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discrete organic molecules in the pursuit of new drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating |
collections of diverse materials or compounds--commonty 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.
Additionaily, thg 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.
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phosphorous and sul fur content of lubricating oil o
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det ermi ne whi ch conpositions may_be useful .
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changi ng custoner needs also drive reformulation
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exanpl e,
decrease the amount of phosphorous and sulfur in lubricating oils still further, thereby

meeting future industry standard proposed phosphorous and sulfur contents in the engine
* oil while still retaining the oxidation or corrosion inhibiting properties and antiwear
properties of the higher phosphorous and sulfur content engine oils. In order to |
accomplish this, a large number of propoéed 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, hydratﬂic fluids, gear oils, marine cylinder oils, compressor oils,

refrigeration lubricants and the like,
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transm.ssion fluids, hydraulic fluids, gear oils,
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Accordingly, it would be desirable to rapidly screen a plurality of sample
‘canﬂidatb IubﬁCatijlg oil additive compbsiﬁons and lubricating ol composiﬁoﬁs E
c_ontaiiiing such lubricat:iﬂ;g oil additive compositions for storage stability wiilizing small

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

& vast number of diverse compositions can be achieved to identify which lubricating oil

additive compositions and lubricating 011 compositions containing such Iubﬁcaﬁng oil

additive compositions are compatible and therefore stable.

SUMMARY OF THE INVENTION

A high throughput screening method for determining lubricant performance is

provided herein.

In a first aspect of the present invention, there is provided a method for screening

lubricating oil addifive composition samples, under program control, comprising



A high throughput screening nethod for determning

| ubricant performance is provided herein. In a first
aspect of the present invention, there is provided a
" method for screening lubricating oil additive

conposi tion sanples, under programcontrol,

conprising 3 (a) providing a plurality of different

| ubricating oil additive conposition sanples

conprising at |east one |ubricating oil additive, ,

each (@hprpVidingsiphgality of diffspaidubrieitiogeil addigve St drYsamples
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conprising the steps of. (a) proyiding a plurality of
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(c) neasuring the storage stability of each sanple

to pfovide storage stability data for each sanple;
“and, foorgﬁ{}ii}d{’i?]? e Ixelosed embodiment, a high throughput
method for screening lubricating oil additive composition samples, under
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results of step (c). In a second aspect of the

present invention, -there is provided a nmethod for “
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m nor anount of at |east one lubricating oi

addi.tive, each sanple being in a respective one of a
plurality of test receptacles; (b) maintaining each
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. statl on for rreasurerrent of storage stability in the
rewheetsidchanpl e; c) means for measuring the storage
stability in the sanple noved to the testing station
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. comprising (i) a ma_]o}: amomnt of at Jeast one base oil of lubncatmg v:scosﬂy and (ii) a
minor amount of at least one Inbricating oil addltwe each sample being in a respect[ve
one of a plurality of test receptacles;

(b) maintaining each sample at a predetermined temperaturs for a predetermined
time;

- (¢) measuring the storage stability of each sample to provide storage stability data

for each sample; and,

(d) outputiing the resuits of step (c).

In another disclosed embodiment, a system for determining lubricant performance is
provided comprising:

a)a pIurality of test receptacles, éach receptacle containing a different Iubricating

oil additive composition sample comprising at least one ubricating oil additive:
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Various enbodi nents are described below with
reference to the drawngs ( wherein: FIG 1 is a
scheEmtl c di agram oﬁ a systemfor preparing a
of different [lubricati ng oil additi
ﬁb%@%l%%(ﬁosns and/or |ubricating oil conpositi or?sGTfUSZOWG%STS
FIG 2 is a schematic diagramof a systemfor
nmeasuri ng storage stability of a plurality of
sanpl es of different lubricating oil additive
conpositions and/or lubricating oil conpositions; 5
FIG 3 illustrates a test receptacl.e havi ng a bar
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FIG 4 1s a schematic di agram
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one I rlcatlng oil additive is introduced in a

pl ur aI teyenstele mepEemsses fadndividuaytmetiosing osaid bt 8&pBcles ina
receptacle contains a different

testmg station for measm‘ement of storage stability in the respective sample;

¢) means for measuring the storage stability in the Simpie moved o ﬂ:e testing
station to obtain storage stability data associated with said sample aﬁd for transferring
said storage stability data to a computer controller, wherein said co;puter controller is

operatively connected to the means for individually moving the test Teceptacles

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described below with referem‘:e.to the drawings

wherein:

FIG. 1 is a schematic diagram of a system for preparing a plurality of different
Inbricating oil additive compositions and/or lubricating ol compositions;

FIG. 2 is a schematic diagram of a system for measuring storage stability of a

plurality of samples of different Iubﬂgatiug oil additive compositions and/or lubricating

oil compositions;



| ubricating oil additive conposition having a
di fferent conposition dependi ng upon the percentage
anounts and/or types of the additives conbined in
each receptacle. Aternatively, varying quantities of
at | east one base oil of lubricating viscosity and
at least one lubricating oil additive are introduced
in a plurality of respective test reservoirs so that
each reservoir contains a different |ubricating oi
conpo%héion having a different conposition depending
upon Pilusentogestasipiich Rk, fhe .
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nodi fiers, pour point depressants, antifoan ng

agent s, co-solvents, package

5a



conpati bilisers, corrosion-inhibitors, ashless

di spersants, Ydyes, extreme pressure agents and the R

|i ke and mixtures thereof Greases will réquire the '
WORIP43%630f appropriate thickeners. A vari et yPGT/USHN94/035878
“additives are known and conmercially avail able. These
~additives, or their anal ogous conpounds, can be

enpl oyed for the preparation of the various

| ubricating oil additive conpositions and | ubricating

oi | conpositions containing such additives herein.
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Piraliyy ¢l FepReCq tesfAgrepiaglas sbibat cash reseptacis contains adifgeent

Ww,. % preferably fromabout 10 wt. %to about 50
higricating oglfadgitive tompepiiondhagingia differes) conBukitiab depending upon the

diluents for the concentrates include any inert
Patdniageamopnis faed/ablypesaf the ddditives vbmbinad imgucl rseptatiey

such as, for exanple, a base oil as described

her eAhdrektwly, varyidpajuaitittes 0O BICekt b3 BasBBH op fubkRAsid Viscosity

mxed wwth lubricating oils to prepare |ubricating
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[ubricatihg

be used as diluents can be any oil of
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2, g’é’gl -tert-butyl-p-cresol and 2, 6-di-tert-butyl-4- '
reggdingthg counosibioh Rbeach spmBlsre stargr inp deta librirni Hep procedure is
materials, e.g., sulfurized olefins or esters and ,
advprdageorely aprpnimlinhedrimden tregranrf confolMBd20 B¢ 4B6@ntrolled by, for
PCTI US2004/ 035878
example, 2 microprocessor 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 Iubricating oil additive compositions or lubricating .oil
compositioqs is automated and controlled by a microprocessor or other computer control
device.

The lubricating oil additive compositions for use in the high ﬂaroughput screening
method of this invention include at least one lubricating oil additive. Such additives for
use herein can be any presently known or later-discovered additive used in formulating
lubricating oil compositions. Tﬁe lubricating oil additives for use herein include, but are
not ﬁmited to, antioxidants, anti-wear agents, detergents such as metal dete:fgents, Tust

inhibitors, dehazing agents, demulsifying agents, metal deactivaﬁng agents, friction



Exanpl es of antiwear agents include, but are not
limted to, zinc ﬁzalkyldithiophosphates and 'z{ nc
di aryl di t hi ophosphates, e.g., those described 4 n an
WO2004498y Born et al. entitled "Rel ati onshi p ¥El/vE0mM/035878
Chem cal Structure and Effectiveness of Sone
Metallic Dial kyl- and Di aryl -dithi ophosphates in
Different Lubricated Mechani sns", appearing in
Lubrication Science 4-2 January 1992, see for
exanpl e pages 97-100; aryl phosphates and phosphites,
sul.fur-containing esters phosphosul fir conpounds,
mcH. R RO ARESSaRiE B loarBiE AR RS, corsaiiontE BASKAEA Ky |
sulfides and the |ike and m xtures thereof. Exanples
cogpatiifigsry cqtresipprantybitors, mghless dispearstnts, idyps, ewtrerae pressure agents
overbased or neutral detergents such as sulfonate
- and gheclilpeamd gnixpirep thenehb sGrepsel will requiraithie\atditien pé aprepriite
fumng sulfuric acid; phenates (high overbased or
thickenersv X barsatd pf thei aghiitiverarb ksech pldepainterciall av-albis, These
phenol ates, salicyl ates, phosphonates,
adtiifiives) bo gRRAMOBSus dofiotndsy EdneleRiHlSyed T8k the B&ghﬂaﬁ& &le
m xtures thereof. Low overbased netal sulfonates
vakiYid lﬁﬁilééa‘ﬁng %ﬂ%&ﬁv@%@fagm aﬂdjg@f}i&?@%r%ﬁ)a on togl%gﬂgt containing

about to about 30 and prefera

mﬁPQ&G}mv?e? reinow over based netal sul fonates and neutral
nmet a suP?onétes are well known in the art. Exanples

g];nir‘%{ ! Iu@%g?%jéli}c:ggﬁéu g%tgv%zsg ’%glg_ n. Ter cl',oln% ggihtle?ﬁ oil to
ol yoxyet hyl ene | auryl ether, polyoxyethyl ene higher
f‘}‘g’P %Pl‘ﬁ{méet doBpentisds. y@%@?%?%?‘gﬁ?s %WB’M\%Q at dqapiefpom about 90
pol yoxyet hyl ene octyl phenyl ether, pol yoxyethyl ene
Wigt 1 [abautd Qrwi ande?rseferﬁblyy%o@ ey P8 . %ltegbows A avt, %, of 2
pol yoxyet hyl ene sorbitol nonostearate,
dilperityihepd tfitopt ghoet $0miti %dd aouh B IVe 86, aqyrefaratilypbdry abdut 116 Re. % to
gl ycol rmonool eate; stearic acid and other fatty
abauti SOsyt. Yi, ofithe dutplbing addities(s)nSifiible Gipsis hatte YoRsehllates
am ne salts; netal salts of heavy sul fonic acid;

. inddetdn@inct iR @K lpkFerdiBlydn QP TubPbatRR WKLY Such 8b, 38N 8kimple, 2

phosphoric esters; (short-chain) al'kenyl "succinic
ba@iflss deRHel BbrefHefilv, sb ARE #R oA rate may be readily mixed with
Iubricating oils to prepare lubricating oil compositions. Suitable lubricating oils that may
be nsed as diluents can be any oil of lubricating viscosity.

Examples of antioxidants include, but are not limited to, aminic types, e.g.,
diphenylamine, phenyl—alph;ci-napthyl-amjm, N,N-di(alkylphenyl) amines; and alkylated
phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl
phenols such as 2,6—di—t¢rt—buty1phenoi, 2,6-di~tert-butyl-p-cresol and 2,6-di-tert-butyl-4-
(2-octyl-3-propanoic) phenol; sulfur-containing mateﬁals, e.g., sulfurized olefins or esters

and the like and mixtures thereof.
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ni t rogen- contiai ni ng derivatives thereof;}synthetic -

al karyl sul fonates, e.g., netal dinonyl ndpht hal ene )
WO HHA8s: and the |ike and mi xtures thereof . PCT/US2004/035878

Exanpl es of friction nodifiers include, but are not

limted to, al koxylated fatty am nes; borated fatty

epoxi des; fatty phosphites, fatty epoxides, fatty

am nes, borated al koxylated fatty am nes, netal

salts of fatty acids, fatty acid am des, glycero

esters bor.ated gl ycerol . esters; and fatty .

i P 2L ALV e SEPTS o b0 So pLPBHEd fgp zinc

6,372,696, the contents of which are incorporated by
diallyidiiinpssrites 1d 7nG Grpylithiephesphates eabithpsealgscred in an

reaction product of a C4 to C75, preferably a C6 to
arigla by Bewn srebenpitled 'Sieigiopship bgween Clxzoicalf Sttitcjura end

ester and a nitrogen-containing conpound sel ected
EffectinenekeofgiomeMetatinshitkyhgné Dianhditiiephogpithtarin Different

al kanol am ne, e.g., those disclosed in U S. Serial
Liboicated Medfiayshi), afpehf iMinbHicatBn S2R08 4-2IRmeGRRI SN See for

of which are incorporated by reference herein, and

exfaﬂ@lid il SOk ﬁﬁ&%hﬁt@@ﬁxﬁ%osﬁhm (Q)Gatalmn% e?t%rs,

an oanmi ng agents include, but aré not Timte

pHRSIRS SRS c@fx‘aeﬁjﬂﬁ},‘,l me?&r@@ﬁ{&}éi &ﬁlﬁb%d?&ﬂ:{{%f ianoﬂreﬁgsr, glioyl sulfides

dinet hyl s cone and the e and m Xt ures

fi.ashles i'spersants include, but are not
EDF’WS?E?C, x'ﬁbﬁbﬁ?%f‘rjene succi ni ¢ anhydri des;
non-ni troge ont ai ni erivatiyes of a
oot JArRpRE T ariebds et pimionomiad o Sremaed s getrl
conpound sel ected fromthe group consisting of
defergeats speh,asdulfonats deferggnts ce- g cihaseanrdedom alkyt beraetryand fiming
nmonoani nes, hydrocarbyl pol yam nes, Mannich bases,
sulpripsasich pbenafas dbightoebpéedop Fonevrirhsed)aligh overbased phenate
phosphor am des; thiazoles, e.g.,
ste@rafes dihenoletap tsalidyl 3p¢ phésphdizspihérphosphonates, jonic surfactants and
nmer capt obenzot hi azol es and derivatives thereof;
thd likeand egtred tipreofa Lo dvertmgsd s fonates typically have a total base

number (TBN) of from about 0 to about 30 and preferably from about 10 to about 25.
Low overbased metal sulfonates and neutral metal sulfonates are well known in the art.
Examples of rust inhibitors include, but are not limited to, nonionic |
polyoxyalkylene agents, e.g., polyoxyethylgne lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxysthylene oleyl ether, polyoxyethylene
sorbito] monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol
monooleate; stearic acid and other fatty acids; dicaxboxyﬁc acids; metal soaps; fatty acid
amine salts; metal salis of heavy sulfonic acid; partial carboxylic acid esfer of polyhydric

alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thereof and



benzotriazol es; copol yners which contain a
cari;)oxyl ate ester ‘with one or nore additional” Q pol ar
function, including amne, anmde, imne, imd
Wﬂylﬂfff’&i‘%ﬁ-" carboxyl, and the like, 9 WD 2005/ 0P£IBES2004/035878
PCTI US2004/ 035878 e.g., products prepared by
copol yneri zation of |long chain alkyl acrylates or
net hacryl ates with nmononmers of the above function;
and the like and m xtures thereof. The derivatives
of these dispersants, e.g., borated dispersants such

o33 s BRSPS R BBy o 5. s
sucg?whrg %ﬁ% ri ved fro .ani gatl on of 1I zglmk%leen'?'he

| ubricating oil corrp05|t| ons for use |n the hig
t hr okppmRles of dricionimesliers fnsdpdednit ere oot [ipitediq, @Hﬁoxylated fatty
i nclude a m nor anmount of at |east one of the
arhipes; Gporatrgl fhitgberiosides;fgtty phosphitkdj fatty epoxidegefatip privics bogated
maj or anount of at | east one base oil of lubricating
“alkixsdated fajty améneg). metalrsahtsroiiiatty adidy feptaeld dnfides, §hcefol edters,
preferably greater than about 70 wt. % nore

. bd4ited efy8Rbestord Bh@ BdtytinBihzblhed RO HikcI82d%n WS, P’é@eﬁﬂﬁmn@ﬂz 696,
pr ef er abl y from about 85 to about 98 wt. % based

o 54 L B L MBS EATHUins
SRR BaTAARS o PLe Hlgdlpaze stocks 4 mﬁ&stgreferzbga Ceto

I cant - conponen

facfurer to the sa peci fi cat i ndependent

Cotaiit i prd ol b Bat R cppS w&%&@ﬁaﬂ&w o

nmeets 't he sane panufacturer eci f.ication;
coppigting of gogReRia, apd an plragpl @mna@f@lpfrﬁﬂl%ﬂoss %Ue?t Senal Ne.

i dentification nunber, or both. The base oil for use
10402%1 719, Eled Mpscla?B, %Qéébmcqwenﬁéﬁm'hl@r are incorporated by reference

| at er - di scovered base oil of l|ubricating viscosity :
hensiz.chnid thef lirerant atikiugesitdyedfcat i ng oil  conpositions for

any and all such applications, e.g., engine oils,

mar | Bxeng¥dsiofl d@tifoMiing agents include, but are not limited to, polymers of alkyl

methacrylate; polymers of dimethylsilicone and the like and mixtures thereof

Examples of ashless dispersants include, but are not limited to, polyalkylene
succinic anhydrides; non-nitrogen containing derivatives of a polyalkylene succinic
anhydride; a basic nitrogen compound selected from the gfoup consisting of
succinimides, carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl
polyamines, Mannich bases, phosphonoamides, thiopﬂosphonamides and
phosphoramides; thiazoles, e.g., 2,5-dim6rca13to-1,3,4—thiadiazoles,
mercaptobenzothiazoles and derivatives thereof; triazoles, e.g., alkyliriazoles and
benzotriazoles; copolymers which contain a cafboxylate ester with one or more additional

polar function, including anﬁne;, amide, imine, imide, hydroxyl, carboxyl, and the like,



functional fluids such as hydraulic oils, gear oils,

transm ssion fluids, etc. Additonally, the base oils

for use hereirn can optionally contain viscosity index !

- VOPYWPE e.g., polyneric al kyl met hacryl at eSPCT/US2004/035878
ol efinic copolynmers, e.g., an ethyl ene-propyl ene

copol ynmer or a styrene-butadi ene copol yner; and the

i ke and m xtures thereof. 10 WD 2005/ 044963

PCTI US2004/ 035878 As one skilled in the art woul d

readily appreciate, the viscosity of the base oil is

e dent upon.the li.catio Accardingly, the
o BEARFF pregft] o 2o T Prcifion Elongehion plkobperietes or
0 ding%il_ range frqp1about 2 to about 2000
TOEIARTTY s RE L peugnyers of the abvedinatignatnd thalike anGenishats thereof.
i ndi vidual |y the base oils used as engine oils wll
TheArsivativaseé hiess disparsntss by borated glispatsari® Ghak bataesdt 2
cSt to about 30 cSt, preferably about 3 cSt to about
suggningtles, amg alsobstusqk direferdblyy trlisersdnie Ste foly-880He 12
cSt and will be selected or bl ended depending on the
sudeiBintidel denided fomamntiia ﬁ@dl?’bjkylféﬁg islibchﬁbl‘fatfhgﬂii&é% &Hao! |
» €.9., a

to give the desired grade o engi ne oi

pollyaliey] &t hd. conposition having an SAE Viséosity
Grade of - OM20, OW 30, OWM40, OWM50, OWM60,5W
5W . 3 . I 0,.10W 30,
o 5, b Bt o SeriOeiide? 5 18 i b et dablubgt ot method

S, ge [ls.can have viscositi rangi.ng from =
°f§§§g‘l“a§“"q‘§?c “Ipde 3 B o oft iyt ong ghthe Tomgeing gERaring oil
be nufactured using a variety of different
=i peOgulien Wik 4 HriRG 0Bt fbleattions basg oflof lubricating viscosity,

distill at iggf, sol vent refining, hydrogen processing,
©-Eo| BRI} Sl P, thaneal Wi (%, neelerably, greater thasy aboitiTOmet. %, more
Rerefined stock shall be substantially free from

preferebly; fom abgu 80 tniehoutio9. h mblg rndamef mrefersbiynfiom about 85 to about
contam nation, or previous use. The base oil of the

98 mitbo¥si, based g the thtak weighsoftthoeemssition] Thi BX@BdsiANbERYbIPS:s
any natural or synthetic |ubricating

used herein shall be understood to mean a base stock or blend of base stocks whichis a
lnbricant component that is produced by a single manufacturer to the same specifications
(independent of feed source or manufacturer's locatioﬁ): that meets the same
manufacturer's specification; and that is idenﬁ:ﬁed by a unique formula, product
identification number, of both. The base oil for use herein can be any presently known or
Iater-discovered base oil of lquicating viscosity used in formulating hubricating oil
compositions for any and all such applications, e.g., engine oils, marine cylinder oils,
functional fluids such as hydraulic oils, gear oils, transmjssion floids, etc. Additonally,
. the base oils for use herein can optionally contain viscosity index improvers, e.g.,
polymeric alkylmethacrylates; olefinic copolyﬁaers, e.g., an ethylene-propylene

copolymer or a styrene-butadiene copolymer; and the like and mixtures thereof.
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base oil. Suitable hydrocarbon synthetic oils

i ncf ude, but are Dot limted to, oils preparé% from

t he’ pol yneri zation of ethylene or fromthe s
W8I d#d63ati on of 1 -olefins to provide polyRETdis2004/035878

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

hydr ocar bon synt hesi s procedures using carbon

nonoxi de and hydrogen gases such as in a

Fi sher-Tropsch process. For exanple, a suitable base

oil is one that conprises little, if any, heavy

fraction; little i f. any lub oi.I fractjon of

vi s anaeylafiod idfhe gt WAt sdily avpisiele, isosh08] A hogil i

PCT/U82004/035878 The base_oil nmay be derived from
dependgpigiron i arpleation- dicrerdingls mﬁ*é‘[ﬁic@ﬂmj‘!fral hage pib dpraise herein

or m xtures thereof. Suitable base oil includes- base
widhtopdikarily mangerfean shyoui 2 cnehouk 2000antisidkes YoRthaitli00° Wextigrade (C)-

and sl ack wax, as well as hydrocracked base stocks
quemﬂgrpﬁdlvhiuaﬂh yhitrbase aitskisadjad engtoeeils tilh haweod Maahatic viscosity

extracting) the aromatic and pol ar conponents of the

rafifelil @00°BUfaBHIe dMA &Lt ) ¢ d;bxaﬁ@blmt 3 8S13blabdM116 cSt, and
categories I, Il, 111, IV and V as defined in API

mﬁ% g%e'f&%ly 990111& QQ:%t tolﬂoﬂt Bdid: hAdwil SORRAR J; bleH8&d dexesxdmg on

G oup IV base oils are polyal phaol efi ns

By P2 n il Sod by i i AR il %ade of
11 an

eﬂ?ﬁb ot %%eﬁ?wb&?’aﬁasi@ﬂgaﬂéﬁ bR ELSAE ‘fliz«,wﬁlﬁ»p&saé% of OW,
e e R T 5&@@@ a0 SRk w-s0; 5w,

natural oils include mneral Iubrlcatln%70|ls such
10X%, 10MG520,eb00M 301 0Wi49u 1 6W-3ed $ Wl £2Wr2), 18W-30 or 15W-40. Oils

solvent-treated or acid-treated mineral |ubricating
used hsgear oilshan ravevifdosities rangig Hickreationt 2 cSintbyebalit 2000 ¢St at
‘par af fi ni c- napht heni c types, oils derived from coa
100tC.shal e, animal oils, vegetable oils (e.qg.,

rapeseed oils, castor oils and lard oil), and the

i kqsasé&sémlmwxhﬁmf&nha@ﬁslﬁ@a v:&&tyﬂcbi*fﬁffbﬂéﬁﬂ pHo&ssdWhcluding,

are not lim.ted to, hydrocarbon oil
but not limited to, distillation, solvent refining, hydrogen processing, oligomerization,

esterification, and rereﬁnjng. Rerefined stock shall be substantially free from materials
infroduced thrbugh manmufacturing, contanmination, or previous use. The base oil of the
lubricating oil compositions of this invention may be any natural or synthetic 1ubricating
base oil. Suitable hydrocarbon synthetic oils include, but are not Hmited to, oils prepared
from the polymerization of ethylene or from the polymerization of 1-olefins to provide
polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process. For
example, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,

if any, lube oil fraction of viscosity 20 ¢St or hlgher at 100°C.
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and hal o-substituted hydrocarbon oils such as

pol yneri zed épd i nterpolynerized olefins;y e.g., :
ol ybut yl enes, pol ypropyl enes, propyl ene-j% sobut yl ene )
Wb i
PAMMREPL chlorinated pol ybutyl enes, PCT/US2004/035878

pol y(1- hexenes), poly(l-octenes), poly(1l-decenes),

and the |like and m xtures thereof; alkyl benzenes

such as dodecyl benzenes, tetradecyl benzenes,

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

l'i ke; polyphenyls such as biphenyls, tiphenyls,

al kyl.at.ed I enyl.s nd the . like; alkylated . o

di p htﬁ?‘?eassgﬁ Sy b i ?‘k@?‘&t“éﬁm diicaiRg ousy Fynthatis Tehyipating
ﬁ$e derivative, analogs and honol ogs thereof and the
ol§ qramixtiges thgpply @W&%@@?WP@EMM ghRinedbydsomerization
useful synthetic lubricating oils include, but are
ohpnthetigias and gackovis apmweB aphydrpehskied baseistapke paidiios] byf
- less than 5 carbon atons such as ethyl ene, propyl ene,
hysheorackiregs(rathérdbdntobrent exiemotivg) che @omatia addpcds coR®oRGiks of the
Met hods of preparing suchpolyner oils are well known

crude. t rimbledusd dikdniladd heseintall ARidblchanall, WSEE W and V as defined
synt heti c hydrocarbon oils include liquid polyners of

indA I FRbi0Atihi1 1869, Nanil REiHbREA RIeRREA T, e C P! il
Especi al |y useful synthetic hydrocarbon o%qrgu%%bﬁ%:gﬂs are

& RIAAL [ O ' f 2 al pha .
rAPARERSS b o A0SRt Bl 698 o PPt
theryyCl useful s eti.c.J ubricating oi )
GBI et bV Rlmdff Grop Yol 1Y eobg e ot o se i
al rs,.i.e., homopol yners, interpolyners, and
b Y PP st BHREFESE DA A B5Y BRPTPRRT MBFOTHYBIRG O or more of
groups have been nodi fied by, for exanple,
Goyp dy frlfle BY pvhV iase gogksorbasestlson. These oils are
exenplified by the oils prepared through
pol yiksful nakural wils inclusie yiheraldubnidatiog oils uch y,| fanexamplle iguid
t he al kyl and phenyl ethers of these pol yoxyal kyl ene
petroleum oils, solvent-treated or acid-treated mineral lubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal
oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like.

Useful synthetic lubricating oils include, but are not limited to, hydrocarbon oils
and halo-substituted hydrocé.rbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated
polybutylenes, poly(1-hexenes), poly(1-octenes), poly(1-decenes), and the like and
mixtures thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the like; polyphenyls such as biphenylé,
terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl ethers and alkylated

diphenyl sulfides and the derivative, analogs and homologs thereof and the like.
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polymers (e.g., nethyl poly propylene glycol ether
having an average "ol ecul ar wei ght of 1,000;}
dlpﬁenyl et her of ~pol yet hyl ene gl ycol having a
WRFPY W wei ght of 500-1000, diethyl ether afCT/US2004/035878
pol ypropyl ene gl ycol having a nol ecul ar wei ght of
1, 000-1, 500, etc.) or nono- and pol ycarboxylic
esters thereof such as, for exanple, the acetic
esters, mxed C3-C3 fatty acid esters, or the Cl3oxo
acid diester of tetraethylene glycol . Yet another

put g R i e i o Yot rélﬂ%rem g Bl made by

ci ds hallc acid, succinjc

polisciine %ﬁ a? ess thpy & ggbon S 85 eﬂ%ﬁﬁﬂ@%ﬁ?ﬂ%&v&’lmﬁs

azel ai c acid, suberlc aci d, sebacic acid, fumaric
isokwiene, peaigns, pad mevtares feproife Methads of Prepatiog sueh Belyeer oils are

acids, alkyl malonic acids, allcenyl malonic acids,
wetkpowinip thoseskildedi inthe apf. al cohol s, e. g., butyl

al cohol, hexyl al cohol, dodecyl alcohol, 13 WO

2 005*1@%%1315&16]]' $yiiBi60 M&BE&B& oils mtlngd h@n& polgtreadsil alpha

et hyl ene gl ycol, diethylene glycol nonoether,

oldting BYifg ﬁle@)k‘cg}éphsccﬂh’? EsSeRl, fisrub ARt eBy@bodIR@Salls are the

esters I ncl di butyl adi pate,

hygﬂogct yl h%Jegacgét dii sgggtl%ﬂ 1glbz%ll at eshc%%gg%ge, 1-decene

ﬁ%@ Iate di octyl phthal ate, didecyl phthal ate,
|e|cosyl sebacate, the 2-ethyl hexyl diester of

l'ingle Cld di ex.est f.orned
readuPligr S O sy o H R IS e P A e Lted o
tetraet hyl ene glycol and two ,nole of 2- ethylhexan0|c
alkylgng oxide pelyaers, k@ b %@@A@ﬂé@?@ﬁ%@% F0f detirvatiypy hereof
also include, but are not |imted to, those made from
hezer the teyminal vdrery] meovphbavierhsem miodified byy for ensoutle, Esterification or
carbon atonms with al cohols, e.g., nethanol, ethano
cthetificgtiopo Mhedewila ac: qmthpBﬁedab'Y]‘éue oils peharad ﬂuemghqmlmerization of
gl ycol, trimethylol propane, pentaerythritol,
ethyiepe okide by plopilens oxide, ieslkyleiny pheryl ethers @ thebdyolldats@lkylene
Silicon-based oils such as, for exanple, polyalkyl -

poR&leYAe), metiBA Py B prepsilenedflycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500-1000,

diethyl ether of polypropylene glycol having a molecular weight of 1,000—1,500; etc.) or
mono- and polycarboxylic esters thereof such as, for example, the acetic esters, mixed
C3-C; faity acid esters, or the Cyzoxo acid diester of ietraethylene glycol.

Yet another class of useful synthetic lubricating oils include, but are not limited
to, the esters of dicarboxylic acids e.g., i)htha]ic acid, succinic acid, alkyl succinic acids,
alkenyl succin;'c acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
‘adipic acid, linoleic acid dimner, malonic acids, alkyl malonic acids, alkenyl malonic

acids, etc., with a variety of alcohols, e.g., butyi alcohol, hexy! alcohol, dodecyl alcohol,
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pol yaryl oxy-sil oxane oils and silicate oils, conprise

anot her usef cl ass of synthetic |ubri c*)atl ng oils. 3
doem fic exanples of these include, but are not 7
WG HP8H9%D, tetraethyl silicate, tetra-isoproP§T/US2004/035878

silicate, tetra-(2-ethyl hexyl) silicate,
tetra-(4-nethyl hexyl)silicate,

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

hexyl - (4- met hyl - 2- pent oxy) di si | oxane,
poly(nethyl)siloxanes pol y( met hyl phenyl ) si | oxanes,

I ubr i {:k;'% %ﬂﬁgﬁﬂ 91%5)} léﬂeg %%%){le %I’C%é POP%;#L‘?I%‘OP}@GHG glycol, ete.
H}Cﬁlﬁé gﬁéa%i?ptl e ro‘;f %% Q;e SE)I_P ?‘%@%@m@ﬁ%% '9129 %y@lewpsebacafe, di-n-

hos hi onl acid, etc., pol
h?’@”:‘ ?’EH@‘&%&S ﬁ%ﬂbg L azelate diifodseylaelp %gdlgﬂlﬂ phthalate,
derived from unref| ned, refined and rerefined
d%s‘ﬁ%ép thejaps dieigoarlsebacatesthn 2tedilexa} dinstsr aflimeloist acidudimer, the
or nore of any of these of the type.discl osed
coraplex metbolpemed nf rerdting@neimoks eff sebadioand with awoatbles of
directly froma natural or synthetic source (e.g.,
tetraethylendgllyegl and twamokand2-ettiylhsrrindic whid hadihe st h er
purification or treatnent. 14 WO 2005/ 044963

PCT| EK2Q Qd 08RG TSthetiGIRRIRSnAhdd) Buelt AGdirdikddSo, those made from

include, but are not limted to, a shale oil obtaln

clbdxSGE laVids ik ft@fn‘%&ﬁt‘?ﬁo %Bﬁt b QR3n g?)n%%ﬁ:l?%l%hml 0 ie lg .\

obtal ned directly fromdistillation an ‘es
rget i.fi;cation 0
e R o ﬂdﬁf%%%@@?i&a?% Sht Syigppypi! Byeot trimethylol
t nent re simlar, to the unrefined
pr%f"?%% g%aeeﬁ-ﬁ? ?11 Lo Pﬁ%?hf tolegpddhe fike.one or
nmore..purific tJon ﬁteps to ipprove one or nore
pr opEPferskased qlssuch a3, for gxamipleo RolyalkyiniRgligayla pelyrikory: or
to those, of skill jn the art and incl ude, for
polyariaK - silexsng ety andelicaterilsnepmnrise enatherysefitbeladslodjrhetic
acid or base extraction, filtration, percolation,
hly@ﬁgg odat $pegificcawaien gf thegednclizde, bt me totdithisedab Setracthyl
obtained by treating used oils in processes simlar
silicate; trtimeisapsensyl siticatbitafrn (X ehjlhed/Ipiilicite, Biah4LAsEfIL ned
oils are also
hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)disiloxane,

poly(meﬁl)}I)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other usefirl
synthetic lubricating oils include, but are not limited to, liquid esters of phosphorous
containing acids, ¢.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane
phosphionic acid, etc., polymeric tetrahydrofurans and the like.

" The lubricating oil may be derived from unrefined, refined and rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinﬁbove. Unrefined oils are those obtained directly from a natural or synthetic source

(e.g., coal, shale, or tar sands bitumnen) without further purification or treatment.
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e,

known as reclained or reprocessed oils and often are
addj tionally proc%ssed by techniques directeq to .
renoval of spent additives and oil breakdown
WORHEG44983 Lubricating oil base stocks deri ved POTAIR2004/035878
t he hydroi sonerization. of wax may also be used,
ei ther alone or in conbination with the aforesaid
natural and/or synthetic base stocks. Such wax
i sonerate oil is produced by the hydroi sonmerization
of natural or synthetic waxes or m xtures thereof
over a_hydr.oi someri.zation catal yst. Natural. Xes_are
gl B PR Sl i Ry B! ot IR L oot arctly
dewaxi.ng of ~mneral _oils; synthetic waxes are.
from reforting gperpionged Pitolgm eiliosgineddirertly fraum distillginmypr an ester
process. If-desired, prior to dispensing the at |east
oil pptsinedistiteedy frame a1 astesidigationpeocsss, eacd oftwhielnistthenorsed without
base oil and at |east one lubricating oil additive to
fugthrep reatmenh R eftmegd @ds tiesisildnés tie nprefined bdcessspidhey have been
herei nbel ow, it can be advantageous to conduct

fintiek @4tb@in GRRAR oY pofificafon PO IRARRE BRE Br fudfe pEFeriidt.
the conpositions (1.e., fornmulations) to determ ne

Thedd i ficHURRNRES B KROAY kélgoRod Rl &l th 83 dhdGiclude, for
candi date conpositions. For exanple, 15/ j WO

803 B8 T OMASRE o A £05, 50, Wi,

S T R TN I T M

o et e R PR, SRt ghe o
(San Diego,. California)., Software for the design of

kngve gs replsimed @geprgpessl s and phenyrs pgditionallymrresssed by
conmpound test |ibraries based on input fromthe

techuigraesclivegicd i@ eamarishefzpers ndditives(al oil theakdown products.

Lubricating oil base stocks derived from the hydroisomerization of wax may also
be used, either alone or in combination with the aforeséid natural and/or synthetic base '
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or
synthetic waxes or mixtures thereof over a hydroisomerization catalyst.

Natural waxes are typically the slack waxes recovered be the solvent rdewaxing of
mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch
process.

If desired, prior to dispensing the at least one lubricating oil additive or the at least
one base oil and at least one lubricating oil additive to provide the compositions herein,
as discussed hereinbelow, it can be advantageous to conduct molecular modeling of

proposed compounds for use in the compositions (i.e., formulations) to determine which

compounds may provide potential leading candidate compositions. For example,
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software can be used to efficiently design test

l'ibraries th&_;t cover the desired experinental space \

and utilize statistical experinental desi}gn nmet hods. /
WE &P ware can then be used to anal yze thecTiEsm®04/035878

fromthe experinents and correlate that data with the

structure of the conpounds and/or conpound treatnent

conditions and/or reaction econditions. Such

correlations are often referred to as QSAR software

(Quantitative Structure Activity Rel ations) _
California). Such

vail abl e from Accelrys . (San D ego, B
°%é§ﬂﬁ°ﬁ% B BfrRaTdeehoyt Fﬂsfﬁfw YR ECPS 35, Bresampler wansgion states,

desi gn-subsequent conpound test  |libraries for
bangeneds, bendemiglasgdipaip aomest, sydrephabidisagicpeide eorspamds. This

add to the efficiency of screening. As nore data is
cagdre lcaigicd gut wsnopeRipasgnedns, farnxbeplen@uarine Mechanics

efficient at devel oping conpounds libraries with
aviaidhlefsmdA gebpaffahDiygd, Qalitbindd}i ng desi rabl e

conpounds. For exanple, the conpounds anal yzed can

be fSufimatefor thd d¥siin 6@ tdsOlibFarted Bih BtidelGo Al igi

conposi tions, as decribed hereinbel ow, aﬁ%g%%%ﬁﬂ@nd

AR Y - . I | .

cobdpbinttPles e%%é?lycin\’@uéc;ﬁfom ho foregc?ﬁg%n :%lp?g#te\%%; gr%éragﬂs) This

and anal ysis technol o usi ng |
, - ' A S ' ,
sofiafeicalcbe HFTp AT Hellel T2 Mial S 5% Fote

tained from.th | ecul.ar node| i .can be achi eved
xR fods B e Rariich Blpeaionta BuGTPataag doie software
callector,. In thi ,. hew conpounds, conceived b
caf Fign B 5dg oy ibe ot fiompbo SRS and corrlate that data with the
PCTI US2004/ 035878 art can be checked by the QSAR
strggipe\od ihe qosnnorads end/arisempound fitegiment poriditrons @nd/heteaction
actual synthesis. Additionally, such software tools
copdiftorise Suth borzdatians apr dfenirtfezsl @ 4siQIAREofpeas (Qhatitative
conmpounds bei ng considered for synthesis in such a
Stiwetyret AativityrRelatidnk) sdilitle fibve Avoblridi (Shn DivRoeCai BhEd)e Such
probability for success.
QSAR programs can then be used by the sofiware to design subsequent compound test

!

libraries for firther screening,

The use of such QSAR programs can add to the efficiency of screening. As more
data is collected, these QSAR programs can become more efficient at developing
compounds librarieg with increased probability for finding desirable compounds, For
example, the compounds analyzed can be formulated into varions lubricating oil
compositions, as decribed hercinbelow, and then further analyzed by way of, for
example, regression and analysis technologies, using known software, e. g., C-QSAR
available from Accelrys (San Diego, California). Tn 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
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Referring nowto FIG 1, an exanple of a systemto
proyi de the forego{ ng conpositions in the pl u}ral ity
of 4+espective test/ receptacles is generally |
Wb mBed as system 100. Representative of #dw/8s2004/035878
system and nmet hod for providing the foregoing
conpositions in the plurality of respective test
receptacles is one disclosed in co-pending U.S.
Pat ent Application Serial No. 10/699,510 filed on
Oct ober 31, 2003 and entitled "H GH THROUGHPUT

H%EA@%S%\IM LUBRI CATING O L COMPOSI TIONS. FOR N
the, setwangyjo pisHick s gt aty prior to Msirestual
No., T-6298A; (538-60)) and having a commpn assi gnee
sywihesis. t hedieratiynsuch spitvargtocdnmay he viglizet émpsomiize athist ofipossible
are incorporated by reference herein. Generally, _
compeuls behg considered oraysthps in sofh a whe thabomoshkilivgl 1 aseart will
oi s of lubricating viscosity B. Vessel 120 contains
bage 8 highbryprobabilétgidoit suveesd), whi ch can be any of the
foregoing additives useful for nodifying the

Pr opeXdieS n®F td FRG.D28E efinkple 65 @@féms%'lﬂ“ﬁge 1R f ’{ég l?%t

woul d readily appreC|ate one or nDre vesse
HeiNGRIF ki pads Y
coalEembase 0|I and/ orpsﬁ)nre th gﬁggglé\i}%lynﬁ&m&as

ti Eor se of. .screeni n ,
iR A sepr 85@%”5@%&3&&6 oERE BB reging
vessel s.1 be used w thout operating vessel .
CORRRIHT Y rP(-i ARG ETaPPeivS oS FRERtEcIess one elpedan eergending
ég%l base Qil B _to nozzle gortl on 113, fromwhich it
U3 ohatasth Agplicnsinn Seriel e 10/698,540 filed andagiobes 3ér209Brapd amtitled
described bel ow. The anpunt of base oil dispensed is
HIGHHR QEGTRU FBREPARA TONOE LYBRIGAJAN GaOIhE OMIOSMIONS
2005/ 044963 PCT/ US2004/ 035878 conputer control |l ed.
FORIGOMBINATER AT LIBR AREESTchy Wolletberpostall (Dodket g, ThE298A :
| ubricating oil additive Ato .
(538-60)) and having a common assignee with the present application, the contents of
which are incorporated by reference herein. 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 médjfying the
properties of the base oil. As one skilled in the art would readily appreciate, one or more
of vessels 110 and vessels 120 can be used when dispensing more than one base oil
-and/or more than one additive, respectively. For example, in the case of screening
lubricating oil additive compositions, one or more vessels 120 can be used without
operating vessel 110.
Tubular line 111 is a conduit for communicating the base oil B to nozzle portion

113, from which it can be dispensed into a selected test reservoir, as described below.

The amount of base oil dispensed is determined by metering pump 112, which can be
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nozzl e portion 123, fromwhich it can be dispensed

into a sel ectied test reservoir, as described bel ow 2

The amount of’ lubricating oil additive di‘spensed is )
Wik085/0d4p@d by nmetering punp 122, which al so cea/be2004/035878

conmputer controlled. Conputer prograns and systens

for automatically netering predeterm ned anounts of

materials in accordance wth a presel ected protocol

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

113 and 123 are preferably in close proximty so that

base oil B and additive A can be sinultaneously
cogpuisera9lled a test reservoir. Alternatively, base

oil B and additive A can be sequentially added to

t he Tubelar himssed vod eonduiidomerriescating thenlgbricging odmdditive A to

conprise a nultichannel pipette or one or nore
nogzle porgien 2% dtoeswhifh & oar be disperktdimod sdl2@ed st oservoit @k

pressure. Optionally, nore than two vessels can be
desutibbdbeigw. VBt ehbig op UibBisatiig dikdddaieispesRdiisiddibignined by

i nvention are known and commercially available. In

mdtSne@Ha 120N hich bEH ki ¥é SRtter! RO IERAN to?%ﬁ@%;&&gem hnd

additivés are used, the vessels 110 and d/*or

w1 143 S e B M e
s A s S R R
G, g havi ng i f 132 f
(o B e Sl RaF et 4 21

. .additives. The recesses provide test reservoirs
addifize Ajcan ba siwiareopsiyidisperngd i mipst TespsYqit adltergatiyely, base oil B
addi tive conpositions or lubricating oil conpositions

and ddditivh A fcan bewequendially addtdtte theitent deseynjso The norvles 118 .apd 123
t he percentage and/or type of base oil and/or

cam clathrise @smiltichaewd pipetieposid dramraisiiingearydlés. om one
reservoir to another. Optionally, the reservoirs can

18 Wt 264981 DA 8H3128CTh bSdRi4 hEba&iid 8Optionally, more than two

vessels can be employed. Me;tering 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 11 1' and 121, metering
pumps 112 and 122, and/or nozzles 113 and 123 can be heated to facilitate fluid flow
'therethrough.

The test frame 130 includes a block 131 of transparent material (e.g., glass)
having a plurality of recesses 132 for receiving the dispensed additives or base oil and
additives, The recesses provide test reservoirs wherein each reservoir contains
lubricating oil additive compositions or lubricating oil compositions of a different and
predetermined composition, i.e., the percentage and/or type of base oil and/or additives in

each composition will vary from one reservoir o another. Optionally, the reservoirs can
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be individual receptacles (e.g., test tubes) nounted
upbp a rack, instead of being recesses in a bLock
Preferably, the teSt receptacles conprise tranSparent
wWOl2aed04ua6des. While five reservoirs, i.e., reqgIE2004/035878
132a, 132b, 132c, 132d, 132e, are |Ilustrated in FIG
1, any nunber of reservoirs can be enpl oyed herein.
For exanple the system can enploy 20, 50, 100 or even
nore test receptacles and sanples as required. The
i ndi vidual reservoirs are adapted to hold relatively
smal |- anounts_ of sanples. The sanple size in each
bepdigidyeliteceptaslieg &her @Fﬂ tybesoRBniad beon mEek.dpwead of el reccsses
preferably no nore than about 15 m, nore preferably
in pblasksy Eraferablyathe trst Eocpticlesrompeise trmmareptrgﬁss tatisk.y Wihile five
nore than about 5 ml. The test franme 130 and
Tesging¥B)isd.,Tgcass 1825 13113 182¢ 1328 1306, amillabired RIFGI Veny
to one another. Although nanual novenent of the

nuBPRes BrtstEvdid cafl be empRFedhertiRe IFaf Bankple th¥lshiém cﬁl&nploy 20,
purvi ew of the invention, robotic nechanlsns W t

50P1 S avER o ﬁa\&s&?&mes Qﬁ@saﬂ%&éﬁsr yn one

enbodi nent the test frane 'S o ted upon a

o SIS0 RN ey e

sele recess under the enS|n z S
55l s b B e P ReRte BT o5 20 pogerably

and ptional |y the vessel 110 and 120, .are slidably

10 JBRFe Hiag aPgiteho gk wf‘awafeaﬁb?%? PoEiRpy ahayt AQ v AR Y more
positioning of the nozzles 113 and 123. In a testing

profereblygigrmeore anabpst 1M and 120 are filled with the
selected lubricant base oil and additive(s),
resﬂécmwvﬁhvm13&emh@ﬂamangsomﬂasu§madﬂlbmbmmnﬂhmedemto
such that dispensing nozzles 113 and 123 are

onp asdthéro Bdthoagiomame eholvemendtiof theepbaratus By B8 e@sifmimd dderator is
A nmetered anount of base oil B and a netered anount

wifhin S@uivide of thdheventioh) rbtuRe Pkt hinisid WHE PRRnrBie movement
recess 132a. The dlspenS|ng nozzles 113" and 123 are

ard nﬁ}@feﬁ@&t B odeSiftdkidh ﬁ% thdp ﬁgﬁle'l T Sﬁ?ﬁ\%ﬁo‘ﬁ' ot SMiakI€ carciage

recess 132b an netere
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 optlona]ly the vessels 110 and 120, are slidably movable laterally
and/or Verﬂcally to accomphsh 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 aligninent with recess 132a.
A metered amount of base 0il B and a metered amount of additive A are simultaneously
dispensed into recess 132a. The dispensing nozzles 113 and 123 are thereafter

repositioned to be in alignment with the next recess 132b and the metered amounts of
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19 WO 2005/ 044963 PCTI US20041035878 additive A
and/ or base @il B are changed in accordance with a
“fredeternined schedul e of variation such that the
QA9P3/@44963ng oi | in recess 132b has a differ entPCT/US2004/035878
per cent age conposition of additive than that in
recess 132a. The pattern is repeated as the nozzles
113 and 123 are sequentially aligned with the
successi ve recesses 132c, 132d, and 132e so that
each recess has a predeterm ned conposition of
bricating oil.. _The .co nents. A and_B ar .
addit S 57 b i Pt PR BT ARRORIARGF PathiPrreksrainedrsghodul of
exanple, b aqitatLon of the frame 131, static
Vageiengich iﬂ%% thyitabragating pil in seepse 4 3hies aghiffenspiperesntagh e
reservoirs (mechanical or magnetic sti ring) and/or
cogipopition pf adglitivedharethat g seacssnid2h Thepattes iy.repaaiedras glerozzles
Optionally, base oil B and additive(s) A can be
118endil B arepriuentisldy aliinspwilh ittrgutctsavé feeessesB9ef 1326, and 132¢
reservoirs. For exanple, a single dispensing nozzle
sohtBat el recesghad Mygreddieniindd wapokifion SERbriviiRikein base
oil B and additive(s) A are netered into the mxing

chanipecoRPend-ReA aﬁag@%@ﬁ%féréﬂq StEhintd ' 1RO FAbiSoid b Pmixing, for
the reservoir. Once the plurality of recept ac?es ave
_ . L Lcating oil . additi
e_x%i&%,o i faﬂ&goﬁg?gl?h%{}gg, étzgl?rnlx&ﬂl rﬁlglv%llal stit u% ﬁg ?ﬂ%tc:ﬂ%tents

tions a ricating CONnposi
| ural it f fluid sanpl es .can then.b al yzed for, |
ot Rietpont Gspiantip! o RRRES sushEH b piEnBmelRE frpoir win
col or_.dat a, i SGOS| t ta,, etc, Referring nowto .
o o m3roRen QetiaRAlf }Da%ggﬁ’e?ﬁ‘% aé‘ﬁ*ﬁyleé & §pRibggopbined prior to

pluraljity of fluid sanples for sedinmentation is
dispepsipginiccthe rsppeqtiva seseroesl. Forssamplent single dispensing nagele having
| ubricating oil additive conpositions containing at
amigingtchamber agh be wsed, whersin baseoili Btand @dditivé(ghAiaceameterpd into the
oi | conpositions containing one or nore base oils and
miging chambayraed tHenkiispeadeil tigoadgH thadeti-ld ivesthe seseors t hose
descri bed herein. System 200 includes neans 210 for

hol dinog thr ekt T iedehticloPMvVE Bech fbWidad Edtaifing lubricating oil

i

additive compositions and/or lubricating oil compositions, the plurality of fluid samples
can then be analyzed for storage stability such as, e.g., sedimentation daté, color data, w
viscosity data, QtC. Referring now to FIG. 2, a system for sequentially analyzing a
phurality of fluid samples for sedimentation is schematically illustrated. The samples can
include lubricating oil additive compositions containing at least one lubricating oil
additive or lubricating oil compositions containing one or more base oils and one or more
lubricating oil additives, such as those described herein.

System 200 includes means 210 for holding and optionally moving a plurality of
test receptacles 212 mounted io a frame 211. In one embodiment a light source 221 is

disposed on one side of frame 211 and a photocell 222 is disposed on the opposite side of
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test receptacles 212 nounted to a frane 211. In one
di ment a |ighty source 221 is disposed on-one
"SI of frame 211 -and a photocell 222 is disposed on
wWoRetsdpss3i t e side of 20 WO 2005/ 044963 PCT/US2004/035878
PCTI US2004/ 035878 frame 211 opposite, and aligned
with, the light source such that a |ight beamemtted
by the light source 221 can be detected and neasured
by the photocell 222. 1n this enbodiment, - phot ocel
222 measures the light transmtted through the
ssa I n ano er enbodi nent.,, photocel |l 222 is .
mléwpe%maen daﬁln;ggfge!}glgtsogce sHohibate Lightpeam emitted by
preferabl to the incident ht beam from |i ght
the Hglt seuroo %21 438 herfistecidoan meewcsbmhrgﬁ photogsfilci2e dh thig 22
nmeasures |ight scattered by the sanple. The photocel
enaipdizeant. photeecll 2hmeasuewdhaleght irmtsmitien] thtangh thecsimple. In another
signal, which is then transmitted via l'ine 223 to a
emi:m)ﬂnnﬂm, rphotooelt 228 Isanowd®d, sowhicche dligael masuliide shge Preferably
as a data input. The conputer controller 230 al so

908 0B tliecih 6 d 6 g AEHan P froth R h 53 01RE 931 Vhﬁhﬁ's@&ﬁh enibRinte3d

so that the sanples can be sequentially noved into a

pHBRBE m&n&%ﬁfee Hant éeenéfe@ﬁ S QHER. %g&pgcggcem%nvem the light

photocel I 222 pon conputer co e sanples are

ture f
ol Rl P et %S“f%%ea‘i’ NI %ﬁ%ﬁf@gg e 285 15 p gorgguter
' exa for on of sedine
coffiaie P St reRR R %ﬁﬁﬂgpé SLoqPRRpI ghgigoLle 230
from agbout 20C to about 8OC the heat bei ng provi ded
algpyeontrols moysmptto! thisapplas viasigmal ine 33 &0 shatthespumlas can be
stored or passed through. The higher tenperature '
sequentiallt o yed drteaseosition hetrreen 8fe light soaiel 224 yind Teephotocell 222
predeterm ned humdity will ordinarily range from

- upab oerput@onmhaantli ve hunmidity to 100% relative
hum dity. The predetermned tine is preferably at

| eadhe afrples a8 enddtyined dyPpredetdrininet emsimteeBr 8 pRdetermined

tested every day over a period of thirty days. Longer
tinheEtBttdsP Ebr storage stability as measured, for example, by the formation of sediment.
The predetermined temperature can typically range from about 20°C to about 80°C, the
heat being ‘provided by, for example, an oven in which the Samples are stored or passed
through. The higher temperature tends to increase the rate of instability. The
predetermined humidity will ordinarily range from about 10% relative humidity to 100%
relative humidity. The predetermined time is preferably at least about one day.
Tybically, the samples are tested every day over a period of thirty days. Longer testing
times can be selected if desired, e.g., 60 days, 90 days, 365 days, etc.

In general, the samples are initially clear and transparent. Although they can be

of any color ranging from, for example, light amber to dark brown, the samples injtally

allow for the transmission of light therethrough. Sedimentation tends to form a haze or
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times can be selected if desired, e.g., 60 days, 90
days, 365 days, etc. In general, the sanples are y
initially cléar and transparent. Although they can be ~/
WORRM4%| or ranging from for exanple, |ight BGHE$2004/035878
to dark brown, the sanples initially allow for the
transm ssion of light therethrough. Sedinentation
‘tends to forma haze or 21 WD 2005/ 044963
PCT/ US2004/ 035878 fl oe, which increases the opacity
or light scattering of the sanple. Accordingly, a

nmeans, .for sur i t St e abilty i,ncl ude

O B AP SE Bt TR o PR Qiertg qb b trppbh ey, a moans
scattereqd by the le In the systemil|usirated in

foppegsuang the Rlopee SGIPCRohgEs e Sk Szl Gpass Grongh
enpl oyed in a testing station 220 to _acconplish this

or b Seatigres o Gy BIIpih dndp st Hloieein NG 2. 5 Pewen 221 and
in testing station 220 between the |ight source 221

phatedell B2 phetployed impPRstizgwiatione2p o tasomplishrihastestggodedure.
much light is transmtted through or be scattered by

THelzempleripineyediatoepdsiiidonindesting stti@niAtbetwden thelight source 221
el ectrical signal, and transmts the electrica

ang i Alotdcbil 2200 And iHRephdiotell eneAst@ @AW 18ACHCIOTH: FPlrdRini#eOthrough

The conputer controller records the signal as data

or P el 03 R R Lol S R Rr Bl 0 o e PO i gnd

o ol AT ko R 2 oG SRR A0 e

cogsF Sontiolt 155Gt el gt g gt o figed st of
known col or range of the sanple.. The conputer

datadfrary) 3s¢lesqsibed 3?@511391% rAlgragivelynthe SPmPRET p camuat the
and positioning of the sanples so that they can be

tranpigitiahen rapdsyromest od: Saphelt celst or AZ Y calor walue pgipg kneyn
exanpl e, can be nounted to a novable carriage 211,

sofiverehio deteasing the staesge stalebiyt dwl sesrlkseegeby cainparingthe caor
position between the |ight source 221 and photocel |

vaRi#Zo a&fown color range of the sample.

The computer controller preferably can also conirol the movement and
positioning éf the samplés so that they can be individually tested. Tﬁe test receptaéles
212, for example, can be mounted to a movable carriagé 211, which moves the test
receptacles sequentially into a position between the light source 221 and photoce]l7222, as
shov;m in FIG. 2. Alternatively, the light source 221 and photocell 222 can be moved.

As yet another alternative, the samples can be grasped and individually moved by a
robotic arm, as described hereinbelow.

To obtain a base line reading for comparison, the samples are initially tested for
storage stability, such as by sedimentation or color measurements, prior to the step of

maintaining the samples at a predetermined temperature and optionally a predetermined
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shown in FIG 2. Alternatively, the |light source 221
andt, phot ocel | 222-can be noved. As yet another
alt}sr native, the sja:\rrpl es can be grasped and
WDR805/144631 | y noved by a robotic arm as descrrdregk2004/035878
her ei nbel ow. To obtain a base |ine reading for
conparison, the sanples are initially tested for
storage stability, such as by sedinentation or col or
measurenents, prior to the step of maintaining the
sanples at a predeterm ned tenperature and optionally
a ﬁ«{ eget er?rHEned_ 2 V\Dﬁ&)QS[ 044963 PCT/ US2004/ 035878
hyrpidity for  prestet Gaee rikisatial datels stospdsin thy eomaputerditaary to
i s stored in the conputer library to establish a
establigh erréaenssipgint fosyviieh ge subssqeanb stotpge stabilitndaty ean be
stability data can be assessed. Preferably, just
aspasbask Prefetablyi jngt prive te talinggiee sorabs stibilitymaesurcannnthe tsheple is
sanple is agitated by, for exanple, vibrating the
agtaiell by coeataaglls vibratigrthé fg redptachs inveRiRe et t@e@PicR one or
nore tines, stirring the contents of the test ‘

mb1e R Mtintag @6 cARYntO bIAE teatiebabhcle, BB ARSoths: RHAAL nf?&ns in
C

at- | east tenporarily re-suspend any. sedi nent whi

orf@Yo BNt {RloRR; f{?e-élﬂﬁendﬁaﬂgﬁéﬁﬂngﬂt Wigh ﬁﬁ? ;]HVE fallen to the
receptacle. "This” step achieves a nore uniform
i St ' edi, nent hroughout the sanple, apd ..
bofi ! R b 0T HESRR aghiRl LIRS it ARG SFdocimens
hat ocel | does t give a fal.se reading. Referring
thigu Q) theyseample, amgl ersiing'§ ypbre o cpgaitya sesthakiie pRotocell does
assigned to_each individual test receptacle 212 and
nof give a4al? ©adiBBt ai ned therein. The bar code 313 can be
read by a standard bar code reader 325 at each
neafefaragnow & FKsds eptionally,tatber cate13 o bé mmsignbd tmeach
t he sedi nentati on nmeasurenment corresponds to the
indipidnalgest agcepisaal 2and kb sanple vbmiaintdtheferc | THet ik €ode 313 can be
changi ng the order of the nmeasurenent of the sanples.
redsefyed stntigrdigwcbdde fehdar 335 atteably flefdtred@Bt toSinsure that the data
schematically illustrated wherein an

obtained from the sedimentation measurement corresponds to the appropriate sample.

This would also facilitate changing the order of the measurement of the samples.
Referring now to FIG. 4, a system 300 is gghemaﬁcally illustrated Whereiﬁ an
array of test receptacles 312 are mounted in a holder 315. Each test receptacle 312
optionally includes an ideﬁtif)fing bar code 313 affixed to the outer surface thereof. A bar
code reader 325 is i)osiﬁbned 50 as 1o be able to read the individual bar codes of the
respective test receptacles 312 and to transmit a bar code data signal to a computer
controller 330 via a data transmission line 326. The bar code reader 325 is preferably
movable with respect to the holder 315 so as fo be-positionable in alignment with selected

individual test receptacles 312,
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~array of test receptacles 312 are nounted in a hol der
315. Each test receptacle 312 optional 1’9) i ncl udes an
iden‘tifg/i ng bar code 313 affixed to the outer surface
WORBRAYF93A bar  code reader 325 is positioned RSI/ES2004/035878
to be able to read the individual bar codes of the
respective test receptacles 312 and to transmt a bar
code data signal to a conmputer controller 330 via a
data transm ssion |ine 326. The bar code reader 325
is preferably novable with respect to the hol der 315

t,0..b |t | e i i it | ected .
s PR arep) LRt eliy sl o psepine
R o TBERPoRE HSSBR0R e 25D o THAEH treceptacle

352. The robotic assenbly is adapted to grasp an
312 ad mayg dhe ted seceplaeleie apputionsmztesting statior 320 bettvest the light
rec\%gtacle to a position in testing station 320
sopese vie & and pleotddel 322 so that it @aBRd masmirgdfot seclithént3a. She robotic
that it can be nmeasured for sedinentation. The
anmabpteferablpalzo dappedetbagidit theabmplede divt ted ré@pRdicttal ®r example,
the sanple in the test receptacle by, for exanple,
by¥pdaaBAtn@eiig tHAEH kécBBtatlb 812 BStord iLGSMRE Ii.t?pgs_l%_hﬁ)en for testing.

before it is placed in position for testing.

THRRLRES bhiial Ailiasie ?’E%{%{ g&%gagte %ﬁléél??%ﬁ%%ﬁl%%gﬁ

t hrough the sanple an nsmts t

RSB ERCBI h  IR sSORIEP e

cont r.ol l.er i s operativel ociated with kB .
oo Gdich 56 A2 Disrone oo S08 ot ersgiated with
trangm ssion |i 331 to selectively, retrieve .
LR épﬁqq&@as Y Viageniel signakransmissioadineddb ta sclestively
then replace themin their assigned respective
retyeq predetermiined: the rerspideles B sneapiemensapd éreneeplacetthem jin their
an assigned val ue of sedinentation is programmed into
assigred respeptivegositiont ngh¢ koldér@i5a " pass/fail "
deternination. The storage stability measurenents
In a preferred method, an assigned value of sedimentation is programmed into the

computer controller for a “pass/fail” determination. The storage stabﬂity meésurements
are taken daily'for a period of extended testing time, for example, 30 days. Those
samples which fail during the cdursc of the extended testing time are electronically
marked so that they are not retested. By not retesting failed éamples the syster can be
made to operate more efficiently, energy and time being spent only on samples which
prospectively meet the desired product specifications.

Altemativdy, a Viséositjr test may be carried out on the plurality of samples to
determine storage stability. For example, an impeller (not shown) may be inserted imto
test receptacles 312 and initially rotated by applying a predetermined power and

measuring the revolutions per minute to obtain a base line reading for comparison. Next,
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are taken daily for a period of extended testing

t| , for exanple} 30 days. Those sanples whizxch fai

durln the course“of the extended testing ti are
W@P%Q?f“g%ﬂﬁi‘cal ly marked so that they are not r@CFEis26N4/035878

By not retesting failed sanples the system can be

made to operate nore efficiently, energy and tine

bei ng spent only on sanples which prospectively neet

the desired product specifications. Alternatively, a

viscosity test may be carried out on the plurality of

o BB RS 0 B RS B Gure il palnd FRenE
R g e

n1nute to obtain a_base |ine reading for
Pe‘é@#ﬂ%‘r pisihp impglier is eﬁherrhlglw ovlowEDthan g8 predetermined value of the
PCT/U82004/035878 at predetermned tinme intervals
- contel samplel at e pradetesyabditimo; therea “fmps/ il |dgienginttien ssante inputted
predet erm ned power and neasuring the revol utions per
intoitiedatabathen the revolutions per mnute of the
inmpeller is either higher or |ower than the

pr ededeRired thedesriRs SithOmettdE of BRI Yréseht iBAMYOR oAt b@monitored

predeterm ned tine, then a "pass/fail" determ nation
froafd) ré%ﬁ)té TR e e, & R)Eﬁl&n% dﬁ‘{s%?ﬁledlrel:{ ok BdakiG v&sjagl ontact
results of the net hod of the present I nvention A He

f\kﬁﬂi %?gie%g t.‘f[dl_ ﬁt@ﬁ:lﬁ'}%@?& g;F hlgth 8561%2 h d rgmcbtg E%a&@g%@a for
exfhtE A R RS SREO ybleth TSRl of i Oihe ppel) siptem for

central proceif cont rol ysten1or room whi ch, as part
Usqjerei coplrpls tag yptem, A avalieas apqerds tie pPiBHts of geph of the

controls the systemas well as records the outputs of
resglie pf the tasksdeingeamied oubfingthis wagsit edswion gosstble foedess intteraction

In this way, it becomes possible for |less interaction
with personnel being stationed at the location of the system. Suitable data lines, with

which the results of the output, as well as control commands; may be transmitted, are
known. |

Storage stability data regarding the lubricating oil additive or lubricating oil
corupositions can be stored in a relational database to provide a combinatorial lubricating
oil composition library. Altematively, the system may be elecﬁ*icélly connected to a
signal data collector comprising a computer microprocessor for system operation and
control to collect the data from the various tests over an extended period of time to
compile the combinatorial lubricating oil composition library. The database can be used
to find optimum combiﬁations for a desired product stream, and can be particularly usefil

when the desired product stream varies depending on market factors. When the product
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- wWith personnel being stationed at the |ocation of the -

system Suitable data lines, with whichlthe results 3

8f t he output, as well as control commands, nmay be
WOROHYP ed, are known. Storage stability datBCT/US2004/035878

regarding the lubricating oil additive or |ubricating

oil conpositions can.be stored in a relational

dat abase to-provide a conbinatorial |ubricating oil

conposition library. Alternatively, the system naybe

el ectrically connected to a signal data collector

re R S o AR R o Bt B B S Rh AT e psied

varj ous tests over an extended period of time to
pr ile the combinatorial lubricating oil conposition
library. The dat abase can _be used to find optinmum
confheldiong fetapese saftyarsicar fe gyedlda correlate dbgideniiy ok s be
particularly useful when the desired product stream
adgitiy ¢(elsandd plemnating 0% pompesiiéqns bad therapalytiged stordge spabtity data
25 WD 2005/ 044963 PCTI US2004/ 035878 requi renents
obizired deerefammr dlomiestus commsraidty onafaldareldtmnsledatabbecsoftorare
prepare the desired product. Rel ational database
preé&p@irh\ere Qv &ibibld) Eor WS AHDIE, 0 60 0red1a Rrifos eMDU L Mckdril Mifledulte
additive(s) and lubricating oil conpositions and the

("R TeRion®! SO Axtiddey Bhdey), lqjlaa Bihe LR aREGndors.

therefrom™ Nunerous commercially available relational
dat ahbj; ' .
e ongt il o £ ER1ath A PR Ere b ampeins the dua
i. Desj " J "AGtivity B . .
o FREEE g 580 s B R, S g e B eapt o
st RBEo s PGt TR D senael BUSGYS BUdTRERETRoI compoations
However, any software that is able to create a _
and perpalaty thed grforspation svith the infermatign gbtpingd) §rud the sigrge stability

| ubricating oil conpositions
measurements can be used. This type of software is well known to those of skill in the

art,

While thé abﬂove descnlptibn Vcontains many spéciﬁcs, these specifics should not be
construed as limitations of the invention, but merely as exémpliﬁcaﬁons of preferred
embodiments thereof. Those skilled in the art will envision many other embodiments

within the scope and spirit of the invention as defined by the claims appended hereto.
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andgcorrelate that. information with the infornation
obtained fromthe storage stability nmeasurenents can

wieonsedessThis type of software is well known t.
of skill in the art. Wile the above descriptﬁ%ﬁﬂgﬁﬁy&ﬁgm

contai ns many specifics, these specifics should not

be construed as limtations of the invention, but

nerely as exenplifications of preferred enbodinents

t hereof. Those skilled in the art will envision many

ot her enbodi ments w thin the scope and spirit of the
WEAERS COATRETHEY.i ned by the clai ns appended hereto.

26 WD 2005/ 044963 PCT/ US2004/ 035878 WHAT IS CLAI MED

IS 1. AdndiRid Yol sdresnirAtReAtiAg ofl W86 driShsRich samples, imder

addi tive conposition sanples, under progran1conProI,

pro@RR doRkBl cbRprifhPVvi ding a plurality of different
| ubricating ofl additive conposition sanples ‘

caon LRt RS SRR st CoptFiion sgpmpts

[ 1est receptacles: (h intai ni ng each sanple at a
ooy ER g e Parmse O T oButee Sre JodsppeREe one of a

C). suring the storage stability of each sanple to
pliyaligi 12

el {SPRIgdCSt abi | ity data for each sanple; and,

(d) outputting the results of step (c). 2. The nethod

of = dbhinpintaining ejcdi sampleat apredeteyinehtenipebitire &br agediitérmined
~additive is selected fromthe group consisting of
U3t i oxi dants, anti-wear agents, detergents, rust

i nhi bitors, dehazing agents, denulsifying agents,

et db) mematingy thiistagap@Gebilly of sack bar@fle to provide storage stability data
for each sampie; and,

(d) outputting the results of step (c).

2, The method of claim 1, wherein the at least one lubricating oil additive is
selected from the group consisting of aﬁti_oxidants, 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,

3. The method of claim 1, wherein the test receptacles are fabricated from a

transparent glass.
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nodi fiers, pour point depressants, antifq@am ng N
agents, co-solvents, package conpatibiligers, }
WO p®IiHeds- | nhi bitors, ashless dispersants, dyeseT/rs2004/035878
extrene pressure agents and mxtures thereof. 3. The
met hod of claim1, wherein the test receptacles are
fabricated froma transparent glass. 27 WO
2005/ 044963 PCT/ US2004/ 035878 4. The nethod of claim
1, wherein the step (b) of nmaintaining each sanple at
a predeterm ned tenperature for a predeterm ned tine
i s plrThe methodof glaine hpyeharin ithe stip (b) pbmmiatrinitg 808 semple at a
about 80C. 5. The nethod of claim4, wherein the
prpdcterstinedienperapee fod poddetermined sinmtis pefiatned abo tnpefigure of
day. 6. The nmethod of claim1l, wherein the step of
from abourti 209Ctth ebait 80°4he stability of each sanple
conpri ses determning the opacity or |ight scattering
of the sanple and conparing the determ ned opacity
or light scattering with the opacity or |ight
scat ' - ; I : . of
Cl ai 1 e Bl oRIEL £ARE SRR Fenhined BEBFOEe Rt lcas
.ned by neasuring the intensity of |ight
abggi(g% t[}hrough a sanple. 8. The nethod of claim1l,
further conprising the step of agitating each sanple
bef ore neasuring the storage stability of the sanple.
9. n‘gq matgtgd of clajm1l, wherein.the plurality of
sanp) eSeepethod ofclpiny b yherein the steq of mepairimg duevietage stgbility of
- noved to a nmeasuring station between a |ight source
cagihermple Berrpaess Hetetnaining il apiaditadt §ehtrecettaringigf thheample and
storage stability of each sanple. :
comparing the determined opacity or light scattering with the opacity or light scattering

of a reference sample.

7. The method of claim 6, wherein the opacity of the sample is determined by

measuring the infensity of light passed through a sample.

8. The methpd of claim 1, firther comprising the step of agitating each sample

before measuring the storage stability of the sample.
9. The method of claim 1, wherein the plurality of samples are in a linear array

and are sequentially moved to a measuring station between a light source and 2 photocell

for individually measuring the storage stability of each sample.
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28‘\X\D 2005/ 044963 ~PCTI US2004/ 035878 10. The nget hod
of £laim1l, whereih each sanple has affixed thereto a

woaoosmadess i dentifying the sanple. 11. The net hQeredro04/035587s
clai m 10, wherein a robotic assenbly selectively
retrieves individual test receptacles froman array
of test receptacles and individually positions said
test receptacles in a testing station for
determ nation of the storage stability. 12. The
met hod of claim 11, wherein said robotic assenbly is _
c ont ¥ | Thegn¢ghodsof cdadmmply vderein Sach Tampledthafiixed thekad mbar code
12, wherein result of step (c) for each sanple is
identyimgitha sachpleo t he conput er, the conputer conpares
the result with a predetermned value delimting a
failure or passing of the result, and the conputer
identifies failed sanples to preclude further
t estinareimdtha dfaldi@d 0SAAREES: robtic %Q&%%QQ&X%E retrieves
claim1, wherein the step of outputting onprlség
: j f data gcarri.er. .. .
iR s e episBS o Rl 6P cop el Fucf Bl postions seia
in he,r.esult, of st ) as a basis for
o bR el LRl 65 Yt RonmiioBlp o kbt SRS The
met hod of claim 14, further conprising the step of
transmtting the result of step (c) to a data
carrier _at a.renote |location. 29 WO 2005/ 044963 -
PCT gsAbe matmdlef glaim 11, wheseimsridggbasic agseaibly isxontrolled by 2
further conprising the step of transmitting the
coppsiglt of further calculations to a data carrier at
a renote | ocation. _

13. The method of claim 12, wherein result of step (c) for each sample is
transmitted to the computer, the computer compares the result with a predetermined value
delimiting a failure or passing of the result, and the computer identifies failed samples to

preclude further testing of the failed samples.

14. The method of claim 1, wherein the step of outpatting comprises storing the

result of step (c) on a data camer

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

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

16. ‘The method of claim 14, further comprising the step of fransmitting the result

of step (c) to a data carrier at a remote location.
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18. The nethgd of claim1, wherein the sﬁorage \

stability nmeasurenent of step (c) conpri'ses a ‘
WwOenmneaat | on nmeasurenent, col or measur enent OPCEUS2004/035878

vi scosity nmeasurenent. 19. The nethod of claim1,

wherein the plurality of different |ubricating oil

addi tive conposition sanples further conprise a

diluent oil to forman additive concentrate. 20. A

met hod for screening lubricating oil conposition

sanpl es, under program control, conprising. (a)

pr ovi7di Ty metimd pizldrmy] Sofarthef feenmising thbstep agtrmgmjtﬂng the result

conposition sanples conprising (i) a ngjor anount of
offirtheaskulatienshia a elaii darréed al ademotalocatipnyi scosi ty and

(ii) a mnor anmount of at |east one lubricating oi

additive, each sanple being in a respective one of a

plurality of test receptacles; (b) nmaintaining each

sanpise Be metRIEHRISMM, K@ PR 8loRid sRbIIRY nRasurement of step (c)

predetermined tine; (c) neasuring the storage

, . . |
oot 4 {finint R0 InSRiiBh, Col R P bA R GAD blblifement.
results of step (c). 21. The nethod of claim 20,
wherein the base oil is a natural or synthetic oil
30 2005/ 044963, PCT/ US2004/ 035878 22... The_net hod
of claiTResrsthagpdiclaim 1 maereiyine efw %°§@ﬁ3%1®WW@ﬂ
sel ected from the group consisting of antioxidants,
adélmww@@mwa@esw!m%ﬁ@rgem§§e % Qiduent gihtoplorm e additive
dehazi ng agents, denul sifying agents, netal
cageendtatevat i ng agents, friction nodifiers, pour point
depressants, antifoam ng agents, co-solvents, package
conpati bilisers, corrosion-

20. A method for screening lubricating oil composition samples, under program
control, comprising:

| (a) providing a phurality of different lubricating oil composition sampleé
comprising (i) a major amount of at least one base oil of lubricating viscosity and (ii) a
minor amount of at least one lubricating oil additive, each sample being in a respective |
one of a plurality of test receptacles;

(b) mamta:mng each sample at a predetermined temperature for a predetermined
time;

(c) measuring the storage stability of each sample to provide storage stability data
for each sample; and,

(d) outputting the results of step (c).

21. The method of claim 20, wherein the base oil is a natural or synthetic oil.
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i nhi bitors, ashle di spersants, dyes, extre
pressure agents and m xtures thereof. 23. The .ret hod
WEROSI0449¢3 20, wherein the test receptacl es are pCT/US2004/035878

fabricated froma transparent glass. 24. The net hod

of claim 20, wherein the step (b) of maintaining each
sanple at a predeterm ned tenperature for a
predetermned tine is perfornmed at a tenperature of

from about 20C to about 80C. 25. The nethod of claim

24, einth redeterm ned period of tine is at
| e asQIVXI'1 elé’&dﬂ?tﬁ?ﬁﬁ%é)‘a%ﬁﬁ 205 grherppsthptibrigatingroibadditived s selected from
wherein the step_ of measuring the storage stability
the grogr CARSRIRE| o8 aviémRiantse sntitwearagents, dyter gratsy past irhybitoks,
light scattering of the sanple and  conparing the -
dehezing sgentsddepalsifyiyg egents, gietal destivatingngents, iHctidtemodifiers, pour
opacity or light scattering of a reference sanple.

pa2it.defiiessame] dnidozmfing hginks, 26-solvkis, Phdkabh Bor@PALIlrO borrosion-
the sanmple is determned by neasuring the intensity

inbibitbrs GdhleRAGE abifd[ %@ﬁaﬁeﬁﬁ PRlsSure 3 n\égn%?n&%gﬂéﬁﬁg%of

PCT/ US2004/ 035878 The net hod of clal
further conprising the step of agitating each sanple
bef ore neasuring the storage stability of the sanple.

29. ,th f INm.20.. wherein the plurglity of

D v W N T R S B T

noved, tp a neasuring station between a |ight source
ﬁaﬂ‘??fegtﬁﬁﬁs(ocel | for individually neasuring the

storage stability of each sanple. 30. The nethod of

clai m 20, wherein each sanple has affixed thereto a

bar code identifying the sanple.
24. The method of claim 20, wherein the step (b) of maintaining each sample at a

predetermined temperature for a predetermined time is performed at a temperature of

from about 20°C to about 80°C.

~ 25. The method of claim 24, wherein the predetermined peridd of time is at least

about one day.

26. The method of claim 20, wherein the step of measuring the storage stability

of each sample comprises determining the opacity or light scattering of the sample and

comparing the determined opacity or light scattering with the opacity or light scattering

of a reference sample.

27. The method of claim 26, wherein the opacity of the sample is determined by

measuring the intensity of light passed through a sample.
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31. The nethad of claim 30, wherein a robotic ™
assenbly sel ectively retrieves individual test .
WO08344%43es from an array of test receptacl es BPOIVUS2004/035878

i ndividually positions said test receptacles in a

testing station for determ nation of storage

stability. 32. The nethod of claim 31 wherein said

robotic assenbly is controlled by a conputer. 33.

The nethod of claim 32, wherein result of step (c)

for ch sanple s .t smtted tao the conputer, the
compeveias ol b Seim G dithe oampHonE et g suing csch sample
value delimting a failure or passing of the result,

beleEr meRsIERE G sloFage ghility phepappled sanpl es to

preclude further testing of the failed sanples. 32 1

WD 2005/ 044963 PCTI US2004/ 035878 34. The nethod of

claim 20, wherein the step of outputting conprises

st or EhgThdmethodeiitlaino20, sthepeif the phurality ddsangias dricéfi a linear array
35. The nethod of claim 20, further conprising the

asd &9 s@fuchiillRndvied t6 @ chduridis stabibf Bethin @Sight 8%k Snfl Qphotocell
obtaining a result of further calculations. 36. The

farehdiidufy el i Y he step of
transn?tging théﬁéﬁgﬁ#@k@§%13 gg&%gfﬁggka dat a

carrier at a rennte |location. 37. The nmethod of claim
35, further conprising the step of transmtting the

resubt. .,of further .c ulations.to iﬁ% arrier a
L ot TRmetd OSSR D o pRte BRS R 8b feto &bar code
.Wherein the storage stability nmeasurenent of step
”%%Wgﬁﬁﬂﬁ?ﬂﬁé?a.sedinentation measur ement, col or
measurenent or a viscosity measurenent.
3L The method of claim 30, wherein a robotic assembly selectively retrieves
individual test receptacles from an array of test receptacles and individually positions said

test receptacles in a testing station for determination of storage stability.

32. The method of claim 31 wherein said robotic assembly is controlled by a

computer.

33. The method of claim 32, wherein result of step (¢) for each sample is
transmmtted to the computer, the computer compares the result ﬁrith a predetermined value
delimiting a failure or passing of the result, and the computer identifies failed samples to

preclude further testing of the failed samples.
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39.™%A system for s¢reening | ubricant performangce,

undér program contfol, conprising: a) a plurality of
WO05/4d¥Spt acl es, each containing a different per/psao04/a3s878
| ubricating oil conposition sanple conprising (a) a )

maj or anount of at |east one base oil of |ubricating
viscosity .and (b) a m nor anount of at |east one
| ubricating oil additive; b) receptacle noving neans
for individually positioning said test receptacles in
a testing station for neasurenent of storage
st ab?t i 17 Tethedef GlaiBpill mihowsinstharstep of GBpMEN GEBH1i%d SHAng the
PCT/ US2004/ 035878 c¢) neans for neasuring the storage
regylhef i9pr(g) ¢9ma ddiecarianl e noved to the testing station
to obtain storage stability data associated with said
sanple and for transferring said storage stability
data to a conputer controller, wherein said computer

cont35olThe metfod oTREAMIY OrthcCHMREHRIh &? %@ﬁ% rds@fi of

i ndi vidual ly noving the test receptacle

stEy@) 8 bisabiidle J0RHSI il faBRANS,! O receptacte
novi Nng neans conprises a novable carriage. 41. The
system of claim 39, wherein the receptacle noving
means conprises a robotic assenbly having a novabl e

ar m4f0 i4N nd i ng a sel ected individua

F ecant ABr ety o ¢l 37 o Prprising herston pfdssmitiipgsthe result

receptacl.e novj ng nmeans conprises neans for
OfggPﬁgﬁ?ﬁngﬁ§“¥%g§aF@%@%P§EW@s. 43. The system of -

claim 39, wherein the testing station includes a

| ight source and a photocell aligned with the |ight
source. 44. The system of claim 39, wherein each test

r ecépt db¢ methad oficlaim 36 ofttethafcbinpeising ehe step of transmitting the result

of further calculations to a data carrier at a remote location,

38. The method of claim 20, wherein the storage stability measurement of step
(c) comprises a sedimentation measurement, color measurement or a VISCOSity

measurement.

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

a} a plurality of test receptacles, each containing a different lubricating oil
composition sample comprising (a) a major amount of at least one base oil. of lubricating
viscosity and (b) a minor amount of at least one ubricating oil additive;

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

testing station for measwrement of storage stability in the respective sample;
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an outer surface thereof. 45. The systemof claim 44, i

further conprising a bar code reader. 34 :
WO 2005/044963 PCT/US2004/035878

¢) means for measuring the storage stability in the sample moved to the testing
station to obtain storage stability data associated with said sample and for transferring
said storage stability data to a computer controller, wherein said computer controller is

operatively connected to the means for individually moving the test receptacles.

40. The system of claim 39, wherein said means for receptacle moving means

comprises a movable carriage.
41. The system of claim 39, wherein the receptacle moving means comprises a
robotic assembly having a movable arm for grasping and moving a selected individual

receptacle,

42. The system of claim 39, wherein the receptacle moving means comprises

means for agitating the test receptacles.

43. The system of claim 39, wherein the testing station includes a light source

and a photocell aligned with the light source.’

44. The system of claim 39, wherein each test receptacle has a bar code affixed to

an outer surface thereof.

45. The systerﬁ of claim 44, further comprising a bar code reader.
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