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WO 2005/044961 PCTIUS2004/035808 HIGH THROUGHPUT
SCREENING METHODS FOR LUBRICATING OIL COMPOSITIONS
BACKGROUND OF THE INVENTION 5 1. Technical Field The present
' ionJelates generally to methods for high throughput screening of
Wﬁ\éﬁ@%ﬁ%il compositions. 2. Description of the Related Arf THYIRI& P08
combinatorial approach for materials synthesis is a relatively new 10 area
of research aimed at using rapid synthesis and screening methods to build
libraries of polymeric, inorganic or solid state materials. For example,
advances in reactor technology have empowered chemists and engineers

to rapidly produce largeibranes frisareerariiginolecules in the
pursuit of nesEWHIgRESaoRaIyRRNChReded tothe olgyaippment of a

growing branch of research called combinatorial chemistry. 15

Combinatorial chemistry generally refers to methods and materials for
BAtdaERGOENINOICHSIHINIRE@0haterials or compounds--connnonly known

as libraries--and to techniques and instruments for evaluating or

ries for desirable properties. Presently, research in the
lubricant industry involves individually forming candidate lubricating oil
compBSRBRE Lt HinT frliet srmgaliiacretieda doanisl iyt 8@eening
ndidate compositions by employing a large amount of the candidate to

Ofggeb é’é@@ %%c R *he methods employed for testing each candidate

2_? 'AC%JSL]IE r&fr%%lﬂr&{gg%al operation. This, in turn,_5|gn!f!cantly redu_ces
e per or compositions that can be tested and identified as leading

lubriggting.Qjt GTRIBINYS approach for materials synthesis is a relatively new

-y

area of research aimed at using rapid synthesis and screening methods to build lbraries of
polymeric, inorganic or solid state materials. For example, advances in reactor
technology have empowered chemists and engineers to rapidly produce large libraries of
discrete organic molecules in the pursuit of new drug discovery, which have led to the
developraent 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 marnual
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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| WO 2005/044961 PCT/US2004/035808 Drawbacks associated with
conventional screening procedures can be seen as follows. For example,
governmental :and automotive industry pressure towards reducing the

5 osphorous and sulfur content of lubricating oil compositions used as; for
A9 assenger car and heavy duty diesel engine oils, RETELEHE#H 808

new research to identify oil 5 compositions which can satisfy certain tests
such as, for example, oxidation, wear and compatibility tests, while
containing low levels of phosphorous and sulfur. In this context, United
States Military Standards MIL-L-46152E and the ILSAC Standards

defingdpyathe &@%&%&%ﬁﬂ%&@&ﬁ%ﬁ?&@&é&ﬁ%@ﬂ%ﬁm WS ¥%e soan as

Association at present - require the phosphorous content of engine ol

folRsvat Phbetamle 1 Lwdmbteitd fHurR HRRRe &%ﬁ%%%ﬂgreducmg

proposed to even lower levels, e.g., 0.08 wt. % by January, 2004 and

thdasosp i RRsmb eyt o 2008: AEE ol KaSEsIt JREHS:IS ROFRGUSIRY e,
standard requirement for sulfur content in engine oils, but it has been

paprogesed thahihey sulfudicositentibedis]dwiiZing 1dmby dasralyto 2088ify oil
Thus, it would be desirable to decrease the amount of phosphorous and
w@mﬁmwmiéhﬁﬁg selisTswnatthissiaiechblay, 15 erastiplg, rtidaiimdustyand

standard proposed phosphorous and sulfur contents in the engine oil

coRppREAHY etainhyarerbkEREMTO e aSRiotnhmRIg P pkte dodhis
A U el
o R P e s sors B
require the phosphorous content of engine oils to be at or below 0.10 wt. % with future
phosphorous content being proposed to even lower levels, e.g., 0.08 wt. % by January,
2004 and below 0.05 wt. % by January, 2006. Also, at present, there is no industry.
standard requirement for sulfur content in engine oils, but it has been proposed that the
sulfur content be below 0.2 wt. % by January, 2006, Thus, it would be desirable to
decrease the amount of phosphorous and sulfur in lubricating oils still further, thereby
meeting future industry standard proposed phosphorous and sulfur contents in the engine

oil while still retaining the oxidation or corrosion inhibiting properties and antiwear

‘properties of the higher phosphorous and sulfur content engine oils. Inorder to~

accomplish this, a large number of proposed lubricating oil compositions must be tested

to determine which compositions may be useful.
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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. 5
W#&\W@%f‘?&’s stated above, present research in the lubricantR6dvEteypodioessos
not allow for reformulation to occur in an expeditious manner. As such,
there exists a need in the art for a more efficient, economical and
systematic approach for the preparation of lubricating oil compositions
and screening of such compositions for.information correlating to the
actug| OREert f the.compgsitions. For example, lubricating 10
ais 2 e ot SRE R ieaiv
LirusksuBl jact 0g:enyi dyring use. The
dIiz{]viron men%ﬁﬁ?%?%@ﬁ%%ﬂ%ﬁ%%m% i ?gfcat%rflelg’d by the
wapsesenceDidy pyabuEpacias fR4haeil sieh casiiQL ¥ AN RIRn I  or oils,
compounds, and is also promoted by the elevated temperatures
reizigesaiion delehbynth enditiduiieg use. The catalyzed oxidation of the oil
contributes to the 15 formation of corrosive oxidation products and sludge
in th&l@iayet eantaisbrbenss prthent viscasily inftvdhdititanh inéase; ob eyvest
solidify. Accordingly, it would be desirable to rapidly screen a plurality of
allgwr iy ecfoapeaion R eaieaiimg siredivisusitonador dxitatiohsbilits 2 need
. utilizing small amounts of each sample. In this manner, a high throughput
n fe o5t farit mans PRIsen fegremicoba b BYRismBEs smmaRAsksBEiim prpitietien of
B s e A R S

correlating to the actual useful properties of the compositions. For example, lubricating

oils as used in, for example, internal combustion engines of automobiles or trucks, are
subjected to a demanding environment during use. The environment results in the oil
suffering oxidation which s catalyzed by the presence of impurity species in the oil such
as, for example, iron compounds, and is also promoted by the elevated temperatures
experienced by the oil during use, 'I’hé catalyzed oxidation of the oil contributes to the
formation of corrosive oxidation products and sludge in the oil but can also cause the
viscosity of the oil to increase or even solidify.

Accordingly, it would be desirable to rapidly screen a plurality of sample
candidate Jubricating oil compositions for oxiclation stability utilizing small amounts of
each sample. In this manner, a high throughput preparation and screening of a vast
mumnber of diverse compositions can be achieved to identify leading lubricating oil

compositions.
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In a first aspect of the present invention, there is provided a high
throughput method for screening lubricating oil compositions, under
program control, comprising: (@) providing a plurality of different
lubricating oil composition samples comprising (i) a 5 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) measuring the oxidation stability of each
sample to provide oxidation stability data for each sample; and, (c)
SUeIMpARING FTEHE NSO B1EM(b). In a second aspect of the present
invention, there is provided a system for 10 screening lubricating oil
conpesitigrgan pledieundemprogramrcomtrolisqgompdisindghigh ehirphgiglity of
test receptacles, each containing a different lubricating oil composition
metbafhisiesemeprsingipatna ajd cammuntos atidasposebageoitlofomprising:
lubricating viscosity and (ii) a minor amount of at least one lubricating olil
(a) piguigiiee by ueditisutdilicot dHerTaine s16 compdivid srinBlampReR fising (i) a
testing; c) receptacle moving means responsive to 15 instructions from the
Majep APRHEY ot PRSTIREH ORI GAINPRIGVRG tiecsEieprdd ibkhipiadr gngpat of
testing station for measuring oxidation stability of the selected samples; d)

at Gt R FOPriRAEAS ik WAV BxsaSh SHIR LU DIt AS SBRSEREP85 it ity of

obtain oxidation stability data .and for transferring. the o>ir|§dation stabilit

tesl geeaPialfe Slatar B8Nt A High tbLghp serae Wﬁ?@tﬁ%&%@fm
. determining lubricant perf is 20 ided herein. Disclosed i
S APOLERSEE TG 161 St SH R LN EAERG B Lo b Sions, under
pro%lam control istpr %ﬁided corpiorisir%%th&steps Of\( Qroyidtin]% a,
plura i%ys%%ogl f%sf%?lct A?ﬁ)uberi iéetsi%’é olflvg%mey ion rr%p] es &o Sp?[sinoé (i) a

scrébi Cg}%@%%ﬁég Eﬁtclgi%ﬁggﬂgnbs?a%?p%ls, under program control, comprising: a) a

plurality of test receptacles, each containing a different lubricating oil composition
sampie comprising (i) a major amount of at least one base oil of lubricating viscosity and
(i) a minor amount of at least one lubricating oil additive; b) a computer controller for
sélecting individual samples for testing; c) receptacle moving means responsive to
instructions from the computer controller for individually moving the selected samples to
a testing station for measuring oxidation stability of the selected samples; d) means for
measuring the oxidation stability of the selected samples to obtain oxidation stability data
and for transferring the oxidation stability data to the computer controller.

A high throughput screening method for determining lubricant performance is
provided herein. Disclosed is a high throughpt;t method for screening lubricating oil
compositions, under program control, is provided comprising the steps of (a) providing a

plurality of different
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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) measuring the oxidation stability of each sample to
provide oxidation stability data for each sample; and 5 (c) outputting the
results of step (b). The methods disclosed herein permit the automatic
screening of many different lubricating oil composition samples in an
efficient manner in accordance with adjustable selection criteria to
determine oxidation stability of the samples. 10 BRIEF DESCRIPTION OF
lubriéAEnD RAWINGE Yadauslembegimentsiaendgsciipednpelawvithone base oil
reference to the drawings wherein: FIG. | is a schematic diagram of a
of 18ystamor preparng aplurlityrahcitferent: lshsicatingoibeonpobiiais; ¢l 5
FIG. 2 is a schematic diagram of a system for high throughput oxidation
eackeragringiod a)varstycoivitibricant pilucdmpoeSitiansyanetda Wi@heasuring the
2005/044961 PCT/US2004/035808 FIG. 3 is a schematic diagram of a
oxifrhotosel$ysErnafdr mepsukngaeposit diormatonl oh &subsratk sample; and
DETAILED DESCRIPTION OF THE PREFERRED 73MBODIMENT(S) 5
(c) THeytriogent mvdhtiolsispdibected to a high throughput screening method
for determining lubricant performance of a plurality of different lubricating
oil compusitskstitnjosabdievdigpraplifralisotaiéremtdapticaigai different
composition samples in a respective_one of a plurality of test receptacles
iubxisatiaa sl o Byaerdtion s¥apins M Eigipatgiapnighaccordance with adjustable

selection criteria to determine oxidation stability of the samples.

BRIEF DESCRIPTION OF THE DRAWINGS

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

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

FIG. 2 is a schematic diagram of a system for high throughput oxidation screening

of a variety of lubricant oil compositions; and,

da
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throughput" as used herein shall be understood to mean that a relatively
large number of 10 different lubricating oil compositions is rapidly
p-_re_pared and analyzed. In a first step of the screening method of the
lqvention, varying quantities of at least one base oil of lubricatin
W\qs?(':ﬁé%s{%@!n?d at least one lubricating oil additive are introducegi > 2004/035808
respective test reservoirs so that each reservoir contains a different
lubricating oil composition having a different composition depending upon
the percentage amounts 15 and/or types of the additives combined with
the base oil of lubricating viscosity in each receptacle. Data regarding the
Compusition oleralsatearersioreditiadaial BAN-adRmpIREsMure IS
advantageously accomplished under program control and is automatically
fonosdticnlledasybfonexample, a microprocessor or other computer control
device. The expression "program control" as used herein shall be
understood to mean the 20 equipment used herein in providing the
plurality of lubricating oil compositions is automated and controlled by a
DEIAILER DESCRISTION QR ETHE R R 3B GDRMENNIS)04496 1
PCT/US2004/035808 The lubricating oil compositions for use in the high
throdJfiPERs SR ALTsRipPPiS e tor i gﬁﬁ%ﬁﬁbﬁﬁh@%é@%ﬁ‘@i@gimthod for

omponent a major amount of base gil of lybricating  viscosity, e.g., an | |
oo A0 0 BPLTEH Ay recRU Mt B Fooestis
re preferably. fro ut 0. ahout 99.5 wt. % and mast preferably
by O R B R iResth O o B e pocive
Ongg?mﬁi‘gﬁg" G ESPLESIeN A8 R L H@%%Q%Eﬁé? shall tg{e egsion “high
do tks WhHich e g 18

understoodto mean a'base stock or blen ase st

thrivHEANTGORRA0RAM, tRal i@éﬁﬁ%@@&hwﬁegﬁgﬁmau{%yﬁg@ﬁ&%m of

same specifications (independent of feed source or manufacturer's
diflecatidei)idhiigogeisnipesitions is rapidly prepared and analyzed. In a first step of

the screening method of the present invention, varying; qﬁantities of at least one base oil
of lubricating viscosity and at least one lubsicating'sil additive are introduced in
respective test reservoirs so that each reservoir contains a different lubricating ol
composition having a different composition depending; upon the percentage amouﬁts
and/or types of the additives combined with the base 0l of lubricating viscosity in each
receptacle, Data regarding the composition of each sarmple are stored in 2 data library,
The procedure is advantageously accomplishe.d under program control and is
automatically controlled by, for example, a microprocessor or other computer control
device. The expression “program control” as used herein shali 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 comptuiter control device.
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same manufacturer's specification; and that is identified by a unique
formula, product 10 identification number, or both. The base oil for use
herein can be:any presently known or later-discovered base oil of = -

WIubc)icatinzg viscosity used in formulating lubricating oil compasitions for
AhPEREEIPSuch applications, e.g., engine oils, marine cylindef Bi§2004/035808

functional fluids such as hydraulic oils, gear oils, transmission fluids, etc.
Additionally, the base oils for use herein can optionally contain viscosity
index improvers, e.g., 15 polymeric allcylmethacrylates; olefinic
copolymers, e.g., an ethylene-propylene copolymer or a

styrengNutRAiene cnROBEHRAIGINRdike ﬁ@%@ﬂ%&%@ﬁf{)&{@&feeﬁ&gﬁﬁmod

skilled in the art would readily appreciate, the viscosity of the base oil is
ofibpandeniouioshibessplisaiomoecos dinghy, #Aenis 6ok it baseiQiligy
use herein will ordinarily range from about 2 to about 2000 centistokes
vigeStyateDleCantigradte(@)e20a6 S0 enalty, individthliyrthebice diksiuzed:.
as engine oils will have a kinematic viscosity range at 100C of about 2
Y& 811 Bissuey Eon pherebAnahpd RIS o8t i abd nrak6 wSferably fiwostbout 85
preferably about 4 ¢St to about 12 ¢St and will be selected or blended

BT oft Btk BisSaiel agiahiet the Sompast e e sariessicad kg

Use and. the additiyes in the finjshed oil tq give the desired grade of
oL e SR g1%.‘“’}[& ?il-}%“i?ﬁsé‘}é}f# LRBaGR RO aR g hass sirgks

T e
: i i . ' il
S B MU A R

sﬁ%ﬁ%ﬁ%ﬁﬁ%}%&ﬁ&iﬁ@%ﬁ%ﬁrﬁ% Wi Be% HAdE YAl e R RIR SRS EES
identiﬁcaﬁor,l number, of both. The base oil for use herein can be any presently known or
later-discovered base oil of lubricating viscosity used in formulating lubricating oil
compositions for any and all such applications, e.g., engine oils, marine cylinder oils,
functional fluids such as hydraulic oils, gear oils, transmission fluids, etc. Additionally,
the base oils for use herein can optionally contain viscosity index improvers, e.g.,
polymeric alkylmethacrylates; olefinic copolymers, e.g,., an ethylene-propylene
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 ¢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
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but not limited to, distillation, solvent refining, hydrogen processing,
oligomerization, esterification, and rerefming. Rerefined stock shall be
subé‘;antially free from materials 10 introduced through manufacturing,
contamination, or previous use. The base oil of the lubricating oil

W(%T"ﬂ?)%%ﬁ%ﬁﬂs of this invention may be any natural or synthetROTb#eekgssos
base oil. Suitable hydrocarbon synthetic oils include, but are not limited 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 15 using carbon

fhmmm@wemmr@ggauga%emgmgﬂmﬂﬂ%cg%{ﬂ@ SSRLRIOCESSy For

example, a suitable base oil is one that comprisés little, it any, heavy
eifsedion; cexg 4 litheeatingiiyl éUﬂ@d@iﬁHﬁﬁH@ﬁQEﬂ@ﬁﬁSWS%Qsﬁ?@B&iQﬁl?‘wt
100C. The base oil may be derived from natural lubricating oils, synthetic
0WH2GcEWAE0 O e iRtk O e sivS pitahle bassmibiwchidesbase sragks
obtained by isomerization 20 of synthetic wax and slack wax, as well as
1Wel 882tk @ Wakd HISEKS, 00 R d BY hiaNbae dkig {tashe s than sajgent
extracting) the aromatic and polar components of the crude. Suitable
usd 88 B g It e SissAsHipPrEasGorad o2 K11 aholV288 WeSined 7

_ 0@4 2005/044961 PCT/US2004/035808 in API Publication 1509, 14th

ition, Addendum I, Dec. 1998. Group IV base oils are polyalphaolefins

(PAQ). Group V base oils include all other base oils not included in Group
o B AR AR e P 3V B S e prereseepcnelaging

[, 11, IT70

L TR N P
estaRisAl Al SuaGbicie RN Gl HRIGAINO IR SYSH A3clR S RURS, i e
miroduced through manufacturing, contamination, or previous use. The base oil of the
lubricating oil compositions of this invention may be any natural or synthetic lubricating
base oil. Suitable hydrocarbon synthetic oils include, but are not Limited to, oils prepared
from the polymerization of ethylene or from the polymerization of I-oleﬁns {o provide
polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fischer-T: ropsch process. For
example, a suitable base oil is one that comprises littie, 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 hibricating
oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization
of synthetic wax and slack wéx, 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, IL, II1, IV and V as defined
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petroleum oils, solvent-treated or acid-treated mineral lubricating oils of

the paraffinic, naphthenic or mixed paraffinic-naphthenic types, oils

derived from cdé], or shale, animal oils, vegetable 9|Is§ (e.g., rapeseed.qils,

castor oils and lard oil), and the like. 10 Useful synthetic lubricating oils: -
VRAMa@ 58! are not limited to, hydrocarbon oils and halo-suB& 04/035808

hydrocarbon oils such as polymerized and interpolymerized olefins, e.g.,

polybutylenes, polypropylenes, propylene-isobutylene copolymers,

chlorinated polybutylenes, poly(I-hexenes), poly(1-octenes),

poly(1-decenes), and the like and mixtures thereof; alkylbenzenes such

inISpHPUBEVIAERA806S) 46! | inegylb N
1ﬂdi(2-ethy|hexyl)-bensg(‘ﬁaﬁ:‘;ﬂe@aﬁr% fhh%eaﬁ]l%%;ﬁggﬁ%f?egg?sgsu%\%ggﬁp aé?ly(/)fés, are

pdBaNbleRRsna pATRdnelyPheaviRR e lesdindated dinhenylgthars

and alkylated diphenyl sulfides and the derivative, analogs and homologs

Gtingr&df Al thEVikaltthelr GeefulByNthetioV basicalingreilsdfatedgobiseate
not limited to, oils made by polymerizing olefins of less than 5 carbon
thigttrvenogHlxsegttefterd o pillemey beitytgnes] b2 isobitmgenpentans; of
and mixtures thereof. Methods of preparing such polymer oils are well
Grovpvlrd kd i b¥ anskiV ddsmstaeka rr 1B188/03l2005/04496 1
PCTIUS2004/035808 Additional useful synthetic hydrocarbon-oils include
liquid peiHarEdrinkg wemismsh ity g eiberss @ssiyr Eapudsaliguid
useful synthetic hydrocarbon, gils are the hydrogenated liquid oligomers of
PR D T L 40 I BB A i dhe SRHBHHEr

R e s e W e
oilg,e{}gé%{%qé dhe fg.%f, rapeseed oils, castor oils and lard oil), and the like. '

Useful synthetic lubricating oils include, but are not limited to, hydrocarbon oils
and halo-substituted hydrocarbon oils such as polymerized and interpolymerized olefins,
e.g., polybutylenes, polypropylenes, propylene-isobutylene copolymers, chlorinated.
polybutylenes, poly(1-hexenes), pely(1-octenes), poly(1-decenes), and the like and
mixtures thereof; alkylbenzenes such as dodecylbenzenes, tetradecylbenzenes,
dinonyibenzeﬁes, di(?»ethyihaxyl}benzenes, and the like; polyphenyls such as biphenyls,
terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl ethers and alkylated
diphenyl sulfides and the derivative, analogs and homologs thereof and the like.

Other useful synthetic lubricating oils include, but are not limited to, oils made by
polymerizing olefins of less than 5 carbon atoms such as ethylenie, propylene, butylenes,

isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are

well known to those skilled in the art,
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where the terminal hydroxyl groups have been modified by, for example,
esterification or etherification. These oils are exemplified by the oils
prepared through polymerlzatlon of ethylene oxide or propylene oxide,

the alké/l and phenyl ethers of these polyoxyalkylene 10 polymers (e.g.,
rﬂ gxlpropylene glycol ether having an average molec8fak/R2R§i05803
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- Cs fatty acid esters, or the C13

0X0 agigigiss @‘% col. 1 ther cI s of us

synthetic Iubrfi?gﬁ]é%élls incl %ut We lns %e?ilqtmd %??é?sog?%ha
oldsibomlinasidpe gucbhinalicaci susainic AR RIvIGRNE agid, 1,

alkenyl succinic acids, maleic acid, azelaic a C ac sebac i

hydeidedumBtiQaritisasipieacido m%ﬁﬂa@slgﬁﬂy %&h@@'ﬁﬂ'%ﬁ& P ﬁ ¥ ene
0

malonic acids, allcenyl malonic acids, etc., with a variety of alcohols, e.g.,
tritmetyl| alcohol, hexyl alcohol, dodecyl alcohol 20 2-ethylhexyl alcohol,
ethylene glycol, diethylene glycol monoether, propylene glycol, etc.

Speéifietbsianiapted viafibsmidstierbimichiie dibitydladipate,are not limited to,
d|(2 ethylhexyl)sebacate, di-n- hexyl fumarate, dioctyl sebacate, dnsooctyl

alkylena exidhia ﬁ:a}z@a@@m@mymhmata@n&wmmmreof
PCT/U82004/035808 didecyl phthalate dieicosyl sebacate, the
thfgfﬁﬁ TR xSt srouRsibaxe; Wﬁ@m@x@m festonitdtipn or
ethen ng mole of sebacic, ﬁS i% two moles of tetraethylene glycol
WO holeE of &ﬁﬁ&?& by SHeRrE e gl nelswiprzation of

T Y
poBEeRQISe 8:flethyl poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glycol having a molecular weight of 500-1000,
diethyl ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or
mono- and polycarboxylic esters thersof such as, for example, the acetic esters, mixed
C3-Cg fatty acid esters, or the C13 oxo acid diester of tetrasthylene glycol.

Yet another class of useful synthetic lubricating oils include, but are not limited
to, the esters of dicarboxylic acids e.g., phthalic acid, succiﬁic acid, alkyl succinic acids,
alkenyl succinic acids, maleic acid, azelaic acid, subeﬁc acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol, .
2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, ete.
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-

hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
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- methanol, ethanol, etc., polyols and polyol ethers such as neopentyl

glycol, trimethylol propane, pentaerythritol, dipentaerythritol,
tripentaerythritol] and the like. Silicon-based oils stichias, for example;”

0 l-. polyaryl-, polyalkoxy- or polyaryloxy-siloxane oils and silicate

W&I?{%@%ﬁ%ﬁse another useful class of synthetic 10 lubricating oS >2004/035808

Specific examples of these include, but are not limited to, tetraethyl
silicate, tetra-isopropy! silicate, tetra-(2-ethylhexyl) silicate, tetra-(4-methyl
hexyl)silicate, tetra-(p-tert-butylphenyl)silicate,
hexyl-(4-methyl-2-pentoxy)disiloxane, poly(methyl)siloxanes,

disety(mietalipherid)sioaneseantd thanige SlilvabotensaiuloRy aHRsliche
lubricating oils include, but are not limited to, liquid esters of phosphorous

cdrbpbondstinifugnaeidy, reagtidgioresybphwspbate, dslactihnhesabris odiethyl
ester of decane phosphionic acid, etc., polymeric tetrahydrofurans and

tetrestlisnd Blydabrivhitirgroilen af Bettighiveehioncidwmefitiedikefined and
rerefned oils, either natural, synthetic or mixtures of two or more of any of
thesd@pthesefidatiisaibgiel oientininsbyls, Uinirsfimetilsiliedro,tbse: made from
obtained directly from a natural or synthetic source 20 (e.g., coal, shale,

cPRLYHCAGHS BRUMERY R ARt dhonblrinekosiors sdthilveimkamples of

<SR e R SRS A

o e el S B b mR e A Rt irsea without
have Lo i ey B B BB R e

PO IRSE nieneriess ThesaibHE inationisshninues: Aeddan trthase of
i1

e art and include, for
lubricating oils. Specific examples of these include, but are not limited to, tetraethyl

silicate, telra-isopropyl silicate, tetra-(2-ethylhexyl) silicate, tetra-(4-methyl-
hexyl)silicate, tetra-(p-tert-butylphenybsilicate, hexyl-(4-methyl-2-pentoxy)disiloxane,
poly(methyl)siloxanes, poly(methylphenyl)siloxanes, and the like. Still yet other useful
synthetic lubricating oils include, but are not limited to, liquid esters of phosphdrous
containing acids, e.g., tricresyl phosphate, trioctyl phosphate, diethyl ester of decane
pho sphioﬁc acid, efc., polymeric tetrahydrofurans and the like,

The lubricating oil may be derived from unrefined, refined and Iereﬁned. oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed
hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source
(e.g., coal, shale, or tar sands bitumen) without further purification or treztment.
Examples of unrefined oils include, but are not limited to, a shale oil obtained directly

from retorting operations, a petroleum oil obtained directly from distillation or an ester
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5 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 known as reclaimed or

W AIGEEEERY oils and often are additionally processed by tedPflgi804/035508
directed to removal of spent additives and oil breakdown products. 10
Lubricating oil base stocks derived from the hydroisomerization of wax
may also be used, either alone or in combination with the aforesaid
natural and/or synthetic base stocks. Such wax isomerate oil is produced

oibyiIE By eaiRpHE Al N NAIA, OF.SY HOR TS MBS 0 %ﬁgég@we

thereof over a hydroisomerization catalyst. Natural waxes'a P

ﬁﬁdh\%\emeﬁtrqwﬁm&E%ﬂ@ﬁ&ﬂ&%@%@iﬁ@ﬁﬂ&i%ﬁ%ﬁ&@}ﬁ%@ﬁ?ﬁ been

synthetic waxes are typically the wax produced by t ropsc

furttocessted e srcantbeopipitioaiiitpetl Risalng:Rl GoRpeiions;for use
herein is at least one lubricating oil additive. Such additives can be any
Thersgunifipdinovierlor (piesradisoove tedbastoif\weillse thin forna dnge, for
lubricating oil compositions. The lubricating oil 20 additives for use herein
eXERIBIEC g breaeiomaitedorslaandisiitidiots asidtioneae agantto dRIGRIMS
such as metal detergents, rust inhibitors, dehazing agents, demulsifying
perpelation, hydrgieting: vistinging eins Rerefiopdoiduiie ehtpived pitrcating used
O.Ee ressants, antiifoaming agents, 11 1'y WO 2005/044961 _
PEHUS 0418 8EHE e8 SRA QD HRR AR Qi pRasirssesined oils aro also
knSLQSIo élﬂ_ﬁl itors, ashless dispersants, dyes,, _extr‘eme‘ pressure agents
ma%%%h eerﬁ}-(e aerk%)idp RS g&%%%pé%]%gge @ﬂ%{‘f@d’aﬁ]é’ ygoessed by
techmiques directed to removal of spent additives and oil breakdown products.

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

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

The second component of the lubricating oil compositions for use herein is at
least one lubricating oil additive. Such additives can be any presently known or later-
discovered additive used in formulating lubricating oil compositions. The lubricating oil

additives for use herein include, but are not limited to, antioxidants, anti-wear agents,

detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents,

- metal deactivating agents, friction modifiers, pour point depressants, antifoaming agents,

11



10

15

20

addition of appropriate thickeners. A variety of the additives are known

and commercially available. These additives, or their analogous

compounds, cahibe 5 employed for the preparatioh;fciif the various
WIH(?C?(%%M 69i| compositions herein. Alternatively, the lubricating oil -~

additive(s) can further contain a diluent oil to form an additiv€ CHNE&HHARSS08

These concentrates usually include at least from about 90 wt. % to about
10 wt. % and preferably from about 90 wt. % to about 50 wt. %, of a
diluent oil and from about 10 wt. % to about 90 wt. %, preferably from
about 10 wt. % to 10 about 50 wt. %, of the foregoing additive(s). Suitable

osliloloniissondheze onmBRIbRSS I RelitgANNHNRI i et nualarably.ag,al of

lubricating viscosity such as, for example, a base oil as described

exiereinirelows agethatib eretiReant atix inay the-sendilyeRbsadinitiuire the
lubricating oils to prepare lubricating oil compositions. Suitable lubricating
adolfgothaf spasepbiete deckasdiluentsiegrobhanidhives lwbkisatngndscosity. 15
Generally the lubricating oil compositions of the present invention will
capeigtreatly waldedneTdntionddiivesEoatheil esabd grvioxidantsdsatadddbut are
not limited to, hindered phenolic antioxidants, secondary aromatic amine
enaplfusdfantas sumarion pHeasRcoanhbtiering odirsonmsidendperin.
compqunds, phosphorus-containing, antioxidants, organic sulfides,
disul '@?8%‘@%@1%&‘1‘%88@%84@ Rgetehern b emiainin Siammiay fe
fo%g present in the Iu'agecalf'ﬂgsoil compositions of the present invention at a

Concantration ranging from 580t 0 rt5 4B pieastding 8bpy90
wiVPBOBRIHIIRL BT RRAA0RERANS. Faramples ohierigaly Rindged

phenolic antioxidants Iriclude, but are not limited :
diluent oil and from about 10 wt. % to about 90 wi. %, preferably from about 10 wt. % to
about 50 wt. %, of the foregoing additive(s). Suitable diluents for the concentrates
include any inert diluent, preferably an oil of lubricating viscosity such as, for example, a
base oil as described hereinbelow, so that the concentrate may be readily mixed with
lubricating oils to prepare lubricating oil compositions. Suitable lubricating oils that may
be used as diluents can be any oil of lubricating viscosity. |

Generally the lubricating oil compositions of the present invention will inchude at

least one antioxidant. Examples of antioxidants include, but are not limited to, hindered
phenolic antioxidants, secondary aromatic amine antioxidants, sulfurized phenolic
antioxidants, oil-soluble copper compounds, phosphorus-containing antioxidants, organic
sulfides, disulfides and polysulfides and the like. The antioxidants will ordinarily be

present in the Iubricating oil compositions of the present invention at 2 concentration

ranging from about 0.1 to about 5 weight percent.
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to, ortho-alkylated phenolic compounds such as 2,6-di-tertbutylphenol,

4-methyl-2,6-di- tertbutylphenol, 2,4,6-tri-tertbutylphenol,

2-tert-butylphenol, 2,6-diisopropylphenol, 2- methyl-6-tert-bttylphenol,
@%ﬁ%%e@ﬁl-&tert-butylphenol, 4-(N,N 5 dimethylaminomethyl)-2,

 GIRPBUNI phenol, 4-ethyl-2,6-di-tertbutylphenol, 2-methylPCT/US2004/035808

6-styrylphenol, 2,6-distyryl-4-nonylphenol, and their analogs and

homologs. Mixtures of two or more such mononuclear phenolic

compounds are also suitable. Examples of other phenol antioxidants for

use in the lubricating oil compositions of the present invention include, but

are nokiiMechiawneiy \RnRns Rh AR AbHAAIER AP 1Py

or more sterically-hindéred unbridged phenolic compounds™ and mixtures
tofRetecilifyiasdpps:oficesipdent RHidase eompouRdainGlde. Arkaienel;.
limited to, 4,4'-methylenebis(6-tert-butyl o-cresol),
tertbtyipbtingle Ashist2tetivayileolcresabbutylphenol, 2,6-diisopropylphenol, 2-
2,2'-methylenebis(4-methyl-6-tert-butylphenol), 4,4'-methylene-bis(2,6-di-

mednbGrtpHanplyhend, thé-diveiBaudicertablytyipbierkbd-@Nmixtures of
_methylene-bridged 15 alkylphenols such as those described in U.S. Pat.

dirgeshgpuingasthiflls Sritetstd viuriohn lafecihybibrited hyyiphenoh 2 methyl-
herein. Amine antioxidants can also be used in the lubricating oil

- HITHIBER IS Biithay irveenitrhenslamadisinanalnes bud heanploglinitanttges of
oil-soluble . amines, aromatic secondary polyamines

omatic secondar
B0 0 S eg‘%ﬁ@%%%ﬁ%?% 1R EPERARE 817 alehiarieblecondary amines
bein ed. Examples of aromatic.secondar Qnoamines include
et e B e o P agio pemmges

o j henyl-alpha-naphthylamine,
S B AL A

bridged alkylphenols, one or more sterically-hindered unbridged phenolic compounds

and mixtures thereof. Examples of methylene-bridged compounds include, but are not

- limited to, 4,4'-methylenebis(6-tert-butyl o-cresol), 4,4'-methylenebis(2-tert-amy/l-0-

cresol), 2,2"methylenebis(4-methyl-6-tert-butylphenol), 4,4'-methylene-bis(2,6~di-
tertbutylphenol), and the like. Particularly preferred are mixtures of methylene-bridged
alkylphenols such as those described in U.S. Pat. No. 3,211,652, the contents of ‘which
are incorporated by reference herein.

Amine antioxidants can also be used in the lubricating oil compositions of this
invention. Examples include, but are not limited to, oil-soluble aromatic secondary
amines, aromatic secondary polyamines and the like and combinations thereof writh
aromatic secondary amines being preferred. Examples of aromatic secondary
monoamines include diphenylamine, alkyl diphenylamines containing 1 or 2 alkyl

substituents each having up to about 16 carbon atoms, phenyl-alpha-naphthylamine,
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phenyl-beta-napthylamine, alkyl- or aralkylsubstituted
phenyl-alpha-naphthylamine containing at least one or two alkyl or
arallcyl groups.each having up to about 16 carbon: atoms, alkyl- or .- 7
arall(g/l-substituted phenyl-beta-naphthylamine containing at least one or

WRYLY Y aralkyl groups each having up to about 16 carboR GXBH04(#rs08

the like. 5 A preferred type of aromatic amine antioxidant is an alkylated
diphenylamine of the general formula Ri -C6 --H4 --NH--C6 H4 -R2
wherein Ri is an alkyl group (preferably a branched alkyl group) having 6
'to 12 carbon atoms and preferably 8 or 9 carbon atoms; and R2 is a

B A R AR D)
coﬂfﬁfﬁﬁgté%e%lt @ﬁgﬁ%%%@?%ﬁﬂ%ﬁy S&Rﬁﬁf\%ﬂgqp%@iﬁ’&mﬁ Sirbon

available commercially as Naugalube 438L, a material which is

atstElQIRIQOEH tadney IRnerdaminainbaA-Hefh-Sipany iRheNaminey(b kast one or

bis(4-nonylphenyl)(amine) wherein the nonyl groups are branched. 15
twl ntithierrantloyiganifo cachéhinitiarpipribatingeaihtom pRelORR! Ghd tise,

invention is comprised of one or more liquid, partially sulfurized phenolic
compoprefistsd typasihoseatprepareshbyxid autingus ulkyiated diditovise il f
a liquid mixture of phenols wherein at least about 50 weight percent of the
thergsaerd Brpidnols is composed of one or more reactive, hindered
phenols and in proportions to provide from about 0.3 to about 0.7 gram 20
atoms of sulfur monochloride rfgﬁ mdle-Bebethe;-Rindered phenol so as

R e e T
atc?lgsogﬁd71?r(g%e%.b%y6§ Cci)ir_ t& gagb%n atoms; and R, is a hydrogen atom or an alkyl group
(preferably a branched alkyl group) having 6 to 12 carbon atoms and preferably 8 or 9
carbon atorns. Most preferably, R; and R; are the same. One such preferred compound is
available commercially as Naugalube 438L, a material which is understood to be
predominately a 4,4"-dinonyldiphenylamine (i.e., bis(4-nonylphenyl)(amine) wherein the
nonyl groups are branched.

Another antioxidant for use in the lubricating oil compositions of this invention is
comprised of one or more liquid, partially sulfurized phenolic compounds such as those
prepared by reacting sulfur monochloride with a liquid mixture of phenols wherein at
least about 50 weight percent of the mixture of phenols is composed of one or more
reactive, hindered phenols and in proportions to provide from about 0.3 to about 0.7 gram
atoms of sulfur monochloride per mole of reactive, hindered phenol so as to produce a

liquid product. Typical phenol mixtures useful in making such liquid product

compositions include a mixture containing by weight about 75% of 2,6-di-tert-
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WO 2005/044961 PCT/US2004/035808 butylphenol, about 10% of
2-tert-butylphenol, about 13% of 2,4,6-tri-tertbutylphenol, and about 2% of
2_,-4{(3}i-tertbutylphenQ'l,';:Tpe reaction is exothermic and is preferably kept
within the range of about 15C to about 70C, most preferably between
WRFBIVH3to abouts0C. 5 Mixtures of different antioxidants REH¥F2eMess808
used in the lubricating oil compositions of the present invention. One
suitable mixture is comprised of a combination of (i) an oil-soluble mixture
of at least three different sterically-hindered tertiary butylated monohydric
phenols which is in the liquid state at 25C., (ii) an oil- soluble mixture of at

Sl el P RN R LS A POy A ISR A1 o

bridged polyphenols, and (iii) at least one bis(4-

absihorsiofthe-alkdargundsa bfﬁ@%&@%ﬁ'ﬁyém%ﬁﬁm%%}éﬁ&ﬁﬁ%%”

atoms, the proportions of (i), (i) and (iii) on a weight basisalling’i
withingheafiazont it q AU LBRIRS, Mo GATHINIBHL KD-AEG abAKLB-P 19
about 1.2 parts of component (ii) per part by weight of component (iii).
abgta®fifles of such antioxidants discussion above are disclosed in U.S. 15
Patent No. 5,328,619, the contents of which are incorporated by reference
hereiixtygse pfidEeum andoddtimts cacalbobe wistiogbe libtik&mpatent No.
4,031,023, the contents of which are incorporated by reference herein.

CORRAHHIRS S U RRSE BEERinBRRIsiblcarix e st tsed ifn
CoSERHBAT LA 20 SR oy Bt 3 ESLATRe RETBpelb e
T L e e
solﬂbieqmm% RUBRGHE éiﬁ@f%ﬂ@g}/e&ga%hﬁgge;g& tertiary butylated methylene-
bridged polyphenols, and (jii) at least one bis(4-alkylphenyl) amine wherein the alkyl
group is a branched alkyl group having 8 to 12 carbon atoms, the proportions of (i), (ii)
and (iii) on a weight basis falling in the range of about 3.5 to about 5.0 parts of
component (i) and about 0.9 to about 1.2 parts of component (ii) per part by weight of
component (iii). Exanoples of such antioxidants discussion above are disclosed in USs.
Patent No. 5,328,619, the contents of which are incorporated by reference herein. Other
useful antioxidants are those disclosed in U.S. Patent No. 4,031,023, the contents of
which are incorporated by reference herein.

Examples of antiwear agents include, but are not limited to, zinc
dialkyldithiophosphates and zine 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 J anuary 1992, see for
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15 WO 2005/044961 PCT/US2004/035808 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
WibiHAd4a%0, overbased or neutral 5 detergents such as sulfSfE#ES2004/035808
detergents, e.g., those made from alkyl benzene and fuming sulfuric acid;
phenates (high overbased or low overbased), high overbased phenate
stearates, phenolates, salicylates, phosphonates, thiophosphonates, ionic
surfactants and the like and mixtures thereof. Low overbased metal

e’&é%g@ S R A B M R e
siPageRaRd ?Eéé&[%km@e%‘é{ﬂ%%ﬁ% ﬁtgg SlLKROD DG Aes

Examples of rust inhibitors include, but are not mlted to, nonioni

arlAONRGT  aRerageMs6F0., Polyoxyethylene lauryl ether,
polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,

polyBsyethidentioetginhenyhethan: peluoxyeidena aahistearykather,

polyoxyethylene oleyl ether, polyoxyethylene 15 sorbitol monostearate,

depayrose/euiyie el ot demgaus| eate thanelpalydityl ehyidyeaine and fuming

monooleate;. stearic acid and other fatty acids; dicarboxylic acids; metal
su%asgmsé@}a@zﬁ@sQﬁgh@\seah@edmwgmgrbﬁm\@mmmqhmal
carboxyllc acid ester of polyhydric alcohol; phosphoric esters;

STRE - ?F)améﬁw&a@éam@a@maﬁ%rﬁm EPho dpripgurtactants and

njtroge -contalnl atives there hetic allcarylsulfonates, e.
the Mi monylﬁ'gfﬁ?[‘{ﬁ We¥EnPs ﬁ%g B AR I &f’ﬂ’f%%tomgbase

'ﬂ‘}ﬁc 1 )@%@? arT %?a%]:)gt' %tltgrgﬂggo%geaﬂsdlﬂgférglﬂ %tofanr % 581 tléea out 25.

Low overbased metal sulfonates and nentral metal sulfonates are well known in the art;

Examples of rust inhibitors include, but are not limited to, noﬁionic
polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher
aleohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl efher,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene
sorbitol monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol
monooleate;. stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid
amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric
alcohol; phosphoric esters; (short-chain) alkeny! succinic acids; partial esters thereof and
nitrcgen—containipg 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

amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated
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anunes; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty
amines, borated 16 WO 2005/044961 PCT/US2004/035808 alkoxylated
fatty,amines, metal salts of fatty acids, fatty acid amides, glycerol esters,
borated glycerol esters; and fatty iniidazolines as disclosed in U.S. Patent
Wﬁ&?@,’g"f%, 96, the contents of which are incorporated by reP&f&HE 04/035808
herein; friction modifiers obtained from a reaction product of a C4 to C75,
preferably a C6 to C24, and most preferably a C6 to 5 C20, fatty acid
ester and a nitrogen-containing compound selected from the group
consisting of ammonia, and an alkanolanline, e.g., those disclosed in U.S.

alipetiatdN Fattd AR L £Q¢ il . 20 ntents of which are
inc%rpora?gg by re?érer%le%\tg% Egmf%lﬁ’e%?ﬁélQaa}lﬁgrﬁg?ﬁ’rggfﬁléorieeosﬁm’

bobaxatphleaalfeani¥paling pasatsdnakide didiRER ROUIEMERL INDUWPER 6,

of alkyl 10 methacrylate; polymers of dimethylsilicone and the like and
thewixtisnss dfivtad cEdanpes:atidshiessdispersan GdnchieR dad- 268180k 4
limited to, polyallcylene succinic anhydrides; non-nitrogen containing
frogppiteneiien produsb R dmE sLpsieb B etio ashd sionifregeibly a Cq to
compound selected from the group consisting of succinimides, carboxylic
Cop Bitvtifi e et et s s gr irsdinmassrippardceiested Spolfargines,
. Mannic basesBB,sghogphonoamides, thiophosphonamides and
OBHOLISHBAEE: Mg Z8ikaRoGming qihaitosh st aserd niabifa Setéal No.
t eﬂépt jazol n%derivative thereof; triazoles, e.g.
1 7§ . ] )
Og%ﬁi}igfzo Es a%]:(t:iq1 aéghgg‘%%a SI%%}t%ESM AWiRReERM A gyé’éfﬁé&%ate
hefeRiCEn i ORE Q{mﬁgﬁfe@‘ﬁ}@ gl polar function, including amine, amide,
imine, imide, hydroxyl, car ox{/ﬁ, and the like, 20 e.g., products prepared
by copehyRetZalion Afinne.chain iy B Ylates Bluited 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
anlydride; a basic nifrogen compound selected from the group consisting of
succinimides, carboxylic acid amides, hydrocarbyl monoamines, hydrocarbyl
polyamines, Mannich bases, phosphonoamides, thiophosphonamides and
phosphoramides; thiazoles, e.g., 2,5-dimercapto-1,3,4-thiadiazoles,
mercaptobenzothiazoles and derivatives thereof; triazoles, e.g., alkyltriazoles and
benzotriazoles; copolymers which contain a carboxylate ester with one or more additional
polar function, including amine, amide, imine, imide, ydroxyl, carboxyl, and the like,
e.g., products prepared by copolymerization of long chain alkyl acrylates or

methacrylates with monomers of the above fimction; and the like and mixtures thereof.

The derivatives of these dispersants, e.g., borated dispersants such as borated
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methacrylates with monomers of the above function; and the like and
mixtures thereof. The derivatives of these dispersants, e.g., berated
dispersants suchias berated 17 WO 2005/044961 PCT/US2004/035808. .
succinimides, may also be used. Preferably, the dispersants are - -

WERBYESE succinimides derived from animation of polyalkIERE S04 {pEses

anhydrides with polyalkylene polyamine. If desired, prior to dispensing the
at least one base oil and at least one lubricating 5 oil additive to provide
the compositions herein, as discussed hereinbelow, it can be
advantageous to conduct molecular modeling of proposed compounds for

sudaRilites HyHRSHoRsI( Sre QLRI atORS) dR determing whigh,

compounds may provide potential ‘leading candidate ‘compositions. For
su€Xampdes aalzuanonseanlaencerpes il invalvbri shek ieciars.as, for |

example, transition states, bond lengths, bond angles, dipole moment, 10

poiydkgphobidiyméte, of the compounds. Accordingly, the proposed
compounds can be screened to determine, for example, which

compbissdedarrioptarfbsnegsom i ntdersorivdiion oflvbitiori st cesbibie tiog

.a poor ability to trap intermediate peroxides. This can be carried out using
off gty stormipyisle thaparmpasitiens hestin. @i distusetesnimbriowiananhs

from Accehys (San Diego, California). 15 Software for the design of test

AiPLREL AR B L Rl e gRof s R REP R SORRENREy e Based

OB A B ALCHORG S hADEBRLH e Ut Porta
' tili istical imental desi thods.

S e R SO R e

sufi %‘EH&%}%@%QE&&H@,Iﬁgﬁgﬁ%ﬁgﬁ@y\ﬂgﬁ&h&g&& bond angles, dipole moment,

hydrophobicity, ete, of the compounds. Accordingly, the proposed compounds can be
screened to determine, for example, which compounds may perform poorly in an
oxidation inhibition process due to a poor ability to trap intermediate peroxides. This can
be carried out using known software such as, for example, Quantum Mechanics available
from Accelrys (San Diego, California).

Software for the design of test libraries can be used to design the original
compound test libraries based on input from the foregoing experimental program(s). This
software can be used to efficiently design test libraries that cover the desired
experimental space and utilize statistical experimental design methods. Other software
can then be used to analyze the data from the experiments and correlate that data with the
structure of the compounds and/or compound treatment conditions and/or reaction
conditions. Such correlations are often referred to as QSAR software (Quantitative

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

18



10

15

20

20 structure of the compounds and/or compound treatment conditions
and/or reaction conditions. Such correlations are often referred to as
QSAB software (Quantitative Structure Activity Relations):'fgvailable from
Accelrys (San Diego, California). Such 18 WO 20051044961

W&é‘r}f@ﬂ 4/035808 QSAR programs can then be used byRthE/Soiti#iEss08
to design subsequent compound test libraries for further screening. The
use of such QSAR programs can add to the efficiency of screening. As
more data is collected, these QSAR programs can become more efficient
at developing 5 compounds libraries with increased probability for finding

Qg&RiILa8 aﬁ%reameﬂ%eﬁ%d%%@@% %ewt@ﬁ%%%@agé}gﬁ@é’mg% est

formulated into various lubricating mpositions, as ed herein,

lirRbienHiibesanameed by way of, for example, regression and
analysis technologies, using known software, e.g., C2-QSAR available

fromAeaslys (RarQBreR ordzalifsreiahdnthiscraameic Vetidadionef the more
data obtained 10 from the molecular modeling can be achieved and then
dathis deltectalnthiso Q8/SRopegiing cdatzaniie ctiote leffolsnvayicaedping
compounds, conceived by one skilled in the art can be checked by the
copBNRis bhveties Tothiadieistdairabetility fridindinp dirsaeblmt eynthedis. For -
Additionally, such software tools may be utilized to prioritize a list of
expuplspiee eommegiRpaneg wBrederaslndsipteiesiennsuditiowail that
one skilled in the%%\;vill .15 have a higher probability for success.

CORBASHIRRS B oo paheroigread Sha Rardien aipliare b SrovRicion xeredoing
compositions in the plurality of respective test receptaclgs.is generall
re P e A0 SO el A RIS SRS oS S YRR o
ﬁo?ﬁ%éggﬁg'sﬂ@aﬁojﬁgégf]@aﬁfomia). In this manner, validatiog of the data obtained

from the molecular modeling can be achieved and then this data can also be stored in a

data collector. In this way, new compounds, conceived by one skilled in the art can be
checked by the QSAR software to predict their activity prior to their actual synthesis.
Additionally, such software tools may be utilized to prioritize a list of possible
compounds being considered for synthesis in such a way that one skilled in the art will
have a higher probability for success.

Referring now to FIG. 1, an example of a system to provide the foregoing
compositions in the plurality of respective test receptacles is generally iltustrated as
system 100. Representative of this system and method for providing the foregoing
compositions in the plurality of respective test receptacles is one disclosed in co-pending
U.S. Patent Application Serial No. 10/699,510 filed on October 31, 2003 and entitled
“HIGH THROUGHPUT PREPARATION OF LUBRICATING OIL COMPOSITIONS

FOR COMBINATORIAL LIBRARIES” by Wollenberg et al. (Docket No., T-6298A;
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compositions in the plurality of respective test receptacles is one disclosed
in co-pending 20 U.S. Patent Application Serial No. 10/699,510 filed on
October 31, 2003 and entitled "HIGH THROUGHPUT PREPARATION.
ATING OIL COMPOSITIONS FOR COMBINAT o
W?.E%L(”Eﬁ@ by Wollenberg et al. (Docket No. T-6298A; 19 %@%&29"“’”358"8
2005/044961 PCT/US2004/035808 (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
(538p0)y @liadeitiye Aommishaeapnbe vty Bt theséaregpingaaditivesHaaiyfor
modifying the 5 properties of the base oil. As one skilled in the art would
wirehdily inpprecistd byreformeierdhyv Essels!ly] Oxand VessetsiiQ eamphef
used when dispensing more than one base oil and/or more than one
thetigoi e bajsewii/efjubmidstiig ViseodtylBs Heserlddi fontommanyiphtiofy the
base oil B to nozzle portion 113, from which it can be dispensed into a
additienforiaich adioary a5 hefunsuianrddifives osvii fanpodifnp dee oil
dispensed is determined by metering pump 112, which can be computer

proshifS IR BitRmat i £99 SSlled dhiaittor U FRriE SRR EeCLAR ARy
foiI agdﬁt'v Adto nolzzf ortion 123, from which it can be dispensed into a
of Jerethal] et R L R B B RER FRB o PRSP o

an&ggitigge %%H%ﬁ%%‘a &I%ggt%rgénggep 15 metering pump 122, which also
can be computer controlled. Computer programs and systems for

automBlER, BEISHNg RIRAGRIDINGH AU 3R HRAEH %J%}g%g%%e

with a preselected protocol are known in the art and can be us rein.
113, from which it can be dispensed into a selected test reservoir, as described below.

The amount of base oil dispensed is determined by metering pump 112, which can be
computer controlied.

Tubular line 121 is a conduit for communicating the lubricating oil additive A to
nozzle portion 123, from which it can be dispensed into a selected test reservoir, as
described below. The amount of lubricating oil additive dispensed is determined by
metering pumé 122, which also can be computer controlled. Computer programs and
systems for antomatically metering predetermined amounts of materials in accordance
with a preselected protocol are known in the art and can be used herein.

Nozzles 113 and 123 are preferably in close proximity so that base oil B and
additive A can be simultaneously dispensed in a test reservoir. Alternatively, base oil B
and additive A can be sequentially added to the test reservoir. The nozzles 113 and 123

can comprise a multichanmel pipette or one or more syringe needles.
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Nozzles 113 and 123 are preferably in close proximity so that base oil B
and additive A can be simultaneously dispensed in a test reservoir.
Alternatively, base oil B: 20 and additive A can be sequentially added to
the fest_reservoir. The nozzles 113 and 123 can comprise a multichannel
wgiﬁ%ot?@%?ﬁc}ne or more syringe needles. 20 WO 2005/04496 RCT/US2604/035808
PCTIUS2004/035808 The vessels 110 and 120 can be under pressure.
Optionally, more than two vessels can be employed. Metering pumps
suitable for use in the invention are known and commercially available. In
the event that highly viscous lubricant base stock or additives are used,
the vgssel r the tubular lin 11 and 121, metering 5
pumps 115351%81 %2%1%%19 %%gr%zé?egrﬁ%ﬁs%% g%& 8%?1&5@1%%3@%8” °

vebssiaterdushdioyenerathinuai, TNeATL FATS R0 ales A Plagk 431

of transparent material (e.g., glass) having a plurality of recesses or

antReeVBE-AIE dispRBRe dradelitives widasa piiands addityas,Lhe acesses

provide test reservoirs wherein each reservoir contains 10 lubricating oil

- additivpositices, dhavdiffesarivand edeliniioeshaeMRASION ah@ 1 IS netering

percentage and/or type of base oil and/or additives in each-composition
Puits Va2yand id 2o medfersenvdis G 2aatties. @ptiehalitsdhefie’zsvoirg caspe

individual receptacles (e.g., test tubes) mounted upon a rack, instead of
t1196@11“@“@39sses in a block. Preferably, the test receptacles comprise

transparent glass tubes. While five reservoirs, i.e., recesses 132a, 15

13208 2¢ 35 Hpmsgl 3Papelndseaiilegkdbiahimrspareyateiabsrmfglesirvoirs
ha\%%nabelugaﬁrllg,lg}zed herein,.For example the system can employ 20, 50, 100

OF Bt BN RO TS FEER (A LA SeFE Hip isPaRsrdsiditiyes or base oil and

additives. The recesses provide test reservoirs wherein each reservoir contains

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 to another. Optionally, the reservoirs can be individual receptacies (e.g.,
test tubes) moumnted upog arack, instead of being recesses in a block. Preferably, the test -
receptacles comprise transparent glass tubes. While five reservoirs, i.e., recesses 132a,

132b, 132¢, 132d, 132e, are illustrated in FIG. 1, any number of reservoirs can be

- employed herein. For example the system can ernploy 20, 50, 100 or even nuore test

receptacles and samples as required.

The individual reservoirs are adapted to hold relatively émaﬂ amounts of
Iubricating oil samples. The sample size in each reservoir can generally be no more than
about 20 ml, preferably no more than about 15 ml, more preferably no more than about

10 ml and yet more preferably no more than about 5 ml.
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The individual reservoirs are adapted to hold relatively small amounts of

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

be no more than: 20 about 20 ml, preferably no more than about 15 nil; -

more preferably no more than about 10 nil and yet more preferably no™
WO About 5 ml. 21 WO 2005/044961 PCTIUS2004/086A08 3508

test frame 130 and dispensing nozzles 113 and 123 are movable relative

to one another. Although manual movement of the apparatus by an

equipment operator is within the purview of the invention, robotic

mechanisms with programmable movement are preferred. In one

| embq@m@@@gﬁetmfmsmﬁ@%m@ﬁ%a ?z%"é%@%%%v%%iﬁi% sn%ﬁ fo

movable in a lateral and/or vertical direction so as to sequentially positio

o1t selEeiedAIBeasE Matel thevdispansing Y3R00da0
embodiment, thgﬁhlozzles 113 and 123, g%ﬁ%sonally%he vegég?g%%E(QF{S :

withil #2Quarieslidablyimenidieridiaiatschadiaivericiyinaea9onlishnent
positioning of the nozzles 113 and 123. In a testing procedure, vessels

ard pe&rddl 10 eme ditibodvitmthie sedefiedt [ itricansuiRdasencikRible carriage
additive(s), respectively. The apparatus of system 100 is moved such that

mefyapisriBin fpigest Aed{or 13wsicel dizectivn poasitioneghetialiy pogdtionadigisordt
with recess 132a. A metered amount of base oil B and a metered amount

TS R Aadiseestingmerdstshy BdpdhsErammtrecubedisrat, Threnozzles

3 and 123 are thereafter repositioned to be in

R e AL AEels S e b o s By
s R LR o AP B LA o in recess

e e, S A L D
base oil and additive(s), respectively. The apparatus of system 100 is moved such that -
dispensing nozzles 113 and 123 are positioned above and in alignment with recess 132a.
A metered amount of base oil B and a metered amount of additive A are simultaneously
dispensed into recess 132a. The dispensing nozzles 113 and 123 are thereafter
repositioned to be in alignment with the next recess 132b and the metered amounts of
additive A and/or base oil B are changed in accordance with a predetermined schedule of
variation such that the lubricating oil in recess 132b has a different percentage
composition of additive than that in recess 132a. The pattern is repeated as the nozzles
113 and 123 are sequentially aligned with the successive recesses 132¢, 132d, and 132e
so that each recess has a predetermined composition of lubricating oil.

The components A and B are preferably combined in the reservoirs by mixing, for

example, by agitation of the frame 131, static mixing, individual stirring of the contents

of the reservoirs (mechanical or magnetic stirring) and/or by bubbling the reservoir with
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113 and 123 are sequentially aligned with the successive recesses 132c,
132d, and 132e so that each recess has a predetermined composition of
lubricating oil. 20 The.components A and B are preferably combined in the
reservoirs by mixing, for example, by agitation of the frame 131, static
WA 4G vidual stirring of the contents of the reservoirs (FEEHEIVEIGHS08
magnetic stirring) and/or by bubbling the reservoir with 22 WO
2005/044961 PCT/US2004/035808 gas, e.g., nitrogen. Optionally, base
oil B and additive(s) A can be combined prior to dispensing into the
respective reservoirs. For example, a single dispensing nozzle having a-
XINGERAMbes AR erein base oil B an additiv_e(s%@iare :
gaﬁgtg;’red into the mi>§r@g’ cﬁag_lrgwgragréc? ?ﬁﬂ’%@p%ﬁ%% etﬁ%:l}?ﬁﬁ Ad2zle
digpéasthe kRS elyais rality. eptacl ésave been provided
fgntaiﬁing Iubricgﬁggﬁ%c%ﬁgggsi%%nesgt f%l%r%%%go Sﬁﬁ%%%rlﬁi% § hayjng

a ttitenghehanialyeadbionsedjdationsEARIBY BNeRASHEMEBNS SHE A8 B0 the

oxidation consumption data, deposit data, viscosity data, etc. Referring

minpg thefFiE: @ddsysiapicsbapentiabnanalyiaiogr plisralty of fluid

samples for antioxidant properties is schematically illustrated. System

200 Ypsehsrpbidi ol in el vet e pravidsdaahient 1666RIA610S]

212 are mounted in a holder 215. The system 200 is adapted to
cogReBHT HatBl A Y affbEd smpliresidactes: Az tdrior sainpies)stBaRy
sam%ggis identifiable, for example, by the position of its test receptacle in

ey Retisdrrsy o notiflaion so eapHysthylataviisgonity data, etc,
R SrsscRd bl Eo ol e s crcplce 21
o Sk e SNBSS g e eread e
SRR wherein an array of test receptacles 212 are mounted in 2 holder 215. The
system 200 is adapted to accommodate any number of test receptacles 212 (and samples).
Each sample is identifiable, for example, by the position of its test receptacle in an
ordered array in holder 215, or more preferably by having an identifying mark associated
with it. For example, each test receptacle 212 can include an identifying bar code 213
affixed to the outer surface thereof. A bar code reader 225 is positioned so as io be able
to read the individual bar codes of the respective test receptacles 212 and to transmit a bar
code data signal to a computer controller 230 via a data transmission line 226 to
electronically identify the sample. The bar code reader 225 is preferably movable with
respect to the holder 215 in response to a signal from computer controller 230 so as to be
positionable in alignment with selected individual test receptacles 212,

A robotic assembly 250 includes a movable arm 251 with a grasping mechanism

252. The robetic assembly is adapted to grasp an individual test receptacle 212 in
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code data signal to a computer controller 230 via a data transmission line
226 to electronically identify the sample. The bar code reader 225 is
preferably movable with respect to the holder 215 in response to a signal
from computer controller 230 so as to be 20 positionable in alignment with
Wg’e:fg%q@ﬁqﬁ?aividual test receptacles 212. A robotic assembly P&Hbfeh#aEs08
a movable arm 251 with a grasping mechanism 252. The robotic
assembly is adapted to grasp an individual test receptacle 212 in 23 WO
2005/044961 PCTIUS2004/035808 accordance with selection
instructions from computer controller 230 and move the test receptacle to
acBoR@SILOR I IRRINGSIARHRAQ S8 NALIDG SATRIGHE: 91 606 ;[)%Cl%g &
be measured for antioxidant properties. The computer controller IS
re@RRIAL Gl pasEes Riedmikieonirets (@ he RPaliRssemYYRcRNME e
signal transmission line 231 5 to selectively retrieve predetermined test
meenepidotes fioxiheaptupmes; and ibepuepleagoliemsishpiassigned
respective positions in the holder 215. Testing station 220 includes means
asforitdstinghiverdeisptcth fontmtid atimmblabilityonirel sigsibtaneaigioxidasion:
Oxidation stability data results of the test are converted to an electrical or
to splaedvaintealetecPtedpisTiined ins sigtddaomissionclinm22@ thenampiuser
10 controller 230. Various means for oxidation stability testing are known
therp, indhefepstignidderaectie prsitiensia Badqiferd Bn oxygen environment
oxidation upon the sample over a

and measuring the effect of a
pred??&?ﬁﬁﬁé@% @d“bclhﬁ LIERRSRn ARG Mheoivaples Serctnisation sighility,
. _herein (Imown_as the Lube Qil Oxidator, test methad), a sample of oil is
o S R, et R e o et e
e}éég&? b 3PS P RRISHRAPRCs WD ABINGDA RU"ER o YaSh,

controller 230. Various means for oxidation stability testing are known and generally

include subjecting the Sample to an oxygen environment and measuring the effect of
oxidation upon the sample over a predetermined period of time.

For example, in one test method for nse herein (known as the Lube Oil Oxidator
test method), a sample of oil is weighed into an oxidator cell, e.g., glass. A glass stirrer is
inserted into the cell, and the cell is sealed together with a delivery source of oxygen gas |
which is maintained at about one atmosphere pressure (760 mmHg). Typically, the
stirrer is magnetically coupled to a stir motor which is external to the oxidator cell. To an
area above the oil sample can be placed a sufficient solid material suitable for absorption:
of carbon dioxide gas which may be liberated during oxidation of the test lube oil, e.g.,
potassium hydroxide. Optionally, a liquid catalyst may be added to the lube oil to assist
in accelerating oxidation and is chosen to simulate the types of metal ions typically formd

in an internal combustion engine.
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which is maintained at about one atmosphere pressure (760 mmHg).
Typically, the stirrer is magnetically coupled to a stir motor which is
external to the oxidator.cell. To an area above the oil sample can be
“Jolaced a sufficient solid material suitable for absorption of carbon dioxide
G W %hay be liberated during oxidation of the test lube BfFT&I§202g035808
potassium hydroxide. Optionally, a liquid catalyst may be added to the
lube oil to assist in accelerating oxidation and is chosen to simulate the
types of metal ions typically found in an internal combustion engine. 24
WO 2005/044961 PCT/US2004/035808 The cell is then placed in an oil

o DY EIEEIOR) RN S AP

ranging from about 250F to about and pre

e.4Q AR BRAN AR LONNGEIRE 1903R DNIEIURPP Ya f»é{fe@%%%aa%g% |

of oxygen is delivered into the cell while the stirrer agitates ample.

30T ttegidat B AU LA (hamasantiobomaRisisonswreday ihe.aample

and the total time, e.g., in hours, of the sample run is reported. In general,
oxfpggeisdaly apéiatioihdygicatiile eguitesonediterief oxyaa Joma-3aoam
sample. Accordingly, methods employing a smaller quantity of sample
untg disrgupriporfonptehismadlenadlyniesabokygdriandtal entdtiaip, thehours,
purview within the purview of one skilled in the art. If desired, results from
of the samrleiants seTed.Ote gpremlgatsvielsfapeygem tiyatdsllyorguiraechaiter
well as the lube oil viscosity can be recorded at predetermined time
of PX¥EGAIOTG A cTHIB Gl Aading Yatesthatsipaiplqnng yameliergaftis of
teit the amount of oxygen Cl?é]r:lféned after a predetermined time period,
¥l

s3SI R4 e e ek RS Wb Ecguegiow
wilBAREREBIIIR o SRIRUR G O Bl SERAIRIL AL RS e
current quantity of oxygen that is consumed as well as the lube oil viscosity can be
recorded at predetermined time intervals to a computer database for later analysis. Ina
variation of this test, the amount of oxygen consumed after a predetermined time period,
e.g., abqut a 10 hour test, is measured while recording to a computer database at time
intervals the volume of oxygen uptake and the lube oil viscosity. Suitable high
throughput methods for measuring viscosity are disclosed in EP 1158290, WO 99/1 8431,
US 2003/0037601,-US 6383898, and WO 03/019150.

In a second embodiment, a method to determine the temperature where a test oil
undergoes oxidation and deposit formation on, for example, a transparent tube, is used.
In this method, the transparent glass tube can be placed inside a metal heating bloé:k, .8,
an aluminum heating block, and a small air hose is attached to a holder at the bottom of

the glass tube. Next, a suitable nozzle, e.g., about a 5 mi syringe, and a suitable hose,

e.g., about a 12 inch flexible tubing, are fifled with the oil sample.
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15 throughput methods for measuring viscosity are disclosed in EP
1158290, WO 99/18431; US 2003/0037601, US 6383898, and WO
03/019150. In.a:second embodiment, a method to determine the =
“}ST gfoa‘&%e where a test oil undergoes oxidation and deposit formation
On-16Y Bxathple, a transparent tube, is used. In this method, §&/US2004/035808
transparent glass tube can be placed inside a metal heating block, e.g., 20
an aluminum heating block, and a small air hose is attached to a holder at
the bottom of the glass tube. Next, a suitable nozzle, e.g., about a 5 ml
syringe, and a suitable hose, e.g., about a 12 inch flexible tubing, are

iled i i, samala 23 WAL00H044201, BCTIVSAO0AIA%0808 The

tubing is attached to a holder on the glass tube above the air hose an

stsgitoadiydnisadreatdpiaiiens l@g;%;%ﬂ&%@%%@m&fé%?ﬁgﬁ%% %?a? s

oil up the glass tube through the heating block for the duration est.

uibbénaighahe liddanpanetishmpledintosiection axe conrallesrsucuibahdhe
entire sample is injected within a 5 predetermined time, e.g., a 16 hour

sainple peridue tidreaoxidatioedfstivh Gidigtaduailly farpie iaidpddepasi on the
inner wall of the glass tube. The heating block is temperature controlled

PigggRFIEReAIHmRite 2ind thdcesivenditieh sTheogihationlyf thosit graded’ forms
range of temperatures, e.g., from about 230C to about 330C, and tests

2 daik GReesih o Wb abmbivaslatssubed cldativnsinizplosk forenatmitover

a temperature range. After a 10 predetermined period of time (e.g., 16
o B UL BEE FEFh e SRS SSEp FBoRmsetFAaREse of

R AT S S s,
oGOl 06 AERA LG AR O el PRI IR B '
predetermined period of time (e.g., 16 hours) the glass tube is removed from the test
apparatus, rinsed with a suitable solvent, and the amount of deposit is measured in
accq_rdance with the darkness of the deposit in the tube, the darkness indicating the
quantity of the deposit and the amount of oxidation. The measurement is compared
against a predetermined standard set of tubes.

While the determination of the deposit formation can be performed manually by
visually inspecting the test tube, comparing it with the standard set of tubes, and
estimating the degree of deposit formation, the present method is automated and
preferably employs a light source and a photocell. The amount of deposit can be
measured by directing a beam of light from the light source through the tube and
measuring the amount of light transmitted through the tube by means of the photocell.

The 6pacity of the tube indicates the amount of deposit, and hence, the amount of

oxidation of the sample.
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against a predetermined standard set of tubes. 15 While the determination

of the deposit formation can be performed manually by visually inspecting

the test tube, comparing it with the standard set of tubes, and estimating

the degree of deposit formation, the present method is automated and
WHRE g‘ﬁ'@f%mploys a light source and a photocell. The amoBRTBfBaHHE808

can be measured by directing a beam of light from the light source

through the tube and 20 measuring the amount of light transmitted

through the tube by means of the photocell. The opacity of the tube

indicates the amount of deposit, and hence, the amount of oxidation of

e i sl S G T e

teARRAHAEIR ROSIIERACH BERMREN g SoW 68 1224 3 ﬂ&&@%ﬁ%”@é@aﬁ?f

beam of light from the light source is directed through the test t
lighnddsmieasiadiaye thainhetsell 2R e vbichirn 028 ures {ReAmeE T e
transmitted light, converts this reading to 5 an electrical signal, and
phiyesin@svéisignehvicditie 228w tereampuie tighntalier @316 bRy to
computer controller 230 has stored values of light transmittance (or
an @&%ﬁ%lﬁigﬂhle anddraenits et gubodading Pafek the axigatiorcasttoBep e,

test sample com arison with the standard set. The oxidation rating is

ﬁ@ﬁé@% Hes 3 kit orrehaiuesplbighidewemtiirpgete peactvpiy the
for tored as a_.component of the data 10 library. The '

SR SReP ARG Qﬁe%@ﬂ%mawfﬁ%ega&w SpsamRsen vith

ttht%QﬁWg% %l,g acgomp thI% Xsasglou Eﬁ ctlont[s gf trﬁg F}cg uter
controller 230 are wit ln urVIe 0 0S8 \With Skl

identified by the bar code) and the information is stored as a component of the dats.
library. The computer coniroller can thereafter modify the selection instructions.
Programming to accomplish the various functions of the computer controller 230 are

within the purview of those with skill in the art.

In another oxidation stability test method of the present invention, each of the

foregoing samples can be placed in an oxidation container and maintained at a

predetermined temperature for a predetermined time. The oxidation container can be a-
material which is suitable for infrared transmittance, e.g., borosilicate glass. The
predetermined temperature can ordinarily range from about 100°C to about 200°C ancl
preferably from about 140°C to about 180°C. 'The predetermined time may vary up to -
about 40 hours. _Additionaily, air is bubbled into the test oil at a constant rate of flow zmnd
in the presence of a metallic oxidation catalyst, e.g., a combination of metal ions such as
copper, lead and aluminum. The air flow rate can be determined by one skilled in the art

(e.g., 13.9 L/hr V 0.5 L/hr has been used for a 200-g sample of test oil). The degree of
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In another oxidation stability test method of the present invention, each of

the foregoing samples can be placed in an oxidation container and

maintained at:a 15 predetermined temperature for-a‘predetermined time.
nggo%ﬁ%gon container can be a material which is suitable for infrared '

rAnSmittance, e.g., borosilicate glass. The predetermined tEfBErAl 435808
can ordinarily range from about 100C to about 200C and preferably from
about 140C to about 180C. The predetermined time may vary up to about
40 hours. Additionally, air is bubbled into the test oil at a constant rate of
flow and 20 in the presence of a metallic oxidation catalyst, e.g., a

xERmRinaten admeiakionsRush8% GORRRNeackaRdRIBY |
° flow rate can bfa' determined bgrglr%e sk,}i}l%}e%r?n %agééé@r’t (e.g.}t,1 %&g%ar}ﬁﬁry? 5.551{

at 1710 bas' bep, usedh s aid0sfample-otiaskoildnlhe degramaike inQas
2005/044961 PCT/US2004/035808 oxidation is then determined by

inflaedsypagtng infsarddatibs crbandecqfithalnarbaimd pedkael 1 0nCnntreases
using, e.g., a Fourier transform infrared spectrometer (e.g. a Bruker IFS

ovd® infeaiddieppbil iss). oliswsidativh takes pla b diienalbgonance podicatl.
1710 cnf 1 increases owing to oxidation of the test oil as

A gRdn %W&Wh@%ﬁ%@g Hrgrsapsiagdniioad cbeprbames isdpnght in US
high-throughput method for measuring infrared absorbance is taught in

P ASRlIGAAY D200 N7 50 oI 679 S EPh e eRiEe Lt AHBRTed in a

database. Anpther oxidatjon stability.test method of the present invention
i R e e e et R R et

m&@&&p%ﬁn dashnigus 9, i f&b%éﬂgkﬁimc%%gqg%%%ﬁe%%%ygé a

sample as it Is"heated. Ir this 10 method, the samp

techHitRRIR YES36te S8 daRob AN Ha Rt igh Angd Reldial ARtedeigrpined

temperature, e.g., from about 120C to about 200C, by using a heating
method, the sample is placed in a suitable vessel, e.g., a 10-mL air-tight vial, and held at

a predeterxﬁjned' temperature, e.g., from about 120°C to about 200°C, by using a heating
source, e.g., an oven. Automated data collection oceuss throughout the experiment with
individual data points representing temperature and heat flow between the sample and
reference and each time of measurement being recorded. Accordingly, an objective of
this test is to measure the thermal stability of an oil sample at a predetermined
temperature in air-tight model systems to determine the exothermiic release of heat. The
temperature at which the exothenﬁc release of heat is observed is called the oxidation
onset temperature and is a measure of the oxidative stability of the oil.

In an alternative embodiment of a oxidation stab.ility test method of the present
invention (known as the thin film oxygen uptake tesf (TFOUT) method, e.g., ASTM D
4742}, a sample of oil is weighed into a TFOUT glass dish together with a suitable

amount of a fuel fraction sample, liquid metal catalyst, and water sample. The sample is
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source, e.g., an oven. Automated data collection occurs throughout the
experiment with individual data points representing temperature and heat
flow: between the sample and reference and each time of measurement

W ezi&g pS i:g%rd_e_d. Accord_ingly, an objective of 15_ this test is to measure the

ermal stability of an oil sample at a predetermined temper&fF&H3004/035808

air-tight model systems to determine the exothermic release of heat. The
temperature at which the exothermic release of heat is observed is called
the oxidation onset temperature and is a measure of the oxidative stability
of the oil. In an alternative embodiment of a oxidation stability test method

plafct pLesentc 2R4aMENERN (auwap et file Qe upiaks test
(TFOUT) method, e.g., ASTM D 47425, a sample of oil is'weighed into a

anB@ iogiass, digh tegetbensiha suitable ERQUALQR 8 HaLHON The
sample, liquid metal catalyst, and water sample. The sample is 28 WO

copBOBI04 498 BPOILIS RooMI3BE0Rataied it a Suilakledeni angk: ke a
steel bomb, and crlarged with a predetermined amount of oxygen, e.g.,
©-Brortl 2 SR bR RIS el Hotied it mpslsterrainpibsneare s Bheboontainen is

bthen éubmerged in an ojl bath maintained at a predetermined
boRE Rt eyt r§Bter GaR Rt R TS R B e st Aiheticn
the%é’%edfae-ﬁ- rngOl.Jt 0 rargp to 5 about 140 rpm. A chart recorder can
LORstATRR PROHTS SORHS ST dh s St tne e tha s of e sido the
raRliGSSIUe the testi  oyer. The time from th tart.oflihe test to the
p?a;}‘jisfdg pressure dr%%? %er% c‘%r%rgg BR }!Fﬁe R CE) P%ﬁ%gm b hmetrrred,
and® Laee@agr@mﬁgfo?ggégﬁsg%a&ﬂg 9&?&%&%&&&5'99'”9 a passfail
determination. If desired, an"assigned value o oxidation is programmed
into theegesmptassibaeonirallsr {rdaRea T4l delarminalion.AsRigned
pass/fail values can be selected based
controller for “pass/fail” determination. Assigned pass/fail values can be selected based
upon performance requirements for specific lubricant applications and prospective
operating environments. If the test sample fails by having an excessively high oxidation’
value, the test sample can be electronically marked and future testing of Jubricant oil
formulations having the same composition as the sample can be eliminated from further
testing for other performance characteristics. By not retesting failed samples the system
can be made to operate more efficiently, energy and time being spent only on samples
which prospectively meet the desired product specifications.
If desired the results of the method of the present invention can be monitored
from a remote location, i.e., a location which is not in direct or at least in visual contact
with the system operating the method of the invention. A remote location can be, for

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

use herein, monitors and controls the system as well as records the outputs of each of the
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upon performance requirements for specific lubricant applications and
prospective operating environments. If the test sample fails by having an
excessively high oxidation value, the test sample can be electronically
Wg]gr(&(?&%ng future testing of Iubrican_t o_iI formulations having the same’
GMpOStioh as the sample can be eliminated from further 15 $8<lRg/FgP35808

other performance characteristics. By not retesting failed samples the
system can be made to operate more efficiently, energy and time being
spent only on samples which prospectively meet the desired product
specifications. If desired the results of the method of the present invention

re§iaR BeeaiPrerholtamcl RMALEIRGRER R beodhlacsiiem Whichdss Rabiftion
direct or at least in visual contact 20 with the system operating the

withgifieshoéltheiipwenitand A temeietilacaline sgnde, Diirstndale lnecnial
process control system or room which, as part of the overall system for
whisk therefn}tapiio rsitpnt] omtibls thetsy stemramidselinay be contsiitied, are
outputs of each of the 29 WO 20051044961 PCT/US2004/035808
knqyaylts of the tests being carried out. In this way, it becomes possible for
less interaction with personnel being@}ationed at the location of the
[

systétridaiom R L ARirgsetine Whitkihrinatisg ik orpesibion fan s sared in
as contrql cornmands,.may be.transmitted, are knqown. 5 Oxidatjon
o EIARATR) ORI Lk & FOSHAG i C OG0 R R PR
te}%{gvré |C]1ﬁléasb se to rggigecgicq{nbinatoga Itubricatinlgdogl co ep?sition
AlIrl rary. X\’Iterngﬁv&y, e sys‘hfemc?ng)(/J & SIeC ricga?l)§1 onNeCLet Q:)Caogignal'

co. @sﬁ%l I?S&%&)ﬁ%%&?&ﬂ%@e%%y 5?&59{%?@;9&83 2RA %’nﬁ%ﬁ%@olleo‘s the

operation and control to collect the data from the various tests over an

de@dRnder Pesiag RISl emie IBe-samBIRAIOHA ompile the combinatorial

lubricating oil composition library. The database car1 be used to find optimum
combinations for a desired product stream, and can be particularly useful when the
desired product stream varies depending on market factors. When the product
requirements change, appropriate combinations can be selected to prepare the desired
product.

Relational database software can be used to correlate the identity of the
lubricating oil compositions and the analytical oxidation stability data obtained
therefrom. Numerous commercially available relational database software programs are
available, for example, from Oracle, Tripos, MDL, Oxford Molecular ("Chemical
Design"), IDBS ("Activity Base"), and other software vendors.

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

create a "memory map” of the lubricating oil compositions and correlate that information
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10 lubricating oil composition library. The database can be used to find
optimum combinations for a desired product stream, and can be

particularly useful whenthe desired product stream varies”d_epending on
wAE rs. When the product requirements change, appropriate
W:Q)%rnﬁlggiﬁ\}g?%r?s can be selected to prepare the desired producPtf(‘?ff'aU S2004/035508
Relational database software can be used to correlate the identity of the
lubricating oil compositions and the analytical oxidation stability data
obtained therefrom. Numerous commercially available relational database
software programs are available, for example, from Oracle, Tripos, MDL,
witlxfos dhMotedolasttGherical tResigns), SRS eiivienBagesindad Qe
software vendors. 20 Relational database software is a preferred type of
typoflvsaievoe maveldingpnodhtac ol tdilicid tharing the methods described
herein. However, any software that is able to create a "memory map" of
the [iBkilathsg Ve dripirtimreraiiihs ormelaspctificinforsaatioci B WA not be
2005/044961 PCT/US2004/035808 with the information obtained from the
cogrrgestamintionied s dnventiordibacislns BRpmpliSis ossfofareissdell

own to those ill in the art. While the above description contains

3%&?{9‘%&8%@@@%@%&%@8%%& Hisiom s @ henpmhaiinents

Wg}%&eﬂi{ﬁvesntioendn t m?r(%I%}as exetm Iific\%gpn of ref?rred 5 embodiments

thereot: Those shlted i R& X PR &R IRIBRAREMP SthrerRBaMirddststo-
within the scope and spirit of the invention as defined by the claims
appended hereto. 31 WO 2005/044961 PCT/US2004/035808
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WHAT IS CLAIMED IS: 1. A high throughput method for screening
lubricating oil compositions, under program control, comprising:.(a)
providing a plurality of different lubricating oil composition samples 5 -
omprising (i) a major amount of at least one base oil of lubricatin -
W\%/llégépaé%‘%%rfd (i) a minor amount of at least one lubricating qug&ﬁﬁg;gfosssos
each sample being in a respective one of a plurality of test receptacles;
(b) measuring the oxidation stability of each sample to provide oxidation
stability data for each sample; and, 10 (c) outputting the results of step
(b). 2. The method of claim 1, wherein the base oil is a natural or synthetic
waila 3 1&g Agpgsligf claim 1, wherein the lubricating oil additive is
selected from the 15 group consisting of antioxidants, anti-wear agents,
deterpentBighatriupiito st &Hnrg rape Sublenths VN AR Sige S IRler
deactivating agents, friction modifiers, pour point depressants,
praptifoamnihgl agentssicg: solvents, package compatibilisers, corrosion-
inhibitors, ashless dispersants, dyes, extreme pressure agents and
mixtypre srovdE 2 Pralty 2008496 1bECTINESIOOPBEHO8 sdmphs

method of claim 1, wherein the step of measuring the oxidation stability of

- CORNUIFIBE bR psuatefsblsasy eme batn pid ablubajepsmaiscosity and (i) a

predetermined temperature for a predetermined time period and
A

OISR Gtk S5 SRR OFsRReR L st ¢as) trmnlakiing i a respective

one of a plurality of test receptacles;
(b) measuring the oxidation stability of each sample to provide oxidation stability
data for each sample; and,

(c) outputting the results of step (b).
2. The method of claim 1, wherein the base oil is a natural or synthetic oil.

3. The method of claim 1, wherein the lubricating oil additive is selected from the
group consistiﬁg 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-

inbibitors, ashless dispersants, dyes, extrerne pressure agents and mixtures thereof,
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5. The method of claim 1, wherein the step of measuring the oxidation ... ... . .

stability of each sample comprises exposing the sample to a

(%1}0e4r@dned time perlod and determining the amount of tlme required
Wior the sample to consume the predetermined quantity of ox}§EASEAPE 033808
The method of claim 1, wherein the step of measuring the oxidation

stability of each sample comprises subjecting the sample to oxidation
reaction conditions in the presence of a substrate and determining the
amount of deposit formed on the substrate after a predetermined period

of reactiog Himeed of1diheIMetbes.of cla o"f gﬁﬁ}%%% g&?a&on,s 1}&3 of

measuring the oxidation stablllty of each Sample comprises using i

caspegitplseopyprBed BRBRIRAL AhelAMo o WREIGINHRIBIAIRELJ ter I%Je% §ure for

spectroscopy is Fourier-transform 20 infrared spectroscopy (FTI

2 MedrR005E0 449G 1RGTISROAANREB0R Hactiesnethash ebalaiibd by the

wherein the step of measuring the oxidation stability of each sample is
sagiglermined by differential scanning calorimetry. 10. The method of claim

1, wherein in step (c) the results of step (b) for each 5 sample are

transmitted to a computer, wherein the computer compares the results
With% ;Béedet‘grmlned value delimiting a failure or passing of the results,

and thel COMETRS: Offlpiimids Tarednskif presolmsessiie thereridatéstistgbity of

o He fa|I d sam les. 11. The method of claim_ 1, wherein the step of
a Ing C(Pmspeﬁs%}g)g§%taetﬁ@np & to a predetermined amount o oxygen at a.

predeterxmned temperature for a predetermined time period and determining the amount

of time required for the sample to consume the predetermined quantity of oxygen.

6. The method of claim 1, wherein the step of measuring the oxidation stability of
each sample comprises subjecting the sample to oxidation reaction conditions in the
presence of a substrate and determining the amount of deposit formed on the substrate

after a predetermined period of reaction time.

7. The method of claim 1, wherein the step of measuring the oxidation stability of

each sample comprises using infrared spectroscopy.

8. The method of claim 7, wherein the infrared spectroscopy is Fourier-transform

infrared spectroscopy (FTIR).
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10 results of step (b) on a data carrier. 12. The method of claim 1, further
comprising the step of using the results of step (b) as a basis for
obtaining a result of further calculations. 15 13. The:method of claim 11;
further comprising the step of transmitting the results of step (b) to a data
WO 412 remote location. 14. The method of claim 12, furtREX/US2004/035808
comprising the step of transmitting the results of further calculations to a
remote location. 20 34 WO 2005/044961 PCT/US2004/035808 15. A
system for screening lubricating oil composition samples, under program
control, comprising: a) a plurality of test receptacles, each containing a

diff . ) S | ing (i i it
AR R SRR S e
ekl 1@ne @ém@gbgihgﬁgg%i @Mgh%%ﬁg&%mller for selecting

individual samples for tésting; c) receptaclé moving means responsive to
instructions from the computer controller for individually moving the
selected samples to a testing station for measuring oxidation stability of
the sellecitd sanhplest difid) Inehasifommepsuying thamexidationstahiitpf
the selected samples to obtain oxidation stability data and for transferring

sathpl oxiel tioarsitbllity detaottoerdemiputer coomtiatteniferfheysienvits o
claim 15, wherein the receptacle moving means comprises a

predetermined value delimiting a failure or passing of the results, and the computer

identities failed samples to preclude further testing of the failed samples.

11. The method of claim 1, wherein the step of outputting comprises storing the

resulis of step (b) on a data caryier.

12. The method of claim 1, further comprising the step of using the results of step

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

13. The method of claim 11, further coraprising the step of transmitting the

results of step (b) to a data carrier at a remote location.

14. The method of claim 12, further comprising the step of transmitting the

results of further calculations to a remote location.
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15 movable carriage. 17. The system of claim 15, wherein the receptacle
moving means comprises a robotic assembly having a movable arm for
grasping and moving.a-selected individual receptacle. 20 18, The system
ng?(?g}&d]%si wherein the receptacle moving means comprises means for
agitating Rt test receptacles. 35 WO 2005/044961 PCT/US2604/8k880%5808
19. The system of claim 15 wherein the means for measuring oxidation
stability comprises means for measuring the consumption of oxygen of the
selected samples. 20. The system of claim 15 wherein the means for
measuring oxygen stability 5 comprises means for measuring deposit

formationon.adransRaentig resulting from oxidation of the
selected saEerles. 21. The sﬁgﬁﬁggﬁcg g\{)ﬁ%%é%n %ﬁl@x?ﬁé%%gsﬁ&ogram

comeakuongepasit formation includes a light source and a photocell
aligned with the light source. 10 22. The system of claim 15 wherein each

test receplacidthas tasharwepd el affined dentainiayieuaniaseharanf, 23 The
system of claim 22 further comprising a bar code reader. 15 36
composition sample comprising (i) a major amount of at least one base oil of lubricating
viscosity and (if) a minor amount of at least one lubricating oil additive;
b) a computer controller for selecting individual samples for testing;
¢) receptacle moving means responsive to instructions from the computer
controller for individually moving the selected samples to a testing station for mneasuring
oxidation stability of the selected samples;
d) means for measuring the oxidation stability of the selected samples to obtain

oxidation stability data and for transferring the oxidation stability data to the computer

controller.

16. The system of claim 15, wherein the receptacle ImMoving means comprises a

movable carriage.

17. The system of claim 15, wherein the receptacle moving means comprises a
robotic assembly having a movable arm for grasping and moving a selected individual

receptacle.

18. The system of claim 15, wherein the receptacle moving means comprises

means for agitating the test receptacles.
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19. The system of claim 15 wherein the means for measuring oxidation stability

comprises means for measuring the consumption of oxygen of the selected samples.

20. The system of claim 15 wherein the means for measuring oxygen stability
5  comprises means for measuring deposit formation on a transparent glass substrate

resulting from oxidation of the selecied samples.

21. The system of claim 18 wherein the means for measuring deposit formation

includes a light source and a photocell aligned with the light source.

10
22. The system of claim 15 wherein each test receptacle has a bar code affixed to
an outer surface thereof.
23. The system of claim 22 further comprising a bar code reader.
15
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