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H GH THROUGHPUT SCREENI NG METHODS FOR LUBRI CATI NG A L
COVPCSI TI ONS BACKGROUND OF THE | NVENTION 1. Techni ca
wo-e@bad79Bme present invention rel ates general | ypaDUb20g$004262
t hr oughput screening of lubricating oil conpositions
for lubricant performance. 2. Description of the
Rel ated Art The use of a conbinatorial approach for
materials synthesis is a relatively new area of
research ai ned_at u ng.ra nt hesi screeni ng
met hods to Bﬂ?ﬁﬁTHR- é%ﬂggPégRﬁé ]W§Tﬁ2ﬁﬁﬁganlc or
solid state mBPBAEBRICAAINGQHNOM %@M 8s
reactor technol ogy have enpower ed cheni st s and
, \ oduce large |ibraries of
NERLLION in the pursuit of new drug
1dr§mﬁmanyﬂdmh|ch have led to the developnent of a
grow,.ng branch of research called conbi nator
chem@tﬂr‘iﬁen%m’i‘?lﬂ%f wageneqa@m@g thytebP Spgﬁem@g &f Wyigating
met hods, and materials for creating collections of
oif¢apenosisiopmios fubsicant perfemipetinds - cormonl y known as
| ibraries-and to techniques and instrunents for
.eDescup |ty Relateédui ng | i braries for desirable
propertles Presently, research in the |ubricant
I nduBferuge bha admitgsatonia iapprdacl foy mbteriats egntbaisds d agletively new
| ubricating oil conpositions and then perfornming a '
arbBEOscalatn@naluyiag Sapid syinktsis andlbdléednt paRethedsith boild libdries of
enpl oying a | arge anmount of the candidate to be

&1ﬁﬁé&dmm elictdreBid e ndiialetHIP BeaniR la@YRles iQredcRRt | NG
each can dat e conp08|t|on require nanual operatlon

teglgl'rgr)'gygg hByd Hﬁﬁbm&é@dﬂefrﬁs‘f@%l e}‘lgirn@&y foeﬁpltdnﬁprgmqgrgg’ {ibraries of

Itrons t

discrete organic molecules in the pursuit of new drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materials or compounds--commonly known as libraries--and to
techniques and instruments for evaluating or screening libraries for desirable properties.

Presently, research in the lubricant industry involves individually forming
candidate lubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testing each candidate composition require
manual operation. This, in turn, significantly reduces the number of compositions that
can be tested and identified as leading lubricating oil compositions.

Drawbacks associated with conventional screening procedures can be seen as

follows. For example, governmental and automotive industry pressure towards reducing
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can be tested and identified as |eading |ubricating
oi | conpositions. Drawbacks associated with
wa@ongerironal screeni ng procedures can be seenP@BUS2005/004262
foll ows. For exanple, governnental and autonotive
i ndustry pressure towards reduci ngthe phosphorous and
sul fur content of lubricating oil conpositions used
as, for exanple, passenger car and heavy duty diese

en oils, eadi n new research _to identi.f

Oy oRRRS A DR GRTEN OC DTG EH L R BPREPS HES s Fafpmple
as, for exanple, oxidation, wear and conpatibility

passenger carang beavs sty desshengsig qlsvis lede 9RDY Eﬂﬁ%ﬁ’f@}u@ ideniify oil
sulfur. In this context, United States MIlitar

conperdiénmd svhighl can sag b Etanidsts sush las, SHC x8maked axidatiade iieareard
by the Japanese and United States Autonobile Industry
céapaibilay tests, whilpemsemhg teylsvele of plesplivosyshad culfurc dnthent

of engine oils to be at or below 0.10 wt.%w th future
cpitegpUnitclliatcORti gty J1gidagis MIBP0-SI6 U5 IRardMBOIL SOVE Standards

| evels, e.g., 0.08 wt.% by June, 2004 and bel ow 0. 05

dlé\ﬁnecf’ Mhelﬁa?hkﬂe%é/andz@&@d S%t@@Aut%hoBﬂ@ﬁﬂﬁitry A88EBtidrSatPResent
i ndusfry standard requirenent for sulfur content in

r&@gh e pq’ibé orc%ﬁ tcoﬂt&nt%?%n ee@ilsl% 8P Qtsgrdoef(ﬁ@% g'{»‘% o5 Whth Witure

ntent b to meet June

pégsgm)rog{@ rﬁ%e%t 915 gwgééeg%éwﬂwg ’le\Fet] E%u lO%Sk{St % bg Jgne 2004

he™ ano hor ous

sibePRg Poridh 555 St 2o et e #%B Soir %ﬁéa%@agard

and sul fur contents . in the_engine ojl whi

TOOBTEMARL T SUHAT eANIEPA i BFING OIS JRE Bélﬁweprpmp@ﬁ%q tﬁ@t the sulfur
properties and antiwear properties of the higher

cortfer e belowsV. amd Vs ¢ meat Jmni(gq?tre@h@méts &1 esnipsionsy déps, it
acconplish this, a large nunber of proposed

woult beadmbirabde i decnc@wphxsamdwm sf phesphdpeustapd selflurtip lubricating oils
determ ne whi ch conpositions may be useful.

stidl elirthie) Miedrdby, mé&ting figtiredhdiR@e Stahdard p@poded padsphomusaet sulfur
changi ng custoner needs al so drive reformnul ation

cglf(tglqg ¥n:thé Bn@hd @I whild§t I Cratiini APHk b& RGNS dHB oA Mmhibiog
properr:zs 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.

However, as stated above, present research in the lubricant industry does not

allow for reformulation to occur in an expeditious manner. As such, there exists a need
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transm ssion fluids, hydraulic fluids, gear oils,
marine cylinder oils, conpressor oils, refrigeration
wo awsiocert s and the |ike. However, as stated abOwE$2005/004262
present research in the lubricant industry does not
allow for refornmulation to occur in an expeditious
manner. As such, there exists a needin the art for a
nore efficient, econom cal and systematic approach for
t he preparatlon of lubricating oil conpositjons and
insthe @i Aprigmere cfirdent.cespipmsaicaliapa systespatic gprfPad: fophe preparation of
correlating to the actual useful properties of the
luboingsng; oilj compositions and apsering i sugl odrapdsitioge &iriafiormation
eval uate nmultiple lubricating oil conpositions for
calrdgagsadeyactubl wphil pempedieanEthadatepbsitenb.ubri cati ng oi
conpositions to keep engi nes clean by dispersing
S| udBeér, example, @ R@uldeterdesifabl Otorey slgatd efubtiplé Ribtiatingeiloi | .
Sl udge can formin an internal conmbustion engi ne when,

c&ﬂ%osﬁibﬁ%r%sp@@m&}'s DigRrsRA9 dieGld8e Sl dtbrivating &l c&ﬁﬁdmlo%s to
metal particles produced by engine wear,

e e D OSRIPRRElb geo
S\f}\%%iggﬁan fgﬂg Bris;{nuig%gla'l §0rﬁ?41k191b£ gu%/%\%ﬁﬁ%u or %Qﬂ?ﬁﬂé I ctolm%ﬂstlon

S proper oW 0 ricating oll,
t hereb |r| |ts ef f tlve €ss, roblen1can
AT CP&"@ It 3Eish "B RAIS aroadHC%fﬁ@P HBTS Gt oA
an extende erlod of tinme by, for exa ext.end
Vﬁ%mya’%‘ pXiflized ifdéo“é‘\f}?fﬁ‘d’f*%l?‘éfktsh@“%’t‘% E?ﬁﬁ‘ﬁ‘gﬁérhy bngmg
the sludge and | oosen up the oil. This allows the

past thegisteroringsr Thashudseis adighly wisgpus gomponisian vhighishihits proper
particul ates which contribute to engi ne wear. However,

flgivtofl thetlobricanag gib therelfyf impawingstyeffectivengss. The prioblgm can be
driving, sludge has a tendency to build up. Hence, the

partipldy dlenzeddly rideng af stighg Handves eh extended petied obisie by, for
effective additives to prevent such a build up.

eAInFE eRRALR Ik ykRRPheS @0dvapethte itled WseSdBRipgon&i of the sludge and

preventing aggl onerati on.
loosen up the oil. This allows the filter to work more effectively to remove abrasive
particulates which contribute to engine wear. However, with stop-and-go traffic or short
trips in city driving, sludge has a tendency to build up. Hence, the importance of
identifying and selecting the most effective additives to prevent such a build up.
Dispersants also keep soot particles small by preventing agglomeration.

Another consideration is how the various additives in the lubricating oil interact.

The presence of one additive may affect the performance of another. Accordingly,
testing for any particular performance property is complicated by the fact that an additive

cannot be tested in isolation. Rather, many different lubricating oil formulations with

various additives and percentage compositions must be tested.
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Anot her consideration is how the various additives in
the lubricating oil interact. The presence of one
waodasniozes may af fect the perfornmance of anot hePCT/US2005/004262

Accordingly, testing for any particul ar performance

property is conplicated by the fact that an additive

cannot be tested in isolation. Rather, many different

| ubricating oil formulations with various addi tives

and percentage conpositjons nust

t est EFCREEhitgINA bg desighle tp IB@dkye}maé%w e forisngrspney
epare and test for di spersancy a plurality of sanple

pﬁaﬁlﬁv ehsampleeanididatel Inbricaling eid aprardsitionn sutampidtadlyi praferaply

preferably utilizing small anounts of each sanple.

uglivARYalOEMdRiEs ONIEINTInGNE. A hi gh t hr oughput screeni ng

nmet hod for determ ning |ubricant performance is

provi ded herein. In accordance with one enbodi nent of

the present invention, a high throughput nethod for

SEIVIBRAR WO H THE NICUENTIONI | conposi tion sanples for

di spersancy performance, under programcontrol, is

proviadgh g | B ntRR S0 etdr AlniRE RBHEHnP Perfo
pl ural i ?}31/ o‘?@g%)?tfsergﬁtgl ubr| c%t |ert19 onlmgconpgs?%l orglance is

pg(tﬁn@éig%{elrg ﬁié‘%g&%&?lc? w&tﬂ'ngF e b@cﬂm(eht)oﬁharﬁrk&ht i%UPer('élﬁai ffn gh

ase ol | rlcatlng Vi COSIty
' f at b
fF o PR (Bl ARl o 1BEpF LoD uhds B Gibpdraificy
DB LT DYOREAE RSkt BV Hen PP R n%&%ﬁ%'gé BT g iting a

di spersancy performance data results; and,

rBuelpyief fifgreanhibrigatingod cgmpesition gapiples| ¢ach S%’élélé gemprising (i) a
enbodi nent of the present invention, a system for

negergamungefl al ksaitoanbasseilfd ivhaiseteng pRosity, piogmmer amount of at
control, is provided conprising (a) a plurality of

|d¢astsdne rlniﬂ'fepﬁlag:bil?sddité@cﬂnd (1&g e ptedeteeniaedaaounit fa Base oil-insoluble
different lubricating oil conposition sanple

material; (b) measuring the dispersancy performance of each sample to provide

corresponding dispersancy performance data results; and, (c) outputting the results of step
(b).

In a second embodiment of the present invention, a system for screening lubricant
performance, under program control, 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 0il of lubricating viscosity, (ii) a minor
amount of at least one lubricating oil additive and (iii) a predetermined amount of a base
oil-insoluble material; (b) receptacle moving means for individually positioning the test
receptacles in a testing station for measurement of dispersancy performance of the

respective sample; and (c) means for measuring the dispersancy performance of the



conprising (i) a major anmount of at |east one base oi
of lubricating viscosity, (ii) a mnor anpunt of at
wo emsp7ame | ubricating oil additive and (iii) BCT/US2005/004262
predet erm ned anmount of a base oil-insoluble material;
(b) receptacle noving neans for individually
positioning the test receptacles in a testing station
for neasurenent of dispersancy per f or mance of the

respec ve sanpl e; and nmeans for measuring
sPRlp & é’ﬁﬁ??i}n% SR} 1R %ﬁpefﬁe@apﬁﬁfognﬁwet% asgwmt%igwnh the
station to obtain dlspersan erformance data

saraple apdhfos rapsleming e digneppecydiseiorraance dadde & £pmpRger qeatroller.
di spersancy performance data to a conputer controller.
The fbe hothodniand syyteme o the forasens ipresemadviantaggauslypermit the
advant ageously permt the screening of many different
scemiasefirhary dfferpphtesniposidon sinipleiieah effemnematieer to determine
determ ne optimal di spersancy characteristics of the
5 op &l dspersBit)ythalab@ERIdE bF Y séhp[E6lE DRAW NGS Var i ous

enbodi nents are descri bed below with reference to the
drawi ngs wherein: FIG 1 is a schematic diagramof a
system for preparing a plurality of different

ﬁwi@ﬁmbm” N OFOFREPRAWRSGsand, FIG 2 is a

schemati Cc ustration of a df spensing systen1of t he

e B B L 8y [ S e

thod for the hlgh t hroughput screening of a
EE PMality of different lubricating oil conpositions
contai ning lubricating oil conpositions for |ubricant
10 per f BIGrdné & Seliegisdf diagem of apysten fepaieRaHey? wrhorahdiéssent

The expression "high throughput" as used herein shal
Iyhsicetingerkeonmngsitionsréeh that a rel atively | arge number

of different lubricating oil conpositions can be

r api BIG: 205 epelrestitiadblistration of a dispensing system of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

15 The present invention is directed to a method for the high throughput screening of
a plurality of different lubricating oil compositions containing lubricating oil
compositions for lubricant performance properties, e.g., dispersancy performance. The
expression “high throughput™ as used herein shall be understood to mean that a relatively
large number of different lubricating oil compositions can be rapidly prepared and

20 analyzed. In a first step of one embodiment of the screening method of the present
invention, at least one lubricating oil composition is introduced in a plurality of
respective test receptacles so that each receptacle contains a different lubricating oil

composition having a different composition depending upon the percentage amounts
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anal yzed. In a first step of one enbodi nent of the
screeni ng nethod of the present invention, at | east

wo@e@slthrs cati ng oil conposition is introducedP@TUs2005/004262

plurality of respective test receptacles so that each
receptacle contains a different |ubricating oi
conposition having a different conposition dependi ng
upon the percentage anmountsand/ or types of the at

| east one_ base oil and/or at |least one additive
agg/ebyRetrf the atdeast onechaps aik prd/orss legstiong a@%rlh@cq%ned in each
conposition of each sanple are stored in a data
reqeptagley. Adding the information related to the

di spersancy data of each of the stored conpositions
substDatr regdring ftizcionipoaities of ¢rsh sahple tirecatored incadrdia Harbey.
conposi tions capabl e of successfully carrying out the
Aldpeths arfeynaties tdatedtdahe digershsy daal obgpeh af iheGtored compositions
conditions or statutory requirenments. Accordingly,

sEbgRinitialy FadilRatedthO Ed1@tioR B tamdida GaPpBiAaksabale bf fucadsitully
not only allows for a rapid selection of nmultiple

chitPibh 68 the gisﬁ%crkanEQ PRRTh 4IRS ddsed GRPAMERhALEHRVYr statutory

requirenents for a given test, but® al s0O becones
pi | l. . | j .

rEISe R P AL By, PRl ARt e o Torggoronty

tabi.lity,. . d sit .fo tion data, el astoner.
oD L it 78T of R WEPeak By sERPEUATB n resasnse o new
Thi,s i nf Qr nat.i on y a#s% allow for calcuylatin i .
TRMERERS Jor AR Vigdestatut plse bergges patbergrece g mf@asa%we gsgddition
The procedure is advant ageously acconplished under '
torfoigrxampicofiorase stabiditya oidatian ssabnlity, wenn siabilite depppit formation
exanpl e, a m croprocessor or other conputer contro
dday¢leromdvempripribiys £ton of the ogferlagedamipositions sThis edormation may
herein shall be understood to mean the equi pnent used
alserablow forrcappulating negsdahechphgesalf itHeyadditiveudinheclatst ogst OThe
conpositions is automated and controlled by a
oo IO aRREc00¢ly atddRIpliCIRARIMEE pré@ itk IcBhtrél@vd @8ombtially

| ubricating oil conpositions for use in the high
chitANea P Uor 8GR 1aMEiciBEJReor or other computer control device. The
expression “program control” as used herein shall be understood to mean the equipment
used herein in providing the plurality of lubricating oil compositions is automated and
controlled by a microprocessor or other computer control device.

The lubricating oil compositions for use in the high throughput screening method
of this invention include at least one base oil of lubricating viscosity and at least one
lubricating oil additive. Generally, the lubricating oil compositions for use in the high
throughput screening method of this invention include a minor amount of at least one

lubricating oil additive together with a major amount of at least one base oil of

lubricating viscosity, e.g., an amount of greater than 50 wt. %, preferably greater than
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of this invention include at |east one base oil of
| ubricating viscosity and at | east one |ubricating oi
w@odwsniozes Generally, the lubricating oil conpPST/USTING004262
for use in the high throughput screening nethod of
this invention include a mnor anount of at |east one
| ubricating oil additive together with a maj or anount
of at |east one base oil of lubricating viscosity,
e.g., an anmount of greater than 50 wt. % preferab
abgw%&tvetr % meraprelerabiofrom abogt Sde abqwt 89.8 M bYoyand st ms%ambly
80 to about 99.5 wt. % and nost preferably from about
fr@® alhant & uabodgd 8t Ygbaspdsedhorotal eighbofdhe ogshpgsiticnf t he
conposition. The expression "base oil" as used herein
shalThe leeprassiter dh@ad] "tas useldrran batdeshdakiood toaheamch wikse stock
base stocks which is a lubricant conponent that is
or Plepd BE Babe Bibcks Wwhidl st Bkt ahasintoBEntttat i Ero&ae® by a single
speci fications (independent of feed source or

mdRMEAGY KRS sathe lsP&idaBBils (iddepdndBRQIf $ecll REuS@BBmanufacturer's
manuf acturer's specification; and that is identified

-\ r i L. <

logifof: U B LRI FranBRLCNE ARG, SRL blis TTREa b P

kna or | ater-.di re ' r [ .
w8 el PR R RSrES o By e P oliRt bedherein can

conmpositjqgns for any.and al] such ol i cations, e.g.
beaiyprat bt IR GPribbesg o o PRBperia SAS b ine

oils, railroad oils, two-cycle enqine oils, .tractor .
fogmylating{ubrisating oy compastiong HYiank ard glksuch ppplicaipnsse-gnengine
functional fluids such as hydraulic oils, gear oils,,
oilsy marsnei cybndan oflp,uiathsal ges engingdulst iadiead pifs, twereya gagles ¢ils,
for use herein can optionally contain viscosity index
tractop pdy ey dutygdiese egmmesilsctradkkopls med factigriah flasls such as

ol efinic copolymers, e.g., an ethyl ene-propyl ene
hydepit ¥il% geioild tRinyhision fuidadite neddidgaally, e basaodls fdraise

i ke and m xtures thereof. As one skilled in the art

heYéi b4 dptiefillyycoaRRt ﬂ@do@f‘tﬁindéﬁﬁn@tbﬁ&@ il poBindride base

oi |l is dependent upon the application. Accordingly,
allyiReMh G FRREINefHic SofdRRGerSlelg. Rt Rfie PRSFRe copolymer or a
styrene-butadiene copolymer; and the like and mixtures thereof.

As one skilled in the art would readily appreciate, the viscosity of the base oil is
dependent upon the application. Accordingly, the viscosity of a base oil for use herein
will ordinarily range from about 2 to about 2000 centistokes (cSt) at 100° Centigrade (C).
Generally, individually the base oils used as engine oils will have a kinematic viscosity
range at 100°C of about 2 ¢St to about 30 c¢St, preferably about 3 ¢St to about 16 ¢St, and
most preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on

the desired end use and the additives in the finished oil to give the desired grade of

engine oil, e.g., a lubricating oil composition having an SAE Viscosity Grade of 0W,
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will ordinarily range from about 2 to about 2000
centistokes (cSt) at 100 Centigrade (C. Cenerally,

wo pswTdeal |y the base oils used as engi ne oi | BCTMIE1005/004262
have a kinematic viscosity range at 1000C of about 2
cSt to about 30 cSt, preferably about 3 cSt to about
16 cSt, and nost preferably about 4 cSt to about 12
cSt and will be selected or bl ended dependi ng on the
desired end use and the additives in the finished oi
OPG2Qyi Ve3P HEW s P Weel: QW88 BY. DNAOneWoi(: S Ve4g, SW=90, SW-60,
| ubricating oil conposition having an SAE Vi scosity
103Va deWoi0, DIWERY, 20 V-6 190 -S@AS X0, 1 SBA28.0,5 VOM 60 1 HW40. Oils
5W 20, 5W30 5wW40, 5W50, 5W60, 10N 10W 20,

used\As g6gr oll©ddithve Y3V SiiEs rafgilfg drnaBayt 2 SWo3boutr 2008 \ASY4.
O ls used as gear oils can have viscosities ranging
160°@m about 2 cSt to about 2000 cSt at 1000C. Base
stocks may be manufactured using a variety of

di f f Ba®RtocRE 2§ 58 Aantacitediusitlg adtiet) OF diffefdnt BfdcésRes including,
distillation, solvent refining, hydrogen processing,

oL S U 0 g o,

Ii. .
o431l 3pl BEAEHE DR CAAURR BB ARy e fropypaterials
lubri i ng oil ositions of this invention nay.b
indleityolieh Sinu R e e b gL o 1 bl he

ui t abl e hydrocarbon synthetic ojls incluyde, but. are.
IuBiEa ek SEPO8 ToRs qfé"‘&¥’3ﬁ'§f"é‘d“?>f %%YH@%%W sarhegisiigicating
of ethylene or fromthe polynerization of 1l-olefins to
bese ol %ﬂ%@ 9%9@@51@@@@%@{59&@5%@@6 nef lpited Agy Qs psepared
or from hydrocarbon synthesis procedures using carbon
froortbs polgmanzhtioy of ethplangersfesn theqtolaserizatien of 1-olefins to provide
Fi sher-Tropsch process. For exanple, a suitable base
paliymeissucings fiohlpheolefin bos BAOI dilsf drefroni hydrogarbdmesguthesis procedures
fraction; e.g., little, if any, lube oil fraction of
uMhg 643661t Moﬁ&(i&bﬁnd%mig&h?isgﬁucﬂ QORG Fidle-Thaseh ﬁi‘olcesﬁ.HYor
ubri

be derived from natural cating oils, synthetic
eia‘x&ﬁflé,%%hit%e base oil is one that comprises little, if any, heavy fraction; e.g., little,
if any, lube oil fraction of viscosity 20 ¢St or higher at 100°C.

The base oil may be derived from natural lubricating oils, synthetic lubricating
oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization
of synthetic wax and slack wax, as well as hydrocracked base stocks produced by
hydrocracking (rather than solvent extracting) the aromatic and polar components of the
crude. Suitable base oils include those in all API categories I, II, III, IV and V as defined
in API Publication 1509, 14th Edition, Addendum I, Dec. 1998. Group IV base oils are

polyalphaolefins (PAO). Group V base oils include all other base oils not included in

Group I, IL, III, or IV. Although Group IL III and IV base oils are preferred for use in
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oils or mxtures thereof. Suitable base oil includes
base stocks obtained by isonerization of synthetic wax
waeassraek wax, as well as hydrocracked base spPODKS2005/004262
produced by hydrocracking (rather than sol vent
extracting) the aromatic and pol ar conponents of the
crude. Suitable base oils include those in all API
categories I, Il, 111, IV and V as defined in API
Publ i cation 1509 14t h Edition, Addendum |, Dec. 1998.
thig BYFRLICY Besserelprred basgol %%Pramr@cf Preoriping onepbugraet
base oils include all other base oils not included in
Gayupdpll 1L LY ang V| basgstoghy or hpsetoddesgh Group 11, 111 and 1V
base oils are preferred for use inthis invention,
t hesWsqiulafagiralenls ecdwelegniherahtayridating odpsuch ds,dyr exanpienliqgd

one or nore of Goup I, II, Ill, IV and V base stocks
pétfoldims el sdlsenttieekd br nad-treabd mirlesal iluteicatiiey oiisrod itad paraffinic,
| ubricating oils such as, for exanple, liquid

n&}dtHea] e miLéd &rafﬁﬁic%ﬁﬁﬁthérﬁ@%@éj ofl§ déied flohP&daBer shale, animal
mneral lubricating oils of the paraffinic, naphthenlc

o yEKAt ARG kitlbeclBAANH! GisHPERd o], Ly BeTiived
rom coal or animal oils, vegetable oils (e.g.,

{?ﬁ:ﬁ%ﬁ@ hposfoniane @f?ﬂ?%ﬁﬂﬁéf%?t Dgn
axF| ‘rlxacl)o-g% i ugnd htygﬁ)c%?an ég asrlﬁ as {?gﬁmg 1nt%r8?lmrlzed olefins,
and rlzdoleflr],..., ut

3 S A R M R %‘ﬁ?@!ﬂé BRaTro Fgornated
chlorlnated onbut | enes, pol I-hexenesg
pﬁ@bwhenfefcp@h@slaexerpféi/y)ely(b@@@w@gpoly@n@w@ﬁ@ |ang ghed kg and

m xtures thereof; al kyl benzenes such as

mipsuiese yhemﬁ;zaélnél&nzu@s pustias dbdnsptbennsnes, thinadevylbortenenes,

di (2- et hyl hexyl)-benzenes, and the |ike; polyphenyls

dinocyibagerms phi@agth ghextybrimneengs, sind dlekikeapa ghhpolly pindirag lbiphenyls,
and the like; alkylated di phenyl ethers and al kyl at ed

teebtRREB Ik Sated pl@shenild, dnbl€hediéitel Mabliatéd dipheayl@gfersdid alkylated
honol ogs thereof and the like. Qther useful synthetic

dllpﬁg{}ﬂl %ﬁﬁaéggn@ kleSdekiR et védghaldY bn@hEmABEs thibt £ hOlikei | s
made by

Other useful synthetic lubricating oils include, but are not limited to, oils made by
polymerizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,
1sobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are
well known to those skilled in the art.

Additional useful synthetic hydrocarbon oils include liquid polymers of alpha
olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cg to C), alpha olefins such as, for example, 1-decene
trimer.

Another class of useful synthetic lubricating oils include, but are not limited to,
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pol ynerizing olefins of |Iess than 5 carbon atons such

as et hyl ene, propyl ene, butyl enes, isobutene, pentene,
wa@easnoieersir es t hereof. Methods of preparing SuBtI/US2005/004262

pol ymer oils are well known to those skilled in the

art. Additional useful synthetic hydrocarbon oils

i nclude liquid polyners of al pha ol efins having the

proper viscosity. Especially useful synthetic

ydrocarbon oils are the hydro enated l'iquid oligoners

aB«fyleee 0¥ dePRIYBIFES: be-eRRRPOLTRYS: lymegsc aﬁﬂ@va&ve@éb@%

trimer. Another class of useful synthetlc | ubricating

vieresthe fremingbhydsesy! arosphbavelbieer meditied byl Ry sxaawle gteréfication or

pol yners, i.e., honopolyners, intef olyners, and

etterifivatony §hedelvdls enfexaimphized tyethe erlsnprapdredthdrugh ol ygepiaation of

have been nodified by, for exanple, esterification or

ediytene okide at popyledd@déde, thd stkydhed phenyidthdrs efithbye dolvx@ilkglene

prepared through polynerization of ethylene oxide or

polyaidyd (%rge rﬁéfh)ﬁi ®olyt ﬂi@pﬁéﬂ@glyc@n@thahﬁumg aBlab@hge Bbleb il @SReight
pol yoxyal kyl ene pol ynmers nmet hyl poly propyl ene
of h bg@'dqgfen etﬁw\sr g&?{ﬂyl?ﬁee%?&? h£'§%§§ Hlo?é'cufﬁ?bvg%ﬁt & 500-1000,

eny yet hyl'&ne gl ycol Having a

d'i"?lfyef %Hllelaéli p\ﬁn}gg%yle%f lg%%Qf l}aQ/Qn% rﬁbll%&l?XJ weqélﬁ%ﬁc 1 Q)fOO-l 500, etc.) or

prop ul ar
t d b I t
nﬁﬁl&@%ﬁﬁo ieipeafe %S&?S ek ?uéfag% ARl %ééf%fcse% emeizli’&ed
-Cf d t he C130x0 d di est f
qs&s#é@fa %ﬁ?%'s garg@ 130%%01 6{?%@ t%réaé@%%?gefééf u|er °

synthetic lubricating oils include, but are not

| i mi tYekanogher clags @fgﬁ@f%b%fheac Wibripesing| gile inghidesbus agp not limited

phthalic acid, succinic acid, alkyl succinic aC|ds

ta | thaegsrs sﬁ;ﬁcﬁrbﬂwliaaatidsqg.nahtbaltp agtsi, shiccaredcad, elkat Sla,cim'c acids,

suberic acid, sebacic acid, fumaric acid, adipic acid,

alkenylsec¢diniaatids, dhalee acidpdzaaicacidcsubstic adidysebarid aeid, fumaric acid,
acids, al kenyl malonic acids, etc., with a variety of

aaipﬁf)efmi $inolicGicid datbly knaﬂinfd)‘i%ﬂis, alhﬁXﬂdloxﬂb e@hglalkefi@daaic

al cohol

acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-
hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of
tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.

Esters useful as synthetic oils also include, but are not limited to, those made from

carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,

methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol

10
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2- et hyl hexyl al cohol, ethylene glycol, diethylene

gl ycol nonoet her, propylene glycol, etc. Specific
wex@aspress of these esters include dibutyl adi pptEUS2005/004262

di (2- et hyl hexyl ) sebacate, di-nhexyl fumarate, dioctyl

sebacate, diisooctyl azelate, diisodecyl azelate,

di octyl phthal ate, didecyl phthal ate, dieicosyl

sebacate, the 2-ethyl hexyl diester of linoleic acid

dimer, the conplex ester forned by reacting one nole
PEpaEc: brAey WEIth dipafiepiite et aeiiyr Bie gl ycol

and two nol es of 2-ethyl hexanoic acid and the |ike.

Est eP8icos-bisg odls suhns Het ¢xampld, polahlspl-inetyatle polyatkoay-eor

not limted to, those nade from carboxylic acids
phiyeiyhx yfsiloxanalvds bndsilicatadizyutonise andtber watfohslassi df lsynthetic

al cohols, e.g., nethanol, ethanol, etc., polyols and
lueicptilg @lsh8pscifdielaniptes BE teeinyludgIbyeart not limited to, tetracthyl

trimethyl ol propane, pentaerythritol,
sicReNt@LIYpidpiltsAlcate! fetrReNE@OMEL NS biliOdte, t@Rd4thnli ke.

Silicon-based oils such as, for exanple, polyalkyl-,

- - : | - i il

hgs%)\éigfl"c?{ﬂleb tgttrg %}lo?/e?r' @%%%?{)mﬁ%éf %%%yel 32%1& )1& ?Xﬁeﬂﬁ)xgbdol?{‘iloxane,

S se anot use cl as

oS5 B PRSP, b BUFRD! €5 hffg e
RO RO S SR s

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

c%g(lwng(agrl_dm &WTQIZ’SXJ ®he degytybggg)ﬁ@ate, diethyl ester of decane
olﬁ(npthyl)siloxanes, pok%(nethyl henyl ) si | oxanes,

phesphionis acid ete., gelymeeriq tetralydsefurans endithe d¥ieit het i ¢

| ubricating oils include, but are not limted to,

| i quiltle bbtieatmgofl mdydspieoreliSonentedingd, mefirediadd rerefingd oils,

tricresyl phosphate, trioctyl phosphate, diethyl ester

eitlier demaneaypihesdr mirtutesasfitelo oeindre, offadl yimikedetof the type disclosed

tetrahydrofurans and the like. The lubricating oil may

h&RindBdveV @Fhré iAol S hrefthdie dbtained diresllyaitin & QatafaN 8flsydttefic source
either natural, synthetic or m xtures of two or nore

(éL?%, a9, sRile, [P &3 arRs bitlGied) R0l ﬁﬁﬁh@ré;lﬁ.?lﬁa%cﬁf kg cent.

refined oils are those obtal ned ectly froma

EQ%Mregl)f BlreFALIE Hcﬁldg,%[i &fe not limited to, a shale oil obtained directly

from retorting operations, a petroleum oil obtained directly from distillation or an ester
oil obtained directly from an esterification process, each of which is then used without
further treatment. Refined oils are similar to the unrefined oils except they have been
further treated in one or more purification steps to improve one or more properties.
These purification techniques are known to those of skill in the art and include, for
example, solvent extractions, secondary distillation, acid or base extraction, filtration,
percolation, hydrotreating, dewaxing, etc. Rerefined oils are obtained by treating used

oils in processes similar to those used to obtain refined oils. Such rerefined oils are also

11



(e.g., coal, shale, or tar sands bitunen) w thout
further purification or treatnment. Exanples of
waineosdianesl oils include, but are not |imted tBCT/ES2005/004262
shale oil obtained directly fromretorting operations,
a petroleumoil obtained directly fromdistillation or
an ester oil obtained directly froman esterif cation
process, each of which is then used w thout further
treatment, Refined oils are simlar to the unrefined
kppw aeseelapmediaragpreesiedpde and effqnrase additiopally progessedbyyr
more purification steps to inprove one or nore
teshnigeestdirested Theswvplafisping addibyestand hh brpaksdover profuisan t o
those of skill in the art and include, for exanple,
sol venbriexihg ait basenscksdaivad &oy the hydrbisahbm;iomof waxomay also
base extraction, filtration, percolation,
bbYyigHdoEitHRA A or i @vmkinagon witk theRedredaidwedural dndl/cR s gnthetic base
obtained by treating used oils in processes simlar to

5 stobIRsS & udR @dx i Rnfbdt@bil 1sr1§<'§dlﬁ@djb)oth|e%ydr%&b@ﬂleﬁ@&ftl%ﬁ'0&‘ askuail bs
are al soknown as reclained or reprocessed oils and

%Itﬁé?ﬁ vodxEs MXwngJe%{f RlePl ﬁ?cﬁ %oﬂ&mta%%‘ @étgly

|recte to reno pent Itrves and Oi

3;??5@@&‘@ wWik@ zl}'l]rg ‘i)ﬁnc&hg ta{e SRk '\&Q& ekoxg?e%\?\%ﬁthg &h%nlt dewszing of

rom I sonerl za Ion O

use al one or
niparaf o Wgreseeﬁ?ﬁyswa@yﬁ*? RS edlbdps ?%gheféﬁeﬂsch
wax isonmerate oil is produced by the
PHF8¥S0i soneri zati on of natural or synthetic waxes or
m xtures thereof over a hydroi sonerization catal yst.

10 Nat ulhf sesaréeorapancaiygy itlaealpgycaﬁn& ol CEIIROSHEDES SeierLis pkleast one
by the sol vent dewaxing of mneral oils; synthetic
lwtmicetsngaribadditpiec dhk Jubriatingenil goldvives fed um/hqrdaie can be any presently
Fi scher-Tropsch process. The second conmponent of the
khowon beRterdiscovdredcaldnig iukédan Soreil ing lutgicating @hsdm@sions.
| ubricating oil additive. The l|ubricating oi

sadsli¢ iubasatin@loillBigitRed B scdrbeil tcRidY, Hit e&aidt limitkd@wn or
| at er - di scovered additive used in fornulatlng

ahtii a8 hREwehd ageRIRREFehRN8eh as metal detergents, rust inhibitors,

15 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 the like and mixtures
thereof. Greases will require the addition of appropriate thickeners. A variety of the
additives are known and commercially available. These additives, or their analogous

20 compounds, can be employed for the preparation of the various lubricating oil
compositions herein. Preferably, the at least one lubricating oil additive is a dispersant.

If desired, 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. %

12
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Suitable lubricating oil additives for use herein
i nclude, but are not limted to, antioxidants,

W@eiosAmMeas agents, detergents such as netal depPer/yswns004262
rust inhibitors, dehazing agents, denul sifying agents,
nmet al deactivating agents, friction nodifiers, pour
poi nt depressants, antifoam ng agents, co-solvents,
package conpatibilisers corrosi oni nhi bitors, ashless

di sper sants, extrene essure a nd t he '
19 ghoat Hhyt. v, mﬁy by FaR At O e é%a‘WU?g PE AR mopfgpreferably
addi tion of appropriate thickeners. A variety of the
fraandabont Lswh Ve toabewins Oavitd “cefrirdiluentzail apdfioa phawi & wthda about
additives, or their anal ogous conpounds, can be

98 ! Gy @refefably frive abowRawtals ombodt 75hve. Seandausst preferably from

| ubricating oil conpositions herein. Preferably, the

abdut Beas¥ toakodt D ritCst dfithe forégoaddidditive(s). SSuitatllestileesta fir the

If desired, the lubricating oil additive(s) can

chnehtiRés i8Ry iBerdl il wan) hre@érhbll @n bR fofMudficadd idcéSity such as,
concentrate. These concentrat es usual Iy include at

f&r%%g‘ﬁlplfe r Qgﬂs@ IBH léE dE8rivda her@n?oew léB tHa® tﬁ@tconc/@ntrgﬂ'e%a%/r rRREMily

ro?1about . % to about Q % and
rrgﬁﬁu\glﬁ]l?mg#ﬁ‘tfngghg% o#%pa?% lu t‘ﬁ‘h;éatlv\ﬂ%toﬂ c@g U§1 out V%l&alff‘é ﬂfbb}@atmg

erab f rom,about wt.. % and

P G BPLh e ey RS cggBaen%of%v?ﬂu@ﬂ%aﬁn%ﬁlgﬁ?% w. %
of the fore dditiy Sui tabl e diluents for
t he Eéﬁ@é‘ﬁ% ?gfganagmam walé*géﬁ{vt FREPY lnm%t@n%mmpﬁta?@r Bt y
an oil of lubricating viscosity such as, for exanple
diphpasdemisr) phegylpdirharnapyl-peg; Mﬁ%ﬁwylelwwﬁépnp%eand alkylated
concentrate may be readily mxed with lubricating oils
phenytenesiianeings; p%:crn@hcs sugh a3, lforeaapplsi BHEnseriglly hingewed alkyl
| ubricating oils that nay be used as diluents can be
phenplsaiubh af 2,bdbtdareattylpbenel, 2gediFtey-bufgk-ampésebaralf 2,6-di-tert-butyl-4-
anti oxi dants include, but are not limted to, amnic

(2-¥81953-popdnoic)bheREINWI AR AiRaining materials, e.g., sulfurized olefins or esters
phenyl - al pha- napt hyl -am ne, N, N—dl(alkylphenyl)

aﬁ&ﬁ@@ﬁeaﬁ@Qﬁﬁﬁkyh@kﬁﬂ phenyl ene- di ani nes; phenolics
such as, for exanple, BHT, sterically hlndered al kyl

Examples of antiwear agents include, but are not limited to, zinc
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an
article by Born et al. entitled "Relationship between Chemical Structure and
Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different
Lubricated Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for
example pages 97-100; aryl phosphates and phosphites, sulfur-containing esters,
phosphosulfur compounds, metal or ash-free dithiocarbamates, xanthates, alkyl sulfides
and the like and mixtures thereof.

Examples of detergents include, but are not limited to, overbased or neutral

13
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phenol s such as 2,6-di-tert-butyl phenol,
2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-

W@ 200601928 3- pr opanoi ¢) phenol ; sul fur-cont ai ni PYI/US2005/004262
materials, e.g., sulfurized olefins or esters and the
i ke and m xtures thereof. Exanples of antiwear agents
i nclude, but are not limted to, zinc
di al kyl di t hi ophosphat es and zi nc
di aryl di t hi ophosphates, e.g., those described in an ,
defexgents sughyas sulfpnats desgrgenis eigt [thage nrde fpmaisn bpnasae ardkiyming
Chem cal Structure and Effectiveness of Sonme Metallic
sfulclagid; phendtebi(lEgly bvadbaskd ophesykdbesed),ibighBhveftasehiphenate
Lubri cated Mechani sns", appearing in Lubrication
sBedaenqhedol 2tes] aalitaiages] Si2phametes, fthioplespingplates piagie surfactants and
97-100; aryl phosphates and phosphites,
tieUleuhd afKiiRs fidief e Bbeoserbpded St Sullfdnates Cpigadiyese a total base
nmetal or ash-free dithiocarbamates, xanthates, alkyl

nfithbér (FSN) AR ot o (K@ 2BBEL 301 248 Pre@srat1h GotPibouEX@RILS St 25.

of detergents include, but are not limted to,

| .
LviQﬂﬁ&‘& rﬁétal%%ﬁzﬁsda% fbd A G‘%}*’Z Hmnﬁi;blngt)i;ls Sl @Nao%n in the art.

etergents, e.qg., ose na benzene an
fum Lfuric .acid: t hi_gh b or | ow
over bauEs StiigiRb s RRERC R wetPlipRUFley BRAGH

enol at es, salicyl at es, osphonat es, .
PR ORHATR saite BB hos R PR A E SRy efhyieae igher
m xtures thereof. Lom10verb?sed nmet al sul f onat es
afeghgl cther.polygyrethylens nonylpheny! fthet BeLYPSHYYIEE oFtyliheny sther
0 to about 30 and preferably from about 10 to about
pebrpquﬂwlwactyéste@ryﬁ@hql P ypyethaleas olgrlcethrsral yix yeidylene
sul fonates are well known in the art. Exanples of rust
sombhiolondrmssatates poistex yethylena serbriatmdrioe] eatedandmol yroinil engi gtycol
pol yoxyal kyl ene agents, e.g., polyoxyethylene |auryl
n@inbéleate;p0dayio dyidtany btheefaby gtids; dadaceRolic sdidsemetal soaps; fatty acid
pol yoxyet hyl ene nonyl phenyl ether, pol yoxyethyl ene

aRfirle)daRf @Al sBt S hea BuBXY BEIRYPLNE cABbYYicSHcRBEsIr of polyhydric

et her, pol yoxyet hyl ene ol eyl ether, polyoxyethyl ene
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
gmines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated
alkoxylated fatty amines, métal salts of fatty acids, fatty acid amides, glycerol esters,
borated glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No. 6,372,696,
the contents of which are incorporated by reference herein; friction modifiers obtained

from a reaction product of a C, to Cys, preferably a Cq to C,4, and most preferably a Ce to

Cy, fatty acid ester and a nitrogen-containing compound selected from the group

14



sorbitol nonostearate, polyoxyethyl ene sorbitol
nmonool eate, and pol yet hyl ene gl ycol nopnool eat e;
waet@anie7aci d and other fatty acids; di car boxyP@TUS2005/004262
acids; netal soaps; fatty acid amne salts; neta
salts of heavy sulfonic acid; partial carboxylic acid
ester of polyhydric al cohol; phosphoric esters;
(short-chain) al kenyl succinic acids; partial esters
t hereof and nitrogen-containing derivatives thereof;
causifing of ammpriar gpdgn atkspelemine, @gqthosqdiscdpsed in U.S. Serial No.
di nonyl napht hal ene sul fonates; and the |ike and
1902, L& diledersb 28, F803nthe eentorfts o wlith ang 1paeeiorated by reference
i nclude, but are not limted to, alkoxylated fatty
hewinnexs} thb ikadrenixatreythegofki des; fatty phosphites,
fatty epoxides, fatty am nes, borated al koxyl at ed
f at t pxanpleest, anfiRhalingalehts imudeabiit Yreatit Umited &d, pylyaseksof alkyl
am des, glycerol esters, borated glycerol esters; and
5 rdetfat }1dtNpdBAR HRBmadyHilREALSAGhd Mkeldnd mikak&Nherbbr
6, 37 ,698, t he contenzs of which are incorporated by
refe 110ae il d [ Loed
eact RRen Ehs ek el b SlenoP LA RE b Y one
4. a Lt _pr bl . : f [ [
slct e RS BB ol ity B ey B b e B
raqupconsi sti.ng of ammoni a, and an, al kanol am.ne, .e.g.,
ofthiBe o e GuBfef o tpameger B ARB S AR S BRHRE bf | o
March, 28, 2003, the cpnt%nts of which are _incorporated
SyspIBdes SADEX Hisrasidmigey hydracary Yl enozpgmines, hyrogaroyl
t hereof . Exanpl es of antifoam ng agents include, but .
10 palyeminss, Nanpichdwsesophqsphapamides.ghioghesphorspdrg@pg phesphoramides;
pol yners of dinethylsilicone and the |ike and m xtures
thiletespd.g., Etalimptresptofl , ek thimlsarols.apacaptottenzdtimetalebeandbut
are not limted to, polyal kyl ene succi nic anhydri des;
derivrtined thagef) trbaoles i ery. gk ydteinzolat dand dsnfriaoles)] opabdlyyiesnehich
succi ni ¢ anhydride; a basic nitrogen conpound sel ected

chit@iMatcamodyiateRsePWih hé SOk a8diEi6hd ipblafifBictisiRiRMditd snine,
aci d am des, hydrocarbyl nonoam nes, hydrocar byl

amide, imine, imide, hydroxyl, carboxyl, and the like, e.g., products prepared by
15 copolymerization of long chain alkyl acrylates or methacrylates with monomers of the
above function; and the like and mixtures thereof.

The polyalkylene succinic anhydride dispersant is preferably a polyisobutenyl
succinic anhydride (PIBSA). The number average molecular weight of the polyalkylene
tail in the polyalkylene succinic anhydrides used herein will be at least 350, preferably

20 from about to about 750 to about 3000 and most preferably from about 900 to about
1100. Examples of suitable polyalkylene succinic anhydrides for use herein are thermal
PIBSA (polyisobutenyl succinic anhydride) described in U.S. Patent No. 3,361,673;

chlorinated PIBSA described in U.S. Patent No. 3,172,892; a mixture of thermal and
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pol yam nes, Manni ch bases, phosphonam des,

t hi ophosphonam des and phosphoram des; thiazol es,
we2@5/07R27%6- di mer capto-1, 3, 4-t hi adi azol es, PCT/US2005/004262

mer capt obenzot hi azol es and derivatives thereof;

triazoles, e.g., alkyltriazoles and benzotri azol es;

copol ynmers which contain a carboxylate ester with one

or nore additional poI ar function, including am ne,

m. de, imne, imde, drox oxy and. the |ike
@oanatedp?@@@céeécwéﬁ% S B el e BB UGBS
chai n al k acryl ates or nethacryl ates with nononers

deseribeskindh v%atm #8343 #olyREBIA Hescrbrdl imUcB Urasent Nos.

t hereof. The pol yal kyl ene succi ni c anhydri de

5dil2,peT smhi, 175235 dfigr sibtiyicaatiyopolyRIBE At dengribed ure Bi ShiPatent Nos.
anhydri de (PIBSA). The nunber average nol ecul ar wei ght

50665 6bambd, yH, 668, aeradaial PIBS At describet ya UK/ [Peteet Now 612865599,
anhydri des used herein will be at |east 350,

spnebeo akl 3,619,00m BIBBA nfa@e AEAMigh/BEthyRiBliatHe pdOtead described
nost preferably from about 900 to about 1100. Exanpl es

molfj $SphiANG. BI5Y, @éd%'l@"/‘@w H&PS M LG mgﬂrsh&‘?ﬁc o MBSA made
herein are fthermal BSA ( pol yi sébufenyl succini c

BN ﬁgﬁéﬁgﬁ@%&ﬂgﬁng deger Q‘fﬁ?’“‘%?%ﬁ%éﬁéf*m“"“
iS5 Pt S bl o3 MU NER i e o
SIH&“ R O o AR S %‘fﬁp&ﬁb&mg peipiitino

175, 225; hi gh succinic ratio polyPl BSA described in
ApblEratpa PaRicaNBa NoSLL 542 £385 aaherrbied FABBA SR bab Y Gk Balen!

PI BSA described in U S. Patent Nos. 5,286, 799,
N8, 5,523, 8 Bbandriciirepear BatooAprtica S Reblieatfonda. P2 863, the contents
nmet hyl vi nyl i dene pol ybut ene described in U S. Patent
ofNesh oflthe&2refedéhceShelidyin@atBorated hereirBidy; @8Henchi gh succi ni c
rati o PBSA made from hi gh net hyl vi nyl i dene pol ybut ene
descNoh@birdgen EbritsipRgdeRadtiend ofApDfallgddne 3Gcdiub bilgdtid@rinclude,
No. EP 355 895; terpolymer PIBSA described in U S
bitedr&Rbt 1NGited e, AB€0irfié Deids, Group I and/or Group Il mono- or di-metal salts of
succinic acids, succinate esters formed by the reaction of a polyalkylene succinic
anhydride, acid chloride, or other derivatives with an alcohol (e.g., HOR' wherein R' is
an alkyl group of from 1 to 10 carbon atoms) and the like and mixtures thereof.
If desired, the foregoing polyalkylene succinic anhydrides and/or non-nitrogen-
containing derivatives thereof can be post-treated with a wide variety of post-treating
reagents. For example, the foregoing polyalkylene succinic anhydride and/or derivatives

thereof can be reacted with boron or a cyclic carbonate, e.g., ethylene carbonate, to

provide borate post-treated and ethylene carbonate post-treated products.
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sul fonic acid PIBSA described in U S. Patent No.
5,777,025 and European Patent Application Publication
wo0osaP23812 380; and purified PIBSA descri bed Per/usS®05/004262
Patent No. 5,523,417 and European Patent Application
Publication No. EP 602 863, the contents of each of
t hese references being incorporated herein by
reference. Non-nitrogen containing derivatives of
polyalkglene succi ni ¢ anhydri des include, but are not
| i m Tebasis, nisegenicampowd g usedetsiprpstgapteBy bagic gifgogen as
nmono- or di-nmetal salts of succinic acids, succinate
messueeds fdrermppledyy AREMrId6fctesiar BEBLS. pBieyhabik piteagen compounds
succi ni ¢ anhydride, acid chloride, or other
ateclievtad froastheviztolnp aonsatiog hbsuctieingdes, pRiucainénigies) cRRbokdic acid
an al kyl group of from21 to 10 carbon atons) and the
amides hyabc byl MbRantifNg| Bkocatton peBhamatts, MeniflobRe0i Ng
pol yal kyl ene succi ni ¢ anhydri des and/ or
pﬁ&Bh&hM&ﬂQ%ﬁmsEh&mﬂQieﬁi%Jhbéf)_%ha\ﬁﬂaes{ BRp&SInt GRBoMS index
post-treated with a wide variety of post-treating
. t € . i 1 R |
B e e A LB
Wi b ' ; :
ERB RIS LRl Rl e o 3Rt oo p by
t hyl.ene carbonate post:-treated products. The, basic.
OBy o AV S U RRES PR e BIBORORIL T, o frogad i e -
nitrogen as nmeasured, for exanple, by ASTM D664 tes
beyon pp S FlenerFAREbYRLS, BSIRG PIOpYFFS YGI@aNEdn Ewear%sa lgng asdhe
fromthe group consisting of succinim des,
cQopasHisne continug éscongar basigiiregeci d ami des, hydr ocar byl
nonoam nes, hydrocarbon pol yam nes, Mnni ch bases,
phosPhoswpinteides aridi pofysosphiondestiaesan iehissp horarredisclosed in
di spersant viscosity index inmprovers, and m xtures
ntheoeofeferdrives endoas mell ikhdwo gethe aon Caitaih fihdamemeltypss «fr e
descri bed bel ow (keeping in mnd the reservation that

s@RGA{MS indAY Gl @bd @Rkl @ARNRASICE bRithd 198R6Y art AdYciimide" are
t he nitrogen-contai ning conpositions nmay be

tRBRIR U §ataRcht Wok 13,219,686 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
predominant product, however, is a succinimide and this term has been generally
accepted as meaning the product of a reaction of an alkenyl substituted succinic acid or
anhydride with a nitrogen-containing compound. Preferred succinimides, because of
their commercial availability, are those succinimides prepared from a hydrocarbyl
succinic anhydride, wherein the hydrocarbyl group contains from about 24 to about 350
carbon atoms, and an ethylene amine, said ethylene amines being especially characterized

by ethylene diamine, diethylene triamine, triethylene tetramine, tetraethylene pentamine,
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boron or ethyl ene carbonate, using procedures well
known in the art so long as the conpositions continue
WO 2006078228 N basi ¢ nitrogen. The succi ni m des apPdr/US2005/004262
pol ysucci ni m des that can be used herein are discl osed
in nunmerous references and are well known in the art.
Certain fundanental types of succinimdes and the
related materials enconpassed by the termof art
"succinimde" are tau%ht in U S. Patent Nos,
argl tglpr gapdeculzr ppmghgpalyethygnezamines. Fagicutaply nEgfpirechits thse
whi ch are incorporated by reference herein. The term
sucsingrides priepratd frempetiesobuisny sherinipenkyidride of 7hiol I7§earban ptoms
of the ami de, imde, and am di ne species which may
argl tswadtieylérerperd mirkhe hgghedmiolenaat weiglatchotyteth yhengavwengs dr snigtures
succinimde and this term has been generally accepted
ofisol yaRiéeGinting spetothuiCthe aferapermagedul 0 Rveht afithalnkigtyd is about
substituted succinic acid or anhydride with a
208 DalegeN- cont ai ni ng conmpound. Preferred succini m des
because of their comrercial availability, are those
succ - I : f
iy A e e P R ¢ om
hga‘%&%téb& g%cltcgncg%%§ %)r 51?19&9&%%8@ %Iygg%%ndﬁg gfr%ﬁ c&%[’aﬂlﬁé‘?t least one

ene’am nes bel'ng esp
characteri.zed b .hyl ene di am ne i et hyl ene .
G A e h pRLe BaFe SRl ol SLaips Bpups. Ordinariy,
pent am ne, and hi gher | ecul wei ght pol yet hyl ene .
i scaositiph iag adivehm by Qaafl SPy0BY o ¥iradtmelRdr i i igel
prepared from pol yi sobutenyl succinic anhydride of 70
cerapoupg wonkddesrihattnsensradrhy reacting eelyisplirenyp spdcinis arhydpide and
hi gher nol ecul ar wei ght pol yet hyl ene am nes or
ethiyleteidippenizingol yet hyl ene am nes such that the average
nol ecul ar wei ght of the m xture is about 205 Daltons.
Al soCamoexylidedidvwintitie corhprendearanlss ugdulmitmo ga-coataming@mpounds
co-oligoners of a hydrocarbyl succinic acid or
foxprapdfin g @ic @b1bidalRAdpeaSEANI By inkBhtR. d9Pical ¢Tisich &dmpounds are

| east one
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
principal aliphatic chain and, if desired, having sufficient pendant aliphatic groups to
render the molecule oil soluble with an amine or a hydrocarbyl polyamine, such as an
ethylene amine, to give a mono or polycarboxylic acid amide. Preferred are those amides
prepared from (1) a carboxylic acid of the formula R2COOH, where R? is Cia0 alkyl or a
mixture of this acid with a polyisobutenyl carboxylic acid in which the polyisobutenyl

group contains from about 72 to about 128 carbon atoms and (2) an ethylene amine,

especially triethylene tetramine or tetraethylene pentamine or mixtures thereof.

18



10

15

20

tertiary amno nitrogen in addition to two or nore
secondary am no groups. Odinarily, this conposition
whamshoeeeen 1, 500 and 50, 000 aver age nol ecul apCTvesPN$/004262
A typical conmpound woul d be that prepared by reacting
pol yi sobut enyl succi nic anhydri de and et hyl ene
di pi perazi ne. Carboxylic acid am de conpounds are al so
useful nitrogen-containing conpounds for preparing the
col | oi dal suspensions of this invention, Typical of
suchABRhfrclata st el pHERgen-gerRinmgsAMPAUNYS &re ydrocatbyl
No. 3, 405, 064, the contents of which are incorporated
mepognaines i dwdipspiblrpolyamines, e snoshdisclased in el Rarent Yo.
prepared by reacting a carboxylic acid or anhydride or
3,634,676, theeroatehis diawhiahgpraincompamtedy refereabolerei®5The hydrocarbyl
al i phatic carbon atons in the principal aliphatic
giohp whietnid, préferabiguilkyd,chr olediviicrigiviigfoht of swit sifee off@izhturation,
al i phatic groups to render the nol ecule oil soluble

udiafl{ caiANTBS POt aBolt BID Q4B6IDYbmS @hy pldteisbly S hbagt Ato about
et hyl ene amne, to give a nono or polycarboxylic acid

200 L 0 AR A0 O
: 0al i hi ' i .
aéehia 2e %blylleaa{nggvowtgg%ﬂ{elﬁ%l%gla gle ?%@%gzﬂk%lgré@polyamne, such as

pol'yi's > enyI arboxy . f ] )
R VS B b iy GO e ST b (e e BE e

triethylene tetram ne or tetraethyl ene nt am ne or ..
2 RSP P RRo L ATBPYIEHe GiATAGE bi-Prrpaiegpdiamine, and the like.
ni t r ogen- cont ai ni ng conmpounds are hydrocar byl _
nonoXfi anethenplassipf dpelarBogensonipin eognpoandy, are theddannich base
di sclosed in U. S. Patent No. 3,574,576, the contents
cafiponnids hTkese compangosra peagpatsy frogf @plkanckor{ernei atkylptiesol, an
hydr ocar byl group, which is preferably al kyl, or
aldklefdenduch haformngideinde or farmeldshytde preefirsunsah as parafonmaldehyde,
usually contains from9 to about 350 carbon atons and
aid &f fhiabtoympied dhebhindOndybealasiio ctGR]yaatiikoimdalmios .

Particularly preferred hydrocarbyl polyam nes are
PRI pRep@fel from an alkylamine, such as methylamine or an ethylene amine,
such as, diethylene triamine, or tetracthylene pentamine, and the like. The phenolic
material may be sulfurized and preferably is dodecylphenol or a Cgg.100 alkylphenol.
Typical Mannich bases which can be used in this invention are disclosed in U.S. Patent
Nos. 3,539,663, 3,649,229; 3,368,972 and 4,157,309, the contents of which are
incorporated by reference herein.

Still yet another class of useful nitrogen-containing compounds are the
phosphoramides and phosphonamides such as, for example, those disclosed in U.S.

Patent Nos. 3,909,430 and 3,968,157, the contents of which are incorporated by reference

herein. These compounds may be prepared by forming a phosphorus compound having

19



derived, e.g., by reacting polyisobutenyl chloride and
a pol yal kyl ene pol yam ne, such as an ethyl ene am ne,
we2@s5/07erhyl ene di am ne, diethylene triam ne, PCT/US2005/004262
tetraet hyl ene pentam ne, 2-am noet hyl pi perazi ne,
1, 3-propyl ene di am ne, 1, 2-propyl enedi am ne, and the
i ke. Yet another class of useful nitrogen-containing
conmpounds are the Manni ch base conmpounds. These
conmpounds _are_prepared from henol _ or )
atégagg@gah’w IbEPnBey cam b%p@em@éfgr SERIea8Y FIFtRE RIvrphasus
or formal dehyde precursor such as parafornmal dehyde,
oxyehilogide anthrchydmepduhdiol mike pipsenee pROAFURRIT P ygeacting
pol yam ne and typi cal conpounds are prepared from an
pldskidrasdxyehloside withs difienétionalriecrndary aminearti/d wmneso-fnictienal
such as, diethylene triamne, or tetraethyl ene
aipimet ahiopRosphodntides chi keprefdred pheaalnganmatauiagd hydiocirdon
sul furized and preferably is dodecyl phenol or a
5 cEeBibuing @ahtkintrighesR b to 75(PérGadre MaBom &13mb ases ay il gdih@ade, be
used in this invention are disclosed in U S. Patent

pdRobutylerss) ipg@g?opﬁeﬁé];% tfee, Bndefe, I Rn&Adictle, 12buFe,

t
the content Whi ch are 1 ncorporated by referénce
4 BRI - penitenb) AROLA | itrogen-containi
W}ﬂ?}}o gr;} ens CoRt aéllx (r?]]?en g to rrg E B%JBE&E? géntt%zﬁ{ﬁ%g g% A g%néor%e% g%ntammg
and gos namnjdes _suc s, Lon exa %ﬁ . 1 hos .
oS eu R aE B RE B & il Gl g o 58 T s BiahiS Futgotyapine o
t contents of ich are.incorporated.by reference .
a‘h@ﬁ@?ﬁ‘?amfﬁee §%°?’@6¥‘$B’gﬁ‘?8 1 Ve g@“ﬁ’?@ﬁg%ﬂn ety eRetragune,
phosphorus conpound havi ngat | east one P--N bond. They
10 tetrgethplengpentgmingg and he lik&anpl e, by reacting phosphorus
oxychloride with a hydrocarbyl diol in the presence of
a noAoetheraass of bseful admigemgoptiomgtompgursie yasthidss thtesowiati¢d
a di functional secondary am ne and a nono-functiona
diaparsmat viktnsap halep ivopranerd €¢1 iopnovees) p TeganNddmpyovesacd ¢amgmonly
an unsat urat ed hydrocarbon conpound containing from 2
piePard® By Qinctiiizhg Ry droai®o® polghmet) esiecially ¥ @bRytee dexrived from
ethylene and/or propylene, optionally containing additional units derived from one or
15 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
oil additive to provide the compositions herein, as discussed hereinbelow, it can be
advantageous to conduct molecular modeling of proposed compounds for use in the
compositions (i.e., formulations) to determine which compounds may provide potential

20 leading candidate compositions. For example, calculations can be carried out involving
such factors as, for example, transition states, bond lengths, bond angles, dipole moment,

hydrophobicity, etc, of the compounds. Accordingly, the proposed compounds can be

screened to determine, for example, which compounds may perform poorly in an
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pol yi sobutyl ene, pol ypropyl ene, ethylene, 1-hexene,
1, 3- hexadi ene, isobutyl ene, 4-nethyl-I-pentene, and
wo bmslordees w th phosphorus pentasul fi de and a PCT/US2005/004262
ni trogen-cont ai ni ng conpound as defi ned above,
particularly an al kyl am ne, al kyl di am ne,
al kyl pol yam ne, or an al kyl eneam ne, such as ethyl ene
di am ne, diethylenetriam ne, triethylenetetranine
tetraet hyl enepentam ne, and the |ike. Another class of
oxjdaion mlﬂglt“PB BEIEBSHE 20 HPIRS 2RINHGURRINERqdiaieRerpXides. This can
so-cal |l ed di spersant viscosity index inprovers (VI
b eapries K $ying Knewe sofiwarerpich werfer exempleo Ry Yedwaiced
by functionalizing a hydrocarbon polyner, especially a
apdhyleonmdécdelrgd(San dneget Byliferrea)and/ or pr opyl ene,
optionally contai ning additional units derived from
one Suftwané oralte- dERipa v (St 1sbiadesasn bé ieyad desi@rthabiighalt i c
olefins or diolefins. If desired, prior to dispensing

5 cdi®ouad tdseisrhri@nNRAsdBsiBinpitfroanthe %reé(ﬁﬁ@ Exﬁéﬁﬁlehﬁbﬁﬂogﬁﬁﬂ(f)gThJs
oil additive to provide the conpositions herein,

sdftwidiSaar u'a@cr £l Jfé&é&}gﬁ debibn @éﬂm&}@n&%ﬁ%@&ms &d
conduct nol ecul ar eling of proposed conpounds for

)@)%ﬁmeﬂltalt fc Cﬁﬁﬂﬁ’&l&é Et%‘s% gl' ex erlmgn?efl :2%4@{ R ds t(ﬁther software

ermn I ch conpoun s y prov e poten

di,ng ¢ d|d te.,co 1,0NS.
ﬁ%lreg% gt an@@/ﬁe JTE B RaSeer o) %%'%ﬂsﬁ&%th?tad@ agyigh the
exa nsition states, d | en bond
Stﬁl‘fﬁ%’%  therorg ‘i?r CORY BP@W&}“ %"t‘”é angor feﬁ%“"“
conpounds Accordlngly t he proposed conpounds can be
10 capditiwameduchsorrelations s oftangefeard ﬁﬁﬂséQSfmsreTEWérs fQueHaive
may perform poorly in anoxidation inhibition process
Stupsure dictivitpBelatgns) pyajlable fromapedelryetSan dliegoe Cobtoonip)d éich
This can be carried out using known software such as,
QBAR eygamk ean Reahé used v clivesoftealet tn)desigraa';dbaéljuenn‘dompbund test
Accelrys (San Diego, California). Software for the
hﬁgﬁ@gmrﬁﬁ&@ﬁﬁhmhmgrarles can be used to design the

ori gi na
gThe use of such QSAR programs can add to the efficiency of screening. As more
15 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 described hereinbelow, and then further analyzed by way of, for
example, regression and analysis technologies, using known software, e.g., C>-QSAR
20 available from Accelrys (San Diego, California). In this manner, validation of the data
obtained from the molecular modeling can be achieved and then this data can also be

stored in a data collector. In this way, new compounds, conceived by one skilled in the

art can be checked by the QSAR software to predict their activity prior to their actual
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conmpound test |ibraries based on input fromthe
foregoi ng experinental progran(s). This software can
wheooased7s 0 efficiently design test |ibraries PEEUS2005/004262
cover the desired experinmental space and utilize
statistical experinental design nethods. O her
software can then be used to analyze the data fromthe
experiments and correlate that data with the structure
of the conpounds and/or conpound treatnment conditions
syaifesior Addisionslbn sechrsaftypisriecls Bax ke widlized tapriggiiedrlist of possible
often referred to as (SAR software (Quantitative
c@powodubengermsidetey fRelyathtsnia)sugvaivka tlaboter ssieddn Sleraptswill
(San Diego, California). Such QSAR progranms can then
hde ausgar pyobathibtysfof fused¢se t 0 desi gn subsequent conpound
test libraries for further screening. The use of such
QCARR ¢feRBIE X% t6 #1G A @n eRarbl€ o §yiskheiddyoidic the faepding .
As nore data is collected, these QSAR prograns can

5 ARSRIBERY Be ?Mdlﬁy sms&t:mcéewﬁ lr&@*)tﬁéleﬁ@ rge@éamslnustrated as
Ilbrarles W th increased probability for finding

sﬂ%ﬁ‘} 1;/0;1‘)2 &&gge%%ﬁm%thl%: %{ste?%&ho& fae B&Qfﬁ?@é‘{ﬁg %ore%omg

e fornmu into vari o

cc*rmotsﬁgp tg? {/)@éazl‘t}bgfs red eg’tcl:\gel t?§ geclggtagl 3! Q H{GSCI?)‘see% ‘ﬁhg -pending

ﬂ%&%ﬁﬁlé{bﬁ%@ Nl oet1D, B anRfopgyt 65 fiti

fornla his manner, validation of the data
“%Iﬁ%ﬂ“ HEPY HRUtT W@%Pe%m%l Oﬁé&éﬁ*%wﬁ QH- GOMIEIRJTONS

and then this data can also be stored in a data
10 FOBIC@MBINATORIARi IdBRARIER LY Wiotophengie! al.cod bevipgd chypmon
one skilled in the art can be checked by the QSAR
assigheavaitl theqregseridippticatios) the amttéms efywipehi are incorponaed by reference
actual synthesis. Additionally, such software tools nay
h&einutt ik toziecuriderspiold Qlfidt thiez@esant ingdntiod ispos Hinbtk@ tcbipgstatisind
bei ng considered for synthesis in such a way that one
thakbthtagstbis tAEoSdivisnkdl fRPYSidnd tHeTereg Fin® berpositiohs idthe

SuUcCCessS.
plurality of respective test receptacles.
15 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 so as to provide a
lubricating oil composition suitable for the intended use or application. As one skilled in
the art would readily appreciate, one or more of vessels 110 and vessels 120 can Be used
20 when dispensing more than one base oil and one additive, respectively.

Tubular line 111 is a conduit for communicating the base oil B to nozzle portion

113, from which it can be dispensed into a selected test reservoir, as described below.
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Referring nowto FIG 1, an exanple of a systemto

provi de the foregoing conpositions in the plurality of
WO e®peTRis/e test receptacles is generally il uBtT/ES®A5/004262

as system 100. Representative of this system and

met hod for providing the foregoing conpositions in the

plurality of respective test receptacles is one

di scl osed in co-pending U S. Patent Application Seri al

No. 10/699, 510, filed on Cctobher 31, 2003 and entitled
Theprappnt nRAASGAPJTsPRREDEFIETgrofpedbY ngsrRing KPR 1) which can be

COVPCSI TI ONS FOR COVBI NATORI AL LI BRARI ES" by
copputerrioatrglladt al . and having a common assignee with

the present application, the contents of which are

i ncoTpmdatlmed 1By isreedfoaden foe crmmanicating lubscatiog b additive A to

understood that the present invention is not |imted
nd21d forsorS 23t G6mandch 1ahn 4 diggensadsih@risselzated Bt reservoir, as

envi sioned for providing the foregoing conpositions in

dé0BbA BAIA.T The Shoun€sPREE b Gish&itd IsRIeRRhAed B$ metering pump 122,
Ceneral ly, vessel 110 contains a supply of the

whRh&ER! A b DS R Bn@didd! Riohftdr g&g&misweﬁs foyessel

120 contains a supply of additiv whi ch” can be any
atﬂgm ttﬂceap& %e?eq‘%l q%ed% lef Sﬁo&rﬁ? Efjlln JCIQ£IS ﬂpgzl &3515&% \Litﬂf"a
propertres o SR “base oil °so as 1o prOV|8e a

oH RS B A0 Bl e
readi |l y appreciate, one or nore of vessels 1%0 and

vessBp#lesid 3 aad 1 pbarg pedierahlain slosASRY spihat beseil B ard

base oil and one additive, respectively. Tubular |ine
additivg 4 can bosithyltencpuily dispensed Bzt e geseryeirp Ademativelp hage oil B

nozzle portion 113, fromwhich it can be di spensed
andiadditivesetanchesdquentitlly akled tothe testrssatest r Threrbzhes dld el 23

anount of base oil dispensed is determ ned by netering
cqrdomnplit@ a mwiiichnred pipbiee eraomp Lt eforeominpohdedtts. Tubul ar

line 121 is a conduit for communicating lubricating

oi | wEgdskal€1 M 4nd 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 inert material (e.g., glass, ceramic,

metal) having a plurality of recesses 132 for receiving the dispensed base oil and
additives. The recesses provide test reservoirs wherein each reservoir contains a

lubricating oil of a different and predetermined composition, i.e., the percentage and/or

type of base oil and/or additives in each composition will vary from one reservoir to
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nozzl e portion 123, fromwhich it canbe di spensed into
a selected test reservoir, as described below The
w@ewant2e§ base oil di spensed is detern ned byPeeUSI005IgP4262
punp 122, which al so can be conputer controll ed.
Comput er prograns and systens for automatically
netering predeterm ned anobunts of materials in
accordance with a presel ected programcontrol are
known in the art and can be used herein. Nozzles 113
angther Optignallypive reserBiry canbedndxiduplreseptrcley (%, Epidibashse
oil B and additive A can be sinultaneous|y dispensed
monntad tpst a vagls dnspendrof baing sgcasses ined ytockh A bilgfive Bsegweirs, ie.,
additive A can be sequentially added to the test
recesses 1A3ry 1326hB 2002208328, 1:8¢ dhtrdieBindd . ¢.omymusbenof reservoirs
mul ti channel pipette or one or nore syringe needl es.
cahite engicyelds Fodékaaiptt, 2 20x ediradyef wse@birpvesidur@mmodate 100
Optionally, nore than two vessels can be enpl oyed.

5 diFRERE B ARSI faﬂmlﬁtanesaﬁ@res UREs 4150 EdheenhpImed tHaPlinddd @ot
known and commercially available. In the event that

s 'ey%. %ésfg%vﬁqe}émahcd@m 3&}%& c%h lfns@ftecﬁﬁfé)'&béé?e% 1358 132,
use h

vessel s 110 and 120 an or the tubul ar 1 nes

1%%%5%: 135 &‘i@%&ﬁﬁ%@“@éﬂq shl OJ“ﬁ’%cﬂF" tate fluid
T k
%32 ¢ ﬁﬁ@?@aﬁlﬁ? iy icipled t%ﬁéiﬁggl?%veﬁy il by 3f° i
132
I R mRe B ST SeaP s vage ggg sy e
t est reserv0|rs wher ei n each reservoir contains

10 abqyb pP erkt Areigrably noomorg thrns goeriedty mh pesfesetd v ap 105t thad about 15

conposition, i.e., the percentage and/or type of base
mok¢ prafecibly nauhdiet thareaboirh] Gt indexshposd prifsrably 1d moeerthan about 5
fromone reservoir toanother. Optionally, the
nleservoi rs can be individual receptacles (e.g., test
tubes) mounted upon a rack, instead of being recesses
i N aThd RedranWi Joainfidkpers@fafoveled B13 dnd€123 are movable relative to
one another. Although manual movement of the apparatus by an equipment operator is
15 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
20 and/or vertically to accomplish positioning of the nozzles 113 and 123.
In a testing procedure, vessels 110 and 120 are filled with the selected lubricant

base oil and additive(s), respectively. The apparatus of system 100 is moved such that

dispensing nozzles 113 and 123 are positioned above and in alignment with recess 132a.
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recesses 132a, 132b, 132c, 132d, 132e, are illustrated
in FIG 1, any nunber ofreservoirs can be enpl oyed.
wao-enosexanmpl e, a 10x10 array of reservoirs woul BCT/US2005/004262
accommodat e 100 different lubricating oil formulation
sanples. It is also contenplated that |iners (not
shown), e.g., glass or netal such as alum num can be
inserted into recesses 132a, 132b, 132c, 132d, 132e
prior to depositing the lubricating oil conponents.
AThetered amQ i o4 basecd | ¢l ¢ meigred ampapt fcrddibivRdy e simultaneously
relatively small anounts of lubricating oil sanples.
dispenserhinsl recess 1324, The alespensengarordies | CaandgdA erctherpafivs
| ess than about 50 m, preferably no nore than about
repOsitibnedpe BE BY Memo;vitmme néttacceadbB2b ahd thel meterod @mounts of
preferably no nore than about 10 ml and yet nore

adti®feek aid/yr e B Bearé Hlangabiputcdaddiice withe préRterinirRaschedlle of
and di spensi ng nozzles 113 and 123 are novabl e

5 Virﬁhl@ﬁ LY thQ t%‘l%bﬁéh@ih@ 811 in AlctR QI LB Bre HIDERIR AL e Of

t he apparatus by an eqU|pnent oper at or |s wi thin'the
o\é tf%‘ﬁ’o?%il&lﬁ e ﬂthYﬁm fn%‘ces§ Pﬁ?t e teWaE e nozzles
mamm e novenent are preferre Ino e enbo

lf,igixlngb %tare]c sreguffné tal?f}(? aI:I 4% ﬁtgtrtﬁ% seuc s1v$re ésgs 2§hﬁ?(r)r én%gleﬂe

t uentl S|t|on a selecte nder the

syffeliarL s s § pRER Rt br9siSh g fﬁ odi ment

the nozzles 113 and _123, and optionally the vessels

110 Bhricongmnents & agdiByippietoraklyspmbingd @rtaﬁ reperyAigy by mixing, for
vertically to acconplish positioning of the nozzles
10 exabipla by agizgion|of the frams 1M gstplicooadng edividu slising pH thgwantents
120 are filled with the selected |ubricant base oil
ofithe raxeitbirs redchinical @s pegndtic stigring Y bebyaipibhling ths reskrvoyrstiéna
100 i s noved such that dispensing nozzles 113 and 123
g&); egphariogtlaned above and in alignment with recess
132a. A netered anount of base oil B and a netered
amougbtiGal1gdshisé biy 8 Nd ABELSS(EUA EAROsTAIned prior to dispensing into
the respective reservoirs. For example, a single dispensing nozzle having a mixing
15 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.
Referring now to FIG. 2, a system 200 for combining and dispensing a lubricating
oil composition is schematically illustrated which employs a single nozzle assembly 210
having an elongated injector portion 211 and a mixing chamber 212. The end of injector
20 portion 211 includes an opening 216 through which the lubricating oil composition is
ejected into the selected test reservoir.

A conduit 202 conveys a quantity of base oil B through a metering apparatus 201

and into mixing chamber 212. Conduit 204 carries a first additive A-1 through metering
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di spensed into recess 132a. The di spensing nozzles 113

and 123 are thereafter repositioned to be in alignnent
wowdk/ordres next recess 132b and the netered anoR@it/BESmH5/004262

additive A and/or base oil B are changed in accordance

with a predeterm ned schedul e of variation such that

the lubricating oil in recess 132b has a different

per cent age conposition of additive than that in recess

132a. The pattern is repeated as the nozzles 113 and
apparatis, 203 2ad ipp miang ghasmieg Ay Gortt OFe catiev e sespibadditive A-2

recesses 132c, 132d, and 132e so that_ each recess has
theoush serserEgAPnardtue dRpargd infoorixyTe dhambercdei il nly tyreadditive

conmponents A and B are preferably conbined in the
coramwens i b aix Ardl &tk slgpwit, dirshewdd rp biedergsgodaiatt aay inpmberf oftdifferent

frame 131, static m xing, individual stirring of the
adziixines ndrsbaoihdivivzall g aeteval in® themelakrasealbly? 1 (réfeahétering

stirring) or by bubbling the reservoir with a gas, -
afbaghtus 2011} 2039 efd 203dré e4vhlabipomatiesisy @hiroledasyctoadel dybtem(23)

A can be conbined prior to dispensing into the
whRA PRFELMS if@RRE Y HhiERprctiso¥ Al @ppdpSatd Blodramming and

di spensi ng nozzl e having a m xing J%anber can be used,

b i T S T

m%%%ileé %’Fi}"‘g%‘%f E) o%ér%ﬁ%o%\e/&logls 251‘? 2?5 EAC{]QSBnc%Wb% O %)I(Cg‘én ?, ng

SYs I 'nrng an ispensing a 14
oi |. conposition i.s schematjcally illustrated whic
i1y BT PGBty TGS LB BT o LSy ATP G e he
el ongated injector portion 211 and a_m xi ng chanher
compositipRe! diedulricating i tothe pyipg ehpmber 21y (fguleting the amounts
opening 216 t hrough which the lubricating oil
otthapepéctive hibrisatijnek eothponends tilge bass|odldd,and additives A-1, A-2, etc.)
reservoir. A conduit 202 conveys a quantity of base
neieredBniolthovealeaassamibdy 21y appar at us 201
Preferably the conduits 202, 204, and 206 are terminated with one way valves
207, 208, and 209, respectively, to prevent backflow of the mixing chamber contents in
the event that pressure in the mixing chamber 212 exceeds the pressure in the conduits.
The lubricating oil components can be mixed together by various means. For
example, mixing unit 213 can be a rotary impeller, or, more preferably, an ultrasonic
probe. Optionally, baffles 215 can be incorporated into nozzle assembly 210 for static
mixing of the components as they flow through the nozzle assembly.
In the event that high viscosity components are being mixed, a heating unit such
as coiled resistance heater 218 can be used to raise the temperature of the components

and thereby lower their viscosity to improve fluid flow. Heating units can alternatively

be convection units (e.g., hot air blowers), radiant coils, or conduction heaters, and can be
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and into m xi ng chanber 212. Conduit 204 carries a
first additive A-1 through neteringapparatus 203 and

WO 2d06/0792%8 ng chanber 212. Conduit 206 carries BCHESINE004262
additive A-2 through netering apparatus 205 and into
m xi ng chanber 212. Wile only two additive conponents
A-1 and A-2 are shown, it should be understood that
any nunber of different additives can be individually
netered into the nozzle asseanY 210. The neﬁer

used hest 48y pRatof thowysteaOangudipe the £emPARRTG SHAPHES(H: y\ 1, A2),
controlled by control system 250 whi ch preferably

thie gendyife §202, 294 260 Bie sratBimgBiPPHatup 203 pHle pP)athe mixing chamber
progranmm ng and control connections 251, 252 and 253

229 end/amthel imij &dripogiond@if (@ shewghal s to t he respective
nmet eri ng apparatus. Control connections 251, 252 and
253 Tlacohntsfof theanixing chambéreXiC e Bd mowogat theoalgh injector portion
pneumatic, or fluidic. The control system 250

5 2 Hiet e fdH eR @6iple Nipp SRR 8dstitcOforR b prdisuré bduirdeCRtIcAds @bprebsed gas.
the m xi ng chanber 212 by regulatlng t he anounts of

AE Hﬁnﬁ&n%ﬁ%&deVSné %’}5 {I:Q%s' 20 208' ar@f@%&%ﬁba&kﬂ&w of Bﬁ%@ntents
B, and additives A-l .) netered into the

m'EbofélE ﬁgrgﬁﬁ? 96‘%3 h¥4a 203 206 fﬁflﬁé&h}’e Mﬁﬁn ?ﬁ%"rﬂ&k 8%;%%%194

are térninated w one may val ves
Ct. . reve kf | ow.,0f
RSt tonimar oL et N RERRY RS ff ¥ o ek spurces
the m xi ng chanber 212 exceeds the pressur t
BBt D b b POBTE i 0 i soBh, Ba' 4205
t oget her by vari ous neans. For exanp m xi ng unit
10 PrpYiZle PHMPHE PEESFYE 43 POV ibe maé@nalSdhmu% Fbé spiefer abl y, an
ul trasonic probe. Optionally, baffles 215 can be
i ncoPpesrthe pluraling of mespsdcles Aswecipph proyided Lontaigingtlilricating oil
m xi ng of the conponents as they flow through the
comyritions slsepiiiality dffluidhenglarcan theabe hndived iferobsietspncy
conmponents are being m xed, a heating unit such as
p&Qirhmagke! Ght SictHbEf ﬂ%ﬂir&ﬁenﬁﬁ%erﬁlaﬁ ifdfudds edtingoa platadiey éthe

tenperature of the conponents

lubricating oil composition samples for dispersancy performance by any of a variety of
15 methods. Typically, the lubricating oil composition is combined with an oil insoluble

material, treated by heating to a predetermined temperature for a predetermined period of

time, and then tested for an indicator of dispersancy performance, such as, for example,

viscosity or spot spreading.

The base oil-insoluble material for use herein can be any polar, base oil-insoluble

20 material. Useful polar, base oil-insoluble material includes, by way of example and with

no limitation, sludge deposits, e.g., recovered used engine oil, natural soot, e.g.,

recovered used engine soot; synthetic soot, e.g., carbon black(s); varnish-forming

material; water and the like. Generally, carbon black for use as synthetic soot herein
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and thereby | ower their viscosity to inprove fluid
flow Heating units can alternatively be convection
waQeios®792e8 g., hot air blowers), radiant coil s, POI/US2005/004262
conduction heaters, and can beused to heat any part of
t he system 200 including the conponent supplies (B
A-1, A-2), the conduits (202, 204, 206), the netering
apparatus (201, 203, 205), the m xing chanber 212
and/or the injector portion 211 (as shown)
inglydeseany o1 gre Gpﬁ@qﬁlm%g}aléﬁamﬁwrmléy praAugsd Cﬁ%% élacks known to
through injector portion 211 by, for exanple, applying
ongrskiled i theagmUsefut exrbon adks urFCé@ePbtﬁ @Estnoa §mis e, demacs black,
gas. As nentioned above, one-way val ves 207, 208, and
e.208uper shrexidn fhacké (W)dﬂamhéligmﬁrasmnsfumm)(fimlé) W ankd Ufiagts
202, 204, and 206 if the pressure within the m xing
exthigich €imZck FERCeeks, fikefufiiaes @) blavkd, tdrmicliatecsmpéeliibiasion
Alternatively, the base oil and additive sources B,

fufhidce ARA Fi\b Rclesaind REmPFR TS oZBfhadd SR blables, FRHRI P@cessing
appar atus 201, 203 and 205 can provi de punping

%gﬁei %“%il:ﬁs hgrd@ﬁv&sglﬁgecﬁmﬁ& bl aks csma;&%htanﬁel $¥ekE hannel

Ity of receptac es been provi ded
t I i
bl%%“fs%m?gﬁ*a%g%?@%@at% B R b Byt o
f h th t
Gl Jalbe” besese a%?ﬁ%ﬁ‘ﬁlefv@wg Bt Mg e

conposi tion sanples for dispersancy perfornance by any
of a variety of net hods%ﬁ@@iﬁy, the lubricating
oi | conposition is conbined with an oil insoluble

material, treated AgTheati ng $i@faee predet er m ned
tenperature for a peﬁgﬁhsﬁn1n@é@9eriod of tinme, and
then tested for anp.nixgta9r @-37Hs53Persancy
performance, such as, for exanple, viscosity or spot
spreadi ng. The bask-1d0I - i nsol 126l e material for use
herein can be any ﬁolar base 0|I-|nsoluble materia
Usef ul pol ar, base HoF- i nsol ul% material incl udes, by

vmyofexmmleammgmh 111
N-339 95
N-330 83
N-550 42
N-660 35

In one embodiment of the screening method of the present invention, a soot
thickening test is performed in which at lest one base oil of lubricating viscosity is
combined with at lest one lubricating oil additive (preferably, at least one dispersant
additive) in a predetermined amount and composition percentage to provide a lubricating

oil composition. A portion of the lubricating oil composition is reserved for use as a
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no limtation, sludge deposits, e.g., recovered used
engine oil, natural soot, e.g., recovered used engine
wWGEoms/n7eyht heti c soot, e.g., carbon bl ack(s); PCT/US2005/004262
varni sh-formng material; water and the |ike.
General ly, carbon black for use as synthetic soot
her ei ni ncl udes any of the comonly avail abl e,
commer ci al | y- produced carbon bl acks known to one
skilled in the art. Useful carhon blacks include, but
cogpRariss sl efdiesh dibricqt ﬁ&&@mﬁp%w Bhedanengiggiiscosity of the
abrasi on furnace (SAF) bl acks, high abrasion furnace
fr¢sHABphliwokempleas messatadug 1Q¥EG by apcwiitpEmetisdacks,
fine furnace (FF) bl acks, internedi ate super abr asi on
fur FTB&pro(/idSAEbmbhraﬁKSteﬁm%plenénoﬂe't pbroibs bfighe lubritaie oil
(SRP) bl acks, nedi um processi ng channel bl acks, hard

cAMiRRDA i \braRangith DPrRGHSmikINMSInt Hh Bd38 Bﬂ%somb?&rlﬁ&enal

channel bl acks, |anp bl acks, acetyl ene bl acks, therm

5 foP Ie?aﬁqg[ile ¥ §?fntthgl?c ddok§ucRRd czﬂb&ﬂ ME&S tJ Qﬁﬁﬁ&f sooge@ %fe@lletemuned

surface areas of usabl e carbon bl acks are

Bk b e Rl e R0 S ) R By o
atg-gg 8’% to gbou{\h (? %C)byl\%gigkﬁ-ang re% ral%/% zﬁyoul\li ?0 a%oﬁtz 6 J’>|-‘t§5y6\961ght
based on the total weight of the Iubricating oil composition.
The base oil-insoluble material is soaked in the lubricating oil composition for a
10 predetermined time period, e.g., a time period ranging from about 10 hours to about 20
hours, after which the sample is homogenized for a time period ranging from about 30
seconds to about 3 minutes. Homogenization can be accomplished by, for example,
mechanical stirring or by ultrasonic agitation. The test sample is then degassed in an
oven for about 15 minutes to about 1 hour after which the kinematic viscosity of the test
15 sample is measured. The kinematic viscosity of the test sample is then compared with the
kinematic viscosity of the fresh lubricating oil comparison sample to determine the
percentage increase in viscosity. The more effective the dispersancy performance of the
test sample, the smaller will be the increase in viscosity as compared with the fresh
sample, because of the dispersancy of the polar, base oil-insoluble material. The
20 dispersancy performance results are then automatically outputted to a computer
controller.
In another embodiment of the present invention, a spot dispersion test is

performed in which, for example, a test sample is divided into two portions, each
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In one enbodi nent of the screening nethod of the
present invention, a soot thickening test is perforned
wo modoiehs at | est one base oil of |ubricating RPOBUSEDS/§4262
is conbined with at |lest one lubricating oil additive
(preferably, at |east one dispersant additive) in a
predet erm ned anobunt and conposition percentage to
provide a lubricating oil conposition. A portion of
the | ubricating oil conposition is reserved for use as
CORTYMBEr 108 B¥xrnapdenabeut P Prte Ry WEIgHY ¢fearticyiar i&%ﬁw Q1] on.
The kinematic viscosity of the fresh conparison sanple
compopiipsroadingd Wi AT by i g bea hise R dnsoidblemeteriglesuch
a conparative test sanple, another portion of the
a$, fibreixempliengsed iehgivo sipdesi dontamingsaboon?sio the dvenght kf earbonaceous
predet erm ned anount of a base oil-insoluble material,
nfatetiab XBongegportionS ¥ ptddeteimtinsdahowit ohdiaslledavdear(elgl, abdut 023
sinmul ate soot. A predeterm ned anount of the base
5 p&ttd) id 44ded. UBb1R pBBHoBE hrdlthdnm eni@&d MABPletpyk) d.g., six spots
ordinarily range fromabout 0.5 to about EO 96%y
[ r t :
s B e PR S AR R inesber R eRRR Qi etouraphic
i i1] =i - ial s
e 3T el bt bl BotBE Gl e oA LRI &) o those se
determined tinme period, e.g., a tine period ranging
ﬂ?ﬁ@ﬁﬁﬁ%out 10 hours to about 20 hours, after which the

anizad for 2o e nariod ranainag from
. LN I S T I T pPg e Tou 1 CATT L A ) LIS A LN}
about 30V§858h5§“¥0 about 3 fri nutes. Fbﬁ%@@ﬁyﬁ%ﬁion

Sp81taf‘— REoAGEMPRAtur 1€ DY, TOT BXgHIIIERodH teriipldtdbite

stirring or by ultrasonic agltation. The test sanple

Spbs2 + held atggas 2¢0EGC for abouoven | Bpot aboheld dtSaboutrRGOEE foabout 1
miaiest 1 hour after which the] kim@matic viscosity of

SpbiTe- heidta: SR DECHIERHEN 6. | IhR 6K! RENRLIbEuIOBECTbL dbout 10
nﬁgaeghe_test sanple is then caﬂmﬁﬁgd mnth the kinematic

VISCoUSTty of the freshtubricating ot —conparison

O SR OB RSB R ACEF oo
pgr?cgdf c?ff tpn?erj %.eg.,%{) t(g 'gb?out 48 hours, and rated by measuring the sludge diameter
(Ds) and clear oil diameter (Do) of each spot and calculating the ratio of the diameters
Ds/Do, i.e., measuring an outer diameter of each ring and an inner diameter of each ring,
calculating a ratio of inner diameter to outer diameter for the rings and calculating

15 dispersancy performance data based upon the ratios for the rings. The total of the ratio of

all six spots is an indicator of the dispersancy performance of the lubricating oil

composition test sample. The better the dispersancy performance of the lubricant oil

composition is, the farther the sludge will travel, and the higher will be the ratio Ds/Do,

up to a maximum ratio of 1. Such ratios can be derived by, for example, light
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test sanple, the smaller will be the increase in
viscosity as conpared with the fresh sanple, because
w@booshe2ds sper sancy of the polar, base oil-i nsedTIOE®05/004262
mat eri al . The di spersancy performance results are then
automatically outputted to a conputer controller. In
anot her enbodi nent of the present invention, a spot
di spersion test is perforned in which, for exanple, a
test sanple is divjded int ortians
UASEREBRE detAnHpRtion Shrougiihs |ﬁ§er BEGAMID0Y B K elidiagpitance
of a particular lubricating oil conposition conbined
detgrornaslion gEWIBMPRlr t s by wei ght of a base oil-insol ubl e
mat eri al such as, for exanple, used engi ne sl udge
cont lidedired, the mstxltmﬂ)tbg/mmb@ hf the bresent oveati@oeas be monitored
“material. To one portion, a predeterm ned anount of
froiingitrembedosativ g ri.e(, @ lgtatiomyhich iOndton giagct o) atilsastididedhal contact
Both portions are then honmogeni zed. Miltiple spots,
5 with ghe, syStbih opp@tifig the el dSIIPhieSin®dntidAC A @bl 16¢Rkios Bk be) Edt
be nade on respective pieces of a chromatographic

eXMRpR!, b @bntra® plhcessicbhtt® rs%ﬁéﬁ 8f roofWhith 8RLeM of f}fé%eltah Qystem for
certain conditions suc e.g., those set forth

usgﬁex%\fﬁ mmﬁor%%& Sorftfots tthg Emvéﬁ E&d? hd b8 &toq each of the
pre eterm ne BD

concentric rings for a perio
about .4 r and.rated b a
gt esniiag 38 oot G5B R RbeRE T 7333?“*“““
ch s o and calc at i t he t|o of e diameters
wiR PRaoe A sigARees Pl Hetea At chige dae A
and an inner dianeter of each ring, calculating

10 Whl&b ithy 1gfults 9f the oyipabns aell pp confiob soramands: @ay P%Pfaltsﬁé“ed are
rings and cal cul ati ng di spersancy perfornmance data

d upon the ratios for the rings. The total of the
ratio of all six spots is an indicator of the
di speispasayy dan repanmceachbf thheompdritiaatdesvgibed herein can be
conposition test sanple. The better the dispersancy
stpret 04 Fekivaalafatabhs tb phyvideadontidatorial lubricating oil composition
library. Alternatively, the system may be electrically connected to a signal data collector
15 comprising a computer microprocessor for system operation and control to collect the
data from the various tests over an extended period of time to compile the combinatorial
lubricating oil composition library. The database can be used to find optimum
combinations for a desired product stream, and can be particularly useful when the
desired product stream varies depending on market factors. When the product
20 requirements change, appropriate combinations can be selected to prepare the desired
product.

Relational database software can be used to correlate the identity of the

lubricating oil compositions and the analytical dispersancy data obtained therefrom.
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conposition is, the farther the sludge will travel,
and the higher will be the ratio Ds/Do, up to a
woreoosomazrs ati o of 1. Such ratios can be deri veRChyS2008004262
exanpl e, lighttransmttance determ nation through the
filter paper enploying known [ight transmttance
determ nation equipnent. If desired, the results of
the net hod of the present invention can be nonitored
froma renote | ocation, i a location which is not
Nifgeigios smmereiaily avalzble tehtiona dairbase fIEATe RTOEF e available,
system operating the nethod of the invention. A renote
for gxamplerran Prisde, Trigps, dMahyPxfordMeleatlan(" Cherpicalslgesign"), IDBS
control system or room which, as part of the overal
("dyavignBassl), almieothe'rseftwarermmdmsr s and controls the
systemas well as records the outputs of each of the
I esuRé¢laticrfal dhsbakesifisvabeisagrefatd¢d wpe oftdoftwlare fohiranagyg the data
it becones possible for Iess interaction with

5 oREINSP AN theReho8s Adsti@thertlin. t HOWRE, _&hz oortedre tHA€ is able to
system Suitable data lines, with which the results of

crell€ aOHeRidty mas” cW%IaJ:h (?ﬁh&&ﬂiﬁt'f\%ls afrP ftlongr@éécﬂ?@ed herein and

transn1tted are known. Dispersancy data regarding
cR Bl G BRR PR AR e ilédépa?%dﬁ%ﬁ R SRRy

oSOkt ‘#:@@3@4 R SR B e

connect ed to a signal data collector conprising a
aIi‘:orrputer m croprocessor for system operation and
control to collect the data fromthe_ various test
10 over While e abauedespantionFopiring maay speciinspihpss sperafics should not be
conbi natorial lubricating oil conposition library. The
cahatradsbasdingisationeofitbe thversion; bl nepely asiencowphibications ohprefesred
a desired product stream and can be particularly
etib&fitkentedtereof hBordsampleddigpeociucy testts pthamhamtlioss described herein
dependi ng on market factors. \Wen the product
cAnEUIsEE RpIb GIdE Bi@ﬁ@‘&ncﬁﬂﬁﬁ Ethepl@rali 6T A rEMRSMPRE tdsRd.
selected to prepare the desired

Those skilled in the art will envision many other embodiments within the scope and spirit

15 of the invention as defined by the claims appended hereto.
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product. Rel ational database software can be used to

correlate the identity of the lubricating oi
wa@eupo®2t8 ons and t he anal ytical di spersancy dBtEUS2005/004262

obt ai ned t herefrom Nunmerous conmercially avail abl e

rel ati onal dat abase software prograns are avail abl e,

for exanple, from Oracle, Tripos, ML, Oxford

Mol ecul ar ("Chenical Design"), IDBS ("Activity Base"),

n%, t he ftware vendors. Rel ational database
I3t eferred type of software for managi ng

t he data obtained during the nethods described herein.

Howdv &k methag farsrieoripg lubRattingilagmposigon pasaples for digpgreangy

map" of each of the additives and conpositions
pedesuancheddérgregramanntra osangirising: t hat i nformation with

the information obtained fromthe di spersancy

nmeasa)rpeoeding aphnalitg ofiéfdrenT ubacdtinpeilebmpoditiovasaenplss, each

wel | known to those of skill in the art. Wile the
saRPR\BNBESIA (iPh nfbraaduad dTt ad Yns pae ofliof ubrich@geviscosity, (ii)

specifics should not be construed as limtations of

a thid®r ARMERbE ANeasPétle IR G@LiNg 63 ?&awa&nhf(ﬁs alprQRErAlned amount

preferred enbodi nents thereof. For exanple,

<ﬁQhﬁﬁﬁﬁﬁﬁgﬁ%mE§§&§mPFher t han those descri bed herein
can

e used to provide dispersancy data for the

lurgality of different sanples tested. Those .skill ed

P Rlbdgbtly b WlsFEF R RETRnGRed b en SAPRE B BRuE, |

t he s.ogﬁgand sgirit of t%ﬁ I nvention as defined by
COPRSPORYIRE AiSPLRATSH BEEOHERET LIRS ®do A MED 1S 1. A

nmet hod for screening lubricating oil composition
sanpPeitpgingdhe prsplepieiEPRY f or mance, under program
control, conprising: (a) providing a plurality of
different lubricating oil conposition sanples, each
sanpl e conprising (i) a major anmobunt of at | east one
base&. dite nafthddutfrclatratli whereingbobast pil i a ngtural 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 an

ashless dispersant.
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a mnor anount of at |east one |ubricating oi
additive and (iii) a predeterm ned anount of a base
w@edosioreed ubl e material; (b) neasuring the di SPET/BEs2005004262
performance of each test sanple to provide
correspondi ng di spersancy performance data results;
and, (c) outputting the results of step (b). 2. The
met hod of claim11l, wherein the base oil is a natura
or synthetic oil. 3. The nethod of claim1, wherein
t he %t Thegnethodefeclainh, imhareimige disperaandistselgetefl droguthe grasg
fromthe group consisting of antioxidants, anti-wear
comgetingsof nebtabyylirma succinusthyidnddsbigromigrogaiedoateimpe degemntives of a
demul si fyi ng agents, netal deactivating agents,
pdlyalictlérersuamnic inleydside;pohasic pitragen deppasigalested from the group
anti foam ng agents, co-solvents, package
coneisia dfiButdisiatides, ©AOx9BE¢ aid hifkies iy BroSarbaisibmisnines,
di spersants, dyes, extreme pressure agents and
5 h%d%ﬁy??ol&ﬁﬁfn@@,fMarﬁ‘lich__BQ&sﬁﬁfoEﬂﬂn%d‘éé,thﬁbﬂqspwﬁﬁﬁ’de@ and -
the at least one lubricating oil additive is an
ok RoE] SRR e bR LR ORI v
of pol | epe .hic.anhydri s .hon-nifro
orsn e R oral R/ By e B R0 Rk i ene
nhydri de; basi.c. nitrogen conpound sel ected fromthe
a5 PosHEs i HE B BT RIS D10k boxy ! | ¢ aci d
am des, hydrocarbyl nonoam nes, hydrocar byl
pol yam nes, Manni ch bases, phosphonam des,
t hi ophosphonami des and phosghoranides, t hi azol es,
o 11 deTeselbeshol aror s whRiceTihe bereailrinsolehle bwjepiakisa polar, base
ester with one or nore additional polar function,
oibowalublemus¢rial.r eat ed succi ni m des, ethyl ene carbonate
post-treated succini m des and m xtures thereof.

7. The method of claim 6, wherein the polar, base oil-insoluble material is sludge.
15 8. The method of claim 7, wherein the sludge is recovered, used engine oil.
10. The method of claim 7, wherein the step of measuring the dispersancy
performance of each sample comprises measuring the kinematic viscosity of each sample

at a predetermined temperature.
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6. The nmethod of claim 1, wherein the base

oil-insoluble material is a polar, base oil-insoluble
woredosoials 7. The net hod of claim6, wherein tPer/psioaso4262

base oil-insoluble material is sludge. 8. The nethod

of claim7, wherein the sludge is recovered, used

engine oil. 10. The nethod of claim?7, wherein the

step of neasuring the dispersancy performance of each

sanpl e conprises neasuring the kinematic viscosity of

eachl 1s dhgmesthad of clpira d 8y %‘th?rﬁéalpflélﬁﬁ:er ature.11. The

met hod of claim 10, further conprising: providin

cor r popind aegresnobding utirivgting il eoprneeision FAerenesf serr@??@e

sanpl es containing no base oil-insoluble material;
comeasug nabast bd-ikdohsbhamaterisl; scosi ty of the corresponding

reference sanples; and determ ning the percentage

di f fre¢aemixgs thekivemntid Viecdsitpentht terrash&aigy fefer@ice dfples; and

| ubricating oil conposition sanple and the

COr rREPRMMg e betBért £t difigteRtiel be RN S Kih@MaticRARLLARCH the

sanple. 12. The nethod of claim1l, wherein the base
lu%éatihg;%@ 'c:b&Qbfsiti%ts%ﬁlbl@ anli $hed@8§ioRdink T@Hch g ST Btbosition

consisting of natural soot, synthetic soot,

Lsh-fiormng material, water and m xtures thereof.
IE%%%Egﬁgmﬂéthod of claim®6, wherein the polar, base

oil-insoluble material is selected fromthe group
consi sting of natural soot, synthetic soot,

varni_sh-form ng terial, water and.m res thereof.
Ta Vohdparethod DT drgit Uleise i iR lggterial s Selected
oil -insoluble material is natural or synthetic soot.

from the group consisting of natural soot, synthetic soot, varmish-forming material, water

and mixtures thereof.
13. The method of claim 6, wherein the polar, base oil-insoluble material is
selected from the group consisting of natural soot, synthetic soot, varnish-forming

material, water and mixtures thereof.

14. The method of claim 12, wherein the base oil-insoluble material is natural or

synthetic soot.

15. The method of claim 14, wherein the synthetic soot is carbon black.
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15. The nmethod of claim 14, wherein the synthetic soot
is carbon bl ack.16. The nmethod of claim 12, wherein
wo bmssrep of nmeasuring the di spersancy perf or nBEESIN5/004262
each sanple conprises applying to a respective piece
of a chromat ographic material at |east one spot of
each sanple, permtting the spot to elute into
concentric rings, neasuring an outer dianeter of each
ring and an inner dianpeter of each ring,. calculating a
Fat 116 8?16 Pieiod adclairad &r Whegelp theeyterif ppapwingstay dispigsancy
rings and cal cul ati ng di spersancy perfornmance data
pepfagaance pbeach semplgep@Brifes ApRIHBE 9 PEpsPectiye PIppROfAt hod of
claim16, wherein the step of neasuring the outer
cheinaategrephiomatssighat l¢asicpna mpbottoli eadhrsampledpamattiog thefspettolglute
ring conprises transmtting a |ight through Iight and
inaokceatreamgef médserigdarosmdraiipnagddyi of et rérg aald.an igher daeneter of
met hod of claim 12, wherein the step of neasuring the
cath SRE caRMaNnPLIAieofRmeEdioheteA®busR ARinftdr FoIthe §8Ss and
dividing the sanple into first and second portions,
caﬁqmiﬁg dﬁp&Eﬁ@?b@ﬂfJﬁrﬁﬁ& BRPHREd AfonWRd Rifiod Rr tR&imgCcONd
portion, applying to respective pieces of a
chromat ographic material at |east three spots of each
of the first and second portions of sanple, heating
sel ect spats, .o, a edeterm ned t eratuyre for..

o eddt arsT et st PeBn Thr b MR R b el e pger of
lute into.congentric.rings, nmeasuring an oute .
catl B} ho NG UAMEER Gf AR B CTPRIGES BRETEE et teyeh light

ring, calculating a ratio of inner dianeter to outer
angidarkeareas of ge ohrpanatogiydiamatetidl cul ati ng di spersancy

performance data based upon the ratios for the rings.

19. The nmethod of claim 16, wherein the

chromat ographic nmaterial is filter paper.20. The

met H8d ThE nesttaidrof tlaimb 2y wehenein e steplufingeaturimg thé ispersancy

conposition sanples have a volunme of no nore than
pedflofitidncb Of &dch s@hple Thmphids dbdding thelsainple into g agd Becohé portions,

| ubricating oil conposition sanpl es have

adding a predetermined amount of water to the second portion, applying to respective
pieces of a chromatographic material at least three spots of each of the first and second
portions of sample, heating selected spots to a predetermined temperature for a
predetermined period of time, permitting the spots to elute into concentric rings,
measuring an outer diameter of each ring and an inner diameter of each ring, calculating a
ratio of inner diameter to outer diameter for the rings and calculating dispersancy

performance data based upon the ratios for the rings.

19. The method of claim 16, wherein the chromatographic material is filter paper.
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a volunme of no nore than about 20 ml. 22. The nethod
of claim1, wherein the lubricating oil conposition
wa200pher7have a vol une of no nore than about 1BCTIS2083004262
The method of claim1, wherein the lubricating oi
conposition sanples have a volunme of no nore than
about 10 m . 24. The nethod of claim1, further
conprising the step of honbgenizing the sanples prior
to nmeasuring the dispersancy, performnce. 25. The
met s O re%hwdﬁfz«&amwh athgiept the Bibgicmesy! ogmegitian saprjes have
the sanples is perforned by nmechanical stirring. 26.
a Tlemgef hothoos that abowt Xmlwherei n the step of
honogeni zi ng sanples is perforned by ultrasonic
agitation.27. The nethod of claim1, wherein the step
(c) of automatically outputting the results of step
(b) Zlorfite risakodafityamt 1, ndetelrethe lubpiestigruilcopgofidomeamyes have
data of step (b) into a digital signal and sending the
a 18k aF ns h@béthak boait DO g&ll.opr ocessor. 28. The net hod of
claim 26, further conprising the steps of conpiling
t he di spersancy performnce data sent to the
m croprocessor in an electronically stored database

and r re [ i j
o | Ponneati P%cﬁ@ﬁ LT HeSy P IR @l bh Eiph Bohave
erei the a% gas E | ubricating oil additive
P?ﬁ@ ne Bieps franasayt &?Fﬁent oil. 30. A systemfor
screening |ubricant performance, under program

control, conprising: a) a plurality of test

rece tacles each receptacle containing a different
| ubrik a}hmgethod of claim 1, wherein the lubricating o1l composition samples have

a volume of no more than about 10 ml.

24. The method of claim 1, further comprising the step of homogenizing the

samples prior to measuring the dispersancy performance.

25. The method of claim 24, wherein the step of homogenizing the samples is

performed by mechanical stirring.

26. The method of claim 24, wherein the step of homogenizing samples is

performed by ultrasonic agitation.
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oi | conposition sanple conprising (i) a mgj or anount
of at | east one base oil of |ubricating viscosity,

W@ eoop/0202m8 nor anmount of at | east one | ubri catiPgr/os1005/004262
additive and (iii) a predeterm ned anount of a base
oil -insoluble material; b) receptacle noving neans for
i ndividually positioning the test receptacles in a
testing station for nEasurenent of di spersancy

performance of th resp ctlv
for Heasifrmeigod ‘Pfé’?% % P%We@a%?a)ﬂmétpumng the

sanple in the testing statlon to obt ai n di spersancy
regelfstad sipR NP onmrisesLo8Eiing b digpemanch pedermpnes dateof %@p (b) into
transferring the di spersancy performance data to a
a digitplsignal aslrsending the digital Sigeal s mearemrbcastai m 30,
wherein the receptacl e noving neans conprises a
novabl e carriage. 32. The system of claim 30, wherein
the receptacl e noving neans conprises a robotic

as s exd| PheltasthstDofaldI@\BDIEthal donfpRisingtIRksNEPIBf aoElpikaY ithey
a sel ected individual receptacle. 33. The system of

diSpetait PPorfMGER (fdtat SRRt b YRR el I dIBABRically stored
conprlses means for agitating the test receptacles.

datsbasd R sc’rL %fhgfelﬁ%hm 3ty %Mliﬁe 'hfbrl%m 51F§&mp051t1 n library.

receptacle ar code a to an outer ‘surface
t hereof . 35. The system of claim 34, further
conprising a bar code reader. 36. The system of claim

nat Ao B HRRE lperearyn e pad Bhitaling oy afolede °

wherein the at | east one Iubrlcat|ng oil additive is
further comprises a diluent oil.

30. A system for screening lubricant performance, under program control,
comprising:

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

b) receptacle moving means for individually positioning the test receptacles in a
testing station for measurement of dispersancy performance of the respective sample;
and,

¢) means for measuring the dispersancy performance of the sample in the testing
station to obtain dispersancy performance data associated with the sample and for

transferring the dispersancy performance data to a computer controller.
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selected fromthe group consisting of antioxidants,
anti-wear agents, detergents, rust inhibitors,

walehwaning agent s, denul si fying agents, metal PCT/US2005/004262

deactivating agents, friction nodifiers, pour point

depressants, antifoam ng agents, co-solvents,

packageconpati bilisers, corrosion-inhibitors, ashless

di spersants, dyes, extreme pressure agents and

m xt t hereof. 38, The system of claim 30, wherein

the S TheIse ML oD RPCHRarAl U TFeRipg|e Pyang Giegss comprises a

ashless di spersant. 39. A conbinatorial lubricating
mgyableeAHieesi ti on i brary conprising |ubricating oi

conmposition dispersancy data for a plurality of

different lubricating oil conpositions conprising (a)

a maj or anount of a base oil of lubricating viscosity

and Id)Tletsybtemsif clane 3D welidréia thengeepidcleadaliitg means comprises a

robotic assembly having a movable arm for grasping and moving a selected individual

receptacle.

33. The system of claim 30, wherein the receptacle moving means comprises

means for agitating the test receptacles.

34. The system of claim 30, wherein each test receptacle has a bar code affixed to

an outer surface thereof.

35. The system of claim 34, further comprising a bar code reader.

36. The system of claim 30, wherein the base oil of lubricating viscosity is a

natural or synthetic oil.

37. The system of claim 30, 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
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compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.

38. The system of claim 30, wherein the at least one lubricating oil additive is an

5 ashless dispersant.

39. A combinatorial lubricating oil composition library comprising lubricating oil
composition dispersancy data for a plurality of different lubricating oil compositions
comprising (a) a major amount of a base oil of lubricating viscosity and (b) at least one

10 lubricating oil additive.
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