsirgﬁ b E‘treﬁlgf %sl\f?%)lfhe tr@stﬁft of step

recep recéptacl e contai ni ng eren
hubricatin il C OSid 1,0n .e _conprising (i) a
(CAﬁJS %pasésrr%) U %}t)taglfdgaz} r%%{gta‘iftﬁa%l%é C%@ggﬂlogllsl of

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 have

a volume of no more than about 20 ml.

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

a 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 ml.
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| ubricating viscosity, (ii) a mnor anount of at [ east
one |lubricating oil additive; (b) receptacle noving
woreas®79260 i ndividual ly positioning the test PCT/US2005/004264
receptacles in a testing station for neasurenment of
deposit formation of the respective sanple; (c) neans
for measuring the deposit formation of each respective
sanple in the testing station to obtain deposit
formati on data associated with the sanple and for
transferring %Pe deposj .fornag{on data, to a conputer
cont4ol 4 SYsteHEOr serReniag, WpEFANG PeriqrRRRG Co Undeh RIOEEAT confiol,
receptacl e noving nmeans conprises a novable carriage.
copgprismge system of claim 24, wherein the receptacle
novi ng nmeans conprises a robotic assenbly having a
mov &) laglwality ob testieespictrg, cenld raveRtdig centaping @tdeidlerent lubricating
i ndi vidual receptacle. 27. The system of claim 24,
oihbeEnEisiioh kemple cempasihg (irw wiajog ameamtf @plepst osebase wHad's
for agitating the test receptacles. 42 WO 2005/ 079280
1uBEdat 4D 2 (3084i1t9 063 & 4ninEmolii o S $dagirone fubteicating dHaddihes ei n
the testing station includes a |light source and a

phot (‘B?Fécépt@éllé ﬁl@@ﬂi‘ﬂléaﬂs fopehdividily pesfieEng B8 tesl RReptacles in a

system of claim 2 wherei n each test receptacle has a

teg%s@ﬁﬁ&ﬁ ffa{;pé%&%& ?f‘gfra?ﬁ%tfgﬁna?%flfoﬁﬁl% rség@{}@efsam 3, The

em o alm er conprising ar code

e B T A SO B i

I SCOSI

I S50 o S BNl e s

fromthe group consisting of antioxid%Pts, anti - wear
oller.

trepsbaaring thg derasydopmation date %o a computer contr

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

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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i nhi bitors, dehazing agents, denul sifying agents,

nmet al deactivating agents, friction nodifiers, pour
w@oeiosh7adepr essant s, antifoam ng agents, co-sol RENUS2005/004264

package conpatibilisers, corrosion-inhibitors,

ashl ess di spersants, dyes, extrene pressure agents

and m xtures thereof. 33. The system of claim 24,

wherein the at | east one lubricating oil additive is

selected fromthe group consisting of antioxidants,

detergents, ashless dispersants and m xtures thereof.

15 Ve DO BRG Per RBiO AA e Stagh giues & HghtOlrce
conmbi natorial |ubricating oil conposition library
apdbphateselgligngsh wighthe Hghtgiopree conposi ti on deposi t

formation data for a plurality of different

| ubricating oil conpositions conprising (a) a major

anmount of at | east one base oil of lubricating

vi sc2%i The synieny( df)clamiPdneheraimzacit tesfreptakledss a barecode affixed to
| ubricating oil additive. 44

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 consisting of antioxidants, anti-wear agents, detergents, rust
inhibitors, dehazing agents, demulsifying agents, metal deactivating agents, friction
modifiers, pour point depressants, antifoaming agents, co-solvents, package
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.
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 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.
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